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The COVID-19 pandemic affected the functioning of agriculture and food systems worldwide, including Poland. The
industry of production means and services designated for agriculture is a crucial component of the food economy and a
factor in agricultural development. The study aims to identify and evaluate changes in the sales and consumption of
agricultural inputs in Poland and the impact of these changes on the dynamics of agricultural production. The research
period covers the years 2017-2021, with a particular focus on 2020-2021, which marks the span of the COVID-19
pandemic. The study employs various research methods, including critical literature analysis, a descriptive approach, the
comparative method, verbal logic, and descriptive statistical methods. The data utilised in the paper are sourced from the
Main Statistical Office and the Institute of Agricultural and Food Economics - National Research Institute. During the
years 2017-21, the sale and use of agricultural production means in Poland varied, reaching a peak level during the
COVID-19 pandemic. In 2021, the dominant sales involved plant protection products, feeds, and agricultural machinery,
while in 2020, mineral fertilisers were prominent. An increase in the sale of cereal sowing material was noted in 2020/21,
especially wheat seeds. Energy consumption in agriculture primarily came from liquid fuels, with a noted decrease in
energy use since 2019. The pandemic did not significantly affect the dynamics of energy consumption. In conclusion, the
conducted analysis indicated that the influence of the sale and consumption of production means on production in Polish
agriculture during the examined period was insignificant. Such a dependency should be identified over a more extended
period. The strongest relationship was observed between global agricultural production exchanges and changes in the use
of mineral fertilisers.
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INTRODUCTION

The global pandemic of COVID-19 has been a critical factor in determining the functioning of societies and
economies worldwide in recent years (Baldwin & Tomiura, 2020). According to official statistics, the COVID-19
pandemic caused almost 700 million infections, leading to over 6.9 million deaths (Worldometer, 2023). From an
economic point of view, the pandemic has had a profound and far-reaching influence on the global economy (Ali et
al., 2020; Barro et al., 2020; Maier and Brockmann, 2020; Laing, 2020; Czech et al., 2020), and its adverse effects
are compared to the global financial crisis of 2008-2009 or the Great Depression of 1929-1933 (Susskind and Vines,
2020; Chen and Yeh, 2021; Li et al., 2022). The dynamic increase in the number of infections and deaths due to
COVID-19 forced authorities worldwide to implement various restrictions and blockades to stop the spread of the
virus (De Vos, 2020; Koh, 2020; Wielechowski et al., 2020). As a result, these actions caused significant disruptions
in international and local supply chains, ultimately leading to a large decline in GDP in 2020 (Mahajan and Tomar,
2021).

The unexpected onset of the COVID-19 pandemic impacted the functioning of agriculture and food systems
globally, including in Poland (Siche, 2020; Beckman and Countryman, 2021; Dudek and Spiewak, 2021; Okolie &
Ogundeji, 2022). Furthermore, it engendered escalating concerns regarding the lack of food security on a global
scale (Roubik et al., 2022). The rapid spread of the virus, followed by the partial closure of the economy, led to
unprecedented and simultaneous supply and demand shocks in the food system (Gruere and Brooks, 2021;
Jedruchniewicz and Wielechowski, 2022). Disruptions in the supply chain affected food prices (Bairagi et al., 2022).
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The lockdowns and movement restrictions imposed in the early stages of the pandemic incited a panic buying frenzy
among consumers, resulting in a sharp increase in demand for basic food and agricultural products (Prentice et al.,
2020).

Agriculture largely relies on the use of means of production such as fertilisers, seeds, labour force, fuel, and energy
(Lamichhane & Reay-Jones, 2021; Banski & Mazur, 2021). It has been pointed out that disruptions caused by COVID-
19 could lead to decreased agricultural production efficiency (Aromolaran & Muyanga, 2020). Fertilisers play a pivotal
role in agriculture, and the industry demonstrated resilience during the COVID-19 pandemic (llinova et al. 2021). The
pandemic particularly affected the global fertiliser sector (Hohler & Lansink, 2021). Despite initial resilience, global
fertiliser prices dropped in May 2020 due to disruptions in production and supply but reached a record level by 2022
(USDA, 2022). High-quality seeds are vital for agricultural productivity (Elias, 2018).

The pandemic, along with governmental restrictions, potentially threatened seed production, trade, and
certification, impacting global food chains. Although seed prices experienced mixed effects, countries highly reliant
on imports or at a higher risk of food insecurity felt pronounced effects (Alliance for Science, 2020). Agriculture’s
energy demand extends from cultivation to storage (Kaygusuz, 2011). The uncertainty induced by the pandemic
severely impacted the energy market (Kahn et al., 2022). While the initial demand contraction led to a decline in
energy prices, the demand revival in subsequent years caused significant price increases in fossil fuel markets
(Gilbert et al., 2021).

The conducted study of changes in sales and consumption of agricultural inputs is relevant to assessing the causes
of changes in the functioning of farms in Poland. Jedruchniewicz and Wielechowski (2023a) observe that the impact of
the National Bank of Poland during the COVID-19 pandemic on agricultural prices was both direct and indirect,
influencing the increase in production costs in Polish agriculture. Jedruchniewicz and Wielechowski (2023b) note that
only in 2020 did the prices of goods purchased for current agricultural production decrease. However, in 2021, the costs
of materials and services, along with other costs in agriculture, including wages, increased at a record pace. The
production means and services industry for agriculture is a vital component of the food economy. It is a factor in the
development of agriculture. This industry is the fastest to implement technical progress. Machines and devices are
becoming increasingly modern and specialised. The mechanisation of work in agriculture is a natural process of moving
away from labour-intensive production. Farms are also supplied with increasingly efficient and new products and
solutions in the range of services provided. These results in increased productivity and efficiency of the factors of
production used in agriculture (Banski and Mazur, 2021). Enhancing the agriculture sector with machinery increases
labour productivity in this sector (Pawlak, 2017).

To the best of our knowledge, there are few studies analysing the impact of the COVID-19 pandemic on the
agricultural input market in Poland during this period. This issue requires broader attention. Understanding these changes
and the profound effects of the pandemic on the agricultural input market is crucial for comprehending and determining
the significance of one of the channels through which the pandemic impacts agriculture. This understanding is also vital
for developing effective strategies to address potential crisis-like challenges in the future. The results of these analyses
can contribute to further research that expands and deepens the understanding of how changes in farms' use of inputs
affect their economic situation and development.

RESEARCH METHODS

The study aims to identify and assess changes in the sales and consumption of agricultural production means in
Poland, as well as the impact of these changes on the dynamics of agricultural production. The research period covers the
years 2017-2021, with particular emphasis on 2020-2021, the period of the COVID-19 pandemic. This research timeframe
allows for comparative analyses during and before the pandemic.

The study uses various research methods, including critical literature analysis, descriptive approach, comparative
method, verbal logic, and descriptive statistics methods.

The data used in the article come from the Central Statistical Office (GUS) and from analyses of the Institute of
Agricultural and Food Economics of the National Research Institute (IERiGZ) conducted by a team led by A. Zalewski.

RESEARCH RESULTS

The level and dynamics of sales and consumption of means of production in agriculture in Poland
The analysis of data from Table 1 indicates that in 2017-21, the highest level of sales of mineral fertilizers (in
terms of pure ingredient) occurred in the first year of the COVID-19 pandemic (almost 2.45 million tonnes), and calcium
fertilizers in 2018 (almost 2.08 million tonnes). The pandemic period did not significantly affect the structure of mineral
fertilizers sold in Poland, where nitrogen fertilizers were most important (approx. 60%). Total sales of animal fodder
reached the highest level in 2020 (Table 1). However, in 2021, plant protection products and agricultural machines,
equipment, and tools were the most sold. This means that the sales of the vast majority of the analysed means of production
in agriculture in Poland were the highest during the COVID-19 pandemic.
In the analysed period of 2017-21, the dynamics of sales of means of production in agriculture in Poland varied
(Table 2). On average, the largest increases occurred in 2017. They were also significant in 2020 and 2021. However, the
years 2018 and 2019 were weaker for this industry. Sales of any analysed means of production in agriculture did not
increase yearly. The sector has generally performed very well during the COVID-19 pandemic. Only the sales of mineral
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fertilizers increased in 2020 and decreased a year later (7.5%). This was due to a decline in sales of nitrogen fertilizers
(7.4%). Within five years, sales of mineral fertilizers increased only once in 2020. This resulted from a significant drop
in the prices of these fertilizers. However, in each year of the pandemic, the sales of calcium fertilizers, plant protection
products, fodder, as well as machines, devices, and tools increased. In total, during the pandemic, the sales of plant
protection products increased the most (11%), while the sales of animal fodder increased the least (1%). During this time,
the sales of any collective means of production in agriculture in Poland did not decrease. In detail, the sales of insecticides
decreased dramatically (75.5%). This resulted from the European Union's policy and the deadline to withdraw some plant
protection products from sale.

Table 1. The level of sales of the main means of production in agriculture (tonnes

Items 2017 2018 2019 2020 2021
Mineral fertilizers (pure ingredient) 2380174 2357814 2327396 2448675 2363480
Nitrogenous 1513714 1434838 1436402 1548753 1434558
Phosphorous 330493 346994 348292 315380 330290
Potassic 535966 575982 542701 584542 598632
Lime 1693058 2075296 1408340 1437218 1473682
sTlf;zt'anES”t protection - products - (active 25075 23178 24281 24628 26973
Insecticides 1809 1761 2761 618 676
Fungicides and seed treatments 7213 8303 7155 9708 10482
Herbicides 13655 11371 11675 12798 14299
Total fodder 10468295 10513836 10498530 10536820 10598439
For pigs 2420632 2536404 2417167 2464635 2573398
For cattle 1097882 1134115 1150338 1215953 1288288
For poultry 6361717 6420544 6597214 6539711 6307690
e N I I I =
Source: based on GUS (2020-2023) and unpublished data from the Statistics Poland.
Table 2. Annual sales rates of leading means of production in agriculture (tonnes)
Items 2017 2018 2019 2020 2021
Mineral fertilizers (pure ingredient) 95.4 99.1 98.7 105.2 96.5
Nitrogenous 97.6 94.8 100.1 107.8 92.6
Phosphorous 93.7 105.0 100.4 90.6 104.7
Potassic 90.9 107.5 94.2 107.7 102.4
Lime 137.7 122.6 67.9 102.1 102.5
sTuoggtlanggnt protection products (active 1025 9.4 104.8 1014 1095
Insecticides 122.3 97.3 156.8 22.4 109.4
Fungicides and seed treatments 92.2 115.1 86.2 135.7 108.0
Herbicides 107.6 83.3 102.7 109.6 111.7
Total fodder 110.0 100.4 99.9 100.4 100.6
For pigs 116.8 104.8 95.3 102.0 104.4
For cattle 119.8 103.3 101.4 105.7 105.9
For poultry 106.2 100.9 102.8 99.1 96.5
i ooy "% | a0 | e | e | wea | s

Source: own calculations based on (GUS, 2021; 2023) and unpublished data from the Statistics Poland.

High-quality seeds are one of the most important elements of increasing production in any agricultural system
(Elias, 2018). In the analysed years, the dynamics of certified seed sales in Poland were significantly variable (Figure 1).
The 2019/20 marketing year was frail. Whereas, in the marketing year of 2020/21, during the COVID-19 pandemic, 179.1
thousand tonnes of certified seed of basic cereals were sold. Wheat had the largest share (47%). Additionally, 72.7
thousand tonnes of potatoes were sold. At that time, the sale of all cereal seeds increased. Wheat sales increased the most
(8.1%). However, the sale of seed potatoes decreased (3.4%).
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Source: own calculations based on GUS (2020-2023).

Figure 1. Sales indicators of certified seed (tonnes, previous period = 100)

Energy is a crucial means of production in every sector. The level and changes in the consumption of the leading

energy carriers in agriculture in Poland will be analysed, which include solid fuels, liquid fuels, gaseous fuels, electricity,
and heat.

Table 3. Consumption of energy carriers in Polish agriculture (TJ)

Energy Carriers 2017 2018 2019 2020 2021
Energy Total 161339 164641 160452 160082 159771
Solid Fuels 61215 59939 51674 51567 49731
Hard steam coal 38480 37960 30960 31238 25200
Peat and wood 20995 20644 19618 19979 23790
Brown coal 800 670 550 200 160
Liquid Fuels 88250 92757 96380 96034 97339
Diesel 84590 88858 93130 93130 93984
Light fuel oil 3010 3440 2795 2838 3247
Gaseous Fuels 4766 4449 4908 5028 5195
Liquefied petroleum gas (LPG) 252 2852 2990 2852 2668
High methane natural gas 1189 997 1254 1472 1770
Biogas 395 331 360 370 347
Electricity 6188 6674 6628 6649 6603
Heat 900 800 770 775 850

Source: based on Zalewski (2019) and Zalewski (2022).

The data analysis from Table 3 indicates that in 2017-21, the highest energy consumption came from liquid
fuels. Their share increased from 57.4% in 2017 to 60.9% in 2021. The largest part of these fuels was heating oil
(96.6%). Energy consumption in agriculture from solid fuels decreased from 37.9% in 2017 to 31.1% in 2021. The
remaining energy sources accounted for a small share. The most significant change in this area occurred in 2021.
Then, energy consumption from hard steam coal dropped to 25.2 thousand TJ, and increased from peat and wood to
23.8 thousand TJ.

In the analysed period, total energy consumption increased by 8.3%. However, since 2019, there has been a
visible downward trend in energy consumption (Table 4). This trend mainly concerned the use of solid fuels. Each year,
their consumption decreased. The most significant decline was in 2019 (13.8%). This year, the consumption of the most
considerable number of energy carriers decreased. However, an upward trend is visible in using liquid and gaseous fuels.
Only in one year, their consumption decreased. Overall, the COVID-19 pandemic did not significantly affect the dynamics
of energy consumption. In 2020-21, its total consumption decreased by 0.4%. This was due to austerity policies rather
than the pandemic. During this time, the largest increase in consumption concerned high methane natural gas (41.1%),
peat and wood (21.3%), and light fuel oil (16.2%). However, the largest declines concerned the use of brown coal (70.9%)
and hard steam coal (18.6%).
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Table 4. Annual consumption rates of energy carriers in Polish agriculture (TJ)

Energy Carriers 2017 2018 2019 2020 2021
Energy Total 109.3 102.0 97.5 99.8 99.8
Solid Fuels 98.6 97.9 86.2 99.8 96.4
Hard steam coal 98.7 98.6 81.6 100.9 80.7
Peat and wood 98.4 98.3 95.0 101.8 119.1
Brown coal 81.9 83.8 82.1 36.4 80.0
Liquid Fuels 119.0 105.1 103.9 99.6 101.4
Diesel 120.0 105.0 104.8 100.0 100.9
Light fuel oil 100.0 114.3 81.3 101.5 1144
Gaseous Fuels 107.8 93.3 110.3 102.4 103.3
Liquefied petroleum gas (LPG) 103.3 100.0 104.8 95.4 935
High methane natural gas 117.7 83.9 125.8 117.4 120.2
Biogas 110.6 83.8 108.8 102.8 93.8
Electricity 105.3 107.9 99.3 100.3 99.3
Heat 100.0 88.9 96.3 100.6 109.7

Source: own calculations based on Zalewski (2019) and Zalewski (2022).

Sales and consumption of means of production in agriculture depend mainly on the economic situation in
agriculture as well as in the economy, price situation, and conditions specific to a particular means of production. In the
analysed period, the current and forecasted economic situation in the agricultural sector, economic growth, and the
relationship between the dynamics of prices of agricultural products sold and the dynamics of prices of goods and services
purchased by farmers (price scissors) changed significantly. The best year in terms of overall sales dynamics and
consumption of means of production in agriculture was 2017. This was due to favourable factors. The economic situation
and price relations were beneficial for agriculture. The years 2018-19 were worse regarding current and forecasted
economic conditions. However, in 2019, the price scissors index was at a record high (112.1). Such conditions contributed
to the general deterioration of the agricultural means of production market at that time. The years of the COVID-19
pandemic were generally favourable for agriculture in terms of economic conditions. However, economic growth and
price scissors were unfavourable in 2020. In general, favourable conditions during the pandemic improved sales and
consumption of means of production in agriculture in Poland.

The use of means of production versus production in agriculture

The important elements of analysing the functioning of the food economy, especially agriculture, are changes
taking place in the agricultural means of production market. The level of supply of agriculture with means of production
and services affects the volume of production and influences, most often in the long term, the efficiency of production
processes and production factors in this sector. However, the prices of means of production are an important factor
determining the demand reported by farms for these means, and above all, they are one of the key reasons shaping the
income situation of agriculture.

110
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Market output === |\/|arket crop output e [\arket animal output

Source: own calculations based on GUS (2020-2023)

Figure 2. Annual agricultural production rates (PLN, constant prices)
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In real terms, the value of annual global and agricultural commaodity production increased in 2017, 2018, and 2020.
However, in 2019 and 2021, the value of these productions decreased (Figure 2). The dynamics of global and animal
commodity production and global plant production were the same in particular years, although the decrease in this
production in 2021 was negligible. However, the plant commodity production changes, which "... constitutes the sum of
sales of agricultural products in procurement centres and at marketplaces" (GUS, 2023), were different. They increased
in 2018 and 2021 and decreased in 2017, 2019, and 2020. Their changes were also influenced by changes in stocks. As
indicated, changes in agricultural production also depend on the level of use of means of production. Strong growth in all
types of global production in 2017 was correlated with a significant increase in the use of all means of production. A
more detailed analysis indicates that the dynamics of global plant production was influenced by the sales of mineral
fertilizers and plant protection products (postponed by one year). However, it is difficult to indicate a relationship between
changes in fodder sales and animal production. In the first year of the COVID-19 pandemic, the moderate increase in
production was driven by an increase in the consumption of almost all types of means of production. However, the
significant decline in global production in 2021 was only associated with a substantial decline in the use of mineral
fertilizers. At that time, the decline in production was primarily influenced by the deteriorating economic situation and
the unfavourable price scissors the previous year.

CONCLUSIONS AND DISCUSSION

Farms' input endowment is a key factor in the efficiency of their production and development. In the period 2017-
21, the situation in individual years regarding sales, consumption, and prices of means of production in agriculture varied.
The level of sales of almost all analysed means of production in agriculture in Poland was the highest during the COVID-
19 pandemic. In 2021, the most sold were plant protection products, animal fodder, agricultural machinery, equipment,
and tools, and 2020 mineral fertilizers. However, sales of calcium fertilizers were the highest in 2018. Regarding sales
dynamics of agricultural means of production, the best years were 2017 and the time of the pandemic. The economic
situation and price relations in agriculture primarily influenced such changes. Research by Ilinova et al. (2021) indicates
that in the world, as in Poland, the fertilizer industry has demonstrated resilience in the supply chain during the COVID-
19 pandemic.

Using high-quality seeds is important for the efficiency of agriculture (Elias, 2018). In the analysed years, the
dynamics of the sale of certified seed material in Poland varied. In the fiscal year 2020/21, that is, during the COVID-19
pandemic, the sale of seed material for all cereals increased. The sale of wheat seeds increased the most (8.1%). However,
the sale of seed potatoes decreased (3.4%). The OECD (2020) assessed that the pandemic could have negatively impacted
the seed market and, consequently, agriculture and the global food chain.

The analysis indicates that between 2017 and 2021, the largest energy consumption in Polish agriculture came
from liquid fuels. The energy consumption from solid fuels dropped to 31.1% in 2021. Other energy sources constituted
a small share (Zalewski, 2019; Zalewski, 2022). The most significant change in this area occurred in 2021. At that
time, energy consumption from hard coal dropped to 25.2 thousand TJ and increased from peat and wood to 23.8
thousand TJ. However, a downward trend in overall energy consumption has been visible since 2019. The COVID-19
pandemic generally did not significantly affect the dynamics of energy consumption. In 2020-21, its total consumption
decreased by 0.4%. During this time, the largest reduction concerned the consumption of lignite (70.9%) and energy
hard coal (18.6%).

The performed analysis showed that the impact of sales and consumption of means of production on production
in Polish agriculture during the period of study was not significant. Such dependencies should be analysed over a longer
period of time. The strongest relationship was observed between changes in global agricultural production and changes
in the use of mineral fertilizers. The annual changes in agricultural production are more significantly influenced by reasons
other than the use of means of production in agriculture. However, Aromolaran and Muyanga (2020) estimated that during
the pandemic, disruptions in the supply and availability of these means will result in reduced agricultural production.
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