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Introduction
Improving agricultural productivity remains a signi�icant 
challenge for developing countries [1]. One key factor in 
addressing this challenge is the effective use of agricultural 
machinery, which enhances productivity through timely and 
ef�icient farm operations. However, owning and operating 
machinery requires specialized knowledge, including an 
understanding of performance, operating schedules, annual 
usage, and cost calculations.
Among machinery costs, repair and maintenance expenses 
stand out due to their tendency to increase with equipment age 
and usage, primarily driven by wear and tear [2]. These costs 
encompass expenditures on spare parts, labor for replacements, 
and reconditioning worn components, as well as maintenance 
essentials like greases and lubricants. These costs represent a 
substantial portion of the total expenses associated with 
owning and operating farm machinery. They in�luence decisions 
about the optimal time for equipment replacement [3]. 
Moreover, repair and maintenance costs vary across regions, 
in�luenced by factors such as soil type, weather, crop varieties,
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and operator skills, in addition to machine value [4]. Accurate 
tracking of these expenses is crucial for effective cost estimation 
and management. Additionally, reliable cost data are often 
unavailable, prompting researchers to develop mathematical 
models to predict repair and maintenance expenses. Among 
these models, the power model is widely used [5; 6; 7; 8; 9; 2]. 
However, some studies suggest the use of a polynomial model 
[10; 11]. On the other hand, researchers caution against directly 
applying models developed in industrialized countries to 
developing regions, as this can lead to inaccurate estimates [12].
In Sudan's Gezira irrigated agricultural scheme, a variety of 
implements powered by 70 to 80 hp two-wheel-drive tractors 
are used for farm operations. In the past, the public sector 
and/or private companies predominantly owned these tractors 
and implements. However, nowadays, many farmers own and 
manage their machinery, introducing diverse management 
practices. Despite the widespread use of these implements, 
there is insuf�icient information on their repair and 
maintenance costs. 
This study aims to develop mathematical models to predict the 
repair and maintenance costs of ten types of implements used in 
the Gezira scheme. It also seeks to analyze how variations in 
annual working hours affect per-hour repair and maintenance 
costs and to evaluate the accuracy of the models by comparing 
predictions with actual data.

Materials	and	Methods
Study	Area
The present study was conducted in the Gezira irrigated 
Scheme, Sudan. The scheme is located in a semi-arid region, 
covering an area of 2.2 million feddans (one feddan = 0.42 ha). 
This area is characterized by Vertisol soils and an extensive 
irrigation network [13], which supports diverse crop cultivation 
across summer and winter seasons. Farmers follow a �ive-
course crop rotation system. 
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Some individual farmers own tractors and implements. Tractors 
and implements are intensively used for land preparation [14]. 
The majority of the associated implements are mounted on the 
three-point hitch. 

Data	Collection
A questionnaire was designed and distributed to 154 machinery 
owners. The collected data included implement types, purchase 
prices, annual repair and maintenance costs, in addition to work 
rates, and annual area covered. The study focused on ten 
implements, categorized into primary tillage (disk plow, chisel 
plow, moldboard plow), secondary tillage (disk harrow, scraper, 
ridger, ditcher), and others (seed drill, sprayer, thresher). A 
detailed description and utilization of these implements are 
presented in Table 1. Implement annual working hours were 
calculated by using the following procedures [15].

AWH = AA ÷ WR……………………………………….(1)
Where:
AWH = Annual working hours (h/year)
AA = Annual covered area (fed/year)
WR = work rate (fed/h)

Models	development	
Data on the implements' purchase price, annual working hours, 
and repair and maintenance expenses were organized into 
separate Excel worksheets for each implement. Five regression 
models, namely exponential, linear, logarithmic, polynomial, 
and power, were selected to establish the relationship between 
annual working hours (independent variable) and annual 
repair and maintenance costs as a percentage of the purchase 
price (dependent variable). The data used to develop these 
models were presented in Table 2. For each model, the 
parameters (a, b, and c), coef�icient of determination (R²), F-
value, and signi�icance level were calculated. 

Table	1.	Description	and	utilization	of	the	studied	implements

The regression models developed for each implement were as 
follows [6; 16].	

ax Exponential function, Y = b e ……………………………….……… (2)
Linear function, Y = ax + b ……………………………………….….… (3)
Logarithmic function, Y = a ln(x) + b ……………...................…....(4)

2Polynomial function, Y = ax  + c x + b …………………..........……. (5)
bPower function, Y = a X …………………………………………......….(6)

Where: 
Y = annual repair and maintenance cost as percentage of 
purchase price 
X = annual hour of use
 a, b and c = model parameters (coef�icients)

Table	2.	Data	about	the	studied	implements	

Implementation	of	the	predicted	power	models
The power model, known for its simplicity and accuracy, was 
ultimately selected for its predictive reliability. The developed 
models were applied to predict the repair and maintenance 
costs per hour for the ten implements, using purchase price and 
annual working hours. The repair and maintenance cost per 
hour was calculated using the following equation:
R&M (SDG/h) = (Y%/100) * (PP /AWH)…………………………..(6)

Where: 
R&M = Repair and maintenance costs (SDG/h)
Y% = Annual repair and maintenance cost as percentage of 
purchase price 
PP = purchase price (SDG)
AWH = Annual working hours

Results	and	Discussion
To identify the suitable model for predicting repair and 
maintenance costs as a percentage of purchase price 
(dependent variable) based on annual working hours 
(independent variable), �ive different models were tested. The 
tested models included exponential, linear, logarithmic, 
polynomial, and power functions. Data from ten types of 
agricultural implements were analyzed, encompassing primary 
tillage implements (disk plow, chisel plow, and moldboard 
plow), secondary tillage implements (disk harrow, scraper, 
ridger, and ditcher), and other implements (seed drill, sprayer, 
and thresher). Tables 3 and 4 present the developed models for 
selected implements, speci�ically for the chisel plow, scraper, 
seed drill, and thresher. The results showed that the coef�icient 
of determination (R²) values for the �ive models were high, 
ranging from 0.73 to 0.99. These �indings indicate that annual 
working hours are a strong predictor of variations in repair and 
maintenance costs. However, the results also revealed 
variations among the models developed for different 
implementations. These variations could be attributed to 
several factors, such as maintenance practices, operator skill, 
timely availability of spare parts [17], as well as the 
implementation of design features and speci�ications. The 
power model is favored due to its simplicity in calculations and 
high predictive accuracy. Based on these advantages, the power 
model was selected to describe the relationship between annual 
working hours and repair and maintenance costs for the ten 
implements studied in the Gezira scheme.
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The results revealed a highly signi�icant correlation (F-value 
range: 0.001 to 0.01) between estimated repair and 
maintenance costs and annual working hours for the ten 
agricultural implements studied (Table 5). Regression analyses 

2(R ) showed that 90% to 99% of the variation in estimated 
repair and maintenance costs could be explained by variations 
in annual working hours. These �indings con�irm that annual 
working hours are a strong predictor of variations in implement 
repair and maintenance costs. Furthermore, the developed 
power models proved highly reliable for predicting repair and 
maintenance expenses. This aligns with recommendations from 
previous studies, [5; 18; 6; 7; 8; ;9; 2]. It was noted that there 
were variations in the model parameters (a and b) among the 
studied implements, the sprayer has the highest and the lowest 
model parameters values (a and b), respectively. Conversely, 
chisel plow has the lowest and the highest model parameters 
values. These parameters indicated that sprayer the predicted 
costs varies among the studied implements. 

2Table	3.	Five	regression	models	and	coef�icient	of	determination	(R )	to	predict	repair	and	maintenance	costs	for	chisel	plow	and	scraper	in	the	Gezira	scheme

Y	=	Repair	and	maintenance	cost	as	%	of	purchase	price,	X	=	annual	working	hours,	Value	between	brackets	refer	to	coef�icient	of	determination

2Table	4.	Five	regression	models	and	coef�icient	of	determination	(R )	to	predict	repair	and	maintenance	costs	for	seed	drill	and	thresher	in	the	Gezira	scheme

Y	=	Repair	and	maintenance	cost	as	%	of	purchase	price,	X	=	annual	working	hours,	Value	between	brackets	refer	to	coef�icient	of	determination	

2Table	 5.	 Developed	 power	models,	 coef�icient	 of	 determination	 (R )	 and	 F-value	 to	
predict	repair	and	maintenance	costs	for	the	selected	implements	in	the	Gezira	scheme

Y	=	Repair	and	maintenance	cost	as	%	of	price,	X	=	annual	hours,	***,	**	=	signi�icant	at	0.001	
and	0.01%,	respectively.

The developed power models for the ten implements were used 
to predict repair and maintenance costs as percentage of 
purchase price based on annual working hours ranging from 75 
to 300 hours as shown in Table 6. The results showed that the 
predicted repair and maintenance costs increased as annual 
working hours increase for the ten implements. This result in 
line the �indings of other studies [19; 20; 16], they found that 
repair and maintenance cost increases as annual working hours 
increase. Also, the results showed that there were noticeable 
variations amongst the studied implements in the predicted 
costs. Moreover, the results revealed that chisel plow and ridger 
implements resulted in the highest and the lowest predictions 
among the other implements, respectively. These results 
indicated that each implement has its own speci�ic model to

predict repair and maintenance costs in the Gezira scheme. The 
authors believe that the furnished information is necessary for 
managing and organizing repair and maintenance for farm 
machinery in the Gezira scheme, as it is �irst time to establish 
such type of information.
The results in Table 6 also illustrate how variations in annual 
working hours impact the predicted percentage of repair and 
maintenance costs for different implements. For instance, 
increasing annual working hours from 75 to 300 resulted in a 
dramatic rise in repair and maintenance costs: 845.3% for the 
disk plow, 840.6% for the ridger, and 160.3% for the thresher. 
This variation implies that certain implements may be more 
susceptible to wear and tear with prolonged use, highlighting 
the need for tailored maintenance strategies based on the type 
of implement and its usage intensity.

Table	6.	Predicted	repair	and	maintenance	cost	as	percentage	of	purchase	price	for	the	
selected	implements	in	the	Gezira	scheme

Table 7 illustrates the predicted repair and maintenance costs 
(SDG per hour) for the ten implements under this study by using 
their developed power models, purchase prices and annual 
working hours of use. The used annual working hours of use 
were ranged from 50 to 250 hours. The results showed that 
there were noticeable variations amongst the implements in the 
predicted repair and maintenance costs. The scraper implement 
resulted in the lowest cost values across other implements; this 
may mainly due to its lowest purchase price. On the other hand, 
the disk harrow implement resulted in the highest cost. It was 
also noted that the cost values increased with the increases in 
annual working hours of use for all of the studied implements, 
except for disk harrow, sprayer and thresher implements, where 
the cost decreased as annual working hours increased. This 
indicated that the purchase price of each implement affects the 
predicted repair and maintenance costs. This result suggested 
that each implement has its own speci�ic and distinguished 
power model for predicting monetary values of repair and 
maintenance costs. 
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This result agreed with [21], They reported that the relations 
between annual repair and maintenance cost as percentage of 
purchase price and annual hours of use were highly and very 
highly signi�icance.

Table	7.	Predicted	repair	and	maintenance	costs	(SDG/h)	for	the	selected	implements	at	
different	annual	working	hours	of	use	in	the	Gezira	scheme

The predicted repair and maintenance costs (SDG/h) varied 
signi�icantly among the implements. For example, although the 
ridger and sprayer have the same purchase price (Table 7), their 
predictions under increased annual working hours differ. When 
annual working hours increased from 50 to 250, the sprayer's 
repair and maintenance costs decreased by 63.9%, while the 
rider's costs increased by 170%. Similarly, the disk harrow and 
seed-drill, which share a higher purchase price, showed 
contrasting trends: the disk harrow's costs decreased by 5.4%, 
whereas the seed-drill's costs increased by 22.6%. These 
suggests that factors beyond purchase price, such as design, 
material durability, or operational characteristics, play a critical 
role in determining the long-term repair and maintenance costs 
of agricultural implements.
The results showed that there were notable variations between 
the primary tillage implements in the predicted repair and 
maintenance costs (Fig. 1). The chisel plow obtained the highest 
values of prediction followed by the disk plow whereas 
moldboard plow obtained the lowest. It was observed that for all 
of the three implements, the predicted lower values of repair 
and maintenance costs at fewer annual working hours of use 
and increases with the increases in annual working hours of use. 
These variations may be due to the differences in their purchase 
price. Moreover, these variations may be due to differences in 
the design components of the implements. 

The results revealed remarkable variations in the predicted 
repair and maintenance costs among the secondary tillage 
implements (Fig. 2). The scraper showed the highest predicted 
costs, followed by the disk harrow, then ditcher, while the ridger 
recorded the lowest. For all four implements, lower repair and 
maintenance costs were predicted at fewer annual working 
hours, with costs increased as annual working hours rose. The 
disk harrow, ditcher and ridger showed relatively similar trends 
in cost prediction compared to scraper. 

These variations can be attributed to variations in their design 
features and purchase price. These variations underscore how 
differences in both initial purchase price and structural design 
contribute to disparities in repair and maintenance expenses.

The results revealed noticeable variations in the predicted 
repair and maintenance costs among the seed-drill, sprayer and 
thresher implements (Fig. 3). The seed-drill recorded the 
highest predicted costs, followed by the sprayer, while the 
thresher recorded the lowest. For all three implements, lower 
repair and maintenance costs were predicted at fewer annual 
working hours, with costs increasing as annual working hours 
rose. These variations can be attributed to differences in the 
purchase prices of the implements, as well as variations in their 
design and engineering features [17].

The developed power models were utilized to predict repair and 
maintenance costs for the ten studied implements. Figure 4 
illustrates a comparison between the actual and predicted 
values of these costs. The results demonstrated a strong 
agreement between the predicted and actual values across all 
implements, indicating that the models are highly accurate in 
estimating repair and maintenance costs within the Gezira 
scheme. Figure 4 also demonstrates that each implement has it 
own distinguished model for cost prediction which differ from 
others, this con�irms the difference between these implements. 
These �indings suggest that the developed models can be 
con�idently applied to estimate repair and maintenance costs 
for these agricultural implements. To the authors' knowledge, 
this study represents the �irst attempt to develop predictive 
models of this nature speci�ically for the Gezira scheme. As such, 
the models provide a valuable tool for cost estimation in the 
region and can be reliably used unless signi�icant changes in 
operational conditions or management practices occur.
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Fig.	 4.	 Actual	 versus	 predicted	 values	 of	 repair	 and	 maintenance	 costs	 for	 ten	
implements	in	the	Gezira	scheme

Conclusions
Ÿ The exponential, linear, logarithmic, polynomial, and power 

models were used to predict repair and maintenance costs 
as a percentage of purchase price (dependent variable) 
based on annual working hours (independent variable), for 
ten types of agricultural implements. These implements 
encompassed primary tillage implements (disk plow, chisel 
plow, and moldboard plow), secondary tillage implements 
(disk harrow, scraper, ridger, and ditcher), and other 
implements (seed drill, sprayer, and thresher). 

Ÿ The power model proved to be the most reliable and 
accurate for predicting repair and maintenance costs, with 
highly signi�icant correlations (F-value range: 0.001 to 0.01) 
and R² values ranging from 0.90 to 0.99.

Ÿ Repair and maintenance costs generally increase with 
higher annual working hours, but variations existed 
depending on implement type, purchase price, and design.

Ÿ These power models provide a robust framework for 
estimating repair and maintenance expenses, offering 
valuable insights for farmers and policymakers in machinery 
management.

Ÿ The predictive power models developed by this study 
bridges a critical knowledge gap and supports more ef�icient 
agricultural machinery use in the Gezira Scheme.

Ÿ Studies are suggested to address this topic under other 
regions and operational practices.
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