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ABSTRACT

Tractor utilization had played an important role in
agricultural mechanization. At present most standard farm tractors,
especially over 175 horsepower, are imported from abroad, The high
cost of new tractors discoﬁraged many farmers from investing and used
tractors were imported to serve their needs. From year to year, the
number of imported used tractors increased without information to

support appropriateness.

This study was undertaken with the primary purpose of analysis
and assessment of the use of imported used tractors compared to new

ones. The operating cost in term of baht per horsepower-hour and
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tractor availability were'the.main assigned parameters for the study.
The field survey on 72 tractor owners in 9 provinces, sampled by the
quota random technique, was carried out to collect the infbrmation on
tractor use. A completely randomized block design (CRD) was perférmed
for statistical analysis. Field measurements of 8 samples were taken

to recheck the data from interviewing.

The results from the study show that the availability of used
tractors and new tractérs were 96.5 and 97.2 per cent, respectively,
and the difference was highly significant. For the total of operating
cost, the difference was significant at an average of 2.00 and 1.63
baht per horsepower-hour, derived from used tractors and new tractors,
respectively. Moreover, new tractors yielded 421.3 annual use hours
higher than the wused tractors and it was found that the more the

tractor had annual use hours, the less was the operating cost.
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CHAPTER 1

BACKGROUND AND JUSTIFICATION

1. Plan and Development

Ever since Thailand had National Economic and Social
Development Plan in 1961, the agricultural production strategies
corresponding to the need of world market have aimed to promote the use
of technology in production processes. This implies that the

utilization of technology will be a foundation of agricultural

production.

The expedition on agricultural production in the National
Development Plan, emphasizing the increase of export quantities, has
influenced the change of cultivation practices in the country, These
are, for example, the use of new technology in terms of agricultural
production inputs such as fertilizer, pesticide, herbicide and other
chemicals; multiple and rotational cropﬁing; improving better seed
varieties and introducing farm mechanization. Since then,
agricultural machinery has played an important role directly on
agricultural production development by substituting human and animal
labour in conventional and traditional praétices. Agricultural
modernization in terms of farm mechanization has not only reduced the

use of labour but also raised farm productivity,

i

/

The Thailand Institute of Scientific and Technological
Research (TISTR), in August 1987, proposed the master plan on

national agricultural machinery development to the Office of the



Permanent Secretary for Industry, aiming at providing full
mechanization sufficially for farmers by creating no conflict with
the culture and living of villagers in society. 1In addition, the main
objective is to afford appropriate agricultural machinery with good

quality and ease of service, maintenance and repair for the farmers.

(29)
2. Statement of the Problem /

Power has been regarded as an important input for agricultural
production as well as land, labour and capital. In present - day
modernized agriculture, and particularly in the mechanized farming

process, tractors are the prime mover.

The production of Thai major food crops such as sugar-cane,
cassava and maize is heavily dependent on farm machinery inputs. This
farm machinery has enabled the farmer to grow crops extensively and

timely in order to satisfy the annual export demand.

Standard farm tractors, over 75 horsepower, are widely wused
especially for seedbed preparation of this major Thai food crop
production. The number of tractors used in agriculture has increased
from 13,283 in 1978 to 40,450 in 1987 (24) representing the increased
annual average of 13.17 per cent. These high power tractors are not
locally available and have to be imported. In the past decades two
kinds of tractor have been imported from countries: used tractors and

new tractors. The importation of used tractors has been an increasing



trend which indicates that the utilization of used tractors has been

satisfactory to the users.

The variation in qlimate and price of agricultural inputs has
pushed the farmers to the position of earning less profit from farming
and the trend continues to lower their investment return in
agriculture. One of the solutions chosen by these farmers is to try
to minimize their initial investment in farm modernization in order to
increase their income to the stage that they can continue to be oﬁ
farm. This also has been an important criteria to decide whether to
buy a cheap used tractor or an expensive brand new one. Farmers
mostly ended' up buying cheap used tractors for their use without

considering the consequences of the used tractor utilization.

The imported used tractors normally require more care in use
and more operating inputs, fuel energy, than new tractors. The used
tractors have been used for many years abroad before they are imported
to be used on Thai farms. This means that both capacity and
efficiency of several years in use of these tractors must be different
from the brand new tractors. The fact of these differences has not
been disclosed to Thai farmers, therefore decision to buy which kinds

of tractor are based only on the initial cap;tal for the purchase of

these machines.

The potential drains of foreign exchange are the cost of
the imported tractor, spare parts and fuel energy for the high energy
consumption of these tractors. The likely lower reliability and

availability are direct costs to the owners of the used tractor,



These consequences not only affect the farmers who own used tractors

but also the whole national economy.

The lack of information to support good decision making for
selecting used tractors or new tractors to bé used on farms has
created uncertainty direct and indirect costs to individuals at
various levels. Study and research to investigate and analyse the
appropriateness of tractor utilization at farm level should be carried
out extensively in order to provide useful information for decision

making at both individual and national levels.

3. Objectives of the Study

3.1 To gain insights into the use of imported used tractors
and new tractors at farm level.

3.2 To analyse the cost and availability of tractors.

The expected information under these two objectives of the
study are ultimately contributed to support decision making in import

criterias for new and used tractors for the use in Thai agriculture.

4. Scopes of the Study

4.1 The studied areas cover agronomic areas that relate

particularly to sugar-cane, cassava and maize and use of

tractors on farm.



4.2

4.3

404

In this study tractors mean farm tractors of over 75
horsepower, four wheel type,.catagory II that the farmers
burchase them in the condition of impprted brand new or
used tractors.

Farming activities and the use of tractors in the

1988-89 season are studied.

All tractor utilization and activities in agricultural
production are regarded as acceptable measurement tests,

interviews and investigations.



CHAPTER I1I
RELEVANT RESEARCH AND STUDY

1. Tractor Importation

The sources of farm power used in Thai agriculture before 1955
were only human labour, animal and some water power. In 1955, Thailand
began systematically importing farm tractors from various countries
and the number of imported tractors increased significantly during the
following years while the population of draft animals ﬁas on the
decline (31). A survey of farm tractors and implements in 1979,
carried out by a research team of the Bank of Thailand (6), revealed
that imported tractors increased both in quantity and value since
1975, The importation of tractors was not more than 1,400 tons valued
at 90 million baht per year, before 1975. The number increased to
4,231 tons valued at 341.5 million baht in 1975 and to 5,257 tons
valued at 389.1 million baht and 6,161 tons valued at 581.1 million
baht in 1976 and 1977, respectively. The average rate of increase of

imported tractors between 1975 to 1977 was 20.7 per cent.

Tractor importation includes various tractor categories
depending upon their horsepower. Moreover, both new tractors and used
tractors are simultaneously imported into the country. The number of
new and used tractors varries according to the agricultural trade
situation and result out farmer purchasing power. The projected
demand for farm tractors is around 4,000-5,000 units per year and the
average rate of increase is around 3 to 5 per cent per year.(6). of
the total amount of imported tractors, used tractors are inevitably
imported because of a lower purchase price. However, it was suggested
that wused tractors might be become problem to the farmers in the

future due to efficiency, maintenance and repair costs. (25)

4



2. Economics of Tractors
2.1 Cost estimation

Tractor operating costs comprise depreciation taxes, housing, -
insurance, maintenance, repair, operator’s labour, lubrication and
fuel. These items are all variables, depending upon locality, type of
work, annual hours of works and other circumstances of the individual
operator. Worthington (37) derived the annu%l cost of owning and
operating tractor in 1951, based on the following calculations:

Depreciation 0.1 X initial cost of tractor

{based on 10 years of tractor age)

Maintenance

0.00003 X initial cost X annual hour
Taxes = Tractor value X percentage valuation X

millage rate

Insurance = Fire and other extended + liability
0il cost = Total gallons of oil per year X cost per gallon
Fuel cost = Total gallons of fuel per year X cost per gallon

It was also indicated that fuel cost was the major item of
operating costs, The availability and cost of tractor fuels was

constantly changing.

In 1969, Chanceller (11) categorized tractor costs into
1. Fixed costs, including interest, insurance, housing and
a portion of depreciation associated with obsolescence and time

deterioration.

2. Energy costs, including fuel, lubricants, maintenance

and repairs.



3. Time costs, which were directly proportional to the number

of hours the tractor operated, regardless of size.

However, Hunt (17), Stone et ai. {34) and Hanﬂa (14) defined
energy costs and time costs as operating costs. So, tractor costs
were divided into fixed costs and operating costs. The fixed costs
included depreciation, interest on investment, insurance, housing and
taxes. The operating costs included fuel, lubricants, operators’
wages, repair service and parts. Besides, it was found that total
repair costs were 120% of new cost for a tractor life of 12,000 hours

(16)..

In 1986, Pandey and Ojha (26) presented a set of monographs
for the determination of the hourly cost of operation of agricultural

machines. Costs of operation were as follow:

1. Fixed costs were:

1.1 Depreciation determined by the following formula.

— purchase price - salvage value
annual depreciation =

life in year

1.2 Interest

1.3 Insurance, taxes and shelter may be taken as 3.5%

of average investment annuall&.

2. Variable costs were:
2.1 Repair and maintenance
2.2 Fuel and lubricants

2.3 Operator or labour cost



2.4 Overhead charge, this included charge for

/
supervision and establishment and interest on

working capital.

It was noticed that Pandey and Ojha determined the annual
depreciation by the straight-line method. The costs relating to farm
machinery operations could only be estimated and, therefore, time
should n9t. be spent in using complex depreciation methods. The
straight line depreciation method was most reliable for cost
approximations (16). Besides, annual fixed costs, including
depreciation, interest, taxes, housing and insurance might be combined
to form é single annual fixed cost percentage of purchase price for
easy estimations. Hunt (16) reviewed the work of R.A. Kepner (1962)
that repair and maintenance rate of 1.2% of purchase price for 100
hours of operation and 120% of purchase price during the wear-out

life, be used for tractor cost estimation,

The repair costs were thé expenditure for parts and labour
for: installing replacement parts as a result of failure,
reconditioning renewable parts as a result of wear, Many of the
gears, belts, bearing, chains, etc. seemed to fail at random (17). oOf
all costs, repair costs were the most difficult to predict due to many
factors such as: management, maintenance level, variation in identical
machines, variation in costs of spares and labour, soil type and
climate, Therefore, a continuous record of costs and hse for

individual machine permitted a reasonable estimation.
2.2 Annual use and cost of operation

Bainer et al. (4) stated in 1967 that the greatest single

factor affecting the hourly cost of operation of a tractor was the
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annual use. On the other hand, in 1979 Rahmoo (28) conducted a field
survey of tractors owned by farmers and pointed out that there was no
significant . correlation between annual use and cost per hour of
tractor. It was explained by the fact that in Pakistan many of the
tractors that were being used for many hours annually were old and
required constant repair. Even so, limitations on imports and the
prohibitive cost of new tractors forced operators to keep the old
model in operation. Besides, the repair cost showed a high rate of
repairs during the fourth to sixth years of use. The repair costs
decreased immediately after this period and increased as age increased

beyond 8 years.

In 1987 Awan (3) studied tractor use in Pakistan and supported
that there was no significant correlation between annual use and cost
per hour of tractor. He mentioned the reason could be the low average
initial cost of the tractor and the different utilization intensities

'

in various areas.

However, the results from studying tractors costs and use data
in Jordan (15) were consistent with Bainer et al. (4), the greatest
single factor affecting costs of tractor was the annual use. The

costs of tractor decreased with an increase of annual use,

In India 1983, Tandon (35) studied tractor utilization and
revealed that there was significant correlation between annual costs
and total annual use of tractor, and also the cost per hour of
tractors decreased substantially with the increase'in total annual
use. The conclusion was the cost per hour of tractor use decréased
very fast in the first five years but after 8-10 years, it started
increasing again. In the following year, Srivastava {33) discussed

the utility index of a 35 horsepower general—pprpose tractor in India



11

and stated that on the average, a 35 horsepower tractor had 600
operational hours per year of which about 50% was used in tillage
operation. The major breakdown occurred after 5-7 years of use. An

equation presented in total operating cost determination was as follow:

(@]
i

0.25 x 10-3 (X/K)

where C = cost of operation per hour
X = new cost of tractor
K = utility index
number of working hour per year

1000

and K =

The total cost of operation of a tracfor was 0.25X per year
which included fixed costs (0.16X), operating costs (0.05X) and the

incidental surcharge for major breakdown (0.04X).

According to the useful age of a tractor, the study in 1960
found that under normal working conditions and with reasonable

maintenance, the tractors could be used for 16.5 years. (4)

In considering the repair and maintenance cost Bukhari
et al. (8) reported that the costs of repair and maintenance were
closely related to the amount of annual use. | The repair and
maintenance costs were significantly affected by annual use. This

showed an agreement with the views of Lonnemark (22), Bainer et al. (4)

and Tandon (35).
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2.3 Tractor age and costs of operation

Chancellor (12) reported from Thailand that the repair costs
increased as the age of the tractor increased. It was the same result
as Esmay and Faidley (13) from Eangladesh and Rahmoo (28) from
Pakistan. It was also reported that repair costs were directly
proportional to the tractor’s age (15). Besides, Bukhari et al. (9)

studied cost of operating tractors in Pakistan in 1980 and found that

1. The owning cost per hour decreased with age as old
tractors were purchased at lower prices than the new ones. But the

oil leakages through various oil seals increased oil consumption.

2, The repair costs showed a high rate of repair charges
during the age of 4-6 years. A high increase in repair costs per hour

for tractor occurred in the age group of above 10 years.

J. There was a high significant correlation hetween age of

tractor and repair costs per hour,.
2.4 Efficiency and cost of operation_

Southwell (32) analysed tractor purchase costs and efficiency
in 1968 and concluded that there was no correlation between costs and
efficiency. While Chanceller (10) found that if costs were calculated

on a price per power basis, then costs would have been relatively

stable,

For the use of tractor Mathews (23) stated that there were

four main factors which lead to a'waste of fuel. These were:
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maintenance of tractor and implements, choice of tyres and ballast,

setting of the implement, skill in driving.

It was shown that a 10-15% reduction in fuel consumption may

he achieved by cleaning or replacement of injectors or. air cleaners
/

which have been 12 months in use. Even power losses of up to 10% over

a year with the majority of this could be regained by servicing.

3. Availability and Reliability

It is important to identify and qualify physical performance
specification for the tractor so that it can be selected and utilized
properly for any application. The majority of this work is
accomplished using performance measures such as capacity, horsepower,
speed, width, etc. More probabilitistic measures such as reliability,
maintainability and availability have not been dealt with in much

detail.

When the machine loses its availability and reliability, it is
no longer dependable for completing the job in time. Good maintenance

and correct operation will maintain the availability at a high level.

Kolarik et al. (20) commented that reliability analysis had
shown merit in aircraft and space programs where a failure might lead
to a catastrosphic and/or total mission failure, such fialures were
rare in farm machinery systems. Agricultural equipment systems were
typically restored after a failure rather than discarded.

Availability analysis was usually more appropriate for such systems.
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In general, availability was defined as (20):

operating time
availability =

operating time + down time

Operating time is the time during which the system is
operating in a manner acceptable to the operator, although
unsatisfactory operation (or failure) is sometimes the result of the

judgement of the maintenance man.

Down time is the total time during which the system is not in
acceptable operating condition. Down time could, in turn, be
subdivided into a number of categories such as active repair time,

logistic time and administration time. (1)

Thomson (36), in 1969 considered that the term reliability was
concerned with the sYstem capability of survival, whereas
maintainability was related to the system capability of repair. By
combining these two factors, the parameters were obtained which
indicated the system effectiveness as a whole, or the system

"availability".

/
These concepts were intended to coincide with Bblagurusamy
(5) in 1984. It was defined and concluded that
Reliability was the probability that the unit performed its
intended function adequately for a given period of time wunder the
stated operating conditions or environment.
Maintainability was the probability that a failed equipment be

restored to operable condition in a specified time (down time) when

the maintenance was performed under stated conditions.
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How often equipment failed (reliability) and how long it was
down (maintainability) were vital consideration in determining its
worth. The more reliable equipment was and the better its

maintainability, the rarer it failed and the shorter its down time.

Availability was another measure of performance of maintained
equipment. It integrated both reliability and maintainability
parameters and depended on the number of failures that occurred and on
how quickly any faults were rectified. The long-run or steady-state
availability was . the proportion of time during which equipment was
available for wuse. Availability was also expressed in the form of

time as follow:

uptime

availability - y
uptime + downtime

Uptime 1is the actual period for which the equipment is
available for use. Downtime includes active repair-time,

administrative and other delays relatéd to repair.

On the contrary, Hunt (17) stated that reliability in the
engineering world was defined as the probability that a device would
satisfactorily perform its specified function for a specified period
of time under a given set of operating conditions. This meant that
reliability was a mathematical expression of satisfactory operation.
But farmers perferred to express reliability in terms of incidence
of failure while quality of machine’ s performance was ignored. It
concerned only the amount of time lost from operation-stopping
breakdowns and for the repair costs associated with keeping machines
in operation, According to the study, the reliability of tractors

seemed to decrease slightly with age during the early years of service
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only. While Lloyd and Lipow (21) commented that the reliability of a

device was a quality of that device but it was not a quality which

could be measured directly. In fact it could not be measured at all.



CHAPTER III

METHODOLOGY

1 Survey Questionnaire

In order to study utilization of the tractor, it was

essential to collect data from the owner and operators by interviewing.

/

j

1.1 Sample design

The sample were designed on the basis of quota random
sampling, and divided into 4 groups of tractor age after purchase date
as follow:

group 1: tractor age was under 3 years

group 2: tractor age was between 3 - 6 years

group 3: tractor age was between 6 - 10 years

group 4: tractor age was over 10 years

Each ~group consisted of 9 new tractors and 9 imported

used tractors. The total amount resulted 72 samples.

1.2 Sample selection

According to the crops of sugar-cane, cassava and maize
in tractorized farming, three provinces were selected on the basis of:
1. the designed crops were dominant in the provinces.

2. high density of tractor population.
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These three provinces were Kanchanaburi, Chon Buri and
Lop Buri. However, the sampling waé under taken even on the way from
Pathum Thani to these provinces. It, therefore, covered 9 provinces;
Kanchanaburi, Chon Buri, Lop Buri, Nakhon Pathonm, Ratchaburi, Saraburi,

Chachoengsao, Rayong, and Nakhon Ratchasima.

The sample farmers were chosen under consideration of
their willingness to cooperate. In cases where the owner was not the
operator the interview was done with both the owner and operator, and

in certain cases with the mechanics as well.
1.3 Questionnaire design

The questionnaire was designed to cover tractor age,
expense, income, activities, operating time and down time for last
year's crop. The pre-test had been done twice in Nakhon Pathom and

Chon Buri province and modified for the best results.

2. Field Test

The purposes of field measurement were:

i. to investigate the correlation of the data from

interviewing. /
;
2. to examine the capacity of the tractor.

Field tests were performed under actual conditions. The

implements mounted on the tractor for testing were tillage equipment
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which was the most popular for the farmer such as disk tillers and

three-bottom standard disk plows.

During the preliminary survey, some farmers were asked for
field measurement at the right time. Two main things were recorded

as follow:
2.1 Fuel consumption

To measure fuel consumption, the farmer was requested to
fill the fuel tank full before going to the field. It had been
rechecked and filled again at the field before the tractor started
plowing. Then, after one hour of work or more depending upon size of
the plot, the fuel tank was refilled fully again. By wusing thé

measuring cylinder, the amount of the fuel consumed was read and

recorded.
2.2 Field capacity /

The size of the plowed plot in 2.1 was measured while the
time for plowing was also noted down. The record included the gear
range of the tractor, speed, plowing depth, working width of the
implement, type of soil and any defective points of the tractors and

implements.

According to the equation of Kepner (19) field capacity could

be calculated from the formula:
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total area covered (rais)

field capacity =
total time taken (hour)

3. Data Analysis

3.1 Cost analysis of tractor

Most management decisions for farm tractors involved an
accurale knowledge of costs. The selection of the right tractor meant
the difference between profit and investment. The important costs
influencing profit in agricultural processes were the costs of owning

and operating tractors.

The analytical method of cost estimation concerned the use
of a number of formulae and a set of assumptions. This analysis was

based on the methods and assumptions of Hunt (17) and Kepner (19).

The cost of farm tractors could be divided into two groups.
1. Fixed costs
Fixed costs were the costs incurred for possessing or
owning a tractor, regardless of whether and how much it is used.

Fixed costs included:

1.1 Depreciation

As a cost, depreciation meant a loss in the

value of a machine due to time and use. Several different methods had
been suggested and used in determining depreciation costs. Here, the

straight-line method was selected because it was the simplest method.
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;
The best use for this method was for estimating costs over the entire
life of the machine (18). With the straight-line depreciation method,
the value of the tractor was reduced by a constant amount each year
during its wuseful life. The average annual depreciation could be

computed by the following formula (17) and (18):

p = C=8
L
where D = average annual depreciation, baht
C = original cost, baht
S = salvage or trade-in value, baht
L = useful life, years

Sulvage or trade-in value was approximately 10% of

the new cost of tractor (19).

The useful life of farm tractor was estimated to be

16.5 years. (4)

1.2 Taxes and insurance

The annual charge for taxes in Thailand was 50

baht/tractor.

The annual charge for insurance or risk,
nbrmally, was assumed to be from 0.25 to 0.5 per cent of the remaining
value of the tractor (17) or 1 per cent of the original cost (19).
The tractor might be covered by insurance or the owner might elect to

carry the risk himself.
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1.3 Shelter or housing
If the tractor and equipment was not stored, more
repairs would be needed, machines would deteriorate faster and, in
general, higher ownership costs would result. For this reason, a
housing charge was estimated whether it was actually provided or not.
A suitable housing, including a service or repair shop, could be
constructed on average at 2% annually of the original cost of the

tractor. This value was suggested unless specific data were available

for the tractor.

1.4 Interest

Interest on investment was a direct expense item
on loan funds. Even when cash was paid for purchase of the tractor by
the owner, interest was also considered as a cost, for the money that
might be available elsewhere in the business.

The annual inteéest chafge could be calculated
on the average investment of the machine over its full life. The
average investment wais one-half of the sum of the first cost and the
trade-in value. The annual interest charge would then be the product

of the interest rate and the average investment (19). This would be

C+8 i

2
I = annual interest charge, baht
C = original cost, baht
S = salvage or trade-in value, baht

i = interest rate, %



According to the Bank of Agriculture and

Agricultural Cooperatives, interest rates would be estimated at 12%.

2. Operating costs /

. Operating costs were the /costs that varied in
proportion to the amount of tractor use. These costs were difficult
to predict with precision. The most accurate methods for estimating
these costs were accurate records on operation. In cases where such
records were not available, the operating costs could be determined on

the basis of owners’

estimates of the cost by memory, without the
records. This had been done and the data collected by the survey.
Operating costs incurred when the tractors were actually being used

included:

2.1 Fuel costs
The amount of fuel consumed by the tractors
varied with size, load and speed of operation, even age of tractor.
There were three different kinds of fuel used in
farm tractors, those were diescl, gasoline and Lp-gas, However, in
Thailand, most tractors were diesel-engine tractors. The average price

of diesel fuel in study areas was 6.25 baht per litre.

2.2 Maintenance costs
Maintenance costs referred to planned replacement
of parts and/or technical adjustments which would completely restore a
subsystem of the total system to a "like new" condition. So,
maintenance operations were scheduled for a specified time. They

included: oil, grease, oil filter, check valve, labour charge.
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2.3 Repair costs

The repair costs were expenditures for parts and
labour for: (a) installing replacement parts after a part failure
{b) reconditioning renewable parts as a result of wear. Then, the
repair costs covered a wide range of undertaking from minor adjustments
to a complete overhauling of the tracfor. The more the tractor was
used, the greater was its need for repairs. However, they were also
affected by the level of maintenance and degree of proper use of the
tractor by the operator. So it was difficult to determine the actual
repair costs within ‘a short period because the amount of repairs
increased with age and most repairs were the results of cumulative use

in the past, Then, it is desirable to get the information from

surveying.

2.4 Labour costs

Normally, the labour charge was on the basis of
the amount of work in the busy season, about 3 to 4 months a year. Some
tractors were operated through the year and the labour costs were

charged as salary. !
3.2 Availability calculation

The data from the questionnaires were extracted and

calculated for availability by using the equation as follow:

~ operating time
% availability = X 100

down time + operating time




Operating time is actual period in hours which the
tractor is in operating (= annual use hours).
Down time includes active repair time, administrative and

other delays related to repair the tractor during working season.
3.3 Statistical analysis

3.3.1. Data Collection

' The information, collected through the survey

during December 1988 to April 1989, is as follows:

a) Accumulated annual use in hours
b) Down time in hours

c) Tractors’ fuel consumption

d) Repair costs

e) Maintenance costs

f) Labour costs of tractor operation
g) Cost of purchase

h) Interest rate

i) Insurance and tax

J)} Cost of housing

The item to be collected in conjunction with time
reference was ‘the use of each tractor in the previous year of crop
pbroduction. The total 72 tractor owners were selected and interviewed -
through out the designed areas consisted of Nakhon Pathom,
Kanchanaburi, Ratchaburi, Chon Buri, Saraburi, Chachoengsao, Rayong,

Lop Buri, and Nakhon Ratchasima. For experimental design, quota
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random sampling technique was adopted for the survey as data random
sampling. The field questionnaire used in the survey was edited
during field operation to ensure that collected data were all

definitely required for the analysis.

The ten per cent of randomized tractor owners
were field tested to detect the reliability and variation of the
interviewed data which were based on tractor owners’ memory.

/ ;
3.3.2. Experimental Design

The tractors in the study were divided into two
categories namely, the new tractors (Ti1) and the imported used tractors
(T2). Each category was grouped into four levels of age, comprising
under 3 years (A1), between 3-6 years (A2), between 6-10 years (A3),

and over 10 years (As). Consequently, eight alternative treatments

were assembled for the survey.

Treatment 1 (T1A1) : New tractors and having age of use under 3 years

Treatment 2 (T1A2) : New tractors and having age of use in between

3 - 6 years

Treatment 3 (T1A3) : New tractors and having age of use in between

6 - 10 years

Treatment 4 (T1A4) : New tractors and having age of use over 10 years



Treatment 5 (T2A1) :

Treatment 6 (T24A2)

Treatment 7 (T2A3) :

Treatment 8 (T2441) :

A completely

Imported used tractors

3 years

Imported used tractors

between 3 - 6 yeafs

Imported used tractors

between 6 - 10 years

Imported used tractors

over 10 years

randomized block design

and having

and having

and having

and having

age

age

age

age

(CRD)
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of use under

of use in

of use in

of use

with a

factorial arrangement was used for statistical analysis (ANOVA). All

pertinent datum were analysed to detect their significant difference

in the use of the hew tractors and the imported used tractors.



CHAPTER IV !
COST AND AVAILABILITY APPROACH

The objective of this study was aimed to study the utilization
and evaluate the performance of imported used tractors at different
age levels compared to the new tractors, the results were analysed to
detect their significant effects on each kind of tractor. The field
tests were also conducted to recheck the data from interviewing. The

results were considered as follows.

1. Accumulated annual use
2. Cost of tractor operation
2.1 Fuel costs
2.2 Maintenance costs
2.3 Repair costs
2.4 Labour costs
2.5 Total variable costs
2.6 Total operating costs
3. Availability

4, Field test

1. Accumulated Annual Use

Both new and used tractors were utilized for seedbed
preparation, levelling and other activities concerned in agriculture
such as planting, weeding, corn shelling and transportation. Seedbed

preparation was the main job performed by the tractors for which an
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average of 85.7 per cent of annual use of tractors had been exercised.
The land levelling operation and other activities made up 10.8 and 3.5

per cent of annual use of tractors, respectively as shown in appendix

table 9.

The average accumulated annual use was 1,242,1 hours for new
tractors and 820.8 hours for used tractors. It was clear that the new
tractors yielded a higher accumulated annual use than the used
tractors for all age levels. The highest value was recorded from the
new tractors having an age of use under 3 years with a value of
1,482.0 hours. Meanwhile, the lowest value of 493.7 hours appeared
from the used tractors. The different accumulated annual uses between
the new tractors and the used tractors were 414.4, 454.0, 271.3 and
545.2 hours, derived from the tractors having an age of use under 3,

3 -6, 6 ~-10 and over 10 years, respectively. The accumula;ed annual
use of both tractors decreased as the age of use increased as shown in
figure 1. However, the used tractors exhibited a higher rate of

/
change in accumulated annual use compared to the new tractors.
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Figure 1 Accumulated annual use of tractors at various ages



Statistical analysis

Similarly,

the analysis of variance for
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accumulated annual

use revealed that the difference in accumulated annual use was

significant and

effected as shown in table 1.

Main Effects
T

A

2-way interactions

T
Explained
Residual

Total

Sum of

Squares

5891081. 722
3194128.125
2696953.597
175333. 486
175333. 486
6066415.208
17838794, 667

23905209, 875

P N T T L L o o o e o o e or e o o o o 1 o 0 v e o ot e o 0 o e e e e e o0
-—.._—__.-.._—...._....__-_—__-__.-__—-_-__-_-———————-——————-——-————_-

resulted from tractor

categories

1472770.431
3194128.125
898984.532
58444.495
58444.495
866630.744
278731.167
336693.097

and age

5.284
11.460
3.225
.210
.210
3.109

levels

.001
.001
.028
.889
. 889
.007

D e e e b -
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2. Costs of Tractor Operation

Cost estimation in‘this'study concerned the raw data from the
questionnaire of field survey and included the methods and assumptions
of Hunt (17) and Kepner (19). Hence, costs of tractor operation were
divided into two categories, fixed costs and variable costs., Fixed
costs were related to depreciation, taxes, insurance, housing and
interest which occurred regardless of whether or not the tractor was
used. Operating costs were directly related to amount of wuse and

included fuel, labour, maintenance and repair costs.

Fixed cost determination was basely calculated on the same
assumption for the study, especially for insurance depreciation and
the interest cost of each tractor. The charge for insurance was 1
per cent of purchase price while the depreciation was calculated by
the straight line method. Interest cost, it was also calculated as
shown in Chapter 3. Housing and taxes were directly recorded during .
the field survey, these costs varied according to economic status and
perception ofieach tractor owner. These chargesvwere a minority but
should be included as shown in appendix table 12, and 14. Thus, this

study emphasized variable costs. The results were as follow:

2.1 Fuel costs

The fuel costs of the tractors in baht per horsepower-
hour was illustrated in figure 2, The new tractors consumed
0.42, 0.46, 0.45 and 0.42 compared to 0.44, 0.44, 0.54 and 0.56 baht

per horsepower-hour drawed from the used tractors at the same year
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of utilization of wunder 3, 3 -6, 6 - 10 and over 10 years,
respectively. Consequently, the used tractors presented a slightly
higher average fuel consumption of 0.56 baht per horsepower-hour. The
maximum difference in fuel consumption between the used tractors and
the new tractors was recorded from the over 10 years age level at the
value of 0.14 baht per horsepower-hour. The longér age of use was, the
higher difference in fuel consumption would appear. However, the new
tractors disclosed a little change in baht per horsepower-hour of fuel

costs as the age of use increased.
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Figure 2 Fuel costs of tractors as derived from various ages

of use, baht per horsepower-hour
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Statistical analysis

The difference in fuel costs detected by the effect of tractor
types combined with age of use as shown in the analysis of variance

was significant as in table 2.

Table 2 Analysis of variance of fuel costs

___.._.._—.--—-._-_——-—..——..—-..—_-.__—_—-———_-_—_._-...—_-—_————————-_—_—--—---_
_--—--——_——_—_—-—--._--—_..—--__-—___—-——..—.__———-_—_——_————_—-——_—_——..-..—

Sum of Mean Signif
Sourée of Variation Squares DF Square F of F
Main Effects .106 4 .026 3.556  ,011
T .057 1 /057 7.708  .007
A , .048 3 .016 2.173  .100
2-way interactions .070 3 .023 3.1566 ,031
T A .070 3 .023 3.156  ,031
Explained \ ST 7 .025 3.385  .004
Residual 476 64 .007
Total .652 71 .009

2.2 Maintenance costs

The maintenance costs in baht per horsepower-hour of
both tractor types as obtained from various age levels are shown in

figure 3.
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Figure 3 Maintenance costs of tractors as derived from

various ages of use, baht per horsepower-hour

At the first period of used, under 3 years, the new tractors
showed a higher maintenance cost of 0.06 baht per horsepower-hour
than the 0.04 baht per horsepower-hour for the used tractors, This
was confirmed by the fact that the new tractor maintenance was done
regularly by the agent representative. Meanwhile the used tractors
were maintained occasionally according to the attention and condition
of each owner. However, the maintenance cost of new tractors would be
reached a maximum value of 0.07 baht per horsepower-hour at the
last period, over 10 years of use, for recovery their working
condition. The used tractors yielded the highest maintenance cost of
0.08 baht per horsepower-hour in the second and third stage of use,
and the cost decreased to 0.07 baht per horsepower-hour in the last

stage of age, respectively. )
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Statistical analysis

However, in table 3, the difference in maintenance cost
derived from various combinations of tractors and age levels according
to the study was not significant. It was found that, in general the
farmers were nét very conscious of the advantages of the proper °
maintenance schedules resulting in io& maintenance levels. The
variation of maintenance and service was due to technical knowledge

and economical status of the owner and operator.

Table 3 Analysis of variance of the maintenance costs

Sum of Mean Signif
Source of Variation Squares DF Square F of F
Main Effects .008 4 .002 1,408 .242
T .004 1 ~ .004 '2.503 .119
A .004 3 .001 1.043 .380
2-way interactions .010 3 .003 2.339 .082
T A .010 3 003 2.333  .082
Explained .018 7 .,003 1.807 .101
Residual .089 64 .001

Total 107 7 ,002

N T N N L L S T o o o e T o o T o o T o o o o o o o o o o e o o o i e ot o 0 0 s o o e e o s o . e e e 4 e o e
e it e L e e e -t 3 P T+ P S F T P T3
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2.3 Repair costs

Repair in the study referred to unplanned replacement of
parts or technical subsystem adjustment to keep the tractors in
running condition. Repair costs meant all expenditure for parts and
labour for repairing made in a shop or on the farm. The survey found
that repair costs varied from one place to another depending on
operation, available mech#nics in the area and especially the quality

of the spare parts.

Figure 4 shows that the used tractors needed more repair
costs than the new tractors. Béth tractors exhibited the minimum
repair cost of 0.17 and 0.33 baht per horsepower-hour derived from
the new tractors and the used tractors at under 3 years age -level,
respectively. On the other hand, the maximum value was found in the
new tractors and the used tractors, over 10 years of use, at the value
of 0.51 and 0.80 baht per horsepower-hour, respectively. Besides,
the used tractors demonstrated a higher repair cost than the new
tractors for all age levels with an average difference of 0.21 baht
per horsepower-hour. The repair cost increased with respect to
age levels. The more the age of use increased, the higher repair cost
was charged for both tractor types. However, the used tractors
illustrated a bigger variations in repair costs resulting from their

conditions at purchase.
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Statistical analysis

The repair cost difference in the analysis of variance was
significant. The significant difference was extracted from both

tractor types and age level factors as shown in table 4.

R L L D N S S L I T o I o o T L oo N T o N o o T o o o o o o e o o e o e e v o o o e o e i e o e e e e =
T T T T T T T T T S T e e e e e R R L L L S S S SRR SIS T RIS =SS s =mr ===

Sum of Mean Signif
Source of Variation Squares DF Square ‘ F of F
Main Effects 2,296 4 .574 4.350 .004
T .805 1 .805 6.105 .016
A ' 1.490 3 <497 3.765  .015
2-way interactions .235 3 .078 .593 .622
T A .235 3 .078 .593 .622
Explained 2.530 7 . 361 2.740 015
Residual 8.443 64 .132
Total 10,974 71 .155

As a result, it was found from the survey that the tractor
owners realized the benefits of increased annual use, hence they
endeavored to get more profit through custom hire work. However, when
the tractor became older, the annual use was limited by the high
vearly repair costs., Thus, only their own farm activities could be

done and the custom hire work would be diminished or stopped.
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Consequently, tractor anuual use would decrease as the age of

tractor utilization increased cspecially for those derived from the

imported used tractor.

2.4 Service costs

The sum of maintenance cost and reapir cost in this study
was called service cost and is shown in figure 5. It was observed
that the used tractors incurred more service costs than the new
tractors for all age levels with the difference service costs of 0.14,
0.38, 0.07 and 0.29 baht per horsepower-hour derived from tractor age

of wunder 3, 3 - 6, 6 -~ 10 and over 10 years, respectively, The

service cost necessary to keep the tractor in serviceable condition

increased as it became older.
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Figure 5 Service costs of tractors as derived from various

ages of use, baht per horsepower-hour
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2.5 Total variable costs

4

/
The total variable cost was the sum of fuel consumption,

maintenance, repair and labour cost. The bhiggest total variable cost
was obtained from the used tractors, over 10 years of use at the cost
of the 1.66 baht per horsepower-hour. Meanwhile, the lowest total
variable cost was derived from the new tractors, under 3 years of use
at the cost of 0.85 baht per horsepower-hour. It was observed that
the used tractors yiélded a higher total variable cost than the new
tractors with an average difference of 0.30 baht per horsepower-hour,

Both tractor types increased total variable costs as the age of use
increased as shown in figure 6. However, the used tractors presented
a higher variatioﬁ in total variable cost compared to the positive
rate of change'in total variable cost derived from the new tractors,

The tendency was similar to service cost as discussed previously.
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Statistical analysis

The analysis of variance of the total variable costs disclosed
that the difference in total variable costs between the new tractors

and the used tractors was highly significant as in table 5.

Sum of Mean Signif
Source of Variation Squares DF Square F of F
Main Effects _ 3.724 4 .931 5.128 .001
T 1.606 1 1.606 8.849 .004
A 2.117 3 . 706 3.888 .013
2-way interactions 249 3 .083 .458  .713
T A +249 3 .083 .458  .713
Explained 3.973 7 .568 3.127  ,007
Residual 11.617 64 .182
Total 15.589 71 .220

P N L L N o T T I I T T T o o o o e e o o o o e o o o o o e o o e o o o o o 2 o o o v o = o e o o o e e o o e o i e e
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2.6 Total operating costs

The total operating costs consisted bof the total
variable costs and fixed costs of each tractor in the study. As shown
in figure 7, the total operating costs were presented in baht per
horsepower-hour., Obviously, the used tractors incurred more operating

costs than the new ones for all age levels. The average total
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operating costs of the used tractors was 0.36 Dbaht per
horsepower-hour, bigger than the new tractors. Both types of tractor
indicated that the more accumulated annual hours were used, the lower

total operating cost was charged.
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Figure 7 Total operating costs of tractors as derived from

various ages of use, baht per horsepower-hour
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The average total operating cost of each tractor as percentage

was itemized as shown in figure 8.

Repair 20.3%
Fuel 27.0%

Labour 12,4y ~———

Interest 14.0%X

Maintenance 3,4% th

Insurance & Tax 2.1%

: Depreciation 11.6%
‘Housing 9,2y ' ;

New tractors

\

\\\\ .

\
e N SV

Maintenance 3.5%

Fuel 25,1%

Interest 13,5y

Insurance & Tax 2.1%

Housing 6.5% Depreciation 11.2%

Used tractors

Figure 8 The total operating cost pattérn of new tractors

and used tractors
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It was observed that the new tractors had a lower percentage
of total variable costs resulting from a lower maintenance and repair
costs compared to the used tractors with the percentage of 63.1 and
66.7 per cent, respectively. On the other hand, the average
percentage of total fixed cost of the new tractors showed a higher
percentage than the used tractors with the average of 36.9 and 33.3

I

per cent, respectively. /

In consideration of the fixed cost, the interest played an
important cost for both types. The average of 13.5 per cent compared
to 14.0 per cent were recorded from the used tractors and the new
ones, respectively. It was noticed that the tax was the minimum cost
resulting from the fact that only 55 pef cent of tractor ‘owners had
paid the tax which cost 50 baht per tractor per year. The difference
in variable costs was obviously cohpared as shown in figure 9 and
appendix table 22. The main differences were detected from fuel

consumption and repairs.
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Statistical analysis

The analysis of variance, table 6, revealed that the total
1 /
operating costs between new tractors and used tractors at various ages

of use was significant.

Table 6 Analysis of variance of the total operating costs

Sum of Mean Signif
Source of Variation Squares DF Square F of F
Main Effects 4.829 4 1.207 2.346  .064
T 2.368 1 2.368 4.603 .036
A ' 2.460 3 .820 1.594  .199
2-~way interactions 927 3 . 309 .601 .617
T A .927 3 .309 .601  .617
Explained 5.756 7 .822 1.598  .152
Residual 32.925 64 - .514
Total ’ 38.681 71 .545

B St Tt e o e s ool rd

For more details in total operating cost of the new tractors
and the used tractors, the percentage total operating cost itemization
of both tractor types having the same period of wutilization were
separately compared. In this period of tractor use, the new tractors
consumed more maintenance, fuel and labour costs but were lower in .
repair costs than the used tractors as shown in figure 10 and appendix

table 23.
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Figure 10 Comparison of variable costs as derived from the

/
tractors having an age under 3 years

The tractors, 3 ~ 6 years of use, vielded a similar result
as the first stage of utilization. Each variable. cost of all tractors
was shown in figure 11 and appendix table 23 as the percentage of
total operating costs. The greatest difference was 12.6 per cent

extracted from the repair value.



50

. 1 —— e

.+ P S

154 m e e R ——————————

—— -

— o —

Costs (% of total operating costs)

Maintenance Repair Fuel labour

-

[0 New tractors Used tractors

Figure 11 Comparison of variable costs as derived from the

i

tractors having an age between 3 - 6 years /
Consequently, the repair cost of the used tractors at 6 - 10
years and over 10 years age levels was still the main difference in

variable costs as shown in figures 12, 13 and appendix table 23.
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12 Comparison of variable costs as derived from the
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As referred to earlier, the results showed that the used
tractors yield a higher operating cost in baht per horsepower-hour
than the mnew tractors resulting from the higher expense of fuel

consumption, maintenance costs, repair costs and labour costs.

Consideration on the relationship between the accumulated
annual use and the operating costs per hour in figure 14, the
information shows the trend that the operating cost per hour decreased

as the accumulated annual use increased.

1

-
"

3364.60 - 1298.16X
+ 0.91

Y =

2027.61 - 604.88X

Annual use (hour)

L o4

Costs (baht/hp-hr)

- New tractors -- Used tractors

Figure 14 Annual use and operating costs per horsepower-hour
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3. Availability

The availability was calculated on the basis of data collected
from the questionnaires. The new tractors gave an average
availability of 97.2 per cent and this value was greater than the
average availability recorded from the used tractors with a value of
96.5 per cent. On the other hand, the new tractors showed a higher
availability over the used tractors for all age levels as the same
result of the accumulated annual use. The differences in availability
values were 0.9, 0.7, 0.4 and 0.6 per ceht detected from the new
tractérs over the used tractors whose ages of use were under 3, 3 - 6,
6 - 10 and over 10 years, respectively. These differences showed &
tendency that the longer the age of use, the lower difference in

tractor availability was received.

Figure 15 revealed that the highest availability of the new
tractors and the used tractors were recorded from ages of use under 3

years at the value of 97.7 and 96.8 per cent, respectively.
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Figure 15 Availability of the tractors as derived from

various ages of use, per cent

A relatively high value of tractor availability appeared in
the analysis due to the fact that its calculation was based on a
short period of use in the working season, only 3-4 months per year.
Most of the farmer continued using their tractors even though
breakdown occurred. Repairing of such breakage or wear would widely

be done during the off working season.

For more accuracy in tractor availability determination a
tractor should be followed up in operation throughout the year. This

could not be handled during the study owing to a limitation of time.
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Statistical analysis

From the analysis of variance, the results revealed that the
tractor availability showed a highly significant difference detected

from both tractors and age factors, table 7.

Table 7 Analysis of variance of the availability

Sum of Mean Signif
Source of Variation thares DF Square F of F
Main Effects 16.378 4 4.095 7.961  .000
T 6.100 ’1 6.100 11.859 .001
A : 10.278 3 3.426 6.661 .001
2-way interactions 1.932 , 3 5 . 644 1.252 .298
T A 1.932 3 - .644 - 1,262 .298
Explained 18.310 7 2.616 5.085 .000
Residual 32.919 64 .514

Total 51.229 71 <722

D e T T e T T T 0 O T T it i e S T S it et e G e e e e S iR A M e e S e T WA 44 T - - o e i e 4 e o



4. Field Test

To recheck the data from interview, fuel consumption and field

capacity was measured in the field. The results of field check

recorded as shown in appendix table 24,

Figures 16-18 and appendix tables 25-27 show the comparison of

the data as derived from interview, field test and

data from interview.
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According to the field measurement, it was also found that the

fuel consumption and field capacity were effected by plowing depth.



CHAPTER V
DISCUSSION

All available data used in the analysis was continuously
collected during December 1988 to April 1989. The implementation
applied was divided into two parts; the first part comprising basic
tractor use data was done by interviewing tractor owners and operators
and in certain cases the mechanics in the workshopé as well; ' the
second part, about 10 per cent of all involving tractor operation
sample field test was simultaneously done by the permission of the
tractor owners. The field test implementation was done for rechecking
the interviewed data recorded from the tractor owners to monitor their

recollection of information needed for the study.

All field questionnaires were edited for completeness and
consistency for all items prior to making the analysis. Data
statistical analysis was accomplished by using the SPSS program for
the determination of any significant difference in assigned parameters

of the new tractor and imported used tractor.

The reéults disclose that even though the new tractor-had a
higher purchase price, in the long ;un, cos{ and availability still
yielded more advantage. Consideration of the difference of operating
costs show that the operating cost of a used tractor was 0.37 baht
per horsepower-hour higher than the operating cost of a new ‘tractor.

This finding can be explained that if the 80 horsepower tractor was

used on farm throughout its useful life, 20,493 hours (1242 x 16.5),
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Consequently, it is doubtful that the farmers might not be
able to get full working efficiency of each trgctor as it should be.
- So, tractorization technology should be inevitably disseminated to the
farmer to assure that tractorization is an appropriate technology for

the farmers.

However, there were still limitations of available data due to:

1. The study only focussed on big farm tractor, over 75
horsepower whose working activities covered agronomic areas and
related particularly to sugar-cane, cassava and maize which the

resulting comparisons were able to do clearly.

2. The collection of data was accomplished in and confined to
9 provinces due to the limitation of time and budget. However, the
sample selection was based on the areas of agro-based economics that
were mentioned previously and the density of the tractor population in
each province. Consequently, application of the findings should be

effectively used for the dreas alike.

3. The information from the study was based mainly upon the
farmers’ recollection., Most of them did not keep any records at all.

So, the data variation was solely upon their reminiscence.

4. The performance measurement of tractors in the laboratory
definitely yielded more accuracy than in the field. However, carrying
out tests in the laboratory was not possible to accomplish becausge of

the difficulty of having the tractor sample from various places and



62

owners to the laboratory site. Futhermore, the study aimed to gain

insight into the utilization on farm of Thai farmers.

5. The designed age of used tractors under the study is
determined corresponding to the period of use from the purchasing date

of the 1969 year’s crop regardless the periods of use before being

imported into the country. '



CHAPTER VI

CONCLUSION AND RECOMMENDATION

1. Conclusion

The study involved the performance analysis of imported used
tractors compared to new tractors. The major portion of this work
consisted of cost and availability approach. The costs of tractor
operation divided into two categories, variable costs and fixed costs.
The variable costs, comprised fuel consumption, maintenance, repair
and labour costs in baht per horsepower-hour, were emphasized cost
analysis of the study. Availability was defined as the proportion of
time during which a tractor was available for use. Consequently,
availability was calculated by dividing the tractor operating time in
hours by the sum of tractor down time and operating time. Table 6
tabulates the significant difference of parameters recorded from 36
used tractor samples and another 36 new tractor samples. The

comparison of the grand means of parameters is shown in figure 16.
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Table 8 The average value comparison of each significant parameter

Items New Used Significant Advantage
tractors tractors difference

Accumulated annual 1242,1 820.8 *¥ new
hours, hours

Availability, per cent 97.2 96.5 ¥x% new

Fuel consumption, 0.44 0.50 ** new
baht per horsepower-hour

Maintenance costs, 0.05 0.07 NS -
baht per horsepower-hour

Repair costs 0.34 0,55 | * new
baht per horsepower-hour

Service costs, 0.39 0.62 - new
baht per horsepower-hour

Variable costs, 1.03 1.33 *% new
baht per horsepower-hour

Total operating costs, 1.63 2.00 * new
baht per horsepower-hour

.Tax, baht per year 50.00 50.00 - -

Purchase price, 495,000.00 200,000-400,000 used
baht per unit
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2. Recommendation

This study is efficiently applicable to serve as a basic data
in comparing tractor availability and operating cost of new tractors
and imported used tractors. In addition, the findings may be useful
to farmers for their decision to Oown an appropriate tractor available
in the market., It is also recommended that the importation of used
tractors should be carefully controlled the condition to assure that
the buyer will havelprofit as well as to reduce any excess losses in
tractorization inputs resulting from the use of inefficient tractor.

However, the results were derived from the questionnaire
survey, the increase of sample number and tractor performance
laboratory test for relevant further study are recommended.

/
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Table 9 Activities of the tractors as the percentage of annual use

> - - = ———— - —— = —— s o

Items

Activities

Seedbed preparation
Land levelling
Planting

Weed control
Transpbrtation

& others

e e e Tttt

per cent of anual use

New tractors Used tractors Average
85.404 86.266 85.655
12.708 6.161 10.806

0.799 1.951 1.133
0.694 0.960 0.771
0.395 4.662 1.635
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Table 10 Accumulated annual hour used, availability and horsepower of

each tractor recorded from the field survey

Data  Sample Annual use Availability Horsepower
code  number {hours/year) (%) (Hp)
Ti1A1 1 1323 97.710 86.0
TiA1 2 1622 97.947 | 86.0
TiA1 3 1660 97.475 86.0
TiA1 4 1230 97.930 86.0
T1A1 5 1300 97.744 86.0
T1A1 6 2150 97.950 86.0
TiA1 7 2100 97.993 86.0
Traa 8 603 97.101 86.0
T1A1 9 1350 97.547 86.0
Ti1A2 1 828 97.069 86.0
T1A2 2 848 97.583 78.0
T1A2 3 2370 97.692 78.0
Ti1A2 4 1660 97.304 78.0
T1A2 5 1800 97.720 86.0
Ti1A2 6 1730 97.512 78.0
T1A2 7 1338 . 97.664 78.0
T1A2 8 722 96.653 86.0
T1A2 9 1030 97.157 86.0
T1A3 1 1350 87.473 78.0
T1A3 2 1150 97.375 : 78.0
T1A3 3 1550 97.571 78.0
T1A3 4 1200 9€.774 77.1
T1A3 5 1260 97.750 78.0
T1A3 6 1350 97.473 78.0
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Data Sample Annual use Availability Horsepower
code  number (hours/year) (%) | (Hp)
T1A3 7 565 96.416 78.0
T1A3 8 576 96.000 78.0
Ti1A3 9 700 97.087 77.1
T1A4 1 1084 87.570 77.1
T1A4 2 1256 96.839 77.1
T1A4 3 1170 97.203 77.1
T1A4 4 1500 97.593 77.1
T1A4 5 1833 97.190 77.1
T1A4 6 1197 96.913 77.1
T1A4 7 200 93.458 77.1
T1A4 8 380 95.959 77.1
T1A4 9 730 96.561 77.1
T2 A1 1 576 97.462 77.1
T2A1 2 578 96.333 : 77.1
T2 A1 3 577 " 96,496 77.1
T2A1 4 1940 97,487 78.0
Tz2A1 5 2980 97.354 86.0
T2A1 6 1590 96.945 78.0
T2 A1 7 454 95.378 78.0
T2A1 8 467 96.488 77.1
T2A1 9 446 96.537 78.0
T2A2 1 383 95.750 77.1
T2A2 2 948 97.231 78.0
T2A2 3 665 96.489 77.1
T2A2 4 1050 96.596 78.0
T2A2 5 1813 97.788 77.1
Tz A2 6 1431 97.192 78.0
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Data  Sample Annual use Availability Horsepower
code  number (hours/year) (%) (Hp)
Tz2A2 7 330 97.059 77.1
T2A2 8 400 95.694 77.1
T2A2 9 1220 ' 96.443 77.1
T2A3 1 " 664 96.093 77.1
TzAs 2 667 96.527 77
T2A3 3 646 96.066 77.1
T2A3 4 1116 97.297 , 78.0
T2 A3 5 1185 97.451 77.1
T2A3 6 1142 - 97.122 77.1
TzA3 7 576 96.451 77.1
T2A3 8 650 96.607 77.1
T2As3 9 613 96.348 77.1
T2A4 1 210 94.977 77.1
T2 A4 2 200 94.503 77.1
T2 A4 3 214 95.451 77.1
T2 A4 4 960 96.891 77.1
T2A4 5 780 96.751 77.1
T2A4 6 1168 97.031 77.1
T2 A4 7 307 95.937 7.1
T2A4 8 330 95.875 77.1
T2 A4 9 284 95.999 77.1

e i e R e T b i A S S 4 T P S L T T T3
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Table 11 Variable costs in baht of each tractor recorded from the

field survey

L T T o o o o o o o e o o o o T o o o oo i o e o o o o o oo = o e s o o e o 8 b o o v 00 00 o om0 B e B0 b o e 2 o o
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Data Sample Cost, baht ‘ Total
code number Fuel Maintenance Repair Labour Variable cost,
baht

Ti1AL 1 47,348 4,068 39,783 22,467 113,666
TiA1 2 62,853 11,078 2,070 27,520 103,521
Ti1Ax 3 70,877 5,183 36,500 27,000 139,560
TiA1 4 36,653 9,738 1,820 23,000 71,211
TiA1 5 52,666 9,738 50,950 17,500 130,854
TiA1 6 64,790 NG T 5,000 27,000 99,369
Tir A1 7 - 61,066 7,664 11,310 21,640 101,680
Ti1A1 8 26,926 3,812 10,500 17,500 58,738
Ti1AL 9 49,916 6,890 14,272 27,350 98,428
T1A2 1 40,678 3,868 59,890 21,000 125,436
T1A2 2 39,432 3,852 26,750 10,500 80,534
T1A2 3 89,212 6,326 31,500 34,750 127,038
Ti1A2 4 57,904 6,425 17,370 24,500 106,199
T1A2 5 59,766 6,029 8,050 14,440 88,245
T1A2 6 58,998 2,079 / 10,195 25,950 97,220
Ti1A2 7 45,260 3,581 5,700 21,000 75,441
T1A2 8 24,898 941 28,000 18,000 71,839
T1A2 9 35,370 2,368 18,705 23,837 80,280
T1A3 1 50,345 2,920 7,500 25,250 86,015
T1A3 2 37,862 4,446 42,120 15,000 99,428
T1A3 3 64,979 2,918 14,685 11,548 94,130
T1A3 4 45,500 9,048 11,000 26,000 91,548
T1A3 5 54,616 2,089 © 19,250 12,600 88,555
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Data Sample Cost, baht Total
code number Fuel Maintenance Repair Labour Variable cost,
baht
U A S

T1A3 6 42,160 3,176 20,000 18,000 83,336
T1A3 7 20,559 3,546 72,350 10,800 107,255
TiA3 8 17,976 4,455 21,170 9,000 52,601
T1As 9 20,490 3,063 5,920 18,000 47,473
T1A4 1 20,280 4,358 18,200 17,860 60,698
T1A4 2 43,803 5,498 15,613 19,700 84,614
T1A4 3 29,095 4,975 17,584 9,766 61,420
T1A4 4 56,500 7,743 87,530 20,000 171,773
T1A4 5 67,520 5,493 54,900 34,000 161,913
T1A4 6 43,148 5,071 7,069 19,281 74,569
T1A4 7 8,500 3,250 25,000 3,000 39,750
T1A4 8 12,118 1,200 29,230 10,200 52,748
T1A4 9 21,774 3,549 11,540 7,600 44,463
T2A1 1 18,631 766 10,650 8,230 38,277
T2A1 2 22,274 3,605 7,840 13,650 47,369
T2A1 3 20,776 - 2,091 9,342 8,450 40,659
T2A1 4 75,757 3,449 17,500 30,800 127,506
T2A1 5 94,073 8,797 53,000 48,250 204,120
TeA1 - 6 57,172 7,689 94,750 27,030 186,641
Tz2A1 7 13,648 981 25,450 14,200 54,279
T2A1 8 12,000 1,860 9,950 6,180 29,990
TzA1 9 18,581 1,640 10,306 8,500 39,027
Tz2A2 1 12,550 3,961 44,150 8,925 69,586
T2A2 2 44,856 1,617 5,390 16,200 68,063
T2A2 3 26,507 2,871 25,2717 16,300 70,955

T2A2 1 34,609 4,761 11,050 17,000 67,410
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Data Sample

Cost, baht

code number Fuel Mai

ntenance  Repair

Labour

Total
Variable cost,

baht

T2Az2 5 31,260
T2A2 6 48,660
T2A2 7 11,167
T2 A2 8 13,000
T2A2 9 43,917
Tz2A3 1 25,651
T2A3 2 24,677
T2A3 3 24,206
T2A3 4 32,135
Tz A3 5 40,450
T2A3 6 49,395
T2A3 7 26,880
T2A3 8 36,688
T2As3 9 31,520
T2A4 1 10,125
T2A4 2 10,470
T2 A4 3 9,340
T2 A4 4 38,633
T2 A4 5 37,466
T2 A4 6 36,504
T2A4 7 11,533
T2A4 8 16,000
T2A4 9 11,057

4,000 29,180
6,057 37,840
4,555 34,950
3,511 27,510
1,474 17,300
4,781 56,530
3,217 28,100

5,971 46,080
8,716 31,700
6,395 24,850

3,355 5,485
4,820 13,600
1,598 10,000
1,927 9,620
1,282 ' 10,175/
2,447 65,330

3,187 70,120
3,900 55,070
1,750 21,200

3,065

16,806
11,666
17,490

8,400

104,201
94,871
49,747
62,897

100,647
69,672
51,011
96,797
87,452

112,669

103,811
64,475
53,249
59,390
24,723
25,437
23,862

123,216

122,439

112,964
42,883
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Table 12  Fixed costs in baht of each tractor recorded from the field
survey
Data Sample Cost, baht Total
code number Housing Tax Depreciation Insurance Interest Fixed costs,
baht
T1AL 1 30,000 0 - 24,000.00 4,400 29,040 87,440.00
T1A1 2 10,000 0 19,090.91 3,500 23,100 55,690,91
T1A1 3 30,000 0 21,545.45 3,950 26,070 81,565.45
T1A1 4 10,000 50 21,818.18 4,000 26,400 62,268.18
T1A1 5 10,000 50 21,818.18 4,000 26,400 62,268.18
T1A1 6 20,000 0 19,636.36 3,600 23,760 66,996.36
T1A1 7 10,000 0 26,181.82 4,800 31,680 72,661.82
Ti1A1 8 5,000 0 19,909.09 3,650 24,090 52,649.09
Ti1A1 9 0 50 22,363.64 4,100 27,060 53;573.64
Ti1A2 1 30,000 0 18,000.00 3,300 21,780 73,080.00
T1A2 2 30,000 0 15,054.55 2,760 18,216 66,030.55
T1A2 3 40,000 0 16,363.64 3,000 19,800 79,163.64
Ti1A2 4 5,000 50 17,454.55 3,200 21,120 46,824.55
T1A2 5 8,000 50 18,000.00 3,300 21,780 51,130.00
T1A2 6 8,000 50 18,000.00 3,300 21,780 51,130.00
T1A2 7 0 50 19,090.91 3,500 23,100 45,740.91
T1A2 8 30,000 0 18,818.18 3,450 22,770 75,038.18
T1A2 9 10,000 0 16,363.64 3,000 19,800 49,163.64
T1A3 1 10,000 0 15,272,173 2,800 18,480 46,552.73
T1A3 2 10,000 50 13,636.36 2,500 16,500 42,686.36
T1A3 3 10,000 50 15,818.18 2,900 19,140 47,858,.18
T1A3 4 10,000 0 13,090,911 2,400 15,840 41,330.91
T1A3 5 5,000 50 18,545.45 3,400 22,440 49,435.45
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Cost, baht
Housing Tax Depreciation Insurance
10,000 0 13,090.91 2,400 15,840
24,000 50 13,090.91 2,400 15,840
10,000 50 13,636.36 2,500 16,500
10,000 50 12,272.73 2,250 14,850
10,000 0 9,818.18 1,800 11,880
5,000 0 7,090.91 1,300 8,580
20,000 50 10,909.09 2,000 13,200
10,000 50 12,763.64 2,340 15,444
0 50 9,000.00 1,650 10,890
5,000 50 8,727.27 1,600 10,560
8,000 50 8,181.82 1,500 9,900
0 50 13,090.91 2,400 15,840
0 50 8,727.27 1,600 10,560
3,000 50 21,109.09 2,220 14,652
2,500 0 13,309.09 2,449 16,104
5,000 50 12,000.00 2,200 14,520
30,000 0 17,454.55 3,200 21,120
15,000 0 22,909.09 4,200 27,720
15,000 0 19,090.91 3,500 23,100
5,000 50 13,636.36 2,500 16,500
8,000 50 10,074.55 1,847 12,190
7,000 50 9,818.18 1,800 11,880
10,000 50 12,545.45 2,300 15,180
10,000 0 16,363.64 3,000 19,800
5,000 50 8,727.27 1,600 10,560
6,000 0 11,454.55 2,100 13,860

Sample

number

0w [o2] ~3 (o2} o = Lo oo — (7o oo -3 [o2] [$4] = w (A

[a—y

[A]

- D I
e e e 4+ T T T T 3

Total

Interest Fixed costs,

baht

41,330.91
55,380.91
42,686.36
39,422.73
33,498.18
21,970.91
46,159.09
40,597.64
21,590.00
25,937.27
27,631.82
31,380.91
20,937.27
31,981.09
34,353.09
33,770.00
71,774.55
69,829.09
60,690.91
37,686.36
32,161.55
30,548.18
40,675.45
49,163.64
25,937.27
33,414.55
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Data Sample Cost, baht Total
code number Housing Tax Depreciation Insurance Interest Fixed costs,
baht

Tz A2 5 50,000 50 13,090.91 2,400 15,840 81,380.91
T2 A2 6 5,500 0 *12,000.00 2,200 14,520 34,220.00
T2A2 7 5,000 50 11,072.73 2,030 13,398 31,550.73
T2 A2 8 0 0 12,000.00 2,200 14,520 28,720.00
T2 A2 9 9,000 50 8,181.82 1,500 9,900 28,631.82
T2 A3 I/ 2,500 0 12,000.00 2,200 14,520 31,220;00
T2 A3 2 0 0 8,727.27 1,600 10,560 20,887.27
T2A3 3 5,000 50 12,000.00 2,200 14,520 33,770.00
T2A3 4 5;000 50 11,454.55 2,100 13,860 32,464.55
T2A3 5 8,000 0 8,454.55 1,550 10,230 28,234.55
T2 A3 6 5,000 50 11,454.55 2,100 13,860 32,464.55
T2 A3 7 0 0 10,909.09 ' 2,000 13,200 26,109.09
T2A3 8 7,000 50 6,000.00 1,100 7,260 21,410.00
T2A3 9 6,000 50 6,000.00 1,100 7,260 20,410.00
T2 A4 1 4,000 50 5,181.82 950 6,270 16,451.82
T2A4 2 0 0 5,454.55 1,000 6,600 13,054.55
T2A4 3 3,000 0 5,454.55 1,000 6,600  16,054.55
T2A4 4 5,000 50 6,545.45 1,200 7,920 20,715.45
T2Aq 5 5,000 50 8,727.27 1,600 10,560 25,937.27
T2 A4 6 5,000 0 10,909.09 2,000 13,200 31,109.09
T2 Aq 7 5,000 50 9,818.18 1,800 11,880 28,548.18
T2 A4 8 5,000 50 7,090.91 1,300 8,580 22,020.91
T2 A4 9 3,000 0 5,454.54 1,000 6,600 16,054.54
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Table 13 Calculated variable costs in baht per horsepower-hour

obtained from éach tractor

Data  Sample Cost, baht per horsepower-hour Total
code number Fuel Maintenance Repair Labour Variable costs,
baht/hp-hr

T1A1 1 .416 .036 . 350 .197 .999
TiAa 2 .450 .079 .015 <197 741
T1A1 3 .496 .036 .256 .189 977
Ti1A1 4 . 346 .092 017 .217 .672
TiA1 5 471 .087 .456 .156 1.170
TiA1 6 350 .014 .027 .146 .537
Ti1AL 7 .338 .042 .063 .120 .563
Ti1A1 8 .519 .073 .202 .337 1.131
TiA1 9 .430 .059 .123 /.235 .847
Ti1A2 1 571 .054 .841 . 295 1.761
T1A2 2 .596 .058 404 159 1.217
T1A2 3 .482 .034 .170 .188 .874
T1A2 4 447 050 .134 .189 . 820
T1A2 5 . 386 .039 .052 .093 570
T1A2 6 437 .015 .075 064 .719
T1A2 7 434 .033 .055 .201 723
T1A2 8 .401 .015 451 290 1.157
T1A2 9 .399 .027 .211 269 . 906
T1A3 1 .359 .042 .400 .240 .943
T1A3 2 422 .049 .469 .167 1.107
T1A3 3 .537 .024 121 .095 177
T1A3 4 .492 .098 .119 281 .990
T1A3 5 .556 .021 .196 .128 .901
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Sample

number

Cost, baht per horsepower-hour

Fuel

Maintenance

Repair

Labour

Total
Variable costs,

baht/hp-hr

W 00 =3 O O &= W DD = W 00O ~N OO O s W N = 0 -
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.080
099
057
052
057
055
067
.039
055
.211
041
.063
.017
.081
047
023
.034-
062
.028
052
047
314
022
.056
.058

.190
1.642
<471
.110
.218
.161
.185
<757
. 388
076
1.621
.998
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Data Sample Cost, baht per horsepower-hour Total
code  number Fuel Maintenance  Repair Labour Variable costs,
baht/hp-hr

Tz2A2 5 .224 .034 .309 .168 . 745
T2 A2 6 .436 .045 231 .068 .850
T2 A2 7 439 . 157 1.147 .212 1.955
T2A2 8 421 .196 1.227 .194 2.038
T2 A2 9 . 467 .048 .371 183 1.069
T2A3 1 .501 .068 .537 .254 1.360
T2A3 2 480 .029 .336 . 147 .992
T2A3 3 486 .096 1.135 / .321 2.038
T2A3 4 .369 .037 .323 .276 1.005
T2 A3 5 .443 .065 .504 .221 1.233
T2As3 6 .561 .099 . 360 .159 1.179
T2A3 7 605 <144 .560 .143 1.452
T2 A3 8 <732 .067 .109 .153 1.062
T2A3 9 667 .102 . 288 .200 1.257
T2 A4 1 631 .100 .623 187 1.541
T2 A4 2 .679 <125 .624 <222 1.650
T2 A4 3 .561 .077 .611 .184 1.433
T2A4 4 .519 .033 .877 .225 1.655
T2 A4 5 .623 .053 1.166 <194 2,036
T2 A4 6 <411 044 .620 197 1.276
T2A4 7 . 487 .074 .896 .355 1.812
T2A4 8 .629 .045 .868 .246 1.788
T2 A4 9 .505 .086 .922 .322 1.736
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Table 14 Calculated fixed costs in baht per horsepower-hour obtained

from each tractor
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Data  Sample Cost, baht per horsepower-hour Total
code  number Housing Tax Depreciation Insurance Interest Fixed costs,
baht/hp-hr

TlAi 1 .264 0 .211 .039 255 .769
Ti141 2 072 0 «137 .025 .166 399
TiA1 3 .210 0 .151 .028 .183 .571
Ti1A1 4 .094 0.0005 . 206 .038 .250 .589
TiA1 5 089 0.0004 .195 .036 .236 .557
T1A1 6 .108 0 .106 .019 .128 . 362
T1A1 7 .055 0 . 145 027 175 . 402
Ti1A1 8 .096 0 . 384 .070 .465 1.015
Tid1 9 0 0.0004 .193 .035 .233 461
T1A2 1 <421 0 .253 .046 . 306 1.026
T1A2 2 .454 0 - .228 .042 .275 .998
T1A2 3 .216 0 .088 .016 .107 .428
T1A2 4 .039 0.0003 .135 .025 .163 .362
Ti1A2 5 .052 0.0003 .116 .021 .141 .330
T1A2 6 .059 0.0003 .133 .024 .161 .379
TiA2 7 0 0.0005 .183 .034 .221 .438
T1A2 8 .483 0 .303 .055 . 367 1.208
T1 A2 9 <113 0 .185 .034 .223 .555
T1A3 1 .095 0 . 145 .027 175 <442
T1A3 2 ;111 0.0006 .152 .028 .184 .476
TiA3 3 .083  0,0004  .131 024 .158 396
T1A3 4 .108 0 . 141 .026 .171 <447
Ti1A3 5 .051 0.0005 .189 .025 .228 .503
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Data  Sample Cost, baht per horsepower-hour Total
code number Housing Tax Depreciation Insurance Interest Fixed costs,
baht/hp-~hr

T1A3 6 .095 0 .124 .023 .150 . 392
T1A3 7 .545 0.0010 .279 .054 .359 1.257
T1A3 8 .223 0.0010 .303 .056 . 367 .950
T1A3 9 .185 0.0009 227 .042 .275 .730
T1A4 1 .120 0 117 .021 .142 .401
T1A4 2 .052 ‘ 0 .073 .013 .089 227
T1A4 3 222 0.0006 <121 .022 .146 .512
T1A4 4 .086 0.0004 .110 .020 .134 .351
T1A4 5 0 0.0004 .064 .012 077 +152
T1A4 6 .054 0.0005 .095 .017 .114 .281
T1A4 7 .519 0.0003 .531 | .097 .642 1.792
T1A4 8 0 0.0017 .447 .082 .541 1.071
T1A4 9 0 0.0009 155 .028 .188 372
T2A1 1 .068 0.0100 273 .050 .330 . 721
T2A1 2 056 0 .299 .055 .361 771
T2A1 3 .112 0.0010 .270 .049 . 326 759
T24A1 4 .198 0 .115 .021 .140 474
T2A1 5 .059 0 .089 .016 .108 272
T241 6 <121 0 .154 .028 .186 .489
T2A1 7 <141 0.0010 . 385 .071 .466 1.064
T2A1 8 222 0.0010 .280 .051 .339 .893
T2A1 9 201 0.0010 . 282 .052 . 341 .878
T2A2 1 .339 0.0020 .425} .078 .514 1.357
T2A2 2 .135 0 221 .021 .268 .665
T2A2 3 .097 0.0010 .170 .031 .206 .506
T2Az 4 .073 0 .140 .026 .169 .408



87

I o T T T o o o o M P i e et ot e > S e T e O o . P b o D e e e P e o v e S 500 o e
e

Data  Sample Cost, baht per horsepower-hour Total
code number Housing Tax Depreciation Insurance Interest Fixed costs,
baht/hp-hr

T2A2 5 .358 0.0004 -094 .017 <113 .582
T2A2 6 .049 0 <107 .020 .130 .307
Tz2Az 7 .589 0.0020 435 .080 .527 1.633
T2A2 8 0 0 . 389 071 471 931
T2A2 9 .096 0.0005 .087 .016 .105 . 304
T2A3 1 .049 0 234 .043 .284 .610
T2A3 2 0 0 .170 .031 .205 .406
T2A3 3 .100 0.0010 <241 .044 291 .678
T2A3 4 . 057 0.0010 .131 .024 .159 373
T2A3 5 .088 0 .092 .017 .112 .309
T2A3 6 .057 0.0010 .130 .024 157 .369
T2A3 7 0 0 .246 .045 297 .588
T2A3 8 . 140 0.0010 .120 .022 .145 427
T2A3 9 .127 0.0010 .127 .023 .154 .432
T2 A4 1 <249 0.0003 .323 .059 <391 1.025
T2A4 2 0 0 . 345 .065 .428 .847
T2A4 3 .180 0 «327 .060 . 396 .963
T2A4 4 .067 0.0010 .088 .016 .106 .278
TaAq 5 .083 0.0010 145 .027 .176 <431
T2A4 6 056 0 .123 .022 149 350
T2A4 7 .211. 0.0020  .415 046 502 1.206
T244 8 .196 0 .279 .051 . 337 .865
T2A4 9 137 0 249 .046 .301 .733

....__...___-.._..___.___....-._.____—-_.....__.._-..____..__....__....__..__-._____....____.._.....-.. apn—
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88

Table 15  Summary of means of accumulated annual use

T e D L L L o T o o T o T T T o T o ot r o o o 0 o o v e = o i a4 Yt i o o 0 i ot o o o e it i o e T S o e o s s e e o " o o
S o T T e e i T e D T S e e . o 8 S e e e e . o kS e A R T M S M e e A A e e EE NS IS ST

Variable Value Label Mean S.D. N
For Entire Population 1031.4583 580.2526 72
T 1242.0833 502.0294 36

1

1 1482.0000 473.2079 9

2 1369.5556 559.1706 9

3 1077.8889 367.7637 9

4 1038.8889 520.5621 9
T 2 820.8333 -582.8479 36

1

2

3

4

- -

1067.5556 903.9453 9
915.5556 516.9587 9
806.5556 257.9254 9
493.6667 368.9553 9

R R L N L L N T L N o T T S T T o T o o S o o o o I I o o o o i o o e 5 e o o o o e o o e o o o e e e ot o e 2 e e o o e
e e it e e e bt i L

Variable Value Label Mean S.D. N
For Entire Population .46663 .09581 72
T 1 .43842 07577 36
A 1 .42400 06722 9
A 2 46144 .07528 9
A 3 .44578 .07038 9
A 4 42244 .09380 9
T 2 .49483 / .10604 36
A 1 . 44078 . .06853 9
A 2 .43978 .10132 9
A 3 .53822 .11419 9
A 4 .56056 .08672 9

__.._._-._...___—.--.—_.._—-—_—.._-—..—__..___..__________.—__—_._————_—_-.—_-—_—__—__
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Table 17 Summary of means of maintenance costs/

Variable Value Label Mean S.D. N
For Entire Population .06206 .03885 72
T 1 .05508 | .03523 36
A 1 .05756 .02698 9
A 2 .03611 01577 9
A 3 .05556 .03033 9
A 4 .07111 .05324 9
T 2 .06903 .04148 36
A 1 .04344 .02030 9
A 2 .08333 .06224 9
A 3 - .07856 .03565 9
A 4 .07078 .03000 9

P N S S T N N N T T T O o T T o o o o o T o ot o o o o o o =t o e o o o ot o o e o o o 440 o om0 o S e o v S S o S o i e i
e i e et R b L L L S S Y

Variable Value Label Mean S.D. N
For Entire Population .44574 . 39314 72
T 1 .33997 .39253 36
A 1 .16767 .15973 9
A 2 26589 .25989 9
A 3 «41311 .48444 9
A 4 .51322 .51671 9
T 2 .51322 .51671 36
A 1 .33378 . 36938 9
A 2 .61011 .53214 9
A 3 .46133 . 28948 9
A 4 .80078 .19334 9

i e L e T ey P
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Table 19 Summary of means of variable costs

.-__....-_____—___.—_-___________-_________.___....______—..__——_——.._____—__::_:

Variable Value Label Mean S.D N
For Entire Population 1.18439 .46858 72
T 1 1.03503 .46379 36
A 1 .84856 .23547 9
A 2 .97189 . 35925 9
A 3 1.11022 .51301 9
A 4 1.20944 .63879 9
T 2 1.33375 .42945 36
A 1 1.05211 .28595 9
A 2 1.34889 .61343 9
A 3 1.27589 .29463 9
A 4 1.65811 .22443 ]

Variable Value Label Mean S.D. N
For Entire Population 1.81639 . 73811 72
T 1 1.63503 . 77140 36
A 1 1.41800 41132 9
A 2 1.60789 .66984 9
A 3 1.73167 . 78663 9
A 4 1.78256 1.13046 9
T 2 1.99775 .66516 36
A 1 1.75444 <A43777 9
A 2 2.09256 1.03990 9
A 3 1.74167 . 40446 9
A 4 2.40233 .40551 9

_.__--.—-—-——----—_-_-----———..—_—_.—__———_——-—-—---——-—_—.—.———_—_——_-_—._—_-
_..._..__.—-.—._—.——-..——..-————_—-_—--..-.._—_—.__-.____—_—_——-———-—-.——_..-..__-___-._.—_.



91

Table 21 Summary of means of availability

Variable Value Label Mean S.D. N
For Entire Population 96.85354 852717 72
T- 1 97.19322 .82232 36
A 1 97.71078 .29498 9
A 2 97.37267 l .35925 9
A 3 97.10211 .58975 9
A 4 97.58733 1.27852 9
T 2 96.51386 . 74942 36
A 1 96.76444 .50999 9
A 2 96.69356 .69572 9
A 3 96.66244 .50999 9
A 4 96.93500 .86540 9

- i ki e = s o G e T . 8 e =~ — —_— —— — —— s M e M A A A e R e eSS S S TS =
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Table 22 Average variable costs as the,percent?ge of operating cost
Tractor Costs (per cent of operating cost) Total
Maintenance Repair Fuel Labour
New 3.4 20.3 27.0 12.4 63.1
Used 3.5 27.0 25.1 11.1 66.7
Table 23  Average variable costs as the percentage of operating costs
at various ages of use
Tractor Age Cost (per cent of operating cost)
(years) Maintenance Repair Fuel Labour Total
<3 4.0 11.9 29.9 14.0 59.8
3 -6 2.2 16.5 28.7 13.0 60.4
New 6 - 10 3.2 23.8 25.8 11.3 64.1
> 10 4.0 28.8 23.6 11.4 67.8
<3 2.5 19.1 25.1 13.3 60.0
3 -6 4.0 29.2 21.0 10.3 64.5
Used 6 - 10 4,5 26.3 30.7 11.9 73.4
> 10 3.0 33.3 23.3 9.4 69.0
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Table 25 Field Capacity and fuel consumption collected from interview

e R e N pnyp——
pongsiprunn s oot et e er o ean e penerasgu e eaiia ot

Implements Engine Field capacity " Fuel consumption
revolution rais/hour litres/hour litres/rai
(rpm)
1475 1.50 6.00 4.00
3-bottom 1400 1.00 3.18 ~ 3.18
disk plow 1300 1.00 5.33 5.33
1360 2.50 6.67 2.67
Average 1.50 5.29 3.79
1280 4.00 5.00 1.25
7-bottom 1300 2.80 6.60 2.36
disk tiller 1300 3.00 6.50 2.17
1350 1.00 5.00 5.00
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Table 26 Field capacity and fuel consumption recorded from field test

- i - o — Y o — — - —
i o R A e o e e i e o e - .

e Tttt

Implements ‘Engine Field capacity Fuel consumption
revolution rais/hour litres/hour litres/rai
(rpm)
1475 1.50 v 5.03 3.35
3-bottom 1400 1.00 4.78 4.78
disk plow 1300 1.73 6.62 3.82
1360 1.47 4.50 3.06
Average 1.42 5.23 3.75
1280 \ 4.50 5.40 1.20
7-bottom 1300 3.10 6.00 1.93
disk tiller 1300 3.20 5.68 1,77
1350 1.50 6.00 4.00

e - e D D T DD T Sy
R i e e e



qu” mmmn\\“‘\ %

GLUNNE

Table 27 The grand means of field capacity and fuel consumption
derived from interview

Implements Field capacity Fuel consumption

1] J

rais/hour litres/hour litres/rai

3-bottom disk plow 1.59 . 6.16 3.87
7-bottom disk tiller 3.59 6.11 1.70
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