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Abstract. The aim of the study was to assess the suitability of aerial photos for mapping the soils of dwindling lakes catchment areas. 
The study area is located in the North Poland, within the Brodnica Lakeland and it includes the direct catchment area of dwindling 
Sumowskie Lakes. There were three test area established for soil mapping. The photointerpretation was based on both immediate 
properties (colour of topsoil) for ploughed cultivated fields, and intermediate properties (vegetation and relief) for the areas of forests, 
shrubs or permanent pasture. The obtained results confirm the high usability of the cartographic materials such as aerial photographs 
and topographic maps for studies on specifications of areas such as the vicinities of dwindling lakes. 
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1. Introduction

The use of aerial photographs in the soil science in-
vestigations creates some difficulties since the soils are 
hindered from the observations under various land cov-
er elements, which as a  rule are comprised of natural or 
cultivated vegetation (Smirnow 1970; Furmańczyk 1980; 
Ciołkosz et al. 1999; McBratney et al. 2003). The best 
conditions to perform a photointerpretation of soils occur 
when they are not or are only slightly covered with veg-
etation, which demands taking the photographs in strictly 
defined time limits (Ciołkosz et al. 1999). The soils, as one 
of the elements of the natural environment, are however 
interpretable based on intermediate properties. The most 
important of these include: relief, vegetation, hydrographic 
features, and type of human management and anthropogen-
ic components of the landforms (Fuller et al. 2005). The 
knowledge of relationships between these environmental 
components enables relevant specification of selected soil 
properties (Białousz 1999).

Mapping of soils based on the intermediate proper-
ties is applicable for specific areas, which by their nature 
are constantly covered with various kinds of vegetation. 
Such areas include the surroundings of dwindling lakes. 
The problem of dwindling lakes affects a large portion of 
the water bodies of North Poland. Within this region, it 
is estimated that from the last glaciation, a half of lakes 
have vanished (Kalinowska 1961; Marszelewski 2005). 
The consequence of this process is the evolution of many 
different environmental elements in the vicinities of dwin-
dling water bodies, including the soils that are very good 
and relatively quick to respond indicators of any environ-
mental changes. The changes affect not only those soils 
which are closely related to high levels of ground waters, 
i.e. hydrogenic and semihydrogenic ones, but also autogen-
ic soils occurring in the immediate vicinity of those water 
bodies. Many of these changes are adverse, which leads to 
both physical and chemical degradation of soils, and con-
sequently also decrease their value in use. These are also 
the areas of generation of completely new soils, originating 
from the exposed lacustrine sediments, which also undergo 
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further evolution dependant on their dehydration. The ex-
istence and development of specific soils within the bottom 
areas of dwindling Sumowskie Lakes find confirmation in 
the investigations of i.a. Gonet et al. (2010).

The purpose of the study is to assess the suitability 
of aerial photos for mapping the soils of dwindling lakes 
catchment areas. After the preliminary analysis of availa-
ble cartographic materials and completed field studies, the 
aerial photographs served as one of the basic information 
sources for the development of the map of the Sumowskie 
Lakes catchment area. The photointerpretation was based 
on both immediate properties for ploughed cultivated 
fields, and intermediate properties for the areas of forests, 
shrubs or permanent pasture.

2. Study area

The study area is located in the North East Poland, with-
in the Brodnica Lakeland, (Fig. 1). It includes the direct 
catchment area of dwindling Sumowskie Lakes and the 
sub-catchment area of minor watercourse flowing out to 
the north. According to Richling and Dąbrowski (2005), 
the landforms of this area are natural ones, rated to the 
class of lowland landforms, kind of glacial landscape, and 
hilly type.

The glacial relief of the study area is very diversified. 
It comprises features related to the subglacial deposition 
– ground moraines, landforms connected to the effect of 
glacial melt waters – esker and topography related to stag-
nant and melting of dead ice blocks, such as kame hills as 
well as vast kettle holes (Niewiarowski 1995).

The hydrographic network in the study area and sur-
roundings is very complex. The total length of the wa-
tercourses and ditches is about 54 km, i.e 2.9 km/km2. 
However, this is largely the case due to land improvement 
works carried out. In the designated catchment area, there 
are five water bodies of more than 1 ha of total surface 
area. These are the Sumowskie Lakes and three water 
reservoirs located to the east. In total, these waters cover 
33.7 ha, which is ca. 1,8% of the catchment surface area 
(calculations made in ArcGIS 9.3). In addition to the above 
listed water reservoirs, there are also considerable numbers 
of kettle hole, smaller than 1 ha, grouped in majority to the 
south-east from the Sumowskie Lakes, within the area of 
undulated till plain.

The Sumowskie Lakes are kettle water reservoirs; 
a single basin in the past. The water level of the former Su-
mowskie Lake has fallen due to natural and anthropogen-
ic processes, forming two separate basins (Marszelewski 
2005). The surface area of the larger, northern lake is about 
15.1 ha, while the smaller, southern amounts to ca. 10.3 ha. 

Figure 1.	 Location of the study area
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The shoreline lengths are respectively, 1.7 km and 1.8 km 
(calculations made in ArcGIS 9.3). The average depth of 
the northern lake is ca. 1.2 m. Both basins are strongly eu-
trophicated, their shorelines entirety fall into marsh type, 
covered with emergent vegetation. With respect to fishing, 
they are classified as carp lakes. This supports a consid-
erable extent eutrophication of both lakes (Burak 1994; 
Burak et al. 2005a).

Within the Brodnica Lakeland, the prevailing plant 
communities are deciduous forests. However, among the 
forest communities, the most widespread are mixed conif-
erous forests formed by effect of persistent pine growing 
on poor soils (Ceynowa-Giełdon 1984). Zielski (1978) dis-
tinguished seven communities within the lakeland. Beside 
above-mentioned mixed coniferous forests Pino-Querce-
tum, they include: Salicetum pentandro-cinereae – willow 
shrubs, Carici elongate-Alnetum – alder forest, Circaeo-Al-
netum – ash-alder riparian forest, Fraxino-Ulmetum – hard-
wood alluvial forest, Tilio-Carpinetum – broadleaved for-
est, Potentillo albae-Quercetum – light oak forest. Moreo-
ver he distinguished one forest edge shrub community of 
Prunetalia order.

3. Materials and methods

Three study sites were selected for the tests, ca. 250 x 250 
m, located in the direct catchment area of dwindling Su-
mowskie Lakes (Fig. 1). The reason for the study sites se-
lection was considerable diversity of the vegetation cover-
ing the land within the catchment area. They include forest 
areas, rush with willow shrubs and the agricultural areas 
– arable lands and permanent pastures.

The mapping of soils involved use of the aerial photos 
(photos in the visible spectrum, natural colours). The ref-
erences for verification of the cartographic soil units were 
soil-agricultural maps (both analogue and digital ones) fea-
turing scale of 1:25 000, topographic maps, scale 1:10 000, 
and detailed geological maps, scale 1:50 000. 

The field works involved over 130 boreholes, depths 
from 0.5 to 3 metres and 6 soil pits. The photointerpreta-
tion was based on both immediate properties (e.g. colour 
of topsoil) for ploughed cultivated fields, and intermediate 
properties (plant cover) for the areas of forest, shrubs or 
permanent pastures. The soil samples taken from the pro-
files were brought to the Department of Soil Science and 
Landscape Management, NCU. The estimations using the 
samples included the following (van Reeuwijk 2006):
–	 nitrogen content by the Kjeldahl method,
–	 organic carbon content by the Alten method and Tiurin 

method,
–	 pH by potentiometric method in water and KCl solu-

tion,

–	 the texture by the sieve method and the Bouyoucos ar-
eometric method in the modification of Casagrande and 
Prószyński; the results were used for the estimation of 
the grain size group.
The morphology of the soil profiles and the results of 

laboratory analyses are presented in Table 1.
For study sites no. 1 and 2, an additional information 

on the vegetation cover provided the map of vegetation 
communities developed by A. Dziamski from Department 
of Botany and Ecology, University of Technology and Life 
Sciences in Bydgoszcz (unreported materials). The analy-
sis of area no. 3 considered the information from the Tax-
ation Descriptions by the Brodnica Forest Office, District 
Zbiczno, acquired from the Regional Directorate of State 
Forests in Toruń.

4. Results

The soil cover of the Sumowskie Lakes catchment area 
features very high diversity. Pursuant to the classification 
of the soil cover structure types according to Bednarek and 
Prusinkiewicz (1997), it demonstrates irregularly spotty 
type of the soil cover structure. 

The 19 cartographic units were designated on the whole 
area. They include the ranges of individual soil units or 
associations of those. The study sites are located in the 
centre of the investigated area, where organic soils prevail 
produced of peats and gyttjas, covering the bottoms of the 
vast kettle holes in the villages of Sumówko and Tom-
ki (Fig. 2). The material of utmost interest were specific 
gyttja-moorsh soils originated from lacustrine sediments. 
They co-exist in associations with peat-moorsh soils within 
the limits of the former bottoms of the Sumowskie Lakes. 
The soils derived from lake sediments are characterized by 
a high content of organic matter and slightly acidic or near 
neutral reaction (Tab. 1, Fig. 3). 

The soil on the outskirts of the former lake basin often 
are covered with different thickness of the colluvial materi-
al, resulting from intensive agriculture (anthropogenic de-
nudation).The hydrogenic soils neighbour with autogenic 
ones – rusty soils, lessive soils, arenosols, and pararendzi-
nas. These soils contain a small amount of organic matter 
and are characterized by variable reactivity compared to 
soils derived from lake sediments (Tab.  1, Fig.  3). They 
developed from sandy sediments consisting of kame hills 
and esker near Tomki and till composing of a ground mo-
raine. These forms tower over the bottom of the kettle hole 
(Szczegółowa Mapa Geologiczna Polski 1:50 000, sheet 
no. 285.0 Brodnica and no. 247.0 Skrwilno). 
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Figure 2. Soil cover of Sumowskie Lakes catchment area
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Table 1.	 Some of physical and chemical properties of examined soils

Genetic horizon 
acc. to PTG 1989

Depth
[cm] %OM C:N

pH
Texture acc. to USDA

H2O KCl

Deluvial soil

Adelp 0-30 6.88 12 7.5 7.0 sandy loam

Adel 30-60 9.52 13 7.4 6.9 sandy loam

Peat-muck soil

Ol 2-0 95.2 24 5.2 4.8 -

M 0-12 57.6 13 4.1 3.5 -

Otnisz1 12-42 89.4 15 5.8 5.4 -

Otnisz2 42-56 99.2 15 6.3 5.9 -

Otnisz3 56-150 96.2 16 6.4 5.9 -

D 150-(170) 1.35 18 3.7 3.8 sand

Gyttja-muck soil

AO 0-40 19.3 17 6.3 6.1 sand

Mt 40-60 84.6 16 6.0 5.7 -

Ogyca 60-120 28.8 14 8.0 7.8 -

D 120-(140) 1.31 15 7.8 7.3 loam

Gleyed black earth

Ap 0-28 3.94 12 7.8 7.2 loam

Gca (loam) 28-(60) 0.89 12 8.3 7.3 loam

Gca (sand) 28-(60) 0.23 11 8.6 8.0 sand

Initial pararendzina

Acap 0-24 0.86 10 8.1 7.6 sandy loam

Cca1 24-40 0.14 12 8.7 7.9 sand

Wca 40-45 0.50 18 8.5 8.1 sandy loam

Cca2 45-65 0.12 9 8.6 7.9 sand

Cca3 65-80 0.17 17 8.4 7.9 sand

Cca4 80-(95) 0.06 15 8.8 8.1 sand

Rusty soil

Ol 1,5-1 99.2 77 4.4 3.8 -

Ofh 1-0 57.2 32 4.6 3.7 -

A(p) 0-40 0.86 14 6 4.6 sand

Bv 40-90 0.14 15 8.4 7.6 sand

C 90-100 0.50 n.o. 9.1 8.7 sand
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Figure 3. Morphology of some of the investigated soils

Study site 1

This site is located in the central part the direct catchment 
area of Sumowskie Lakes (Fig.  1). Contains part of the 
former lacustrine bottom, where gyttja-moorsh and peat-
moorsh and peat soils developed (Fig. 3). They originated 
from shallow water lacustrine sediments such as gyttjas 
and peats.

They are mainly covered by natural vegetation, ar-
ranged in rush communities mosaic (Phragmitetum austra-
lis) occurring in gyttja soils and willow shrubs (Salicetum 
pentandro‑cinereae) primarily growing on peat soils. At 
the edges of the hydrogenic soil patches, where they are 
dehydrated to the largest extent, there occur meadow com-
munities such as Arrhenatheretum elatioris or Lolio-Cyno-
suretum (Fig. 4). Found in places, sandy mineral islands 
are represented by gley soils, while the hills made of gla-
ciolacustrine sediments surrounding the former water body 
feature occurrence of arenosols, and deluvial soils at their 
bases. The above listed mineral soils cover the meadow 
communities identical with the ones that cover the dried 
soils of the former lacustrine bottom.

Study site 2

This study site is located to the north of the Sumowskie 
Lakes system (Fig. 1). Partially, it includes fragments of 
the former bottom, where just like in case of the study site 
no. 1, gyttja-moorsh soils prevail developed from the la-
custrine sediments (Fig. 5). 

The dry-out stronger in this area compared to the sec-
tions located in the southern part of the Sumowskie Lakes 

system is reflected in specific wedge structures found in 
gyttja-moorsh soils. There are also black earths in this area, 
developed from tills in the eastern part and pararendzinas, 
rich in calcium carbonate, which developed on the kame 
hills of the study site western part. Another type is made up 
by deluvial soils in the form of a narrow strip at the base of 
these hills. The prevailing vegetation communities herein 
are meadows – Arrhenatheretum elatioris and Lolio-Cy-
nosuretum growing on low gyttja-moorsh soils and black 
earths. The kame hills occupy communities of Lamio-Ve-
ronicetum and Vicietum tetrasperme, typical for field culti-
vation. In the lowest section, where the gyttja-moorsh soils 
dehydrations finds the worst reflection, there is a mosaic of 
rush and willow shrubs identical with the soil covering the 
former lacustrine bottom in the study site no. 1 – Phrag-
mitetum australis/Salicetum pentandro-cinereae. 

The occurrence of specific systems of soils and vege-
tation cover within the area of the former bottoms of the 
Sumowskie Lakes and their immediate vicinity also found 
confirmation in the investigations of Gonet et al. (2010).

Study site 3

This site is located in the western part the Sumowskie 
Lakes catchment area (Fig. 1). The area covers vast peaty 
kettle hole (peat-moorsh and peat soils), plus its imme-
diate surroundings made of sandy glaciofluvial sediments 
(rusty soils). 

The area surrounding the kettle hole is occupied by 
mineral soils developed from sandy sediments – gley soils 
at the edge of the kettle, and rusty soils in the higher lo-
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cated vicinity (Fig. 6). The vegetation of this study site is 
very diverse. The natural forest vegetation communities 
have been transformed as a result of local forestry and land 
improvement works resulting in dehydration of the habi-
tats. The vegetation is arranged in strips corresponding to 
individual types of soils. The lowest peat soils are covered 
with a mixed community consisting of the alder, natural in 
the peat soils, and pine (Pinus sylvestris – Alnus glutinosa), 
which was brought here, while peat-moorsh soils, more 
dried-out, are covered with deciduous forest with the ma-
jority of birch (Betula pendula – Urtica dioica). The min-
eral soils are mainly covered with pine. On gley soils, rel-
atively rich in the organic matter, it produces a community 
with a  nitrofile nettle (Pinus sylvestris – Urtica dioica), 
however on the uppermost rusty soils, it is accompanied 
by the blackberry (Pinus sylvestris – Rubus plicatus). The 

occurrence of the pine forests on the rusty soils in vicinity 
of the peat bog of Tomki was also proved by Ścibor (2005). 

5. Discusion

Sumowskie lake catchment is a very good example of the 
evolution of the soil cover and associated vegetation cover 
in the northern Polish agricultural landscape. The natural 
process of disappearance of the lake was accelerated by 
human activities (for example by drainage) in order to ob-
tain new land for cultivation. Lowering the groundwater 
level determine the possibility of using “new areas” by 
man. In areas of shallow groundwater occurrence (up to 
50 cm, with groundwater is often found on the surface), in 
principle, it is impossible to conduct any crop. There devel-

Figure 4. Field test No. 1
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oped a natural plant communities. Wherever groundwater 
levels decreased more, the man introduces anthropogenic 
communities – meadows, pastures, and on heavily drained 
areas – fields.

The most important property used for photointerpretion 
in test areas was vegetation cover. In the catchment of dis-
appearing Sumowskie lakes dominate unnatural, created 
or altered by human activity plant communities. Following 
proportions of occurring variants of land use (1976) were 
established by Okrucińska (2009): 
–	 arable land and wasteland – 1115 ha,
–	 meadows and wetlands – 314 ha,
–	 forests – 342 ha.

The greatest species diversity among non-forest com-
munities in Brodnica Landscape Park occurs within 
a  peat-meadow ecosystems (Burak et al. 2005b). Based 
on the “Botanical Inventory BPK” of 2005, they appoint-
ed five separations of this type of habitat, and the three 

of them represent rush communities, while the other are 
reed-alder and reed-willow mosaics.

The natural vegetation of the study area established 
by Matuszkiewicz (Map of Potential Vegetation of Poland 
2008) are Carici elongate-Alnetum, Fraxino-Alnetum and 
Tilio-Carpinetum habitats. The first two represent the com-
munities of lowland riparian forests that occur on slight 
marshy habitats. The third community is the variation of 
broadleaf forest, potentially occurring at higher altitudes 
on the edges of the study area (Matuszkiewicz 2005).

Currently, the dominant communities in the immediate 
vicinity of Sumowskie lakes are Phragmitetum australis, 
Salicetum pentandro-cinerae and Ribeso nigri-Alnetum. In 
surroundings of reservoirs occur crop production commu-
nities such as Lamia-Veronicetum or Vicietum tetrasperme 
and meadow ones such as Arrhenatheretum elatioris and 
Lolio-Cynosuretum (oral information by Andrzej Dziams-
ki, Department of Botany and Ecology, UTP Bydgoszcz).

Figure 5.	 Field test No. 2
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The types of the soil cover structure defined for the test 
areas on the basis of a soil maps are among the strip-or-
dered (test area 3) or irregular-spotty structure (test area 
2). The wide variation in the soil cover in the test area 1, 
reflected also in a  mosaic of vegetation cover (elements 
of both a structured and irregular crimson spotted) helped 
distinguish multi-component and disorganized type of the 
soil cover structure.

6. Conclusion

The obtained results confirm the high usability of the car-
tographic materials such as aerial photographs and topo-
graphic maps for studies on specific areas such as the vi-
cinities of dwindling lakes. The interpretation of colourful 
photographs enabled the large-scale cartographic studies 
for the areas such as dwindling kettle water bodies. 

The most important variable (intermediate property) 
herein is the diverse vegetation cover. The ranges of in-
dividual vegetation communities correspond to relevant 
soils. Nonetheless, it must be stressed that the soil mapping 
based merely on the aerial photos analysis is not feasible, 
even though it largely contributes to the field studies and 
very often accelerates the works.
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