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Abstract

Cukor J., Balas M., Kupka I., Tuzinsky M. (2017): The condition of forest stands on afforested agricultural land
in the Orlické hory Mts. J. For. Sci., 63: 1-8.

The paper presents an evaluation of the growth of newly established forest stands on former agricultural land and
furthermore describes the state of the upper part of the soils in these stands in comparison with neighbouring grass-
land in the Orlické hory Mountains. The new Norway spruce stands show an extremely high growth potential, usually
significantly higher in comparison with areas forested for more generations/rotations. The formation of the surface
humus layer also showed fast progress, the amount of dry mass of soil organic matter reaching values almost typical
of permanently forested sites. The soils of newly afforested lands tend to resemble the status of forest soil — there was
observed a process of acidification and nutrient depletion, probably connected with accumulation of the tree biomass.
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Afforestation of former agricultural lands has
been going on for at least two centuries, for various
reasons. Human society originally used deforesta-
tion in order to gain land suitable for agricultural
purposes (WiLLiaMs 2000). Forest stands were cut
not only for future land use in agriculture, the for-
est served also as a source of fuel and building ma-
terials (KAPLAN et al. 2009). These changes were so
extensive that some authors describe them as the
biggest process of transformation of the landscape
and the land surface (OLoFssoN, HICKLER 2008).

The first documents relating to afforestation of
non-forest land in the territory of the Czech Re-
public date back to the late 16" century, when
a small wood behind the old game reserve close to
the city of Prague was planted (SPULAK, KACALEK
2011). Another reference dates back to 1589 and
describes the new forest planting two miles from
Prague close to the Hvézda Game Reserve (SPULAK

2006). The last major deforestation in Europe was
due to the industrial revolution in the 19* century
(KarLAN et al. 2009). After that, a reverse process —
afforestation — prevailed, not only in this country
but also in neighbouring territories. In the early
20" century, approximately 18,000 ha of non-forest
land were afforested. The most extensive affores-
tation of agricultural land occurred after World
War II in the whole territory of the Czech Republic
(KACALEK, BARTOS 2002). Changes in land use oc-
curred mainly in the border areas of the country
formerly settled mainly by the German population
(SPULAK, KACALEK 2011). In the 1960s, 6,000 ha of
non-forest land were afforested; later, afforestation
reached around 1,000 ha-yr~' (CERNY et al. 1995).
In the post-war period, the industry faced labour
shortage. A smaller portion of the non-forest land
was afforested using pioneer tree species such as
alder, rarely Scots pine (SpuLAK, KACALEK 2011)
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and considerable areas were planted with target tree
species (SINDELAR, FRYDL 2006). However, the most
commonly used species for afforestation of non-
forest land was Norway spruce which created pure
monocultures (Torka 2003). These spruce forests
are now reaching the age of about sixty years.

There still exists a broad potential of afforesta-
tion of agricultural lands in the Czech Republic,
when CERNY et al. (1995) indicated 300,000 ha,
PopRrRAZSKY and STEPAN{K (2002) assumed a wid-
er range of 50,000 to 500,000 ha. The aim of this
study is therefore an assessment and evaluation of
biomass yield for Norway spruce on former agri-
cultural sites in comparison with the production of
Norway spruce stands of identical parameters on
forest sites in the same climatological conditions.
A further partial goal is to evaluate the rate of re-
covery of the forest soil environment and its com-
parison with grassland sites.

MATERIAL AND METHODS

Study site. Seven permanent research plots were
established in the vicinity of the Neratov village in
the Orlické hory Mountains. in 2006. These stands
on former agricultural land were planted shortly af-
ter World War II. They are mostly spruce monocul-
tures; their area is more than 100 ha. The altitude of
plots ranges from 620 to 710 m a.s.l. with the aver-
age rainfall from 900 to 1,100 mm-yr~! and the av-
erage annual temperature about 6°C. The bedrock
consists mostly of schists, phyllites and paragneiss-

Table 1. Description of permanent plots

es. Prevailing soil types are Cryptopodzols, Cambi-
sols and Fluvisols (HATLAPATKOVA et al. 2006). The
forests can be classified as spruce-beech sites. All
permanent plots have a square shape of 50 x 50 m.
Permanent plots 1-4 and 7 were established on af-
forested agricultural land, plot 6 is a forest devel-
oped by natural succession and plot 5 is an old Nor-
way spruce forest on forest land which was chosen
as a control plot. More detailed characteristics are
shown in Table 1.

Mensuration. Data in all plots were collected
in October 2014. DBH was measured twice per-
pendicularly to the nearest 1 mm. Tree height was
measured with a Vertex hypsometer (Haglof Swe-
den, Sweden). The resulting height was calculated
as the arithmetic mean of two measurements in
meters to the nearest 1 dm. The stand basal area
was calculated as the sum of the tree basal areas
in the stand. Stand growing stock of each plot was
calculated as the sum of the volumes of individu-
al trees using volume equations (PETRAS, PAJTIK
1991) for particular species. Formulas containing
individual coefficients to accurately determine the
volume of the tree were applied using MS Excel
(Version 15.0.4805.1003, 2013). The differences be-
tween the diameters of spruce trees were separately
tested by one-way ANOVA in the STATISTICA
software (Version 12, 2013). Significant differences
were subsequently tested by post-hoc comparisons
using Tukey’s HSD tests. Their significance was
tested on the level a = 0.05.

Soil sampling and analysis. If possible, the for-
ested soil samples were compared with the samples

. Growing  Rotation/rege- .
Plot No. Plot name Main tree species 1(\%3 érllt;ttslc}e) silzzrteSte stock (LHP) neration length sarsr?lies
1 UKostela  [icea abies (Linnaeus) o, ) 651 427 100/40 yes
H. Karsten
2 Olge ~ Almsincana (Linnaeus) o, 4, 601 209 120/40 yes
Moench
Smrky Picea abies (L.)
3 nad Oliemi Karst. 61 690 654 345 100/40 yes
4 Modriny Larix decidua Miller 64 750 6S1 412 110/40 yes
5 Vysoky Picea abies (L.) Karst. 106 760 6K5 448 110/40 no
Koren
6 UCesty BetulapendulaRoth, g0 6D2 268 110/40 yes
pratelstvi Fraxinus excelsior Linnaeus
. Picea abies (L.) Karst. 55 710 654 145 100/40
7 U Elisky no
Betula pendula Roth 62 710 6S4 118 120/40

LHP - data from the forest management information system
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of meadow soil taken in adjacent grassland (1A,

2A, 6A) (Table 2).

Soil samples were taken with a soil auger of 6.5 cm
in diameter. Four composite soil samples were col-
lected on each plot. One composite soil sample
consisted of five soil cores. Each sample was divid-
ed into: organic horizon (litter, fragmented and hu-
mus), organomineral horizon (Ah) according to the
actual depth and mineral horizon, designated as B,
10 c¢m thick. A subsequent laboratory analysis was
performed by the “Tomds” laboratory in Opo¢no
according to standard methodologies used:

(i) dry matter amount in holorganic horizons
(t-ha!) at 105°C;

(i7) active (in water) and exchangeable pH in 1N KCl,
potentiometrically, 1:10 ratio in humus and 1:5
ratio in mineral horizons;

(iii) characteristics of the soil adsorption complex
determined by KAPPEN (1929) (base content — S,
base saturation of adsorption complex — BS);

(iv) total nutrient content after mineralization of ho-
lorganic horizons using the mixture of sulphuric
acid and selenium for mineralization (N, P, K,
Ca, Mg) (ZBirAL 2001);

(v) total oxidizable carbon (humus after calcula-
tion) and nitrogen content (N) by the Kjeldahl
method;

(vi) content of plant available nutrients (P, K, Ca,
Mg) by Mehlich III method.

Multifactorial analysis of variance was used at a
significance level of 95% (STATISTICA 12.1, 2013)

Table 2. Overview of analysed soil samples

followed by Tukey’s tests to recognize significant
differences between areas. Comparisons were done
for corresponding horizons.

RESULTS AND DISCUSSION
Growing stock of stands on sample plots

Plot 3 — an even-aged pure Norway spruce stand
without admixture of other tree species — reach-
es the highest stand growing stock (851 m®ha™!).
In contrast, the growing stock of Norway spruce
stand on plot 5, located on the original forest soil
and in comparable climatic conditions, has reached
only 586 m3-ha™! of standing volume in 106 years.
Plot 4 with predominant European larch has only
447 m3*ha~L. On the plot, larch is dominant and co-
dominant, while the gaps are filled with other tree
species, Norway spruce being in the subdominant
position though with negligible production im-
portance. The plot is not a substantially exploited
production area. The growing stock on plot 6 is
313 m3haL. It is a mixed broadleaved stand with
no silvicultural interference; numerous trees are
of small growth. The growing stock on plot 7 was
dominated by Norway spruce as the main species,
but it was gradually overgrown by birch and the
growing stock is 406 m*ha~'in total.

The growing stock of stands on former agricul-
tural land was compared with the standard volume

Plot No. Plot name Land use Dominating tree species Altitude (m a.s.l.)

1 U Kostela forest soil Picea abies (Linnaeus) H. Karsten 620

1A U Kostela meadow grassland - 620

2 Olse forest soil Alnus incana (Linnaeus) Moench 680

2A Olse meadow grassland - 680

3 Smrky nad Olsemi forest soil Picea abies (L.) Karst. 690
Modriny forest soil Larix decidua Miller 750

6 U Cesty pratelstvi forest soil  Betula pendula Roth, Fraxinus excelsior Linnaeus 660

6A U Cesty pritelstvi meadow  grassland - 660

Table 3. Data of sample plots in stand growing stock (before thinning)

Plot No. Age DBH Height Stem volume  Number of trees Basal area Stand volume

(yr) (cm) (m) (m3) per ha (m2ha™t) (m3ha?)

1 61 42.8 29.9 1.73 392 56.3 678

2 60 27 23.5 0.554 732 41.8 405

3 61 40 28.6 1.52 560 70.5 851

4 64 35.6 26.5 0.998 448 44.6 447

5 106 43.4 28.6 1.723 340 50.4 586

6 56 17.2 12.9 0.191 1,640 38.3 313

7 55 21.8 16.7 0.29 1,400 52.1 406
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defined in the official yield tables (CERNY et al.
1996). The yield tables provide data for monocul-
tures; therefore, mensurational data on the plots
were recalculated for 100% one-species composi-
tion. The comparison is presented in Table 4.

The stand growing stock of all permanent plots
with Norway spruce as prevailing species (plots
1 and 3) is significantly higher than in the yield
tables. Higher production of spruce stands on
former agricultural land was confirmed by other
authors as well (BARTOS et al. 2006; PODRAZSKY,
PrROCHAZKA 2009; PODRAZSKY et al. 2011). Only
plot 4 shows different results as the main species
is European larch, not Norway spruce. A similar
situation is on plot 7 where birch is the dominant
species, and Norway spruce is, again, in the sub-
dominant position, suffering from lack of light
and slow dying. Birches manifest their pioneer-
ing character by the typical rapid initial growth
(VACEK et al. 2009).

Fig. 1 shows differences in the mean diameter of
Norway spruce between all plots. As mentioned
above, permanent research plot 4 (27.2 + 1.91 c¢m)
and plot 7 (19.4 £ 0.62 cm) performed the lowest
diameter and they are significantly different. The
highest mean diameter was found on permanent
research plot 5 (44.1 + 1.04 c¢cm) with 106-years-
old Norway spruce stand on forest land. However,
61-years-old Norway spruce growing on former
agricultural land on permanent research plots 1
(43.0 £ 1.03 cm) and 3 (40.8 + 0.79 cm) has also
high mean diameter and statistically insignificant
differences from 106-years-old Norway spruce in
the same climatic conditions.

Soil properties

An important factor that determines total resto-
ration of the forest environment on former agricul-
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Fig. 1. Norway spruce mean diameter on permanent plots

tural land is the restoration of typical forest soil,
in particular the formation of typical forest floor
humus (GREEN et al. 1993; KACALEK et al. 2007;
PODRAZSKY, REMES 2008).

Results of analyses of surface humus top layers,
total content of humus and total nitrogen in the
upper horizons are presented in Table 5. In corre-
sponding pairs, afforested areas exhibited higher ac-
cumulation of surface humus compared with non-
forest soils, which was confirmed by other studies
(PODRAZSKY, PROCHAZKA 2009; HATLAPATKOVA,
PopRrAZSKY 2011). Statistically, the results are sig-
nificantly different. Substantially higher accumula-
tion of surface humus occurs mainly in coniferous
forests (PopRAZSKY, Kurka 2011), Norway spruce
in our case. High accumulation of surface humus in
Norway spruce stands was also confirmed by other
authors (BERGER, BERGER 2012).

On the other hand, the litterfall of the European
larch, which produces smaller quantities of litter,
resulted in lower total humus accumulation, which
was also confirmed by PODRAZSKY and STEPANIK
(2002). Broadleaved species showed rather large
accumulation of holorganic horizons, however, the
top layer is significantly mixed with mineral par-
ticles. The total content of humus in holorganic lay-
ers on plots 6 and 6A was less than half compared
with the other plots; these values are close to the

Table 4. Comparison of measured and tabular (model) stand characteristics

Plot Age DBH Height Increment Spruce share Growing stock Stocking
(yr) (cm) (m) (m3ha~tyr!)  instand (%) (m3ha™)

Official growth tables 60 27 27 9.6 100 578 1
PRP No. 1 spruce 61 44 30 11.8 81 717 1.24
PRP No. 3 spruce 61 40 30 14.0 100 851 1.47
PRP No. 4 spruce 64 27 18 6.8 15 433 0.75
Official growth tables 105 40 35 8.1 100 849 1
PRP No. 5 spruce 106 44 30 6.5 83 690 0.81
Official growth tables 55 25 25 9.7 100 534 1
PRP No. 7 spruce 55 19 15 5.3 78 294 0.41

PRP - permanent research plot, growing stock is for 100% of spruce
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Table 5. Fundamental soil characteristics of top layer horizons on permanent plots

) Dry matter Total humus Total N pH pH S BS
Plot No. Plot name Horizon (tha-)) (%) (%) (HZO) (KCD)  (meq-100 g) (%)
OF + OH 61.72b 48.46P 1.40P 3.83b 3.08° 22.0? 30.0°
1 U Kostela Ah 8.13> 0.40° 3.82P 3.52P 4.4> 20.7b
B B 4.72b 0.27° 4.12° 3.98> 3.4P 25.6°
OF + OH 36.86¢ 56.83" 1.30° 4.76¢ 4.05¢ 17.22 46.0°¢
U Kostela b b
1A Ah 7.94 0.44 4.55¢ 4.13¢ 5.9¢ 36.3¢
meadow _
B 4,29 0.30° 4.61° 4.29¢ 5.1¢ 41.5¢
OF + OH 64.88P 46.40° 1.82¢ 4.02° 3.53b 24.72 31.8°
2 Olse Ah 13.34¢ 0.66°¢ 3.57b 3.45P 6.4¢ 23.1b
B - 6.76¢ 0.30° 3.87¢ 3.7° 4.6° 23.8°
OF + OH 39.10° 24.17¢ 1.23b 4.72¢ 4.36°¢ 23.5% 57.5¢
2A Olse meadow Ah 5.672 0.37° 4.48¢ 3.8° 5.3bc 35.8¢
B - 3.182 0.24¢ 4.7* 3.89 4.4> 35.6¢
OF +OH  74.35" 45.67° 1.22° 3.67° 3.12P 12.0? 18.2°
Smrky nad b b b b "
3 L Ah 11.60¢ 0.47 3.69 3.5 4.8P¢ 21.0
Olsemi _
B 5.93¢ 0.33bc 3.89¢ 3.82P 3.7° 23.7°
OF + OH 54.00° 28.93¢ 1.002 3.9> 3.54b 18.52 35.5b¢
4 Modfiny Ah 6.29?2 0.28?2 3.82P 3.32P 3.32 20.8P
B B 3.05% 0.25b¢ 4.3> 3.81° 2.0? 20.4P
U Cest OF + OH 85.712 18.46¢ 0.89? 4.39?2 4.16% 16.52 45.6¢
6 - oS Ah 6.51° 039  4.36°  3.65 4.3b 27.4°
pratelstvi _
B 3.06* 0.22¢ 4,59 3.87° 3.40 28.5b
U Cesty OF + OH 127.46¢ 16.21¢ 0.842 4.7¢ 4.26¢ 19.3? 53.8¢
6A pratelstvi Ah 6.06* 0.39" 4.63¢ 3.842 6.3 38.8¢
meadow B B 4.16P 0.27b¢ 4.78* 3.94> 5.8¢ 41.5°¢

OF - organic fragmented horizon, OH — organic humus horizon, Ah — organomineral horizon, B — mineral horizon, sta-

tistically significant differences between particular plots for corresponding horizons are indicated with different indexes,

grassland plots in bold, S — base content, BS — base saturation of adsorption complex

limit between holorganic and organomineral hori-
zon (SALy 1978).

The content of total humus in mineral soil hori-
zons was significantly higher in the alder stand on
plot 2 and under Norway spruce (plot 3) but, at the
same time, lower under Norway spruce on plot 1,
the lowest under the canopy of broadleaved species
and similar on grassland plots (with one exception
of plot 1A). This seems to indicate rapid decompo-
sition of litter under broadleaved trees and in the
grass with poor incorporation of organic matter
into deeper soil horizons. Overall, the grassland
soils tend to have the lower total humus content in
comparison with forest (KACALEK et al. 2007, 2011;
HATLAPATKOVA, PODRAZSKY 2011; HILTBRUN-
NER et al. 2013) within mineral and organomineral
horizons.

The total nitrogen content was significantly
higher under the alder (plot 2), which corresponds
with its ability to bind nitrogen in symbiosis with
nitrogenous bacteria (BRooks, BENsoN 2016). On
the other hand, low levels of total nitrogen under
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larch correspond with the poor quality of litter
when compared with other tree species, which was
confirmed in other studies (PODRAZSKY 2008). The
significantly lower total nitrogen content was found
in broadleaved stands, which is caused by intense
uptake of this nutrient by broadleaved trees; it has
been documented in another study by PODRAZSKY
and REMES (2010).

Active soil reaction (pHHZO) was significantly
lower on the permanent plots on former agricul-
tural land as compared with the grassland soil; it
was confirmed by further comparisons of affor-
ested agricultural land and grassland (PODRAZSKY
et al. 2011) for most of the soil profile (Table 5).
A mixed broadleaved stand comes in-between the
coniferous forests and former agricultural land.
Norway spruce is the most soil-acidifying tree spe-
cies, as confirmed by other authors (PODRAZSKY,
STEPANIK 2002; RITTER et al. 2003; HAGEN-THORN
et al. 2004; KANERVA, SMOLANDER 2007). Iden-
tical trends occurred in case of the potential soil

reaction (pH,); again, stronger acidity was dem-



Table 6. The content of available nutrients in horizons in the leachate (Mehlich III methods)

Plot No. Plot name Horizon P (mgkg™) K (mg-kg™) Ca (mgkg™) Mg (mg-kg™1)
OF + OH 50.0 265.5 995.5 157.5b
1 U Kostela Ah 21.3 74.0b 204.3" 47.8
B 12.0 33.5P 189.8" 30.5
U Kostel OF + OH 109.0¢ 687.5¢ 859.5P 209.0P
1A me:go‘;a Ah 11.3 93.0 229.0° 40.3"
B 8.8b 35.5P 206.0 20.0P
OF + OH 83.5¢ 702.0¢ 1,458.0° 318.5
2 Olge Ah 15.3 166.3¢ 361.5¢ 67.5¢
B 5.3 71.3¢ 224.5 39.0P
OF+OH 166.0° 1,113.0° 1,277.5° 348.0°
2A Olse meadow Ah 62.8¢ 81.8P 368.0¢ 42.5>
B 44.8¢ 41.5> 296.8¢ 30.3"
Sty nad OF + OH 465P 198.5 998.5P 141.5
3 “gl;/rgf‘ Ah 22.0 68.5 239.3b¢ 51.8
B 14.8° 28.8b 171.8 34.5b
OF + OH 64.0¢ 493.0° 1,183.0b 186.0°
4 Modiiny Ah 28.8 63.5 260.35 35.0°
B 18.8 41.0° 212.0° 23.5¢
U Cest OF + OH 73.0¢ 629.5¢ 1,216.5% 182.0
6 féteelztzi Ah 16.8° 124.5b¢ 260.0% 38.3b
P B 13.3° 73.3¢ 186.0° 21.5¢
U Cesty OF + OH 70.5¢ 597.5¢ 1,031.0° 245.0°
6A patelstvi Ah 10.5b 87.3b 343.5¢ 49.8"
meadow B 3.3P 43.5P 333.5°¢ 36.5"

OF - organic fragmented horizon, OH — organic humus horizon, Ah — organomineral horizon, B — mineral horizon, sta-

tistically significant differences between particular plots for corresponding horizons are indicated with different indexes,

grassland plots in bold

onstrated in case of forest stands compared with
grassland (HATLAPATKOVA, PODRAZSKY 2011).
The results in the mineral soil horizon B did not
differ significantly between plots. Even in this case,
the strongest acidification occurred in deeper hori-
zons in the alder stand depending on strong nitrifi-
cation and nitrate leaching.

The base content (S value) in the soil of for-
est stands in holorganic horizons compared with
grassland did not differ significantly, the trend of
lower values on permanent plots 6 and 6A was not
significantly different. In the grassland and in the
alder stand, there was a tendency of higher S values
also in the upper mineral horizon (Ah); the differ-
ences were significant. On the other hand, the larch
stand showed the lowest value of all the surveyed
plots. This tendency remained unchanged in the
B mineral horizon. The saturation of the sorption
complex with bases (BS value) in the humus ho-
rizon has clearly and significantly lower values in
forest stands in comparison with agricultural soils,
which was confirmed by other studies (PODRAZSKY
etal. 2011).

The contents of plant available nutrients, which
are documented in Table 6, were considerably vari-
able, reflecting the impact of different types of veg-
etation, and also the influence of fertilization and
other management interventions on agricultural
land. Pronounced seasonal variability of these char-
acteristics cannot be ruled out. The content of avail-
able P in holorganic horizons of grassland appeared
to tend to lower values in forest stands. Different
tendency was evident only in case of the last pair
of plots, i.e. plots 6 and 6A, with the broadleaved
species. The lower P content under the canopy of
broadleaved species was reported in other studies
(PODRAZSKY et al. 2011). But overall, the content
of P is higher compared with forest stands. That
can be attributed to ameliorative efforts in the past
(FALKENGREN-GRERUP et al. 2006; KACALEK et al.
2011). The same applies to the content of available
K and Mg; in case of these nutrients, the differenc-
es were not statistically significant. The content of
available Ca appeared to have an opposite tendency.

The results were highly variable and ambiguous
in the Ah horizon. On plot 1, the content of avail-
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able P was insignificantly higher in the Norway
spruce stands in comparison with the meadow, on
plot 6 the situation was similar, but opposite to that
of plots 2 and 2A. The plant available K content
was different; in the first location, the content was
higher under grass, but on all other plots, the forest
stands showed higher levels of K content with the
exception of the European larch. Meadows tend to
have a higher content of available Ca, forests (with
the exception of plots 6 and 6A) have a higher con-
tent of Mg.

The dynamics of plant available P in the B hori-
zon was similar to the Ah horizon. The available K
values were significantly higher under broadleaved
trees. Meadows showed a significantly higher con-
tent of plant available Ca, while the forests have
a higher content of Mg. This general trend was dis-
rupted in larch stands where plot 6 was somewhat
different from the other plots most probably due to
the geographic distance.

CONCLUSIONS

The present study documents the development of
soil environment and production of forest stands
on former agricultural land in the Orlické hory Mts.
All investigated permanent plots showed the high
accumulation of biomass; the growing stock of ap-
proximately 61-years-old Norway spruce forests on
permanent research plots number 1 (717 m3ha™!)
and 3 (851 m*ha™') reached significantly higher
values than the reference 106-years-old stand of
the forest land (690 m3-ha!) and also in compari-
son with yield tables (578 m3ha™!) established for
60-years-old Norway spruce forest. Spruce is the
species with the highest production potential.
Stands of broadleaved trees here show substantial-
ly lower production, as well as the European larch
stand with Norway spruce in the subdominant
position.

In terms of the conversion of the original agri-
cultural soils, extensive accumulation of humus
in Norway spruce stands has been documented.
It reached the values typical of forest stands with
similar species composition and habitat condi-
tions, growing on “permanently” forested sites.
The tendency of higher soil acidity in forest stands
was also confirmed, which is the result of nutrient
uptake and high accumulation in the aboveground
biomass and litter which is generally more acidic
compared with grassland. The phenomenon is as-
sociated with lower values of base content and sat-
uration of the sorption complex with bases on the

J. FOR. SCL, 63, 2017 (1): 1-8

afforested agricultural land, thanks to the increased
uptake and accumulation of bases from the soil and
their storage in the aboveground biomass of stands.

The content of available nutrients on perma-
nent plots was highly variable, which is most likely
caused by fertilization and other management in-
terventions on the former agricultural land. The
full assessment of the functional effects of forests
in terms of the soil-forming function is of interest
for further research investigating an even longer
time interval from afforestation.
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