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ABSTRACT

Agricultural equipment gets deteriorated mechanically and their functionality decreased with time and 
usage. In order to manage such equipment, it requires higher operating and maintenance cost, as a result 
of this, there is a need to replace them. Decision making about the replacement of used farm equipment 
with a new similar one is one of the important aspects of farm machinery management. Based on that 
criterion, the objective of the investigation was decided to estimate the economic operational life of tractors 
in the central region of Madhya Pradesh, India and to evaluate the effect of different parameters on 
economic life, which would add value to the profitable management decision. The tractor data collected 
were from government agricultural centres in the different regions of M.P. and categorized them into 
different groups based on their horsepower rating. Considering the preventive replacement policy the 
total annual average costs of tractors were estimated taking account into the repair cost and depreciation 
cost. The time period (in year), when the total annual average cost touched its minimum value, was 
decided as the economic life of a tractor. There is a negative correlation (r= -0.835) found between size 
(HP) of tractors and their economic life. And an empirical relation based on multiple regression analysis 
has been generated to predict the economic operational life of a tractor using per unit repair cost and 
annual usage (hours) as variables.
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The introduction of modern technology in 
agriculture resulted in changing the growth trend of 
farm production. Tractors and farm machinery are 
important samples of this modern technology. The 
use of machinery constitutes one of the important 
capital inputs in agricultural production. Tractor is 
the most important power farming machine and 
its effects on agriculture is huge. It requires a high 
initial capital investment and its costs have great 
influence on farm business profit. Knowledge of 
tractor economics has a prime importance in making 
decision related to the replacement policy and 
correct preparation of farms budget (Morris, 1988).
Management of farm machinery is one of the 
important aspects of determination of replacement 
time of farm machinery in relation to their 
economical and technological conditions. Proper 

agricultural machinery management therefore 
requires keeping them in good working condition, 
having them repaired or reconditioned as at 
when due, selection of suitable types and sizes, 
keeping cost record and controlling it (Dauda 
and Ashami, 2000). In most mechanized farms, 
economic management of power and machinery 
is often overlooked as a factor in farm profits, yet 
it is usually a most significant factor (Hunt, 1974, 
1977; Igbeka, 1986). It was reported that farmers 
could reduce their repair and maintenance costs by 
25% by improving routine maintenance procedure 
(Bukhara et al. 1988). (Ward, 1990) presented a cost 
model for tractor ownership as a function of annual 
use hours. It can be inferred from his finding that 
reduction in repair costs by careful operation and 
adequate maintenance could result in a significant 
reduction in tractor ownership costs. The ownership 
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cost and operational cost accounts for 35-50% 
0f agricultural production (Anderson 1988) and 
these costs have direct bearing on the economic 
life or optimum life of machinery. Economic or 
optimum life for a machine presents a time period 
based on constant and variable costs that using the 
machine is economical (ASAE Standards EP496, 
2006; Hunt 2001). Each machine has a determined 
economical life that thereafter using the machine is 
not economical.
The replacement criteria, where the optimal length 
of the operational life of tractor or its components 
is determined, is performed based on the economic 
factors rather than purely on physical factors, where 
the tractor is kept until it is either worn out or 
unable to perform its function satisfactorily before 
a change is considered. In general, there are two 
fundamental replacement strategies: replacement 
on failure and preventive replacement (Eilon 
et al. 1966). The vehicle replacement problem 
belongs to a group of preventive replacement 
strategies where an optimal utilization period is 
determined as an age of a vehicle to replacement 
assuring minimization of the expected vehicle 
operational costs per unit time. The optimization 
of the utilization period of a tractor can be based 
on minimization of the expected operational costs 
per time unit, maximization of an operational 
profit per unit time (Christer and Goodbody, 1980; 
Dohi et al. 2006). There are different studies being 
carried out from different prospective to finding 
out the suitable replacement or optimum life of 
tractors. Ajibade et al. (2014), Amiens et al. (2015) 
and Ekeocha et al. (2011) investigated equipment 
replacement from the cost minimization point of 
view, Jin and Kite-Powell (2000) and Offiong et al. 
(2013) examined vehicle replacement time from the 
profit maximization perspective. Nevertheless, the 
two scenarios are analogous to two sides of a coin 
because while the cost minimization perspective 
of equipment replacement explains how optimum 
replacement time is critical to cost minimization of 
a firm, the profit maximization model shows how 
cost minimization enhances profit maximization. 
Thus, the two perspectives are complementary. 
Belchet (2008) examined the equipment replacement 
problem from the repair cost limit point of view. 
From this perspective, a system is replaced as soon 
as the repair cost hits a given level. Based on ASAE, 

replacement age for a machine that is placed on 
economic life arrives typically before fundamental 
breakdowns resulted worn out and technological 
disabling (ASAE Standards S495, 2006).
From the reviews, it is clear that there are many 
factors contributing to the optimum life of tractor 
but, among them the minimization of operating 
cost per hour plays a key to the optimum use of 
tractor of any size. And that will ultimately lead 
to the maximization of profit of owner. In our 
study we are trying to find out the optimum or 
economical operational life of tractors of the central 
region of Madhya Pradesh, India and establish a 
relationship to predict the economical life based on 
the operating cost per hour and annual use hour 
of tractors. Determining economical life for farm 
tractor provides farmers an opportunity to evaluate 
the performance of machinery economic.

MATERIALS AND METHODS
The study was carried out in the central region of 
Madhya Pradesh, India. Data in this study were 
collected randomly from the concerned government 
offices of the region, which keep records of the 
machinery used by the farmers of the reason, 
of different tractors under use. The information 
gathered were tractor characteristics (mainly the 
size of tractor) and economics such as annual use 
of tractor, lubrication cost, repair & maintenance 
cost, labor cost and fuel use cost etc. The randomly 
selected tractors were categorized in six different 
groups according to their horsepower rating and 
kept our all information for 10 years from the 
starting of purchase of tractor, as mentioned in the 
Table 1 below. The mean value of all estimations 
from each group was considered in this paper.

Table 1: Categorizing tractors into different groups

Groups HP of 
tractor

No. of 
tractors

Time period of Data 
taken (years)

I 60 3 2001-2011
II 55 3 2001-2011
III 50 4 2003-2013
IV 45 1 2003-2013
V 40 3 2003-2013
VI 35 2 1998-2008

Machinery Cost

Machinery costs are mainly divided into two 
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categories, fixed cost and running cost. The running 
costs always increase proportionally with the 
amount of operational use over time, while fixed 
costs are independent of use. The cost of interest 
on the machinery investment, taxes, housing and 
insurance are dependent on time, similarly the 
costs of fuel, lubrication, daily services and labor 
wages are associated with use of machinery. Only 
two cost items, depreciation cost and repair and 
maintenance cost seem to be function of time and 
use. In this study, instead of considering all the 
costs, it is emphasized on these two costs.

Depreciation

Depreciation is a cost resulting from wear, 
obsolescence, and age of a machine. The degree of 
mechanical wear, introduction of new technology or 
a major design change may make an older machine 
suddenly obsolete, causing a sharp decline in its 
salvage value. But age and accumulated hours 
of use usually are the most important factors in 
determining the remaining value (V) of a machine at 
any time. There are different techniques are available 
to estimate the depreciation of a machinery, but in 
this study double- declining balance method is used 
in calculating the depreciation of tractors under 
study. It reflects the actual value of a machine at any 
age rather than the value found from other methods. 
With the declining balance method, a machine 
depreciates a different amount for each year, but 
annual percentage of depreciation is constant. It can 
be calculated by following expression;

D = Vn – Vn+1	 …(1)

Vn = P(1–X/L)n	 …(2)

Vn+1 = P(1–X/L)n+1	 …(3)

Where, D (Depreciation), is amount of depreciation 
charged for year n+1, n, is a number representing 
age of the machine in years at beginning of year 
in question, V, is remaining value/salvage value at 
any time and x, is ratio of depreciation rate used 
to that of straight-line method (x may be any value 
between 1 and 2). If x = 2, the method is called a 
double-declining-balance method.

Repair and Maintenance (R & M)

The anticipated annual cost of repair for any 
machine is highly uncertain. It is the combine 
expenditure for parts and labour. In two different 
cases this cost is considered, while reconditioning 
the wear out parts and complete replacement of 
failed parts. In this case the yearly R & M costs 
are collected from the sources for each tractor and 
accumulated for 10 years.

Optimum life

The primary decision is usually whether or not an 
existing machine should be kept for at least one 
more year, or replaced with a different machine. To 
make this decision it is first necessary to determine 
the optimal replacement time, in a cost minimizing 
sense. The optimization criterion considered here is 
the (expected) long run cost per unit of time, which 
is more general in nature. The cost associated in 
the replacement process is termed as a holding cost 
or total cost of machine, which is the combination 
of accumulated repair and maintenance (variable 
cost) and depreciation (fixed) cost. The total costs 
associated with this optimal replacement cycle 
are then converted to an equivalent stream of 
equal annual costs at the appropriate rate of time 
preference (i.e., equivalent annuities). If the present 
cost of maintenance of the existing machine is equal 
or closer to the equivalent annuity cost (avg. annual 
cost) or when the annuity cost of the machine is in 
its minimum value then the existing machine should 
be replaced with a new one to gain maximum 
profit. We can write the optimization criterion in 
the following form,

BT = MT/ST	 …(4)

Where, BT represents the optimum cost, MT 
represents the expected total cost associated with 
a replacement cycle and ST represents the expected 
length in year of a replacement cycle. T denotes the 
time (T. Aven, 1992).

Statistical Analysis

“SPSS 23” version of statistical analysis software was 
used to analyze ANOVA, Correlation and Multiple 
linear regressions of collected data at 95% level of 
confidence in all methods.
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RESULTS AND DISCUSSION

Depreciation analysis

Depreciation, often the largest cost of farm 
machinery, measures the amount by which the 
values of a machine decrease with the passage of 
time whether used or not. The Fig. 1 represents the 
relationship between the value of tractor and hours 
of use. It is seen that the depreciation tends to be 
greater at first, especially for a machine purchased 
new, but declines over time. 
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Fig. 1: Remaining value (V) of tractors vs cumulative hours 
of use

The decline in depreciation owed to the sharp 
reduction in the trade-in value or scrap value of 
tractor over the years. To find the co-relation between 
the depreciation of tractors and their increasing hour 
of use, different regression equations are tried and 
the best fit equations, which are non-linear in nature 
found in the process, are mentioned in the Table 
2 for different size of tractors. Since horsepower, 
initial cost and annual hour of uses are the variables 
that mostly influence the value of Tractor, the 
ANOVA test was used to identify any differences in 
depreciation behaviour between tractors of different 
horsepower categories i.e. (less than 50 hp and 

greater than 50 hp). From the analysis it was found 
that P=0.002, which is significant in nature. It shows 
that higher horsepower tractors are depreciated 
rapidly than the lower horsepower tractors. Though, 
depreciation rate (20%) is constant for every year, 
it could be due to the high initial cost and intense 
annual hour of usage of larger size tractors compare 
to smaller size tractors. Similar studies have been 
done to establish relationship between horsepower 
of tractors and their trade-in values using cluster 
analysis by (Perry et al. 1990).

Optimum replacement time estimation

Table 2 presented the annual maintenance cost and 
average annual cost of different sizes of tractors 
with respect to the years of operation. It shows an 
increasing trend of R & M (repair and maintenance) 
cost over the year, as parts wear out and maintenance 
requirement rises. The average annual costs at the 
initial years were high and that dropped to their 
lowest value at certain year and then begins to 
rise, due to the increasing maintenance cost with 
age. The lowest values of the average annual cost, 
which is considered to be the appropriate time for 
replacement are found to be 5th year (4339.71h), 5th 
year (3430.46h), 6th year (4052.78h), 6th year (3012h), 
6th year (3262h) and 9th year (4290.92h) for I, II, III, 
IV, V and VI groups of tractors respectively. Fig. 2-7 
shows the interaction between the maintenance costs 
and average annual cost with ages (years). The point 
of intersection is read as the optimum replacement 
point where present cost of maintenance equal 
to the annuity cost of owning a tractor. After the 
optimum replacement period owning a tractor 
would not be profitable for the owner. In order to 
see the correlation between the horsepower and the 
optimum life a tractor Pearson’s correlation analysis 
is used. And a negative value is found i.e., Pearson 
coefficient (r) = -0.835, which indicates that increase 

Table 2: Regression Model summery

Groups Regression Equation Intercept ( c ) Coefficient (a) Coefficient (b) R2

I y = ax2 -b x +c 337763 0.0034 63.041 0.9975
II y = ax2 -b x +c 354117 0.0024 55.509 0.9994
III y = ax2 -b x +c 333075 0.0037 65.301 0.9986
IV y = ax2 – b x +c 232129 0.0013 33.447 0.9976
V y = ax2 -b x +c 215516 0.0037 52.985 0.9984
VI y = ax2 -b x + c 118600 0.001 23.189 0.9974
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in horsepower leads to reduce in the optimum life 
of a tractor.

Table 3: observed parameters of different groups

Groups Replacement 
age (year)

Annual 
usage( h)

Power 
(HP)

R&M cost 
(`/h)

I 5 965 60 161.02
II 5 930 55 158.71
III 6 761 50 194.00
IV 6 531 45 202.00
V 6 502 40 229.21
VI 9 480 35 135.60

Empirical model to predict replacement year

Table 3 represents the Observed values of different 
variables such as replacement year, annual usage, 
size of tractor (in terms of HP) and repair and 
maintenance cost (R & M) of different tractors. 

Based on these data, a multiple regression analysis 
was carried out to predict the optimum life of a 
tractor and to check linearity in the relationship 
between variables. By the analysis, an empirical 
equation is generated considering only two 
independent variables i.e., annual usage and R & 
M cost. Though, size of tractor was considered as 
one of its independent variables but it did not find 
significance in the model. The empirical equation 
states as;

Y = C – aX1– bX2	 …(5)

Where, Y: Replacement year (dependent variable)
C: constant, X1: annual usage, X2: R & M cost per 
hour and a, b: coefficients

By regression analysis of the observed data, the 
proposed equation (Eqn. 5) was found to be the best 
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fit with coefficient of determination R2 and adjusted 
R2 (from the table 5) are 0.919 and 0.865 respectively. 
The ANOVA results show that the p=0.02 for this 
model, which is significant and rejects the null 
hypothesis, so we can assume that there is a linear 
relation exist between variables. In the Table 4 
coefficients of estimate are mentioned and their 
significance level indicates the impact of variables 
on the prediction value. The negative coefficients 
of both the independent variables show that every 
increase in the annual usage and R & M cost of 
a tractor will lead to decrease in optimum life. 
Fig. 8-9 show that, in the model, the requirements 
of linearity, normality and homoscedasticity are 
adhered, since no clear tendency is seen in the 
dispersion between the predicted and observed 
values of the residuals.

Fig. 8 Histogram of standardized residual

Fig. 9: Normal probability plot of regression standardize 
residual

Fig. 10: Dispersion plot of regression standardize residual
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Fig. 2-7: Relation between R &M cost and annual average cost with respect to years of use for different groups of tractor
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CONCLUSION
The objective of this study was to estimate the 
optimum life of a tractor and establish a relationship 
between the replacement life and other factors 
such as maintenance cost, annual usage of tractor 
and sizes, affecting the economic life of a tractor. 
Following outcomes are found:

�� In an ideal condition the increase of total cost 
can give a general picture of when to replace a 
particular tractor but, it cannot give a precise 
answer. It is to note that the estimates for repair 
and maintenance cost project them increase 
gradually over time but, in reality it tends to 
be quite variable from time to time. So, being 
able to decide when the large cost needed is 
key consideration in deciding when to replace.

�� It is also found that annual usage and repair 
maintenance cost per hour have significant 
impact on deciding the optimum life of a tractor. 
Based on that an empirical model is developed 
to accurately predict the optimum life of a 
tractor when annual usage and maintenance 
cost per hour are known.

�� There is significant correlation between the 
horsepower and the optimum life of a tractor, 
as it shows (r = -0.835), which could be owed 
to the variant workloads and hours of use of 
tractor in higher HP range.
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