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LITTER-FALL AS A SOURCE OF NUTRIENTS IN MOUNTAIN INORWAY SPRUCE
STANDS IN CONNECTION WITH THINNING

LESNI OPAD JAKO ZDROJ ZIVIN V HORSKYCH POROSTECH SMRKU VE VZTAHU
K VYCHOVNYM ZASAHUM

Jiki NovAK, MARIAN SLODICAK

ABSTRACT

The objectives of the study were to find out possible effect of thinning on quantity
and quality of litter-fall as a source of nutrients in young Norway spruce stands in
the mountains, where spruce monocultures are typical for productive forests. Re-
search was done on two thinning experimental series Polom and Vrchmezi in the
Orlické hory Mts. (Eastern Czechia). The thinning experiments are based on clas-
sical comparative method of different thinning regimes (Control - regime without
thinning and Thinned - regime with very heavy first thinning from below). From the
presented results in young mountain spruce stands, effect of silvicultural measures
(thinning) on quantity and quality of litter-fall is apparent but not uniform. When
Control plot was relatively undamaged and unthinned stand was closed (first half
of observation period on experiment Polom), litter-fall (and consequently amount
of falling nutrients) was higher on this Control plot compared with Thinned plot.
Later, when Control plot was more damaged (mainly by snow), amount of litter-fall
was higher on slightly damaged Thinned plot (both experiments).
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ABSTRAKT

Cilem prezentované prace bylo zjistit mozny efekt vychovy na mnozstvi a kvalitu
opadu jako zdroje zivin v mladych smrkovych porostech horskych oblasti, kde jsou
smrkové monokultury pro hospodarské lesy typické. Vyzkum probihal na dvou ex-
perimentalnich sériich Polom a Vichmezi v Orlickych hordach. Experimenty jsou
zalozeny na klasickém porovndavani porostii s riiznymi vychovnymi rezimy (,, Kont-
rolni* — bez zasahu a ,,Vychovavany** — rezim s velmi silnymi prvnimi zasahy nega-
tivnim vybérem v podurovni). Z prezentovanych vysledkii vyplyva zirejmy, avsak ne
vzdy jednotny efekt vychovy na kvantitu a kvalitu opadu. Pokud byl kontrolni po-
rost relativné neposkozeny a zapojeny (prvni polovina obdobi sledovani na experi-
mentu Polom), bylo v ném zaznamendno vys$si mnozstvi opadavané biomasy (a spo-
lu s tim i zivin) ve srovnani s vychovavanym porostem. Pozdéji, kdyz byl kontrolni
porost bez vychovy vice poskozen (predevsim snéhem), vykazoval vyssSi mnozstvi
opadu méné poskozeny porost s vichovou (na obou experimentech).

Klic¢ova slova: smrk ztepily, opad, ziviny, vychova, hory

INTRODUCTION

Litter-fall is one of the important parts of nutrient cycling in the forest ecosys-
tems. Even-aged Norway spruce (Picea abies (L.) Karst.) monocultures, as a main
type of productive forest in the mountains, usually have not understorey and nee-
dle litter-fall is substantial for nutrient cycle. Litter-fall is, in fact, main source of
nutrients in non-fertilized forests. What is the role of forest manager in this proc-
ess? Is it possible, that active management can influence quantity and quality of
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litter? Effect of thinning, as a main silviculture measure, on quantity and qual-
ity of litter-fall in Norway spruce stands was detected (Sarman 1982, Wilhelmi
1988, Vesterdal et al. 1995, Podrazsky 1996, Castin-Buchet, Andre 1998, Slodi¢ak
et al. 2005, etc.). But a lot of published works are evaluated on the basis of rela-
tive short-term research. In the forest stand, amount of litter-fall varied during the
years sometimes dramatically and therefore, long-term studies focused on this
problem are demanded.

The objectives of the study were to find out possible effect of thinning on quantity
and quality of litter-fall in young Norway spruce stands in the mountains, where
spruce monocultures are typical for productive forests.

MATERIAL AND METHODS

The data were collected on two thinning experimental series Polom and Vrchmezi
in the Orlické hory Mts. (Eastern Bohemia). The first series Polom was founded
in 1980 in 15 years old stand of Norway spruce originated from planting of 4 years
old containerised plants in irregular spacing with density of 3,500 — 4,000 trees
per hectare in 1965. The stand lies on 5% north-west slope on elevation of 800 m
above sea level on cambic leptosol of 6" Beech with Spruce forest vegetation zone
(Piceeto-Fagetum acidophilum — Carex pilulifera), acid category.

The second series Vrchmezi was founded in 1986 in 18 years old Norway spruce
thicket originated from planting in irregular spacing with the density of 4,000
trees per hectare. The experimental series is located on 3% western slope, in ele-
vation of 860 m above sea level on leptic-entic podzol of the 6" Beech with Spruce
forest vegetation zone (Piceeto-Fagetum acidophilum — Avenella flexuosa), acid
category.

The thinning experiments are based on classical comparative method, i.e. on com-
paring the stands with different thinning regimes (Control - regime without thin-
ning and Thinned - regime with very heavy first thinning from below). Litter-fall
research started during the observation of these experiments and the development
of stand characteristics were published earlier (Novak, Slodi¢ak 2002, Slodi¢ak,
Novak 2004).

The investigation started firstly on experiment Polom in 1990 when 16 collectors
with area of 0.5 m? each were installed and on experiment Vrchmezi in 2000 when
6 collectors (with same area) were installed. Half of them (8 collectors on Polom
and 3 collectors on Vrchmezi) were placed on unthinned control stand (Control)
and the second half on comparative stand with thinning regime based on the first
very heavy thinning from below with negative selection done in the period when
the top height of the stand achieved 5m (Thinned). Litter traps were placed on
both plots in transects with regular spacing (4m) in order to get representative
situation of canopy on comparative plot including incidental irregularities. Col-
lectors were emptied initially weekly (first two years on experiment Polom), later
monthly (till 1996) and then to 2005 quarterly. All samples from particular collec-
tors were dried first on open air and afterward in laboratory to constant weight at
70 °C and weighted. Nutrient content was assessed from composite samples from
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each comparative plot (after mineralization by mineral acids). Total Nitrogen (N)
concentration was analyzed by Kjehldahl procedure and Phosphorus (P) concen-
tration was determined colorimetrically. An atomic absorption spectrophotometer
was used to determine total Potassium (K) concentration by flame emission, and
Calcium (Ca) and Magnesium (Mg) by atomic absorption after addition of La.

®

All statistical analyses were performed in statistical software package UNISTA’
(version 5.1). Unless otherwise indicated, test levels of p < 0.05 were used through-
out. Data sets (amount of dry biomass, nutrient contents) were analyzed using
one-way ANOVA. Where the main effects were significant or interactions were
detected, multisample comparisons were undertaken using a Tukey test.

Presented study is oriented on results from litter-fall observation on experiment
Polom in the 13-year period of 1992 — 2004 (age of 27 — 39 years) and on experi-
ment Vrchmezi in the 4-year period of 2002 — 2005 (age of 33 — 36 years). Devel-
opment of stands characteristics (N — number of trees, G — basal area) during the
period of litter-fall study was partly different (fig. 1).
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Fig. 1: Main stand characteristics (N — number of trees per hectare, G — basal area per

hectare) on comparative plots (Control, Thinned) of experiments Polom (left) and
Vrchmezi (right) in the period of litter-fall observation.
Hlavni porostni charakteristiky (N — pocet stromii na hektar, G — vycetni kruhova
zakladna na hektar) na srovnavacich plochdach (Control — kontrolni bez zdsahu,
Thinned — s vychovnymi zasahy) experimentii Polom (vlevo) a Vichmezi (vpravo)
v obdobi sledovani opadu (‘Rok, *Vék).

In experiment Polom, the program on comparative plot with thinning started by
opening the canopy with very heavy thinning. The number of trees decreased by
negative selection from below from initial 2 950 to 1 630, i.e. by 45 %, which rep-
resented 39% of basal area. At the age of 27 years (when litter-fall observation
started), thinned stand reached stocking 90% by basal area of Control plot (fig. 1).
The treatment was repeated according the program at the age of 30 years (1995)
again by negative selection from below removing of 26% N and 16% G, i.e. stock-
ing of thinned stand decreased from 97% to 81%. Additionally, during the period
of investigation (1992 — 2004), the experimental stands were three times damaged
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by rime and snow (1992, 1998 and 2001, at the age of 27, 33 and 36 years respec-
tively). At the end of observation (2004, age of 39 years), the stocking of thinned
stand was 99% of Control.

In experiment Vrchmezi, comparative stand was thinned three times at the age of
15, 18 and 30 years (1984, 1987 and 1999), i.e. before start of litter-fall observation.
At the age of 33 years (when litter-fall observation started on this experiment),
thinned stand reached stocking 75% by basal area of control plot (fig. 1). During
the period of investigation (2002 — 2005), the experimental stands were two times
damaged by snow (2001 and 2002, at the age of 32 and 33 years). However, at the
end of observation (2005, age of 36 years), the stocking of thinned stand was again
75% of Control.
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Fig. 2: Annual amount of litter-fall (kg.ha™! with standard deviations) on comparative plots

(Control, Thinned) of experiment Polom in the period 1992 — 2004 (age of 27 — 39
years). Significant differences: p < 0.10 (+), p < 0.05 (++), p < 0.01 (+++).
Roc¢ni mnozstvi opadu (kg.ha™ se smérodatnymi odchylkami) na srovndavacich
plochach (Control — kontrolni bez zasahu, Thinned — s vychovaymi zasahy) expe-
rimentu Polom v obdobi 1992 — 2004 (vék 27 — 39 let). Pritkazné rozdily: p < 0,10
(), p 20,05 (+4), p < 0,01 (+++).

RESuULTS

Total amount of dry biomass of litter-fall
Experiment Polom

Total weight of litter-fall varied from 1 800 to 4 800 kg.ha™' (fig. 2) during the thir-
teen-year period of observation (age of the stand 27 — 39 years). At the beginning
of observation on experiment Polom (in 1992), ca 2 800 kg of biomass per one
hectare fell on plot Control (without thinning). Total amount of litter-fall increa-
sed in following years and in 1996 (age 31 years) the maximum (4 800 kg.ha') was
detected. In the next year, the amount of litter-fall on Control plot was noticeab-
ly decreasing. From 1998 to 2002, annual amount of litter-fall oscillated (in 1998,
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2000, 2002 - increasing and in 1999, 2001 - decreasing) and the minimum (2 200
kg.ha) was found in 1999. In 2003, second peak of biomass amount was detected
(3 850 kg.ha™). In the last year of observation period, total amount of litter-fall de-
creased again on Control plot (3 070 kg.ha™).

On the Thinned plot (very heavy thinning from below), similar trend of litter-fall
amount is apparent. However, from 1992 to 1998, annual amount of litter-fall on
thinned plot was always lower than amount on control plot. These differences
were statistically significant in 1992, 1995, 1996, 1997 and 1998. On the other
hand, in 1999, 2000, 2002, 2003 and 2004 annual amount of litter-fall on Thin-
ned plot was greater than on Control plot, but differences were found statistical-
ly insignificant. The only exception between last years is situation in 2001 which
showed higher annual amount of litter-fall on control plot than on plot with thin-
ning (significant difference on the level p < 0.10 only).

Totally, amount of litter-fall was during the period of observation (13-year period)
about 8% higher on Control plot (42.7 thousand kg.ha') compared with Thinned
plot (39.4 thousand kg.ha™).

Experiment Vrchmezi

On the experiment Vrchmezi, total weight of litter-fall varied from 3 700 to 5 200
kg.ha'! (fig. 3) during the four-year period of observation (age of the stand 33 — 36
years) on Control plot. The maximum was found in the first year of observation
and in the following three years, similar amount of litter-fall was observed (from
3700 to 3 800 kg.ha).
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Fig. 3: Annual amount of litter-fall (left) and amount of Nitrogen (right) in litter-fall

(kg.ha™! with standard deviations) on comparative plots (Control, Thinned) of ex-
periment Vrchmezi in the period 2002 — 2005 (age of 33 — 36 years). Significant
differences: p < 0.10 (+).
Roc¢ni mnozstvi opadu (vlevo) a mnozstvi dusiku (vpravo) v opadu (kg.ha™ se smé-
rodatnymi odchylkami) na srovndvacich plochach (Control — kontrolni bez zdsa-
hu, Thinned — s vychovnymi zdasahy) experimentu Vichmezi v obdobi 2002 — 2005
(vék 33 — 36 let). Pritkazné rozdily: p < 0,10 (+).
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On the Thinned plot (very heavy thinning from below), as well as on experiment
Polom, similar tendency of litter-fall amount is apparent. However, at the begin-
ning of observation (2002 - 2003), annual amount of litter-fall on thinned plot was
always higher than amount on Control plot. On the other hand, last two years
(2004 - 2005), falling biomass on Thinned plot was lower. Differences were sta-
tistically significant in 2002 only (p < 0.10).

Amount of litter-fall was during the period of observation (4-year period) about
9% higher on Thinned plot (18.0 thousands kg.ha"') compared with Control plot
(16.5 thousands kg.ha™).

Nutrient content of litter-fall

During the period of observation, biomass from litter-fall contained different
portion (in %) of nutrients in the individual years. From the observed nutrients
on both experiments, Nitrogen has the highest portion in falling biomass (Po-
lom - from 0.96 to 1.32%, Vrchmezi - from 1.18 to 1.53%). Phosphorus (Polom
- from 0.07 to 0.20%, Vrchmezi — from 0.08 to 0.13%), Potassium (Polom - from
0.07 to 0.29%, Vrchmezi — from 0.09 to 0.22%) and Calcium (Polom - from 0.09
to 0.34%, Vrchmezi - from 0.06 to 0.22%) followed. The lowest percentage was
found for Magnesium (both experiments - from 0.02 to 0.10%). Therefore, total
amount of nutrients in biomass (kg.ha') was under the influence of this oscillation
in the individual years.

Experiment Polom

In accordance with lower amount of falling biomass on Thinned plot in the period
1992 — 1998, lower amount of observed nutrients was found (fig. 4 and 5). These
differences were (similar results as amount of litter-fall) statistically significant
and for N, P and K showed relatively stable trend. Partly different situation was
observed for other nutrients (fig. 5). Differences between variants in amount of Ca
in litter-fall have increasing tendency (mainly in the period of 1994 — 1996). On
the other hand, amount of Mg was similar on both variants (without significant
differences) in the period of 1992 — 1994.

In the following period (1999 —2004), trends for amount of N, P and K were in ac-
cord with the results of litter-fall amount, i.e. without statistical significant diffe-
rences between variants Control and Thinned. Only exception between last years
is situation in 2001 which showed significantly higher annual amount of N, P and
K on Control plot compared with Thinned plot. Contents of Ca and Mg in litter-
-fall were markedly influenced by aerial liming (dolomitic limestone), which was
applied in 2000 and 2002 in the Orlické hory Mts. Besides the significantly higher
values in 2001 on Control plot (similar results as amount of N, P and K), we found
the same result in 2002 and 2004 for Ca, although amount of litter-fall was lower
on Control plot in this period of observation. Effect of liming on amount of Mg (in
dolomitic limestone as HMgCO,) in litter-fall was more visible in 2002. But sig-
nificant differences between variants (similarly as for Ca) were not found in fol-
lowing years.
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Fig. 4. Annual amount of Nitrogen (above), Phosphorus (middle) and Potassium (below) in

litter-fall (kg.ha™ with standard deviations) on comparative plots (Control, Thin-
ned) of experiment Polom in the period 1992 — 2004 (age of 27 — 39 years). Signi-
ficant differences: p <0.10 (+), p < 0.05 (++), p <0.01 (+++).
Mnozstvi dusiku (nahore), fosforu (uprostred) a drasliku (dole) v rocnim opadu
(kg.ha—1 se smérodatnymi odchylkami) na srovndvacich plochach (Control — kon-
trolni bez zasahu, Thinned — s vychovnymi zasahy) experimentu Polom v obdo-
bi 1992 — 2004 (vék 27 — 39 let). Prikazné rozdily: p < 0,10 (1), p < 0,05 (+1),
p <001l (+++).
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Fig. 5: Annual amount of Calcium (above) and Magnesium (below) in litter-fall (kg.ha!
with standard deviations) on comparative plots (Control, Thinned) of experiment
Polom in the period 1992 — 2004 (age of 27 — 39 years). Significant differences:
p <0.10 (), p<0.05 (+1), p < 0.01 (+++).
Mnozstvi vapniku (nahore) a horciku (dole) v rocnim opadu (kg.ha™ se sméro-
datnymi odchylkami) na srovnavacich plochach (Control — kontrolni bez zasahu,
Thinned — s vychovnymi zasahy) experimentu Polom v obdobi 1992 — 2004 (vék 27
— 39 let). Prukazné rozdily: p < 0,10 (+), p 0,05 (++), p < 0,01 (+++).

Totally, amount of nutrients was during the period of observation (13-year period)
higher on Control plot compared with Thinned plot on experiment Polom:

= about 9% of N (Control - 498 kg.ha™!, Thinned - 453 kg.ha™),
= about 16% of P (Control - 55 kg.ha"!, Thinned - 46 kg.ha™')

= about 13% of K (Control - 67 kg.ha™!, Thinned - 58 kg.ha™)

= about 13% of Ca (Control - 104 kg.ha!, Thinned - 80 kg.ha™),
= about 6% of Mg (Control - 16 kg.ha!, Thinned - 15 kg.ha™).

Experiment Vrchmezi

Generally, amount of nutrients in litter-fall showed the same trend as development
of amount of falling biomass on this experiment (fig. 3 and 6). During the period
of observation (2002 — 2005), amount of nutrients generally decreased and diffe-
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rences between variants coming down as well. In accordance with the results from
experiment Polom in this period (since 2002), amount of nutrients was higher on
Thinned plot compared with Control plot. However, differences between variants
were significant in the first year (2002) only. Contents of Ca and Mg in litter-fall
were probably influenced by aerial liming in 2002 in the Eagle Mts. In contrast
to results from the experiment Polom, on experiment Vrchmezi we found signifi-
cant differences of amount of Mg (fig. 6). But effect of amount of litter-fall on total
amount of Mg was probably higher compared with the experiment Polom.
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Fig. 6: Annual amount of Phosphorus (left above), Potassium (right above), Calcium (left

below) and Magnesium (right below) in litter-fall (kg.ha™' with standard devia-
tions) on comparative plots (Control, Thinned) of experiment Vrchmezi in the
period 2002 — 2005 (age of 33 — 36 years). Significant differences: p < 0.10 (+),
p <0.05 (++), p<0.01 (+++).

Mnozstvi fosforu (vievo nahore), drasliku (vpravo nahore), vapniku (vlevo dole)
a horciku (vpravo dole) v rocnim opadu (kg.ha—1 se smérodatnymi odchylkami)
na srovndvacich plochach (Control — kontrolni bez zasahu, Thinned — s vychovny-
mi zasahy) experimentu Vrchmezi v obdobi 2002 — 2005 (vék 33 — 36 let). Pritkazné
rozdily: p <0.10 (+), p <0.05 (++), p < 0.01 (+++).
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Totally, amount of nutrients was during the period of observation (4-year period)
lower on Control plot compared with Thinned plot on experiment Vrchmezi:

= about 10% of N (Control - 215 kg.ha', Thinned - 239 kg.ha™),
= about 14% of P (Control - 18 kg.ha', Thinned - 21 kg.ha™),

= about 18% of K (Control - 27 kg.ha', Thinned - 33 kg.ha™),

= about 26% of Ca (Control - 23 kg.ha', Thinned - 31 kg.ha"),
= about 27% of Mg (Control - 8 kg.ha!, Thinned - 11 kg.ha™).

DiscussioN

The objectives of the study were to find out possible effect of thinning on quantity
and quality of litter-fall in young Norway spruce stands in the mountains, where
spruce monocultures are typical for productive forests. From the presented results
in young mountain spruce stands, effect of silvicultural measures (thinning) on
quantity and quality of litter-fall is apparent. Except of thinning, salvage cutting
influenced amount of litter-fall (mainly in 2001) on both experiments. This dam-
age (primarily by wet snow) was always higher on Control plots.

It is beyond doubt that annual amount of litter-fall is influenced by other factors
and these factors can affect diversely on stands with different thinning regime.
This is supported by previous study from the experiment Polom (Novak, Slodi¢ak
2004), which concluded that the total annual weight of litter-fall was influenced by
climatic factors (precipitation and temperature), by growth processes (basal area
increment) and by health condition (defoliation). Correlation between amount of
litter and increment of basal area in 21 years old Norway spruce stand detected
also Holstener-Jorgensen et al. (1979). On the other hand, litter-fall in some Euro-
pean coniferous forests as dependent on climate was published by Berg, Meente-
meyer (2001).

In observed experiments Polom and Vrchmezi, we found that annual amount of
litter-fall has relatively wide variability. Therefore, long-term research is essen-
tial for litter-fall investigation. Maximum amount of litter-fall was detected at the
age of 31 years (1996) on experiment Polom and at the age of 33 years (2002) on
experiment Vrchmezi. These peaks are conducted in accordance with the end of
culmination of green needle biomass growth. The period between the ages of 20
— 25 years is indicated by Chroust (1993) as maximum of growth of green needle
biomass in young spruce stands.

In our study, annual amount of litter-fall on Control plots varied from 1 800 to
4 800 kg.ha'! on experiment Polom and from 3 700 to 5 200 kg.ha! on experiment
Vrchmezi. It corresponds with the results Bill-Hansen, Hansen (2001), who found
that in forty years old Norway spruce stands the foliar litter-fall varied between
the years from 1 100 to 5 700 kg.ha™'. On the other hand, in similar spruce monoc-
ultures (age of 39 years) higher maximum values of litter-fall amount (up to 8 700
kg.ha') was detected (Slodicak et al. 2005). But these results were observed on the
high productivity sites on former agricultural land.

Annual return of N by litter-fall represented per one hectare 20.3 — 58.7kg of N
on experiment Polom and 44.1 - 88.4kg of on experiment Vrchmezi. It partly cor-
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responds with the data published by Klimo, Kulhavy (1994) — 43kg N.ha'y' and
Gundersen, Rasmussen (1995) - 37kg N.haly'. Higher maximum values on our
experiments are probably influenced by very high Nitrogen deposition in the Ea-
gle Mts., which was observed in last decade (Hruska et al. 2000).

In the period 2000 — 2002, the total amount of Ca in litter-fall markedly varied
and increased from 3 to 12 kg.ha' (300%) during one year, while total amount
of litter-fall increased 40% only. Ca content was partly influenced by aerial lim-
ing (dolomitic limestone), which was applied in 2000 and 2002 in the Eagle Mts.
However, possible influence of liming on total amount of Mg in litter-fall (in dolo-
mitic limestone as MgO) was found in 2002 only. This continually low content of
Mg in litter-fall may signalise its gradual exhaustion from the cycle of nutrients in
investigated forest ecosystem.

CONCLUSION

= On experiment Polom, total weight of litter-fall varied from 1 800 to 4 800
kg.ha' during the thirteen-year period of observation (age of the stand 27
— 39 years). Amount of litter-fall was higher on Control plot compared with
Thinned plot in the first half of observation period. On the other hand, the
second half of observation period was characterized by higher amount of
litter-fall on Thinned plot. In total, amount of litter-fall was during the
period of observation (13-year period) about 8% higher on Control plot
(42.7 thousand kg.ha') compared with Thinned plot (39.4 thousand kg.ha™).

= Consequently, amount of nutrients was during the period of observation (13-
year period) higher on Control plot compared with Thinned plot on experi-
ment Polom: 9% of N (Control - 498 kg.ha'!, Thinned - 453 kg.ha™'), 16% of
P (Control - 55 kg.ha'!, Thinned - 46 kg.ha'), 13% of K (Control - 67 kg.ha™!,
Thinned - 58 kg.ha), 13% of Ca (Control - 104 kg.ha™', Thinned - 80 kg.ha"
1, 6% of Mg (Control - 16 kg.ha', Thinned - 15 kg.ha™).

= On the experiment Vrchmezi, total weight of litter-fall varied from 3 700 to
6 500 kg.ha! during the four-year period of observation (age of the stand 33
— 36 years). In accordance with the results from the second half of obser-
vation period on experiment Polom, amount of litter-fall was during the all
period of observation (4-year period) about 9% higher on Thinned plot (18.0
thousands kg.ha') compared with Control plot (16.5 thousands kg.ha™).

= Consequently, amount of nutrients was during the period of observation
(4-year period) lower on Control plot compared with Thinned plot on ex-
periment Vrchmezi: 10% of N (Control - 215 kg.ha', Thinned 239 kg.ha™),
14% of P (Control - 18 kg.ha'!, Thinned 21 kg.ha'), 18% of K (Control -
27 kg.ha', Thinned 33 kg.ha'), 26% of Ca (Control - 23 kg.ha!, Thinned
31 kg.ha'), 27% of Mg (Control - 8 kg.ha!, Thinned 11 kg.ha™').

From the presented results in young mountain spruce stands, effect of silvicultural
measures (thinning) on quantity and quality of litter-fall is apparent but not uni-
form. When Control plot was relatively undamaged and unthinned stand was clo-
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sed (first half of observation period on experiment Polom), litter-fall was higher on
this Control plot compared with Thinned plot. Later, when Control plot was more
damaged (mainly by snow), amount of litter-fall was higher on slightly damaged
Thinned plot (both experiments). It was mentioned, that the results from long-
-term observation are the bases for litter-fall analyses in forest stands. Presented
work is one contribution to mosaic of this problem.
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SOUHRN

Cilem prezentované prace bylo zjistit mozny efekt vychovy na mnozstvi a kva-
litu opadu v mladych smrkovych porostech horskych oblasti, kde jsou smrkové
monokultury pro hospodatské lesy typické. Vyzkum probihal na dvou experi-
mentalnich sériich Polom a Vrchmezi v Orlickych horach (obr. 1). Experimenty
jsou zalozeny na klasickém porovnavani porostl s riznymi vychovnymi rezimy
(,,Kontrolni“ — bez zasahu a ,,Vychovavany* — rezim s velmi silnymi prvnimi za-
sahy negativnim vybérem v podairovni).

Na experimentu Polom kolisalo mnozstvi opadavané nekromasy v rozmezi 1 800
az 4 800 kg.ha' béhem 13leté periody sledovani (v€k 27 — 39 let, obr. 2). Mnoz-
stvi opadu bylo vyssi na kontrolni varianté v prvni poloving sledovaného obdobi.
Druha polovina sledovaného obdobi byla naopak charakterizovana vys$§im mnoz-
stvim opadu na varianté s vychovou. Celkové bylo mnozstvi opadu za 13 let sle-
dovani o ca 8% vyssi na kontrolni plose (42,7 t.ha') ve srovnani s vychovavanou
variantou (39,4 t.ha').

V souvislosti s tim bylo zjisténo béhem 13 let sledovani vyss§i mnozstvi zivin
v opadu na kontrolni varianté ve srovnani s vychovavanou variantou experimentu
Polom: ca0 9% N, 16 % P, 13% K, 13 % Ca a 6 % Mg (obr. 4 a 5).

Na experimentu Vrchmezi kolisalo mnozstvi opaddvané nekromasy v rozmezi
3 700 az 6 500 kg.ha! béhem 4leté periody sledovani (vék 33 — 36 let, obr. 3). Po-
dobné¢ jako u vysledkt z druhé poloviny sledovaného obdobi na experimentu Po-
lom, také zde bylo zjisténo vy$s$i mnozstvi opadavané biomasy na varianté s vy-
chovou. Ve srovnani s kontrolni variantou (16,5 t.ha') byl za 4 roky sledovani zjis-
tén vyssi opad biomasy ve vychovavaném porostu o ca 9% (18,0 t.ha™).

Na kontrolni varianté experimentu Vrchmezi bylo za 4 roky sledovani také zjiste-
no vyssi mnozstvi zivin v opadu: ca o0 10% N, 14% P, 18 % K, 26 % Ca, 27 % Mg
(obr. 3 2 6).

Z prezentovanych vysledkt vyplyva ziejmy, avSak ne vzdy jednotny efekt vy-
chovy na kvantitu a kvalitu opadu. Pokud byl kontrolni porost relativné neposko-
zeny a zapojeny (prvni polovina obdobi sledovani na experimentu Polom), bylo
v ném zaznamenano vyS$s$i mnozstvi opadavané nekromasy (a spolu s tim i zivin)
ve srovnani s vychovavanym porostem. Pozd¢ji, kdyz byl kontrolni porost bez vy-
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chovy vice poskozen (pfedevsim sné¢hem), vykazoval vy$$i mnozZstvi opadu méné
poskozeny porost s vychovou (v obou experimentech).
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