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Abstract. Based on materials gained in March 2015 from the Forest Data Bank the survey of some attributes (forest address including
Regional Directorate of State Forest (RDSF), area in hectares, soil unit, forest site type, dominant species in a forest stand and age of
the dominant species in a stand) of post-agricultural lands occurring in Polish State Forests was conducted in the paper. Distribution
of post-agricultural lands in Poland by RDSF as well as the structure of soil units, forest site types, dominant tree species and the age
of the species was presented and analyzed in the article.

Distribution of post-agricultural lands is not regular in regions of Poland as the highest share of such lands in the total area of State
Forests was stated for a northern part of the country (RDSF in Szczecinek, Pita and Olsztyn) and the lowest for central-southern regions
(RDSF in Katowice, Radom and Krakow). In spite Brunic Arenosols distinctly prevail in cover of post-agricultural lands occurring
in State Forests (65.8%) the soil unit is not the dominant one in all regions of Poland. Namely, in RDSF located in mountainous and
upland areas Cambisols and Luvisols predominate. In terms of forest site types structure, mesotrophic sites clearly prevail in post-ag-
ricultural lands as two forest site types (fresh mixed coniferous forest and fresh mixed broadleaved forest) cover 62.4% of all such
lands. In spite Scots pine (Pinus sylvestris L.) is the main tree species overgrowing post-agricultural soils in Polish State Forests the
share of the species in young plantations established in last two decades has clearly decreased. It has resulted from appearing since
1990s an increasing importance of ecologisation of forestry in Poland what has been reflected e.g. in a distinctly increase of a share
of broadleaved species in young plantations introduced on post-agricultural lands in last decades. The trend has especially pertained
oak species (Quercus petraea and Q. robur) and beech (Fagus sylvatica) of which much higher share was stated for the youngest
analyzed age class (<20 years) of post-agricultural woodlands than for older forest stands.

Key words: afforestation, post-agricultural soils, forests, Poland, Forest Data Bank.

1. Introduction
2005; D’Orangeville et al. 2008). Thus, nowadays occur-

rence of forests on grounds which previously were used in

Deforestation resulting from agricultural development was  agriculture is common in Europe: the share of post-agricul-

one of the most important changes in land-use occurring in
past centuries (Broda 2000; Matuszkiewicz et al. 2013). In
the second half of the 19" and in the 20" century the trend
was, however, reversed. As a result of intensification of ag-
riculture practices mainly, broad agricultural areas were af-
forested what especially concerned Europe (Smykata 1990;
Prevosto et al. 2004; Flinn & Vellend 2005; Matuszkiewicz
et al. 2013) and eastern North America (Flinn & Vellend

tural soils for European forests is estimated for about 50%
(Prevosto et al. 2004). The similar share could refer also to
forests in Poland (Sewerniak et al. 2014) what in big part
resulted from afforestation of huge areas performed after
the Second World War. Forest recovery which has taken
place after the War has been the most decisive factor for
increasing of forest cover of Poland from 20.8% in 1946
(Broda 2000) to 29.3% in 2013 (GUS 2014).
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Afforestation of agricultural lands together with surviv-
al of planted post-agricultural forest stands is commonly
indicated as one of the most important tasks for nowadays
forestry in Poland (e.g. Bernadzki 1990; Sobczak 1990).
It results not only from widespread presence of post-ar-
able soils in Polish forests but also from occurrence of
practical problems of forest management which concern
sanitary conditions of forests overgrowing such soils main-
ly (Rykowski 1990; Gorzelak (ed.) 1999). As Scots pine
(Pinus sylvestris) has been the distinctly dominant species
used for afforestation since the Second World War in Po-
land (Smykata 1990) pine stands being introduced in huge
areas on post-agricultural lands are commonly oppressed
by disasters among which root-system diseases are of the
highest importance for survival of forest stands (Rykowski
1990). As it was indicated in many studies (e.g. Maciaszek
& Zwydak 1996a,b; Bednarek & Michalska 1998; Prevos-
to et al. 2004; Sewerniak et al. 2014) agricultural use of
a soil distinctly affects its properties; thus post-agricultural
pedons clearly differ from ancient forest soils and former
agricultural use of a ground distinctly decreases resistance
of reestablished forest stands to disasters (Szujecki 1990;
Gorzelak (ed.) 1999).

Due to the high importance for forest management, the
problem of post-agricultural lands occurrence in forests
were widely described in literature (e.g. Bernadzki 1990;
Sobczak 1990; Gorzelak (ed) 1999; Flinn & Vellend 2005;
D’Orangeville et al. 2008; Sewerniak et al. 2014). In ref-
erence to survey of attributes of post-agricultural lands in
Polish forests the paper of Smykata (1990) should be pri-
marily indicated in which the author presented some main
statistics on afforested lands in Poland for the period 1945-
1987. Taking into account high importance of post-agri-
cultural lands occurrence for forestry, showing actual data
on these lands is reasonable. Thus, the aim of this study
was to present and analyze some main attributes (spatial
distribution, structure of soil units and of forest site types,
age and species structure of reestablished forest stands) of
post-agricultural lands in Polish State Forests. The survey
pertains forests administered by the State Forests National
Forest Holding which manages most (77.2%) of all forests
in Poland (GUS 2014).

2. Materials and methods

The study was conducted based on the materials gained in
March 2015 from the Forest Data Bank (www.bdl.lasy.gov.
pl) where detailed records on Polish forests are gathered.
Resources of the Bank were filtered to obtain all single
subsections of State Forests for which an occurrence of
a post-agricultural soil was determined in forest invento-
ry works. In this procedure in total 552189 subsections
were obtained for the all 17 Regional Directorates of Polish

State Forests. It constituted the base for the further sur-
vey which was performed in Excel files. The following
attributes for every single subsection were analyzed in the
study: forest address including Regional Directorate of
State Forest (RDSF), area in hectares, soil unit, forest site
type, dominant species of a forest stand in overstory and
actual age of the dominant species.

Soil units were determined in the source materials of
the Forest Data Bank according to the Polish nomenclature
used in a forest inventory (Klasyfikacja... 2000). These
units were linked to the international soil classification
groups (IUSS... 2014) as follows: gleby rdzawe (RD) —
Brunic Arenosols (rusty soils); gleby bielicowe (B) and
ochrowe (OC) — Podzols (podzolic soils and ochre soils);
gleby brunatne (BR) and gleby plowe (P) — Cambisols
(brown soils) and Luvisols (lessive soils) respectively; gle-
by gruntowoglejowe (G), opadowoglejowe (OG) i murszo-
wate (MR) — Gleysols (gley soils and mucky soils); gle-
by murszowe, mulowe and torfowe — Histosols (half bog
soils, mud soils and peat soils); mady rzeczne (MD) —
Fluvisols (river alluvial soils). Cambisols and Luvisols
were jointly analyzed in the study because truncated Lu-
visols were commonly classified in mapping field works
performed in Poland as Cambisols (Switoniak & Bednarek
2014; Switoniak et al. 2014). Division for forest site types
were given in a paper according to units used in forest in-
ventory works in Poland (Siedliskowe... 2004).

3. Results and discussion
3.1. Area and spatial distribution

The obtained in this study total area of post-agricultural
lands occurring in State Forests equaled 1563.0 thousand
hectares which was 22.1% of all forest cover of State For-
ests in Poland (Table 1). Big part of this area is constituted
by grounds afforested after the Second World War. In the
period 1947-1987 658.4 thousand hectares were afforested
(Smykata 1990) and other ca. 150 thousand hectares of
state forests have been planted on post-agricultural lands
since 1990s (Kaliszewski et al. 2014). The obtained in this
study value distinctly exceeds total area of post-war af-
forested grounds in State Forest. It must be keep in mind,
however, that in this analysis all post-agricultural lands oc-
curring in State Forests are included regardless time when
soil was afforested. Thus, surely big part of indicated in
this paper post-agricultural lands are those which were
in agricultural use and were afforested before the Second
World War.

Area and share of post-agricultural lands in a total area
of forests is spatially differentiated as both values are al-
most regularly highest for RDSF located in north-western
(Szczecinek, Pita, Szczecin) and central-northern (Olsztyn,
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Table 1. Some data on post-agricultural lands occurring in State Forests by RDSF
Diresonte | Tlarmofforess | IR | stare o posasrieutunl | 00 st
' [thous. ha] agricultural lands [years]

Biatystok 573.0 110.3 19.2 46.0
Gdansk 284.4 74.7 26.3 52.5
Katowice 595.5 222 3.7 39.6
Krakéw 167.8 15.7 9.4 52.2
Krosno 400.0 103.0 25.8 50.1
Lublin 392.6 49.9 12.7 47.2
Lodz 282.7 60.6 214 50.1
Olsztyn 567.9 186.5 32.8 52.6
Pita 3383 115.7 342 52.6
Poznan 407.8 106.1 26.0 52.0
Radom 308.5 21.7 7.0 44.7
Szczecin 637.1 152.3 239 51.6
Szczecinek 569.7 232.8 40.9 53.0
Torun 421.5 117.3 27.8 49.2
Warszawa 182.5 329 18.0 50.2
Wroctaw 525.1 73.5 14.0 46.6
Zielona Gora 424.7 87.8 20.7 544
In total 7079.4 1563.0 22.1 50.7
* according to GUS 2014

Gdansk) part of Poland (Table 1). It results from historical
circumstances because these regions of the country were
in big part rescued and joined to Poland after the Second
World War and thus there were huge areas of abandoned
agricultural lands which were afforested (Smykata 1990).
In general, low share of post-agricultural grounds was stat-
ed for RDSF located in mountainous and upland regions
(especially RDSF in Katowice: 3.7%, Table 1) where nat-
ural environmental conditions have been unfavorable for
agricultural use. An exceptional RDSF is here the one in
Krosno which in spite location in an upland and hilly re-
gion is characterized by relatively high share of post-ag-
ricultural lands (25.5%, Table 1) in forests. This is also
conditioned by historical circumstances as after the Second
World War many villages located in south-eastern Poland
were left by people and thus many hectares of abandoned
agricultural lands were afforested there.

3.2. Soil units and forest site types

The distinctly dominant soil unit occurring in post-agri-
cultural forests is Brunic Arenosol which covers 65.8% of
all post-agricultural lands in Polish State Forests (Table
2). This must not be surprised, because as the soil is char-
acterized by texture of loose sand mainly it is too poor in
nutrients and of too low water-sorption ability for agri-
cultural use (Bednarek & Prusinkiewicz 1990; Bednarek
& Michalska 1998). Thus, Brunic Arenosols have been
designed as the preferred soil unit for the 20" century af-
forestations. However, this soil unit is not the prevailing
one in post-agricultural lands of all RSDF because in two
Directorates located in southern Poland (Krakéw and Kro-
sno) fine-textured soils (Cambisols and Luvisols) dominate
(Fig. 1). This reflects geographical distribution of soils in
Poland as in uplands and mountains of the southern part of
the country Cambisols and Luvisols are soils of a very high
share (Bednarek & Prusinkiewicz 1990). It causes also that
in two other RDSF located in southern Poland (Wroctaw
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Table 2. Area and share of soil units for post-agricultural lands
in State Forests as well as mean age of forest stands by

the units
Soil unit [thg;r:.aha] S[EZT [;tf:s]
Brunic Arenosols (RD)* 1027.0 65.8 523
Podzols (B, OC) 107.9 6.9 50.6
Cambisols, Luvisols (BR, P) 266.0 17.1 50.1
Gleysols (G, MR, OG) 71.0 4.5 423
Histosols (M, ML, T) 11.6 0.7 37.2
Fluvisols (MD) 8.5 0.5 42.0
other soils 47.0 3.0 46.6
missing data on a soil unit 24.0 1.5 45.8

*In brackets abbreviations of soil units names used in the Polish nomenc-
lature (Klasyfikacja... 2000) are given.

Olsztyn

Szezecin

Warszawa

Lodz

and Katowice) the share of Brunic Arenosols is less than
50% while for all RDSF located in central or northern Po-
land the share is distinctly higher than half of all post-ag-
ricultural forest lands (Fig. 1). The highest dominance of
Brunic Arenosols was found for the RDSF in £.6dZ (77.7%)
and in Szczecinek (76.3%).

In terms of forest site types structure of post-agricul-
tural lands fresh sites distinctly prevail which were stated
for 92.8% of a total area of the lands in State Forests. The
total share of wet as well as boggy sites was clearly lower
as they covered 5.6% and 0.8% of a post-agricultural lands
area, respectively. The site which clearly prevails in struc-
ture of forest site types is the fresh coniferous mixed forest
(BMs$w) which covers 35.9% of all post-agricultural lands
in State Forests (Table 3). It reflects the distinct dominance
in post-agricultural forests mesotrophic forest sites as all
mixed coniferous forests (including all of their moisture
variants) cover 37.3%. The share of all types of mixed
broadleaved forests on post-agricultural lands is slightly
lower (29.5%) while shares of the poorest (coniferous for-
ests) as well as the most eutrophic forest sites (broadleaved
forests, swamp forests and a flood plain forest) are distinct-
ly lower: it equals 16.5% and 16.6%, respectively (Table
3). This can be linked to the structure of soil units occur-
ring in post-agriculture lands, namely to the distinct dom-

8i
Ffyaton Soil units

Brunic Arenosols (RD)*
Podzols (B, OC)
Cambisols, Luvisols (BR, P?
Gleysols (G, MR, 0OG)
Histosaols (M, ME. T)
Fluvisals (WMD)

other soils

Lublin missing data on a soil unit
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Figure 1. Share of soil units for post-agricultural forests by Regional Directorates of State Forests in Poland. *In brackets abbrevia-
tions of soil units names used in the Polish nomenclature (Klasyfikacja... 2000) are given
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Table 3. Area and share of forest site types for post-agricultural
lands in State Forests as well as mean age of forest
stands by the types

Soil unit Area Share | Age
[thous. ha] | [%] | [years]
Dry coniferous forest (Bs)* 1.7 0.1 45.8
Fresh coniferous forest (Bsw) 255.5 16.3 | 52.2
Fresh mixed coniferous forest
(BMsw) 561.2 359 | 51.6
Fresh mixed broadleaved forest
(LMsw) 413.9 26.5 | 52.0
Fresh broadleaved forest (L§w) 218.3 14.0 | 49.8
Moist coniferous forest (Bw) 1.7 0.1 49.0
Moist mixed coniferous forest
(BMw) 22.0 14 | 45.1
Moist mixed broadleaved forest
(LMw) 444 29 | 424
Moist broadleaved forest (Lw) 20.9 1.3 41.8
Boggy coniferous forest (Bb) 0.1 0.0 63.7
Boggy mixed coniferous forest
(BMb) 0.6 0.0 | 441
Boggy mixed broadleaved forest
(LMb) 1.9 0.1 39.0
Alder swamp forest (Ol) 10.6 0.7 36.9
Ash-alder swamp forest (O1J) 33 0.2 36.8
Flood plain forest (Lt) 6.1 0.4 41.6
missing data about forest site 0.8 0.1 50.7
type

* In brackets abbreviations of forest site types names used in Polish no-
menclature (Siedliskowe... 2004) were given

inance of Brunic Arenosols (Table 2) which usually form
forest sites of medium trophic conditions (fresh mixed co-
niferous and fresh mixed deciduous forest mainly).

3.3. Age and species structure of forest stands

The averaged age of forest stands overgrowing post-agri-
cultural lands equals 50.7 years (Table 4), however some
interesting differences between taxas of trees can be no-
ticed. The highest mean age was stated for black locust
(Robinia pseudacacia) which results from historical and
present trends in Polish forestry. The species was planted in
Polish forests in the past, however, due to the ecologisation
of forestry which has strongly appeared in Poland since

Table 4. Some characteristics of tree species structure in
post-agricultural State Forests

Species [{ E(t)a:ll;rhe; Share [%] Ngzzrz;‘i”e
Pine 1228.2 78.6 53.4
Larch 219 1.4 37.8
Spruce 53.5 34 42.1
Fir 4.5 0.3 46.8
Oak 65.5 42 359
Beech 15.3 1.0 29.2
Birch 92.6 5.9 49.1
Black locust 2.0 0.1 57.5
Alder 52.8 34 40.7
Poplar, aspen 34 0.2 423
Other species 233 1.5 48.0
In total 1563.0 100.0 50.7

1990s the species as being a foreign one for the Europe-
an ancient flora, nowadays is not usually welcomed when
species composition of young plantation for afforested
ground is established. The reasons resulting from ecologi-
sation of forestry can also explain higher averaged age of
pine stands (53.4 years) in comparison to all broadleaved
native species (Table 4). Until 1980s afforested lands were
almost entirely overplanted with Scots pine (Pinus sylves-
tris) in Poland, regardless a soil unit and a forest site type
(Smykata 1990); however it unfavorably influenced forest
ecosystem as planted pine monocultures negatively affect-
ed not only soils (Hagen-Thorn et al. 2004; Mrozinski &
Modrzynski 2006; Sewerniak et al. 2014) but also species
composition of ground vegetation (Laska 2006, 2014; Ma-
tuszkiewicz et al. 2013). The situation has changed since
1990s when ecologisation trends have clearly appeared in
Polish forestry (Zielony 2001). It has been manifested for
example in an increase care to restore compatibility be-
tween real and potential vegetation (Balcerkiewicz 2001)
what was reflected in higher share of broadleaved species
(oak and beech mainly) in young plantations established
on post-agricultural lands. This trend is clearly seen when
post-agricultural forests are investigated with regard to the
age of a forest stand. As it can be seen from the figure
2 the share of coniferous species is distinctly lower for
the youngest age class (<20 years) than for older stands
what results from reduced participation of pine and spruce
mainly. From the other hand share of oak and beech is
clearly the highest for the youngest class (Fig. 2). It has



14 Piotr Sewerniak

100 1 C — m—
—_.—- -
e
- =
60—
3
40
20
0+
<20 21-40  41-80 61-80 81-100 =100
Age classes [years]
W pine m fir birch
larch B oak alder
W spruce W beech W other species

Figure 2. Share of tree species in stands overgrowing post-agri-
cultural lands in State Forests by age classes. Horizon-
tal dotted lines separate total shares of coniferons and
broadleared species

a decisive contribution to the fact that for the period of the
last 20 years a total share of broadleaved species in young
plantations established on post-agricultural lands equaled
37% while the share calculated for previous decades oscil-
lated about one third of this value (Fig. 2).

It should be keep in mind, however, that averaged ages
of forest stands given in this paper to some extent are influ-
enced by methodological problems which concern defining
soils as post-agricultural pedons in field works. Namely,
in forest inventory works post-agricultural past of a soil
is defined first of all based on occurrence of a ploughing
horizon in morphology of a soil. However, in soils of high
biological activity and of a deep humus horizon the visual
occurrence of a ploughing layer in soil morphology disap-
pears much faster in time than in other soils. That is why
it is necessary to be aware that designation of some fertile/
wet/boggy soils which were overgrown by old-growth for-
ests when forest inventory works were done as post-agri-
cultural pedons could be omitted. As a result, mean ages of
forest stands as well as post-agricultural area given in this
article for some soil units (Histosols and Gleysols mainly)
and forest site types (boggy and swamp sites primarily)
could be understated. It concerns also averaged age of tree
species overgrowing soils which are usually characterized
by high biological activity and a deep humus horizon. In
the main it refers to black alder (Alnus glutinosa) which
commonly overgrows such soils.

4. Conclusions

Distribution of post-agricultural lands in Polish forests
is not regular what is caused by historical and environ-
mental circumstances mainly. The highest share of such
lands occurs in northern regions while the lowest in cen-
tral-southern Poland. In the forest site types structure mes-
otrophic sites clearly prevail in post-agricultural lands of
Polish State Forests and the dominant soils for the lands
are Brunic Arenosols. In spite the natural vegetation of the
soils are broadleaved forests (Biaty 1999, 2008; Jankowski
2014) for most decades of the 20 century Scots pine (Pi-
nus sylvestris) was the distinctly preferred species used
for afforestations in Poland regardless an occurring soil
type. Thus, in the past pine monocultures were planted on
huge areas of post-agricultural Brunic Arenosols. The sit-
uation has clearly changed since 1990s when ecologisa-
tion trends have distinctly appeared in Polish Forestry. As
a result, in nowadays afforestations the share of introduced
broadleaved species is much higher than it was before.
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