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ABSTRCT: The aim of this study has been to identify the spatial variability in the acidification of soils
and the liming needs as well as the soil availability of fertiliser components in the Province of Warmia
and Mazury (województwo warmińsko-mazurskie). The soil spatial variability has been analysed
according to the division into administrative districts. The choice of this spatial division pattern was
justified by the availability of data and the research subject. The data were obtained from Reports on
the Environmental Conditions in the Province of Warmia and Mazury, the database of the Regional
Agricultural Chemical Station in Olsztyn and from the Programme for Environmental Protection in the
Province of Warmia and Mazury until 2020. The research results showed large differences between the
districts, which were mostly due to natural conditions. Because of the high demand for nutrients,
it would be advisable to prepare fertilisation plans and to adhere to Good Agricultural Practice recommendations, as this would control the causes and alleviate the consequences of soil acidification
induced by farming.
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Introduction
Soil acidification is affected by both natural and anthropogenic factors.
The principal natural conditions include the climate and the type of parent
rock. In Poland, including the Province of Warmia and Mazury, over 90% of
soil developed on acid rocks transported by glaciers (Hołubowicz-Kliza,
2006, p. 3). The topsoils lying over acid soils are exposed to more intensive
leaching of alkaline components, especially in areas where total annual rainfalls are high. The Province of Warmia and Mazury belongs to the coldest
regions in Poland, with a short plant growing season and a relatively high, but
spatially varied, annual sum of precipitations (400 mm near Ryn and Sępopol,
up to nearly 700 mm near Elbląg and Górowo Iławeckie, compared to the
Polish average of 600 mm). Also, temperatures across the province are varied. The climate in the western part of the region is shaped under the influence of the Baltic Sea, whereas the eastern parts of the province are exposed
to a distinct influence of the continental climate. The plant growing season is
200-201 days long in the west, but shortens to 190-200 days in the north-eastern part of the province, while the yearly average temperature of 6oC in
Olecko is by 1oC lower than the average temperature recorded in the environs of Nowe Miasto Lubawskie. The mean annual precipitation reach up to
450 mm. At low temperatures, the CO2 generated by breathing soil organisms
concentrates in soil and adds to soil acidification (Programme…, 2010, p. 10).
Another cause of soil acidification is the application of nitrogen fertilisers
(Hołubowicz-Kliza, 2006, p. 3). The current predictions up to the year 2050
concerning the consumption of mineral fertilisers in the world implicate a
constant growth in their use (Gil, 2013, p. 9).
The Province of Warmia and Mazury is perceived as an agricultural
region. Considering the fact that nearly all Poland lies in the so-called sensitive area and the Province of Warmia and Mazury occupies the northern part
of Poland, in the vicinity of the Vistula Lagoon, it seemed worth making an
analysis to demonstrate how the phenomenon of soil acidification was distributed spatially in the province. Another question was whether the diverse
natural conditions observed in the province would be accompanied by the
spatial variability in soil acidification, which entails differences in the demand
for soil liming and in deficits of mineral components.

Review of literature
Acidity is conditioned by the soil presence of hydrogen ions (H+), which
occur either in the soil solution or bound by the soil sorption process.
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Depending on what hydrogen ions are present, i.e. in the soil solution or
absorbed by the soil complex, two types of acidity are distinguished: active
acidity and potential acidity. Acidity fluctuates considerably during an annual
cycle, as seasons of the year change. It tends to be the highest in summer,
when soil microorganisms are the most active and plants grow most intensively. The natural acidification processes take place all the year and do not
pose a threat (Boguszewski, 1980, p. 176; Fotyma, Zięba, 1988, p. 250; Filipek, 2001, p. 5; Filipek, Skowrońska, 2013, p. 284); however, when they coincide with certain anthropogenic measures they can become dangerous to
agricultural ecosystems. The anthropogenic source of soil acidification stems
mostly from combustion of energy generating resources, mainly coal and
crude oil derivatives (Filipek, 2005, p. 67; Filipek, Skowrońska, 2013, p. 284).
Another cause that cannot be neglected is the influence of agriculture on soil
pH. The main factor of soil acidification related to agriculture is mineral fertilisation. A consequence of this process is the growing fertiliser demand of
plant production, that is the increasing consumption of mineral fertilisers
per basic crop production unit, such as 100 kg of cereal grain (cereal unit
(c.u.)). A direct effect of excessive fertiliser consumption, beside the lowered
effectiveness of inputs into the production, is a greater risk to the soil and
water environments. A team working at the IUNG Research Institute have
calculated from equations (regression functions) developed by Grzebisz et al.
(2008, p. 49) the so-called yield loss coefficient, which equals 25% and 15%
for very acid and acid soils, respectively (Ochal et al., 2017, p. 5).
Although in the 1990s it was possible to observe a decrease in the consumption of fertilisers in Poland, mostly phosphates and potassium ones, the
amount of fertilisers used in agriculture has increased by 31% following
Poland’s access to the EU, while the total crop prodution has risen by just 5%
(Kopiński, 2012, p. 95; Gil, 2013, p. 9).
There is a considerable variability in soil acidity and soil content of available forms of macronutrients across Poland (Kopiński, 2012, p. 95; Ziętara,
2009, p. 190). For years, the share of very acid and acid soils in Poland has
been exceeding 50% on average of all farmland and still tends to increase
(Siebielec et al., 2017, p. 27).
The highest share of acidified soils (pH<5.5) is in the Provinces of Podkarpacie and Małopolska (województwo podkarpackie and małopolskie). The
least of such soils can be found in the Province of Kujawy and Pomerania
(województwo kujawsko-pomorskie) (Hołubowicz-Kliza, 2013, p. 5). The
results of the studies conducted by the IUNG in 2014-2015 suggest that
28.9% of the analysed soil samples were very acidic in reaction (pH over 4.5),
and another 28.3% had acid reaction.
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According to Filipek and Skowrońska (2013, p. 283), special attention
should be paid to an inadequate N:P:K ratio and a share of nitorgen in NPK
fertilisers. Among potassium fertilisers, potassium chloride ones contribute
the most to soil acidification due to the ease of Cl-ion leaching. Phosphate
fertilisers soluble in water can also favour soil acidification, although to
a lesser extent than nitrogen ones. From the point of view of farmers, consequences of soil acidification are extremely grave. They include depressed
availability of nutrients, especially phosphorus, magnesium and molybdenum, which leads to a decline in yields (Grzebisz et al., 2005, p. 36; Igras et al.,
2010, p. 9) and poses a threat to the soil and water environments. Moreover,
the mobility of soil components increases, which can create a hazard of their
excessive accumulation, particularly heavy metals and mobile aluminium
(Hołubowicz-Kliza, 2013, p. 5). Another consequence is the depressed intensity of the uptake of free nitrogen from the atmosphere and nutrients into
deeper soil horizons. As a result, the soil fertility and quality are impaired.
Acidity is one of the major soil qualities which decide about the course of soil
processes, and the lowered effectiveness of mineral fertilisers can only partially be attributed to worse soil and climate conditions (Blake et al., 1999, p.
400; Kaczor, Kozłowska, 2000, p. 55; Filipek, Skowrońska, 2009, p. 25;
Kopiński et al., 2013, p. 53). An in-depth study into the influence of weather
conditions and soil acidification on productivity has been conducted by
Kopiński et al. (2013 p. 53). In 2006-2011, the plant production potentially
lost due to the unregulated soil reaction was 4.3 c.u. per ha-1 of arable land in
dk on average per year, and tended to be twice as high as the production lost
due to unfavourable weather conditions. These data support the opinion
expressed by Krasowicz (2009, p. 9), who maintained that organisational factors rather than natural conditions, including the weather, had a greater
impact on the economic and production results in farming. Moreover, the
inputs into fertilisation constitute a considerable share of total plant production costs. Management of fertilisers in agriculture has both economic and
ecological importance. Particularly noteworthy in the context of environmental effects are, according to Gaj (2013, p. 5), nitrogen and phosphorus. In
the Province of Warmia and Mazury, the level of mineral fertiliser consumption is lower than the country’s average (figure 1).
The consumption of lime as a fertiliser has decreased drastically since
2005, both in Poland and in the Province of Warmia and Mazury. At the same
time, according to the IUNG data, around 32.5% of the analysed soil samples
are distinguished as the ones which must be limed, 17.2% – should be limed,
12% – need some liming and 25% – do not need any liming (Ochal et al.,
2017, p. 11). The provinces where the percentage of soils that require liming
is the highest are: małopolskie (77.5%), podkarpackie (73.4%), łódzkie
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(59.7%), as well as dolnośląskie, mazowieckie, śląskie, podlaskie, lubelskie,
warmińsko-mazurskie (from 54.2 to 50.9%).
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Figure 1. Consumption of mineral fertilisers and lime in the Province of Warmia and Mazury

F1

and in Poland in 2005-2014

Source: author’s own work based on data of the Main Statistical Office (GUS).

Research methods
The purpose of this study has been to identify the spatial variability in the
acidification of soils and their richness in available forms of nutrients in the
area covered by the Province of Warmia and Mazury (województwo warmińsko-mazurskie). The spatial variability was analysed according to the division into administrative districts (excluding towns with the status of a district). The choice of this spatial division pattern was dictated by the accessibility of data and the research subject. The data were obtained from reports
on the condition of the environment in the Province of Warmia and Mazury,
the database of the Regional Agricultural Chemical Station (OSCHR) in Olsztyn and from the Programme for Environmental Protection in the Province of
Warmia and Mazury until 2020. The assessment of acidifcation of soils performed by the OSCHR was based on pH tests correlated with the agronomic
classes of soil. On the basis of the pH in KCl reaction, soils are then divided
into 5 classes: very acid pH< 4.5, acid pH 4.6-5.5, slightly acid pH 5.6-6.5,
neutral pH 6.6-7.2 and alkaline pH > 7.2. According to the pH value and agro-
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nomic class of soil, soil demand for liming was estimated on a five-degree
scale: liming is necessary, needed, recommened, limited and useless. Moreover, it was calculated by how many percent points in the time periods analysed the abundance of soils changed with respect of available forms of
macronutrients: phosphorus (P2O5), potassium (K2O), and magnesium (Mg).
The analyses published in the Reports were made on the basis of analytical
results delivered by regional agricultural chemical stations in 2007-2010 and
in 2011-2016 in the area covered by the Province of Warmia and Mazury.

Research results
The total area of farmland contained in the farms located in the Province
of Warmia and Mazury in June 2015 was 1096.1 thousand ha, of which 87.3%
was the farmland owned by family farms. 89.7% of the agriculturally used
land belonged to well-maintained farmland.
The variability of soils in the province is due to the variability of partent
rock, diverse land relief and various climate and hydrological conditions. It is
possible to notice changes progressing through certain zones from the north
to the south of the province.
According to the analyses made by the Regional Agricultural Chemical
Station in Olsztyn in 2011-2014, 33% of the land used for agricultural purposes in the Province of Warmia and Mazury either had to or needed to be
limed. The studies also showed that the share of very acid and acid soils
decreased in comparison to the previous research time periods and their distribution in the whole province was uneven.
Figure 2 shows results of the soil analyses in 2007-2010 (the lower bar)
and in 2011-2016 (the upper bar) for particular districts. The reaction of
over half of the samples (55%) collected from the the area submitted to analyses was very acid or acid. Slightly acid reaction was detected in 26% of the
soil samples, while neutral and alkaline reaction was demonstrated in just
19% of the samples obtained from the analysed farmland. Similar results
have been reported by Brodzińska (2009, p. 37-42).
However, the spatial variability and changes between the two time periods are evident. In most districts a decrease in the constribution of acid and
very acid soils can be noted.
Soil acidification entails the necessity to implement soil liming (figure 3).
In the Province of Warmia and Mazury, the highest demand for soil liming
was diagnosed in the districts: braniewski, lidzbarski and elbląski.
Soil acidification is also closely connected with the leaching of nutrients,
mainly alkaline compounds, to deeper horizons of soils. This leads to deficits
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Figure 2. Reaction of soil under farmland in the Province of Warmia and Mazury

Source: author’s own work based on data from the Regional Enrvionmental Protection Inspectorate
inF2
Olsztyn (WIOŚ) and the Regional Agricultural Chemical Station in Olsztyn (OSCHR).

of nutrients. In the province of Warmia and Mazury, the analysed soils
demonstrated large differences in the content of available forms of fertiliser
elements (phosphorus, potassium, magnesium), due to the natural conditions or the applied levels of fertilisation. In the case of the districts with the
highest demand for soil liming, and particularly the districts braniewski,
węgorzewski and lidzbarski, the soils were found to be very low or low in
phosphorus (32%, 50% and 46%, respectively, in 2008), and the soil content
of this element even declined in the subsequent years, by 7.13 and 2 percent
points. The districts where soils have a low content of available forms of
nutrients are also characterised by a high share of acid and very acid soils.
Same as in the case of climate and soil-related conditions, it is possible to
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Figure 3. Liming demand in districts of the Province of Warmia and Mazury

Source: author’s own work based on data from the WIOŚ in Olsztyn.

F3
observe a certain tendency in the spatial distribution of districts, creating
zones along the north-south axis.
The unbalanced richness of soils and the unused nutrients may have
a negative influence on the water environment and quality of air. As well as
having a negative effect on the maintenance of productive functions of soil,
depleted resources of soil humus diminish the role of soils in the sequestration (binding) of carbon from the atmosphere. Polycyclic aromatic hydrocarbons, heavy metals and other harmful substances from polluted soils which
are absorbed by plants either poison the yields or deteriorate the quality of
agricultural production, have a negative impact on the environment, and via
the food chain can accumulate in animal bodies, adversely affecting their condition and health. These substances can cause toxic, cancerogenous and
mutagenic pathological conditions in humans (Programme…, 2016, p. 306).
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Conclusions
The soil reaction is a principal factor that conditions an efficient use of
macronutrients, secondary elements and micronutrients contained in the
soil by plants. Various natural and man-made factors can cause an increase in
the acidity of soils, reducing the availability of nutrients and deteriorating
the conditions for an optimal growth of plants, hence affecting the volume
and quality of yields produced by agricultural crops and forestry plants as
well as the health of wild plants. In the districts where the share of very acid
and acid soils was high and the demand for soil liming was likewise high,
a large percentage of soils with low and very low richness in available elements, especially phosphorus, was identified. Another important contributor
to soil acidification is agricultural practice, especially unreasonably high fertilisation with nitrogen fertilisers. The variability of soil types, from compact
black soils near Kętrzyn through brown soils in Sępopolska Lowland and
muddy soils in the environs of Elbląg, to light sandy soils in the south of the
province means that different levels of fertilisation and liming are in order.
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