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Using 8'"°N analysis of soil organic matter in two deserted medieval villages and their agricultural land
in different environmental conditions in the Czech Republic, the aim of this study was to study the
application of organic fertilizers on medieval agricultural land.

The study was performed in the villages of Roudnicka (430—455 m a.s.1.) and Spindelbach (800-880 m
a.s.l.), both established in the 13" century and deserted in the 15" century and covered by Norway
spruce (Picea abies) forest at present. Soil samples of humus horizon (Ah) were collected in close
vicinity to the former buildings and in the deserted medieval fields in autumn 2011.

No significant differences were recorded in 8N among the soil samples collected in close vicinity to
the ruins of the buildings or in the former field in Roudnicka. Despite there being no significant effect in
terms of the position, there were clear trends with the lowest values of 3°N recorded in close vicinity to
the buildings, and the highest values recorded in the former field. The 8"°N signature was significantly
higher in close vicinity to the ruins of the buildings than in the former fields in Spindelbach in all
probability indicating deposition of organic fertilizers connected with livestock breeding close to the
houses. In both deserted villages, 8"°N signature significantly decreased on the former agricultural land
with the distance from the village indicating a decrease in deposition of organic fertilizers with the
distance from the farm buildings.

We concluded that 8'°N signature generated by medieval farming practices can be detected in con-
temporary forest soils and 8'°N signature can be thus used for the study of ancient farming practices.

1. Introduction

different than in the air (expressed as 6"°N) as it is affected
by numerous biochemical processes (Robinson 2001). The

The main aim of landscape archaeology is to study questions
connected with agricultural land use in the past. The question
as to whether and how much organic fertilizers were used on
medieval agricultural land in Central Europe has never been
adequately answered. To identify the application of organic
fertilizers, an analysis of stable nitrogen (N) isotopes in the
soil organic matter can be used (Bakels 1997; Bol et al. 2005;
Senbayram et al. 2008). In Central Europe, organic fertilizers
which could have been used during the Middle Ages include
feces of animals, urine, farm yard manure, dung water
and slurry. Nitrogen has two stable isotopes, lighter N
and heavier "N, with an extremely constant ratio 99.63%
of “N and 0.37% of "N in the air (Junk, Svec 1958). In
organic materials, the proportion of N isotopes is frequently

“Corresponding author. E-mail: hejcman@fzp.czu.cz

application of organic fertilizers enriches the soil by "N
and the application of organic fertilizers can consequently
be identified according to the increased 6'°N in the soil
organic matter and in the plants growing in such soils (Bol
et al. 2005; Georgi et al. 2005; Ellert, Janzen 2006; Kriszan
et al. 2009). This is due to the enrichment of 3N up the
food chain, with the plants having distinctly lower values
than the herbivores which consume them. In addition, lighter
"N leaks more easily during an ammonia volatilization
from feces than "N (Bol et al. 2005; Bogaard et al. 2007;
Senbayram et al. 2008). An increased §'°N can be detected
in soil organic matter or in the biomass of recent plant
species a number of years after the last organic fertilizer
application (Koerner et al. 1999; Commisso, Nelson 2007;
Sah, Ilvesniemi 2007; Fraser et al. 2011). In Northern France
almost a century after afforestation of the territory of a
deserted village, for example, Koerner et al. (1999) recorded
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Figure 1. Map of the Czech Republic with an indication of Prague
(the Capital) and the two studied deserted medieval villages Roudnicka and
Spindelbach.

the lowest 8'°N in soil organic matter and also in the biomass
of Dryopteris carthusiana in ancient forests. It was higher
in former pastures, followed by former croplands, meadows
and the highest in formerly intensively fertilized gardens.
Dupouey et al. (2002) recorded increased 6'°N in soil
organic matter and in the leaves of recent oaks (Quercus sp.)
in North-eastern France, which reflected manure application
during Roman times. Based on compound specific §'°N
amino acid signals in anthropogenic palacosols from Orkney,
Simpson ef al. (1999a; 1999b) demonstrated that the relicts
of medieval to early modern soils retained a signature which
suggests cereal cultivation, with a later phase of manured
grassland. Fossil Bronze Age soils retained signals which
suggest continuous cereal cultivation only.

Although stable N isotopes have been used in
archaeological research frequently over the last 30 years
(Vogel, van der Merwe 1977; DeNiro 1987), this method has
never been applied to the study pattern of organic fertilizers
application in deserted medieval villages in Central Europe.
A number of deserted villages together with the pattern of
their fields have been identified in the last century in the
Czech Republic (Cerny 1994; Nekuda 2005; Nekuda 2007;
Klir 2009, 2010; Vareka et al. 2011; Hejeman et al. 2010;
2011;2013; Klapste 2012), although their agricultural history
is still not that well known. The advantage of the numerous
deserted villages is that they were afforested after their
abandonment and consequently the medieval agricultural

land has not been affected by modern agricultural activities
making them excellent sites for the use of 6'°N analysis for
investigation of medieval farming practices.

The production of organic fertilizers is also inherently
connected with the breeding of livestock. It is assumed
that locales with high concentration of livestock, for
example, enclosures or barns, retain higher 6'°N in the soil
than pastures, meadows or arable fields. In addition, as the
application of organic fertilizers (in particular farm yard
manure during the Middle Ages) on agricultural land is a
work of labour, we hypothesize that the application of organic
fertilizers decreased with the distance from the village as
this has been recorded in numerous recent analogies in rural
regions of Central Europe. This assumption is based on
rationalisation of the farming work. Fertilizing fields close to
the village decreases investment into energy and the time for
the fertilizer transport and application. In addition, organic
fertilizers increases crop yields close to the village and
consequently the farmer invests less energy and time when
transporting the harvested crops home. If the assumption of
a decrease in the application of organic fertilizers with the
distance from the village is correct, there must be a decrease
in 8"°N signature with the distance from the deserted village
on former agricultural land.

Using 8"°N analysis of soil organic matter in two deserted
medieval villages and their agricultural land in different
environmental conditions in the Czech Republic, the aim
of this study was to determine the application of organic
fertilizers on medieval agricultural land. In addition, a stone
enclosure was identified in one of the two investigated
villages. Using &N analysis, we aimed at identifying
whether this enclosure was used for livestock breeding or
for different purposes. Comparing the values of 6'°N in close
vicinity to the ruins of buildings and former agricultural
land, we focused on estimating the differences in livestock
breeding systems between the investigated deserted villages.

2. Material and methods

2.1 Study sites

The study was performed at two archaeological sites in the
Czech Republic (Figure 1). The first, the deserted medieval
village of Roudnicka, is situated in the south-west part
of the Czech Republic in close proximity to the current

Table 1. Basic characteristics of the investigated deserted medieval villages of Roudnicka and Spindelbach.

Roudnicka Spindelbach
Altitude (m a.s.l.) 430-455 800-880
Length of extinct field (m) ~400 ~800
Slope of land 1-3° 3-7°
Soil type Dystric Cambisols Dystric Cambisols
pH(H,0) 4.35 4.13
pH(CaCl,) 3.82 3.65
Mean annual temperature (°C) 7.5 5
Mean annual precipitation (mm) 600 1,000
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Figure 2. Plan of the deserted medieval village of Roudni¢ka. The marks indicate the positions of the soil sampling sites.

village of Béstin, 40 km south-west of Prague (49°48'49"N,
13°59'57"E). The grounds of the deserted village is at an
altitude of 430-455 m a.s.l. on the southeast edge of the
Plesivec Massif (654 m a.s.l.). On an area of six and eight
hectares, seventy anthropogenic surface objects were
discovered and interpreted as relicts of medieval courtyards
(Korbova Prochazkova 2011). The deserted Roudnicka
was a regularly arranged village. The relicts surround a
four-sided open space with dimensions of 140x70 metres
(village square). The individual relicts were grouped into

1215 courtyards. We are of the opinion that the courtyards
comprised residential and agricultural buildings. Dated
according to pottery, the village of Roudni¢ka was in all
probability established in the 13" century and abandoned
in the 15" century. The first written record concerning the
village dates back to the year 1547 with the village being
mentioned as deserted even at this time.

At present, the deserted village is in a Norway spruce
(Picea abies) forest with the age of the trees ranging from
40 to 90 years of age. Detailed information concerning the
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Figure 3. Plan of the deserted medieval village of Spindelbach. The lines (Ia, Ib, Ila, IIb and III) indicate the individual transects where the soil samples

were collected in the direction from the village to the end of the deserted agricultural land (former fields).
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natural conditions of the village are provided in Table 1
and the plan of the village is shown in Figure 2. One clear
remnant of the medieval field 350 m long was identified
according to its delimitation by well visible stone borders.

The second, the deserted medieval village called
Spindelbach, is situated in the north-west part of the Czech
Republic in close proximity to the current village of Vysluni,
120 km north-west of Prague (50°29'N, 13°11°E), at an
altitude of 800-880 m a.s.l. in the central part of the Ore
Mountains (Krusné hory and Erzgebirge in Czech and
German, Figure 1). Dated based on pottery, the village was
in all probability established in the 2™ half of the 13" century
(Crkal, Cerna 2009). The first written record dates back to the
year 1356 and the village was in all probability abandoned
in the 2" half of the 15" century. The deserted Spindelbach
consisted of great linear settlements with parcels of strips
having farmstead access (so-called “Waldhufendorf” in
German). Circa 30 abandoned medieval farmsteads were
identified and documented. The lands belonged to particular
farmsteads and are well identifiable from hedgerows —
agrarian terraces.

At present, the deserted village is in a Norway spruce
(Picea abies) forest with the age of the trees ranging from
40 to 90 years of age. Detailed information concerning the
natural conditions are provided in Table 1 and the plan of the
village is shown in Figure 3.

2.2 Soil samples collection and analysis
Soil samples were collected in September 2011 using a soil
probe 5 cm in diameter. The cover of the understory plants
was less than 1% at both sites. The 6'°N was identified in the
humus (Ah) horizon from a depth of 2—5 cm from the soil
surface (Figure 4). Each soil sample was a mixture of four
sub-samples collected within the circle with 1 m diameter
around each sampling point. The collected soil samples
were air-dried and sieved through 1 mm sieve before the
N isotopes analysis. The soil samples were collected (1)
in close vicinity to the former buildings in the village of
Roudnicka (n = 8); (2) in the stone enclosure (n = 9), and
(3) in the abandoned medieval field (n = 15; Figure 2). We
only took samples in one field as the relicts from the other
fields were not reliably identified. Three parallel transects
of soil samples were collected in the enclosure and in the
former field on the gradient at a distance from the ruins of the
medieval buildings. In the former field, the distances from the
beginning of the field and between the individual sampling
sites are provided in Figure 5a. We took soil samples at six
distances from the beginning of the former field, but in three
last distances from the beginning of the field (240, 345, and
365 m), only two soil samples were taken as part of the relict
of the former field was damaged by recent forest roads.

Soil samples were collected at five transects from the
ruins of the buildings up to the end of the identified relicts

o

Figure 4. (a) The collection of soil samples by the soil probe (diameter 5 cm) at the deserted medieval village of Roudnicka and an example of the soil
sample collected from the deserted village of Spindelbach. The content of 8"*N was only measured in the Ah horizon.
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of the three medieval fields in the village of Spindelbach
(Figure 3). The distances from the ruins of the buildings
and between the individual sampling sites are provided in
Figures 5b and 5c. The four transects (marked as Ia, Ib, Ila
and IIb, n = 28) were approximately 800 m long and we
collected soil samples at six distances from the ruins of the
buildings. One transect (III, » = 6) was only 150 m long and
we also collected soil samples at six distances from the ruins
of the buildings, although these distances were not the same
as in transects la — IIb. We therefore analysed and visualised
the transect 11 separately.

The isotopic analyses were performed using a EuroEA
3028-HT elemental analyzer (EuroVector, Milan, Italy)
connected with an isotope ratio mass spectrometer (IRMS
Isoprime) in an accredited laboratory in the Crop Research
Institute in Prague-Ruzyné, Czech Republic.

2.3 Data analysis

One-way ANOVA in Statistics 8.0 software (Stat Soft, Tulsa,
USA) was used to evaluate the 8'°N in the soil samples. In
case of a significant ANOVA result, the Tukey HSD post hoc
test was used to evaluate the differences among the vicinity
of the buildings, the enclosure and the field. Linear least
square regression was used to detect the effect of the distance
from the village on the 3'°N in the soil samples.

3. Results

The nitrogen isotopic signatures recorded in the soil samples
collected in both the deserted villages and their fields are
provided in Table 2. No significant differences in 6'°N among
the soil samples collected in close vicinity to the building
ruins, in the enclosure and in the former field were recorded
in Roudnicka. Despite no significant effect on the part of the
position, there were clear trends with the lowest values of
8N recorded in close vicinity to the buildings, higher values
recorded in the enclosure and the highest values recorded in
the former field. The 6'°N signature was completely opposite
from Roudnicka in Spindelbach (Table 2). Significantly higher
8N were recorded in close vicinity to the building ruins as
compared with the former fields. In both deserted villages,
0N signature significantly decreased with the distance from
the village on the former agricultural land. The decrease was
clearly linear within the identified 350 m long fragment of the
former field in Roudnicka (Figure 5a). The linear decrease in

0N signature was also recorded in Spindelbach, although
the linear trend was not as clear as in the case of Roudnicka
(Figures 5b and 5c). In the case of transects Ia, Ib, I1a and IIb,
a steep decrease in 6'°N signature was recorded at a distance
up to 100 m from the buildings. A further decrease in 6"°N
signature was recorded in Ia and Ib transects, but not in Ila
and IIb transects at a distance between 100 m and 250 m. With
the exception of IIb transect, the values recorded at a distance
250 m were consistent with the values recorded at a distance
750 m at the end of the relict of the former field. In contrast,
however, the values of '°N in la and Ila transects were higher
at a distance of 500 m than in 250 m and 750 m.

In the case of short transect III, we identified a clear
decreasing trend of 3°N values from the close vicinity of the
ruins of the buildings up to the end of the identified former
field (Figure 5¢). The values 6'°N recorded at distances from
20 to 50 m were constant and were intermediate between the
values recorded in close vicinity to the ruins of the buildings
and at the end of the former field.

4. Discussion

The primary finding from this study is that 6'N signature
generated by medieval farming practices can be detected
in contemporary forests. The next conclusion is that §'°N
signature in the soil organic matter affected by medieval
farming practices can also be preserved at altitudes above
800 m a.s.l. with annual precipitation around 1000 mm
and therefore with an intensive leaching regime in the soil
profile. This is evident from a decrease in 6'°N values with
the distance from the building ruins in both the investigated
deserted medieval villages. The use of 3'°N signature
therefore enables the mapping of medieval farming practices
connected with the deposition of organic materials such as
feces, urine, dung water, farm yard manure or slurry. The
decrease in 6'°N values with the distance from the deserted
villages on the medieval agricultural land indicates that
organic fertilizers were in all probability commonly used
to improve agricultural production in Central Europe. This
is the first direct archaeological evidence for the use of
organic fertilizers on medieval agricultural land in the Czech
Republic. In the past, the application of organic fertilizers
on medieval fields was only indirectly estimated from the
presence of pottery shards on ancient agricultural land.
This was because old pottery vessels were thrown out into

Table 2. Results for the analysis of recent forest soil samples from the two deserted villages in the Czech Republic

Deserted village Places of collection Mean value of 8N (%) + S.E.
. Vicinity of building (n = 8) -1.19+£0.66
Roudnicka Enclosure (1 = 9) 0.24+0.59
F,., =194, P=0.159 . ! S
@33 Field (n = 15) 0.35+0.49
Spindelbach Vicinity of building (n =9) 1.33 £0.38
Fay=19.21, P<0.001 Field (n = 24) —0.63+0.23

S.E. — the standard error of the mean.
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manure and, along with manure, were applied to agricultural
land, arable fields the most frequently (Bogaard et al. 2007;
Klapste 2012). It is useful to make use of both approaches
together and compare the results, although the problem
is the low visibility of the pottery shards in forests and
therefore the impossibility to collect them in a sufficiently
high amount to construct reliable maps of their distribution.
Pottery shards are well visible on arable land, but there can
be an unwonted effect of recently applied organic fertilizers
on "N signature in soil organic matter disabling thus the
use of 8N for detection of former application of organic
fertilizers. The use of 8'°N signature for the detection of
former farming practices must therefore be restricted to
localities where no further organic fertilizers have been
applied after the abandonment of the agricultural land.

The slightly higher §'°N value in the relict of the former
field than in the enclosure indicates that the enclosure was not
used for livestock breeding in the village of Roudnicka. In
the case of the enclosure for livestock, the '°N value will be
in all probability substantially higher than in its surroundings
because of feces accumulation and therefore increased 8'°N
in the soil organic matter. It would seem that the enclosure
was actually used as a yard. Surprisingly, the lowest 3N
values were recorded in close vicinity to the building ruins
in comparison with the enclosure and the relict of the field.
It would seem that the vicinities of the buildings where the
soil samples were collected were actually free of livestock,
although this requires further detail research.

The highest values of §"°N close to buildings indicate
that livestock was in all probability kept close to buildings
or directly in barns in the investigated settlements in the
village of Spindelbach. The steep decrease in 6'°N values at a
distance above 100 m from the farm buildings indicates that
the majority of the organic fertilizers were applied up to this
distance. Furthermore, there was a decrease in 3'°N values at
a distance between 100 m and 250 m indicating that this area
was also affected by organic fertilizer application, although
substantially less than the area up to 100 m from the building
ruins. Values of 8"°N at a 250 m distance were the same as
the values recorded at the end of the field at a 750 m distance
from the building ruins. This indicates that the majority of
the organic fertilizers were in all probability applied up to
distance of 250 m from the buildings. Higher §'°N values at a
distance 500 m than in 250 m and 750 m indicates that certain
organic fertilizers were in all probability also applied at a
greater distance from the village or that there was a different
use of agricultural land than at other distances, at least in
certain transects. In order to answer questions connected
with medieval farming practices in more detail, fine scale
soil sampling must be performed. This was impossible in
Spindelbach, however, where relicts of medieval fields at
certain distances from the village were heavily damaged by
recent forest management activities.

Similarly to other regions (Dupouey et al. 2002;
Bogaard et al. 2007; Aquilera et al. 2008), ancient farming
practices connected with livestock breeding and organic
fertilizer application can be studied using 6'°N signature
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in contemporary forest soils in Central Europe. Although
mineral N, nitrates particularly, are highly mobile in the
soil profile under a high precipitation regime (Svoboda,
Haberle 2006), there is a low mobility of N fixed in organic
matter. Nitrogen incorporated into soil organic matter can
thus retain 6'°N signature generated by farming activities
for centuries. This is given by the high stability of the soil
organic matter fixing N for centuries particularly in forest
soils (Chen et al. 2011).
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