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ABSTRACT

The research was carried out in north-eastern Poland in the vicinity of the village of Hacki (52°50°00°°N;
23°11°20”’E). This area is distinguished by an exceptionally numerous agglomeration of kames (10). Previous ar-
chaeological and soil research showed that kames have been inhabited by man from the iron age, and that the follo-
wing stages of colonization are reflected in three levels of fossil soils. In modern times local people use the base of
kames for the storage of potatoes over the winter. The potato pits are a cultural curiosity found only in this area.
They are dug out in the cohesive, fine-grained substratum, which is the building material of kames, down to 1.5-2
m deep.

Research plots (16) with a surface area of about 2-5 m? were established in the potato pits in 1990. In the sum-
mer of the same year 16 phytosociological surveys were performed and soil samples taken. The investigated habi-
tats are characterized by very low humidity. The concentration of carbon in the samples from potato pits dug out at
the foot of a kame hill (the site of a settlement in the past) results probably from the occurrence of soil from the Ro-
man period. At the present time the pits are covered by poor ruderal flora (approx. 10 species in one phytosociolo-
gical survey). It is distinguished from other communities of such type by a low participation of species occurring in

the xerothermic grasslands.
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INTRODUCTION

Among the kame areas of north-eastern Poland, the ka-
mes of Réwnina Bielska (Bielska Plain) are distinguished
by their agglomerated character and significantly smaller
size (Ber 2005). An exceptionally numerous agglomeration
is located in a kettle hole in the region of Hacki
(52°50°00”N; 23°11°20”E). It is a unique area in respect of
geomorphological, geological and lithological features.
Small kames (from 0.1 to 0.3 km?2) found in this area have
different forms (kame hills and ridges), but uniform geolo-
gical structure. Irrespective of the geomorphological form,
they are characterized by steep slopes. Due to well-outli-
ned landform edges they determine a remarkably promi-
nent element of the landscape (Kondratiuk 1995; Kmieciak
2001; Brud 2001; Brud and Kupryjanowicz 2002; Ber
2005). Kames are built of a thick layer of fine-grained sand
sediment constituting, unlike other types of sand, a cohesi-
ve substratum.

The region of Hacki is also of great cultural and histori-
cal significance. From archaeological research carried out
in this area, it results that the slopes of the kettle hole, ka-
me hills and ridges were occasionally used by man as early

as at the decline of the stone age. In the bronze age the re-
gion of present day Hacki was occasionally inhabited. Per-
manent colonization began in the early iron age. The follo-
wing stage of use took place in the early and late period of
Roman influence (1st-4th century AD). The intensive use
of the kame hills began in the early Middle Ages (6th and
7th century AD). Since the 9th century the whole area of
the kettle hole and kames in Hacki has been under intensi-
ve settlement activities (Bluszcz and Pazdur 1993, Koby-
lifiski 1990a, b; Pazdur et al. 1993; Szymanski 1970, 1976;
Kobylinski and Szymanski 2005).

From the settlement of man on Réwnina Bielska (Bielska
Plain), xerothermic grasslands from the class Festuco-Bro-
metea and the order Festucetalia valeriacae were the semi-
natural vegetation related with kame hills and other kame
forms (Kwiatkowska-Falifiska and Falinski 2005a, b, 2007).

It should be highlighted that in north-eastern Poland
such vegetation has been of secondary character for a long
time. The Puszcza Bielska (Bielska Forest) formerly over-
growing this area had to regress because of the coloniza-
tion wave. In the 15th century it was already a deforested
land (Wisniewski 1964). According to Falinski (1972), the
xerothermic grasslands (which in this area are the “plant
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indicators of kames”) testify also to the prolonged presence
of man.

The grasslands overgrew the kames’ slopes and plateau,
used up to the 1970s as intensive pastures. Unified, in re-
spect of phytosociology, the character of the xerothermic
grasslands results from the identical base present in all
stands, and the same method of their use (Falinski 1972).

Transformations in the xerothermic grasslands are a con-
sequence of differences in the intensity, and differences be-
tween the former and present method of use of soil by man.
The more gentle slopes of kame ridges were used in past ti-
mes as arable soil, and those more steep as pastures. The
past hunger for arable land also resulted in the ploughing
up of the foot of the slopes.

However, in the 1970s only the lowest parts of slopes
were ploughed. Their plateau and steep slopes were over-
grown with xerothermic grasslands. In some grasslands

Kwiatkowska-Falinska A.J. et al.

evidence of previous ploughing was found in the form of
parallel furrows. In the later period some stands became fo-
rested with pine, and sometimes alder, larch or hemlock-
spruce (Falinski and Falinska-Kwiatkowska 2005a, b).

A special type of use practiced only in the area of Réw-
nina Bielska, and a local cultural curiosity, is the excava-
tion of pits at the foot of kame hills for the storage of pota-
toes. This type of use has survived up to the present time
(Fig. 1). Native people long ago tested the usefulness for
such a purpose of the dry and cohesive substrata of which
kames are built. In fine-grained sands with an admixture of
dust, it is possible to dig out shallow “cellars” with walls
that do not slide or require boarding. This type of excava-
tions are to be found nowhere else except the kame hills of
Réwnina Bielska. A considerable part of xerothermic gras-
sland stands has been diminished in this way. Besides, the
natural land form has also been disturbed.
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Fig. 1. Use of kame hills on the Réwnina Bielska (Bielska Plain) (1970): a — storage of potatoes; b — other (exploita-
tion of mineral aggregate, cattle pasturage, forestation); the grasslands: 1 — big patches of xerothermic grassland; 2 —
fragments of patches; 3 — clumps of xerothermic species. Circles — size of area (in ha).
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These special microhabitats, formed by man at the foot
of kame hills, became the objects of research. The habitat
and flora covering the pits for the storage of potatoes were
studied.

The purpose of the research was to answer the question
of whether the specific ruderal flora is related to the special
habitat, and whether this method of use can be determined
as a foot-hold for further expansion of ruderal plants into
the habitat of xerothermic grasslands.

The work was completed after the death of professor Ja-
nusz Falinski, and is based on his unpublished phytosocio-
logical surveys, which are archived in the Biatowieza Geo-
botanical Station of Warsaw University in the file entitled
by the author, “Ruderalization of grasslands”.

MATERIAL AND METHODS

The plots were established in 1990 in the pits for potatoe
storage dug out at the foot of ten kame hills and ridges
(Fig. 2). The hills were located on Réwnina Bielska in the
region of the village of Hac¢ki (Hc 1, 3, 6, 7). The pits, dug
out most often to a depth of 1.5-2 m, had a rectangular sha-
pe, with a surface area of about 2 to 5 m2. The size of the
research plots was the same as the surface area of the pits.
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The research was carried out on 16 objects situated at the
foot of kame slopes with southern (series S — 8 plots) and
northern (series N — 8 plots) exposition. In the summer of
1990 Prof. J.B. Falifiski performed phytosociological re-
cords using the Braun-Blanquet method.

In the same year, in August, samples of soil were taken
from each surface. The samples were analysed by Jawiga
Jézefowicz-Kotlarz from the Institute of Soils of the Uni-
versity of Nicholas Copernicus in Torui. The samples we-
re tested to determine (% of dry mass): loss on roasting,
carbon and nitrogen, and the relation of C to N. Beside
that, the soil reaction (pH in H,O and KCI) and the percen-
tage of hygroscopic water were determined.

RESULTS

Microhabitats formed as a result of excavation of the pits
at the foot of kame hills are characterized by alkaline reac-
tion of the bases and very low humidity. The majority of
investigated objects are remarkably dry during the summer.
In most pits the content of hygroscopic water does not
exceed 0.5% in the summer. Among objects examined with
respect to humidity, three plots can be distinguished
(14N 15N 16N). They are characterized by the several ti-

Fig. 2. Pits for the storage of potatoes: 1972 (Proniewicze) and 2001 (Hacki). Photo J.B. Falifiski.
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TABLE 1. The dug out pits for potatoes — chemical and physical characteristics of the soils.

Plots A (%) C (%) N (%) C:N pH (H,0) pH (KCI) H,0 (%)
1S 1.44 0.50 0.048 10.4 8.03 7.68 0.29
28 1.31 0.42 0.033 12.7 8.28 7.74 0.29
3S 1.15 0.35 0.027 13.0 8.50 7.84 0.27
4S8 1.88 0.55 0.051 10.8 8.31 7.66 0.33
5S 1.36 0.36 0.029 12.4 8.28 7.62 0.41
6S 1.52 0.35 0.035 10.0 8.25 7.62 0.41
7S 1.92 0.54 0.054 10.0 8.06 7.67 0.38
88 1.24 0.27 0.028 9.6 8.32 7.75 0.43
9N 1.51 0.42 0.041 10.2 8.09 7.56 0.46
10N 1.69 0.51 0.040 12.8 8.20 7.62 0.40
11N 2.17 0.73 0.047 15.5 8.05 7.47 0.46
12N 2.18 0.76 0.075 10.1 7.96 7.51 0.45
13N 2.80 1.02 0.089 11.5 8.05 7.49 0.56
14N 10.39 5.77 0.346 16.7 7.64 7.22 1.72
15N 14.18 6.74 0.538 12.5 7.15 6.80 2.27
16 N 20.84 9.90 0.899 11.0 5.73 5.73 3.35
mes higher content of: hygroscopic water (from 1.72 to DISCUSSION

3.35%), carbon (5.77-9.90%) and nitrogen (0.35-0.90%)
when compared to all the others (Table 1).

In the phytosociological table these objects are distingu-
ished by the high participation of liverworts, and a relati-
vely high percentage of covering by Stellaria media (Ta-
ble 2).

Even if the samples taken from plots 14 15 16 are exclu-
ded from the analysis, the mean values for such features as
hygroscopic water, carbon and nitrogen are, for the 5 rema-
ining plots from the northern series, always higher than for
the southern series. Mean values calculated for these featu-
res amount to: 0.47%, 0.68% and 0.06%, respectively.

The samples obtained from plots from the southern series
(from 1 S to 8 S) are characterized by the lowest mean va-
lues of the analysed features. The mean content of hygro-
scopic water amounts to: 0.35%, carbon 0.41% and nitro-
gen 0.04%.

All plots are almost completely covered with vegetation.
A somewhat lower percentage of covering (from 40-90%)
was ascertained on the plots situated in the pits with a nor-
thern exposition. Those of southern exposition are abun-
dantly overgrown by plants (covering: 80-100%) and are
somewhat more floristically rich. On one plot (surface area
approx. 4 m?) from the series S, over 10 species on average
occur (10.5); and in the northern series — on average — one
species fewer (0.85 spec./m?). With the same quantity of
sample (n = 8) on plots with a southern exposition twice
the number of ruderal species were found, on average,
(from the classes Arrhethemisietes vulgaris, Epilobetea an-
gustofolii and Stellarietea mediae) than in the areas with
a northern exposition. The average number of ruderal spe-
cies per plot amounts to 5.4 in the series S, and 2.6 in the
series N.

Only a small number of heliophilous and thermophilous
species of xerothermic grasslands (from the classes Festu-
co-Brometea and Trifolio-Geranietea) occur in the trans-
formed conditions of the habitat. On average, on each plot
from 4.5 species in the series S, to 3.9 species in the series
N occur. Apart from the species from the above-mentioned
groups, accompanying species are found sporadically (on
average in both series approx. 1 spec./approx. 4 m?).

In the region of Hacki the pits for potato storage are dug
out at the foot of the kame hills and are 1.5-2 m deep. The-
refore, they should reach the level of the bedrock. Howe-
ver, the relatively high content of carbon in the analysed
samples proved that excavation reached the level of the
fossil soils connected with the primieval colonization in
this region.

From among kames found on Réwnina Bielska, detailed
archaeological and pedological documentation concerns
only the kame (stand Hcl) Géra Zamkowa (Castle Hill). In
this instance the subsequent periods of colonization are do-
cumented with archaeological findings (Szymanski 1983;
Kobylinski 1990a; Kobylifiski and Szymanski 2005). They
are reflected in the soil research of the three separate topso-
il levels (Kondratiuk and Banaszuk 1993; Banaszuk et al.
1996). Banaszuk and Kondratiuk (2005), ascertained that
three generations of fossil soils, reflecting in their age the
three phases of colonization, can be specified for this ob-
ject. The deepest and the oldest is connected with the colo-
nization of the Roman period, the middle level with the
early-mediaeval phase of colonization (6h-7th century AD),
and the youngest with the settlement phase of the 11t cen-
tury (Banaszuk and Kondratiuk 2005).

The authors’ research resulted in finding that at the foot
of the kame hill Géra Zamkowa the fossil soils are found
in the layer located at a depth of 0.5-1 m (soil profile 2)
and 1.2-2 m (soil profile 3). In the case of the soil from the
Roman period, the content of carbon in 11 soil profiles
examined by authors ranged from 0.53 to 1.12%. In the le-
vel from the 6th-7th century, the content of carbon amoun-
ted to 0.71-2.37%, and in the fossil soil from the 11th cen-
tury, 0.57-2.39% (Banaszuk and Kondratiuk 2005).

In all the samples taken from the potato-storage pits, the
content of carbon ranges from 0.41 to 3.23%. From among
16 pits, four were dug out at the foot of Géra Zamkowa in
Hacki (samples: 1 S,4 S, 7 S and 10 N). Their depth (from
1.2 to 1.9 m) and the content of carbon suggest the presen-
ce of the level of the oldest fossil soils. The content of car-
bon for these samples ranges slightly from 0.50 to 0.55%,
which overlaps the range found in soil samples from the
Roman period.



Vol. 77, No. 1: 53-58, 2008

ACTA SOCIETATIS BOTANICORUM POLONIAE

57

TABLE 2. The vegetation of pits for the storage of potatoes situated on the kame areas.

Number of record 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Cover c 80 100 100 100 90 90 90 80 90 70 70 80 80 40 60 90
d - - - - - - - - 20 - 20 15 70 50 40

Exposition S S S S S S S S N N N N N N N N

Surface m? 5 2 4 4 4 4 4 4 5 3 4 4 3 4 4 4

Species of classes: Artemisietea vulgaris, Stellarietea mediae:

Urtica dioica 4.4 33 1.2 44 2.3 44 22 44 4.4 44 43 43 2.2 +.2 . .

Artemisia vulgaris . + + + + + 2.2 1.2 + + + . 1.2 . +

Oenothera biennis . 2.2 1.1 +.2 . 1.2 + + 1.1 . +

Bertoroa incana 1.2 1.2 + + . 22

Fallopia convolvulus + + +.2 +.2 . . . .

Stellaria media + 1.2 1.2 2.3 2.3

Agropyron repens + + . + . + .

Chenopodium album . . + . . + . . + + . .

Galeopsis tetrahit 1.2 + . 1.2 . . . +

Conyza canadensis + + . +

Myositis arvensis . . . . . + +

Species of classes: Festuco-Brometea, Molinio-Arrhenatheretea:

Galium mollugo +.2 1.2 +.2 . 33 33 1.2 +.2 + +.2 1.2 1.2 +.2

Artemisia campestris + +.2 . 22 1.2 + . + + +.2 . .

Dactylis glomerata 1.2 +.2 . . . . . +.2 1.2 +.2 + 22 33

Convolvulus arvensis 1.2 1.2 . . + +.2 + . .

Anthriscus sylvestris . + + 1.2 +

Pimpinella saxifraga 1.2 . 1.1 + +

Seseli annuum +.2 + . +

Knautia arvensis 1.1 1.1 . 1.1

Festuca pratensis +.2 . 1.2 +.2 .

Poa pratensis +.2 +

Accompanying:

Chelidonium majus +.2 +.2 33 2.3 . . . . . . .

Solanum tuberosum . 22 2.2 22 . . . . . +

Rubus caesius 2.3 +.2 .

Angelica sylvestris . . + 2.1

Geum urbanum +.2 +

Hepaticae: 43 33 33

Musci: 1.2 1.2 1.2 2.3

rec. 1: Ballota nigra 1.2, Chaerophyllum sp. 1.2; rec. 2: Carduus acanthoides 1.1, Calamagrostis epigejos +.2, Senecio jacobaea +; rec. 3: Festuca rubra
2.3, Bromus inermis +.2, Veronica spicata +, Thymus pulegioides +.2, Fragaria vesca +.2; rec. 4: Chenopodium polyspermum +. Ballota nigra 2.3; rec. 5:
Erigeron annuus 1.2; rec. 8: Sonchus oleraceus +; rec. 10: Taraxacum officinale +; rec. 12: Anthericum ramosum +.2; rec. 15: Lychnis flos-cuculi +,

Ranunculus repens +.2

The vegetation of the potato pits is of ruderal character
and is poor in species, i.e. only two species: Urtica dioica
and Artemisia vulgaris. In the southern series Bertoroa in-
cana, and in the northern Stellaria media occur in relative
abundance and with a high frequency in all plots. The par-
ticipation of grassland species from the class Festuco-Bro-
metea, and meadow species from the class Molinio-Arrhe-
natheretea is specific to the investigated objects. Three spe-
cies: Artemisia campestris, Dactylis glomerata and Galium
mollugo attain a frequency higher than, or equal to 50%.

The question of whether the flora of pits used for potato-
es can be a foot-hold for the expansion of the xerothermic
grasslands remains open. According to Faliiski (1972), the
ruderal flora poses a threat to the grasslands. The high light
requirements of many ruderal species, and their ecological
requirements in relation to habitat reaction, could support
such a possibility. However, the presented results cannot
be decisive for this issue, owing to the method of material

collection used: there were no transects established projec-
ting from the potato pits far inside the grassland. Due to
this, the penetration of ruderal species into the xerothermic
grassland has not been documented.

The excavation of pits transformed the new land form at
the foot of kame hills. At this point the natural landscape in
this area was disturbed. On the other hand, the occurrence
of pits for potato storage proves the natural and cultural
specificity of the area of Réwnina Bielska. And they are so
special that the objects themselves are difficult to name, as
they are not found anywhere else. To emphasise this fact
I decided to use the word “pit”.

From the point of view of the protection of xerothermic
grasslands, the pits should be buried, and the exposed soil
sown with diaspores of grassland species obtained from
local populations. The question of whether or not we will
diminish by this the cultural value of this area — I leave
open.
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