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Thinning operations affect the stability and growth dynamics of forest stands. Thinning also changes the forest stand environment
and the processes of formation and transformation of surface humus. This layer of organic material is one of the most essential
hydrologic components of the forest ecosystem. In addition to its considerable water retention capacity, surface humus also plays
an important role in regulating the inflow and outflow of water from forested areas. We measured changes in humus forms on the
Vrchmezi site in the higher elevations of the Orlické hory (mountains), where experimental thinning was begun approximately
30 years ago in an effort to stabilize young stands of Norway spruce in the presence of air pollution. We sampled organic horizons
and the top layer of the mineral soil profile in control and thinned plots in autumn 2002 to determine the amount of surface humus
and basic chemical characteristics of the soil. Our analysis showed statistically significant differences in the amount of organic ma-
terial (58.51 t/ha in the thinned plot vs. 70.08 t/ha in the control plot), higher acidity and bases content on the control plot, and
higher total Ca and Mg content on the thinned plot. We found no significant differences among treatment and control plots for

other characteristics.
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INTRODUCTION

Studies of forest stand thinning have tended to look at
its effects more on forest productivity and stand dynam-
ics than on the soil component. For example, researchers
have investigated the impacts of harvesting, including
mechanical thinning, changes in species composition or
site amelioration treatments. In general, researchers have
supposed that thinning, in contrast to other stand man-
agement activities, has only a slight impact on soil or-
ganic matter and soil dynamics. It is important, however,
that we study how the quantity and quality of surface hu-
mus change after stand thinning as we seek to understand
better the relationship between soil state and stand den-
sity. In addition, a clearer understanding of the effects of
thinning on forest soils will help in studying the non-pro-
duction values of the forest and in implementing sustain-
able forest management. The relationship between thin-
ning and soil bases content, the carbon and nitrogen
cycles may be expected to gain greater attention in forth-
coming studies.

Thinning treatments and subsequent stand manage-
ment affect the accumulation, transformation and miner-
alization of the organic litter in two ways, excluding ef-
fects on tree species mix. First, the changed volume and
density of the canopy affects the litter amount

(Binkley, 1986; Klimo, 1990; Saly, 1978, 1988).
In intensively thinned stands, studies suggest that the
amount of litter decreases, at least temporarily, as bio-
mass is concentrated in the crown layer and litter produc-
tion, especially from foliage, declines in the lower crown
(Hager, 1988; Wright 1957).

The second factor is represented by changed mi-
cro-climatic conditions at the ground level, which are
more favorable for organic matter transformation and
mineralization in more open stands. Chroust (1954)
described in detail the effects of thinning and tending
treatments on the microclimate in oak and beech thick-
ets. Novakova (1971) reported similar effects in
spruce stands. Hager (1988) and Vyskot et al
(1962) described dramatic changes in microclimate re-
sulting from thinning.

Past research has demonstrated that thinning and
tending usually improve conditions for humus produc-
tion and mineralization of the organic matter by chang-
ing both humidity and temperature. Increased soil mois-
ture intensified cellulose decay in spruce stand soils in
Denmark (Beier, Rasmussen, 1994). Sély
(1988) observed that microflora responsible for cellulose
and lignin decay were activated by raising the soil tem-
perature above 0 and 7 degrees, respectively. Even small
shifts in average temperature can change the transforma-
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tion of soil organic matter considerably or can prolong
the activity of decomposers in forest ecosystems. Also
important is increased air movement in the
newly-opened stands and the resulting removal of meta-
bolic waste products (i.e., carbon dioxide) from upper
soil layers to prevent their self-suppression effects.

For Czech conditions, the most important of the few
studies of silvicultural effects on soil are those by
Sarman (1979, 1982, 1985, 1986), which deal with
thinning effects in stands of the main climax species.
From abroad, the publications of Naumann (1987),
Richter, Richter (1990) and Wright (1957) ap-
pear to be the most relevant studies.

Research has shown that thinning and tending have
various effects on the amount and quality of soil organic
matter although these effects are more moderate than
with other silvicultural treatments. This reduced impact
is because thinning and tending result in less dramatic
modification of the forest environment than other, more
intensive treatments. As a result, there are less pro-
nounced changes in litterfall and precipitation
throughfall. In light of these presumed effects, our study
investigated the state of humus in a thinning experiment
in the submountain conditions of the Orlické hory.

MATERIAL AND METHODS

Research was conducted on the Vrchmezi research
site in the Orlické hory. The research site was established
in 1970 by planting Norway spruce at different spacings
with a density of approximately 4,000 individuals per
hectare. At the age of 15 years, the density was lowered
to 2,500 stems/ha by a heavy negative selection from be-
low. Two 0.04-ha plots were established in 1988 at the
stand age 18 years. One plot was left without further
treatments as the control plot. On the second one, density
was initially reduced to 1,600 stems/ha by negative se-
lection from below. A second and final thinning, again by
negative selection from below, was conducted in 1999 at
the age of 30 years, decreasing density to 1,150 stems/ha.
Damage from several snowfalls reduced stand density to
1,075 stems/ha on the thinned plot and 1,775 stems/ha on
the control plot. Growth processes and foliage health con-
ditions were investigated continually on both plots.

The stand is located at altitude 880 m a.s.l. The slope
is 6 degrees with a north-western exposure. The geologi-
cal bedrock is formed by mica-schists. Soil type was de-
termined to be Cambisol to entic Podzols (Spodosols),
with skeletic entic Podzol prevailing on the plot. The for-
est type was determined to be 6K1 (upper limit) — acid
spruce-beech stand (Piceto-Fagetum acidophilum —
Avenella flexuosa).

On each plot, samples of humus form layers were
taken: L + F1, F2, H and Ah. Sampling was done in
4 replications in 2002. Layer determination was based on
Green et al. (1993). Typical sampling sites were se-
lected for each plot. The holorganic horizons, but not the
mineral Ah horizon, were sampled quantitatively using
a 25 x 25-cm steel frame.
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Soil samples were processed in the laboratory at the
Research Station at Opo¢no by standard methods: the dry
mass of holorganic layers at 105 degrees C, pH in water
and 1 N KClI, soil adsorption complex characteristics by
Kappen (S — bases content, H — hydrolytic acidity, T -
cation adsorption capacity, V — base saturation),
plant-available nutrient content (P, K, Ca, Mg, Fe sesqui-
oxides) using AAS and spectrophotometry in 1% citric
acid solution, total nutrient content in holorganic layers
using mineralization by selene and sulfuric acid and
AAS (K, Ca, Mg) and spectrophotometry (P). Statistical
evaluation used analysis of variance at the 95% confi-
dence level.

RESULTS AND DISCUSSION

Thinning caused a decrease in the surface humus
amount (Table 1). The statistically significant decline in
the H-humification layer considerably influenced the to-
tal quantity of surface organic matter. The soil reaction
(H,0) was similar on both the thinned and control plots.
The slightly higher values on the thinned plot are within
the range of laboratory error. Both plots had similar pH
values (KCL), with the exception of the Ah horizon,
where pH values were significantly higher on the thinned
plot despite a low absolute difference of 0.1.

In contrast, the bases content (S-value) was higher on
the control plot, with an exception of the uppermost
layer; the difference was statistically significant in the
mineral horizon. Hydrolytic acidity (H-value) changed
sharply on the two types of plots without visible trend.
Cation exchange capacity (T-value) was similar on both
plots. Only in the litter the exchange capacity was higher
on the thinned plot than on the control. The base satura-
tion (V-value) showed a pattern similar to that of the base
content. Lower base content and loss of basic nutrients
would be expected on the thinned plot. The exchangeable
acidity also decreased on the thinned plot (Table 1).

On the thinned plot, lower total humus quantities and
LOI values were measured, with an exception of the up-
permost horizon (Table 2). Reflecting the more intense
mineralization processes on thinned plots, this difference
is of ecological importance, especially in the mineral hori-
zon. Total nitrogen content showed a similar difference.
Nitrogen losses and leaching can be connected with the
decrease of exchangeable bases content described above,
and opening the canopy can open nutrient cycles as well.

Although differences in the plant-available phospho-
rus (expressed in oxide form) content were not statisti-
cally significant, these differences were visible as an in-
crease in the holorganic horizons in the treated plot. In
contrast, plant-available contents of potassium decreased
in the uppermost and lowest horizons (L + F1, Ah) of the
thinned plot. Plant-available calcium values on the
treated plot increased in holorganic horizons and de-
creased in the mineral one.

Available magnesium levels decreased in general af-

* ter thinning, with the exception of the F2 layer. Total

phosphorus content was higher in the humus layers of the
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Table 1. Effect of thinning on the basic pedo-chemical characteristics on the Vrchmezi research plot

Horizon L +F F, H Ah | L+F | B H | Ah
Thinning ‘ Control
Total \ Total

Dry mass (t/ha) 6.688 19.648 32.176 * 58.512* 5.744 19.248 | 45.088* 70.080*

| pH H,O 4.20 4.05 3.88 3.82 4.08 4.12 3.78 392
pH KCl 3.68 3.18 2.98 2.85% 3.58 3.15 2.80 2.75%
S (mval/100g) 9.30 17.8 8.82 3.9% 6.28 22.40 11.6 6.3*%

| H (mval/100g) 22. 50.6 56.0%* 16.6 16.4 493 | 66.2%* 13.7
T (mval/100g) 31.8%* 68.4 64.8 20.5 22.7* TLT } 77.8 l 20.7
V (%) 28.7 25.2 13.5 19.1% | 27.6 30.4 14.5 32.3*
Acidity ex. (mval/kg) 19.4 42.8 93.2 75.8 : 21.6 454 104.0 81.0
H* ex. (mval/kg) 7.6% 11.4 9.4 4.7 ‘ 6.0%* 12.2 \ 18.9 6.3

| Al ex. (mval/kg) 11.8 314 83.8 71.1 15.8 332 } 85.1 | 74.7

* statistically significant differences among corresponding horizons of particular plots (p < 0.05)

Table 2. Effect of thinning on the nutrients content on the Vrchmezi research plot

| Horizon L+F, | F | H | Ah L+F F, H Ah
Variant Thinning Control
Humus (Springel-Klee) (%) 55.4% 555 55.0 222 42.4% 58.6 56.8 30.8
Lost of Ignitron — LOI (%) 95.1 88.9 77.1 28.5 86.3 915 80.5 41.8
N (Kjeldahl) (%) 1.50 1.88 1.68 0.20* 1.60 1.82 | 1.79 0.30%*
P,05 (mg/kg) — plant avail. — PA 866 759 524 321 612 465 368 322
K,O (mg/kg) — PA 1,050 636 401 170 1,185 500 399 219
CaO (mg/kg) — PA 4,946 4,036 1,627 243 3373 2,813 1,427 300
MgO (mg/kg) — PA 537 307 190 64 647 260 224 83
Fe,0; (mg/kg) — PA 132 2.454 1,430 2,769 94 360 1,111 3,099
P (%) — total 0.15 0.18%* 0.16 n.d. 0.17 0.12%* 0.15 n.d.
K (%) - total 0.110 0.115 0.420 n.d. 0.105 0.100 0.265 n.d.

| Ca(%)- total 0.430 0.075 0.02 n.d. 0.325 0.050 0.02 n.d.

\ Mg (%) - total 0.055 0.038 0.044 n.d. ‘ 0.058 0.032 0.036 n.d.

* statistically significant differences among corresponding horizons of particular plots (p < 0.05), n.d. — no determined

thinned plot with the exception of the litter layer. Total
potassium and total calcium content increased in general
after the treatment. Total magnesium content remained
virtually stable in the whole holorganic profile. The clear
and in some cases statistically significant changes in hu-
mus characteristics on the treated plot extends observa-
tions about changes in soil after other thinning experi-
ments (Podrazsky, Moser, 2003).

CONCLUSIONS

Study results confirmed the hypothesis that thinning
impacted soil characteristics. Lower surface humus accu-
mulation was observed on the thinned stand, indicating
more rapid transformation and mineralization of the lit-
ter. These processes were linked with the lowering of
soil acidity and conversely with increased losses of nitro-
gen and connected bases. Differences in pedochemical
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characteristics were not large in absolute value, but in some
cases they were statistically significant. Thinning has been
demonstrated to cause considerable changes in forest soil
characteristics. In selecting silvicultural treatments, forest
managers must take into account the ways thinning changes
properties of the organic and mineral layers of the soil, as
well as the whole soil-forest environment.
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Zmény mnozstvi a charakteru nadlozniho humusu v dusledku vychovnych zasahi.
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Vychovné zdsahy ovliviiuji zasadnim zpiisobem porostni stabilitu a ristovou dynamiku. Ovliviiuji také prostiedi
porostu a proces formace a transformace nadlozniho humusu. Ten piedstavuje jeden ze zakladnich faktort lesniho
ekosystému i z hlediska hydrickych funkei lesa. Kromé nezanedbatelné retenéni kapacity hraje tato slozka lesniho
ekosystému daleZitou roli v transformaci zésaku a odtoku ze zalesnéného tzemi. Pfedkladany piispévek dokumentuje

zmény humusovych forem na lokalit¢ Vrchmezi v Orlickych horach, ve vys$8ich nadmotskych vySkach. Experiment
s vychovnymi zasahy byl zaloZen zhruba pred 30 lety a jeho cilem byla stabilizace smrkovych porosti proti biotickym
faktoram a imisim. Vzorky jednotlivych holorganickych horizontd a nejsvrchn@jsi vrstvy minerdlni zeminy byly
odebirdny na kontrolni a vychovavané varianté na podzim roku 2002, bylo sledovéno mnoZstvi a zakladni
pedochemické charakteristiky. Vysledky dokumentovaly vyznamné rozdily mezi variantami (58,51 povrchového
humusu t/ha na varianté s vychovou, 70,08 t/ha na varianté kontrolni), déle vys3i aciditu a obsah bézi na kontrolni
variant&, vy&§i obsah Ca a Mg na varianté s vychovou. Rozdily u t&chto sledovanych charakteristik byly vesmés méné
vyrazné, tiebaze byly v nékolika pfipadech potvrzeny statistickou analyzou.
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