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Abstract: Organic milk production is an environmentally friendly production system based on local
forage and a ban on using chemical fertilizers and certain other rules. Organic milk is considered to
be healthier and is gaining attention worldwide. The market for organic products is increasing. The
aim of the paper was to analyze changes in the development of organic dairy production in Poland
in the context of the EU. We analyzed the changes on the European Union (EU) level and the Poland
level. To analyze the changes in organic milk production on European Union level, we used the
autoregressive integrated moving average model (ARIMA). Our results show that both organic milk
production and the farm area used for organic production will increase. Moreover, we analyzed the
organic dairy farms running rural accountancy within the Farm Accountancy Data Network (FADN)
in Poland in the years 2007–2018. We used tabular and graphic methods to present the data. In the
analysis the methods of correlation and regression were used. Germany, France, Austria, and Great
Britain are the countries with the largest numbers of organic dairy cows. Our prognosis examined
the development of organic milk production in the European Union (EU). The number of cows on
dairy organic farms will increase in most countries in the EU. Then, we analyzed the impact of the
chosen factors on three dependent variables: organic milk production, total production of organic
dairy farms, and income from family farms. The most important independent variables were cow
numbers, the value of fixed assets, the value of current assets, long-term debt, and short-term debt.

Keywords: ecological milk production; environment; farmland; ARIMA model

1. Introduction

The ecological consciousness of consumers and the preference for a healthy lifestyle
have caused an increased demand for ecological dairy products, mainly because consumers
perceive these products to be healthier. Today, consumers are aware of highly processed
foods and the potential harmful environmental impacts of conventional agriculture [1,2].

Milk is shown to have a positive impact on bone mass, cardiovascular health, and
gastrointestinal microbiomes [3]. Milk is important in feeding children because they need
nutritious and energy-rich foods for growth [4]. Moreover, dairy products contain much
needed nutrients, such as calcium, potassium, protein, fat, and vitamins [5]. Milk and dairy
products are important for human health because they may reduce the risk of osteoporosis
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and cardiovascular diseases [6]. Both organic and conventional milk contain essential
vitamins and minerals such as calcium, potassium, vitamin A, D, B12, riboflavin, niacin,
and other ingredients [7].

The problem of environmentally sustainable value in agriculture is a constant concern
within the Common Agricultural Policy (CAP) of the European Union (EU). It is com-
monly believed that smaller farms are more environmentally friendly, and the farmers are
“landscape guardians” in comparison to larger farms [8]. It is a common question about
the way small farms develop: will they remain small or increase productivity through
investment? [9].

Small and big farms in the EU are functioning in a turbulent environment because of
high price volatility, changes in climactic conditions, and changes in the Common Agri-
cultural Policy. That is why one promising strategy can be entering organic markets [10].
The two systems differ and have similarities. Particular differences concern the production
system, cow fertility, animal health, and consumption.

Many studies compare organic dairy farming with conventional farming [7,10–13].
One factor that shaped the conditions on the dairy market was the abolition of the quota
system in 2015 that allowed an increase of milk production, but also led to potential
environmental problems. The intensification of traditional dairy farming may lead to an
increase of nitrogen and phosphate [11]. There are some differences between organic and
conventional farming. Organic dairying is based on pasture and forage feeding. However,
conventional dairying is tied to high levels of grain feeding, choosing breeds that produce
more milk, and the application of fertilizers [12]. Yield achieved by conventional herds
are higher than organic herds, where yields vary from 72 to 91% of traditional cows [13].
According to Backer and Stone [7], U.S. milk production from organic raised cows is 15%
less than from conventionally raised cows.

Organic dairy farms have a higher consumption of electricity per cow and diesel in
comparison to conventional farms. These results are caused by larger fodder area, and
lower yields that create the need to use more tractor diesel. Higher animal density on
conventional dairy farms is the reason for greater milk production. Moreover, conventional
dairy farms use more purchased concentrate feed, which has lower nitrate discharges per
kg of feed [14].

Organic dairy products have almost a 30% share of the entire milk market. Milk and
dairy organic products are mainly sold in Northern European countries. The increase of
organic dairy cows is associated with an increase in organic farmland and the increased
demand for organic products. A higher number of ecological animals in the whole herd
can be found in Austria, Sweden, Latvia, Czech Republic, Denmark, Great Britain, and in
total they are up to 10–20% of the total EU herd [15].

Organic milk production is strongly linked to permanent pastures, which deliver
fodder, preserve soils, and do not destroy organic matter and organisms. The environ-
mental, economic, and legal objectives are important for the progress of sustainable de-
velopment and are present in the public debate [16]. The care of the environment is
increasingly important.

Organic milk production is thought to be cleaner than traditional dairy operations.
This activity is uncommon in agricultural production. Each year consumers become more
aware of the environment, healthy food, and agriculture. Additionally, the standards and
regulations in the environment, product quality, and social pressure on environmental
performance in China, Europe, and other parts of Europe are increasing [17].

Many papers describe traditional dairy production. However, little attention is paid to
organic dairy production. No previous research has raised the issue of organic prognosis.
We wanted to fill in the gap in the literature concerning development of organic dairy
production in resource utilization in Poland in the context of the European Union.

The aim of the paper was to analyze changes in the development of organic dairy
production in Poland on the background of the EU.

In this paper, we wanted to address following questions:
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1. What are the changes in terms of stationarity in farmland area for organic dairy farms
in the EU?

2. How has EU milk production from dairy organic farms changed in the years 2007-18?
3. Have the changes in production had an impact on organic dairy milk production

in Poland?
4. What is the prognosis for organic milk production and the number of dairy cows in

the EU?

We used different methods to achieve these goals. The ARIMA model was used to
check the stationarity and do the prognosis in the EU, whereas multiple regression analysis
was used to check the impact of selected factors on organic milk production in Poland.

The paper is organized as follows. Section 1 characterizes the factors having an impact
on organic milk production and the idea of sustainable development. In Section 2, the
methodology is explained. Then, we presented the results of analysis. The final part
comprises the discussion and conclusion.

1.1. Factors Shaping Organic Milk Production in Poland

There are many factors that shape the efficiency and production of organic dairy farms.
Generally speaking, we can divide them into three groups: environmental, economic, and
legal factors.

The environmental factors are the most important. They include quality of the envi-
ronment, milking hygiene, pasture feeding, and a ban on the use of chemical fertilizers and
pesticides. Ecological dairy farming strongly depends on the quality of the environment.
Animal welfare is the first priority. The dairy cows must have access to pastures. The
animals must have free movement, and the use of green area. Such animal breeding enables
them the free access to the sun, which helps produce vitamin D. The grass and pasture-
based diets of organic cows are the main cause for the higher content of the beneficial
poly-unsaturated fatty acid (FA) profile [18,19].

Another important issue in dairy cow breeding is milking hygiene. Farms that provide
hygienic conditions for ecological dairy cows will help determine the supply and prices of
dairy products.

The ecological efficiency of milk producers requires the elimination of heat loss in the
winter and the elimination of overheating during the summer. Trees in the pastures can
reduce overheating the cows during the summer. The shadowed areas have moisture and
can keep the cows cooler during the summer.

Constant access to water is another important issue for ecological dairy breeding. The
environmental requirements for ecological dairy production are stronger than in traditional
breeding and create better conditions for animal welfare [20].

Organic milk production has impacted forage management, livestock systems, animal
health, feeding, and other factors. Moreover, a larger area of pasture is needed to achieve
the same amount of milk, which leads to more natural dairy management, welfare, and
animal health [21].

Milk production is strongly linked to permanent pastures that deliver fodder, preserve
soils, and do not destroy organic matter. Poland is a country rich in permanent pastures.
However, the area has decreased 3.8% in the years 2007–2017. This means that more land is
devoted to non-agricultural activities [22].

Economic issues are the second group of factors influencing organic dairy production.
They mainly include market competition, organic dairy-product prices, consumer choices,
and premiums for organic production.

Today, organic agriculture will not be able to survive strong competition in the market
without state support. That is why many researchers and policy makers point out that
the CAP should support small farmers that produce using ecological production methods.
Conventional agriculture is putting strong pressure on the environment. It is difficult to
measure the problem. Some researchers believe that some environmental indicators should
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be used to analyze this phenomenon, such as soil quality, land conservation, greenhouse
gas emissions, and wildlife habitat [8].

To be competitive, ecological dairy production must generate higher incomes and
decrease production costs. Another issue is the price of ecological products [23]. The
support of organic dairy production should ensure its sustainability, which means to cover
costs and the ability to pursue current activity and to develop [24].

According to Brodzińska [25], organic agriculture is developing well in Poland, mainly
because of support payments. Pawlewicz and Szamrowski [26] also claim that the farms
only change to ecological production because of additional payments, an indication that
the organic food market is not developing well. Most Polish organic products, including
dairy, are exported to Germany.

Changes in consumer behavior create problems for the entire milk supply system
including processing, retail, and transportation, which is also typical for the organic market.
Each year, we observe fewer dairies in the market, which increase their production and
processing, and may have a negative impact on the environment [27].

The market for organic dairy products depends on the situation in the conventional
market. According to Komorowska [28], the decrease of conventional product prices caused
a decrease in ecological-product prices. The demand-price situation in conventional food
markets affects organic product prices. Without a large enough organic market, organic
producers are forced to sell their products to conventional markets at the same prices,
which limits prices for organic animal products.

Organic product prices are 20–30% higher than traditional products and the higher
prices decrease the quantity demanded. The economic efficiency of organic agriculture is
lower than conventional agriculture. The restrictive requirements of organic agriculture
make it difficult to reduce costs. The requirements mainly include the ban of using chemical
fertilizers and the requirement of environmentally preservation methods [29].

The market for organic food is increasing because of animal product safety. Recent
studies show that consumer awareness of organic food increased mainly because of the
increasingly important health concerns [30].

The third group of factors affecting the development of organic dairy production is
tied to legal issues. The regulations on organic farming can impact livestock systems, forage
management, reproductive behavior, animal health and feeding, and other things. The EU
described organic farming in two regulations: 2092/91 and 1804/99. These documents
describe the allowed organic livestock management practices [21].

Polish organic production is governed by the Act on Organic Farming issued by
the Minister of Agriculture. However, the primary Act is the Council Regulation (EC)
No. 834/2007 [31]. This article describes the farmer’s obligations and good agricultural
practices and the tasks of public administration of organic agriculture [32]. It describes the
organic production system, its role, and obligations within agri-environmental schemes.
Another regulation is the Commission regulation (EU) No 889/2008, which describes the
following issues: animal management, breed choice, animal welfare, animal nutrition, and
veterinary management.

According to the regulations, animal management includes access to open air or
grazing areas, a stocking density of at most 2 dairy cows/ha, animal-health manage-
ment, mainly based on prevention of diseases, and enough space for animals to have
natural behavior.

The breed choice should be selected to avoid health problems typical with intensive
production. Indigenous breeds and strains should be preferred. The breed choice should
be appropriate for the local conditions. The next issue is animal welfare. It should meet EU
welfare standards; mutilations are banned, and suffering should be minimal.

The fourth issue is animal nutrition. It includes feed in accordance with the rules of
organic farming addressing the cow’s physical needs. At least 50% of the feed should come
from the farm. At least 60% of the dry matter in daily rations must consist of roughage.
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Moreover, calves should be fed on maternal milk for a minimum of 3 months. Additionally,
no synthetic pesticides or fertilizers and no genetically modified organisms should be used.

The last issue includes veterinary management. According to the regulations, it should
be based on disease prevention. Chemically synthesized allopathic medical products are not
permitted. Moreover, the use of growth promotion agents and hormones is prohibited [33].

1.2. Sustainable Development in Relation to Milk Organic Production in the EU

Sustainable development is a concept widely discussed in the literature. Its aim
is biological diversity and the integrity of natural systems. It should not violate the
environment. The concept depends on social, economic, and ecological factors [32].

The EU is undertaking many challenges to decrease environmental pollution. The
EU is becoming an economy that protects its citizens and promotes resource-efficiency,
competitiveness, and low-carbon usage. Such important objectives have been realized in
the Common Agricultural Policy (CAP) and The Seventh Environment Action Programme
2014–2020 [34,35].

The main aim of organic farming is the protection of the environment. As a system it
contributes to environmental improvement. Moreover, its aim is the reduction of the degree
of environmental degradation that is done by intensive agricultural practices [36–38].

Organic milk production is strongly linked to sustainable development. Its main rule is
the abolition of chemical fertilizers and pesticide use and the certification of production. At
the beginning the market of certified plant products was developing faster than for animal
production. In recent years organic animal production, including milk, has increased [29].

The farms engaged in organic milk production must be competitive to survive. An
organic farm must use proper breeding technology to achieve higher milk production [39].

The quality of organic milk is determined by various factors, such as: milking hygiene,
storage, and transport conditions for the milk, chemical and mechanical pollution, the
methods of breeding cows, and treating sickness [40,41].

Organic milk is produced in an environmentally friendly manner in accordance with
sustainable development. However, a clear deficiency in zinc, molybdenum, selenium,
copper, and iodine can occur on organic farms. These shortages must be addressed by
specific forage supplements [21].

Organic dairy farming is focused on keeping animals healthy and providing more
land to support their natural behavior [42]. According to Becker and Stone [7], the quality
of milk from organic farms depends on the quality of feed and soil fertility. The amount of
milk also depends on the animal’s genetics.

The longevity of organic dairy cows is important because “it affects the sustainability
of dairy production at different levels because a shorter-productive lifespan means that
a greater investment in rearing is incurred in a shorter time period, which implies more
greenhouse gas emissions per kilogram of product” [43]. CH4 emissions per unit and milk
yield of dairy cows have been reported to increase in the first lactations but are lower for
cows from 6.5 years of age onward [44].

It is advantageous in terms of greenhouse gas emissions per unit and sustainable
development to keep beef and dairy production separate [45].

According to Jespersen, et al. [46], organic production has an impact on the develop-
ment of public goods such as biodiversity, animal and human welfare, and health.

The development of organic dairy production has depended for a long time on the
agri-environmental policy of the European Union, that was largely focused on mitigating
the harmful effects of agricultural intensification. According to Vickery et al. [47], relatively
little support was allocated to the development of sustainable agricultural systems that
are socially and economically attractive to farmers, although the introduction of land
management practices is beneficial for wilderness.

There are many differences between traditional and organic milk production. Farm-
ers must implement management practices when they want to convert their traditional
dairy farms to organic production. Organic dairy production is based on grazing cows,
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which increases the dependence on self-sufficiency in fodders. This activity delivers more
biodiversity and aesthetic values [10]. Organic dairy production is more environmentally
friendly, whereas traditional practices are more productive. The prices of organic dairy
products are lower, but the sale of conventional milk products is greater and have more
market share. Organic dairy production is resistant to mastitis, parasites and diseases.
Conventional milk production is more focused on concentrated feed. The market for
organic dairy products is increasing but still in its beginning stage [48]. Conventional
milk production is leading to substantial inputs of phosphorus and nitrogen. Organic milk
production requires more farmland than conventional production [14].

Traditionally, dairy production creates some threats to the environment because
of inappropriate manure management, the use of chemical fertilizers and concentrate
fodder [49]. To solve such problems, the EU has elaborated its Common Agricultural
Policy (CAP) and through the Nitrates Directive and Water Framework Directive wanted
to decrease these concerns in the EU [50]. Only bigger and cleaner milk production can
fulfil the future food demand, that will increase with world population growth. Organic
dairy production is one way to deliver healthy food. The world’s agricultural production
is adjusting to the increased world population. Agriculture will have to feed the larger
population, whereas the area of land devoted for agricultural production is decreasing,
which is causing environmental degradation and global warming [51].

From the literature, we have inferred the research hypotheses:

Hypothesis 1 (H1). Organic milk production in Poland and other European Union countries will
be developing because of increasing ecological awareness of society.

Hypothesis 2 (H2). Organic dairy farms are more environmentally friendly and support sustain-
ability because the farmers keep cows, calves, heifers, bulls, pigs, sheep, goats, and other animals.

2. Materials and Methods
2.1. Data Information

In this section, we give information about the variables considered in the analysis.
The first part deals with information about organic dairy production in the EU. To do this,
we analyzed the number of dairy cows in organic farms, arable area, permanent crops, and
permanent grasslands. The data were obtained from the Eurostat [52].

The second group of data was linked to organic dairy farms running rural accountancy.
The data came from the FADN (Farm Accountancy Data Network) in Poland. This is a
farm accounts data collection system. The system was formally established in 1965 [53]. As
the European Union has expanded, the system has included more countries. Currently, the
system operates in 28 EU member states. The system works according to three principles:
voluntary participation of the farmer, the data obtained are strictly confidential, and the
data cannot be used by tax authorities.

In Poland, the functioning of FADN is regulated by the Act on the collection and
use of accountancy data of agricultural holdings [53]. This act took force on 1 May 2004
when Poland became a member of the European Union. The FADN system in Poland is
organized by the Institute of Agricultural and Food Economics. FADN is used in planning
and implementing the tasks of the EU agricultural policy. The collected data are used for
determining the annual income of farms operating in the EU and farm activity analysis
and assessing the effects of changes in the EU agricultural policy.

Variables were sequentially explained (dependent variables, which were described in
Polish currency zloty (PLN): Y1—organic milk production (PLN), Y2—total production of
organic dairy farms (PLN), Y3—income from family farm (PLN).

Based on a review of the literature and data availability, 10 potential explanatory
variables were initially selected for each EU country that may affect dairy organic milk
production [51]. The explanatory variables chosen were (independent variables):

X1—farm area (ha),
X2—value of plant production (PLN),
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X3—cow’s number (LU),
X4—milk yield (kg/cow),
X5—value of fixed assets (PLN),
X6—value of land (PLN),
X7—value of machinery (PLN),
X8—value of current assets (PLN),
X9—long-term debt (PLN),
X10—short-term debt (PLN).

We used the method of least squares to conduct the linear regression analysis. We
used the Statistica 13 program for data analysis.

2.2. ARIMA Model

We used two methods in the paper. The first method was an autoregressive integrated
moving average (ARIMA) model. The basis of the analysis was data from Eurostat. We
have used the model to check the stationarity and to elaborate the prognosis. The model
is analyzing a stationary time series and is a generalization of an autoregressive moving
average (ARIMA) model [54–58]:

An Auto Regressive (AR only) model is one where Yt depends only on its own lags.
That is, Yt is a function of the ‘lags of Yt’.

yt = ϕ0 + ϕ1yt−1 + ϕ2yt−2 + . . . + ϕpyt−p + et (1)

where:

yt, yt−1, yt−2, . . . , yt−p—the value of the forecast variable at the time or period t,
t − 1, t − 2, . . . t − p
ϕ0 , ϕ1, . . . , ϕt−p—model parameters;
et—error (rest) of the model for the moment or period t; and
p—delay operator.

Another model is the moving average MA model:

yt = θ0 + et − θ1et−1 − θ2et−2 − . . . − θqet−q (2)

where:

yt—is the value of the forecast variable in period t;
et, et−1, . . . , et−q—errors (residuals) in periods t, . . . t − q
θ0, θ1, . . . , θq—model parameters, and
q—delay operator.

An ARIMA model uses a time series that was differenced at least once to make it
stationary and combine the AR and the MA terms. The ARIMA method includes individual
stages of the analysis: identification, estimation, and diagnosis. The main condition for the
identification process for the ARIMA method is the stationarity of the input series. The
model should have a constant mean, variance and autocorrelation over time [59–61]. The
stationarity of the process can be checked on the autocorrelation diagram. We can assume
that non-stationary series have more than 6 lags significantly different from zero. The
ARIMA model itself brings the data to a stationary form. As such, the equation becomes:

yt = ϕ1yt−1 + ϕ2yt−2 + . . . + ϕpyt−p + et + θ0 − θ1 + et−1 − θ2et−2 − . . . − θqet−q (3)

2.3. Regression Analysis of Factors Shaping the Organic Dairy Production in Poland

In order to determine the impact of production variables (land, capital, workforce) on
the organic dairy production, a regression method was used. Due to the high correlation
coefficient of interrelations between production factors we used linear regression, which is
described by the following formula. This model uses information from the farms covered
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by the research. The estimated model of such regression can be written by the following
equation: [40]:

Yi = α + β1·× 1 + β2·× 2 + . . . + βi·× i + εi for i = 1, 2, 3 . . . n (4)

where:
y—dependent variable,
x—independent varaible,
α—constant,
β1, β2, . . . —regression coefficient,
εi—random component.
Based on the regression equation, the strength of the relationship (forward multiple

step regression coefficient) between the described (dependent) variables and the individual
descriptive (independent) variables was calculated. The obtained results of the analysis
were collected in tables containing appropriate means and standard deviations of the
examined features, the coefficient of linear correlation between the examined features, and
the multiple regression equations. The regression equation was assessed using an F-test,
and the Student’s t-test to evaluate the individual correlation coefficients. The significance
assessment was made at the level of 0.05.

The selection of dependent variables resulted from their importance for milk produc-
tion on organic dairy farms. The selection of the independent variables was made on the
basis of the substantive justification of their impact on the dependent variable. In this
respect, endogenous and exogenous variables were taken into account. Then, from the set
of the presented variables, variables with high autocorrelation were eliminated. Ultimately,
the sets of variables were limited to a few that had a statistically significant effect on the
dependent variables. Variables with low impact were eliminated. The selection of the
variables was based on prior research conducted in the field of agricultural incomes and the
available data and the analysis. This approach is described in the literature [62]. However,
regression has its limitations. The most important is its assumption of normality. The sam-
pling distribution should be normally distributed. To achieve this goal the Mann–Whitney
U test can be used to evaluate the hypothesis regarding the compatibility of distributions.
This test is not performed on the variables’ mean values but based on the sum of the ranks
of the variables [63].

3. Results and Discussion
3.1. Development of Organic Farming in the EU

Organic farming is developing well in the EU. For example, in 2017 there were
135 thousand organic farms, whereas by 2017 the number had reached 305 thousand [53].
The output of farms that produce organic milk increased from 2.4 million metric tons in
2007 to 4.9 million metric tons in 2017 in the EU [64].

It is worth mentioning that Holland, which is a leader in total milk production, has a
low share of organic cows [65]. This also applies to some new EU (13) member states, for
example Poland (0.3%), Slovenia (0.7%), and Lithuania (0.8%).

According to Runowski [29], European and North American farmers are the leaders
in organic production. The scope of organic milk production is spatially dispersed. The
total organic milk production in 2006 was 2.3 million tons, which constituted 1.8% of the
total milk production. In 2018 the production increased to 4.5 million tons (0.9%) [52,53]. It
is worth mentioning that milk production is accompanied by permanent grasslands, which
have increased from 3.0 to 6.7 million hectares (Figure 1). As we can see arable crops and
permanent grasslands have the same area in 2012. From 2013, arable crops have a larger
area than permanent grassland.
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The EU (15) countries have the most organic milk production, mainly, Austria, Switzer-
land, Italy, and Sweden compared to EU (13). In the new member states EU (13), the most
important producers are Latvia, Czech Republic, Slovakia, and Slovenia.

The production of organic milk in Germany rose to 940,000 tons in 2017 in comparison
to prior years. Thus, Germany occupies the top position in EU organic milk production [66].

France is also an important producer of organic milk. French organic milk production
increased to 649,000 tons, which is 68,000 tons (11.7%) greater than in 2016.

In Austria both the number of dairy cows and organic milk production increased in
2017 (115,000 dairy cows and 613,000 tons of organic milk).

The number of organic dairy cows in Denmark increased to 71,000 cows and the milk
production to 540,000 tons. Another big producer of organic milk is the Netherlands with
2017 production of 223,000 tons and Belgium with the 112,000 tons of production. How-
ever, the biggest decrease of organic milk production was recorded in Great Britain from
519,500 tons to 492,000 tons in 2016–2017.

The authors of the paper wanted to examine how cow numbers are changing in the
EU. The data presented in Figure 2 shows that the largest number of cows in 2018 were in
Germany (195,750 heads), France (145,649 heads), and Austria (115,425 heads). The biggest
increases of cow numbers on organic farms were observed in Holland (12,090%), Greece
(2890%), and Latvia (507%) in the years 2005–18.

As we can see from the Figure 2, Poland has a lower number of cows than EU countries.
Moreover, Szarek et al. [67] claimed that Polish organic dairy farms had poor conditions
in terms of heifers and cow nutrition in past decades, which resulted in a low average
milk yield.

Organic milk production is strongly linked to organic crop area, which delivers
fodder [68]. Spain among the EU countries had the largest organic crop area in 2018
(2,246,475 thousand ha), France (2,034,115) and Italy (1,957,937). The biggest increase
of organic crop area in 2018 compared to 2005 was observed in Bulgaria (11465.4%),
Croatia (3516.1%) and Cyprus (491.6%). The smallest increase of organic crops area in
2018 compared to 2005 was observed in Holland (18.7%), Portugal (25.4%) and Germany
(51.3%). The decrease of organic crops area in 2018 compared to 2005 was only in Great
Britain (−26.2%) [69].
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Figure 2. Number of cows in organic farms in the EU in 2005–2018. Source: own study based on data from EUROSTAT.

3.2. Dairy Cow Numbers, Organic Milk Production, and Land in the EU

The authors of the paper wanted to check the statistics of cows on organic farms in
some EU countries. As we can see from Table 1, the highest average number of cows
in dairy farms was observed in Germany (156,250 heads), France (116,360), and Austria
(100,970). These countries had the highest number of cows on organic farms (respectively
203,958, 145,649, 115,425). Four countries of the EU had no organic dairy farms in 2005.

The coefficient of variation shows the changes in the analyzed data. It describes
the data points around the mean. It describes the ratio of the standard deviation to the
mean. Portugal (205%), Cyprus (123%), Romania (114%), Greece (85%), Bulgaria (46%), and
Croatia (49%) achieved the biggest coefficients of variation, whereas Malta (0%), Slovenia
(0%) had no differences in the analyzed data. Austria (10%), Denmark (13%), and Hungary
(19%) had the lowest coefficients of variation.



Agriculture 2021, 11, 323 11 of 25

Table 1. Descriptive statistics of cows in organic farms in the EU.

Country Average Median Minimal Maximal (+ −)
Number

Coefficient
of Variation Skewedness Kurtosis

Austria 100,970 963,510 86,896 115,425 10,302 0.10202 0.37570 −1.1678
Belgium 14,699 13,098 79,930 21,520 44,423 0.30221 0.26472 −0.85902

Czech
Republic 65,610 70.635 28,650 74,020 15,112 0.23033 −2.1634 2.8789

Denmark 63,513 63,024 53,115 78,972 84,065 0.13236 0.61061 −0.50431
Finland 76,372 78,960 50,520 98,020 16,277 0.21312 −0.22124 −1.1625
France 116,360 120,780 661,230 1,456,549 25,566 0.21972 −0.87279 −0.082160

Germany 156,250 149,390 101,000 203,958 34,024 0.21776 −0.028026 −0.87905
Great

Britain 78,031 76,848 70,135 88,344 60,109 0.077032 0.38325 −0.82042

Greece 56,634 38,900 48,000 14,351 48,272 0.85235 0.99714 −0.54486
Italy 57034 55,194 38,284 80,547 15,659 0.27456 0.31627 −1.2801

Latvia 15136 18,244 30,480 19,772 59,312 0.39187 −1.1386 0.025024
Lithuania 99,531 95,385 34,470 14,706 35,356 0.35523 −0.27805 −0.16829

Luxemburg 53,812 54,900 24,300 78,700 15,115 0.28088 −0.44822 0.58228
Slovakia 51,185 55,115 15,500 63,940 15,585 0.30449 −1.6642 1.6346
Slovenia 10,040 0.0000 10,040 10,040 0.0000 0.0000 0.0000 0.0000
Sweden 46,669 47,922 22,321 58,702 10,600 0.22713 −1.5938 1.8362
Holland 24,402 25,043 30,500 37,180 10,816 0.44324 −1.3792 1.3810
Poland 13,144 11,622 78,000 20,015 41,714 0.31736 0.69540 −0.76263

Bulgaria 15,029 12,830 32,800 29,550 11,448 0.76172 0.21025 −1.6749
Estonia 18,306 18,865 24,100 25,420 70,088 0.38286 −1.5448 1.5471
Ireland 24,632 20,540 17,370 47,520 10,128 0.41115 1.6127 1.3790
Spain 52,081 43,100 15,560 86,610 25,504 0.48970 0.19770 −1.2566

Croatia 18,826 17,705 13,710 25,670 50,108 0.26616 0.38647 −1.4100
Cyprus 12,962 50,500 0.0000 40,100 16,038 1.2373 0.61608 −1.1943

Hungary 27,032 25,160 21,570 33,390 51,920 0.19207 0.25696 −1.7476
Malta 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Portugal 34,000 0.0000 0.0000 20,100 69,851 2.0544 2.0000 2.3809
Romania 75,366 54,915 0.0000 21,667 86,304 1.1451 0.40748 −1.3254

Source: own elaboration based on data from EUROSTAT.

Skewedness and kurtosis measure the asymmetry of the data. When we combine
skewedness and kurtosis, we test the normality showing that limiting variance accounts
for the serial correlation in the data [70,71]. However, kurtosis is useful in thin tails for
example in the normal distribution. Skewedness describes the extent to which the analyzed
distribution is different from the normal distribution. A normally distributed variable
can be described by skewedness and kurtosis near zero [72]. Skewedness was negative
for 10 countries, which means that the mean of negatively skewed data was less than the
median. Kurtosis was negative in eighteen countries and it tells how the tails of distribution
are different from a normal distribution. Negative kurtosis shows the distribution with
lighter tails than normal. Our results depend only on stationarity and the existence of some
moments as it was achieved by other authors [70].

In order to check the stationarity of the data, the ARIMA model was elaborated. Phi_1
is described by AR whereas theta_1 represents the MA. AR (autoregression) describes the
changing variable that regresses on values. The MA part shows the coherence between an
observation. It is also used to calculate the residual error from the model (Table 2). The I
(integrated) describes the differencing of raw observations required for the time series to
become stationary. We did not have data for Cyprus and Slovenia.
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Table 2. Autoregressive integrated moving average model (ARIMA) model of organic cows in the EU.

Country
Number of Cows [Number]

phi_1 Coefficient Std.error z p Value theta_1 Coefficient Std.error z p Value

Austria phi_1 0.686 1.811 0.196 0.845 theta_1 0.383 1.413 0.271 0.787
Belgium phi_1 0.691 0.418 1.652 0.099 theta_1 0.303 0.616 0.492 0.623

Czech
Republic phi_1 −0.019 0.036 −0.509 0.611 theta_1 0.999 0.622 1.608 0.108

Denmark phi_1 0.254 0.615 0.414 0.679 theta_1 0.456 0.442 1.030 0.303
Finland phi_1 0.807 0.071 12.280 0.000 theta_1 −0.999 0.424 −2.357 0.018
France phi_1 0.585 0.455 1.286 0.199 theta_1 0.324 0.332 0.974 0.330

Germany phi_1 0.763 0.256 2.980 0.003 theta_1 0.760 0.624 1.218 0.223
Great

Britain phi_1 −0.120 1.978 −0.061 0.952 theta_1 0.301 4.280 0.08 0.944

Greece phi_1 1.392 0.389 3.574 0.000 theta_1 −0.999 0.430 −2.326 0.020
Italy phi_1 0.836 0.222 3.764 0.000 theta_1 −0.123 0.290 −0.426 0.671

Latvia phi_1 0.769 0.281 2.738 0.006 theta_1 0.015 0.322 0.046 0.963
Lithuania phi_1 0.405 6.625 0.061 0.951 theta_1 0.283 5.381 0.053 0.958
Luxemburg phi_1 0.467 2.258 0.207 0.836 theta_1 1.000 0.379 2.640 0.080
Slovakia phi_1 0.128 0.147 0.871 0.384 theta_1 −0.999 0.599 −1.671 0.095
Slovenia phi_1 - - - - theta_1 - - - -
Sweden phi_1 0.240 1.029 0.233 0.816 theta_1 0.434 0.900 0.482 0.630
Holland phi_1 0.626 0.520 1.202 0.229 theta_1 0.350 0.685 0.511 0.609
Poland phi_1 −0.266 0.667 −0.399 0.690 theta_1 0.855 0.742 1.152 0.249

Bulgaria phi_1 0.884 0.469 1.884 0.059 theta_1 0.832 0.316 2.635 0.008
Estonia phi_1 −0.110 0.537 −0.204 0.838 theta_1 −0.999 0.370 −2.702 0.007
Ireland phi_1 0.715 0.394 1.815 0.070 theta_1 −0.173 0.459 −0.377 0.706
Spain phi_1 0.717 1.931 0.371 0.711 theta_1 −0.119 1.721 −0.069 0.945

Croatia phi_1 0.302 0.986 0.306 0.780 theta_1 0.086 0.869 0.099 0.920
Cyprus phi_1 - - - - theta_1 - - - -

Hungary phi_1 0.776 0.564 1.375 0.169 theta_1 0.614 0.450 1.367 0.172
Malta phi_1 0.797 0.190 4.186 0.000 theta_1 0.095 0.304 0.311 0.755

Portugal phi_1 −0.474 1.996 −0.237 0.812 theta_1 0.548 1.904 0.288 0.773
Romania phi_1 1.036 0.976 1.061 0.289 theta_1 −1.000 1.490 −0.671 0.502

Source: own elaboration based on data from EUROSTAT.

The economic data was used to prepare forecasts (Table 3). We used our ARIMA
model to make our forecast. This is a common action, the aim of which is to predict how the
variable will change in the future. For Sweden and Cyprus, we could not prepare forecasts
because of lack of data. The number of cows in organic farms will increase in Poland.
However, the process will be faster in other EU countries. The increase of cows in organic
farms and milk production depends not only on producers, but also on processors. The
FIBL-AMI [73] data show that Poland has only 5% of the producers in the EU. However,
the organic processors are smaller at 4%. The distribution of organic processors in the EU
shows that the most are in Italy (25%), Germany (21%), France (21%), Spain (6%), and
United Kingdom (4%). These data show that the market for organic dairy products in our
analysis in Poland is not developing well. Most Polish organic food is exported to Germany
and other EU countries.

Countries with the largest number of cows on organic farms will not have the fastest
pace of increase. This means that the market seems to be saturated.

The ARIMA model was elaborated to check if the data is stationary. The data presents
average for the EU because of the lack of the data for particular countries (Table 4).
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Table 3. Prognosis of cows in organic farms in the EU countries.

Country
Number of Cows [Number]

2019 2020 2021 2022 2023

Prediction Std.error Prediction Std.error Prediction Std.error Prediction Std.error Prediction Std.error

Austria 114,461 4495 113,867 6579 121,145 7359 123,180 7698 130,988 7853
Belgium 21,431 1859 21,144 2622 22,946 2917 23,808 3048 24,714 3108

Czech
Republic 7332 175 7109 245 7425 245 7513 245 7513 245

Denmark 71,843 6889 65,652 8449 72,077 8541 72,677 8546 73,575 8547
Finland 9985 295 10,289 297 10,552 299 10,781 301 10,979 302
France 139,032 18,923 141,210 25,576 142,376 27,488 143,168 28,113 145,998 28,324

Germany 180,527 15,955 172,066 29,082 185,606 34,501 185,673 37,299 186,908 38,836
Great

Britain 79,546 5472 77,237 5562 83,514 5563 87,481 5563 87,486 5563

Greece 19,514 2168 27,325 2329 38,200 2613 53,340 3091 54,418 3851
Italy 74,858 10,315 72,092 12,666 75,779 14,078 75,846 14,986 76,229 15,589

Latvia 17,282 4154 16,322 5278 17,558 5842 18,015 6152 18,578 6327
Lithuania 13,191 1752 12,668 2128 13,156 2183 13,371 2192 14,336 2193
Luxemburg 872 67 768 119 876 128 880 130 885 130
Slovakia 6466 495 5905 657 6733 659 6820 659 6823 659
Slovenia - - - - - - - - - -
Sweden 52,479 9342 46,986 11,264 53,669 11,364 54,354 11,370 55,278 11,371
Holland 33,972 8510 29,325 11,892 36,416 12,978 41,595 13,380 43,459 13,534
Poland 12,796 3491 12,800 4052 12,830 4089 12,907 4091 13,124 4091

Bulgaria 2095 401 2096 797 2096 1003 2096 1138 2097 1234
Estonia 2200 468 1931 700 2261 702 2302 702 2358 702
Ireland 3792 843 3475 959 3859 1013 3916 1040 3970 1053
Spain 8054 2154 7727 2509 8095 2673 8124 2754 8204 2794

Croatia 2131 437 1964 469 2151 472 2199 472 2294 472
Cyprus - - - - - - - - - -

Hungary 3302 259 3255 444 3355 525 3390 569 3468 593
Malta 892 274 798 368 899 416 907 444 915 461

Portugal 36 65 32 65 41 65 43 65 45 65
Romania 16,344 6517 18,700 6521 21,140 6525 23,667 6530 26,284 6535

Source: own elaboration based on data from EUROSTAT.

Table 4. ARIMA model of milk organic production and organic land in the EU in the years 2005–2018.

Variable Coefficient Std.error z p Value Coefficient Std.error z p Value

Milk production phi_1 1.067 0.022 48.44 0.000 theta_1 −0.999 0.390 −2.566 0.010
Arable crops phi_1 −0.626 0.284 −2.21 0.027 theta_1 0.654 0.535 1.223 0.221

Permanent crops phi_1 −0.816 0.328 −2.49 0.012 theta_1 0.308 0.244 0.137 0.891
Permanent grasslands phi_1 0.473 0.267 1.774 0.076 theta_1 −1.00 0.199 −5.030 0.000

Source: own elaboration based on data from EUROSTAT.

However, based on the data we can explain which countries of the EU will increase
the organic milk production and organic land. In the EU, the organic farmland increased
more than two-thirds. Spain (2.2 million hectares and 14% share of organic farmland in the
EU in 2018), France (2 million hectares), and Italy (1.95 million hectares) are the countries
with the highest contribution of organic land in the EU [73].

Table 5 presents the prognosis for the analyzed factors. The model predicts the largest
increase for milk production (30.8%) and arable crops (27.4%). Permanent grasslands will
increase (14.1%). This land is a very important in organic milk production because it is the
source of fodder.
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Table 5. Prognosis of organic milk production and organic land in the years 2019–2023.

Variable
2019 2020 2021 2022 2023

Prediction Std.error Prediction Std.error Prediction Std.error Prediction Std.error Prediction Std.error

Milk production 5.2 0.16 5.6 0.16 6.0 0.16 6.3 0.16 6.8 0.16
Arable crops 7.9 0.19 8.2 0.27 8.6 0.33 9.0 0.38 9.3 0.43
Permanent

crops 1.8 0.03 1.9 0.03 2.0 0.03 2.0 0.03 2.1 0.04

Permanent
grasslands 6.4 0.17 6.6 0.18 6.8 0.19 7.1 0.19 7.3 0.19

Source: own elaboration based on data from EUROSTAT.

Organic cow milk production is and will be developing well in the EU. It has almost
doubled since 2007. The production with 5.3 million metric tons in 2018 constitutes
3.4 percent of the EU milk production [73]. Germany, France and Austria are the top
countries having the most cows and production. Latvia, Liechtenstein, Sweden, and
Austria have the highest share (more than 20 percent).

The development of organic milk production depends and will depend not only on
producers, but also on processors and consumers. The number of processors in 2018 in the
EU was 72,000. Italy had the most producers (20,087) and Germany had the largest number
of importers (1723). The per capita consumption of organic food in 2018 was the largest in
Denmark and Switzerland (both 312 euros), Sweden (231 euros), Luxemburg (221 euros),
and Austria (205 euros) [63].

3.3. Factors Shaping Production in Dairy Organic Farms Running Rural Accountancy FADN
in Poland

The records of farms collected by rural advisors running rural accountancy is the most
detailed and valuable database. Each year the advisor visits the farm quarterly and collects
data based on bills and invoices.

Polish and Central and Eastern European countries have small farms characterized by
small-scale production and eco-efficiency [74]. Such farms fit perfectly with the concept
of sustainable development because they use few chemical fertilizers and pesticides. This
encourages farm owners to transform their holdings into organic activity, which is based on
environmentally and animal-friendly farming practices. However, this production system
is based on certification, which is difficult for farmers to attain [75]. Farmers must take
actions established by CAP and must advertise their products among farming community
and consumers to get satisfactory prices. The price of organic milk products depends not
only on protein and other ingredients content, [76] but also on market characteristics such
as consumer willingness to pay for products and logistic systems.

The number of ecological dairy farms in the period 2007–2018 increased 181.3%. The
area of fodder increased 116.3% and farmland 84.5%. The leased area increased 16.7%.
An organic dairy production system is forage based. Its aim is to include animal health
and welfare, while eliminating the use of chemical fertilizers and reducing the use of
conventional veterinary treatments [33]. Organic dairy production has increased the
demand for “grass-based” dairy production, which relies heavily on grazing and the use of
forage crops, primarily due to the reported human health benefits of the milk produced, as
well as perceived environmental and animal welfare benefits in most world countries [77].

Organic dairy farms are larger than conventional dairy farms. According to FADN
data, the farm area of conventional dairy farms in 2018 was 22.5 ha and was 6.1 ha smaller
than organic dairy farms (Table 6).
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Table 6. Characteristics of plant production of dairy organic farms in Poland in 2007–2018.

Years Farms’
Number

Farmland
Area (ha)

Lease
Area (ha)

Grains
Area (ha)

Fodder
Area (ha)

Value of
Plant Pro-
duction
(PLN)

Value of
Grains
(PLN)

Value of
Potatoes

(PLN)

Value of
Forage
Crops
(PLN)

2007 16 15.5 4.2 4.18 10.89 9132 5035 1473 2201
2008 18 22.6 11.8 3.17 19.07 10,293 4135 2594 2854
2009 19 20.4 6.3 3.84 15.94 7290 3951 2785 170
2010 53 24.5 8.7 4.12 19.09 12,113 6048 2877 795
2011 53 25.0 9.0 4.77 18.93 20,660 8938 2225 6810
2012 53 24.6 8.0 4.87 18.76 14,051 7677 2818 1196
2013 59 20.0 5.2 3.30 15.23 11,478 6606 2744 654
2014 67 20.9 4.2 3.62 15.98 8424 6093 1694 −1732
2015 59 22.3 3.8 3.67 17.26 6338 5364 1632 −1690
2016 50 23.6 4.2 4.15 18.11 9063 5848 1291 1184
2017 46 25.4 4.4 2.99 20.93 8390 4375 1100 2227
2018 45 28.6 4.9 3.29 23.56 9185 5260 1911 1168

2007–2018
(%) 181.3 84.5 16.7 −21.3 116.3 0.58 4.47 24.73 −45.99

Source: own elaboration based on data from FADN.

Plant production, mainly permanent pastures and meadows are more important in
organic dairy farming than on traditional farms [78]. The permanent meadows and pastures
in dairy organic farming protect or create biodiversity—especially for grasslands, which
are considered potential habitats rich in plant, animal and microorganism species. The Rio
Summit in 1992 and, consequently, the Convention on Biological Diversity, increased global
awareness of the importance of sustainable development for the protection of wilderness.
Agriculture is an inseparable element of this phenomenon because agricultural practices
can potentially destroy habitat [79,80].

Cow numbers on organic farms increased by 95.3% in the years 2007–2018. The
achieved milk yield per cow has increased almost by 38.7% in the years 2007–2018. This is
because the farmers now use animals that give more milk, and they are also changing their
feeding systems (Table 7). The average number of cows was 15.43 in 2018. This number is
not high and shows a small scale of production. According to Malaga-Toboła [81], farms
keeping more than 20 cows can achieve profitability at 140% level. Organic farms with
11–20 cows can achieve smaller profitability in Polish conditions.

However, the milk yields on dairy organic farms in 2018 was smaller (4698 kg/cow)
than on conventional dairy farms (5748 kg/cow). This means that organic dairy farms
need more cows to achieve the same milk production. According to FADN data, traditional
dairy farms kept (15.43 dairy cows) and were bigger than organic farms (13.63 cows).
According to the FADN data, other animals are few and their production is less important in
creating income.

Such results have been confirmed in many studies. The different production level of
organic dairy farms has been found in countries that can be the results of different system
intensities [67,82].

The results demonstrate that the number of dairy cows increased faster than farmland
area in the studied organic dairy farms. Such a situation may result in production disorders
in the future, which affect farm income [42]. Bigger farm area helps to keep animals healthy,
avoiding disorders and increasing efficiency.

Our study demonstrates that organic dairy farms are more environmentally friendly
and support sustainability because the farmers not only keep cows, but also other livestock
such as calves, heifers, bulls, pigs, sheep, and goats. Farms where more than one breed is
kept are more valuable in terms of sustainability [43].
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Table 7. Characteristics of animal production of dairy organic farms in Poland in 2007–2018.

Years

Dairy
Cow’s

Number
(LU)

Swine
(LU)

Milk
Yield

kg/Cow
(LU)

Sheeps
and

Goats
(LU)

Value of
Animal
Produc-

tion
(PLN)

Value of
Milk and

Dairy
Products

(PLN)

Value of
Beef and

Calf
(PLN)

Value of
Pork

(PLN)

Value of
Other

Animals
and

Products
(PLN)

2007 7.90 0.34 3382 0.00 32,656 24,265 7546 428 417
2008 13.70 0.19 3465 0.00 61,696 45,670 13,193 520 1596
2009 10.00 0.07 3321 0.33 57,707 28,402 9623 149 1228
2010 13.63 0.17 3458 0.09 62,060 47,404 963 344 −155
2011 13.60 0.19 3227 0.00 65,815 47,721 16,683 514 510
2012 13.87 0.14 3463 0.08 70,301 51,090 18,162 382 249
2013 11.13 0.29 3822 0.09 64,955 50,184 14,408 1055 −781
2014 11.31 0.04 3726 0.07 66,781 50,297 16,524 138 −309
2015 12.95 0.03 3915 0.01 71,386 52,519 17,138 46 1568
2016 13.90 0.01 4182 0.01 74,806 58,478 15,753 8 306
2017 15.50 0.01 4108 0.01 103,917 82,003 21,711 30 −17
2018 15.43 0.0 4698 0.01 119,574 94,226 24,419 0.00 663

2007–2018
(%) 95.30 0.00 38.70 0.00 266.16 288.32 223.60 0.00 58.99

Source: own elaboration based on data from FADN.

As we can see from Table 7, the majority of organic animal production consists of
milk and cattle. These sectors should adjust to different organic requirements and typical
management procedures. That is why we can conclude that there are different dairy
production systems in Europe [83].

The value of milk and dairy products increased in Poland by more than 280% in
2007–2018. However, Polish, Austrian, and Swiss organic dairy farms have smaller herd
sizes and lower milk production. The highest milk production levels and largest herd sizes
are in Denmark, Sweden, and northern Germany [84].

The development of organic dairy products is possible because the organic dairy
and livestock industries have grown. This caused a reduction in organic prices and some
producers exited the sector [85].

Organic dairy production has benefits for plant production because of mowing and
grazing of animals. The abandonment of these practices in abandoned areas is the cause of
secondary succession manifested by gradual overgrowth of unused areas, e.g., through
bushes and trees, which is associated with the loss of the nature of the open landscape and
the withdrawal of animal species associated with it. This problem is increasingly affecting
grassland in the large river valleys in Poland [86–88].

The intensification of agriculture was one of the most important factors contributing
to the decline in the population of many species of birds (partridge, corncrake, etc.) [89,90].

Table 8 presents production and income of dairy organic farms. Total production
increased 208.5% in the years 2007–2018, but the intermediate consumption increased
209.2%. This result shows that the costs increase faster than production. The research
done by Sosnówka-Czajka [36] shows that organic farms with an area exceeding 20 ha are
specializing in cattle, sheep, or pigs. Smaller organic farms in Poland specialize in pork
and organic lamb production. Livestock production on Polish organic farms has relatively
small herds, demonstrating that a small scale of production and specialization generates
high production costs.
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Table 8. Production and income of dairy organic farms in Poland in 2007–2018 (in PLN).

Years Total Pro-
duction

Intermediate
Con-

sumption

Balance
of

Subsidies
and Taxes

Net
Value

Added
Amortization

Gross
Value

Added

Costs of
External
Factors

Balance
of Invest-

ment
Subsidies
and Taxes

Income
from a
Family
Farm

2007 42,015 20,432 17,658 39,241 8133 31,108 961 −444 29,703
2008 72,445 41,703 33,562 64,304 10,677 53,627 9163 −401 44,063
2009 46,225 29,469 29,329 46,085 12,566 33,519 1887 −970 30,662
2010 75,224 41,758 42,629 76,095 15,970 60,125 7383 383 53,125
2011 87,690 46,420 51,149 91,419 17,791 73,628 8455 521 65,694
2012 88,457 46,644 37,711 79,524 19,041 60,483 8996 −97 51,389
2013 77,855 42,630 38,106 73,331 19,744 53,587 3042 3 50,549
2014 76,589 41,189 35,555 70,954 18,647 52,308 3734 754 49,328
2015 78,486 44,937 43,446 76,994 20,491 56,503 2460 −181 53,862
2016 85,129 48,042 50,038 87,125 20,699 66,425 3878 485 63,032
2017 112,944 51,213 57,669 119,400 21,198 98,201 4209 230 94,223
2018 129,628 63,172 58,176 124,631 22,162 102,470 4306 −1012 97,152

2007–2018
(%) 208.5 209.2 229.5 217.6 172.5 229.4 348.1 101.6 227.1

Source: own elaboration based on data from FADN.

Our analysis confirms that the highest increase in 2007–2018 was observed in the costs
of external factors (348.1%). This includes payments for workforce, credit costs, and other
external factors. This means that farmers have to pay more for external factors.

Another increase was observed in balance of subsidies and taxes (229.5%), gross value
added (229.4%) and income from a family farm (227.1%). The balance of subsidies and
taxes is important because they are the effect of payments for organic production (Table 8).

When we compare these results with the poorly developed processing of organic
animal production in Poland, and small demand for the organic products in Poland the
prospects for this sector are not promising [91]. The diversification of animal production in
dairy organic farms and the entire organic sector in Poland is high and generates high cost.

Production factors and their productivity are essential in achieving production effects
in dairy farms. According to Smędzik-Ambroży [92], this statement is universal, regardless
of the form of the production function, the sector of the economy, and the type of growth,
i.e., extensive (based on increasing the use of a given factor) or intensive (increasing the
productivity of a given factor). Therefore, they are also of key importance for efficiency
relationships, and thus determine the level of investment.

W. Petty considered land and labor as the primary determinants of national wealth.
In the real world, the prices of goods are determined by the cash costs of production
comprising wages/salaries, pensions, and profits as the remuneration of the traditional
production factors, labor, land, and capital. It was recognized in A. Smith’s later theory and
became the basis for the formulation of the so-called Smith’s dogma, developed further by
J. B. Say, who also noticed the value-creating role of capital and land, thus rejecting value
theories based solely on labor introduced primarily by D. Ricardo and K. Marx [93].

Fixed and current assets are important on organic dairy farms because they determine
organization and the economic situation. According to Guth and Smedzik-Ambroży [94],
factor endowments are the primary determinants of the economics of farming. This is also
supported by other studies of various authors, that show that the effects of farming in
agriculture are primarily determined by the use of production resources.

The highest increase was observed in land value (642.6%). This is because the demand
for land has increased. Investment in land is becoming more popular (Table 9). Land is
considered to be the most important asset for the rural population because it is the place of
their livelihood [95]. The soil is responsible for the production of 95% of the food produced
for people and feed produced for animals [96].
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Table 9. Fixed and current assets of dairy organic farms in Poland in 2007–2018 (in PLN).

Years Total
Assets

Fixed
Assets Land Buildings Machinery Basic

Herd
Current
Assets

Current
Herd Stock

Other
Cur-
rent

Assets

Long-
Term
Debt

Short
Term
Debt

2007 238,110 213,228 69,465 87,812 37,129 18,822 24,882 7831 8397 8654 6485 2637
2008 316,198 276,549 73,876 100,478 66,837 35,358 39,649 11,477 18,712 9460 28,721 9993
2009 566,424 533,198 296,919 122,675 88,198 25,405 33,226 9360 13,000 10,866 18,833 6882
2010 753,781 702,136 431,259 123,817 108,363 38,696 51,645 14,302 19,622 17,722 26,182 11,695
2011 810,201 740,928 460,738 123,856 118,635 37,699 69,273 16,272 27,494 25,507 23,160 14,698
2012 837,920 777,605 472,400 133,894 130,931 40,379 60,315 16,673 27,584 16,057 21,557 15,067
2013 699,366 369,332 312,630 150,716 138,943 37,043 60,034 15,259 25,837 18,938 28,702 10,272
2014 699,454 646,183 353,242 131,699 120,608 40,633 53,271 15,687 23,480 14,104 39,867 8971
2015 752,658 690,862 384,475 145,966 116,330 44,092 61,796 19,468 20,895 21,434 26,317 5789
2016 776,948 706,613 398,409 139,941 118,349 49,914 70,335 20,409 20,903 29,023 31,622 11,690
2017 813,459 734,265 424,761 124,937 127,922 56,645 79,194 22,679 22,424 34,091 31,005 6785
2018 924,405 833,023 515,861 120,527 141,011 55,623 91,382 28,286 23,089 40,007 47,810 6577

2007−2018
(%) 288.2 290.7 642.6 37.3 279.8 195.5 267.3 261.2 175.0 362.3 637.2 149.4

Source: own elaboration based on data from FADN.

This helped to renew fixed assets that resulted in the realization of current production
processes and their development [97]. However, the share of fixed assets in agricul-
ture in Polish farms is still very high (more than 80%). Such a situation can cause low
capital efficiency.

Current assets are also important in organic dairy farms. They include the current
herd, stock, other current assets, long-term debt, and short-term debt. Its feature is the
necessity to use it within one year from the date of purchase. The most important features
of current assets are change in material form in the course of production, complete wear
and tear in the course of production, and the transfer of value to manufactured products.
Current assets increased for 267% in the analyzed period. However, the highest increase
was observed in long-term debt, which shows the willingness to invest on organic dairy
farms (Table 9). Organic dairy farms do not use chemical fertilizers and pesticides so the
value of current assets in dairy organic farms is generally smaller in comparison to tradition
production system. Organic dairy farms are larger than typical Polish farms and they have
a higher proportion of current assets, which shows better liquidity. This enables them to
invest to a greater extent [98].

The impact of factor endowments on the efficiency of agricultural production results
from the production function. This illustrates the relationship between the amount of
expenditure incurred and measured, e.g., depreciation, the number of man-hours, the
number of employees, the area of agricultural land, the value of fertilizers, and other
current assets, and the results achieved (e.g., the amount of product produced) [92].

First, we used correlation analysis to check how the variables correspond with each
other (Table 10). The analysis confirmed that organic milk production is mostly correlated
to total agricultural production and family farm income. That is why we built three models
for these variables separately.

Moreover, milk production is also strongly correlated with the cow numbers (LU),
milk yield (kg/cow), value of fixed assets (PLN), value of land (PLN), value of machinery
(PLN), value of current assets (PLN), and long-term debt (PLN). Based on the correlation
analysis the authors eliminated the following variables: X2, X3 and X7 (Table 10).

An important part of the agricultural economy of many countries in the world is the
production of milk on farms specializing in dairy cattle breeding, thanks to which many
jobs were created, also in rural areas, mainly in food processing [99].
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Table 10. Correlation analysis between dependent and independent variables.

Y1 Y2 Y3 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

Y1 1.000 0.979 0.977 −0.518 0.331 −0.559 0.829 0.781 0.761 0.375 0.879 0.951 0.825
Y2 0.979 1.000 0.972 −0.599 0.505 −0.640 0.850 0.833 0.814 0.528 0.862 0.973 0.875
Y3 0.977 0.972 1.000 −0.515 0.429 −0.557 0.797 0.803 0.786 0.403 0.809 0.960 0.806
X1 −0.518 −0.598 −0.515 1.000 −0.581 0.997 −0.885 −0.548 −0.475 −0.522 −0.525 −0.562 −0.638
X2 0.331 0.504 0.429 −0.581 1.000 −0.603 0.440 0.509 0.531 0.840 0.276 0.505 0.539
X3 −0.559 −0.640 −0.557 0.997 −0.603 1.000 −0.902 −0.595 −0.525 −0.548 −0.562 −0.604 −0.674
X4 0.829 0.850 0.797 −0.886 0.440 −0.903 1.000 0.721 0.664 0.452 0.792 0.827 0.806
X5 0.782 0.833 0.803 −0.548 0.509 −0.596 0.721 1.000 0.967 0.616 0.712 0.869 0.867
X6 0.761 0.814 0.786 −0.475 0.531 −0.525 0.664 0.967 1.000 0.629 0.685 0.876 0.910
X7 0.826 0.876 0.807 −0.638 0.539 −0.674 0.807 0.867 0.910 0.670 0.814 0.915 1.000
X8 0.951 0.973 0.960 −0.562 0.506 −0.605 0.827 0.869 0.876 0.543 0.837 1.000 0.915
X9 0.879 0.863 0.809 −0.525 0.277 −0.563 0.793 0.712 0.685 0.427 1.000 0.837 0.814

X10 0.376 0.529 0.403 −0.522 0.840 −0.548 0.452 0.616 0.629 1.000 0.427 0.543 0.6700

Source: own elaboration based on data from FADN.

The analysis of factors that may affect organic milk production on farms generated
many interesting results (Table 11). After verification of independent variables, it can be
observed that the adjusted R 2 = 0.937 for the organic milk production model, so the model
explains the vast majority of the variation in milk production on farms in the individual EU
countries. The regression analysis shows the impact of independent variables on organic
milk production. The variables which have an impact on organic milk production are:
X3—cow numbers, X5—value of fixed assets (PLN), X8—value of current assets, X9—long
term debt and X5—short term debt (Table 11).

Table 11. Regression analysis of independent variables and dependent variables.

Independent Variables Y1—Organic Milk
Production

Y2—Total Production of
Organic Dairy Farms Y3—Income from Family Farm

Intercept 1382.676 4819.664 1665.677
X3—cow’s number 0.954 0.931 1.040

X5—value of fixed assets 0.456 0.532 0.631
X8—value of current assets 0.837 0.839 1.050

X9—long term debt 0.260 0.161 -
X5—short term debt −0.190 - −0.170

F 61,488 105,628 81,067
R2 0.937 0.945 0.930

p 0.000 0.000 0.000

Source: own elaboration based on data from FADN.

The multiple regression coefficient R2 = 0.945 for total organic farms production means
that this variable is strongly correlated with the following variables: X3—cow numbers,
X5—value of fixed assets, X8—value of current assets and X9—long term debt.

The final dependent variable income of the family farm depended on X3—cow num-
bers, X5—value of fixed assets, X8—value of current assets. The all analyzed regression
models have a high coefficient of determination R2, which indicates the high level of fit of
the models [22].

4. Discussion

Organic dairy farming produces milk using home-produced fodder. Moreover, the
animals live longer as they are not exploited so intensively. Raising ecological cows
improves cow health, lowering the rate of death loss, and fewer herd replacement animals
are needed [23]. However, the most important problem is lower economic efficiency and
productivity of organic dairy farming compared to conventional farms.
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Environmental and economic benefits of organic farming have an impact on its adop-
tion. “Organic standards are evolving to address challenges faced in specific markets.
This evolution is aimed at guaranteeing fairer competition for farmers and operators,
preventing fraud and unfair practices, and improving consumer confidence in organic
products” [100–102].

According to Willer and Lernoud [68], between 2007 to 2016, organic dairy production
in the EU almost doubled, constituting more than 2.8% (4.1 million metric tons) of total
milk production. Organic dairy farming is diversified in different regions of the EU. In the
UK organic dairy farms are mainly located in southwestern England and Wales, which are
traditional dairy processing areas.

In Germany, the organic dairy farming is located in Southern Germany mainly in
Baden-Württemberd and Bavaria [103]. In Denmark, this activity is situated in Jutland
(75%) and The Islams (25%) and is mainly concentrated in the South because of favorable
conditions for dairy farming, good advisory services, and processing capacity. In Italy, for
example, organic dairy farms are located in the Po Valley and Central Italy [104,105].

In Poland, organic dairy farming is located in Warmia and Mazury and Podlaskie
voivodeships. Organic production in Poland shows large spatial and regional variation.
Production in organic farms is mostly concentrated in northern and southern voivodeships
of Poland (Kujawsko-Pomorskie, Pomorskie, Podlaskie, Warmińsko-Mazurskie and Za-
chodniopomorskie) and in the Dolnośląskie. These regions are famous for dairy production,
have highest potential, and local conditions that are excellent not only for organic farming,
but also for agritourism and other environmentally friendly agricultural activities [36].

Organic milk production is mainly influenced by elements such as the level of in-
vestment, resources, prices and costs [106]. The functioning of dairy farms determines
their spatial distribution in different regions, economic value, and the efficiency of milk
production. Dairy farms, due to the growing costs of means of production and increasing
labor costs, increase the level of production [107]. The development of dairy farms shapes
sustainable development and the level of investment. Dairy farms need to invest in the
modernization of fixed assets, animal welfare and environmental protection, while increas-
ing production levels to cope with market competition. This direction of investments took
place in many European Union countries, which was a result of the requirements related to
integration [108,109].

The development of milk production on organic farms and cow numbers depends on
the development of entire market. Poland has 5% of EU organic producers, but fewer than
4% of organic processors. This means that further development of processing sector will
require outlays in such enterprises.

The development of dairy and organic agriculture as whole depends on subsidies in
the Rural Development Program. The program in 2007–2013 was more pro-organic farming.
The RDP in new perspective 2014–2020 has more restrictions planned on the subsidies for
organic farming that will have a negative impact in the number of organic farms in Poland.
Such a situation will not encourage an increase in production of organic food including
milk. Polish organic dairy farms represent family farming, not large farms, and the RDP
will deliver most profits from subsidies acquired for permanent grassland [36]. The CAP
for milk organic farming should be coherent to increase the number of dairy organic farms.

Even though the demand for dairy organic products in Poland is rather small, the
production can be increased by exports to other EU countries. These products are more
popular in the United Kingdom (24%), Italy (21%), Germany (17%), and France (16%). Such
a situation creates the opportunity to support domestic producers to fulfill the needs in
western EU countries [110].

5. Conclusions

Our research confirms the small scale of dairy organic farms’ production in Poland.
Breeding 15 cows does not guarantee a satisfactory income from organic dairy production.
Moreover, the diversification of organic milk production to cattle breeding, pork, and
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other animals creates high costs of production and external factors. Organic farms keeping
more than 20 cows have the potential to achieve satisfactory income [92]. To achieve the
satisfactory income organic dairy farms should increase production and achieve more
specialization that can reduce costs of production.

The aim of the paper was to analyze changes in the production of ecological dairy
production in Poland on the context of the EU. Our analysis has confirmed a significant
increase of dairy cattle production in Poland in 2007–2018. The biggest producers with the
largest number of dairy cows in 2018 were Germany (195,750 head), France (145,649 head)
and Austria (115,425 head). However, the biggest increase of dairy cows in organic farms
in the 2005–2008 were observed in Holland (12.090%), Greece (2.890%), and Latvia (507%).

The number of dairy cows on organic farms has changed in the analyzed period. The
descriptive statistics enabled us to check the changes. Only Malta (0%), Slovenia (0%) had
no differences in the number of dairy cows. The lowest coefficient of variation was typical
for Austria (10%), Denmark (13%) and Hungary (19%) whereas Portugal (205%), Cyprus
(123%), Romania (114%), Greece (85%), Bulgaria (46%), and Croatia (49%) had the biggest
coefficient of variation.

Our prognosis shows that the highest increase in 2019–2023 will be observed for milk
production (30.8%) and arable crops (27.4%) and the lowest for permanent grasslands
(14.1%). The small increase of organic milk production and arable crops will be the effect
of changing customs of consumers who require healthy food.

The EU organic dairy market is diverse. The difference occurred between production
levels, nursing systems, farm size and health status. They also differed in management
strategies, including feeding and other practices [84].

More difficult and more expensive ecological dairy production has a barrier of lower
profitability. The most important barrier is the sales systems and prices that are more
expensive than traditional products, which discourages consumers [20]. The prices of
ecological products are 84% higher than traditional products [23].

Our results demonstrate that the organic dairy farms achieve lower production levels
than conventional farms. However, they have other advantages in sustainable development,
fertility, and animal longevity. The very important benefits for organic milk production
are the reduced use of pesticides and phosphorus. These factors have an impact on the
reduction of global warming [14].

Milk production on organic farms depends on the following variables: cow numbers,
value of fixed assets, value of current assets, long-term debt and short-term debt. Our
analysis confirms that milk production on organic farms depends on many variables that
are common for farms. To achieve stable production, farmers must take into account many
factors that are different for each farm.

Polish dairy organic farms combine milk, beef, pork, and goat meat production. This
means that they are potentially reducing greenhouse gas emissions for the same production
level in comparison to the same production level on traditional farms. That is why, based
on the literature, we can conclude that they achieve greater sustainability in the organic
sector in comparison to other production systems [43].
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25. Brodzińska, K. Rolnictwo ekologiczne—Tendencje i kierunki zmian. Probl. World Agric. 2014, 14, 27–36.
26. Pawlewicz, A.; Szamrowski, P. The functioning and development of the organic food raw materials market under the new

financial plan for 2014–2020. Village Agric. 2014, 3, 175–188.
27. Sonesson, U.; Berlin, J. Environmental impact of future milk supply chains in Sweden: A scenario study. J. Clean. Prod. 2003, 11,

253–266. [CrossRef]

http://doi.org/10.226161/ESRD.2019.045
http://doi.org/10.1016/S0002-9270(99)00806-0
http://doi.org/10.1016/j.onehlt.2019.100086
http://www.ncbi.nlm.nih.gov/pubmed/30911596
http://doi.org/10.17221/270/2015-AGRICECON
http://doi.org/10.17221/335/2015-AGRICECON
http://doi.org/10.5604/01.3001.0013.5134
http://doi.org/10.1007/s11625-020-00834-6
http://doi.org/10.1007/s13593-019-0565-3
http://doi.org/10.1016/j.njas.2016.03.003
http://doi.org/10.3168/jds.2014-8389
http://doi.org/10.1016/S0959-6526(99)00311-X
http://doi.org/10.1016/j.scitotenv.2020.140779
http://doi.org/10.1016/j.jclepro.2005.11.008
http://doi.org/10.1016/j.foodchem.2017.02.104
http://doi.org/10.1111/1471-0307.12284
http://doi.org/10.1016/j.livprodsci.2004.07.005
http://doi.org/10.15244/pjoes/110040
http://doi.org/10.5604/00441600.1186240
http://doi.org/10.1016/S0959-6526(02)00049-5


Agriculture 2021, 11, 323 23 of 25

28. Komorowska, D. Factors determining the effectiveness of ecological farms of different size groups. Econ. Organ. Agri. Food Sect.
2013, 104, 125–143.

29. Runowski, H. Organic Farming—Progress or Regress? Ann. Agric. Econ. Rural Dev. 2009, 96, 182–193.
30. Kirk, J.; Slade, K. An Investigation into UK Consumer Perception of Organic Lamb. In Proceedings of the Organic Meat and

Milk from Ruminants, Athens, Greece, 4–6 October 2002; Zervas, K., Ed.; EAAP Publication: Rome, Italy, 2002; Volume 106,
pp. 157–161.

31. Council of the European Union. Council Regulation (EC) No. 834/2007. 2007. Available online: http://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=OJ:L:2007:189:0001:0023:EN:PDF (accessed on 24 July 2020).

32. Koloszko-Chomentowska, Z. The economics consequences of supporting organic farms by public funds: Case of Poland. Technol.
Econ. Dev. Econ. 2015, 21, 332–350. [CrossRef]

33. Rodriguez-Bermúdez, R.; Miranda, M.; Boudracco, J.; Fouz, R.; Pereira, V.; López-Alonso, M. Breeding for organic dairy farming:
What types of cows are needed? J. Dairy Res. 2019, 86, 3–12. [CrossRef]

34. European Parliament, Council of the European Union. Decision No 1386/2013/ EU of the European Parliament and of the
Council of 20 November 2013 on a General Union Environment Action Programme to 2020 “Living Well, within the Limits of
Our Planet”. 2013. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32013D1386 (accessed on
30 August 2020).
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