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Abstract: Economic development requires following the principles of sustainable development for
the socio-economic progress of a country. The organic farming sector is important in ensuring
sustainable development. The advancement of organic farming is an important issue which combines
the environment, human health and socio-economic development. It is a management method
that facilitates supplying high-quality food products and aims at eliminating the use of artificial
fertilisers and pesticides. Organic farming has a beneficial impact on natural environmental protec-
tion, biodiversity conservation and food safety and quality improvement. The natural conditions
in a region have a decisive impact on organic farming development. The purpose of this study is
to assess the spatial diversity of organic farming and selected organic crop production in Poland
by voivodship in 2013 and 2018. The statistical analysis of organic farming spatial diversity was
conducted in a one- and two-dimensional approach. The analysis conducted made it possible to
identify four clusters of voivodships based on the production volume of selected organic crops
using the k-means algorithm. Graphs of observation depth contours in a sample were used to
visualise and to analyse the two-dimensional data. STATISTICA software and selected packages of
the R environment, available under the GPL licence, were used in the analysis. The analysis shows
that the organic farm number and acreage in Poland is characterised by considerable variability
between voivodships, with their noticeable concentration in several country regions. In the analysed
years, organic farming was the most widespread in the Warmirnsko-Mazurskie Voivodship and the
Zachodniopomorskie Voivodship.

Keywords: organic farming; organic farms; healthy food; regional diversity; sustainable develop-
ment; Tukey’s observation depth in a sample

1. Introduction

Organic farming is the object of interest of many scientific disciplines. The devel-
opment of the farming sector has a direct impact on the natural environment condition.
Organic farming products provide a guarantee of safe food, which satisfies the needs of
society and the environment. Organic farming is the main element of sustainable develop-
ment of rural areas, aimed mainly at nature protection against pollution and the production
of food with quality parameters desired by customers.

Organic farming is characterised by crop production without using pesticides or
artificial fertilisers. The increase in demand for organic food is caused mainly by consumers’
fears of fertilisers and the negative impact of pesticides on human health. According to
the popular view, organic food is much safer for human health than that produced by
conventional farms [1] (pp. 6-10).

Organic farming development and increased production have been observed in recent
years. According to the latest data, global retail sales of organic food and the acreage
of organic food production is increasing. An increase of 2.00 million ha was observed
in 2018 (https:/ /www.fibl.org/en/info-centre /news/global-organic-area-continues-to-
grow-over-71-5-million-hectares-of-farmland-are-organic.html, last access: 10 April 2021).
Organic farming occupies a considerable portion of the total agricultural land. Crop cultiva-
tion is supervised by numerous organisations whose aim is to verify whether crop produc-
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tion meets organic farming requirements. They only approve the use of environmentally-
friendly production methods, i.e., management methods in which fertilisers and pesticides
are no longer used in the food production process [2] (p. 187).

The development of organic farming contributes to the protection of the soil structure
and increases its fertility. It provides additional employment opportunities in agriculture
and organic food processing. It is much less energy-intensive owing to low fertiliser and
plant protection product consumption. The availability of funds and the increasing EU
market contribute to farms switching to production by organic methods. It can benefit the
economy of a region in many ways [3] (pp. 6-7).

Because of the use of chemical agents in crop cultivation, conventional farming has a
negative impact on human health. The organic produce market in the EU is continuously
developing due to a growing number of organic farms. The total acreage of organic
farmland amounted to 13.4 million ha in 2018, which accounted for 7.5% of total agricultural
land. The acreage increased by 33.7% compared with 2012 (https:/ /www.europarl.europa.
eu/news/pl/headlines/society /201804045TO00909/, last access: 10 April 2021). This
shows that organic farming is developing rapidly and consumers increasingly often prefer
high-quality food which provides numerous health benefits.

The Regulation of the European Parliament and of the Council concerning organic
food production and labelling of organic products lays down the rules concerning organic
food production, including the observance of organic product manufacture standards and
the European Union goals regarding this production (https://eur-lex.europa.eu/legal-
content/PL/TXT/PDEF /?uri=CELEX:32018R0848&from=MT, last access: 10 May 2021).

Changes can be noticed taking place recently in Polish agriculture and crop cultivation
techniques. Owing to crop production in the organic system, farmers can receive higher
direct farming subsidies or sell food at higher prices. Organic farming started to develop
in Poland in 2004 when EU farm subsidies were introduced. Since then, farmers running
organic farms and those during the conversion period have been able to benefit from
agri-environmental programs which allow them to apply for organic farming subsidies.
According to the IJHARS (Agricultural and Food Quality Inspection) report on organic
farming in Poland, there were 3760 certified organic farms and those during the conversion
period in 2004, with a total acreage of 104.2 thousand ha (https://www.gov.pl/attachment/
95df9fff-316d-41f9-a665-d9a168d80198, last access: 20 April 2021).

Poland provides favourable natural conditions for the development of organic farming.
The favourable environmental dispositions of a region significantly affect its agricultural
development. Consumers are increasingly turning to organically produced food. The main
purpose of this study is to assess the spatial diversity of organic farming and selected or-
ganic crop production in Poland by voivodship in 2013 and 2018. Therefore, the structure of
organic farms and organic land in the voivodships has been demonstrated. The production
volume of selected organic crops was assessed and the share of the area covered by these
crops in the voivodships was determined. To achieve the research objective, an analysis
was performed using data originating from the Statistics Poland and the Agricultural and
Food Quality Inspection Reports for 2013 and 2018. The study addressed the following
research questions:

- Does a regional variation in the number and in the area of organic farms exist
in Poland?

- Isit possible to identify groups of voivodships characterised by a similar production
level of selected organic crops in Poland?

The organic farming data analysis was performed in a one- and two-dimensional
approach, using graphs of observation depth contours in a sample.

The voivodships were classified according to the production volume of selected
organic crops in the years under investigation using the k-means method.
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2. Literature Review

Organic farming is defined by IFOAM as “a production system that sustains the
health of soils, ecosystems and people”. Its aims include making a beneficial impact on the
environment and popularising a good quality of life in society (https://www.ifoam.bio/
why-organic/organic-landmarks/definition-organic, last access 25 April 2021).

The advancement of organic farming is an important issue, which combines the envi-
ronment, human health and socio-economic development. At a time of climate change and
environmental degradation, it can contribute to making agriculture sustainable. Organic
farming is increasingly important in the production of high-quality organic food and nu-
merous studies have shown its positive impact on socio-economic development. Moreover,
it is more environmentally friendly than agriculture which employs traditional cultivation
methods. Conventional agriculture provides growing food stocks on a global scale, but it is
a major source of greenhouse gas emissions and environmental pollution. Organic farming
development can contribute to more sustainable agriculture in times of climate changes,
environmental degradation and population increase [4] (pp. 7611-7614).

With the introduction of legislation to protect the environment, its biodiversity and
food safety, farm owners have been faced with the challenge of achieving an income to
ensure an adequate standard of living while respecting ecological standards [5].

Organic farming is one of the areas of sustainable development. Climate change and
deteriorating environmental conditions have caused considerable changes in the lifestyle
of people, who buy organic agricultural products increasingly often. A study conducted in
Poland in 2019 among individual organic farms and distributors of organic food showed
that customers’ opinions are of the greatest importance in introducing organic products
on the market, followed by product quality, experience in product sales and the company
image. High food quality and consumer education concerning such food were important
factors affecting the process of introducing it on the market [6].

Traditional agriculture has had a negative impact on the environment, which makes it
necessary to seek new solutions to alleviate it. Producers who have introduced innovations
in organic food production have also contributed to improving the environment. Inno-
vations in organic food production have helped to reduce production costs, improved its
productivity, reduced waste and stimulated business development and diversification [7].

The negative impact of humans on natural ecosystems has been an important socio-
economic issue in recent years. Economic development, increasing global population
and a rapid pace of urbanization—all this contributes to the degradation of the natural
environment. Sustainable development, including the use of green infrastructure, should
be a response to all of these adverse processes. An important role in natural environmental
protection is played by the development of organic farms, which is greatly affected by
the increasing demand for organic products. Since such farms produce organic products,
they contribute to popularising a healthy lifestyle. The development of organic farming
has a positive impact on society, the environment and the economic development of
the country [8].

Organic food production can lead to agricultural produce quality improvement by
making it richer in nutrients with a beneficial impact on human health [9]. The concentra-
tion of nutrients in crops is significantly affected by the climate in a specific area. Crops
grown on organic farms are more tolerant to diseases [10]. Organic agritourism, which
has a beneficial impact on the socio-economic development of regions, is very popular
among tourists. Tourists increasingly often choose places with natural landscape values,
where they can consume organic food [11]. Organic farming significantly improves the
physical and chemical soil properties. It increases microorganism count, water content and
the macro-nutrient content in soil [12].

Organic farming may also become an alternative to conventional agriculture on a
global scale. In the literature, this is often assessed from the perspective of food production
yield, environmental impact and organic food prices. Analyses show that organic farming
produce yield can be 25% lower compared with that achieved in conventional farms.
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Organic farms achieve higher yields of fodder crops compared with cereals. Organic
farming also has a beneficial impact on plant and animal biodiversity and water quality
because of low nitrogen and phosphorus loss [13].

In Poland, financial support was launched in 1998 from the state budget to subsidise
the costs of inspecting organic farms (https://www.gov.pl/web /rolnictwo/wsparcie-
rolnictwa-ekologicznego, last access 25 April 2021). Poland’s accession to the Euro-
pean Union was an important stage in the development of organic farming in Poland.
An important role was played by direct payments to support organic production financed
from pillar II of the EU Common Agricultural Policy as part of the implementation of the
Rural Development Programme 2004-2006 (RDP 2004-2006) [14]. An increase in subsidy
rates for organic farming took place under RDP 2007-2013, ranging from 23% for agricul-
tural crops to 38% for vegetable crops [15]. Measures related to the development of organic
farming for 2014-2020 are set out in the Regulation of the European Parliament and of the
Council of the EU on support for rural development [16]. Improving the natural environ-
ment and reducing the negative impact of agricultural production on the environment are
among the main objectives of agri-environmental programmes [17].

The European Union establishes regulations governing the production, distribution
and marketing of organic products (https://ec.europa.eu/info/food-farming-fisheries/
farming/organic-farming/legislation_pl, last access 25 April 2021). The Regulation con-
cerning organic production rules and labelling of organic products was adopted by the EU
Council in 2007. Currently, financial support for organic farming in Poland comes from
the EU and the national budget (https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=
celex%3A32007R0834, last access 25 April 2021).

An increased interest in organic farming can be observed in recent years in Poland
and in the European Union countries. Significant growth in the percentage of the area
allocated to organic production was particularly noticeable in the countries that joined
the EU after 2003. The largest share of this area in 2012 in total farmland was recorded in
Austria (18.6%), the Czech Republic (13.1%), Estonia (14.9%) and Sweden (15.8%). Between
2004 and 2013, the number of organic agricultural producers in Poland increased more
than seven-fold. In Poland, the share of the area allocated to organic production in total
agricultural land increased from 0.5% in 2004 to 4.6% in 2012. It is worth highlighting
that in 2005, the number of organic farmers in Poland increased by 94% as compared
to 2004, from 3705 in 2004 to 7183 in 2005. The reason why this figure almost doubled
was the introduction of subsidies for organic farming. In 2013, fodder crops, grassland
and pasture and cereals accounted for the largest share, totalling around 84% [18]. The
average area of an organic farm in 2013 in the EU was 34 ha, while in Poland it was 25 ha.
The largest average organic farm areas in 2013 were reported in Slovakia (453 ha) and
the Czech Republic (169 ha), while this value was the lowest in Greece (8 ha) and Malta
(3 ha) [19]. The largest area of organically grown cereals in 2013 was recorded in Germany
and Italy, around 0.2 million ha. Poland ranked fifth, with an area of over 123,000 ha [20].

The year 2018 was a significant year for organic farming. According to FIBL data,
there were 71.5 million ha of organic farmland around the world (which accounted for 1.5%
of the total agricultural land), with the largest acreage in Oceania (36 million ha). Organic
farmland accounted for 22% of the total agricultural land in Europe. Land occupied by
organic farming accounted for 7.7% of the total agricultural land in the European Union.
The largest portions of agricultural land were occupied by organic farming in Spain
(2.2 million ha), France (2.0 million ha) and Italy (2.0 million ha). Financial support has
contributed to the development of organic farming in the EU. Austria was characterised
by the highest share of the area under organic production in the total agricultural area of
24.7%, whereas this proportion for Poland amounted to 3.4% [21].

Issues concerning organic farming in Poland have been discussed, among others,
in [22,23].

Data concerning the area under organic cultivation and the sales of organic food
indicate a noticeable development of organic farming in Poland after joining the European
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Union [24,25]. On organic farms, the volume of agricultural production is lower in compar-
ison with conventional farms. The economic situation of organic farms has been substan-
tially affected by subsidies, which represented a significant part of the income obtained
from agricultural production in Poland [26]. After 2004, changes could be observed as
regards the impact of agriculture on the environment in Poland, with particular emphasis
on natural resources such as water, soil and biodiversity [27]. The development of organic
farming is significantly supported by local authorities in rural areas. Cooperation between
farmers and organic food processing companies may become an important factor for local
development [28].

A key factor in the development of the organic food market in Poland is to improve
the general public’s knowledge on the subject. Consumers aware of the health properties
of organic food and its labelling are prepared to pay a higher price for these products. The
education of buyers in this respect constitutes an important factor for the development
of the organic food market in Poland [29]. Research carried out among organic food
producers, processing companies and intermediaries shows that better communication
and cooperation between the above-mentioned groups can contribute to the development
of the organic food market in Poland [30].

A considerable variation in retail sales of organic food can be noted across European
Union countries. Its volume is significantly affected by a country’s population and GDP. In
2016, the highest sales and consumption of organic food were recorded, among others, in
Germany, France, Italy and Switzerland [31].

Consumers started to buy safe organic food because of health issues which might
be caused by food grown by conventional methods. Consuming vegetables grown by
conventional methods results in delivering potentially carcinogenic substances to the
body [32] (p. 2761).

In recent years, consumers have been increasingly opting for organic food. They
are willing to pay a higher price for food that is both safe for health and friendly to the
environment [33]. A survey conducted among owners of conventional and organic farms in
Poland shows that the major factors affecting the decision to start organic farming include
the will to care for their own and their families’” health and for the natural environment [34].

Switching from conventional to organic crop production entails an increase in produc-
tion costs. Availability of financial support is the most important factor which motivates
farmers to switch to organic crop production. An increase in the income of organic farms,
supported by subsidies, is the main benefit gained from organic farming according to
farmers. A low crop yield is among the main barriers to organic farming development [35].

Organic farming in Poland and around the world has been discussed in numerous
papers reviewing many analyses of the subject and presenting prospects of organic farming
development in EU countries and worldwide [36,37]. A review of results concerning the
impact of organic farming on public health is provided in a paper by Johansson et al. [38].
An assessment of the impact of environmental awareness on the intention to purchase
organic food was presented by Wang et al. [39]

The reasons for purchasing organic food by Polish households were analysed by
Grzybowska-Brzeziniska [40], and the level of organic food sales in Germany was assessed
by Pilarski [41].

3. Materials and Methods

The study used secondary data from Statistics Poland [42,43] and reports of the
Agricultural and Food Quality Inspection (IJHARS) [44,45] The analysis covered selected
statistical data concerning organic farming in 2013 and 2018 with respect to the organic farm
number and acreage and selected organic crops in voivodships. The JHARS report also
provides information on the inspection system in organic farming and the legal regulations
applicable to organic farming in the years under study.

The purpose of this study is to assess the spatial diversity of organic farming and
selected organic crop production in Poland by voivodship in 2013 and 2018.
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A statistical analysis of organic farming spatial diversity was conducted in a one- and
two-dimensional approach.

The literature of the subject describes the use of multivariate statistical analysis in the
assessment of socio-economic development diversity in voivodships of Poland. Selected
methods of comparative analysis were applied to rank the voivodships by development
level and to identify regions with similar indices for demographics, labour market, regional
entrepreneurship and the local economy structure [46].

Box plots were drawn up to present the analysed quantity distributions. They were
introduced by Tukey [47], and have become popular tools for one-dimension data visuali-
sation. They can be used to present information on the position, skewness or diversity of
an attribute under study or to compare the attribute distributions in various groups [48]
(pp. 5186-5187).

The literature of the subject describes various types of box plots, depending on the
numerical characteristics used to draw them. STATISTICA software was used to draw
them for this paper, based on such characteristics as the mean, standard deviation and the
maximum and minimum values.

Cluster analysis is a set of multivariate statistical analysis methods used to divide
a set of objects into clusters to ensure that elements belonging to the same cluster are as
similar to each other as possible and, at the same time, different from elements that belong
to other groups [49]. In this paper, the analysis uses the k-means clustering algorithm,
which belongs to non-hierarchical clustering methods. This method consists of dividing
the set of objects into a certain number of classes to minimise the variability within a given
cluster and to maximise the variability between different clusters [50].

In the paper, in order to ensure comparability of characteristics concerning the pro-
duction volume of selected organic crops in the voivodships, variables were standardised
according to the following formula

Xl']' — x]-

)

zjj = 5
where xl-j—empirical value of j-th variable in the i-th voivodship, Yj—arithmetic mean of
j-th variable, sj—standard deviation of j-th variable. After standardisation, the arithmetic
means of the characteristics equal zero and the variance values equal one.

In order to assess whether the investigated diagnostic variables played a significant
role in the clustering process, an analysis of variance can be used. The value of the
F-statistic, which is determined as the quotient of inter-group variation to intra-group
variation, enables the establishment of a hierarchy of variables that played a significant
role in the division into clusters [51].

The concept of the half-space depth with respect to a multidimensional dataset was
introduced by Tukey [52], in order to construct depth contours, among others. Depth
contours graphs for this paper were drawn for the respective two-dimensional sets. They
can be used to visualise the analysed datasets, to determine the direction of the relationship
between variables or to order observations with respect to the distance from the central
dataset cluster. The issues related to observation depth in a multidimensional set and
construction of depth contours have been discussed in many papers on this subject. The
following definitions will be presented in a two-dimensional approach in this paper.

Let there be a two-dimensional set P2, with the size of n. Tukey’s half-space depth
H, for point 6 € R?, with respect to set P? is defined as the minimum number of points
k of the set, contained in a closed half-plane, whose borderline runs through point 6 [53]
(pp. 516-517). The contour of the k-th degree of depth is defined as a set

Cony = {9 € R?: zany (9; PE,) = k} fork=1,2,...,[n/2], 2)

where [1/2] is the integer part of n/2.
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The depth contour Cony is determined as the intersection of all half-planes with
the depth equal to k. The contour vertices are determined by the straight lines—the
edges of half-planes with a specific value of Tukey’s depth. Tukey’s depth for points of
a two-dimensional set P2 is greater than k if they lie within a contour with the degree
of depth equal to k. If the points belong to the edge Cony, Tukey’s depth is equal to k.
Notably, a point belongs to a contour Cony of the k-th degree of depth if it belongs to
the contour edge. Depth contours are shown as convex and ascending polygons, where
Conyyq C Cong. Other properties of Tukey’s half-space depth and depth contours were
discussed in papers by Liu et al. [54] and Donoho and Gasko [55]. The algorithm that
describes the determination of depth contours for a two-dimensional set is presented in
a paper by and Ruts and Rousseeuw [56].

Depth contours can be used to visualise two-dimensional datasets in order to de-
termine their position, correlation, diversity or symmetry. Notably, the lowest values
of Tukey’s depth and very low or very high values of the attributes under study corre-
spond to observations belonging to the outermost depth contour (the convex coat) [55]
(pp- 1805-1807).

Construction of depth contours for two-dimensional sets was described by Kobyliriska
and Wagner [57] and application examples for methods based on observation depth
in a sample are presented, among others, in papers by Kobylifiska and Wagner [58]
and Kobyliniska [59].

Graphs for contours of observation depth in two-dimensional sets were drawn in this
paper with the “depth” package in the R environment (https://cran.r-project.org/web/
packages/depth/index.html, last access 2 May 2021).

4. Results

Based on the obtained data, it can be stated that the number of organic farms and
the area of agricultural land used by these farms is highly differentiated in individual
voivodships (Table 1). The fewest farms were in five voivodships (L6dzkie, Kujawsko-
Pomorskie, Opolskie, Pomorskie, Slaskie). They accounted for less than 3.5% of the
total number of such farms in Poland in the analysed years. The Warmirisko-Mazurskie
Voivodship had the most organic farms. It was the only voivodship with more than
4000 organic farms in 2013. This number decreased by 842 farms (by 19.88%) in 2018. There
were fewer than 100 organic farms in the Opolskie Voivodship, where they accounted for
approximately 2.00% of those in the Warmirisko-Mazurskie and 0.30% of the total number
of such farms in Poland. The number of organic farms decreased in each voivodship in
2018. The largest decrease was observed in the Matopolskie Voivodship (by 1068 farms,
i.e., by 58.11%) and the smallest was in the Kujawsko-Pomorskie Voivodship (by 20 farms,
i.e., by 4.82%). The number of organic farms in this voivodship did not exceed 500.

The lowest organic farmland acreage was noted in the Opolskie and Slaskie Voivod-
ships (Table 1). It changed very slightly in the former (it increased by only 11 ha), whereas it
decreased by 4296 ha, i.e., by 59.13%, in the latter. In 2013, the largest acreage was occupied
by organic farmland in the Zachodniopomorskie Voivodship, where it was more than
12 times higher than in the voivodships mentioned above. Notably, the largest organic
farmland acreage was recorded in the Warminisko-Mazurskie and Zachodniopomorskie
Voivodships in the studied years. In each of them, it accounted for approximately 1/5
of the total organic farmland acreage in Poland. The data presented in Table 1 show that
the organic farmland acreage decreased in 2018. The largest decrease was observed in
the Podkarpackie and Slaskie Voivodships (by 53.81% and 59.13%, respectively). The or-
ganic farmland acreage decreased by 185,295 ha in 2018 (i.e., by 27.66%). The largest
organic farm number and acreage was recorded in the north-east of Poland and the
Zachodniopomorskie Voivodship.

The Warminisko-Mazurskie Voivodship (Figure 1) had the largest share of organic
farms—more than 17% in 2018. The percentage in the Opolskie Voivodship did not ex-
ceed 1% of all farms of this type in Poland. More than half of all organic farms were
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situated in four voivodships (Mazowieckie, Podlaskie, Warminisko-Mazurskie and Zachod-
niopomorskie). Such farms in the Kujawsko-Pomorskie, L.odzkie, Opolskie and Slaskie
Voivodships accounted only for 4.79% and 5.70% of all organic farms in Poland in 2013 and
2018, respectively. Organic farms accounted for less than 10% of all farms in 11 voivodships
in 2018.

Table 1. The organic farm number and acreage in voivodships in 2013 and 2018.

Organic Farms Organic Farmland Acreage (ha)

Voivodship
2013 2018 2013 2018
Dolnoslaskie 1189 713 37,455 27,357
Kujawsko-Pomorskie 415 395 11,152 7655
Lubelskie 2129 1948 40,819 28,428
Lubuskie 1422 877 54,692 37,174
Lodzkie 528 491 10,342 8905
Matopolskie 1838 770 17,005 8844
Mazowieckie 2609 2284 63,445 42,049
Opolskie 88 61 3543 3554
Podkarpackie 1750 1131 29,506 13,630
Podlaskie 3407 2989 63,548 51,608
Pomorskie 893 540 28,721 19,974
Slaskie 242 148 7220 2951
Swietokrzyskie 1207 680 15,122 9087
Warminsko-Mazurskie 4235 3393 116,199 104,574
Wielkopolskie 1006 727 41,617 25,994
Zachodniopomorskie 3640 2060 129,585 92,892
Poland 26,598 19,207 669,971 484,676
Source: based on Statistical Yearbook of Agriculture (2014 and 2019).
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Figure 1. Percentage of organic farms in voivodships in 2013 and 2018. Source: prepared by the author.

The largest portion of organic farmland, as referred to the total agricultural land
acreage in Poland, was recorded in the Warmirisko-Mazurskie and Zachodniopomorskie
Voivodships (Figure 2). The percentage was approximately 11% in these voivodships in
2018. The organic farmland share expressed as the percentage of the total agricultural land
acreage in Poland decreased by 1.29% in the years under study. The largest decrease (by
3.83% and 4.23%, respectively) was observed in the Lubuskie and Zachodniopomorskie
Voivodships, whereas the lowest was in the Warmirisko-Mazurskie Voivodship. Notably,
the Lubuskie, Warminisko-Mazurskie and Zachodniopomorskie Voivodships have the
largest share of organic farmland acreage in the total agricultural land acreage compared
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with the other voivodships. It should be noted that both the organic farmland acreage and
its share in the total agricultural land acreage decreased in that year.
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Figure 2. The share of organic farmland in the total agricultural land in the voivodships in 2013 and 2018. Source: prepared

by the author.

The data presented in Table 2 show that the selected organic crop production varied
between voivodships in 2013 and 2018. The crop structure is dominated by cereals. The
lowest production was recorded in the Opolskie and Slaskie Voivodships. An over five-fold
increase in cereal production was recorded in the Opolskie Voivodship in 2018. It increased
by nearly 80 thousand tonnes (i.e., by 66.74%) in Poland. The highest fruit and vegetable
production on organic farms was recorded in the Lubuskie and Mazowieckie Voivodships,
whereas it was the lowest in the Opolskie and Slaskie Voivodships, where it did not exceed
321 tonnes in the analysed years. This production increased by nearly 1.5-fold in Poland
in 2018. The production of these crops in the Lubelskie, Mazowieckie and Podkarpackie
Voivodships accounted for 61.14% of their production in Poland.

The voivodships in the north-eastern part of Poland (Podlaskie and Warmirisko-
Mazurskie) dominated in terms of organic potato production, which accounted for 35% of
the total production on organic farms in Poland. No significant changes in organic potato
production were observed in Poland, where it increased by 242.45 tonnes (i.e., by 1.58%)
in 2018. A decrease in the organic potato production was observed in seven voivodships,
with the largest decrease (by 52.04%) in the Zachodniopomorskie Voivodship.

As with the other crops, the lowest fruit and vegetable production was recorded in
the Opolskie and Slaskie Voivodships. Their production accounted for less than 0.2% of
the total production in Poland. Organic fruit and vegetable production increased by over
300% in the Lubuskie and Mazowieckie Voivodships.

The largest portion of organic farmland (Figures 3-5) was occupied by cereals (13.19%
to 20.45%), followed by fruit and vegetables (approx. 8%). Potatoes were the last with the
acreage of their cultivation not exceeding 0.3%. The largest portion of cereal cultivation
in the total organic farmland acreage (30.70% in 2018) was recorded in the Dolnoslaskie
Voivodship. Notably, the percentage of this crop cultivation acreage in organic farms de-
creased only in the Matopolskie, Podkarpackie and Swietokrzyskie Voivodships compared
with 2013.
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Table 2. Production of selected organic crops in voivodships in 2013 and 2018 (tonnes).

v deh Cereal Potatoes Fruit and Vegetables
No. oivodshi
© P 2013 2018 2013 2018 2013 2018
1 Dolnoslaskie 13,081.22 20,790.84 498.20 542.35 1643.30 1599.30
2 Kujawsko-Pomorskie 3018.05 4768.09 384.00 951.38 1595.86 3586.34
3 Lubelskie 7635.98 14,927.66 446.40 1103.63 14,058.26 33,052.57
4 Lubuskie 7356.58 13,497 .44 236.40 142.14 1122.87 4868.19
5 Lodzkie 2554.02 4342.31 303.15 577.34 3816.20 13,138.70
6 Matopolskie 2660.87 2937.12 1451.73 1095.99 4977.30 5640.47
7 Mazowieckie 9492.23 17,357.77 840.42 1381.85 8608.71 35,222.12
8 Opolskie 651.41 4100.97 63.95 198.7 325.98 285.06
9 Podkarpackie 3293.65 4311.31 1444.99 1008.23 8724.79 34,395.02
10 Podlaskie 9591.07 20,999.97 2833.37 2818.75 2340.73 4154.30
11 Pomorskie 5909.69 6361.02 409.28 465.05 2235.07 2234.71
12 Slaskie 1450.61 1810.71 95.10 95.5 320.39 295.64
13 Swietokrzyskie 4582.64 4871.06 1755.42 1453.66 8535.18 11,547.01
14 Warmirnsko-Mazurskie 14,740.64 25,774.31 2793.63 2653.11 3700.20 4202.65
15 Wielkopolskie 9610.81 19,058.68 358.70 428.76 2566.56 7098.80
16 Zachodniopomorskie 21,871.55 30,012.04 1405.51 646.26 4135.30 6601.71
Poland 117,501.02 195,921.30 15,320.25 15,562.70 68,706.70 167,922.59
Source: based on data from the IJHARS Report (2013-2014, 2017-2018).
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Figure 3. The share of cereal cultivation acreage compared with the total organic farmland acreage in 2013 and 2018 (%).
Source: prepared by the author.
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Figure 4. The share of potato cultivation acreage compared with the total organic farmland acreage in 2013 and 2018 (%).
Source: prepared by the author.
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Figure 5. The share of fruit and vegetable cultivation acreage compared with the total organic farmland acreage in 2013 and
2018 (%). Source: prepared by the author.

The largest share of organic potato cultivation acreage in the total organic farmland
acreage was recorded in the Matopolskie (1.27% and 0.8%) and Swietokrzyskie (1.51%
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and 1.01%) Voivodships. The total acreage of this crop cultivation in the 14 voivodships
accounted for not more than 1% of the total organic farmland acreage in the voivodships.

Box diagrams were drawn to graphically present the organic production of cere-
als, potatoes and fruit and vegetables (Figure 6). The midpoints on the diagrams were
determined by mean values of the attributes under study, the box—by the standard devia-
tions and the “tails” of the plots—by the smallest and the largest values of the attributes
under study.

The distribution of selected organic crop production (Figure 6) reveals the highest
diversity between voivodships in the organic cultivation of cereals and fruit and vegetables.
Long “tails” are noticeable on box plots showing the production distribution for these
crops. It indicates that there are voivodships with large cereal production (Dolnoslaskie,
Warmirnisko-Mazurskie, Zachodniopomorskie). The figures show the relatively largest
right-sided asymmetry in the cereal and fruit and vegetable organic cultivation acreage.
Box plots for potato cultivation show the lowest diversity of this attribute in voivodships.

40000
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£B13 £B18 ZNn3 ZNna WO13 Wo1a

Figure 6. Distribution of selected organic crop production in 2013 and 2018 (tonnes). Notes: ZB13,
ZB18, ZI13, Z118, WO13, WO18 denote the production of cereals (ZB), potatoes (ZI) and fruit and
vegetable (WO) in 2013 and 2018, respectively. Source: prepared by the author.

The mean production of selected organic crops was increasing during the anal-
ysed period (Table 2). The largest increase was recorded for fruit and vegetables—by
99,215.89 tonnes (i.e., by 144.41%). A considerable spatial diversity between voivodships
was observed for the analysed crop production, which is indicated by the coefficients of
variance. The largest variance range can be observed for fruit and vegetables in 2018. The
highest and the lowest production levels differed by 34,937.06 tonnes and were recorded
for these crops in the Mazowieckie and Opolskie Voivodships. The organic crop production
in the voivodships is characterised by right-sided asymmetry. The strongest asymmetry
was observed for fruits and vegetables, whose production was lower than the national
average in 11 voivodships.

The classification of voivodships according to the production volume of selected
organic crops (Table 2) was carried out using the k-means method. The coefficients of
variation (Table 3) indicate that the analysed characteristics demonstrate spatial variabil-
ity [50]. An important assumption regarding cluster analysis is the absence of co-linearity,
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which occurs when the variables under examination are correlated with each other. The
presence of co-linearity may result in the formation of an unrealistic cluster system [60].
The Pearson’s coefficients of linear correlation for pairs of attribute values indicate that the
strongest linear correlation exists between organic production of cereals and potatoes in
each of the analysed years. The correlation coefficients, in this case, are equal to 0.4. The
Pearson’s coefficients of linear correlation, calculated for the other pairs in the analysed
years do not significantly differ from zero, at the level of significance of 5%.

Table 3. Statistics for selected organic crop production in 2013 and 2018.

2013 2018
Item
7B 71 WO 7B V4| WO
Mean 7343.81 957.52 4294.17  12,245.08  972.67  10,495.16
Minimum 651.41 63.95 320.39 1810.71 95.50 285.06
Maximum 21,871.55  2833.37  14,058.26 30,012.04 2818.75  35,222.12
Standard deviation 5673.12 900.88 3826.10  9171.90 805.17  12,287.29
Coefficient of variation 77.25 94.09 89.10 74.90 82.78 117.08
Coefficient of asymmetry 1.17 1.13 1.30 0.53 1.32 1.46

Notes ZB, ZI, WO denote the production of cereals, potatoes and fruit and vegetables from organic farms,
respectively. Source: based on data from the JHARS Report (2013-2014, 2017-2018)

Table 4 shows the results of classifying voivodships by the surveyed volumes of
organic crops in 2013. The first cluster includes the Kujawsko-Pomorskie, Lodzkie, Opolskie
and Slaskie Voivodships, where the production of all analysed organic crops reached low
values in 2013, below the average production of these crops in Poland. The second cluster
includes voivodships where, in the year under study, a low level of organic production of
potatoes and fruit and vegetables was recorded. The Lubuskie Voivodship ranked third in
terms of the production of these crops. The third cluster included five voivodships with
the highest organic fruit and vegetable production in 2013. In comparison with the average
for Poland, in the Matopolskie Voivodship, it was higher by 15.91%, and in the Lubelskie
Voivodship, it was higher by 227.38%. The fourth cluster consists of the voivodships of
Warminisko-Mazurskie and Podlaskie, which in 2013 were leading in terms of organic
cereal production. This is proven by the significantly higher value of the average cereal
production for cluster four as compared to the average values of this attribute for the
other clusters.

Table 4. Results of the classification of voivodships by diagnostic attributes in 2013 obtained with the k-means method.

Cluster Voivodships Attributes Average Values of Attributes for Clusters

Kujawsko-Pomorskie, Lodzkie, ZB13 1918.52

1 Opolskie, Slaskie 2113 211.55
polskie, >4 WIO13 1514.61

Dolnoélaskie, Lubuskie, ZB13 8989.58

2 Pomorskie, Wielkopolskie 2113 375.645
’ WIO13 1891.95

Lubelskie, Matopolskie, ZB13 5533.07

3 Mazowieckie, Podkarpackie, ZI13 1187.79
Swietokrzyskie WIO13 8980.85
Podlaskie, ZB13 15,401.09

4 Warminsko-Mazurskie, ZI13 234417
Zachodniopomorskie WIO13 3392.08

Notes: ZB13, ZI13, WO13, denote the production of cereals (ZB), potatoes (ZI) and fruit and vegetable (WO) in 2013, respectively.
Source: Own work using the Statistica 13 software package.

Based on the production volume of selected organic crops in 2018, the voivodships
were divided into four clusters (Table 5). This year, the cluster with the highest average or-
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ganic production of cereals and potatoes included the Podlaskie and Warminsko-Mazurskie
Voivodships. Cluster 2 proved to be the most numerous. In the voivodships belonging to
this cluster, the volume of organic cereal production was the lowest in 2018. The average
volume of organic cereal production for cluster 2 in 2018 was more than five times lower
than the average volume of this production for cluster 1.

Table 5. Results of the classification of voivodships by diagnostic attributes in 2018 obtained with the k-means method.

Cluster Voivodships Attributes Average Values of Attributes for Clusters

ZB18 23,387.14

1 Podlaskie, Warminsko-Mazurskie Z118 2735.93
WIO18 4178.48

Kujawsko-Pomorskie, L.odzkie, Matopolskie, ZB18 4170.18

2 Opolskie, Pomorskie, Slaskie, Swietokrzyskie 2118 691.09
POISKIE,  iasiie, swielokrzy WIO18 5246.85
Dolnoslaskie, Lubuskie, ZB18 20,839.75

3 Wielkopolskie, Zachodniopomorskie 2118 439.88
poiskie, P WIO18 5042.00

ZB18 12,198.91

4 Lubelskie, Mazowieckie, Podkarpackie ZI18 1164.57
WIO18 34,223.24

Notes: ZB18, ZI18, WO18 denote the production of cereals (ZB), potatoes (ZI) and fruit and vegetable (WO) in 2018, respectively.
Source: Own work using the Statistica 13 software package.

The average values of the attributes for the obtained clusters in 2013 and 2018 indicate
that the voivodships located in the north-eastern part of Poland are characterised by the
highest organic cereal production. It can be noted that in the years under examination, the
same group included the Lubelskie, Mazowieckie and Podkarpackie Voivodships, where
the organic production of fruit and vegetables was the highest.

The degree of differentiation of the resulting clusters for the k-means method was
evaluated using standard analysis of variance (Table 6). After division into four clusters,
satisfactory F-statistic values and corresponding significance levels were obtained. It can be
concluded that, at a significance level of 0.05, the tested variables significantly discriminate
the clusters created.

Table 6. Results of the analysis of variance for the k-means method.

Diagnostic Attributes

Analysis of Variance in 2013

Intergroup Variance df Intragroup Variance df F-Statistics p-Value

ZB13 10.56 3 4.44 12 9.50 0.002

ZI13 11.85 3 3.15 12 15.02 0.000

WIO13 11.36 3 3.64 12 12.47 0.001

Analysis of Variance in 2018
Diagnostic Attributes - - —

Intergroup Variance df Intragroup Variance df F-Statistics p-Value

ZB18 11.89 3 3.11 12 15.29 0.000

ZI18 12.37 3 2.63 12 18.81 0.000

WIO18 13.78 3 1.22 12 45.22 0.000

Notes: ZB13, ZB18, ZI13, Z118, WO13, WO18 denote the production of cereals (ZB), potatoes (ZI) and fruit and vegetable (WO) in 2013 and
2018, respectively. Source: Own work using the Statistica 13 software package.

Graphs of depth contours for respective two-dimensional sets in the analysed years
were drawn to better illustrate the selected organic crop production (Table 2). The depth
contour orientation indicates that a positive correlation exists between the attributes. The
depth contour graphs (Figure 7) can be used to rank the voivodships characterised by
the given crop production size relative to the distance from the central cluster, which is
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determined by the contour of the largest depth. They can be used to visualise certain
two-dimensional set properties, for which they were drawn. The vertices of the outermost
depth contours (convex coats) are determined by two-dimensional points (voivodships)
and reach a considerable size in the graphs. It shows that there are voivodships with much
higher or much lower values of the attributes. Zachodniopomorskie Voivodship belongs to
the outermost depth contour because of its very large organic cereal production in 2013
and 2018 (3 times and 2.5 times higher, respectively, than the mean cereal production in
Poland). Depth contour edges are clustered near low attribute values, which is indicative
of right-sided asymmetry, i.e., of small organic production in most voivodships. Opolskie
and Slaskie voivodships are in the first contour due to their very low production levels of
all of the analysed organic crops.
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Figure 7. Depth contour graphs for two-dimensional sets of selected organic crop production in 2013 and 2018. Notes: ZB13,
ZB18, ZI13, Z118, WO13, WO18 denote the production of cereals (ZB), potatoes (ZI) and fruit and vegetables (WO) in 2013
and 2018, respectively (Table 3). Source: prepared by the author with “depth” software.

Pomorskie Voivodship is positioned centrally in all of the depth contour graphs for
2013. It can be assumed that the production size of all organic crops is the most typical in
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this case. The Zachodniopomorskie Voivodship has the central position in the “data cloud”
among all the voivodships because of its production of potatoes and fruit and vegetables.

5. Discussion and Conclusions

Organic farming in Poland has been developing intensively since the country joined
the European Union. Information provided in IJHARS reports shows a considerable
increase in the organic farm number and acreage after 2004. The number of organic farms
in Poland steadily increased until 2013. This is a consequence of the financial aid provided
as part of agri-environmental programs. They allowed farmers to switch from conventional
to organic land management.

Organic farms of up to 100 ha were entitled to the full payments as part of the
support for organic farming in 2007-2013. Economic factors may have been the main
reason for taking up organic land management by farmers. A decrease in the num-
ber of organic farms after 2013 may have been caused by changes in subsidies as part
of the PROW 2014-2020 program [15]. Organic farms of up to 50 ha are entitled to
full payments (https:/ /www.gov.pl/attachment/cf18ba94-£f3d3-4fe8-98b9-556ebe193bas,
last access 10 May 2021). This might result in a decrease in the number of organic farms
and it might stimulate interest in organic cultivation of cereals and fruit and vegetables.
High regional diversity of organic farming development was observed in Poland during
the years under study. Beneficial climate and soil conditions, relatively unpolluted environ-
ment and a low level of chemical agent used in agricultural production are decisive factors
in the regionalisation of this type of farming.

However, their concentration in some parts of the country is noticeable. The impor-
tance of organic farming can be seen to be increasing in the north-west and the north-east
of Poland. The number of organic farms and organic farmland acreage were the highest
in the voivodships in these parts of Poland. More than 1/3 (33.23%) of all organic farms
were situated in the Podlaskie and Warminisko-Mazuskie Voivodships in 2018. The Za-
chodniopomorskie Voivodship clearly specialised in the organic production of cereals,
whereas the Podlaskie Voivodship specialised in the production of potatoes. The Lubelskie,
Mazowieckie and Podkarpackie Voivodships were the leaders in the organic production of
fruit and vegetables.

According to Statistics Poland data, the average organic farm acreage in the analysed
years was approx. 25 ha and a conventional farm acreage was approx. 10 ha [61], which
shows that the average organic farm acreage was larger than a conventional farm, even
though the organic farm number and acreage in Poland decreased by nearly 30% during
the analysed period. Despite this, organic cereal, fruit and vegetable production increased
in Poland by 37.22% and 59.64%, respectively, in 2018. Organic farming is still an important
land cultivation method in Poland. Its development may contribute to an increase in
natural food production, environmental protection and may become an important fac-
tor supporting sustainable development. The beneficial soil and climate conditions in
Poland should facilitate organic food production. Organic farming is the most popular
in voivodships with a low level of industrialisation (Podlaskie, Warmirisko-Mazurskie
and Zachodniopomorskie).

Organic farming contributes considerably to boosting interest in rural areas. The
beneficial soil and climate conditions in Poland should facilitate organic food production.
Poland could potentially become a considerable producer and exporter of organic food. The
development of organic farming is founded on the European Union’s common agricultural
policy, whose financial support could contribute to an increase in farmers’ interest in pro-
environmental sectors. The promotion of organic farming has a positive impact on human
health, the environment and the economy with respect to sustainable development.

In view of the increasing demand for organic products and the opportunities for
further development of organic farming, it seems necessary to take further measures to
support this sector.
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