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ABSTRACT: The effect of thinning on litterfall and decomposition of biomass was investigated in Norway spruce 
IUFRO thinning experiment (CZ-13), Czech Republic. The experiment was established in 1971 in an 8-year-old 
spruce stand on former farmland. Quantity and quality of litterfall and biomass from humus horizons were analysed 
in two treatments (1C – no thinning, 2T – heavy thinning at the young age). Forest floor was investigated in 2002, 
2004, 2005 and 2009 and litterfall was observed in the period 2002–2009. Accumulated dry mass in forest floor after 
39 years of existence of spruce stands continually decreased until the age of 46 years (from 80–100 to 30–50 Mg·ha–1). 
Under thinned stand, a lower amount of dry mass was observed compared to the control. Although mean total annual 
litterfall was the same in both treatments (5.3 Mg·ha–1), the observed trend indicates a possible effect of thinning 
on the higher rate of decomposition. With the exception of calcium (2002–2005 samples) we found the forest floor 
lower in nutrients and litterfall higher in nutrients in thinned plot compared to the control. Our results supported 
the theory that early thinning is an appropriate silvicultural strategy helping spruce to cope with growth conditions 
on sites naturally dominated by broadleaves. 
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Plant-tissue litterfall is a significant pathway to 
return nutrients and carbon to the soil in forest 
ecosystems (Hansen et al. 2009). The organic rem-
nants of plants accumulated on the soil surface are 
collectively referred to as forest floor (Briggs 2004); 
it accumulates because of the slow decomposition 
process (Singer, Munns 1996). As this forest floor 
decomposes, it creates particular organic horizons 
of litter (L), fermented material (F) and humus (H). 
The presence of these surface organic layers distin-
guishes forest soils from agricultural ones (Torre-
ano 2004). There were great changes in land use in 
the past; forests that had been converted into ag-
ricultural land became forest land once again due 
to both succession and afforestation. In the Czech 
Republic, the area of afforested land expanded espe-
cially after World War II. Norway spruce is the tree 
species dominating in new forests though spruce is 
not a native species on many sites.

The spruce-oriented forestry (across a spectrum 
of sites) has both advantages and disadvantages 
such as well-developed management; excellent 
production; wide range of wood usability, low sta-
bility or supposed soil degradation. However, in the 
short term, the increased nutrient immobilization 
in trees does not create an apparent depletion of 
available base cations (Bélanger et al. 2004).

At present, we observed declining spruce stands 
especially on sites at lower altitudes where spruce 
suffers from a coincidence of low precipitation and 
high air temperature, i.e. on the sites where a spruce 
share in the species composition should be limited. 
Extensive coniferous forests are presently found in 
many European countries and have changed the 
natural species composition to the detriment of 
broadleaf forests (Spiecker et al. 2004).

On the other hand, we would even find vigor-
ous spruce stands on sites naturally dominated by 
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broadleaves in the Czech Republic. Spruce stands 
are extremely productive there and forest owners 
prefer the spruce management to the restoration of 
native forests.

Not only altered climatic conditions such as high-
er temperature and lower precipitation are expect-
ed during climate change. Among the other chang-
es, a higher nitrogen deposition can start nutrient 
imbalance in spruce stands. Berg et al. (2001) and 
Berg and Meentemeyer (2002) supposed that 
N-rich litter should have a larger resistant fraction 
left than N-poor litter resulting in a significantly 
higher accumulation of humus under Norway 
spruce stands. Similarly, Kleja et al. (2008) found 
that higher N deposition and N availability under 
spruce along a climatic gradient in Sweden resulted 
in the slower turnover of soil organic matter in the 
south than in the north. Michel and Matzner 
(2002) also supported a hypothesis that long-term 
high N deposition would lead to increased accu-
mulation of C in forest floor.

A task of Norway spruce nutrient turnover is 
rather complicated and cannot be solved only by 
conversion of the tree species composition. Thin-
ning seems to be one of the appropriate methods 
to influence nutrient storage and fluxes in forest 
stands. Many studies have been carried out on the 
effect of thinning and other management practices 
on decomposition and nutrient cycling in forests, 
but the results differ from site to site (Berg, Mc-
Claugherty 2003).

The objective of our study was to reveal how both 
quantity and quality of litterfall and forest floor 
could be influenced by thinning of young spruce 
stands being threatened by climatic variations. The 
experimental plot belongs to such a type of sites 
mentioned above. Our study addresses the follow-
ing research question: Is it possible to influence lit-
terfall and forest floor accumulation by thinning? 

MATERIAL AND METHODS

Site and stand

Thinning experiment CZ-13, Vítkov was es-
tablished in 1971 in an 8-year-old spruce thicket 
having an initial density of 2,500 trees·ha–1. The 
experimental plot is a secondary coniferous forest 
growing on former agricultural land (Slodicak et 
al. 2005). After afforestation, the locality was not 
either limed or fertilized. The stand is situated on a 
south-eastern slope (0–5%) at an altitude of 600 m. 
The coordinates are 49.838685 and 17.586778. Soil 
is classified as pseudogleyic (aquic) Cambisol. The 
potential natural vegetation would be a moist to 
wet forest (Abieto-Fagetum fraxinosum humidum 
– Athyrium filix-femina), according to Viewegh et 
al. (2003) composed of beech (Fagus sylvatica  L.) 
mixed with silver fir (Abies alba Mill.). According to 
data from the Vítkov meteorological station (15 km 
apart, south-west of the experiment), mean annual 
precipitation totalled 698 mm and mean annual 
temperature was 7.4°C in the period 1961–2010. As 
for the growing season (April–September), mean 
annual precipitation totalled 448 mm and mean an-
nual temperature 13.7°C for the period 1961–2010 
(Fig. 1). 

Experimental design

The Vítkov experiment is a part of European-wide 
series, established under the auspices of IUFRO 
in 1971 (Abetz 1977; Slodicak et al. 2005). Only 
two variants (1C and 2T) as a part of the standard 
IUFRO experimental design were used for the in-
vestigation of litterfall and forest-floor character-
istics. Treatment 2T is a heavy thinning regime at 
young age (low thinning at the top height of 10, 12.5 
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Fig. 1. Mean amount of precipita-
tion and mean air temperature in the 
growing season 1961 – 2010 (April to 
September), source of data: Vítkov 
meteorological station (Czech Hydro-
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and 15 m removing 53, 25 and 23% of individuals) 
mostly by negative selection from below. This thin-
ning regime is compared with a variant without 
thinning (treatment 1C). The size of each original 
comparative plot is 0.1 ha. Both diameter at breast 
height and height were measured regularly in the 
stands at one-year intervals. 

Density management

The number of trees on treatment 2T was re-
duced from the initial density of 2,545 trees to 
1,200 trees·ha–1 at the top height of 10 m (age of 
15 years, 1978). The second and third thinning was 
done at the top height of 12.5 and 15 m (age of 19 and 
22 years, 1982 and 1985) and the number of trees 
decreased to 905 and 695 trees·ha–1, respectively. 
The observed mortality in the subsequent period 
was found to be low in this variant. Final density 
represented 640 trees·ha–1 at the end of the in-
vestigation period (2009, age of 46 years). On the 
other hand, only salvage cut was done in control 
treatment 1C. Stand density decreased from initial 
2,500 to 1,650 trees (i.e. total reduction about 34%) 
at the end of the investigation period. 

During the 36-year investigation (1971–2007), 
the basal area increased in both variants. IU-
FRO series started at the age of 8 years and the 
initial basal area was 2.4 and 2.9 m2·ha–1 in con-
trol and thinned plots, respectively. After the first 
experimental thinning in 1978 (age of 15 years, 
top height 10 m), the basal area in control and 
thinned plots was 25.6 and 14.0 m2·ha–1, respec-
tively. Thirty-one years later, these differences al-
most disappeared due to salvage cuts in the con-
trol. For treatments 1C and 2T these respective 
values were 68.8 and 56.4 m2·ha–1 at the age of 
46 years (2009).

Consequently, an important factor in evaluating 
the litterfall and surface humus layer formation 
is different basal area of comparative treatments 
(1C ‒ control and 2T ‒ thinned) during 31 years.

Forest floor and litterfall sampling

Litterfall was collected using 10 litter collec-
tors (each 0.25 m2 in area) installed within stands 
(1C, 2T) in October 2002. The samples were tak-
en twice to fourth times per year until November 
2009. Results from the first year of litterfall obser-
vation (2002–2003) were partly published (Slodi-
cak et al. 2005).

In autumn 2002, when the stands were 39 years 
old, forest-floor humus horizons (L = fresh litter, 
F  =  fermented layer and H = humus) and mineral 
topsoil (A horizon) were investigated quantitatively 
and qualitatively in comparative plots (1C ‒ control 
and 2T ‒ thinned). Additionally, sampling was re-
peated in autumn 2004, 2005 and 2009. The samples 
were taken using steel frames (25 × 25 cm) to demar-
cate an area for collecting all enclosed material (three 
samples in 2002 and 2005, and four and six samples in 
2004 and 2009, respectively) in both plots. 

All samples were dried, first in the open air, later 
in a laboratory oven at 80°C, and dry samples were 
subsequently weighed. Values of weight are pre-
sented in Mg·ha–1, it means thousand kilograms 
per ha.

Nutrient content was assessed in composite sam-
ples from each comparative plot (after mineraliza-
tion with mineral acids). Total nitrogen (N) con-
centration was analysed by Kjeldahl procedure and 
phosphorus (P) concentration was determined col-
orimetrically. An atomic absorption spectropho-
tometer was used to determine total potassium (K) 
concentration by flame emission, and calcium (Ca) 
and magnesium (Mg) by atomic absorption after 
addition of La. 

Additionally, in horizon A we measured the con-
centration of oxidizable carbon (Cox) from com-
posite samples using spectrophotometric determi-
nation of organic carbon in soil via oxidation with 
chromosulphuric mixture and colorimetric analy-
sis (Walinga et al. 1992). Nitrogen content was 
determined in composite samples (three per treat-
ment) after mineralization with mineral acids and 
analysed using the Kjeldahl procedure. Base satura-
tion in horizon A was analysed by Kappen method 
(Valla et al. 1983). 

Data were analysed using descriptive statistics 
(i.e. inferential statistics was avoided) because 
treatments were not replicated. 

RESULTS

Dry mass of litterfall

Because of different time of sampling in the par-
ticular years (intervals between samplings were ir-
regular) we calculated mean annual litterfall from 
the samples which were taken from October 2002 
to November 2009, i.e. during the entire seven-year 
period.

The total dry weight of annual litterfall under ob-
served stands reached 5.3 Mg·ha–1 in both observed 
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plots (mean values from seven years of monitoring, 
Fig. 2). We found significant differences in litter com-
position between treatments with a higher share of 
needles in thinned plot 2T (89%, 4.8 Mg·ha–1) com-
pared to control plot 1C (81%, 4.3 Mg·ha–1). 

On the other hand, a portion of the other lit-
terfall components (small twigs, buds, etc. ex-
cluding cones) was significantly higher in control 
plot  1C (0.99  Mg·ha–1) compared to thinned plot 
2T (0.58 Mg·ha–1). 

Dry mass in forest floor

The results showed that the 39-year-old Norway 
spruce monoculture on former agricultural land 
accumulated 98.2 and 82.9 Mg·ha–1 of biomass in 
humus horizons L, F and H in treatments 1C and 
2T, respectively (Fig. 3). Two, three and seven years 
later we found always a lower amount of biomass in 
these horizons (66.6 and 62.2 Mg·ha–1 in 2004, 67.2 
and 55.8 Mg·ha–1 in 2005 and 47.8 and 27.3 Mg·ha–1 
in 2009 in treatments 1C and 2T, respectively). We 
found always lower values (about 16%, 7%, 17% and 
43% in 2002, 2004, 2005 and 2009, respectively) in 
thinned plot 2T compared to control plot 1C. 

Consequently, we observed similar trends for 
individual horizons, i.e. dry mass of horizons was 
always higher in the control plot compared to the 
thinned one. In the first year of observation (2002) 
we found the highest amount of dry mass in hori-
zons L + F, 36.6 and 25.9 Mg·ha–1 on plot 1C and 
2T, respectively (difference between plots being 
29%). In the next years, the amount of dry mass in 
these horizons decreased (22.0 and 21.0 Mg·ha–1 in 
2004 and 25.8 and 19.2 Mg·ha–1 in 2005 on plots 
1C and 2T) and differences between treatments 
were smaller (5% and 25%). The largest difference 
between plots (37%) was found in 2009 (18.5 and 
11.6 Mg·ha–1 in plot 1C and 2T, respectively) when 
the amount of dry mass in horizons L + F was the 
lowest in the period of observation. 

Dry mass of humus (H) continually decreased 
during period of observation (61.6, 44.6, 41.4 and 
29.3 Mg·ha–1 in plot 1C and 57.0, 41.2, 36.6 and 
15.7 Mg·ha–1 in plot 2T in 2002, 2004, 2005 and 
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Fig. 3. Decreasing amount of dry mass in forest floor (horizons L + F + H) for unthinned control plot (1C) and heavily 
thinned plot (2T) in the IUFRO CZ-13 thinning experiment near Vítkov in 2002, 2004, 2005 and 2009 (age of 39, 41, 
42 and 46 years). Presented values are arithmetical means with standard errors
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2009, respectively). Differences between treatments 
(a higher amount in the control plot) increased in 
the particular years: 7, 8, 12 and 47% in 2002, 2004, 
2005 and 2009, respectively.

Dry mass ‒ comparison between 
litterfall and forest floor

During the period of observation (2002–2009) dry 
mass of litterfall reached comparable values 36.8 and 
37.4 Mg·ha–1 in plot 1C and 2T (Fig. 4). On the other 
hand, the amount of dry mass in horizons L + F + H fell 
by 51% (50.4 Mg·ha–1) and 67% (55.6 Mg·ha–1) in 1C and 
2T treatments during the same period (from 98.2 and 
82.9 Mg·ha–1 in 2002 to 47.8 and 27.3 Mg·ha–1 in 
2009). It means that approximately 87 Mg·ha–1 of dry 
mass was decomposed in control treatment over the 
seven years of observation. Thinning increased the 
decomposition by 6 Mg·ha–1 resulting in 93 Mg·ha–1.

Nutrients in litterfall

Mean annual litterfall consists of approx. 50 kg 
of N, 3 kg of P, 7 kg of K, 75 kg of Ca and 3 kg 
of Mg·ha–1 in control unthinned treatment and 
the amount of nutrients in litterfall was higher in 
thinned treatment (Table 1). As for N, P and K, dif-
ferences between the treatments were small (1%, 
3% and 4%, respectively). On the other hand, lit-
terfall under the thinned stand was by 25% and 32% 
higher in Ca and Mg compared to the control plot.

Nutrients in forest floor

Nutrient amount in forest floor (L + F + H) 
showed a similar trend like the dry mass analyses, 
i.e. lower values were found in the thinned treat-
ment compared to the control one (Table 2). The 
forest floor in thinned treatment 2T was by 20, 11, 

Table 1. Amount of nutrients in litterfall in unthinned control plot (1C) and heavily thinned plot (2T) in the IUFRO 
CZ-13 thinning experiment near Vítkov in the period of 2002–2009 (age of 39–46 years). Presented values are arith-
metical means with standard errors for the above-mentioned period divided by the number of years

Treatment Statistics
N P K Ca Mg

(kg·ha–1)

1C 
mean 49.60 3.10 7.30 75.30 2.50

SE  2.06 0.14 0.44  3.41 0.14

2T 
mean 49.90 3.20 7.60 93.80 3.30

SE  0.94 0.07 0.21  1.81 0.07

SE – standard error

needles - thinned X 2002
needles - control VII 2003
total litterfall - thinned X 2003
total litterfall - control XI 2003

X 2004
I 2005
X 2005
VI 2006
V 2007
VII 2007
IV 2009
XI 2009
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22 and 40% lower in nitrogen compared to con-
trol 1C in 2002, 2004, 2005 and 2009, respectively. 
The total nitrogen pool ranged between 625 and 
920 kg·ha–1 in control plot and between 374 and 
735 kg·ha–1 in thinned plot 2T.

The pools of phosphorus continually decreased in 
both variants in 2002–2009 (from 165 to 26 kg·ha–1 
for control and from 82 to 12 kg·ha–1 for thinning). 
Thus, the amount of phosphorus was lower in the 
thinned plot by 50, 4, 47 and 54% in 2002, 2004 and 
2005, respectively. 

In thinned plot, we found the lower amount of 
potassium by 23, 15, 21 and 40% (in 2002, 2004 and 
2005, respectively) compared to control plot. Be-
ing similar to the above-mentioned nutrients, the 
amount of potassium continually decreased during 
the observation period in both treatments (from 
729 to 289 kg·ha–1 in control plot and from 559 to 
173 kg·ha–1 in thinned plot). 

As regards calcium, the results seemed to be dif-
ferent, i.e. the continually falling amount was not 
found over the years of observation. In control plot, 
the amount of calcium ranged between 114 and 
219 kg·ha–1 in the period 2002–2005. At the same 
time, the amount of calcium increased in thinned 

plot from 167 kg·ha–1 (in 2002) to 226 kg·ha–1 (in 
2005). At the end of the observation period (2009), the 
pool of calcium was lower compared to previous sam-
pling in 2005 in both variants observed (157 kg·ha–1 in 
control plot and 102 kg·ha–1 in thinned plot).

A different trend compared to other nutrients was 
also found when comparing both treatments. Thin-
ning increased the calcium amount by 4, 88 and 3% 
in 2002, 2004 and 2005, respectively and reduced 
by 35% in 2009 compared to the control.

Magnesium amount followed the trends of other 
nutrients (N, P and K), i.e. a continual loss during 
the observation period in both treatments (from 
128 to 40 kg·ha–1 on control plot and from 95 to 
24 kg·ha–1 on thinned plot). Thinned treatment was 
always lower in magnesium (by 26, 36, 14 and 40% 
in 2002, 2004, 2005 and 2009, respectively).

Nutrients ‒ comparison between 
litterfall and forest floor 

In spite of the continual refill of forest-floor nu-
trients due to annual litterfall, the total amount of 
nutrients was lower in 2009 compared to the ini-

Table 2. Amount of nutrients in forest floor (horizons L + F + H) in unthinned control plot (1C) and heavily thinned 
plot (2T) in the IUFRO CZ-13 thinning experiment near Vítkov in 2002, 2004, 2005 and 2009 (age of 39, 41, 42 and 
46 years)

Year Treatment Statistics
N P K Ca Mg

(kg·ha–1)

2002

1C
mean 917 165 729 160 128

SE 12.8 58.6 185.6 2.2 24.9

2T
mean 735 82 559 167 95

SE 158.3 13.9 73.3 68.1 17.3

2004

1C
mean 804 69 589 114 89

SE 106.8 10.7 88.2 10.6 11.5

2T
mean 715 66 501 214 57

SE 64.2 13.9 163.9 65.6 9.1

2005

1C
mean 923 58 416 219 50

SE 85.2 11.5 132.7 14.9 8.7

2T
mean 717 31 328 226 43

SE 168.4 4.5 53.8 81.6 8.5

2009

1C
mean 625 26 289 157 40

SE 64.1 3.5 50.1 12.4 6.1

2T
mean 374 12 173 102 24

SE 52.4 2.3 34.5 8.8 2.1

SE – standard error
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tial results in 2002. Differences between nutrient 
amounts in forest floor (L + F + H) in 2002 and 
2009 plus the 7-year sum of litterfall (i.e. 321 kg 
of N, 21 kg of P, 64 kg of K, 575 kg of Ca and 21 kg 
of Mg in control plot and 347 kg of N, 22 kg of P, 
67 kg of K, 622 kg of Ca and 26 kg of Mg in thinned 
plot) showed that the forest floor lost high nutrient 
amounts in both variants. The thinning even in-
creased the loss of forest-floor nutrients compared 
to control plot; we found by 43% less phosphorus 
(160 and 92 kg·ha–1 in 1C and 2T), by 10% less po-
tassium (504 and 455 kg·ha–1 in 1C and 2T) and by 
11% less magnesium (109 and 97 kg·ha–1 in 1C and 
2T). The loss of nitrogen (by 16%) and calcium (by 
19%) from forest floor was also higher in thinned 
plot compared to control plot (613 and 708 kg of N 
and 578 and 687 kg of Ca per ha in 1C and 2T).

The relatively high decomposition rate of for-
est floor (and also litterfall in fact) was reflected in 
topsoil properties (C/N ratio and base saturation) 
in both treatments. During the period of observa-
tion C/N ratio showed the values from 9 to 14 and 
a higher amount of dry mass in forest floor (L + F + 
H) was accompanied by higher C/N ratio (Fig. 5a). 

Base saturation in horizon A ranged from 33 to 
53%; the lowest values of base saturation in horizon 
A accompanied the highest amount of dry mass in 
forest floor (Fig. 5b).

DISCUSSION AND CONCLUSIONS

The forest stands situated on former agricultural 
soils are suitable for studies of forest-floor humus 

accumulation since the organic layers of litterfall 
origin are a result of the first-generation forest stand 
restoration. In other words, there is no legacy of a 
previous forest stand. Ouimet et al. (2007) reported 
the beginning of forest floor accumulation at the age 
of ten years. Time seems to be an important factor 
of forest environment development. This is obvious 
in our study as we recorded the continually decreas-
ing amount of dry mass in forest floor compared 
to previously published data from this experiment 
(Slodicak et al. 2005). At the end of the observa-
tion period (2009) the forest floor amounted to 30 to 
50 Mg·ha–1. This value is in accordance with results 
from the 40-years-old spruce stands observed by 
Podrázský et al. (2009). They reported 39 Mg·ha–1 
of dry mass per hectare in forest floor on former ag-
ricultural land on a poorer site at a lower altitude. 

Ritter et al. (2003) reported a continuously 
increasing amount of accumulated forest floor of 
spruce origin. However, our results seem to show 
a little different situation as the amount of bio-
mass covering the soil decreased between 2002 and 
2009. The forest floor in the thinned variant of our 
study tended to have a lower amount. It is in ac-
cordance with Wright (1957), who reported that 
the greater litterfall and forest-floor accumulation 
can be found in moderately thinned or unthinned 
Norway spruce stands. Nilsen and Strand (2008) 
found no significant difference in carbon storage 
related to thinning in a 33-year-old stand. How-
ever, Norway spruce stands were able to sequester 
a significantly higher amount of carbon in devel-
oping forest floor compared to oak as reported by 
Vesterdal et al. (2002).  

Fig. 5. Relation between dry matter in forest floor (L + F + H) and C/N ratio (a) and base saturation (b) in horizon A 
for unthinned control plot (grey triangle) and heavily thinned plot (black diamond) in the IUFRO thinning experi-
ment at Vítkov in the period 2002‒2009 (age of 39–46 years)
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The relatively high amount of litterfall (nearly 
9,000 kg·ha–1) documented at the beginning (Slodi-
cak et al. 2005) was not confirmed during the follow-
ing years of our study. The observed values of mean 
annual litterfall (5.3 Mg·ha–1) correspond better to 
1.1–5.7 Mg·ha–1 reported by Bille-Hansen and 
Hansen (2001); Berg and Meentemeyer (2001); 
Novák and Slodičák (2004) in spruce stands at 
similar age. Hansen et al. (2009) reported lower 
average annual litterfall ranging between 3.2 and 
3.7 Mg·ha–1·yr–1. Very high litterfall observed in 
our experiment in 2003 was probably caused by se-
vere drought observed across Europe in that year 
(Nikolova et al. 2008).

The annual litterfall did not differ between the 
two treatments in our study in contrast to pub-
lished results (Wilhelmi 1988; Novák, Slodičák 
2004). However, we found differences in litter com-
position. Needles in thinned variant accounted 
for 89% in litterfall whereas needles in unthinned 
(control) plot accounted for 81% only. For instance, 
Skovsgaard et al. (2006) found out that the fo-
liage biomass of spruce increased with increasing 
thinning grade being related to factors such as tree 
size changing due to larger spacing.

Faster decomposition of forest floor and different 
litter composition (higher portion of other litterfall) 
between variants can be explained by different stand 
development in the period of observation (2002 to 
2009). We recorded salvage cut on control plot (12% 
of the number of trees, 9% of basal area) whilst the 
number of trees in thinned treatment remained 
practically unchanged (4%) and basal area increased 
continually in that period (salvage cut was only 4% 
of G). As regards total litterfall, small differences be-
tween variants can be attributed to the long period 
since the last thinning in plot 2T (1985).

There is another factor which is likely to contrib-
ute to increased decomposition – rising air temper-
ature in the vegetation period (April–September). 
The mean air temperature of vegetation period 
was higher in all years of observation (2002–2009) 
compared to the mean values in 1961–1990 (Fig. 1).

The pools of nutrients followed the amounts of 
forest floor dry mass, i.e. lower values in thinned 
plot. However, we observed the higher amount of 
calcium and magnesium in litterfall in thinned plot 
compared to control plot. On the other hand, Jo-
nard et al. (2006) found also a negative effect of 
thinning on nutrient concentrations (N, P, K) in 
current-year needles whereas Ca and Mg concen-
trations were not affected. 

Calcium in forest floor showed a different trend 
compared to the other nutrients investigated. The 

forest floor was higher in Ca under thinned stand. 
Although the difference was relatively small, it oc-
curred three times in 2001, 2004 and 2005. It can be 
explained by a slower release of Ca from litter com-
pared to K and Mg as reported by Blair (1988). 
He discussed that the main reason for this is the 
nature of Ca as a structural component of plant lit-
ter. Therefore, the release of Ca is more dependent 
on biotic activity than on leaching. 

As for C/N ratio, it is considered a reliable indica-
tor as to the degree of humus decomposition and soil 
organic matter quality (Batjes 1996). The forest floor 
humus of young, initial-stage accumulation has high 
C/N values since the organic layer covering the soil is 
composed mainly of raw plant matter (Briggs 2004) 
high in carbon. As this plant matter decomposes, the 
C/N value decreases and conditions improve as to 
nitrogen supply (Singer, Munns 1996). During de-
composition, CO2 is released as decomposers breathe 
and the remaining nitrogen decreases the C/N ratio 
of forest floor (Šimek 2003). However, the breakdown 
of plant matter turns also the other nutrients into a 
plant-available status. Thus the higher rate of forest 
floor decomposition being reflected in the lower C/N 
ratio of mineral topsoil (A horizon) resulted in min-
eral topsoil higher in base nutrients (Fig. 5).

It can be concluded from the study of Norway 
spruce monoculture established on former ag-
ricultural land on a site naturally dominated by 
broadleaves:
–  the amount of dry mass accumulated over 39 years 

of existence of spruce stands in forest floor (hori-
zons L + F + H) continually decreased in the sub-
sequent observation period to the age of 46 years 
(from 80–100 Mg·ha–1 to 30–50 Mg·ha–1), 

– under thinned stand (heavy thinning at young 
stage), a lower amount of dry mass was observed 
in the entire period of investigation compared 
to unthinned control. Although mean total an-
nual litterfall was the same in both treatments 
(5.3 Mg·ha–1), the observed trend indicates a 
possible effect of thinning on the higher rate of 
decomposition,

– with the exception of calcium (in forest floor in 
2002–2005) we observed a lower amount of nu-
trients in forest floor and a higher amount in lit-
terfall in thinned plot compared to the control,

– the relatively high decomposition rate of forest 
floor (and also litterfall in fact) was reflected in 
decreasing C/N ratio and increasing base satu-
ration in topsoil (horizon A) during the period 
of observation. 

Thus, successful survival of Norway spruce estab-
lished on sites naturally dominated by broadleaves 
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(i.e. out of optimal growing conditions for spruce) 
can be supported by early thinning (before reach-
ing the top height of 10 m). Presented silvicultural 
measures increased the decomposition rate and 
positively changed the nutrient cycling. However, 
these results should be confirmed by subsequent 
(and repeated) research in all sites where spruce 
grows under non-optimal conditions where a mas-
sive decline of these stands occurred or is expected. 
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