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Afforestation of agricultural lands took place on different sites and ecological conditions, including lower and medium elevated
localities, and continues to present. On the other side, low attention is paid to ongoing soil changes. The study is aiming to fill this
gap and documents effects of species composition in stands of Scots pine (Pinus sylvestris), Norway spruce (Picea abies), birch
(Betula verrucosa) and Douglas fir (Pseudotsuga menziesii). These stands are in the territory of the School Training Forest Kostelec
nad Cernymi lesy, in the altitude 430 m a.s.1., on the site of forest type 4Q1. The plots were compared with the neighboring locality
with arable land. During the first roughly 40 years, considerable changes were documented on the afforested plots. The surface
humus layers in the coniferous stands were formed, fixing relatively high amounts of carbon. Also the favorable effects on the upper
mineral horizons were observed, consisting in the shifts of the soil physical characteristics and in the increased sequestration of
carbon. Afforestation increased the carbon fixation not only due to stand biomass and litter necromass accumulation, but also due to

increased sequestration in the upper mineral soil.
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INTRODUCTION

Afforestation of agricultural lands represents topical
problem in the Czech forestry in the last periods. Extended
shifts in the land use were common in the past as well as
at present, as the consequence of EU agrarian policy. Af-
forested area increased considerably since the end of the
WW II, in 1960ies especially. From this point of view,
many authors dealt with this topic (Hatlapatkova et
al., 2006; Kacalek etal., 2006,2007; Spulak,2006),
as well as the development of successional stands was
studied. There is only limited information concerning the
forest soil character restoration on the contrary, as the ba-
sic predisposition for complex ecosystem functions (P o -
drazsky, Stefanik, 2002; Podrazsky, 2006;
Podrazsky, Prochazka,2009; Podrazsky et
al., 2010). Parallel problem is represented by the forest soil
restoration on localities degraded by bulldozer site prepa-
ration(Podrazsky,2008; Podrazsky etal., 20006).
Importance of the afforestation/reforestation of different
sites is discussed also as the concern of biodiversity and
stability of the landscape (Hlavac¢ etal., 20006).

For consideration of the whole problem, the compari-
zon with natural and close-to-nature forests it is basic con-
cept in similar site conditions (Podrazsky, Remes,
2007a, b; Podrazsky, Viewegh, 2003), even so
with the state in intense commercial forests (Novak,

Slodicak,2006; Podrazsky, Remes,2008; Bi-
lek etal., 2009).

The most important topics in the restoration of forest
soil functions are the formation of the functioning holor-
ganic layers, the mineral soil physical structure. These
processes document the retention capacity for water as
well as for macroelements. Aim of the presented paper is
to document of the state of soil physical characteristics
after agricultural soils afforestation separately for particu-
lar used tree species and to document of the retention ca-
pacity for main microelements (C, N, P, K, Ca, Mg).

MATERIAL AND METHODS

The effects of particular species on the selected soil
characteristics was evaluated on the series of research
plots on the territory of the School Training Forest Kos-
telec nad Cernymi lesy, close to Krymlov village. The
studies stands were located in the altitude 430 m a.s.1., the
mean annual precipitation range about 600 mm, mean an-
nual temperature reaches value 7.5 °C, Forest Site Group
is determined as 4Q. The soil type is evaluated as Gleyed
Luvisol. The stands were established on the agriculture
land by planting of stands of Scots pine, Norway spruce,
white birch and Douglas fir in spring 1967.

* Paper originated as a part of the project NAZV QL102A085 Optimisation of Silvicultural Treatments for Biodiversity Increase in Commercial
Forests. Preliminary results were presented in the Czech version on local Czech-Slovak seminar, used with accordance of organizers.

SCIENTIA AGRICULTURAE BOHEMICA, 42, 2011 (1): 19-23

19



The dendrometrical characteristics and stand par-
ameters were determined by standard dentrometrical
methods (Podrazsky et al, 2009; Salek, Za-
hradnik, 2008) at the stand age of 39 years (Table 1).

Retention potential was determined for the topmost
part of the soils, i.e. for the humus forms (Green etal.,
1993). The holorganic horizons were sampled quantita-
tively using the steel frame 25x25 c¢m, by particular holor-
ganic horizons. Dry matter was determined at 105 °C.

The soil samples from top mineral soil layer (upper 10
cm) were taken as so-called Kopecky’s cylinders. The
samples were processed by standardized methods to get
pedophysical characteristics (in horizon Ah— Podraz-
sky, Remes, 2005). Samples for chemical analysis
and holorganic horizons analysis were taken in the autumn
2006, Kopecky’s cylinders were taken in 2008, always
4 repetitions for each sample plot. Humus and carbon vol-
ume were analysed in Laboratory Tomas (VULHM VS
Opocno) as the volume of COX (Podrazsky et al.,
2009). Carbon volume was then calculated in humus ho-
rizons from its volume and weight of horizons. The carbon
volume in 10 cm upper layer was calculated using total
carbon volume and weight.

Software STATISTICA v.8.0 was used for statistical
evaluation using one factorial ANOVA (after verifying the
normality of data) as well as by post-hoc Tukey’s test.
Results were evaluated on common level of significance
ie. (p<0.01, p <0.05).

RESULTS AND DISCUSSION

The basic characteristics of observed species in the
stands are given in Table 1. The research plots were rather

small ones and therefore their statistical likelithood are
limited but the larger stands were not available in this case.
Nevertheless the data confirmed Douglass fir dominance
in growth and the beginning of birch stand disintegration.
These results were described in other paper (Podrazsky
et al., 2009) and they are similar to the results of other
authors(Kantor,2008; Podrazsky, Remes,2008).
The publications were cited as they serve as an illustrative
example for the main purpose of the paper. However data
suggests that above-ground biomass fixing carbon and
nutrients have the highest value for Douglass fir stands.
Pedophysical characteristics the top most 10 cm upper
mineral layer are given in Table 2. The farm land were
different in all pedophysical characteristics on highly sig-
nificant level with the exception of specific weight (the
data have higher values but the differences are not sig-
nificant) and capillary water capacity. The differences
among different tree species stands were not significant in
terms of pedophysical variables with the exception of soil
humidity in Douglas fir stand which was significantly
lower than in the other species stands. The difference is
probably caused by higher productivity of Douglas fir and
therefore its higher water consumption. On the other hand
not significant but the highest specific weight of topmost
mineral layer in Douglas fir stand is caused by the lowest
humus volume (see Table 3). The same is true for the low-
est value of air capillary capacity for the same species.
Upper layer humus volume and total humus volume
and carbon volume are given in Table 3. Holorganic vol-
ume and carbon content could be compared with data
which describe the soil under mature stand (label Mature
stand in Table 3) which is in neighborhood of other ana-
lyzed stands. The analyses do not compromise the Ko-
pecky’s cylindrical soil samples and therefore the volume

Table 1. Comparison of production potential of particular tree species in the stands established on agricultural lands

Pine Spruce Birch Douglass fir
Plot size (ha) 0.250 0.191 0.134 0.125
Age (year) 39 39 39 39
Number of trees 352 221 59 116
Trees per ha 1408 1157 440 928
Volume (m’) 88.015 66.73375 21.05625 54.643
Volume per ha (m3) 352.1 349.4 157.1 438.6
Annual mean increment 9.03 8.96 4.03 11.25
Annual mean increment in % of Douglas fir 80 80 36 100
Table 2. Pedophysical characteristics in topmost 10 cm of mineral soil in the stands of particular tree species

% g.cmﬁ3 g.crrf3 % % %
Species soil moisture volume weight specific weight porosity capil;g;};i\tx;ater caf;;l:z;ir
Pine 10.99 1.14 2.55 55.16 25.80 29.36
Spruce 9.30 1.10 2.54 56.63 33.17 23.46
Birch 9.74 1.15 2.54 54.70 29.98 24.72
Douglas fir 6.06 a 1.23 2.57 52.16 32.75 19.41
Farm land 16.43 b 1.46 a 2.60 43.89a 35.66 8.23a

Note: letters indicate statistically significant differences at level of significance p < 0.01
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weight soil was just only assessed as comparable with the
data for horizon Ah under Norway spruce stand. The data
proved the highest upper layer humus accumulation and
carbon content under mature stand. The other sites i.e.
under other tree species stands were not significantly dif-
ferent but within these stands the highest volume of upper
layer humus was under Norway spruce stand. The humus
layer is not yet created under birch stand. The figures in
upper layer of mineral soil are similar (not significantly
different) under all forest stands as well as in farm land.
Top layer of mineral soil under birch stands has more or
less the same volume of carbon accumulation as the other
soils. Lower volume in layer Ah was significant under
Douglas fir stand because the litter is decomposed much
more quickly than under the stand of Norway spruce or
Scots pine and in farm land where the volume was the
lowest. Similar results for relationship among spruce,
Douglas fir and broadleaved species were found in the
paper of Podrazsky and Remes§ (2008). Signifi-
cantly higher enrichment of mineral layers under forest
stands in comparison with arable land was described by
Podrazsky and Prochazka (2009). The compari-
son with the soil characteristics under “mature stand”, the
carbon volume in upper humus layer of farm land affor-
ested 39 years ago was only 1/5 of carbon volume in soils
under mature forest stands or only 50% of the soils under
stands with more natural species composition (Podra z-
sky, Remes, 2007b).

CONCLUSIONS

Afforestation of farm land has changed significantly
the basic soil characteristics. Our research proved dra-
matic changes in pedophysical characteristics, namely the
decrease of volume weight as the results of soil structure
changes and the increase of humus volume caused by new
forest stands. The other changes are the increase of air
capillary volume for the same reasons as above.

It could and should be repeated that the main reason
for these pedophysical soil changes is different use of land
i.e. afforestation and therefore the interruption of plaugh-
ing. The main driving force is a process of increasing or-
ganic material in soil as a consequence of litter fall on the
surface and within upper soil layer as well as soil fauna
activities.

Afforestation significantly influenced the carbon fixa-
tion in forest soil of forest ecosystems. First of all it should
be mentioned the accumulation of organic materials in the
holorganic layers i.e. in upper humus layers. The impor-
tant is at the same time enrichment of upper mineral layer.
The phenomenon is most probably common for these
processes.

Carbon accumulation in holorganic layers during the
first forty years could be observed and its volume is equal
to about 20% of carbon volume in the soils under conifer-
ous stands in the area or/and 50% of carbon volume in the
soil under broadleaved species. Afforestation of farm land

Table 3. Dry matter of the surface humus layers and total amount of humus and carbon

Species t/ha % t/ha
horizon weight total humus carbon volume carbon stock carbon stock in Ah
L+Fl1 9.44 65.80 38.17 3.60
F2+H 22.58a 57.30ab 33.24 7.50
Pine
Ah 4.10b 2.38 27.13
32.02 11.1
L+Fl1 11.57 58.30 33.82 391
F2 8.74 59.60 34.57 3.02
Spruce H 1749 a 49.40b 28.65 5.01
Ah 3.80 ab 2.20 24.20
37.80 11.94
0-10 3.50 ab 2.03 23.34
Birch
10-20 1.90 1.10 0.00
L+F1 13.40 57.80 33.53 4.49
F2+H 20.51a 48.80 b 28.31 5.81
Douglas fir
Ah 2.70 ab 1.57 19.31
33.91 10.30
L+F1 9.71 54.70 31.73 3.08
F2 16.46 70.60 40.95 6.74
Mature stand H 112.12b 64.60 a 37.47 42.01
Ah 3.80 ab 2.20 24.20
138.29 51.83
0-10 1.80 a 1.04 15.18
Farm land
10-20 1.80 1.04 0.00
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could be seen as one of the important vehicle to increase
retention capacity of the landscape and at the same time
to increase sequestration of carbon in forest ecosystems.
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KUPKA, I. - PODRAZSKY, V. (Ceské zemé&délska univerzita, Fakulta lesnicka a dievatska, Praha, Ceska republi-
ka):

Vliv druhového sloZeni lesnich porosti zaloZenych na zemédélskych pudach na jejich charakteristiky.

Scientia Agric. Bohem., 42, 2011: 19-23.

K zalesnovani zemédélskych ptid dochazelo v minulosti a dochéazi v soucasnosti v nejriznéjsich podminkach, vcet-
né nizsich a stiednich poloh, na druhé strané¢ pomérné mald pozornost je pfitom vénovana probihajicim zménam v ptud-
nim prostfedi. Pfedkladany prispévek proto doklada vliv druhového slozeni v porostech borovice lesni (Pinus sylvestris),
smrku ztepilého (Picea abies), brizy bradavicnaté (Betula verrucosa) a douglasky tisolisté (Pseudotsuga menziesii) na
tizemi SLP v Kostelci nad Cernymi lesy, v nadmoiské vysce 430 m n. m., na stanovisti odpovidajici LT 4Q1. Plochy
byly srovnavany se sousednim pozemkem s ornou ptidou, lokalizovanym v bezprostfednim sousedstvi. Beéhem prvnich
zhruba 40 let doslo na zalesnénych lokalitach ke znacnym zménam, zejména doslo k tvorbé nadlozniho humusu, ve
kterém bylo poutano zna¢né mnozstvi uhliku. Rovnéz byly patrné pfiznivé vlivy na nejsvrchnéjsi vrstvy mineralniho
pudniho profilu, které spocivaly v upravé pedofyzikalnich charakteristik a ve zvyseni obsahu poutan¢ho uhliku. Zales-
néni se tedy v oblasti sekvestrace uhliku projevuje ptiznivé nejen diky akumulaci biomasy porostu a nekromasy nadloz-
niho humusu, ale na fad¢ lokalit i obohacenim svrchnich mineralnich horizontd.

zalesnéni zemédélskych pid; druhové slozeni; douglaska; pedofyzikalni vlastnosti; poutani uhliku
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