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Abstract

Our research was conducted in young growth stands of European beech (Fagus syl-
vatica) and Norway spruce (Picea abies) with similar stand characteristics. The aim of 
the work was to estimate quantity of aboveground (thin brunches, buds and foliage) 
and belowground (� ne roots) necromass as well as annual input of aboveground and 
belowground litter. Moreover, to quantify carbon (C) and nitrogen (N) content within 
these compartments. Aboveground litter-fall was collected over � ve years (2009 – 
2013) and annual input of necromass was estimated. At the same time, stocks of � ne 
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root biomass and necromass at soil depth 0 – 30 cm were quanti� ed by means of 
soil coring. Fine root production was measured by in-growth bags. Then � ne root 
mortality was calculated with regard to di� erences between biomass stocks in con-
secutive years and annual production. Our study showed that annual aboveground 
and belowground litter together represented a large proportion of C input (nearly 
3.0 t of C ha-1 per year in beech stand and 2.5 t ha-1 per year in spruce stand). Ab-
oveground litter accumulated on the ground was signi� cantly larger in spruce than in 
beech, however there was more aboveground necromass input in the beech stands. 
This is most likely due to di� erent decomposition rate between the species and also 
residence time of C in aboveground litter. On the other hand, � ne root necromass 
stock as well as necromass input of � ne roots were similar in both species. As for ratio 
between quantities of � ne roots to aboveground parts, higher value was found for 
necromass input than necromass standing stock in both species. These di� erences 
can be explained by faster decomposition of � ne root necromass than aboveground 
necromass.

Zusammenfassung

Unsere Forschung wurde in Jungwuchsbeständen der Rotbuche (Fagus sylvatica) und 
der Fichte (Picea abies) mit ähnlichen Eigenschaften durchgeführt. Das Ziel der Arbeit 
war es die Menge des Eintrages an oberirdischer (dünne Zweige, Knospen und Be-
laubung) und unterirdischer (Feinwurzeln) Biomasse der aktuellen Situation ebenso 
wie der jährlichen Akkumulation an oberirdischer und unterirdischer toter Biomasse 
zu bestimmen. Darüber hinaus war es Ziel, den Gehalt an Kohlensto�  (C) und Stick-
sto�  (N) in diesen Bestandteilen zu quanti� zieren. Der oberirdische Anfall an Biomas-
se wurde über fünf Jahre (2009 – 2013) hinweg gesammelt und die jährliche Rate der 
Produktion an Biomasse wurde bestimmt. Im gleichen Zeitraum wurde die lebende 
und tote Biomasse aus Feinwurzeln in einer Bodentiefe von 0 – 30 cm mittels Boden-
kernbohrungen quanti� ziert. Darüber hinaus wurde die Produktion an Feinwurzeln 
durch den Einwuchs der Feinwurzeln in Taschen im Boden gemessen. Dann wurde 
die Mortalität der Feinwurzeln aus den Di� erenzen zwischen der Biomasse des ak-
tuellen Bestandes in aufeinanderfolgenden Jahren und der Produktion berechnet. 
Unsere Studie zeigte dass der jährliche gemeinsame Eintrag an oberirdischer und 
unterirdischer toter Biomasse einen großen Anteil am Eintrag an Kohlensto�  ent-
spricht (3.0 t an C ha-1 im Buchenwald und 2.5 t ha-1 im Fichtenwald). Oberirdischer 
Eintrag, der auf dem Boden akkumuliert war, war signi� kant höher in Fichtenwäldern 
als in Buchenwäldern, jedoch war die oberirdische tote Biomasse in den Buchenbe-
ständen höher. Dies kommt sicherlich von unterschiedlichen Zersetzungsraten zwi-
schen den Arten und auch die unterschiedlichen Verbleibzeit von Kohlensto�  in der 
oberirdischen Streu. Andererseits war die tote Biomasse aus Feinwurzeln ebenso wie 
der Eintrag aus toter Biomasse aus Feinwurzeln ähnlich für beide Arten. In Bezug auf 
das Verhältnis der Menge an Feinwurzeln zu den oberirdischen Bestandteilen wurde 
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ein höherer Wert für den Eintrag an toter Biomasse als für die aktuelle Situation der 
Menge an toter Biomasse für beide Arten gefunden. Diese Di� erenzen können er-
klärt werden durch eine schnellere Zersetzung der Biomasse der Feinwurzeln als die 
der oberirdischen Biomasse. 

1. Introduction

Changing climate conditions e� ect both natural and arti� cial environments, adding 
stress to already fragile ecosystems. The main contributors to these changes are emis-
sions of greenhouse gases into the atmosphere, deforestation and deterioration of 
the carbon balance in natural ecosystems (e.g. Schelhaas and Nabuurs, 2001). Fo-
rests constitute the most important terrestrial ecosystem contributing to the global 
carbon cycle and to carbon sequestration (e.g. Dixon et al., 1994). Thus, forest eco-
systems are not just passive receptors of the e� ects of climate change, but through 
several feedback loops, in� uence this phenomenon (Bonan, 2008) themselves.

In forest ecosystems, � ve main compartments in terms of carbon pools and cycling 
are usually recognized: aboveground biomass, belowground biomass, dead wood, 
litter layer and soil organic matter. Brunner and Godbold (2007) show that forests of 
central Europe bind approximately 110 tons of carbon per hectare (t C ha-1) in tree 
biomass, about 27 tons of which is stored belowground as root biomass. Forest soils 
store a further 96 t C ha-1 in their mineral fraction. As for biomass, trees comprise of 
components which di� er not only in their speci� c physiological tasks and anatomical 
properties but also in residence time of C contained within the organs. While woody 
parts, i.e. branches, coarse roots and stem, store C for a long period, foliage and � ne 
roots cycle C within a few months to years. In fact, much of the previous research 
focuses on the role of aboveground litter (particularly foliage) when considering the 
process of C and N cycling (e.g. Scott and Binkley, 1997; Valentini et al., 2008; Taka-
hashi et al., 2010; Xu et al., 2013). In contrast, few studies include information on be-
lowground (prevailingly � ne roots) litter in these processes (e.g. Sulzman et al., 2005; 
Leppälammi-Kujansuu et al., 2014). 

This lack of information about � ne roots, including stock, production and especially 
mortality (i.e. litter input) is due to their role in biochemical cycles being underva-
lued as well as the laborious procedures required for measurements. Helmisaari et 
al. (2002) showed that � ne roots contributed between 43 – 60% of the net primary 
production and between 2 – 15% of the total tree biomass in pine plantations in Fin-
land. Similarly, � ne roots account for >40% of the total net primary production but 
only 3% of standing stock in a mature pine stand in Belgium (Curiel Yuste et al., 2005). 
Although � ne roots are commonly negligible in terms of tree standing biomass, they 
are crucial for the quanti� cation of primary production and therefore in the assess-
ment of the forest carbon cycle (e.g. Tateno et al., 2004). Brunner and Godbold (2007) 
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estimated that for the average conditions of Central Europe, 4.4 t of C ha-1 enter the 
forest soil each year, about 20% are contributed by � ne roots. Recent meta-analysis of 
litter input in a variety of forest types showed that root litter quantity often prevails 
over leaf litter-fall (Freschet et al., 2013).

Slovakia has a high forest cover of nearly 45% and belongs to the European countries 
with a positive carbon balance in the terrestrial ecosystems (Janssens et al., 2004). 
European beech (Fagus sylvatica) and Norway spruce (Picea abies) are the most com-
mon tree species in the country. While beech forests naturally occur at altitudes bet-
ween ca. 300 and 1300 m a.s.l., spruce forest naturally grow at altitudes above ca. 600 
m a.s.l. up to the tree line. The species frequently make up mixed forest stands (Pagan 
and Randuška, 1987). Spruce is more sensitive to drought stress (an inherent pheno-
menon of climate change) and on many sites appears allochtonously, beech seems 
to be a more resilient, therefore likely prospective species in Slovakia under current 
and future changing climate conditions (Minďáš and Škvarenina, 2003). Moreover, 
spruce having a shallow root system, is prone to and frequently damaged by storms 
as well as susceptible to a variety of pathogens e.g. Spruce Bark Beetle (Ips typogra-
phus) (Kunca et al., 2015). 

The aim of this paper is to estimate the quantity of aboveground (thin branches, buds 
and foliage) and belowground (� ne roots) necromass as well as the annual input of 
aboveground and belowground litter. Moreover, this study aims at quantifying C and 
N content of these compartments and elaborating inter-speci� c di� erences.

2. Material and methods

Research was conducted from 2009 to 2013 at Vrch Slatina (48° 38'' 50' N, 19° 36'' 12' 
E), approximately 10 km north-east of Hriňová, Slovakia. The site is located ca 960 m 
a.s.l. in the westernmost part of the Veporské Hills. Bedrock is prevailingly composed 
of granodioirite and the soil is Eutric Cambisol with a low percentage of coarse mate-
rial. The texture is mostly sandyloam. The C/N ratio in the upper 10 cm of soil is about 
17, pH (in CaCl2) was 4.5, 5.3 and 4.5 at the depths of 0 – 10 cm, 10 – 35 cm and 35 – 65 
cm, respectively. The site is situated within the ecological optimum range for beech 
growth and the southernmost frontier of naturally occurring spruce in Slovakia (for a 
detailed site description see also Konôpka et al., 2013).  

Our measurements were done in nearly even-aged forest stands originating from 
natural regeneration and are composed exclusively of beech or spruce. Both stand 
types prevailingly developed after selective cuts between 1995 and 1996 under few 
old seed-producing trees. Then, the old trees were cut between 1996 – 1998. The 
beech and spruce stands are neighboring, and amongst the forest complexes are 
open areas colonized by grasses and herbs, dominated by bushgrass (Calamogrostis 
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epigejos). 

In early spring of 2009, � ve circular plots in beech and � ve plots in spruce were es-
tablished and all trees inside the plots were marked with metal labels. Plots were 
established with radii between 0.7 and 1.0 m in order to measure stand density and 
included between 30 and 50 trees per plot. The trees were measured in March of 
each year for height and diameter at ground level (d0 hereafter). We could not use the 
standard measurement of diameter at 130 cm (dbh) because some trees were shorter 
than this height. The recorded tree parameters were used to calculate basic stand 
characteristics (see Pajtík et al., 2013). 

In March 2009, 30 plastic litter trays (35 x 35 cm) were placed within the stands with 
3 litter trays located on each circular plot. The litter trays were 20 cm deep and thus, 
they were able to intercept aboveground litter from nearly all trees, including small 
ones. The litter was collected once every three months, ending in March 2014.  The 
harvested litter was packed in paper bags, transported to the laboratory and sorted 
into two groups: foliage and other litter (that covered thin branches and buds) and 
were oven-dried at 95°C to achieve constant weight. Weight was measured with a 
precision ± 0.1 gram. The annual sum of litter collected was calculated for individual 
litter trays and the mean litter amount was expressed for both beech and spruce 
stands. Moreover, subsamples from the litter collected in 2011 were subject to che-
mical analyses (dry combustion method performed by elementary analyzer Flash EA 
1112) in order to measure C and N contents. In summer 2011, samples of litter accu-
mulated on the ground (15 square areas with 50 x 50 cm in both beech and spruce 
stands) were collected, oven-dried, weighed and C and N content was analyzed.

Estimation of � ne root quantities in beech and spruce stands was done using two 
methods: (i) soil cores – aiming at establishing current stock and (ii) in-growth bags – 
to estimate annual production. Thus, each year between 2009 – 2013 (end of March), 
15 soil cores from beech and 15 from spruce stands were randomly sampled from 
across the stands. A 30 cm (length), 7 cm (diameter) iron auger was used to collect 
the soil cores. The cores were split into three 10-cm-long columns and inserted in 
plastic bags. The samples were stored in a deep-freezer until further processing. All 
� ne roots (diameter up to 2 mm) were separated by using tweezers. Roots over 2 mm 
and those which did not originate from beech or spruce (bushes and herbs) were 
excluded. The � ne roots of target species were sorted as living (biomass) and dead 
(necromass).  In order to distinguish live roots from dead, characteristics like: color, 
mechanical properties of tissues, cohesion between periderm and cortex, status of 
structure and morphology in root clusters were used. The sorted � ne roots were ca-
refully washed with distilled water and placed in paper envelopes, dried in an oven 
at 85°C for 24 hours. The dry roots were weighed with a precision of 10-4 grams. The 
weight of � ne roots was expressed for soil depth 0 – 10 cm, 10 – 20 cm, and 20 – 30 
cm and up-scaled into tons per hectare of stand area. In 2011, samples of � ne root 
biomass and necromass were analysed for C and N contents. While chemical proper-
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ties of � ne root biomass were used to C and N quantities in current year litter (input), 
those of � ne root necromass were used for C and N values � xed in the mass of dead 
� ne roots.

In-growth bags were cylindrically shaped plastic nets with a mesh size of 2 x 2 mm, an 
inner diameter of 7 cm and a length of 30 cm. Each year in March, 30 in-growth bags 
were located within the beech stand and 30 bags in the spruce stand and were inser-
ted inside 30 cm deep holes drilled using an auger. The bags were � lled with quartz 
sand. Further, half the bags (15 pieces in beech and 15 in spruce stands) were har-
vested at the end of the vegetation period of the same year and half were collected 
at the end of the vegetation period of the consecutive year (1-year and 2-year bags, 
hereafter). The in-growth bags were inserted in plastic sacks and frozen. In-growth 
bags were analyzed similar to the soil cores however, and provided data on living 
� ne roots only with the biomass of � ne roots representing the approximate annual 
production of roots in the ecosystem. From previous experiments it was observed 
that beech and spruce have contrasting strategies in terms of colonizing new com-
petition-free volume, therefore two series of in-growth bags were applied. The � rst 
approach was based on 1-year in-growth bags only. The second approach used the 
di� erence between � ne root biomass production in 1-year bags and 2-year bags. De-
� nitive production of � ne roots was calculated as an average value for both methods.

Parallel data on � ne root biomass and production in the period 2010 – 2013 enabled 
the calculation of the mortality of � ne roots between 2010 – 2012. Under these as-
sumptions, mortality may be calculated as follows:

Mx = Bx + Px – Bx+1 – Bx+1 – B

where:  Mx – � ne root mortality in the year x,  x – � ne root mortality in the year x,  x

  Bx –biomass stock of � ne roots in the year x,x –biomass stock of � ne roots in the year x,x

  Px – � ne root production in the year x,x – � ne root production in the year x,x

  Bx+1Bx+1B  –biomass stock of � ne roots in the year x+1. 

The combined relationship of inter-annual and inter-speci� c di� erences on the stu-
died variables were analyzed by ANOVA. Signi� cant di� erences were found by Tu-
key's HDS test (for α = 0.05) and inter-speci� c di� erences between variables when 
the year was not considered as a factor were tested by Student's t-test (α = 0.05). 
Statistical analyses were performed in JMP 6.0 program (SAS Institute, Cary, NC, USA).
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3. Results 

In 2009, both beech and spruce stands had very similar characteristics (Table 1). Then, 
during the 2010 and 2011 variance in the number of trees (in favor of beech) and 
means stem volume (in favor of spruce) emerged. The most intensive inter-speci� c 
di� erentiation occurred between the years of 2012 and 2013, when the number of 
trees in the spruce stands were reduced by more than 50% due to competition, but 
the density of trees in the beech stands dropped by only 12%. 

Table 1: Stand characteristics of the European beech and Norway spruce stands within the study period

Biomass stock of � ne roots � uctuated slightly between the years (Fig. 1a). Minimum 
� ne root biomass in beech stands (4.99 t ha-1) was recorded in 2013, and the maximum 
biomass (6.19 t ha-1) was observed in 2011. As for spruce stand, while the minimum 
� ne root biomass (4.53 t ha-1) was recorded in 2013, the maximum amount observed 
(5.83 t ha-1) was in 2010. Inter-annual di� erences were not statistically signi� cant 
except for the contrast in spruce � ne root biomass between 2010 and 2013. No 
signi� cant inter-speci� c di� erences were found within individual years. Quantity 
of necromass (Fig. 1b) of � ne roots was approximately 7 times less than that ob-
served for biomass in both species. In the beech stand, while minimum necromass 
(0.61 t ha-1) was observed in 2012, maximum necromass (0.97 t ha-1; statistically signi� -
cant di� erences) was recorded in 2010. A similar situation was observed in the spruce 
stand, where minimum necromass (0.70 t ha-1) was recorded in 2012 and maximum 
(1.13 t ha-1) in 2010 (the minimum and maximum values were signi� cantly di� erent). 
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Fig. 1: Stocks of � ne root biomass (upper graph) and � ne root necromass (lower graph) in beech and spruce 
stands, by years (di� erent letters, speci� cally capitals for beech and small for spruce, indicate signi� cant 
inter-annual di� erences in each species; Tukey's HDS test on α = 0.05). Error bars show standard deviations. 
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In-growth bags indicated di� erent � ne root production in the � rst year with beech 
producing signi� cantly more (between 1.42 and 2.73 t per ha and year) than spruce 
(between 0.58 and 0.86 t per ha and year; Table 2). On the other hand, during the 
second year, � ne root production was more in spruce than beech. Thus, � ne roots 
produced during the observation period of two-year incubation was similar in both 
species (between 2.39 and 4.23 t per ha and year in beech and 2.13 and 3.11 t per ha 
in spruce). The combination of the two approaches for estimation of � ne root pro-
duction provided very similar values for both species. Speci� cally, annual � ne root 
production varied between 1.11 and 1.63 t per ha in beech and 0.95 and 1.54 t per ha 
in spruce (no signi� cant inter-speci� c di� erences were found in the individual years). 
Similarly, � ne root mortality showed about similar values for both species in the years 
of observation with the exception of 2010 (1.08 t per ha and year in beech against 
1.78 t per ha and year in spruce). At the same time, the ratio between � ne root pro-
duction and mortality di� ered between the individual years of 2010, 2011, and 2012, 
more in beech (between 0.50 and 1.51) than in spruce (0.51 and 0.89). During the 
three years of 2010 – 2012, accumulated necromass of � ne roots (4.76 t ha-1 in beech 
and 5.18 t ha-1 in spruce) prevailed over the accumulated � ne root biomass (4.10 t ha-1

in beech and 3.88 t ha-1 in spruce). 

Table 2: Fine root biomass within in-growth bags incubated for 1 and 2 years in the beech and spruce 
stands as well as calculated � ne root production and mortality (units: t ha-1; * indicates signi� cant 
di� erences between beech and spruce stand in the speci� c year; Tukey's HDS test on α = 0.05)

Chemical analyses showed that both C and N contents were slightly higher in spruce 
than in beech stands in the aboveground litter trays, aboveground litter accumulated 
on ground, as well as � ne root biomass and necromass (Table 3). Highest concentra-
tions of C were found in � ne root biomass (49.1% in beech and 52.2% in spruce), the 
lowest C values were recorded in aboveground litter accumulated on the soil (43.4% 
and 46.3% in beech and spruce, respectively). While the highest concentration of N 
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(1.87% in beech and 2.03% in spruce) was recorded in � ne root necromass, and the 
lowest values of N (1.35% and 1.79%) were observed in current year`s aboveground 
litter. 

Table 3: Carbon and nitrogen contents (%) of the individual tree components in the beech and spruce 
stands in 2011 (* indicates signi� cant di� erences between beech and spruce stand by component; 
Student's t-test on α = 0.05) 

As for stock of aboveground necromass (status for summer 2011; Table 4) much 
larger quantities accumulated in the spruce (11.53 t ha-1) than in the beech 
(7.52 t ha-1) stand. On the other hand, � ne root necromass was similar in both tree 
species (0.79 t ha-1 in beech and 0.88 t ha-1 in spruce expressed by the mean for the 
period 2009 – 2013). Therefore, the aboveground litter was much more (nearly 10 
times in beech and 13 times in spruce, see also Fig. 2) than � ne root necromass in the 
soil. Surprisingly, while the amount of aboveground litter was larger in spruce than in 
beech stands, the opposite situation occurred for annual input of aboveground litter 
(Table 5). While the sum of aboveground litter recorded during the years 2009 – 2013 
was 21.94 t ha-1 in the beech stand, the quantity in the spruce stand was 15.98 t ha-1

(Fig. 3). At the same time, annual input of aboveground necromass (litter) in beech 
stand was 2.7 times and 1.8 times larger than that of � ner root necromass (Table 5). If 
we consider interspeci� c di� erences in necromass input by tree components (foliage, 
other aboveground litter, � ne roots) per year, signi� cant di� erences were found for 
all components in 2010 (Table 6). Moreover, litter of other aboveground tree parts 
signi� cantly prevailed in the beech over the spruce stand in each year. In terms of in-
ter-annul di� erences in total litter input, the largest (statistically signi� cant) contrast 
was found in the spruce stand between 2010 and 2011, 3.92 t ha-1 against 5.90 t ha-1

(Fig. 4).
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Table 4: Stocks of aboveground and belowground necromass in beech and spruce stands (units: t ha-1; 
*indicates signi� cant di� erences between beech and spruce stand by tree part; Student's t-test on α = 0.05)         

Fig. 2: Necromass stock including aboveground litter and � ne roots in 2011 (total necromass was 
signi� cantly di� erent between beech and spruce stand; Student's t-test on α = 0.05). Error bars show 
standard deviations for total necromass.
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Table 5: Annual necromass input of aboveground and belowground tree parts in beech and spruce stands 
(units: t ha-1; * indicates signi� cant di� erences between beech and spruce stand by tree part; Student's 
t-test on α = 0.05) 

Fig. 3: Cumulative amount of aboveground necromas input during � ve years in beech and spruce stands 
(* indicates signi� cant di� erences between beech and spruce stand; Student's t-test on α = 0.05). Error bars 
show standard deviations for cumulative amount of necromass.
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Table 6: Statistical test for interspeci� c di� erences for annual necromass input by tree components in the 
speci� c year (* indicates signi� cant di� erences between the beech and spruce stand regarding component 
and year; Tukey's HDS test on α = 0.05).
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Fig. 4: Necromass input including aboveground litter and � ne roots (di� erent letters, speci� cally capitals 
for beech and small for spruce, indicate signi� cant inter-annual di� erences in total input; Tukey's HDS test 
on α = 0.05) in beech (upper graph) and spruce (lower graph) stands. Error bars show standard deviations 
for total necromass input.
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4. Discussion

Our study showed that annual aboveground and belowground litter combined re-
presents a large C � ux (nearly 3.0 t of C ha-1 in beech and 2.5 t C ha-1 in spruce) to soil. 
At the same time, the stock of annual aboveground and belowground necromasses 
together represented nearly 4.0 t C ha-1 in beech and 6.0 t C ha-1 in spruce. It should 
be noted that while our methods for quanti� cation of aboveground necromass is 
relatively accurate, the method for estimating � ne root necromass can result in un-
derestimates. The underestimation is caused by our soil depth limitation to 30 cm 
(deeper soil layers are di�  cult to investigate, especially in terms of � ne root produc-
tion using in-growth bags). Other sources of underestimation for � ne root necromass 
stock might be caused by omitting some fragmented or partly decomposed roots. 
Meta-analysis on the temperate zone forests in Europe (Finér et al. 2007) showed that 
� ne root necromass varied between 0.8 and 3.5 t ha-1 in beech forests and from 0.4 to 
3.1 t ha-1 in spruce forests. Thus, our values (0.8 t ha-1 and 0.9 t ha-1 in beech and spru-
ce, respectively) are at the lower limit of the results from other European countries. 
Also, our method for calculating C input (� ne root mortality) may underestimate the 
real values because we were not able to consider intra-seasonal changes (� uctua-
tion) in biomass and necromass but only all-season change (see McClaugherty et al., 
1982; Fairley and Alexander, 1985). Meta-analysis on data obtained by Maximum-Mi-
nimum method showed that under European conditions, mean � ne root production 
in beech was 1.6 t ha-1 and in spruce 1.1 t ha-1 (Brunner et al. 2013). Thus, our results 
(1.4 t ha-1 in beech and 1.3 t ha-1 in spruce) are quite similar.  

Even though some underestimation of absolute values in carbon � xed in � ne root 
mass and input via � ne root mortality in the stands is expected, our experiment pro-
vides reasonable results in terms of interspeci� c di� erences in these processes. Cle-
arly, beech stands had a higher ratio (0.11) of carbon � xed in � ne root necromass 
compared to that � xed in aboveground necromass in spruce stands (0.08). However, 
we found a higher ratio of carbon � ux via � ne root necromass compared to that of 
aboveground litter in spruce (0.55) than in beech (0.38) stands. For both species, the 
contribution of current C stock in necromass was much higher in accumulated litter 
on the ground than in � ne roots, i.e. in the soil. In addition, while aboveground lit-
ter of the current year was less than the accumulated necromass, the opposite was 
found in � ne roots for both beech and spruce stands. This indicates a faster decom-
position rate in belowground (� ne roots) than aboveground (e.g. foliage, buds and 
thin branches) tree components. According to Ostertag and Hobbie (1999) faster root 
than foliage decomposition in forests is typical especially in infertile sites, in part be-
cause of lower lignin to N ratio in roots than in leaf litter. 

As for inter-speci� c di� erences belowground, the ratios between necromass input 
and necromass stock were very similar in both species (2.01 and 1.97 in beech and 
spruce, respectively). On the other hand, large di� erences in the ratio between ne-
cromass input and necromass stock (0.57 in beech and 0.28 in spruce) were found for 
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aboveground tree components. This implies that aboveground litter in beech stands 
(prevailingly necromass of leaves) decomposed faster than in spruce stands (pre-
vailingly needles). This statement is in accordance with the generally accepted, but 
however not exclusively valid knowledge, that litter decomposition is faster in bro-
adleaved species than conifer species (Prescott et al., 2000; Berger and Berger, 2014). 
For instance, Prescott et al. (2004) showed in manipulation experiments that leaves 
of aspen (Populus tremula) decompose faster than spruce (Picea engelmannii) need-
les. Similarly Mo et al. (2006) showed faster decomposition of foliage in broadleaved 
forests stand than in pine stands. These di� erences are mostly associated with higher 
diversity of microbial decomposers in broadleaved than coniferous stands (He et al., 
2007) as well as di� erent lignin and nutrient contents between foliage and needles 
(Berger and Berger, 2014).

Finally, � ne roots are a very important contributor to net primary production; thus 
also for biochemical processes including the carbon cycle of forest ecosystems (e.g. 
Helmisaari, et al. 2002; Matamala et al., 2003; Tateno at al., 2004; Van Do et al., 2015). 
In spite of this fact, we are still lacking precise information on � ne root production 
and mortality in individual types of forests growing under a variety of climatic and 
soil conditions. Actually, methodological di�  culties limit accurate quanti� cation of 
� ne roots and ectomycorhiza along the full soil pro� le. Thus, this � eld still provides 
much room for future research activities including both improvement of methods 
and data acquisition. 

5. Conclusions

The study performed in young stands shows that aboveground litter (foliage, buds 
and thin branches) accumulated on the ground was signi� cantly larger in spruce 
than in beech stands. The opposite situation was observed for aboveground necro-
mass input (more in beech than in spruce). This discrepancy is most probably related 
to di� erent decomposition rates of aboveground litter between the species. On the 
other hand, � ne root necromass in the soil pro� le 0 – 30 cm as well as necromass 
input in the form of � ne roots were similar in both species. What concerns the ratio 
between quantities of � ne roots to aboveground compartments, higher values for 
necromass input was found than necromass stock in both species. These di� erences 
can be explained by faster decomposition of � ne root necromass than aboveground 
necromass. Even though our method possibly underestimates � ne root quantity, the 
results indicate the relevant role of tree component in the forest carbon cycle.
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