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Fine roots (defined by a maximum diameter of 2 mm) and assimilatory organs are the compartments
which rotate carbon much faster than any other tree part. We focused on quantification of fine roots in
young European beech and Norway spruce trees growing under the same ecological conditions. Standing
stock of fine roots was estimated by soil coring during 2009 — 2012. Fine root production was established
by the in-growth bag method. Standing stock and productions of fine roots were comparable in both tree
species. The quantity of fine root biomass (at a soil depth of 0 —50 cm) varied inter-annually between
6.08 and 7.41 t per ha in the beech and from 5.10 to 6.49 t per ha in the spruce stand. Annual production
of fine roots (soil depth of 0 — 30 cm) was between 1.11 and 1.63 t ha! in beech and between 0.95 and
1.54 tha'! in spruce. We found that fine root standing stock at the beginning of each growing season
was related to climatic conditions in the previous year. Annual fine root production was influenced by
the climatic situation of the current year. In general, a maximum standing stock of fine roots as well as
a relatively slow fine root turnover is expected in young forest stands. Whereas production of fine roots
prevailed over mortality in a favorable year (sufficiency of precipitations and slightly above-average
temperatures in 2010), there was a reverse situation in an unfavorable year (drought episodes in 2011).
We concluded that although both forest types represented contrasting turnovers of assimilatory organs
(once a year and once in 5 years in beech and spruce respectively), fine root turnover rates were very

similar (approx. once per four years).
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1. Introduction

Since assimilatory organs and the tiniest root frag-
ments are the most dynamic compartments, they repre-
sent some of the most dominant “paths” for biochemical
cycles (HELMISAARI et al., 2002). Besides other chemical
elements and compounds, this significantly contributes
to carbon cycling. This element became a target of in-
tensive interest to scientists especially due to ongoing
climate change, because carbon in oxide form contributes
to temperature regulation, leading to other modifications
of global atmosphere (DixoN et al., 1994). At the same
time, JANSSENS et al. (2005) pointed out that the forests
of Europe play an important role in the sequestration of
carbon. Therefore it is necessary to obtain exact informa-
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tion not only about tree compartments, which fix carbon
for a long time (i.e. coarse branches, stem, roots), but
also about those, which fix carbon for some months or
for a few years maximum (assimilatory organs and fine
roots — those fractions are usually characterized by an
upper diameter of 2 mm).

While the procedures for estimating standing stock of
assimilatory organs are relatively apparent (for instance
by means of entire tree or some representative tree part
sampling, ultimately by litterfall collection), the quanti-
fication of fine roots is more difficult. The main problem
is related to the fact that all root fractions are hidden in
the soil, which complicates accessibility to them. “Tradi-
tional” approaches based on the excavation of whole root
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systems, or its representative parts, for the quantification
of fine roots are unsuitable because of potential break-
ages and partial losses (Bonm, 1979). Therefore, methods
such as soil cores or soil blocks are more applicable (e.g.
PERSSON & STADENBERG, 2010). Consequently, fine roots
are separated from the soil samples in laboratory condi-
tions and the amount of fine roots from the known soil
volume is up-scaled for a stand area unit base. In fact,
results relating to fine root standing stock originating
from a variety of authors differs considerably (FINER
et al., 2007). That is a consequence of high variability
of its mass among site conditions, temporal and spatial
variability due to environmental situations, heavy sea-
sonal dynamics, or sensitivity to stand characteristics
and forestry management (JALOVIAR, 2010).

Patterns of foliage production and turnover are rela-
tively well-known. In the case of deciduous trees the
turnover represents an annual cycle, in evergreen trees the
turnover takes a few years (approximately 3 — 6 years).
Much less is known about the production and turnover
of fine roots. Nevertheless, existing works show broad
range values of estimates for these processes (see e.g.
NocucHi et al., 2007; YuaN & CHEN, 2010). The principal
problem for the quantification of fine root production
lies in a parallel course of three processes; production,
mortality and decomposition (or disappearance) during
a growing season (Persson, 1980). Therefore, fine root
production cannot be established via “conventional”
approaches, i.e. as a difference between standing stocks
found in two time horizons.

The term “turnover” usually represents the produc-
tion over existing standing stock, or how many times
the current standing stock is replaced by new biomass
in one year (Lukac, 2012). At the same time, turnover
of fine roots represents a reverse value to lifespan (e.g.
turnover twice a year equals a lifespan of 0.5 year). The
possibility of comparing results of fine root turnover
originating from a variety of works is impaired. Besides
methodological differences in the derivation of input
items (standing stock and production), inconsistencies
in the definition of turnover is also a problem. Individual
authors prefer minimum, mean, or maximum standing
stock as the denominator, which unsurprisingly brings
contrasting results (KoNopka et al., 2006). A recent paper
from BRUNNER et al. (2013) synthesized results concern-
ing fine root turnover in European beech and Norway
spruce from many authors. The paper indicates that fine
root turnover in beech and spruce varied mostly in the
range of 0.9 and 1.1 per year. The authors suggest that
the most suitable way to calculate fine root turnover is
aratio between the production and the average standing
biomass stock.

The abovementioned gaps in scientific knowledge
inspired a field observation study of which the present
paper is an integral part. We aim to estimate fine root
standing stock and turnover in young beech and spruce
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stands grown under the same site conditions. The species
were chosen as dominant forest trees in Central Europe,
but also as a typical representation of vegetation with
contrasting strategies of foliage turnover (deciduous
versus evergreen). Moreover, beech and spruce are con-
trasting from the climate change perspective; beech in
comparison with spruce is assumed to be more suitable
for a major part of central Europe territory for the chang-
ing environmental conditions (e.g. LINDNER ef al., 2010).

We postulated a hypothesis that contrasting patterns
of foliage turnover would be mirrored by differences in
fine root turnover. Further, we hypothesize that inter-
annual differences in fine root standing stocks and
productions would be apparent at the site. To place
our findings in physiological setting, we compared the
temporal changes of fine root processes to abiotic am-
bient characteristics (specifically air temperature and
precipitations).

2. Material and Methods

This research was conducted over the period of 2009
— 2012 at the “Vrchslatina” locality, which is located at
an altitude ca 960 m above sea level (coordinates: 48°
387 55’ N, 19° 36”° 07° E). The locality is situated in
the west-most part of the Veporské Hills, the bedrock is
mostly composed of granodioirite. The soil is a eutric
cambisol with a low portion of skeleton, mostly sandy-
loam. The C/N ratio in the upper 10 cm of soil is about
17, pH (in CaCl) values were 4.5, 5.3 and 4.5 at the
depths of 0 — 10 cm, 10 — 35 cm and 35 — 65 cm. The
site represents an ecological optimum for beech growth
and the southern boundary for the natural occurrence of
spruce in Slovakia.

Measurements presented in this paper took place in
forest complexes composed exclusively of young beech
or spruce (see also KoNOPKA et al., 2013). The site is for-
ested by nearly even-age stands originating from natural
regeneration under a sparse tall forest. The patches of
beech and spruce utilized in this research were directly
neighboring. Some open areas among the forest stands
were colonized by grass communities with a dominancy
of bushgrass (Calamogrostis epigejos).

In 2009, five circular plots in beech and five in spruce
stands were established and all trees inside the plots were
labeled. A radius of the plots was established with regard
to stand density to include between 30 and 50 individual
trees (hence, the radius varied between 0.7 and 1.0 m in
beech and from 0.7 to 1.0 in spruce). The trees on the
plots were measured every year for height and diameter
at ground level. We did not use standard measurements
of diameter at DBH, because some trees had not reached
this height yet. The recorded tree parameters were used
to calculate basic stand characteristics (the detailed
procedure is given in PAITik et al., 2013). Moreover, a
set of beech and spruce trees were sampled to construct
allometric equations for aboveground tree compartments
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(foliages, branches and stem) as well their standing stock
and yearly production (see PaTik et al., 2013).

The quantification of fine roots in beech and spruce
was performed by two methods: (i) soil coring and (ii)
ingrowth bags. Thus, every year from 2009 — 2012 —
shortly after thawing out the soil (i.e. in the middle part
of April), 15 soil cores from beech and another 15 from
spruce stands were sampled. We used iron auger with an
inner diameter of 7 cm. The soil cores were taken down
to a soil depth of 50 cm; they were split into five 10-cm-
long columns and inserted in to plastic bags. The samples
were stored in deep-freeze until further processing.

The in-growth bags were cylindrically shaped plastic
nets with a mesh size of 2 x 2 mm. Their inner diameter
was 7 cm and their length 30 cm. Our previous studies
showed that it was technically difficult to harvest in-
growth bags longer than 30 cm. Every year, in the begin-
ning of the growing season, 30 in-growth bags in the beech
stand and 30 in the spruce stand were inserted in to 30 cm
deep holes drilled by the auger. The insides of the bags
were filled up with quartz sand. Then, half the number of
the bags were harvested at the end of the growing season
of the same year and half the number were harvested at
the end of the growing season of the consecutive year
(“l-year” and ‘2-year” bags, hereafter). The ingrowth
bags were inserted in to plastic sacks and deep frozen.

The soil cores were thawed on the day of further
processing. All fine roots (diameter up to 2 mm) were
separated using tweezers. Roots over 2 mm and those
which did not originate from beech or spruce (bushes and
herbs) were excluded. The fine roots of the target trees
were sorted into live (biomass) and dead (necromass).
To distinguish live roots from dead ones, characteristics
like: color, mechanical properties of tissues, cohesion
between periderm and cortex, status of structure and
morphology in root clusters were utilized. The sorted
fine roots were carefully washed and placed in paper
envelopes, then, dried in an oven at 85°C for 24 hours.
The dried roots were weighed with a precision of 104g.
The weights of the fine roots were expressed for soil
depths of 0— 10, 10 -20, 20 — 30, 30 —40 and 40 — 50 cm
and up scaled in tons per hectare of the stand area.

In-growth bags were processed in a similar way to
the soil cores. Here, almost exclusively live fine roots
were found. At the same time, data on fine roots was
found for the entire length of the bags (i.e. soil depth
0 — 30 cm). Biomass of fine roots represents more or
less their annual production in the ecosystem. Since
we found out, in previous experiments, that beech and
spruce have contrasting strategies in terms of colonizing
new competition-free spaces, two series of in-growth
bags were applied. Two series of the bags allowed two
different ways to estimate fine root production. The
first approach is based on 1-year in-growth bags only.
The second approach uses fine production differences
(“delta”, hereafter) between fine root biomass in 2-year
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bags found in the current year and fine root biomass in
1-year bags harvested in the previous season. Definitive
production of fine roots was calculated as an average
value from both methods.

Since we had data on fine root standing stock for
both biomass and necromass in two consecutive years, it
was possible to also calculate the mortality of fine roots
in the period (in fact, this is just a rough estimate, not
an exact quantification). Mortality can be calculated as
follows. First, we add standing stocks of fine roots for
the beginning of the growing season and the production
of the same year. Then we subtract standing stocks of
fine roots in the beginning of the growing season for
the consecutive year from the first total. In our case,
the available data allowed the calculation of fine root
mortality for 2010 and 2011.

As well as measurements done on the research plots,
to make our interpretation of fine root standing stock
and production more integrated, all available informa-
tion about air temperatures and precipitations were also
utilized. Specifically, we implemented data originating
from the metrological station in Lom nad Rimavicou
(Slovak Hydro-Meteorological Institute), which is situ-
ated approx. 3 km from our research site, both are at
very similar altitudes. We used monthly means of air
temperatures and sums of precipitations in the spring
and summer seasons (from April to September). These
months represent a part of the growing season that physi-
ological activities of beech and spruce fine roots are most
intensive (see for instance Konorka, 2009).

Inter-annual differences between the values of fine
root standing stocks of fine root biomass or necromass
with regard to soil depths were compared by ANOVA.
Significant differences were tested by Tukey’s HDS test
(for a = 0.05). Statistical analyses were performed by
JMP 6.0 software (SAS Institute).

3. Results and discussion

Dynamic changes in above-ground biomass were
found in both beech and spruce young stands (Table 1).
The number of trees decreased significantly — from 151
thousand individuals per ha (2009) to 125 thousand
(2012) in the beech and from 176 thousand individuals
per ha (2009) to 98 thousand (2012) in the spruce. It was
interesting that the number of trees per ha in the year of
the plots selection (2009) was very similar in both stands.
Moreover, similar values were also found in the case of
average stem volume. Sharp inter-annual increases were
recorded for average stand height and diameter as well as
for mean stem volume. In the years 2009 — 2012, average
stand height increased by 66%, diameter by 41% and
stem volume by 255% in the beech, and in the spruce
stand it was by 75%, 72% and 283% for the average
stand height, diameter and stem volume, respectively.

While dimensions of aboveground parts of the stands
grew, fine root standing stock did not show such a clear
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Table 1. Stand characteristics of beech and spruce stands in 2009 — 2012

L Year 2009 Year 2012 Difference (2012 - 2009)
Stand characteristics
beech spruce beech spruce beech spruce
Number of trees [10° per ha] 157 176 125 98 -32 -78
Mean height [cm] 225 172 373 301 148 129
Mean diameter d, [cm] 1.89 1.88 2.67 3.23 0.78 1.35
Mean stem volume [cm?] 233 225 595 860 362 635

Table 2. Standing stock of live (biomass) and dead (necromass) fine roots (t.ha') and their ratio in the 0 — 50 cm soil depth

Root biomass Root necromass Necromass / biomass
Year
beech spruce beech spruce beech spruce
2009 6.18 6.27 1.28 1.19 0.21 0.19
2010 6.59 6.49 1.30 1.56 0.20 0.24
2011 7.41 6.16 1.07 1.09 0.14 0.18
2012 6.08 5.10 0.88 0.98 0.14 0.19
Average 6.57 6.01 1.13 1.21 0.17 0.20

tendency (Table 2). In the beech, a significant annual
increase of fine root biomass was found in the years
2009 — 2010 — 2011; however it then, decreased in 2012.
In the spruce, a slight increase of fine root biomass oc-
curred between 2009 and 2010 we then recorded a large
decrease in 2011 and 2012. Fine root necromass had a
decreasing tendency between 2010 and 2011 but more
significantly from 2011 to 2012 in the beech. Fine root
necromass in spruce, on the other hand, showed a sig-
nificant inter-annual increase between 2009 and 2010 and
then a very sharp decrease in 2011. Inter-annual changes
were also recorded for the rates between quantities of live
and dead fine roots that were expressed in a necromass
to biomass ratio. The largest differences were between
the two initial years and the consecutive two years (i.e.
2009 and 2010 versus 2011 and 2012).

The smallest fine root biomass in beech and spruce
were in 2012 (6.08 and 5.10 t per ha, respectively) this
could relate to an exceptionally dry August and Sep-
tember in 2011 (at the same time, a decline in diameter
increments of both the beech and spruce were recorded;
Bosera et al., 2013). The maximum biomass of fine roots
in the beech was in 2011 (7.41 t.ha') and in the spruce
in 2010 (6.49 t.ha'). The average standing stock of fine
root biomass for the entire period of study was larger in
the beech (6.49 t.ha') than in the spruce (6.01 t.ha').
These findings are in accordance with the results from
FINER et al. (2007) proving that by using all-European
data, European beech make up a larger standing stock of
fine root biomass (average of 3.89 t.ha') than Norway
spruce (2.97 t.ha'').

It is rather difficult to determine the most influen-
tial factors governing inter-annual changes in fine root
biomas and necromass. We contend that two underly-
ing factors are involved: changes in fine root quantity
caused by stand growth and by external (abiotic) factors,
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especially temperatures and precipitations. For the first
factor, we would like to point out the conclusions of VoGt
et al. (1987), who found that fine root biomass in young
stands of temperate forests increased only in the very
initial stages. Fine root biomass reached a maximum in
the time consistent with the early stage of canopy clo-
sure. Then, fine root biomass decreased on fertile sites
or remained at a rather steady level in poor soils. Since
the young stands in Vrchslatina were excessively stocked,
they reached nearly full canopy closure by the time the
experiment began. We cannot refute the possibility that
the maximum biomass of fine roots reached its maximum
due to natural stand development in 2010 (spruce) and
2011 (beech). The stands are growing on rather fertile
soils. Hence, we did not expect that the standing stock
of fine roots would remain on the same level; rather
we assumed its gradual decrease (in accordance with
Voar et al., 1987). This hypothesis is supported by the
argument that standing stock of fine roots found in our
stands was much larger than values given in the other
papers originating from elder beech and spruce stands in
Slovakia (e.g. Konoprka, 2009; JaLoviar, 2010; KucBEL
etal.,2011) or in a wider European context (FINER et al.,
2007; BRUNNER et al., 2013).

Inter-annual oscillation of fine root standing stock
also relates to abiotic environment factors. All the years
during our experiment were warmer than the mean tem-
perature of the reference period 1961 — 1990 (Figure 1).
Extraordinarily high amounts of precipitations fell in
2010. Since we quantified standing stock of fine roots at
the beginning of each growing season, the actual status
reflected the situation of the previous year (especially
during the growing season and then in the spring and
summer months). Biomass of beech fine roots reached a
maximum in 2011 this could relate to the above-normal
sum of precipitation in the previous year. Rain occurred
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in June and July, together with above-normal air tem-
peratures (Figure 1). However, this phenomenon was not
clearly manifested in the spruce stand where fine root
standing stock inter-annually tended to decrease (Table
2). On the other, hand the minimum level of fine root
standing stock was in the spring of 2012 this might relate
to an exceptionally dry episode in August and Septem-
ber 2011. In the case of the biomass standing stock of
fine roots the difficulty is in the fact that its amount is
modified not only by production rate (direct relation) but
also by mortality (indirect relation). A similar situation
is seen for necromass which is determined not only by
input (mortality) but also output (decomposition and
disappearance) items.

For both the beech and spruce stands, a rather large
inter-annual oscillation of fine root biomass was found
at all soil depths (Figures 2 and 3). For soil depths of
0 — 10 cm, both tree species showed clear inter-annual
increases of fine root biomass from 2009 to 2011 (reach-
ing maximum value) and then decreased between 2011
and 2012. For most of the other soil depths, the inter-
annual development of fine root biomass differed from
those in the upper soil. The results suggest that climate
conditions in these particular years may influence the
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Fig. 1. Average temperature and total sum of precipitations for
the spring and summer months in the years of observation and
in the long-term data for 1961 — 1990 (upper diagram). Ave-
rage monthly temperatures (middle diagram), monthly sums
of precipitations (downer diagram) in the specific spring and
summer months of the years 2008 — 2012

fine root quantity of the individual soil layers in specific
ways. These findings agree with the conclusions of
Konopka & Lukac (2013) in mature spruce stands. They
found that moderate drought restricted fine root quantity
in the upper soil. On the other hand, this loss was partly
compensated by an increased root growth in the deeper
soil layers. KozLowskI & PALLARDY, 1997 suggested that
trees’ fine roots in the upper soil layers are controlled
more by external abiotic factors than those located in
deeper soil depths.

Fine root production measured by in-growth bags
showed that beech, in comparison with spruce, is faster at
the colonization of new, competition-free spaces (1-year
bags; Tables 3 and 4). The opposite situation occurred
when the bags were left in the soil for 2 years; more fine
roots grew in the spruce than in the beech (2-year bags;
Tables 3 and 4). The method of 1-year bags suggested
that the production of fine roots in the beech was 2.6
time large than in the spruce. The “delta” method (see
Material and Methods section) generated the opposite
conclusions, that fine root production in the spruce was
1.8 times higher than in the beech. Since the application
of the two methods introduced contrasting results, we
decided to calculate a definitive production as an average
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from both methods. Doing so, an average annual fine root
production in the beech (1.37 t.ha') was slightly higher
than in the spruce (1.29 t.ha!). The maximum produc-
tion of fine roots (1.63 t.ha'! in the beech and 1.54 t.ha-!
in the spruce) was reached in 2010, and the minimum
production (1.11 t.ha! in the beech and 0.95 t.ha! in the
spruce) in 2011. We assume that current production re-
lates mainly to climate conditions of the year, especially
during the spring and summer months. Thus, maximum
and minimum levels of productions occurred with above-
normal precipitations in 2010 (Figure 1A) and rather a dry
beginning of the growing season in 2011. Moreover, the
annual amplitude of air (soil) temperature is important to
fine root production too. For instance experiments of Lyr
& HorrMmANN (1967) established that the seasonal course
of fine root elongation correlated with soil temperature.

Here, it is necessary to admit that our results on fine
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root production are proximate (conditions inside the
bags are slightly different from the real soil profile),
thus, interpretation of the findings must be done with
caution. We believe that the results are reliable as they
deal with inter-annual tendencies (increase or decrease)
because the in-growth bags were prepared and installed
every year in the same way. Since we have information
about standing stock and production of fine roots in the
years of 2009 — 2012, it was possible to calculate its
turnover. Fine root turnover oscillated between 0.18 and
0.29 per year in the beech and from 0.17 to 0.30 per year
in the spruce (Table 5). Average values of turnover for
the period 2010 — 2012 were very similar in both spe-
cies, i.e. 0.25 per year and 0.24 per year, in beech and
spruce, respectively (these represent a lifespan of cca
4 years). This value is lower than shown in most other
papers. Reviewing data from all-European countries
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Table 3. Fine root biomass in the beech stand measured in 1-year and 2-year in-growth bags (in t.ha'!; together for the soil
depth of 0 — 30 cm) and an annual production estimate (t.ha'.year')

Root mass Root mass Root mass .
Year . Mean annual root production®*
1-year 2-year difference*

2009 2.73 — — —

2010 1.76 4.23 1.50 1.63
2011 1.42 2.55 0.79 1.11
2012 1.75 2.39 0.97 1.36
Average 1.92 3.06 1.09 1.37

*difference between biomass in 2-year in-growth bags (year x) and biomass in 1-year bags (year x-1).
**calculated as the average value from biomass in 1-year in-growth bags and biomass determined by difference (“delta approach”).

Table 4. Quantity of fine roots in the spruce stand in 1-year and 2-year in-growth bags (in t.ha!; together for the soil depth of

0 — 30 cm) and annual production estimate (t.ha'.year')

Root mass .
Year l-year 2-year difference™ Mean annual root production®*
2009 0.86 — — —
2010 0.82 3.11 2.25 1.54
2011 0.58 213 1.31 0.95
2012 0.60 2.75 2.17 1.39
Average 0.72 2.66 1.91 1.29

*difference between biomass in 2-year in-growth bags (year x) and biomass in 1-year bags (year x-1).
**calculated as average value from biomass in 1-year in-growth bags and biomass determined by difference ( “delta approach”) in biomasses.

Table 5. Fine root turnover (times per year) in the beech and spruce, their mortality (t.ha') and ratio between mortality and

production at the soil depth of 0 — 30 cm

Turnover Mortality Mortality / production
Year
beech spruce beech spruce beech spruce

2009 — — — — —
2010 0.29 0.26 1.17 1.28 0.72 0.83
2011 0.18 0.17 2.02 1.84 1.82 1.94
2012 0.27 0.30 — — —
Average 0.25 0.24 1.60 1.56 1.27 1.39

(BRUNNER et al., 2013) showed that average turnovers
for both beech and spruce were approx. once a year. The
slow fine root turnover may be caused by favourable soil
conditions (see also TATENO et al., 2004), but also by the
potential underestimation of fine root production (and
hence turnover) due to the applied methodological ap-
proach. Moreover, a potential reason for this might be
the expansive nature of these stands. Here, the standing
stock of fine roots is about maximum and the trees gradu-
ally preferred to allocate carbohydrates to aboveground
compartments under severe competition for light. This
theory is supported by the results dealing with the ratio
between standing stock of fine roots and foliages (the
data on the foliages originates from PaITiK et al., 2013).
Whereas in 2009 this ratio was 1.92 for the beech and
0.46 for the spruce, in 2011 the same ratio showed values
of 1.55 and 0.34 in the beech and spruce, respectively.
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Similar inter-annual tendency (shifting to aboveground
biomass) was found for the ratio between production of
fine roots and foliages (combined with results with Partik
et al., 2013). While in 2010 this ratio was 0.34 in the
beech and 0.28 in the spruce, the ratio was only 0.18 and
0.17 in beech and spruce, respectively. This means that
the young stands of beech and spruce (in terms of carbon
fast rotating compartments, i.e. foliages and fine roots)
during our experiment allocated more carbohydrates to
aboveground than belowground biomass. Consequently,
the trees increased the ratio between foliage litter (“on
the ground”) and fine root litter (“in the soil”). The
results of PaiTik et al. (2013) showed that the standing
stock of foliages was much larger in the spruce than in
the beech. On the other hand, litter from foliages was
due to contrasting lifespans, higher in the beech than in
the spruce by cca 30% (unpublished data).
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Fine root mortality in the beech and spruce could be
calculated because the base data (i.e. standing stock in
two consecutive years and production of the first of them)
was only for 2010 and 2011 (Table 5). It is necessary to
point out that this calculation is based on a simplifica-
tion, because seasonal fluctuations of standing biomass
were not taken into account (more precise results might
be obtained by using the decision matrix from FAIRLEY
& ALEXANDER, 1985 — however, repetitive sampling
for the estimation of biomass and necromass standing
stock throughout current year is necessary). Whereas
production prevailed over mortality in 2010 (mortality
to production ratio was 0.72 in the beech and 0.83 in
the spruce), the reverse situation occurred in 2011 (1.82
in the beech and 1.94 in the spruce). Here contrasts in
inter-annual courses could be explained by metrological
conditions, specifically the extraordinarily rainy year of
2010, contrariwise, a below-normal sum of precipitations
in April, May and August 2011. The abiotic environment
(including moisture and temperature of soil) governs
not only the production and mortality of fine roots, but
also the decomposition of necromass. While moist and
warm conditions stimulate microbial activities, and con-
sequently decomposition of organic matters, drought or
low temperature decelerates this process (see for instance
GonNcALVES & CARLYLE, 1994; Konorka et al., 2005).

4. Conclusion

This study shows that fine roots make up a significant
quantity of biomass in forest ecosystems. The amount
of fine root biomass decreased with the soil depth, this
tendency was not so clear for fine root necromass. We
recorded inter-annual differences in both fine root bio-
mass and necromass at specific soil depths. Total stand-
ing stocks of fine roots in the young stands of beech and
spruce were higher than results from some other authors,
which prevailingly come from older forest stands. In the
period of 2009 — 2012, a sharp increase in the standing
stock of aboveground tree parts including foliages (fast
rotating compartments) was recorded. On the other hand,
fine root standing stock oscillated inter-annually and
did not manifest a clear increase. These results suggest
an increase in the ratio between litter originating from
foliages and that from fine roots.
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Resumé

V ostatnom obdobi sa vyskum venuje jemnym frakciam kore-
novych systémov drevin najmi z dévodu ich vyrazného prinosu pri
obehu uhlika v lesnych ekosystémoch. Nase $tidium jemnych ko-
renov (tieto sa definovali maximalnou hribkou 2 mm) sa sustredilo
do bucin a smrecin v §tddiu mladina, rasticich na vyskumnom ob-
jekte Vrchslatina. Pomocou dvoch metdd, konkrétne podne vyvr-
ty (v hibke pddy 0 — 50 cm) a vrastavé valce (v 0 — 30 cm) sa zis-
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tila zdsoba biomasy a nekromasy, ako aj produkcia jemnych kore-
fov. Z tychto udajov sa odvodil ich obeh (vyjadreny ako pomer me-
dzi produkciou a zdsobou biomasy) a mortalita. Takéto sledovania
sa vykonali pocas Styroch rokov (2009 — 2012), pritom sa zohlad-
nili aj klimatické pomery, tzn. priemerné teploty vzduchu a thrny
zrazok. Vysledky poukdzali na pokles zdsoby biomasy jemnych ko-
refiov s hibkou pody, pritom vyraznej$i bol pri smreku (tzn. plytsia
distribicia jemnych koreflov) neZ pri buku. Zdsoba jemnych kore-
flov bola mierne vysSia v bucine (priemer za roky 2009 — 2012 bol
6,57 tna ha) nez v smrecine (6,01 t na ha), pritom medziro¢ne vyraz-
ne varirovala. Ro¢na produkcia jemnych koretiov bola velmi podob-
nd v obidvoch porastoch (priemer za roky 2009 — 2012 bol 1,37 t na
ha za rok v bucine a 1,29 t na ha za rok v smrecine), pritom aj tu sa
zistili velké medziro¢né rozdiely. Kym v roku 2010 prevlddala pro-
dukcia jemnych koreniov nad ich mortalitou, opa¢nd situdcia bola
v roku 2011. Z4soba, produkcia a mortalita jemnych korefiov prav-
depodobne suvisela s klimatickymi pomermi v jednotlivych rokoch.
Zvysent mortalitu jemnych koretiov spdsobili najpravdepodobnejsie
epizddy sucha. V obidvoch porastoch sa zistili podobné obehy jem-
nych korenov (priblizne jedenkrit za 4 roky). Pri porovnani naSich
vysledkov s inymi pracami sa konstatovali vysoké zdsoby jemnych
korenov, av§ak nizke hodnoty ich obehu. Tento stav jemnych kore-
flov pravdepodobne stvisi s mladym vekom sledovanych porastov,
resp. s priaznivymi pdodnymi pomermi na stanovisti.
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