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1 Introduction

The cbjective of this study is to analyse the information underlying, contained
in, and generated by the FAO study AT 2000 with respect to the quantitative

and qualitative aspects of the demand for agricultural machinery and equipment
fram 1975 to 2000. It is thus to help guide the dewvelopment or the African
agricultural machinery and equipment industries in meeting the requirements

of the agricultural sector.

The scope of the study is detemmined by the AT 2000 which provides the framework
in terms of the agricultural production programmes and of the inputs of
agricultural equipment and machinery to meet the work requirements. The approach
of AT 2000 and the general results for Africa are summarized in chapter 2.1.

The present study focusses on equipment and machinery required in crop production,
specifically hand tools, equipment for animal traction, egquipment for power-
driven ma- aery and self-propelled machinery itself (essentially tractors).
Excluded fram ¢ :tailed consideration are machines and equipment for irrigation,
land development, input and service delivery, product trassport, processing

and the like and equipment and machinery required in connection with animal
production. Only same aggregate figures on the importance of these items are
provided in chapters 2.2. and 4.1.

The region considered is Africa as contained in AT 2000. This includes 38
countries on the continent and the islands of Madagascar and Mauritius. Excluded
are former Spanish North Africa, Namibia, Botswana and South Africa as well as
same very small African countries and islands. Three major subregions have been
defined: Northern Africa, Western/Central Africa and Eastern/Southern Africa.

' The rationale for this
grouping is given in detail in chapter 2.3. Finer breakdowns and country by
country considerations o mechanization patterns ace given in chapter 3.

Chapter 4 translates the mechanization patterns as foreseen by AT 2700 into
demand for packoycs of agricultural machinery and equipment.

Same issues related to agricultural mechanization, the demand for agricultural
machinery and equipment and the consequences for an industrialization policy are
discussed in chapter 5.
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2 General View of Agricultural Development and Mechanization

2.1 Agricuitural Develogment in AT 2000

to

.1.1 General

AT 2000 is a study by FAO of the perspectives anc policy issues of world acri-
culture up to the year 2000 with particular reference to developing countries.
Its projection of agricultural development is based on a demand—driw.: model
of agricultural production on one hand and on a number of infonmal considera-
tions with respect to the feasibility and desirability of certain development
paths. The study includes 38 countries on the African continent and the is-
lands of Madagascar and Mauritius. These forty countries, which represent
about 95 % of the total African population, are here taken as the region of
Africa. The veneral approach of the FAO Study and the aggregate results shall
be briefly ill.strated for this region.

2.1.2 Demand for Food and Agricultural Products

The demand for food and agricultural products is derived fram the projected
population developrment and fram overall econamic growtn rate=. With respect to
the latter two scenarios are distinguished, scenario A and scenario B. Scaia-
rio A is based on an average annual growth rate of the gross damestic product
of about 7 % between 1980 and 2000 which represents views within the UN as to
the likely incoame targets of the new Intemational Development Strategy. Sce-
nario B is close to a trend projection with an annual growth rate of 5 %. Bet-
ween 1975 and 1980 both scenarios are based cn the trend growth rate. Table i
gives the basic figures and the derived values of per caput incame for Africa.
It must be noted that constant 1975 prices are used throughout the FAO study
and throughout thic cresent analysis for all extrapolation and derivation of
values. Thus no changes are assumed to occur in terms of relative real prioss
and inflation is abstracted from.




Table 1: Population and Incame Growth in Africa fram 1975 to 2000
(Scenarios A and B)

Scenario/ Year Year Year Average annual

Indicators 1975 £ 90 2000 growth 1975-2000
%

Population (mio) 371.9 579.2 763.5 2.92

Scenario A: .

&P (Bio US &) 131.3 310.5 614.9 6.37

QP per caput (US §) 353 536 805 3.35

Scenario B:

@P (bio US ) 131.3 269.6 463.9 5.18

GDP per caput (US @§) 353 470 610 2.24

The basic difference between the two scenarios lies in the development of the
per caput incame. In scenario A it moves tc over US $ 800 in scenario B to

US @ 610 which still represents an increas . by a factor of 1.7. The differential
growth rate is reflected in differences in the level of demand for food and
agricultural products and in differences in the development of agriculture:
praduction.

2.1.3 I'>7elopment of Agricultural Production

The agricultural production programme is assumed to respand to the development
of demand. It is based for each country on an assessment of land and water
resources, cropping intensities and yields. Svarting with information on the
base year area, yields and production of 28 crors or commodity groups on six
types of land and water situatiaons and four levels of production (technology
levels) are allocated over time. A similar although cruder approach is taken for
livestock production. Taking cereal output as the rmist universal indicator scenario
A provides for an increase fraom 53.8 million tornes in 1975 to 127.1 million
tonnes in 2000 which corresponds with an average annual growth rate of 3.5 %.
Scenario B shows a growth rate of only 2.62 § which is below the growth rate of
the human population. Neither scenario deems possible an improvement of the
self-sufficiency ratios for cereals or in total calory supply. Import require-—
ments are projected to increase. Scenario A e.g. projects cereal import require-
meits to move up fram 10.6 million tonnes in 1975 to over 30 million tonnes in
2000. The point to make here is that even the optimistic scenario does not
depict a rosy future. Rather it calls for substantial efforts to make the
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world a slightly better place t¢ .ive in by the year 2000 as indicated by per
caput food consumption that would move fram 2200 kcal per day to 2700. The
trend scenario highlights the fact that even at relatively high and sustained
rates ¢f econamic growth the per caput availability of food and agricultural
groducts may remain precarious.

2.1.4 Input and Investment Requirements
The inpuc and investment regquirements of agricultural development are calcu-
lated within the model of the agricultural production programme. For both

scenarios they are substantial.

Table 2: Indicators of Input and Investient Requirements of Agricultural
Development (Scenarios A arxl B)

Year /Scenario Fertilizer Pesticides Tractors ?ﬁuﬁs
100C MT wio US 8 1000 mo US ¢

Starting level 1975 1504 379 233 5975
Scenario A:

level in 2000 7510 1096 1577 188.2

average annual

growth rate 6.7 % 4.4 % 8.0 % 4.7 %
Scenario Bb:

level in 2000 4236 907 979 2510

average annual

growth rate 4.3 % 3.6 % 5.9 % 3.0 %

For the major current agricultural inputs like fertilizers and pesticides
already sceario B calls for a trebling ol quantities. Tractor numbers are to
quadruple. The annual gross investment in agviculture moves from US € 6 billion

to 12.5 billion. The input ard investment requirements grow at a substantially
higher rate in scenario A.

2.1.5 Development Strategies and Mechanizatiz.

The production estimates and <rogrammes elaborated by FAO are normative in the
sense that they describe what could and should be accamplished if the develop-
ment goals are accepted. They result fram strateqy choices. In the case of crop




production the main strategy choices concern area expansion versus intersified
land use, the cropping patterns and alternative technologies for increasing
yields and the associated choices of input mixes. In analogy the main strategy
choices in livestock production refer to numer:~ herd and flock growth versus
productivity increases, the species camposition of the _ivestock population,
the choice of the livestock product (e.g. mea- versus milk) and the techno-
logies for productivity increases. These stratagy choices are partially re-
flected in aggregate indicators as shown in Table 3 for the development of
crop agriculture in scenario A.

Table 3: Indicators of Agricultural Development Strategy for the Case of Crop
Agriculture in Scenario A

1975 2000 Increase

level level % p.a.
Arable land (mio haj 219.9 283.4 1.0
Cereal area 27.5 % 32.4 % n.ap.
Cereal yield (kg/na) 890 1380 1.8
Irrigated area (1000 ha) 4957 9775 2.8
Cropping intensity 0.53 & 0.65 % n.ap.
Mechanization factor® 17.9 3 19.7 n.ag.

a) Proportion of total power requirements in man—day-eguivalents met by animal

draught and by tractors.

Table 3 shows that concious decisions are assumed to be made with respect to
the cropping pattern (increasing the :ziea under cereals), yield develcgment as
opposed to area expansion, irrigation development versus non-irrigated agri-
culture, increase of the cropping intensity and the like. One of the strateqgy
choices concems the role of mechanization. while this is of major interest for
this present paper it must not be overlooked that mechanization is part -nd
parcel of the overall agricultural developmeni. strategy a country opts for. To
characterize mechanization within the framework of overall agricultural de—
velopment is the major aim of the sub-regional analysis in section 3. Before
this section can be embarked upon the components of mechanization and the de—-
terminants of mechanization shall be discussed on the aggregate level.




2.2 Camponents of Agricultural Mechanization

2.2.1 General - (bjective and Delimitation of Mechanization

Mechanizaticn is not given a clear-cut definition in the AT 2000 study. The
objective of mechanization is the attainment of agricultural development goals
through the substitution of capital for labour. Mechanization refers to the
process of intraducing mechanical-technical progress intc agriculture. Tais is
opposed to the introduction of biological-technical progress which generally
substitites capital for land (improved seed, fertilizer, vesticides) and is
referred to as intensification. The effect of mechanization is labour-saving
while that of intensification is land-saving but this statement is incomplete.
Thus mechanization may allow crop area expansion and therefore have a positive
empl +ment effect. It may also increase the productivity of the land (improve-
rent of soil preparation, reduction of harvest losses, improvement of harvest
quality). Same biological innovations on the other hand like herbicides may
have their major effect on labour productivity. Another distinguishing feature
of agricultural mechanization is che degree of mobility of the capital goods
used. Hand tools, draugiit animal equipment and tractors are mobile and assist
agricultural hand labour a characteristic of which is its mobility. A storage
shed on the farm or livestock housing is neither mabile nor has it a direct
labour replacing effect and can only be included in a very wide definition of
mechanization. A further differentiation can be made according to the farm
enterprise (cropping versue livestock production), according to on-farm and
of f~farm mechanization and according to whether labour is rcplaced in current
agricultural operations or in bringing land into agricultural production
(clearing, establishing irrigation structures etc.).

The availability of information in AT 2000 necessitates the limitation of this
present analysis to crop mechanization proper. This refers to the assistance
of current on-farm field work in cropping by m-chinery and equipment. Other
farms of mechanization shall also be examined for their implied demand for
machinery and equipment, but this examination has to remain cursory.

2.2.2 Crop Mechanization and the Power Model of AT 2000

The power model of AT 2000 is part of the agricultural productian programme,
but in some respects it is an “add-on" and not a fully integrated camponent.
It encampasses the estimation of total power requirements of crop agriculture




and leads to estimations of the use of different sourcesof power. A commn
denaminator for all power inputs into crop agriculture, man-dav egquivalents
(MDE) , is usced which allows to campare the use of different sources ov. power
and to depict the process of substitution over time. The MDE represent< the
average amount of work which ap adult male can accamplish in a day’'s time. This
is a pragmatic unit; there is no further formal link to e.g. working hours,
units of energy expended or the like. The maximum utilization rate of human
labour for cropping is put at 250 days. In this sense 250 MDE can be regarded
as a ran-year.

Power requirements for the base year are determined within thc agricultural
production programme. For each country there exists a data bank for the base
year covering 28 crops/camodities, 6 soil and climate types and 4 technology
levels. This yields 672 production activities and thus power requirement
subtotals. For the base year total power requirements according to the pro-
duction ectivities actually employad can be calculated by aggregation over
all crops, soil/climate types and technology levels.

The production activities contained in the agricultural production programme
for the years up to 2000 imply changes in the total requirements and in the
sources of power which result fram

- expected expansion of total crop area

- changed cropping pattern

- changed utilization of soil ‘limate types,
and

expected change in the technology level.

The substitutional relationships between the different power sources over the
analysis period constitute the essence of the power model. The total power
requirements are entirely met fram three sources: Human labour, animal
traction and tractor work. The contribution of the different sources to the
total power inputs is estimated in steps which include the following conside-
rations

- allowance for a minimum input of human labour shich is always necessary
irrespective of the degree of mechanization;

~ the exogenous projection of the draught animal populaticn and the substi-
tution of hand labour at the rate of 104 MDE per draught animal in 1975,
118 MDE in the year 2000;

- the estimation of tractor numbers as a function of labour costs and of
capital costs; for both determinants per caput incame is taken as a pioxy;
the substitution rate of tractors for hand labour is assumed to drop as the
mechanization level increases;




- the estimation of the hand labour input as a resiaual;
- the cansolidation of the cutcrme and its adjustment for plausibility.

The different steps of this calculation are given in .xore detail in Annex 2.
The starting pnint of the power model is the total power requirements, its
result the allocation of the three different basic sources of power to meet
the requirements. The power model *hus yields the number of tractors, drzught
animals and of agri-ultural workers required for the production programme. The
transmission of this physical allocation into monetary units, i.e. reguircd
monetary inputs, net investments and replacements is carried out wiih the
help of mech~nization packages. Each of the thr.e basic sources of power is
characterize by a standarZ mechanization package. These are the szme for all
African countries with the exception of the tractor unit for Egypt, Libya and
Sudan. They remain unchanged throughout the analysis period.

The tractor package or tractor units looks as follows:

Number Item Unit valtﬁs (&975 Prices)
1 45 HP tractor 5460
1 3-bottom moulcdboard plough 2100
1 tandem disc harrow 940
1 seed-box 940
1 trailer 1560
total 11000

For Egypt, Libya and Sudan a cambine harvester is added for every seventh
tractor unit raising the average value of a tractor unit to US § 16000.

UsS g 11000 (or 16000; in constant 1975 prices constitutes the net investment or
the purchase onst of a tractor unit for the first time. The useful life of the
whole package is put at 8 years, i.e. after 8 years the whole package is re-
placed at the same cost. Gross investment is made vp of net investments and
replacement costs.

The animal traction unit is assumed to consist of two draught animals. The in-
vestment costs, which are not broken down any further, are made up of two

campanents




- the ooshs of rearing and training an animal; they do not relate to agricul-
tural machinery or equipment and are put at US g 400 per animal; no Jeprecia-
tion or replacement allowance is made irplying that the salvage value
(slaughter value) of the aniral accounts for the cost of replacement;

- the ocost of equipment for two animals is put at US § 325; for this equipment
a useful life of 10 years is assumed after which it is replaced at the same
cost.

The package of human labour is an agriculcural worker with hand tools. These
hand tools are mt further -differentiated. The package can be assumed to vary
with farming systems ané soil/climate types. Their purchase cost is put at US $
10, their useful life at 5 years.

2.2.3 Other Forms of Mechanization

Only crop mechanization has been considered by AT 2000 insame detail as a
process of labour substitution. Other forms of mechanization are presented in
the form of capital requirements for various aspects of agriculture. They alsc
contribute to the total demand for agricultural machinery and egquipment but
quantification of the amounts and specification of the items is not possivle.
The following groups of agricultural development in part represent mechaniza-
tion components:

- Land developmment in a wide sense which includes development of rainfed land,
development of partially and fu'ly irrigated land, soil and water conserva-
taon, flood control and drainage and the establishment of permanent crops.

- Capital requirements of livestock production.

- Off-farm capital requirement for storage, marketing, transporting and pro—
cessing. ’

Table 4 gives details of capital requirements for landd aevelopment.

Table 4: Composition of Capital Requirements for Land Development

Camponent Unit costs Quantity applied Depreciati 40
to char.je -..change
Jamponent
Land develcoment
for rainfed US 2 50-600/ha as calculated by ~ 10 %
agriculture GAPS
Irrigation
development US # 2000-40C0/ as calculated by 2.8 % 38 &
ha (3560) GAPS
- partial US g 1000-1800/ as calculated by 2.8 % 38 &
ha GAPS
Soil and water Us g 100/ha 25 % of rainfed
conservation area in 2000
{1975 negligable)
Flood control Us g 300/ha 20 % of flooded - 30 %
and drainage in 1975, 50 % ir 2000
Permanent crops us 2 1000/ha as calculated by 4% 5%

establishment GAPS
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The - stimated foreign exchange camponent largely reflects that component of
lana development that constitutes a demand for machinery and equipment.

The capital requirements of liwvestock production are less easy to translate
into a demand for agricultwal machinery and equipment. It is clear that herd
growth which can be looked at as an investment requirement must be excluded.
For a proportion of incremental meat and milk production investment require-
ments of US § 4000/tanne of meat and US @ 300 per tonne of milk are assumed but
no specification given. For a proportion of incremental pig and poultry meat
production housing costs are included at US $ 500 per piggery and US § 4 per
bird again without further specification. Feed costs are included in the
aggregate of workiig capital for current inputs and cannot be separated out.
Only grazing land Gevelopment couid conceptually be interpreted for a machi-
nery content but AT 2000 limits grazing land develomment to negligeable pro-
portions in Africa.

There remains the substantial camponent of off-farm capital requirements. This
includes dry storage for non-perishable products, cold storage for perishable
products, the establishment of market places, transport of market production
and processing which is differentiated according to crops (cereals, oilseed,
sugar, fruit and vegetable, cotton, ginning and other processing). Table 5 shows
the camposition of the capital requirements for these components.




Table 5: Composition of Capital Requirements for Storage, Marketing, Transport and Processing

Camponent Unit costs: Quantity applied to Depreciation Foreign exchange
Us 8 charge camponent

Dry storagea) 93/Mr incremental production of 2% 30 %
non-perishable crops
plus 15 % for bufferstocks

Cold storage®’  1000/MT 1 % of year 2000 volume of 20 % 40 %
fruits and vegetables

Marketing® 150000/unit 20 & of cereals in 1975, 2% 20 %
rising ot 25 % in 2000

Fruit and vege- )

table marketing  20-50/M1° 50 % of total product 2% 20 %

Transport 150/MT 40 ¢ of additional produce - 60 %
between 1975 and 2000

Cereal processing 71/M1‘e) for all additional human consumption 5% 80 %
and 25 % of cereals fed

Oilseed processing 100/M'e) 80 ¢ of all output as calcu-~ 8 % 80 &

) lated by GAPS

Sugar processing 1320/My all cane minus unspecified 6 % 85 %
allowance

Fruit and vege- ) 1 % of damestic consumption 8 % 85 %

table processing 127/"1'? plus exports in 1975 ’

Ginning 300/unit? all additional cotton production 5 % 80 %

Other pmcessingh) -

as calculated by GAPS

a) Excluding storage of livestock products. b) Establishment of market places for cereals and other non-perishables.

c) The quantity handled per market place is not given. d) 20 US g for fruits, 50 US § for vegetables. e) Per MT of
annual capacity. f) Growth rate for domestic consumption 1,5 times that of urban production; growth rate for exports
6 % p.a. g) One unit has an annual capacity of 400 MT of seed cotton. h) The sum of all other processing costs is
increased by 10 %.
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Quantification and specification of the capital requirements are insufficient
to examine the implied demand for machinery and equipment except an the level
of aggregate valuec. Irrespective of this it appears difficult to include the
establishment of market places and of storage structures in the notion of
mechanization. Off-farm transport and processing by their nature may more clo-
sely correspond with the notion of mechanization but they take place cutside
the agricultural sector. The use of lorries, trains and ships to transport
grain or \ e establishment of a ketch-up factory do not represent agricultural
mechanization. It should be noted that the OBCD delimitation of agricultural
investment in fact leaves out off-famm transport and processing altogether.

For conceptual reasons as well as for lack of specification the ‘other forms
of mechanization’ cannot be dealt with in further detail. In tems of their
relative importance for overall investment requirement they will continue to be
given attention (section 4.1.).

2.3 Determinants of Crop Mechanization
2.3.1 General

Different patterns of mechanization are projected for the different African
countries, This is partly the result of formalized relationships e. g. between
the rate of tractorization and overall econamics growth, partly it reflects in-
formal judgements on factors like the existing level of mechanization, the
land-man ratio, the prevailing famming systems, farm size and other factors.
In the following the more important of these factors are identified and dis-
cussed with respect to their role for mechanizatian. This discussion provides
the basis for the sub-regional view of mechanization pattems in the following
section. The various predictors and indicators of mechanization for each indi-
vidual country are given in Annex 3.

2.3.2 Exdsting Level and Type of Mechanization
Existing mechanization is a derived determinant of mechanization paths for the

future that summarily reflects forces that have been operating in the past.
Beside the forces like econamic growth, natural environment and farming sys‘em




and populaticn pressure, which are discussed separately below, the existing
level and type of mechanization also reflects historical and institutional
factors like colonial settlement in the past or the existence of a dualistic
pattern of agriculture with large mechanized holdings alongside traditional
hoe farming.

North Africa is the region that shows by far the highest starting level of
mechanization. Both animal traction and tractors account for a substantial
portion of total power input reflecting the colonial histary, the charac-
teristics of sub-tropical famming but also relatively high econamic growth
rates in the past. Bgypt constitutes an exception: High population pressure,
small field sizes and the predominance of intensive irrigated farmming have
kept mechanization at a relatively low level.

Africa south of the Sahara by and large shows a low degree of mechanizatian

and is still essentially the region of the hoe and the headload. Differences

do exist:

~ Same countries in the East and South have been exposed to European agricul-
ture which is reflected in the fact that tractors do play a role (most no-
tably Kenya, Zimbabwe, Angola, Mozambique and Zambia).

~ Ethiopia is the country in which animal tracticn is indigenous and has
traditionally played an important role both in the highlands and the lower
lying regions.

~ In the other African countries south of the Sahara animal traction constituces

an introcuction of the colonial era. These introductions generally date back
longer in eastern and southern Afriza and are there reflected in a greater
importance of this form of mechanization.

- In West and Central Africa the seni-arid zone has been the scene of expan-—
ding animal traction in the more recent decades. The Sahel countries there-
fore show higher draught animal popilations than the other countries.

Given the existing level and type of mechanization the major forces influen-~
cing mechanization deveiogment in future are econcmic growth, the natural
environment and the prevailing farming systems and population pressure.
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2.3.3 Econamic Growth

Given the differences in the starting levels overall econamic growth is a major
determinant of the rate of further mechanization. As an indicator the per
caput incame projected for the vear 2000 may be taken (Annex 3), since this
reflects the relative costs of labour and capital and therefore the decisions
concermning their substitution. Again North Africa stands out as a sub-region
on average attaining the highest income levels. This can be expected to drive
mechanization further and to favour tractorization more than animal draught.
North Africa is in fact the sub-region where the draught animal population is
expected to decrease in absolute numbers.

The Sahel countries stand out as the country group with the most modest incame
prospects. According tractors remain relatively unimportant. This also holds
for a .urber of individual countries in otrz2r sub-regions like Central African
Republic, Rwanda, Burundi and Malawi.

Econamic growth can also be expected to influence the mechanization pattsmm

over time. Minimm incane levels must be reached before mechanization pleys a
substantial role for a country as a whole. In a number of countries these minimum
levels of about US g 400 per caput are not reached before about 1990. It .s

only after that period therefore that mechanization really sets in. This

aspect is dealt with in more detail in section 4.

2.3.4 Natural Environment and Farming System

The natural environment and, partly as a result thereof, the prevailing famming
systems have a considerable influence on the mechanization pattern. Under con-
ditions of lower rainfall the natural vegetation is less dense, clearing is
less of a problem and cereals predaminate in the cropping pattern, all facters
which favour mechanization. At the same time land preparation becames more of
a constraint; mechanization which allows the timely preparation of large arceas
with the anset of the rains plays an essential role for production development.
Irrigation is important in the drier areas and may have particular requiirements
with respect to mechanization. As rainfall increases the difficulty of clearing




the natural vegetation, 1 prereguisite for mechanized farming, increases. The
root and tuber crops and the tree ~<rops that predaminate lend themselves less
easily for mech:.ization. At the same time tle soil fertility problems asso-
ciated with permanent farmming became more serious. Traditional farming methods
e. g. systems of shifting cultivations have a relative advantage under these
conditions and are not easily replaced by modern methods.

Linking considerations of natural environment and farming systems to countries
and country groups is more easily done for northern, western and central
Africa than for eastemn and southern Africa. North Africa represents the low
rainfall subtropical enviroment with the typical characterist cs of rainfed
agriculture and the importance of irrigation. The West/Central subregion falls
into the group of semi-arid countries, the Sahel countries, and the other
countries in which the high rainfall situation prevails. Nigeria is an exception
in that it extends across rainfall gradients fram the very humid in the south

to the semi-arid in the north. In eastern and southern Africa ecological
heterogeneity even within one country is more the rule than the exception.

An important additional ecological zone is the highlands usually defined as
areas over 1500 m a.s.l. or areas in which the average daily temperature during
the growing period is less than 20° C. Same of the highland areas have been
strongly influenced by Buropean type agriculture (Kenya, to a lesser extent
Tanzania) . Crops fram the temperate zone like wheat and barley which are easily
mechanized can be grown here. On the other hand the highlands show the highest
population densities, the topic of the following section.

2.3.5 Population Pressure

The land-man ratio or the cropping intensity may be taken as indicators of
populatiaon pressure. In Table 6 alamd-man ratio of less than unity, i. e. less
than one hectare of harvested area per agricultural labourer has arbitrarily
been taken to reflect high population pressure. Such high population pressure
takes at least three different forms which becames apparent if one campares
Egypt with countries like the Sahel countries or Scmalia on one hand and
Rwanda and Burundi on the other which all have land-man ratios of less than
one. Interpretation of the figure for Egypt must take inﬁo account that almost
all area is irrigated with correspondingly higher yields. In dry countries of
the Sahel and Samalia the bulk of the rural active population is engaged in
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livestock husbandry. In countries like Rwanda and Burundi but also Kenya,
Malawi and Madagascar a low land-man ratio can be taken as an immediate indi-
cator of high population pressure on traditional agriculture. This situation
prevails in much of the highland areas in East Africa but also countries like
Malawi. Such high pressure on the land with concamitant fragmentation of the
holdings, rural underemployment and low levels of productivity and income re-
duces the prospects of mechanization to negligeable proporticr.s. The general
pattern that is predicted for Africa by AT 2000 implies a widening of the
land-man ratio as a result of crop area expansion and increasing cropping in-
tensities on one side and increasing urbanization on the other., The maintenance
of land-man ratios that are significantly above unity and the achievement of a
widening of the ratio necessitate a degree of mechanization since the capacity
of land labour in terms of the area that can be worked is strictly limited. It
is recalled here that the production elasticity of power for Africa as a whole
.for the period 1975-2000 is estimated at 0.7 i. e. in order to achieve a whe
percent increase in production the power requirements increase by 0.7 percent.
In order to achieve the desired growth of production part of the increased po-
wer requirements have to be met by mechanization inspite of localized situations
of high population pressure (see section 4.1.).

2.3.6 Synopsis

A sumary of the predictors for agricultural mechanization is given in Table 6
for subregions. -ountries and country groups. While a formal analysis of the
relationships and differences is not possible the country-by-country examinatian
of the predictors (see Annex 3) suggests that the inter-group differences are
larger than the intra-group differences. The groupings therefore appear to be

a reasonable approximatica of real-world differences in the mechanization
patterns. The different mechanization patterns are presented in more detail in
the following section. The tables of Annex 3 provide the data for the individual
countries.




Table vt Determinanta of Crop Mechanization Patterns

Northern Africa Western and Central Africa Bastern and Southern Africa
Bgypt Other North Sahel Nigeria Othen Weat Central Ethiovia Kenya Other East South Madagascar Mauritiua
Africa Coast

Bxisting tractorization®’ M H L L L L L M L M L M
Existing draughtb) H R M M L L H H M-i M-H H
Income tn 2000°) LM LH L H N v L M L M L H
Clinntod) ST ST TA/TS TS/TH TH TH I'L/v HL/V TS T3S TS TH
Share of c.ronll') M H H H M/H L/M H H M/H M/H H L
Irrigation!) 100 % 6.8-16.7% 0-6.8% - negl. - - 2.0 % low low 31.0%  28.0 %
Land-san ratiof) L H L] M L/M L/’ L L L L/M L M
Draught in 20005) M M M-H L L 1 H M-H M-H H
Tractorization in 20001) R H L M L-M L,M,H L M L-M M-H L M )

a) Trector factor in 1975 over 15 % = H, 5 - 15 % = M, below 5 ¥ = L.

b) Draught fector in 1975 over 15 X = H, 5-15 X = M, below 5 % = L.

c) Over US$ 1000 = H, US ¥ 500 - 1000 = M, below US S S00 = Li according to acraario A, ¥ = varied.

d) Subtropical = ST, tropical arid = TA, tropical seal artd to sub-humid = TS, tropical humid = TH, tropical highlands = HL, V = varied.
e¢) Ir 2000 of total harvested area over 50 X = H, 30 - 50 % = M, below 30 X = L.

f) In percent of arable land.

g) Hectares of harvested area per agcricultural worker over 3 = H, 1-3 = M, below 1 = L.

h) Scenario A, draught factor over 15 X = H, 5-15 ¥ = M, Below 5 X = L.

1) Scenario A, tractor factor orer 15% = H, 5 - 15 %X = M below 5 X = L.
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3 Crop Mechanization Patte.ms”

3.1 Northern Africa

Northern Africa is the region that shows by far the highest starting level of
mechanization reflecting in part the history of dualistic agriculture but also
the higher income level in this region and the farming systems that are condu-
cive to mechanization. Both tractors and animal draught are important in their
present contribution to total power input. For the future mechanization in tlis
region can be pretty much equated with tractorization. Draught animals are
predicted to decrease not anly in relative importance but also in absolute
numbers in all countries but the Sudan. Table 7 shows major determinants and
indicators of mechanization in the region.

Table 7: Detemminants and Indicators of Mechanization of Crop Agriculture in
the Northern African Cowitries in 2000

(Scenario A)
Country @DP ver Land-man Tractors Draught Draught Factor Tractor actor
Caput Ratio in Use Animals (3) (%)
(Us g) (ha/man)  (1000) (1000)
Algeria 1920 2.48 39 15 7.8 65.3
Morocco 850 1.94 28 59 15.2 18.2
Tunisia 710. 3.83 19 9 9.2 58.8
Egypt 740 0.65 14 37 8.4 17.1
Libya 10500 43.41 9 3 4.3 87.1
Sudan 620 1.88 30 62 14.9 225
Total 1120 1.79 139 185 11.5 29.4

The highest degrees of tractorization will be reached in Libya, Algeria and
Tunisia. The very wide land-man ratio in Libya is to be seen in connection
with the high per caput incame and the resulting pronounced decrease of the
agricultural population. Tunisia’s tractorization process is conditioned by
the wide land-man ratio (high level of urbanization). 80 % of all cereal pro-
duction and 90 % of all fodder production is assumed to be carried out by

! For the country-by-country details for t'is section see Annex 3.




tractor. All three countries will by the yzar 2000 have gone through the most
rapid phase of the mechanization process; replacement will by then reach a
high share in annual gross investment (see also section 4.4 }.

The tractorization levels for Morocco, the Sudan and Egypt are lower. In spite
of a lowe~ per caput incame and of a narrower land-man ratio Sudan surpasses
Moro:cc; here important crop area expansion is predicted. In addition the ra-
pid oconamic growth between 1990 and 2000 shows itseffects (Scenario B leads
to a markedly lower tractorization ievel). A characteristic of Sudan is the
importance of tractor use for cash crops like cotton, groundnuts, and sugar
cane (S0 % of the total tractor work). Egypt also uses a considerable poition
(30 %) of the tractor input for cotton and sugar cane. Here the narrow land-man
ratio does not permit a higher overall level of tractorization; rather the
cultivation of labour-intensive crops like fruits and vegetables under irri-
gation increases. This path of intensification also characterizes the develop~
ment in Morocco.

In Northern Africa as a whol. cereals, pulses and fodder crops, often grown in
rotation, account for almost 70 % of total tractor use. Cane, groundnuts and
cotton are of considerable importance in Bgypt and Sudan, while in Tunisia and
Libya this holds for fruits and vegetables.

Relatively high per caput incames and high rates of economic growth are ob-
viously the major driving force of tractorizaticn in Northern Africa. Another
important factor in this region is the natural environment (d—’, subtropical).
Tractors are essential for deep and timely cultivation resulting in higher

yields and larger areas under cultivation than would otherwise be possible.

The labour-saving effect of tractorization is therefore only one aspect. Increase
of yields and total production imply an increase in the productivity of the land
and an employment effect counterveiling the labour saving effect. Besides dry
farming, irrigation is very important in Northern Africa accounting for over

two thirds of total irrigated farming in Africa. In Egypt practic~lly all arable
land is under same form of irrigation already and is to became fully irrigated
by the year 2€00. In Morocco, Algeria and Tunisia the fully irrigated areas
increase fram 0.65 to 1.6 million hectares in 2000. The main crops are vegetables,
citrus, sugar beet and fodder. The largest increase takes place in Sudan from

1.0 to 2.2 million hectares, particularly for cash crops like eotton and sugar
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cane. Under irrigation tractor ploughing often constitutes a technical necessity
due to the soil conditions but it is also an important organizational instrument:
To have all fields prepared at the time when the water becames available and

to allow multiple cropping.

An additional aspect of crop mechanization in both irrigated and in dry farming
relates to harvesting. The reduction of losses alone often justifies cambine
harvesting in a dry environment. For same of the Northern African countries
therefore the standard tractor package has been enlarged to account for the
use of cambine harvestors (see also sectian 4.4.).

3.2 Western/Central Africa

Western/Central Africa contrasts with Northern Africa in that it is the region
with the lowest mechanization level both at present and as predicted for the future.

Four sub-regions are distinguished within the Western ard Central Africa: the
Sahel countries, Nigeria, the countries of the West Coast and Central Africa. The
differences in the natural environment and the famming systems, the differences
in actual and projected incame levels but also the weight of Nigeria as by far the
most populous country suggest the differentiation.

Table 8 gives the determinants and indicators of mechanization for the subregions.

Table 8: Determinants and Indicators of Mechanization in Westerm and Central
Africa in 2000 (Scenario A)

Country; GDP per Land-man Tractors Draught Draught Factcr Tractor Factor

Country Caput Ratio in Use Animals (%) (%)
Group (Us 8) (ha/man) (1000) (1000)

sahe1? 240 1.34 19 1836 10.3 1.7
Nigeria 1030 2.21 134 1386 4.2 6.7
West b)

Coast 900 1.40 83 184 1.1 5.7
Central® 560 1.46 59 80 0.5 3.6
Total 780 1.73 295 3486 4.1 4.8

a) Chad, Mali, Mauritania, Niger, Senegal, Upper Volta
b) Benin, Gambia, Ghana, Guinea, Ivory Coast, Liberia, Sierra Leaone, Togo.
c) Cameroon, Central African Republic, Congo, Gabon, Zaire.




Table 8 clearly shows that none of the subregions comes anywhere nezr the level
of mechanizaticn reached in Northern Africa. The Sahel countries display a dis-
tinct pattern with their low income level and the significance of animal draught.
The differences among the other sub-groups are less pronounced. For reasons of
presentation they will be dealt with under one heading.

The Sahel Countries

The Sahel countries are on a low incame level and are not projected to be able tc
substantially increase pe.r caput. incanes. The natural environment and the farming
systems include factors that favour mechanization just as in Northern Africa.
Thus timely soil preparation in the arid environment is important and the use of
tractors would allow yield increases and area expansion. The leading crops are
cereals and pulses (gromdnuts and cottan as cash crops) which lend themselves
to mechanization. Irrigation is of same importance; although much reduced in
camparison with Northern Africa it is significantly higher than in the remainder
of Africa. In spite of these factors the low incane levels strictly limit the
prospects for mechanization, particularly for tractorization. Table 9 shows deter-
minants and indicatars of mechanization for the region country by country which

in this sub-region display a good degree of hamogeneity.

Table 9: Determinants and Indicators of Mechanization of Crop Agriculture
in the Sahel Countries in 2000 (Scenario A)

Country P per Land-man Tractors Draught Draught Factor Tractor Factor

Caput Ratio in Use Animals (%) (%)
(Us 8) (ha/man) (1000) (1000)
Mali 210 0.80 6 841 17.6 2.2
Mauritania 510 1.09 0 154 14.2 0.1
Niger 260 2.44 2 27 13.3 1.3
Senegal 200 1.58 7 223 7.4 4.0
Upper
Volta 210 0.98 2 110 2.5 0.4
Chad 270 2.03 2 237 9.6 1.0
Total 240 1.34 19 1836 12.0 1.7
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The tractorization factor for the year 2000 even in scenario A stays below
2 8. Only 19.000 tractors will bc in usc in ail of the Sahel. Two countries,
Senegal and Mali, account for two thirds of tractor use. There is a relative
hamogeneity among the countries in mechanization indicators and determinants.
Animal traction and tractors will have about the same share in gross invest-
ments for mechanization in the year 2000 (Amex 3). Given the difference in
cost, about 30 times more animal traction units will be demanded than tractor
units. Anim.l traction in fact expands considerably in this area and it is
here that mechanization will need to focus. Overall the Sahel countries are
projected to remain at a low level of development with an average per caput
incaome of US 2 240; the level of mechanization remains correspondingly low.

In the Sahel countries cereals account for 3/4 of (e total crop area. Mecha-
nization is mainly used for cereal production. The cther important crops for
mechanization are croundmuts, cotton and sugar cane. In Mali, Senegal and Chad
the cash crops groundnuts, cotton and sugar cane require 40 § of the total
draught power availability although these crops account for anly 20 % of the
crop area. Underlying this is the "classical® mechanization pattern for the
semi-arid areas of West Africa: Agricultural develogment is based on the intro-
duction of attractive cash crops like groundnuts and cotton; this requires
expansion of the crop area over the subsistence requirements which is achieved
through the introducticn of animal draught. Expansion of the crop area may
imply a reduction in fallow periods and the use of more marginal areas leading
to a reduction of the yield levels. This is particularly pronounced for the
case of groundmuts in Chad.

The irrigated area is assumed to increase from 0.4 million ha to 1.0 million ha
particularly for rice growing. This area accomts for 50 % of tractor use in
2000. The major irrigation development for rice is to take place in Senegal and
Chad.
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West Coast, Nigeria and Central Africa

The coastal countries of West Africa and Central Africa could be lumped together
as a sub-region displaying a similar mechanization pattemn were it not for
Nigeria. Nigeria by its weight dominates the region and is different in temrms

of its land-man ratio, its ecology which spans fram the humid south to the
semi-arid north, the importance of animal draught and its projected econamic
growth.

Table 10 sets beside Nigeria the other important individual countries while
both for the western and central sub-regions the remaining countries are grouped.

Table 10: Determinants and Indicators of Mechanization of Crop Agriculture in
Nigeria, West Coast and Central African Couniries in 2000 (Scenario A)

Comtry or GOP per Land-man Tractors Draugl.t Draught Factor Turactor Fact

Country Caput Ratio in Use Animals (%) {2)
Group US 8  (ha/man)  (1000) (1000)

Nigeria 1030 2.21 134 1386 4.3 6.7
Ivory Coast 1850 1.26 43 55 1.0 10.4
Ghana - 760 1.99 24 69 1.6 5.0
Other west® 500 1.25 17 89 0.8 2.2
2aire 180 0.74 37 0 0.0 4.0
Gabon 21100 0.66 8 0 0.0 38.9
Other b)

Central 680 1.20 14 80 1.7 3.0
Total 880 1.54 277 1679 8.2 5.7

a)} Benin, Gambia, Guinea, Liberia, Sierra lLeone, Togo
b) Cameroon, Central African Republic, Congo.

Nigeria accounts for 45 % of the tractors, 40 % of the arable land and 42 & of
the agricultural labour force; in most indicators the councry therefore carcries
that sub-region. Nigeria differs fram the other countries in its wide land-man
ratio which has a high starting level (1.67 ha/man in 1975) and is projected to
increase due to area expansion and increase of the cropping intensity tc
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2.2 ha/man, partly made possible by progressive mechanization. The country is
also characterized by the fact that it covers almost the total span of the
ecological zones from the very humid in the south to the semi-arid in the
north. One tenth of the arable area is in the low-rainfall zane. As part of

the mechanization process in Nigeria the draught animal population is projected
to increase fram 950,000 to 1.4 million. This increase must be assumed to take
place largely in the sub-humid zone with animals progressively moving fram the
semi-arid zone south into the tsetse-infested zane while the humid belt in the
south, in part densely populated,would remain more similar to the West Coast
ard Central Africa countries with their quasi absence of draught animals.

Among the other countries in the region Gabon is exceptional with the highest
projected per caput incame in Africa for the year 2000 at US § 21,000 (in 1975
prices) on accont of its oil and forest resources. The tractorization level is
accordingly very high hut the weisht of this country in the region is small.
The anly other country having a tractorization factor of over 10 is Ivory Coast,
again on account of its relatively high rate of econamic gr-wth.

The region as a whole is projected > reach mechanization levels that are lower
than those for the Sahel and much lower than those for Northern Africa in spite
of a sizeable growth in per caput incames. This is to be seen in caonnection with
the ecolngy and the farmming systems of the area. In the drier areas hoe agri-
culture is traditional, particularly where cultivation is more oi less permanent
requiring the hoe for weed control. The growth of che woody vegetation is sparse
and a transition to animal draught and tractors is bo*h technically possible

and advantageous for timely soil preparation and for weed control, but constrained
by the population densities. High population densities and small famm sizes
characterize northern Ivory Coast, northern Ghana and northern Nigeria. With

the notable exception of the coastal strip of West Africa (highly urbanized)

and cf southeastern Nigeria the humid areas have a lower population density.
Digging-stick systems beca~ ~_re important and replace the hoe systems as the
traditional form of agriculture in the rainforest. Here shifting cultivation

is occasionally practiced without cultivation implement; after burning off, seed
is sown in the ashes. The axe and the machet are the main tools. Immediate re~
placement by animal draught or tractors is not possible because the areas first
have to be cleared. This requires higher costs and implies a higher technological
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Jump. In 2ddition the problems of maintaining soil fertility and preventing
erosion under a system of permanent cropping are by and large still unresolved
in this ecological zone. This is reflected in the high proportiaon of land
classified as problem areas both in the West Coast and in the Central Africa
region. Large-scale clearing by heavy machinery and ploughing up large tracts
of land is hardly a feasible development for these areas. Animal traction is
constrained by the presence of tsetse flies and trypanosamiasis. For reasons
of this desease ~amplex the humid zone is practically void of zebu cattle.
Trypanotolerant breeds of cattle occur and are used for traction in the sub-
hunid zone. They are, however, small breeds thzt could hardly cope with tasks
of clearing and heavy ploughing in the humid zone. Besides even trypanotolerant
animals succub to trypanosamiasis under stress which may be provoked by work.
Overall the mechanization possibilities are more limited because of the
predominance of root, tuber and tree crops and of valley bottom rice. Rice
cultivation in valley bottoms and tree crop husbandry in the upland areas

are viewed as ecologically sound farming systems for the humid zone. These
crops lend themselves less to mechanization than grain. Exceptions are Ivory
Coast and Angola where coffee growing became largely mechanized.

3.3 Eastern/Southern Africa

With respect to both present and expected levels of mechanization the Eastern/
Southern region takes an intermediate position between Northern Africa and the
Westermn/Central region. Table 11 shows determinants and indicators of mechani-
zation for the region in a subdivision that yield relatively hamogenous subgroups.

Table 11: Determinants and Indicators of Mechanization of Crop Agriculture
in Eastern and Southern Africa in 2000

(Scenario A)
Country/ GDP per Land-man Tractors Draught Annual Draught Tractor
Country Caput Ratio in Use Animals Gross Factor Factor
Group (US 8  (ha/man) (OO0 Units) (000 Units) Investment (%) (%)
(Mio US @)

Ethicpia 190 0.88 48 5461 569 26.6 3.0
Kenya 500 0.69 . 123 1016 646 1.4  14.6
Other a)
Eastern 320 0.98 122 2759 1175 9.7 4.4
southern® 670  1.72 191 999 1009 7.9 13.5
Mzdagascar 490 0.81 T 24 1640 430 23.0 4.9
Mauritius 1110 1.20 1 5 15 4.8 14.3

Total 420 1.15 509 11880 3844 145 6.9

a) Burundi, Malawi, Rwanda, Samalia, Tanzania, Uganda
b) Angola, Mozambique, Rhodesia, Zambia
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Ethiopia and Kenya

Ethiopia is the country that stands out for its high draught animal population
and the high share of animal draught in total power input. At the same time it
shows the lowest per caput income still in the year 2000. Tractorization is
constrained by low income levels on one hand and high population pressures and
ruggedness of the terrain at least over much of the central highlands of the
country on the other. Scenario A projects an appreciable increase in tractori-
zation fram 1990 onwards while this is not pronounced in scenario B. Fram the
point of view of the cropping pattern the high share of cereals would favour
mechanization but the low level of per caput incame cantinuing to pertain in
the year 2000 and the high population pressure particularly in the central
highlands put an effective check on the lewvel of tractorization that can be
reached.

Kenya shcws‘ an even narrower land-man ratio than Ethiopia. Cambined with the
fact that a higher portion of the arable land is classed as low rainfall there
are all indications of high land pressure. At the same time, however, the
history of a dualistic agriculture and the relatively higher per caput incame
result in higher rates of tractorization. Particularly strong is the difference
between the A and B scenarios. In the B scenario the incame level reaches

US @ 300 only and the number of tractors in use in the year 2000 is only 71,000
instead of 123.000 in scenario A.

Other Eastern

The remainder of eastern Africa is relatively hamogenous in terms of low incame
levels and relatively narrow land-man ratios both factors contributing to the
low levels of mechanization that are reached. Two situations require mentioning
because they deviate significantly fram the average pattern. Rwanda and Burundi
are the most densely populated countries in Africa. Lowest incomes, traditional
farming techniques, a high degree of fragmentatian due to the high population
pressure and the importance of bananas in the cropping pattern are all cbstacles
to any significant mechanization. The other situation is Samalia which as an arid
country with a low per caput incame resembles the Sahel countries. This also
holds for the relatively hich importance of animal draught. In addition it
deserves mentioning that a good part of mechanization in Tanzania and Uganda is
assumed to take place in connection with the expansion of sugar can2 cultivation.
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Southern

The southern region is characterized by a long standing influence of European
agriculture, relatively wide land-man ratios, a relatiwvely high proportion of
good rainfall land and relatively high incame lewvels. It is therefore not
surprising that tractorization is to proceed at a relatively rapid rate while
animal draught continues to be of importance.

Islands

There remain the islands of Madagascar and Mauritius which camnot be treated
together since campletely different. Madagascar stands out for the importance
of irrigated rice which accounts for 90 % of the area under cereais and 50 %
of the total arable land. Animal draught has a relatively long tradition and
is important and adapted to work in wet fields. Irrigation is to expand fram
1 to 1.6 million hectares, 65 % of the draught animal power and S0 % of the

tractor power in the year 2000 is used in irrigated rice. The overall level

of tractorization reached is low because as a result of the low incame level.

Land use in Mauritius is dominated by sugar cane cultivation. Incame levels
permit a significant tractorization level tc be reached but the absolute
tractor numbers are small due to the small size of the country.

4 Investment Requirements and the Demand for Agricultural Machinery
and Equipment

4.1 Mechanization and Total Agricultural Investment

As agricultural production increases the power r«quirements increase. The
different. mechanization patterns refer to the determinants and indicators

of how the power requirements are met. The relative importance of mechanization
for overall agricultural develomment can be characterized by the production
elasticity of power rejuirements (power elasticity) and by the share of
mechanization in the total investment requirements for agriculture. The

power elasticity expresses the relative increase in puwer requirements for

a unit of relative change increase in production. In Table 12 cereal production
is used as a proxy for total agricultural production.
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Table 12: Increase of Power Requirements in Crop Agriculture
in Africa 1975 to 2000 (Scenario A)

Power Requirements Cereal Production
Country in 1975 1in 2000 Increase 1975/2000 1Increase 1975/2000
Groups Mio ME Mio ME p.a. ¢ p.a. %
Northern 2241 4027 2.37 2.70
Western/
Central 5136 9848 2.64 4.08
Eastern/
Southern 4812 9090 2.58 3.8
Africa Total 12189 22965 2.57) 3,520

a) This is equivalent to an increase by the factor 1.89 over the whole period.
b) This is equivalent to an increase by the factar 2.37 over the whole period.

Total power requirements increase at the average rate of 2.6 % p.a. while
cereal output grows at 3.5 %. The rates are fairly wiform over all regions
except North Africa, where they are lower due to the higher starting levels.
The power elasticity is less than unity, 0.7 for the average fiqures given.
This means that the growth of power requirements is less than the growth of
physical production, which points to the importance of practices without power
input (e.q. improved seed) and to inputs complementary to power in achieving
increases of ocutput. The differences in power elasticity among regions are on
this aggregate level non-significant.

Depending on the way in which the power requirements of growing agricultural
production are met the power requirements translate into a different share of
mechanization in the total investment requirements. Figure 1 shows that in
both scenarios crop mechanization (hand tools, draught animal equipment and
tractors) account for the largest proportion of total annual investment
requirements. The most dynamic develomment takes place for tractors. No other
investment component grows as rapidly, particularly from 1990 on, as tractars.
It should be noted that the camponent ‘other® includes a portion of current
costs of tractor operation and therefore adds to the investment requirexents”.
The investment requirements for hand tools and draught animal equipment decrease
in importance in botr scenarios.

1) Current inputs are translated into investment requirements in AT 2000 by
taking 50 % of their value.
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The aggregate figures conceal considerable differences arong subrecions. For
demonstration three countries,oountry Jroups have been taken that represent
(1) nigh levels of tractorization {(Algeria, Libya, Morocco and Tanisial,

(2) 2 situation in which drazzht animal credominate (Ethicpia) and (I a
situation of iow levels of mechanization (Central Africa). Figure 2 is larasly
self-explanatory. To be noted is for North Africa the importance of irrigation
development and in Central Africa the large investment requirements for land
development and for the establishment of permanent crops.

For crop mechanization the investment requirements can be translated into
demand for machinery and equipment both as additional demand and as demand
for replacement. In the approach of AT 2000 the different categories of
investment requirements can be equated with effective demand for the different

investment items.
4.2 The Demand for Hand Tools

The status of Africa as the continent of the hoe and the head load does not
significantly change between 1975 and the year 2CCD. Particularly south of

the Sahara hand cultivation will continue tc daminate. Hand labour in crop
agriculture also needs equipment, however simple. This translates into a
Sizeable demand (Table 13) for hoes, digging sticks, axes, matchets, and the
like which are contained Lut not further specified in the package worth US & 10
per agricultural labourer in 1975 (see also section 2.2.2 ).

Table 13. Development of Demand for Hand Labour Equipment in Crop
Agriculture in Africa 1980 to 2000 in Prices of 1975

Gross Inv.stment p.a.

C try 1980 1990 2000
Groups Mill. US @ Replace— Mill. US § Replace- Mill. US g Replace-
ment (%) ment (%) ment (%)
Nort!: 33 90.9 38 92.1 44 93.2
West/Ceantral 104 94.3 117 94.1 127 9¢.0
East /Scith 90 94.4 105 94.2 121 92.6
Africa Total 226 93.4 259 93.8 293 93.9
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Total annual demand for agricultural tools in 1975 increases by ane third to
almost US § 300 million in the year 2000 in both scenarios (campare Annex 3).
The demand centers lie in Africa south of “he Sahel where a low degree of
mechanization coincides with considerable population concentrations. The
dominating country in the West/Central region is Nigeria that accounts for

40 % of the demand in the year 2000 followed by Zaire (25 %). In the East/
Soathern region Ethiopia (23 %), Tanzania (15 %, Kenya (13 %) and Uganda (10 %)
stand out in temms of their share in total demand.

Replacement accounts for over 90 % of the gross investment requirements.
Differences between regions and changes over time are mainly the result of
rounding procedures. This high replacement share points to the crucial im-
portance of the assumption about the useful life of hand too.s (AT 2000 puts
it at 5 years). It also points to the demand potential if improved tools
were to replace existing ones.

The hand tool packages differ according to ecological zones. In the drier
areas the hoe-tool package prevails. Its emabriasis is an the tools for soil
preparation including the various practices for moisture conservation. Narrow-
bladed hoes with long sticks are found as well as the 'daba' types with a
broad blade and a short stick. For harvesting a knife or a sickle is used.
Tools for cutting the natural vegetation are lesc important. The more humid
the zone, the more important became tools for vegetation clearing (ax,

matchet) while tillage is reduced to making seed holes (digging stick agriculture).

Slash~and-burn agriculture essentially does without any tillage tools. The
only instruments are fire and cutting tools. The most elaborate set of hand
tools is required for irrigated rice. Levelling and spacing devices, fine
tillage instruments for the seed beds and rough equipment for earth moving
and terrace building camplement the normal hand tool set.

The aggregate figures of demand for hand tools are identical in the A and B
scenarios since the underlying agricultural work force is identical and since
different employment intensities (MDE per agricultural labourer) are assumed
to have no effect on the demand for hand tools (Annex 3).

et e e ———



4.3 The Demard for Animal Traction Equipment

4.3.1 L[raught Animals

The draught animal population in Alica has been estimated as part of the
livestock moc2]l within AT 2000 with consideration being given to the power
requirements of agricultural crowth and to the feasibility of expanding animal
traction. However, these considerations are not further specified. A draught
animal is considered to be a bovine. For the aggregate view this is acceptable.
For more detailed considerations adjustments would have to be made. Thus in
North Africa, in the Sahel countries and in parts of Sudan and Ethiopia
donkeys, mules and camels are also used. Senegal stands ou* as a country in
wihich the horse is used to a significa-.t degree. The different species have
different equipment requirements that would have to be taken into account on
the local level. Furthermore animal traction in parts of North Africa and in
practically all of Ethiopia and in same of the southern countries has a long
tradition; equipment nsed is locally made and technologically very simple.

The traditional 'ard' in Ethiopia is less of a plough and more of an animal-
drawn digging stick. Demand for traction equipment here is therefore different
from areas where animal traction constitutes a camparatively recent introduction
like in most of Africa south of the Sahara.

Coming back to the aggregate view, the projected development of draught
animals - assumed to be all oxen - will among other things depend on the total
number of cattle present and on the degree to which cattle are already used
for draught. Table 14 shows the development of animal tractian in relation

to these magnitudes for the different regions. Ethiopia is listed separately
because of the particular importance of animal traction in that country.

The most important animal traction countries in terms of animal nubers are
Ethiopia, Sudan, Tanzania, Nigeria and Angola.

In North Africa the high present rate of using cattle for draught and the
decline in the animal tractinon factor results frar the high rate of tractori-
zation that is expected for the area as a whole. The aggregate conceals the
develogment in Sudan where animal traction is assumed to grow in importance.
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Table 14: Cattle Herd, Draught Animal Development of the Draught Factor
for the African Regions 1975 to 2000 (Scenario A)

Nmbera)of Draught Increaseb) Draught Factor
Region Cattle Animals @ 1975-2000

(1000 Head) 3 % p.a. 1975 2000
North 24 912 16.6 - 1.0 21.6 11.5
Sahel 15 212 6.2 2.7 9.0 10.3
Westem/

Central 22 830 5.1 1.6 2.8 2.5
Ethiopia 25 879 19.3 0.3 39.1 26.6
Eastern/

Southern 49 492 9.2 1.5 12.0 11.2
Africa

total 138 325 11.4 1.5 13.8 9.8

a) Including buffaloes in Egypt
b} Increase of the number of draught animals
c) Without Ethiopia

The Sahel countries show the highest rate of growth for draught animals. It is

+*  wmly region for which an increase in the animal traction factor is projacted.
corresponds with development over the last two to three decades that took

oiace in the semi-arid zone of West Africa.

The development in the Western/Central region is carried by Nigeria and secondly
Angola. Most of the other countries have very small cattle populations as a result
of tsetse infestation. Since even trypanotolerant animals succumb to tsetse
challenge under stress (e.g. through work) development of animal traction will

be of minor importance. Furthemmore the farming systems in the humid zone (root
crops, tree crops) lend themselves less to mechanization.

The development in the Eastern/Southern regiol. is heterogenecus. The largest
nurber of cattle and of draught animals is found here and the growth rate of
animal traction is almost identical to that of total power requirements.

Ethiopia already shows about the maximm rate of use of the cattle herd for
traction. Increased power requirements projected particularly for the period
1990 to 2000 have to be increasingly met by tractors.
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4.3.2 Demand for Equipment

Leaving aside the investment in rearing and training of the animals the investment
in equipment for a pair of draught animals is put at US § 325, the useful life
at 10 years. The resulting gross investment requirements are shown in Table 15.

Table 15: Development of Demand for Animal Traction Equipment in Africa
1980 to 2000 in Prices of 1975 (Scenario A)
Gross Investment p.a.

1980 1990 2000

Couatry Mill. US 8§ Raplace- Mill. US § Replace- Mill. US § Replacement
Group ment (%) ment (%) (%)
Nortt 65 98.5 62 98.4 59 98.3
Sahel 21 71.4 28 78.6 34 79.4
West /Centr. 21 80.9 25 84.0 28 85.7
Ethiopia 84 96.4 87 96.6 90 96.7
East/South® 87 82.8 100 80.8 112 88.4
Africa Total 279 91.0 301 91.4 324 91.4

3) Wwithout Ethiopia.
The value of total demand for animal traction equipment in 1975 prices increases

fram US ¢ 279 million p.a. in 1980 to 324 million in 2000. The order of magnitude
is similar to that of hand tools, the qrowth rate is less pronounced.

In North Africa the demand is essentially for rmplacement with the absolute number
of draught animals slowly decreasing. Only Sudan su ws increasing net investments.
The total demand in that country reaches the value of US ¢ 20 million in 2000. In
the Sahel and tk Western/Central region the draught animal herd is expanding, the
net investment content accordingly larger. Nigeria is daminating and accoumts in
the year 2000 for US g 24 million of the total demand of the region valued at 29
million.

Both the Sahel and the other Western/Central countries show a low demand for animal
traction equipment campared with that for East/Southern Africa. In the latter region
Ethiopia takes the lion's share with US g 90 million (44 3). Due to the traditional
importance of animal traction the replacement content is very high at 97 8. New
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investments acoount for a substantially higher portion in Uganda (14 %) and
in Madagasciaox (16 %).

Again the Jevelopments in the A and B scenarios are identical.

4.4 The Demand for Tractors and Equipment

4.4.1 Development of Demand in Scenarios A and B

The tractor wits are valued at US $ 11000 (16000 in Egypt, Libya and Sudar)
in 1975 prices and assumed to last on average for 8 years. Development of total
demand is different in scenarios A and B. Both sets of figures are therefore
given in Table 16.

According to scenario A total demand grows fram US @ 335 millian in 1980 to

3.65 billion in the year 2000 in 1975 prices. It therefore accounts for more
than ten times the investment volume of hand tools and of animal traction
equipment respectively. Scenario B still foresees a demand volume o5f 2.1 billion.

All regions show a decreasing ratio of replacement to new investment underlining
the net growth of this type of mechanization. Libya is the country with the
highest per caput incame at present and the highest projected tractorization
level. Here replacement reaches the highest proportion (78 %) in the year 2000.
In that year Sudan and Algeria wijl each account for one forth of the tractor
demand in North Africa. An essential difference is that in the former replacements
reach anly 1/3 of gross investments while they reach 2/3 in Algeria. The other
important country in North Africa in terms of its volume of demand for tractors
is Egypt. The difference between the A and B scenarios is least for North Africa
because sufficient incame levels are reached in hoth scenarios to drive the
demand for tractors.

The Sahel shows a very low demand still for the year 2000 and even this level
is very sensitive to the assumed econamic growth (campare scenario B).

For Western/Central Africa the demand is assumed to increase ten-fold between
1975 and 2000. The major shares in the assumed investment volume (scenario A)

of US $ 700 million are held by Nigeria (290 million), Ivory Coast (110 million),
Zaire (87 million), and Ghana (55 million). Between 1990 and
2000 alone a trebling of demand is projected in all countries.




Table 16: Development of Anmual Demand far Tractors and Associated Bguipment
for Crop Agriculture in Africa 1980 to 2000, Scenarios A and B

1980 1990 2000

Country Units 75-value Replace- Units 75-value Replace- Units 75-value Replac
Group (1000) Mio US ¢ ment (%) (1000) Mio US § ment (%) (1000) Mio US $ment |
Scenario A

Northern 28.8 366 64.8 60.0 766 56.3 137.8 1775 5.2

Western/

Central 6.2 67 52.2 17.8 207 42.3 60.9 671 36.6

Eastern/

Southern 9.1 101 57.4 28.7 304 44.7 109.6 1161 38.3
Africa
Total 44.1 535 61.9 106.6 1276 50.4 308.3 3650 43.7
Scenario B

Northern 26.5 346 72.0 46.1 584 63.7 93.9 1216 53.0

Westerm/

Central 5.7 62 58.1 12.3 135 57.0 34.6 380 48.5

Eastern/

Southern 8.0 88 73.8 14.6 161 54.0 45.4 500 45.2
Africa
Total 40.2 497 70.8 73.0 880 60.3 173.9 2096 52.0

A similarly rapid development is predicted for Eastern/Southern Africa. The
volume of gross investment there is to exceed US § 1 billion in the year 2000.
The major contributors are Kenya (29 §), Mozambique (15 %) and Tanzania (15 %).
Again the thrust sets in between 1990 and 2000 and 2s in the Western/Central
region reduced achievement in overall econamic growth (scenario B) would depress
this development significantly.

With respect to the two different scenmarios the following generalizable trends
ererge:

- Countries with presently very low incame levels like the Sahel countries and
many other comtries in Western/Central Africa will not became important users
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of tractars by the year 2000 even if development from now on is rapid
(scenario A).

- In countries whose income increases significantly beyond US g 400 per caput
tractorization will set in at a relatively rapid rate (e.g. Kenya, Ivory Coast).

- For countries with a power gap developing toward the year 2000 (only Ethiopia
and Zaire) rapid tractorization has also been assumed to set in.

- Tractorization will contimr2 in countries with already a relatively high
per caput incame like the countries of North Africa. Low present levels of
tractorization lead to particularly rapid rates of growth (e.g. Morocco).

The difference between the two scenarios in tractorization is illustrated for
selected countries in Figure 3.

The countries are selected due to differmt pathes of development according to
scenario A and B, e.g. Algeria and Rhodesia are selected for their low differences
between both scenarios, East African coumtries stand out for the huge deviations
and the remaining ones form a medium stage.

4.4.2 Tractorization in Selected Countries

Ten countries of the forty camprised in the amalysis account for 75 % of the
total tractnrs in use at present and in the year 2000. Given the important
investment caisequences a mpre datailed analysis of the implications of
tractorization in these countries is presented in Table 17.

Girowth mates of tractor mambers of cver 10 § for sustained periods have been
experienced in other regions of the world (Japan 40.9 % between 1960 and 1970,
18.1 & between 1970 and 1978, India 14 & and 12.9 % respectively, South America
14.6 % between 1950 and 1270 and most of the BEuropean countries between 1250 and
1960) . The mates in Table 17 are therefore not unparalleled by any means.

The countries listed in Table 17 also account for the bulk of the demand for
tractors both in physical units and in monetary temms (Table 18).




Figure 3: Comparisop of ‘ractor Usc in Selected African Countries and Regions, 1980,
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Table 17: Development of Tractorization in Selected African Countries
1980 to 2000 (Scenario A) - in order of tractor numbers in 2000 -

Tractors in Use Tractor Factor Growth of Tractor Numbers
(1000) (Percentages) (¢ p-a.)

Country 1980 1990 2000 1980 1990 2000 @ 1980-1990 @ 1990-2000
Algeria 63 120 235 35.8 52.3 65.3 6.7 7.0
Morocco 21 58 151 7.5 11.6 18.2 10.7 10.0
Sudan 13 37 137 9.1 14.0 23.5 11.0 14.0
Nigeria 17 46 134 2.3 3.9 6.7 10.5 11.3
Renya 8 25 123 5.7 8.7 14.6 12.1 17.3
Tunisia 33 50 112 32.0 43.5 58.8 6.0 6.6
Egypt 23 39 8 5.7 9.1 17.1 5.4 7.7
Mozambique 6 18 71 4.9 7.3 11.9 11.6 14.7
Tanzania 7 18 71 2.0 3.0 5.5 9.9 14.7
Rhodesia 13 28 60 10.0 14.4 20.1 8.0 7.9
Total 204 448 1176 - - - 8.2 10.1
Africa
Total 2 270 558 1577 4.2 6.2 9.8 8.1 10.4

a) 40 Developing Countries

The highest demand is shown by Algeria with 43000 units per annum in the year
2000. All the countries in Table 17 will have a demand in excess of 10 000 units
p-a. which for the purposes of making industrial investment decisions may be
considered a substantial basis. With the exception of North Africa, however, the
starting levels (1980) are low.
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Table 18: Development of Anmual Demand fur Traciois and l-wi.’.ted.@:,ui‘_mgrr)

for Crop Agriculture in Africa 1980 to 2007 (Scenmario A)

1980 1996 2000

Units  75-value® tnits 75-value®  Units 75-Value®
Country {1000) (Mio US §) (1000) (Mio US §)  (1000) (Mio US §)
Al geria 10 111 19.9 219 39.3 432
Morocco 3.7 41 11.1 122 28.3 31
Sudan 2.4 39 7.5 120 29.6 474
Nigeria 3.2 35 8.8 97 26.3 289
Renya 1.6 17 5.5 60 29.5 324
Tunisia 5.2 57 9.6 106 18.5 203
Eqypt 3.4 54 6.4 103 14.1 226
Mozambicue 1.1 12 3.8 2 15.5 17
Tanzania 1.2 13 3.6 40 15.9 175
Rhodesia 1.7 20 4.8 53 10.5 115 |
Total 33.0 399 79.9 962 227.5 2720
Africa
Total 4.5 535 108.4 1276 308.3 3650

a)mmtandkplmt

4.4.3 Replacement Assumption and Repair Coets

AT 2000 assumes a useful life of a tractor unit of 8 years. For the different
coutries this corresponds with a lifetime performance of between 10400 hours
(Bgypt) and 4800 hours (low income countries) depending on the development

stage. The effect of a change in the useful life (and a corresparding change
in the performance hours) effects the investment requirements significantly
(Table 19).
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Table 19: Development of the Annual Gross Investment in Tractors in Africa
under Altemative Replacement Assumptions 1980, 1990, 2000
(Mio US § in 1975 prices) (Scenario A)

Replacement after 1980 1990 2000
5 years 650 2003 5199
8 years 535 1276 3650
10 years 325 830 2767

In camparison with the AT 2000 assumption of replacement after 8 years the
reduction of the average lifetime to 5 years leads to a 42 § increase in annual
investment requirements by the year 2000 (an increment of US § 1.5 billion).

A prolonqation of the useful life to 10 years reduces investment requirements
by 24 % or Us ¢ 883 million. The effect of differing replacement assumptions
increases over time since for Africa as a whole replacement becaomes a more
important item as the process of tractorization goes on (Table 20).

Table 20: The Effect of Altermative Replacement Assumptions on Annual Gross
Investments in Tractors in Africa by Region 198C, 1990 and 2000
(Mio US 8in1975 prices)

Replacemert Assumption
Five years Ten Years
Region 1980 1990 2000 1980 1990 2000
North - 393 1171 2409 201 470 1057
Central/ '
West 113 339 1118 42 170 728 -
East/South 144 493 1072 82 250 982 .

The effect of the replacement assumption is highest on North Africa, the region
with the highest tractorization rate and the highest replacement burden. A
lenthening of the useful life not only leads to a reduction of total investment
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but also to a narrowing of the gap between North Africa and the other regions
in the investment requirements and thus demand for tractars and equipment.
Conversely the gap widens if the replacement period shortens.

None of the mechanizaton packages includes an allowance for spare parts and
total repair costs. Ffor tractors this is in the order of at least 10 § of the
purchase value p.a. and adds substantially to the total demand. This aspect is
related to the guestion of a tractor service network an which successful
adoption of tractors is dependent. Especially in the initial phase with low
tractor densities the service network adds considerably to the overhead costs
of a tractorization pragramme.
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S 1Issues ard Conclusion
5.1 The AT 2000 Framework

This present analysis is placed campletely within the context of the FAO study
AT: 2000. That study does not constitute a projection exercise but rather a
planning exercise that cutlines the likely and the possible agricultural
development pattern if certain efforts are t.itertaken. Even for scenario B

the efforts required are massive on all fronts (and yet the improvements for
the year 2000 are still only modest). The mobilization of substantial resources,
both internal and external, is an essential underlying assumption of the FAO
study cn which not anly the mechanization pattern but all aspects of agicul-
tural development depend. Of course it is thinkable that not even the develop-
ment levels implied by scenario B will be reached and that the rate of mechani-
zation will accordingly be reduced. Such a situation camnot be discussed with
reference to a single aspect like mechanization alone.

Consideration of the implications of such reduced overall performance for the
demand for agricultural machinery and equipment is therefore beyand the scope
of this paper. If cne accepts the two scenarios of AT 2000 ac relevant ones,
as has been done in this paper, ane can anly examine the plausibility of impli-
cations for particular aspects like mechanization. In this respect the authors
are of the opinion that AT 2000 provides a plausible framework.

5.2 The Use of 1975 Prices

The whole AT 2000 study is based on the use of constant 1975 prices. This
abstracts fram inflation and fram changes in relative prices for the whole
period up to the year 2000. This approach of AT 2000 is well-reasoned and there
is no practical alternative given the scope of AT 2000. This does mean that
for the examination of particular aspects like mechanization the framework
ofémstantpriceshastobeacceptedinordertnavoidamstofcmsistency
problems. Nevertheless the question is legitimate whether a particular aspect
like mechanizatian czn be expected to be especially subject to or sensitive

to deviations fram the constant price assumption. Thus indications are that
the prices for agricultural machinery and equipment doubled between 1975 and

and 1980whichinpliesaratemu:erapidﬂunaverageinﬂatim. Furthermore
tkeoostofagricul&ralmdﬁneryatﬂequimmthsahighfomignwange
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cantent. If developing countries face increasing foreign exchange shortages
the opportunity costs of such items can be expected to increase more rapidly
than of those with a low foreign exchange content. Depending an government
policy e. g. in respect to the policy of subsidization this would influence
demand via its price elasticity. If the incame elasticity of demand for agri-
cultural machinery and equipment is high as assumed in AT 2000 the price ela-
sticity of demand and therefore-the effects of price changes can alsoc be
assumed to be high. Lastly there is the issue of livestock prices. Although
not explicitly accounted for AT 2000 expects rising real prices for livestock
and livestock products due to decreasing self-sufficiency ratios. This might
make mechanization of livestock production more attractive. It would also raise
the ooportunity cost of keeping axen for draught purposes.

A formal integration of these considerations is again beyond the scope of this
paper.

5.3 Per-caput Incame and Tractorization

The most dynamic aspect of mechanization and the one with the most serious
implications for an industrialization strateqgy is tractorization. Fairly high
rates of tractorization are projected for many countries. At the same time it is
a well-known fact that apart fram the context of European agriculture and colo-
nial heritage in Africa tractorization programmes in the past have met with
failure more often than not. The functional relationship between per-caput
incane and tractorization is theoretically sound and has been empirically
substantiated for more developed countries. Nevertheless same ‘caveats’ appear
appropriate with respect to the transfer of this relationship to the developing
world. Regians outside Africa that have experienced high rates of tractorization
also had the following characteristics:

- High demand for labour in the non-agricultural sectors,

- low increase or decrease of the agricultural labour .fon:e,

high level of technical know-how among farmwers,

~ subsidization of agriculture usually via prices for agricultural products.

These characteristics are often lacking in African countries. This may to a large
extent explain the high rate of failure of tractorization programmes in the past.
Tractorization programmes will then have to be much more ciaprehensive than
merely making tractors available. A review of past tractorization programmes
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and an analysis of their reasons for success and failure might be appropriate.
This would highlight the infrastructural, logistical, educational and other
prerequisites and point to the suppcrting elements of programmes that are
essential for tractarization even if the basic incame condition is met.

5.4 Famm Size and the Organizational Form of Tractorization

The size of holdings is an important determinant of tractorizatian. Countries
with a history of dualistic agriculture and a significant proportion of large—
scale farming operatians can rely on individual farm units to make their cal-
culus of the profitability of mechanization. This is not so in the case of
smallholders. In the latter the organizational form of tractorizatiaon, in par-
ticular the form of tractor sharing is important. Different organization forms
are possible:

- Statal aor parastatal machinery stations which provide tractor services upon
request ard aqainst a fee.

~- Centrally organized tractor stations within a project perimeter within which

the principle of prescribed and supervised production is followed (e. g. irri-

gation projects like Gezira in Sudan and Mwea-Tebere in Kenya) .

Cooperative tractor ventures relying in their pure form on the principle of

consensus for the distribution of tractor services.

~ Contractual tractor work by private entrepreneurs.

- Semi-cammercial sharing of tractors (neighbourly assistance, occasional con-
tract work by tractor owners ectc.).

Fach one of these forms has its particular set of advantages and disadvantages
in dependence on the particular situaticn prevailing. Again a survey of trac-
torization programmes in the past might provide valuable insights as to the
determinants of success and failure.

5.5 The Tractor Package and the Concept of Intermediate Technology

Two criticisms may be advanced against the tractor package used in AT 2000. First-
ly the assumption of a standard package (based on a 45 HP tractor with equip-
ment) neglects the modifications that are necessary in many situations for
ecological and econcmic reasons. Secondly the mechanization packages (hand

tools, animal traction, tractors) imply discrete jumps in mechanization and do
rot provide for what ane might refer to as intermediate technology.
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Specification of the tractor package for a particular situation would take
account of the crops, the land/climate types, the prevailing famming systems,
farm size and other factors ( e. g. the species and type of draught animals).

The necessary infarmation to link these factors to specific mechanization pat-
terns aon a continental level is lacking. General! knowledge of the countries
points to considerable differences between e. g. Egypt and the Sudan, or

Malawi and Zambia. Specific analyses on a country Lasis would lead to the
modification of the standard tractor package depending on farm size, land/climate
types, irrigation,crops etc. A lighter unit would neec to be devised based on

a 30 HP tractor and a heavier unit based an a 60 HP tractor. Since the sma.'er
package is less power—efficient it would lead to a cost increase of about

15 %. The larger package only becames more expensive per unit of land worked

if special features are added like four-wheel drive for the tractor ar a cambine
or if farm size is insufficient for full utilization. For the development over
time larger units are likely to be in higher demand initially because the larger
farms are the first to mechanize. Furthermore the general statistical obser-
vation has to be taken into account, according which the average size of
tractors declines in the initial stages of mechanization until almost full mecha-

nization is reached; then average size increases adqain.

Related to the above consideration but requiring separate treatment is the con-
cept of intemmediate technology. The central question is whether mechanization
in developing countries requires special technology samewhere inbetween the
high level of the industrialized countries ard the pre-technical level still
often prevailing in developing countries rather than a transfer of say a tractor
package as it would be used in an industrial country. Possible consequences
would be that one views animal traction as the ‘organic’ transition stage be-
tween hoe agriculture and tractor agriculture or that the use of small tractors
with say 10 HP is deemed desirable initially before in the course of generai
develbgment larger units are introduced. Exhaustive discussion of this issue

is not possible. The authors are of the opinion that there are neither ‘organic’
development paths nor inherent advantages in the concept of intermediateness

of technology. The technical and econamic forces in mechanization are ~ompel-
ling and the decades of trial and error fram the industrial countries suppart
the existence of minimm sizes below which the rationale for mechanization

is largely lost. Not intermediate technology is required but adapted technology,
i. e. the best technology for the purposes at hand. There is no reason to
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assume that a farmer in the developing world should be content with a 15 HP
tractor (which is more expensive and technically less satisfactory) rather
than a 45 HP tractor which'does the job proparly and has a higher cost-effec-
tiveness. However there may well be the need to adjust conditions to that
tractor size through the appropriate form of tractor services e. g. a form
of joint ocwnership or the like as described in the preceeding section.

5.6 Implications far an Industrialization Strategy

There is a long way still from the specificati-n of investment requirements and
demand figures for agricultural machinery and equipment to the deviation of a
strategy to build up industrial capacities to meet that demand. The tasks
include:

- The specification of the standard packages that are behind the aggregate
demand figures in terms of industrial output units;

- The specification of the quali’y requirements:
- The detemmination of production costs and of the economies of scale;
~ The examination of possibilities of intemational cooperation;

- The examination of govermment policies with respect to factor pricing, product
pricing and foreign trade;

- The examination of the market size including the possibility of transnational
activities and the risks involved in planning for transnational activities.

These are only same of the tasks specific to the planning of production capacities
for agricultural machirery and equipment; others concern the overall industria-
lization policy, ownership, source of finance etc. None of these issues can be
dealt with in the context of this paper. The aim of this paper is merely to
illuminate one facet of an industrialization strategy for Africa: The develop-
meht of agricultural mechinization and the likely size of the demand for agci-

cultural machinery and equimment up the year 2000.
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Annex 1: African Countries and Country Groups

1. Countries and Code Numbers1)

Alphabetical Order By Code in Ascending Order
Name Code Code Name
Algeria 1 1 Algeria
Angola 18 2 Morocco
Benin Y 3 Tunisia
Burundi 25 4 Benin
Cameroon 19 5 Gambia
Central African Republic (CAR) 20 6 Ghana

Chad 21 7 Guinea
Congo 22 8 Ivory Coast
Egypt 62 9 Liberia
Ethiopia 26 1o Mali

Gabon 23 11 Mauritania
Gambia 5 12 Niger
Ghana 5 13 Nigeria
Guinea 7 1y Senegal
Ivory Cost 8 1 Sierra Leone
Kenya 27 16 Togo
Liberia 9 17 Upper Volta
Libya 53 18 Angola
Madagascar 28 19 Cameroon
Mali 1o 20 CAR
Malawi 29 21 Chad
Mauritania 11 22 Congo
Mauritius 30 23 Gabon
Merocco 3 24 Zaire
Mozambique 31 25 Burundi
Niger 12 26 Ethiopia
Nigeria 13 27 Kenya
Rhodesia 32 28 Madagascar
Rwanda 33 29 Malawi
Senegal 14 30 Mauritius
Sierra Leone 1S 31 Mozambique
Somalia 34 32 Rhodesia
Sudan BY 33 Rwanda
Tanzania 35 34 Somalia
Togo 16 35 Tanzania
Tunisia 3 36 Uganda
Uganda 36 37 Zambia
Upper Volta 17 62 Egypt
Zaire 24 63 Libya
Zambia 37 6L Sudan

1)

According to AT 2000
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2. Country Groups/Subregians

Country Group/Subregion Country Code
Northern Morocco 2
Algeria 1
Tunisia 3
Libya 63
Bgypt 62
Sudan 64
Western/Central-Sahel Mauritania 11
Senegal 14
Mali 10
Upper Volta 17
Niger 12
Chad 21
Other Guinea 7
Sierra lLeone 15
Liberia 9
Ivory Coast 8
Ghana 6
Togo 16
Benin 4
Nigeria 13
Cameroon 19
Central African Republic 20
Gaban 23
Congo 22
Zaire 24
Eastern/Southern Ethiopia 26
Samalia 34
Uganda 36
Kenya 27
Rwvanda 33
Burundi 25
Tanzania 35
Zambia 37
Angola 18
Rhodesia 32
Malawi 29
Mozambique 3
Madsgascar 28
Mauritius 30

‘mmmmmmmmmaumuhmrumMuygmp.
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Annex 2: The Power Model

a) Total Power Requirements

The total power requiremehts are entirely met from the three sources:
Human labour (P, ) animal iraction (PA), and tracter work (P ) For the
fv]

total power input (= total power requirements = TP) the following
equation holds

(1) TP=PL+PA+PT

b) Minimm Hand Labour

Substitutional relationships are assumed to hold only for a portion
of the total power input (TPR ): Under the conditions of developing
countries and for the period 8f analysis a fixed minimum input of
human labour (P . i1s assumed to be necessary. TR is thus

a first residuat B&Eﬁitude for the power input. R1

(2) TPR1 = TP - PL min

P . (and thus TP,,) is not a fixed magnitude. It depends on the
c%oEﬁEng pattern, tgé soil/clim2te types and the general development
level and is estimated for each country in an informal way.

c) Animal Power and its Relationship to Hand Labour

The unit of account for animal power is a draught animal, in particular
bovine. Its e for one day is uniformly put at the equivalent of

2.6 man days~’. Draught animals are, however, used 093y on 40 days
during the year (rising to 45 days in the year 2000) " °. One draught
animal therefore corresponds with 1lo4 MDE or o.416 man-years in 1975;
180 MDE or o.468 man years in 200o0.

The development of the draught animal population constitutes an esti-
mation that is carried out as part of the livestock model which takes
into account total herd size and composition. The estimation is there-
fore exogenous to the considerations of power requirements and power
input. Subtracting the power input by animals (P, = No. of draught
animals from the livestock model multiplied by 2.6 MDE and by UuYc days)
yields a second residual (TPRZ)'

(3) TPR2 = TPR1 - PA

TPg constitutes the labour input that can be provided by tractors and
or ﬁuman labour. :

d The Use of Tractor Power

The relative use of tractor and human labour to meet the secondary re-
sidual power requirements is essentially determinend by the development
of labour costs and of capital costs. Both determinants can be approxi-
mated by the development of per caput income. Conceptionally the sub-

1)This corresponds with the following "back-of-the-envelope”" calculatior

One adult male can work o.4 ha of crops. A family of five persons witt
2.5 adult male equivalents works one hectare. A pair of draught animal
allows expansion of the crop area to 3 hectares, i.e. one draught ani-
mal adds the equivalent of 2.5 men.

Exceptions: For Egypt, Libya and Sudan 50 days of work for both
periods are assumed; these countries belong to the Near East Region
within the original AT 2000 classification.

2)
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stitution of labour by tractors constitutes a movement on a concave
isoquant. The relationship between per caput income and ratic of
tractor work to human labour is expressed in the following function

B8
(4) TLR = «a _EEE__ TLR

POP GDP gross domestic product
POP total population

a ,8 - functional parameter:

tractor-labour ratio

The relationship between tractor numbers and the proportion of power
requirements met by tractors is dependent on the substitutional re-
lationship between tractors and hand labour. This relationship is tech-
nologically determined. At low levels of mechanization tractors sub-
stitute for large amounts of labour; the ratio becomes smaller for
higher levels of mechanization since it becomes progressively more
difficult to substitute for hand labour.

This relationship has not been formalized in the model. In-
steadjudgement-based adjustments have been carried out in the sub-
stitutions ratio over time between machine and hand labour.

e) The Hand Labour Residual
The third residual (TPR3) is calculated as follows

(s) TPR3 = TPR2 - PT

All values are expressed in MDE. In order to arrive at the total in-
put of human labour the minimum input of hand labour has to be added
back

(6) Py = TPpsy + P 1in

The number of agricultural workers can be determined with the assumption
that one worker performs 250 agricultural working days. This relation-
ship bears a measure of ambiguity since the input of 250 days is con-
sidered as the maximum permissible, not a fixed rate for all circum-
stances.

f) Model Adjustments (the Ganma Factor)

Having gone through the considerations step by step a consolidation
of total power requirements and total power supply is sought, at first
for the base year. In particular, the tractor-labour ratio 1is ex-
amined for plausibility in respect to the following rationship




0

N - tractor number

conversion rate for tractoer
intc MDE per hLour

U~ - utilization rate for
tractor in hours per year

,L
o
[
a )
=
|

u, - utilization rate for human
L :
labour 1n days per year
. LN - number of agricultural
\- P workers
GDP .
(8) o = TLR|p—r 8 - estimated parameter from
POP (4)

In each case the volume of MDE to be performed is checked against
probable labour availability (number of workers multiplicd by annual
use levels) and against the plausibility of the assumptions concerning
tractor work (number, conversion rate factor, use rate). The task has
been described by Hrabovszky in the following words:

"Given the complexity of the problems, the many
simplifying assumptions made and the large country
to country variations, it was necessary to have a
number of trial runs and to fine-tune the system
before it gave satisfactory results".

This process and the specific assumpticns and judgements made in the
process cannot be reconstructed. The following elements are of inter-
est:

- Detailed considerations were made for more or less typical
countries and results were then extrapolated

- The estimation of the agricultural work force is in line
with the UN population projection and the assumed GDP growth
rates

- A labour surplus (i.e. a result that the man-years at 250 MDE
required are fewer than the available work force) is a per-
missible result of the analysis

- A minimum use rate for tractors is cbserved in the form of
2o hectares per tractor and year.
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Annex 3
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Description of Cropping Pattern
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Table 3

Development of Income and Investment in Agriculture
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Table L
Pover Requirement and Share of Machenized Pover in Africs
1975, 1990, 2000 (Scenario A + B)
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Table 5

Development of Mechanization in Crop Agriculture

[ I &)

Tractors in Use in Use Mechanization Facter

- , (1000) (1o00) (Percentage)

wountry

Region 1875 2000-A 2000-B 1975 2000 1975 2000~A 2000-E |

Northern
Morocco 16 1¢1 8§ 1530 1211 38.0 3.4 30.6
Algeria 51 235 178 342 296 53.6 73.1 68.3
Tunesia 29 112 91 208 185 Ly 1 68.1 58.4
Libya 25 56 Ity 50 37 72.3 91.4 84.4
Egypt 2 82 6o 1000 807 21.2 25.6 22.3
Sudan g 137 99 1ooo 1200 34.4 38.5 34.8

o—

tesiegy
Mauretania o o) o 120 154 38.7 15.0 28.1
Senegal 1 7 y 147 223 8.0 11.3 2.6
Mali 1 6 2 z45 841 lo.5 19.7 22.6
Upper Volta o 2 1 65 1lo 2.6 2.9 3.1
Niger o) 2 1 210 271 14.9 14.6 15.1
Chad o) 2 1 150 237 12.8 10.7 14.9

Other
Gambia o) 1 1 Yy 1y b.o 7.5 8.6
Culnea o) 1 o) 16 32 1.0 1.4 1.8
Slerra Leone o 3 1 3 6 2.0 3.6 1.8
Liberia o 5 3 o) o) 2.0 L.S 3.6
Ivory Coast 2 43 32 17 55 2.9 11.1 9.2
Ghana 3 24 12 36 69 L,7 6.7 4.9
Tcgo o b 3 3 8 5.9 6.2 4,2
Benin o 1 1 23 29 2.8 3.0 2.9
Nigeria 12 134 92 9u9 1386 7.0 11.0 lo.0
Cameroon o) 3 2 50 67 2.0 2.7 2.4
CAR o) 2 1 1o 13 2.0 3.0 2.0
Gabon o) 8 7 o e} 8.0 38.9 35.0
Congo o 9 5 o o 4.0 15.4 lo.0
Zaire Yy 37 16 0 o 1.5 4.o 1.8

Eastern/

Southemn .
Ethiopia 4 71 19 5000 5u61 40.9 29.6 33.0
Samalia 1 14 6 3% 439 43.3 4o.1 43.5
Uganda 2 16 6 482 788 12.1 13.4 11.6
Kenya 6 123 71 800 1016 20.7 26.0 22.7
Rwanda o 1 o} loo 113 5.8 4.5 L.7
Burundi o 1 o 5 6 1.0 1.0 1.0
Tanzania 5 71 25 lo48 1330 18.3 17.0 15.6
Zambia by 24 11 186 319 13.3 20.1 18.8
Malawi 1 19 15 65 83 5.0 1o.0 9.4
Angola 5 36 13 51 65 16.0 15.3 1o0.0
Rhodesia 19 60 30 401 505 36.2 35.9 29.0
Mozambique 6 A 27 107 135 9.6 15.1 9.6
Madagascar 2 24 1o 1oo00 1642 25.0 ;7.9 ;l.S
mmg tiug Pe) 1 1 [ 6.7 9°9Q o

Total 232 1578 980 15777 1913¢ 17.9 19.7 17.5
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Table 6

Develcopment of Annusl Demand for Agricultural Machinery

and Equipment 1975 to 2000 (Scenario A and B) |

Tractors and Equip- Animal Trec- Hand Tool — Agriculturel Machinery |
ment Units tion Units Packages Total [
Country/ (1000) (1000) (1000) (Mil1l. US 8)
Region 1975 2000-A 2000-B 13875 2000 1975 2000 1975 2000-A 2000-B
Northermn
Morocco 2.6 78.2 15.0 73.9 58.5 S0 90 56 339 193
Algeria 7.6 39.3 28.9 15.4 15.4 Lo 50 9y 4u2 328 s
Tunisia 4.1 18.5 .7 9.2 9.2 1o 1o 50 207 166
Libya 3.5 8.7 5.2 3.1 3.1 0 o 56 130 95
Egypt 9.6 14.1 10.2 b9.1 36.9 110 160 72 254 184
Sudan 1.6 29.% 19.9 52.3 61.5 8o 130 5o 507 352
Western/Cen-
tral Sahel
Mauritania - o.1 - 6.2 9.2 1o 1o 3 5 4
Senegal o.1 1.5 0.7 9.2 12.3 3o 50 7 24 17
Mali o.1 1.4 0.6 18.5 19,2 60 S0 13 4o 29
Upper Volta - 0.4 0.1 3.1 6.2 6o go 8 14 12
Niger - o.4 o.1 12.3 15.y4 3o bo 7 12 1o
Chad - o.4 o.1 9.2 1Z.3 3o Ko 5 12 8
Other
Gambia - 0.2 o. - - - 1o 1 3 2 |
Guinea - 0.2 UL - 3.1 30 50 i 8 5 |
Sierra Leone - 0.6 0.2 - ~ 20 20 2 9 4 ‘
Liberia 0.1 1.1 0.6 - - 1o 1o 2 13 8 .
Ivor Coast o©.5 9.2 6.6 - 3.1 6o 9% 12 111 82 ‘
Ghana o.4 5.0 2.3 3.1 3.1 Lo 60 9 62 31 i
Togo o.1 1.3 0.6 - - 1o 20 2 18 3 i
Benin - 0.1 0.3 - - 1o 20 2 6 y
Nigeria 2.1 26.3 16.9 52.3 73.8 3c0 370 70 350 257
Cameroon - 0.6 0.3 3.1 3.1 €5 8o 8 16 12
CAR - 0.5 0.2 - - 72c 3o 3 8 5 !
Gabon 0.1 1.6 1.3 - - - - 1 18 1 !
Congo o.1 2.3 1.1 - - - - 1 25 12
Zaire o.4 7.9 3.0 - - 170 22 23 110 55
Eastern/ i
Southern !
Ethiopia 0.5 10.5 3.5 255.4 276.9 210 280 110 232 158 f
Somalia 0.2 3.3 1.1 18.4 21.5 20 3o g 4y 22 !
Uganda 0.2 3.4 1.0 27.7 u3.1 8o Ko} 20 65 37 '
Kenya 1.0 29.5 15.4 43,1 52.3 9% 160 34 357 207 P,
Rwanda - 0.2 o.1 6.2 6.2 o 7o 6 12 1o
Burundi - 0.2 o.1 - - 30 50 y 7 6
Tanzania 0.8 15.9 4.y 55.4 70.8 110 180 38 216 90
Zambia 0.5 4.5 1.9 9.2 15.4 3o 4o 11 59 30 '
Malawi 0.3 3.9 3.1 3.1 3.1 4o To g 52 42
Angola 0.5 7.1 2.7 .y 34 20 3o 9 82 34
Fhodesia 1.6  10.5 . 4.9 21.5 27.7 3o {o 28 128 of
Mozambique o.7 15.5 5.3 - - 50 50 15 118 66 X
Hada?ascax o.4 5.2 1.7 58.5 89.2 Jo 90 29 94 57 1
Mauritius ~ 0.2 0.2 - - - - 1 3 2 I
i
Total 36.6 310.3 173.8 82u4.6 996.9 2110 2930 880 4267 2714 i

Note: 1 Tractor Unit of 45 h.p. is fixed at US & 1looco; in Egypt, Libya and Sudan )
US & 16000, due to the cambine harvester portion. An animal trac:ion unit is
filed at US 8 325; a hand tool package at US 2 lo. The vaiues are expressed
in 1975-prices







