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Abstract

We observed the long-term effect of management (two thinning regimes: 2a — by positive
selection from above and 3b — by negative selection from below compared to 1¢ — unthinned
control) on production characteristics and forest-floor status in the stands of Scots pine
in Central Bohemia (Czech Republic). We found similar effect of treatment on production
during the 45-year long period of investigation, i.e. lower periodic basal area increment of
both thinned stands compared to control. About 6-9 thousand kg of dry-mass was stored
per hectare in humus horizon L in the stands studied in 2008, with insignificant differences
among the variants. In horizon F, we found about 14-18 thousand kg of dry-mass per hec-
tare and differences among variants were again insignificant. Significantly higher amount
of dry-mass was observed in horizon H in control unthinned plot compared to both variants
with thinning (103, 45 and 60 thousand kg per ha in variants 1c, 2a and 3b, respectively).
The results obtained indicate that studied thinning regimes resulted in significantly decreased
amount of accumulated humus in forest-floor and consequently carbon and nitrogen under
treated pine stands.
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Introduction the sandy sites in lowlands. In Central

Bohemia, Scots pine stands are man-

In the sustainable management of for-
ests silvicultural measures should be
directed not only at wood production,
but also at sustainability of production
capacity of site. In the Czech Republic,
Scots pine (Pinus sylvestris L.) is the
second most common species (about
17% in the tree species composi-
tion). Commercial forests with Scots
pine stands are usually cultivated on

aged by clear-cutting system with rela-
tively intensive soil preparation before
planting (logging slash is removed com-
pletely and clear-cut area is ploughed
after each rotation) and important part
of forest ecosystem - humus hori-
zons — are recreated in each rotation.
Consequently, during the rotation peri-
od, foresters can influence development
of stands by thinning. The aim of this



28 J. Novak, M. Slodicak, D. Dusek, and D. Kacalek

study was to found possible long-term
effect of thinning on production and
forest floor in Scots pine stands in the
Central Bohemia. Specifically, effect of
thinning on stand basal area and amount
of dry-mass, carbon and nitrogen in hu-
mus horizons under pine stands were
investigated.

Material and Methods

Research was done on experimental
series Kersko Il established in 1962
in 34-year-old pine stands in site
Carpineto-Quercetum  mesotrophicum
(according to Viewegh et al. 2003).
Elevation of the stands is 205 m above
sea level and the coordinates (in the
World Geodetic System 1984) of the
series are 50°08'40"” and 14°55'38".
Stands are located on arenic cambisol.
According to data from the Czech
Hydrometeorological Institute, during
the period 1961-2000 mean annual pre-
cipitation was 501-550 mm and mean
annual temperature was 8.6-9.0°C.

Intensive soil preparation by stump
extraction and ploughing was done be-
fore planting. The experiment was es-
tablished in 1962 at a stand age of 34
years. In the same year the first thinning
was done. There were three treatments
(each of an area 0.25 ha): a thinning
treatments - positive selection from
above (plot 2a), negative selection from
below (3b) and unthinned control (plot
1c).

After the first thinning the stands
were measured regularly at 5-year pe-
riods for diameter at breast height and
height.

In autumn 2008 when the stands
were 79-year-old, forest-floor humus

horizons (L=fresh litter, F=fermented
litter and H=humified litter) were inves-
tigated quantitatively and qualitatively
on identical comparative plots. We
used steel frames (25x25 cm) to de-
fine sampling area at six replications in
each plot (1c, 2a, 3b). All samples were
dried, first in open air, then in a labo-
ratory oven at 80°C, and subsequently
weighed (dry mass).

We measured the concentration of
oxidizable carbon (C_ ) from composite
samples (three per treatment) using the
spectrophotometric determination of or-
ganic carbon in soil — oxidation by chro-
mosulfuric mixture and determination
colorimetrically (Walinga et al. 1992).
Nitrogen content was assessed from
composite samples (three per treatment)
after mineralization by mineral acids and
analysed using Kjeldahl procedure.

All statistical analyses were per-
formed using multi-sample nonpara-
metric tests (Kruskal-Wallis one-way
ANOVA). Unless otherwise indicat-
ed, test levels of p<0.05 were used
throughout. For this analysis the Uni-
stat (2000) statistical software pack-
age was used.

Results
Growth

During the 44-year investigation (1962—
2007), the basal area of the control 1c
and treated plots 2a and 3b exhibited
different trends (Fig. 1). Experimental
series started at the age of 34 years
having initial basal area 38.7, 37.8 and
35.9 m2.ha’ on the plots 1c, 2a and
3b, respectively (differences were in-
significant). After the third experimen-
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Fig. 1. Number of trees (N) and mean basal area (G) development in the pine
thinning experimental series Kersko Il in the Central Bohemia.
Legend: plot 1c — control treatment; plot 2a — positive selection from above;
plot 3b — negative selection from below.

tal treatment (1972), the basal area of
the control and thinned plots differed
significantly. The basal area was 36.5,
28.3 and 27.9 m2.ha’, respectively, for
control 1c and thinned plots 2a and 3b.
These differences continued to the end
of observation period. At the age of 78
years, the control stand 1c had reached
48.7 m2.ha', whilst the basal area of
the thinned stands was 38.9 and 32.3
m2.ha" on plots 2a and 3b, respectively.

Status of humus layers

In 2008 (age of 79 years), 6-9 thousand
kg.ha' of dry-mass was stored per hec-
tare in humus horizon L (Tab. 1). This ho-
rizon consisted of about 2.1-4.0 thou-
sand kg of mosses, 1.3-1.6 thousand kg
of dry bark and twigs, 1.2-2.3 thousand
kg of cones and 1.2-1.5 thousand kg of
needles per hectare. Differences were
significant only for moss amount and for
total dry mass between 1c and 2a in the
frame of horizon L.

In the F horizon we found 13.9-
17.6 t.ha' dry mass with insignificant

differences between the treatments.
The greatest amount of dry mass was
found in the H horizon: 102.9, 45.4
and 60.1 t.ha' on plots 1c, 2a and
3b, respectively. Comparison of the
control 1c to the both thinned treat-
ment 2a and 3b showed significantly
greater dry mass (about 126% more
compared to plot 2a and about 71%
more compared to plot 3b) under un-
thinned stand.

Altogether, horizons L+F+H con-
tained 123.0 (1c), 69.7 (2a) and 86.7
(3b) t.ha' of dry mass. Differences be-
tween treatments were also significant.
We found greater amount of dry mass
under unthinned control stands (about
76% more compared to plot 2a and
about 42% more compared to plot 3b),
largely due to contributions of the H ho-
rizon.

Consequently, the significantly lower
amount of dry mass in the H horizon re-
sulted in lesser amount of accumulated
oxidizable carbon (C_) under treated
pine stands 2a and 3b (Fig. 2). While on
control plot we found about 10.9 t.ha”
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Table 1. Amount of dry mass in humus horizons in the pine thinning experimental
series Kersko Il in the Central Bohemia at the age of 79 years.

Treatment Significance p*
Horizon 1c S.E. 2a S.E. 3b S.E.
1c/2a | 1¢/3b | 2a/3b

L (moss) 2.1 |(0.42)| 3.7 |(0.30)| 4.0 |(0.48)| 0.04 0.01 n.s.
I(_bark+wood) 1.3 [(0.28)| 1.6 |(0.20)| 1.4 |(0.45) n.s. n.s. n.s.
L (cones) 1.2 |(0.42) 1.3 |(0.40)| 2.3 |(0.93) n.s. n.s. n.s.
L (needles) 1.5 [(0.38)| 1.2 |(0.13)| 1.3 |(0.18) n.s. n.s. n.s.
L (total) 6.1 |(0.36)| 7.8 |(0.43)| 9.0 (1.3) 0.07 n.s n.s
F 13.9 |(2.00)|16.56 |(0.46)|17.6 |(1.01) n.s. n.s. n.s.
H 102.9 |(9.59) |45.4 |(2.33) |60.1 |(6.36)|0.0002|0.002| n.s.
L+F+H 123.0 |(9.09) |69.7 |(2.12)|86.7 |(7.72)|0.0004 | 0.008 | n.s.

*n.s. = not significant (p>0.05), S.E. - Standard error.
Legend: L = litter, F = fermentation, H = humus (means with standard errors) for control
treatment (plot 1c) and thinned treatments (plot 2a — positive selection from above, plot

3b - negative selection from below).

of C__in the H horizon, only 5.9 and 4.2
t.ha’ of C _were stored in this horizon
on the treated plots 2a and 3b, respec-
tively.

The total amount of C__in the H ho-
rizon was by 84 and 159% higher on
the control 1c compared to the thinned
treatment 2a and 3b.

The amount of nitrogen in the H ho-
rizon displayed similar trends as car-
bon, i.e. larger quantity of nitrogen was
stored under control plot. The differenc-
es between treatments of about 94 and
106% (control 1¢c 1334 and thinned 2a
and 3b 687 and 649 kg.ha' of N) were
significant (p = 0.0001).

Discussion

In our experiment we found negative ef-
fect of thinning on the basal area of pine
stands in the 35-year period of obser-
vation. This observation is partly sup-
ported by published results (Pirogowicz
1983, Huss 1983) showing that inten-
sive thinning in 50-year-old and older
pine stands did not result in higher di-
ameter increment. An important factor
in evaluating humus layer formation is
the significantly different basal area of
comparative plots (control and thinned)
during the more than 30 years (age of
44-70 years).
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No effect of thinning on dry-mass
content in the L (with the only excep-
tion of moss content) and F horizon
was found. Altogether, the combined
L +F horizons contained 20-27 t.ha' of
dry mass. These data correspond with
the value of 32.5 t.ha' published by
Komlenovi¢ (1997) or 25 t.ha™ reported
by Podrazsky (1995), although the pine
stands investigated in these studies
were only 30 years old.

Our study found an effect of thinning
on the amount of dry mass in the H ho-
rizon. Opening the canopy (and conse-
quently a decrease in basal area) resulted
in reduction of dry mass in the H horizon
at the end of the observation period. This
partly corresponds with Sariyildiz (2008),
who reported significant effects of tree
canopy on litter decomposition rates in
pine stands. His study showed that the
tree canopy can significantly alter litter
decomposition rates of Scots pine.

The L+F+H horizons together con-
tained 123 t.ha’ of dry mass on the con-
trol plot. This amount is higher as com-
pared to the published values of 60 t.ha
in a 33-year-old stand (Podrazsky 1995)
and 46 t and 71 t.ha' in 49- and 63-year-
old stands, respectively (Muys 1995).
For all horizons (L +F+H) the differences
between the observed treatments were
significant and consequently, the investi-
gated thinning regime resulted in loss of
dry mass (by 42-76%) in humus horizons
by the end of the observation period.

Clearly, the most significant differ-
ences between treatments were in the
H horizon. In this layer we found about
11 t.ha’ of C__ on unthinned control
treatment. Different amounts of carbon
have been reported for other Scots pine
stands: 500-2,500 kg.ha' (Kurbanov
et al. 2007) and 20-38 t.ha' (Heinsdorf
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Fig. 2. Mean amount of oxidizable carbon C_,
and total nitrogen N in the pine thinning
experimental series Kersko Il in the Central

Bohemia at the age of 79 years.
Error bars denote standard errors in horizon

H for control treatment (plot 1c) and thinned

treatments (plot 2a — positive selection from

above, plot 3b — negative selection from
below).

1997), but these results represent all
horizons (forest floor). However, com-
parison is rather complicated because
different methods of carbon analysis
(C,, or C_) were used.

The H horizon contained about 1,330
kg.ha' of nitrogen on unthinned con-
trol. Comparable amounts (900-1,700
kg.ha') were found in another study
(Heinsdorf 1997) but that was for the
complete forest floor. Differences be-
tween treatments for nitrogen were not
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as pronounced as they were for carbon
content. However, the amount of ni-
trogen under thinned stands was lower
and the difference was significant.

Conclusions

During the 46-year long period of inves-
tigation the basal area of control plot
and treated plot exhibited similar trends.
After the third experimental treatment
(1972) the basal area of the control 1c
and thinned plots 2a and 3b significant-
ly differed.

e In terms of humus layers investiga-
tion it was basically important that more
than 30 years led to significantly lower
basal area on thinned variants compared
to control.

e At the age of 79 years, horizon L
contains about 6-9 thousand kg of dry-
mass under pine stands.

e In horizon F, we found from 13.9
to 17.6 thousand kg of dry-mass per
hectare.

e The highest amount of dry-mass
was found in horizon H - from 45 to
103 thousands kg per hectare. Differ-
ences between variants were significant
only for horizon H and consequently for
the complete forest floor (L+F+H).

e Studied thinning regimes (positive
selection from above and negative selec-
tion from below) resulted in decreased
amount of accumulated humus and con-
sequently carbon and nitrogen stock in H
horizon under treated pine stands.
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