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INTRODUCTION

Already at the beginning of 20th century, Jozef Ľudovít Holuby, a prominent Slovak botanist of world 
renown, in his article "Walks through Pezinok and its surroundings" in Slovenské pohľady XXX, 1910, 
issue 6, identified and described the occurrence of waterlogging of poorly permeable soils in Pezinok as 
follows: "…here in the main streets there are many houses that have asymmetrically placed windows. On 
one side of the gate the windows are closer to the ground and on the other side they are higher above the 
ground, what is ugly. I was told that the cellars are the reason, since they could not be based deeper than the 
ground water, and they had to be built above the ground level. Therefore, in one half of the house where 
cellar is built the apartment with windows is higher than in the other half, below which there is no cellar". 
Today we know that this phenomenon (shallow subsurface waterlogging) commonly occurring in 
Pezinok and its wider surroundings is caused by impermeable soil horizons.

In the 1950s, the American soil classification began to refer to topsoil horizons as epipedon, subsoil 
horizons as horizon and specific compacted or glued horizons as pan (Soil Survey Staff 1996, 1999, 2014, 
2022). The term fragipan (from Latin fragilis – fragile) was introduced for the impermeable subsurface 
soil horizons, which are compacted but not cemented. It can therefore be stated that the Slovak botanist 
Holuby was the first scientist in Slovakia who noticed the impact of impermeable soil horizons which 
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Abstract
The fragipan horizons due to their high bulk density significantly affect the water infiltration and retention in soil. 

They significantly influence the hydrophysical properties of the soil, the plant´s roots, and all processes taking place 
in the soil – water – plant system. However, up to now in Slovakia fragipan horizons were not recognised and they 
were not considered in Slovak soil classification. In last period this question starts to be discussed and there is emer-
ging demand to investigate the occurrence of fragipan horizons in Slovak soils. This paper aims on identifying fra-
gipan horizons in several locations in Slovakia based on field research and to define basic criteria for their dia-
gnostics in the classification system. All available information on fragipan horizons existing so far in Slovakia was 
reviewed and a correlated with the USDA Soil Taxonomy. The results of the survey pointed out that fragipans are 
typically associated with two soil types – Pseudogleyic Luvisol and Luvic Pseudogley. They are characterized by 
a gradual increase in the clay content with depth and the collapse of soil structure (they are brittle) in connection 
with a significant decrease in porosity and the content of non-capillary pores. Significant feature is the absence of 
structural pores other than planar pores of large prismatic aggregates. The results of this paper provide database 
and photographic documentation, which allows us to consider inclusion of fragipan into the new updated version 
of the Morphogenetic Soil Classification System of Slovakia, which is recently in preparation phase.
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were later identified as fragipans and thus he was to some extent ahead of world pedology by more than 
40 years.

The issue of fragipan has been addressed by many authors in last decades. It has been described in 
different geographical conditions ranging from subarctic zone with permafrost to tropical zone (Lozet 
& Herbillon 1971, van Vliet & Langohr 1981, van Bremen 1998, Szymański & Skiba, 2011, Szymanski, 
Skiba & Skiba 2011, Jones et al. 2013, Nykorich et al. 2014, Aide 2021). Various hypotheses can be found 
in the international literature concerning the formation of fragipan. Very probable is the hypothesis of 
van Vliet & Langohr (1981) who proposed that fragipans occurring in Belgium and northern France 
were created by the impact of permafrost. This explanation is very realistic and can explain the abund-
ant occurrence of fragipans in most temperate areas where permafrost existed during the last ice age. 
However, fragipans exist also in tropical and subtropical environments. For example, the soil map of 
Africa indicates occurrence of soils with fragic horizon (Jones et al. 2013). In these environments there 
are different processes which can contribute to fragipan formation such as shrinking and swelling 
caused by wetting and drying cycles, precipitation of amorphous silica gels above the lithological dis-
continuity, massive clay or silt translocation, etc. (van Breemen & Buurman 2014). In many cases there 
is combined action of several processes needed to create fragipan as it is for example in loess plateaus of 
Missouri and Arkansas, where the fragipans are created by a combined action of carbonate leaching 
succeeded by clay and silt leaching and structural collapse of aggregates caused by desiccation and wet-
ting cycles (Aide 2021). For fragipans occurring in Slovakia the most probable should be the permafrost 
hypothesis.

According to the latest approximation of the USDA Soil Taxonomy (Soil Survey Staff 2022) the fragipan 
must have the following six characteristics:

1. The layer is 15 cm or more thick; 
2. The layer shows evidence of pedogenesis within the horizon or, at a minimum, on the faces of struc-

tural units; 
3. The layer has very coarse prismatic, columnar or blocky structure of any grade, has weak structure 

of any size, or is massive. Separations between structural units that allow roots to enter have an aver-
age spacing of 10 cm or more on the horizontal dimensions; 

4. Air-dry fragments of the natural soil fabric, 5 to 10 cm in diameter, from more than 50 percent of the 
layer slake (note 40) when they are submerged in water; 

5. The layer has, in 60 percent or more of the volume, a firm or firmer rupture-resistance class, a brittle 
manner of failure at or near field capacity, and virtually no roots; 

6. The layer is not effervescent (in dilute HCl).
The FAO World Reference Base for Soil Resources (IUSS Working Group WRB 2022) also uses the term 

fragic horizon. It is a natural uncemented subsurface horizon having large soil aggregates and porosity 
such that roots and seeping water penetrate only between these aggregates. It has similar characteristics 
as in USDA Soil Taxonomy, but in addition there are other two requirements:

1. The horizon does not cement upon repeated wetting
2. The penetration resistance of the horizon at field water capacity is greater than or equal to 4 MPa in 

90% of the volume.
The fragic horizon has a prismatic or polyhedral structure, and soil aggregates have a high bulk density. 

Between the prisms and polyhedral aggregates, the colour is usually lighter. More than 60% of the 
volume is not usable for root penetration and seeping water. The main reasons for the dense outer shell 
are clay coatings, swelling and shrinkage or pressure of vertically growing roots. The volume of the soil 
is monitored in vertical and horizontal sections, the horizontal ones often reveal a polygonal pattern. 
Three or four such polygons are sufficient to identify a fragic horizon.

The fragic horizon is usually underlying albic, cambic, spodic or argilic horizons. If overlain by an argic 
horizon, the latter may have rhetic characteristics or albeluvic glosses. Many have low reducing condi-
tions and stagnant properties (IUSS Working Group WRB 2022).
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In the Czech soil classification system (Němeček et al. 2011), the fragipan is classified as hardened and 
cemented horizon. It is marked with the index x to indicate the horizon: hard when dry, fractured in the 
wet state, SiO2 cemented impermeable horizon often with a bleached polygonal network. The fragipan 
horizon appears in the description of almost all soil classification systems (Baize & Girard 1998, Kabala 
et al. 2019, etc.).

In Slovakia the fragipan was not recognised during the General agricultural soil survey done in 1960s 
and is not involved in traditional genetic soil classification used for this mapping (Nemeček et al. 1967). 
Also, later it was not considered by the new morphogenetic classification introduced in 1987 and its later 
revisions (Hraško et al. 1987, 1991, Šály et al. 2000), neither by its latest, recently valid version (Societas 
pedologica slovaca & VÚPOP 2014). However, the soil surveys in last decade showed that this soil hori-
zon occurs in Slovakia, and it is an important phenomenon having significant impact on the fertility of 
some soils. First Slovak researcher who paid his attention to fragipan was Prof. B. Juráni (first co-author 
of this paper). In 1969 when doing soil survey in Italy he described a typical soil profile with fragipan 
near Cecina town in Tuscany. Several decades later when doing soil surveys in Slovakia some soil profiles 
reminded him the soil seen in Tuscany and he realised that fragipans occur also in Slovakia. He started 
with his team an investigation of fragipans in Slovak soils and published their results (Jonáš, Juráni, 
Dlapa 2015, Jonáš et al. 2015, Kuric et al. 2017).

The aim of this contribution is to summarize the information on fragipans in Slovakia collected in last 
period, provide a comprehensive characterization of soils with fragipan (its basic properties, impact on 
the soil water regime, vegetation, soil quality, and land use), assess their spatial distribution, and estimate 
an area of their occurrence. Based on all collected information authors provide a proposal to involve soils 
with fragipan to the Morphogenetic Soil Classification System of Slovakia which is recently under revi-
sion and the new version is under preparation.

MATERIALS AND METHODS

The study of fragipan occurrence in Slovakia presented in this paper is based on results of soil survey 
activities carried out by Department of Soil Science of Comenius University since 1990s. Studying do-
mestic and international publications and evaluating the field surveys resulted in conclusion that the fra-
gic horizon occurs in Slovakia to a significant extent (Jonáš et al. 2015, Jonáš, Juráni, Dlapa 2015, Kuric 
et al. 2017). It was identified in that soil, which are recently classified according to Slovak soil classifica-
tion (SPS & VÚPOP 2014) as Pseudogleyic Luvizems and Luvic Pseudogleys (corresponding in WRB 
2022 to Stagnic Luvisol and Luvic Planosol, respectively) and have the illuvial luvic soil horizon meeting 
all criteria of fragipan according to USDA Soil Taxonomy and WRB.

Specifically, the illuvial luvic Bt horizon is, as defined in the Slovak classification as a subsoil horizon of 
illuvial accumulation of translocated components (especially clay minerals), which has:

a) a thickness of > 15 cm (in light-textured soils, where it has the lamellar character, the sum of thick-
ness of lamellae is considered)

b) an increase of < 0.002 mm fraction compared to a horizon depleted of clay in a vertical range of up 
to 30 cm (if it is not an erosional form) is as follows (Tab. 1):

Table 1
Clay content of the luvic Bt horizon

Clay content in a clay-
depleted horizon (A, E) 

(%)

Increase in the luvic Bt horizon over 
the depleted horizon (A, E) 

(relative %)
Note

< 15 3 Criterion for light-textured soils

15–40 20 The coefficient of textural 
differentiation is > 1.2

> 40 8
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c) pore fillings and coatings of oriented colloids on the surface of soil aggregates with a coverage of > 
10%. 

d) humus content < 1% and at the same time a maximum of 50 % of the humus content in the a horizon 
e) does not meet the criteria for saline Bn horizon.
Accompanying features:
− in medium-grained and heavy soils, polyhedral to prismatic struct are;
− slightly acidic soil reaction /pH in H2O 5.5–6.5.
Horizon varieties:
Luvic mottled Btg – with signs of mottled pseudogleyic Bg horizon (grey and rusty colour in the matrix 

10–80%).
Slovak soil classification defines Luvizems and Pseudogleys as follows:
Luvizems (LM) are soils with A diagnostic eluvial luvic El horizon and a luvic Bt horizon below the 

usually ochric Ao horizon. For Pseudogleyic Luvizems (LMg), the condition of the occurrence of a luvic 
mottled Btg horizon in at least part of the B horizon applies.

Pseudogleys (PG) are described as soils with a mottled Bg horizon, for Luvic Pseudogleys the condition 
of the occurrence of the Bgt horizon in part of the B horizon (PGl) applies.

Among the diagnostic features, the most similar are the stagnogleyic features (g), which represent:
a) the wetting of the surface horizons, including the a horizon, is almost permanent due to stagnant 

water on the impermeable subsoil
b) the horizons are dominated by gray-rusty mottling over the nodule content
c) the surface A horizon is weak, the cover humus is formed at least in part by raw moder to mor, pos-

sibly with transitions to the peat horizon.
The principle of evaluating the fragipan was based on the comparative methods (SAPIENS methodo-

logy), which can be summarized as follows: 
1. the method of similarity, which consists in A study focused on characteristics that coincide 
2. the method of differences, which consists in a study focused on characteristics that differ. 
In parallel, it is also possible to distinguish between the so-called design of most similar systems, which con-

sists in comparing cases that are as similar as possible to each other, and the design of most different systems.
The fragipans occurring in Slovakia are represented by 6 selected examples of soil profiles classified as 

Pseudogleyic Luvizems (Stagnic Luvisols, WRB 2022) or Luvic Pseudogleys (Luvic Planosol, WRB 2022), 
which have well developed fragipan horizons. The first profile represents a Luvic Pseudogley with typical 
example of fragic horizon, which is characterised by a complete documentation (field description, basic 
analyses and photos). The remaining soil profiles are represented only by analytical data, and they show 
examples of different horizonation of soils with fragipan and the variable depth and thickness of fragipans. 

RESULTS AND DISCUSSION

Soil Profile 1 (Fig. 1) represents a typical example of soil with fragic horizon. 
Soil classification: Pseudogleyic Luvizem (Stagnic Luvisol, WRB 2022) 
Site: Turčianske Teplice
Geographical position: WGS 84: 48° 51´a 49° 49.7´ 
Land use: coniferous forest
Soil profile description
Ao (0–8 cm) 10YR 4/2 (wet matrix colour), slightly moist, firm consistency, crumbly structure, silty 

loam, intensive rooting, clear, wavy transition to
El (8–40 cm) 10YR 5/6 (wet matrix colour), slightly moist, firm consistency, angular blocky structure, 

silty loam, less intensive rooting, clear, wavy transition to
El/Bt (40–59 cm) 10YR 6/4, 10% rusty stains 7,5YR 6/8, (mottled wet matrix colour), slightly moist, 

consistent to firm, angular blocky structure, silty-loam, very rare rooting unclear 
transition to
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Btg (> 59 cm) 10 YR 6/4 (60%), 10YR 6/3 (40%) (mottled wet matrix colour), slightly moist, firm con-
sistency, columnar structure, silty loam, the occurrence of clay coatings on the surface of 
the aggregates, horizon fully meets the criteria of fragipan.

After identifying the location of the Profile 1 on the maps of the first, second and third military map-
ping, it can be assumed that the mentioned location has never been used for agriculture, or at least not 
for the last 300 years. This is also indicated by the small thickness of the humus horizon (8 cm) and its 
relatively dark colour (10YR 4/2, wet). If this soil would be ploughed, the original thin dark forest A-
horizon would be mixed with underlying pale E-horizon and the resulting ploughed A-horizon would 
have significantly lower colour values of Value and Chroma. The Figure 2 shows an illuvial pseudogleyic 
horizon at a depth of below 59 cm from the surface, which fully meets the criteria of fragic horizon.

Table 1 
Physico-chemical properties of Soil Profile 2

Figure 1 Soil Profile 1 (Turčianske Teplice)

Horizon Depth (cm) Sand (%) Silt (%) Clay (%) pH/H2O pH/KCl Cox (%)
Ao 0–6 23.4 64.3 12.2 4.2 3.3 2.9
El 6–40 15.1 68.5 16.4 4.2 3.5 0.6

El/Bt 40–59 7.8 72.4 19.8 4.4 3.5 0.2
Btg >59 13.3 58.2 28.4 4.7 3.3 0.2
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Pale brown areas are the interior of soil aggregates where oxidizing conditions prevail. Dirty gray to 
white areas is around the surfaces of macro-aggregates. On the ped faces the clay coatings and precipita-
tions of minerals migrating under reduction conditions (mainly free manganese) occur. Reducing con-
ditions prevail around the ped faces. Fig. 3 shows a detail of the fragic horizon with the depleted whitish 
reduction zones around the planar pores separating the large prismatic structural aggregates and the 
manganese precipitations in planar pores. Fig. 4 presents a detailed view of the fragic horizon under 
changing lighting conditions.

Figure 3 Detail of fragic horizon showing the greyish-rusty mottling and 
manganese precipitated in planar pores (black dots and patches, abundant 
especially in left part of the figure)

Figure 2 Fragic horizon in Soil Profile 1
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Figs. 5, 6 and 7 show fractures of the fragic horizon with reducing conditions 
along which manganese coatings and concretions occur.

Figure 5 Fractures of the fragic horizon with reducing conditions and the 
occurrence of Mn coatings and concretions

Figure 4 View of the fragic horizon under changing lighting conditions
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During the General Survey of Agricultural Soils carried in 1960s in Slovakia the fragic horizons were 
considered to be illuvial horizons of illimerized and pseudogleyic soils. However, later it was recognized 
that there is an imbalance between the clay content and the thickness of humus and eluvial horizons, 
from which clay was supposed to be leached, and the clay content and thickness of illuvial B horizons. 
This problem has not been solved in the Morphogenetic Soil Classification System to this day, and there-
fore even current classification of Pseudogleyic Luvizems "suffer" from this imbalance. The clay content 
of the illuvial luvic horizon is much greater than the clay amount that could be leached from the overly-
ing humus and eluvial horizons. On the other hand, it is clear that the clay coatings abundant in luvic 
horizons are obvious products of illimerization. Nevertheless, they need not to be recent. They probably 
may date back to the Würm period. The interior of the aggregates contains practically only microspores 
of a size that does not allow the plant roots to penetrate the interior of the aggregates (Fig. 8).

Figure 6 Detail of the fragic horizon with the occurrence of Mn coatings and 
concretions

Figure 7 Mn coatings and concretions of the fragic horizon
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From Fig. 8 it is seen that capillary roots do not enter the pores inside the soil aggregates at all, nor they 
are visible in detailed images of other aggregates. From this it can be concluded that the diameter of pores 
inside the aggregates does not exceed 0.01 mm and therefore the soil water tension here can reach 
a height of over 30 kPa. Under this assumption, this water is unavailable to plants. The inside of the ag-
gregates has practically only micropores too small to allow the capillary roots of plants to penetrate. In 
the macropores separating the macroaggregates, into which the soil water penetrates, a reducing envir-
onment is created, and the soil air is “trapped” in the micropores of the soil aggregates.

The origin of the fragic horizon in Slovakia can be explained by a hypothesis of van Vliet & Langohr 
(1981) who concluded that fragipan horizons result from the impact of permafrost. This hypothesis can 
explain the complete set of properties of fragipan. Formation of permafrost during the last ice age was 
associated with repeated freezing and thawing cycles. Freezing caused strong desiccation of soils, shrink-
ing of soil material and formation of very coarse prismatic structure with prisms few tens of centimetres 
large, separated by several millimetres to few centimetres thick cracks. When cracks were opened the soil 
materials from upper part of soil profile were falling to cracks and when after ice melting the prisms tend 
to swell, the cracks were filled by fallen material and swelling resulted in great pressure and compaction 
of soil material inside of prisms. This phenomenon can be observed in recent subarctic areas with per-
mafrost, and this hypothesis provides a most probable explanation of fragipan genesis in temperate areas 
which underwent a period with permafrost during the last ice age. 

This hypothesis is approximated by the following scheme (Tab. 2) comparing the horizon sequences of 
these soils according to MKSP (2014) and Soil Taxonomy (1999). The hypothesis and the above scheme 
show that above the Pleistocene Würm fragipan horizon lies a younger, actually initial AC soil with a hu-
mus ochric horizon and below it is a slightly altered substrate of this younger soil of lighter colours, usu-
ally also of colluvial character (which in Slovakia is considered an eluvial luvic horizon, i.e. actually initial 
AC soil).

Figure 8 Capillary roots occurring only on the surface of structural units in 
the upper part 
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Table 2
Correlation of soils with a fragic horizon between MKSP (2014) and Soil Taxonomy (1999)

The following examples of soil horizonation and basic properties show the differences in depth and 
thickness of fragipan horizons occurring in Slovakia and variability in their clay and silt content. Tabs. 3, 
4, 5, and 6 show fragipan horizons occurring in deeper part of soil profile (upper boundary of fragipan 
being at 40–70 cm below the soil surface.

Table 3
Basic properties of Soil profile 2, Prievidza site (Pseudogleyic Luvizem)

Table 4
Basic properties of Soil profile 3, Lučenec site (Pseudogleyic Luvizem)

MKSP (2014) Soil Taxonomy (1999) MKSP proposed
Ao humus ochric horizon Ao ochric epipedon Ao humus ochric horizon

Al eluvial luvic horizon E albic horizon E albic horizon?
C horizon?

Btg1 iluvial luvic horizon Bxt fragipan Bxtg fragic horizon

Sample depth (cm) 5–15 25–35 50–60 90–100 150–160
Horizon (MKSP 2014) Akp El El/Btg Btg1 Btg2
Horizon (MKSP proposal) Akp El El/Bx Fragic horizon Bx
Texture (weight %)
Sand 11.90 5.90 5.00 5.00 3.50
Silt 66.75 64.13 49.50 48.81 46.85
Clay 21.35 2.97 45.50 46.19 49.65
Organic carbon (weight %) 0.99 0.57 0.21 – –
pH exchangeable (in KCl) 6.5 5.8 5.4 5.3 5.2

Sample depth (cm)  10–20 30–40 55–64 75–85 100–110 140–150
Horizon (MKSP 2014) Akp El El/Btg Btg1 Btg1 Btg2
Horizon (MKSP proposal) Akp El El/Bx El/Bx Fragic horizon Bx
Texture (weight %)
Sand 26.50 9.60 10.80 11.10 9.50 13.70
Silt 43.18 70.42 56.70 49.49 48.79 50.00
Clay 16.98 19.98 32.50 39.41 41.74 36.30
Organic carbon (weight %) 1.00 0.41 0.31 0.31 – –
pH exchangeable (in KCl) 4.8 5.6 4.0 4.1 4.0 4.5
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Table 5
Basic properties of Soil profile 4, Lučenec site (Pseudogleyic Luvizem)

Table 6
Basic properties of Soil profile 5, Trenčín site (Pseudogleyic Luvizem)

Much greater impact on the plant physiology has the fragic horizon occurring near the soil surface. If 
the fragic horizon is immediately below the soil surface or it is covered only by thin layer of younger 
material (Tab. 7) it hinders the infiltration of rainwater and soils are waterlogged. Such soils are classified 
as Pseudogleys, they are practically uncultivable, although in the distant past there were known attempts 
to cultivate them locally, but practically unsuccessfully. Today they are mostly used as pastures or are not 
used agriculturally at all.

Table. 7
Basic properties of Soil Profile 6, Prievidza site (Luvic Pseudogley)

Sample depth (cm)  1–6 10–20 25–35 37–49 60–70 85–95 110–120
Horizon (MKSP 2014) Aod Ao El El/Btg Btg1 Btg1 Btg2
Horizon (MKSP proposal) Aod Ao El El/Btg Fragic horizon Bx
Texture (weight %)
Sand 20.90 16.70 10.30 11.30 9.80 24.60 9.60
Silt 68.22 69.54 87.39 60.57 54.93 45.89 43.29
Clay 10.88 13.76 20.31 28.13 35.27 29.51 47.11
Organic carbon (weight %) 1.87 1.01 0.46 0.30 0.10 – –
pH exchangeable (in KCl) 5.9 4.6 5.4 3.9 4.8 5.6 4.0

Sample depth (cm)  10–20 40–50 65–75 100–110 140–150
Horizon (MKSP 2014) Akp El El/Btg Btg1 Btg2
Horizon (MKSP proposal) Akp El El/Bx Fragic horizon Bx
Texture (weight %)
Sand 17.90 11.60 11.78 8.40 12.90
Silt 66.23 61.65 52.15 48.74 41.48
Clay 15.87 26.75 36.07 43.86 45.62
Organic carbon (weight %) 1.07 0.25 0.16 – –
pH exchangeable (in KCl) 5.6 5.7 5.0 5.0 4.3

Sample depth (cm)  5–15 20-25 120-130 150-160
Horizon (MKSP 2014) Ao Ao/Bg Bg1 Bg2
Horizon (MKSP proposal) Ao Ao/Bx Fragic horizon Bx
Texture (weight %)
Sand 11.00 7.80 5.80 5.80
Silt 78.24 73.64 49.85 57.82
Clay 10.76 18.59 44.35 56.32
Organic carbon (weight %) 1.28 0.50 0.20 –
pH exchangeable (in KCl) 6.2 6.1 4.4 4.2
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Fig. 9 presents the occurrence of the fragic horizon practically on the surface of the Pseudogley. Thanks 
to the trampled grassland, the polygons of structural macroaggregates are clearly visible.

The given examples show that the specific properties of the fragic horizon are not a function of clay or 
silt content, but probably of the mutual arrangement of particles is needed for development of a signific-
antly compacted horizon. This fact supports the hypothesis that the fragic horizon is a product of long-
term freezing and thawing of soils during the Pleistocene Würm. We therefore consider the compaction 
of the fragic horizon to be one of its key properties, therefore, when recognizing it, we consider a penet-
ration resistance of 4 MPa and more to be its key property, which is in accordance with the WRB defini-
tion (IUSS Working Group WRB 2022).

The occurrence of the fragic horizons in Slovakia is mainly linked to the middle elevated and high 
basins of the Carpathians, and to a lesser extent also to the foothills of Carpathians bordering the low-
lands occupying South Slovakia (for example, the Little Carpathians). In areas where loess occurs, their 
occurrence is unknown, although it is possible that they will be found here but deeper under the loess 
cover.

According to Polish colleagues, the occurrence of the fragic horizon in Poland is limited only to the 
border areas with Slovakia and possibly Ukraine, which is a consequence of the almost complete glaci-
ation of Poland during the Würm.

Importance of the fragic horizon depth below the soil surface
The depth of fragic horizon in the soil profile plays an important role not only in the classification of 

soils, but it also significantly affects the soil water regime and water redistribution in the landscape. Its 
common occurrence at a depth of 40–60 cm from the soil surface has a beneficial effect on the water 
regime by enabling the accumulation of water reserves in the overlying soil horizons. It thus creates fa-
vourable conditions for agricultural use of soils with fragipan mainly in medium elevated and high 
Carpathian basins. The occurrence of the fragic horizon at a depth below 150 cm does not significantly 
affect crop production but is important in preserving water in the landscape. In contrary the occurrence 

Figure 9 Polygons of the fragic horizon on the 
surface of the Pseudogley (Prievidza)
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of fragic horizon at the soil surface has negative effects. It causes over-moistening of the soils or surface 
waterlogging, lack of oxygen for plant roots and subsequently the emergence of reduction conditions.

Fig. 10 illustrates the impact of this phenomenon in the landscape (Turčianska Basin). The foreground 
of the picture is occupied by Pseudogley, while in the background there is Pseudogleyic Luvizem. Silage 
corn is sown on a single agricultural field presented at this figure. It is noticeable that the crop growth in 
the foreground is paler green, lower and less dense due to the presence of a fragic horizon near the sur-
face (and thus a relatively shallow soil profile and reducing conditions), while corn in the background is 
a deep green and considerably higher.

The soil map (Fig. 11) presents the occurrence of agricultural soils of Slovakia, which probably have the 
fragic horizon (© VÚPOP NPPC Bratislava). They are scattered mainly in mountainous areas of Central 
and Eastern Slovakia, and their occurrence is associated with intramountainous basins and southern 
footslopes of Carpathians. According to the VÚPOP database, there are 205 soil areas with potential fra-
gic horizon occurrence with a total area of   329,078 ha. However not all these soils certainly have the 
fragipans. Estimating their exact extend would need a detailed soil mapping. 

Figure 10 Quality of corn growth indicating the 
impact of the fragic horizon on crop production
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CONCLUSION

The fragic horizon occurs relatively frequently in Slovak soils. In the Morphogenetic Soil Classification 
System of Slovakia, it was defined as an “illuvial luvic pseudogleyic” horizon, or possibly a “pseudogleyic 
horizon” and these horizons were used as diagnostic horizons for the identification of Pseudogleyic Lu-
visols and Luvic Pseudogleys. The new information presented in this paper resulted in understanding 
fragipan as significantly older soil horizon of the Würm age and proposing to classify it as the fragic ho-
rizon (Bx), possibly with the attribute “fragic Bxg”. The classification of overlying soil horizon does not 
need any change, and it should be classified as the “eluvial luvic horizon El”, i.e. the “albic horizon” as it 
is in the recent classification. In future more detailed investigation of fragipans, their properties, effects 
on plant physiology and geographical distribution should be recommended.
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