The paper presents the results of a study of the influence of the depth of the main plowing
and fertilizer systems on the weediness of sugar beet sowings and its productivity. Investigations
of the depth of plowing for sugar beet which were carried out with the long application of
different fertilizer systems indicate that deep plowing influences the distribution of weed seeds
both to the plow and to the submerged soil layer. Localization of weed seeds in the upper soil
layer with plowing by 20 cm leads to a significant increase in the weediness of crops. The
greatest amount of weeds in sugar beet crops was in organic and organo-mineral fertilizer
systems with plowing by 20 and 30 cm. The total number of weeds in all variants was 50 and 62
pieces/m2. When plowing at 40 cm they were half as small.

The yield of sugar beet roots was highly dependent on growing conditions. Long-term use
of appropriate fertilizer systems in crop rotation increased the yield of root crops at different
depth of basic plowing at 4,7-19,1 t/ha. As a result of an increase in the depth of the basic tillage
of 30 to 40 cm in the average for three years the yield of sugar beet increased by 2,2-5,1 t/ha in
all variants of the experiment. With an increase in plowing depth from 20 to 40 cm in insufficient
precipitation the yield of root crops increased by 4,0-5,9 t/ha and in the more humid year by 6,2—
8,5 t/ha. In the average for three years of research the sugar content of root crops in experiments
was within 14.4-15.3 %. In our experiments the factory output of sugar was 3,63-5,66 t/ha. The
increase in plowing under sugar beet from 20 to 40 cm after long-term use of different fertilizer
systems allowed to increase the factory output of sugar by 0,36-0,75 c/ha or by 7-13 %.

Key words: plowing depth, fertilizer systems, weeds, sugar beet, factory output of sugar,
yield.
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Y cmammi  36epnymo  ysazy  Ha  HeCHpUAMIUGl  acneKkmu
CLIbCLKO20CNO0APCHKOI OISIbHOCMI NPU BUKOPUCTAHHI MIHEpAIbHUX 0obpus. B
NICAA80E€HHULL Nepio0 npobiema pusukié 011 HABKOIUUHB020 CepedosUulyd,
BUKTUKAHUX HAOMIDHUM BUKOPUCMAHHAM MIHEPAIbHUX 000pus, Oyia 6i0CymHs.
Ilpome 6 nacmynhi poku 6i0OYI0CS 3HAYHE 3POCMAHHS GHECEHHS MIHEPAlIbHUX
0oopus i y 1965-1970 poxax spocmanus 6yro Oinvut Hidc y0siui, i HACMYNHI
nepioou XxXapaxkmepusyeaiucs cucmemMamuyHum 30iibuennsam.  Lla cumyayia
36epeanaca 0o 1990 poky, Koau ekowomiuna cumyayis 3mycuira Gepmepis
oomedicysamu  8UMpamu  HA - CLIbCbKO2OCNOOApPCbKe  BUPOOHUYMBO, W0, SK
CMBEPOACYBANOCA, MANO O NPUHECMU KOPUCMb HABKOIUWHbOMY cepedosuusy. Y
YboMy 6UNAOKy eKOHOMIuHa cumyayis "zmycuna" nom'sakuwienHs He2amueHoO2o
BNIUBY HA HABKOMUWHE cepedosuwye. Ilpome Kinvkicmb 000pus cucmemamuyHo
3pocmaina npomsi2coM HACMYNHUX POKI6, 8 cnpobi 30inbuumu 8unyck npooyKyii, 6
cepeonvomy oopisurorouu 140 ke NPK / ea y [lonvwi y 2013 poyi. Cnoscuearnus
Minepanvhux 0oopue y Ionvwi 3 1995 no 2013 pix 36inbwunoca Oinbut Hidxc Ha
57%. 3 inwoeo 60Ky, cnodcusants 3apeecmposaro Ha pieHi 123 ke / ea.

Knrwouoei cnosa: minepanvhi 0obpusa, cyocudii, 6anHo.

Introduction. Agricultural production as a sector of the national economy,
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despite its decreasing percentage in GDP, continues to play a major role as food
supplier, while the decrease of this GDP percentage is primarily due to the
significant growth of other sectors, mainly services, and the increasing work
efficiency in non-agricultural sectors. Wicki and Grontkowska noted that ‘(...) in
the field of agribusiness, farming generally only maintains the previously recorded
level of production, while the realistic growth in the sector is based on the increase
of processing level and added value in produce and food processing[1]. However,
apart from positive effects, agricultural production tends to deliver more and more
products which are undesirable in the social perspective. These are mainly
concerned with the condition of the natural environment which is being polluted as
a side effect of agricultural production enhancement.

As indicated by research works of many authors [2], detailed studies of
agricultural production and its impact on the natural environment are gaining
Importance, both in their positive and negative aspect. Their usefulness is taken into
account in the field of implementation of the agricultural policy or creating
intervention mechanisms. Research and studies in this field can be helpful in
finding an answer to the question of what should be done to improve the status of
the environment.

Those factors in agriculture which have the most considerable adverse effect on
the environment are gaining crucial importance in the perspective of the Common
Agricultural Policy. Because elimination of negative aspects typically involves
limitation of agricultural production, the problem is not easy to solve. Here, we can
point to excessive growth of mineral fertilizer usage in agriculture, leading to
higher yields but at the same time having an adverse effect on the quality of
produced food and causing negative environmental consequences (pollution).
Intensive fertilization of farmland also has certain other consequences which are
hazardous for human health. Consumption of plants contaminated with high dosage
of fertilizers can be hazardous, particularly for children. As Dobrzanska points out,
chemical contaminants ‘... are currently the one most dangerous factor that has a
negative effect on human health, while many chemicals are released into the
environment intentionally, albeit unreasonably, for economic purposes’[3].

In Poland, the condition of the natural environment is still considered
relatively good, as compared to other EU Member States. However, the hazards are
gaining strength, particularly in the context of increasing production intensity,
aimed at maximizing incomes. Therefore, the issue is valid and requires continuous
monitoring. Therefore, the main purpose of this paper is to present and evaluate the
changes in mineral fertilizers usage in Poland. The paper points to certain adverse
aspects of agricultural activities involved in use of production resources of
industrial origin. Specifically, the volumes of used mineral fertilizers were studied,
also broken down to specific types of fertilization (measured as quantities of pure
ingredients). Research materials were obtained from publications and data of the
Central Statistical Office of the Republic of Poland (GUS), IUNG-PIB Institute of
Soil Science and Plant Cultivation - State Research Institute, Eurostat, and
available literature.

Use of mineral fertilizers in Poland - analysis results

Pollution of surface waters and the soil/water environment, resulting from
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inadequate use of mineral fertilizers, qualifies as a key hazard for the environment
which is associated with intensive agricultural production: These contribute, inter
alia, to landscape changes, or extinction of many plant and animal species. Release
of harmful chemicals to surface and underground waters is assessed as the one most
important of the above mentioned factors. In the case of agriculture, it would be
difficult to precisely determine its significance in this respect, as it is not possible to
single out that part of pollution which is generated by specific types of economic
activities. However, farming seems to be playing an important role here, as it is the
function of more than 60% of land area in Poland.

As Czyzyk points out on the basis of his research, the values of mineral
fertilizers consumption, particularly for nitrogen-based fertilizers, are too high at
farming establishments involved in intensive plant production, exceeding the
recommended values for sustainable farming. Figure 1 presents the changes in
mineral fertilizers use in Poland during 1990-2015. Following a major decrease of
mineral fertilizer use during the initial period of transformation, due to deteriorating
financial condition of farming establishments, the following years were
characterized by slow growth, up until 2013.

180
160 -
140 -
120
2100 -
280 -
60 -
40 -
20 -
O .
Q Q . QO o) Q N Y & ™ S
09\\0’0’ qa\\o’ qo’\%@ Q\%QQ \\’»@ Q&@ Qo,\'\’g\ \Q\“’Q\ \\09\ &Q\ \%\Q\ &Q\
R UINC U S S SEEE RIS
Yers

Figure 1. Mineral fertilizers use in Poland in selected years of the period from
1990 to 2015 [NPK kg/ha]

Source: Means of Production in Agriculture in the 2002-2007; Means of

Production in Agriculture in the 2011/2012; 2012/2013 farming year,

Warsaw; Statistical Year Book of Republic of Poland 2016. Warsaw.

The two latest years of review are again characterized by reduced
consumption. However, it is difficult to determine at the moment whether this
tendency will be permanent. 1990 was the last year preceding the political
transformation. It also marked the end of a relatively “good” period for farmers
when prices of purchased production resources of non-agricultural origin were
attractive enough to allow for high consumption of materials. This was particularly
the case with State-Owned Agricultural Holdings (Polish abbreviation: PGR),
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where production intensity was high.

It was further related to extensive use of mineral fertilization. The 1990s
were characterized by a major decrease of consumption of mineral fertilizers, even
by half during the initial period (from over 160 kg NPK/ha to approx. 80 kg
NPK/ha). During the following years, use of fertilizers did increase slightly, yet
only after 2004 was there an observable significant growth of fertilizer
consumption. This growth particularly concerned nitrogen-based fertilizers, the use
of which grew by over 50% during the period from 2004 to 2013 (Fig. 2).
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Figure 2. Nitrogen, phosphorus and potassium use in selected years of the
period from 1995 to 2013 [kg/ha]

Source: Means of Production in Agriculture in the 2002-2007; Means of
Production in Agriculture in the 2011/2012; 2012/2013 farming year,
Warsaw; Statistical Year Book of Republic of Poland 2016. Warsaw.

A major increase in the use of fertilizers after 2004 can be a highlight of the
role and significance of direct payments, which contributed to higher production
efficiency in the farming industry. However, in terms of preservation of
environmental resources, excessive use of fertilizers (mainly those based on
nitrogen and phosphorus) is responsible for higher nitrogen and phosphorus
contents in soil. Nitrogen and phosphorus compounds flowing by rivers to the
Baltic Sea are the primary causes of eutrophication. Of the 9 countries of the Baltic
Sea drainage area, use of artificial nitrogen- and phosphorus-based fertilizers per
hectare was highest in Germany (172 T/kha) and Poland (148 T/kha), while it was
lowest in Russia (13 T/kha).

The last two years (2014-2015) were characterized by decreasing
consumption of nitrogen and phosphorus fertilizers. On the other hand, potassium
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fertilizers exhibited a minor increasing tendency.

Soil acidification appears to be an important environmental issue, which is
also related to agricultural activities. Farmland soil should have pH values ranging
from 5.0 to 7.0. pH value below 4.5 indicates a risk of soil degradation through
acidification. According to the data of the Central Statistical Office of the Republic
of Poland, liming is necessary on approx. 22% of all areas, needed on 16% and
recommended on 17% of soil surfaces. Filipek and Skowronska point out that soil
acidification causes a number of negative consequences, namely lower productivity
and yield, poorer availability of nutrients for plants. In addition, soil buffering
capacity and resistance to degradation processes is deteriorated. Soil acidification
occurs in Poland on a continuous basis. With the surplus of precipitation over
evaporation, precipitation waters flush the basic components (mainly calcium and
magnesium) deeper into the soil.

The applied fertilizer doses, particularly with regard to nitrogen and
potassium fertilizers, affect the pH values of soil. This has been confirmed by the
outcomes of a long-term research project carried out at Dabrowice Fertilization
Orchard. With the increase of nitrogen and potassium dosage, pH and magnesium
contents were decreasing significantly, particularly in the upper layers.

According to Filipek and Skowronska, special attention should be drawn to
changes of N:P:K values and proportions of nitrogen in fertilization, as nitrogen is
the ingredient which is predominantly responsible for soil acidification. Phosphorus
fertilizers, on the other hand, contribute to acidification to a lesser extent.
According to the data of the Central Statistical Office of the Republic of Poland,
this proportion used to vary in the past years (table 1).

1. Changes in N:P:K proportions, and proportion of nitrogen in overall
fertilization during the period from 1980 to 2015

Stosunek N:P:K Percentage of nitrogen
Lata in overall mineral
N P K fertilization [%]

1980 1 0,61 0,74 42,5
1990 1 0,59 0,79 42,0
1995 1 0,29 0,24 56,3
2000 1 0,35 0,43 56,4
2005 1 0,36 0,46 55,0
2010 1 0,34 0,39 57,7
2015 1 0,30 0,48 56,8

Source: own study based on: Statistical Yearbook of Agriculture of Republic

of Poland.

The proportion of nitrogen had been increasing up until the beginning of the
second decade of the 21st century, to reach as much as 60% in 2013. This
proportion in total fertilization was reduced again during 2014-2015, to ca. 57%.
With inadequate N:P:K proportions, nutrient availability in soil deteriorates (Fig.
3).
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Figure 3. Soil pH vs. availability of nutrients

Source: Grzeskowiak A., 2015: Zakwaszenie gleb powoduje nierownomierny
wzrost i plonowanie. https://polifoska.pl/porady [Access: 20.12.2016].

Grzeskowiak points out that the optimum pH values depend on the
mechanical composition of soil, and should be the following:
for very light soil: 5.1-5.5;
for light soil: 5.6-6.0;
for medium soil: 6.1-6.5;
for heavy soil: 6.6-7.0;

o for organic, peat soil: <4.5.

In excessive acidification conditions, fertilizers are often observed to show
poorer activity. Liming accelerates decomposition of organic substance and
nitrification, which are most effective with weak acidic or neutral pH. In acidic
soils, magnesium is typically present in a form which is not available to plants.
With reasonable use of lime-based fertilizers with magnesium contents, absorption
of the latter by plants tends to improve. According to Kliza-Kotubowicz, after
liming, organic fertilizers will mineralize sooner and will earlier activate nutrients
which are in turn better used by plants. It should be further pointed out that organic
fertilizers used with simultaneous liming contribute to improved physical properties
of soil.

Losses of washed-out calcium typically exceed 6-8 times the quantity of
displaced magnesium, although sodium ions are transferred deeper as well, together
with potassium ions, the latter to a much lesser extent. Depending on soil type,
losses per hectare are estimated as follows on a yearly basis: 200 to 1500 kg CaO;
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20 to 40 kg MgO; and 15 to 60 kg K. The soil acidification process is further
significantly affected by the forms of mineral fertilizers used in farming,
particularly nitrogen and potassium fertilizers. The vast majority of these fertilizers
are acidic physiological fertilizers. As much as 5.2 kg CaCO; is needed to
neutralize the consequences of using 1 kg nitrogen applied in the form of
ammonium sulfate.
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Figure 4. Macronutrients absorption efficiency vs. pH growth

Source: Buckman H.C, Brady N.C.: 1971. Gleba i jej wtasciwosci. PWRIL,
Warszawa: za: Kliza-Kotubowicz G., 2006: Wapnowanie gleb w Polsce.
Instrukcja upowszechnieniowa nr 128. IUNG-PIB Putawy.

Acidification also results in lower availability of nutrients for plants,
particularly phosphorus, magnesium and molybdenum. In addition, these nutrients
are washed down to deeper layers of soil. Soil acidification reduces the humus
content in soil. This, in turn, involves deterioration of the soil’s buffering capacity.
In this way, ingredients which may become hazardous in larger quantities improve
in mobility. This is particularly an issue for heavy metal ions. Among the heavy
metals, excessive dissolved manganese has a toxic effect on acidic soils. Both
acidifying substances and released metal ions can be washed off to surface water or
absorbed by plants from the soil solution. This results in lower soil fertility, lower
biomass production and deterioration of biomass quality. Acidification also affects
the proportions and activity of microorganisms. Azotobacter and microorganisms
co-existing with most leguminous plants, among others, will be growing poorly and
slowly. Also, the intensity of nitrogen absorption from the atmosphere is impaired
in them.

Storage of fertilizers is an important aspect. Calcium-based fertilizers cannot
contact natural fertilizers directly. If they were, ammonia losses would occur as a
result of certain chemical reactions, polluting the atmosphere, and causing
acidification of soil as soon as it gets to the surface.

Research shows that farmers expect to receive financial aid for utilizing their
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land in accordance with environmental protection assumptions. These demands are
mainly concerned with higher prices of produce, or guaranteed prices. This method
of compensation for economic profits lost as a consequence of complying with
environmental protection requirements would be perceived by farmers as
encouraging to comply with these requirements. Research projects have proven that
farmers were less attracted by compensation in the form of
environmental/agricultural payments, as they considered such payments
encouraging only at 200% of the current level at the minimum.

Summary

Use of mineral fertilizers in Poland was highly volatile during the last 20
years, depending primarily on the circumstances surrounding the framing industry.
The political changes at the turn of the 1980s and the 1990s have contributed to a
major reduction of mineral fertilizer consumption in agriculture. In 1989, 164 kg
NPK would be used in Poland on average per 1 hectare of farmland. In the
following years, intensity of fertilization decreased strongly (more than twice). It
was mainly due to a major growth of prices of agricultural production resources.
Poland’s accession to the EU contributed to higher use of mineral fertilizers,
mainly as a consequence of subsidies received for production.

On the other hand, use of fertilization lime decreased. This was due to
withdrawal of subsidies in 2004. Analysts of the Central Statistical Office of the
Republic of Poland emphasize that the level of lime fertilization continued to be
low during the 2013/2014 season, at approx. 48 kg/ha, but an increasing tendency
could be observed.

Generally, it should be emphasized that the changes in the structure of fertilizer
use in Poland are disadvantageous. They cause major threats to the quality of soil,
air and water, which people have to use in order to survive. Therefore, the
following claim by Kronenberg and Lattacher needs to be concurred with: “Unless
we start to care about the value of produce again, about the production
conditions and the value of farmers’ work, then we are heading for a dreary
future and perspective for our health and our children’s and grandchildren’s
living conditions”.
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Annomayusn

B. Golgbiewska
Variations in mineral fertilizers consumption in Poland and their effect on the environment in
1990-2015

Hcnonvzoeanue munepanbHuix yoobpenuii 6 Illonvuie 6bin0 Kpauine HEYyCMOUdUsbiM 6
meuenue nociednux 20 nem, 6 3a8ucumocmu om o6CmMoAmenNbCmas, C8A3AHHbIX C paA368UBAIOULeNiCS
npomvluinennocmoio. Ilonumuueckue uzmenenus na pyoexce 80-x u 90-x 2o0o6 cnocobcmeosanu
3HAYUMENbHOMY COKPAUeHUI0 NompebleHUss MUHEPANbHbIX YOOOpeHUll 8 CelbCKOM Xo3siicmee. B
1989 200y 6 llonvuwe 6 cpednem Ha I eekmap cenbCKOXO3AUCMBEHHBIX V200Ul UCHONb308ANOCh
164 xe NPK. B nocredyrwowue 20061 UHMEHCUBHOCMb 6HECEHUsT YOOOPEeHUll 3HAYUMENbHO
cHu3Uacy (bonee uem 6 06a pasa). B 0cHOBHOM 5MO C8A3AHO C CYUeCmBeHHbIM POCIMOM YeH Hd
cenvckoxossiicmeennvle pecypewvl. Bemynnenue Ionvwu 6 EC cnocobcmeosano 6onee vicokomy
UCNONL30BAHUIO  MUHEPATbHLIX  YOOOpeHUll, 21a8HblM  00pazom  ecieocmeue  cyocuoutl,
NOJYYEHHBIX OJ151 NPOU3BOOCMEA.

C Opyeoii cmopomuvl, YMEHbWUNIOCL UCNOIb308AHUE U38ECMU. DMO NPOUSOULO U3-3d
ommenvl cyocuouti 6 2004 200y. Ananumuku [lenmpanvHo2o cmamucmuyecko2o ynpaeieHus
Pecnyonuku Ilonvwa noouepkusaiom, umo YpOGeHb GHECEeHUs U38eCmU 6 meueHue Ce30Hd
2013/2014 200a Ovin Huskum, npubauzumenvho 48 ke/ea, HO HAONOOANACL MEHOEHYUs K
803pACMAHUIO.

Kax npasuno, cnedyem noouepknymov, 4mo usMeHeHusi 8 CMPYKmMype UCHONb308aHUS
yooobpenuti 6 Ilonvuwe sagnsaomes HegbleoOnbiMu. OHU 6bI3b18AIOM CEPbE3HBIE Y2PO3bl KAYECHB)
nouevl, 8030YXa U 800bl, KOMOpble NH0OU OOJIHCHbI UCNOIb308aMb 0/ 8blocusanus. Ilosmomy
cnedyrowee mpebosanue Kponenbepea u Jlamuepapa oondxcno 6vime coenacosano c: «Ecau moi
He HauHeM 3a00Mmumvcsi O CMOUMOCMU NPOOYKMA CHOB8A, O NPOU3BOOCHIBEHHLIX VCI08UAX U
yeHHocmu pabomsl hepmepos, mo20a Mvl OBUNCEMCS K YHbIIOWEMY 0)YOyuemMy u nepcneKmueam
0J151 Hauie20 300P08bs U YCI0BUL HCUSHU HAWUX Oemell U HYKO8).

Knrouegwle cnosa: munepanbhvie y0oopeHus, cyocuouu, uzeecno.
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Variations in mineral fertilizers consumption in Poland and their effect on the environment in
1990-2015

Use of mineral fertilizers in Poland was highly volatile during the last 20 years,
depending primarily on the circumstances surrounding the framing industry. The political
changes at the turn of the 1980s and the 1990s have contributed to a major reduction of mineral
fertilizer consumption in agriculture. In 1989, 164 kg NPK would be used in Poland on average
per 1 hectare of farmland. In the following years, intensity of fertilization decreased strongly
(more than twice). It was mainly due to a major growth of prices of agricultural production
resources. Poland’s accession to the EU contributed to higher use of mineral fertilizers, mainly
as a consequence of subsidies received for production.

On the other hand, use of fertilization lime decreased. This was due to withdrawal of
subsidies in 2004. Analysts of the Central Statistical Office of the Republic of Poland emphasize
that the level of lime fertilization continued to be low during the 2013/2014 season, at approx. 48
kg/ha, but an increasing tendency could be observed.

Generally, it should be emphasized that the changes in the structure of fertilizer use in
Poland are disadvantageous. They cause major threats to the quality of soil, air and water, which
people have to use in order to survive. Therefore, the following claim by Kronenberg and
Lattacher needs to be concurred with: “Unless we start to care about the value of produce again,
about the production conditions and the value of farmers’ work, then we are heading for a dreary
future and perspective for our health and our children’s and grandchildren’s living conditions”.

Key words: mineral fertilizers, subsidies, lime.
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