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Introduction

1. INTRODUCTION

1.1 Problem statement

Agriculture in Tanzania has been the major source of the country export earnings. It has
the potential to provide the agricultural based local industries with raw materials and
also to provide adequate food for the rapid growing population. However the agricultural
production in Tanzania is still very low. Expansion of agricultural production could be
carried out by increasing more area under-cultivation or by the use of other modemn
technologies. The modern technologies are designed to increase the oufput per unit
area of land. These include better management of soil, increasing utilisation of high
yielding varieties, expanding fertiliser use, controlling pests and diseases, better

management of irrigation and water resources.

The use of modern technologies is still low in Tanzania, however the adoption rates
have been reported to be at least higher than that of putting more land under-cultivation
{55]. On the other hand, agricultural production may be raised by increasing the
productivity of land already under-cultivation, but the overall increase in production

depends greatly on bringing more land under-cultivation.

Tanzania has a big potential in agriculture as reflected in its favourable man 1o arable
land area ratios, diverse agro-climates, substantial untapped and under-utilised
resources in crop and livestock production. Tanzania has an arable land of about 45
million hectares. Currently only about 5 million hectares (10%) of these are under-
cultivation [94]. Suppose the area under-cultivation is increased from the current 10% to
30% of the total arable land and also the use of modern technologies is maintained,
then the country should be able to feed herself and to produce enough food and cash

crops for export in other countries.

There are many constrains which contribute to the failure to use the enormous potential.
One of the constrains lies in the lack of adequate farm power. Current field operations
requiring machinery and equipment for crop and livestock production in the country are
dominated by 80% small hand tools and animal drawn implements. The current low
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level of application of mechanical power contributes to the low level of agriculiural
activities and thus low agricultural productivity. Agriculture in Tanzania is essentially
rain-fed because less than 4% of the cultivated land is under irrigation [27]. However
rainfall seasons in many places are characterised o be short. This necessitate the
completion of key farming tasks such as ploughing, planting and weeding to be carried
out in a short time span. When using hand tool's technology to accomplish these tasks

only a small area of less than 1 ha can be handled.

in order for the country to use her agricultural potential, there is a need to expand and
improve mechanised agriculture at all level of power application. However agricultural
mechanisation with fractors has been a controversial issue. On one hand there is no
guestion about the need for higher agricultural production through the increase use of
mechanical power. On the other hand the contribution of mechanical power in
agricultural production has been observed by Tanzanian agricultural planners mainly
economists to be unreliable, costly and inefficient. These observations have made the
government in the past to adopt cautious policies regarding the promotion of this
technology. Consequently since 1969 the encouragement of the government has been

put more on the use of draft animal technology [91].

However MREMA AND MREMA {1993) [62] argued that draft animal technology is rot the
solution to agricultural expansion in most of African countries. They stated that there are
many constraints to its adoption, these include inter alias lack of profitability,
environmental problems, lack of animals, competing demands for livestock products,
lack of implements, etc. They further argued that draft animal power is likely 1o play a
leading role in agricultural production in only 30% of cultivated area because the
technology is suitable mostly in semi-arid and dried paris of the semi-humid zones. If
farmers with a livestock husbandry tradition can setile in these areas then they are likely

to intensify arable crop production.

When examining the green revolution that has turned Asian countries from importers of
food to exporters [2, 38], a number of reasons have been advanced for the change.

Armongst other things the increased utilisation of tractors has played an important role.
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The statistical data on fractor use in Asian countries in the last 50 years (table 1) shows
that the number of tractors in use in India has increased from less than 10000 in 1950 to
more than 1.4 million in 1997. This indicates that Asian farmers would not be buying

these tractors if they were not using them economically and making profit.

Table 1: Growth of tractor population used for Agricultural production in Different
Countries (1950 - 1997). Source: FAQ Production Year Books 1958 - 1997]28]

Year India Malaysia Morocco Tanzania
1950 9 000

1960 31000 1 500
1970 148 000 7776 24 684 17 000
1980 393 000 12 500 32 000 15 898
1990 1083 012 26 000 39 155 6 000
1995 1400 000 43 295 41 000 7 000
1997 1450 000 43 300 43 226 7 600

Nevertheless, this is not to say that draft animal technology has not played any role in
the Asian green revolution. Of course it has played a role, but if one moved higher level
of biochemical technologies (both in quality and quantity) then one has also to move to
higher levels of physical technologies. That is to move from draft animal technology to
mechanical power technology. MISRA (1991) [59] revealed that, draft animal technology
in India contributes to 12.8% of the total cultivated area, whereas tractor technology
contributes to 76.5% of the total area.

Furthermore, the need for tractor use in the Tanzania is being stimulated by the fact that
the population in the country is increasing at a faster rate than the growth in agricultural
production. According to IBRD (1989) [37] data, the population is growing at a rate of
2.8% per annutm. The prediction shows therefore that by the year 2010 the population
will be twice as many as were in 1980. However, the growth in agricultural production
has averaged to 2% over the past 30 years. The result has been the decline of per

capita food production and increased food imports at a rate of 7% a year. To reverse
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the situation requires that food production should be increased by over 4% per year.

Additionally the increase of rural to urban migration is found to be critical to the change.
In Tanzania urban population is increasing at a rate of 6.9% per annum and doubling
every 10 to 12 years [37, 105]. Since the urban dwsllers rely on food supply from rural
areas, this therefore increases the pressure on the rural areas to produce even more
food. However it is the educated and young people who migrate from rural to urban
areas to liberate themselves from the drudgery associated with the hand-tools
technology agriculture leaving aged people in the villages. Data collected in 1990 in
Tanzania shows that more than 50% of heads of rural households are 45 years old or
above [93]. For a country with & life expectancy of 51 years [37], it is indeed facing the
problem of aged rural population. The older people remaining in the rural areas can not

in any case be expected fo increase the agriculiural productivity for the country.

Considering all the mentioned cases, then it is obvious that the area under-cultivation in
Tanzania could be increased substantially if tractor technology is encouraged and
promoted by the government. The user of the technology can not be the small scale
peasant farmer who is aged as we have seen. These must be the young and educated
people who can perform agricultural activities as medium scale commercial farmers.
This argument is also in agreement with the prediction made by the ,Tanzania Vision
Agriculture 2025° (KASHUNDE et al, 1999 [42]). They stated that if agriculture in
Tanzania is to be expanded, then the current farming community (80% of the
population) need {o change from small peasant dominaied farmers to commercial

medium scale holder farmers.

Small scale peasant farmers are unlikely to lead to a significant growth in agricultural
productivity and overall production in the medium and long term. For sustainable
agricultural growth in the medium and long term there is need to change the policy from
emphasis on small scale peasant farmers to medium scale commercial farmers. That
does not mean small scale peasant should be ignored. Instead by focusing on
development of medium scale farmers, it s anticipated that they will be able {o set up

and support sustainable institutions for input supply and output recovery, through which
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small scale peasant farmers can benefit from the services to improve their agriculture.

To increase the contribution of the tractor technology in Tanzania, it is necessary
therefore to undertake an economical and technical study. The study shouid base on
data to be collected in the country because the required conditions for successful use of
tractor will be established. Draft animal power technology should also continue to be
encouraged to farmers engaged in cultivating small areas. Otherwise draft animal
technology is hypothesised in this study as uneconomical for the farmers engaged in
large land areas inasmuch as compared to utilisation of tractor technology.

Agricuitural machinery involves large investment of capital. BROWN AND SCHONEY (1985)
[20] estimated that machinery and building ownership costs accounted for nearly 25% of
the total production costs in wheat production systems of Canada. Other estimations of
machinery related costs have been reporied to be as higher as 35% of the total
production costs [21, 102]. The profitability of this investment depends on many factors,
some of which cannot be influenced by the machine owners, such as the producer
price, interest rate, taxation and inflation. Under these conditions, the achievement of

sustained profit requires the development of sound management practices.

Currently there is lack of any approved management practice package suitable for the
country condition. As a result of this, machinery has been operated blindly resulting in
heavy losses of high investment costs. UNIDO (1983) [90] and FAO (1995) [28]
reported about 45% to 60% of the total tractor population in Tanzania were out of use

because of repair problems.

It is also acknowledged that there are significant differences in machine use, price
levels, energy requirements, fuel and labour costs, operator misuse levels, etc. All these
indicate that field machinery costs are area and country specific, time dependent and
largely influenced by socio-political forces of the day with formulated policies that affect
the farmers directly or indirectly. For example the applicability of the limits of the models
for estimating machinery operating costs suffers from rapid changes in prices and

technology, policy differences as well as variation in social environment. The
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determination of machinery operation costs is dependent on so many factors that each
machinery system rmust be treated as unique [36]. HunT (1983) [36] and WiTNEY (1988)
[106] developed models for estimating machinery operating costs. The model states

that the costs of using agricultural machinery are simply the sum of:
fixed + variable costs

The fixed costs componenis comprise of depreciation, interest, taxation, insurance and
housing. The variable costs components consist of fuel and lubricant costs, repair and
maintenance costs. The machinery manager must strive to minimise the variable costs
and aim at higher productivity to maximise profit. There is very little one can do fo
influence the fixed costs once the machines have been selected and bought. However
the success of the management of agricultural machinery in minimising the operating
costs depends on the existence of information and data on the level of utilisation,
repairs costs, optimum replacement time and all other limits that contribute in
management decisions. Unfortunately such information and data are not established in
Tanzania. This study was thus initiated with the objective to develop these important
factors in management of tractor technology in order to stimulate agricultural

productivity in Tanzania.
1.2 Hypotheses

Failure to increase agricultural productivity in Tanzania is attributed to the government
policy. This is because the government policy stresses only on the use of draft animal
technology and at the same time considers mechanical power to be inappropriate. The
policy could be right in the sense that the end user of the technology is considered to be
a peasant farmer. However since the implementation of this policy more than 30 years
ago the agricultural productivity has remained stagnant [37]. The number of agriculture
tractors has dropped from 17 000 in 1970 to about 6006 units in 1890 and most of the

peasant farmers have not adopted animal traction technology.
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The cost of living in the country is going up very rapidly and the majority of the people
are becoming poor and poor with time. The WORLD BaNK (1994) [109] reported that the
average annual income level of rural people in Tanzania is about Tshs 42000,
equivalent to DM 110. With this income it is definitely impossible for the people to afford
balanced diets, housing and the basic social services. To improve the life standard
income must first be improved to a level that will reflect the actual cost of living.

According to the recommendation of the WoRrLD Bank, (1994) [108], an average income
of about 70 times the present annual income is needed for a family of 6 people in order
to have their basic requirements covered. All that money has to come from the farmers
pocket regardless of the government contribution in social services. In that case the
farmer has to cultivate an estimated area of about 30 hectares per year for subsistence
and for family development needs. A farm of that size can not be cultivated by use of
hand hoes or draft animals when using family labour. The use of animal draft
technology and hired labour for such an area will be too expensive. The only way 1o

handle such an area is to use tractor either own or hire.

1.2.1 General

The general hypothesis of this study state that the use of tractor technology in Tanzania
if promoted will increase agricultural production. This is because apart from its high
initial costs, the cost of output power of this technology is cheaper than that of animal
draft power. Also tractor technology has more potentlal to put large area under-
cultivation and if used based on the economics of scale, its annual cost per unit area of

cultivated land could be lower than that of using draft animals.

1.2.2 Specific

Tractor technology is considered inappropriate in Tanzania because very subjective
criteria are used to decide when and how 10 operate tractor profitably. There is no data
published indicating the required level of tractor utifisation in terms of hours per year or

minimum farm sizes required to be cultivated per year. There is no information for
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prediction of repair costs and on recommended optimum period for tractor replacement.
Additionally there is no published data that indicate the annual costs of using draft
animals in areas with and without tradition in catile keeping. The annual costs of owning
and using tractors are unknown and information on how best can the farmer minimised
the costs in Tanzania is unavailable. Had this information been available then the users
of tractor technology could be advised accordingly based on objective facts that could

help them to increase the probability of utilising the technology profitably.

1.3  Objectives of the study

The main objective of this study is to provide the economic and technical information
(repair regime) for tractor use under Tanzanian conditions necessary for good decision
management. Such data can be obtained by evaluating the problems and costs

associated with the use of tractors in Tanzania.

The specific objectives of the study are:

1. To evaluate tractor repair costs, by investigating fractors annual repair cosis at
different consecutive years of usage and then to develop mathematical functions that
could be used for prediction of repair costs.

2. To develop a software programme for prediction annual costs of tractors for different
levels of utilisation.

3. To determine the optimum replacement time of tractors based on the total annual
cost model.

4. To evaluate the total annual ownership costs of draft animals for areas with tradition
and non tradition in cattle keeping.

5. To compare fotal annual ownership costs of using fractors with that of using draft
animals for different sizes of farms.
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2. AGRICULTURAL MECHANIZATION IN TANZANIA
2.1 General information about Tanzania

The united republic of Tanzania lies in the tropical savannah region of east Africa
between longitudes 29° and 40° east and between latitudes 1° and 11° south (figure
1), with a total area of 945 027 km®. The country has a population of about 30 million

and the population growth rate stands at 2.8%.

Agriculture is the mainstay of the Tanzanian economy. It employs more than 85% of
the workforce in the country and accounts for 80% of the country’s exports.
Agriculture has a role 1o feed the population and to supply raw materials for the
industrial sector, moreover it is a vital market for domestic industrial goods. Crop
production is the largest sector in agriculture, contributing approximately 61% to the
agricultural Gross Domestic Product (GDP). The study conducted by the government
of Tanzania and the World Bank between 1990 and 1992 estimated that food crop
production dominates the agriculiural economy by coniributing 55% of the
agricultural value added [95]. Livestock production accounts for 30%, whereas
traditional commercial crops, namely coffee, cotton, cashew-nuts, sugar, pyrethrum,
tea, tobacco and sisal, account for another 8% and fishing and hunting contribute to

6%, whilst forestry 1% of the agricultural value added.

Considering rainfall pattern, altitude and farming system, Tanzania can be divided

into four main agro-economic zones [76]:

1. The semi-arid central area consisting of four regions, Dodoma, Singida, part of
Arusha and part of Iringa with a rainfall of less than 500 mm per annum. The main
activities in these areas are livestock keeping and cultivation of food crops

especially sorghum and maize.

2. The coastal area which covers Mtwara, Lindi, Coast, Morogoro, Tanga and
Ruvuma region receives between 500 and 1000 mm of rainfall. Agriculture and
fishing are the main activities in the area. The main food crops grown include rice,

composite maize, cassava and groundnuts.
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3. The western area which includes Mwanza, Mara, Shinyanga, Tabora, Kigoma and
Rukwa region, receives 1000 to 1500 mm of rainfall. Both crop production and

livestock keeping are practised intensively.
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Figure 1:  Map of Africa and Tanzania



Agricultural mechanization in Tanzania 1

4. The highland area covers six regions, Kilimanjaro, the rest of Arusha, Mbeya,
Kagera and some parts of Tanga and the rest of Iringa. The average rainfall is
above 1500 mm. Crop production and livestock keeping is important in these
regions, but livestock keeping tends to be inclined toward zero grazing. The main

crops grown in these areas include maize, beans, plantains and potatoes.

Agriculture production in Tanzania is performed by 80% of the population. Out of
these 73% are small scale peasant farmers, 2% small-to-medium scale commercial
farmers and 5% are involved in large-scale modern farms. However the small scale
peasant farmers dominate the production by contributing to about 80% of crop and

99% of livestock production.

It is estimated that the total area under cultivation in Tanzania is about 5.1 million ha.
This is based on the figures of physically cultivated area of between 3.4 million ha
and 4.5 million ha and allowing for inter-cropping and sequential planting particularly
in areas with two modal rainfall patterns. 85% of the cultivated area is estimated to
be under food crops. A breakdown of the area under food crops indicates that
cereals are by far the most important food crops in Tanzania accounting for 58% of
the total planted area. Maize being the leading cereal crop provide one third of all
calories consumed. Recently rice has also become important due to good retums it
fetches in the urban markets. Other important food crops grown include cassava,
sweet potatoes, sorghum and millet. Others are wheat, beans, plantains, variety of
vegetables and fruits. The remaining area is used for growing cash crops including
coffee that accounts for 31.5% of the fotal export earnings. This is followed by cotton
which accounts for 20% of the total export [56]. Other cash crops grown are sisal,

tobacco, tea, cashew-nuts, pyrethrum, sesame, flowers and cardamom.

2.2 Tractor mechanization in Tanzania

2.2.1 Tractor population

Tractor mechanization for cultivation, farm transport, and processing fook off in

Tanzania since around 1950s. Initially these tractors were used on foreign owned

estates growing tea, coffee, sisal, tobacco and wheat. By the early 1960s the number
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of tractors rose 1o around 1600 units. The number of tractors increased fast because
of the emergence of a number of private commercial Tanzanian farmers of medium
to large scale farms. The Tanzanian farmers used the fractors mainly in production

of maize in Iringa, wheat in Arusha and cotton in Shinyanga [44, 45].

The class of Tanzanian farmers was mainly encouraged by the newly independent
government through an easy access to land. There was also good access o tractor
credits from the co-operalives, national development credit agency, private
Tanganyika farmers association, and private fractor dealers. Nevertheless the
farmers did not depend on extension services, or back-up services from the
government. The mechanization move was informal and the farmers easily acquired
the management skills by their own means or by observing neighbouring settlers
(where these were present). The farmers achieved high capacity utilisation of their
equipment by entering into coniracts hire service arrangements with other small
farmers and peasants. in areas with short tillage season the tractor fleet was moved
seasonally to other areas with different rainfall patterns to undertake contract

ploughing for economical capacity utilisation.

During the period from 1960 to 1970 the tractor population expanded to about
17,000 units {49, 110]. Most of these tractors were being supplied 1o government
mechanised capital infensive estates and to the village development block farming
schemes. The village schemes were established after nationalisation of medium and
large scale private farms in 1967. However many of these schemes failed due o the

following main reasons [63, 80

1. Lack of competent management and strict supervision.

2. Poor training of the personnel responsible for operating, repairing and maintaining
the equipment, inadequate workshop and repair facilities, lack of skilled and
responsible operators.

3. Lack of adequate availability of cash and credit when needed.

4. Inefficient utilisation of the machinery.

5. Dishonest among the operators, managers and committee members.
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Partiaily due 1o these early failures the government plan from 1869 stressed on the
use of draft animal power instead of tractors [91]. Although mechanization with
tractors continued to expand on state large scale farms, the government plan caused
the population of tractors to decrease from 17,000 tractors in 1970 to less than
16,000 tractors in 1989 {55] and by 1990 only about 6000 tractors were operafional.

The rest were out of order due to various technical and management aspects [28].

The government of Tanzania was the sole importer of tractors during the period from
1970 to 1984. It imported tractors from different countries including Great Britain,
Japan, India, United State of America, Germany, eitc. The number of tractors

imported during this period are shown in figure 2.
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Figure 2:  Import statistics of tractors in Tanzania for the year 1970-1984

Source; URT 1989 [92]

In 1885 the importation of tractors from abroad was stopped in the name of import
substitution and instead tractors were obtained from Tanzania Tractor Manufacturing
Assembly Plant (TRAMA). TRAMA was established in 1982 as a joint venture
between the State Motor Corporation and the Valmet tractor company of Finland.
The share capital of the Tanzania government was 90% and the remaining 10% was

owned by the Valmet tractor company of Finland. The roles of this company were to:
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1. Manufacture Valmet tractors after obtaining the licence from Valmet company of
Finland.

2. Incorporate locally manufactured parts and components in Valmet tractors.

3. Provide after sale service to customer through its service workshops and
established dealer workshops in all regions.

4. Sell tractors-drawn implements and spare parts to customers.

5. Train customers and dealer representatives so as to ensure adequate after-sales
service and maintenance of tractors.

The production of Valmet tractors started in 1983 at the assembly plant. The first two
years of production was mainly of assembling imported disassembled parts [61]. In
1985 it started to incorporate locally made parts into tractors. The production trend of
TRAMA from 1983 to 1990 is as shown in figure 3.

800

700

600 — s

500

400

300

200

Tractor supply (units)

100 7

1883 1984 1985 1986 1687 1688 1689 1890
Years

Figure 3: Local supply of tractors in Tanzania (1983-89)
Source TRAMA, 1991 [89}

A study administered by TRAMA (1989) [88] revealed that the annual minimum
requirement of new tractors in the country is between 1500 to 2000. This is the
number of tractors required o meet the demands of the existing and the newly re-
opened farms. Unfortunately the numbers of tractors since 1970 o 1990 have been
varying between 300 and 800 units per year, indicating a serious shortage of

mechanical power in the country.
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in the late 1980s the government changed the development strategy policy from
socialism oriented economy towards market oriented economy. The change of policy
resulted into privale companies to be allowed to import tractors from abroad. The
tractors imported by private companies were cheaper and much more reliable than
those manufactured by TRAMA. This effect declined the production of Valmet
tractors in the early 1990s and by mid 1980s TRAMA had to stop tractor production
altogether. However on the other hand the change of policy resulted in the increase
of the operating tractors from 8000 in 1990 to about 7000 units in 1995 [28].

2.2.2 Tractor makes

There are more than 10 different {ractor makes operating in Tanzania as shown in
figure 4. Massey Ferguson tractors are leading in terms of population units. This is
followed by Ford, Valmet, and Case International tractors. Other makes are John

Deere, Swaraj, Deutz, Same, Kubota, Tinkabi, efc.

Number of units

International
John Deer
Kubota 7
Massey
Same
Swarej
Tinkabi
Vatmet

Tractor Make

Figure 4: Tractor makes in Tanzania up to December 1989
Source: MALDC, 1991 [55]
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The distribution of tractors by regions (figure 10 on page 55) shows that Arusha
region has the highest population followed by Morogoro, Shinyanga and Kilimanjaro
regions. Kigoma region has the lowest number followed by Ruvuma, Lindi and

Miwara regions.
2.2.3 Research in tractor mechanization

Tractor mechanization research in Tanzania is a theme which receives the least
attention from the National Agriculiural Research, Training and Extension Services
[55]. Most of the data continually used for farm machinery management, planning,
academic and by research is either data from USA or Europe or guess estimates.
Even though the need for collection of machinery data for the nations was explored
by FAO panel of experts in 1978 [26].

Nevertheless, few researchers have made some efforls 1o remedy the situation.
Some of the attempts include the reports on the investigation of the scope for
rmechanization, machine, implement reguirements and level of utilisation of tractors
in Tanzania [10, 23, 75, 112]. Most of these reports concluded that tractors in

Tanzania were then highly under utilised. The main reasons reported were:

1. Lack of skilled operators.

2. Lack of adequate repair and maintenance infrastructure.

3. Lack of management skills especially regarding spare parts management.
4. Lack of awareness of the costs of operating farm machinery.

HaTIBU et al., (1982) [32] reported on the investigation of the status of facilities for
repair, maintenance and spare part supply for tractors in Morogoro region. They
concluded in their findings that the necessary facilities for repair and supply of spare
parts are available in Morogoro, but these vary from one place to another. The repair

facilities and spare parts availability in urban areas are much better than in villages.

SIMALENGA {1989) [77] developed a model for prediction of number of suitable field
work days for agricultural tractors under Tanzanian condition. The model was based
on the historical weather data in time of good and bad years. Using the mode! he
determined the average field working days for tilage and planting operations. In the

case of tillage operation, the work days determined vary between 19 and 50 days,
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whereas for planting operation, the range was found to be 10 to 19 days.
Additionally, based on the determined field work days he proposed an appropriate

method which can be used for machinery and implement selection.

MwomBEK! {1992) [64] reported on the agricultural machinery replacement policies of
tractors operated under the National Agriculture and Food Corporation (NAFCG)
farms. He critically found out that replacement policy was not based on any scientific

analysis.

Exhaustive literature review has shown that very little information is available on
repair costs and total annual costs of operating farm tractors in Tanzania. Instead,
the report on the National Agricultural Mechanization Programme [55] has revealed
that one type of information which is absent from agricultural extension material in

Tanzania is information on farm machinery management.

Additionally, limited amount of work related to tractor mechanization has been
reported from other African countries, such as Nigeria (KoLawoLg, 1978 [46]),
Swaziland {HENDERSON, 1985 [33]) and in Burkina Faso (KANDO AND LARSON, 1980
[41]). KoLawoLE dealt with the aspect of tractor contracting operations in Westemn
Nigeria. He showed that annual usage of tractors was held down by frequent
equipment breakdown, untimely availability of spare parts, inadequate repair facilities
and lack of incentives for the operators. The study further highlighted that group
owners fended to achieve a higher lavel of tractor utilisation than individual owners.
HenDeERsON  studied the economics of tractor operation in Swaziland and
recommended that more emphasis should be placed on record keeping, tractor
selection and training of operators. KANDO AND LARSON reported on the repair and
maintenance cost in Burkina Faso. They found out that the repair and maintenance
costs were higher in Burkina Faso during tractor early life than the predicted repair

costs using the ASAE and Australian data.
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2.3 Mechanization with animal draft power

2.3.1 Background

Animal draft technology was first introduced in Tanzania more than 70 years ago by
missionaries and settlers. Tanzanian farmers began to adopt the technology in
Mbeva, lringa, Arusha and in the Lake zone mainly between 1930 and 1940, The
number of ox-ploughs rose from 155 fo 80,000 units from 1930 to 1960 [43, 48], The
adoption of draft animal technology in the early period was linked with a number of
reasons. Some of these were due to development of estate farming and a market in
food crops in iringa and Arusha areas. In Lake zone areas it was linked with the
increased cofton prices together with the existence of an open almost treeless land

frontier.

According to figure 5 the ox-plough pepulation from 1961 to 1973 increased by only
10,000 units. The small increase was explained to be due to the eagerness of the
government of the newly independent states to bring a fast and radical change to the
agricultural sector by use of tractors [44]. However after changing the policy in 1969
in favour of animal traction technology the number of ox-ploughs rose to over
110,000 from 1973 to 1983.
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Figure 5: Population of ploughs in Tanzania (1956 - 84)
Source: Kjaerby F, (1986) [44]
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Between 1974 and 1982 the government set up two implement factories to increase
the avallability of the draft implements. The Ubungo Farm Implement factory (UFI)
was established in Dar es salaam in 1974 and Zana za Kilimo factory (ZZK) was set
up in Mbeya in 1982. Additionally, to popularise draft animal technology over 60 ox-
training centres (OTC) were established in different paris of the country. The
objective of the OTCs was to promote draft animal technology by conducting training
courses to the regional and district agricultural mechanization officers and also to the

village ox-trainers.

Political leaders, and especially the President frequently urged farmers to adopt
animal draft power. Nevertheless the main limitation to the wider adoption of ox-
ploughing have been tsetse fly infestation and lack of a tradition of animal keeping in
some areas. Likewise some farmers treat animals just like human being therefore
there is no way they can use animals for draft work, Other reasons are those

mentioned by MREMA AND MREMA (1993) [62].

2.3.2 Types of animals used for draft power

Oxen (East African Zebu cattle) and donkeys are the most common species in
Tanzania used as draft animals. Oxen are the main animals used for agricultural
activities. The use of female cattle for draft purpose is not yet widespread, perhaps
due to belief that oxen are the only sort of cattle which can be worked. Donkeys are

mainly used for transport either as park animals or for pulling carts.

Tanzania has about 12 million East Africa zebu cattle concentrated in the north and
north east of the country. The colours of this cattle are black, red, white, mixtures of
black and red or white. in 1984 there were estimated to be just over one million
working animals, out of which about 840,000 were oxen and 220,000 were donkeys

{table 2).
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Table 2: Population draft animals in Tanzania {1984}
Source: MALDC (1984) [54]

Region Working Oxer Donkeys
Arusha 67 556 107 768
Coast 15 383
Dar es salaam 0 23
Dodoma 18 182 30 268
iringa 53 322 3847
Kagera 863 96
Kigoma 201 2
Kilimanjaro 3491 6477
Lindi 22 2
Mara 107 948 5519
Mbeya 44 045 4 685
Morogoro 851 1827
Miwara 10 3
Mwanza 103729 & 051
Rukwa 45 481 3825
Ruvuma 93 40
Shinyanga 247 078 11281
Singida 72 480 22 759
Tabora 71032 8 166
Tanga 172 4244
Total 836 373 217 276

2.3.2 Past researches in animal traction technology in Tanzania

There are about & institutions actively involved in animal traction researches and
manufacturing of draft animal implements. These institutions include CARMATEC,
TEMDO, [Pl, SIDO and Uyole Research Centre. However most of the researches
carried out by these institutions have concentrated on development and testing of
tillage implements, weeding implements and ox-caris. One of the examples of these
researches was carried out by Uyole Research Centre for testing the performance of
animal drawn cullivators for maize production in the southern highland of Tanzania.
This work was reported by Kwitiawa et af.,{1292} [49]. They revealed that there were
no marked difierences in field capacity between the two cultivators tested (i.e. Cossul
inter row cultivator and over the row cultivator developed by Mbeya Oxenization
Project). The use of cultivators aione reduced labour input for weeding by 80%.
When the cultivators were used in combination with manual weeding, the labour

inputs were reduced by 40% in comparison o weeding using only hand tools.
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Combination of manual weeding and the use of cultivators gave the best weed
control. The use of cultivators only gave poorer weed control which reduces yield

advantage.

Other researches on animal draft power have been reported by individuals. Some of
them has been dealing with care and management of work oxen. For example
Luziga et al., (1992) [53] reported on animal traction use in Tabora region. Whereby
they found out that the use of draft animals in semi-arid areas like Tabora is affected
by inadequate nutrition during dry season. Therefore the draft animals are normally
so weak to perform agricultural activities at the start of cultivating season. They
suggested that farmers should be educated and advocated to establish fodder banks
to cater for dry seasons. MGAYA et al, (1992) [58] on the survey of care and
management of work oxen practised in Tanzania found out that only few farmers,
about 30% supplemented their working animals with crop residues and by-products
during the working season. FISHER (1992) [29] presenting his experience in animal
traction technology reported that animal traction technology must be introduced
gradually, in a certain sequence and not all at once and thers must be an economic
basis to run the technology profitably. SYLWANDER AND SIMALENGA (1997) [85] have
been dealing with gender issues in animal traction. Their main focus of their research
is to make sure that animal draft power reduces human being's drudgery regardless

whether is a man or a woman,

Very little literature has been published to address the economics of usage of draft
animals in relation to the size of farms under-cultivation. However a number of
blanket statement has been made with regard to the cheapness of the technology as
compared to tractors. Most likely these were based only on the initial price of the

technologies.
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3. BASICS OF MACHINERY AND ANIMAL DRAFT COSTS
3.1 Definition of machinery maintenance and repair

Maintenance and repair works are measures taken io maintain and restore the
performance of the machine. These measures aim at prolonging the life span of the
machine. The famniliar bath - tub curve (figure 6} is used to distinguish different failure
rates of the machine that can occur at different period of ownership. The bath-tub
curve comprises mainly with three regions, namely early-life fallures (infantile

mortality), mid-life (random) failures and wear-out period.
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Figurs 6: The failure rates of components of the machine with time (bath-tub)

The early-life failures are normally caused by built-in defects, installation errors,
incorrect materials, etc. Mid-life failures are caused by random effects external to the
component, for example operating changes, overloading, accidents, etc., whilst wear

-out failure occurs due 1o the result of mechanical fatigue, corrosion, etc.

The term maintenance can be defined as the work done 1o ensure that failure does
not occur before a specified life of the component has reached. This includes
cleaning, daily oif check, greasing, battery inspection, engine tuning and the general
check-up of the machine. Usually maintenance work is graded on daily and season

bases, Maintenance costs consist mainly of labour costs.
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Repair works are undertaken to replace different parts of the machine. These include
both scheduled and unplanned replacement of parts as elaborated in figure 7. The
unplanned replacements of part occur due to broken or malfunctioning of
components. The repair costs are normally due to material costs, labour costs and
other costs (such as transport costs for buying spare parts). As observed by
FAIRBANKS et al. (1971) [25], HunTt (1983) [36] and WiTnEY (1988) [106) the repair
costs are difficult to estimate because of the unplanned repair works which occur
randomly. They are usually dealt with as and when they occur. Experienced tractor
owners or managers would know the failure rates of certain components in a given

tractor and therefore they can be prepared to fackle the problem.

Repair and Maintenance {

Maintaining Performance Restoring Peformance

_
) Planned Planned [ Unplanned
Service Part Replacement Repair Repair
|
Greasing General Scheduled Replacement
Cleaning Check- Part Replacement of failed parts
Adjustment l goKk-Up | 1 Replace P
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Maintenance Repair

Figure 7. Systematic diagram for defining maintenance and repair
Source: Wendl (1992) [103]
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3.2 Methods used for determination of repairs

There are basically two methods used for determination and prediction of

components failure. These include:

1. Diagnostic technique

. 2. Questionnaire

The Diagnostic technique is a method commonly used in aircraft industries but of
recently it has been adopted in some trucks industries. The methods involve studying
the natural circles of the components of the machines at different work loads. To
simplify the processes of studying the time of failures, JOHANNESSON (1998) [39]
developed a simulation model based on Rainflow Cycles (RFC) for random fatigue.
in the developed model a series of different load was modelled as a swiiching

random load by using a hidden Markov model.

The fatigue tests of materials in the simulation model are performed with constant
amplitude loads. However when dealing with variable amplitude loads, like random
loads another form of equivalent load cycles are used for counting. This method is
known as rainflow counting based on the rainflow cycles. Figure 8 represent a

definition of the rainflow cycle.

Figure 8 Definition of the rainflow cycle
Source: Johannesson (1998) [39]
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The rainflow cycles are often measurements of stress variations at some point of the
machine. During simulation a vast amount of rainflow cycles data are normally
recorded. The dafa reduction is provided by calculating a rainflow matrix for the
measured load. The damages due to the loading are then calculated using the

Palmgren-Miner linear cumulative damage hypothesis. Mathematically expressed as:

I
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The sum is extended over alt cycles in the load completed at time t and N is the

cycle life obtained from S-N curves with the constant amplitude S,
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A constant K and the damage exponent § are material parameters. The fatigue

failure of a material occurs when D, exceeds one.

The advantage of this method is that it predicts the periods of failure of the
components more accurately, but the disadvantage lies on the fact that it requires
specialist equipment which makes it prohibitively expensive to be used in the farming
industry.

The guestionnaire method was detailed discussed by WenDL (1983) [101] it
incorporates the use of structured and non structured questionnaire. It has the
advantage of using the past recorded data where available. In that case it enables
collection and prediction of repairs within a short span of time and additionally this
method is relatively cheap. Most of the repair studies in the past have used this
technigue. However the disadvantage of this method lies on low accuracy level of

predicting the periods of failures.
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3.3 Annual cost of machinery

Accurate knowledge of calculating the ownership and operating costs is essential to
economic management of machinery particularly in investment and replacement
decisions. The average annual cost and the actual cash flows methods are some of
the mathematical models used for determination of the annual cost of farm

machinery.
3.3.1 Average annual cost method

With the average annual cost method, the annual cost is calculated by averaging the
cost components of the machinery over the full period of ownership. The annual cost

components are made up with the fixed and variable costs.
3.3.1.1 Fixed costs

Fixed costs are the ownership costs that do not vary with the use. The cost

components include depreciation, interest on investment, insurance, and housing.

3.3.1.1.1 Depreciation

Depreciation is defined as the lessening in value of the machine with passage of
time. if the cost of depreciafion is neglected profit will appear to be higher than it
really is by an amount equal to the depreciation that has taken place. A common
classification for depreciation of the asset value includes that of physical and
functional depreciation. Physical depreciation resulis from a deterioration in the
machine ability to render its intended service. This could be due to wearing off of
metallic parts such as piston rings, bushes, etc. Functional depreciation results from
a change in the demand for the services of machine. The changes may occur
because it is more profitable to use a more efficient developed machine, or there is
no longer work for the machine to do, or the work to be done exceeds the capacity of

the existing machine.
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Depreciation for accounting purposes is predicted in accordance with one of several
mathematical functions [87]. However the choice of the particular mode! to represent
the depreciation value over time involves also estimation of the life of the machine

and its salvage valus. The mathematical functions include:

1. Straight line method

2. Declining balance method

3. Sum of the years digits methods and
4, Sinking-fund method of depreciation.

1. Straight line methed

This is regarded as the simplest method because the model assumes an equal
reduction in value for each year of ownership. However this method fails to account
for rapid depreciation of assets in the initial years. Mathematically this is expressed

as:

p=f=3 (3.2)

Where: D= depreciation rate per year for Nyears
P = purchase price
S = salvage value
N =life of asset in years

2. Declining balance method

The method assumes that the machine value decreases at a faster rate in the early
portion of its service life than in the later life. By this method a fixed percentage is
muttiplied times the actual value of the machine at the previous year. Thus the value
of the machine decreases through out the time as does the size of the depreciation

charge. Mathematically the model is expressed as:

D =BV _k . (3.3)
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where: D, =depreciation charge at the n" year

BV _,= book value of asset at the end of the previous

=1

accounting year .
1

- Sy
k = depreciation rate = F[FJ

P = purchase price
§= salvage value
N = life of asset in years

Brank anD Tarouin (1976} [13] noted that, if the depreciation value became equal to
salvage value prior to life N of the asset no additional depreciation charge should be
made for the preceding years. However they noted that this effect generally occurs
for short lived assets with N less than five years or for assets with large salvage

values greater than 20% of the purchase price.

3. Sum of the years digits method

The model assumes that the value of the machine decreases at a decreasing rate. If
the machine has an estimated life of N years. The sum of years for any number of

years N can be computed from the expression

N
S ta 2Ny =D 3.4)

n=1
The depreciation charge in any year »n can be exprassed as:

N-n+1l
=2 (P-5) ... .
b, N(NH')( 5) (8.5)

where: D, =depression at any year n between 1 and N" year

P = purchase price
S= salvage value
N =life of asset in years
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The sum of the years digits method of depreciation produces larger depreciation

charges in the early life of the machine but decreases rapidly in the later years.
4. Sinking - fund method

The model assumes that the value of the machine decreases at an increasing rate.
One of a series of equal amounts is assumed to be deposited into a sinking fund at
the end of each year of the machine life. The sinking fund is ordinarily compounded
annually and at the end of the estimated life of the machine, the amount
accumulated equals the total depreciation of the machine. The depreciation charge
during any year is the amount deposited into the sinking fund at the end of year and
the amount of interest earned on the sinking fund during the year. Mathematically the
value for the sinking-fund annual payment (SFP) and the value of depreciation, D, at

the end of the n" year are expressed as:

SFP:(P'S)W ................. (3.6)
b s @ ] .
= ( ) QaiF o1 TS e (3.7)

whera: D, =depression at any year n between 1 and no year
n= any year between 1 and N years
P = purchase price
§= salvage value
N = life of asset in years

i = interest rate

Another model commonly used in USA only is called Accelerated Costs Recovery
System (ACRS). This system of depreciation was introduced in the USA in 1981 by
statutory law termed the ,The Economic Recovery Tax Act of 1981“ which stipulated
a statutory recovery periods of three, five, ten or fifleen years determinable when first
depreciation is charged. It has provision for tax relief in the year the asset is

purchased le. it increases capital recovery through investment tax credit. Capital
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expense is deducted from the first cost before computing the ACRS depreciation

amount [13].

Comparing these methods using a machine with 10 vears life expectancy, 10%
salvage value and B% interest rate shows that the straight line, declining balance, the
sum of the digits and the sinking-fund methods of depreciation all lead to different
depreciation value-time functions (figure 9). Since the information on depreciation is
needed for making decisions, therefore one of the methods can be selected.

&
100
80
S
= K@ KING |FUND
[
[¥1)
iz 60 \ STRAIGHT LINE
- N
g 40 §\
.
w DECLINING Q§§§§
o BALANCE
® 9
SUM OF YEARS DIGITS . | o=y
[ L N
D 1 2 3 4 8 7 8 g 1D

5
YEARS
Figure 9: Depreciation values using different depreciation methods

3.3.1.1.2 Interest on investment

Interest on investment is the rate of gain received from the investment someatimes
called opportunity costs or is a direct expense on borrowed capital. Usually the rate
is stated on per year basis and it represents the percentage gain realised on the
money committed to the investment. ADELHELM {(1976) [1] and O'CALLAGHAN (1988}
[65] agreed that it is customary to choose a constant rate of interest over the life of

the machine and calculate interest charges on the average investment.

HunT {1983) [36] preferred to consider interest charges along with housing, tax, and
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insurance costs and expressed these as a percentage of the purchase price P. The
manner of assessing the average investment depends on the method of depreciation

used.

inflation affects the real cost of borrowing. It is therefore more sensible to talk of real
interest rate. WITNEY (1988) [108] defined real interest rate as the fotal repayment

related to the purchasing power of the loan. Mathematically is calculated as:

1+
i = F«—Q - J ............. (3.8)
a+p |
where: i, =real interest rate

i =normal inferest rate

j =inflation rate

3.3.1.1.3 Salvage value

Salvage value is the remaining value of an asset after its economic life. PEACOCK AND
BRAKE (1970) [69] developed a logarithmic prediction function for determination of
the salvage values. The function expresses the current salvage value of an n years

old machine as a decima!l proportion of the current initial purchase price. That is:
8, = S, (S Y P o (3.8)

where: S, =salvage value at n t year
S, = first year correction factor
S, = annual depreciation factor

P = initial purchase price

ASAE (1986) [3] established the values of §, and S, for tractors as 0.68 and 0.92

respectively.
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Another method for estimation of salvage value was developed by AYRES AND
WaIZENCKER (1978) [6]. Their method proposes that the salvage value of an n years
old vehicle is related to the current purchase price of an equivalent new vehicle by an

exponential function expressed as:
S, = Plexp(—km)] v (3.10)

where: S, =salvage value at " year
k, = constant exponent depending to some extent on vehicle

type.
P = initial purchase price

The values of exponent k, established for the two-wheel and four-wheet! drive tractors
are 0.2 and 0.24 respectively. These values represented about 87% of the salvage

values variation.

Despite this high value of representation, WITNEY AND SAADOUN {1988} [107] under
ciose inspection of the same problem revealed that the salvage value determined by
AYRES AND WAIZENCKER {1878} [6] function tended to be overestimated for one and
two years old machines. Therefore in order to eliminate this error they modified the
function by inclusion of a second order exponent. in that case they expressed the

function for salvage value at any year n as:
S, = Plexpl—kn+&n )] e, (3.11)

where: S, =salvage value at 0 year
k, and k, are resale exponents.

P = initial purchase price

The values of resale exponents (k, and k,) established by WiTNEY aND SAADOUN

(1986) [107] are listed in table 3 for two-wheel and four-wheel drive tractors.
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Table 3. Resale parameters for first order %, and second order £, for 2WD and
4WD tractors. Source: WITNEY AND SAADOUN (1986) [107]

Machine Type Resale exponents Explanation of data, %
&, k,

All 2WD tractors 0.24 0.005 98.01

All AWD tractors 0.28 0.007 97.89

Comparison of salvage values obtained using the above three functions (figure 10
and 11) show that the model function developed by PEACOCK AND BRAKE (1970} [69]
estimates different values as compared to the other functions. The PEACOCK AND
BrAKE (1970) [69] function predicts low salvage values of assets at early age and
high salvage values after long time of use. However the other functions [6, 107]

predict approximately the same salvage values.
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Figure 10: Comparison of salvage values using different methods (2WD tractors)
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Figure 11: Comparison of salvage values using different methods (4WD tractors)

3.3.1.2 Variable costis

Vatiable costs of a machinery are defined as the costs which increase proportionally

with the amount of operational use. This include repair, fuel, lubricant, and oil costs.

3.3.1.2.1 Repair cosis

Repair costs are those expenses necessary fo restore or maintain technical
soundness and reliability of the machine [60, 102]. They are attributable to wear and
tear, random failure of parts and accidents. Repair costs consist of costs of replaced
parts and labour costs directly atiributable to particular repair jobs. Repair costs are

mainly expressed in one of the three forms:

1. As a constant per hour of machine time.
2. As a constant per unit area (tillage and harvesting tractors).
3. As accumulated cost expressed as a percentage of the tractor purchase price.

The later method has been more popularly used by many researchers in this studies.
The studies Include the repair costs models based on a survey conducted in 1970

{3]. The model expressed repair costs as:
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X 283
TAR=12) —— | e .
{IOOOJ (8-12)
where: TAR = accumulated repair costs as a percent of Purchase
price

X =accumulated hours of use

Cther repair cost studies for 2WD and 4WD were based on an earlier nation wide
survey in the USA. The functions were characterised with lower levels of repair costs
at higher levels of usage, but at 500 hours and below the functions gave higher
repair costs. The established functions were:

For two-wheel drive fractors:

TAR = 012(—») R (3.13)

and for four-wheel drive tractors:

X 15
TAR =03 —= | A
{120) (3.14)
where: TAR = accumulated repair costs as a percent of purchase price

X = accumulated use

BoweR anND HUNT (1870) [17] predicted accumulated repair costs at any given point
of the machines' life as:
TAR = RC X RC, x % i (3.15)

where: TAR = total accumulated repair costs measured at L
L =percent of machine life at the point whers repair cosis are
calculated
RC, = a constant that express the ratio of TAR to purchase price
at L= 100%
RC, and RC, =constants determining the shape of repair costs

curve



36 Literature review

RC,x If =1 when L = 100%
FAIRBANKS af al, (1971) [25] using data from members of a farm management
associafion, probably with better standards of management and maintenance
practices develcped the following equation:
TAR = 000014 X°" ... {3.16)
where:  TAR =total accumulated repair cost
X = accumulated operating hours as a percentage of total

operating hours.

Another function model was developed by HUNT (1983} [36] for tractors with life up fo

4000 hours. The function model was expressed as:
TAR = X+0019ﬂ(—}~(—j2 00022 '_{{_}3 =17
- “ 1000 00223 oo ) e 17)

where: TAR =total accumulated repair cost

X =hours of accurmulated use
WARD et al, (1985) [98] also developed two function models, one for 2WD and
another for 4WD tractors engaged in forest work mainly for trailer transportation,
hedge trimming with hydraulically driven rotary saw, grass mowing and some other
migcellaneous tasks. The functions were expressed as:
For two wheel drive tractors:

TAR = 0042X "% .. (3.18)

For four-wheel drive tractors:

TAR = 04055% "% ... (3.19)
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where: TAR =total accumulated repair cost

X =total accumulated use hours as a percent of 12000 h

Morris (1988) [60] also derived a mode! of similar form as above. The function was

mathematically expressed as:
TAR = 00996 x 107 x X7 ..., (3.20)

where:  TAR = Total cumulative repair cost (% of initial price)

X =cumulative hours of use
KANDO AND LARSON (1990) {41] using data from Burkina Faso developed a prediction

function similar to those developed in Europe and USA. The function model was

expressed as

¥\
TAR = 5.08(@] ......... (8.21)

where: TAR = Total cumulative repair cost (% of initial price)

X =accumulated hours of use
Other models were developed in Germany by WEIERSHAUSER (1989) [99] and WENDL
(1991) [102]. WEIERSHAUSER (1989) [99] using data from KTBL established the
function for four-wheel drive tractors as:

Y =1220X°7 - 04432X +1610282X'% ... (3.22)

where: Y =accumulated repair costs in DM
X =accumulated hours of use

WENDL (1991) [102] using data collected from repair documenis which were kept by
repair shops established repair costs for four wheel drive tractors as:

¥ =0106380X"° ... (3.23)
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where: Y =repair costs in DM
X =accumulated hours of use

Additionally WENDL (1991) [102] revealed that about 35% of the total accumulated

repair costs in German accounts for the labour charges.

Therefore from the above repair costs functions review, it can be concluded that a
considerable number of models for cumulative repair costs as percentage of
purchase price has been developed. Most of these models were represented using
power functions this could be due to the fact that the power function representation
is simple because it takes into account only the costs and time of faillure. The
difference in the model functions could be attributed by the difference in specific area
of tractors use and the difference in the amount of repair variation in terms of time

between failures.
3.3.1.2.2 Fuel and oil costs

Tractor is a power source offering traction services to other implements. Fuel and oil
consumption in fractor is governed by the amount of energy demanded at the draw-
bar or at the Power Take-Off (PTO).

Estimation of fuel consumption mainly diesel can be made using different modsls
suggested by a number of resesarchers [47, 104, 106]. The use of suggested models
can be applicable for tractors with no established standards because most of tractor
manufacturers of recent establish specific standards for estimating average fuel
consumption of their tractors. Technical agricultural data books such as KTBL
(1998/99) [48] also publish these kind of information.

Oil consurmnption is defined as the volume of engine crankcase times the
recommended oil replacement change intervals. KRUGER AND LOGAN (1980) [47]
estimated that, hourly oil consumption is approximately to 15% of the hourly fuel

consumption.
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Therefore fuel and oil costs can be determined by multiplying the average fuel/oil

consumption by the respectively unit price of fuel/oil.
3.3.1.3  Other costs

Other costs in the context of this report are those fundamental expenses which are
indirectly charged to tractors. The costs include the insurance, housing, tax and

labour costs.
3.3.1.3.1 Insurance costs

Agricultural tractors are usually insured against various risks including accident
damage, theft, fire, etc. Insurance premiums are usually payable annually and are
negotiated on the basis of the extent of cover required. Most companies require the

customer to pay equal annual payments over the whole life of the machine.
3.3.1.3.2 Housing costs

The housing while having no direct influence on the rate of depreciation can improve
the market value of a machine. Housing cost may be determined by considering the
investment costs of the housing structure. in the case of open yard the cost of
housing is equal to the investment cosls in fencing off the area. In Tanzania however
most of tractor owners do not have special housings for tractors rather tractors are

normally parked outside their houses.
3.3.1.3.83 Tax and licensing costs
The amount of tax paid on agricultural machinery depends very much on the

country’s tax policies in force. Apart from road license agricultural tractors and

equipment in Tanzania are currently exempted from tax.
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3.3.1.3.4 Labour costs

Labour costs are usually charged to the implement being used in a given operation.
Labour is charged at hourly rates either in terms of man hours or machine hours.

Experienced managers can correlate machineg hours to given man hours.
3.3.2 Actual cash flows method

Actual cash flows is a method which involves three types of cash flows in the

calculation of the annua!l cost for owning and using a machine. This include:

1. The capital cost with interest charges repayable by equal mortgage
instalments.
2. The recurring annual repair and insurance charges.

3. The income from selling the machine.

AuDSLEY AND WHEELER (1878) [5] used the method 1o express the annual cost of

machinery as:

N
(P+ 3 Rw" = S,w" Yw—1)

_ n=1
A= B e — (3.24)

_1+j

where: = -
141

€

A =annual cost of machine ownership.

P = ithe initial capital cost.

R, = the current value of the repair cost in the nth year.
§, = the salvage value at the end of year N

N = the number of years the tractor is owned.
j = the inflation rate.

i = the interest rate.
w = inflated discount factor

If the purchase price P is agreed to be repaid by the amount in equal instalments M

{morigage) per year, then the value of P in equation 3.24 is replaced by a sequence
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of annual payments M. The final equation developed by AUDSLEY AND WHEELER
(1978) [5] remains unchanged except that P is replaced by the term:

K- M d+i)Y -1
P=3 = [M—M—i,(lﬂ‘ﬂ” }M ........................ (3.25)

n=1 (1 + iz)”

where: P = purchase price
M = annual payment (mortgage)
i, =loan interest rate

N =ownership period

WITNEY AND SAADOUN (1989) {108] modified this equation by including the annual
repayment of loan, interest, recurring annual insurance charge and the effect of tax
relief on the interest charges. Their final form of the equalion for the present annual

ownership cost was represented by the following equation:

A= NPV, +(1=1)NPV, = NPV, = INPV, c.corvvrernn.. (3.26)

& 1
where: NPV, = M

or
Ay

T+ -1
NPV, = LG+ A+i)Y -1

N
NPV, = D[R, +0015,_,]w"

n=l

NPV, = S, w"
oo 34D
(d+1)

NPV, = 3 (CA, + 1)/ (1+i) =BC, [ (1+i)"

CA, = 025P(1- 025"
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N
BC, = 2,CA +S, - P

=1

I_PKH¢W—a+mW“
T Ay -l

7

A =present annual ownership cost

M =annual morigage payment

NPV = present total mortgage cost

NPV, = present annual cost of repairs and insurance
NVP, = present resale value

CA, = capital allowance

BC, = balancing charge

I, = annual interest charge

Sy =resale value

P =purchase price
w =inflated discount factor
i, = investment interest rate

i, =loan interest rate
j =Inflation rate
t =marginal tax rate

However the inflation rate and bank interest rates for the loan and investment has to
be assumed to be constant throughout the period of investment. Additionally WiTney
AND SAADOUN (1988) [108] assumed that:

1. The insurance cost for each year be equal to 1% of the salvage value of the
tractor at the end of the previous year S, _,,.

2. The annual rate of capital allowance for taxation purpose was taken to be equal to
25% on a diminishing basis.

3.4 Optimum machine replacement time
Replacement of existing equipment by other equipment becomes necessary
because of inadequate capacity, low efficiency, failure, technological development or

other factors. Generally, the replacement process can be divided into two categories

depending on the life patiern of the machine involved.

1. The equipment deteriorates or become obsoclete bacause of the use or
introduction of new developed machine.

2. The equipment does not deteriorate but is subject to failure or accident.
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The replacement study is therefore essential to determine the time at which the
replacement is economically necessary by minimising costs or maximising profit.
Although no generalised solution for the replacement problem of the equipment has
been developed, many models have been introduced and soclution have been found

with various sets of assumptions.

FalreANKS ef al., (1971) [25] proposed two models for farm machinery based on the
annual average costs and the another based on the probabilistic model. The overall

objective of the modelis was fo minimise annual costs.

The average annual costs model was developed by considering the following

assumptions:

e The straight line method was used to determine the depreciation cost.

e The accumulated repair cost and obsolescence charge used in the model are
expressed by power functions B’r"and A'r"respectively. B', A’, and n are
constants.

Using this model they established the economic life of the farm machinery as:

1

I oe-5 T
L= {W(A’ v 1)] ......................... (3.27)

where: L= economic life of the farm machins.
P =purchase price

S =salvage value

In the case of the probabilistic model, they considered that a piece of equipment can
either fail completely so that it has to be scrapped with no salvage value, or it may
suffer a minor defect which can be repaired. Therefore the nature of failure and the
repair of equipment are random variables depending on age, ¢. Then let the
probability that the equipment will not have to be scrapped before age ¢ be defined
by the function f(z), and the conditional probability that it will need repair during the

interval ¢ to ¢+dr, given that it is in running order at age rwas expressed by the
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function r(r)dr. The probability of needing a repair or of complete failure is

dependent on the age of the squipment and not the previous repair history

They suggested that it may be economical to replace equipment at some fixed age
L, thus avoiding the high risk of repairs with advancing age. The siluation of the
equipment being subject o repair is when the equipment will need a repair in the
interval ¢ to r+dt, while not having fo be scrapped before age L. Thus the joint

probability of the above situation was expressed as f(1)r(r). Then the expected

repair costs was established as:
L
R FOr@dt e (3.28)
therefore the total expected cost is:

C= P4 RSO0 e (3.29)

where: P = a complete replacement cost.

R = repair cost

Hence the expected cost per unit time C;, is:

L
P+ Rjof(r)r(r)dz
o [rwa

A condition to be satisfied by L for minimum expected cost was obtained by

C,

5t

differentiating equation C,and then L was calculated for = 0. The final results

yielded were expressed as:

PLF(L) (L)~ FOFO)]

) (3.31)
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Thus If the functions, f(r) and r(¢) are known, the optimum replacement time L

that satisfies for minimum cost can be evaluated using equation 3.31.

LEATHAM AND BAKER, (1981) [51] addressed the problem of replacement decision by
calculating the total annual cosis over an infinite horizon for each possible year of
ownership and then selecting the year with the lowest cost. PERRY AND NIXON, (1991)
[71] agreed alsc to this model of the minimum annual costs, however they
emphasised that the repair costs and the annual use are the most important factors
in making the replacement decisions. Similarly HunT, (1983) [36] defined the
replacement time as that time at which the accumulated costs using the average

annual cost model divided by the accumulated use gives the minimum value.

The findings of FAIRBANKS et af,, (1971) [25], LEATHAM AND BAKER (1981) [51], HUNT
(1983) [36] and PeRrY AND NIXON (1991) [71] seems not to differ because all of them
suggest that the decision as to time for replacement dspend only on the
accumulated costs between the capital costs and the repair costs. The point at which
the accumulated cost is minimum (figure 12) represent the optimum time for

replacement.
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Figure 12: The representation of the optimum replacement period (minimum point)

Other replacement criteria is based on the present machine customarily called the
defender and a cutrently available list of replacement alternatives termed
challengers. O'CALLAGHAN (1988) [65] considered the replacement problem by
comparing cash flows of the challenger and defender over an interval of time. The
fair market value of the defender, or its resale value in perfectly competitive market is

taken as the defenders worth when replacement is decided.

Alternatively, the defenders resale value is considered as a positive cash flow that
offsets part of the challengers initial purchase price which can be assumed fo be
replacement price of the defender. The net differences between the cash flow of the
defender and challenger are then compared for the remaining economic life of the

defender.

Mathematically it can be assumed that the annual cost of machine operation be

estimated using a model:
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A,y =C, (n).f(n)c(n) .ooee. (3.32)

Where: A__ (n) =annual operating cost in the ' year.

cop

C,,(n).f (n) = resale value of the tractor in year n.

Then the equivalent annual cost for the defender EAC(d) for its remaining economic

life are given by:

EAC(d) = [f ())C,, () + a(m)(n+ DC,, (1 + DA+, eerereeecns +a(L)C,,(L)(1+1,) ™ 1AGm)
...... (3.33)
where: a(m) = f(0C,,(n)
L =economic life of the tractor for which replacement was considered
A(n) = annuity factor for n years at raie of i,

i, = minimum acceptable rate of return.
The equivalent annual cost for the challenger(s) are estimated as:
EAC(c) =[C,,(m) +a(DC,, (n+ DU +i, Vo ta( L~ m)C, (LY +1,) T ]AG) ..(3.34)

Therefore the decision will be made on the basis of the difference:
EAC(c)- EAC(dY=6 ... (3.35)

If 82 0 the defender can be retained at least for one year. However if §is negative

then the defender has to be replaced.

3.5 Draft animal technology

Animal traction technology has a long history in agricultural production. it has played
and it stills plays an important role in meeting the power requirements of the farmers
in developing countries. Cattle, buffaloes, donkeys, mules, horses, camels, elephant

and other working animals are normally used to provide power for crop cultivation
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and transport. Draft animals are also used for other activities such as water raising,

milling, logging, land levelling, road construction, etc.

Animal power is used in virtually every environment and on every continent in the
world. However there are few countries within the developing countries with long
tradition of using animal draft power. These include Ethiopia, India, Indonesia, Nepal,
North Africa and most of Latin America [83]. In these areas large numbers of draft
animals, including oxen, cows, bulls, donkeys, mules, horses, buffaloss, and camels
have been used for soil land cultivation and transport. In most of the Sub-Saharan
regions, animals (oxen and donkeys) have been used for long periods traditionally
for transportation by nomads and traders, but animal drawn implements have not
been used in traditional farming systems. These have been introduced recently some
60 to 70 years ago. Although cows dominate the cattle population, they are seldom
used for draft operations. The draft oxen are shackled in pairs using withers yokes

and mostly two or three people are used to control a team of two oxen.

Experience has shown that a pair of draft oxen is capable of working 4 ha per
season {30, 82]. MGAva ef al, (1992} [58] revealed that oxen in Tanzania usually
start working when they are about three years of age. However it will depend much
on the adequacy of their feed. Animals reared under poor conditions start with more
than 5 year of age. The average working performance is five hours per day for
agricultural operations and normally draft animals are used for an average period of

5 to 7 years before being sold {11, 31, 66].

PEARSON AND SMITH (1992) [70] reported that the management of draft animals in
most places is greally influenced by the importance of the animals placed in a
farming system. This is influenced by the fact that animals are used along side with
other sources of power, namely manual and mechanical. There are many factors
that might influence the relative proportional use of these power sources in any
particular area. Taking an example of an area with high population pressure, in
axpanding area under-cultivation the use of animal power becomes less availabie
because of lack of area for grazing. Therefore farmers in these areas use to greater
extent manual labour than animal power. TEMBO (1989) [86] stated that shortage of

animal power in the communal lands in Zimbabwe is a major constraint to increase
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productivity of these areas. A shortage of animal power is often made worse by
drought and disease outbreaks that reduce the populations of all animals, including
those used for draft. Following good harvests mechanised power is more available
as farmers can afford to hire tractors. Other important factor connected fo the use of
animal technology is the costs incurred in the processes of owning and using it. This
of course dictates the profitabilily and the ability of the farmers to switch between

pOWer SOurces.
3.6 Annual costs of draft animals

Very little literature has been published to address the issue on the annual cost of
using animal draft power. However few attempts to remedy the situation has been
made in terms of estimating the cost components of the technology [22, 66]. The
cost components of animal traction technology can be determined by considering the
sub-systems that build the technology. At the centre of the technology, there are
three sub-systems relating to draft animals, to the implements pulled and to the
operators. The draft animals cost systems incorporate the capital, interest, feed and
health. Other cost components are shelter, mortality, training and the amount
incurred due to compensation. The implements cost systems include capital, interest
and repair and maintenance costs, whereas the operators cost systems are made up

mainly with the labour costs.

Therefore in calculating the annual costs of draft animals a similar methods used for
tractor power technology could be used but with minor modifications. In this case the
purchase price will be the cost of acquisition of animals. The interest rate will be
charged on the capital costs. Other costs to be considered will include the salvage

value, health, feed, shelter, labour and others.

3.6.1 Capital costs

These are the costs for acquisition of animals to be used for traction work. Normally

the purchase price of draft animal is directly proportional to their live weight.

Mathematically can be expressed as:
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Pr=ke, 3 W i, (3.36)

where: P, = purchase price of oxen.
k, = costs per kg of live weight.
W = live weight of oxen.

N, = total number of oxen.

BeLL AND KEMP (1986) [11] revealed that in Slerra Leon draft oxen are bought with
about 160 kg five weight and they are normally used for a period of five {0 six years
before being sold. Within this period they attain an average live weight of about 340
kg. That means the salvage value of the draft animals after five or six years is higher
than the purchase price. A similar argument is also advanced by CorseL (1986) [22],
who stated that in Sierra Leone the ox salvage value in real terms is higher than the
initial purchase price, but unfortunately he could not guantify the real appreciation

value over years.
3.6.2 interest on the capital costs

The cost of using money has a large effect on the total costs of owning and using
draft animals. Just like in any other investment the interest has to be paid for the
borrowed capital. Current interest rates are used each time in calculating the interest
to be paid on the capital cost. In the analysis of annual costs of draft animals,
interest costs can be calculated by considering the current interest rate, the

purchasing costs of draft animals and the expected salvage valuss.

3.6.3 Feeding costs

The food eaten by draft animals is used in most cases to provide energy. The
requirements for proteins, vitamins and minerals other than mainienance are
negligible for animals unless they are growing, pregnant or lactating [70]. A centre for
tropical veterinary medicine in United Kingdom established tables for predicting total

energy requirements, food intake and change in live weight of draft oxen [50].
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However the tables developed are applicable to places where quality feed is

available.

The most important commodity from draft animals is the work output. The amount of
work output of an animal is directly proportional to its live weight. The larger the
animal the higher the draft force it can generate. This means the larger the animal
the less stressed it will become while carrying out a particular task as compared to
smaller animals. Nevertheless, in order for draft animals to have substantial live
waight, the farmer must provide sufficient feed (quantity and quality) at the time when

the animals are required to work.

Number of literature [7, 8, 53] indicate that animals in Sub-Sahara regions are
traditionally left to graze freely on range throughout the year. Therefore feeding of
the work animals during the rain season is not considered as a problem due to the
availability of forage. However during the dry season natural pasture tends to be
inadequate. This affects the live weight of draft animals by reducing them to a very
poor state by the time they are required to work at the beginning of rain season. To
counteract this problem some ways of improving the nutrition status have been
proposed. These include, the use of crop residual that can be collected from the field
and stored for use when required. This could also be supplemented with protein rich
oil cakes or cotion seeds where available. Other way is that of establishment of
fodder banks, which can be used to feed animals at the start of rain season. In
places with good rainfall shrub legumes such as Leucaena leucocephala and
draught resistant legume such as Macroptilium, Trifoliurn and Stylosanthes could be
grown [40]. Leucaena could supply oxen with green foliage throughout the year. One
hectare of Leucaena can supply enough dry matter (5500 kg) to feed a pair of oxen

per season.

The cost components of the feed systems can be established depending on the
feeding system used. If the traditional method of providing nutrition to animals is
used then the cost components will be only that of labour used in taking care of the
animals during grazing. However when one adopts the methods to cater for draft
animal during the dry season then additional costs have to be included. This will
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depend on the number of draft animals available because the size of the feed farm is

directly proportional to the number of animals.

Mathematically these can be expressed as:

(3.37)

whera: F, = total feed costs

N, = total number of animals

k, = costs of producing feed per animal

g

3.6.4 Health costs

The major diseases of draft animals known 1o occur in east Africa include rinderpest,
black quarter, trypanosomiasis and contagious bovine. Other diseases are foot rot,
pleuropneumonia, external and internal parasites. Also there are diseases caused by
nutritional shortages of key minerals and diseases originating from poor sanitary
conditions under which animals are maintained in the night. There is evidence that
diseases reduce work cutput of draft animals and the additional stress of work

indoctrinates draft animals to disease [35, 100].

Helminth parasites are thought to be a major cause of unfitness and low expectancy
of working donkeys. The study by Samui anD HugH (1990) [74] is one of the few
investigations that attempted to quantify the financial and production losses due o a
disease in draft animals. They estimated that the cost of draft oxen being affected by
bovine dermatophilosis in Zambia was 428 Kwacha (DM 380) per affected ox. This
was based on loss due to reduction in area of land ploughed and lowered income
from hire of animals. A dead draft animal cannot work and so land cultivation and
crop productions suffer. In places where farmers rely on a single animal this can
have a serious consequence. Even where a pair of animais is used, the loss of one
of a pair, especially just before or during the working season can be critical.

Therefore effort to prevent and to treat immediately diseases in areas with draft
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animals are economically justified. This could be cartied out by practising good

management, by use of local medicines or industrial drugs.

Determination of the health costs is done by considering three main health cost
components. These include costs for spraying or dipping performed to protect
animals against flies and ticks, costs for vaccination performed to protect animals
against out-break diseases and costs for drug administration incurred for treatment

of sick animals.

The annual health costs are expressed as:
Cp=(cs v e, 6N, v (3.38)

where: ¢, = annual costs for dipping per ox.
¢, = annual cost per ox for vaccine.
¢, = annual cost per ox for medicine.
N, =number of draft oxen.

C,, = total annual health cost

3.8.5 Shelter costs

Shelter from animal point of view is defined as a structure which protects animals
from harsh weather. In most part of Sub-Sahara countries farmers build cheap form
of housing with either a shed or just a paddock. Other farmers do not build houses
instead animals are either brought close to their houses at night or allowed into their

houses {7]. The cost implication from this kind of sheliers is minimal.

Lukinpo (1992) [52] suggested that the health, strength and life spans of draft
animals can be improved if animals are provided with a good shelter. The shelter
can be a simple structure that needs to have any form of shed, wide openings and
which takes care of stocking densities. In that case increasing the number of draft

animals will increase the total shelter cost.
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3.6.6 Labour costs

Labour is the main productive resource of the draft animal technology. The family
and hired labour is used to perform both farm operations and to take care of the
animals during grazing. During agricultural activities in most parts of Africa three
people work with a team of two oxen, whereas in most parts of Asia only a single
person is required [67]. The family labour is normally not paid for the work performed
while hired labour is paid in cash plus daily meals for the work done. The amount of
cash paid to the hired labour differs from place to place. However, the amount
depends much on the agrsement between the owner and the labourer. According to
CORBEL (1986) [22] the hired labour costs could be equated 1o the minimum wage
paid by the government to labourers in the villages and he additionally proposed that
the family labour in the cost analysis be considered inasmuch as the hired labour,

aspecially during the culiivation season,
3.8.7 Insurance costs

Farmers usually do not insure their animals against mortality although the chances of
occurrence are so high. For example BANGURA (1986) [7] revealed that 25% of the
work oxen died in one of the project in Sierra Leone, The high mortality rate was
associated with heavy infestation of ffy sfomoxys. CORBEL (19886) [22] reported 8% of
the draft oxen offered as a loan to 167 families by Koinadugu Integrated Agricultural
Development Project died. The reasons for the mortality were 4% due io diseases
and other 4% because of accidents. Therefore it is important for farmers to save a
certain amount of funds that can be used to insure draft animals. According to

previous reports this is estimated to be equal to 8% of the purchase price.
3.6.8 Compensation costs

Compensation costs are important payment to be included in the cost analysis.
These costs are incurred when the draft animals damage crops during grazing or

injure people. The estimated amount per animal per year is normally about US§ 2

[22].
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4, MATERIAL AND METHODS

4.1 Determination of tractor costs in Tanzania

4.1.1 Study area

Data for this study was collected from five regions in Tanzania. The regions

Morogoro and Tanga. The coilections of

Iringa, Kilimanjaro,

incorporated Arusha,

-medium

data from large scale farms were obtained in ali five regions but for small-to

scale farmers data were obtained only from two regions, namely Arusha and

Morogoro. The choose of the regions was based on the tractor population estimation

of the year 1989 as shown in figure 13. Arusha region has the highest population of

fractors in Tanzania followed by Morogoro region, then Kilimanjaro, Shinyanga and

lringa in that order. The location of these regions is shown in figure 14.
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The number of large scale farms and small-to-medium scale farmers were then

selected within the mentioned regions.
4.1.1.1 Large scale farms
The following criteria were used for selection of large scale farms:

1. The farm must be reachable by the team of researchers during the study period.

2. The farm must have relative good past records of iractors that were/are on use at
the farm.

3. The farm management must be willing to offer the records to the researchers.

According to these criteria, Shinyanga region was left out for tractor data collection
because the farms that intensively use tractors for agricultural activities were too far
to be reached during the period of study. Shinyanga region was instead replaced by

Tanga region.

Generally reliable and detailed farm machinery data was found ic be scarce in
Tanzania. Nevertheless relative good data were obtained from 12 large scale farms.
The farm include Arusha Seed Foundation, six NAFCO farms, Miibwa Sugar Estate,
and Mwera Sisal Estate. Other farms were Mringa Estate, Tanganyika Planting
Company and Tanganyika Wattle Company. The summary of the information from
these farms is presented in table 4. However the records were not obtained for all
tractors at the farms instead only few tractors with relative good records were chosen

for the study. The number of these tractors from each farm is shown in appendix 3.
1. Arusha Seed Foundation (ASF)

Arusha Seed Foundation farm is in Arusha region about 15 km from Arusha town.
The government of Tanzania is the owner of the farm. The farm deals mainly with
production of improved varieties of seeds such as maize, beans and wheat on 600
ha ot land. The farm used to own 11 tractors purchased between 1974 and 1992. To

date however only 8 tractors are in good working condition and other 3 tractors are
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on the process of being auctioned. There are 41 permanent employees, whereas

the numbers of temporary workers range from 30 to 110 depending on the season.

Table 4: Summary of the information of the large scale farms
Farm Owner Area (ha) Production Tractor types Units Power Employee
activity (hp) Perm.  Temp.
ASF Government 640 Seeds Case inter. <] 66-108 41 36 -110
Fiat 3 45-100
Ford 2 60
Basuto NAFCO 4000 Wheat Versatite 8 210-280 49 20-150
Case Int. 10 84-148
Gawal NAFCO 4020 Wheat Versatile 3 280 53 20 -100
Case Int. 14 88- 150
Gidagamowd NAFCO 4000 Wheat Versatile 3 280 57 20-120
Case Int. 14 88 - 150
Mringa Private 400 Coffee M. Ferguson 12 45-70 100 200
Fiat 2 A0
Valmet 2 125 - 140
Mtibwa Government
- Private 4747 Sugarcane Ford 49 78-195 1000 350
Mulbadaw NAFCO 4000 Wheat Versatile 3 280 47 5-100
Case Int. 13 88 - 150
Murfanda NAFCO 40000 Wheat Versatile 3 280 47 8-50
Case int. i4 88 - 180
Ford 2 80 -70
MF 1 150
Mwera Private 7000 Sisal Same 15 80-120 444 120
Setchet NAFCO 4000 Wheat Versatile 7 210-280 52 23-100
Case int. 3 146
MF 1 85
Ford 1 70
TPC Government 4700 Sugarcang MF 70 72-86 4700
TANWAT Private 17808 Wattle Belt 8 250 2576 1200
Tea Ford 27 70 - 82

Forest
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2. Mringa Estates

Mringa Estates Limited is a privately owned farm. 1t is located in Arusha region about
12 km from Arusha town. The farm deals mainly with coffee plantations on 400 ha of
land. it employs 100 permanent and 200 temporary workers. The farm owns 16
tractors of three different makes (MF, Vaimet and Fiat), purchased between 1986
and 1998.

The Arusha Seed Foundation and Mringa Estate receive about 800 mm of rainfall
annually, mainly from February to May and October io November.

3. National Food Corporation Farms (NAFCO)

In total six NAFCO farms were chosen for the study. These include the Sefchet
Wheat farm, Murjanda Wheat Company, and Gidagamowd Wheat Farm. Other
farms are Gawal Wheat Farm, Mulbadaw Wheat Farm, and Basotu plantation. All
these farms are located in the Hanang district about 350 km from Arusha town and
they are part of the large seven farms owned by the gdvernment through an
organisation called National Agricultural and Food Corporation (NAFCO) in Hanang
area. Each farm comprises of at least 4000 ha of land. The farms are used for wheat
production. The climate in this area is characterised by a distinct rain season
followed by the dry period of approximately five to six months. The rain begins in mid
November and end in mid May. The annual rainfall ranges from 500 to 1200 mm.
Each farm employs between 45 and 57 permanent workers. The number of
temporary employees in each farm ranges from 5 to 150 depending on the season.
The peak season is during the harvest period in July to September.

4. Miibwa Sugar Estate

Mtibwa Sugar Estate is located in Morogoro region about 180 km from Morogoro
town. The area receives 800 mm average annual rainfall. The government of
Tanzania was the owner of the farm until 1988 but now the farm has been privatised
and therefore it is owned by a private company. The farm occupies a land area of
4747 ha, out of which 3672 ha are under sugarcane plantation. The farm employs
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1000 permansent and 350 temporary workers. The farm owns also a sugar
processing factory, 49 Ford tractors of different power rating, 14 Caterpillars, 7 grab

loaders and 6 water pumps.
5. Mwera Sisal Estate

Mwera Sisal Estate is owned by a private company called Amboni Limited. The farm
is located in Tanga region about 65 km from Tanga town. It occupies a total area of
7000 ha, out of which 4815 ha are under cultivation. Sisal is the major crop grown on

the farm. The area receives about 1200 mm average annual rainfall.

Mwera Estate owns 2 decorticating factories, 10 Same tractors, 4 Caterpiliars, 4
Locomotive, 1 water pump and 1 press. There are 444 permanent workers and 120

temporary employee.
6. Tanganyika Planting Company Limited (TPC)

Tanganyika Planting Company Limited (TPC) is located in Kilimanjaro region, about
20 km from Moshi town. The farm is owned by the government of Tanzania. It
occupies 6000 ha of land, all being under sugarcane plantation. The farm has 4700
permanent workers and owns 70 tractors mainly Massey Ferguson bought between
1989 and 1996. Other types of agricultural machinery include 5 Caterpillars, 6
Cameco, 1 Combine harvester and a sugar processing factory. The average annual
rainfall received in the area is about 500 mm. The rain season is from March to May

and October to November,
7. Tanganyika Watltle Company Limited. (TANWAT)

Tanganyika Wattle Company Limited is a private owned farm in lringa region. The
farm is located about 17 km from Njombe town and owns 17,806 ha of land, whereas
14,500 ha are under cultivation. The major crops grown to-date include wattle trees
that cover 9190 ha, tea (687 ha) and forest (4623 ha). However, up to the year 1992
they used to cultivate wheat and maize. Maize was mainly produced for seed supply

in the country.
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TANWAT Company owns 8 Bell tractors with 250 hp each, 27 Ford tractors of
different power rating, 8 water pumps, 5 Caterpillars, a factory for wattle extraction
and a factory for tea processing. The average annual rainfall received in the area is

1100 mum. The farm employs 2578 permanent and around 1200 temporary workers.

4.1.1.2 Small-to-medium scale farmers

Selection of small-to-medium scale farmers for this study was based on tractor
ownership. Only farmers who own at least one tractor were selected for the study.
The information of farmers owning tractors was obtained from the district agricultural
mechanisation officers. The final selection of farmers however was carried-out
randomly. The summary of the information of the interviewed farmers in the two

regions is shown in table 5.

Table 5: General information of the small-to-medium scale farmers
Location  Farmers Area (ha) Production Types of tractor units Power
Morogoro 8 100 -395 Maize Fiat 7 70
rural Massey Ferguson 2 70
Valmet 3 70
Kilosa 6 80 - 450 Maize Fiat 5 70
Rice Valmet 1 70
Sunflower Massey Ferguson 1 70
Hanang 5 50 - 350 Wheat Ford 4 60 .
Maize Massey Ferguson 2 72

Data in Morogoro region were obtained in two districts, namely Morogoro rural and
Kilosa districts. The number of smali-to-medium scale farmers interviewed in
Morogoro region were 14. It was found out that the majority of the farmers in
Morogoro region own Fiat tractors, which were bought between 1985 and 1988
under the Food and Agricultural Organisation (FAQO) Tractorization Credit
Programme. Tractors in Morogoro rural district  are mainly used for maize
production, whereas in Kilosa district are used for maize, sunflower and rice

production.
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In Arusha region five small-to-medium scale farmers were interviewed and these
were in Hanang district. Farmers in these areas use mainly Ford and Massey
Ferguson tractors for wheat and maize production. Most of the tractors are second

hands.

4.1.2 Data coliection

Data collected in this study can be classified into two major groups, namely primary
and secondary data. The classification is based on the source of that data.

4.1.2 .1 Primary data

Primary data is the information (data) collected direct from the field. This includes
data obtained from large scale farms and data obtained from small-to-medium scale
farmers. A set of questions listed in appendix 1 were used as a guide while

collecting primary data.
4.1.2.1.1 Large scale farms

Data from large scale farms were obtained from the companies records and files.
The records and files are stored as tools for the companies’ accounting and
management systems, listing expenses for individual machines. The summary of
data collected include tractor type, model, power and the initial purchase price. Other
information composed include operator's education background, experience and
whether training in tractor operation has been undertaken. Additionally data
consisting tractor use in terms of hours, main use, tracior repair costs, insurance

costs and fuel and oil consumption were collected.

Data at Tanganyika Planting Company was obtained from three departments of the
farm, namely the field, workshop and financial department. All data interrelated with
the use of tractors such as types of work, hours of use, quantities of fuel and oil
consumption were obtained from the field department. Information concerning tractor
repair works was cbtained from the workshop depariment and data related to tractor

costs were extracted from the financial department.
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Data collected at Mringa Estates was obtained from the individual tractor history
card. The card contained all information required. These include the date of

purchase, purchase price, repair work, fuel and oil quantities, eic.

The information on tractors at the NAFCO (six) farms were extracted from store
departments because they are responsible for keeping all monthly reports of the

farms, including that of tractors.

Data at Miibwa Sugar Estate was collected from the tractor history cards. However
the farm does not maintain complete farm machinery repair records, as a result
relative good data were obtained only for 7 tractors out of 49 tractors which were

available.

Tracior data at Mwera Sisal Estate and Arusha Seed Foundation farms were
extracted from {ractor monthly reports. The monthly reports contained data of total
cumulative tractor hours and quantities of fuel and oil consumed. Other information
was the detail repair and maintenance works which were barried out in that month.
The cost of spares used during the repair work was obtained from the store

department.

Data obtained from TANWAT farm was extracted from individual tractor files. The
fites had documents of fuel and oil issue notes, repair and service records. The files
had also some information on total hours for jobs which were carried out in a month.
The repair cosis were summarised at the rear of the log-sheet for each tractor,

whereas the repair costs incurred were obtained from the financial department of the

company.

Generally all large scale farms have well-established workshop that undertakes
repair work for their tractors and other available machines. In that case the repair
costs data collected were for the repair works performed in the workshop. These
indicate that the costs of daily routine maintenance of tractors were not recorded
because they were not carried out in the workshops. Also data for tractors with more
than 200 hp (Bell and Versatile tractors) were not recorded because these kinds of

tractors are not popular in the country.
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Data on tractor purchase prices were obtained from sales records of the farms. Data
on insurance costs were obtained from the financial departments of the farms. In all
farms except at Mtibwa and TANWAT farms tractors were covered by the third part
insurance policy. Tractors at Miibwa and TANWAT farms were covered with the
comprehensive insurance policy. However for the matter of simplicity the insurance
costs for all tractors in the analysis of annual costs were determined according to
WITNEY AND SaADOUN (1989) [107]. That is, the insurance costs were considered to
be equal to 1% of the remaining value of the tractor at the end of the preceding year.
The values were almost equal to the amount paid by most of the farms under the

third part insurance policy.

The information of operators at all farms was obtained by interviewing the tractor
operafors, but sometimes the persons in charges of the agricultural machinery
operators were consulted to countercheck for the correctness of the given
information. The operators were asked questions related to their education
background, training undergone before and after being employed and the total
acquired experience since employed. Then the information on education was ranked
into grades ranging from 1 to 5. The grade 1 was representing excellent, 2 - very

good, 3 - good, 4 - fair and 5 was representing poor.

Information on operation and management of the tractors was obtained by personal
observation and interviews with the managers, supervisory staff, tractor operators

and sometimes by checking management and organisation records.
4.1.2.1.2 Small-to-medium scale farmers

Data from small-to-medium scale farmers were obtained by using both informal and
structured methods. The structured method was based on a set of questionnaires
attached in appendix 1. The information from small-to-medium scale farmers was
mainly from memory recalling because none of them kept farm machinery records.
This had a serious implication because in the case of repair costs only major events
were able to be remembered but minor repairs tended to be forgotten. In order to
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counteract this problem some estimations were made during the course of analysis,
for example the unspecified costs were estimated to be equal to 5% of the other

assembly group component costs.

The information on type, model and tractor power was easily collected by observing
the available tractors. The purchase price of Fiat tractors in Morogoro region was
obtained from FAQO regional office which issued ftractor credits to the farmers.
Otherwise the purchase price was gathered from the farmers themselves. The
annual utifisation hours of tractors could not be directly obtained from farmers
instead they were estimated based on the total areas covered per year. The
quantities of fuel used per year were estimated basing on the specifications
established by manufacturers. A method used for estimating the insurance costs for
large scale farms was applied for this group as well because most of the farmers
could not remember exactly the amount they pay for different years of tractor
ownership. However most of them revealed that they insure their tractors under third
part insurance policy, which is the same policy used by most of the large scale
farms. The operator information was obtained by interviewing the operators
themselves. The resuits were then ireated the same way as in the case of large

scale farms.
4.1.2.2 Secondary data

Secondary data in this study referred to the information collected from other sources
apart from those collected from the field. The data include bank interest rates,
inflation rates, and the price of the fuel and oil. The prices of the fuel and oil were
collected because most of the visited farms were able to provide the annual

quantities of fuel and oil consumed but not the costs incurred.
4.1.2.2.1 Bank interest rates

The Bank interest rates for saving deposit and lending money were extracted from
the Bank of Tanzania report [15]. The report shows that there are 14 banks operating
in Tanzania (Table 6). The banks are free o set their interest rates but these depend

much on the market forces prevailing. The interest rates offered by the National
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Bank of Commerce are 9% and 29% for depositing and borrowing respectively,

whereas the interest rates of CRDB are 10% for deposit and 22% for borrowing.

Table 6: Banks interest rates (per year) in Tanzania.
Source: BOT (1988} [15]

Name of the Bank Saving Deposit Borrowing

Minimum deposit (Tshs) Interest rate Lending rate

National Bank of Commerce 20000 9% 29%
Stanbic - - 20%
Green Bank 10000 8% -
1% Adili Bank 100000 10% -
Stanchart Bank 100000 5% 24%
Eurafrican Bank - - -
Citibank - - -
CRDB 10000 10% 22%
Saving & Finance 100000 12% -
Exim Bank 1060000 10% 21%
Diamond Trust 100000 10% -
Furaha Finance 50000 12% on request
Akiba Commerce 100000 8% 25%
Inter. Bank Malaysia 150000 10.5% 22%

4.1.2.2.2 Inflation rates

inflation rates spanning from 1986 o 1999 were obtained from the National Bureau
of Statistics [96]. Figure 15 shows the trend of the inflation rate from 1986 to 1989.
The highest inflation rate occurred in 1990, The trend also shows that the inflation
rate dropped from 33% in 1994 to 9% in 1999.
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Figure 15:  The average yearly infiation rates from 1986 - 1999
Source: URT (1989) [96)

4.1.2.2.3 Prices of fuel and oil

The prices of petrol products per litre or per kg from 1986 to 1996 were obiained
from the company which deals with selling of petroleumn products (table 7). In that
case the quantities of fuel and oil were converted to cost by multiplying the quantities

consumed with the respective price per unit.

Table 7: The unit cost of diesel and lubricants
Source: Morogoro Agip Filling Station (1987)

Year Diesel (Tsh/litre) Oil (Tsh/litre) Grease (Tsh/kg)
1986 14.00 150.00 90.00
1987 19.50 250.00 170.00
1988 19.50 300.00 350.00
1989 21.55 350.00 350.00
1990 84.00 400.00 400.00
1991 92.00 420.00 420.00
1992 113.75 450.00 450.00
1993 155.00 500.00 500.00
1994 209.00 600.00 600.00
1995 255.25 650.00 650.00

1996 306.00 750.00 750.00
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4.1.3 Data processing

The collected data for each tractor were processed by using a computer. The Excel
spread sheet package from Microsoft for windows 85 version 7.0 was used for that
purpose. Also the statistical analyses were conducied using the same software

package.

The annual tractor use was recorded as the performance of the tractor in hours. The
annual performance was obtained by adding the recorded monthly tractor hours for
each year under the study. In case the level of performance was not recorded the
estimation method was used for determination of the values. The method used was
either by dividing the total quantity of diese! consumed in that year with the standard
amount of diesel consumption of the tractor or by considering the average use of the
fractors in the same group. it was difficult to get the exact hours of use for each
separate activity carried out by the tractor because the available recorded data were

for all activilies done by tractors in a month.

All costs involved in the analysis were adjusted to the base year of 1996 in order to
take care of the effect of the inflation [13, 36, 60). The real Tanzanian shillings were
converted to actual Tanzanian shillings by multiplying by the factor
A+ 0+ ) (I+j) for all costs before 1986 and by & deflation factor

%Hj YLt (L4 ) for cost obtained after 1996. The values j,j,. /.o A
A 3 e ;

represented the respective inflation factors for the year before 1996 and those after
1998. The year 1996 was chosen as a base year because this research work was

initiated in that year.

The collected data were categorised based on the tractor drives, namely the two
wheel drive (2WD) and four wheel drive (4WD). The data of the two whes| drive
tractors collected from large scale farms were classified further according to their
tractor types because most of the data collected belonged to this group. The
classification of 2WD ftractors gave mainly 4 groups of tractor types, which include
Massey Ferguson, Ford, Same and Case International. The group of 4WD tractors
owned by large scale farms and 2WD traciors owned by small-to-medium scale
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farmers were not classified into tractor types because the size and distribution of the

data were too small for a meaningful statistical analysis.

4.1.3.1 Repair costs

Better understanding of repair pattern is very crucial for a farmer owning agricultural
machinery such as tractor because it can be easier for that farmer to budget before
hand and even schedule repair operation {0 reduce the time taken out of field. Borm
{1993} [14] reporied that large saving of machinery costs can be made in repair costs
than in costs of fuel and lubricants if unnecessary break down will be avoided or if
the exient of breakdowns will be reduced by repairing primary damage at an early

age.

Fepair operations for agricultural tractors are carried out when failures occurs. There

are numerous different reasons which results to failure. Some of the factors include:

. Type of operation and machine loading

. Hours of use

. Age of the machine

. Badly matched machine in terms of make and power
. Operator error

. Accidents

~N G s W N e

. Environments, efc.

In this analysis however not all factors influencing repair costs were studied. The
reason for that is due to time and financial limits set for the study. In attempt to
provide the repair costs information to Tanzanian farrmers, this study concentrated

mainly on the effect of age and level of utilisation.

In chapter 3.2.1.2.1 repair cost was defined as a combination of the costs of spare
parts and labour costs involved in repair works. The data collected during field survey
was for the spare parts costs but not for labour costs because data on labour costs

was not available. However labour costs during data collection were estimated by
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most of the farms to be equal to about 6% of costs of spare parts. This value was

reasonably equal to the valus of 4% established in Burkina [41].

In most of the literature reviewed, the total accumulated repalr costs curves which
consider the fractor as a unit have been frequently used in developing prediction
models. This method however ignores the reality of the situation that tractor is made
of a combination of different componenis. Examples of the components include

tyres, reams, pistons, cylinder head, alternator, elc.

If the tractor could be divided into a number of components and then the
components be analysed and studied separately, the combination of separate repair
cost functions of the components could predict the total repair costs of the tractor
better than the combined models. This is because some of the repair cost functions
of the components are cyclic in characteristics, hence can be easily predicted. For
example one of the cycle can be that of replacing tractor tyres which occur for
example after every 2000 to 2500 hours of use. The repair costs function of
replacing tyres will be made up by the cost of buying tyres and the labour cost that
will be used for installation of the tyres. The disadvantage with this method is that a
lot of time will be required to break the tractor into number of components and also to
study each component separately. In cerlain cases specialised tools will be required
in order to study and understand the natural cycles of some of the components.

in this study however to use the limited time set for research work, the tractor as a
unit was divided into five major assembly groups. The assembly groups include the
engine, transmission and hydraulic system. Other groups are electrical system and

the group for unspecified components.

1. The engine assembly group includes all components which make the tractor
engine. An examples of the engine components are filters (oil, fuel, air), cylinder
head, pistons, crankshaft, and valves, Others are injector pump, nozzles, sump,

engine gaskets, water pump, radiator, oil pump, bearing, stc.

2. The fransmission assembly group includes all components which are involved in

transmission of power from the engines to the tyres and to the Powsr Take Off
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(PTO). It includes clutch plate, pressure plate, gears in main gear box. Others are

tyres, tubes, speed shift, PTO, differential, etc.

3. The hydraulic system group involves all components which make the hydraulic
circuits in a tractor. Example of the components are the hydraulic pump,
directional control valves, pressure controf valves, hydraulic cylinder, hydraulic

filters, hydraulic drives, efc.

4. The selectrical system group includes all components responsible for generation
and distribution of electricity in the tractor. Examples of the components in the

electrical system group are battery, alternator, wires, relay, bulbs, etc.

5, Other assembly group of components include all unspecified components, which
can not be categorised in the above mentioned groups. Examples of the these are

sheet metals, tractor seat, efc.

The classification of the repaired components into the mentioned assembly groups
was done with the help of the maintenance technician at the farms and whenever

necessary the tractor repair manuals were referred.

Repair cost functions of tractors could be best calculated hy studying each tractor
over a period of time. However using such a method it would require a minimum of
10 years to observe each tractor in order to obtain historical repair data before the
repair cost functions are established. Since the repair cost functions of tractors were
1o be determined within a time limit, the method used by WarD ef af, (1985) {88] and
WeNDL (1991) [102] was used in the data processing. This method has an advantage
of establishing the repair cost functions within a short time span. It considers repair
cost's data for a group of tractors of the same types, which are then classified into
different age groups. In each age group the average repair costs of each assembly
group, total repair costs, mean utilisation level and their respective coefficient of

variations (c.v) can be calculated.



72 Material and methods

The coefficient of variation c.v is calculated as,

oV =

ol Q
=
=)

where: o =standard deviation

* = mean value

The flow chart shown in figure 16 summarises the process involved in the
establishment of the relationship between the average annual repair costs of the

assembly groups with the tracior age and also in developing repair cost functions.

The process involved classification of tractors into different groups as mentioned
before. Then, in each group, data were arranged based on tractor age. Thereby the
average annual hours of use and average repalr costs of the different assembly
groups for each age group was calculated. Therealter the fotal average accumulated
hours of usage for different tractor categories was calculated. The same technique
was used o obfain the average accumulated repair costs for each assembly group of
components and for the total repair costs. Thus the relationship between the average
annual repair costs against the tractor age and the functions based on accumulated
average repair costs as the percentage of the initial price versus the average

cumulated hours were developed.
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4.1.3.2 Calculation of tractor annual ownership costs

In order o select one of the two methods to be used for calculation of an annual cost
of a tractor, it is important 1o know exactly what kind of annual cost is being referred
in this study. The annual cost of owning and using a actor is the cost which is
comparable to other annual returns and costs. For example the profitability of a farm
enterprise is usually determined on an annual basis as the difference between the
returns from crops harvested less the cost of production. Therefore to consider
machinery on annual basis the notion of depreciation is confusing {(depreciation for
tax purposes, the reduction in resale value of a machine or the depreciation average
over the life of the machine). All these depreciation values do not give an accurate

picture of the annual cost of a tractor that the owner had incurred.

Additionally an annual cost of a fractor can be defined as an annual income which
exactly balances the machine cost so that over its life the change in farm bank
balance is the same with the tractor as without it. In that case the method to be used
in the calculation has to take into account the effects of the inflation rate together

with the loan and interest rates.

That being the definition of an annual cost in this study, the method based on the
actual cash flows established by WiTnEY AND SAADOUN (1989) [108] was selected for
the purpose of calculation of the tractor annual ownership cost. This is because the
method considers the actual annual operating costs (such as mortgage) and it
accounts for the changing value of money over the period of ownership. The average
annual costs method was not used because it considers the depreciation costs which

is not the direct cost and it does not account for the effect of inflation.

The equation developed by WiTNEY AND SAADOUN (1989) [108] was however modified
by including the annual costs of labour, fuel and oil. The tax component was
eliminated from the equation because in Tanzania as mentioned before tractors are
not directly charged tax. Thus the final form of the equation used for determination of
annual ownership costs is expressed as:

A = NPV, + NPV, = NPV, + F,+C,+C, ... (4.1)

m
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where: A = Annual ownership cost.
NPV, = Annual repayment of loan capital and interest.
NPV = Annual repair and insurance charges.
NPV, = Income from selling the tractor.
F_ = Annual fuel cost.
C = Annual oil cost.

C, = Annual labour cost.

To simplify the calculation of tractor annual costs, a computer software programme
was developed. The programme was written using a quick basic language (Q-basic).
The Q-basic language was selected because it is easily available to most of the
computer users in Tanzania and can be easily converted with the other software

language programimes, such as visual basic.

The written programme is shown in appendix 4. The input data for the programme

are:

e The tractor type

e The tractor code

e The purchase price.

e The investment interest rate.,

e The loaninterest rate.

e The inflation rate.

e The expected tractor annual usage (hours}.
s Monthly salary of tractor operator (Tshs)
e Tractor fuel consumption rate (I/h)

e Price of fuel per litre (Tshs/l)

e Price of lubricants per litre (Tshs/l)
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The tractors were coded as shown in table 8. The first number represented the type

of tractor drive, whereas the second number was just an arbitrary number.

Table 8: Tractor codes

Tractor types Power (kW)  Fuel consumption {/h} Code
Massey Ferguson 62 8.0 21
Case International 64 8.5 22
Ford 58 7.5 23
Same 52 7.0 24
4WD 91 12.5 40
2WD - SMSF 52 7.0 25

The price of fuel and ol in Tanzania are Tshs 350 and Tshs 800 per litre
respectively. The monthly salaries of tractor operators are Tshs 40,000 for operators
of 2WD tractors and about Tshs 43,000 for drivers of 4WD tractors. The Co-
operative Rural Development Bank (CRDB) investment and loan interest rates were
used in this study because the CRDB is the main lending institution to the agricultural

sector in Tanzania [57].

The repair costs functions developed by this study were used for determination of
repair costs in the programme. The resale function developed by WITNEY AND
SAADOUN (1886) [107] was used for determination of salvage values because the

function was developed more recently as compared to others,

4.1.4 Determination of tractor oplimum replacement time

The tractor optimum replacement time was determined basing on the model used by
most of the previous studies. The age at which the total annual cost per hour
reaches a minimum was considered tc be the optimum period for replacement [25,
36, 51]. The model developed by O CALLAGHAN (1988} [65] was not used because of
lack of sets of replacement alternatives (Challengers). The sensitivity analyses to
check the effects of change of inflation rates and bank interest rates fo the optimum

replacement period were also carried-out.
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4.2 Determination of annual costs of draft animals

Just like for the case of determination of the annual costs of tractor technology in
Tanzania, determination of annual costs of draft animals was made possible after

collecting data in some arsas in Tanzania and processing.
4.2.1 Study area

Draft animal data were collected in Shinyanga and Morogoro regions. Shinyanga
region is one of the area in the country with many farmers having the tradition of
cattle keeping. Whereas Morogoro is a region which borders with isetse-fly infested
area, therefore the indigenous people have little or no tradition in cattle keeping.
However, nowadays animal draft technology is being promoted by the government
and non-governiment organisations in the region fo assist farmers in alleviating the
shortage of farm power. Kilosa district is one of the areas that is being favoured by

most of the organisations.

The field study in Shinyanga region was carried out in Kahama, Shinyanga rural,
Bukombe and Maswa districts. The regional and district agricultural extension
officers played a key role in choosing the respective study villages. in Morqgoro
region data was collected only in Kilosa district. In Kilosa district the study areas
were decided also with the help of the district extension officers. Two villages were

chosen, namely Lubeho and Kwipipa.
4.2.1.2 Shinyanga region

Shinyanga region lies in the northern part of Tanzania and south of lake Victoria. The
region is divided into five administrative districts. The districts include Bariadi,
Bukombe, Maswa, Shinyanga and Kahama. The region covers a total area of about
50,000 km® out of which 40% is covered with natural forest. According to 1988
population census the population of the region was 2 million (about 7% of Tanzanian

population) with a population growth rate of 2.8%.
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Shinyanga region can be divided into two agro-climatic zones, namely the eastern
and the western zone. The eastern part of the region receives 600 - 800 mm of
rainfall annually whereas the western part receives between 800 and 1000 mm per
year. The rain season is mainly from March to April, but sometimes some showers

are received between November and December.

The major activities carried out in the region include both agriculiure and livestock
keeping. Agriculture is dominated by cotion production in terms of the area under-
cultivation. Cotton is the major cash crop of the region and maize is the major food
crop grown followed by millet. Other food crops grown include groundnuts, sweet
potatoes and rice. Sunflower and tobacco are produced but in small quantities mainly
for cash generation. Livestock sector in Shinyanga is dominated by cattle keeping.
However the region has about 1 million goats and sheep [56]. Livestock in Shinyanga
is kept as a security (bank) and therefore selling of animals is mainly done to buy
food in bad years. However farmers obtain milk, meat and manure in addition to

other benefits from livestock.
4.2.1.3 Morogoro region

Kilosa district is one of the four districts forming Morogoro region. Other districts are
Morogoro rural, ifakara, and Ulanga. The region has an area of 73,039 km®. Based
on the population census of 1988 Morogoro has a population of about 2 million. The

use of animal power in Morogoro region is negligible due 1o tsetse infestation,

Morogoro region experiences orographic rainfall, which is generally reliable and
influences most of the area. The average annual rainfall is about 1000 mm. The
regiont has two distinct seasons, a phenomenon only enjoyed by six regions in the
country. Therefore two crops can be grown from November to December/January for

the short rains and from February to May for the long rains.

The major crops are grown during the long rains season, these include maize, rice,
and sorghum. Usually maize and sorghum are rain-fed whereas rice is irrigated by
flooding. The three crops (maize, rice and sorghum) form the major food staples for

the region. During the short rains green gram, cowpeas and early maturing maize
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(Katumaryi variety) are grown. Other crops such as plantain, fruits and vegetabie can
be raised at either season. Sugarcane and cotton are the major cash crops grown in

the region. Sugarcane is mainly grown on estates.
4.2.2 Animal data collection

in order to speed up the process of field survey, research assistants were trained fo
assist in data collection. The research assistants played a key role in collecting most
of the draft animals data because they were able to carry out the interviews in almost

all selected villages.

Both formal and informal methods were used in gathering of information. The formal
method was based on a set of questionnaires shown in appendix 2. The informal
method was based on a wide range of farm, off farm and family activities carried by
the interviewed farmers in the selected households. The key informants in all villages

visited were the family members with draft animals.

The information collected was then fed into the computer for analysis. The analysis
was carried out by the use of a Microsoft Excel software package for windows 95,

version 7, similar to the one used for analysis of tractor data.
4.2.3 Animal data processing

The analysis of the annual costs of draft animals in this study was carried out for
oxen only because these are the common animals used as draft animals in many
places of the country as compared fo other work animals (such as donkeys, horses,
cows, efc.). The average annual costs method was applied in determination of
annual costs because the animal costs are considered not to vary much with the
age. The major cost components considered in the method were the purchase price
of draft animals, interest, and insurance costs. Other costs components were the

labour, tax, shelier, health and compensation costs.

The cost of feed was not considered in the calculation because during data collection
the majority of the households indicated that they were not supplementing their draft
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animals with other feeds apart from practising free range grazing. The few
households which carried-out feed supplementation were found to use only crop

residues and by-products from their farms which they obtain mainly freely.

In the calculation, the oxen (draft animals) were assumed 1o start working with an
average live weight of about 200 kg [58]. The oxen were also assumed {o work for an
average of 6 years before being sold [11, 31, 66]. By the end of this time the draft

animals were assumed {o attain weight of about 340 kg {11, 22].

The purchase price of the draft animals was considered to be 10% more than the
purchase price of a non working oxen listed by the farmers during the survey period.
The 10% increase in cost is due to the animal training costs. The animal fraining

period takes normally between one to three months.

On the total area worked by a pair of oxen per year, literature has indicated that on
average draft animals in Tanzania work for about five hours a day [19, 84]. The
starting working time depends much on daily weather. If the day has a moonlight, the
draft animal starts to work as early as 0300 hours. According to SIMALENGA AND
HaTiBU (1994) [78] the length of the annual working period varies widely. In some
areas draft animals are used for one growing season while in other areas they are
worked for two growing seasons. However for the matter of uniformity, the
experience from other countries was adopted in this study. Thereby a pair of oxen
was assumed to have a potential of working 4 hectares per season [30, 82]. In that
case 3 pairs of oxen will be able to work 12 hectares per season. In other word the
area 1o be worked out per season was assumed o be direclly proportional to the

number of pair of oxen,

The labour costs were assumed to be charged only during the working season,
which is equivalent to three working months per year. At this particular time three
labourers will be hired to control a pair of oxen [67]. The wage for each labourer in a
village of Tanzania was found to be about Tshs 3000 per month for cultivating 4 ha
but additionally the labourers are provided with food. However increasing the number
of pair of draft animals will require to increase the number of labourers. Increasing

number of labourers will increase the demand of the labourers and this will cause the
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owner of draft animals to increase the labour costs accordingly so as to aftract the
number of labourer required. The estimated cosis for such increase are shown in
appendix 10.3. During the off season the labour cost was assumed to equal to zero
because then the draft animals will be taken care by the family labour and for matter

of simplicity the family labour in this study is regarded to be free during off season.

Mathematically the minimum annual costs C, of draft animals were calculated using

the following function:
G = filmy) + Lol )+ fi(, )+ fa )+ i)+ fm ) + f100,0 + fy(ny,) e (4.2)
where: n,,= number of pair of draft animals

L

n

B, -5 -
filn,) = 2n[m(-~“"——i] .............. annual depreciation value

P, =11P, _ 340
=B, S, =500 F,
P, = total purchase cost of trained draft animal
P, = purchase cost of unfrained draft animal
S, = salvage value

Py(l+i)"™ -5, .
foln,) =2n, T T e annual interest cost

a
L,= economic life of draft animal
i, = loan interest rate

LA =2nk annual housing cost
k, = housing cost per draft animal

fin,) =20, x008F, ... annual insurance cost
H)=2kn,, annual tax cost

k = annual tax cost per draft animal

foln, )= 2(@; +e,+ Cm)n s annual health cost

¢, = annual cost per draft animal for vaccination

¢, = annual cost per draft animal for dipping and spraying
¢, = annual cost per draft animal for medication

frln,,) = (3kw )an = O My e annual labour cost

. = annual labour charge per labourer
Syln,, ) =1400n,, . annual compensation cost
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5. RESULTS AND DISCUSSION

The results obtained in this study, as mentioned before emerged from data collected
from three main sources, namely large scals farms, small-to-medium scale farmers

and from farmers owning draft animals,

Records of 121 tractors were collected from large scale farms and 25 tractors from
small-to-medium scale farmers. The records obtained from large scale farms were
available for 96 two wheel drive (2WD) and 25 four wheel drive tractors (4WD). The
classifications of the 2WD tractors include 42 Massey Ferguson, 19 Case
international, 22 Ford and 13 Same tractors. Dala from small-to-medium scale
farmers were only for two wheel drive tractors. Most likely because in Tanzania it is
not common for small-to-medium scale farmers to own four wheel! drive tractors. The
mean power rating of the 2WD fractors owned by small-to-medium scale farmers
was 52 kW, whereas the power ratings of the 2WD fractors owned by large scale
farms were 62 kW for Massey Ferguson, 64 kW for Case International, 58 kW for
Ford and 52 kW for Same tractors. The average power rating of the 4WD tractors
was 91 kW.

The animal drafts data were collected from 30 households. The household as a unit
was used because in the majority of the villages, the household is the primary unit of
production, consumption and social interaction. The members of the household
mainly farm together and supply thermselves from a common granary. The household
comprises of members of the nucleus family, members of the extended family, and
other members of the family, who for one reason or another have 1o live cutside the

village (such as pupils) but are siill being supported partly or fully by the family.
5.1 Tractor operator skills

Tractor operators are the most important people as far as controlling and
management of ractors is concem. In other word, these are the people trusted to
manage an investment worth more than twenty million Tanzanian Shillings. One of
their key responsibility is o carry out normal routine maintenance that prevents

tractors from frequent breakdowns and major repairs. Therefore investing into fractor
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business requires to employ a competent tractor driver, The word competent driver in
this context means an operator, who is well built in terms of education and skills in
operation and maintenance of tractors. Employing a competent operator can make

the owner of the tractor to expect some returns out the investment.

in Tanzania however the situation is different because the majority of the employed
tractor operators have never undergone any training in tractor operations and
maintenance. The result in figure 17 revealed that only 15% of the interviewed
operators in Tanzania had the opportunity to attend a training course of not more
than 2 weeks in tractor operations. The trained operators were mainly for the four
whee! drive tractors. One of the fraining courses was organised by the Canadian

experts for the operation of 4WD tractors in Hanang wheat belt.

The result of the education attained by the operators (figure 18) shows that the
majority of the fractor operators (74%) have the basic education. The basic
education in Tanzania means that one has obtained a primary education. Therefore
it is possible for the person io read and write in Swahili language without any
problem. However it was found out that 23% of the operators did not have the basic
education and out of these about 10% were not abie to read and write. The results
aiso shows that 3% of the interviewed operators had completed secondary education
but all of them indicated that they had very little command in English both in writing

and reading.

Trained operators

Non-trained
operaiors

b ] AU S R ; f ; |
0 10 20 30 40 50 60 70 80 90 1
Humber of iractor operators (%)

Figure 17:  Trained and non-trained tractor operators
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Figure 18:  Education information of tractor operators

This study did not establish whether the use of untrained operators result into higher
repair costs. However there is no doubt about poor performance from untrained
operators as compared to well educated and trained operators. Having such low
percentage of trained operators is showing that investment into tractors in Tanzania
lacks adequate information on the role plaved by trained operators in the success of
the investment. If operators do not have adequate fraining in operations and
maintenance then at least one should expect that the operators will be able to use
the available instruction manuals. Nevertheless, all instruction manuals available on
tractor operations and maintenance in Tanzania are written in English language and

as established, English is not the commanding language for most of the operators.

5.2 Tractor utilisation

Tractor utilisation may be defined in terms of the number of hours spent by the
tractor on various tasks. The agricultural tasks could be ploughing, harrowing,
planting, transportation, inter row cultivation or spraying operation. The utilisation can
therefore be stated as the accumulated quantity of work accomplished by the tractor
within a given time interval or can be represented by the accumulated hours within a

specified intervai of period.

There are several methods used fo represent the magnitude of utilisation. HUNT
(1683) [36] expressed tractor utilisation as accumulated hours of the use. ADELHELM
(1976) [1] and SINGH AND TaNDOM (1987) [78] presented tractor utilisation data as
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total annual hours of use for various tasks including leisure trips. PARK (1930) [68]
nresented his work using working days and accumulated area worked. Also SINGH,
K.N., (1975) [81] presented hour of utilisation by considering tractor utilisation hours
for productive and non-productive hours. Productive hours are those in which the
tractor is engaged in useful work. It does not include preparation time nor the travel
time from base to the fields. This kind of distinction may be important in precise
revenue analysis but is of no useful consequence in the calculation of tractor

operating costs.

In this study, tractor utilisation was expressed in terms of annual hours for different
groups of tractors. However in developing the repair cost functions tractor utilisation
was expressed in terms of accumulated hours of use, similar to the method used by
HUNT (1983) [36]. The utilisation level however did not distinguish the different annual
hours spent for the different tasks performed by tractors because such information
was not available during data collection. Nevertheless most of the activities carried
out by fractors in the studied areas are ploughing, harrowing, planting and
transportation of agricultural products. The agricultural producis include sugarcanes,

sisal cuts, coffee, wheat, maize, etc.

Table 9 shows the result of the mean annual tractor utilisation levels in Tanzania.
These are found to be in the range from 600 to 1100 hours per year per tractor. The
coefficients of variations for the result were found to be between 16% and 52%. The
level of utilisation in Tanzania does not differ much when compared to the level of
utilisation in other African countries. In Nigeria for example, KOLAWOLE (1974) [46]
reported that the annual utilisation of government tractors (hire services) was about

500 h, while annual use of privately owned tractors was about 786 h.

Table 9: Mean annual utilisation levels of tractors in Tanzania
Tractor Make/Group No. of unils Age Annual use (h}
2WD Massey Ferguson 42 19 920
2WD Case International 19 19 730
2WD Ford 22 17 860
2WD - Same 13 9 1020
2WD - Small holder 25 17 660

Four wheel drive 25 18 640




86 Results and discussion

The mean annual level of ulilisation of two wheel drive tractors used on large scale
farms is about 880 hours per tractor. The average annual use of four wheel drive
tractors under the same scale of ownership is 640 hours. This shows that 2WD
tractors are utilised more than 4WD tractors under large scale farm ownership in
Tanzania. This could be atiributed by the fact that 2WD tractors under large scale
ownership are regarded as mullipurpose traciors thersfore they are assigned
frequently into a range of activities, namely ploughing, spraying, planting, and
transportation. Whereas four wheel drive tractors are regarded as special tractors. In
that case 4WD tractors are restricted only for heavy duty tasks, such as uprooting,
sub soifing, ploughing, furrowing, etc. On the other hand, 4WD tractors are bigger
machines than 2WD fractors, therefore they tend o accomplish their tasks at a faster
rate than their counterpart 2WD drive tractors. This idea is also supporied by the
trend of agriculture in Europe and USA, where farmers tend nowadays 1o own bigger
farms than before and use bigger 4WD tractors to complete alt agricultural activities

in time.

The level of utilisation of 2WD ifractors owned by small-to-medium scale farmers is
lower when compared to 2WD tractors under large scale farms most likely because
of the sizes of farms they own. The small-to-medium scale farmers own farms of
about 50 to 150 ha, whereas large scale farms own big farms with the size ranging
between 600 ha and 4000 ha.

Same ftractors in Tanzania are observed 1o have the highest average annual
utilisation when compared io other tractor makes. However this should not always be
taker to be the case because the utilisation value of Same tractors was obtained by
taking an average of 9 years of use. Perhaps within this period Same tractors had
not started developing serious problems. The average values of other fractors were
obtained by considering at least 17 years of use. If Same tractors could have been
used for that period, perhaps the average annual use could have been less than the
value currently obtained. In that case substantial conclusion can not be drawn at the

time being.
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5.3 Tractor repair costs

The analysis of the results of repair costs obtained in this study are presented in
appendix 5.1 to 5.6. The results show an exireme range of coefficient of variations
for both repair costs of the assembly groups of components and of the total repair
costs. This observation indicates the variations that one could expect in repair costs
from one tractor to another. The same kinds of variations have been reporied even
with other researchers in a number of previous studies. For example, the standard
deviations equal to mean was reporied in the investigation of repair cost's data in
USA [4] and in Germany [102]. Likewise, WARD ef al, (1985) [98] reported extrame
range of coefficient of variations of between 45% and 283% while investigating

repair costs of tractors in ireland

In this study however, higher coefficient of variations was observed within the
different repair costs of the individual assembly groups rather than within the total
repair costs. This could be elaborated by taking an example in table 10, which shows
the coefficient of variations of Massey Ferguson tractors for the total repair costs and
the individua!l assembly groups. The result in this table indicates that the coefficient
of variations of the repair costs within the individual assembly groups ranges from
0% to 283% whilst the coefficient of variations of the fotal repair costs is in the range
between 40% and 96%. This suggests that the model functions of the iotal repair
costs are much more reliable than the functions of the individual assembly groups in

this study.

Table 10:  Coefticient of variations from the mean values of repair costs of Massey
Ferguson tractors

Engine  Transmission Hydraulic Electrical other Total
Minimum  45% 54% 0% 74% 0% 40%
Maximum  133% 162% 283% 168% 238% 96%

5.3.1 Average annual repair costs of tractors

The result of the average annual repair costs against the years of use of Massey

Ferguson tractors is shown in appendix 5.1 and summarised in figure 19. The result
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shows that the annual average total repair cost per tractor vary widely with tractor

age.
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Figure 19:  Variation of average annual repair costs per tractor with ages of Massey
Ferguson tractors

The minimum and maximum average annual total repair costs for the total ownership
period of 19 years of Massey Ferguson tractors are about Tshs 490,000 and Tshs
3,600,000 per tractor respectively. The overall average annual total repair cost of
Massey Ferguson tractors is about Tshs 2,000,000 per tractor. When considering the
annual use of 920 h (as per section 5.1.2), then the average annual repair cosis
translate to about Tshs 2200 per hour per tractor. According to figure 18, the overall
minimum annual repair costs occur in the first three years. Whilst the highest repalr
costs are experienced when the tractors are over 7 years old. The drop in repalr
costs in year 14 to 15 could bs explained by the considerable attention paid for the

fractors inyear 12 and 13.

The result of the repair costs of the assembly groups of Massey Ferguson tractors
shows that the engine and fransmission failures dominate in terms of the average
annual repair costs undertaken through out the tractor's life. Extremely high engine
repair costs in Massey Ferguson tractors occur in year 10, 13 and 17. The

transmission repair costs are almost uniformly distributed starting when the tfractors
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are 4 years old. Also the hydraulic repair costs start to develop when the tractors
have reached 4 years old. The electrical repair costs in Massey Ferguson tractors
are seriously high at the age of 8 and 19 years but otherwise they do occur starting

from the beginning of ownership.

The result in appendix 5.2 shows that the overall annual average total repair cost of
Case International tractors is about Tshs 2,900,000 per tractor. That is equivalent to
about Tshs 4000 per hour per year per tractor when the average annual use of 730 h
is considered. The average minimum annual repair cost value of Case International
tractors is about Tshs 800,000 and the maximum is about Tshs 6,400,000 per
tractor. The average annual fotal repair costs of Case International tractors during
the first 9 years are found 1o be below the overall annual average cost. The
explanation for the fall of annual repair costs in year 11 could be clarified by the
major repair works that were undertaken to restore the tractors performance in year

10.

Likewise, the resuli for Case International tractors (figure 20) shows that the engine
and the transmission repair costs dominate throughout the life of these tractors.
However extremely high engine repair costs occur when the tractors are 8, 10 and
from 12 years old and above. Similarly, the owners of Case International tractors
spent a lot of money in repairing transmission system in year 10, 11, 13 and 14, The
drop of transmission cost observed from year 15 and onwards was related io the
change of tractor tasks. Most of the farm management revealed that old tractors are
assigned to less demanding job than the relative new tractors. That is shifting from
ploughing activities to less demanding jobs such as transportation. Even though
hydraulic repair costs of Case International tractors are minimum, high hydraulic
repalr costs occur in year 8, 10 to 14 and 17. Whereas the electrical repair costs

transpire uniformiy throughout the life of Case International tractors.
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Figure 20:  Variation of average annual repair costs per tractor with ages of Case

International tractors

The results in appendix 5.3 indicate that the minimum average annual total repair
cost of Ford tractors is about Tshs 720,000 per tractor. The maximum average
annual total repair cost is about Tshs 5,200,000 per fractor. The overall annual
average total repair cost for 17 years of ownership Is about Tshs 2,800,000 per
tractor. in other word the average annual repair cost is Tshs 3300 per hour per
tractor, when the annual use of 860 h is considered.

The result of Ford tractors presented in figure 21 indicates that the owners of these
tractors incur high engine repalr costs in year 5, 6, 9, 10 and thereafter from year 12
and above. Transmission repair costs in Ford traciors are experienced regularly,
starting in year 2, but extremely high transmission repair costs occur in year 11 and
14, Hydraulfic repair costs in these type of tractors are minimum, although they tend
to build up mainly in year 6 and from year 10 and ahead. The electrical problem in
Ford tractors occur almoest constantly throughout the life of the ftractors, but their

impact to the total repair costs is minimal.
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Figure 21.  Variation of average annual repair costs per tractor with the ages of

Ford tractors

Although Same tractors are increasingly used on the Tanzanian agriculture, they are
relative new on the market. This is also illustrated by the summary of the results in
appendix 5.4. Same tractors had been owned for at least 9 years as compared to at
least 17 years for other tractors. The overall mean annual total repair cost of Same
tractors is about Tshs 2,900,000 per tractor {Tshs 2800 per hour per tractor for 1020
h of annual utilisation level). The minimum and maximum average annual repair
costs are Tshs 890,000 and Tshs 7,300,000 per tractor respectively. The first four
years are characterised by having minimal repair costs, but when Same tractors are

5 years old and above they start {0 experience high repair cosis.

The result plotted in figure 22 shows also that engine failures are the leading factor in
the total repair cost in Same ftractors. Engine repair costs increase with the increase
of the tractor age. Higher engine costs occur in year 9 as compared to the early life.
Whereas high transmission repair costs occur in year 2 and 5. On the other hand
Same tractors experience high hydraulic repair costs in year 6 and 8. The electrical

problems appear mainly in year 5.
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Figure 22:  Variation of average annual repair costs per tractor with ages of Same

tractors

The results of the average annual repair costs of 4WD tractors are shown in
appendix 5.5. The results show that the average annual fotal repair costs of four
wheel drive tractors in Tanzania alter widely from one year to another. The minimum
repair cost of these tractors is about Tshs 1,100,000 per ysar per tractor, whilst the
maximum total repair cost is about Tshs 6,800,000 per year per tractor. The mean
annual repair cost is about Tshs 2,900,000 per tractor. This is equivalent to the mean
annual repair cost of about Tshs 4500 per hour per tractor when the mean annual

utilisation of 840 h is considered.

The result plotted in figure 23 shows that 4WD tractors in Tanzania start fo
experience high engine repair costs when the tractors are 4 and 5 years old. When
engine problems are rectified at this period it takes again about 9 to 10 years to
develop. This is the time when 4WD ftraciors are about 14 and 15 years old.
Transmission repair costs become a serious burden when these tractors have
reached 12 years. Although funds are also spend to repalr other assembly groups,

their effects to the total repair cost are not so notable.



Results and discussion 93

8000 s — -
{  EOther \
7000 7744”7*-“k7"’—“ S Electrical T AP
i CHydraulic } o
g 8000 T mTransmission ‘ T
S0 | mEngne | .
= -
- :
@ 4000 ————ny I |l
8 ! i
= 3000 }— 2 é —
& . v
g | %
£ 2000 Zé é -
1000 % é Z
| | %

"
(2]
ot
]
o«

i 2 3 4 5 6 7 8 9 10 11 12 13 14 1
Tractor age (year)

Figure 23:  Variation of average annual repair costs per tractor with ages of 4WD

fractors

The analysis of the results of tractors owned by small-to-medium scale farmers are
shown in appendix 5.6. The result shows that the minimum average annual total
repair cost of these tractors is about Tshs 240,000 per tractor. The maximum annual
average total repair cost is about Tshs 4,800,000 per tractor. The overall average

annual total repair cost is found {o be about Tshs 1,900,000 per tractor.

The results in figure 24 show that tractors owned by small-to-medium scale farmers
experience engine problems throughout the period of ownership. However high
engine repair costs occur when the tractors are 6, 8 and 10 years old. Transmission
repair costs are found to occur in cyclic nature, mainly after every five years. This
was due to the problems of lack of proper data keeping on repair costs as a result
most of the tractor owners tended to present their results in cyclic form. For example
it was reported by most of the tractor owners that tyres are changed after every five
years. This was contrary to the information obtained from the large scale farms which
gave the proper period at which the tyres were changed. Hydraulic system in this
group of ownership was found to be repaired almost throughout the period of
ownership. Nevertheless high repair costs in this system are spent in year 7 to 10.
The electrical repair costs are also found to occur periodically mainly after every five

years from year 5 and 6. The unspecified repair costs according to tractor owners
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oceur throughout the period of ownership but their magnitudes are minimum. During
data collection these were estimated to be around 5% of the total repair costs of the

other assembly groups.
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Figure 24:  Variation of average annual repair costs per tractor with ages of 2WD

tractors owned by small-to-medium scale farmers (SMSF)

A comparison of the annual average total repair costs of these six tractor groups was
carried out by using the analysis of variance. The result confirmed the fact that there
is significant variation of the annual average total repair costs between the different
tractor groups at 95% confidence level. However most of the tractors regardless of
their types or group have minimum repair costs at the early stage of their life and
they tend to have high repair costs at the age of five years old (Same and 2WD
tractors owned by small-to-medium scale farmers) or when they are above 8 years

old for the other tractor groups.

in the case of tractors owned by large scale farms, Massey Ferguson tractors are
observed to have minimum overall annual average total repair costs per tractor per
hour. This could be perhaps the reason why the population of Massey Ferguson
tractors for agricultural activities in Tanzania is higher than other fractor makes.
These are followed by Same, Ford, Case International and last but not least the
4AWD tractors. 4WD tractors are expensive to repair because their corresponding

repair parts are in most cases more expensive than the parts of 2WD tractors.
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However according to Morris (1988) [60] the method which considers the annual
repair costs per hour is not the best method for comparing the annual repair costs of
different tractors because it is does not reflect the variations in the levels of tractors

use.

5.3.2 Distribution of repair costs into assembly groups

Table 11 shows the distribution of breakdowns among assembly groups of the
Massey Ferguson tractors. The distributions include the highest, lowest and the
mean percentage of the total accumulated repair costs. The engine and the
transmission are found to be the sources of high repair costs in Massey Ferguson
tractors. Each group contributes 43% of the total accumulated costs spend in
repairing Massey Ferguson fractors for the 19 years studied. The hydraulic system
contributes to 8% while the electrical and unspecified failures endow 5% and 1%

respectively.

Table 11: Distribution of the repair costs into assembly groups of Massey
Ferguson ftractors

Engine Transmission Hydrautic Electrical unspecified
Maximum 52% 63% 7% 10% 1%
Minimum 20% 36% 3% 7% 0%
Mean 43% 43% 5% 8% 1%

Table 12 shows the result of the distribution of repair costs into assembly groups of
the Case International tractors over number of years. The transmission failures have
shown 1o be the foremost root cause in the total accumulated repair cosis for 19
years studied. The engine breakdowns are the next high contributor to the total
repair costs of the Case International tractors over years. The mean contribution of
the transmission group is 45% whilst 42% is for the engine. The hydraulic system,

electrical and unspecified problems together contribute 1o 14% only.

Table 12:  Distribution of repair costs into assembly groups of Case IH tractors

Engine  Transmission _ Hydraulic Electrical Other
Maximum 54% 59% 23% 8% 1%
Minimum 27% 36% 5% 2% 0%

Mean 42% 45% 8% 5% 1%
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Table 13 presents the resuits of the distribution of repair costs of assembly groups of
Ford tractors. Ford tractors seem also {o suffer more breakdowns in the transmission
group than other group components over years because the transmission group is
the leading contributor, with 45% of the total accumulated repair costs. The engine
group Is the second with the contribution of 42%. The electrical and hydraulic system
group contributes each 6% whilst the unspecified group is the most inferior

contributor, with only 1% of total accumulated repair costs.

Table 13:  Distribution of repair costs into assembly groups of Ford tractors

Engine  Transmission  Hydraulic Electrical unspecified
Maximum 53% 60% 9% 10% 1%
Minimum 24% 37% 5% 4% 0%
Mean 42% 45% 5% 6% 1%

The results of the distribution of the accumulated repalr costs in terms of assembly
groups of Same tractors are shown in table 14. The engine repalr costs contribute
most, with a mean value of 42% of the lofal accumulated repair cosis. The
transmission group is the second, it is found fo contribute 40% of the total
accumuiated repair costs. The hydraulic system group of Same tractors contributes
substantially when compared {o other tractor types, with the mean share of 13%. The
remaining groups of components (electrical and unspecified) have the mean value of

5%.

Table 14: Distribution of repair costs into assembly groups of Same iractors
Engine Transmission  Hydraulic Electrical Unspecified
Maximum 63% 61% 27% 5% 3%
Minimum 19% 22% 8% 2% 0%
Mean 42% 40% 13% 4% 1%

I the case of four wheel drive tractors (table 15), the engine group takes the largest
share of the accumulated repair costs (46%) when compared to other groups. The
transmission assembly group procure about 37%, followed by the hydraulic system
group which accounts to 12% of the fotal accumulated annual repair costs. The
electrical and unspecified groups account for the remaining 5% of the total repair

costs.
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Table 15:  Distribution of repair costs into assembly groups of 4WD iractors

Engine  Transmission  Hydraulic Electrical Unspecified
Maximum 84% 86% 37% 20% 1%
Minimum 13% 8% 0% 0% 0%
Mean 46% 37% 12% 4% 1%

Table 16 presents the results of the distribution of the accumulated repair costs of
two wheel tractors owned by small-to-medium scale farmers. The result indicates
that the engine group component accounts for most of the accumulated repair costs.
The mean contribution of this group is 41%. The transmission and the hydraulic
system groups are the next, contributing 1o 26% and 21% of the total accumulated
repair costs respectively. The electrical group components accounts for 7%, while as

mentioned before the unspecified group takes the rermaining 5%.

Table 16: Distribution of repair costs into assembly groups of 2WD tractors (SMSF)

Engine Transmission Hydraulic Electrical Unspecified
Highest 52% 55% 36% 17% 5%
Lowest 17% 0% 15% 3% 5%
Mean 41% 26% 21% 7% 5%

The findings of the distribution of the accumulated repair costs can be summarised
that most of farmers owning tractors in Tanzania spend more than 70% of the total
accumulated repair costs in restoring the performance of the engine and the
transmission groups. The reason for that could be due to the considerable work
required to expose the damaged part of the engine and transmission groups, as
compared to other groups. For example it is easier to identify and correct an
electrical problem than changing a damaged gear in the tractor gearbox. The
implication of these finding is that when one needs {0 reduce the repair costs of
tractors in Tanzania should be prepared to pay much more attention to these two
groups than other groups. If primary failures of these groups can be discovered and
rectified early then there is a potential of serving substantial amount of money. The

same findings as the these have been reported by BoHM (1893) [14].
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5.3.3 Repair cost functions

In this study repair cost prediction functions were based on the relationship between
the accumulated repair costs as percentage of the initial purchase price against the

cumulated hours of use - just like most of the previous studies.

The total accumulated repair cost functions developed in this study for different
tractor types are obtained from the curves plotted in appendix 6.1 to 6.6. These
prediction functions are presented in table 17. Whereas the prediction functions for

assembly groups of different tractors are shown in appendix 7.

Table 17:  Repair cost functions for different groups of tractors

Tractor make/group Repair cost function =8
X 1.4574 0988
TAR = 26517 ——
Massey Ferguson [1000)

¥ Ve 0.9969
Case International TAR =3053 wJ

g s 0.9957
Ford TAR = 3.9613(}—666)

g e 0.9911
Same TAR = 5.0813(]666]

% 0.8078
Four Wheel Drive AR = m”(m]

X
0

\2.3775 0.9297
TAR = 0.4639(——
000/

i

Two wheel drive (SMSF)

where: TAR = total accumulated repair costs as % of initial price (1.P)

X = cumulated hours of usage

The result in table 17 shows that the power functions are the best prediction models
of the total accumulated repair costs against the cumulative hours of use because

the coefficients of determination (R?) for alf tractor groups except for the Four Wheel
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Drive tractors indicate more than 90% of the accumulated repair costs are attributed
to variation in cumulative tractor hours. The coefficients of determination for the 4WD
tractors was found to be around 81%. The low value of the coefficient of
determination of the 4WD tractors in comparison to other groups shows that the
power function is not the best curve of fit for the data points of this group. But due to
the fact that repair costs are best predicted by power function, it was then necessary

also to represent the repair costs of this group in that form.

The functions derived from this study however cannot be generalised to all tractors in
Tanzania because as observed at the beginning of this chapter, large variations in
repair costs occur from one tractor fo another. The variation is acknowledge due to
difference in other factors that are not included in the modelled functions. These
factors include maintenance practice, inherent fractor defects, environmental,
operator skill and altiiude, accounting procedure, eic. Neveriheless the developed
functions provide an important analytical model which indicates the nature and
magnitude of the repair costs. in that case they are appropriate to be used in

determining the expected repair costs for a given tractor type.
5.3.4 Comparative repair cost curves

Comparison of the repair costs of 2WD tractors under large and small-to-medium
scale ownership is presented in figure 25. The result shows that the 2WD tractors
owned by small-to-medium scale farmers have lower repair costs at early life up to
cumulated use of about 6,500 hours than tractors owned by large scale farms. This
fact could be partially explained by the fact that tractors owned by large scale farms
are operated sometimes by different operators and therefore make them more
disposed 1o abuse at the early life than those owned by small-to-medium scale
farmers which have the advantage of being strictly operated by one person. However
above 6,500 hours the repair costs of these tractors increase at a higher rate than
the 2WD tractors owned by large scale farms. This could be partially explained by
the fact that at high accumulated usage the 2WD ftractors owned by the small-
medium scale farmers are too old in comparison to those owned by large scale farms
at the same accumulated hours. This being attributed by low level of annual usage.

In that case they have higher failure rates than their counterparts.
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Massey Ferguson tractors under large scale farms are characterised with the low
repair costs when compared to other tractor makes. The reason for this could be due
to the fact that Massey Ferguson tractors experience less frequency of failures as
compared to other tractor makes. This is because the costs of spare parts for
different 2WD tractors do not differ much from one make to ancther. Same, Case
International, and Ford tractors have high accumulated repair costs. One possible
explanation for Same tractors to have high repair cost is because of its lower initial

purchase price when compared to other tractor makes owned by large scale farms.

8

g

8

Repair costs (% of Initial Price)
g

3

Hours of use (thousand)

Figure 25:  Comparison of repair costs of 2WD tractors (this study)

The results of 2WD tractors obtained in this study shows consistency with the
findings in other countries obtained in earlier studies {4, 41, 60]. However the overall
average magnitudes of the accumulated repair costs function of the 2WD fractors in
Tanzania (figure 26} are higher than those published in Europe and America. On the
other hand the magnitudes of repair costs of 2ZWD tractors in Tanzania are almost
equal to the result of repair costs documented in another African country, Burkina

Faso for that matter [41].
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Figure 26: Comparison of repair costs of the 2WD fractors with other sources

The results of the 4WD tractors of this study were compared in figure 27 to the

functions model developed in Germany [99, 102]. Repair costs of this study were

lower during fractor early life than the predicted repair costs in Germany, but at

higher usage of above 7000 h the repair costs in Tanzania were higher than that of

Germany. This may be explained by fact that at early life less atiention was taken to

repair the 4WD tractors

repair costs at the later

in Tanzania, in that case tractor owners had to suffer higher

ages.
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Figure 27: Comparison of repair costs of 4WD tractors with other sources

These findings could therefore be confirming the hypothesis speculated by BEPPLER
AND HUMMEIDA (1985) [12], which states that repair costs in Africa may be greater

than the corresponding repair costs in Europe or America.

The reason for high repair costs in Tanzania could either be explained by the high
costs of the imported spare paris because labour cost in Tanzania is lower than that
of Europe and America [98, 102] or due to the fact that most of the tractor operators
have never undergone any fraining in tractors operation. Therefore they do not carry-
out the routine maintenance of their tractors as specified by manufacturers. The
resulting effects are higher frequencies of breakdowns and therefore higher repair
costs. During data collection however almost all tractor operators indicated that they
do perform routine maintenance as scheduled in fractor service manuals but the
truth of it remains questionable. On the other hand, if the operators do really perform
the maintenance as scheduled in tractor manuals then the problem lies on the
specifications provided by tractor manufacturers. Probably the repair and
maintenance specifications provided by the manufacturers are not very appropriate
to some of the operating conditions in which tractors are used. However the service

manuals provided for tractors to be used in Europe and Africa are the same.
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5.4 Annual costs of tractors

The results of annual costs of different tractors in this study were obtained for three
different levels of utilisation, namely the annual use of 500, 1000 and 1200 hours.
These levels were chosen because tractors in Tanzania are found to operate within
these ranges. As mentioned in chapter 4, equation 4.1 was used o determine the
annual cost of the tractors. The loan for investment was assumed to be obtained
from CRDB bank.

The currerit averages initial price for the different tractor types used in the
calculations are shown in table 18. The price is much more influenced by the

average power of the tractors rather than by the tractor makes.

Table 18: Current initial price of tractors in Tanzania

Tractor type Average tractor power (kW)  Initial price (Tshs)
Massey Ferguson 62 22,400,000
Case International 64 24,000,000
Ford 58 22,000,000
Same 52 18,700,000
4WD 91 35,340,000
2WD (SMSF) 52 18,000,000

The ownership period of tractors used in the programme was taken to be 19 years.
The choice of the period was based on the information obtained from the field
survey, for example it was found out during data collection that some of tractors
(Massey Ferguson, Case International, and 4WD) in Tanzania were operational for
at least 19 years. The bank rates used in the calculation programme were 10% for
the investrent interest rate and 22% for the loan interest rate. The 9% inflation rate

was used because this was the average current inflation rate in Tanzania [96].
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Appendix 8.1 o 8.6 show the summarised resulis of the annual ownership cost per
hour at different ownership periods. The results of which are presented in figure 28
to 33 respectively. All figures demonstrate that the annual ownership costs of
different tractors decline rapidly in the first few years but after sometimes the annual
cost curves become flatter. When the ownership period is extended further the total
cost curves increase with the increase of tractor age. This kind of trend is a typical
result of the annual ownership costs one can expect [33, 108]. In the early life the
machines (fractors) are usually experiencing a decrease in capital costs. Whereas in
later stages when the curve is on the increase, tractors are usually suffering from the

increase in repair costs due high rate of wear and tear.

The results of the annual cosis at different levels of utilisation indicate that 2WD
tractors with annual use of 500 hours have higher annual cost than 2WD tractors
performing about 1000 or 1200 hours annually. However in the case of 4WD tractors
the result in figure 32 shows that the annual cost of tractors used for 500 h per year
is higher within the first 10 years of ownership than that of tractors used for 1000 or
1200 hours. Above 10 vears of ownership 4WD tractors with annual usags of 1200

hours are found o have high annual costs followed by tracitors used for 1000 hours.

The increase of annual use from 1000 hours to 1200 hours for most of the tractors in
the first few years of ownership decrease the annual costs. However the decrease in
cost is minimum (maximum being about 16% decrease at most). At later stages of
tractor ownership the annual costs of tractors operated for 1200 hours per year tend
to increase more than tractors with annual usage of 1000 hours. This fact could be
elaborated with an example of the 2WD tractors owned by small-to-medium scale
farmers (figure 33). The figure shows that the annual cosis of 2WD tractors used for
1200 hours per year are higher than the annual cost of the same type of tractors

used for 1000 hours per year for the period above 10 years.

Therefore these resulis suggest that it is more economical for most of the 2WD
tractors to be used for an average of 1000 hours per year than to be operated below
or above that figure. Whereas in the case of 4WD tractors it is more economical to
be operated at an average annual use of about 500 hours than 1000 hours, This is

because 4WD tractors need first to be replaced afier a long period of use than 2WD
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tractors due to their high initial purchase prices. Secondly aithough the 500 hours
seems to be few hours but the fact is 4WD tractors can perform a lot of activities
within such time span because they are bigger machines and therefore their

performance is higher than that of 2WD tractors.

The result of the annual costs of Massey Ferguson tractors (figure 28) indicates that
the minimum annual cost of these tractors will be about Tshs 9,800 per hour if these
tractors will be used for 1000 hours per year. The minimum annual ownership cost of
Case International tractors (figure 29} will be about Tshs 11,500 per hour. Whereas
figure 30 shows that the minimum ownership cost of Ford tractors will be about Tshs
10,800 per hour. The result in figure 31 shows that the minimum annual cost of
Same tractors will be about Tshs 9,200 per hour. The minimum annual cost of 4WD
fractors will about Tshs 18,000 per hour (figure 32), if these tractors will be used for
500 hours per year. The results of 2WD tractor owned by small-to-medium scale
farmers are presented in figure 33. The minimum annual operating cost of these
fractors will be about Tshs 8,200 per hour for annual usage of 1000 hours. The
explanation for the difference in annual cost per hour between different tractors could
be due fo the difference in the initial purchase prices of the tractors and in repair

costs.

The comparison of the minimum values of annual ownership costs established in this
study with the annual costs of owning tractors in Germany (table 19) shows that the
annual costs of using tractors in Tanzania are high by almost 1.1 to 1.5 times the
annual costs of owning tractors in Germany. The reason for this is attributed more to

higher operational costs in Tanzania than in Germany.

Table 19:  The annual ownership costs of Tractors in Germany
Source: KTBL, 1998/99 [48]

Tractor type Annual cost (DM/h)  Annual cost (Tshs/h)
2 WD (49 - 58 kW) 17.82 6772
2 WD (60 - 74 kW) 20.64 7843
4 WD (75 - 92 kW) 43.17 16405

Note: DM 1= Tshs 380
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Figure 28: Annual ownership costs of Massey Ferguson tractors at different period
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Figure 29: Annua! ownership costs of Case International tractors at different periods
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Figure 30: Annual ownership costs of Ford tractors at different periods
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Figure 33:  Annual ownership costs of 2WD tractors (Small-to-medium scale farmers) at different
periods

it is however possible fo reduce the annual costs of tractors in Tanzania if some
measures will be taken. Some of the measures that can be used apart from using
the tractors oplimally are the possibility of using tractors with low initial price or by

reducing repair costs of the tractors.
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The initial price of the tractor has a significant effect to the annual cost. If this can be
reduced then the annual ownership cost of tractor can also be substantially
decreased. In Tanzania this can be achieved by the use of imported second hand
tractors. In Morocco for example, where the mechanisation degree is still low like that
of Tanzania, a considerable number of second hand tractors are used for agricultural
activities [16]. More than 50% of the estimated 43,000 tractor units in Morocco are
imported second hand tractors. Their experience shows that even though
maodifications on the imported second hand tractors are carried-out at the beginning,
once the tractors are bought, the final initial costs of second hand traciors are far
below the initial price of the new tractors. Generally the second hand tractors in
Morocco have given a good response for farmers needs despite the problems of high
repair costs. WARD (1990) [97] also suggested that second hand tractors of less

than 4 years are the best option for farmers with annual use of about 400 to 900 h.

On the other hand, reducing repair costs of the tractors couid be another feasible
measure to decrease the annual costs of ownership. Actual repair costs can be
reduced by maintaining fractors carefully. This could be achieved by employing well
educated and trained tractor drivers in the field of tractor operations, service and
maintenance, In the case of tractor operators who are employed but do not have
quality in tractors operation, short training courses need to be arranged for them. In
Tanzania training courses can be arranged through the government extension
services system in collaboration with tractor dealers, or vocational training centres.
Additionally it is high time now for the tracior operation programme to be
incorporated in the daily extension services system offered by the government of
Tanzania to farmers. The tractor programme can be addressing activities like the
importance of tractor record keeping, routine maintenance on tractors, minimum area
to be cultivated per year when using a certain size of tractor, ete. Just like how other
activities are addressed 1o farmers, for example how better a farmer can conserve

soil, the importance of using improved seed and fertiliser, stc.

Other important method which can be used to reduce the ownership costs is to
replace tractors within the optimum period. Every farmer or machinery manager has
to consider from the very beginning replacement of tractor once that ractor is

bought.
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5.5 Recommended tractor optimum replacement age

Tractors like all other machines have definite life span. Economic life of a tractor is
defined as the number of years over which the annual ownership cost is minimum
[36, 51, 65, 71]. There is a point at which it is more economical {o replace a tractor
than to accept increasing repair costs. Operating fractor above this point results in

unnacessarily additional costs that make agricultural mechanisation unattractive.

During data collection it was found out that some of the tractors owned by large scale
farms in Tanzania were operated for at ieast 19 years. This indicale that the tractor
replacement policy of the farms was not dictated by the rule of lowest cost per
utilisation hours as suggested by a number of researchers. Instead it was revealed
that replacement of tractors in most cases was decided by top management based
on the availability of funds for investment from other sources. This finding agrees
with the study of MwowmBEK: (1892) [64]. In his study MwowmBEKi found out that most
of the National Agriculture and Food Corporation farms in Tanzania ceased
operation due to lack of replacement of machinery because the farm management
did not have funds for replacement. Similarly a personal conversation with small-to-
medium scale farmers with tractors revealed that most of the money obtained by
these farmers especially from hire service jobs is regarded as a profit. In other words
there is no money set aside for depreciation and later for replacement purposs. The

littte money saved by most of the farmers is only for repair works.

The recommended optimum replacement ages of various tractor makes included in
this study are shown in table 20. The resulis were obiained by considering the
periods in figure 28 to 33 at which the annual ownership costs of fractors are
minimum. However in case where the minimum point could not be established, the
importance of technological advancement was considered. In that case the
replacement periods were taken at the year where the decrease in annual cost with

time was so minimum from the adjacent years.

The results presented in table 20 for 2WD tractors are for the annual use of 1000
hours, whereas the results for 4WD tractors are for the annual usage of 500 h

because in chapter 5.4 it was recommended that this two groups of tractors should
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be used at that annual levels. The useful life of Massey Ferguson and Same tractors
is recommended to be about 10 years. Case International and Ford tractors are
recommended 1o be replaced at the age of 8 years. The table also shows that the
4WD tiractors have to be replaced at the age of 14 years, while the 2WD tractors
owned by small scale farmers are recommended to be replaced at the age of 7
years. The recommended replacement ages are equivalent {0 an average total use
of between 7000 and 12000 hours.

The comparison of the these results agree very well with the findings of the other
previous researchers. Particularly WARD ef al,, (1985) [98] proposed 8000 h as the
best period for replacement of tractors. While BOWER AND HUNT (1970) [17] were of
the opinion that 12000 h is a more realistic period for replacement. Other findings
documented in different data books show that 10000 h is the best time for tractor
replacement [48]. However all findings agreed that the actual replacement ages of
tractors are significantly affected by annual usage levels and changes in repair and

reliability costs over time.

Table 20: Optimum recommended replacement age for different tractor groups

Tractor Annual use Recommended replacement age

Massey Ferguson 1000 10 years or 10000 hours
Case International 1000 8 years or 8000 hours
Ford 1000 8 years or 8000 hours
Same 1000 10 years or 10000 hours
4WD 500 14 years or 7000 hours
2WD (SMSF) 1000 7 years or 7000 hours

The results of the tractor replacement age established above as mentioned before
were based only on levels of tractor usage. Yet it is not clear how other factors in the
function used for determination of the annual costs can affect the replacement age.
These factors include the bank interests and the inflation rates. Inflation rate in
Tanzania for example dropped from 33% in 1994 to 9% in 19399 and still the
prediction indicates that the inflation rate will drop to about 6% in 2002 [96].

Changing inflation rate will also affect the bank interest rates. In that case a
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sensitivity analysis was conducted in order to determine the effect of these factors on
the replacement age of fractors and to broaden the applicability of the resuits to

other situations.

To simplify the analysis the investment interest rate was assumed to be constant
while varying the inflation rates and the loan interest rates. The inflation rates were
varied by decreasing the values from 0% to 40% of the investment interest rats,
while the loan interest rates were changed by increasing the values from 0% to 140%
of the investment interest rate. In the analysis however the investment interest rate
was considered to be 10%. In that case the inflation rates used in the analysis were
varied from 10% 1o 6% and the loan interest rates were changed from 10% to 24%.

The sensitivity analysis was carried out using data of 2WD (SMSF) tractors only at
two levels of annual usage, namely 500 h and 1000 h because of avoiding repstition.
As the effect of bank interest rates and inflation rates to the optimum replacement
age are considered to be the same on both 2WD and 4WD tractors due o the fact

that the determining functions used in calculation are the same.

The resuits of this findings are plotted in figure 34. At high annual use the effect of
inflation rates and bank interest rates are insignificant on the optimum replacement
age, but at low annual usage the result shows that as the inflation rates decrease

while increasing the loan interest rate the replacement age of the tractors increases.
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Figure 34: The effect of bank interest and inflation rates on optimum replacement
age

However in order to establish the reaso‘n for the effects shown in figure 34 another
analysis was done by varying §nflationy rates from 9%, 8%, 7% 1o 6% while the loan
interest rates were varied from 22%, 18%, 14% to 12%. Four different usage levels
(500, 600, 800 and 1000 hours/year) were considered in each scenario using the
same data of 2WD tractors owned by the small-to-medium scale farmers.

The results of this analysis {(appendix 9.1 and 9.2 and plotted in figure 35 to 38) show
that when invesiment rate and loan rate are kept constant while varying the inflation
rates, the replacement age decrease with the increase of inflation rate at low annual
usage of 500 and 600 h. However at high levels of annual usage the replacement
age is almost unaffected (figures 35 and 38). This could be partiaily explained by the
justification raised by PERRY AND Nixon (1991) [71]. At low annual usage, the capital
cost required the tractor be kept for longer period to spread the cost over more

years. Whereas at high usage the great benefits accrued from the investment
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encourages more rapid replacement. Similarly when loan and investment interest
rates are kept constant, the low inflation rate will encourage to deposit monsy inic
the bank rather than taking a loan and in so doing the investor will be encouraged to
keep the tractor at a longer period. But if the inflation rate is increased, these
discourage depositing money into the bank rather the situation encourages to take a
loan, in that case the environment is good for more rapid replacement., At high
annual levels of usage the benefits will be playing the key role as a result the change
in inflation rates will have very little impact o replacement age. This finding however
is somehow in line by the statement made with YULE ef &/, (1988) [111] that the
replacement age of tractors is affected by inflation. With low inflation they suggested
that it is better to keep a machine longer, while in times of high inflation it is better to

change machinery more rapidly.
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Figure 35: The effect of inflation rates on the optimal tractor replacement ages for
different levels of annual usage (Loan interest rate 18%, investment

interest rate 10%;)
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Figure 36 The effect of inflation rates on the optimal tractor replacement ages for
different levels of annual usage {loan interest rate 12%, invesiment

interest rate 10%)

On the other hand, when investment interest rate and inflation rate are kept constant
while loan interest rates are changed, the replacement age of the tractors increases
with the increase of the loan rates at low annual usage (500 h and 800 h). At annual
use of about 800 tc 1000 h, loan raies had almost no effect on the optimal
replacement age (figure 37 and 38). This could again be partially explained by the
fact that the increase of loan rates increases the capital expenses of the tractors.
Therefore at lower annual usage the period o keep the tractor is extended to spread

the costs over more years.
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Figure 37: The effect of loan interest rates on optimum tractor replacement ages
for different levels of annual usage (inflation rate 7%, investment interest
rate 10%)

A
(&)

lLoan rate 22%
HEloan rate 18%
Stoanrate 14%

ELoan rate 12%

N2
o

N
(=]

Replacement age (yr)
> &

o
I

500 600 800 1000
Annual hours of use

Figure 38: The effect of loan interest rates on optimum fractor replacement ages
for different levels of annual usage (inflation rate 9%, invesiment interest

rate 10%)



Results and discussion 117

5.6 Annual costs of draft animals

The annual costs of using draft animals (oxen) in Tanzania were determined by
considering the resulis of the analysis of data collected from the field and by
considering some few assumptions. The assumptions were based on information

obtained from secondary sources such as literature.

In accordance to material and methods (4.2.3) a replacement period of six years was
used in the calculations presented in this work. Other assumption was on the
acquisition of draft animals, just like in the case of tractor technologies, the
importance of financial support was also considered in the analysis. It was assumed
that farmers using draft animals for agricultural activities have equal access to
financial institutions operating in the country as farmers using tractors. This means
the purchase of draft animals was considered to be financed by the bank loan
(CRDB bank in Tanzania). An interest rate of 22% is charged on the loan given to
the farmers. The loan repayment is spread over the economical life of the draft

animals.

The summary of the result of costs obtained from field survey are presented in table
21. The table shows that the purchasing price of a non trained draft animal (ox) in
Shinyanga region is lower than that of Morogoro region. According to t - statistic the
variation difference of the mean purchase price of ox is significant at 99% confidence
level, This is not a surprise because as mentioned before Shinyanga region has a
tradition in animal keeping while Morogoro region does not. The traditional keeping
of cattle result into higher population of oxen in Shinyanga region than in Morogoro
region. In that case the supply of oxen to the local markets in Shinyanga is higher,

thereby resulting to lower price of ox than in their counterpart Morogoro region.
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Table 21: Re$uit of cosis(Tshs) of draft animal {ox} in Shinyanga and Morogoro
regions

Shinyanga Morogoro i - value

Average purchasing price per ox 75,340 166,470 -6.6%
(36%} (36%)

Annual tax per ox 500 400 -

Mean annual vaccination cost perox 5,019 3,633 1.93
(54%} (24%)

Mean annual dipping cost per ox 9,519 5,647 3.427
(46%) {26%)

Mean annual treatment cosis per ox 10,981 11,067 -0.05
(40%) {58%)

Average annual housing costs per ox 1,300 3,850

Note: Values in brackets are coefficient of variations
*** Significant at 99% confidence interval

- Not applicable

The annual tax rates per cattle in both areas are set by the local government of the
respective areas. The resulis of the tax rate revealed that there is no much

difference in values in the two regions.

It is & common trend for farmers in Shinyanga and Morogoro regions to vaccinate
their cattle (including draft animals) against a number of diseases which tend to erupt
in their areas. Farmers in both areas mentioned black quarfer, footf and mouth rot,
rinderpest, pleuropneumonia and East Coast Fever as the major diseases which
erupt in their areas. The average annual vaccination cost per draft animal in both
areas is shown in table 21. Farmers in Shinyanga region spent more cost on
vaccination than in Morogoro. However the statistical t - value shows that there is no

significant mean cost difference between the areas at 95% confidence level.

Dipping is another measure taken by farmers of both areas to protect the draft
animals and other animals against diseases caused by protozoa, transmitted by ticks

(anplasmosis, babesiosis and theilericsis) and other external parasites. In most



Results and discussion 119

cases the dipping wells are owned by the respective local governments of the areas.
Farmers pay the local government a fee per animal every time they take animals for
dipping. The fee paid for dipping is around Tshs 100 per animal per dip in both
areas. Nevertheless, the mean total annual dipping cost per draft animal incurred by
farmers in Shinyanga region is higher than in Morogoro region. The statistic also
confirms the mean cost difference at 99% confidence level. The reason for the
difference could be partially explained by the fact that in Shinyanga, most of farmers
keep large number of catile because they regard catile as their only wealth (banks).
Therefore in order to protect the animals from loss caused by tick borne diseases
they take their animals frequently for dipping to keep them clean and health.
However, in Morogore region farmers do not consider caitle as their only wealth and
thus the level of care of the animals is not so high and this is reflected in the low

dipping frequency.

The treatment costs of draft animals are the costs that farmers incur to cure sick
animals. It includes diagnostic charges and the cost of buying drugs. The result of t-
statistic indicates that there is no significant mean difference in the annual treatment
costs between Shinyanga and Morogoro regions. Nevertheless, the result in table 21
shows that farmers in Morogoro region have higher cost in treatment of ox than in
Shinyanga region. This is perhaps due to the problem of the trypanosomiasis
disease caused by tsetse-fly in Morogoro region.

Other important cost component of the draft animals is the housing costs. The
housing costs in Morogoro are relative higher than in Shinyanga region. This could
be explained by the fact that in Shinyanga region farmers accommodate many catile
in one housing than in Morogoro. In Morogoro region most of the farmers keep a
small number of cattle in a house, in most cases a pair of draft oxen. As a resull,
when the housing costs are distributed to the total number of cattle accommodated

in & housing, the result is low housing costs per animal in Shinyanga.

The results of the minimum total annual costs of owning and using a pair of draft
animals in Shinyanga and Morogoro regions are shown in table 22, The total cosis
are regarded to be minimum because the costs do not include the feeding costs and

labour costs during off season. The feeding costs was not considered because the
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feeding management practised by majority of farmers in both areas depend on free
range grazing, while family labour is used for taking care of the animals during
grazing. The family labour in these areas is regarded as free because no monthly

salary is paid.

Table 22: Annual costs of using a pair of draft animals (oxen) in Shinyanga and
Morogoro regions

Parameters Shinyanga Morogoro
P, - purchase price of frained ox 82,874.00 183,117.00
S, - salvage value of ox 128,078.00 282,999.00
L, - economical life of oxen 6 years 6 years
f,(1)- annual depreciation cost for a pair of oxen - 15,068.00 - 33,294.00
F, (1) - annual interest cost for a pair of oxen 48,394.00 106,931.00
f3(1y- annual housing cost for a pair of oxen 2,600.00 7,700.00
£.(1y- annual insurance cost for a pair of oxen 13,260.00 28,299.00
fs(1)- annual tax cost for a pair of oxen 1,000.00 800.00
f.(1) - annual health cost for a pair of oxen 51,038.00 40,484.00
£, (1) - annual labour cost for controlling a pair of oxen 27,000.00 27,000.00
f: (1)- annual compensation due to a pair of oxen 1,400.00 1,400.00
TOTAL 129,624.00 180,330.00

The overall minimum total annual cost of using a pair of oxen in Shinyanga region is
Tshs 129,624 and in Morogoro region is found to be Tshs 180,330. Considering this
finding it can be concluded that the cost of using draft animals in Tanzania varies
from one area to another. Areas with tradition in cattle keeping have advantage of
fow annual costs of using draft oxen as compared with areas of little or no tradition in
cattle keeping. This finding is somehow proving the hypothesis speculated by MREmA
AND MREMA (1993) [62] that animal traction technology is more suitable (socially and
economically) for farmers with tradition in animal keeping than those without

tradition.
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5.7 Comparison of annual costs of tractors and draft animals

Comparisons of the annual costs of using tractors and draft animals were carried out
in order to determine how expensive are the two power technologies in relation to
asach other. Moreover to establish the optimum sizes of the farms that are suitable to
be cultivated by either of the power sources. To achieve this, the analysis was
carried out by comparing the annual cost per unit output power and then by

comparing the annual cost per unit area for different farm sizes.

The average power oulpuis shown in table 8 were used for determination of the
annual cost per output power (kW) of tractors. In the case of the draft animals the
output power extracted from literature was used in the calculation because during
data collection the output power of draft animals was not measured. However, STOUT
(1979) [84] reported that the power outputs of draft animals working under tropical
conditions vary from 0.44 kW for a pair of Zebu bullock to 0.97 kW for a pair of
Indian Brahman oxen. Similarly KwiLiGwa ef al., (1991} [49] found out that a pair of
the East African zebu catlle provide power output of about 0.56 KW for six hours per
day. Therefore in accordance 1o these the annual cost per output power of using
draft animals in Shinyanga and Morogoro regions was based on the output power of
0.56 kW. The results of this analysis are shown in appendix 10.1 and in figure 38.
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Figure 39:  Comparison of annual costs per unit output power of tractors and draft
animals
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The results show thal a unit output power obtained from draft animals is more
expensive than the same output power procured from tractors. As an example, the
annual cost per output power of using & pair of draft animals in Shinyanga is about
Tshs 230,000. The annual cost per unit output power of using 2WD tractors owned
by small-to-medium scale farmers is around Tshs 158,000. The rsason for high
annual cost per output power of a pair of draft animals is attributed by the small

magnitude of output power generated by this technology.

The comparison of the annual costs per output power of draft animals show that the
unit output power acquired in Morogoro region is 33% more expensive than that
secured in Shinyanga region. The comparison of the annual costs per oufput power
of different fractors show that the output power obtained from Ford fractors is the
most expensive. Whereas the output power obtained from 4WD traciors is the least
expensive. The output power from Ford tractors Is about 50% more expensive than
the output power obtained from 4WD tractors. The annual cost per output power of
Case International and Same tractors is almost equal. Similarly the annual cost per
output powsr of Massey Ferguson and 2WD tractors owned by small-to-medium

scale farmers is almost equal.

The analysis for determination of the annual costs per unit area of animal drafis is
shown in appendix 10.4 and the procedure used for determination of the annual
costs per area of tractors is shown in appendix 10.5. The resulis of the findings of
the annual costs per unit area of animal drafts and tractors (appendix 10.4 and

10.5.3 respectively) are compared in figure 40.

The annual costs per unit area (ha) of draft animals increase as the farm size is
increased. This is due to the assumption made in the study that a pair of oxen in
Tanzania is capable of cultivating a maximum area of about 4 ha. When a farmer
(using draft animals) intends fo increase the farm area then the pair of oxen need o
be increased as well. This in turn increases the demand of labourers required o
control the animals, leading o an increase in the wage paid to labourers (appendix
10.3). Without increasing the wage it is impossible to get the required number of
labourers. In that case the up-rise in annual costs per area of draft animals shown in

figure 40 are attributed 1o the increase of labour costs. Al other cost components
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such as initial price, insurance, medication per unit area remains constant with the
increase of area because these costs are directly proportional o the number of

animals available.

The results of the annual costs of tractors per unit area decrease with the increase of
farm areas. A very high cost is incurred when the farm size is small. The costs
decrease sharply as the farm size is increased o about 50 ha. Then the curves
decrease slowly and later flattens out as the farm size increases more than 150 ha
for all tractors. This could be explained by the fact that large farm area needs more
annual hours of use than small farms. Therefore when the fixed costs are spread
over larger number of hours (large farm area) the cost decrease with the increase of
the hours of use. The trend of the annual costs per hectare of tractors obtained in
this study are consistence with the studies conducted with other previous

researchers [47, 97].
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Figure 40: Comparison of annual costs per hectare for different farm sizes

The results in figure 40 imply therefore that farmers with small farm sizes of about 4
to 10 ha are advised to own and use draft animals for agricultural production. Annual
cost per hectare of owning draft animals for small farm sizes is much lower than that

of owning a tractor for same number of hectare as can be seen from the graph.
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Farmers with farm areas of more than 100 ha can be advised to own tractor for their
agricuftural activities because the annual costs of tractors per unit area at these sizes
are shown o be less than that of using draft animals. However farmers having
between 50 ha and 80 ha of land can own tractor on the condition that they should
be prepared to offer contract services to other farmers so that the minimum area to

justify ownership of tractor of more than 100 ha per year is reached,

Whereas for farmers with farm areas of between 20 ha 10 40 ha could not be advised
to own tractors or draft animals instead they can be advised fo hire fractors from

other farmers or else increase their farm sizes.

Similar findings have been reported in different studies such as that of HENDERSON
AND FANASH (1984) [33] in Jordan, RaHMOO (1979) [72] in Pakistan and HunT (1983)
[36] in USA. HENDERSON AND FANASH reported that to justify owning a tractor in
Jordan the area of the farm should not be less than 100 ha. Whereas RAHMOO
stated that to justify owning a 2WD tractor in Pakistan the area of the farm should be
between 100 and 200 ha. Other finding is that of HUNT, who stated that to own a 75
kKW tractor the farmers need fo have the optimum farm of about 240 ha. Therefore
the results obtained from this study and the standard mentioned above show that the

relationship between farm area and tractor cost per unit farm area is positive.
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6. THE IMPLICATION OF THE FINDINGS

Tractor as a power unit is an essential farm power input in medium or large scale
agricultural production system. The cost of owning and using tractors in Tanzania is
found to be slightly higher than that in developed countries. The problem of high cost
is not due to the fact that the technology is not appropriate for Tanzanian condition
as it was noted in the government second five year plan [81]. Instead it is due to
improper farm practice and inability for farmers to perform farm operations like
business enterprise. Lack of tangible decision making factors associated with limiting
management requirement for optimisation of agricultural production costs could
perhaps be the source of the problem. However according o this study there is a
possibility to minimise annual costs of iractors and thereby increase the opportunity
to maximise profit for the whole agricultural production system in Tanzania. In that
case agricultural productivity in Tanzania could be stimulated and increased more

fold than at present.
6.1 Tractor operation and management data

in any management systemn proper data keeping is a very fundamenta! resource for
making and effecting decisions for prediction of the future of the business. Record
keeping as reported in Tanzania is not practised at all by the small-to-medium scale
farmers. The racord keeping exercise by the large scale farms was seen to be a
useless formality because it was very difficulty to obtain a well-kept complete record
for each tractor at every farm visited. The recorded data in most cases was not used
to influence any decision for making cost/return budget for farm production system.
Also the recorded data was not used at all fo influence the optimum replacement

period of the tractors.

It is therefore very beneficial 1o increase awareness on the importance of record
keeping in Tanzania to all agricultural machinery owners. This could be achieved by
addressing the issue through seminars and short courses. The participants could be
all personnel involved in tractor management including tractor owners, operators,
and in the case of large scale farms also management personnel and sntry clerks

could also be involved. It will be also interesting to open up a special project unit at
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the department of agricultural engineering of the Sokoine University of Agriculture in
Tanzania. The project unit will be responsible in collecting this data, analysing and
sending some feed back fo tractor owners, The proposed project unit could establish
finks with similar institution elsewhere, such as KTBL in Germany to benefit from

their experience.

The study also revealed that within large scale farms there was no standard format
of keeping tractor records. This was reflecied by the various sources of records in
different farms. The recorded data was extracied from all soris of forms, including
files, exercise books, ledgers, loose sheets and all differing in features and conient.
If at all the project unit will be established then one of its task will be 1o standardise
the format of data keeping. However according to this study, it is proposed that the
data shouid be kept in log books. The log books should be issued to all farmers with
fractors through the available government extension offices in Tanzania. The log
books have to be kept by the tractor operators and should contain sufficient space
for one month entries only. The log books should be exchanged for a new one each
month. The extension officers could be used to check for the collect methods of data

entry and then forward them to the project unit.

Individual tractor reliability is an important investment parameter and can assist the
tractor owners in future investment decisions. A simple way of indicating tractor
reliability is by observing the frequency of mechanical breakdown and the period of
occurrence. It is recommended that any standard tracior record keeping should
include this ftern. This would in course of time reveal inherent design defecis

common in different tractor types, makes or models.
6.2 Applicabllity of repair costs prediction functions

The empirical findings of the repair cost prediction functions agree fairly closely with
the results of earlier studies developed elsewhere [4, 41, 60, 99, 102]. Therefore the
developed functions in this study can be used to estimate the expected magnitude of
repair costs of tractors at different period of ownership. However, it should be noted

that large variations between the predicted and the actual repair costs should be
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anticipated to occur because the prediction functions do not include all factors

responsible for tractor failures.

Generally these findings provide an important information which was lacking in the
scope of agricultural mechanisation in Tanzania. Previously, functions established for
tractors in developed countries were used for prediction of repair costs of tractors at
different ownership period in Tanzania [12]. Unfortunately the estimated magnitudes
of repair costs in this study have shown fo be different from those established in USA

or Europe.

The developed prediction functions however will have to be reviewed from time to
time as more data will be collected for the existing machines or as other new
machines will be introduced to Tanzania market. This is also the case for developed
countries. For example ROTZ AND BOWER (1991} [73] reported that in the USA studies
on repair costs of machinery have gone through several revisions. The first finding
on repair costs was reported in 1941 but they continue to be changed as the new

machines are developed or machines are redesigned.
6.3 Importance of the annual cost findings

The findings of annual costs of fractors and draft animals provide also an important
information that was lacking from agricultural extension materials in Tanzania. It is
therefore presumed that agricuitural planners in Tanzania will change their visws as
far as mechanisation with tractors in Tanzania is concern because the results of the
annual costs have shown that with a certain size of the farms the use of tractors is
justified than the use of draft animals. Nevertheless, it is important to observe
management factors when using fractors for agricultural production so as to minimise

the annual costs and thereby increase the overall profit.

On the other hand, these results have a clear message 1o policy change in Tanzania.
That is instead of relying on the current small peasant farmers to increase
agricultural production the policy should be changed toward depending on small-to-

medium scale farmers.
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For the past 30 years the policy of Tanzania has been geared {o increase the
agricultural production by use of peasant farmers. But experience has shown that
peasant farmers have failed to increase agricultural production in Tanzania. Simply
because most of peasant farmers in Tanzania have failed or indicated low adoption
rate of new technologies such as from hand tools to draft animal implements. The
animal draft technology seems to be more complicated than the use of hand tools.
Although most of the requirements for draft animals are within the reach of the

peasant farmers mainly concerning technical and managerial skills,

If the government will sncourage small-io-mediurm scale farmers then it will be
encouraging the use of tractors in agriculiural production. Small-to-medium scale
farmers can operate commercial agricultural production by observing the economics
of scale, to include the increase of farm sizes. The major groups of people who can
be part of the small-to-medium scale farmers will include the businesspersons and
the young educated people who as of to-date are busy migrating from rural to urban

areas to liberate themselves from back breaking job associated with hand tools.

In practising such a policy, the role of the government will be to initiate the availability
of cradit to farmers for necessary farm inputs. Only farmers capable of engaging
themselves in agricultural activities and producing should be availed to such credit
facilities. This is because the loans offered by the banks tend o be given to the
people with fixed asset in Tanzania. This perhaps could be a problem for the young
educated people who intend to establish themselves in farming enterprises. It is also
important to note that the credit {0 be offered should be strictly on commercial
principles. Other impottant role of the government should be to advise these farmers
to practise good agricultural mechanisation. The work of advising farmers should

continue through the use of extension services.

The government should remove all unnecessary policies that discourage investrent
in agricuttural production, such as those of not allowing farmers to own large pieces
of land. The government should encourage open trade policy, whereby farmers can
be allowed to sell their produce sven o the neighbouring countries. Especially when
the prices of produce in the neighbouring countries are more aitractive than that of

within the country. It has been the policy of the government to encourage and assists
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industries to sell their products o other countries but the same government
discourages farmers fo ssll their produce (food crops) to neighbouring countries. The
author of this report remembers one case where farmers were held by police
because they were transporting their maize to sell in the neighbouring country where
the price was much higher than inland. If the government doss not want farmers to
export their produce then it should be prepared to buy those produce at a price equal
or more than that offered outside the country. Otherwise hindering farmers in the free

trade market system will paralyse even the commercial oriented farmers.
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7. SUMMARY AND CONCLUSIONS

The use of tractors in Tanzania has been for the past 30 years considered to be
inappropriate. This has resulted to the population of tractors in the couniry to drop.
Moreover the overall agricultural production has stagnated. But when observing the
green revolution of other developing countries, such as those of far east, countries
like India, Malaysia, etc. have recorded greater economic growth in the 20" century
as a result of improved means of production in agriculiure through increase use of
tractors. All countries which have realised this potential, and which have properly
employed tractor technology in agriculiural production have made considerable

advancement in economic development.

In order to stimulate the use of iractors in Tanzania, this study was initiated. With the
alm of determining the costs of owning and using tractors under Tanzanian
conditions which could act as a support in advising farmers to use the technology

profitably. Currently such information is not available.

The analysis of this work was based on the hypotheses that the oulput power
generated from tractors is cheaper than the oulput power generated from draft
animals. Also if tractors are used properly based on the tschnical and economic
factors, then the annual costs per unit area of the cultivated land are lower than that
of draft animals. It should be noted here that the animal draft technology is being

favoured by the government policy since in 19689,

The work started with determination of repair costs of tractors because tractorization
in Tanzania has been observed to be limited with number of problems, among these
repairs is one of the major sources. The software programme for calculating the
annual costs of tractors was developed and the recommended optimum periods for
replacement of traciors for different levels of utilisation were also ascertained.
Similarly, the annual costs of using draft animals in a place with and without tradition
of catile keeping were determined. Then a direct comparison of the annual costs of

tractors and draft animals was carried-out.
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Data for the study was collected in Tanzania for a total period of 8 months in six
regions, namely Arusha, lringa, Kilimanjaro, Morogoro, Shinyanga and Tanga.
Tractor data was collected from 12 large scale farms and 19 small-to-medium scale
farmers. The recorded tractor data from large scale farms were collected from the
past records, whilst data from small-to-medium scale farmers were collected by
interviewing the respondents, who relied mainly from recalling. Animal draft data was

obtained from 30 households by the use of questionnairs.

Data of 121 tractors were collected from large scale farms. Out of these 96 were two-
wheel drive tractors and the rest were four-wheel drive tractors. Data of 25 tractors
were collected from small-to-medium scale farmers. The results of the 2WD tractors
owned by large scale farms were classified based on tractor makes, to include
Massey Ferguson, Case International, Ford and Same. Other tractor groups were not
classified into tractor makes because the number of tractors in the group were too
small to permit a meaningful statistical analysis. In the analysis of repair costs, the
actual repairs were classified into 5 major assembly groups, namsly engine,
transmission, hydraulic system, electrical and the other group for unspecified

components.

Data for draft animals was collected in Shinyanga and Morogoro regions. Shinyanga
region represented the area with tradition in cattle keeping. While Morogoro region
represented areas with no tradition in cattle keeping but draft animal technology is

being introduced to reduce the problem associated with shortage of farm power.
The major findings of the results are summarily presented as follows:

1. The survey data indicate that most of the tractor operators in Tanzania (85%)
have never undergone any fraining in operating and caring of the tractors. About
10% of the operators are not able to read and write. However about 70% of tractor
operators has the basic education, thus they can read and write in Swahili. it was
the opinion of this work that training course for operaiors is very important
because the training programme will expose the drivers on the facts regarding
caring of tractors. Otherwise it is very difficult for operators 1o carry out for

example tractor routine maintenance by relying on tractor manuals that are
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written in English fanguage. Whereas English language is not a commanding
language for the most of the operators. The repair costs of tractors can possibly

be reduced if trained operalors wili be used.

2. The mean utilisation levels of tractors vary batween 600 and 1100 hours per year
per tractor. The utilisation levels of 2WD tractors owned by large scale farms are
higher than 2WD tractors owned by the small-to-medium scale farmers. The
reason could be due to the fact that large scale farms own large areas of land that
are found to be in one area. While small scale farmers own small farms which are
scatted from one place {o another. The 4WD tractors owned by large scale farms
were found to have few annual hours of use because they are regarded as special

tractors. In that case they are restricted to heavy assignments only.

3. The repair costs analysis have shown an extreme range of coefficient of variations
for the total repair costs and for the repair costs of the different assembly groups
from one tractor to another in the same group. Also the results have shown that
the annual repair cosis of traciors vary widely with the increase of tractor's age.
The Massey Ferguson tractors owned by large scale farms were found to have
minimum average annual repair cost per hour. While 2WD-Case International and

4WD tractors were found to have the highest average annual repair cost per hour.

4. The resulis of repair costs according to assembly groups revealed that more than
70% of the costs are used 1o restore the performance of the engine and
transmission groups for all tracior groups. The reason could be partially explained
by the considerable work required to expose the damaged part in the engine and
transmission than in other assembly groups. In that case these are areas which
offer a potential for repair costs saving, if attention is taken to prevent primary

damages.

5. The repair cost prediction models were best represented as a power functions of
the accumulated hours of use similar to the resulis of the previous researches.
The resulis of 2WD tractors owned by both large and small-to-medium scale
farmers were found to be consistent in magnitude with the resuit of Burkina Faso
[41]. The result of 4WD tractors were consistent with the results published in
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Germany [99, 102]. However, at higher accumulated usage above 7000 hours
they predict extremely higher repair costs than that of Germany. Generally the
applicability of the established prediction functions is recommended, besides the
fact that the variations in the magnitude between the predicted values and the
actual values are expected. This is attributed to the fact that the functions do not
include all factors that affect repairs, namely operators skill and altitude, inherited

tractor design defects, maintenance regime, eic.

6. The curves which represented the results of the annual cost per hour indicate that
as the period of tractor ownership is increased the annual costs decreases rapidly
in the first few years, then the curves become flat. However if the ownership
period is increased further the annual costs per hour increase rapidly. The overall
annual costs of tractors in Tanzania depends very much on the amount of annual
usage. The 2WD tractors used annually for 1000 hours have the minimum annual
costs ranging between Tshs 9,800 and Tshs 11,500 per hour. Whereas 4WD
tractors used for 500 hours per year have the minimum annual cost of about Tshs

18,000 per hour.

7. Comparison of the annual costs of tractors established in Tanzania with that
appearing in Germany’s agricultural machinery standards book [48] shows that the
annual costs in Tanzania are high by almost 1.1 to 1.5 times the values reported
in Germany. Nevertheless, in the report important measures were discussed on
how these costs could be reduced. The measures include increasing annual
utilisation and reducing repair costs by using trained operators. Other measures
include that of reducing initial costs by using second hand tractors, a case of

Morocco was cited as an example.

8. The survey data provided an evidence that the replacement period of tractors in
Tanzania for both smali-to-medium and large scale farmers is not guided by the
economical principles. Tractor owners do not set aside funds which could be used
later for replacement of tractors. To reverse the situation requires the need fo
address the issue in order to impart the importance of optimum replacement
period to tractor owners. The analysis of data collected shows that the optimum

replacement ages in Tanzania range from 7000 h fo 12000 h. The comparison of
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these findings agrees with the resuits published elsewhere [17, 88]. Additionally, It
was found out that low inflation rates and high bank loan interest rates at low
tractor annual usage increases the oplimum replacement period of tractors
because the rates increase the capital costs. But at high annual usage the effect

of inflation and loan interest rates on the oplimum replacement are insignificant.

9. In the analysis of the annual costs of using draft animals (oxen) for agricultural
activities, the results showed that the purchasing price of oxen in Shinyanga
region is lower than in Morogoro region. The mean different was significant at 9%
confidence level. The costs spent by farmers for vaccination was higher in
Shinyanga than in Morogoro, however the mean difference was insignificant. The
dipping costs were higher in Shinyanga than Morogoro and the mean difference
was found to be significant at 98% confidence level. The treatment costs which
include diagnostic and purchase of medicine were higher in Morogoro than
Shinyanga, although stafistically the mean difference was not significant. The
overall minimum annual cost of using draft animals in Shinyanga region was found
o be Tshs 129,624, whereas the minimum annual cost in Morogoro region was
established to be Tshs 180,330. That means the area with traditional in catile

keeping has lower annual costs of using oxen than areas without the tradition.

10.The result of the comparison of the annual costs per output power shows that the
output power obtained from draft animals is expensive when compared io output
power obtained from tractors. The costs of output power from draft animals range
between Tshs 220,000 and Tshs 320,000 per kW while that of tractors range
between Tshs 100,000 and Tshs 180,000 per kW.
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11.The result of the comparison of annual costs of tractors and draft animals based
on the size of the farm revealed that the annual costs per ha of the draft animals
were found to increase as the farm size increases. However the annual costs of
tractors per unit area were found o decrease as the farm size increases. These
implied that farmers with small sizes of the farm (less than 10 ha) have to own and
use draft animals for agricultural production. The ownership of tractors in Tanzania
is justified for farmers owning or capable of cultivating more than 100 ha per year.
Farmers having 20 ha to 40 ha are recommended to hire tractors for agricultural
production. The comparison of these resulis with standards established elsewhere

were found to be positive [33, 36, 72].

Generally the findings of this study confirm the validity of the study hypothesis.
Tractor technology offers a clear solution to the problem of low productivity in the
country because tractors can put more land under-cultivation and as it has been
found the usage of tractors for large areas of land reduces the annual costs to a level

below that of using draft animals for cultivating small sizes of farms.

Since the increase of agricultural productivity is absalute essential in Tanzania due to
among other reasons 1o increase production of food for the increasing population,
and cash crops for export to obtain foreign currency for importing essential goods for
development and social services. The increment in production is unlikely to be
realised through the peasant farmers. This is mainly because peasant farmers are

ageing and the young and educated bodies are migrating to urban areas.

Then government intervention to promote the use of tractors in terms of policy
change is very essential. The different group of farmers with the ability to manage
tractors technically and economically need to be promoted. The farmers to be
developed should run agriculture as a commercial enterprise, such that they produce
substantial surpluses from their farming operations. Also apart from using tractors for
farming practice these farmers have to use modem technologies as a necessary
input for increasing production. This group of farmers can no longer be the peasant
farmers who are currently depended on by the government. Coupled with policy
change, provision of credit and good mechanisation advice through adequate

extension services are very important factors for the development of this group.
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Future work in this area should be geared in collecting more data under long term
and controlled conditions. This could be achieved if the awareness to keep complete
tractor records is imparted to tractor owners and operators. Then the data could be
used for developing expert system software to assist farmers in selection, utilisation
and replacement of tractors. The impact evaluation study could also be carried out
by comparing the socio-economics of tractor users with farmers who use other power

sSources.
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Appendix 1: Questions used in collection of Tractors data

1.

11.

12.

Name of the Farm OF OWNET.....oocciioi et
P e o (=T OSSO U PR

LOCEHON frOM MBJON TOWI. ..ttt iiiiiie et e eeiseaeiie b etb e s eetns s cteeaenerannaenraesteernans
Types of soil in the area
Average annual rainfall.....

Total number of permanent employee at the farm.......coovvi i,

Average rumber of temporary emploYEe........cooiii v e

Total area of the farml. ... et e

TYPES OF CTOPS GFOWT. ..ottt e

Types of agriculiural machinery available at the farm.........

Types of tractors available............cccooici,

Types of implements available

General remarks regarding the farm...........

Tractor technical data

Tractor type .......ccoo.v. Model ... POWEE (i e
Purchasing price ... Year of purchase .......cococee i
Name of tractor OPEIaIOF.. .o e e e
Experience in fractor 0peration.........oc i
Operator education (according 10 five ranks) ..o
Any training in tractor operation? ... Where and for how long......ccveeee,
Tractor annual performance history (hours or area cultivated).......ccccoeoeinn
Annual quantities of fuel and oil if available................oo
Types of insurance PoliCY USET......c.oiiciiiiiiii it
Historical annual INSUFANCE COSIS ..ot
HOoUsING COSIS i BNY 1o
i routine maintenance Carfied QUL ..



Appendix

Appendix 2; Qusstions used for collection of draft animals data

1.

NAmME OF The OWINBT Lot ear e e iea e
AOrOSS . et

Location: name of the village ......ccooiii e

Distance from the Major IOWN....coio e

Types of draft animals used ...,

Number of draft animals.......oi e

How big is the farm cultivated using draft animals

CTODS GIOWI ettt it it e et ede e s r et e s

Purchase price of draft animals

Training cost of draft animal
Annual housing cost
ANNUATINSURANCE COSL...iii ittt e e e e

ANNUATTEK OB it e s

Types of basic feed used.........

Types of supplementary feed..
Cost involved in providing basic feed..........cooii

Cost involved in providing supplementary fead..........cccccviiiic e,

Types of diseases common in the place

Annual vaccination cost per draft animal
Annual dipping cost per draft animal........ccoiiiiii
Annual Treatment COSIS.....coii e

Other annual health COSTIF BNY...o e

How many labourers are used to control draft animals

What is the fabour charge...........i

For how long do you pay [aboUrers.....i e

9. Any OThET COMIMEBNT L.
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Appendix 3: Types and number of tractors data collected from large scale farms

Farm

Type of tractor

No. of units

Arusha Seed Foundation

Basuto Plantation

Gawal Wheat Farm

Gidagamowd Wheat Farm

Mringa Estale

Mtibwa Sugar Estate

Mulbadaw Wheat Farm

Murjanda Wheat Company

Mwera Sisal Estate

Seichet Wheat Farm

Tanganyika Planting Company

Tanganyika Wattle Company

2WD - Case International
4AWD - Case International
2WD - Ford

2WD - Case International
4WD - Case International

2WD - Case International
4WD - Case International

2WD - Case international
4WD - Case International

2WD - Massey Ferguson
4WD - Valmet

2WD - Ford
AWD - Ford

2WD - Case International
4WD - Case International

2WD - Case International
4WD - Case International
2WD - Ford

2WD - Same
4WD - Same

2WD - Ford
4WD - Case international

2WD - Massey Ferguson

2WD - Ford

1
3
2

ARIE VRN

13

39

12
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Appendix 4. Programme for calculating annual costs of tractors

CLS

REM Programme for Calculating Annual Ownership Costs of tractors
INPUT "Enter tractor types"; A$

INPUT "Enter tractor code”; T

INPUT "Enter Purchase price in Tshs."; P

INPUT "Enter Investment interest rate”; r

INPUT "Enter Loan interest rate": |

INPUT "Enter Inflation rate"; g

INPUT "Enter Annual use irn hours"; h

INPUT "Enter monthly salary of tractor operator”; L
INPUT "Enter fuel consumption”; U,

INPUT "Enter fuel price"; f,

INPUT "Enter oil price”; f,

PRINT

PRINT "OQUTPUT FILE"

PRINT

PRINT "The Purchase Price of tractor is Tshs ¥, P
PRINT "Investment interest rate is *; 100 * r; "%"
PRINT "Loan interest rate is "; 100 * |; "%"

PRINT "Inflation rate is ", 100 * g; "%"

PRINT "Monthly salary of tractor operator is Tshs “; Ln
PRINT "Price of fuel per litre is Tshs " f,

PRINT "Price of Lubricant per kg is Tshs *; f,
SLEEP

PRINT

PRINT "ANNUAL COSTS OF "; AS; " TRACTOR FOR ANNUAL USE OF ", hy;
HOURS"

PRINT

PRINT "Years", "Annual costs (Tshs.)"
FORN=1TO 19

S1=0

S2=0
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FORj=1TON
Wo=(14Q) A/ (1+1)A]
IFT=40 THEN |, = .01 * P *EXP(-28* (- 1) +.007 * (- )~ 2)
IFT<40THEN = 01 *P*EXP(-24* (- 1) + 005 * (- 1)~ 2)
Sy =81+ wy
8o =8+ (In*wp)
NEXT j
IFT=40THEN S, = P * EXP(-28 * N+ .007 * N/ 2)
IFT<40THEN S, =P * EXP(-24* N + .005 * N~ 2)
Dn=8S*(1+g) "N/ (1+n~rN)
REM R, is Accumulated Repair costs for annual use equal 1o h hours
IFT=40THEN R, =P *.00157 * (001 * h * N) A 3.049
IFT=21THEN R, =P *.026517 * {.001 *h * N}~ 1.4574
IFT=22THEN R, =P *.030536 * {.001 *h* N)~ 1.66%94
IFT=23THEN R,=P *.039613 * (.001 * h * N) A 1.4853
IFT=24THEN R, =P *.050813 * (.001 * h * N} A 1.4206
IFT=25THEN R,=P *.004639 * (.001 *h * N) A 2.3775
Z=R,* (1+gi"N/(1+n~N
Po=P* I"(1+DAN* ({(1+0D)AN-D)/* 1+ O)AN* (T +)AN-1)
REM C,is annual labour cost
Ci=12"Ln
REM F, is annual fuel cost
Fo=f,*U*h
REM C, is annual cost of oil
Co=15"Uc"h ™1,
An=((Po+Z+S2-Dn)/ S+ (Ci+Fec+Co)) /h
PRINT N, A,
NEXT N
END
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Appendix 5.1: Analysis of repair costs (Tshs ,000) of 2WD Massey Ferguson tractors

Age Mo. of tractors Usage (hr) Engine  Transmission  Hydraulic Electrical Other Totat
1 15 862 91,67 295,19 33,71 43,10 1,52 485,19
oV (%) 45 71 106 184 127 239 69
2 18 283 254,03 213,04 8,80 25,47 2,43 504,88
Cv (%) 29 13 133 246 108 185 80
3 35 1212 301,88 425,15 17,46 89,57 13,37 937,44
cv {%) 24 133 160 187 125 204 g2
4 41 1036 661,62 982,08 87,72 205,84 36,81 1873,87
v (%) 35 93 72 208 93 92 57
5 28 932 981,58 945,44 131,78 138,43 28,28 222547
v (%) 39 82 ee] 198 1688 148 83
& 19 1081 967,37 836,71 168,61 200,28 16,82 2128,80
v (%) 41 117 90 170 108 130 75
7 30 1320 §74,92 836,40 81,24 166,70 19,86 2059,12
cv (%) 22 95 o1 263 103 151 81
8 38 1147 1251,03 437,78 182,38 394,43 47,38 281299
o (%) 38 95 87 172 92 126 74
] 21 970 1002,47 892,14 83,61 262,32 31,94 237248
cv (%) 31 128 103 192 109 107 96
10 18 705 1903,18 787,25 178,59 106,33 13,16 2988,52
c.v (%) 8 77 74 161 143 87 59
i1 13 813 471,94 1623,50 65,96 138,24 28,00 232765
c.v (%) 26 52 78 124 136 72 58
12 16 708 141282 726,99 263,50 52,77 8,75 246282
c.v (%) 20 101 100 171 93 114 89
13 10 790 1566,90 1168,68 138,38 92,11 14,54 2981,60
o (%) 13 96 81 97 113 122 68
14 4 908 817,03 875,26 152,81 8,57 4,00 1653,78
c.v (%) 15 111 124 148 105 o 96
18 g 857 360,01 564,19 22,52 59,37 5,50 1075,47
c.v (%) 19 91 98 283 112 109 72
18 7 768 435,96 895,42 0,00 120,42 26,37 1278,16
c.v (%) 50 90 88 0 96 103 52
17 4 737 3173,11 108,72 53,55 72,87 3,08 3411,32
c.v (%) 28 45 162 200 74 200 40
18 8 954 1429,27 449,23 2,13 137,78 27,74 2046,15
c.v (%) 31 89 138 283 118 148 56
19 ] 710 1184,75 922,72 286,14 301,12 87,72 217245
c.v (%) 46 84 54 128 a3 106 59
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Appendix 5.2: Analysis of repair costs (Tshs ,000) of 2WD - Case International tractors

Age No.of tractors Usage (hr) Engine Ty H { El Yotal
3 S50 204,40 36,47 735,60 173 5,37 E38,80

c.v (%) 23 85 102 13¢ 224 218 77

2 7 886 390,24 1040,47 82,058 73,33 5,86 1591,96

c.v (%} 29 80 81 1038 200 138 33

a 7 384 323,48 581,63 15,80 62,21 0,00 982,92

c.v (%) 9 86 127 178 138 0 120

4 7 933 431,48 676,93 54,29 118,69 26,91  1308,31

c.v (%) 41 90 68 133 152 163 50

5 7 683 1215,48 11585,13 80,29 41,71 20,66 2523,28

c.v (%) 59 88 82 i28 253 188 54

8 7 787 987,46 812,89 386,70 135,01 8,67 214272

c.v {%) 51 71 81 100 116 132 46

7 7 571 554,63 764,84 105,83 - 262,38 7,00 1694,68

cv (%) 103 107 88 127 113 265 62

8 5 497 738,37 1085,21 65,34 287,99 88,50 224481

c.v (%) 69 112 51 173 70 138 63

@ 7 764 2083,80 425,83 45,93 108,28 0,00 2663,85

v {%) 57 100 1158 143 151 0 84

10 i3 79 324567 2442,18 411,73 248,81 44,61 6393,01

<V (%) 52 110 80 138 i1 161 9

11 13 869 484,96 1660,44 214,12 68,19 30,44 2458,13

c.v {%) 24 94 86 159 89 89 80

12 14 756 3384,96 945,17 366,56 78,03 15,62 4790,32

eV (%) 28 96 15 198 148 261 85

13 14 872 2238,30 1518,77 407,68 95,35 30,58 4230,85

c.v (%) 25 118 71 162 107 104 80

14 11 831 2078,58 3531,38 269,67 20,79 44,96 5946,38

c.v (%) 27 115 113 82 212 164 79

15 8 822 2710,34 1650,75 76,52 139,10 8,18 4485,90

c.v (%) 37 65 120 82 218 151 72

16 ] 785 1637,61 744,27 87,59 13,07 3,18 2485,87

c.v (%) 35 120 150 141 125 282 117

17 7 862 3188,85 250,88 157,07 45,49 2,23 3644,53

c.v (%) 47 78 188 118 218 265 62

18 8 659 1989,45 195,62 41,90 85,21 56,88 2369,04

C.v (%) 42 143 121 140 156 117 113

19 2 419 1853,07 76,71 23,24 0,00 0,00 1653,02

C.v (%) 43 o1 115 118 0 0 88
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Appendix 5.3: Analysis of repair costs (Tshs ,000) of 2WD - Ford tractors

Age No.of ractors Usage (hr} Engine Transmission Hydraulic Electrical Othar Total
1 8 858 189,61 386,99 85,72 73,10 5,09 720,51

cv (%) 34 131 101 155 133 254 88

2 10 962 390,47 1078,21 127,32 113,36 6,04 1715,40

C.V (%) 21 49 125 141 123 105 78

3 15 170 397,65 895,08 82,58 114,57 27,78 1617,63

CV (%) 24 83 162 177 102 168 108

4 17 80t 778,03 805,51 70,96 176,70 26,01 1858,21

c.v (%) 34 92 77 217 113 162 58

5 20 970 1714,75 1271,70 77,64 166,41 22,68 3253,16

c.v (%) 26 95 g2 187 133 145 71

] 18 1056 1855,84 820,94 331,92 262,55 12,80 3284,06

cv (%) 27 96 85 105 89 154 67

7 17 849 890,52 535,60 63,72 69,28 10,82 1570,06

c.v (%) 38 12 89 218 101 188 81

8 g 534 519,35 285,15 32,39 74,12 4,77 933,28

c.v (%) 80 98 138 200 143 245 78

9 11 853 1433,76 842,27 148,86 204,12 2383 2753,84

c.v {%) 10 68 75 105 112 143 36

10 12 810 2638,52 1300,05 284,28 45,82 14,63 4293,30
oV (%) 12 64 105 107 162 118 36

11 9 877 337,72 2954,62 158,72 82587 29,17 3562,81
oV {%) 16 83 76 56 107 104 63

i2 i1 761 443518 643,57 104,87 46,27 16,87 52486,77
c.v (%) 22 71 97 114 105 171 85

13 i1 751 2803,77 766,21 258,00 117,39 21,53 3964,30
c.v{%) 10 &1 82 221 a8 i18 51

14 g 880 1259,85 3451,27 134,88 25,34 38,69 4910,14
c.v (%) 16 67 67 104 123 108 32

18 4 752 1428,24 1090,62 arig 39,06 3,20 2598,39%
c.v (%) 12 96 84 144 83 75 74

16 4 863 1838,61 185,64 56,43 17,42 0,09 1289,20
c.v (%) 19 23 73 105 71 200 20

17 5 814 1476,86 1303,00 543,44 32,56 17,85 3373,70
C.v (%) 15 54 44 70 102 96 22

Appendix 5.4: Analysis of repair costs (Tshs ,000) of 2WD - Same tractors

Age No. of tractors Usage (hr} Engine Transmission  Hydraulic Electrical Other Total
1 10 898 200,60 398,59 242,64 20,57 23,20 886,60
c.v {%) 53 83 118 187 202 278 57

2 12 997 270,74 1086,06 128,62 66,29 3,58 1556,26
cv (%) 39 168 89 204 183 162 57

3 138 1202 966,91 49717 138,58 43,58 9,01 1563,25
v (%) 35 81 139 180 164 186 65

4 13 1036 1287,09 787,29 57,87 77,51 20,79 2375,09
cv (%) 30 168 134 200 102 177 118

5 11 1030 1852,10 1508,40 276,69 323,57 14,81 3978,57
c.v {%) 36 138 106 126 269 224 59

[ 13 1118 1628,91 541,85 642,71 167.61 9,45 2488,61
eV (%) 27 109 139 181 90 185 66

7 2 1115 2216,07 969,03 128,84 128,77 16,66 373477
c.v (%) 25 133 109 194 88 223 86

8 2 1162 1036,48 45,60 875,82 6,80 8,00 1957,81
cv (%) 23 141 141 141 8

E 2 884 7016,74 87,22 110,08 132,47 21,38 7347,86

c.v (%) 40 66 141 99 141 141 &0
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Appendix 5.5: Analysis of repair costs (Tshs ,000) of Four wheel drive tractors

Age No.of Tractors Usage (hr} Engine Transrnission  Hydraulic Elecurical Other Total

1 i6 919 399,76 502,01 255,88 285,40 1,73 1454,77
c.v(%) 33 40 126 106 120 220 50

2 26 1029 649,18 172,51 145,49 72,95 1,84 2041,87
cv{%) 37 58 104 138 177 266 81

3 20 1037 636,60 702,04 98,28 20,38 2,36 1459,67
cv(%) 27 79 135 129 202 275 3

4 21 818 2363,16 1186,34 272,94 149,87 5,34 3977,65
V(%) 47 99 110 121 126 260 66

5 19 1057 3217,70 979,99 467,83 72,01 1,54 4739,08
cv(%) 37 74 98 112 136 208 56

6 18 775 1548,03 173,93 384,30 78,59 22,53 3207,38
c.v(%) 51 109 81 a0 148 192 53

7 18 684 1180,34 798,81 109,19 115,67 1,49 2205,50
V(%) 16 97 88 159 152 212 50

8 18 512 209,73 765,56 613,98 52,31 1,23 1642,81
V(%) 57 93 84 147 156 248 56

9 17 308 891,96 573,12 132,62 39,25 1,44 1638,39
V(%) 95 96 79 157 153 254 62

10 14 479 806,04 769,65 458,04 114,31 1,90 2149,95
c.v(%) 30 100 95 129 91 183 65

1 14 397 584,45 673,08 349,03 6053 1,85 1669,04
V(%) 67 58 66 74 135 237 26

12 14 172 708,89 3057,72 876,55 15,24 2,89 4662,29
cv(%) 29 61 53 90 326 253 41

3 14 630 1135,80 81,04 114,32 16,24 0,00 1347,38
V(%) 40 71 180 155 a74 56

14 10 639 1731,98 2249,24 788,68 56,54 0,00 4826,44
V(%) 40 69 80 89 139 40

15 8 469 4285,74 2103,89 345,00 57,03 11,87 6804,63
cv(%) 17 58 g1 81 185 152 53

16 6 583 807,47 119,17 51,85 119,15 3,89 101,64
(%) 17 76 123 178 114 164 84

17 2 450 745,41 4708,34 0,00 06,00 0,00 5453,75
cv(%) 12 124 141 139

18 2 539 1636,66 155,90 311,79 0,00 0,00 2104,35

c.v(%} 48 113 141 141 119
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Appendix 5.6: Analysis of repair costs (Tshs ,000) of 2WD tractors owned by SMSF
Age No.oftractors  Usage (hours) Engine Transmisslon  Hydraulic Electrical Other TOTAL
1 10 1307 157,42 0,00 136,58 85,58 17,98 377,58
cv (%) 48 316 211
2 10 1363 87,97 28,94 115,75 0,60 11,63 244,29
c.v {%) 30 32 32
3 10 1295 97,23 110,29 115,75 85,58 19,44 408,31
cv (%) 57 174 211
4 10 767 128,61 277,80 187,52 0,60 29,70 623,63
C.v (%) 72 32 12
5 10 585 279,64 1968,57 70,60 188,26 178,35 2685,41
c.v (%) 150 42
& 8 654 2009,63 33,89 70,60 200,02 115,71 2429,84
c.v (%) 68 224 45
7 13 524 348,27 0,00 522,41 0,00 43,53 914,22
e (%) 35
8 15 457 1044,82 0,00 522,41 0,00 78,36 1645,59
oV (%) 84
9 18 345 626,89 0,00 522,41 0,00 57,47 1208,77
C.V (%) 105
10 13 587 312505 449,48 858,90 200,02 221,867 4655,10
c.v (%) 2 58 58
11 13 685 65,89 2409,68 70,60 200,02 137,31 2883.4%
eV (%) 65 58 58
12 8 kAl 325,89 651,77 274,57 0,60 82,46 1311,69
cv {%) 52 50
13 8 529 999,38 6,00 271,57 0,00 24,44 1295,40
c.v (%) 84
14 3 458 499,69 0,00 271,57 4,00 19,01 790,27
cV (%) 85
15 4 367 2307,82 2168,67 53,42 0,60 226,25 4751,28
cv (%) 82 50
16 4 308 327,87 983,00 408,58 0,00 86,01 1806,27
c.V (%) 45 120
17 3 328 491,50 2528,50 409,58 209,88 171,48 3810,94

c.v (%) 52 6




Appendix

155

180 -+

180 1 ¢

140 L y=2,6517x" %7
7% =0,988

Cumulative repair costs (% of I.F)

0 2 4 [ 8 10 i2 14 16 18
Hours of use (thousand)

Appendix 6.1: The influence of hours of use on total repair costs of Massey Ferguson

fractors
250 -
T
o . 1,6684
2 200 y = g,osaex
3 : R? = 0,9969
£ I
w
% 150 -
<
§
[<%
2 y00 +
H
3
E 50 4
=
(4]
[} s
0 2 4 6 8 10 12 14

Hours of use {thousand)}

Appendix 8.2: The influence of hours of use on total repair costs of Case International
tractors
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Appendix 6.3: The influence of hours of use on total repair costs of Ford tractors
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Appendix 7: Repair cosis functions of the assembly groups (TAR as % of Initial price)

Tractor type Engine Transmission Hydraulic Electrical Other
MASSEY 0.71(x) 154(x)" % 0.13(x)H% 0.244(x)% 001500
FERGUSON

CASE T.H 0.803(x)"" L7130 0396(x)"  0118(x)M® 0.028(x)"
FORD 0881C)™™® 243700 03330 0447y 003100
SANME LO21<X}1.8915 2.945@)“377 1ﬁ44<x)1.05\6 0133(){)1.693 0.108(X)0'7272
4WD !‘128()()1'6823 1.469(_)6)&'4559 0.461(}(3)1'43;4 0673()()0 6896 00043()‘4)1.5813
2WD - SMSF  0153(x)*™ 5847000~ 20 0244()"  01268(x)" 0.0246(x)*

Note: x =

X
1000°

where

X =cumulated hours of use.
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Appendix 8.1: Annual ownership costs (Tshs/hour; of Massey
Ferguson tractors at different period of ownership

Period of ownership Annual hours of use
(year)

500 hours 1000 hours 1200 hours

1 20326 12421 11128
2 18060 11426 10354
3 16776 10886 9945
4 15837 10601 9657
5 15095 10202 9437
6 14487 9961 9262
7 13879 9764 9120
8 13547 9600 9004
9 13175 9462 8908
10 12851 9344 8828
11 12566 9243 8760
i2 12314 9156 8703
13 12089 2079 8654
14 11886 9012 8611
15 11702 8953 8574
16 11534 8899 8542
17 11380 8851 8514
18 11237 8808 8489
19 11106 8769 8487

Appendix 8.2: Annual ownership costs (Tshs/hour} of Case
International tractors at different period of ownership

Period of ownership Annual hours of use
{vear)

500 hours 1000 hours 1200 hours
1 21669 13333 11983
2 19340 12461 11383
3 18061 12065 11168
4 17148 11824 11080
5 16445 11667 11014
6 15882 11566 11008
7 15422 11505 11030
8 15041 11473 11073
9 14722 11465 11131
10 14453 11474 11200
11 14223 11496 11278
12 14026 11528 11363
13 13856 11570 11452
14 13708 11618 11544
15 13579 11671 11639
16 13465 11727 11735
17 13364 11787 11832
18 13275 11848 11929

19 13196 11912 12026
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Appendix 8.3: Annual ownership costs (Tshs/hour) of Ford tractors
at different period of ownership

Period of ownership Annual hours of use
(year)

500 hours 1000 hours 1200 hours

1 20030 12148 10913
2 17894 11349 10364
3 16701 109886 10188
4 15836 10765 10059
5 15158 10621 100186
8 14607 10529 10014
7 14149 10473 10031
8 13763 10444 10070
9 13433 10436 10123
10 13148 10444 10187
ih! 12800 10465 10258
12 12681 10495 103386
13 12488 10533 10417
14 12315 10576 10502
15 121589 10625 10589
16 120189 10676 10677
17 11891 10731 10766
18 11773 10787 10855
19 11665 10845 10944

Appendix 8.4: Annual ownership costs (Tshs/hour) of Same
tractors at different period of ownership

Period of ownership Annual hours of use
(year)

500 hours 1000 hours 1200 hours

1 17587 11014 9954
2 15799 10318 9452
3 14799 9961 9211
4 14073 9714 9050
5 13502 9526 8932
6 13087 9379 8844
7 12649 9262 8777
8 12322 29168 8725
9 12041 9091 8686
10 11798 9028 8657
11 11586 8977 8635
12 11399 8934 8619
13 11233 8898 8608
14 11083 8868 8600
15 10949 8842 8596
16 10826 8821 8583
17 10715 8802 8583
18 10612 8786 8593

19 10517 8773 8595
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Appendix 8.5: Annual ownership costs (Tshs/hour) of 4WD tractors
at different period of ownership

Period of ownership Annual hours of use
{year)

500 hours 1000 hours 1200 hours

1 32891 19402 17172
2 28556 17387 15600
3 26019 16378 14939
4 24198 15830 14742
5 22816 15611 14891
51 21745 15654 15334
7 20911 15921 16039
& 20265 16387 16984
2] 197714 17034 18153
10 10403 17848 19535
11 19143 18818 211189
12 18975 19937 22898
13 18888 21196 24865
i4 18872 22590 27016
15 188520 24115 29344
16 19027 25767 31847
17 19186 27541 34520
18 19394 29435 37359
19 15648 31448 40363

Appendix 8.6: Annual ownership costs (Tshs/hour) of 2WD tractors
owned by Small to medium scale farmers at different
period of ownership

Period of ownership Annual hours of use
(year)

500 hours 1000 hours 1200 hours
1 16435 2910 3838
2 14538 9068 8196
3 13473 8665 7932
4 12711 8429 7817
5 12124 8285 7794
8 11658 8232 7837
7 11283 8224 7931
8 10977 8259 8065
9 10727 8330 8234
10 10523 8430 8430
11 10356 8554 8651
12 10219 8700 8892
13 10109 8864 9151
14 10021 9043 9426
15 gg952 9236 9714
16 9899 9441 10015
17 9860 9657 10328
18 9834 9883 10648

18 9819 10116 10978
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Appendix 8.1: The effect of inflation rates on optimum replacement period (year) at
two levels of loan interest rates (18% and 12%) while keeping
investment interest rate constant of the 2WD tractors owned by
Small-to-medium scale farmers

Annual  Loan interest rate 18% 18% 18% 18% 18% 18% 18% 18%
hours of Investment interest rate 10%  10% 10% 10% 10% 10% 10% 10%
use Inflation rate 6% 7% 8% 9% 6% 7% 8% 9%
500 25 23 20 18 23 21 18 17
600 17 16 15 14 17 15 14 13
800 10 10 9 9 10 10 9 9
1000 7 7 7 6 7 5 5] ¢l

Appendix 8.2: The effect of loan interest rates on optimum replacement period
(year) at two levels of inflation rates (7% and 8%) while keeping
investment interest rate constant of the 2W0D tractors owned by
Small-to-medium scale farmers

Annual  Loan interest rate 22% 18% 14% 12% 22% 18% 14% 12%
hours of Investment interest rate 10%  10%  10% 10% 10% 10% 10% 10%
use Inflation rate 7% 7% 7% 7% 9% 9% 5% 9%
500 25 23 21 21 19 18 17 17
600 17 16 15 15 15 14 13 13
800 10 10 10 10 g 9 9 9
1000 7 7 7 7 8 6 6 6

Appendix 10.1: Analysis of comparison of annual costs per output power (Tshs/kW)
of tractors and draft animals

Type Average Annual cost Annual Total annual Annual
output power  per hour hours of use  cost (Tshs)  costoutput
(kW) {Tshs/hr) (hr} (Tshs/kW)
Massey Ferguson 62 9800 1000 9800000 158064.52
Case International 84 11500 1000 11500000 179687.50
Ford 58 10800 1000 10800000 186206.90
Same 52 9200 1000 89200000 176923.08
4WD 91 18000 500 9000000 98901.10
2WD (SMSF) 52 8200 1000 8200000 157692.31
Oxen - Shinyanga 0.56 129624 231471.43

Oxen - Morogoro 0.56 180330 322017.86
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Appendix 10.3: Estimated monthly labour costs required to attract the required
number of labourers to control draft animals

Farm Area (ha) Pair of Oxen No. of Labourer Monthly salary per
required labourer {Tshs)
4 1 3 3000
8 2 6 3000
20 5 15 6000
40 10 30 12000
50 15 45 24000
80 20 60 48000
100 25 75 96000

Appendix 10.4: Determination of annual cosis per hectare (Tshs/ha) of draft animals
on different farm sizes

Area No. of labour cost  Labour Annual cost/ha Total annual cost/ ha
{ha) Labourers (Tshs) costha  without labour cost (Tshs/ha)
Tshs/ha (Tshs/ha)

Shinyanga Morogoro Shinyanga  Morogoro

4 3 27000 6750 25656 38333 32406 45083
8 6 54000 8750 25656 38333 32406 45083
20 15 270000 13500 25656 38333 39156 51833
40 30 1080000 27000 25656 38333 52656 65333
60 45 3240000 54000 25656 38333 79656 92333
80 60 8640000 108000 25656 38333 133656 146333

100 75 21600000 216000 25656 38333 241656 254333
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Appendix 10.5: Procedure used for determination of annual costs per hectare
(Tshs/ha) of tractors on different farm sizes

In most cases determination of the annual costs per unit area of tractors will involve

dividing the annual fixed costs with the total area to be worked per year. Then this

will be added with the annual variable costs per unit area. The variable costs per unit

area for different sizes of the farms are normally constant.

In this study calculations were based on the actual cash flows method. Whereby the
three cash flows were considered separate from labour, fuel and oil costs. in that
case the minimum annual costs for every tractor were determined (as per table
appendix 10.5.1). Then the minimum annual costs had to be added with the labour
costs and the actual costs of fuel and oif depending on the size of the farms
presented in appendix 10.5.2. The total sums were then divided by the respect farm

sizes. The result of which are presented in table 10.5.3.

Appendix 10.5.1:  Annual costs of tractors (Tshs) at the
recommended replacement period

Tractor type Replacement period Annual costs (Tshs)
Massey Ferguson 10 - 11 years 5003223
Case International 10- 11 years 6993711
Ford 8- 9 years 6410802
Same 10 - 11 years 5246555
4WD 14 years 6008608
2WD (SMSF) 7 years 4493584

e The annual labour cost for operators of 2WD tractors is about Tshs 480000
e The annual labour cost for operators of 4WD tractors is around Tshs 520000

Table 10.5.2: The costs of fuel and oil consumption per hectare (Tshs/ha)of land

Massey Case Ford Same 4WD 2WD
Ferguson International
Fuel consumption (/h) 8.0 8.5 7.5 7.0 12.5 7.0
Oil consumption (I/h) 1.2 1.27 115 1.0 1.8 1.0
Fuet consumption (I/ha) 26.64 28.31 24.98 23.31 28.13 23.31
Oil consumption (I/ha) 4.00 423 3.83 3.33 4.05 3.33
Cost of fuel (Tshs/ha) 9324.00 9906.75 874125 8158.50 984375 8158.50
Cost of oil (Tshs/ha) 3196.80 3383.28 3063.60 2664.00 3240.00 2664.00

Total cost (Tshs/ha) 12520.80 13290.03 11804.85 10822.50 13083.75 10822.50
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Note: The average performance of 2WD tractors = 3.33 h/ha
The average performance of 4WD tractors = 2.25 htha

Fuel price = Tshs 350/litre
Cil price = Tshs 800/litre

Appendix 10.5.3:  Summary of the combined total annual costs per hectare
(Tshs/ha) of tractors for different farm sizes

Area (ha) Massey Ferguson Case international Ford Same AWD 2WD {SMSF)
20 286681.95 386975.58  356348.95 297150.25  339514.15  259502.20
40 149601.38 200132.81  184077.40 153986.38 17629895 135162.35
60 103907.85 137851.88  126653.22  106265.08 121893.88 93715.73
80 81061.09 106711.42 97941.13 82404.44 94691.35 72992.43

100 67353.03 88027.14 80713.87 68088.05 78369.83 60558.44
120 58214.33 75570.96 68229.03 58543.79 67488.82 52269.12
140 51686.68 66673.68 61025.58 51726.46 59716.66 4634817
160 46790.94 60000.72 54872.99 46613.47 53887.55 41907.46
180 42983.15 54810.65 50087.64 42636.69 49353.79 38453.58
200 39936.92 50658.59 46259.36 39455.28 45726.79 35690.47
220 37444.54 47261.44 43127.13 36852.30 42759.24 33429.75
240 35367.56 4443049 40516.94 34683.15 40286.28 31545.81
260 33610.12 42035.07 38308.32 32847.71 38193.78 29951.71
280 32108.74 39981.86 36415.21 31274.48 36400.21 28585.34
300 30798.21 38202.40 34774.52 29911.02 34845.78 27401.15






