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Abstract

In Slovakia, the contribution of young stands to the total forest area has been increasing in the last decade. However,
scientific attention to these stands was previously very sparse and they were usually not included in local and country
carbon stock estimates. Therefore, we focused on the calculation of tree biomass and necromass in young beech and
spruce stands as well as on their development during the period of nine years (aged from 4 to 12 years). For the cal-
culation, we implemented allometric equations using tree diameter and height as independent variables. The results
showed very dynamic changes in biomass (carbon) stock. Specifically, tree biomass increased in the period of 9 years
from about 2,000 g to 15,000 g (i.e. cca 1,000 to 7,500 g of carbon) per m? in beech, and from 4,500 to 12,000 g
(cca 2,300 to 6,000 g of carbon) per m? in the spruce stand. At the same time, the amount of biomass (fixed carbon)
was only slightly larger than the accumulated quantity of necromass (carbon loss from living trees). It means that a
large portion of carbon was allocated to necromass. We found that not only the foliage fall but also the mass of dead
trees, a result of intensive competition, was an important path of carbon flux to necromass. The results proved that
although young forests fix much less carbon in their biomass than old stands, they can represent large carbon flux
via annual increment of necromass. This indicates that young stands should not be omitted in forest carbon balance
estimates of the country.
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1. Introduction

European beech (Fagus sylvatica) and Norway spruce
(Picea abies) are the most important species not only in
Slovakia but also in the essential part of other European
countries. Their importance is linked to their high con-
tribution to species composition of forests, their high
commercial value, but certainly also to their large accu-
mulation of carbon.

Asfor the Slovak Republic, the Green Report (Minis-
try of Land Management and Rural Development of SR,
2016) shows that in the recent tree species composition
of the country, beech made 31% and spruce 26%. Both
species are typical with their good regeneration and high
capacity in inter-species competition on the territory of
Slovakia. Thus, in young stages (categorised as first age
class, i.e. 0 — 10 year-old) beech contributed to species
composition with as much as 35% and spruce with 25%
prevailingly as a result of natural regeneration (Konopka
J. et al. 2016). It means that these species will form a
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considerable part of the Slovak forests also in the next
many decades. At the same time, a current phenomenon
of the Slovak forestry is an over-standard proportion of
young forests stands in comparison to the normal forest
age class distribution. Specifically, forest stands with
age up to 10 years cover 200 thousand ha, which is the
largest area from all age classes (Ministry of Land Man-
agement and Rural Development of SR, 2016). This is
mainly caused by an extraordinary high occurrence of
disturbances since the year 2004 (Kunca et al. 2015;
Nikolov et al. 2014).

In fact, most previous research activities in Slovakia
but also in many other developed countries, including
a variety of aspects, were focused on old forest stands
rather than on young growth stages. That could be prob-
ablylinked to amore economical than an ecological vision
in a part of scientific community, or specifically in the
field of production ecology, perhaps also to an underes-
timation of the significance of young forests for carbon
sequestration and cycling. Thus, for instance biomass
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models were often constructed for large trees but small
trees were traditionally omitted (e.g. Wirth et al. 2004).

As for tree biomass, eventually carbon pool in trees,
it is undisputable that much larger amounts are in old
forests than in young growths (e.g. Helmisaari et al.
2002). On the other hand, young forests are much more
dynamic (especially in terms of inter-annual changes in
biomass stock) and they have different biomass alloca-
tionin comparison with old forest stands (Kondpka et al.
2017). Moreover, young forests have much higher mor-
tality rates than old forests that are related especially to
high competition for light in the initial stages of growth
(Larsonetal. 2015). Although most of the perished trees
(obviously suppressed) in young stands are smaller than
those in the main canopy layer, they can make alarge por-
tion of carbonloss (flux). This carbon flux is considerable
especially in naturally regenerated stands with typically
high tree density.

Since beech is a deciduous and spruce an evergreen
tree species, certain differences can be expected in their
biomass allocation and also in their carbon regimes. Pre-
viously we showed much higher contribution of foliage to
total biomass in spruce young stands than inbeech young
stands (Pajtik et al. 2013). On the other hand, the contri-
butions of their foliage to net primary productivity were
very similar. At the same time, we found much higher
mortality rate in spruce than in beech young stands that
was explained not only by different light conditions under
the canopy but also by contrasting ecological properties
of these species. Although our previous study (Kondpka
etal. 2011; Pajtik et al. 2013) showed the results on bio-
mass allocation and net primary productivity in develop-
ing young beech and spruce stands, we did not estimate
eitherthe amount of carbon sequestrated in tree biomass
orthe carbon flux realised via aboveground litter fall from
living trees and body of died trees.

Infact, ourliterature review indicated that this kind of
carbon quantification in young stands is totally missing in
any other studies conducted all over the world. Thus, this
paper focused on the estimation of biomass (living trees)
and necromass (all components of dead trees and foliage
litter fall from living trees) in young stands of beech and
spruce with special attention to their carbon amount.
Moreover, we aimed at quantification of carbon fixed
and “lost” (transferred) from trees in the form of foliage
fall and dead trees in these two stands over the nine-year
period. Although the stands were of the same age, they
grew under the different site conditions, due to which
their contrasting properties (carbon pool and flux) were
intended to be interpreted with a certain level of caution.

2. Material and methods

2.1. Research plots

We used a part of data originating from the empirical
dataset of 12 research sites situated in forests of the Cen-
tral and Northern Slovakia. The original dataset was rep-
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resented by 6 pure spruce and 6 pure beech stands. The
research plots were established for long-term monitoring
of development young forests including the assessment
of tree growth, competition and mortality. At the begin-
ning of our research, the stands had a different mean
age; the youngest stand was 4 years old while the oldest
one was 14 years old. Each year, from 2008 to 2016 we
measured height and diameter of trees in the young for-
est stands. Since the main intention of this paper was to
record the development of a very initial growth phase,
we selected two youngest stands from the dataset: one
was the youngest beech stand and the other one was the
youngest spruce stand. The chosen beech stand is situ-
ated in a locality named the Pusty Hrad Hill (Fig. 1) and
the spruce stand was in the locality named Zakopcie.

Fig. 1. Location of sites for long-term monitoring of develop-
ment of young beech and spruce forest stands in Slovakia; a
detailed view shows the locality of Pusty Hrad Hill with 5 sub-
plots established in the homogenous beech stand.

The main criterion for the stand selection was that
the stand was composed of single tree species, i.e. it was
either purebeech or pure spruce stand without admixture
of other tree species, originating exclusively from natural
regeneration. Five circular suplots were established in
every stand. A radius of subplots was variable, specifically
between 0.5 -2 mthat depended on stand density aiming
at a minimum number of trees over 30 individuals. The
distance between the borders of individual subplots was
atleast 3 m to ensure their independence. In the locality
of Pusty hrad, four subplots with a radius of 0.5 m and
one subplot with a radius 0.6 m were established, while
in the Zakopcie locality, five subplots with a radius of
0.8 m were set up.

The Pusty Hrad Hill is located near the town of Zvo-
len, in the volcanic mountain range of Javorie. The for-
ests are managed by the Zvolen Town Forest Enterprise
(urban forests). The coordinates of the site are 48.5521°
North latitude and 19.1253° East longitude. The eleva-
tion is between 460 — 470 m, the exposure is east. The
site represents the oak-beech forest vegetation zone, the
primary vegetation is represented by Querceto-Fagetum
forest type group (oak-beech forests). The bedrock is
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made of andesite, the soils are skeletic-mesotrophic
cambisols. The forests belong to commercial-purpose
forests. In the monitored stands, no thinning cuts have
been performed so far.

The locality Zakopcie is located near the town of
Cadca, Northern Slovakia, in the Kysuce Beskids Moun-
tains. The territory is owned and managed by the State
Forest Enterprise (state forests). The coordinates of the
siteare49.4193° North latitude and 18.7328° East longi-
tude. The elevation is between 520 — 530 m, the exposure
is north. The site represents spruce-beech-fir mountain
forests; the primary vegetation is represented by Fageto-
Abietum (nutrient rich beech-fir stands). The territory
belongs to the flysch, the bedrock is made of sand-stone,
and the soils are skeletic mesotrophic cambisoils. The
forest belongs to commercial-purpose forests, and in
the monitored spruce stands no thinning cut has been
performed so far.

2.2. Field measurements

The radius of each subplot was chosen to capture at least
30trees within the plot area. Allindividuals were marked
with ametallabel with a code in 2008 to ensure clear iden-
tification of all trees in repetitive measurements. Every
year, the life status (living or dead) of each individual was
evaluated after the end of the growing period. On living
trees, the stem base diameter (SBD) was measured in
two perpendicular directions with a digital caliper with an
accuracy of 0.1 mm. Moreover, tree heights were meas-
ured using the height-patch with an accuracy to the near-
est centimeter (up to height 3.0 m) orto the nearest 10 cm
(over 3.0 m). In the case when the individual tree height
exceeded 1.3 m, diameter at breast height (DBH) was
measured to the nearest 0.1 millimeter in two perpen-
dicular diameters. Between 2008 and 2016 nine repeated
measurements were performed.

At the beginning of the measurements the average
(mean) age rounded to one year was assigned to each
stand. The age was assessed by combining the informa-
tion from the Forest Management Plans and ring analyses
of discs (10 pieces) sampled from the stem bases of the
trees selected close to the research subplots.

The sites “Pusty Hrad” (beech) and “Zakopcie”
(spruce) were selected as youngest and thus with the
highest tree density. In the beech stands the smallest
number of the measured living trees on the subplots was
29, and the highest number was 68 (average of 43 trees),
while in the spruce stands we recorded minimum and
maximum of 43 and 75 living trees, respectively (aver-
age 58 trees). In both cases, the estimated mean age at
the beginning of the measurements in 2009 was 4 years.
At the beginning of the measurements we recorded in
total 215 trees or 290 trees on all subplots in the beech
and spruce stands, respectively. Out of them, 57 beech
trees and 48 spruce trees survived 9 years until the last
measurement.

2.3. Statistical calculations

The measured values from 9 annual repeated measure-
ments (mortality, height, SBD, and DBH) were edited
and the database was debugged. The data were processed
in Ms Excel and Ms Access software (Microsoft Office).
After the basic data processing, an algorithm for the cal-
culation of average values, standard deviation and the
variability of variables (diameter, height, and number
of individuals) at the subplot and whole site levels was
prepared. The mortality rates were calculated by two
methods: based on the tree number and on the basal area
(derived from SBD). While the method involving the tree
number was calculated for each year as a proportion of
the number of dead trees to the initial number of trees (i.e.
the same basis), the method linked to the basal area was
based on a different principle. Specifically, this method
was calculated as a proportion of the basal area of the
trees that died in the current year to the basal area of the
surviving individuals (i.e. moving value which changes
over time as a result of both stem growth and tree mor-
tality).

2.4. Biomass calculation

To calculate the biomass of the whole trees as well as the
biomass of individual tree components no samples were
taken from the plots, but our previously constructed allo-
metric equations were applied (according to papers of
Pajtik et al. 2008; Kondpka et al. 2011; Pajtik et al. 2011;
see also Appendix 1 and 2). In the case of dead trees and
foliage fall, we used the same calculation method as for
theliving trees to derive the necromass. We distinguished
the foliage fall from the living trees and the dead foliage
from the trees that died in a particular year. Foliage fall
for beech was derived as an amount of annual living foli-
age, while the foliage fall for spruce was derived as one
fifth of the foliage living in a particular year. The SBD
diameter and tree height were used as independent vari-
ables in the equations. Thus, the biomass (necromass)
for the following tree components: stem (inside bark),
branches, leaves (needles) and roots was calculated. Sub-
sequently we calculated the biomass and the newly cre-
ated necromass (i.e. annual input to necromass) for each
year and each subplot, converted the values to area unit,
and averaged for the whole site. Note that the results on
tree necromass presented in the paper did not represent
its total amount starting from the beginning of the stand
existence. Actually, our outputs are related to the annual
foliage fall and the annual necromass increment in each
year of the observations. Besides that, we calculated the
cumulated values (during the period of 9 years) for these
two variables.

Afterwards, carbon quantity can be was estimated
as 50% of tree biomass or necromass (see for instance
Thomas & Martin 2012). The presented results of the
stands used mean values and sampling errors calculated
at 68% confidence interval.
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3. Results

The comparison of the relationship between SBD and
tree height at the beginning and the end of the observa-
tion period showed aincrease of the variance over time.
The ranges of beech and spruce tree heights were com-
parable at both sites even after 9 years. However, at the
same tree height the diameter range of spruce trees is
larger than the range of beech trees at either of the two
surveys (i.e., in 4 years and in 12 years; Fig. 2).

ity. We experienced a gradual increase of mortality until
the age of about 9 years. After that, there was a slight
decrease in the mortality rate in both beech and spruce
stands. From the stand age of about 10 years, the mor-
tality rate based on the basal area started to grow again.
However, the differences in the mortality rate between
the beech and spruce stands were not large.

The biomass of each tree component as well as the
total tree aboveground biomass of beech was gradually
increasing between 4" and 12% year of the stand (Fig.
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Fig. 2. Confrontation of changes in relationships between SBD and tree height after 9 years in young beech stand (A) and spruce

stand (B).

During the 9 years, a severe tree number reduction
caused by competition occurred in both young stands
(no thinning was performed there). At the age of about
12 years, cumulative stand mortality in the beech stand
reached approximately 70% of the number of individuals
in the 4-year-old stand, while the cumulative mortality
in the spruce stand (Fig. 3) was higher, up to 80% of the
initial number of trees.

The mortality rate calculated from stem base basal
area has a different temporal development, because the
basal area changed in time due to the growth and mortal-

4). In contrast to beech, in the spruce stand we observed
the slowdown of biomass increment (or even its slight
decrease) atthe age of 11years (Fig. 5), whichwaslinked
to the increased mortality.

While the young beech forest at the age of 12 years
reached an average total biomass (aboveground and
underground) of about 15 kg per m?, the spruce biomass
reached a lower value of around 12 kg per m?. If we con-
sider carbon content in biomass of 50%, these biomass
amounts represented the carbon stock of about 7.5 kg and
6 kg per m?in the beech and spruce stand, respectively.
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Fig. 3. Development of beech mortality rate (A) and spruce stand mortality rate (B).
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Fig. 4. Biomass development during the period of 9 years in the young beech stand (absolute and relative comparison).
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Fig. 5. Biomass development during the period of 9 years in the young spruce stand (absolute and relative comparison).

As for the proportions of the biomass in individual
tree components, we identified the differences between
the species as well as with the stand development. While
beech during 9years changedthe proportion of roots from
about 35% to 20%, in the spruce stand the root proportion
declined from about 20% to almost 10%. The largest con-
tribution to the total biomass of beech was made by the
stem. Its share rose from about 40% to 50%. In the case
of spruce, the proportion of the stem biomass from the
total biomass was significantly lower, but showed asimi-
lar 10% increase (its share was 30% and 40% in the age
of 4 and 12 years, respectively). Needles contributed to
the total spruce biomass by 30% (in the 4-year-old stad),
while its proportion only slightly decreased to about 25%
over the 9-year period (12-year-old). The beech leaves
accounted for about 5% of the whole-tree biomass at the
age of 4 years, which continuously increased to about 7%
at the age of 12 years.

The annual input into necromass (i.e. annual foliage
fall and annual tree mortality) in the stands is presented
in Figure 6 (beech stand) and in Figure 7 (spruce stand).
In the first three years of the observations, we recorded
only a single component of the necromass in the beech
stand aged under 6 years, namely fallen leaves from the

living trees. In the following years, we also observed
mortality of individual trees particularly due to the com-
petition processes. From the age of 9 years, the contribu-
tion of tree mortality to the annual input into necromass
became greater (of around 40%). However, the foliage
fall dominated in the annual input to necromass, since it
formed more than 50% of the total new necromass. The
situation was significantly different in the spruce stand.
Althoughin the spruce stand the needle fall from the sur-
viving individuals also dominated in the annual input into
necromass, its proportion was significantly lower than
in the beech stand. Moreover, its dominance lasted only
until the age of 8 years, after which the woody parts of
the perished individuals started to prevail in the newly
created necromass.

The development of the living and dead tree parts of
the beech and spruce forests are given in Table 1, 2, 3,
and 4. The mean stand heights of both tree species in
the young stands were similar, but during the monitor-
ing period beech height grew a little faster than spruce
height (mainly from the age of 7 years). On the contrary,
spruce reached a significantly higher mean diameter
(SBD) than beech. Tree mortality in the spruce stand
was much higher than in the beech stand.
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Fig. 6. Development of annual input to necromass during 9-year-development in young beech stand (absolute values in the left
graph, relative values in the right graph).
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Fig. 7. Development of annual input to necromass during 9-year development in young spruce stand (absolute values in the left
graph, relative values in the right graph).

Table 1. Development of stand characteristics of living trees in the young beech stand (mean value £ 68% standard error).

Stand characteristics Stand age [years]

4 5 6 7 8 9 10 11 12
Height [m)] 0.9+0.1 1.2+0.1 1.5£0.1 2.0£0.1 24102 3.0£0.2 3.5£0.3 4.140.2 48+0.2
SBD [mm] 10.1£0.8 12.8+1.1 14.1£13 16.0£1.2 183+1.1 21.9+1.2 24.2+1.5 282+1.9 31.612.0
Stand density [N per m? 5211 5211 52+11 4417 3614 26+3 2243 17+3 1413
Basal area* [cm® m™?] 3742 59+4 7245 83+7 93+8 95+10 98+10 103+13 101417

Note: *Basal area at stem base (calculated from stem base diameter SBD).

Table 2. Development of stand characteristics of trees that died in the particular year in the young beech stand (mean value +
68% standard error).

w Stand age [vears]

Stand characteristics 7 3 3 7 3 m T o
Height [m)] 0 03+ 0 0.5+0.0 0.8+0.1 1.4+0.2 1.840.2 23402 27402
SBD [mm] 0 51+ 0 71110 8.5+0.5 11.9+1.3 13.3+1.0 15.740.9 212423
Stand density [N per m?] 01 01 t1 816 79 1145 4%5 5%5 416
Basal area* [cm*m?] +0 0+0 +0 242 4+2 1142 5+1 1045 1145

Note: *Basal area at stem base.

Table 3. Development of stand characteristics of living trees in the young spruce stand (mean value + 68% standard error).

. Stand age (years)
Stand characteristics 7 3 3 7 3 9 0 1 W
Height [m] 1.0£0.1 1.240.1 1.440.1 1.6+0.2 20402 24+0.2 2.7+0.2 3.440.2 4.2+0.1
SBD [mm] 15.7+0.7 17.5+0.9 21.0+1.4 22.8+1.7 272419 33.4+2.0 36.1£1.5 43.0%1.6 47.240.7
Stand density [N per m?] 29+3 2843 24+3 23+4 18+4 1142 9+1 7+1 510
Basal area* [cm*m] 55+3 6443 80+3 8713 94+4 90+3 9145 97+8 84+8

Note: *Basal area at stem base.

In fact, comparison between live and dead tree mass,  the last year of measurements against necromass accu-
eventually proportions of carbon allocationintobiomass ~ mulated over 9 years (i.e. total carbon transferred from
and necromass, in the developing young stands mightbe = biomass to necromass) was used. At the same time, we
done in a variety of ways. In our case, theoretical com-  did not consider processes of necromass decomposition
parison between biomass stock of live trees recorded in ~ (annual decreases) in the stands.
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Table 4. Development of stand characteristics of trees that died in the particular year in the young spruce stand (mean value £

68% standard error).

Stand age [years]

Stand characteristics

4 5 6 7 8 9 10 11 12
Height [m] 0 0.6+0.1 0.6+0.1 0.8+0.0 1.0£0.1 1.3£0.2 1.6%0.2 1.7£0.1 2.0£0.2
SBD [mm] 0 79+1.0 8.6+0.8 9.9+0.9 12.6+1.8 179+19 23.1+£3.1 23.5+1.9 28.6%3.2
Stand density [N per m?| 0 1+3 315 216 57 714 213 212 212
Basal area* [cm® m™?] 0 141 2+1 1+1 612 1544 612 10+4 11+1

Note: *Basal area at stem base.

The final balance of biomass and necromass quanti-
ties in both stands showed a relatively high proportion
of the built necromass after 9 years in comparison with
the biomass stock of living trees in the last year (Table
5). The total quantity of necromass (foliage fall plus
whole body of dead trees) produced over the nine years
of observations was about 8,000 g and 9,750 g per m? in
the beech and spruce stand, respectively. It represented
57% and 87% of the biomass of living trees in the last
year of observations for beech and spruce, respectively
(14,160 g per m?in beech and 11,260 g per m? in spruce
stand). In the beech stand, as much as 59% of the total
necromass production originated from the foliage fall.
However, in the spruce stand the contribution of foliage
fall to the total aboveground necromass production was
significantly lower (49%). If we switch our interpreta-
tion from the dry tree matter to carbon amount, we can
report that the 14-year-old stand fixed about 7,000 g and
5,600 g of carbon per m?in the tree biomass of beech and
spruce, respectively. Moreover, during the nine years of
observations, the carbon transfer from the tree biomass
to necromass (including both tree mortality and foliage
fall) was approximately 4,000 g and 4,900 g per m?in the
beech and spruce stand, respectively.

4. Discussion and conclusion

Atthebeginning of this section we would like to point out
again that the beech and spruce stands were of the same
ages but grew under the different site conditions. Specifi-
cally, the beech stand was on a warmer and drier location,
southern part of Central Slovakia and eastern exposition
- on amore nutrient rich soil, while the spruce stand was
situated in northern Slovakia, at north-oriented exposi-
tion on acidic soil. Thus, although the contrasting situ-
ations in their developments are commented here, the
inter-specific differences might indicate certain general
patterns but should not be taken as generally applicable.

Actually, the results showed very dynamic changes in
the biomass (carbon) stock. Specifically, in the period of
9years the biomass of beech increased from about 2,000
g to 14,000 g (i.e. cca 1,000 to 7,000 g of carbon) per
m?, and from 4,600 to 12,000 g (cca 2,300 to 6,000 g of
carbon) per m? in the spruce young stand. Hence, the
biomass (carbon) increased more in the beech than in
the spruce stand that might be related not only to the
inter-specific contrasts in the growth rates but also to
the differences in their stand and site properties. In fact,
also our previous study (Pajtik et al. 2013) conducted in
young beech and spruce stands grown at the identical
sites indicated larger net primary productivity of beech
than spruce. The difference occurred mainly due to the
higher amount of assimilates allocated intobeech stems.
Similarly, in our present work, stem biomass production
of beech was nearly double the production in spruce.
We can assume a stem to be a tree component with the
longest turnover that would be a positive phenomenon in
terms of carbon sequestration. On the other hand, the dis-
advantage of beech in carbon sequestration is its annual
foliage rotation in comparison with spruce (i.e. decidu-
ous versus evergreen species). Thus, while the standing
stock of foliage in the spruce stand was approx. triple of
that in the beech stand, the amount of foliage fall was
very similar in both stands.

The results from our young stands showed, that
not only foliage fall but also mass of dead trees (woody
parts and foliage) are important paths of carbon flux.
We could see that the contribution of the foliage fall to
necromass was similar in both stands, but they had a
different proportion of dead trees (more in spruce than
in beech). Another question is further carbon “fate”, i.e.
decomposition rate and subsequently carbon emission
from dead woody parts (expecting specific behavior for
those in the soil, i.e. roots and on the ground, i.e. stem
and branches) and shed foliage. For instance, Kondpka
(2017) showed that that aboveground litter in young
beech stand (necromass mainly composed of leaves)

Table 5. Tree biomass — status in the last year of observation, and necromass — expressed as cumulative amount during 9-year-

observation in the young stands of beech and spruce.

Expression of quantity Live trecs — biomass

Live trees — necromass

Dead trees — necromass Biomass and necromass

Stand .
unit . . B . B . — . all tree components for
[unit] woodyparts  foliage  foliage fall - cumulative  woody parts — cumulative foliage — cumulative 9-year-observation
Beech absolute [g m™] 13,142 1,016 4,725 2,882 427 22,192
relative [%] 59.2 4.6 213 13.0 1.9 100.0
Spruce absolute [gm™] 8,135 3,125 4,776 3,499 1471 21,007
relative [%] 38.7 14.9 22.7 16.7 7.0 100.0
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decomposed faster than in spruce stand (needles). This
statement is in accordance with the prevailing hypothesis
that litter decomposition is faster in broadleaved stands
than in coniferous ones (e.g. Berger & Berger, 2014).
The differences are often associated with dissimilar lig-
nin and nutrient contentsof leaves and needles (Berger
& Berger 2014) and possibly with higher diversity of
microbial decomposers in broadleaved than coniferous
forests (Heetal., 2007). As for woody debris, Shorohova
& Kapitsa (2016) commented that the decomposition
ratein European forests depends on site moisture andon
tree species. As for inter-specific differences, Hermann et
al. (2015) found significantly higher decomposition rates
of beech woody parts than those of spruce.

Concluding our results covering 9 years of observa-
tions in the young stands, the amount of biomass (fixed
carbon) was only slightly larger than the overall cumula-
tive necromass production (i.e. carbon transferred from
biomass to necromass). Hence, a really large portion of
carbon is allocated to necromass, from which it is subse-
quently emitted to the atmosphere. High tree mortality
rate isawell-known phenomenon in dense young stands,
and it is mostly related to the intensive competition for
resources, mostly for light (e.g. Wright et al. 2000).
Anyway, the total input to the necromass pool (annually
900 g per m?and 1,100 g per m? in the beech and spruce
stand, respectively) can be relatively even larger than in
oldbeech or spruce stand. Healthy old stand (especially if
they were regularly thinned) is typical with very low tree
mortality rate and the essential part of necromass input is
usually represented by foliage fall. For instance, Pavlenda
(2011) showed the annual foliage fall equaling about 320
g perm?inamiddle-age beech and slightly over 100 g per
m?in a middle-age spruce stand. Merganic et al. (2017)
estimated about 250 g of foliage annually shed per m2in
the forests (prevailingly spruce) of the Czech Republic.
Our previous studies (Barna et al. —unpublished data) in
anold beech stand showed the annual foliage fall between
300 and 400 g per m2 The actual results in this paper
indicate as much as 530 g per m? of foliage fall per year
estimated in both young beech and spruce stands.

It is generally known that young forests fix in their
biomass much less carbon than old stands (see for
instance Kondpka B. et al. 2016). However, they can
represent (especially those from natural regeneration
- usually very dense ones) considerable carbon flux to
necromass. In the case of litter fall, the flux it may make
up even larger amount than in old forests (compare our
results with Merganic et al. 2017). Analogously, young
stands should not be omitted in forest carbon balance
estimates at regional, country or any other levels.
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Appendix 1. Parameters of alometric equations for individual tree components of beech stands (after Konopka et al. 2011).

Tree component Equation b, b, b, A
Foliage B =yt DABH )1 -5.943 2.783 0.332 1.045
Branches B =yt DAB# )1 —-4.768 2.630 0.423 1.130
Stem B =yt DAB# )1 -1.530 1.848 1.015 1.026
Roots B = elbytb *DAB#b yh).A -2.898 2.336 0.025 1.098
Whole tree B = ety DABHb ;)2 -1.236 2.124 0.521 1.038

Appendix 2. Parameters of alometric equations for individual tree components of spruce stands (after Pajtik et al. 2008).

Tree component Equation b, b, b, A
Foliage B =yt DAB# )1 -2.487 2.282 0.036 1.082
Branches B =yt DAB# )1 -2.553 2171 0.313 1.089
Stem B =yt DABH )1 —-0.469 1.555 0.913 1.020
Roots B = elbytb DAB#b yh).A -2.869 2.254 —0.142 1.045
Whole tree B = elby*by#DAB# )1 -0.579 2.039 0.297 1.030
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