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Abstract: This study investigated direct energy consumption and land performance under two
different methods of farming—organic and conventional. The aim of our study was to examine the
performance of farmers in the Czech Republic and identify the differences between organic and
conventional farming regarding food safety and direct energy consumption. Based on the data from
the Farm Accountancy Data Network of the EU, we measured the performance of both organic and
conventional farmers in terms of product per unit of land and direct energy consumption per unit
of product regarding the natural condition of the farm localization. Our findings show that organic
farms produce lower output with less direct energy per unit of land; however, they need more direct
energy for one unit of production. We found that a product from organic agriculture consumes
1.7-fold greater direct energy than a conventional product. The worse the natural conditions for
farming, the broader the difference between organic and conventional regimes regarding their
performance and energy consumption. Our conclusions may help shape agricultural policy in
the Czech Republic, where organic farming is receiving systematic political support, leading to an
increase in the proportion of organically farmed arable land.

Keywords: organic farming; conventional farming; food self-sufficiency; environmental burden;
food systems

1. Introduction

Developed countries have recently shown significant interest in the quality of food,
which has become an object of societal communication and a factor in people’s lifestyles. It
is generally believed that food from organic agriculture is healthier than conventionally
produced food [1-3]. Organic food, and thus organic farming, are gaining increasing
popularity not only due to the perceived effects of organic food on human health, but also
due to the general concerns about the negative impacts of conventional agriculture on
the environment [4-6]. As stated by Seufert and Ramankutty [7] and Mercati [8], organic
farming is perceived to be better for the environment, climate protection, and animal
welfare, particularly in developed countries such as those of Europe. Based on these beliefs,
governments in developed countries are subsidizing organic farming, thus resulting in its
expansion. Sartaj et al. [9] claims that organic farming should become an important strategy
in common agricultural practices. However, there remain some unanswered questions:
is organic farming an appropriate means to feed the population? Does it cause less harm
to the environment in comparison to conventional agriculture? Regarding the academic
literature, opinions on organic farming in the context of global sustainable development
vary widely. For example, organic farming is seen as having significant potential to feed
the population in an environmentally friendly way [10,11]. In contrast, some authors have
noted the production inefficiency of organic farming [12,13].
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The current agro-industrial systems are characterized by a high level of intensity in
the use of natural resources, especially soil and natural conditions associated with soil
habitats [14]. The intensification of agricultural production is based mainly on technological
innovations, high-yielding crop varieties, and the use of synthetic fertilizers and pesticides,
in addition to scientific and technological advances in mechanization and automation of
production processes. This has led to labor substitution, increases in technical productivity,
and the reduction in employment in agriculture, and has made a significant contribution
to agricultural productivity growth and food security [15]. Simultaneously, the issue of
energy consumption has also raised [16], because energy consumption is an important
part of sustainable development in agriculture [17]. In addition, energy is considered a
major factor in economic development and wealth creation [18]. Thus, its importance has
been extensively analyzed from various perspectives (e.g., [16,19,20]). Economic growth
is associated with growth in production and consumption, which leads to an increase
in the demand for energy [16]. In addition, the current trend of the growing population
and insufficient food security in some parts of the world (current estimates published by
FAO [21] show that nearly 690 million people are still hungry or undernourished, especially
in Africa and Asia) will inevitably lead to an increase in agricultural production [22,23].
This places emphasis on the input-intensive agricultural production systems that are
generally considered to cause environmental problems [24,25]. Implementing agricultural
systems and technologies that increase production while reducing the negative effects on
the environment has become a key challenge in addressing this issue [4,26].

The growth in the population and consumption lead to an increase in the demand
for food. Godfray et al. [27] claim that increased demand for food will intensify the
competition for land, which will affect our ability to produce food. Moreover, plant-based
products are replacing unrenewable energy resources, resulting in growing demand for
land. Therefore, there is an urgent requirement to reduce the impact of the food system
on land use and energy consumption, and to address the question of whether organic
farming is the key to solving these problems. In addressing this question, it is necessary to
assess the yield effects of individual types of farming. The comparison of land yields in
conventional and organic farming therefore remains the key issue. Solving this dichotomy
has prompted several empirical studies that compare the yield effects in organically and
conventionally means of farming (inter alia: [11,28] or [29]). The first mentioned study by
Badgley et al. [11] produced surprising results. The authors compared yields of organic
and conventional farming separately for developed and developing countries. They found
that, in the developing world, the average yield was higher in organic farms than in their
non-organic counterparts. The situation in developed countries was the opposite. Based
on these findings the authors claimed: “Model estimates indicate that organic methods could
produce enough food on a global per capita basis to sustain the current human population, and
potentially an even larger population, without increasing the agricultural land base” [11] (p. 86).
This provocative statement called for further empirical investigation, which revealed
the opposite results. Connor [28] carried out a critical analysis of Badgley’s study and
pointed to some inaccuracies in the original research. He concluded that organic farming
production would not be sufficient to feed the global population. Another critical response
was presented by Goulding et al. [29], who examined the productivity of wheat, as a major
crop and food source, in conventional and organic agriculture. They arrived at opposing
conclusions to those of Badgley et al. [11] and stated that organic systems cannot produce
enough food to sustain the population. A considerable body of research has focused on the
criticism of these findings. Seufert et al. [26] showed that under certain conditions (specific
crop types, management practices), organic yields can almost match those of conventional
systems, and thus support optimistic predictions of the productivity of organic agriculture.
Ponisio et al. [30] contributed to the debate about the yield gap between organic and
conventional production with an analysis of a bigger meta-dataset than that used in
previous studies. They concluded with similar results as those of Seufert et al. [26], and
recommended improving organic management systems because, under specific conditions,
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organic agriculture can eliminate the yield gap. A recent study by Muller et al. [31] claimed
that none of the discussed agricultural strategies should be implemented in full. They
recommended combining the partial implementation of both systems with simultaneous
lowering of food wastage and reduction of consumption of animal products.

Similarly, regarding the quality of food, it is widely believed that organic farming
represents a lower environmental burden in comparison with conventional agriculture.
This idea provides political support for subsidizing organic farmers. However, the evidence
on energy use in organic and conventional agriculture is ambiguous. Clark and Tilman [32]
and Tuomisto et al. [33] show that organic systems use less energy per unit of output, and
Gomiero et al. [34] claim that organic farmers use less energy per unit of land. However,
Redlichova et al. [14] claim the opposite regarding the consumption of energy per unit
of output. Tuomisto et al. [33] systematically analyzed empirical studies that compared
organic and conventional systems of farming and their environmental impacts. He noted
that not all studies reach the same conclusions, particularly in the case of energy use per
production unit. However, he found that organic agriculture exhibits a better influence
on the environment per unit of land. Gomiero et al. [34] claimed that data for organic
farming indicates lower fossil energy consumption both per unit of land and per product
unit. Nevertheless, Redlichova et al. [14] showed, based on data from Czech farmers, that
consumption of direct energy per unit of product is higher in organic farming systems than
in their conventional counterparts.

Organic agriculture in the Czech Republic is being given a systematic political sup-
port, which has led to an increasing proportion of arable land that is being farmed
organically—15% of agricultural land in 2019 [35]. The above-mentioned studies revealed
ambiguous results in the comparison of yield effects in organic and conventional means
of farming. Hence concerns have arisen about food self-sufficiency (FSS) in the Czech
Republic. Food self-sufficiency is defined as the ability of a region to meet its food require-
ments [36]. In general, a population is dependent on natural resources and available foods
to meet its daily food demand; thus, a region can increase the stability of its food system by
establishing its own food self-sufficiency. The level of FSS in the Czech Republic is 80%,
and, in Central Europe, only Slovakia has reached a lower level, of 71%. The growing
global demand for food and other plant products has increased the competition for land,
which, however, is used to generate different outputs under different agricultural systems.
It is, therefore, necessary to assess the yield effects of individual types of farming and offer
insights for agriculture policy in the Czech Republic.

In this study, we aimed to fulfill this research gap by examining the performance of
farmers in the Czech Republic and to highlight differences between organic and conven-
tional farming concerning land use and direct energy consumption. We distinguished
between direct and indirect energy (direct energy comprises consumed fuels, electricity,
energy consumed for heating, and other direct energy; indirect energy is used to produce
all other inputs, e.g., fertilizers, machinery processes, or labor). Similar to the studies of
Moghaddasi and Pour (2016) [37] and Zhang et al. (2019) [19], in our analysis we focused
on the direct energy consumed in agriculture.

Our goal was to compare the consumption of two main factors of production—land
and direct energy—under different regimes of farming. The choice of these two factors
of production was motivated by their limited availability. Land, and fossil fuels used to
produce direct energy inputs, are limited and unrenewable factors of agricultural produc-
tion. Based on the above discussion, we empirically investigated our overarching research
question regarding the extent to which the choice of farming regime is linked to different
levels of land performance and use of direct energy.

Although the empirical findings regarding the land and direct energy use under
different ways of farming are ambiguous, our starting point was the assumption that
organic farming requires more land and direct energy to produce the same product. To
research this conjecture, we develop two hypotheses:
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Hypothesis 1 (H1). Production per unit of land is higher in conventional farming than in
organic farming.

Hypothesis 2 (H2). Direct enerqy consumption per unit of product is lower in conventional
farming than in organic farming.

To investigate our hypotheses, we constructed a dataset by drawing on the Farm
Accountancy Data Network, which enabled us to investigate these hypotheses under
different natural conditions and for different production orientations. In our analysis we
aimed to identify differences in land use and direct energy consumption with respect
to natural constraints of farming because these qualities are essential in the agricultural
policymaking process in the Czech Republic.

2. Materials and Methods
2.1. Data

The main data source for the analysis was the FADN CZ database—Farm Accountancy
Data Network of the Czech Republic [38], which is a part of FADN EU database. This
is a unique information system providing data on the economic situation of agricultural
enterprises. An important principle of the FADN system is a harmonized method of
selecting survey companies, i.e., bookkeeping principles are the same in all EU countries,
which guarantees the representativeness and validity of the survey in each EU country.
Therefore, the data on production and economic results used in our analysis are based on
the standard methodology of indicators applied in the FADN EU [39].

Our sample consisted of a dataset spanning 19 years. The number of farmers in
2001 was 1281, farming on 883,440 hectares (of these, 42 farms were organic, covering
18,769 hectares). In 2019, there were 1382 farms on 825,747 hectares (of which, 257 organic
farms and 62,395 hectares). The sample does not include enterprises that simultaneously
applied both organic and conventional regimes during the observed period, or switched to
organic farming during the given period. Within the FADN database, three categories of
areas are defined that correspond to the classification of enterprises in terms of management
in areas with natural or other special constraints. The categories are as follows: ANC (Areas
with Natural Constraints) and non-ANC, where ANC is further divided into mountain
ANC and other ANC. For our study, we used areas marked as ANC (Areas with Natural
Constraints) and non-ANC. The ANC were originally referred to as less-favored areas
(LFAs) and the predominant portion of their cultivated land lies in mountain, specific,
and other areas. Regarding the non-ANC, the predominant portion of cultivated land lies
outside the ANC.

The number of enterprises in particular years and the acreage of agricultural land
are presented in Table 1; these data also take into account the natural conditions of
agricultural activity.

2.2. Methods

The empirical analysis aimed to capture and identify differences in the economic
viability and the direct energy use of agricultural enterprises in the Czech Republic from
the viewpoint of agricultural regimes, i.e., organic and conventional farming. To evaluate
the intensity of agricultural production in both agricultural systems, we used produc-
tivity indicators, which are often used for these analyses [40]. Moreover, productivity
growth is considered to be one of the basic factors influencing the competitiveness of
enterprises [41,42]. Thus, the empirical approach was based on the comparison of the
level of productivity of organic and conventional agriculture, using a general productivity
indicator expressed as the ratio of the total outputs and the production inputs, as used by
Latruffe et al. [43]. More specifically, the study focused on the productivity of the land (as
used by Slavickiené and Savickiené [44] and Ryan et al. [45]), and the comparison of farms
operating in different natural conditions.
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Table 1. Number of organic (OF) and conventional farms (CF) in the research sample and their
acreage of agricultural land with division into ANC (Areas with Natural Constraints) and non-ANC.

ANC Non-ANC
OF CF OF CF
No. ha No. ha No. ha No. ha
2001 40 18,680 695 570,366 2 89 544 294,305
2002 70 24,827 773 605,781 4 433 631 287,397
2003 74 23,113 789 577,753 4 118 700 340,454
2004 74 24,775 668 413,081 12 5898 897 506,144
2005 77 30,275 524 324,267 9 2227 1017 603,623
2006 75 29,426 462 266,252 6 740 1098 650,936
2007 76 29,418 432 237,404 7 527 1068 652,708
2008 84 27,627 451 266,090 17 3252 1090 624,770
2009 89 31,416 416 241,373 34 4299 2156 626,141
2010 125 39,165 471 337,221 16 5647 999 530,697
2011 223 66,267 503 354,829 38 2896 857 452,035
2012 200 58,813 461 334,792 32 4104 740 404,595
2013 195 53,545 449 321,100 39 5016 732 391,132
2014 187 48,430 439 315,891 50 4824 700 409,951
2015 202 51,204 461 331,542 43 7995 701 424,046
2016 210 56,253 471 335,512 43 4442 699 445,300
2017 220 62,266 473 354,373 57 5856 676 460,500
2018 240 64,343 569 402,854 38 3881 607 392,994
2019 218 54,984 538 383,815 39 4007 587 379,537

Note: OF—Organic Farm, CF—Conventional Farm. Source: [38], authors’ elaboration.

According to Klima et al. [46], soil quality is among the factors affecting agricultural
production and is one of the determining factors for the classification of the Areas with
Natural Constraints (ANC), formerly referred to as less-favored areas (LFA). For this reason,
many authors analyze the economic differences in companies within and outside ANC.
Lososova et al. [47] showed that farms within ANC obtained lower yields, lower intensity,
and lower profitability than farms in non-ANC in 2000-2015. Hlavsa et al. [40] found that
costs per unit of production are higher within ANC then outside.

The classification scheme of the FADN database [38] was used for the classification
of the agricultural companies according to the production specialization. The share of
standard production (used by FADN) of individual branches of plant and animal produc-
tion compared to the total value of the company standard production is decisive for the
inclusion of enterprises in individual categories of production specialization. Due to the
availability of the data and their explanatory power about the land productivity and direct
energy consumption, the following categories of production specialization were used:

Cereals and oilseeds growing (FADN category 15);

Fruit growing (FADN category 36);

Milk production (FADN category 45);

Cattle breeding (FADN categories 46,47,48).

We began by comparing the yields of organic and conventional agricultural pro-

duction (in a manner similar to that of, e.g., [11]) and we estimated the yield ratio (or-
ganic/conventional) concerning the natural conditions in which the farms operate (i.e., in
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ANC and non-ANC). Our performance indicator of agricultural production (AP) consists
of sales from both crop and animal production, which are defined as follows [39]:

Crop production = Sales + Farm Use + Farmhouse Consumption + (Closing Valuation-
Opening Valuation);

Animal production = Livestock Production + Change in Livestock Value + Animal Prod-
ucts; Livestock Production = Sales + Household Consumption-Purchases; Animal Products
= Sales + Household Consumption + Farm Use + (Closing Valuation-Opening Valuation).

For comparability of the productivity of land, data on agricultural production were
recalculated in the form of relative indicators per 1 ha of agricultural land, whereas the
total agricultural land was defined according to the FADN methodology as total utilized
agricultural area of holding [39]. Total production (TP) consists of the value of sales from
agricultural production and other (non-agriculture) production.

Asnoted, our second partial goal was to lend further empirical support to the evidence
on direct energy use in organic and conventional agriculture. This was fulfilled by the
comparison of direct energy consumption in both systems of farming in the Czech Republic,
thus providing insight into the environmental burden caused by farming in the two
agricultural regimes. In terms of energy inputs, it is possible to distinguish between direct
and indirect energy for the calculation of the energy balance and efficiency [48] Direct
energy represents consumed fuels, electricity, energy consumed for heating, and other
direct energy. Indirect energy is used to produce all other inputs, i.e., energy incorporated
in the various means of production such as fertilizers, machinery processes, or labor [17].
Similar to Moghaddasi and Pour (2016) [37] and Zhang et al. (2019) [19], we focused on the
direct energy consumed in agriculture in our analysis. Energy is among the most important
commercial commodities with the biggest share in global trade [37], has a significant role
in economic growth [49], and represents a factor of production with limited availability.

To evaluate the differences in the need for direct energy between the two farming
regimes, we used an indicator, energy consumption (EC), measured by the energy con-
sumption of farming and animal husbandry. Energy intensity was measured as the direct
energy consumption per hectare, as previously used by Gomiero et al. [34], and per one
unit of total product, as previously used by Clark and Tilman [32] and Tuomisto et al. [33].
In addition, in this analysis, we undertook a comparison between ANC and non-ANC.

We operationalize our variables according to the following formulas:

(AP): Agricultural production = Output crops and crop production + Output livestock
and livestock products.

(TP): Total production = Agricultural production + Other output.

(EC): Energy consumption = costs of motor fuels and lubricants + costs of electricity +
heating fuels.

An index was used to express the comparative differences between organic and
conventional agricultural farms (i.e., organic/conventional). We calculate the particular in-
dex as the ratio of the variable for organic farming and the variable for conventional
farming. The results are presented in Tables 2 and 3 (the source data are presented
in Tables A1 and A2 in the Appendix), where the individual indexes were calculated
as follows:

e Index AP/ha = (organic AP/ha)/(conventional AP/ha)
e Index EC/ha = (organic EC/ha)/(conventional EC/ha)
e Index EC/AP = (organic EC/AP)/(conventional EC/AP)
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Table 2. Performance (AP) and direct energy consumption (EC) in organic vs. conventional farming.

Index AP/ha Index EC/ha Index EC/AP

ANC Non: Total ANC Non: Total ANC Non: Total
2001 0.18 x 017 0.37 x 035 1.89 x 1.93
2002 0.25 0.95 0.24 0.38 1.60 039 146 1.56 151
2003 0.25 0.37 022 0.42 0.87 0.40 1.60 251 1.72
2004 0.27 0.38 032 0.49 0.74 0.52 161 1.90 157
2005 0.25 0.42 025 0.45 1.13 0.64 1.62 0.73 112
2006 0.23 0.15 023 0.52 0.26 0.55 2.05 113 171
2007 0.26 031 0.23 0.48 0.55 0.46 1.70 171 1.81
2008 0.27 1.04 0.30 0.49 133 0.53 1.60 133 1.68
2009 0.40 0.48 037 0.57 0.61 0.56 137 127 1.44
2010 0.37 0.45 032 0.56 0.75 0.52 141 1.68 151
2011 0.29 0.29 0.24 0.55 0.47 0.50 1.73 1.62 191
2012 0.27 0.25 023 0.52 0.44 0.49 176 1.65 1.93
2013 0.31 0.25 0.26 0.56 0.44 0.52 173 1.65 1.88
2014 0.34 0.31 031 0.56 0.53 0.55 1.62 1.56 1.72
2015 0.34 0.24 0.29 0.59 0.38 0.54 1.69 116 173
2016 0.34 0.36 0.30 0.59 0.52 0.55 1.62 135 1.73
2017 0.32 0.47 032 0.63 0.52 0.61 1.83 0.16 1.07
2018 0.30 0.29 0.29 0.56 0.45 0.54 175 1.87 2.01
2019 0.26 0.25 023 0.54 0.44 0.51 2.05 178 237

Source: [38], authors” elaboration.

Table 3. Performance (AP) and direct energy consumption (EC) in different types of production
orientation of farms in organic and conventional systems.

Index AP/ha Index EC/ha Index EC/AP
2 & &

- & 3 ks - & 3 3 @ & 3 k-

« > < o < > k=t ] =] > =t ]

[ 1<) = [ o M [} 1<) =

g e = =] 5 o = =] ] el = -]

o g ” 2 o & £ 2 o g ” KT

2 = ® 2 = < p2] = ®

T 5§ 9 3 5§ O i § O

= = =

2001 0.31 N/A N/A 017 0.38 N/A N/A 0.41 132 N/A N/A 1.95
2002 0.42 N/A 0.59 0.41 0.32 N/A 056 0.52 0.79 N/A 1.02 1.10
2003 N/A N/A 0.68 0.32 N/A N/A 059 048 N/A N/A 0.89 1.39
2004 N/A N/A 0.66 027 N/A N/A 067 048 N/A N/A 0.95 1.58
2005 N/A N/A 0.67 0.34 N/A N/A 074 053 N/A N/A 1.10 1.49
2006 N/A N/A 0.64 0.32 N/A N/A 054 049 N/A N/A 0.67 1.42
2007 N/A N/A 0.51 0.31 N/A N/A 048 057 N/A N/A 0.98 1.74
2008 0.43 N/A 0.58 0.26 1.15 N/A 072 0.48 2.89 N/A 1.13 2.39
2009 N/A N/A 0.59 0.42 N/A N/A 069 058 N/A N/A 1.21 1.27
2010 N/A N/A 0.82 0.40 N/A N/A 089 062 N/A N/A 1.12 1.33

2011 0.51 0.29 0.49 0.37 1.00 0.21 0.73 0.61 2.03 0.74 1.48 1.50
2012 N/A 031 0.62 040 N/A 059 0.87 062 N/A  1.88 1.34 1.40
2013 0.21 0.22 0.62 0.35 0.74 0.47 0.87 0.59 3.48 211 1.34 1.57
2014 0.47 0.22 0.60 0.56 0.80 0.28 0.79 0.75 1.82 1.31 1.34 143
2015  0.87 0.32 0.63 0.41 1.39 0.36 0.80 0.67 1.67 0.83 1.21 1.50
2016  0.70 0.33 0.71 0.54 1.46 0.42 0.80 0.74 2.25 1.09 1.20 1.20
2017 0.65 0.40 0.57 0.58 1.03 0.39 0.70 0.76 1.39 1.02 1.22 1.30
2018 0.69 0.33 0.60 0.53 1.37 0.38 0.73 0.71 2.20 1.03 1.21 1.36
2019 0.59 0.46 0.58 0.48 1.03 0.34 0.68 0.66 1.84 0.74 1.22 1.24
Source: [38], authors’ elaboration.
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The analysis was performed for the period 2001 to 2019. In addition to enabling
an assessment of the current state, this long time period also enabled analysis of the
development trend. Moreover, a long time series generally contributes to increasing the
robustness of the results.

3. Results

Table 2 shows the overall results of the performance and direct energy consumption
comparison between the organic and conventional means of farming with regard to the
natural conditions (ANC and non-ANC). In summary, the results show that organic farms
produce lower output with less direct energy per unit of land; however, they need more
direct energy for one unit of production. The results show that, the worse the natural
conditions for farming, the broader the difference between organic and conventional
regimes with regard to their performance and direct energy consumption.

3.1. Agricultural Production

We began with the evaluation of the differences in the output of both systems. Figure 1
shows the agricultural production per hectare in the Czech Republic for conventional and
organic farming, which provides an insight into the performance of the sector in terms of
these two forms of farming. Regarding conventional farming, there is a visible increase
during the observed period; the value of agriculture production per hectare reached
1765 EUR in 2019, which represents an increase of almost 50% compared to 2001. As seen
in Figure 1, the agricultural production per hectare in organic farming is about 30% of the
value of conventional farming. Regarding the output of organic farming, similarly to its
conventional counterpart, the agricultural production per hectare increased during the
observed period. However, the data are more volatile and the increase is less distinct.

EUR/ha
organic/conventional

2500 0.40

/\ - 035
2000

0.30
1500 - I I I L 025
[ organic 0.20
1000 mmm conventional
a—0/C 0.15
- 0.10
500 -
- 0.05
o ' ~ 0.00

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015 2016 2017 2018 2019

Figure 1. Agriculture production per hectare. (Source: [38], authors’ elaboration).

Taking into account the different production orientations of farms (see Table 3), the
lowest ratio of organic and conventional output per hectare is in the case of fruit growing.
The yields per hectare of organic farms are 3040% of those of conventional farms. The
production per hectare of cattle breeding of organic farmers is around 35% of that of
conventional farmers. More favorable comparisons are in cereals, oilseeds, and milk
production, where the production per hectare in organic farming is, on average 53% (max.
62%) of that in conventional farming.

In addition to the farming system, the production possibilities of farms are significantly
related to natural conditions. The overall results of organic and conventional farms are
therefore affected by the proportion of farms operating in the ANC (Areas with Natural
Constraints) or non-ANC. Given that approximately 90% of organic farms in the sample
are located in the ANC, the overall results presented in Figure 1 are similar to the results for
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farms operating only in the ANC, as seen in Figure 2. The ratio of production per hectare
in organic and conventional farming also remains the same, around 30%. The distribution
of conventional farms between the ANC and the non-ANC is more balanced in the sample,
because slightly less than 50% are located in the ANC. These shares correspond to the
overall location of organic and conventional farms in the Czech Republic [14]. As seen
from a comparison of Figures 1 and 2, the production per hectare of conventional farms in
ANC (see Figure 2) is approximately 10% lower than the average of ANC and non-ANC
together (see Figure 1).

EUR/ha organic/conventional

2000 0.45

1800 [ organic /\ - 0.40
1600 [ conventional

- 0.35

1400 -

0.30
1200 -
0.25
1000 -
0.20
800 -
0.15
600 -

455 0.10

200 - 0.05

0 - 0.00

Figure 2. Agriculture production per hectare in ANC (Areas with Natural Constraints). (Source: [38],
authors’ elaboration).

As can be expected, agricultural production per hectare in non-ANC (see Figure 3) is
higher compared to yields per hectare in ANC (see Figure 2). In terms of organic farming,
these yields per hectare are, on average, 1.7-fold higher in non-ANC compared to ANC.
Conventional farmers in non-ANC achieve 1.25-fold higher yields per hectare than those
farming in ANC. Yields per hectare in organic agriculture reach about 40% of yields in
conventional agriculture in non-ANC, i.e., more than in ANC.

EUR/ha organic/ conventional

2500 . 1.20
|| organic

= conventional
—o0/C A - 1.00

2000

1500

500 -

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 3. Agriculture production per one hectare in non-ANC (non-Areas with Natural Constraints).
(Source: [38], authors’ elaboration).
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3.2. Energy Consumption

Focusing on the direct energy consumption per hectare without differentiation of
natural conditions (see Figure 4) shows that organic farms in our sample use approximately
half of the direct energy of conventional farms, whereas the trend appears to be growing in
both farming systems in the long run. For example, in the organic system of farming the
direct energy consumption per hectare was EUR 37.62 per hectare in 2001 and increased to
EUR 90.84 per hectare in 2019. Conventional farmers used direct energy with a value of
EUR 108.30 in 2001, which increased to EUR 178.20 in 2019.

EUR/ha organic/ conventional

250 ~ [ organic 00

B conventional
—ofc /\ /\ - 0.60
200

/ N~

/ - 040

0.30

100 -~

50

T T 0.00
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 4. Energy consumption one hectare. (Source: [38], authors’ elaboration).

Lower direct energy per hectare was also consumed by organic farming in the cases
of fruit growing, cattle breeding, and milk production (see Table 3). The average indexes
EC/ha are 49%, 59%, and 62% respectively. To produce cereals and oilseeds, organic farms
need, on average, 97% of the direct energy per hectare of their conventional counterparts;
however, this ratio is quite volatile, ranging from 38% in 2001 to 146% in 2016. The years
with higher direct energy consumption in organic farms (compared to conventional farms)
also showed lower differences in production per hectare (e.g., in 2001, organic production
per hectare reached 31% of conventional production per hectare, whereas in 2016 the ratio
was 70%). This type of production is therefore the most demanding in terms of energy
consumption per hectare in organic farming in comparison to conventional farming (within
the analyzed product groups).

When comparing the direct energy consumption per hectare in ANC and non-ANC,
the direct energy consumption per hectare in favorable conditions (non-ANC) is higher
(see Figures 5 and 6). The higher differentiation between ANC and non-ANC occurred in
the case of organic farmers. In ANC, organic farming used around 60% of direct energy
per hectare compared to conventional farming, whereas in non-ANC it used around 50%.
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Figure 5. Energy consumption per one hectare in ANC. (Source: [38], authors’ elaboration).

organic/ conventional
EUR/ha ganic/

250 1.40
I organic

mm conventional
—o/cC - 1.20
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Figure 6. Energy consumption per hectare in non-ANC. (Source: [38], authors’ elaboration).

Figure 7 shows energy consumption per unit of production for organic and con-
ventional farming. Organic farms used, on average, just over EUR 0.16 per EUR 1 of
production, whereas in the conventional system of farming this ratio was slightly less than
0.1 (on average). As a result, an organic agricultural product has 1.7-fold higher energy
consumption than the conventional product.
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Figure 7. Energy consumption per unit of total product (TP). (Source: [38], authors’ elaboration).
Note: Both energy consumption and total production are expressed in EUR.

Regarding production differentiation (see Table 3), organic farms focused on cereals
and oilseeds had the highest direct energy consumption per unit of production compared
to conventional farms (197% on average), with substantial volatility during the period
under observation (ranging from 79% to 348%). The most balanced situation was in milk
production, where the direct energy for one unit of organic production was around 115%
of conventional production throughout the period under observation. Simultaneously, this
type of production consumed a similar amount of direct energy per unit of production in
both types of farming, i.e., organic and conventional.

The situation in ANC (see Figure 8) is very similar to the situation without a distinction
between the natural conditions (see Figure 7). In the case of organic farming, the energy
consumption was almost identical because a majority of these farms are located on ANC.
On average, the ratio of direct energy consumed per EUR 1 of production in organic and
conventional farming was 1.68.

energy/TP organic/conventional
0.25 2.50
[ organic
[ i
020 4 conventional 21 200
, —0/C
- I ' I I I I N
N I I I I I I I I I I I I I I I I I I N
0.00 - ~ 0.00

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 8. Energy consumption per one unit of total product (TP) in ANC. (Source: [38], authors’
elaboration). Note: Both energy consumption and total production are expressed in EUR.

Only a small proportion of organic enterprises farm in non-ANC conditions; therefore,
the impact on the overall situation is only marginal. The organic farmers operating in these
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areas consume, on average, 1.48-fold greater energy per EUR 1 of production than their
conventional counterparts (See Figure 9).

organic/conventional

energy/TP
0.25 3.00
organic
] i 2.50
0.20 ;c;réventronal

2.00
0.15
- 1.50
0.10 ~
1.00

L

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 9. Energy consumption per one of total product (TP) in non-ANC. (Source: [38], authors’
elaboration). Note: Both energy consumption and total production are expressed in EUR.

4. Discussion

Our findings confirm that organic farms achieve lower production per hectare (ap-
proximately one-third) than conventional farms, which is in line with the previous findings
from Europe; for example, Mader et al. [50] document that yields of organically grown
production are lower by 30% to 50%, on average, than yields of conventional production.
This finding corresponds to the fact that, in organic farming, the primary goal is not the
quantity of production, but conserving and enhancing the biodiversity of the landscape
(e.g., [5,51]). As Stein-Bachinger et al. [52] (p. 1) conclude in their detailed review, “organic
farming can play an effective role in acting against the loss of biodiversity”. However, the results
differ for different production groups, as previously confirmed by, e.g., Goulding et al. [29]
and Mader et al. [50]. Within the evaluated production groups, milk production appears to
be the most effective for organic farming.

Because the production possibilities of farms are significantly related to natural condi-
tions, we also looked at the differences in terms of farm location, i.e., whether farms are
located in ANC or non-ANC. It is not surprising that production per hectare in non-ANC is
higher than in ANC. This finding was more obvious for organic farms and may, therefore,
indicate a stronger influence of natural conditions on organic farms, keeping in mind that
the impact of the production structure probably differs between organic and conventional
systems. Nevertheless, even conventional farms use the land in less favorable conditions
for agricultural production. This is motivated by the focus of the European model of agri-
culture on the comprehensive provision of agricultural services [40,53], which relates not
only to food production but also the maintenance of the cultural landscape, environment,
and biodiversity as defined by the Cork Declaration [54]. The care of the landscape is one
of the reasons for the existence of subsidies for ANC areas, which should compensate for
lower yields, i.e., the impact of worse natural conditions on agricultural production [46].
Based on data from Poland, Klima et al. [46] also demonstrate a decrease in revenues in the
less-favored areas of 12.7%, on average.

The key feature of organic farming is its lower input of chemicals, which should
lead to a lower environmental burden on the land [52]. This reduction could be partially
compensated by higher labor input; however, it is not possible to completely avoid the use
of non-labor inputs. Our findings confirm lower direct energy consumption per hectare in
organic farms compared to conventional farms, both generally and in the case of separate
production groups, such as fruit growing, cattle breeding, and milk production. In contrast,
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cereal production consumes a similar amount of direct energy per hectare in organic and
conventional agriculture, and, in some years the direct energy consumption in organic
farms was even higher than that in conventional farms. Furthermore, it was found that,
in the case of organic farming, larger differences could be observed in consumption per
hectare between farms in ANC and non-ANC. The reason for this could be the production
orientation. The prevailing type of land used by conventional farmers is arable land, in the
case of both ANC and non-ANC (90% and 70%, respectively). Organic farmers in non-ANC
are also most focused on arable land; however, in ANC the major form of production is
permanent pastures, which is not energy consuming.

Regarding the energy consumption per unit of production, on average, organic farm-
ing consumes more direct energy than conventional farming to produce the same amount
of production. This is also valid for individual production groups, with the highest energy
consumption required in the case of cereals and oilseeds.

In summary, the above-mentioned indicators and contexts show that organic farm-
ing produces less output per hectare, and consumes less direct energy per hectare, than
conventional farming; however, its direct energy consumption per one EUR of production
is 1.7-fold higher. In addition, for example, an organic apple is more expensive than a
conventional apple [55-58]. From this it can be deduced that, if the energy consumption is
higher per unit of production in organic farming, then one organically produced apple has
even higher energy consumption due to its higher price. Therefore, taking into account
higher prices of organic products, the results for one piece of organic production are even
less favorable in terms of direct energy consumption.

5. Conclusions

The objective of this study was to examine the performance of farmers in the Czech
Republic and to highlight differences between organic and conventional farming concern-
ing land use and direct energy consumption. We compared the consumption of two main
factors of production—land and energy—under different regimes of farming and natural
conditions. The findings show that, regardless of natural conditions, conventional farms
perform better in terms of agricultural production per hectare, which is most evident in
cattle breeding. Regarding energy consumption, organic systems of farming in the Czech
Republic have lower consumption of direct energy per unit of land. However, certain
differences are evident depending on the production groups, e.g., in the case of cereals and
oilseeds growing, the energy consumption per hectare is essentially comparable between
organic and conventional agriculture. For other monitored product groups (i.e., fruit grow-
ing, milk production, and cattle breeding), it was previously found that more direct energy
per hectare is consumed in organic farming. Furthermore, we evaluated not only the energy
consumption per unit of the land, but also that per unit of output, because the main goal
of agriculture is to ensure enough food for society. Because organic systems have lower
land-use efficiency than conventional systems, one can assume that energy-use efficiency
per unit of output will be strongly influenced by the method of farming. We found that
direct energy consumption per unit of product in the Czech Republic is 1.7-fold higher in
organic farming than in conventional system; in the case of cereals and oilseeds growing,
energy consumption is twice as high. Although these results may seem surprising, they
are consistent with a number of previously published studies on this topic. It should be
noted that our findings are based only on the data for direct energy consumption and may
change significantly if the total energy input was included in the calculation.

The findings of our analysis support both Hypotheses 1 and 2. The first Hypothesis
(H1), i.e., that production per unit of land is higher in conventional farming than in organic
farming, was supported by the finding that, during the entire observation period (with
the exception of one year of nine), under all natural conditions conventional agriculture
significantly outperformed organic farming. Our second Hypothesis (H2), i.e., that direct
energy consumption per unit of product is lower in conventional farming than in organic
farming, was supported by the finding that, during the entire observation period, in both
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natural areas the energy consumption per unit of product was higher in organic farming
compared to conventional farming.

Although organic farming is considered to be a means to support the sustainable de-
velopment of society, some limitations of this type of farming should be taken into account.
A number of previous studies have documented a variety of environmental benefits of
organic farming, i.e., its non-productive functions. However, significant limitations in this
farming system need to be taken into account when assessing the differences between
organic and conventional farming. The first of these is the yield gap between organic
and conventional systems, which leads to lower economic yields that are then compen-
sated via subsidies to organic farmers. Given that organic farming therefore depends on
external financial resources, often from public sources, there is a need to seek long-term
sustainability, not only from the environmental point of view, but also from the economic
perspective. From a global economic perspective, therefore, the consequences of lower
productivity should be taken into account. At the same time, the problem of higher input
demands, particularly fossil fuels, which are needed to produce one unit of food, should
be considered when implementing organic farming.

The limits of organic farming are also related to the demand for organic products,
particularly concerning the price level. A higher price for organically produced food can
act as a disincentive to potential consumers, although there is a wide range of consumers
who prefer this type of product and are willing to pay a higher price. This is particularly
visible in developed countries, and is linked to economic growth and the growth of the
income and living standards of the population. In addition, there is a lack of scientific
evidence regarding the positive impact of organic products on human health compared
to conventional products. Such evidence would provide important encouragement for
economic policy to support this type of production in the long term.

Therefore, we consider it crucial that agricultural policy does not focus its support
on organic farming as such, but that it focuses on improving the conventional agricultural
systems by using organic farming techniques. This would make it possible to reduce the
environmental impact of intensive agriculture, while also fostering an economic sustain-
ability in the long term. Therefore, we want to encourage other scholars to further explore
the potential of organic farming to better balance the inputs used and the yields obtained,
which would make it possible to ensure sufficient food for the population.

Finally, we are aware of the limitations of our study, particularly involving the range of
factors that would have to be taken into account to thoroughly evaluate the environmental
impacts of agriculture. For a comprehensive assessment, it would be appropriate to
examine the effect on several factors, such as soil, water, air, animal and soil varieties,
plants, people, and the food itself, because agriculture involves numerous environmental
issues related to biodiversity, climate change, irrigation issues, genetic engineering, soil
degradation, or pollution [59]. This requires further research, but goes beyond the current
study, and therefore remains open to further investigation. Another limitation of our
study is the narrower definition of the energy intensity of agricultural production when
evaluating the differences between organic and conventional agriculture, which, however,
was the goal of our research. The examination of indirect energy, in addition to the
expression of the overall energy balance for organic and conventional farming, remains a
challenge for ongoing research leading to comprehensive conclusions on this issue.
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Appendix A

Table Al. Performance (AP) and direct energy consumption (EC) in organic farming.

AP/ha EC/ha EC/AP
Organic ANC El(\)lr(lj- Total ANC El(\)lr(lj- Total ANC E;I(l:- Total
2001 213.85 21586  37.42 37.62 0.14 X 0.14
2002 293.68 1419.75 31298 3546  171.03  37.79 0.11 0.11 0.11
2003 260.74 533.03 26213  38.62 94.26 38.90 0.13 0.18 0.13
2004 319.22 58758 44217  50.52 86.96 58.55 0.13 0.13 0.12
2005 268.47 58758 32134  52.39 86.96 58.16 0.16 0.13 0.15
2006 309.78 20476 30720  67.46 39.58 66.78 0.19 0.18 0.19
2007 324.06 45347 32633  66.85 82.74 67.13 0.18 0.17 0.18
2008 329.00 125871 42690  73.79 199.99  87.08 0.19 0.15 0.18
2009 387.71 709.42 42747 7690 11497  81.52 0.17 0.15 0.17
2010 406.18 657.04 42408 8790  140.38  90.99 0.18 0.20 0.18
2011 364.04 54336 37932  92.05 96.29 92.51 0.21 0.16 0.21
2012 374.03 463.26  385.08  97.03 89.61 96.98 0.21 0.17 0.21
2013 430.50 463.26 43330 103.89  89.61 102.66 0.21 0.17 0.21
2014 531.83 580.02 536.19 10949 107.99  109.36 0.18 0.15 0.18
2015 497.18  454.02 49135 97.81 68.12 93.80 0.17 0.10 0.16
2016 490.05 681.89 504.09  91.60 90.50 91.52 0.15 0.11 0.15
2017 505.09 840.70 540.86  99.46 86.05 99.58 0.16 0.01 0.08
2018 509.73 54274 511.61 94.16 80.92 93.41 0.16 0.13 0.15
2019 468.44 518.15 446.07 9744 77.51 90.84 0.17 0.11 0.17

Table A2. Performance (AP) and direct energy consumption (EC) in conventional farming.

AP/ha EC/ha EC/AP
Conventional  yne Nom- o1 ANC YO Toral  ANC NOU Toral
2001 1196.90 148435 129474 10223 120.31 10838 0.08 0.07  0.07
2002 1195.06 1494.14 129129  93.29 10696 97.69 0.07 0.07 0.07
2003 1039.59 145225 119254 91.79 10826 9789 0.08 0.07 0.08
2004 1173.69 1533.31 1371.70 104.04 11798 111.72 0.08 0.07  0.07
2005 1088.84 1386.51 1277.62 11770  77.29 9141 010 018 0.13
2006 133197 135722 1358.12 12930 15049 12084 0.09 0.16  0.11
2007 124092 1456.63 1399.09 139.31 150.18 14728 0.11 0.10 0.10
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Table A2. Cont.

AP/ha EC/ha EC/AP
Conventional * ync - Nom- ol anNc NOM ot ANC NOT Togal
2008 1198.13 121244 1441.24 152.05 15043 16423 0.12 0.11 0.11
2009 966.93 1467.06 114474 133.83 18758 14582 0.13 012 0.12
2010 1090.31 1467.06 1319.62 156.04 18758 17525 0.13 012 0.12
2011 127120 1867.96 1587.66 168.02 204.38 18635 0.12 0.10 0.11
2012 1382.84 182851 164792 18592 204.03 196.01 0.12 0.10 0.11
2013 1402.98 1828.51 1636.27 18528 204.03 19557 0.12 0.10 0.11
2014 1576.36 1850.86 1730.92 195.27 20348 199.89 0.11 0.10 0.10
2015 1479.86 1857.10 1691.15 164.72 181.09 17392 0.10 0.09 0.09
2016 144445 1901.88 1705.32 156.55 173.09 16598 0.09 0.08  0.09
2017 1584.77 1780.46 169536 156.97 16697 162.62 0.09 0.07  0.08
2018 170429 1870.37 1786.30 168.39 17822 17324  0.09 0.07  0.08
2019 1797.08 209196 1943.69 178.80 177.59 17820 0.08 0.06  0.07
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