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Abstract: For this research we are selected three indicators of wheat: yield (t/ha), producer price
(USD/t) and share of the harvested area under wheat in relation to the total land area of country (%).
The mentioned indicators were analyzed for the period 2006-2021 in thirty-two European countries.
The purpose of the research is to determine which of the mentioned indicators achieve average
annual growth/decrease rates, what is the correlation between them, how European countries are
grouped with their similarities and differences. The research examines the impact of the COVID-19
pandemic on the mentioned indicators in a two time phases: Phase I, before the pandemic (2006-
2019); Phase II, during the pandemic (2020-2021). The methodological approach to the research topic
involved the application of descriptive statistics, as the method of principal components analysis
(abbr. PCA) with graphics. A positive correlation exists only between the yield of wheat and the
share of the harvested area under wheat in the total area of the land (0.291). PCA method showed
that countries are grouped differently depending on the observed indicator and the analyzed time
phase.

Keywords: yield of wheat; producer prices of wheat; harvested area under wheat; loading plot;
biplot; PCA method; COVID-19

1. Introduction

Agriculture is important for all countries of the world, and the sustainable development of
agriculture is the need of the whole nation [1].

Wheat (Triticum aestivum) represents one of the main agricultural crops, whose production is
widespread, given that it is grown in different regions and at different altitudes (up to 4,570 m above
sea level) [2]. This possibility can be attributed to the good agronomic adaptability of wheat, simple
storage and easy processing of the grain. At EU level, more than 30% of arable land is occupied with
winter wheat) [3]. It is considered that, along with wheat, which is an essential plant crop, corn and
rice occupy an important place, primarily from the aspect of their position in the food chain [4].

Organizing the production of wheat is a required job, because one must know the organizational,
economic and natural characteristics of the seed and the natural environment for its cultivation.
Depending on the degree of fulfillment of these conditions, the value of the realized income and
accompanying production costs will also depend [5]. We know that the yield of wheat is most affected
by the application of adequate fertilizers and pesticides, which is also the case with other crops. Some
authors [6] investigated the factors that most affect wheat yields in European countries and observed
that the applied technology in production, the type and number of treatments with fertilizers and
pesticides, etc., are equally important. They found an insignificant correlation between applied
nitrogen, phosphorus, potassium, and average wheat production in countries like Spain and Italy,
while in Romania and Hungary this correlation is very strong. If we look at the caloric value of wheat
intended for human consumption, it is observed that this crop contains the highest caloric value and
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reaches as much as 20.4% (data for 2009) [7,8].Observing the level of the European Union (EU), we
confirm the fact that there are measures financed by the so-called measures of the Common
Agricultural Policy (abbr. CAP), both for member states of the union, and for European countries that
have acquired the status of EU membership [9]). This fact should always be taken into account in
view of the constant increase in the population in the world, which is why it is necessary to increase
the area under wheat [10,11]. Countries that have acquired the status of candidates for EU
membership are recommended to constantly build and strengthen the legislative framework and to
constantly work on monitoring the implementation of support for public policy measures) [12,13].

Wheat is the third most widely produced grain in the world after rice and corn [14-16], while as
a food culture it is in a high second position. Otherwise, bread wheat occupies 95% of the world’s
surface [17].

In the total turnover of all grains in the world, wheat participates with 50%, while in production
with 30% [18]. Therefore, this crop represents one of the most important crops in the world economy,
and its market and prices often have a significant impact on the global economy and trade. According
to International Food Policy Research Institute (abbr. IFPRI) projections, the demand for wheat in the
world has grown rapidly, so it is expected that in 2050. will be about 60% higher compared to 2020
[19,20]. Regarding to the fact that the importance of wheat in the global food system is significant, any
impact on production, such as droughts, wars, and pandemics, reflects on the indicators of wheat at the
world level [21]. Accordingly, due to the emergence of the COVID-19 pandemic, the prices of certain
agricultural products have become unstable, while some agricultural crops record a constant increase in
prices [22].

Average per year, share of agricultural land in land area worldwide from years 2006 to 2021 was
36.8%, and if we observe this share by continent we will see that Asia is dominant with 53.41%, and
the least is in Europe with 21.02% [23]. According to the same source and the analyzed time period,
in the first three countries of the world that achieved the highest average annual share of agricultural
land in land area are the Falkland Islands (Malvinas) with 92.7%, Uruguay 82.19%, Saudi Arabia
80.73%, while in the tenth place is Nigeria with 74.13%.

The harvested area under wheat at the level of the world and Europe was analyzed and it was
determined that in the past sixteen years the average area was about 218,533,677 ha, and in Europe
59,636,190 [23]. The largest area under wheat in Europe is recorded in Russia, which had 25,362,334
ha on average per year, but only 1.5% average annual share of harvested area under wheat in the
total area of the country. In second place is Ukraine, which had 6,434,256 ha under wheat on average
per year, but with a significantly higher share of harvested area under wheat in the total area of the
country, reaching a value of 10.7% on average per year. According to the representation of the area
under wheat, France is in third place with 5,280,948 ha, i.e., with 9.6% share in the total area of the
country. According to the order of countries, and based on the harvested area under wheat, Serbia is
in the seventeenth position with 569,537 ha and 6.5% of the annual average share of this area in the
total area of the country. Of the analyzed thirty-two European countries, Slovenia had the smallest
harvested area under wheat with 30,874 ha with a share of only 1.5% in the total area of the country
(as well as Russia).

On the Figure 1 is given an overview of the realized average annual rate of change (abbr. AARC)
of selected European countries in the observed period according to the analyzed variables.
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Figure 1. AARC of yield, producer price and share of the harvested area under wheat in the total land
area by observed european countries, 2006-2021 (in %).

On the Graph. 1. we observed that the highest average annual growth rate of yield and area
under wheat was achieved by Lithuania of 4.4%, i.e., 7.7% average annual growth, while the highest
average annual producer price growth rate was recorded in Ukraine with an average annual growth
of 5.6%. On the graph, we can see that there are countries that have achieved negative average annual
rates of change, specifically Portugal with an average annual decrease in the area under wheat with
-8.3% and Switzerland with a -0.9% average annual decrease in yield.

In general, based on the given graphic representation, we conclude that the producer prices of
wheat did not record negative average annual rates of change in the observed period and according
to the analyzed countries, which means that the producer prices of wheat tend to increase. The
remaining two observed indicators show significant fluctuations in the past period.

The COVID-19 pandemic has changed the dynamics of the overall economy, affecting many
economic activities [24]. Therefore, in the continuation of the work, an analysis of the movement of
selected indicators of wheat in selected European countries in the period from 2006 to 2021 will be
carried out. Certainly, the authors believe that this research has its limitations, because other
indicators of wheat in the world can be included, both in the period before the COVID-19 pandemic,
and in the period during and after the pandemic. These changes and impacts vary from country to
country.

This research is significant because it contributes to a better understanding of ways to overcome
possible problems that may arise after the COVID-19 pandemic. In other words, the creators of
economic and agrarian policy can apply their acquired scientific knowledge in solving specific
problems, which is also the opinion of the group of authors [25]. In this sense, the applied measure
will give positive results only if it is implemented in a timely and adequate manner.

2. Materials and Methods

The collection of empirical data for research on the movements of selected indicators was carried
out through the open database of Food and Agriculture Organization of the United Nations (abbr.
FAOSTAT).

At the beginning of the research, the indicators of wheat production at the world and European
level were analyzed, as well as the changes that occurred in the past period in terms of yields,
producer prices and the share of the area under wheat in the total area of the country. In the
continuation of the work, we passed to the interpretation of the results of descriptive statistics that
provide information on the movement of the achieved average yield, price and share of wheat in the
total area of the country from 2006 to 2021. in the analyzed European countries, but also about the
values of the standard deviation. There were also results obtained based on the values shown in the
correlation matrix in the analyzed time according to the observed variables and European countries.
The basic characteristics of the observed sample are shown in Table 1.
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Table 1. Characteristics of the observed sample.

In addition to the FAOSTAT Database, relevant scientific and professional literature

Data sources
that is in line with the researched topic was also used.

Study area European countries

Albania, Austria, Belarus, Belgium, Bulgaria, Croatia, Czechia, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Italy, Latvia, Lithuania, Netherlands,
North Macedonia, Norway, Poland, Portugal, Romania, Russian Federation, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine, and United Kingdom.

Time period 2006-2021

Frequency of
collected empirical Annualy

databases

Countries

I phase from 2006 to 2019 — before pandemic COVID-19;

II phase from 2020 to 2021 — during pandemic COVID-19;

1) Production - Crops primary;

Analyzed sectors  2) Prices - Producer prices;

3) Land, Inputs and Sustainability — Land use.

1) Yield of wheat (https://www .fao.org/faostat/en/#data/QCL);

2) Producer prices (https://www.fao.org/faostat/en/#data/PP);

3) Share of the area under wheat in relation to the total area of the land
(https://www fao.org/faostat/en/#data/RL/visualize)

Time series

Variables

1) Yield of wheat is expressed in t/ha;
Unit of measures  2) Producer price is expressed in USD/t;
for variables 3) Share of the area under wheat in relation to the total area of the land is expressed in

%.

Implemented

method Descriptive statistic and Principal component analysis (abbr. PCA)

1) Values of correlation matrix;

2) Values of descriptive statistics;
Output indicators  3) Loading plot;

4) Biplot;

5) Histogram.

Used software

package SPSS and XLSTAT

Not all European countries were included in the research, which can be explained by
Comment the fact that there is no published data for the analyzed time series according to the
given variables.

The authors defined the following starting hypotheses:

e the analyzed variables are in mutual correlation;

e theyield, the producer price and the share of the harvested area of wheat in the total area of the
land changed in the observed time phases;

e  thevisual presentation of the results of the application of the PCA method shows visible changes
in the graphs regarding the distribution of European countries according to the observed
variables and time phases.

The aim of this research was to determine if there is a correlation between the selected indicators
of wheat in the analyzed European countries, and by applying the PCA method to show in what
relation are characteristics of wheat correlated with the observed European countries depending on
the period of observation (before and during the COVID-19 pandemic). Also, the goal of the research
is to see which European countries are mutually similar or different according to the observed
variables in the mentioned time groups and whether changes have occurred, and for the purposes of
this analysis the PCA method was used. Changes in the values of the variables according to the
countries are also shown using histograms, which are shown according to the formed time clusters,
and the resulting changes are adequately interpreted.

After applying the PCA method to the formed time phases and selected European countries, we
presented the results using Loading plot and Biplot. This method was applied to reduce the number
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of variables to a smaller number of new variables [26-33]. In this way, we explain the largest amount
of variance of the original variables with a smaller number of principal components for easier
understanding of the data [34]. Based on the display of the position of the vectors on the graphs and
the angle they make, adequate comments are given.

In addition to the FAOSTAT database, adequate scientific literature was also used as the main
source of data for this research, which shows the positive results of applying the PCA method in
agriculture and economics. Thus, the group of authors [35] applied the PCA method to determine the
sources of groundwater pollution with nitrates found in agricultural areas in Qingdao (China). They
concluded that the main sources of agricultural land pollution are manure, fertilizers and sewage.
Groundwater pollution has been analyzed because it is considered a necessary resource for the
economic and social development of a country [36,37]. The authors [38] observed the quantitative
indicators of drought tolerance of bread wheat in Iran, and with the application of the PCA method
they managed to reduce the number of these indicators. Authors [39] used the PCA method to
investigate the classification of treated wheat grains against rice weevil in order to assess which
elements of technological quality contribute the most to this classification. Authors [40] using the
PCA method determined wheat genotypes that are resistant to drought. The results of applying the
PCA method to the wheat cultivation system in a semi-arid environment (Mediterranean
environment) showed that most of the variability of the yield and quality of wheat depend on the
weather conditions in the season and the choice of variety [41]

The scientific justification of research is reflected in the deepening and expansion of knowledge.
The results will be verifiable because we are confirming the scientific knowledge already acquired.

3. Results and Discussion

The initial research consisted of an analysis of the basic parameters of descriptive statistics with
its results (Table 2) and the correlation matrix of the observed variables (Table 3).

Table 2. Descriptive statistics.

Mean Std. Deviation
Yield (t/ha) 4.821 1.8380
Producer price (USD/t) 226.316 78.0235
Share of harvested area (%) 5.603 3.8556

Table 3. Correlation matrix of observed variables.

Yield (t/ha)Producer_Price (USD/t)Harvested_area (%)

Yield (t/ha) 1.000 -.010 291
Correlation Producer price (USD/t) -.010 1.000 -.278
Share of harvested area (%) .291 -.278 1.000

The results of descriptive statistics show us that in the period 2006-2021 in the analyzed
European countries, the average yield of wheat was 4.8 t/ha, the average producer price was 226.3
USD/t, and the average share of the harvested area under wheat in relation to the total area of the
country was 5.6%. The deviation from the calculated average value, which is defined by the standard
deviation, in the observed variables is the most noticeable in producer prices and ranges up to 78
USD/t, while the deviation of the yield (1.8 t/ha) and the share of harvested area under wheat (3.8%)
is very weak expressed.

A weak positive correlation between the observed variables in the analyzed time period on the
example of European countries was observed only between the yield and the share of the harvested
area under wheat in the total land area and amounts 0.291. Other correlations record negative
relationships, ie. the increase of one variable will affect the decrease of the other. With this, we
rejected the initial hypothesis that there are no correlations between the observed variables.
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In the next table (Table 4) the variability of the data according to the observed components is

presented.
Table 4. Total Variance Explained by variables.
Initial Eigenvalues Extraction Sums of Squared Loadings
Component . . . .
Total % of Variance = Cumulative % Total % of Variance = Cumulative %

1 1.407 46.912 46.912 1.407 46.912 46.912

.990 33.012 79.924 .990 33.012 79.924
3 .602 20.076 100.000

The variability of the observed data can be explained only on the basis of the first two
components, which make up 79.9% of the total observed variability. In other words, out of the total
variations (100%), the first component (PC1) explains 46,912%, and the second (PC2) 33,012% of the
variability.

The following is a graphic representation (Loading plot) of established correlations and
variations between observed variables (Figure 2), whereby we kept the two Eigenvalues that are
shown on the X (PC1) and Y (PC2) axes.

Variables (axes F1 and F2: 79.91 %)

Producer
0.75 ield (t/ha)
0.5

§ 0.25
—
2 ol area in land
lac) area (%
& -0.25

-1 -0.75 -0.5 -0.25 0 025 05 075 1
F1(46.90 %)

* Active variables

Figure 2. Loading plot of observed variables.

Display on Figure 2 confirms the previous conclusion, which is that there is a correlation
between the yield and the share of the harvested area under wheat in the total area of the land,
because a sharp angle made by these variables is clearly observed. Accordingly, we confirmed the
initial hypothesis. This conclusion is also logical due to the fact that the greater the share of harvested
area under wheat in the structure of a country, the higher the yield of wheat in that country.

Considering the relationships and the angle made by the remaining variables, we can see on the
Loading plot that the relationships between individual variables have a negative correlation or are
not correlated. Accordingly, if we look at the relationship between the producer price and the share
of the area under wheat in the country’s surface, we conclude that there is a negative correlation. We
explain this situation that if the share of the harvested area under wheat increases in a country, the
producer price of wheat decreases to that extent. Also, from the Loading plot, we can observe that
there is no correlation between the realized yield and the producer prices of wheat.

Variability of the observed variables according to the analyzed European countries in the period
2006-2021 years are represented by Biplot (Figures 3 and 4). Biplot allows us to graphically see the
relationships between variables and principal components by means of a graphical display. Due to


https://doi.org/10.20944/preprints202404.1748.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2024

doi:10.20944/,

reprints202404.1748.v1

the volume of data and better interpretation and visualization of the obtained results, it was decided
to display the biplot in two parts, where each part contains the results of similarities and differences
between the sixteen European countries according to the observed components and arranged
according to the alphabet of the country names. With such a graphical presentation, we reject the
initial hypothesis and we conclude that the biplot can be used to show the distribution of European
countries according to variables and time phases.

PC2 (33.01 %)

-

Price (USD, ( Ba Yield (tha)
Bo
}
?
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A Albania during
OAustria before
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Figure 3. Biplot of observed variables in analized period (first sixteen European countries).
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Figure 4. Biplot of observed variables in analized period (second sixteen European countries).

On the Figures 3 and 4 we notice that the following countries achieved the highest yields of
wheat before the corona: United Kingdom, Netherlands, Denmark, Czechia and Belgium, while the
lowest wheat yield was achieved in countries such as the Russian Federation, Portugal, North
Macedonia, Estonia and Greece. In the years during the COVID-19 pandemic, the countries with the
highest yield were Denmark, France, Belgium, Sweden and the Netherlands. The lowest yield was
recorded in Greece and Estonia. Consequently, the initial hypothesis was confirmed because changes
were observed in terms of wheat yields between countries and according to observation periods.

If we analyze the positions of countries from the aspect of producer prices, we notice that the
highest producer prices before and during the pandemic were achieved by Switzerland, Norway and
Italy. In contrast to them, in the period before the pandemic, the lowest producer prices of wheat
were recorded in Ukraine, Bulgaria, Hungary and Latvia, and during the pandemic in Ukraine,
Romania and Serbia. Therefore, the initial hypothesis was confirmed because there were significant
changes in the value of producer prices of the observed countries in the analyzed periods.

The European countries that in the years before the pandemic had the highest achieved share of
the area under wheat in the total area of the country are Denmark, France, Sweden and Czechia, and
Portugal, Finland and Greece the least. During the pandemic, Italy and Slovenia recorded the lowest
share of the area under wheat in the total area of the country. Accordingly, the initial hypothesis is
accepted because changes in the value of this variable were noticed in the observed countries
according to the defined time phases.
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In accordance with the afore mentioned conclusions, the authors conclude that the visual
presentation of the results of the application of the PCA method contributed to the observation of
differences in the distribution of the observed countries according to different time phases and

variables, which confirmed the initial hypothesis.
The following Figures (Figures 5-7) show the changes in variables that occurred in the observed

European countries in the analyzed period.
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Figure 5. Changes in yield of wheat according to European countries in the years before and during

the COVID-19 pandemic (2006-2021).
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Figure 6. Changes in producer price of wheat according to European countries in the years before and
during the COVID-19 pandemic (2006-2021).
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Figure 7. Changes in share of the harvested area under wheat in the total area of the country according
to European countries in the years before and during the COVID-19 pandemic (2006-2021).

In 80% of the analyzed European countries (25 of them), a higher wheat yield was observed
during the COVID-19 pandemic than in the years before the pandemic. In the remaining five
countries, the yield is mostly reduced, and only in one country (Germany) is the yield at an
unchanged level according to the observed time groups. Also, from the graph, we can notice that
Belgium, the Netherlands and the United Kingdom achieved the highest returns in the years before
and during the COVID-19 pandemic.

Regarding producer prices, there are no big differences in the years during the pandemic
compared to the period before the pandemic, except for Italy, where there was a significant increase
in prices during the period during COVID-19. From Graph 6, we can see that Switzerland and
Norway had the highest producer prices for wheat in the observed period.

In the analyzed countries, during the COVID-19 pandemic, there was generally a decrease in the
share of areas under wheat in the total area of the country compared to the observed time period
before the pandemic.

In the period before corona, Denmark, Ukraine and Hungary had the largest share of the area
under wheat in the total area of the country. A significant increase in the area under wheat during
the pandemic was observed in Lithuania, and a significant decrease in Denmark.

The limitation of the research is contained in the fact that there is no complete geographical
comparability of the observed European countries due to mutual differences regarding the
representation of wheat in a certain country, but also due to the surface of the country itself. Also,
there are many objective factors that can influence the formation of the producer price of wheat,
which primarily depends on the level of development of the observed country. In general, it is
difficult to draw adequate conclusions in the social sciences because there are many influences that
can appear as causes of change, and not all of them can be included and analyzed. If we have in mind
and awareness that the results of science should be applicable for practical purposes, then we believe
that the results of our research can help align the CAP measures of the countries that are in the pre-
accession phase with the economic and agro-economic problems of these countries in the post-

COVID period.

4. Conclusions

Through the conducted research, we came to the following conclusions:

e the observed variables enabled the application of the PCA method;
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e  positive correlation of the observed variables in the analyzed time period on the example of
European countries exists only between the yield and the share of the harvested area under
wheat in the total land area (0.291), while other correlations have negative values;

e reducing selected indicators of wheat from three to two components (yield and producer price)
we are explained total variability;

e  PCA analysis is useful for describing changes in observed selected indicators of wheat.

Through research, we observed that in 80% of the observed European countries, during the
pandemic, a higher yield of wheat was achieved than before the COVID-19 pandemic. In terms of
producer prices, a sharp increase in the period during the pandemic compared to the period before
the pandemic was recorded in Italy, and Switzerland and Norway had the highest values of producer
prices in both time periods. If we look at the share of the area under wheat in the total land area
during the pandemic in relation to the time period before the pandemic, we can see that this share
has decreased in 70% of the analyzed European countries.

Such research can be a good starting point for the analysis of agricultural production during and
during crisis situations, in this case a pandemic. The application of the PCA method proved to be an
effective method for the analysis of selected indicators within the agrarian, economic and social
components. We can conclude that the conducted research has certain limitations, and bearing in
mind other indicators that were not analyzed: the value of wheat produced in the country; the value
of wheat imports; the value of wheat exports; consumer prices etc. Future research could also include
these parameters of wheat, because they can significantly influence the distribution of countries in
Europe and the world.

The recommendations for the creators of economic and agrarian policies of the observed
European countries are that they should adapt as much as possible to the CAP measures
implemented by the EU, that all participants whose activities are related to the manipulation of wheat
should be networked, as well as that smaller agricultural producers are provided with constant
incentive (financial) support.
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