
TEHNIČKI GLASNIK 19, 1(2025), 119-126                                            119 

ISSN 1846-6168 (Print), ISSN 1848-5588 (Online) Preliminary communication 
https://doi.org/10.31803/tg-20231220092909 Received: 2023-12-20, Accepted: 2024-01-23 

 
 

Safety Work as a Factor in Reducing the Number of Injuries of Tractor Operators 
 

Tomislav Jurić, Mislav Jurić, Ivan Vidaković, Željko Barač* 
 

Abstract: Modern agricultural production requires the use of agricultural machinery. Among all agricultural machines, the tractor is one of the most frequently used agricultural 
machines. In this paper, we perform a literature review and explore various safety hazards a tractor operator is exposed to. Next, we present the results of a work safety related 
survey we conducted in Osijek-Baranja and Vukovar-Srijem counties. We conclude the paper with a list of safety related observations we derived from our research.  
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1 INTRODUCTION 
 

Modern agricultural production must ensure the 
production of quality, quantitatively sufficient and market 
competitive food. For the most part, manufacturing processes 
in agricultural production are mechanized, which implies the 
use of sophisticated machines. By increasing the level of 
mechanization of a certain process, we reduce the percentage 
of human labor within them, which contributes to lower 
injury occurrences in workers who take part in the process. 

Agricultural production is specific in that: 
- production takes place in the open, 
- technological processes are conducted mostly by driving 

an agricultural aggregate over the production area, 
- doing certain technical operations is time constrained 

due to optimal agrotechnical deadlines, 
- agricultural machinery is applied on multitude of terrains 

(plain, gentle slopes, big slopes), 
- the machines used have seasonal character (except 

tractors), so they remain out of use for a while, 
- work is usually done on surfaces which are significantly 

dislocated from urban environments, and frequently, to 
reach the production surfaces, the worker must traverse 
roads that were created by the movement of agricultural 
machines and are not suitable for the movement of most 
road vehicles (weighers) 

- most frequently the work is being done by only one 
person (agricultural tractor operator), 

- the work is conducted in spite of unfavourable weather 
conditions (fog, snow) when the visibility is lowered, 

- in production they use protective agents and mineral 
fertilizers that are aggressive and harmful to human 
health and, 

- children participate in agricultural work. 
 
On the production surface usually, there is only the 

tractor operator who operates the aggregate (common in 
family farms). Therefore, the problem of the tractor operator 
injuring themselves is complicated by the fact that the 
operator has no other choice, but to give themselves first aid, 
call for medical assistance and wait for their arrival. 
Furthermore, very often the tractor is being operated by 
persons who are not acquainted with potential dangers that 

could occur to the operator (they were not trained to operate 
the tractor safely). 

Agricultural tractor, as a fundamental agricultural 
machine, is used in nearly all branches of agricultural 
production (farming, animal husbandry, fruit growing and 
viticulture, and vegetable growing). It is intended for towing, 
powering attached machines, carrying attached tools and 
devices, and for transport. Modern agricultural tractors, 
technologically perfected, in addition to an educated 
operator, require well-organized servicing and preventive 
maintenance, which, if conducted regularly, will avoid the 
occurrence of breakdowns, ensure high operational reliability 
of the tractor, extend the service life and reduce the 
possibility of injury to the operator during operation. 
Employee injuries while performing certain production 
processes certainly have economic, health, social and 
organizational consequences. 

The aim of this paper is to provide an overview of the 
dangers and harms to which agricultural tractor operators and 
persons working in agriculture are exposed, and to present 
the results of research into the safe operation of agricultural 
tractor operators. 
 
1.1 Literature Review 
 

During work, the operator of the agricultural tractor is 
exposed to the negative influence of numerous factors, which 
results in a decrease in the performance and quality of the 
work performed, the appearance of fatigue of the operator, 
which, along with a decrease in concentration, very often 
ends in their injury at the workplace. 

In parts of the production process where we still have a 
significant share of human labor (auxiliary workers who fill 
the containers of mineral fertilizer spreaders with fertilizer, 
that is, the containers of seed drills with seeds, etc.), there is 
a risk of injury to participants in the production process 
during work. 

Very often, injuries are the result of the carelessness of 
the operator (who does not notice another person in the 
working area around the tractor and thus the tractor runs into 
people or the tractor passes over certain extremities) or the 
person who performs the work of an auxiliary worker. 
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One of the specifics of agricultural production (on family 
farms) is the participation of children in production processes 
and their injury during work. 

Investigating children's injuries while doing agricultural 
work in Požega-Slavonia County, authors [1] are found that 
as many as 30.6 % of respondents (out of 188 children) 
suffered minor or serious injuries. A special problem 
regarding the safety of children and adult members of 
agricultural households is manifested in the fact that 
monitoring measures (application of regulations, measures 
and protection rules) of the existing laws cannot be 
implemented over them, since they are not employed, and in 
order to reduce the number of injuries to children, it would 
be beneficial to educate the parents about working in a safe 
way, note the same authors. 

Injuries of persons working in agriculture can occur: 
-  While coming to work, 
-  While working with a tractor and other self-propelled 

machines, 
-  During work on the supply of agricultural machinery 

(auxiliary workers), 
-  During troubleshooting of tractors, self-propelled and 

attachment machines, 
-  While participating in road traffic, 
-  While going to the production area and returning from it, 
-  During work with protective equipment, 
-  Due to fatigue, 
-  Due to recklessness, 
-  Due to inexperience, 
-  Due to alcohol and intoxicants, 
-  While returning from work, 
-  Inappropriate work speed, 
-  Bad weather conditions during work, 
-  Difficult working conditions (working on sloping 

ground, movement on soil with high humidity, etc.) and 
-  Lack of expertise (the tractor is driven by people who 

don't have a driver’s license). 
 
Authors [2] are citing similar causes of injuries, indicate 

the need for continuous education of tractor operators 
through courses, regarding the proper use and maintenance 
of machines. Courses should be organized with the 
participation of all relevant institutions and associations. 

Authors [3] are determine the factors that increase the 
risk of accidents with a tragic outcome in agriculture (tractor 
without a safety cabin, older age, people working alone, road, 
slope of roads and paths, canals and obstacles, tractor 
manoeuvres, traffic, single-axle tractors, trailer, repairs, too 
much load, falls, excessive amount of alcohol in the blood). 
The most dominant factors are the lack of a safety cabin in 
the event of a rollover, driving on roads and paths, and older 
age. 

Operators and people working in agriculture are mainly 
exposed to mechanical hazards while working with tractors 
and other agricultural machines by authors [4]. The high 
incidence of injuries while working with machines is 
influenced by their age and correctness, the operator's work 
experience, fatigue and possible alcohol consumption during 
work. Therefore, it is necessary to educate all household 

members regarding the dangers they are exposed to during 
work, the consequences of their actions, as well as the correct 
use of machines and pesticides, note the same authors. 

The largest number of injuries that occur during work in 
agricultural households are the result of mechanical hazards 
when working with agricultural machines and tools, and the 
main factors for the occurrence of these are the technical 
malfunction of the machines and the ability and condition of 
the operator (fatigue, alcoholism, etc.) by author [5]. 

Investigating injuries in agriculture in the United 
Kingdom (UK), author [6] are notes that injuries with a tragic 
outcome most often occur when working with machines, due 
to falls from a height and due to electric shock. The highest 
number of accidents during the year occur in the months of 
July, August and September, and the number of accidents in 
agriculture is significantly higher than in most other 
industries, notes the same author. 

Analyzing a multi-year period (2004-2013) in which 
2.892 traffic accidents involving tractors occurred, by 
authors [7] are state that the biggest cause of accidents with 
a tragic outcome was a tractor without a safety cab. Most of 
the accidents happened on intercity roads. The age of the 
operator over 45 is a factor that increases the probability of 
an accident, the authors warn. 

Authors [8] are analyzing tractor accidents in agriculture 
and forestry in the Czech Republic with serious injuries and 
fatal outcomes, state that in the interval from 2009 to 2018, 
89 accidents occurred, of which 72 accidents were with 
severe (serious injuries) and 17 accidents with tragic 
consequences. In all accidents, the tractors were driven by 
men, and the most common cause of accidents was non-
compliance with the rules. 

Authors [9] are analyzed agricultural accidents in the 
Republic of Austria (2008-2010) caused by tractors, self-
propelled harvesting machines and transport machines and 
found that 1/3 of the accidents occurred due to overturning of 
the vehicle, and more than 10 % of the accidents that 
occurred is due to technical problems, slippery or muddy 
surfaces or poor vehicle handling. 

Investigating the consequences of accidents that 
occurred while working with a tractor, authors [10] in the 
period from 1999 to 2003 in the Republic of Macedonia, 
found that out of a total of 101 tragically injured persons, 
56.44 % were killed in traffic, and 43.56 % during work. The 
older age of the operator results in reduced sensory and 
psychomotor abilities, which leads to a higher number of 
injuries with a tragic outcome, according to the same authors. 

Regular maintenance measures ensure the technical 
correctness of the tractor and the machine that is aggregated 
with the tractor, and since they are performed before the start 
of work, they should reduce the possibility of injury. 
Furthermore, these measures ensure the technical correctness 
of the tractor as a participant in road traffic. The number of 
traffic accidents involving tractors, the number of fatalities 
and injured persons are presented in Tab. 1. 

The number of traffic accidents involving tractors has a 
decreasing trend from 360 accidents (2015) to 334 accidents 
(2019). The number of people killed compared to 2015 (5 
people) managed to decrease to 3 people killed in 2017, but, 
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unfortunately, during 2018 and 2019, it increased to 9 people 
killed. The number of severely injured and slightly injured 
persons increased in 2018 and 2019 compared to 2015. 

 
Table 1 Number of traffic accidents involving tractors, number of fatalities, seriously 

injured and slightly injured persons for the period 2015-2019 [11] 

Year 
Number of traffic 

accidents 
involving tractors 

Number of 
people killed 
in an accident 

Number of 
seriously 
injured 
persons 

Number of 
persons who 

suffered minor 
injuries 

2019 334 9 28 56 
2018 337 9 31 51 
2017 334 3 21 48 
2016 362 5 29 51 
2015 360 5 18 40 

 
Investigating the implementation of maintenance 

measures on family farms, Authors [12] are indicate that they 
are not performed well, which will certainly increase the 
possibility of tractor breakdowns, as well as traffic accidents, 
since tractors participate in road traffic. 

In order to determine the agricultural tractor as a traffic 
safety factor, authors [13] are conducted research by 
surveying 107 family farms, where they found a high average 
age of tractors (17.7 years) and a high percentage of 
unregistered tractors (52.79 %) on family farms. The fact that 
even 23.33 % of technically defective tractors participated in 
public traffic is also worrying, according to the same authors. 

By fulfilling the ergonomic requirements, to the greatest 
extent, the modern constructions of agricultural tractors 
enable comfortable, health-safe work, reducing the 
possibility of injury of the operator to a minimum. 
Unobstructed entry and exit to the workplace (minimizing the 
possibility of injury) is ensured by the installation of 
handrails and steps and ladders on tractors and self-propelled 
agricultural machines. In order to reduce the possibility of 
injury, the steps must have a high coefficient of friction with 
the sole of the shoe, the distance between the steps should be 
uniform, and the first step should be easily visible (even at 
night) to avoid the possibility of missing it when leaving the 
cabin [14]. 

Authors [15] are defined the minimum size of the 
workspace (Fig. 1) of the operator of the agricultural tractor, 
which must provide him with unhindered movements of his 
hands and feet, and at the same time be spacious enough so 
that the tractor driver is not injured. 
 

 
Figure 1 Minimum values of the size of the workspace 

 
Mechanical vibrations at the operator's workplace are the 

result of the tractor's movement, the operation of individual 
tractor assemblies (engine, transmission), the operation of the 

attached machine, etc. The negative impact of mechanical 
vibrations on the operator is manifested in their traumatic 
injuries at the place of their impact (direct impact) and 
indirect impact on nerves and nerve endings, which often 
results in disorders of the circulatory system, bones, nervous 
system, bones, joints, muscles, stomach, balance and others 
by authors [16]. 

The problem of mechanical vibrations is being solved by 
active and passive protection measures by author [17]. Active 
protection measures include: suspension of the front axle of 
the tractor, suspension of the entire tractor, an increase in the 
weight of the tractor and newer tire designs. In contrast to 
active measures, passive protection measures include the 
suspension of the tractor seat and the tractor cabin. 

The limit and warning values of daily exposure during 
the operator's eight-hour working time to the hand-fist 
system are 5 ms‒2 and 2.5 ms‒2, respectively, and to the 
operator's trunk 1.15 ms‒2 and 0.5 ms‒2, [18, 19]. 
Investigating the level of vibrations of the hull that affects the 
operator when moving the tractor on different agrotechnical 
surfaces, seat materials and movement speeds, it was 
determined that not a single measured value exceeded the 
permissible limit value of 1.15 ms-2 by authors [20]. The level 
of vibrations that affect the hand-arm system of the operator, 
when moving the tractor on different agrotechnical surfaces 
and at different speeds of movement, increases with the 
greater number of working hours of the tractor by authors 
[21]. The same authors indicate that all measured values did 
not exceed the permissible limit value of 5 ms‒2. 

Noise is any unwanted sound that causes operator 
fatigue, reduced concentration, orientation problems, 
reduced ability to receive sound notifications and safety at 
work by authors [22]. Noise at the operator's workplace is a 
consequence of the operation of the engine, the operation of 
the transmission elements, the operation of the air intake 
system and the exhaust system, the operation of the hydraulic 
system, and vibrations due to the movement of the tractor on 
the production surfaces and vibrations of individual parts of 
the tractor [17]. The noise level at the tractor operator's 
workplace should not exceed 85 dB, otherwise the operator's 
hearing may be damaged. 

Tractor cabs should be lined with material that absorbs 
sound well, and if the noise level is still above 85 dB at the 
operator's place, the operator should use personal protection 
against noise (ear plugs, ear protectors, etc.). Noise 
generation is certainly affected by the age of the tractor and 
the quality of its maintenance. 

By measuring the noise inside and outside the operator's 
cabin at different engine revolutions (1100, 1800 and 2200 
rpm‒1) and when standing and moving in relation to the 
number of working hours, it was determined that with the 
increase in the number of working hours’ noise increases, 
except for external noise at 2200 min‒1 when standing and 
moving. None of the measured values exceeded 80 dB, which 
is favourable in terms of operator protection and safety by 
authors [23]. 

Agricultural machines work in an environment where 
there is a significant amount of dust. Dust in agriculture is 



Tomislav Jurić et al.: Safety Work as a Factor in Reducing the Number of Injuries of Tractor Operators 

122                                                                                                                                                                               TECHNICAL JOURNAL 19, 1(2025), 119-126 

generated during tillage and harvesting by author [24]. In 
order to prevent dust from entering the tractor cabin 
(operator's workspace), filters are installed in it, through 
which the surrounding air passes before entering. If this 
protection is not sufficient, the operator must use a protective 
mask or a protective visor. 

During work, the operator must be provided with 
favourable microclimatic conditions. Ensuring these 
conditions is complicated by the limited volume of the tractor 
cabin, large glass surfaces (windows and doors), working 
under a clear sky (exposure to solar radiation), heat radiation 
from the engine, etc. 

If the operator is exposed to high temperatures at the 
workplace, this may result in heat stroke, and low 
temperatures may result in the freezing of certain parts of the 
body. In order for the operator to feel comfortable at the 
workplace, the air temperature must be 18-20 °C in the winter 
or 24-27 °C in the summer, the air flow speed 0.1 - 0.5 ms‒1, 
and the relative humidity 30 - 65 %, by author [25]. 

Modern constructions of tractors are equipped with 
cooling devices, cabins are lined with thermal insulation 
materials, which, along with the use of tinted and bevelled 
glass, as well as blinds and shades, provides the operator with 
favourable working conditions due to the microclimate. 

When applying pesticides and other protective agents 
and mineral fertilizers, the operator may come into contact 
with dangerous substances. In addition to harmful 
substances, there is a risk of exhaust gasses entering the 
cabin, which contains carbon monoxide among other 
dangerous and harmful gasses. 

During the application of protective agents (spraying, 
spraying), aerosol droplets are formed, which must never 
reach the operator's workplace. Therefore, the surrounding 
air will pass through a filter before entering the cabin. To 
prevent the entry of dangerous particles into the cabin 
through the openings through which the control levers, 
hydraulic hoses, etc. pass, seals must be correct, and there 
must be a certain overpressure in the cabin. Unfortunately, in 
practice, operators sometimes know how to perform 
treatments with the cabin door open and without applying 
personal protective equipment, which leads to damage to 
their health. Regular and high-quality measures of service 
and preventive maintenance are important factors for 
ensuring favourable working conditions regarding the 
protection of operators from dangerous substances by authors 
[15]. 

During operation, the operator must monitor the 
measuring and control instruments on the control panel in the 
tractor, the space in front, on the side and behind the tractor, 
and control the operation of the attachment device (with 
which the tractor is aggregated). On modern tractors, the 
glazed surfaces of the tractor cabin have been increased to 
the maximum in order to reduce the possibility of injuries 
during operation and to increase the visibility of the space in 
front, on the side and behind the tractor. The tractor is 
equipped with internal and external mirrors, lights and a 
device for washing and defrosting the windshield in order to 
work safely in the day and in the night. These structural 
solutions have reduced the invisible surfaces from the 

operator's workplace. Further development of agricultural 
tractor structures with the aim of improving visibility is 
focused on the application of cameras and sensors for the part 
of the space that is outside the operator's field of vision (blind 
spot). These systems detect a person who is in the tractor's 
trajectory, stop the tractor and thus prevent accidents by 
authors [26]. 

During operation, the tractor aggregates (tractor units) 
move on production surfaces on different reliefs (plains, 
smaller slopes and larger slopes). The best results of the 
operation of the tractor unit are achieved during operation on 
flat terrain, where we have good stability of the unit, less load 
on the tractor operator, lower fuel consumption, good 
efficiency of the unit, etc. Working on gentle inclines results 
in a decrease in the stability of the unit, an increased load on 
the operator, higher fuel consumption, a decrease in 
efficiency, etc. The worst results are achieved during the 
operation of the unit on higher slopes. 

During rest and movement of tractor aggregates, the 
reaction values of the ground on the front and rear axles of 
the tractor also change, and their values are certainly affected 
by the ground on which the aggregate moves (flat surface, 
rise or slope), attachment tool or machine aggregated with 
the tractor. Although the tractor manufacturers have defined 
in their instructions the permitted slopes and climbs on which 
the tractors may move during operation, very often the tractor 
overturns and injures the operator. The most common reason 
for this is the neglect of this data due to the self-confidence 
of the operator ("I can do it, nothing will happen to me"), 
inexperience, the work of a minor or a person who 
occasionally drives the tractor, etc. 

Due to their construction, tractors have a high center of 
gravity, which makes them unstable, and tractor overturning 
is the main factor in accidents by author [27]. 

In the Republic of Croatia, a safety cabin or safety frame 
is mandatory on all tractors registered for the first time after 
January 1, 1983 [28]. 

Very often, injuries during tractor operation occur: 
• Due to the side overturning of the tractor or 
• Longitudinal overturning of the tractor (ascent or slope). 

 
The stability of the tractor is influenced by the following 

factors [15]: 
• Linear tractor scale 
• Magnitude, direction and direction of the forces acting 

on the tractor 
• The slope of the ground and the direction of movement 

of the tractor (uphill or downhill). 
 
Lateral overturning of a tractor moving on a slope, Fig. 

2, will occur at the moment when the normal reaction of the 
ground at the point of the wheel that is in a higher position 
(the right wheel during the slope of the ground to the left side) 
is equal to zero (N1 = 0). Therefore, the beginning of the 
tractor overturning with regard to point 2 is at the moment 
when: 
 
Ghc sinα = 0,5G (B+b) cosα                                                (1) 
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Figure 2 Movement of the tractor on a side-sloping surface 

 
Where: G – tractor weight, N; B – wheel spacing, m; b – 

pneumatics width, m; hc – the height of the tractor's center of 
gravity, m; α – angle of inclination of the surface, °. 

The tractor's side tipping can sometimes be preceded by 
the tractor's side drift. The values that influence the increase 
or decrease of the risk of lateral overturning are: the height 
of the tractor's center of gravity (hc) and the sum (b+b) of the 
distance between the wheel spacing (B) and the wheel width 
(b). Smaller values of the height of the center of gravity 
ensure better stability of the tractor, as a larger sum (B+b). 

When analyzing the longitudinal overturning of the 
tractor during operation, we distinguish between the 
overturning of the tractor around the axis of the rear wheels 
(during work on a climb), Fig. 3, and the overturning of the 
tractor around the axis of the front wheels (during work on a 
slope). The condition for overturning the tractor in the first 
case is the complete unloading of the front wheels (Np =0), 
that is, for the overturning of the tractor on the slope, the 
unloading of the rear wheels (Nz = 0). 
 

 
Figure 3 Tractor on a slope 

 
Where: G – tractor weight, N; hc – the height of the 

tractor's center of gravity, m; αup – angle of inclination of the 
surface, °; l – distance between axles; lz – distance of the 
center of gravity from the axis of the rear wheel. 

The stability of the tractor during standstill depends on 
the angle of inclination of the ascent or slope. Considering 
the position of the tractor's center of gravity, the limit angle 

when the tractor is at rest on the slope (αp) is greater than the 
limit angle of ascent (αup). For tractors with wheels, αup = 
35-400, and αp = 600 (it can be higher), according to the 
authors [15, 29]. Along with overturning, the longitudinal 
stability can also be hindered by the tractor sliding on the 
ground. 

The loss of longitudinal stability can be the result of the 
tractor's drive wheels getting stuck, where they do not turn, 
which will result in the front part of the tractor being lifted 
off the ground and the tractor rotating around the rear (drive 
wheels). 

Furthermore, the loss of longitudinal stability can occur 
due to an inadequate coupling height of the trailer and the 
tractor. 

 
2 MATERIALS AND METHODS 
 

Research regarding the safe work of agricultural tractor 
operators was carried out 2023 by surveying agricultural 
tractor operators in Osijek-Baranja and Vukovar-Srijem 
counties. The questionnaire contained eleven questions (Tab. 
2). The results of the research have an indicative character 
since the answers were obtained by the subjective judgment 
of the respondents. The research carried out is part of the 
research that will be carried out in the counties of Eastern 
Croatia with regard to the safe work of operators.  

 
Table 2 Example of research survey 

No Questions Answers 
1. Are you familiar with working 

procedures that are considered 
safe? 

Yes No 

2. Do you have technical 
documentation for all the 
machines you own? 

Yes No 

3. Do you have a valid first aid kit 
in the tractor? Yes No 

4. Do you follow the instructions 
for safe operation prescribed by 
the machine manufacturer? 

Yes No 

5. I perform agrotechnical 
operations 

Mostly alone 
(yes). 

With another 
person (no). 

6. In the event of an accident 
during work, are you able to 
provide professional first aid to 
the injured person? 

Yes No 

7. During work I wear: Work clothes 
and work 
footwear (yes). 

Everyday 
clothes and 
everyday 
footwear (no). 

8. Do you have the correct 
protection of all PTO shafts? Yes No 

9. In the case of removal of plant 
residues and soil when the 
attachment machine becomes 
clogged: 

I turn off the 
drive to the 
connecting 
machine (yes). 

Turn off the 
drive machine 
(no). 

10. Do you have a mobile device 
with you during work? Yes No 

11. When carrying out repairs on 
carried machines that have been 
raised by a hydraulic lifting 
device: 

Turn off the 
tractor and 
eliminate the 
fault (yes). 

Turn off the 
tractor and 
place mats 
under the 
machine (no). 
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The obtained results were processed using the Chi-
Square Tests. 
 
3 RESULTS AND DISCUSSION 
 

The obtained results were analyzed and presented in two 
graphs. 

Fig. 4 shows that most of the answers to the questions 
are positive, except for the answer to question 11 from the 
survey, where "no" indicates a good answer by looking at the 
survey. Furthermore, the analysis of the results found that 
operators in Osijek-Baranja County adhere to the measures 
necessary for safe work. 

The analysis of the results of the Vukovar-Srijem County 
found that the answers to the questions were mostly positive, 
except for questions 3, 7 and 8 where the answer was "no" in 
the range of 55 % to 70 %. Furthermore, by looking at the 
survey, it was determined that the operators in the mentioned 
investigated county mostly do not have valid first aid in the 
tractor, do not wear work clothes and work footwear, and do 
not have proper protection of all PTO shafts (Fig. 5). 

 

 
Figure 4 Results of the safe work survey of the investigated Osijek-Baranja County 

 

 
Figure 5 Results of the safe work survey of the investigated Vukovar-Srijem 

County 
 

By not complying with these measures, they put 
themselves at risk of minor injuries and serious life-

threatening injuries, which is what the authors warn and refer 
to [1]. 

Operators should take a course or training on safe work 
in order to become aware and begin to comply with all 
measures until it is too late, as stated by the authors [2]. 
 

Table 3 County and safety crosstabulation 

 Safety Total Positive Negative 

County 
OB Count 529 208 737 

Expected Count 509 228 737 

VS Count 132 88 220 
Expected Count 152 68 220 

Total Count 661 296 957 
Expected Count 661 296 957 

OB - Osijek-Baranja County; VS - Vukovar-Srijem County 
 

Tab. 3 shows that in Osijek-Baranja County were 529 
positive answers regarding safety, with the corresponding 
theoretical frequency being 509, while for positive answers 
in Vukovar-Srijem County, the theoretical value (152) was 
higher than the actual value (132). Of the total number (957), 
there were over 69 % positive safety responses. 
 

Table 4 Chi-Square Tests 

 Value df Asymp. Sig. 
(2-sided) 

Exact Sig. 
(2-sided) 

Exact Sig. 
(1-sided) 

Pearson Chi-
Square 11.001a 1 0.001   

Continuity 
Correctionb 10.456 1 0.001   

Likelihood Ratio 10.666 1 0.001   
Fisher's Exact 

Test    0.001 0.001 

N of Valid Cases 957     
a. 0 cells (0,0 %) have expected count less than 5. The minimum expected 
count is 68.05. 
b. Computed only for a 2×2 table 

 
Value of the Chi-square test is 11.001 and shows high 

statistical significance (Tab. 4). 
 

Table 5 Symmetric Measures 
 Value Approx. Sig. 

Nominal by Nominal 
Phi 0.107 0.001 
Cramer's V 0.107 0.001 
Contingency Coefficient 0.107 0.001 

N of Valid Cases 957  
 

Considering the values of coefficients in Tab. 5, it was 
concluded that the correlation of the variables is relatively 
low (0.107), but highly significant. It is possible to observe a 
trend of a lower number of safety-conscious operators in 
Vukovar-Srijem County, i.e. more safety-conscious 
operators in Osijek-Baranja County compared to the 
expected frequencies. 
 
5 CONCLUSIONS 
 

The specificity of agricultural production is manifested, 
among other things, by the movement of agricultural 
aggregates by production bases. Very often, operators of 
agricultural machinery perform their work alone in locations 
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far from populated areas. During work, the operator is 
exposed to numerous factors that negatively affect his safety 
and health, while the ergonomic solutions of modern 
agricultural machines strive to ensure the most favourable 
working conditions. 

The conducted research indicates: 
• That there is a difference between the investigated

counties in terms of not having valid first aid, not
wearing work clothes and work footwear, and the
absence of PTO shaft protection;

• That not having a valid first aid kit reduces the quality of
self-help provided by the operator in the event of an
injury;

• That not wearing work clothes and work footwear
reduces operator safety during work and increases the
possibility of a negative impact on health;

• Due to the lack of protection of the cardan shaft, there is
a great risk of minor, serious and life-threatening
injuries;

• On the need for continuous education regarding safe
work;

• Osijek-Baranja County operators are significantly aware
of safety at work. In addition, there is a highly
statistically significant relationship between the
operators of a Particular County and safety at work.

6 REFERENCES 

[1] Janev Holcer, N., Brkić Biloš, I., Jurić, F., Rešić, A. & 
Vugrinčić, M. (2014). Risk factors and children injuries while 
performing agricultural work in the Požega-Slavonia County. 
Pediatria Croatica, 3(58), 190-194. 
https://doi.org/10.13112/PC.2014.34 

[2] Oljača, M. V., Kovačević, D., Radojević, R., Gligorević, K., 
Pajić, M. & Dimitrovski, Z. (2010): Accidents with tractor 
drivers in public traffic of the Republic of Serbia. 
Poljoprivredna tehnika, 1(35), 75-82. 

[3] Arana, J., Mangado, J., Arnal, P., Arazuri, S., Alfaro, J. R. & 
Jaren, C. (2010). Evalution of risck factors in fatal accidents in 
agriculture. Spanish Journal of Agricultural Research, 8(3), 
592-598. https://doi.org/10.5424/sjar/2010083-1254 

[4] Janev Holcer, N., Deriš, B. & Džakula. A. (2013). Health 
protection of the farming population in Požeško-slavonska 
County. Sigurnost: časopis za sigurnost u radnoj i životnoj 
okolini, 55(1), 1-8. 

[5] Fabijanić, K. (2010). Occupational safety and health of the 
farming population. Sigurnost: časopis za sigurnost u radnoj i 
životnoj okolini, 52(4), 367-379. 

[6] Solomon, C. (2002). Accidental injuries in agriculture in the 
UK. Occupational Medicine, 52(8), 461-466. 
https://doi.org/10.1093/occmed/52.8.461 

[7] Arnal, P., López-Maestresalas, A., Arazuri, S., Mangado, J. M. 
& Jarén, C. (2017.): A multi-year analysis of traffic accidents 
involving agricultural tractors. Chemical Engineering 
Transactions, 58, 109-114. https://doi.org/10.3303/CET1758019 

[8] Valeriánova, Z. & Patočka, Z. (2020). Analysis of serious and 
fatal occupational accidents associated with tractors in 
agriculture and forestry in the Czech Republic. Acta 
Universitatis Agriculturae et Silviculturae Mendelianae 
Brunensis, 68(4), 719-727.  
https://doi.org/10.11118/actaun202068040719 

[9] Mayrhofer, H., Quendler, E. & Boxberger, J. (2014). Narrative 
text analysis of accident reports with tractors, self-propelled 
harvesting machinery and materials handling machinery in 
austrian agriculture from 2008 to 2010 – a comparison. Annals 
of Agricultural and Environmental Medicine, 21(1), 183-188. 

[10] Dimitrovski, Z., Gligorević, K., Ružićić, L. & Oljača M. V. 
(2008). Consequences of tractor accidents involving older 
farmer population in the agriculture of the repuplic of 
Macedonia. Poljoprivredna tehnika, 33(4), 103-110. 

[11] MI (2015-2019). Bulletin on road traffic safety 2015-2019. 
Retrieved from https://mup.gov.hr/pristup-informacijama-
16/statistika-228/statistika-mup-a-i-bilteni-o-sigurnosti-
cestovnog-prometa/bilteni-o-sigurnosti-cestovnog-
prometa/287330 

[12] Jurić, T., Emert, R., Šumanovac, L. & Horvat, D. (2001). The 
realization of machinery maintenance on family farms. 
Proceedings of the 29th International symposium on 
agricultural engineering "Actual tasks on agricultural 
engineering", Opatija, 43-50. 

[13] Jurić, V., Jurić, T., Kiš, D., Emert, R. & Plaščak, I. (2008). 
Agricultural tractors as factors in traffic safety. Proceedings of 
the 36th International symposium on agricultural engineering 
"Actual tasks on agricultural engineering", Opatija, 105-113. 

[14] OG 39/2011. Rule book on procedure for the homologation of 
tractors for agriculture and forestry with regard to the working 
area, access to the driver's seat and doors and windows tpv 317, 
Republic of Croatia, Zagreb. 

[15] Brkić, D., Vujčić, M., Šumanovac, L., Kiš, D., Jurić, T. & 
Knežević, D. (2005). Operation of agricultural machinery. 
Book of Faculty of Agrobiotechnical Sciences Osijek: Osijek, 
Croatia. 

[16] Aranđelović, M. & Jovanović, J. (2009). Occupational 
medicine. Book of Faculty of Medicine University of Niš, 
Serbia. 

[17] Časniji, F. (1991). Ergonomic deficiencies of agricultural 
tractors. Book of Faculty of technical sciences university of 
Novi Sad, Serbia. 

[18] EC (2002). Council Directive on the minimum health safety 
requirements regarding the exposure of workers to the risks 
arising from physical agents (vibration). J Eur Commun, EEC 
89/391, 2002/44. Retrieved from https://eur-
lex.europa.eu/legalcontent/HR/TXT/?uri=CELEX:02002L004
4-20081211 

[19] OG 155/2008. Rule book on protection from the risk of 
exposure to vibration at work. Ministry of economy, 
entrepreneurship and crafts, Republic of Croatia, Zagreb. 

[20] Barač, Ž., Plaščak, I., Jurić, T., Jurišić, M., Zimmer, D., 
Vidaković, I., Petrović, D., Duvnjak, V. & Marković, M. 
(2018). Operator's whole body vibrations dependent of 
agrotechnical surface, speed of movement and seat upholstery. 
Tehnicki glasnik, 12(2), 68-73. 
https://doi.org/10.31803/tg-20171207121511 

[21] Barač, Ž., Plaščak, I., Jurić, T., Baličević, P., Duvnjak, V., 
Jurišić, M., Heffer, G. & Marković, M. (2019). Influence of an 
uneven surface on the vibration occurrence affecting the tractor 
operator. Tehnicki glasnik, 13(3), 192-196. 
https://doi.org/10.31803/tg-20190211142404 

[22] Kroemer, K. H. E. & Grandjean, E. (2000). Adjusting of the 
work to operator. Book of ergonomics, Zagreb, Croatia. 

[23] Barač, Ž., Plaščak, I., Jurišić, M., Tadić, V., Zimmer, D. & 
Duvnjak, V. (2018). Noise in the cabin of agricultural tractors. 
Technical Gazette, 25(6), 1611-1615. 
https://doi.org/10.17559/TV-20170223093448 

[24] Göhlich, H. (1987). Lehrbuch der Agrartechnik. Band 5- 
Mensch und Maschine, Book, Hamburg und Berlin, Germany. 



Tomislav Jurić et al.: Safety Work as a Factor in Reducing the Number of Injuries of Tractor Operators 

126                                                                                                                                                                               TECHNICAL JOURNAL 19, 1(2025), 119-126 

[25] Renius, K. T. (1987). Traktoren. Book, Mϋnchen, Germany.  
[26] Ehlers, S. G. & Field, W. E. (2017). Determing the 

effectivennes of mirrors and camera system in monitoring the 
rearwad visibility of self-propelled agricultural machinery. 
Journal of Agricultural Safety and Health, 23(3), 183-201. 
https://doi.org/10.13031/jash.12034 

[27] Jerončić, R. (2008). The main reasons for accidents with the 
agriculture and forestry tractors. Poljoprivredna tehnika, 33(1), 
101-110. 

[28] OG 51/2010. Rule book on the technical conditions of vehicles 
in traffic on roads, Republic of Croatia, Zagreb. 

[29] Petrović, P., Obradović, D., Petrović, Ž. & Petrović, M. (2014). 
Longitudinal stability of tractor, as an essential para meter 
security in service. The 17th Scientific conference current 
problems and tendencies in agricultural engineering, Beograd, 
133-146. 

 
 
Authors’ contacts: 
 
Tomislav Jurić, PhD, Full Professor 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
tjuric@fazos.hr 
 
Mislav Jurić, MSc 
Independent researcher 
Hrvatskih kraljeva 110, 32100 Vinkovci, Croatia 
mislav.juric01@gmail.com 
 
Ivan Vidaković, PhD, Senior assistant 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
ividakovic@fazos.hr 
 
Željko Barač, PhD, Assistant Professor 
(Corresponding author) 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
zbarac@fazos.hr 
 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



