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Abstract

:

Increased demand for food production, influenced by the constant growth of population, resulted in the agricultural production systems that are more energy and economy intensive. The aim of this study was to evaluate the energetic and economic efficiency of sugar beet and wheat production. Attention was given to the fertilizer usage and its share in energy consumption since it can amount to 50%. Data show that energy input in wheat production was 5.84 MJ·kg−1 and in sugar beet it was 0.93 MJ·kg−1. The highest share of energy input both in wheat and sugar beet was observed for fertilizers, 52.45% and 46.70%, respectively. Economic analysis has shown that wheat production is a low profitable production with a net return of only 20.69 USD·ha−1, in comparison with sugar beet production with a net return of 513.53 USD·ha−1. Costs related to the fertilizer use prevailed in total variable and total production costs. Economic analysis has also shown that the benefit-to-cost ratio was higher in sugar beet production (1.33) compared to wheat production (1.03). Furthermore, it was determined that these economic indicators were less sensitive in sugar beet production than in wheat production regarding the variation of fertilizer.
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1. Introduction


Production of sufficient quantities of food and industrial raw materials, both for the existing population and for generations to come, is one of the most important tasks of the society [1]. Therefore, the development of agriculture, its sustainability, and continuous improvement are crucial for humanity [2,3]. Agriculture is one of the most important sectors in the Serbian economy and it is one of the largest job providers. The most important crops produced in this region are maize, wheat, sunflower, soybean, and sugar beet [4].



Sugar beet products are used for human and livestock nutrition and for industrial needs. Sugar beet is mainly used for sugar production as 25% of the world’s sugar production comes from sugar beet [5]. On the other hand, sugar beet is also used for ethanol fuel production. The total world sugar beet production is estimated to be 271.6 million metric tons [6]. In Serbia, sugar beet is produced on 65,979.4 ha with an average yield of 47.82 t·ha−1 [7]. Wheat is one of the most important food sources in human nutrition. Its share in total area under cereal crops in the world is 25% [8] with the average yield of 2.7 t·ha−1. In Serbia, wheat is cultivated on 615,735.6 ha with an average yield of 3.96 t ha−1 [8]. Recent statistics have shown that the demand for wheat is increasing and that in 2020 it will be between 840 and 1,050 Mt [9]. This means that yield should be increased to 3.8 t·ha−1 in a short period.



In order to increase the yield, modern and energy–intensive technologies are being applied [10] leading to the 300–400% increase in the energy demand [11]. Therefore, the relationship between energy and agriculture becomes even more important [12]. Efficient use of energy is one of the principal requirements of sustainable agriculture [13,14]. Energy consumption in agriculture is increasing as a response to the increasing population, limited supply of arable land and a need for the higher living standards [5]. It is said that the share of energy consumed in agriculture is very high, ranging in some countries up to 5% of total energy consumption in the country [15,16]. Apart from agriculture, energy is a fundamental component of economic development because it provides essential services maintaining the economic activity and enhancing the quality of human life [17].



Today’s agricultural practices still lack energy optimization measures, leading to high energy consumption [18]. One way to optimize energy consumption is to determine the efficiency of methods and techniques used [19]. It is important to recognize the input elements and recommended methods to control them [8]. Energy inputs in plant production can be classified as direct and indirect energy inputs [14,19,20,21,22]. Direct energy is most easily recognized as fuel and electricity. Indirect energy recourses include fertilizers, plant protection chemicals, water for irrigation, human labour, and technical systems.



Chemical fertilizers are widely used in agricultural crops and require high rates of direct energy for their production, mainly in the nitrogen fertilizer industry [17]. Energy use by fertilizers represents the major part of the total energy use in crop production and amounts up to 50% [21]. This is one of the key reasons for devoting the additional research and pursuing its rationalization with the aim of not only economically viable [23] but also environmentally effective production [22,24,25,26]. However, contemporary crop production cannot be imagined without the use of fertilizers, especially in sense of better utilization of plant biological yield [27,28,29,30]. If fertilizers were not used, the yield of crops would be significantly reduced regardless of the application of other technology operations carried out such as tillage, crop protection, irrigation, etc.



In current agricultural practices, the nutritive value of fertilizers is evaluated on the basis of their impact on crop yield increase and the possibility of improving yield quality [15,16]. However, with the advancement of all sectors, including agriculture, more and more analyses are dedicated to the energy flow in fertilizer production and application, analysing the processes such as transport, storage, and handling of fertilizers.



The aim of this study was to estimate the energy input and output in sugar beet and wheat production and to analyse the distribution of different energy input utilized in the production. With these data it was possible to evaluate the influence of the energy input through the fertilizer on overall production energy efficiency. Together with the energy efficiency analysis, the economic analysis of the wheat and sugar beet production was carried in order to estimate the influence of the certain energy input on the total economic efficiency of the production.




2. Materials and Methods


Energy consumption is defined thorough the energy input in sugar beet and wheat production from the moment of soil tillage and preparation for sowing until sugar beet roots and wheat grain leave the field [8]. This means that energy inputs for storage and post-harvest processes are not included in the energy balance calculation. The data were collected during the three-year field trials (2016/18) on the estate of PKB Corporation (Agricultural Corporation Belgrade) "7 July" Farm in Jakovo (Belgrade region, 44°43′06.42″ N; 20°15′37.68″ E, Serbia). The estate has 4011 ha of arable land that is used for crop production and animal husbandry. As for the seeding structure, the estate is oriented to wheat (535 ha), maize (1472 ha), maize hybrids (109 ha), silage maize (374 ha), oat (200 ha), soybean (553 ha), sunflower hybrids (10 ha), alfalfa (290 ha), sugar beet (400 ha), and meadows (68 ha). Crop production is carried out on plots that comprise the soil types of Humic Gleysols and aluvijum Dystric Fluvisols soil. This property was selected as a representative one since it is on the type of soil that is most common type of soil in Vojvodina region that is the largest agricultural production region in Serbia where most of the wheat and sugar beet are produced.



Wheat production technology consisted of primary tillage (ploughing, 18–20 cm working depth), secondary tillage with seedbed preparation (5–10 cm working depth), seed transport, sowing, transportation and application of mineral fertilizer (two times within the vegetation period), transport of water, weed control, transport of water and disease control (two times within the vegetation period), harvest with the Class Lexion 450 combine harvester as well as grain and straw transport.



Regarding sugar beet production, soil tillage included using disc harrows (two times, 15–18 cm working depth) and ploughing (35 cm working depth) prior to seedbed preparation. The seed was transported to the plots and after that fertilizers were transported and applied (three times within the vegetation period) and transportation of water and weed control provided (two times within the vegetation period). The combine harvester Holmer Terra Dos was used for harvesting. The tractor–trailer aggregate was used for transporting beet roots of the plots.



In order to determine the energy efficiency of crop production, energy inputs (direct, indirect) and energy outputs were identified. The number and duration of operations, technical systems used, fuel consumption, sowing rate, plant protection chemicals and fertilizer application rates, and amount of human labour were investigated using questionnaires [5,17,20,21,31] and personal interviews with farm managers having the inside look at the daily operator working diaries, product storage details (fertilizers and chemicals that were released from the storage).



The method used for energy efficiency analysis [18,19,31,32] is based on the definition of direct and indirect energy inputs, calculation of the energy output for given plant production. Based on these data in wheat and sugar beet production specific energy input, energy output–input ratio, energy productivity and net energy gain were estimated as follows:


  EI =    EIP       Y      ,  



(1)






  ER =   EOP    EIP      ,  



(2)






  EP =    Y       EIP      ,  



(3)






NEG = EOP − EIP



(4)




where: EI is the specific energy input (MJ·kg−1), EIP is the energy input in the production (MJ·ha−1), Y is yield (kg·ha−1), EOP is the energy output of the production (MJ·ha−1), EP is energy productivity (kg·MJ−1), and NEG is net energy gain (MJ·ha−1).



The energy inputs were calculated by multiplying the material input by the referent energy equivalent [5,20]. The quantities of the material input were obtained directly from the farm managers. The input energy was classified into direct, indirect, renewable and non-renewable [17,33]. Human labour and diesel used were classified as direct energy inputs while indirect energy inputs included energy embodied in seeds, fertilizers, pesticides, and water [5]. In other words, nonrenewable energy includes diesel, chemical, and fertilizers and renewable energy consists of human labour [5].



Economic analysis was used to determine the economic benefits of sugar beet and wheat production. The basic unit for all analysis was one hectare. The production cost of sugar beet and wheat included both variable and fixed costs. The variable costs of production included costs such as seed, fertilizers, pesticides, fuel, and all other costs that varied depending on a farm production volume. The fixed costs of production included all costs which tended to remain the same regardless of production output. Variable and fixed costs comprised the total cost. The production output used for economic analysis included only major product which for sugar beet included the root yield and for wheat it included the grain yield. All prices of the input and output were average prices over the analysis period. Economic analysis includes the analysis of gross and net returns, benefit-to-cost ratio and productivity [34].


GR = GVP − VCP,



(5)






NR = GVP − TCP,



(6)






  BCR =    GVP       TCP      ,  



(7)






  P =    Y       TCP      ,  



(8)




where: GR is the gross return (USD·ha−1), GVP is the gross value of the production (USD·ha−1), VCP represents the variable cost of production (USD·ha−1), NR is the net return (USD·ha−1), TCP stands for the total cost of production (USD·ha−1), BCR is the benefit-to-cost ratio and P is productivity.



In this paper, economic efficiency of energy [12] was calculated based on GR and NR (Equations (5) and (6)) and it is in accordance with the methodology given by Falcone et al. [12].



Also, the sensitivity analysis of the impacts of different fertilizer prices on economic indicators was carried out. The sensitivity analysis started from the assumption that the fertilizer purchase prices can vary within the range of ±20%, reflecting the changes that often occur in practice [35].



The same method of analysis was used to determine changes in fertilizer prices (in percentage), which led to net return equalling zero.




3. Results


3.1. Energy Inputs and Outputs in Wheat and Sugar Beet Production


Energy inputs and energy outputs in wheat and sugar beet production are shown in Table 1. The values represent the average values of data collected within the three-year period. As it can be seen, average energy consumption was 22,339 MJ·ha−1 in wheat and 27,848.92 MJ·ha−1 in sugar beet.



Most of the energy in wheat production, 12,099.10 MJ·ha−1, was used through the fertilizer application (Table 1). This energy represents 52.45% of the total energy used for wheat production. Seeding material within energy input had its share of 20.94% in total energy consumption. The fuel energy ranked third with a share of 19.48%.



In the case of sugar beet, energy consumption through the fertilizers was 13,675.18 MJ·ha−1 having a share of 46.7% in the total energy flow (Table 1). The second intensive energy source in sugar beet production was fuel, with a share of 28.91%, followed by herbicides, with the 11.78% share in the total energy consumption. This pattern can be explained by the production technology since sugar beet is a very intensive crop in terms of plant protection measures and fertilizer use [36].



The three-year average yield of wheat grain was 4.32 t·ha−1 giving the energy output of 63,499.6 MJ·ha−1. Sugar beet had the three year average yield of 48.16 t ha−1 with the energy output of 809,044 MJ·ha−1. Parameters of the energy efficiency of wheat and sugar beet production for three production seasons are given in Table 2.




3.2. Economic Parameters of Sugar Beet and Wheat Production


In sugar beet production, approximately 74.61% of the total production costs were variable costs, whereas fixed costs comprised 25.39%. In wheat production, variable costs made 70.48% of the total production costs, whereas fixed costs constituted 29.52%.



The results of the conducted economic analysis show that wheat production was a low profitable agricultural production with a net return of only 20.69 USD·ha−1 in the analysed period, in comparison with sugar beet production with a net return of 513.53 USD·ha−1 (Table 3).



Therefore the value of other indicators was significantly higher in sugar beet production except for gross return per kg which was higher in wheat production. It is important to note that the gross return and net return per MJ (economic efficiency of energy) were three- and 20-times higher in sugar beet production, respectively.



The benefit-to-cost ratio for the sugar beet and wheat production systems was 1.33 and 1.03, respectively (Figure 1).



Productivity indicates the amount of sugar beet and wheat produced per dollar spent on the production of sugar beet and wheat, and was only 5.37 kg·USD−1 for the wheat production system and 31.19 kg·USD−1 for the sugar beet production system.





4. Discussion


4.1. Energy Efficiency Analysis


Concerning the results of the energy needed per production area, Canakci et al. [21] reported similar results for wheat production. The other researchers [37,38] reported higher values for energy consumption, ranking from 35,605 MJ·ha−1 to 38,360 MJ·ha−1. As for the sugar beet production, similar results were reported for Germany [36] and for New Zealand [8]. Reineke et al. [39] calculated energy balance parameters for sugar beet production on commercial farms in Germany. Total energy input (median) was 17,300 MJ·ha−1. In Turkey, energy consumption in sugar beet production was reported to be 20,567 MJ·ha−1 [36], 34,201.75 MJ·ha−1 [31], and 59,685 MJ·ha−1 [5].



The energy use pattern for cultivating wheat shows that only 1/5 of the total energy consumption included directly used energy (Table 4). The other 4/5 of the total energy input comprised indirect energy dominantly used through fertilizers and seeds. The similar energy distribution pattern, in wheat production, was reported by Canakci et al. [21]. Other researchers also reported an intensive share of fertilizer in the total energy consumption. For the provinces in Iran, fertilizers participated in the total energy consumption with 38.45% and 47.30%, respectively [35,38]. Even though lower energy input in the wheat production was reported in Morocco (7480 MJ·ha−1) [40], the share of fertilizer in the energy pattern was 40.50%.



The energy use pattern in sugar beet production (Table 4) shows that little less than 1/3 of the total energy consumption represents the direct energy used via fuel. The other 2/3 of the energy inputs represent the indirect energy input, mainly fertilizers. A similar energy use pattern was reported by Baran and Gokdogan [31] for the Kirklareli province in Turkey, where the share of fertilizer was ranked first with 41.97%, followed by diesel fuel (21.16%) and irrigation (11.97%). Similar, results for sugar beet production also in Turkey, but in the Tokat province, reported by Erdal et al. [5] show the highest share of the fertilizer in the energy input in sugar beet production (49.33%) that was followed by diesel fuel (24.16%). In Iran, in the Khorasan Razavi province the total energy input for sugar beet production system was 42,231.9 MJ·ha−1. Direct energy input had its share of 56.9%. As for the total energy input energy of fertilizers had the highest share (29%) [17]. Erdal et al. [5] reported that in sugar beet production, 82.43% of total energy input resulted from non-renewable and 12.82% from renewable energy. They also reported that 29.62% of energy input came from direct energy and 65.64% was indirect energy [5]. The intensity of non-renewable energy consumption resulted from fertilizer, diesel fuel, and machinery used in production. Baran and Gokdogan [31] also reported that the share of non-renewable energy was 80.95% while the share of renewable energy was 19.05%. In addition, they reported a higher share of direct energy input compared to the indirect energy use (51.55% vs. 48.45%). The similar situation is observed in Serbia where non-renewable energy resulted in the share of 96.93%, mainly due to fertilizers and diesel fuel.



The energy efficiency of wheat and sugar beet production was defined by energy parameters (i.e., specific energy input, energy ratio, energy productivity, and net energy gain).



The specific energy input gives the data about how much energy is spent on the yield obtained. Concerning the wheat and sugar beet yields, it was expected to have a lower overall specific energy input in wheat production. The three-year average specific energy input in wheat production was 5.84 MJ·kg−1 (Table 2). In the Turkish region grain yield of 3.56 t·ha−1 was reported [21] while in the conditions of New Zealand the national average yield was 8.5 t·ha−1 [8]. The differences probably arise from different precipitation, different production technologies and management. Nevertheless, the average yield reported in this paper is still higher than the global average of 2.8 t·ha−1 [8]. In the case of sugar beet production, 0.93 MJ·kg−1 of energy was needed to produce one kilogram of the product (Table 2). Similar values for sugar beet yield were reported for the region of Turkey [36]. Higher yields, around 60 t·ha−1, were reported by Ortiz-Canavate and Hernanz [19], Erdal et al. [5] and 68 t·ha−1 [31]. As for the Iranian region, the sugar beet energy output was 56,3645.4 MJ·ha−1 [17]. The lower value of specific energy output, 0.5 MJ·kg−1, was reported for the Kirklareli province in Turkey [31]. Asgharipour et al. [17] reported the specific energy input of 1.3 MJ·kg−1. Generally, more energy was needed for sugar beet production on the unit area, but when the obtained yield was taken into account it was observed that it was more energy feasible to grow intensive crops like sugar beet.



As for the energy ratio, it is stated [41] that if it is higher than one, the system will earn energy, whereas if it is less than one, the system will lose energy. The three-year average energy ratio in wheat and sugar beet production shows the values higher than one, so both systems earned the energy. The average energy ratio in wheat production was 3.12 (Table 2). Regarding the region of Turkey, the value of 2.80 was reported [21]. As for the sugar beet production, the average energy ratio was 26.45. Similar values were obtained for the region of Turkey, 25.75 [5]. Lower values (20) were reported by Stephen and Jackson [42], then 19.15 [43], 11.5–15.1 for the region of New Zealand [8] and 15.4 [39]. Significantly lower values were reported by Baran and Gokdogan [31] (8.35) and Yaldiz et al. [36] (5.04) where the reason for such low value can be searched, if compared to the other authors, in the lower sugar beet yield of 44.6 t·ha−1 [36]. Yields of sugar beet have changed in the last 10 years, thanks to the more intensive production technologies and more intensive sugar beet hybrids, so the ultimate analysed results [36,42] have to be taken more carefully in the analysis. The average yield of sugar beet in the previous decade was similar both in Europe and in the world in total, and it amounted to 59.6 t·ha−1 [6].



EP gives a fair idea about how much product is produced per unit of input energy. EP and ER are in direct relation: their ratio is the calorific value of the product. EP is specific for each agricultural product, location, and time [16]. It can be used as an evaluator of how efficiently energy is utilized in different production systems. To improve EP in a process, it is possible either to reduce the energy sequestered in the inputs or to increase the yield of the product. Asgharipour et al. [17] reported the value of the sugar beet energy productivity of EP 0.8 kg·MJ−1 with an average yield of 33.55 t·ha−1. Ortiz-Canavate and Hernanz [19] reported the value of 1.82 kg·MJ−1 having the yield of sugar beet of 60 t·ha−1. In Serbia, the average value of the energy productivity in sugar beet production was 1.57 kg·MJ−1 with the sugar beet yield of 48.16 t·ha−1 (Table 2). In the case of the Turkish province of Kirklareli, Baran and Gokdogan [31] reported that the energy productivity was 1.98 kg·MJ−1 and sugar beet yield amounting to 68 t·ha−1 The results confirm that energy productivity increases with the yield increment.



In the case of wheat, the value of NEG was 41,160.58 MJ·ha−1 while in sugar beet production, the value of NEG was 781,195.40 MJ·ha−1 (Table 2). In case of sugar beet production in Turkey the reported the values were 982,090.5 MJ·ha−1 [5] and 251,398.25 MJ·ha−1 [31] while in wheat production the reported NEG was 33,695.3 MJ·ha−1 [21].




4.2. Economic Analysis of the Sugar Beet and Wheat Production


Results reported in this paper show that in both wheat and sugar beet production, the variable cost had the share of more than 70% in the total costs. A similar cost distribution pattern was reported in wheat production [44]. Also, these authors reported a high share of fertilizer’ cost in the wheat production costs. The exclusion of fertilizers from crop production would significantly reduce the yields of grown crops. According to Stewart et al. [45], the average percentage of yield attributable to fertilizer ranges from about 40% to 60% in the USA and England. Under tropic conditions, this value tends to be much higher [45]. Thus, costs related to fertilizers had a very high participation in variable costs and total production costs of wheat and sugar beet (Figure 2).



Participation of fertilizer costs in variable and total costs was higher in wheat production comparing to sugar beet production despite the fact that the amount of applied fertilizers was higher in sugar beet production. This is due to the fact that crop protection costs also have a significant share in sugar beet production. This can be explained by the production technology since sugar beet is a very intensive crop as for plant protection measures and fertilizer use. Fuel costs, contrary to the previous two groups of costs had almost equal participation in variable and total costs of both production despite the fact that the amount of fuel used was is almost twice as high in the sugar beet production (comparing to wheat production) due to intensive use of agricultural machinery. As we can see, sugar beet production was characterized by high input use, especially fertilizers, pesticides, and fuel.



It is a well-known fact that fertilizers are raw materials whose price to a large extent depends on the energy price in the world market. Therefore, the analysis of the impacts of different fertilizer prices on various economic indicators was carried out. A set of present graphs has been designed in such a way that the abscissa shows the percentage change in purchase prices of fertilizers, whereas the ordinate reads how much it (expressed in per cent) will affect gross return and net return (Figure 3).



The same method of analysis was used to determine changes in fertilizer prices (in percentage) that would provide information when the net return equalled zero. It is determined that the increase in fertilizers’ costs in wheat production only for 10.91% led to a net return equalling to zero. On the other hand, if fertilizers’ costs increased by 158.91% then the net return would equal to zero in sugar beet production. Accordingly, the net return in wheat production was much more sensitive to fertilizers’ price changes than to the net return in sugar beet production. The impact of the 1% change of the fertilizers’ price on the percentage change in the gross return and net return in wheat and sugar beet production can be seen in Table 5.



As it can be seen, in both productions, the net return was more sensitive to fertilizers’ price changes compared to the gross return. In addition, both indicators were more sensitive to fertilizers’ price changes in wheat production than in sugar beet production.



As for the benefit-to-cost ratio, the study results were not consistent with the findings of other authors, i.e., 1.17 for sugar beet [5] and 2.56 for dry-land wheat [34]. This non-consistency of the results with the findings of other authors (although the same approach for economic analysis has been used) could be explained by a different level of use of certain inputs, different prices of inputs and outputs, as well as a general characteristic of production units in various countries.





5. Conclusions


In this study, the energy input–output relationship in wheat and sugar beet production were analysed regarding the specific energy input, energy ratio, energy productivity, and net energy gain. Together with the energy, economical analysis of these productions was also conducted in order to see if certain energy input can influence the total economical efficiency of the production.



Total energy consumption in wheat was 22,339.00 MJ·ha−1 while in sugar beet it was 27,848.92 MJ·ha−1. The energy input for wheat production was higher (5.84 MJ·ha−1) when compared to sugar beet production (0.93 MJ·ha−1). The energy ratio was 3.12 for wheat and 26.45 for sugar beet. The energy productivity of wheat production was 0.21 kg·MJ−1 while of sugar beet it was 1.57 kg·MJ−1. The net energy gain was significantly higher in the case of sugar beet (781,195.40 MJ) compared to wheat (41,160.58 MJ). This means that even though more energy was required in sugar beet production still, concerning the yield and energy embodied, sugar beet production remained more energy efficient compared to wheat production. Furthermore, results show that 20% of total energy input in wheat production stemmed from renewable sources, whereas in sugar beet production, only 3% represented the energy obtained from the renewable energy sources. In wheat production, energy input structure of 80.52% was directly used energy while in sugar beet production, a direct energy input share was 70.29%.



It was determined that by all criteria (gross return, net return, cost-to-benefit ratio, and productivity) sugar beet production had better economic results than wheat production. The analysis of production costs indicated that variable costs prevailed over fixed costs in both productions. The most important category of costs included costs related to fertilizers. Therefore, a sensitivity analysis was carried out to determine how the change in costs of fertilizers would influence the gross return and net return. Based on the obtained results it can be concluded that these indicators were less sensitive in sugar beet production than in wheat production regarding the variation of fertilizer prices.
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Figure 1. Main economic indicators of the sugar beet and wheat production system. 
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Figure 2. The most important elements of variable costs and total costs. 
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Figure 3. Changes in gross return and net return in wheat and sugar beet production depending on the change in the fertilizers’ prices. 
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Table 1. Energy inputs and output in wheat and sugar beet production.
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Input

	
Quantity Per Unit Area (unit·ha−1)

	
Total Energy Equivalent (MJ·ha−1)

	
Percent of the Total Energy Input, %




	

	
Wheat

	
Sugar Beet

	
Wheat

	
Sugar Beet

	
Wheat

	
Sugar Beet






	
Diesel fuel (l)

	
87.38

	
158.26

	
4176.59

	
7564.83

	
19.48

	
28.91




	
Kerosene (l)

	

	
5.45

	

	
200.13

	

	
0.80




	
Labour (h)

	
8.01

	
9.84

	
15.70

	
19.28

	
0.07

	
0.07




	
Tractor (h)

	
7.25

	
9.10

	
664.01

	
833.83

	
2.81

	
3.04




	
Combine (h)

	
0.48

	
0.72

	
42.36

	
63.39

	
0.19

	
0.27




	
Transport (h)

	
1.70

	
3.78

	
50.66

	
112.64

	
0.23

	
0.37




	
Machinery (h)

	
6.08

	
6.07

	
381.42

	
380.59

	
1.59

	
1.49




	
Nitrogen (kg)

	
174.59

	
179.10

	
11,599.50

	
11,899.20

	
50.06

	
39.97




	
Phosphorus (kg)

	
38.10

	
62.60

	
480.67

	
778.74

	
2.29

	
3.12




	
Potassium (kg)

	
0.19

	
89.44

	
18.89

	
997.26

	
0.10

	
3.61




	
Insecticides (kg)

	
6.82

	
6.81

	
153.11

	
689.85

	
0.79

	
2.72




	
Fungicides (kg)

	
0.66

	
0.99

	
142.56

	
212.77

	
0.67

	
0.58




	
Herbicides (kg)

	
0.64

	
13.99

	
154.31

	
3330.41

	
0.79

	
11.78




	
Water (m    3   )

	
0.07

	
1.70

	
0.07

	
1.74

	
0.01

	
0.01




	
Seeds (kg)

	
303.34

	
16.70

	
4459.10

	
835.17

	
20.94

	
3.45




	
Total energy input

	

	

	
22,339.00

	
27,848.92

	

	




	
Output (kg)

	
4321.967

	
48,157.40

	
63,499.60

	
809,044.00
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Table 2. Energy parameters for wheat and sugar beet production.
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Energy Parameter

	
Average




	
Wheat

	
Sugar Beet






	
EI (MJ·kg−1)

	
5.84

	
0.93




	
ER

	
3.12

	
26.45




	
EP (kg·MJ−1)

	
0.21

	
1.57




	
NEG (MJ)

	
41,160.58

	
781,195.40
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Table 3. Economic analysis of the sugar beet and wheat production systems.






Table 3. Economic analysis of the sugar beet and wheat production systems.





	
Economic Indicators

	
USD·ha−1

	
USD·kg−1

	
USD·MJ−1




	
Sugar Beet

	
Wheat

	
Sugar Beet

	
Wheat

	
Sugar Beet

	
Wheat






	
Gross return

	
905.51

	
258.13

	
0.02

	
0.06

	
0.03

	
0.01




	
Net return

	
513.53

	
20.69

	
0.01

	
0.005

	
0.02

	
0.001
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Table 4. Total energy input in the form of direct, indirect, renewable, and non-renewable energy for wheat and sugar beet production.
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	Type of Energy
	Wheat (MJ·ha−1)
	Percentage of Total Energy Input, %
	Sugar Beet (MJ·ha−1)
	Percentage of Total Energy Input, %





	Direct energy
	4177
	19.48
	7765
	29.71



	Indirect energy
	18,162
	80.52
	20,155
	70.29



	Renewable energy
	4475
	20.03
	855
	3.07



	Non-renewable energy
	17,864
	79.97
	26,993
	96.93



	Total energy input
	22,339
	
	27,849
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Table 5. The impact of the percentage change of the fertilizers’ prices on the percentage change in the gross return and net return in wheat and sugar beet production.
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Change in Fertilizers’ Prices

	
Wheat

	
Sugar Beet




	
Change in Gross Return

	
Change in Net Return

	
Change in Gross Return

	
Change in Net Return






	
1.00%

	
0.73%

	
9.16%

	
0.36%

	
0.63%
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