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Abstract: Research of efficiency of conventional production of mercantile corn was held on production parcels in agroecological 

conditions of Posavina in a period of vegetation in 2017. In order to define costs of crop management from the point of view of energy and 

production aspects, in certain stages of production of corn grain, energy consumption and utilization of the horsepower of the tractor was 

monitored. During working operations the maximum amount of fuel was spent for ploughing ( plough Leopard- L 30.3 VK aggregated with 

tractor Belarus 82.1 ) 26,4 l/ha, while the smallest amount was spent in chemical crop protection ( sprayer RAU aggregated with tractor 

Universal UTB 450 ) 2,7L/ha. Accordingly, efficiency in various operations of production varied within 10-20% span. In our experiment 

efficiency varied from 6,91% during fertilization to 23,33% in the process of ploughing, which is in this case within optimum limits. In direct 

input almost one third or 27,13% went for the basic tillage system ( 81,77 kWh/ha ) with a very high fuel usage of 23,33%. If we look at 

energy value of production of corn grains energy output will be 75243,20 MJ/ha with a ratio of 16,178 which is considered to be quite high, 

and productivity of 1,273 kg/MJ. In order to get the full picture of the above production of corn and energy outcome and not concentrating 

only on grain production, it is essential to include in energy analysis significant amounts of plant residues, that is maize biomass, which 

doubles the mentioned energy ratio to 31,846 and hence overall productivity of energy circulation in this production. 
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1. Introduction

Modern agricultural production cannot be imagined without 

appropriate agricultural machinery and equipment, the use of which 

provides optimal and stable yields and significantly affect the 

increase in productivity and cost operation with a constant striving 

to achieve the minimum cost of the product. Machinery and 

investing in other technical resources are the key factors that 

determine the cost in the present-day conditions of modern 

agricultural production. The proper choice and functioning of the 

mechanization that participate in the process are affecting 

profitability.  

Tillage is the largest consumer of energy in crop production. 

Pelizzi et al (1988) report that 55-65% of total energy consumption 

for work in the field is spent for tillage. Tillage consumes huge 

amounts of energy necessary for cutting, breaking, reversing layers 

of soil, crumbling clods and mixing structural aggregate of soil, 

planting and harvesting. Implements works on soil spending energy 

of the fuel (chemical energy), which is transformed into mechanical 

work by the tractor engine (Hernanz and Ortiz-Canvate, 1999). 

Conventional tillage system is based on very intensive functioning 

of mechanical force on land and reversing the layers of soil, and 

that is the main purpose of operation of the plow. Despite the fact 

that the ploughs on the market recorded a significant drop in overall 

demand and sales, plough still remains the main tool for primary 

tillage in Europe (Koller, 2004). Since on the surface remain 

relatively large clod and rough surface of arable land after the plow, 

the work is necessary to end with the additional tillage in order to 

form a shallow layer of soil ready for planting. Disc harrow is 

certainly the most well-known and most important tool for 

supplementary or pre-planting tillage. Shrestha and colleagues 

(2001) state that the creation of an energy-efficient tool intended for 

different working conditions requires both, understanding the 

interaction of the effects of different tools, as well as the knowledge 

of soil and operating parameters of the tools. Work performance in 

processing can be improved by increasing the performance or 

reducing fuel consumption. According to Smith (1993) potential 

savings can be achieved by the so-called gear-up throttle-down 

technique. Proper aggregation or alignment of tools and tractors is 

another method of increasing the performance. According to 

Filipovic (2005) the most advantageous use of tractor engine power 

in the plow is 18.14%, achieved at a depth of 35 cm and a velocity 

of 7.00 km/h. According to this author, the best use of the power of 

a tractor engine of 13.9% is achieved by a disc harrow with an 

operational reach of 550 cm at a speed of 10.50 km/h. For certain 

tools on a particular soil type total traction resistance is a function 

of the speed of movement, the depth of treatment and the width of 

the workload. Standards such as ASAE (the American Society of 

Agricultural Engineers) show the required power and energy for the 

operation of certain tools in various processing operations and soil 

types, but of course the display includes a limited number of data 

(ASAE, 1999).  According to the tillage analysis, maize is the most 

important crop cultivation in the Republic of Srpska and is grown 

on 46.7% of arable areas. Depending on the year, average yields 

range from 2.7-5.3 t/ha (Statistical yearbook of the Republic of 

Srpska 2018). The great significance of maize stems from its variety 

of use, fertility potential, the possibility of achieving high yields of 

grain and silage in the conditions without irrigation. The basic 

requirement for maize production is to obtain high and stable yields 

of grain of adequate quality. The modernization of agricultural 

production, and thus the production of corn achieved a positive 

trend in the average world yield of corn, which ranged from 4.81 

t/ha in 2005 to 5.61 t/ha in 2014 year (Zrakic et al. 2017).  

Mercantile corn is dominant with over 90% on arable land. 

Using conventional technology with the mandatory use of the 

plough in autumn basic tillage, fuel consumption ranges from 30 to 

60 l/ha in tillage and sowing (Malinović et al., 2010) with the use of 

energy ranging from 90 to 120 kWh/ha. The concept of sustainable 

agriculture implies rational management of agricultural resources 

(Momirovic et al 1997 ), (Momirovic et al 1998) with a goal to meet 

the changing needs of the population in food and raw fibers and in 

order to preserve natural resources and protect and improve the 

environment. The basis of sustainability is the system's productivity 

expressed as the ratio of inputs and outputs, most often in the 

energy view. Since tillage in most of the farming systems is the 

most important item in the overall needs for supplementary energy, 

it has enormous economic significance. (Oljaca et al 2009), 

(Momirovic et al. 1998). 

Today, fossil fuels are mainly used as sources of energy and in 

the last 300 years more than a third of the reserves have been 

exhausted. It should be mentioned that the most easily available and 

the finest part of these fuels has been used so far. The use of fossil 

fuels has an impact on the environment, primarily through the 

emission of gases with greenhouse effect, which is the cause of 

climate change, and through the emission of pollutants. Any 

reduction in fuel consumption - energy input, therefore contributes 

to the reduction of the negative impact on the environment as well 

as on productivity and profitability of the given production. Energy-

efficient agriculture as a rule is financially more favorable, and 

certainly more favorable from the point of view of preserving the 

environment. From the point of view of the national economy and 

the preservation of resources, energy saving is very important for 

countries that are energy importers (https://agroplus.rs/energy-

efficiency-in-agriculture/). On the other hand, for the realization of 

agricultural production it is necessary to invest in energy. The goal 
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is to make the ratio of the received and invested energy as favorable 

as possible. The energy efficiency of agricultural production is 

evaluated by comparing the obtained energy, which is contained in 

agricultural products, and those invested in production. The amount 

of energy received and invested is called energy efficiency, and the 

difference of obtained and invested energy is net received energy. 

The basis for defining the agricultural production system was given 

by Ortiz-Canavate and Hermanz (1999). The definitions and 

classification of energy inputs in plant production are given here, as 

well as the presentation of energy analysis based on them. It comes 

down to determining the energy productivity and energy ratio of the 

input and output of the reference plant production. The method 

under which the energy analysis of the agricultural production 

system can be carried out is reduced to determining the energy 

value of the input, based on the quantity and given energy 

equivalents, and the energy value of the output. Energy which is 

consumed in the process of plant production is divided into direct 

and indirect. Direct-consumed energy is the one consumed through 

fuel, while indirect-consumed energy is the one that includes the 

consumption of nutrients, chemical protective agents, the use of 

mechanization and irrigation systems, transport and human labor. 

(Dimitrijevic, 2007). Direct energy inputs are related to the use of 

energy from fossil fuels or renewable energy sources used as 

biofuels in the process. Currently most of the energy sources used in 

agriculture in developed countries are of fossil origin such as diesel, 

petrol, liquid petroleum gas, coal. Tractors and self-propelled 

agricultural machines are mainly powered by a diesel engine, as 

diesel engines have a higher efficiency and a period of exploitation. 

Diesel fuel is the most widespread of all direct inputs in agriculture 

(60-80% of the total). Liquid petroleum gas is mainly used for 

heating and drying, while electric power is used for irrigation of 

plants. To establish the energy values contained in these inputs it is 

necessary to consider their heating value (enthalpy), adding the 

energy needed to make the energy available directly to use. For 

example, a liter of diesel fuel contains 38.7 MJ. However, the 

processing, transport and availability of diesel fuel to the farmer 

should be added, and that is additional 9.1 MJ added to the total 

amount. Thus, the energy cost of using one liter of fuel is 47.8 MJ 

(Ortiz-Canavate and Hermanz, 1999). The aim of this paper was to 

look at the costs of agricultural engineering in the corn production 

for grain in certain phases of its production from the energy and 

production aspect. 

2. Materials and methods 

In order to determine the energy and economic efficiency of primary and 

secondary tillage, sowing,  cultivation and harvesting of mercantile maize, 

tests were carried out in the production parcels in agroecological conditions 
of Posavina in the period of vegetation in 2017. On the territory of the 

municipality of Šamac, where the research was carried out, pseudogley soils 
were represented. The climate is continental and data on average monthly air 

temperatures and precipitation for the investigated area (Šamac) during the 

2017 are shown in Table 1. The data was taken from the nearest 
meteorological station. 

 

Table 1: Average monthly temperatures and precipitation 

 

 The aggregate consumption was determined by the volume 

method, fueling up to a full tank and subtracting from the initial 

value of the full tank. Fuel consumption per unit area is calculated 

using a calculation method. The chronometer method recorded all 

the operations individually and determined the performance of the 

aggregate. The table data and calculation method of the realized 

power for aggregate operation were used according to ASAE 

Standards D497.4 and ASAE Standards EP496.2. The tests were 

carried out within the existing possibilities, considering the 

available equipment. In order to calculate the energy output of 

mercantile maize we obtained the harvest yield of 5.920 kg/ha. with 

15.4% moisture. 

These tests included either the individual phases mentioned 

before or the entire technological process. In the energy analysis 

process the methodology by Ortiz-Caňavate and Hernanz (1999) 

was used. It provides a procedure for determining the energy input 

and output, based on the measured values of the consumed material 

and the yield achieved, and given energy equivalents, i.e. 

conversion factors. Specific energy input, energy relationship and 

energy productivity are determined on the basis of the obtained 

values. 

The energy parameters that define the reference plant 

production are: 

Specific energy input (El) =  

(MJ/kg)  

Energy ratio (ER) =    

Energy productivity (EP) =   

(kg/MJ)  

Energy inputs can be quantified according to their energy value 

or intensity. 

3. Results and discussion 

Polish research was carried out in agroecological conditions and 

in the production parcels of Posavina (municipality of Šamac) in the 

period of vegetation in 2017. It was carried out on the soil type 

pseudogley and on the plot area of 1 hectare in the basic operations 

of conventional tillage. For operations in the primary and 

supplementary cultivation of the land the tractor Belarus 82.1 was 

used, while for other operations up to the moment of harvest the 

tractor Universal UTB 450 was used. During working operations 

the maximum amount of fuel was spent for ploughing (plough 

Leopard- L 30.3 VK aggregated with tractor Belarus 82.1) 26.4 l/ha, 

while the smallest amount was spent in chemical crop protection 

(sprayer RAU aggregated with tractor Universal UTB 450) 2.7l/ha. 

Table 2 gives average data on capacity performance of machine and 

fuel consumption in individual operations.  

The following table presents the energy parameters of primary 

and secondary tillage, fertilizing, sowing, protection, cultivation and 

corn harvest. All parameters are expressed in terms of fuel 

consumption per unit area of Qha (l/ha) and a value of 47.8MJ/kg 

was adopted for thermal power of the fuel (Ortiz-Canavate and 

Hermanz, 1999). 

Table 2 Capacity performance of machine and fuel consumption 

Aggregate 
Efficiency 

(ha/h) 

Total utilization 

of fuel 

(l/ha) 

Coefficient of 

utilization of time* 

Belarus 82.1 + plough 

Leopard-L 30.3 VK 
0,43 26,4 0,85 

Universal UTB 450 + spreader 

INO 
2,50 2,6 0,80 

Belarus 82.1 + disc harrow 

Comet 2.5 
1,08 14,8 0,80 

Belarus 82.1 + rotary harrow 

Pegoraro 2.5 
1,42 16,2 0,85 

Universal UTB 450 + OLT 

PSK-4 
1,23 5,1 0,70 

Universal UTB 450 + roller 

Cambridge 
2,03 3,6 0,85 

Universal UTB 450 + sprayer 

RAU (I treatment) 
2,05 2,7 0,65 

Universal UTB 450 + sprayer 

RAU (II treatment) 
2,05 2,7 0,65 

Universal UTB 450 + inter-

row cultivator IMT 
1,25 4,2 0,80 

Combine harvester ZMAJ 142 0,92 19,0 0,65 

*ASAE Standards D497.4 
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Table 3 Energy consumption per operation 

Aggregate 
Efficiency 

(ha/h) 

Total power 

utilization 

*(kW) 

Total utilization 

of fuel 

(l/ha) 

Total energy of 

fuel 

(MJ/ha) 

Utilization of 

energy 

(kWh/ha) 

Technological 

processing 

energy 

(MJ/ha) 

Coefficient of 

utilization of fuel 

(%) 

Belarus 82.1 + plough 

Leopard-L 30.3 VK 
0,43 34,98 26,4 1261.92 81,77 294,36 23,33 

Universal UTB 450 + 

spreader INO 
2,50 5,96 2,6 124,28 2,38 8,58 6,91 

Belarus 82.1 + disc harrow 

Comet 2.5 
1,08 27,44 14,8 707,44 25,46 91,67 12,96 

Belarus 82.1 + rotary harrow 

Pegoraro 2.5 
1,42 21,45 16,2 774,36 15,13 54,48 7,04 

Universal UTB 450 + OLT 

PSK-4 
1,23 13,96 5,1 243,78 11,34 40,81 16,74 

Universal UTB 450 + roller 

Cambridge  
2,03 12,41 3,6 172,08 6,12 22,03 12,80 

Universal UTB 450 + sprayer 

RAU (I treatment) 
2,05 5,96 2,7 129,06 2,91 10,46 8,10 

Universal UTB 450 + sprayer 

RAU (II treatment) 
2,05 5,96 2,7 129,06 2,91 10,46 8,10 

Universal UTB 450 + inter-

row cultivator IMT 
1,25 10,43 4,2 200,76 8,34 30,04 14,96 

Combine harvester ZMAJ 

142 
0,92 35 19 908,2 37,99 136,77 15,06 

*ASAE Standards D497.4, ASAE Standards EP496.2 

Bowers (1985) states that the total energy efficiency within the 

range of the normal working regime for the tractor and tools is 

within the limits of 10-20%. Combination of tractor and tools with a 

performance below 10% shows inadequate adjustment to load and 

poor tractive performance, while values above 20% show optimal 

adjustment to load and very high performance. As part of our 

research, according to various operations in production, the 

efficiency varied within the range of 10-20%. In our experiment the 

value ranged from 6.91% during the discharge of mineral fertilizers 

to 23.33% in the process of plowing, which in this case is within the 

optimal limits.  

Direct energy inputs (Table 4) in the production of mercantile 

corn were monitored through the energy spent on fuel for the 

propulsion of technical systems, that is, a combination of tractor - 

machine aggregates in the performance of various operations. 

Therefore, the percentage share of direct inputs is the highest in 

primary and secondary tillage, while it is the lowest in the chemical 

protection of crops.  

Table 4 Total direct inputs and the participation in the production of 

maize 

Operation 
Direct inputs 

(MJ/ha) 

Participation 

% 
Ploughing 1261,92 27,13 

Fertilization 124,28 2,67 

Disc harrowing 707,44 15,21 

Harrowing 774,36 16,65 

Sowing 243,78 5,24 

Rolling 172,08 3,7 

Protection 1 129,06 2,77 

Protection 2 129,06 2,77 

Cultivation 200,76 4,32 

Combine harvesting 908,2 19,53 

TOTAL 4650,94 100 

 

Energy output 

The calculation of energy output depends on the type of 

production. In the case of mercantile maize production, the energy 

output is defined by the yield and heat value of the product. Corn 

has a high energy value of 12.71 MJ/kg of gross energy 

(Radovanovic T. , Rajic I. 1990). In the 2017 experiment in the 

conditions without irrigation the average grain yield of mercantile 

corn was 5920 kg/ha with 15.4% moisture. After performing the 

calculation of the given yield we get the following results: Energy 

production value (MJ/ha) = 12.71 MJ/kg * 5920 kg/ha = 75243.20 

MJ/ha for energy value of corn grain. After the harvest of corn, 

besides corn on the surface remains a large quantity of crop 

residues, that is, maize stalks. Practical knowledge of the use of that 

biomass indicates a low level of maize utilization. Since the average 

ratio of grain and mass (the so-called harvest ratio) is 53% to 47%, 

it comes out that there is about as much agricultural waste as grain. 

While it is indisputable that part of the waste must first be returned 

to the ground, experienced estimates show that about 50% of the 

residue can be used to produce energy. Biomass (maize) is of a 

small energy value per unit of mass, due to its natural origin and the 

influence of moisture content and ash. However, it is nothing less 

significant in the overall balance of our energy analysis. According 

to Sisic et al (2013) the heat power of corn is 13.88 MJ/ha, which in 

our calculation is: Energy production value (MJ/ha) = 13.88 MJ/kg 

* 5250 kg/ha = 72870.00 MJ/ha for energy value of maize.   

Energy analysis of direct input 

Based on the established direct energy inputs and energy output, 

the energy analysis of direct inputs for grain production of 

mercantile corn was accomplished. 

Table 5 Energy balance of direct inputs for grain production of 
mercantile corn 

Direct energy inputs (MJ/ha) 4650,94 

Yield of corn grain (kg/ha) 

Energy output (MJ/ha) 

5920 kg/ha 

75243,20 MJ/ha 

Energy parameters 

Specific energy input (EL) 

Energy value (ER) 

Energy productivity (EP) 

 

0,785 MJ/kg 

16,178 

1,273 kg/MJ 

 

According to the obtained data, in the total direct inputs of the 

production of grain of mercantile corn, the biggest share of the fuel 

consumption inputs in the process of harvesting is 27.13%, and the 

harvest process itself is 19.53%. The lowest inputs are in the 

fertilization process 2.67% and chemical protection 2.77%. 

Considering the given data, the dependence on the production of 
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maize from direct inputs (fuel consumption) can be seen. As the 

corn grain has a high energy value, it is understandable that it has a 

quite high degree of energy utilization, i.e. ratio of the output and 

total direct energy inputs in the production cycle. In the production 

of maize analysis, besides grain we took into account data on 

energy balance and plant residues (maize stalks). Table 6 presents a 

summary analysis of the given production.   

Table 6 Energy balance of direct energy inputs for corn production 

(grain + maize stalks) 

Direct energy inputs (MJ/ha) 4650,94 

Yield of corn (kg/ha) 

Energy output (MJ/ha) 

11170 

148113,20 

Energy parameters 

Specific energy input (EL) 

Energy value (ER) 

Energy productivity (EP) 

 

0,416 MJ/kg 

31,846 

2,402 kg/MJ 

 

From the given data it can be concluded that there is a high 

degree of energy utilization in the production of corn - 31,846. 

Besides the energy contained in the grain as the main product, a lot 

of the energy remains in the plant residues, which makes this 

analysis more complete. This certainly affects the energy efficiency 

of production.   

4. Conclusion 

The process of maize production is mainly mechanized, starting 

from the primary and secondary tillage through care measures and 

the harvesting itself. A lot of energy is consumed in the 

conventional corn production (194.35 kWh/ha) and yet it is still the 

most important tillage system in the municipality of Šamac. Of this 

amount in direct inputs, almost third, i.e. 27.13% is spent on basic 

tillage (81.77 kWh/ha), with very high fuel consumption utilization 

of 23.33%. If the energy value of production of maize grain is 

looked into, the energy output is 75243,20 MJ/ha with a ratio of 

16,178, which is considered to be quite high, and productivity of 

1,273 kg/MJ. In order to get the complete picture of the given 

production and energy balance we cannot not to mention the 

significant amount of plant residues, i.e. biomass of corn, which 

changes given energy ratio for twice as much (31,846) and therefore 

the overall productivity in the energy circulation in this production.  
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