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Abstract. One of the most important tasks of the National Agricultural Research and Innovation Centre
Institute of Agricultural Engineering (NARIC MGI) is to annually provide information on the evolution of
agricultural machine operation costs in Hungary. Therefore, the Institute — in addition to other activities —
monitors and updates changes concerning agricultural machinery through the use of operational data and
values of basic farms on a yearly basis. The work results in the development and publication of a booklet
which best summarizes the actual cost of agricultural work performed by different machines. It contains the
average performance and cost of agricultural machines and equipment calculated by expected prices, wages,
and other costs. In this article, our aim is to present the main results of the observation and summarize the
main conclusions of traditional and organic farms in Hungary.

Introduction

Several publications deal with estimating farm machinery costs [Edwards 2015, Painter 2011,
Pflueger 2005. Schnitkey 2012]. Knowledge regarding machine operating costs is very important
for all involved (producers, researchers, teachers, policy makers, managers, consultants, etc.) in
agriculture because they constitute a significant proportion of agricultural production costs, so they
have a fundamental impact on the efficiency of production. Machinery and equipment are major
cost items in farm businesses. Reducing machine operating costs is key in the asset formation of an
agricultural business [Nagy 2015a,b]. The machine operating costs is effect on the outstanding debts
as well. If the most suitable machine is chosen due to economic factors by farmers, it results in an
increase of farming profitability. Having knowledge concerning the accurate performance, consump-
tion and cost data of machines is essential to make solid operational and developmental decisions.

Each year the booklet, which is developed and published, helps to improve production ef-
ficiency, contributes to increased efficiency and improved quality of work, and reduces costs. It
draws attention to the fact that cultivating unit costs of small (0.5-5.0 ha) fields are higher than
larger ones (50-100 ha) [Gockler 2016]. With our work we aim at assisting farmers in being able
to control machine costs in order to change uneconomically operated ones in time. This reduces
the production cost of machine labour and should work at increasing profitability farming. Fur-
thermore, we aim to help users make professional decisions. However, good machinery managers
can control machinery and power costs in Hungary.

Material and methodology

Today, a wide variety of agricultural machine types is offered by distributors in Hungary. Thus,
the portfolio of agricultural machines is very diverse and broad. Power machines include tractors,
combine harvesters, self-propelled loaders, self-propelled harvesters and other self-propelled ma-
chines. Tractors are grouped on the basis of engine power as it is impossible to clearly distinguish
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between them in terms of cost when considering their structure, function, and stress. Regarding
combine harvesters, besides engine power, it is necessary to separate normal and exceptional cir-
cumstances by recourse. Loaders have been grouped according to engine power. A wide variety
of power machines belong to the category of self-propelled harvesting machines that cannot be
standardized; only mowers and forage harvesters can. The group of other self-propelled machines
is very complex, but its proportion is low, so the cost of this group has been defined by engine
power. Equipment operated by power engines have been grouped by function (e.g. plows, discs,
seeders, spreaders, etc.). The type, size, working width, etc. of equipment were not taken into
consideration as they are adapted to power machines.

In agricultural practice, the performance of power engines is frequently summarized using
different equivalences. Working time (shift-time hours); tonne-kilometres (TKM), the normal-
hectar (NHA) and kilowatt-hours (kWh) were used as equivalents.

Costs of machine operation

The following cost factors were considered in our calculations and table 1:

— fuel and lubrication costs,

— wages and the costs charged to this: basic and supplementary salaries of the power engine
driver, social contribution tax and cost of sick leave,

— maintenance and repair costs: in the latter part of the repair, materials, repair payroll and
overhead costs, as well as improvements to the cost of other businesses,

— depreciation (amortization),

— other expenses: car tax, insurance + accident tax, equipment storage, clay and plant parts procure-
ment, storage and dispensing in the workplace, as well as wage-related costs of a general nature.
The direct cost is the sum of the above five costs. Other indirect costs:

— fixed and current assets, capital gains, interest on debt, other terms of income needs,

— general expenses associated with the machines (branch, main branch, economic, etc.).

The total operating cost is the sum of the above seven costs. It is important to note that the
prices and costs exclude VAT. The operation cost of agricultural machinery changes every year.

The changes are determined by the actual and planned numbers of base farms, machinery and
experiences of the parts distributor, the data of the Hungarian Central Statistical Office, as well as
by specifications of different regulations in force. It is worth noting that a wide variety of power
machines and equipment operate, and as such, are used under different conditions by farmers, so
the cost can differ greatly. Our work contains only diesel operated power machines, the diesel oil
price is 1.1 Euro/kg (tank car) and the lubricants to be considered at an average price of 2.72 Euro/
kg. Fuel price is charged — at wholesale price — among other expenses as 4% of procurement costs,
storage costs, material issuing costs and shipping costs. The cost of fuel and propellant consump-
tion of the actual work are determined by many factors: specific engine consumption (g/kWh), the
motor’s technical condition, power utilized by specific work, the features of the engine driver, etc.

Lubricant consumption is also influenced by many factors, e.g. it is higher in less powerful machines

with hydraulics (5.0-7.0%), while lower in powerful, simpler and modern machines (1.5-5.0%). A

portion of the excise tax on diesel used for agricultural work is refundable. This benefit is not taken

into consideration since it is not possible to know where the machine performs and who works with it.
The wage is calculated on the basis of base farm data from NARIC MGI and the Hungarian

Central Statistical Office fact figures. We calculated a 5% salary increase in 2016. The additional

salary is 10% higher than the base salary. The additional salary includes paid leave and other paid

absences. Other wage costs: social contribution tax is 27% of the base salary, sick leave costs amount

to 2% of the base and additional salaries. The amount of other wage implicated general costs is 5%

of the base and additional salaries, when it comes to base farms. This contains indirect benefits for

employees, and therefore it has been recognized as other costs. These benefits are not direct costs, but
it is important to calculate them, especially for the realistic comparison and evaluation of machines
replacing manual labour. As a result, they are included in other costs and not in the general costs.
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The specific maintenance and repair costs depend on many factors in practice, which are also a
function of time, and it varies widely by holding. The maintenance and repair costs are worked out
with average data for 2009-2015 years and the increasing of planned cost is 6% in 2016. 4 % of the
full maintenance and repair costs will be charged as other costs by the costs of material and parts
storage, clay and plant parts procurement, storage and dispensing.

There are several methods for calculating depreciation, generally based on either the passage of
time or the level of activity of the asset. At the beginning of the first year of depreciation book value
is the original cost of the asset. The book value is reduced in every year by the amount of deprecia-
tion. Due the recent price increases the depreciation costs cannot be determined based on the previ-
ous machine prices, so it can calculated from the current machine prices. Depreciation established
value is 10 % for each machine. The changes in the price of the equipment is determined generally
according to information provided by equipment manufacturers and prices of ARDA (Agricultural
and Rural Development Agency) machine catalogue.

Prices of 2015 were increased by 4% in the calculation of 2016 prices. Our published machine
prices are average prices, therefore an actual unit price for a particular type may differ materially.

In practice, specific maintenance and repair costs depend on many factors, which are also a
function of time, and vary widely by holding. Maintenance and repair costs are worked out on the
basis of average data for the years 2009-2015 and, in 2016, the increased planned cost is 6%. 4 %
of the full maintenance and repair costs are calculated as other costs due to the costs of material
and parts storage, clay and plant parts procurement, storage and dispensing.

There are several methods for calculating depreciation, generally based on either the passage
of time or level of asset activity. At the beginning of the first year of depreciation, book value is
the original cost of the asset. The book value is reduced every year by the amount of deprecia-
tion. Due to recent price increases, depreciation costs cannot be determined based on previous
machine prices, so it is calculated on the basis of current machine prices. The established value
of depreciation is 10% for each machine. Changes in the price of equipment is generally deter-
mined according to information provided by equipment manufacturers and prices in the ARDA
(Agricultural and Rural Development Agency) machine catalogue.

Prices in 2015 increased by 4% in 2016. Our published machine prices are average prices,
therefore an actual unit price for a particular type may differ materially.

When calculating other costs, motor vehicle tax is not taken into account because the tractor is
exempt from tax. The 10% increase of insurance and accident taxes included in 2016 calculations
was due to a reduction in insurance market competition. Another cost, the 3% increase in the machine
storing price — based on the data of the Hungarian Central Statistical Office — has also been included
in the calculations. Fuel purchase, transportation, storage and dispensing cost is calculated as 4% of
the price of used fuel (the cost of fuel has already been mentioned). To cover the cost of purchase,
storage, treatment and dispensing of materials and components, as well as the general workshop
cost, complete maintenance and repair costs accounted for 4% of the calculations. General nature
wage costs — based on the data of base farms — accounted for 5% of basic and additional wages,
among other expenses, which included the value of indirect benefits for employees of the farm.

Fixed term capital gains are charged on the purchase of capital requirement. The base is 75%
of the machine price in January 2016. As capital gains shall not be recognized after the described
amortization, and the annual performance of the engine — a generous approach — within its lifetime
can be constant — the matter is greatly simplified — leaving 4% of capital gains recognized as the ex-
pense after the machine is half price. The current asset capital gains (income requirement) is charged
after the direct costs, without depreciation, on a 2-month-average, 4% per year, after the annual cost
base 0.6667%. The direct costs are fuel, salary, public dues, repair, maintenance and other costs.

The overall cost charged is significantly different by farm. The overall economic costs are not
included in the supplementary operating sector, so there is no realistic starting point. The overall
economic cost of main operating sector costs is about 20-30% of the direct cost by crop production.
Only 5% overhead should be charged on direct costs. The calculation is based on the total direct
cost. Table 1 contains the main data of the 2016 booklet.
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Cost reduction possibilities

Operating costs of
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pect is to improve the  wielkosci pola
utilization of machines  Source/Zrodto: [Erdeiné Késmarki-Gally Sz. et al. 2016]
and to increase annual
performance. The specific value of machine operating costs can be reduced by improving annual
shift hours of machines with better organization or with lease work.

Another important issue is the amount of fuel consumption, where the amount of propellant
per performance unit is usually 5-20% higher than the optimal level (30.4 kg/100 kWh). This ratio
can be reduced by higher technical standard, optimal power machine-equipment combination,
by proper engine maintenance, as well as by choosing the right power machine type and engine
performance. According to our data, the operating costs of more powerful engines (in normal
usage) are more favourable.

The table 1 and figure 1 clearly show that the performance of power machines [ha/h] compared
to 100 ha field size are considerably lower than 50 ha fields, and significantly lower in 18 ha fields.
However, the cultivation cost [Ft/ha] increases due to smaller field size. The operating costs of
more powerful power machines are better. However, larger machines cannot be used by small
farms and/or small fields, and therefore an increase in the size of the fields would be justified.

Of course the cost of production is affected not just by the abovementioned factors, but by other fac-
tors, too (eg. soil conditions). The average productivity of Hungarian agriculture has improved in recent
years; not only due to technical equipment supply growth, but also device efficiency (capital productiv-
ity) improvement. However, arable crop producing farms were characterized by extensive growth; the
increasing of technical equipment supply was not accompanied with improvements in capital productivity.
Investment subsidies may have played an important role in this process [ Takacsné, Takacs 2016].

Cost developments on organic farms

Organic farming is a method of crop and livestock production focused on fertilizer (synthetic)
and pesticide-free, natural biological cycles based on a form of biological pest management. The
principles of organic farming:

— aclosed design management system that uses local resources,
— long-term soil fertility maintenance,

— minimal pollution associated with agricultural activities,

— preparation of a sufficient quantity of highly nutritious food,
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— minimal use of fossil energy for the whole farming system,
— meeting the physiological and behavioral needs of animals kept on the farm,
— good livelihood provided to farmers and their families,
— preservation of the rural environment and non-agricultural habitats.
Based on the data of the FIBL AMI

Spain/Hiszpania 1710475  Survey [2016] intensive development
Italy/Wtochy 1387913 can be observed in organic farms. The
France/Francja 1118 845 main results of the latest survey on certi-
Germany/Niemcy 1047 633 fied organic agriculture worldwide show
Poland/Polska 657 902 (data end 0f 2013) that 43.7 million hec-
Austria/Austria 5250501 tares of allfgrilc;ult;ral la}ﬁq are m(ainaged
United Kingdom/WIk. Brytania 521475 organically by 2.3 million producers.
. The regions with the largest areas of

Sweden/Szwecja 501 831 . :
. organically managed agricultural land

Turkey/Turcja 491 977 . -

Cech Republik/Caech are Oceania (17.3 million hectares or
zech Republivi-zechy | 472 663 40% of the global organic farmland),
0 1000 000 2 000 000 Europe (11.6 million hectares or 27% of
area/powierzchnia [ha] the global organic farmland) and Latin

. . o
Figure 2. Europe: The ten countries with the largest organic émerlcla t()6.181m11110n hecFares (.)r 115 A))l
area (2014) n a global level, organic agricultura

Rysunek 2. Europa: Dziesie¢ krajow o najwiekszej powierzchni 1and area increased by 0.5 million hec-
organicznej (2014) tares compared with 2013. The countries
Source/Zrédio: FIBL AMI Survey [2016] with the most organic agricultural land

are Australia (17.1 million hectares),
Argentina (3.1 million hectares) and the United States (2.2 million hectares).

The countries with the highest per capita organic consumption in Europe in 2014 was Switzerland
at 221 Euros in 2014, followed by Luxembourg, Denmark, Sweden, Liechtenstein, Austria, and Ger-
many. The organic share of the total food market is highest in Denmark (7.6%), Switzerland (7.1%)
and Austria (6.5%). Retail sales in 2014 totalled 23.9 billion Euros in the European Union and 26.2
billion in Europe. The four biggest markets were Germany (7.9 billion Euros), France (4.8 billion
Euros), the UK (2.3 billion Euros) and Italy (2.1 billion Euros). The first market data available for
2015 show that growth continues in these large markets. In a global context, the US is the largest
market (27.1 billion Euros with a per capita consumption of 85 Euros in 2014), followed by Germany.

As well as the markets, the area of land under organic cultivation also continued to grow: by
almost 0.3 million hectares. Organically cultivated land constitutes 11.6 million hectares in Europe
and 10.3 million hectares in the European Union, which is 2.4 % and 5.7% of total agricultural land
respectively. The European countries with the most organic land are Spain (1.7 million hectares),
Italy (1.4 million hectares), France (1.1 million hectares) and Germany (1.0 million hectares).
Figure 2 shows the ten European countries with the largest organic area.

In the case of organic farming it is important to take into consideration the use of these costs in
that the farmer should not be forced to maximize his/her profits. The quality of the environment at its
(animal welfare, the aesthetic landscape, harmless food) present value is more important for the farmer
than actual profit. The profit simply acts as a tool, not an aim, the goal is to enhance the quality of life.

Summary and conclusions

The direct and indirect costs of factors amount to the total cost. Over the last few years, the
cost has increased, but nowadays, total machine operating costs (compared to previous years) has
decreased with by an average 1.5% regarding tractors and increased by 5.6% when it comes to
equipment in 2016. Production costs constituted a significant proportion of machine operation,
therefore it is important to focus attention on the possibilities of using machines in a more efficient
and less expensive manner. To improve the current situation, all managers should be aware of
prices, production costs, profitability, as well as factors influencing them.
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In practice, utilising machines has an impact on many factors. In order to improve effectiveness,
producers need to increase efficiency, the quality and discipline of work, and reduce costs. The
prerequisite for good management and development decisions is to be aware of the achievement,
cost data and fuel consumption of machines.

Based on various domestic studies, it can be stated that some factors of machine operation costs are
gradually changing and, therefore to ensure a profitable management it is necessary to economize costs.

What is most important is to improve the utilization of machines and increase annual perfor-
mance as with better management, this can significantly improve the annual number of working
hours, working hours per kWh or nha, as well as output, as a result of which, specific machine
operating costs may decrease. Others believe that good farm and board size, appropriate choice
of tractors, power engines, machine selection connections, careful maintenance and repairs, as
well as the timely exchange of machines are key.

A description of detailed cost figures and costing methods can be found in the NARIC MGI
booklet, entitled: Agricultural machine operation costs in 2016.
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Streszczenie

Jednym z najwazniejszych zadan Centrum Badan Narodowej Gospodarki Rolnej Instytutu Inzynierii Rolnej
(NARIC MGI) jest coroczne dostarczenie informacji na temat kosztow pracy maszyn przeznaczonych do pracy
w wegierskim rolnictwie. Instytut monitoruje i uaktualnia co roku te zmiany za pomocq danych uzyskanych z
gospodarstw. Nastepnie publikuje broszure podsumowujgcq rzeczywiste koszty pracy wykonywanej przez rozne
maszyny rolnicze. Na podstawie oczekiwanych cen, ptac oraz innych kosztow oszacowuje sig takze Sredniq
wydajnos¢ maszyn i ich wyposazenia.
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