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POST-DISTURBANCE DYNAMICS OF SOIL
RESPIRATION IN THE HIGH TATRA MTS.

Ing. Jakub ToMEs — doc. Ing. Peter FLEISCHER, PhD. — Ing. Peter FLEISCHER, PhD.

TOMES, J. - FLEISCHER, P. - FLEISCHER, P. : Post-disturbance dynamics of soil respiration in the
High Tatra Mts. Acta facultatis forestalis, Zvolen

ABSTRAKT

In recent decades, large-scale forest disturbances such as windthrow and bark beetle infestations
have had a significant impact on the carbon balance of Earth and forest ecosystems by altering soil
respiration (SR). SR is considered the second highest flux on Earth, emitting 78-98 Gt C yr-! to the
atmosphere and contributing to global warming. Post-disturbance chronosequences are marked by
changes in the size of SR. To investigate the impact of bark beetle infestations on SR, we measured
SR at sites with undisturbed stands and adjacent infested sites by bark beetles in the High Tatra
Mountains (Slovakia) during the vegetation period (May-September) in 2016 and 2017, five to six
years after the initial attack by bark beetles (Ips typographus). The measurements were taken along
an altitudinal gradient (1100-1400 m a.s.l.). SR varied throughout different months and altitudes,
and we observed that SR at infested sites reached higher values (in most cases) than at uninfested
stands. Average monthly and altitude SR rates during both vegetation periods showed higher values
at infested sites, but not all of them were statistically significant. We observed insignificant change
in SR rate between 2016 and 2017 at both infested and uninfested sites. The highest rates of SR
were observed during summer. However, yearly SR at infested sites showed significantly higher
rates than uninfested ones in both years. Weak correlation between SR and soil moisture, tempera-
ture was observed. SR did not show decreasing pattern with elevation gain in 2017. However, this
pattern was observed in 2016. Our results confirm that SR rates at infested sites are boosted by
needle fall and debris from dead and dying trees, which increases heterotrophic SR to replace the
loss of autotrophic SR from tree roots. This study provides important insights into the impact of
bark beetle infestations on SR and highlights the need for further research on the long-term effects
of forest disturbances on carbon cycling.

Key words: soil respiration, chronosequences, infested sites

1. Introduction and issue analysis

Global soil carbon stock is ~ 1700 Gt C (CANADELL et al., 2021). With the
contribution of forest ecosystems PAN ef al. (2011) of 861 Gt C, with 44%, 42%, 8%,
and 5% in top meter soil, live biomass, deadwood and litter, respectively. It creates an
enormous carbon pool with the potential to highly increase atmospheric CO, concentration



(KirscHBAUM, 2000) after large-scale disturbances to accelerate currently significant
climate change.

Global soil respiration is considered the second largest carbon flux with 78 - 98 Gt C
yr'in total (HAsHIMOTO, 2012; BOND-LAMBERTY & THOMSON, 2010b). Carbon fluxes from
forest soils are important contributors to global soil respiration as forests cover 26% of the
Earth‘s total land area (RITCHIE & ROSER, 2021).

With recent climate change primarily induced by rising CO, atmospheric concentration
(IPCC, 2021), forests in Europe have experienced extreme heat and drought (IPCC, 2022).
Consequently, bark beetles as poikilothermic organisms have altered their phenology
behavior towards having a bigger population size, extra generations per year (JAKOBY
et al., 2019) and their shift to higher latitudes (ROMASHKIN ef al., 2020) and altitudes
(MARINT et al., 2012) have been observed. As a result, large-scale forest diebacks
throughout the northern hemisphere have been caused by the European spruce bark beetle
(Ips typographus) ( SEIDL et al., 2014; HLASNY et al., 2021; TRUBIN et al., 2022) recently.
Initially, after host tree death, the biogeochemical and biogeophysical processes (leaf area
index, evapotranspiration, productivity, land surface temperature) of forest stands are
altered (BRIGHT et al., 2013; EDBURG ef al., 2012). Carbon uptake decreases as a result
of tree mortality (KUrz et al., 2008), similarly GPP sharp decline of infested stands after
beetle infestation (MOORE et al., 2013), reduction of leaf area index corresponds to a
contraction of gross primary productivity (BRIGHT et al., 2013). Soil pH increases after
conifer trees dieback (XIONG et al., 2011). Swift nitrogen and carbon reduction in upper
mineral soils, but an accumulation of soil anorganic N occur as a result of the diminished
contribution of roots, mycorrhizae and rhizodeposition (XIONG et al., 2011). Fine root
density decline increases with the level of tree mortality (CIGAN et al., 2015). Root
biomass decomposition is accompanied by mycorrhizal fungi decomposition (HOGBER &
HOGBERG, 2002). However, soil respiration decrease after a disturbance event mainly due
to reduced input of autotrophic soil respiration (KOBLER ef al., 2015) and nutrient losses
(TRAHAN et al., 2015).

After some time, infested trees shed their needles (EDBURG et al., 2012) and
subsequently increased solar radiation (MOREHOUSE et al., 2008; REED et al., 2014)
accelerates the decomposition rate of the litter as a consequence of higher temperatures
(MAYER et al., 2017b).

Temperature is considered as the most important factor influencing global soil
respiration (HURSH ef al., 2016; BoND-LAMBERTY 2010b; CHEN et al., 2010). Soil
respiration positively correlates to ambient temperature (TANG et al., 2019). As the
temperature changes within different altitudinal zones (WANG et al., 2017; CHEN et al.,
2018), consequently, soil respiration decline with increasing elevation (Luo et al., 2014;
BADRAGHI et al., 2021). MOREHOUSE et al. (2008) revealed higher solar radiation intake on
infested sites therefore soil and air temperature rising on the plots with bark beetle infested



trees. According to MAKITA et al. (2018) soil respiration copied seasonal dynamics of soil
temperature with water surplus throughout a year.

In this study, we measured total SR for 2 consecutive years and examined if there
is a significant difference in SR between infested sites (dry) and control sites (green)
with living trees within different elevational zones during vegetation period. We firstly
hypothesized that SR under dead trees would be lower than under uninfested trees due to
a decrease of autotrophic SR (tree roots). Secondly, the SR will not significantly change
within different altitudes, because of only a small microclimatic variation within the
measured mountain slope. We expected weak correlation between SR and soil moisture,
temperature as measurement had been conducted manually and the highest SR during
summer.

2. Materials and methods
2.1 Study area

Our study was conducted in the High Tatra Mountains, Slovakia. The studied
site is dominated by Norway spruce (Picea abies (L.) Karst.) with the contribution of
other conifer and broadleaf tree species described in (KuBov et al., 2023, submitted)
and was affected by European spruce bark beetle (Ips typographus L.) attack since 2011.
The research area was established on the boundary between undisturbed and bark beetle
infested areas (standing dead trees) and encompasses an elevation gradient from 1100 —
1400 m a.s.l. between Tatranska Lomnica (820 m a.s.l.) and Skalnate pleso (1754 m a.s.L.).
Control unmanaged undisturbed forest along vertical gradient was 100-165 years old,.
Stocking density varied from 0.4 — 0.8 due to windthrow in 2014 at the zone of 1200 m
a.s.l. which damaged the control plot and decreased stocking density up to 0.4 (KuBov et
al., 2023, submitted). Annual precipitation at Tatranska Lomnica during 2016 and 2017
was 922 and 934 mm and the mean annual temperatures were 6.7 and 6.6 °C. in 2016 and
2017, respectively. Two years of experiment were wetter and warmer than the long term
average during vegetation season (1930-1960). Acidic Distric Cambysol is the main soil
type of the studied area (FLEISCHER & HoMOLOVA, 2011).

2.2 Soil respiration measurements

Measurements were conducted for two consecutive years in 2016 and 2017
during the vegetation period (May - September). At each elevation zone (1100, 1200,
1300, 1400 m. a.s.l.) 15 points for the undisturbed control plot (green) and 15 points for
bark beetle infested plots (dry) were established. Platic collars were inserted into the soil to
ensure that the next measurement will be conducted at the same point. In total 4 x 2 x 15=



120 measurements were conducted during one sampling day. Measurements took place on
biweekly basis (every 2 weeks). Soil temperature at the depth of 2 ¢cm, soil moisture and
H,0O flux (evaporation) were measured simultaneously as well. We used manual portable
PP Systems, model EGM-4 (PP Systems, MA, USA) for measuring soil CO, fluxes.

2.3 Statistical analysis

Recorded data were analyzed using three way repeated measures analysis of
variance (ANOVA). Factors were vegetation, year, month and altitude. However, one
factor had to be fixed. Statistical analysis was performed by statistical software R (R
CORE TEAM, 2021). We used the Shapiro-Wilk test to test data normality. As we used three
way repeated measure analysis of variance and at least some of the data were not normal
according to the Shapiro-Wilk test and Q-Q plots, we used the aligned rank transform
(ART) tool for nonparametric repeated measure factorial ANOVA with Holm method
adjustment to perform post-hoc pairwise comparisons because we needed to conduct
multiple comparisons (ELKIN ef al., 2021).

3. Results
3.1 Spatial dynamics of SR

SR varied throughout the vegetation period at different altitudes and months
in 2016 and 2017 (Fig. 1). Infested sites showed higher mean SR than uninfested sites at
each elevation indicating a high contribution of heterotrophic respiration (decomposition
of organic matter by microorganisms) to total SR at these sites. However, at the elevation
zone of 1400 m.a.s.l. the difference showed to be insignificant (Tab. 1). The mean highest
SR was observed at the elevation 1200 m.a.s.. at both forest status sites. We observed that
SR reached its peak in the summer (July or August) at each elevation zone. In almost every
month and at each elevation zone infested sites emitted more CO, than uninfested ones,
but in many cases insignificantly higher.
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Fig. 1 -

Variation of SR (y-axis) in g CO, m* h™' within the same altitude in different months of
the year (MOY) from May (5) to September (9) in both years. Letters display a significant
difference with P < 0.05. Comparison is conducted within one box (elevation is in m
a.s.l.). Horizontal dashed lines show the mean SR of the uninfested (green line) and
infested forest sites (red line) for each elevation zone.
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The average fluxes from soil surface under infested sites are in both years higher,
but not always significantly (Fig. 1, Tab.1). Average SR at undisturbed sites showed
significantly the same amount of carbon emitted throughout the vegetation period at each
elevation zone (Fig. 2). Higher variation of SR was observed under infested plots, then
we suggest that these sites are sun exposed without any stand canopy which increases soil
temperature (MAYER et al. 2014) and its variance.

2016 2017
1.5{ 1.5/
vegetation vegetation
e dry ® dry
~ A green ~ A green
< 1.0} < 1.0
&
3 &
o) o)
(&) (&)
2 2
= 0.5 205
2] 2]
0.0{ 0.0
1100 1200 1300 1400 1100 1200 1300 1400
elevation (m.a.s.l.) elevation (m.a.s.l.)

Fig. 2 - Average SR rate in 2016 and 2017 at different altitudes and forest statuses. Dry means
infested, green means uninfested spruce forest. Letters display a significant difference

with P <0.05.

Our results do not show an unambiguous pattern (decrease or increase) in soil efflux
within the elevation gradient in 2017 in agreement with (ZHENG et al., 2013), however,
decline of SR with elevation had been observed in 2016 (Fig. 2).

3.2 Temporal dynamics of SR

SR varied throughout the vegetation period at different altitudes and months
in 2016 and 2017 (Fig. 4). Infested sites showed higher mean SR than uninfested sites in
every month which indicates a high contribution of heterotrophic respiration to total SR at
these sites as well as at different altitudes (Fig. 1). We observed that average monthly SR
reached its peak in the summer (July or August) at each elevation zone. In every month
and at each elevation zone infested sites emitted more CO, than uninfested ones, but in
many cases insignificantly higher. The lowest values of SR at infested sites were observed
in June, on the other hand, the lowest SR rates were observed at uninfested sites in May
and June.
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Tab. 1 - Comparison of SR between dry (infested) and green (uninfested, control) spruce forest at
different altitudes. Critical p-value is (o = 0.05). Mean and standard deviation (sd) is in g
CO, m* h'. #** =P close to 0, ** =P~ 0.001, ns = non-significant.

contrast p-value sig.
vegetation/
altitude dry,1100 - green,1100 2.266451e-09  ***
mean/sd 0.674/0.301 - 0.42/0.248
vegetation/
altitude dry,1200 - green,1200 0.822746e-07  ***
mean/sd 0.785/0.373 - 0.492/0.313
°
S vegetation/
o altitude dry, 1300 - green, 1300 2.855104c-03  **
mean/sd 0.515/0.276 - 0.367/0.216
vegetation/
altitude dry,1400 - green,1400
1.000000e+00  ns
mean/sd 0.472/0.270 - 0.437/0.203
vegetation/
altitude dry,1100 - green,1100 1.847283e-06  ***
mean/sd 0.674/0.27 - 0.462/0.254
vegetation/
altitude dry,1200 - green, 1200 4.979206e-05  ***
= mean/sd 0.643/0.236 - 0.478/0.306
& vegetation/
altitude dry,1300 - green,1300 1.000000e+00 ns
mean/sd 0.433/0.251 - 0.422/0.227
vegetation/
altitude dry,1400 - green, 1400 3.803950e-04  ***
mean/sd 0.555/0.281 - 0.371/0.174

In our experiment mean annual SR was statistically higher at infested sites than at
control ones in both vegetation periods. Monthly mean SR rates followed the similar
pattern except of June, 2016 and July, 2017 (Fig. 4, Tab. 2). Peak SR rates were reached
during summer months.
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Fig. 3 - Variation of SR within the same altitude in different months of the year (MOY) from May
(5) to September (9) in both years. Letters display a significant difference with P < 0.05.
Comparison is conducted within one box (elevation is in m a.s.l.). Horizontal dashed lines
show the mean SR of the uninfested (green line) and infested forest sites (red line) for each
elevation zone.
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Fig. 4 - Average SR rate in 2016 and 2017 at different months of the year (MOY) and forest statu-
ses. Dry means infested, green means uninfested spruce forest. Letters display a significant
difference with P < 0.05. The months of the year are from May (5) to September (9).

Seasonal dynamics of SR between infested and uninfested showed higher values for
infested sites. However, in June, 2016 and July, 2017 the differences were not significant.
The highest values of SR were measured during summer. According to MAKITA ef al.
(2018) soil respiration copied seasonal dynamics of soil temperature with water surplus
throughout a year. So the highest SR rates were observed during the summer.

Tab. 2 - Comparison of SR between dry (infested) and green (uninfested) spruce forest in different
months of the year (MOY) and years. Critical p-value is (o = 0.05). Mean and standard
deviation (sd) is in g CO, m* h™'. *#* = P close to 0, ** =P ~0.001, ns = non-significant.

contrast p-value sig.
vegetation/MOY dry,5 - green,5 5.285897¢-16 ks
mean/sd 0.473/0.256 - 0.223/0.1
vegetation/MOY dry,6 - green,6 5.2268000-02 ns
mean/sd 0.316/0.205 - 0.247/0.157
© i -
= vegetation/MOY dry,7 green,7 4.568729¢-07 ks
& mean/sd 0.725/0.337 - 0.528/0.267
vegetation/MOY dry,8 - green,8 1 8384386-09 ks
mean/sd 0.772/0.304 - 0.565/0.231
vegetation/MOY dry,9 - green,9 9.5473136-06 .
mean/sd 0.606/0.291 - 0.456/0.217
vegetation/MOY dry,5 - green,5 1.805378¢-10 sk
mean/sd 0.56/0.258 - 0.346/0.146
vegetation/MOY dry,6 - green,6 7 5863550-04 .
mean/sd 0.637/0.257 - 0.498/0.179
~ i -
= vegetation/MOY dry,7 green,’ 5.1092336-02 ns
& mean/sd 0.667/0.278 - 0.604/0.35
vegetation/MOY dry,8 - green,8 1 1170266-06 -
mean/sd 0.622/0.288 - 0.42/0.183
vegetation/MOY dry,9 - green,9 L 7277426-03 oo
mean/sd 0.352/0.167 - 0.25/0.154
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3.3 Years and vegetation status comparisons

Rates of SR differed between vegetation statuses, but not between the years.
In both years infested sites showed significantly higher values than uninfested ones. The
mean annual (during vegetation period) SR in 2016 reached 0.625 g CO, m* h'', in 2017
0.576 CO, m* h™" at infested sites. (Tab. 3). Which confirms the theory that SR is increased
by the higher contribution of heterotrophic SR in the post-disturbance forest environment
and rejects our initial hypothesis. We observed insignificant change in SR rate between

2016 and 2017 at both infested and uninfested sites.

Tab. 3 - Comparison of SR between dry (infested) and green (uninfested) spruce forest in different
years. Critical p-value is (a = 0.05). Mean and standard deviation (sd) is in g CO, m? h''.
**% = P close to 0, ns = non-significant.

Soil respiration contrast p-value sig.
vegetation/year dry,2016 dry,2017

8 Y & & 7.938475¢-01 ns
mean/sd 0.625/0.335 0.576/275
vegetation/year dry,2016 reen,2016

8 ¥ & & 2.101335¢e-12 woHk
mean/sd 0.625/0.335 0.428/0.248
vegetation/year dry,2017 reen,2017

8 ¥ & & 1.911597e-07 woHk
mean/sd 0.576/275 0.438/0.249
vegetation/year reen,2016 reen,2017

8 ¥ £ & 7.938475e-01 ns
mean/sd 0.428/0.248 0.438/0.249

3.4 Soil moisture and temperature relationship and SR

We have found weak relationship between soil moisture and SR in our study
(data not shown). The same pattern was observed between soil temperature and SR (data
not shown) as we captured only a small range of soil temperature in relation to SR change.
Changes in soil temperature were not consistent with SR dynamics at different altitudes

and months.
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Tab. 4 - Comparison of soil moisture and temperature between dry (infested) and green (uninfested)
spruce forest in different years. Critical p-value is (o = 0.05). Mean and standard deviation
(sd) is in (°C) for soil temperature and (%v/v) for soil moisture. *** = P close to 0, ** =P
~0.001, * =P~ 0.01, ns = non-significant.

contrast p-value sig.
vegetation/ year dry,2016 - dry,2017
2.765609¢-02 *
mean/sd 14.3/3.42 13.2/4.58
E vegetation/ year dry,2016 - green,2016
g 2.267665¢-09 ek
g mean/sd 14.3/3.42 12.1/3.08
£ vegetation/ year dry,2017 - green,2017
= 1.307363¢-02 *
s mean/sd 13.2/4.58 12.1/5.04
vegetation/ year green,2016 - green,2017
6.340607¢-01 ns
mean/sd 12.1/3.08 13.2/4.58
vegetation/ year dry,2016 - 2017
Y dry. 4.890919¢-02 *
mean/sd 35.2/13.1 40.6/17.2
® vegetation/ year dry,2016 - green,2016
5 4.949577e-07 ok
2 mean/sd 35.2/13.1 27.0/9.05
E vegetation/ year dry,2017 - green,2017
% 2.894861e-06 ok
mean/sd 40.6/17.2 29.7/10.7
vegetation/ year green,2016 - green,2017
4.890919¢-02 *
mean/sd 27.0/9.05 29.7/10.7

We observed significantly higher mean annual soil moisture and temperature at infested
sites than at control sites in one year. The increase of soil temperature at infested sites
within two years of the experiment was observed as well. The same pattern was observed
for soil moisture. Some differences of soil moisture and temperature between the years
were measured, but were at the limit of significance (Tab. 4).

4. Discussion

Changes in soil respiration rate after disturbance events are not consistent
throughout the published research papers (HOGBERG ef al., 2001; LEVY-VARON et al., 2014;
TRAHAN et al., 2015; BORKHUU et al., 2015; SPECKMAN et al., 2015; MOORE et al., 2013;
BROUILLARD et al., 2017). In the girdling experiment in boreal Scots pine (Pinus silvestris
L.) soil respiration decreases up to approximately 50% relatively to ungirdled sites within
one to two months (HOGBERG et al., 2001) where forest mycorrhizae alone contributes to

17



one-third of dissolved organic matter in forest soils, together with associated roots, to 50%
of dissolved organic matter (HOGBER & HOGBERG, 2002). Notwithstanding, recent meta-
analysis of (HAN et al., 2021) concluded 57%, 28% and 15% contribution of microbial,
root and myccorhizal respiration to total soil respiration, respectively. Soil fluxes decline
as a consequence of altering key factors and nutrients (TRAHAN et al., 2015) controlling
soil respiration rate, however KLUTSCH et al. (2009) mentioned that up to 3 years since
lodgepole pine (Pinus contorta Dougl. ex Loud.) infestation by mountain pine beetle most
needles remained on the trees. So no extra needle litter is added from dead pines to increase
soil respiration rate during this period since infestation. After a pulse of dead needles soil
respiration almost fully recovered lasting for up to 2 years which is similar to our study
and then followed by a decline again (MOORE ef al., 2013). We suggest that needlefall and
debris input from dying and dead spruce trees increased heterotrophic respiration which
exceeded loss of autotrohic respiration. As our study was conducted 5 to 6 years after
initial infestation by bark beetles results are quite similar to (MOORE et al., 2013; MAYER
et al., 2014) with the difference that SR not only equaled to control plots but exceeded SR
at control plots.

Nonetheless, BORKHUU et al. (2015) did not notice any significant soil respiration
changes at a stand level from July to September over 5 years between live lodgepole
pine sites and bark beetle-infested sites. This phenomenon is supplied by surviving trees,
understorey vegetation and NORTON et al. (2015) nutrient pulse from needlefall. And
because the decline in autotrophic respiration is compensated by higher heterotrophic
respiration induced by higher soil temperature (MAYER ef al., 2017a; 2017b). But it is
suggested that if mortality reaches 100% total soil respiration decrease to one-third of
the uninfested site (BORKHUU et al., 2015). A similar pattern as (BORKHUU et al., 2015)
has been observed by SPECKMAN et al. (2015) in fir-spruce forests explained by root-
respiring carbohydrates after trees death or a decrease of autotrophic respiration is
replaced by heterotrophic respiration from dead roots and foliage. Because dying roots
and mycorrhizae respire their stored carbon for 2-3 years after disturbance (MAURER
et al., 2016). In addition an increase in soil temperature and soil moisture in infested
ponderosa pine (Pinus ponderosa Laws.) forests (MOREHOUSE et al., 2008). MAYER et al.
(2014) confirmed that up to six years after disturbance SR did not decrease at windtrow
disturbed sites due to the suggested substitution of decreased autotrophic SR by increasing
heterotrophic SR supported by disturbance induced alteration of soil temperature.

In contrast, TRAHAN ef al. (2015) concluded that the fast decline of dissolved organic
carbon, organic nitrogen and phosphorus is accompanied by a decrease of soil respiration
after trees dieback. Then after 4 years, nutrients start to recover as a consequence of litter
mineralisation. Then post-disturbance chronosequence is an important factor influencing
soil respiration rate after bark beetle infestation. These varying results can be supported
by different mortality rates, gap size formation and already present understory vegetation.
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Temperature is considered the most important factor influencing global soil respiration
(HursH et al., 2016; BoND-LAMBERTY 2010b; CHEN et al., 2010) and according to
TANG et al. (2019) soil respiration positively correlates to ambient temperature. As the
temperature decreases within different altitudinal zones (WANG ef al., 2017; CHEN et al.,
2018), consequently, soil respiration decline with increasing elevation (Luo et al., 2014;
BADRAGHI ef al., 2021) which is not consistent with our study in the 2017 and the study
of (ZHENG et al., 2013). On the other hand, the year 2016 showed consistency with earlier
mentioned studies (eg. Luo et al., 2014).

5. Conclusion

Average SR at different altitudes did not follow decreasing pattern with
elevation in 2017 (ZHENG et al.,2013), the opposite was observed in 2016. We had not
found a strong correlation between soil moisture and SR (the highest value was R?< 0.1,
not shown) in both years. Correlation between SR and soil temperature reached low values
as well (R? <0.3, not shown). We suppose that weak correlation was a consequence of
manual chamber measurement conducted only once in two weeks during the vegetation
period and diurnal conditions. Statistically higher annual SR had been observed under
infested sites than control ones. So, we rejected our hypothesis that under infested stand
SR will be lower than under uninfested one. During vegetation season SR under infested
sites did not differ from control plots in some months. The highest SR was observed during
the summer. We observed an insignificant change in SR rate between 2016 and 2017 at
both infested and uninfested sites. The decrease in SR with altitude was observed in 2016,
but not in 2017. This study provides important insights into the impact of bark beetle
infestations on SR. As our study had been conducted five to six years after infestation
during 2 consecutive years we propose long-term research after bark beetle infestations to
fully capture soil respiration dynamics and the carbon cycle.
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Post-disturban¢na dynamika podnej respiracie vo Vysokych Tatrach
Suhrn

V stadii sme sa zaoberali ¢asovo-priestorovou dynamikou pddnej respiracie 5
a 6 rokov po lykozratovej kalamite v smrekovom ekosystéme na vertikdlnom tranzekte
(1100 — 1400 m.n.m.) vo Vysokych Tatrach. Zmena velkosti toku oxidu uhli¢itého z pddy po
disturbancii moze zvysit’ mnozstvo CO, v atmosfére a tym urychlit’ klimatickt zmenu. Zistilo
sa, ze na plochach po lykozratovej kalamite je vyssia podna respiracia ako na kontrolnych
plochach, avsak nie v kazdej nadmorskej vyske a v kazdom mesiaci bola signifikantne
vys$ia. Priemerna ro¢na (od maja do septembra) pddna respiracia na stojacom kalamitisku
bola v oboch rokoch signifikantne vyssia ako v zdravom stojacom lese. V roku 2016 sa zistilo
znizovanie podnej respiracie s narastom nadmorskej vysky, o vSak v roku 2017 neplatilo.
Medzi rokmi sa nenasiel signifikantny rozdiel v ramci kalamitnych aj kontrolnych ploch.
Medzi vlhkost'ou, teplotou pody a pédnou respirdciou sa nasla iba vel'mi slaba korelacia.
Vyssia teplota a vlhkost pody bola pozorovana na kalamitisku avsak s vysSou variaciou.
Signifikantne vyssiu respiraciu na kalamitisku pripisujeme zvysenej heterotrofnej respiracii
(rozklad organickej hmoty z ihli¢ia, vetviciek a kory) , ktora prevySuje stratu autotrofnej
zlozky podnej respiracie (dychanie korenov). Praca pontuka ndhl'ad na désledky lykozratovej
kalamity na zmenu pddnej respirdcie a zdoraznuje, aby sa vyskum zameral na dlhodobu
dynamiku pddnej respiracie a tokov uhlika (oxidu uhli¢itého) po lykozratovej kalamite.
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ABSTRAKT

V studii sa zameriavame na porovnanie réznych druhov borovic, ktoré mézu mat’ rozdielne obranné
mechanizmy a rdzny potencial odolavat’ stresu. Hodnotili sme fyziologické reakcie autochtonnych
druhov (Pinus sylvestris, P. cembra, P. mugo) na stres zo sucha. V kontrolovanych podmienkach
sme pocas periody sucha merali vodny potencial, rychlost’ asimilacie CO?, prieduchovu vodivost’,
stratu vody pri zatvorenych prieduchoch, morfologické charakteristiky listov a prieduchov a efek-
tivitu primarnej fazy fotosyntézy. Vodny potencial rastlin dosahuje negativne hodnoty, ktoré pocas
sucha klesaju. Pocas silného stresu, aj pri kritickych hodnotach takmer -3 MPa, ostavali prieduchy
P. mugo mierne otvorené. Vysledkom bolo, Zze sadenice stale transpirovali aj asimilovali CO?
a turgor sa d’alej znizoval. Takéto spravanie moze byt rizikom pri strate kritického mnozstva vody.
Pri P. sylvestris sme pocas vodného stresu zaznamenali relativne rychle uzatvaranie prieduchov
v snahe vyhnut sa dehydratacii. V rdmeci experimentu sme vsak zistili vysoku hodnotu minimalne;j
vodivosti ihlic P. sylvestris, ¢o znamena, ze po uzatvoreni prieduchov sadenice stracali vyrazne viac
vody nez ostatné dva hodnotené druhy (zhruba 3-nasobok oproti P. mugo a zhruba 6-nasobok oproti
P. cembra), ktoré majii v tomto ohF'ade funkénejsie obranné mechanizmy. Specificka listova plocha
bola vyznamne nizsia pri P, silvestris a potencialny index vodivosti prieduchov bol v porovnani
s ostatnymi dvoma druhmi vyznamne nizs§i pri P. mugo. Celkovo sa javi ako najodolnejsi druh
P. cembra: aj pri vysokych hodnotach potencialnej vodivosti prieduchov sa tieto zavcasu a vysoko
efektivne zatvaraju. Zistili sme tiez pozitivny vztah medzi vodnym potencidlom nameranym pri
takmer iplnom uzatvoreni prieduchov a dizkou prieduchov, resp. primérnou fotochémiou.

KPucové slova: Pinus sp., sucho, vodny potencial, fotosyntéza, minimalna vodivost, prieduchy

Uvod

Sucho je stav alebo ¢asovy interval, pocas ktorého je zaznamenany deficit vody
v pdde, rastline alebo v atmosfére. Vyskyt sucha mézeme sledovat’ z meteorologického,
hydrologického a fyziologického hl'adiska priamym zistovanim vody v rastline (KOVAL-
CIKOVA et al. 2011). Hlavné abiotické faktory, ktoré ovplyvituji nase lesy, su v suéasnosti
extrémne suché a horucavy, ktoré prispievaju k vyraznému zvysovaniu mortality lesnych
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porastov. Leto 2003 bolo najsuchiim rokom za obdobie 1984 az 2016. Dalsie extrémne
sucho bolo zaznamenané v roku 2018 a v roku 2022 sa vyskytlo najextrémnejsie sucho
za posledné storocia (KURJAK et al. 2022). Viaceri autori potvrzdzuju, Ze mortalita lesov je
Casto zapri¢inena zdvaznymi suchymi obdobiami, ktoré st prejavmi zmeny klimy (Lamy
et al. 2014). Do budtcna budu pre dreviny urcujuce aj d’alSie environmentalne podmienky
ako vlhkost' vzduchu, koncentracia CO,, Ziarenie a pddne charakteristiky. TaktieZ budt
dolezité biologické faktory, napr. hustota porastov, zasoba vody v kmeni, hibka korefiov,
morfoldgia listov, ich ochlpenie, ale aj mikroskopické pletivové Struktirne a chemické
rozdiely, ako st charakteristiky prieduchov, hrubka kutikuly, schopnost osmotického
prisposobenia a pod. Porozumiet’ fyzioldgii drevin je kl'aicové, pretoze rozdiely na urov-
ni fyziologickych procesov mozu v kone¢nom désledku urcovat’, ¢i stresovany jedinec
odumrie alebo prezije (KURJAK et al. 2022).

V sucasnosti pozorujeme enormni nachylnost’ borovicovych porastov na stres zo su-
cha kvoli postupujtcej klimatickej zmene a Castym extrémnym periodam. Stvisi to so
zmenou vodného rezimu, znizenou schopnost'ou asimilovat’ uhlik, nizkou produktivitou
a vitalitou drevin. Preto je sucho klicovym faktorom rozpadu borovicovych porastov.
Borovicové lesy samozrejme odumieraju nielen v désledku sucha; oslabené jedince st
tiez nachylnejsie na poskodenie biotickymi Skodlivymi ¢initel'mi (hmyz, sypavky a pod.).

Fyziologické procesy drevin su povazované za citlivé indikatory stresu v rastlinach
rastacich v extrémnych podmienkach (NALEVANKOVA et al. 2018). Deficit podnej vody
mdze vyvolavat’ redukciu prieduchovej vodivosti a transpiracie, ¢o je hlavnym environ-
mentalnym faktorom obmedzujicim fotosyntézu na globalnej urovni (Gao et al. 2017).
Druhy rodu Pinus boli v minulosti povazované za tolerantné voci suchu, ale vyrazny po-
kles vodného potencialu pody a nasledne pletiv vedie ¢asto k dramatickej zmene fyziolo-
gickych procesov. Fotosyntéza je pritom jeden z najcitlivejSich procesov na sucho aj vyso-
ké teploty (ANEV et al. 2016). V extrémnych podmienkach je mimoriadne dolezité nielen
vCasné, ale tiez efektivne (iplné) uzatvaranie prieduchov, ako aj nepriechodnost’ kutikuly
asimilaénych organov pre vodné pary. Uzatvorenie prieduchov, ako mechanizmus limitu;j-
uci straty vody, znamena hlavne obmedzenie fotosyntézy v podmienkach rastu rastlin, ale
tiez obmedzenu regulaciu teploty pri podmienkach sucha a limitovany prijem mineralnych
latok (MARTIN-STPAUL et al. 2017). To méZe d’alej nepriamo prehibit’ stres a negativne
ovplyvnit’ rychlost’ asimilacie a vel’ké mnozstvo ¢iastkovych procesov metabolizmu.

Dreviny mézu mat’ r6zne mechanizmy odolnosti voci deficitu vody. V tejto praci sa
preto zameriavame na kvantifikdciu vplyvu sucha na viaceré fyziologické procesy troch
autochtonnych druhov borovic. Vzhl'adom na to, ze skimané druhy okupuji rézne ekolo-
gické niky, je predpoklad, ze sa budd v niektorych parametroch odliSovat’ a budi vyuzivat
rozdielne mechanizmy (s réznou efektivitou) na prispésobenia sa suchu.
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MATERIAL A METODIKA

Opis experimentu

V kontrolovanych podmienkach sme sktimali fyziologické mechanizmy boro-
vic a ich reakciu na stres zo sucha. Experiment prebichal medzi 11. augustom a 27. sep-
tembrom 2021. Tento pokus teda trval 45 dni, pocas ktorych sadenice neboli zalievané.
Fyziologické merania sme zistovali na 11 jedincoch P. cembra a na 12 jedincoch P. mugo
a P, sylvestris. Vek sadenic bol 3 roky. Borovice sme udrziavali v klimatizovanych komo-
rach (EKOCHL 1500P, Agelantoni, Taliansko, obr. 1) v kontrolovanych podmienkach.

Obr. 1 Rastova komora, v ktorej boli umiestnené sadenice.
Fig. 1 Growing chamber in which seedlings were placed.

Meranie vodného potencidlu

Vodny potencidl borovic sme opakovane merali na 11 az 12 jedincoch na druh.
Na meranie vodného potencidlu sme pouzili Scholanderovu tlakovi komoru (Obr. 2).
Odobrali sme vzorky ihlic, urobili na nich jemny rez a vlozili sme ich do komory. Potom
sme komoru uzavreli a zvysovali tlak v jej vnltri. S vyuzitim binokularnej lupy (Obr. 2)
sme identifikovali tlak, pri ktorom sa objavila prva kvapka vody na viditeI'nom reze ihlice.
Zaporna hodnota tohto tlaku je vodny potencial ihlice.
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Obr. 2 Scholanderova tlakova komora s binokularnou lupou (vl’avo) a pozorovanie ihlice
zatvorenej v komore (vpravo).

Fig. 2 Scholander pressure chamber with binocular magnifying glass (left) and observation
of needle closed in the chamber (right).

Vymena plynov a fluorescencia chlorofylu

Vymenu plynov sme sledovali na 11 az 12 jedincoch. Merania prebiehali opa-
kovane a paralelne s meraniami vodného potencialu. Vd’aka tomu sme neskor mohli sta-
novit’ bod (vodny potencial), kedy doslo k poklesu asimilacie a prieduchovej vodivosti
0 90% oproti maximalnym hodnotdm meranym na zaciatku pokusu. Pre tieto merania
sme vyuzili gazometer (Obr. 3). Gazometricky systém Li6400XT (LICOR, USA) je za-
riadenie, ktoré vyuzivame na meranie vymeny plynov (CO, a vodnych par). Oznacené
ihlice sme bez poskodenia uzavreli do komory a zabezpecili sme potrebny zdroj svetla.
Koncentraciu CO, sme udrziavali pri stilej hodnote 400 ppm. Namerané hodnoty sme
po ukonceni pokusu normalizovali na plochu ihlic, pricom v priebehu pokusu boli opako-
vane merané vzdy rovnaké ihlice.

Na vSetkych jedincoch sme merali tiez fluorescenciu chlorofylu (Obr. 3) pomocou
fluorimetra Handy PEA (Hansatech, GB). Pred meranim boli na jednotlivé sadenice uchy-
tené 2 zatemnovacie klapky a po 30-minutovej adaptacii na svetlo bola vzorka oziarena
sekundu trvajucim saturaénym impulzom (o vysokej intenzite toku fotonov). Dve hodnoty
boli spriemerované a pre analyzy bola vyuzivana priemerna hodnota fluorescencie chlo-
rofylu na jedinca.

Minimalna vodivost’ listu, prieduchové charakteristiky a Specificka listova
plocha

Minimalnu vodivost’ listu sme stanovili podl'a straty hmotnosti odstrihnutych
konarikov (mass loss of detached leaves). Odtrhnuté konariky zo zavlaZzenych sadenic
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sme vlozili do rastovej komory a opakovane sme merali ich hmotnost’. V klimatizovanej
komore sme udrziavali stalu teplotu vzduchu 25°C a relativnu vlhkost’ 60% (BLACKMAN
et al., 2019; Duursma et al., 2019).

Na postidenie dizky a hustoty prieduchov boli odobraté odtlatky pomocou transpa-
rentného laku. Z kazdého odtlacku bol vyhotoveny snimok integrovanou kamerou pripo-
jenou k mikroskopu Motic BA210 (Motic Electric, Rakusko). Na merania dizky a hustoty
prieduchov bol pouzity softvér ImageJ 1.51k. Z nameranych veli¢in bol stanoveny index
potencialnej vodivosti (PCI), ktory mozno pouzit’ ako proxy pre teoreticki maximalnu
vodivost’ prieduchov pre vodnt paru.

Pre urcenie $pecifickej listovej (SLA) plochy sme naskenovali plochu ihlic (skener HP
Scanjet G4010; Hewlett Packard, CA, USA). Naskenované ihlice boli vysusené pri 75°C
do konstantnej hmotnosti (priblizne 48 h). Bola zistovana hmotnost’ suSiny a nasledne
vypocitand SLA (ako podiel plochy ihlic a hmotnosti susiny).

Obr. 3 Systém pre meranie vymeny plynov (vl'avo) a fluorimeter na meranie fluorescencie chloro-
fylu (vpravo).

Fig. 3 Gas exchange system (left) and fluorimeter for chlorophyll fluorescence measurments
(right).

Vysledky

Najvyssiu (najmenej zaporni) hodnotu vodného potencialu ihlic, pri ktorej po-
kles asimilacie dosiahol 90% (y A90), mala P. cembra s hodnotou -2,03 MPa. NajnizSiu
hodnotu vodného potencidlu ihlic, pri ktorych pokles asimilacie dosiahol 90% mala
P. mugo s hodnotou -3,24 MPa (Obr. 4). P. mugo pocas suchych obdobi straca omnoho
viac vody a nasledkom méze byt, Ze sa v bunkach znizuje turgor. Naproti tomu, P. cem-
bra a P. syvlestris, sa spravali ,,opatrnejSie” a prieduchy zatvarali uz pri mensom poklese
vodného potencialu.
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Najvyssiu hodnotu vodného potencialu ihlic, pri ktorych pokles prieduchovej vodivos-
ti dosiahol 90% (y gs90) dosahovala P. cembra s hodnotou -1,82 MPa. Najnizs§iu hodnotu
vodného potencidlu ihlic, pri ktorych pokles prieduchovej vodivosti dosiahol 90%, ma
P. mugo s hodnotou -2,71 MPa. P. cembra a P. sylvestris mali lepsiu schopnost’ regulacie
uzatvarania prieduchov nez P. mugo, ¢im efektivnejsie predchadzaju vysychaniu pletiv.
Rozdiely su pri oboch hodnotenych parametroch statisticky signifikantné (Obr. 4). Ked’
porovname hodnoty y A90 a y gs90, tieto maji podobny priebeh, pricom hodnoty y A90
su o nieco nizsie (Obr. 4), ¢o indikuje ¢asovo oneskorentt 90%-nu limitaciu fotosyntézy
oproti limitacii vodivosti prieduchov. Tento jav je najvyraznejsi pri P. mugo, kde je rela-
tivna diferencia medzi parametrami najvicsia.
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Obr. 4 Vodny potencial, pri ktorom pokles asimildcie dosiahol 90% (a) a vodny potencial, pri
ktorom pokles prieduchovej vodivosti dosiahol 90% (b). Zobrazena je stredna chyba prie-
meru (£); rozdielne pismena oznacuju Statisticky signifikantny rozdiel (a=0,05%).

Fig. 4 Water potential at assimilation decrease achieved 90% (a) and water potential at which sto-
matal conductance decrease achieved 90% (b). Mean average error (+) is diplayed; different
letters mean statistically significant difference (a=0,05%).

Najniz$iu hodnotu minimalnej vodivosti ihlic (Obr. 5) dosahovala P. cembra (1,6
mmol H O m™ s™') a najvysSiu hodnotu dosahovala P. sylvestris (12,4 mmol H.O m? s™).
Z hladiska $tatistickej vyznamnosti sme zaznamenali rozdiel medzi vSetkymi testovanymi
druhmi. P. cembra ma lepSiu schopnost” minimalizacie strat vody v suchych peridodach
v porovnani s d'al$imi dvoma testovanymi druhmi. Pinus sylvesteris po uzatvoreni priedu-
chov stracala vyrazne najvacsie mnozstvo vody. Bol to zhruba 6-nasobok oproti P. cembra
a 3-nasobok oproti P. mugo.
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Obr. 5 Minimdlna vodivost’ ihlic. Zobrazena je stredna chyba priemeru (+); rozdielne pismena
oznacuju Statisticky signifikantny rozdiel (a=0,05%).

Fig. 5 Minimum conductance of needles. Mean average error (+) is diplayed; different letters
mean statistically significant difference (a=0,05%).

P. mugo dosahuje najnizsiu hodnotu indexu potencialnej vodivosti prieduchov s hod-
notou 12,4 mmol H,O m?s™' (Obr. 6) a vyznamne sa liSi od ostatnych dvoch druhov, ked’ze
ihlice P. mugo mali nizku hustotou prieduchov. P. cembra dosahovala najvyssiu hodnotu
indexu potencialnej vodivosti prieduchov s hodnotou 23,80 mmol H,O m? s a priblizne
rovnaku hodnotu dosahovala aj P, sylvestris.

Najvyssiu $pecificku listova plochu ma P. cembra s hodnotou 83 mm? g a najniz$iu
$pecificka listovi plochu mala P. sylvestris s hodnotou 60 mm? g! (Obr. 6). Vetky rozdie-
ly medzi testovanymi druhmi boli $tatisticky signifikantné, ale najvyraznejsie sa s najniz-
Sou priemernou hodnotou odlisuje P. sylvestris od P. cembra.

Korelacia medzi vodnym potencidlom, pri ktorom pokles prieduchovej vodivosti do-
siahol 90% a dizkou prieduchov, vysvetluje 47% variability (koeficient determinacie R>
=0,47). Cim st prieduchy mensie, tym hlbsi je pokles vodného potencidlu pri ich zatvo-
reni. Zistili sme tiez korelaciu medzi vodnym potencialom, pri ktorom pokles asimilacie
dosiahol 90% a prenosom elektronov do reakéného centra. Tento vzt'ah vysvetluje 32%
variability (koeficient determinacie R? = 0,32). Cim je rychlejsi prenos elektronov, tym
viac sa vodny potencial A90 blizi k nule a naopak; ¢im je prenos elektronov pomalsi, tym
je vodny potencial A90 nizsi (Obr. 7).
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Obr. 6 Index potencidlnej vodivosti prieduchov (vl'avo), Specifickd listova plocha (vpravo). Zob-
razena je strednd chyba priemeru (+); rozdielne pismend oznacuju Statisticky signifikantny
rozdiel (a=0,05%).

Fig. 6 Potential conductance index (left), specific leaf area (right). Mean average error (+) is dipla-
yed; different letters mean statistically significant difference (a=0,05%).
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Obr. 7 Korelacia medzi vodnym potencialom gs90 a dizkou prieduchov (vFavo); korelacia medzi
vodnym potencialom A90 a prenosom elektronov v reakénom centre (vpravo).

Fig. 7 Correlation between water potential gs90 and stomatal length (left); correlation between
water potential A90 and electron transfer in the reaction centre (right).

Diskusia

Podl'a nameranych vysledkov mal P. mugo z hodnotenych druhov najvyraznej-
$i pokles vodného potencialu (zhruba -3 MPa pri dosiahnuti 90% redukcie prieduchove;j
vodivosti a rychlosti asimilacie). Toto spravanie je z ekologického veelku pochopitel’-
né, ked’ uvazime, ze kosodrevina rastie vo vysokych polohéach, kde byva nedostatok zra-
zok skor vynimkou. NavySe, dreviny rastuce vo vysokych polohach (resp. pochadzajice
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z vys$ich poloh) prejavuju snahu o maximalizaciu fotosyntézy, zrejme vzhl'adom na krat-
Sie vegetacné obdobie (JAMNICKA et al. 2019, KONOPKOVA et al. 2018). To sa neda povedat’
o P, sylvestris, ktora Casto rastie prave na extrémne suchych stanovistiach a hlboky ko-
ren jej Casto umoziuje odolavat’ silnému suchu. P. cembra sa spravala odlisne a vyrazne
opatrnejiie ako d’alsie dva druhy. Specifikom tejto dreviny je prezivanie v podmienkach
kratkej vegetacie s minimalnou konkurenciou, kde sice spadne vel'ké mnozstvo zrazok,
reten¢na schopnost’ plytkych ploch je vsak ¢asto minimalna. To moéze stvisiet’ s rychlym
uzatvaranim prieduchov aj za cenu zniZenej rychlosti asimilacie.

Prieduchy maji dve klucové funkcie: zabezpecenie transpirdcie, ¢o umoziuje
zasobovanie listov zivinami, regulovanie teploty listov, a tieZ zabezpecuju vstup CO,
do listov (MARTIN-STPAUL et al. 2017). Prieduchy sa dynamicky otvaraju a zatvaraju po-
Cas sucha, ale taktiez reaguji na zmenu intenzity svetla, vlhkosti vzduchu a koncentracie
CO, v okoli listov, resp. vo vnutri listov (DUURSMA et al. 2019). Dreviny sa snaZia regulo-
vat’ stratu vody jednak uzatvorenim prieduchov, ale tiez vytvorenim kutikuly, aby minima-
lizovali straty vody poas periéd sucha (ANFODILLO et al., 2002). Co sa tyka vel’kosti prie-
duchov, tu v literatire neexistuje Uplnd zhoda, avsak vécsina prac poukazuje na rychlejsiu
reakciu mensich prieduchov (DRAKE et al.). Stadia na buku taktiez potvrdila, Ze suchom
stresované jedince buka tvoria menSie prieduchy o mensej hustote (PETRIK et al. 2020).
V pripade borovic to bolo oproti o¢akavaniam naopak, pri¢om sa potvrdila korelacia me-
dzi v€asnej$im zatvaranim vacsich prieduchov. V tomto ohl'ade tiez m6zeme konstatovat’,
ze P. cembra a P. sylvestris maju v nestresujucich podmienkach vyrazne vacsi potencial
pre rychlu vymenu vodnych par aj CO,. To vyplyva z indexu potencialnej vodivosti, ktory
je kalkulovany z dizky a hustoty prieduchov.

Minimalna vodivost je prestup vodnych par cez kutikulu alebo cez nekompletne uza-
tvorené prieduchy a z hladiska prezivania méze mat’ kI"i¢ovi ulohu pocas extrémnych
period sucha (BRODRIBB et al. 2020). Rozdiely v tom to parametre boli markantné, pricom
vyrazne najvyssiu odolnost’ vykazovala P. cembra a neefektivnou sa ukazala byt P. sylve-
stris. Opét pritom plati, Ze borovica lesna zrejme viac tazi zo svojho hlbokého korena, nez
z efektivneho narabania s vodou. V prirode pozname d’alsi takyto pripad, ktorym je dub
—ten je vo vSeobecnosti povazovany za drevinu dobre odolavajucu suchu, aj ked’ celkovo
sa sprava nesetrne, nezatvara zavéasu prieduchy a vytranspiruje velké mnozstva vody aj
v podmienkach sucha (KuBov et al. 2020). V naSich podmienkach sa doposial’ v stvislosti
so negativnym vplyvom sucha spominal najmi smrek, avSak aj vysSie spominané dreviny
sa stavaju Coraz citlivejSie na nedostatok vody, ¢o Casto vedie k zvySenej mortalite celych
porastov.

Podl'a hodnét z OJIP krivky sa hodnoty fluorescencie chlorofylu pocas stresu me-
nia, ¢o poukazuje na fotochemickl redukciu primarneho chinénu A (Q,), ktory limituje
rychlost’ pohybu elektronov v reakénych centrach vo fotosystéme II (ANTAL et al. 2009).
Pri poklese zachytavania svetla anténnymi komplexami (ABS/CSo) sa zvysuje hustota
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v neaktivnych reakénych centrach. Znizenim prenosu elektronov (TR/CSo, ETo/CSo) sa
aktivne reak¢né centra menia na neaktivne a to zapric¢inuje redukciu prenosu elektronov
a pokles vykonnosti fotosystému II. Nizka koncentracia chlorofylu je charakteristickym
znakom napr. oxidativneho stresu, ktor¢ho nasledkom toho je zmena kompozicie mem-
bran tylakoidov, vysoka degradécia chlorofylu alebo redukcia syntézy chlorofylu (Dinis et
al. 2016). V nasom pripade sme pozorovali vzt'ah medzi véasnym zatvaranim prieduchov
a udrzanim vysokej rychlosti prenosu elektronov v ramci svetelnej fazy fotosyntézy.

Zaver

Pri merani vodného potencialu A90 a gs90 sme zistili, ze Pinus mugo v kontrolovanych
podmienkach stresu zo sucha aj pri hodnotach okolo -3MPa stale straca vodu. Na dru-
hej strane Pinus cembra a Pinus sylvestris nestracali také mnozstvo vody ako Pinus mugo,
skor sa spravali ,,opatrnejSie”. P. mugo ma aj pocas sucha mierne otvorené prieduchy, stale
transpiruje a asimiluje CO,, ¢o spdsobuje vicsie riziko straty vody neZ je tomu pri P. cem-
bra a P. sylvestris. Pinus sylvestris vSak aj po uzatvoreni prieduchov stale stracala relativne
vel'ké mnozstvo vody v porovnani s P. cembra a P. mugo, ¢o méze vysvetlovat’ problémy
s odumieranim borovicovych porastov napr. na Zahori. Zaujimavé su korelacie medzi
vodnym potencidlom A90/gs90 a parametrami primérnej fotochémie, resp. dizkou priedu-
chov. Zistili sme pozitivny vztah medzi vodnym potencialom A90 a prenosom elektronov
do reak¢éného centra a rychlejsiu reakciu vacsich prieduchov na sucho. Nezodpovedanou
ostava otazka vplyvu diel¢ich metabolickych procesov (enzymaticka limitacia, fotorespi-
racia a pod.) v podmienkach velkého rozpétia teplot, v ramci ktorych sa skimané dreviny

vyskytuju.
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Summary

Nowadays, Scots pine is endangered in many areas due the progressing climate
change, increasing temperatures and often drought periods. Different pines species can
have different mechanisms of reaction and different degree of resistance. Therefore, we fo-
cused on the evaluation of physiological reaction of multiple autochthonous species of pi-
nes (Pinus sylvestris, P. cembra and P. mugo) on drought stress. In control conditions, we
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measured water potential, assimilation and transpiration rate, water loss at closed stomata,
morphological characteristics of stomata and effectivity of light-dependent reactions of
photosynthesis during increasing stress. Water potential of trees achieves negative values,
decreasing during drought. During the severe stress, even at critical values under -3MPa,
stomata of P. mugo remained slightly opened. The result was that seedlings continually
transpired and assimilated CO,, and turgor also continuously decreased. This behaviour
can be risky at loss of critical water amount. During the water stress we found out that
P, sylvestris closed its stomata relatively fast, trying to avoid dehydration. However, we
found high value of needle minimum conductance for P. sylvestris. It means, that seedlings
kept losing water significantly faster after closing stomata, than the other two evaluated
species (about triple compared to P. mugo and 6-times faster than P. cembra). P. cembra
and P. mugo have thus more functional defensive mechanisms in this matter. Needles
morphology, such as specific leaf area and stomata characteristics of evaluated species,
are also important. Specific leaf area was significantly lower in P. sylvestris and potential
conductance index was significantly lower in P. mugo compared to the other two species.
P. cembra appears to have the highest overall drought resistance: even at high values of
potential conductance index, its stomata close earlier and highly effectively. We also found
a positive relationship between water potential measured at almost completely closed sto-
mata and stomatal length. Also, correlation between needle water potential causing 90%
decrease in assimilation and many parameters characterising effectivity of photochemistry
was statistically significant.
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ABSTRAKT

V predkladanej praci sme sa zamerali na porovnanie morfologie prieduchov pri réznych klonoch
rychlorastucich topol'ov. Prieduchové charakteristiky sme hodnotili pre 14 klonov topolov, ktoré
boli pestované v klonovom archive pri obci Budca, ktory je sucastou demonstracného objektu
plantaze rychlorastucich drevin pod spravou Technickej univerzity vo Zvolene. Z vybranych
klonov sme odobrali asimilacné organy a z nich odtlacky zo spodnej strany listu. Na odtlackoch
sme nasledne hodnotili poc¢etnost’ a vel'kost’ prieduchov a vypocitali index potencionalnej vodivosti
prieduchov. Z vysledkov vyplyva, ze vyrazne najvicsie prieduchy vykazoval klon Populus Fritzi
Pauley. Rovnako bola u tohto klonu namerana aj signifikantne najvyssia hodnota indexu potencial-
nej vodivosti prieduchov (az 2,5-nasobnd) v porovnani s celkovou priemernou hodnotou indexu po-
tencialnej vodivosti prieduchov pre sledované klony. Predpoklada sa, ze prave tento klon by mohol
vykazovat’ najvyssiu schopnost’ asimilacie CO,, s ¢im by mohol stvisiet’ aj jeho rychlejsi rast. Pri
vybere vhodného sadbového materialu by sa vSak malo zvazit’ aj posudenie inych vlastnosti, ako je
napriklad tolerancia vo¢i suchu ¢i vysokym teplotam.

KPucové slova: Populus sp., velkost’ prieduchov, hustota prieduchov, index potencialnej vodivosti
prieduchov, klon

UvVOoD

Prieduchy st Struktiry v pokozkovych pletivach listov rastlin, ktoré zabezpe-
cuju regulaciu vymeny plynov medzi rastlinou a okolitym vzduchom. St tvorené dvojicou
buniek oblickovitého tvaru, takzvanymi zatvaracimi bunkami, medzi ktorymi sa nachadza
prieduchova Strbina tstiaca do medzibunkovych priestorov pod prieduchom (LARCHER,
2003). Funkciou prieduchov je, pomocou ich otvdrania a zatvéarania, regulacia vydaja
vody vo forme vodnych par (transpiracie) a zaroven prijem CO,. Transpiracia je pritom
najdolezitejsi hybny mechanizmus pri transporte vody a d’alsich latok z pddy do rastliny.
Vymena vodnej pary prebicha len jednosmerne, z rastliny do atmosféry, pricom az 90%
mnozstva vody, ktoru rastlina prijme korefimi sa uvolni do atmosféry v podobe vodnej
pary (CHAVARRIA, DOS SANTOS, 2012). Rozlisujeme dva typy transpiracie, a to stomatal-
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nu a kutikularnu. DélezitejSia je stomatalna transpiracia, pri ktorej prebicha odparovanie
z tenkostennych buniek listového mezofylu do medzibunkovych priestorov a odtial’ pra-
ve cez prieduchové §trbinky unikd do atmosféry. Tento proces je na rozdiel od druhého
typu regulovatelny uz spominanym otvaranim a uzatvaranim prieduchov, co samozrejme
ovplyviiuje aj prestup CO, do listu (ANDRADE et al., 2005; XU et al., 2019). Otvaranie
a zatvaranie prieduchov je zavislé od mnozstva vonkajSich aj vnutornych faktorov, ako
napr.: koncentracia osmoticky aktivnych latok, mnozstvo vody v rastline, teplota, svetlo
a d’alSie podmienky prostredia. Ked’ ma totiz rastlina dostatok vody, turgor v zatvaracich
bunkach sa zvysuje, bunky prieduchov sa prehybaju a prieduchova §trbina sa rozsiruje -
prieduch je otvoreny a cez prieduchovu Strbinu sa zvnutra listu rychlo odvadzaju vodné
pary a dovnutra vstupuje CO, (CHAVARRIA, DOS SANTOS, 2012).

Pri hodnoteni prieduchovych charakteristik sa vychadza z predpokladu, Ze rastliny
s vac¢8imi prieduchmi maju, vd’aka vaésej ploche prieduchovych $trbin, lepsiu vodivost
pre CO,, teda st schopnejSie CO, prijimat’ vo vi¢Sej miere. Za optimdlnych podmienok
teda dokazu rychlejsie asimilovat’ CO,. Samozrejme, toto mdZe so sebou niest’ aj rizi-
ko, ked’ze vel'ké prieduchy nie st schopné takej rychlej reakcie pri nedostatku vody. Pri
vodnom deficite ostavaju dlhSie otvorené, ¢im rastlina straca vacsie mnozstvo vody a vy-
stavuje sa riziku vzniku kavitacii v cievach a teda aj odumretiu. Na druhej strane st vSak
vo v§eobecnosti mensie prieduchy schopné reagovat’ na sucho ovel’a rychlejsie, prompt-
nejsie sa zatvaraja, ¢im brania zbytoénym stratam vody. Predpoklada sa preto, ze rastli-
ny s mensimi prieduchmi mézu lepSie tolerovat’ nedostatok vody (KARDIMAN, RABILD,
2018). Problém vsak mdze nastat’, ak takéto obdobie trva dlho a prieduchy su prili§ dlho
uzavreté. Nedochadza totiz k prijmu CO,, fotosyntéza je teda znacne limitovana, resp. upl-
ne pozastavend. Nedochadza teda k tvorbe cukrov, ktoré su nevyhnutné ako zdroj energie
pre spravne fungovanie rastlin, co v kone¢nom dosledku moéze taktiez viest’ ku chradnutiu
a odumretiu celej rastliny (McDOWELL, 2011).

Na zaklade uvedeného sa teda hodnotenie prieduchovych charakteristik (velkost,
pocetnost) javi ako vhodné pri posudzovani moznej vykonnosti, resp. odolnosti rastlin
na sucho. Zaroven, by mohlo byt pouzité pri vybere vhodného sadbového materialu pre
konkrétne stanoviste, ked’ze podl'a konkrétneho stanovista je dobé sa zamerat’ na priedu-
chové charakteristiky, ktoré bud’ umoznuji rastline Setrit’ vodu, alebo maximalizuju jej
produkciu, resp. najst’ medzi tymito charakteristikami optimalnu rovnovahu.

V stcasnych podmienkach meniacej sa klimy, ktord so sebou prinasa CastejSie a in-
tenzivnejSie suchd a viny horucav, sa uz aj pri pestovani energetickych plodin pozornost’
upriamuje ¢oraz viac na ich odolnost’ vo¢i nepriaznivym environmentalnym podmienkam.
Hlavnym kritériom samozrejme zostava produkcia biomasy, preto sa pre tieto ucely naj-
CastejSie vyuzivaju rychlorastice dreviny. Tie su charakteristické tym, Ze su schopné rast’
nadpriemernou rychlost'ou a ich ro¢ny prirastok je va¢si ako 10 m3/ha. Tieto dreviny maja
schopnost’ vytvarat’ vymladky z piiov a korefiov, o vlastne umoziuje ich zber v kratkych
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intervaloch. Na Slovensku, vzhl'adom na klimatické a pddne podmienky, je perspektivne
pestovanie hlavne energetickych porastov viby, topol'a a agatu, ktoré je mozné pestovat’
na nevyuzitej ornej pdde, lukach a pastvinach, (GEFFERTOVA, GEFFERT, 2012). Medzi naj-
rychlejsie rastuce dreviny na Slovensku, ktoré st vel'mi vhodné pre ucely bioenergetiky,
su povazované topole, pricom prave pre ucel energetiky sa pestuje mnoho druhov §l'ach-
tenych hybridov (ORAVEC ET AL., 2012).

Ciel'om predkladaj prace, je preto porovnat’ morfologiu prieduchov vybranych klonov
rychlorasticich topol'ov a na zaklade tychto prieduchovych charakteristik vytipovat’ klo-
ny, ktoré by mohli byt’ viac produktivne, respektive by mohli lepsie odolavat’ vodnému
deficitu.

MATERIAL A METODY

Rastlinny material

Morfologia prieduchov bola sledovand na 14 réznych klonov topol’a (Tabulka
1). Topole boli pestované v klonovom archive, ktory je umiestneny v katastralnom uzemi
obce Budca. Klonovy archiv bol zalozeny v roku 2007 a je suc¢astou demonstracného
objektu plantaze rychlorastucich drevin, ktory spravuje Technicka univerzita vo Zvolene.
Nachadza sa v blizkosti hlavnej cesty medzi obcou Bud¢a a Turova, v nadmorskej vyske
312m n.m. Vymera tohto objektu je 0,21ha.

Tabulka 1 Charakteristika testovanych klonov topol'a

C. klonu Nazov klonu Charakteristika klonu
P739 topol’ 'NL-B-132m’ Populus x euroamericana (Dode) Guinier
P741 tOP 01. Vlrg}mana de Populus x euroamericana (Dode) Guinier
Frignicourt
> ., Populus maximowiczii x trichocarpa
P462 topol’ "Androscoggin (Stout et Schreiner)
P284 topol’ "Robusta’ Populus x euroamericana (Dode) Guinier
P239 topol’ '1-476° Populus x euroamericana (Dode) Guinier
>, , Populus maximowiczii x trichocarpa
P67 topol’ 'NE-42 (Stout et Schreiner)
>, , Populus maximowiczii x P. X berolinensis
Pas4 topol’ "Oxford (Stout et Schreiner)
P716 topol’ "Panonnia’ Populus x euroamericana (Dode) Guinier
P114 topol’ "Fritzi Pauley” Populus trichocarpa (Torr. et Gray f)
P463 topol’ MAX1’ Populus maximowiczii * nigra
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P61l topol’ MAX2" Populus maximowiczii x nigra
P603 topol’ ' MAX3’ Populus maximowiczii x nigra
P616 topol 'MAX4" Populus maximowiczii * nigra
P617 topol’ MAXS’ Populus maximowiczii * nigra

Odber odtlackov prieduchov

Pre stanovenie prieduchovych charakteristik bolo pre kazdy klon topol'a vy-
branych desat’ jedincov, z ktorych sme odoberali vzorky listov. Listy sme odoberali pocas
vegeta¢ného obdobia na konci augusta 2020, pri¢om vzorky boli odoberané z hornej ¢asti
koruny pomocou teleskopickych noznic. Vzdy sme sa zamerali na listy z juho-vychodne;j
Casti koruny, aby sme ¢o najviac limitovali moznost, ze vel'kost” alebo pocet prieduchov
su ovplyvnené orientaciou listu v korune a teda rozdielnemu vystaveniu slne¢nému ziare-
niu. Odobraté listy sme nasledne spracovali v laboratoriu.

V laboratoriu sme z kazdého jedného listu postupne odoberali odtlacky prieduchov
pomocou transparentného laku, ktory sme v tenkej vrstve naniesli na spodna stranu lis-
tov. Po uschnuti laku sme lak prelepili priesvitnou lepiacou paskou, jemne stiahli a takto
vytvoreny odtlacok prieduchov preniesli na podlozné mikroskopické sklicko. Odtlacky
prieduchov sme nasledne fotili pomocou mikroskopu s integrovanou kamerou (Motic
BA210, Motic Electric, Rakusko) pri zvdcseni 10x10 a 40x10.

Stanovenie pocetnosti prieduchov

Na vyhodnotenie pocetnosti prieduchov (SD) sme pre kazdy odtlacok priedu-
chov zhotovili dve snimky pri 100-nasobnom zvécseni (10x10). Prieduchy sa na snimkach
pocitali manualne v programe Imagel. V tomto programe sme si na snimke najskor spra-
vili §tvorec o velkosti 1,5 x 1,5mm. Nasledne sme vyuzili nastroj multipoint a v rdmci
vyznaceného Stvorca, sme spocitali vSetky prieduchy. Ak boli prieduchy na hranici §tvor-
ca, pocitali sme iba tie, ktoré pretinali jeho 2 strany, pravu a vrchnt. Vysledny pocet sme
nasledne preratali na pocet prieduchov na 1 mm?

Stanovenie vel'kosti prieduchov

Velkost’ prieduchov (LA) bola stanovena na snimkach so 400-stonasobnym
zvacsenim (40x10). Na kazdej snimke sme si vybrali pat’ l'ubovolnych prieduchov, kto-
rych dizku sme zmerali v programe ImageJ.

Stanovenie indexu potencialnej vodivosti
Index potencialnej vodivosti (PCI) bol vypocitany pre kazdého jedného jedinca
pomocou vzorca: 2,
pcp =14 SD’
1000
kde LA je priemerna dizka prieduchov na jedinca, SD priemerna hodnota po&etnosti prie-

duchov jedinca na 1 mm?.
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Matematicko-Statistické vyhodnotenie vysledkov

Namerané data boli vyhodnotené v programe Excel a STATISTICA 12 (Stat-
Soft®, USA). V Exceli boli vypocitané zakladné Statistické charakteristiky nameranych
udajov (priemer a smerodajna odchylka) a data boli vizualizované pomocou pasovych
grafov. Statisticka vyznamnost' rozdielov bola stanovena v programe STATISTICA po-
mocou jednofaktorovej analyzy variancie (ANOVA) a nasledne boli pomocou Tuckeyo-
vho post-hoc testu stanovené rozdiely medzi parmi na hladine vyznamnosti 5%.

VYSLEDKY A DISKUSIA

Na zaklade Obrazku 2 je mozné konstatovat,, ze najdlhsie prieduchy boli namerané
na listoch klonu Populus Fritzi Pauley (129.92 um, Obrazok 1A). Tato hodnota bola
v porovnani s diZkou prieduchov vietkych ostatnych sledovanych klonov topola, §tati-
sticky vyznamne vysSia. Naopak, signifikantne najniz§ie hodnoty, v rozmedzi od 71.8
do 74.56 pum, sme pozorovali u 8 klonov a to: Populus MAXI (Obrazok 1B), Populus Ox-
Jford. Populus MAX3, Populus Max2, Populus MAX4, Populus MAX5, Populus Panonnia
a Populus NL-B-132m. Ostatné klony, konkrétne Populs I-476, Populus Robusta, Populus
Androscoggin, Populus NE-42 a Populus Virginianna de Frignisourt, vykazovali stredné
Priemerné dizka prieduchov za vietky sledované klony topol'a bola 81.13 pm.

S tymito udajmi moézeme zhodnotit, Ze klon Fritzi Pauley vykazoval o vySe 40% dlhsie
prieduchy v porovnani s priemerom, ¢o by mu mohlo zabezpecit’ schopnost’ najrychlejsie
asimilovat’ CO, a teda vykazovat’ najrychlejsi rast. Aviak, podl'a KARDIMANA a Raebilda
(2018), vacsie prieduchy vykazuji pomalSie zatvaranie a teda aj pomalsiu reakciu na vod-
ny deficit. Preto by klon Fritzi Pauley mohol vykazovat’' mensiu odolnost’ voé¢i suchu.
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Naopak klony s mensimi prieduchmi by podl'a tohto predpokladu mali vykazovat’ vyssiu
odolnost’ voci suchu, ked’ze ich reakcia na nedostatok vody je promptnejsia. Tym padom
sa vedia branit’ zbytocnym stratdm vody pocas vodného deficitu ovela efektivnejSie.

Oznacenie klomu topola
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sa pre dane Klony statisticky vyznamne odlisuju. Lervena prerusovana clara znazornuje
celkovl priemernt hodnotu dlzky prieduchov.

Na Obrazku 3 mézeme sledovat’, ze celkovy rozptyl pocetnosti prieduchov nie je az

taky vyrazny, ako pri velkosti prieduchov, a ze ziadny zo sledovanych klonov extrémne
neprevysuje celkovil priemernt hodnotu poétu prieduchov (ako tomu bolo pri dizke prie-
duchov). Ta bola u vSetkych sledovanych klonov topol'ov 33,4 prieduchov na 1 mm? Me-
dzi klony s najvi¢sou pocetnostou prieduchov patria: Populus Oxford a Populus MAXS
(43, resp. 42 prieduchov na 1 mm?). Do skupiny s najniz§ou pocetnostou prieduchov,
v rozmedzi od 28 do 30 prieduchov na 1 mm?, mozno zaradit’ klony Populus 1-476, Po-
pulus Robusta, Populus NL-B132m a Populus Virginiana de Frignicourt. Medzi klony so
strednymi hodnotami, od 33 po 41 prieduchov na 1 mm?, spadaju klony Populus Fritzi
Pauley, Populus MAX1, Populus NE-42, Populus MAX3, Populus MAX2, Populus MAX4
a Populus Panonnia. Klon Populus Androscoggin vykazuje vyrazne nizsiu hodnotu pocet-
nosti prieduchov a to len 22 prieduchov na 1 mm?.
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Poéet prieduchov na mm?

Obrazok 3 Priemerné hodnoty + smerodajné odchylky poétu prieduchov na 1 mm? pre jednotlivé
klony topol'ov. Rozdielne pismena v grafe oznacuju, ze priemerné hodnoty poctu prie-
duchov sa pre dané klony Statisticky vyznamne odliSuju. Cervena prerusovana Ciara
znazoriyje celkovil priemernt hodnotu poétu prieduchov na 1 mm?.

Co sa tyka priemernych hodnot velkosti aj pocetnosti prieduchov, WILLMER, FRICKER
(1996) popisuju, ze sa u stromov vel'kost’ prieduchov pohybuje medzi 10 a 50 um a pocet
medzi 30 a 1190 mm?. Casto sa popisuje negativny vztah medzi velkostou a poétom -
¢im ma rastlina menej prieduchov, tym su vicsie a naopak (HETHERINGTON, WOODWARD,
2003). Do tychto priemerov spada aj vdcsina nasich drevin, ako napr. buk lesny, kde sa
priemerné hodnoty dizky prieduchov pohybujii okolo 23 um s priemernym poétom 165
prieduchov na mm? (PETRIK ET AL., 2020), dub zimny s dizkou prieduchov okolo 33 pm
a pocetnostou 430 prieduchov na mm? (MASAROVICOVA, 1991), ¢i smrek s priemernou
vel'kostou 35 pm a poctom cca 42 prieduchov (WANG ET AL., 2019). CAMARGO, MARENCO
(2011) popisali priemerné hodnoty velkosti a poctu prieduchov 35 druhov drevin v cent-
ralnej Amazonii v rozmedzi od 7,5-24,5 pm a 110-840 prieduchov na mm?. Nami name-
rané hodnoty velkosti prieduchov sa pohybovali vysoko nad hodnotami uvadzanymi pri
inych drevinach, ¢o by mohlo vysvetlovat’ vysokt schopnost’ rastu u topol'ov. Na druhej
strane, poc¢etnosti prieduchov u sledovanych klonov topol'a st kvoli ich vysokej vel'kosti
pomerne nizke.
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Obrazok 4 Priemerné hodnoty + smerodajné odchylky indexu potencialnej vodivosti prieduchov
pre jednotlivé klony topolov. Rozdielne pismena v grafe oznacuju, ze priemerné hod-
noty indexu potencialnej vodivosti prieduchov sa pre dané klony Statisticky vyznamne
odliguju. Cervena prerusovana ¢iara znazoriiuje celkovi priemernt hodnotu indexu po-
tencialnej vodivosti prieduchov.

Na grafe zobrazujucom priemerné hodnoty indexu potencialnej vodivosti priedu-
chov pre sledované klony topol'ov (Obrazok 4) mézeme vidiet, ze signifikantne najvyssi
PCI vykazoval klon Populus Fritzi Pauley. Hodnota PCI u tohto klonu topol'a bola az
2,5-nasobna oproti celkovej priemernej hodnote indexu potencialnej vodivosti prieduchov
(10,07). Pri tomto klone su prieduchy najvacsie a maji priemernu hustotou. Predpoklada-
na plocha prieduchovych strbin, ktorti tento index popisuje, je teda najvyssia. Preto pred-
pokladédme, ze Fritzi Pauley by vykazoval najlepSiu vodivost’ prieduchov pre CO, a teda
aj asimilacia CO, by mala u tohto klonu prebiehat” najefektivnejsie, ¢o prefi v kone€nom
dosledku moéze znamenat’ najrychlejsi rast zpomedzi testovanych klonov.

Nizky index potencialnej vodivosti prieduchov bol pozorovany u klonov Populus An-
droscoggin, Populus Panonnia a Populus NL-B-132m. Pri tychto klonoch topola bol na-
merany index potencialnej vodivosti prieduchov v priemere 7,42 a teda mézeme predpo-
kladat, Ze by mali mat’ kvoli nizkej vodivost prieduchov, niz$iu schopnost’ prijimat’ CO,,
¢o moze v kone¢nom dosledku moéze znamenat’ obmedzent fotosyntézu a teda aj pomalsi
rast. Hodnoty PCI blizke nami nameranému celkovému priemeru, sme pozorovali u klo-
nov Populus 1-476, Populus Robusta, Populus MAXI, Populus NE-42, Populus Oxford,

42



Populus MAX3, Populus MAX2, Populus MAX4, Populus MAX5 a Populus Virginiana de
Frignicourt.

Niekol’ko studii potvrdzuje vysokt produktivitu klonu Fritzi Pauley. Napr. NIEMCZYK
ET AL. (2016) porovnavali produktivitu a zlozky biomasy na 10 klonov topola zo sek-
cie Aigeiros a Tacamahaca v 5- a 6-ro¢nych rotaciach. Prave Fritzi Pauley patril medzi
najproduktivnejSie, ¢o koreSponduje s velkym potencidlnym indexom vodivosti, ktory
sme zistili. Vysokoproduktivny bol aj klon NE-42, ktory aj v naSom pripade mal druhé
najvyssie namerané hodnoty. MILNE ET AL. (1992) pozorovali takmer o tretinu vyssiu pro-
duktivitu u klonu Fritzi Pauley v porovnani s klonom Robusta. Naopak, PILIPOVIC ET AL.
(2020) porovnavali 3 klony topola z hladiska rastu a fyziologickej vykonnosti, pricom
klon Panonnia, ktory aj u nas mal nizke hodnoty PCI, vykazoval najpomalsi rast.

ZAVER

Informacia o morfolégii prieduchov ndm moéze pomoct odhadnut’ jednak efek-
tivitu prijmu CO, a taktieZ moze suvisiet’ so schopnostou rastliny efektivne vyuzivat
vodu. Oba parametre su pre plantaze rychlorastticich drevin (a porasty vSeobecne) kl'i¢o-
vé, pricom tato predbezna Studia potvrdzuje, Ze rozdiely v morfologii prieduchov exis-
tuju aj v ramci druhu Populus sp. Nase vysledky ukazujt, Ze prieduchové charakteristiky
a hlavne index potencialnej vodivosti prieduchov, by mohli byt mat’ potencial pri vybere
vhodnych klonov/drevin pre vysadbu plantdzi rychlorastucich drevin podl'a konkrétne-
ho stanovista. Samozrejme, pre ,,silnejSie* zavery by sme potrebovali zhodnotit’ vicsie
mnozstvo suvisiacich dat — najmé rychlost’ rastu, klimatické merania, merania vymeny
plynov, kalorimetrické merania, morfologiu listov a medzirocné zmeny prieduchovych
charakteristik. Vyznamnost’ zistenych rozdielov vSak naznacuje, ze d’alsi vyskum ma
opodstatnenie a preto mame v plane v spracovani vzoriek a dat pokracovat’. Podrobnejsi
vyskum sa bude nevyhnutne obmedzovat’ na mensi pocet klonov, pricom ziskané vysled-
ky ndm pomdzu pokryt’ celé rozpétie zistenych hodnot.
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Summary: Differences in stomatal morphology of fast-growing poplar clones

In the study, we compared the stomatal morphology of fast-growing poplar
clones. Stomatal characteristics were assessed for 14 poplar clones, which were growing
in a clone archive in Budca, which is a part of the demonstrative object of fast-growing
woody species managed by the Technical University in Zvolen. We collected leaves from
selected clones and took the stomatal imprints. Subsequently, we assessed the density and
size of the stomata, as well as calculated the potential conductance index of the stomata.
The results showed the clone FriTz1 PAULEY has the biggest stomata. Similarly, this clone
has the highest value of potential conductance index, which was 2,5 times higher com-
pared to the overall average value of the potential conductance index of studied clones. We
assume that the clone could show the highest ability of CO? assimilation and related faster
growth. However, assessing other features, such as drought and heat tolerance, should also
be considered when selecting appropriate seed material.
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ABSTRAKT

Fungi are an essential part of ecosystems across the entire globe. Their roles in nutrient circulation,
biomass decomposition and food chains are irreplaceable. With human activity becoming increas-
ingly impactful on the environment with every coming decade, it is important to consider how it
will impact the landscape and organisms within it, including human beings. Many contaminants
are released into nature whether directly as waste, or indirectly as a by-product of production or
other human activities. Among these contaminants, heavy metals are particularly dangerous. They
are often hard to degrade via natural processes, therefore they linger in the environment for a
considerably long time. Lead (Pb), as one of the heavy metals, has particularly deleterious effects
on human health. Edible species of fungi can accumulate heavy metals into their fruiting bodies,
therefore moving elements such as lead through the food chain when consumed. With how severe
lead poisoning can be and how even a small dose can cause long term health issues, the topic of
heavy metal accumulation in biomass should be studied more carefully. The research aimed at the
detection of lead content in macromycete fruiting bodies was carried out in a forest stand in the
immediate vicinity of a sport shooting range near the village of Sielnica (Slovakia). According to
the obtained results, the concentration of lead in the soil and in the fruiting bodies of mushrooms
decreases with increasing distance from the shooting range, but it is still high. Consumption of ed-
ible mushroom species from this area is hazardous to human health. The impact of lead on other
parts of the ecosystem in this area should be evaluated by detailed research.

Keywords: Fungi, lead, contamination, accumulation, shooting range, health risk.

1. INTRODUCTION
1.1 Fungi and their place in the biosphere
Fungi play a vital role in environments, whether they’re forests, meadows, or fields
with crops, and without them, life as we know it would collapse. The fungus kingdom is

responsible for mineral circulation in soil by decomposing organic matter and redistributing
all previously used nutrients for another use (Boppy, WATKINSON, 1995). Fungi are also
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part of a crucial symbiotic relationship between plants and fungi, known as mycorrhiza,
which is necessary for the existence of a vast number of plants.

1.2 Fungi and humans

A large number of fungal species are also fit for human consumption and in
some parts of the globe, people are using fungi as an important source of food, especially
in Asia. Usage of fruiting bodies of various fungi as a food source or as a ritualistic tool
is documented throughout history (PavLIK, 2006). Mushrooms in general have very high
nutritional value, some are even used as an alternative medicine (RATHORE et al., 2017).
Wild mushrooms growing in temperate forests are a favourite delicacy for many people,
especially in central Europe. Wild mushrooms are a major threat when it comes to lead
entering the food chain. For example, an average Czech household consumes roughly 5.6 kg
of fresh mushrooms annually (KaLac, 2009). While this number might not be so high,
residents living near forests who have good access to collecting wild mushrooms might
consume on average around 10kg annually (SvoBopA et al., 2000). Commercially grown
mushrooms which are common in supermarkets represent low-risk contaminants because
they are being produced in controlled environments with strict hygienic limitations. This
does not completely rule out lead in these types of mass grown mushrooms, but it makes
the risk significantly lower (SEYFFERTH et al., 2016).

1.3 Lead (Pb)

Lead, element number 82 in the periodic table, has been part of human
civilization since the ancient times of the Roman empire, where it had a wide variety of
uses from water distribution in pipes to food or water containers or even as an ingredient
for sweetening wine (MOORE et al., 2021). Some scientists even proposed the idea that lead
exposure in ancient Rome was a contributing factor to the decline and subsequent fall of
the empire (GILFILLAN, 1965). Whether true or not, with how broad today’s understanding
of lead toxicity is, it is of utmost importance to keep this element from accumulating in
our bodies, for it can cause a wide variety of health issues. With the introduction of lead
enriched gasoline in the latter half of the century, our understanding of lead poisoning has
been steadily improving. Even though leaded gasoline has been banned, many frequented
roads today are contaminated by heavy metals, lead included. This problem is only
increasing as human population and number of cars is still rising, since lead is still an
important part of automotive technology (MuzyCHENKO et al., 2017).
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1.4 Lead migration in food chains

A problem arises when we consider the fact that fungi can accumulate
elemental lead from soil which then enters food chains. Ingestion of the contaminated
food source is one of the main ways of how lead enters our bodies (DuMarT et al., 2020).
Normally, elevated lead content in the fruiting bodies of mushrooms is not visible in
any way. While some growth anomalies might be noticeable in side-by-side comparison
at higher concentrations, even then, lead might not be the main suspect. At lower lead
concentrations in fungi, no visible effects on growth (anomalies, abnormal growth) were
observed (FALANDYSZ et al., 1994). This is a big problem mainly for wild mushrooms
collected by enthusiasts or roadside sellers, who may lack the knowledge of lead toxicity.
There are many other sources of lead contamination other than roads, for example ore
mines, oil industry, battery production, ammunition production, outdoor shooting ranges
or glass industry (Kumag, 2020). One of them might seem like an obvious source at first,
but only at closer inspection the true extent of lead contamination might be assessed. As
the title suggests, sources in question are shooting ranges.

Tolerable limits for wild mushrooms are considered 5 milligrams of lead per kilogram
of dry weight (PETKOVSEK, POKORNY, 2013). This information comes from Slovenian
research. Since lead can enter the body even through skin, or inhalation, ingestion
is not the only pathway (Dumar et al., 2020). When it comes to mushrooms that are
easily accessible from supermarkets, lead regulations are, fortunately, very strict. The
authorities’ efforts to enforce any regulations on lead content are realistic, but control is
very difficult, especially for individual harvesting in the field. Therefore, the awareness
about the possibility of contamination is the best prevention nowadays. Lead content in
mushrooms depends mostly on how densely the surrounding area is populated and/or used
by various industries, however, not much can be done outside of public recommendations
to limit harvest in specific areas. No lead concentration is considered safe, since lead has
no known benefits to human health in any meaningful quantity (NEEDLEMAN, 1991). Safe
Food Advocacy Europe (SAFE) was advocating for stricter lead regulations in august
2021, proposing values much lower than 5 milligrams per kilogram of dry weight. As of
today, safe limits for commercially grown mushrooms are 0.3 milligrams per kilogram of
dry weight (CORDEIRO et al., 2015). With the results of various studies from other parts
of the world, a value of 0.3 milligrams per kilogram is hardly realistic to achieve in wild
mushrooms, since most wild edible mushrooms have a higher concentration.

1.5 Lead poisoning

Lead poisoning is very serious, symptoms depend on dose but almost all doses
cause some form of permanent damage, because lead acts as a neurotoxin (CHASE, RABE,
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2015). Detrimental effects of lead are often not immediate after exposure, because lead
accumulates in human tissues, bones, and blood (KumAR, 2020). Although dangerous
concentrations of lead in blood are not strictly defined, it should be noted that any amount
of lead in blood is harmful, however mild, neurological symptoms may appear at around
8 micrograms per decilitre of blood, which only gets worse with higher concentrations
(GraziaNO et al., 1996). Unfortunately, children are much more vulnerable to harmful
effects of lead, not only do they have more severe symptoms, but also absorb more
into their tissues when ingested (SaHA, 2016). Symptoms of lead poisoning may vary
from person to person, with the most common ones including elevated blood pressure,
memory loss, muscle and joint pain, digestive issues, anaemia, cancer, kidney failure,
and reproductive issues (USEPA, 2005). Abnormal behaviour, cognitive issues or short-
term memory loss are caused by the mechanism in which lead replaces calcium ions in
neurons, which inhibits communication between them, therefore rendering the pathway
permanently shut down (ArA, UsmaNI, 2015). The severity of effects is based on dosage,
but is largely individual. The total amount of lead ingested in a single incident also causes
different symptoms than prolonged small exposure, with the central nervous system
mainly affected with a single high dose, while chronic exposure causes stomach issues
(ArA, UsMANTL, 2007).

1.6 Outdoor shooting ranges and lead proliferation

Outdoor shooting ranges are important facilities when it comes to recreation,
training, and education. Being accurate as a wild game hunter is an important trait and
consistent practice is the best way to improve. Part of the consistency is using live
ammunition, which often consists of primarily lead metal. Even though many other metals
can be made into projectiles, none can compare to the ballistic characteristics of lead
(THOMAS, 2013). Therefore, as a factor of consistent training, using the same ammunition
while practicing and hunting is crucial, as a precise shot brings immediate death to the
hunted animal, sparing it of any suffering. One particular issue outdoor shooting ranges
have is the accumulation of a large number of lead pellets shot from shotguns, which
missed the intended target or have been shot at flying targets, scattering almost all pellets
into the surrounding environment (KELEBEMANG et al., 2017). Subsequent weathering and
migration of these pellets increases the area upon which lead is causing contamination.

The aim of this article is not only to provide a comprehensive overview of how
lead can affect our health, but more importantly, how it can enter the food chain by
consuming mushroom fruiting bodies collected in forest stands, around the impact area
of lead ammunition from a sport shooting range. The aim is also to provide general safety
recommendations for people living near sources of contamination. Given how dangerous
and devastating lead poisoning can be, much more attention should be paid to the issue of
lead in wild-collected food.
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2. MATERIALS AND METHODS

To determine the extent and severity of lead contamination of environments
near shooting ranges, samples of soil and mushrooms have been collected and studied in
detail in laboratory. As a first step, the research transect was established. The transect was
of 10 meters wide and located away from the firing line, in the line where most pellets
were expected, after discussion with experts at the shooting range. The next step was
a distance measurement to determine how distance from the source (-i.e., the firing line of
the firing range) affects lead distribution. A nearby forest provided an obstacle for pellets.
For comparison, a forest with near identical characteristics located nearby was used as
a clean area. It was far enough to eliminate all pellet fallout from the shooting range.

2.1 Situation in the observed area

The selected shooting range has been operating for 40 years. During this period,
large quantities of lead pellets were accumulated in the soil. Different ammunition is
usually aimed horizontally and stopped by a soil berm. Shotguns are occasionally aimed
at flying targets. With how the shooting range is situated, most pellets fly to the northwest,
into the neighbouring forest stand.

2.2 Soil samples

Soil samples were taken at 3 primary spots at distances of 100 meters, 200
meters and 300 meters from firing the line. The goal of this distribution was to assess how
lead is distributed within upper 30 cm of the soil horizon based on distance.

These samples were sent to the laboratory, where they were subjected to 2 main methods
of determining mineral composition, simple aqueous solution analysis and Mehlich III
extraction. The aqueous solution analysis was used to simulate rain precipitation and how
it can cause leeching of various metals into the environment. The Mehlich III extraction
was used to determine all available minerals and elements.

2.3 Fungal samples

Fungal samples were also collected and sent to the laboratory for analysis. The
distance from the firing line was measured for each individual mushroom. In order to
correctly identify the species of fungus, various professional sources were used. After
identifying the fungi’s species name and their distance, they were dried out. For precise
chemical analyses, mushroom species, whose fruiting bodies were collected from various
distances as well as from the “clean” site, were selected. For analysis, it was required for
the samples to weigh at least 5 grams, so multiple fruiting bodies were collected.
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2.4 Observing how lead in the environment affects mycelia growth.

A small amount of each soil sample was also used to prepare substrate for
Pleurotus ostreatus (Jacq.) P.Kumm., to observe growth of mycelia in environment with
various lead concentrations.

After the soil samples were collected, they were mixed with distilled water and let
to sit at a temperature of 22°C for 7 days. After these 7 days, the aqueous solution was
thoroughly mixed and poured through a 1 millimetre sieve to dispose of any big pieces
of minerals, organic matter, or lead pellets. The growth medium for oyster mushroom
was prepared. Substrates had only 1 variable, which was the aqueous solution with soil
from various dig sites - 200 ml of solution. The substrates consisted of beech wood chips
(washed and dried) — 800 g, wheat bran — 100 g, oyster mushroom grain — 50 g and aqueous
solution from soil samples (200 ml). After 4 months of growth, mixtures were dried at 65
°C for 12 hours. After drying, the samples were taken to the Central Laboratory of the
National Forestry Centre in Zvolen for chemical analysis.

3. RESULTS

The results from this method yielded much smaller concentrations of elements,
only iron and phosphorus had comparable values to Mehlich III. On the other hand, the
Mehlich III extraction yielded much higher concentrations of almost every observed metal
(magnesium, calcium, potassium, copper, manganese, zinc and lead). The focus of our
research was of course lead, which showed almost no correlation with other observed
metals, except for calcium in both aqueous solution analysis and Mehlich III extraction,
however, no conclusion of this relation has been established. Further study into more
detailed soil characteristics in the vicinity of the shooting range is encouraged.

The following figures show the relative distribution of metals between various dig
sites for each method. Each individual metal has 3 samples from mentioned dig sites and
due to varying values is represented in percentage, rather than parts per million. The sum
of all 3 columns for every metal is 100%. As can be seen in Figure 1 and Figure 2, lead
distribution has the most significant relation to distance using both methods.

The Mehlich III extraction method showed very high lead values of 3049,84 mg. kg

at the 100-meter mark, which sharply dropped at 200 metres to 14,85 mg.kg' and were
approximately halved at 300 metres, to just 7,78 mg.kg™".
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Mehlich III extraction - relative values(%)
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Figure 1: Relative quantity of each observed metal in 3 dig sites determined by the Mehlich III
extraction method.
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Figure 2: Relative quantity of each observed metal in 3 dig sites determined by the aqueous solution
analysis.

The aqueous solution displayed somewhat less steep decline between the first and
second dig sites. The actual values were 42,85 mg.kg"' at 100-metre distance, 2,48 mg.kg™!
at 200 metres and again, approximately halved at 300 metres to 1,87 mg.kg".
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Rate of lead concentration decrease based on distance from firing line
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Figure 3: Rate of change in lead concentration based on distance, values were scaled for visual
clarity.

The graph above shows how lead concentration drops with increased distance from the
firing line. The values were scaled to be equal at 100-metre distance, because of the great
disparity in numbers. Soil concentration was closely tied to the vast number of pellets just
outside the shooting area. Further areas very rarely contained visible pellets and more
than 99% of all soil lead content was found at the first dig site. Mushrooms on the other
hand had more gradual decline of lead concentration. Large area coverage of mycelium
together with the large biomass accumulation of fruiting bodies are likely the main reasons
why mushrooms show slower decline in lead concentration. The occasional pellet or
different lead fragment might come into contact with the mycelium and be absorbed into
the organism.

The focus of this study was mostly on edible species. Large quantities of mushrooms
used in chemical analysis were found in forested areas mainly at around the 100-metre
mark. These mushrooms had, as expected, the highest concentrations of lead due to their
proximity to the firing line. Commonly consumed species like Macrolepiota procera
(Scop.) and Lactarius deterrimus (Groger) were found here. Macrolepiota procera had
lead concentration in fruiting bodies 3,15 mg.kg™!. Lactarius deterrimus had much higher
concentration 45,15 mg.kg.

Another hotspot of fruiting bodies was located around the 200-metre mark. This
location consisted of an old coniferous forest of mainly spruce and fir. The diversity
of fungal species in this area was below average, however, the quantity (total biomass
of fruiting bodies) was highest. The dominant species at this location belonged to the
Russulaceae and Boletaceae families. This thin strip of forest had trees around 25 — 30
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metres tall, serving as the first obstacle to pellets fired at an angle. Macrolepiota procera
was located here as well, its concentration was 10 mg.kg!, which is higher than at the
previous location which was closer to the firing line.

Almost no species from the first 2 zones had values below 5 milligrams of lead per
kilogram dry weight. At the distance of 300 metres from the firing line, another specimen
of Macrolepiota procera was gathered. This time, it had concentration of 2,84 mg.kg™'.
The biggest lead accumulators were Laccaria spp., Lactarius deterrimus and Lycoperdon
perlatum. These mushrooms had on average the highest lead concentrations in their
fruiting bodies.

The last location where mushrooms were gathered was from the clean area. This area
was more than 800 metres away from the firing line. It also had higher elevation and
a dense forest, which would prevent stray lead pellets from penetrating deeper into the
environment.

3.1 Remediation experiment

The mixtures with the soil samples, which contained oyster mushroom mycelia
have had a decrease in lead concentration. Lead concentration dropped by approximately
80% in the most contaminated sample, at 100 metres from the firing line, from 3050
mg.kg! to 594 mgkg!. At 200 metres, the decrease in concentration was much less
significant, however, it still decreased by approximately 20%, from 14,9 mg.kg"' to 12,1
mg.kg'. Last site again had a substantial decrease in concentration, by more than 50%,
from 7,78 mg.kg' to 3,67 mg.kg'.

4. DISCUSSION

Mushrooms found in a clean area were compared with other research, primarily
for their lead concentrations. The following table shows lead concentrations from clean
areas across Europe and the clean area located near our research area.

Mushrooms, which are commonly gathered for consumption such as genus Leccinum,
which was present in the research area, contained high lead concentrations in its
fruiting bodies, above 5 mg.kg!. Mushrooms from this genus normally have low lead
concentrations, below 2 mg.kg'. The lead content in fruiting bodies gathered from the
clean area was well within the reported values.

Another common mushroom which is gathered for consumption is Macrolepiota
procera. This mushroom is known for accumulating heavy metals in its fruiting body
(KosaNi¢, 2016). Despite this, the concentrations of lead in fruiting bodies of this
mushrooms not very high, the highest value found was just 10 mg.kg™!, which would still
be safe for consumption, but due to the high accumulation rate, more was expected.
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Tab. 1: Lead concentration in fruiting bodies - comparison.

Clean area
Species Clean area (literature) mg.kg™ (our
P 8-Kg research)
mg.kg"!
Fomitopsis pinicola (s) 4,73 - 8,17 (SEVINDIK et al., 2017) 1,47
Lactarius deterrimus (m) 0,76 - 1,22 (Sirié et al., 2016) 5,11
Lactarius salmonicolor (m) | 0,5 -3 (VAzQUEZ et al. 2016, CHOWANIAK et al., 2017) 0,299
Leccinum griseum (m) 0,2 - 1,4 (SvoBoDA et al., 2000, JARZYNSKA, FALANDYSZ, 0.679
2012)
Lycoperdon perlatum (s) 2,1 -5 (SesLi et al., 2008, PETKOVSEK ,POKORNY., 2013) 13,1
Macrolepiota procera (s) 0,5 - 20 (DEMIRBAS, 2000) 7,58
Neoboletus luridiformis (m) 0,17 - 1,63 (PECINA et al., 2022) 4,48

(s) - saprotrophic mushroom
(m) - mycorrhizal mushroom

Another popular mushroom, Lactarius deterrimus, which normally has low lead
concentration, proved to be potent lead accumulator. Even in clear areas, the concentration
was above the safe limit of 5 mg.kg™'.

Some fungi surpassed the value of 1200 milligrams of lead per kilogram of dry
weight, which should be too high for regular growth of fruiting bodies. The mushrooms
in question are Leccinum griseum and Sarcodon imbricatus (L.). Some of the members of
Trichoderma genus can withstand these high values (SIDDIQUEE et al., 2013).

5. CONCLUSION

The immediate vicinity around the shooting range has very high lead content
in soil, thus, collection of fruiting bodies for consumption from this area is strongly
discouraged. While some fungi from this area had lead concentrations below tolerable
values, the vast majority had concentrations far above the tolerable limit, and are a health
hazard when consumed.

The Lactarius family is often gathered for consumption and results suggest that these
species accumulate lead at a higher rate. More samples need to be taken to confirm this
hypothesis and collection of these fruiting bodies is strongly discouraged.

Around 300 metres from the firing line, the lead content in fungi was approaching
tolerable values, however continuous consumption of mushrooms from this distance poses
a risk of long-term lead exposure, leading to eventual lead poisoning.
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The results from our soil remediation experiment were encouraging. It showed that
mushrooms can remove large quantities of lead from the soil. Determining the most potent
lead accumulators, or growing mushrooms which are easily cultivated, can be later used to
continually remove lead from the environment.

From the results of soil and fungal sample analyses, more research needs to be
done, from different locations around the source of contamination. Not only more soil
samples but also more samples of fruiting bodies need to be examined to start setting safe
boundaries, within which safe mushroom picking for consumption can occur. Now, due to
the results from an area previously considered safe, there is no substantial evidence which
would hint towards the limits of safe lead concentration in mushrooms.

A safe distance where the health risk is insignificant could not be established from
the results of this study. A general recommendation for the inhabitants of Sielnica village
and surrounding communities is to completely avoid consumption of mushrooms found
within 300 metres from the shooting range. Before more data from different locations are
gathered, nothing but higher caution can be recommended. If unsure, discarding potential
mushrooms would be advised. Higher caution should be dedicated to children, who are
more vulnerable to negative effects of lead exposure.
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Akumulécia olova v plodniciach makromycét v blizkosti strelnice
Summary

Huby podsobia ako akumulédtory kontaminantov tazkych kovov v Zzivotnom
prostredi. Tazké kovy, ako napriklad olovo, su §kodlivé pre Pudské zdravie. Konzumaciou
jedlych hub sa olovo moze dostat’ do l'udského tela. VonkajSie Sportové strelnice su
zariadenia, ktoré mozu $irit’ olovo do zivotného prostredia. P6da kontaminovana olovom
je vsak stale vhodna na rast hiib. Mycélium, ale aj plodnice ré6znych druhov hub st teda
kontaminované olovom. Huby, ktoré obsahuju olovo, mozno zbierat' a odstrafiovat
z prostredia, aby sa znizila celkova koncentracia olova v pdde, ¢o je mozny postup
mykoobnovy prostredia. Na zaklade dlhodobého pozorovania a vyhodnocovania mozno
vyselektovat’ druhy, ktoré maji vysoku mieru akumulécie tazkych kovov, a najmé olova.
Taktiez je mozné pestovanim vhodnych druhov hub v najviac kontaminovanych oblastiach
pomaly ocistit’ oblast’ do takej miery, aby bol zber hib mozny a bezpe¢ny. Kym sa vsak taky
stav prostredia podari dosiahnut’, odporuca sa plodnice hub z tejto oblasti nekonzumovat’.

Vyskum zamerany na zistovanie obsahu olova v plodniciach makromycét bol
realizovany v lesnom poraste v bezprostrednej blizkosti Sportovej strelnice ned’aleko obce
Sielnica (Slovensko). Podla ziskanych vysledkov koncentracia olova v pode a v plodniciach
hub klesa s rastucou vzdialenost'ou od strelnice, ale stale je vysoka. Konzumacia plodnic
jedlych hub zo skiimanej oblasti je nebezpeéna pre I'udské zdravie. Vplyv olova na ostatné
akzky ekosystému v tejto oblasti by sa mal vyhodnotit’ podrobnym vyskumom.
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HODNOTENIE A POTENCIAL NASADENIA
AKUMULATOROVYCH PRENOSNYCH
RETAZOVYCH PiL V PODMIENKACH TRVALO-
UDRZATEUNEHO HOSPODARENIA
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GRETSCH, D., LIESKOVSKY, M.: Hodnotenie a potencial nasadenia akumulatorovych prenos-
nych ret’azovych pil v podmienkach trvalo-udrZateI’'ného hospodarenia. Acta Facultatis Fo-
restalis, Zvolen

ABSTRAKT

Cielom prace je zhodnotenie a porovnanie vykonnosti dvoch akumulatorovych prenosnych
retazovych pil a jednej retazovej pily so spalovacim motorom. Akumulatorové pily st schopné
znizit mnozstvo Specifickych rizik vznikajucich pre obsluhu, ako aj minimalizovat’ niektor¢ druhy
§kod v lesnych ekosystémoch. Konkrétne boli porovnavané akumulatorové pily Husqvarna 536 Li
xp, Stihl MSA 220 c-bq a spal'ovacia pila Stihl MS 261. Hodnotena bola plocha priecnych prier-
ezov a maximalny cas pilenia na plne nabity akumulator danej akumulatorove;j pily, v pripade pily
so spalovacim motorom na 3 dcl benzinu z maximalnej kapacity nadrze 5 dcl. Zatazové testy pre-
biehali v arealy Technickej univerzity na bukovej a jasenovej vlakninovej hmote priblizne rovnake;j
vlhkosti. Casové snimkovanie bolo zabezpegené prostrednictvom dvoch kamier. Hrubky &ela a
¢apu kazdého pileného vyrezu boli merané subezne s pilenim a nasledne boli pomocou vzorcov
vypocitané hrubky jednotlivych priecnych prierezov a ich plochy. Pred kazdym pilenim bola
hobl'ovacia ret'az nabrisend, kvoli eliminacii moznosti ovplyvnenia vysledkov pripadnym otu-
penim. Pre moznost’ porovnania akumulatorovych pil a vplyvu druhu pileného dreva na vykonnost’
akumulatorovych pil bolo vykonané aj meranie vykonnosti na jeden plne nabity akumulator pri
zbere biomasy z klonového archivu rychlorastucich topolov. Vzhl'adom na to, ze akumulatory
pouzivanych retazovych pil maju rozdielnu kapacitu (Stihl 7,8Ah a Husqvarna 9,4Ah), bola pre
objektivizaciu vysledkov porovnavana plocha priecnych prierezov a ¢as pilenia prepocitany na
jednu Ampérhodinu kapacity akumulatora.

KPucové slova: zatazové testy, Stihl, Husqvarna, akumulatorova prenosna retazova pila

UvVOoD

Drevo ako kvalitny a I'ahkodostupny obnovitelny material je vyuzivany I'ud-
stvom od nepamditi. S narastom l'udskej populacie dochadzalo ku vyraznému ubytku lesov
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a preto sa zmenil aj pristup ¢loveka ku lesom od ich kl¢ovania v minulosti az ku tzv. trvalo
udrzatenému obhospodarovaniu lesov v stiasnosti.

Jednou z vyziev lesnickych operacii je zvazit' dosledky roznych stratégii obhospodaro-
vania a odhadnut” hospodarsku, environmentalnu a socidlnu vykonnost’ ré6znych procesov,
produktov alebo sluzieb (Schweier et al. 2019). Trvalo udrzateInému obhospodarovaniu
napomahaji aj moderné technologie, ktoré je potrebné zavadzat’ do vsetkych ¢innosti vy-
konavanych v lesnom hospodarstve.

Vicsina prac stvisiacich s tazbovou ¢innost'ou v lesnom hospodarstve je fyzicky a ¢a-
sovo naroc¢na. Preto 'udia zacali vyuzivat’ stroje na zvySenie efektivity prace a najma jej
ul’ah¢enie. Vacsina tychto strojov fungovala a doteraz aj funguje na principe spalovania
fosilnych paliv ¢im vznikaju emisie negativne pdsobiace na Zivotné prostredie. Negativne
posobenie emisii sa prejavuje tzv. sklenikovym efektom, ktory ma za nasledok klimaticku
zmenu a prinasa so sebou velké mnozstvo rizik. Z tohto dovodu je primarnym cielom
v stcasnosti obmedzit’ vznik sklenikovych plynov nahradenim beznych spal’ovacich mo-
torov modernymi technologiami.

Efektivne stroje, vhodné technické systémy, inovativne vyrobky a aktualna odborna
priprava operatorov moézu mat pozitivny vplyv na udrzatenost. Ekonomické faktory
sa menia rychlym tempom a moderné stroje mozu zohravat’ pozitivau ulohu v lesnych
prevadzkach (nizsia spotreba paliva a pod.) (Schweier et al. 2019).

Preto sa do popredia dostava tzv. elektrotechnika, ktora neprodukuje emisie ako pri
beznych spalovacich motoroch. Vyuzivanie elektromotorov napriklad v automobilovom
priemysle sa stalo pomyselnym nastrojom na spomalenie globalneho otepl'ovania. V les-
nickom sektore je vyuzivanie elektromotorov v sucasnosti len vo faze vyskumu a to najma
vo velkych strojoch sliziacich na priblizovanie a pod. AvSak v pripade pomocok sluzia-
cich na manualnu stinku, ako je prenosna retazova pila, sa uz aj v dnesnej dobe zacinaja
vyuzivat’ elektromotory.

V prenosnych retazovych pilach a inom néradi sa jednad o malé elektromotory poha-
nané elektrickou energiou ulozenou v akumulatoroch. Tieto batérie sa dobijaju prostred-
nictvom nabijaciek, ktoré napojime do beznej siete 220V. Vécsina batérii ma univerzalne
vyhotovenie aby sa dali pouzit’ vo viacerych druhoch naradia od jedného vyrobcu, ¢o
Ciastocne znizuje naklady na prevadzkovanie takychto zariadeni (www.stihl.com).

1. CIEL, PRACE

Ciel'om prace je zhodnotenie a porovnanie vykonnosti dvoch akumulatorovych
prenosnych retazovych pil Husqvarna 536 Li xp a Stihl MSA 220 c-bq a jednej retazovej
pily so spal’ovacim motorom Stihl MS 261. Hodnoteny bol maximalny ¢as pilenia a plo-
cha prepilenych prie¢nych prierezov na plne nabity akumulator danej akumulatorovej pily,
v pripade pily so spalovacim motorom na 3dcl benzinu z maximalnej kapacity nadrze
Sdcl.
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2. ROZBOR PROBLEMATIKY
2.1 Motomanualny spésob t’azby drevnej hmoty

Prenosné retazové pily su stale najbeznejSie pouzivanym nastrojom pri
prerezavani, vyrube a spracovani stromov v mnohych oblastiach sveta (Neri et al. 2022).
Je to sposobené najma vd’aka ich relativne nizkym prevadzkovym nakladom a moznostou
prace v tazko dostupnom teréne (Rukat et al. 2020).

Spol'ahlivy a vysoky vykon pily je potrebny najma v lesnictve. Ten vSak vidi obmedze-
nie, ktorym je extrémna doba pouzivania. PRP sa pouziva niekol’ko hodin denne, Castokrat
v extrémnych podmienkach. Vidiet' to na zivotnosti pil v lesnictve, ktora sa pohybuje
v 1500 — 3000 pracovnych hodinach (Poje et al. 2018).

Praca s prenosnou retazovou pilou je fyzicky naro¢na ¢innost’ (Kovaé¢ 2014). Z pohl'a-
du ohrozenia bezpe€nosti a zdravia 0s6b s najrizikovejSie pracovné operacie suvisiace
s tazbou dreva, jeho sustredovanim a odvozom. Velkost' rizik vznikajucich pri vyko-
navani jednotlivych prac v najvacsej miere ovplyviiuju terénne podmienky, nepriaznivé
klimatické podmienky a nizka uroven mechanizacie (Suchomel et al. 2011).

V osobitnych podmienkach lesnictva v Slovenskej republike (terénne, ekonomické,
socialne podmienky a kvalifikaéné predpoklady) sa 85 % lesnej tazby vykonava ret'azo-
vou pilou (Gejdos$ et al. 2022). Prenosné retazové pily sa vyuzivaju aj pri zbere urody
z plantazi rychlorasticich drevin, najmi v polomechanizovanych systémoch. (Latterini
et al. 2022).

V sucasnosti sa uz pouzivaju aj iné typy pohonnych jednotiek nielen spalovacie moto-
ry (napr. elektrické, vratane batériovych alebo pneumatické) (Dabrowski 2020).

2.2 Elektrické prenosné ret’azové pily (PRP)

Elektrické pily st konstrukéne jednoduchsie ako pily so spal'ovacim motorom.
St lahsie, maju nizsiu poruchovost’ ale organizacia prace s nimi je tazsia (Simanov, Ber-
nacky 2018).

Mozno ich pouzivat’ len v blizkosti zdroja elektrického prudu (Bakaljar, L., 1996 in
Suchomel et al., 2011). Vykon jednofazovych elektrickych pil (na 220V) spravidla nepre-
kracuje 2,0 kW, pily na trojfazovy prad (380V) mézu mat’ vykon vyssi (Simanov, Ber-
nacky 2018).

Rezacia cast’ elektrickej pily je totozna s beznou pilou so spalovacim motorom (Su-
chomel et al., 2011).

Rozdielny systém Startovania medzi spalovacimi a elektrickymi motormi umoznu-
je bezpecnejsie a pohodinejSie pouzivanie elektrickych variant. Elektromotory mozno
ovladat’ stlacenim tlacidla, zatial’ ¢o pri endotermickych retazovych pilach je potrebny
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manualny spatny Startér. Vystavenie vibraciam pri pouziti elektrickych pil je podstatne
nizsie v porovnani s endotermickymi. AvSak v podmienkach lesnictva st kablové elek-
trické retazové pily zjavne nevhodné z dovodu potreby ich elektrického pripojenia (Neri
etal. 2018).

2.3 Akumulatorové PRP

Okolo roku 2010 sa zac¢ali na nasom trhu objavovat’ akumulatorové pily. Praca
s akumulatorovymi pilami je komfortna a nemaju pocas prevadzky ziadne hortce diely
(Simanov, Bernacky 2018).

V sucasnosti je vel'kym trendom pouzivanie akumulatorovych pil najmé v oblasti spra-
vy mestskej zelene kvoli ochrane zivotného prostredia a zdravia pracovnikov. Akumuléto-
rové pily su schopné znizit' mnozstvo Specifickych rizik vznikajucich pre obsluhu, vd’aka
¢omu by boli vhodné na pouzivanie aj v lesnictve, kde su rizika pri praci vysoké a je
dolezité ich minimalizovat’ (Mazzocchi et al. 2015 in Colantoni et al. 2016).

Akumulatorova pila je pohdnana elektromotorom ale oproti beznej elektrickej pile
energia potrebna na pohon je cerpana z akumulatora a nie priamo z elektrickej siete. Naj-
hlavnejsie rozdiely medzi retazovymi pilami so spalovacim motorom a akumulatorovymi
su, ze akumulatorova pila: ma pri takom istom vykone vyssi kratiaci moment, jej vibracie
a hmotnost’ sl znaéne nizsie, zapina a vypina sa prostrednictvom jedného spinaca a je
s iou mozné pilit’ v uzavretych priestoroch, pretoze ma nizke emisie hluku a nevytvara
splodiny (Tuma 2017).

Medzi nevyhody akumulatorovych PRP v porovnani so spalovacimi pilami patri po-
treba CastejSej vymeny akumulatorov, vyssia nakupna cena, nevyhnutnost’ nabijania aku-
mulatorov prostrednictvom nabijacky, mensia odolnost’ vo¢i vode a nutnost’ doktpenia
prislusenstva (akumulator, nabijacka) (Chramec 2018).

V stcasnosti su vd’aka vylepseniam technoldgii elektrickych pristrojov deklarované
hodnoty vykonu akumulatorovych pil porovnatelné s ich 'ahkymi benzinovymi napro-
tivkami (Neri et al. 2018, Neri et al. 2022). Samotna technoldgia batérii je vSak znaénym
nedostatkom pri praci v lese pretoze pracoviska su znacne vzdialené od elektrickej siete
a doposial’ jedinym rieSenim je mat’ k dispozicii viac batérii (Huber et al. 2021).

Akumulatorové prenosné ret'azové pily mozu byt uzitoéné v lesnictve, ale informacie
o ich vykone su zatial’ vzacne (Neri et al. 2022).
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2.4 Objekt vyskumu - Testované prenosné ret’azové pily
2.4.1 Akumulatorova ret’azova pila Husqvarna 536 Li xp

Akumulatorova pila 536 Li xp od firmy Husqvarna je urcena pre profesional-
nych uzivatel'ov. Ma jednoduché ovladanie pomocou tlacidiel a je vhodnou volbou pre
arboristov, stolarov alebo zamestnancov technickych sluzieb. Poskytuje vynikajticu ergo-
némiu a disponuje vysokou obehovou rychlostou a vykonom.

Hmotnost bez rezacej Casti a akumulatora je 2,6 kg. Skompletizovana pila vazi 3,33 kg.
Dizka vodiacej listy je 14“ (35 cm) a jej sudastou je retazové koliesko so siedmimi zubmi.
Pouzivana pilova ret'az ma delenie 3/8”, 52 ¢lankov a hriibku vodiaceho ¢lanku 1,3mm.
Elektromotor je tzv. bezkefovy s automatickym olejovym cerpadlom o vykone 200 ml/
min. a objemom nadrzky 0,2 1. Obehova rychlost’ retaze je 20 m/s. Hladina vibracii pdso-
biacich na prednt rukovét’ je 2,5 m/s? a na zadnu 2,8 m/s?>. Garantovana hladina akustic-
kého vykonu je 106dB(A) a hladina akustického tlaku u ucha obsluhy dosahuje 93 dB(A)
(www.duvalo.sk).

Figure 1. HUSQVARNA 536 Li xp with accessories (www.sydneytools.com.)
Obrazok 1. HUSQVARNA 536 Li xp s prislusenstvom (www.sydneytools.com.)

Akumulator BLi 300

Jednd sa o integrovany akumulator do batériovej techniky Husqvarna s velkou
kapacitou energie. Akumulator bol navrhnuty tak aby jeho zivotnost a produktivita
boli ¢o najoptimalnejSie za akychkol'vek poveternostnych podmienok. Akumulator
disponuje efektivnym spésobom chladenia a intuitivnym 4-LED indikatorom nabitia. Typ
akumulatora je Li-Ion s kapacitou batérie 9,4 Ah, napétim az 36 V a vystupnym vykonom
337,0 Wh. Tento typ batérie poskytuje spol'ahlivli prevadzku a dlha zivotnost’. Jedna plne
nabitd batéria vykona také mnozstvo prace ako jedna nadrz benzinu (www.husqvarna.
com).
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2.4.2 Akumulatorova ret’azova pila Stihl MSA 220 C-BQ

Tento typ akumulatorovej prenosnej ret'azovej pily sa povazuje za $pickovy model
od firmy Stihl. Vysoka obehova rychlost’ ret'aze az 24 m/s zabezpecuje trvale vysoky rez-
ny vykon. Akumulatorova pila je idedlna na vyuzitie pri starostlivosti o dreviny, stavbu
drevenych zariadeni a tazbu v 'ahkych porastoch s mensimi dimenziami. Maximalny vy-
kon pily dosiahneme pri pouziti akumulatora AP 300S.

Hmotnost’ pily dosahuje 3,0kg. Z ergonomického hladiska pila dosahuje hladinu
akustického tlaku 89dB a hladinu akustického vykonu 102dB. Hladina vibracii pdsobia-
cich na l'ava rukovét dosahuje hodnotu 4,8 m/s? a na prava rukovit’ 3,6 m/s* . Pouzivana
pilova retaz ma delenie 3/8”, 52 ¢lankov, hribku vodiaceho ¢lanku 1,3mm a diZku reznej
Casti vodiacej listy 14” (35 cm) (www.stihl.sk).

Figure 2. STIHL MSA 220 c-bq with accessories (www.tradesetter.com)
Obrazok 2. STIHL MSA 220 c-bq s prisluSenstvom (www.tradesetter.com)

Akumulator AP 300S

Jedna sa o najsilnejsi akumulator triedy PRO. Typ akumulatora je Li-ion batéria s ex-
trémnym vykonom uréenym pre maximalnu dobu prevadzky zariadeni od Firmy Stihl.
Akumulator disponuje energiou 281 Wh (7,8 Ah) a napitim 36V. Maximalna doba preva-
dzky zévisi od typu pouzivaného zariadenia. Akumulator je vybaveny LED indikatorom
stavu nabitia a je kombatibilny s nabijac¢kami typu AL (www.ehhobby.sk).

Chrbtovy akumulator AR3000L

Jedna sa o chrbtovil litium-iontovi batériu s obrovskou kapacitou pre maximalny pre-
vadzkovy ¢as stroja od firmy STIHL. Kapacita batérie je indikovana pomocou Siestich
LED diéd. Hmotnost’ samostatnej batérie (bez popruhov a pripojného vodica) je 9,5kg.
Maximalna kapacita je 1483 Wh (41,2 Ah) (www.stihl.sk).
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2.4.3 Ret’azova pila so spal’ovacim motorom Stihl MS 261

VelI'mi l'ahkad, kompaktnd a vykonna profesionalna motorova pila. Rychla, s vy-
sokou priechodnostou do dreva. Nastavite'né olejové cerpadlo a praktické detaily preve-
denia, ako napr. vyfuk z nehrdzavejucej ocele. O 20% nizsia spotreba a az o 50% nizSie
emisie vyfukovych plynov oproti beznym dvojtaktnym motorom. Disponuje vykonom
3,0kW a zdvihovym objemom 50,2 cm?. Hmotnost’ celej pily je 4,9kg a pomer hmotnosti
na jednotku vykonu dosahuje 1,63kg/kW. Co sa tyka ergonémie hladina akustického tla-
ku je 102 dB(A), hladina akustického vykonu 113 dB(A) a hladina vibracii posobiacich
na obe rukovite je 3,5 m/s2. Dizka reznej asti pilovej listy je 37 cm, delenie pilovej reta-
ze 0.325% a objem palivovej nadrze 0,51 (www.stihl.sk).

Figure 3 STIHL MS 261 (www.stihl.sk)
Obrazok 3 STIHL MS 261 (www.stihl.sk)

3. METODIKA
3.1 Zatazové testy prenosnych ret’azovych pil
3.1.1 Priebeh zatazovych testov

Porovnavana bola vykonnost’ u vyssie spominanych typov prenosnych retazo-
vych pil a akumulatorov. Porovnavanie vykonnosti spocivalo v zisteni maximalneho ¢asu
pilenia a plochy prepilenych priecnych prierezov na plne nabity akumulator, v pripade
benzinovej pily na 3 dcl benzinu (maximalny objem nadrze 5dcl). Zat'azové testy prebie-
hali v arealy Technickej univerzity vo Zvolene na tenkej bukovej a jaseiiovej vlakninove;j
hmote. V1ikninova hmota bola dodana v dizkach 4m s priblizne rovnakou relativnou vlh-
kostou.

Ako prvy krok sa jednotlivé kmene rozvalili a rozpilili na vyrezy dlhé 2m. Kazdy vy-
rez bol nasledne pomocou $ablony rozdeleny na klatiky s dizkou priblizne 33cm. Pilenie
vyrezov na klatiky s prislusnou dizkou prebiehalo vo vzduchu, na zeleznom podstavci, pre
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eliminovanie otupenia retaze v ¢o najvacsej moznej miere. Avsak po vybiti akumulatora,
minuti 3 dcl benzinu, bola hobl'ovacia ret'az aj strojovo nabrusena aby namerané hodnoty
neboli ovplyvnené jej pripadnym zatupenim pri predchadzajucich meraniach.

Pre moznost’ porovnania alternativy na zvySenie kapacity elektrickej energie potrebne;j
na pohananie akumulatorovych pil, bolo vykonané jedno aj vybitie chrbtového akumula-
tora pocas troch testovacich dni.

3.1.2 Casové snimkovanie

Pre moznosti hodnotenia ¢asovej vydrze bol cely proces pilenia zaznamenany
pomocou dvoch kamier. Jedna kamera bola umiestnena na pevnom stative na okraji pra-
covnej plochy a druhd na prilbe piliara.

Po vykonani praktickej casti boli videa z oboch kamier stiahnuté do pocitaca a pre
kazdy rez prislusnej akumulatorovej pily bol zmerany ¢as v sekundach pomocou stopiek.
Nascéitanim vSetkych ¢asov pilenia od zaciatku pouzivania akumulatora az po jeho vybitie
sme dostali realny tdaj o ¢asovej vydrzi akumulatora.

3.1.3 Vypocet pléch priecnych prierezov

., Priecny prierez v urcitej dlzke na kmeni je uzavretd mnozina bodov hviezdi-
cového tvaru, ktorych hranicu predstavuje uzavreta hladka krivka . Hviezdicovity tvar
znamenda, ze krivka T prebieha vzhladom k bodu A (A (E Q) striedavo konvexne i konkav-
ne* (Smelko., 2007).

,, Hrubka priecneho prierezu d je dendrometricky definovana ako kolma vzdialenost
medzi dvomi dotycnicami vedenymi rovnobezne v protilahlych bodoch obvodu prierezu
(Smelko., 2007). Na kazdom jednom vyreze pilenej vlakninovej hmoty bola pomocou me-
tra zmerana hribka v centimetroch na tenSom (Cap) a na hrubSom konci (¢elo). Jednotlivé
vyrezy boli pilené na priblizne 33cm dlhé klatiky.

Konkrétne hrabky priecnych prierezov prepilenych jednotlivymi variantami retazovej
pily boli nasledne vypo¢itané pomocou vzorca na zéklade hribky &ela, Eapu a dizky vyre-
zu v respektive poctu klatikov, ktoré sa vypilili z daného vyrezu podl'a vzorca:

4, —d
d=<( — 2)*p.é.>+d2 (em) (1)

d- hrubka priecneho prierezu (cm)

d - hribka Cela (cm)

d,- hribka Capu (cm)

p.c.- poradové Cislo priecneho prierezu
ks- pocet kusov klatikov
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Plocha prie¢neho prierezu vznikne rozrezanim kmena v smere kolmom na vegetacnt
os stromu a vac¢sinou ma nepravidelny tvar, spravidla rozdielny od kruhu. Pre praktické
G&ely sa skutoéna plocha prieneho prierezu Q nahradza kruhovou zékladiiou g (Smelko.,
2007). Vypocet pre kruhova zakladiiu g je nasledovny:

g=7¢ () @)

Z vyratanych hrabok prie¢nych prierezov boli d’alej vypocitané kruhové zakladne
(plochy prie¢nych prierezov) v mieste jednotlivych rezov. S¢itanim hodnét kruhovych
zékladni za cely vyrez sme dostali plochu pilenia za vyrez a s¢itanim ploch za jednotlivé
vyrezy nasledne celkova sumu ploch priecnych prierezov pilenych na jeden plne nabity
akumulator alebo 3 dcl benzinu danej retazove;j pily.

3.1.4 Porovnanie vykonnosti

Vzhl'adom na to, Zze akumulatory pouzivanych pil maja rozdielnu kapacitu (Sti-
hl 7,8 Ah, Husqvarna 9,4 Ah), boli pre objektivizaciu vysledkov sledované hodnoty prepo-
¢itané na 1 Ah. Tento prepocet nam zabezpecil relevantné porovnanie vykonnosti danych
typov akumulatorovych pil bez ohl'adu na kapacitu akumulatora.

Pri porovnavani vykonnosti akumulatorovych pil a benzinovej pily boli namerané
hodnoty povazované za rovnocenné a graficky porovnané pretoze sucasny vyrobcovia
akumulatorovych pil sl'ubuju vykonnost' na jeden akumulédtor zrovnateI'nu s nadrzou
benzinu a testované pily oznacuju ako profesionalne. V porovnani s benzinovou pilou
nam udaje o vykonnosti chrbtového akumulatora sluzili iba ako doplnkova informécia.
Pri prepoctoch na 1 Ah boli hodnoty chrbtového akumulatora porovnané ako rovnocenné
s ostatnymi akumulatormi.

3.2 Testovanie akumulatorovych pil pri zbere biomasy z klonového archivu

Porovnavané boli dva v sucasnosti najcastejSie pouzivané typy akumulatoro-
vych pil povazované za moznt alternativu k benzinovym pilam v mladych lesnych po-
rastoch (Stihl MSA 220 c-bq s akumulatorom AP 300S a Husqvarna 536 Li xp s aku-
mulatorom BLi 300). Vykonnost’ akumulatorovych pil bola testovana pri zbere biomasy
z klonového archivu rychlorastucich topol'ov, ktory patri Technickej univerzite vo Zvole-
ne. Do prac na klonovom archive boli zapojeny aj $tudenti predmetu Tazbovo dopravné
technologie 2 v ramei praktickej ¢asti hlavnych cviceni. Vykonnost’ kazdej akumulatoro-
vej pily bola hodnotena prostrednictvom maximalneho ¢asu pilenia a prepilenej plochy
priecnych prierezov na plne nabity akumulator prislusnej znacky.
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3.2.1 Klonovy archiv Budéa

»Klonovy archiv na lokalite Budca bol zalozeny v aprili 2018. Pre klonovy
archiv bolo zabezpecenych 19 schvalenych hybridnych topol'ovych klonov pre zaklada-
nie porastov rychlorasticich drevin. Jedna sa o klony Sekcie Aigeiros (topol” Cierny) kde
patria napr. klony Blanc du Poitou, I-476, Dolomiten, Gelrica, Spreewald a d’al$ie. Sekcia
Tacamahaca (balzamové topole) je v klonovom archive zastupend klonmi Oxford, And-
roscoggin, NE-42 a klonom Fritzi Pauley. Taktiez st zastipené tzv. japonské klony MAX
1 a7 MAX 5. Klonovy archiv dopliia aj 8 klonov rychlorasticich vib pre produkciu ener-
getickych Stiepok. Medzi ne radime klony S715, S218, S337, ale tiez takzvané ,,Svédske*
odrody viby Orm, Ulv a Rapp. ktoré sme ziskali z Regionalneho vyskumného pracoviska
Vyskumného tstavu lik a pasienkov v Krivej na Orave.” (Lieskovsky 2019)

3.2.2 Priebeh testovania

Studenti boli rozdeleny na dve skupiny, kazda skupina dostala jednu
z testovanych akumulatorovych pil s jednym plne nabitym akumulatorom. Z kazdej
skupiny $tudentov sa vybral jeden, ktory po cely ¢as obsluhoval retazovi pilu aby sme
znizili ovplyvnenie vysledkov zmenami v obsluhe a spdsobe stinky. Tazil sa vzdy jeden
suvisly rad daného klonu. Po spileni jedného radu sa pomocou digitalneho posuvného
meradla zmerala hrabka d , teda hrubka v mieste vykonania rezu. Okrem hrubky d, sa pre
potreby ostatnych zaverecnych prac merala aj hribka d, ., vaha a dlzka spilenych jedincov.
Vsetky tdaje boli zapisované do terénneho zapisnika.

Cely proces tazby bol zaznamenany pomocou kamery. Pri vybiti akumulatora sa za-
znamenalo mnozstvo spilenych jedincov na dany akumulator, zalozil sa novy akumulator
a pokracovalo sa v tazbe.

Po vypileni celého klonového archivu sa tidaje z terénnych zapisnikov prepisali do po-
¢itaca a d’alej boli spracovavané a vyhodnocované v programe Excel. Z kamerového za-
znamu sme pomocou stopiek od¢itali jednotlivé ¢asy rezov pre dany typ pily a ich s¢i-
tanim sme dostali hodnotu ¢asovej vydrze. Namerané hrubky prie¢nych prierezov boli
preratané na kruhova zakladnu (plochu) prie¢neho prierezu pomocou rovnakého vzorca
ako je uvedené v metodike zat'azovych testov.

Hodnoty ¢asovej vydrze a plochy prie¢nych prierezov na plne nabity akumulator danej
pily boli medzi sebou nasledne porovnané. Vzhl'adom na uz vysSie spominané rozdiely
v kapacite testovanych akumulatorov bol pre objektivizaciu vysledkov nameranych hod-
not vykonany aj prepocet na 1 Ah kapacity akumulatora.

1,3°

68



4. VYSLEDKY

Ako uz bolo spominané vyssie, cielom tejto prace bolo porovnanie vykonnosti
dvoch akumulatorovych prenosnych retazovych pil a jedne;j pily so spalovacim motorom.
Porovnavana bola plocha priecnych prierezov (kruhova zakladna) a maximalny cas pile-
nia, vzdy na plne nabity akumulator danej pily, v pripade benzinovej pily na 3 dcl benzinu
z maximalnej kapacity nadrze 5 dcl, so strojovo nabrisenou hobl'ovacou ret'azou.

4.1 Zat’azové testy prenosnych ret’azovych pil

Vykonané boli po 3 zatazové testy s kazdym typom pily a jedno vybitie chrbtovej ba-
térie Stihl AR 3000L pocas 3 testovacich dni. Hodnoty namerané pri zat'azovych testoch
su zobrazené na obrazkoch 5 a 6.

Tabulka 1 Datumy vykonanych zatazovych testov
Table 1 Dates of performed stress tests

Typ pily Akumulator Pocet Datum
merani
Akumulatorova pila Stihl MSA 220 c-bq AP 3008 (7,8Ah) 3 2.8/2.8/4.8.2022
Akumulatorova pila Stihl MSA 220 c-bq AR 3000L (41,2 Ah) 1 4.5/5.5/12.5.2022
Akumulatorova pila Husqvarna 536Li xp BLi 300 (9,4 Ah) 3 12.5/3.8/4.8.2022
Benzinova pila Stihl MS 261 3 4.5/5.5/12.5.2022

Vzhl'adom na to, Ze chrbtova batéria ma niekol’konasobne vyssiu kapacitu ako ostat-
né testované akumulatory tak aj hodnoty zobrazené na obrazkoch 5 a 6 st ovela vyssie

a maju pri tomto porovnani pre nas iba informacny charakter.

*ho prierezu {(cm¥)

¥
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Figure 4 Cross-sectional area sawn for one accumulator / tank (3dcl petrol)
Obrazok 4 Plocha prie¢neho prierezu prepilend na jeden akumulator / nadrz (3dcl benzinu)
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Na obrazku 4 mdézeme vidiet, ze akumulatorova pila Husqvarna dokaze na jeden plne
nabity akumulator prepilit’ vyrazne vac¢siu plochu ako akumulatorova pila Stihl s akumu-
latorom AP 300S. Avsak aj pri naplneni nadrze benzinovej pily iba tromi z maximalnych
piatich decilitrov, benzinova pila dokaze prepilit viac ako dvojnasobne vécsiu plochu
v porovnani s akumulatorom Stihl AP 300S a v priemere o 30% v&csiu plochu ako aku-
mulator Husqvarna BLi 300.

ze (sok. )

Cas pily v re

o I I I I I I
Sl > » >" >" > > o o aal

. > > > > o <
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Figure 5 Saw time in a cut per battery / tank (3 dcl of gasoline)
Obrazok 5 Cas pily v reze na jeden akumulétor / nadrz (3dcl benzinu)

Co sa tyka ¢asovej vydrze testovanych typov pil, akumulatorové pila Husqvarna opit
prevysuje akumulatorovu pilu Stihl a dokonca aj v porovnani s benzinovou pilou dosahuje
vyssie hodnoty ¢asovej vydrze.

Pre korektné porovnanie vykonnosti testovanych akumulatorov, bez ohl'adu na ben-
zinovu pilu, boli namerané prepocitané na 1Ah kapacity akumulatora. Tento prepocet
nam zabezpecil relevantné porovnanie vykonnosti danych typov akumulatorovych pil bez
ohl'adu na kapacitu akumulatora. Vysledky po prepocte na jednu ampérhodinu kapacity
akumulatora su zobrazené na obrazkoch 6 a 7.

Z obrazku 6 je zrejmé, ze akumulatorova pila Husqvarna s akumulatorom BLi 300
vyrazne prevysSuje hodnoty prepilenej plochy v prepocte na jednu ampérhodinu kapacity
akumulatora oproti ostatnym testovanym akumulatorom a teda jej vykon je najvyssi. Oba
akumulatory znacky Stihl dosahuju ve'mi podobné hodnoty.

Obrazok 7 potvrdzuje dominovanie akumuldtorovej pily Husqvarna aj pri prepocte
¢asu pily v reze na jednu ampérhodinu. Len v jednom pripade (12.5) bol ¢as pilenia Husg-
varny vel'mi podobny s chrbtovym akumulatorom Stihl. Pri ostatnych meraniach znacne
dominuje Husqvarna.
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Figure 6 Sawn cross-sectional area converted to 1 Ah
Obrazok 6 Prepilena plocha priecneho prierezu v prepocte na 1 Ah
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Figure 7 The time of the saw in the cut converted to 1 Ah
Obriazok 7 Cas pily v reze v prepoéte na 1 Ah

Pri vykonavani zatazovych testov na vlakninovej hmote sme prisli aj k zisteniam, ze
obe akumulatorové pily sa pri atmosférickej teplote uz okolo 15-20°C prehrievaju. Pila pri
prehriati prestane fungovat’ a je nutné nechat’ ju vychladit’ na uréitu, zatial’ nezistent tep-
lotu. Doba chladenia sa 1i8i u kazdej testovanej pily. Uz po prvom prehriati pila nedokaze
pilit’ taka dlht dobu ako pred prehriatim a pokracovanim v pileni sa mozny ¢as pilenia
skracuje, pokial’ sa nenecha uplne vychladntt'. Tato skutocnost’ negativne ovplyviluje po-
uzivanie akumulatorovych pil v teplejSom obdobi a pri vykonovo naro¢nych operaciach.
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4.2 Testovanie akumulatorovych pil pri zbere biomasy z klonového archivu

Zber biomasy z klonového archivu prebiehal dia 17.10.2022. Atmosférické pod-
mienky boli priaznivé, bolo slne¢no a teplota sa pohybovala v rozmedzi 12-14°C. Cely
priebeh tazby bol zaznamenavany pomocou kamery a vSetky potrebné parametre boli
zmerané a zaznamenané do terénnych zapisnikov pre moznosti d’alSicho spracovania.

Na ploche klonového archivu sa pestuju rézne odrody rychlorasticich topol'ov, ktoré
bolo pre dodrzanie doby rotacie potrebné vytazit. Hodnoteny bol maximalny cas pily
v reze (sek.) a prepilend plocha prie¢nych prierezov (cm2) na jeden plne nabity akumula-
tor danej retazovej pily. Hodnoty zistené pri tazbe klonového archivu zobrazuje tabul'ka
2.

Tabul’ka 2 Hodnoty namerané pri pileni klonového archivu na jeden plne nabity akumulator
Table 2 Values measured when sawing a clone archive on one fully charged battery

Typ pily/akumulator Cas pilenia (sek.) Prepilena plocha (cm?)
Stihl MSA 220 c-bq / AP 300S 269,02 9769,16
Husqvarna 536Li xp / BLi 300 6427 8416,95

Z tabulky je zrejmé, ze pila znacky husqvarna ma vyrazne vysSiu vydrz batérie
v porovnani s pilou znacky Stihl (rozdiel 373,68 sek.). AvSak o sa tyka prepilenej plochy
prieéneho prierezu rozdiel medzi testovanymi pilami nie je az tak vyrazny (1352,21cm?)
a naopak vyssie hodnoty dosahuje pila znacky Stihl.

Vzhl'adom na rozdiel v kapacite akumulatorov pouzivanych pil boli sledované hodno-
ty prepocitané na 1 Ah kapacity akumulatora. Porovnanie zistenych hodnét po prepocte je
zobrazené na obrazkoch 8 a 9.

1252,46

0
]
=

Plocha priedneho prierezu (cm-)

Figure 8 Sawn cross-sectional area converted to 1 Ah
Obrazok 8 Prepilena plocha prie¢neho prierezu v prepocte na 1 Ah
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Figure 9 The time of the saw in the cut converted to 1 Ah
Obrazok 9 Cas pily v reze v prepoéte na 1 Ah

Z prilozenych grafov m6zeme vycitat’, ze pila znacky Husqvarna dokaze na 1 Ah ka-
pacity akumulétora pilit’ 0 98% dlhsie ako pila znagky Stihl. Co sa tyka prepilenej plochy
tak naopak dominuje pila znacky Stihl ale rozdiel je mensi ako v pripade ¢asovej vydrze
a to priblizne 40% prepilenej plochy.

5.ZAVER

Cielom prace bolo zhodnotenie a porovnanie vykonnosti dvoch akumulato-
rovych prenosnych retazovych pil Husqvarna 536 Li xp a Stihl MSA 220 c-bq a jednej
pily so spalovacim motorom Stihl MS 261. Hodnoteny bol maximalny cas pilenia (sek.)
a plocha prepilenych prieénych prierezov (cm?) na plne nabity akumulator danej aku-
mulatorovej pily, v pripade pily so spal’ovacim motorom na 3 dcl benzinu z maximalnej
kapacity nadrze 5 dcl. Pre moznost’ porovnania alternativy na zvySenie kapacity energie
potrebnej na pohananie akumulatorovych pil, bolo vykonané aj jedno vybitie chrbtového
akumulatora pocas troch testovacich dni.

Vysledky zatazovych testov nam priniesli zistenia o stalej dominancii pily so spal’o-
vacim motorom v prepilenej ploche prie¢nych prierezov a to dokonca za mensi ¢as ako
testované akumulatorové varianty retazovych pil. Akumulatorova pila Husqvarna s aku-
muldtorom BLi 300 sa vSak svojou vykonnostou najviac priblizila vykonnosti tradi¢ne;j
benzinovej pily.

Co sa tyka porovnania akumulatorovych pil tak pila znacky Husqvarna pri zatazovych
testoch na bukovej a jasenovej vlakninovej hmote dosiahla znac¢ne lepsie hodnoty v oboch
sledovanych parametroch. Pri zbere biomasy z klonového archivu rychlorasttcich to-
pol'ov Husqvarna opét’ dominovala v maximalnom case pilenia na plne nabity akumulator

73



ale v ploche prepilenych priecnych prierezov naopak dosiahla vyssie hodnoty akumulato-
rova pila Stihl, ¢o sa potvrdilo aj po prepo¢te na jednu ampérhodinu kapacity akumulatora.

Vel'mi cenné je aj zistenie o prehrievani akumulatorovych pil pocas zat'azovych testov
a to dokonca uz pri teplotach pohybujucich sa okolo 15-20°C. V testovani retazovych pil
sa bude pokracovat’ vykonavanim d’alsich testov za rovnakych podmienok ale aj vykona-
nim testov vo vychovnej tazbe.

Testovanie prenosnych retazovych pil, najma ich akumulatorovych variant ndm pri-
nasa potrebné zistenia, na zaklade ktorych mézeme zhodnotit’ aj ich vyuzitie v lesnickom
sektore a to najméd v menej vykonovo naroénych cinnostiach ako st napriklad vychova
lesnych porastov, odvetvovanie alebo vyroba palivového dreva. Zistené vysledky mozu
sluzit aj ako podklad pre d’al$i vyvoj a zdokonal'ovanie akumulatorovych pil s ohl'adom
na dosiahnutie Standardov potrebnych na ich vyuZzivanie v lesnickom sektore.

6. CONCLUSIONS

Evaluation of stress tests of accumulator portable chainsaws.

The aim of the work was to evaluate and compare the performance of two accumula-
tor portable chainsaws Husqvarna 536 Li xp and Stihl MSA 220 c-bq and one chainsaw
with a combustion engine Stihl MS 261. The maximum sawing time (sec.) and the area of
sawed cross-sections (cm?) for a fully charged battery of a given accumulator saw, in the
case of a saw with an internal combustion engine, for 3 dcl of gasoline from a maximum
tank capacity of 5 dcl. For the possibility of comparison the alternative to increase the
capacity of energy needed to drive the battery saws,one discharge of the back battery was
also carried out during 3 test days.

The results of the stress tests brought us findings about the constant dominance of the
saw with the combustion engine in the sawed area of the cross-sections, even in less time
than the tested accumulator variants of the chain saws. However, the performance of the
Husqvarna battery saw with the BLi 300 battery came closest to the performance of a tra-
ditional gasoline saw.

As for the comparison of accumulator saws, the Husqvarna brand saw achieved sig-
nificantly better values in both monitored parameters during stress tests on beech and
ash fiber wood. When collecting biomass from the clone archive of fast-growing poplars,
Husqvarna dominated again in the maximum sawing time for a fully charged battery,
but the Stihl battery saw, on the other hand, achieved higher values in the area of sawed
cross-sections, which was also confirmed after converting to one ampere-hour of battery
capacity.

It is also very valuable to find out about the overheating of accumulator saws during
stress tests, even at temperatures around 15-20°C. The testing of individual chainsaws will
be continued by conducting other tests under the same conditions, but also by conducting
tests in thinning.
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Testing portable chainsaws, especially their accumulator variants, brings us the nece-
ssary findings, on the basis of which we can also evaluate their use in the forestry sector,
especially in less power-intensive activities such as growing forest stands, branching or
production of firewood. The obtained results can also serve as a basis for further deve-
lopment and improvement of accumulator saws with regard to achieving the standards
necessary for their use in the forestry sector.
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ABSTRACT

The purpose of this work is to test two battery-powered portable chainsaws and show how compat-
ible they are for professional use in thinnings. A comparison between two battery-powered chain-
saws from the two leading chainsaw manufacturers will be made. The models which are tested and
compared in this work are Husqvarna 536Li XP and Stihl MSA 220 C-BQ which are property of the
Forestry, logistics and recultivation department at Technical University in Zvolen. The stated chain-
saws are similar in size and power characteristics, the only significant difference is in their battery
capacities. The Husqvarna chainsaw uses BLi 300 battery with a capacity of 9.4 Ah and Stihl chain-
saw uses AP 300 S battery with a capacity of 7.8 Ah. They are compared by the maximum sawing
time for one fully-charged battery and due to the difference in the battery capacities they are also
compared by the maximum sawing time per ampere hour. The measurements are done in beech and
spruce forest stands property of the Technical university in Zvolen. During the measurements the
chainsaws are tested under similar conditions in terms of tree size, temperature, humidity, altitude,
tree felling method and branching method.

Keywords: Battery-powered chainsaw, Test, Comparison

INTRODUCTION

Forestry has been an important industry since the early ages. There has al-
ways been a demand for wood and forest products. Since the processes in logging are
tough, dangerous and time-consuming and demands of wood were growing, people be-
gan working on machines and tools which can increase the work efficiency and decrease
health risks. One of the most beneficial inventions in the history of forestry is the internal
combustion engine portable chainsaw. These chainsaws were the improvement which in-
creased the work efficiency, but health risks are still there. In our days petrol chainsaws are
still used, although they went through a lot of changes and improvements their principle
is still similar. They produce power by burning fossil fuels, a process which produces ex-
haust fumes that are dangerous for both the nature and the operator. Also, petrol chainsaws
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produce large amounts of noise and vibrations, and continuous exposure to them might
lead to injuries and illnesses. As pollution and health awareness became more popular in
the modern world the main goal for manufacturers now is to decrease the production of
exhaust fumes, vibrations, noise and dangers for the operators to the bare minimum. Since
the invention of the Li-ion battery people started installing it in various devices such as
smartphones, watches, toothbrushes and even tools. Battery-powered tools went through
lots of improvements and as time passes, they become more popular. Since the increase in
popularity of battery-powered tools chainsaw manufacturers started working on battery-
powered chainsaws. With this move they dealt with most of the problems of petrol chain-
saws such as exhaust fumes, vibrations and noise. However, work efficiency is still an
issue which demands more improvements. Battery-powered chainsaws use small electric
brushless motors which are powered by Li-ion batteries. These batterie can be charged
with special charging stations connected to the regular 220 V electrical network. With the
improvement of battery-powered chainsaws a new rivalry is born between them and their
predecessors, the petrol-powered chainsaws.

1. Purpose of the work

The purpose of this work is to compare Stihl MSA 220 C-BQ and Husqvarna
536Li XP which are two of the brands most powerful battery-powered chainsaws, by their
maximum sawing time with one fully-charged battery and test their compatibly for the
work processes in forestry.

2. Analysis of the problem
2.1 Chainsaws

At the beginning of their development, chainsaws were intended for two opera-
tors and this changed the previously established way of working. Now two workers were
needed for the demolition of the collapsed log cabin. This was extremely dangerous on
steep terrain, where there is a great possibility of rolling away due to gravity. One of the
two workers was supposed to be on the lower side of the trunk and hold the auxiliary han-
dle (which was located at the end of the guide) during the cutting. (Orlovi¢ and Porsinsky,
2012)

The first one-man chainsaw was produced in 1950 and it was still quite heavy. In 1959
they weighed about 12 Kg (today chainsaws weigh around 4-5kg, heavy duty chainsaws
between 7 and 9kg) and soon people were raving: ,,the one-man chainsaws are taking
over the forests and timber yards, will the singing of the saw be replaced by the rattling of
chainsaws?*. At the end of the 50’s there was a shortage of lumberjacks and the hope was
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that the chainsaw would make forestry work more attractive for young people. As with
the change over from the axe to the saw, the introduction of the chainsaw also had its op-
ponents some of whom only wanted to impose restrictions. (Thony, 2007)

Since then chainsaws went through improvements that made them more powerful,
more fuel-efficient, lighter and safer. In our days there are two leading chainsaw manufac-
turers — Husqvarna and Stihl. They are the main benefactors for the development of the
modern chainsaws as they developed some of the most important parts such as the uni-
versal cutting chain using chipper style teeth, the anti-vibration system, automatic brake
system and many more which helped improve work efficiency and safety.

2.2 Electric chainsaws

The first electric chainsaw was invented by Stihl in 1926. Due to World War
II the researches and improvements on electric chainsaws were interrupted which forced
corded chainsaws to become available for sale to the public from the 1960s onwards, but
these were never as successful commercially as the older gas-powered type due to limited
range, dependency upon the presence of an electrical socket, plus the health and safety risk
of the blade’s proximity to the cable. (“Chainsaw”, 2023)

In our days almost 100 years after the invention of the first electric chainsaw there
are some huge improvements. Corded chainsaws are now something common for profes-
sional and non-professional use. Compared to the first corded chainsaws modern ones are
lighter, more productive, more reliable and power efficient. As having a power cord limits
the usage of electric chainsaw for gardens, wood processing factories and households,
there has to be some work put to solve that problem.

The invention of battery-powered chainsaws solves that problems and they can be used
far from any electricity sources.

2.3 Battery-powered chainsaws

For most of the early 21st century petrol driven chainsaws remained the most
common type, but they faced competition from cordless lithium battery powered chain-
saws from the late 2010s onwards. In recent years, environmental protection and the re-
duction in CO2 emissions policies have been particularly prominent. As a consequence,
the use of battery-powered electric tools, including chainsaws, has become increasingly
widespread, especially in gardening. However, electric chainsaws have limited battery
capacity and, therefore, are not used daily in forestry. (Tomczak and Naskrent, 2022)
Although most cordless chainsaws are small and suitable only for hedge trimming and
tree surgery, Husqvarna and Stihl began manufacturing full size chainsaws for cutting logs
during the early 2020s. (“Chainsaw”, 2023)
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In the last few years, the biggest brands producing chainsaws have improved the per-
formance of their top models of battery-powered chainsaws, providing at the same timeless
harmful working conditions for their operators and good cutting and duration performance
of the tools. Nowadays, thanks to improvements in electrical-instrument technologies,
the declared power values of battery-operated chainsaws are comparable with their light-
weight petrol counterparts. Moreover, the performance of modern lithium (Li)-ion batter-
ies has been improved, in terms of battery life, with manufacturers declaring more than 40
min of actual cutting time. In addition, Li-ion batteries can be recycled with an efficiency
of 97% w/w, thus allowing recovery of most of the valuable active materials in the battery.
Other advantages to battery-powered chainsaws include less maintenance, no air pollu-
tion in comparison with traditional chainsaws (with internal combustion engines) and no
cables (in comparison with other electric chainsaws). Due to these improvements, electric
tools should be more commonly used in all non-professional and professional applica-
tions, especially where high environmental targets are required in the workplace (e.g., in
national or regional parks and natural reserves). (Francesco Neri and others, 2023)

2.4 Characteristics of battery-powered chainsaws

As battery-powered chainsaws do not have internal combustion engines they
are driven by electronically controlled brushless motors which are simpler, because they
do not have air filters and spark plugs to maintain. Cutting mechanisms do not have any
major differences between petrol and battery-powered chainsaws.

The battery-powered chainsaws which are chosen for this work are Husqvarna 536Li
XP and Stihl MSA 220 C-BQ which are property of the Forestry, logistics and recultiva-
tion department at Technical University in Zvolen.

2.5 Battery-powered chainsaw Stihl MSA 220 C-BQ

LWHL'.—;--_ﬁ ol

2

Figure Ne6: Stihl MSA 220 C-BQ
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The MSA 220 C-B is the second most powerful STIHL cordless chainsaw to date. Sit-
ting above the MSA 200 C-B, this saw uses the brand-new AP 300 S to provide the highest
cutting performance of a cordless saw and allows the machine to be used for professional
work alongside other professional cordless tools in the STIHL AP-System range.

The STIHL EC motor works extremely efficiently. Teamed with the new AP 300 S bat-
tery from the PRO cordless power system, this device achieves extraordinary performance.

(StihlUSA,2023)

Further information about the model is shown in Table Nel.

2.6 Battery-powered chainsaw Husqvarna S36Li XP

'i {H/Husquarna

Figure Ne8: Husqvarna 536Li XP

The Husqvarna 536Li XP is perfect for carpenters, contractors, and tree care workers.
Features excellent ergonomics and high chain speed. In terms of battery, the battery pack
is designed for demanding, long-lasting use for products in Husqvarna’s Battery Series
line-up. This allows you to quickly switch the same battery between different product
applications and keep working. The battery pack provides equally high power, reliable
operation, and a long lifetime as gas-powered chainsaws — without any direct emissions.
Husqvarna’s in-house developed, advanced brushless motor is 25% more efficient than
a standard brush motor. This means that the motor provides high and consistent torque.
(The Merovingian, 2020)

Further information about the model is shown in Table Nel.

2.7 Comparison of the technical characteristics

In general, the technical characteristics of the two chainsaws are pretty similar
but there are some differences which might affect the performance of both models.
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Table Nel: Comparison of the technical characteristics

Parameters Stihl MSA 220 C-BQ Husqvarna 536Li XP
Weight without battery 3.0kg 2.6kg
Weight with battery 3.6kg 33 kg
Rated voltage 36V 36V
Motor type Brushless Brushless
Cutting length 35cm 35cm
Vibration level L/R 4.8/3.6 m/s’ 2.5/2.8 m/s?
Battery system Li-ion AP system Li-ion
Battery life Up to 35 min -
Sound pressure level 89 dB 93 dB
Sound power level 100 dB 106 dB
Chain speed Up to 24 m/s Up to 20 m/s
Chain pitch 3/8 3/8 <
Chain oil capacity 210 ml 200 ml
Chain type Picco Micro 3 -

As shown in the table all the parameters of the two chainsaws are similar except the
vibration levels, chain speed and battery capacity. The MSA 220 CB-Q has higher chain
speed and higher vibrations, two parameters which are connected to each other. At the
same time the 536Li XP has lower chain speed and lower vibration levels, but its battery
capacity is around 20 % higher than the battery capacity of its rival, the MSA 220 CB-Q.
From this comparison it becomes clear that the MSA 220 CB-Q is going to feel more
powerful at the expense of lower battery capacity.

2.8 Information about the forest stand

The tests of the chainsaws take place in the forest division Ne520, property of
the Technical university in Zvolen. It is located around 16km from the university and its
altitude is from 650-700 meters. The average incline is around 10%. This forest division
contains mainly beech and spruce stands. The beech stands take around 65% of the area
while the spruce stands take around 30%. In terms of the dimensions of the trees from
these two species, the beech trees have average height of 17 meters, average thickness
of 17cm and average volume of the single tree 0.17 m®. The spruce trees have average
height of 20 meters, average thickness of 20 cm and average volume of the single tree 0.29
m?. According to the plan the amount of wood planned for harvesting is 185 m* when the
harvesting volumes of the beech and spruce stands are summed up. The marking of the
harvesting is made by using pink colour.
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3. Methodology

For the comparison of the two chainsaws series of measurements should be
made. The productivity will be measured by the maximum sawing time with fully charged
battery. The measurements should be made in various conditions for better results, but
during each measurement the conditions for both chainsaws should be similar.

The preparations before the measurements are almost as important as the measure-
ments. They are done at the university workshop. The day before the field work both
chainsaws are cleaned with compressed air. The chains are sharpened and as both chain-
saws use the same chain type, they are sharpened the same way (manually with rounded
file). All the batteries are checked and recharged if needed. Both chainsaws are filled with
the same chain oil. After the preparation of the chainsaws all the necessary materials such
as tools, axes, safety gear and fuel are prepared. On the day of the measurements both the
materials and the chainsaws are loaded into the car and delivered to the work site. After
arriving at the forest stand all the safety gear is put on and the measurements begin.

The whole work process is filmed so the sawing time of the chainsaws can be mea-
sured more precise and there are two cameras prepared (one for each chainsaw). Before
the start of the measurements the trees, which were chosen for felling are found. They
are marked with pink paint both on breast height and at the trunk. Bright colors are used
in all forest markings for easier recognition of the trees which are chosen for harvesting.
The choice of the particular color for each forest stand depends on the forester and must
be stated in the documents. Special sprays are used so the marking lasts longer than one
year no matter the weather conditions. While felling the marked trees proper methodology
of felling should be followed for better productivity. For better safety when felling all the
trees are felled in their natural falling direction. Before cutting down each tree it has to
be measured. The thickness on breast height is measured and the result is written down in
a table. After that the felling process begins. After the tree falls to the ground the size of
the trunk is measured and the result is also written down in the table. Each trunk is marked
with either S or H (S for Stihl and H for Husqvarna) showing with which chainsaw it is
cut. Both measurements are made twice on the tree on 90 degrees angle for better accuracy
and the average result is written in the table. After felling each tree, the operator of the
chainsaw begins branching. When done the next tree marked for felling is found and the
process is repeated. As the whole work process is recorded before the start both cameras
are enabled and the recordings are started. In the beginning of each recording the operator
has to say the chainsaw brand and the battery number in front of the camera, for easier
recognition afterwards. All the cuts must be caught on the recording. When the first battery
is fully discharged the recording is ended. The battery is changed with new charged one.
After changing the battery new recording is started. When the second battery is discharged
the second recording is also ended and the measurement comes to an end.
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After the end of the practical part all the recordings are uploaded to a PC and the
cutting time of each cut will be measured with a chronometer. At the end all the cutting
times will be summed and the result is the full cutting time until the batteries are fully dis-
charged. This result is an indication about the actual cutting time of each chainsaw. Since
the capacities of the batteries are different (9.4 Ah and 7.8 Ah) the results are converted
in one Ah capacity. Like so the results are more accurate and the chainsaws durability can
be actually compared.

3.1 Performance comparison

As known the batteries of the used chainsaws have different capacities (Stihl
7.8 Ah, Husqvarna 9.4 Ah), the maximum sawing time converted to one ampere-hour (Ah)
of battery capacity were compared to objectify the results. This conversion will provide
us with a relevant comparison of the performance of the given types of cordless saws,
regardless of the battery capacity.

4. Results

As mentioned above, the aim of this work was to compare the performance
of two battery portable chainsaws in stress tests performed by sawing beech and spruce
wood. The maximum sawing time is compared, always for fully charged battery of the
given chainsaw with a sharpened before each test chain.

4.1 Maximum sawing time

The whole sawing process was recorded on two cameras. One of the cameras
was mounted on the helmet of the operator of the Stihl MSA 220 CB-Q chainsaw and gi-
ves a closer look to each cut. This provides detailed view to the work process. The second
camera was mounted on a tripod and was aimed at the operator of the Husqvarna 536Li
XP chainsaw during the whole process. From the recordings the sawing times were eva-
luated using stopwatch two separate times. The sawing times for all individual cuts made
by a battery-powered chainsaw were then summed up and the resulting value represented
the maximum sawing time. The maximum sawing time was measured during eight days of
testing — four days of sawing beech wood and four days of sawing spruce wood.
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Table 2: Maximum sawing time in broadleaved stand - Fagus sylvatica L. (sec)

. Husqvarna 536Li XP Stihl MSA 220 CB-Q
Battery 1 | Battery 2 | Average | Battery 1 | Battery2 | Average
9.3.2023 814,05 702,70 758,38 356,51 437,64 397,08
16.3.2023 840,54 833,89 837,22 462,70 510,32 486,51
21.3.2023 890,98 768,59 829,79 505,74 504,79 505,27
22.3.2023 716,20 788,02 752,11 484,00 493,91 488,96
Average for battery number 815,44 773,30 - 452,24 486,67 -
Average for chainsaw 794,37 469,45

The MSA 220 CB-Q has lower maximum sawing time while working in the broad-
leaved stand. This can be explained by the smaller battery capacity and the electric motor
which generates higher chain speed than the 536Li XP.

Diagram Nel

Comparison between the average maximum sawing time of both
batteries in broadleaved stand - Fagus sylvatica L.

1000 815,44 7733

452,24 486,67
- / '
0

Stihl Battery ~Stihl Battery =~ Husqvarna ~ Husqvarna
1 2 Battery 1 Battery 2

Maximum sawing
time (sec)

After a comparison between the average maximum sawing time of both batteries in
broadleaved stand - Fagus sylvatica L for both chainsaws is made the results show that
there is a difference between the maximum sawing time with battery Nel and Ne2. The
Stihl MSA 220 CB-Q chainsaw has higher sawing time while using the second batteries
while the Husqvarna chainsaw has lower maximum sawing time with the second batter-
ies. Both differences are not significant and they vary between 30-40 seconds and can
be seen in each day of testing. These differences can be explained by the warming up of
the chainsaws components as between batteries one and two no break was made and the
chainsaws did not have time to cool down. It can be said that this increase in the tem-
perature of the chainsaws affect both chainsaws but in different ways. With the MSA 220
CB-Q this temperature increase has positive effect on the maximum sawing time but with
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the 536L1 XP it is the opposite. Also, it has to be mentioned that during all 4 days of testing
the chainsaws, the temperatures in the forest were between 4 and 15 degrees Celsius and
in higher temperatures the effect of the increasing temperature might be different and can
even lead to an overheat.

Table Ne3 Maximum sawing time in coniferous stand — Picea abies (sec)

- Husqvarna 536Li XP Stihl MSA 220 CB-Q
ate
Battery 1 Battery 2 Average Battery 1 Battery 2 Average
23.3.2023 1097,81 1042,28 1070,05 700,13 745,51 722,82
24.3.2023 1083,57 1136,21 1109,89 735,32 733,63 734,48
28.3.2023 1120,31 1107,04 1113,68 698,67 703,49 701,08
29.3.2023 1132,91 1161,01 1146,96 667,72 682,64 675,18
Average for
battery 1108,65 1111,64 - 700,46 716,32 -
number
NGRS 1110,14 708,39
chainsaw

While testing the chainsaws in a coniferous stand the results came out to be really
stable. There are no significant differences between the different days of testing but there
are differences between the two chainsaws are significant just like the case with the broad-
leaved stand. Again, the MSA 220 CB-Q has lower maximum sawing times than the 536Li
XP which is again explained by the difference in the battery capacities and in the chain
speed.

Diagram Ne2

Comparison between the average maximum sawing time of both
batteries in broadleaved stand - Fagus sylvatica L.

1500 1108,65 — 1111,64
1000 70046 716,32 i

500

Maximum sawing
time (sec)

Stihl Battery Stihl Battery Husqvarna  Husqvarna
1 2 Battery 1 Battery 2

While tested in the coniferous stand no significant differences were found between the
maximum sawing times using batteries Nel and Ne2.
As the two chainsaws have different battery capacities (Husqvarna 536Li XP uses 9,4
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ampere-hour battery while Stihl MSA 220 CB-Q uses 7,8 ampere-hour battery) the real
proof of the differences between them is the comparison of the maximum sawing times
per ampere-hour.

Table Ne4: Comparison between the performance of the chainsaws by their maximum sawing time
per ampere-hour (s/Ah)

Maximum sawing time per ampere-hour (s/Ah)
Type of forest | Husqvarna 536Li | Husqvarna 536Li | Stihl MSA 220 Stihl MSA 220
stand XP XP CB-Q CB-Q
Battery 1 Battery 2 Battery 1 Battery 2
Coniferous 117,94 118,26 89,80 91,84
Broadleaved 86,75 82,27 57,98 62,39

When tested in the broadleaved stand MSA 220 CB-Q with battery Nel has 28,77 s/
Ah less average maximum sawing time per ampere-hour than the 536Li XP and with bat-
tery Ne2 it has 19,87 s/Ah less than the 536Li XP. When tested in the coniferous stand the
results are similar. The 536Li XP has 28,14 s/Ah more with battery Nel and 26,42 s/Ah
more with battery Ne2 than the MSA 220 CB-Q.

Diagram Ne3

Comparison between the maximum sawing times per ampere-hour
of both chainsaws

g / 117.26 118,26
; g 200 / " A ‘89,8 ?1,84
2% 100 - R 522 57,98 62,39 F
\ RO\ BEN
<
= 0
Husqvarna Husqvarna Stihl MSA Stihl MSA
536Li XP 536Li XP 220 CB-Q 220 CB-Q
Battery 1 Battery 2 Battery 1 Battery 2

These results can be explained by the fact that the MSA 220 CB-Q battery-powered
chainsaw has more powerful electric motor which generates higher chain speed.
CONCLUSIONS
The aim of the current work was to test two battery-powered chainsaws —

Husqvarna 536Li XP and Stihl MSA 220 CB-Q while working in thinings and compare
their performance by their maximum sawing time measured in seconds and their maxi-
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mum sawing time per ampere-hour, measured in seconds per ampere-hour. During the
stress tests the conditions for both chainsaws were similar and the results came up to be
stable. From 8 days of testing in total (4 days in a broadleaved stand and 4 days in a conif-
erous stand) the results came out to be in favor of the Husqvarna 536Li XP battery-pow-
ered chainsaw. It produces higher maximum sawing times and higher maximum sawing
times per ampere-hour in both forest stands.

Although the MSA 220 CB-Q has lower maximum sawing times it has more power
which is also a crucial factor in harvesting. Its only issue is the battery but with the new
AP500S battery the chainsaw will improve in terms of performance and it might come up
as the better chainsaw.

The comparison of the used battery-powered chainsaws can be continued in future
by performing further stress tests under similar conditions and by comparing the battery-
powered chainsaws with similar in size and power petrol chainsaws. The obtained results
will clarify the differences in the performance of individual cordless saws and the com-
parison will be even more credible.

Testing of battery-powered brings us the necessary information, on the basis of which
we can evaluate, for example, their use in the forestry sector, especially in less demand-
ing processes such as branching or cutting firewood. The obtained results can also serve
as a basis for further development and improvement of battery-powered chainsaws with
regard to achieving the standards necessary for their use in the forestry sector. After some
more improvements in the battery capacities battery-powered chainsaws might be consid-
ered the FUTURE OF CHAINSAWS IN FORESTRY.
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ABSTRAKT

Lesna pedagogika ako informacny nastroj lesnickej politiky zacieleny na $irokd verejnost’, sa za-
meriava na zazitkové sprostredkovanie poznatkov o lesnom ekosystéme, funkciach a vyzname lesa
v kontexte klimatickej zmeny i celospolocenskom kontexte. Ako sticast’ environmentalneho vzde-
lavania do procesu ucenia vnasa didaktické prvky. Vd’aka operovaniu so zmyslovym vnimanim
ucastnikov aktivit pozitivne apeluje najmi na skupinu deti a mladeze. Okrem sprostredkovania
poznatkov si kladie za ciel’ budovat’ povedomie o lesnickej praci a budovat’ pozitivny obraz o le-
snickom sektore v radoch laickej i odbornej verejnosti. Na tieto ucely slizia rozne realizacné ob-
jekty, akym je napriklad lesna Skola, ktora prostrednictvom neformalneho vzdelavania vstepuje en-
vironmentalne hodnoty obcanom uz od ranného detstva. Cielom prispevku je analyzovat’ moznosti
vyuzivania lesnej Skoly v Leviciach a sposoby realizacie neformalneho environmentalneho vzde-
lavania. Pouzitymi metédami vyskumu boli kvalitativna analyza dokumentov, semi-Strukturované
interview, pozorovanie a pripadova studia. Vysledkami bolo zistené, ze aktivity realizované v le-
snej Skole plnia ciele a principy neformalneho environmentalneho vzdelavania, pricom skola sa
zameriava primarne na ciel'ové skupiny deti materskych $kol a ziakov zékladnych §kol.

KPucové slova: informa¢né nastroje, neformalne vzdelanie, lesna pedagogika, lesna skola

1. Uvod a ciele

., Informacné nastroje su vsetky politické regulacné zasahy, ktoré na formalnej
urovni ovplyviuju konanie a spravanie spolocnosti a hospodarstva vylucne prostrednic-
tvom informacii* (KROTT 2001).

Medzi informacéné nastroje lesnickej politiky zarad’'ujeme tie nastroje, ktorych cielom
je vyvolat’ zelané spravanie u spolocnosti vyluéne prostrednictvom informacii. Tieto na-
stroje st vyuzivané aktérmi Statnej v ramci ovplyviiovania prostrednictvom informacii,
presved¢ovania a osvety s hlavnym cielom ovplyvnit’ takymto spdsobom myslenie, roz-
hodovanie a konanie vybranych adresatov opatreni lesnickej politiky k Zelanej zmene
v ich spravani, priCom tato je v st¢innosti s vyty¢enym ciel'om lesnickej politiky. V ramci
informacénych nastrojov lesnickej politiky na uzemi Slovenskej republiky rozliSujeme tri
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hlavné skupiny: lesnicke celozivotné vzdelavanie, poradenstvo v lesnom hospodarstve
a praca s verejnostou (SALKA a kol. 2017).

Vzdelavaci systém v zmysle chapania Rady Eurdépy a Eurdpskej komisie — sa skla-
da z troch, vzajomne korelujucich zloziek: formalneho vzdelavania, informalneho ucenia
a vzdeldvania neforméalneho. Tieto sa navzajom dopliaju a spoloéne prispievaju k rozvoju
procesu celozivotného vzdelavania (BRANDER a kol., 2006). Eurépska nadacia pre mla-
dez definuje neformalne vzdelanie ako proces vzt'ahujici sa k planovanym, $truktirova-
nym programom a procesom osobného a socialneho rozvoja jednotlivca, ktorého ucelom
je rozvoj Sirokej skaly vedomosti a schopnosti mimo formalneho vzdelédvania (EYF: De-
finitions — online). Tieto aktivity byvaji obyc€ajne organizované klubmi mladeze, mimo-
vladnymi organizaciami, ¢i $kolskymi zariadeniami pre zdujmové vzdelanie (PESEK a
kol., 2020).Zakladné predpoklady, ktoré by malo neformalne vzdelavanie spifiat’ podla
PESEKA a kol. ilustruje obrazok &. 1.

Zodpovednost
za vystupy

‘Stanoveny

vzdelavania zamer a ciele

Neformalne
vzdelavanie

Oceriovanie

Holisticky
pristup

Obrazok 1: Kl'u¢ové principy neforméalneho vzdelavania (Pesek a kol. 2020, upravené)
Fig.1: Key principles of non-formal education

Neformalne vzdeldvanie by malo napliiiat’ potreby vietkych vekovych skupin, aviak
tato skutocnost’ sa nemusi nutne mat’ kontinudlne danu Struktaru — aktivity neformalneho
vzdelavania su obycajne realizované cez kratke kurzy, workshopy, ¢i seminare; pricom
vystupom takejto aktivity oby¢ajne nie je oficialne uznana kvalifikacia. Specifikom v tom-
to pripade st aktivity neformalneho vzdelavania, kedy za splnenia urcitych podmienok
moze byt vydana oficialne uznana kvalifikacia — v tomto pripade ide o Specialny program,
ktory napliiia ur¢ité poziadavky v pripadnom inom kontexte (ISCED 2011, 2012). Prikla-
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dom takéhoto kurzu méze byt kurz lesnej pedagogiky, kde Gi¢astnici po ukonceni kurzu
obdrzia oficialny certifikat opraviujuci ich k vyucbe lesnej pedagogiky.

Neformélne environmentilne vzdelanie na Slovensku

Délezitost’ rozsirovania environmentalneho povedomia u ob¢anov v kazdom veku je
zdoraznena v Stratégii environmentalnej politiky Slovenskej republiky do roku 2030 —
»Zelensie Slovensko““(Envirostratégia, 2019). Sucasny stav environmentalneho vzdelava-
nia a navrh opatreni na zlepSenie jeho stavu popisuje ciel’ 13 tejto stratégie — Environmen-
talna vychova a vzdelavanie v kazdom veku. V dokumente sa konstatuje nizke povedomie
obcanov Slovenskej republiky v oblasti udrzatel'nosti. Sucasny stav nevedie k zmene
spravania obcanov smerom k udrzateInému rozvoju — aj napriek Sirokym moznostiam
realizacie environmentalnej vychovy a osvety. (Envirostratégia 2019, SAZP 2020). Ne-
formalnej environmentalnej vychove a vzdelavaniu sa venuju Ciastkové ciele /3.2 Viest’
k zodpovednej vyrobe, spotrebe a ochrane prirody neformalnym vzdeldavanim a 13.3:
Zlepsit' environmentalne povedomie prostrednictvom kultiurneho a prirodného dedicstva
a cestovného ruchu, ktoré si kladt za ulohu podporu vzdelavacich aktivit zameranych
na zvySenie informovanosti o dobrovol'nych nastrojoch environmentalnej politiky, taktiez
vzdelavanie v oblasti uvedomelej spotreby, ochrany prirody a aktivnu participaciu verej-
nosti v tejto oblasti (Envirostratégia 2019 s. 45).

Lesna pedagogika sa v kontexte neformalnej environmentalnej vychovy javi ako
vhodna metoda pre zvySenie povedomia a podnietenie participacie verejnosti k trvalo
udrzate'nému spdsobu zivota. Koncepcia rozvoja lesnej pedagogiky ako sucasti environ-
mentalneho vzdelavania (2010) definuje v ramci tohto dokumentu lesnt pedagogiku ako
ucenie o lesnom ekosystéme a vychovu jednotlivcov k udrzatelnému spdsobu zivota na
priklade lesa (d’alej ako Koncepcia LP).

HRBAL a kol. (2018) konstatujt, ze lesna pedagogika je stiborom pozostavajicim
z ucelenych poznatkov a informacii, ktory disponuje vlastnou filozofiou, Standardmi, dis-
ponujuci osvedcenymi postupmi a aktivitami pri realizacii svojich programov s hlavnym
cielom zvysit povedomie spolocnosti o vyzname a funkciach lesnych ekosystémov a bu-
dovat’ tak hodnotovu orientaciu ob¢anov v zmysle konceptu trvalej udrzatel'nosti. Lesna
pedagogika — ako nastroj prace s verejnost'ou — je najjednoduchsim spdsobom komunika-
cie s verejnost'ou, v ramci ktorej lesnici, resp. lesni pedagdgovia priblizuja Sirokej verej-
nosti lesny ekosystém a funkcie lesného hospodarstva (HUDECOVA a kol.. 2004). Vyu-
zitim Sirokej Skaly foriem zazitkového ucenia, projektového vyucovania a aktivizujiicich
metod sa stava prostriedkom nielen poskytovania vedomosti, ale dotyka sa aj emocional-
neho vnimania jednotlivca, je nastrojom ziskavania zru¢nosti a tym podporuje komplexny
rozvoj osobnosti. Jednotlivé aktivity st zabezpecované certifikovanymi lesnymi pedagog-
mi, oslovuji rozmanité ciel'ové skupiny, vratane rodin s det'mi, 0sdb so Specialnymi potre-
bami a seniorov; primarne sa viak ststred’uji najmé na deti a mladez (MARUSAKOVA
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a kol.. 2010a). Aj v Envirostratégii (2019) sa konstatuje, Ze vzdelavanie v oblasti trvalej
udrzatel'nosti je potrebné realizovat’ od ¢o najskorsieho veku, kedy jednotlivci eSte nemaju
rozvinuté negativne environmentalne navyky, a tak si buduju pozitivny vzt'ah k zivotnému
prostrediu priamo v iom a to najmé upriamenim pozornosti na zmyslové vnimanie.
Lesna pedagogika pracuje so svojimi ucastnikmi cez hlavu-ruka-srdce; a teda spros-
tredkovava uéenie na troch trovniach — na urovni kognitivnej (hlava), socialno-afektivne;j
(srdce) a psycho-motorickej (ruky). V procese ucenia sa rozvija ucastnik jednak po vedo-
mostnej stranke, kedy je mu poskytnuty zakladny pojmovy aparat a hravou formou pred-
stavené suvislosti na priklade lesa, tiez sa rozvijaju komunikacné schopnosti, kooperéacia,
estetické vnimanie a praktické zruénosti jednotlivca (MARUSAKOVA a kol. 2010a).
Zakladné principy lesnej pedagogiky na Slovensku vychadzaja zo Spolo¢nej Europskej
stratégie pre lesnti pedagogiku (Common European Strategy on Forestpedagogy, 2017),
su zaroven ramcom definujucim ciele lesnej pedagogiky, s hlavnym zamerom zvysit’ en-
vironmentalne citene v radoch verejnosti a budovat’ pozitivny obraz o lesnictve u obyva-
tel'stva (MARUSAKOVA a kol.. 2010b). KI'a¢ové principy uéenia popisuje obrazok ¢&. 2.

Zodpovednost , H;II_:::IS‘I;Y

Lesna pedagogika

‘ Dlhodobost

Obrazok 2: Principy ucenia lesnej pedagogiky (Marusakova 2010b - vlastné spracovanie)

Fig. 2: Forest pedagogy principles

Pre vytvorenie pozitivneho vztahu ¢loveka k lesu, resp. k podnieteniu jednotlivca k an-
gazovanosti sa v otazkach trvalo udrzate'ného rozvoja lesna pedagogika vyuziva najma
zazitkové ucenie. Zazitkové ucenie — ucenie hrou je jednym z najaktualnejsich konceptov
vo vzdelavani s priaznivym Géinkom na osobnostny rozvoj jednotlivcov (HUDECOVA
a kol. 2004). V procese zazitkového ucenia si jednotlivei osvojuju vedomosti prostred-
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nictvom prezivania — takto nadobudnuté poznatky s potom jednotlivcami efektivnejsie
uplatiiované v praktickom Zivote (DENKOVA 2013). Zazitkové ugenie lesna pedagogika
sprostredkuva najma cez: projektové a badatel'ské ucenie, prednasky a besedy, dramatiza-
ciu, muzikoterapiu, literarnu, filmovt a novinarsku tvorbu. Casté st tiez vedomostné sut’a-
ze, tvorivé a vytvarné dielne, aktivity rozvijajuce praktické zrucnosti ¢i turistika a d’alSie.
Vychadzajuc z Gdajov Spravy o lesnej pedagogike ako sucasti environmentalnej vychovy
za rok 2020 (2021) mozeme konstatovat’, ze vacsina uvedenych aktivit (az 55%) je reali-
zovana v exteriéri — z toho az 33% bolo realizovanych v lesnom prostredi.

Okrem lesného prostredia moze byt lesnd pedagogika realizovana aj v roznych za-
riadeniach —- MARUSAKOVA a kolektiv (2010b) vymedzuju zariadenia lesnej pedago-
giky z hladiska viazanosti na urcité miesto. Lesna pedagogika moze byt realizovana v
zariadeniach viazanych k urcitému tuzemiu, dopravnému prostriedku, ¢i budove. Prave
medzi zariadenia viazané k budove patria okrem iného tiez lesné §koly v prirode v zmysle
pobytovych zariadeni a objekty lesnych $kdl, pricom pod pojmom lesna $kola kolektiv
autorov popisuje zariadenie sprostredkovavajiice u¢ebné priestory a metodické pomocky
zamerané na senzorické vnimanie prirodného prostredia. Tieto zariadenia byvaju obycaj-
ne zasadené v lesnom prostredi pre zabezpecenie priameho kontaktu navstevnikov s pri-
rodou. Okrem interiéru tiez zvyknu disponovat’ aj prilahlymi priestormi sluziacimi na
realizaciu aktivit. Tieto zariadenia funguji bud’ na principe dennych centier, tiez mézu
ponutkat’ moznost’ viacdiiového pobytu s ponukou ubytovacich aj stravovacich sluzieb.

V afektivnej i kognitivnej oblasti lesna pedagogika ¢inne napliia ciele environmen-
talnej vychovy a navyse do formalneho vzdelavania prostrednictvom svojich aktivit vnasa
neformalnu vyuku, zabezpecuje konfrontaciu teoretickych vedomosti s praktickymi zruc-
nostami. Okrem uplatiiovania v rdmci environmentalnej vychovy je mozné aktivity les-
nej pedagogiky realizovat aj v stvislosti s inymi predmetmi, tiez m6ze byt uplatiovana
v prostredi §kolskych klubov deti (MARUSAKOVA a kol.. 2010a).

Ciel'om prispevku je analyzovat’ moznosti vyuzivania lesnej Skoly v ramci neformal-
neho vzdelavania na priklade lesnej Skoly v Leviciach.

2. Material a metody

Metodika prace bola zalozena na metddach sociologického vyskumu. Hlavny-

mi metédami uplatnenymi pri realizacii tejto prace boli kvalitativna analyza dostupnych
dokumentov, pozorovanie, Struktiirované interview a pripadova studia.

Pripadova studia je ako metdda vyskumu zamerand na Stidium konkrétneho pripadu

s cielom zistenia spésobu priebehu procesu v ramci konkrétneho Studovaného objektu.

Ako podklad pre vypracovanie pripadovej §tidie mézu sluzit dokumenty, archivne zazna-

my, archivne zaznamy, rozhovory, priame ¢i ziucastnené pozorovanie a fyzické artefakty

(KVASNAKOVA, online). Objektom nami vykonanej pripadovej $tadie bola Lesna $kola
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v Leviciach, na ktorej sme v ramci $tadie skamali sposoby, akymi lesna $kola naplia
jednak ciele stanovené pri zaciatku jej budovania a jednak ciele a koncepcie lesnej peda-
gogiky a neformalneho vzdelavania.

Interview (rozhovor) je jednym z najstarSich sposobov systematického ziskavania
poznatkov. Jedna sa o vymenu ndzorov a pohl'adov na svet od dvoch odlisnych osob.
V socialnych vedach je interview doélezitym sposobom ziskavania empirickych dokazov
(GIBBS, 2018; KVALE, 2003). Semi-$trukturované interview slizi na ziskanie opisu pre-
behnutych skutoénosti od dotazovanej osoby. Ma vopred stanovené tematické oblasti na
ktoré je nevyhnutné ziskat” odpovede. Vyznacuje sa vol'nostou v poradi otazok, poten-
cidlnou zmenou formy otdzok a pripadnymi novymi, objasiujicimi otazkami s cielom
nasledovat’ myslienky dotazovaného (BRINKMANN a KVALE, 2018).

V ramci prace boli analyzované zverejnené dokumenty, tlacové spravy, informacie
dostupné na internete, tieZ reportaze a ¢lanky venujuce sa problematike predmetnej lesnej
skoly.

Na zéklade zistenych informacii sme nasledne vymedzili otazky, ktoré boli pouzité pri
semi-Strukturovanom interview:

e Aka bola hlavnd myslienka za vybudovanim lesnej skoly v Leviciach? Preco bola
vybudovana prave v Leviciach?

e Na aku ciel'ovu skupinu sa objekt lesnej $koly zameriava?

e Akym sposobom je objekt prispdsobeny ciel'ovej skupine?

e Aké aktivity su navStevnikom zariadenia pontikané?

e Akym sposobom su aktivity sprostredkovavané ciel'ovej skupine?

e Kolko obycajne trva jeden vstup?

e Akym spdsobom je zabezpecena Struktura zamestnancov — lesnych pedagogov?

e Je planované rozsirovanie ponuky aktivit, resp. objektu v budticnosti?

Hlavnym cielom pri formulacii otazok bolo zistit’ — tak, ako uz bolo uvedené — akym
spdsobom funguje prevadzka lesnej $koly, kto je jej cielovou skupinou a ako napliia prin-
cipy a ciele lesnej pedagogiky a koncepciu neformalneho vzdelavania.

Semi-strukturalizované interview prebehlo v priestoroch Lesnej skoly dna 13.05.2022.
Respondentom bola v tomto pripade veduca lesnej Skoly, ktorej boli polozené otazky uve-
dené vyssie. Zaroven s interview sme realizovali tieZ pozorovanie priamo v mieste lesnej
skoly, kde boli prehliadnuté vonkajsie, vnutorné priestory budov, metodické pomocky
a vybavenie pouzivané pri organizovanych aktivitach.

3. Vysledky a diskusia
3.1 Vysledky pripadovej Stiidie na lesnej §kole v Leviciach

Vzhladom k realizovanému vyskumu mézeme konstatovat’, ze lesna Skola Le-
vice sluzi ako nducny objekt zamerany na sprostredkovévanie vedomosti v oblasti en-
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vironmentalnej vychovy, hlavne na priklade lesa. Od tradi¢ného konceptu lesnej Skoly
sa odliSuje najma tym, Ze je umiestnena v mestskom prostredi a teda nie priamo v lese
— avsak lesné prostredie je efektivne prenesené do vnutornych priestorov a teda Skola pon-
uka moznost’ vyuzitia jej priestorov celorocne a v kazdom pocasi. Umiestnenim v mest-
skom prostredi podnecuje zdujem o environmentalne témy v radoch mestského obyva-
tel'stva, &im ho edukuje a podnecuje k udrzatelnejsiemu sposobu Zivota — tymto naplia
tiez ¢iastkovy ciel’ 13.2. Envirostratégie (2019). Navyse, svojou dispoziciou a vybavenim
objekt lesnej skoly takmer dokonale imituje lesné prostredie, je tiez plne prisposobeny
osobam so Specialnymi potrebami. Svojou rozlohou a netradi¢nou koncepciou je najvac-
$im objektom svojho druhu na Slovensku.

V ramci pripravy a organizacie svojich aktivit lesna Skola spolupracuje s NLC ako
koordinatorom lesnej pedagogiky na Slovensku, tiez s Lesnickym a drevarskym muzeom
vo Zvolene a Tekovskym muzeom. Jednotlivé programy, ktoré ponuka su organizované
vzdy v sprievode certifikované¢ho lesného pedagoga, ¢im je zabezpefena doveryhodnost’
sprostredkovanych informacii. Aktivity st navrhované za ucelom komplexného pochope-
nia sprostredkovavanej témy s dorazom na holisticky pristup a podnecovanie zmyslového
vnimania — vnimanie textury, Struktiry, chuti, zrakové a sluchové vnimanie — hrava forma
podania vytvara tiez emocionalnu odozvu u tcastnikov. V pontkanych programoch su
obsiahnuté témy pojednavajlice o lesnom ekosystéme a jeho zlozkach, tiez témy z oblasti
ekolégie, ochrany Zivotného prostredia ¢&i etikete v lese. Skola pontka navitevnikom tiez
moznosti noéného pozorovania hviezd a strelby na laserovej strelnici. Prehl'ad pontka-
nych tém na mesiace april a maj 2022 ilustruje obrazok ¢. 3.

/f\
Zivot véiel j
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Obrazok 3: Prehlad pontkanych programov na mesiace April-M4j 2022
(Zdroj: https:/forestschools.eu/rezervacie/ - vlastné spracovanie)
Fig. 3: Themes of programmes offered in forest school Levice — April/May 2022, overview
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Ciel'ovou skupinou lesnej Skoly st osoby vsetkych vekovych kategérii — primarne sa
vsak $kola sustred’uje na deti a mladez. Za obdobie od svojho spustenia az po mesiac maj
2022 skolu navstivilo spolu 2965 0séb rdznych vekovych kategorii. Lesna skola okrem
zakladnych a materskych $kol aktivne spolupracuje s OZ Ostrov — Obcianske zdruze-
nie zdravotne postihnutych; pravidelnymi navstevnikmi lesnej Skoly s rovnako seniori
z miestnych klubov dochodcov. Okrem pravidelnych navstevnikov je lesna Skola pristup-
na aj Sirokej verejnosti, rodinam s det'mi ¢i inym skupinam navstevnikov — obrazok ¢. 4
odkazuje na rozlozenie navstevnikov po vekovych kategdriach, pricom najviac zastupe-
nou su deti a mladez zo systému primarneho vzdelavania.

PREHIAD NAVSTEVNOSTI LESNEJ SKOLY

PODEA INSTITUCIE
Dospeli Ms
9%

15%

s§
1%

L stupeii ZS
57%

Obrazok 4: Prehl'ad navstevnosti lesnej Skole na zaklade instittcii (Zdroj: Lesna Skola Levice -
vlastné spracovanie)

Fig. 4: Ratio of participants based on the institution

V kontexte navstevnikov pochéadzajicich z 1. stupna zakladnych $kol — tak, ako ilu-
struje obrazok ¢. 5 — mézeme pozorovat’ takmer rovnomerné rozlozenie jednotlivych ve-
kovych skupin navstevnikov. Aktivity lesnej pedagogiky, ktoré¢ lesna Skola pontika, mézu
byt pre tieto vekové skupiny uplatiiované v predmetoch ako prirodoveda a vlastiveda, tiez
mozu sluzit’ na spestrenie vyucby slovenského jazyka, matematiky ¢i cudzich jazykov.

Z vekového rozlozenia navstevnikov prichadzajicich do lesnej skoly z I1. stupna za-
kladnych §kol dominuje skupina deti vo veku 10 az 11 rokov, t.j. ziaci 5. ro¢nika. Predpo-
kladame, Ze ich vysoké zastipenie je spdsobené najma faktom, ze ziaci sa v rdmci pred-
metu Bioldgia v 5. ro¢niku venuju téme lesného ekosystému a teda navsteva lesnej Skoly
je vhodnym doplnkom k preberanému uéivu v ramci systému formalneho vzdelavania.
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VEKOVE ROZLOZENIE NAVSTEVNIKOV -
I. STUPEN Z8§

9-10rokov 6-7 rokov
23% 24%

7-8 rokov
33%
Obrazok 5: Vekové rozlozenie navitevnikov z 1. stupiia ZS
(Zdroj: Lesna skola Levice - vlastné spracovanie)
Fig. 5: Age distribution: primary school attendants

VEKOVE ROZLOZENIE NAVSTEVNIKOV -

IL. STUPEN ZS
14-15rokov
13-14rokov 0%
11%

10-11rokov
33%

11-12rokov
22%

Obrazok 6: Vekova §truktira navitevnikov z I1. stupiia ZS
(Zdroj: Lesna skola Levice — vlastné spracovanie)
Fig. 6: Age distribution: secondary school attendants

Ako vyplyva z tidajov o navstevnosti a tiez z tém, ktoré v ramci svojej prevadzky les-
na Skola komunikuje, primarnou ciel'ovou skupinou su prave deti zakladnych §kol, kedy
lesna $kola vstupuje do procesu nadobtidania informacii u tychto deti ako doplnkovy zdroj
k formalnemu vzdelaniu, ¢im umocnuje informéacie nadobudnuté v systéme formalneho
vzdelania, ucelne ich prepdja v SirSom kontexte a pomocou zazitkovych a praktickych
aktivit v det'och buduje povedomie o lesnom ekosystéme, tiez ich podnecuje k angazo-
vanosti v otazkach ochrany zivotného prostredia a trvalého sposobu Zivota — tymto Cias-
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to¢ne lesna $kola plni aj poziadavky Rezortnej koncepcie EVVO do roku 2025 (MZP SR,
2015) — konkrétne jej ¢iastkového ciel'a: 3.1: Zatraktivnenie a zvySenie zaujmu verejnosti
o problematiku Zivotného prostredia, ochrany prirody a krajiny a podpora obcianskej an-
gazovanosti a aktivneho dobrovolnictva.

Navstevnici rozvijaju svoje motorické schopnosti v kresliarni, tiez sa ucia praktickym
zruénostiam a vyznamu dreva ako suroviny v dielni, v diordmovej miestnosti zazitkovym
sposobom a prostrednictvom zraku, sluchu, hmatu a chuti poznavaji lesny ekosystém
a jeho zlozky. Osvojované su aj praktické zruénosti — v rameci tvorivych dielni pri praci
s prirodnymi materialmi, kedy maju ucastnici moznost’ vnimat’ vyznam tychto materidlov
z hladiska ich vyuzitia.

Z metodického hladiska st najcastejSie vyuzivanymi formami sprostredkovavania in-
formacii projektové vyucovanie, besedy a prednasky, tvorivé a praktické dielne, zazitkové
hry, tiez projektové a badatel'ské ucenie. Prostrednictvom vytvarnych a tvorivych dielni
rozvija estetické citenie, organizaciou roznych sutazi v spolupraci so Skolskymi zaria-
deniami a inymi pravidelnymi navstevnikmi tiez podnecuje u ciel'ovej skupiny kritické
myslenie a angazovanost’ sa v otazkach ochrany zivotné¢ho prostredia a zodpovedného
sa spravania v prirodnom prostredi. Metodické pomdcky su navrhované tak, aby oslovili
a podnietili zaujem u viacerych vekovych kategorii — prikladom su didaktické panely v
Studovni, ¢i audiovizualne pomdcky v priestoroch skoly.

Na zaklade uvedeného moézeme zhodnotit’, Ze skimana lesna skola vychadza z prin-
cipov lesnej pedagogiky a v budicnosti ma za ucelom este uzsieho priblizenia sa tymto
principom ambiciu rozsirit’ svoje aktivity z interiéru objektu aj do prostredia lesa a rozsirit’
svoje aktivity na viac dni s moznostou poskytovania ubytovania — za predpokladu dosta-
to¢ného personalneho zabezpecenia a finanénych zdrojov pre d’alSie rozsirovanie aktivit.

V kontexte napiiania cielov lesnej pedagogiky tak, ako ich uvadza Koncepcia LP
(2010), mdzeme konstatovat,, Ze lesna $kola v Leviciach svojimi aktivitami naplia ciele
z hladiska zaujmov lesnictva a trvalo udrzateI'ného hospodarenia v lesoch. Z hladiska
vychovno-vzdelavacich cielov st aktivity lesnej Skoly navrhované tak, aby ucastnikom
poskytovali vedomosti uplatnitelné v dlhodobom ¢asovom horizonte a sprostredkovali
komplexné informacie o lesnych ekosystémoch. Hoci aktivity nie su realizované priamo
v lesnom prostredi, témy, ktoré v nich st obsiahnuté podnecuju v tGcastnikoch blizsi za-
ujem o toto prostredie a zvySuju pravdepodobnost’, Ze G€astnik v ramci svojho vol'ného
Casu toto prostredie navstivi.

V savislosti s Envirostrdatégiou (2019) samotny objekt lesnej $koly napiia jej ¢iastko-
vy ciel’ 13.3 —v ktorom je uvedena podpora vystavby lesnych $kol v stivislosti so zvySova-
nim povedomia o kultirnych a prirodnych hodnotach u obyvatel'stva Slovenska. V zmysle
rozvoja povedomia o tychto hodnotach, je lesna skola Levice vnimana ako prilezitost
pre zvySenie cestovného ruchu v ramci mesta Levice a jeho prilahlého okolia — v tychto
suvislostiach o nej uvazuje Stratégia rozvoja cestovného ruchu mesta Levice na roky 2021
—2026 (2021).
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Z hladiska napliiania principov neformalneho vzdelavania mozeme konstatovat, Ze
lesna $kola Levice — nakol’ko vychadza z principov lesnej pedagogiky a tieZ v proce-
se sprostredkovavania informacii svojmu publiku vyuziva metodické postupy s sposoby
uéenia a okruhy tém vychadzajticej z Koncepcie LP (2010) — tieto napiiia a moZzeme o nej
hovorit’ ako o institucii pontkajucej neformalne vzdelavanie v oblasti environmentalnej
vychovy, ktorého primarne zameranie je na problematiku vzt'ahujiucu sa k lesnym ekosys-
témom.

Na zaklade uvedenych zistenych skutocnosti, ako aj zhodnotenia situacie v inych kra-
jinach bola vytvorena pre lesnu Skolu v Leviciach SWOT analyza popisujica jej silné
a slabé stranky, tiez prilezitosti a ohrozenia.

SWOT Analyza

SILNE STRANKY SLABE STRANKY
« dostupnost, poloha objektu « nedostato&né znacenie
s celoro€nda ponuka aktivit objektu
nezdvislé od pocasia « nedostatoéné persondine
« velké miera zaujmu v o€iach zabezpectenie
verejnosti » vonkajsie aktivity limitované
« aktivna spoluprécas prostredim

miestnymi institaciami, tiez
cezhraniénymi subjektmi

OHROZENIA

s prehibenie aktualnych * neochota spolupréace mimo
spoluprac so vzdelavacimi rezortu MPSR
a kultdrnymi ingtitGciami » absencia potrebného

* vyuZitie objektu pre mnoZstva lesnych pedagégov
zavadzanie inovacii v oblasti * nedostatocné disponovanie
aktivit LP finanénymi prostriedkami

* daldie rozSirovanie ponuky * moZné legislativhe zmeny

o doplnkove sluzby vyplyvajlce z politickej situacie
nastavenie standardu pre

budovanie dalSich lesnych

Skol

Obrazok 7: SWOT analyza Lesnej Skoly Levice (vlastné spracovanie)
Fig. 7: SWOT analysis — forest school Levice

4. Diskusia

Projektom s obdobnou funkciou, aké plni lesna skola v Leviciach, je tiez Lesna
$kola v Cermel'skej doline, ktora je prvym centrom environmentélneho vzdelavania vybu-
dovanym na tizemi Mestskych lesov Kosice. Stredisko je otvorené od roku 2018 (TASR
2018). Hlavnym rozdielom medzi tymito dvomi objektmi je prave ich umiestnenie — kym
lesna skola v Leviciach je umiestnena v mestskom prostredi a ponuka aktivity realizované
najmé v interiéri, lesna §kola v Cermel’skej doline sa ststred’uje najmé na aktivity realizo-
vané priamo v prostredi lesa.
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Koncept lesnych $kol nie je na Gzemi Slovenskej republiky velmi rozsireny — les-
na pedagogika je na naSom uzemi realizovana najma prostrednictvom lesnej vychadzky
(Sprava o lesnej pedagogike za rok 2020, 2021). Vyznamnym objektom, ktory sprostred-
kovava v lesnickom sektore pracu s verejnostou, tiez aktivity lesnej pedagogiky je lesnic-
ky skanzen vo Vydrovskej doline. Z institcii podobnych lesnym $koldm na Slovensku
funguju Strediska environmentalnej vychovy zastresené MZP SR (MARUSAKOVA a
kol.. 2010b).

Napriek moznostiam, ktoré lesna pedagogika a jej aktivity v environmentalnej proble-
matike ponukajt, Rezortna koncepcia EVVO do roku 2025 ani Koncepcia rozvoja EVVO
v SAZP do roku 2030 sa tejto téme nevenujii — hoci rovnako obidva dokumenty silno vni-
maju potrebu hlbsej spoluprace medzi jednotlivymi formami vzdelavania v tejto oblasti a
tiez apeluju na nutnost’ spoluprace jednotlivych rezortov a mimovladnych organizacii pre
zabezpecenie zvySovania kvality poskytovaného vzdelavania a zatraktivnenia problema-
tiky udrzatelného sposobu Zivota v radoch laickej verejnosti (MZP SR 2015, SAZP 2020).

Prevadzky lesnych $ko6l maja dlhsiu tradiciu a silné postavenie v okolitych krajinach.
V ramci Mad’arskej republiky — v spolupraci s ktorou bola vybudovana aj lesna skola
v Leviciach — uz niekol’ko rokov funguje systém lesnych $kdl, pricom ich je na celom
uzemi viac ako 30. Na rozdiel od lesnej Skoly v Leviciach tieto objekty poskytujii okrem
aktivit lesnej pedagogiky tiez ubytovacie a iné rekreacné sluzby; okrem iného niektoré
pontkaju moznost’ buducim lesnym pedagoégom, resp. uéitelom praktického nadobudnu-
tia zru€nosti prostrednictvom vyucby v lesnej Skole. Programy realizované v ramci tychto
§kol mozu mat’ trvanie od jedného po niekol'ko dni (Lesné skoly v Madarsku 2018). Re-
alizované aktivity maju oporu v narodnych vzdelavacich programoch, v ramei republiky
funguje aj systém certifikacie zariadeni budovanych za tymto Gcelom a od roku 1996
su lesné skoly spajané v Asocidcii $kél v prirode s lesnickymi vzdelavacimi programami
(MARUSAKOVA a kol.. 2010b).

Kym na Slovensku, ani v Ceskej republike lesnd pedagogika nie je legislativne ukot-
vend, v Rakusku je lesna pedagogika zaclenena do zakona o lesoch, zatial’ co v Pol'sku
je okrem zakona o lesoch vélenena aj do zakona o ochrane prirody. V Ceskej republike
je, rovnako ako na Slovensku, najcastejSou formou aktivit lesnej pedagogiky lesna vy-
chadzka. Cesko disponuje niekol’kymi nauénymi chodnikmi, taktiez Informa¢nym a vz-
delavacim strediskom Kiivoklat, tiez objektmi lesnych §kol. V ramci republiky funguja
aj strediska environmentélnej vychovy prevadzkované neziskovymi organizaciami (MA-
RUSAKOVA a kol.. 2010b). O lesnej pedagogike v krajine pojednava Koncepcia tatnej
lesnickej politiky do roku 2035 (Lesni pedagogika v CR — online).

Pol’sko ako jedina krajina z vysSie uvedenych ma lesni pedagogiku okrem lesného
zakona ukotvenu aj v zakone o ochrane prirody. Na rozdiel od Slovenskej republiky vsak
Pol'sko nedisponuje certifikovanym kurzom lesnej pedagogiky — pedagdgovia sa v tejto
oblasti vzdelavaju prostrednictvom Skoleni. Lesnd pedagogika je v krajine realizovana
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v §irokej Skale zariadeni, ktoré si moderne vybavené nielen z hl'adiska zabezpecenia di-
daktickych pomocok ale aj techniky. Okrem centier a u¢ebni lesnej pedagogiky ma Pol'sko
vybodovanu siet nduénych lesnych chodnikov a lokalit lesnej pedagogiky a tiez 466 les-
nych §kl (MARUSAKOVA a kol.. 2010b).

V Rakusku ma lesna pedagogika ako nastroj komunikacie s verejnost'ou vel'mi silné
postavenie. Certifikované kurzy lesnej pedagogiky krajina ponuka uz od roku 1994 (MA-
RUSAKOVA a kol.. 2010b), od roku 2004 aj osobdam mimo lesnicky sektor (BASCHNY
2021). Od roku 2001 funguje v ramci krajiny Asocidcia rakuskych lesnych pedagégov a od
roku 2002 mé Rakusko referenta pre lesnti pedagogiku, ktory je jej koordinatorom (MA-
RUSAKOVA a kol.. 2010b). Krajina momentalne disponuje 30 lesnymi vzdelavacimi
centrami — lesnymi Skolami — ktorych zriadovatel'om st nielen Statne organizacie, ale aj
organizacie na urovni regionov, samosprav ¢i zaujmovych zdruzeni. Krajina ma priblizne
1900 lesnych pedagogov, z toho 900 0sdb sa pohybuje priamo v lesnickom sektore (BA-
SCHNY 2021).

5. Zaver

V zavere mozeme zhodnotit, ze lesna pedagogika svojimi principmi, pristupom
a principmi uplatnovanymi v procese sprostredkovavania informacii, metodikou a stra-
tégiami napliia kritéria neformalneho vzdelavania tak, ako boli vymedzené v teoretickej
Casti tejto prace. Témy a ciele lesnej pedagogiky koreSponduju s hlavnymi ciel'mi a za-
mermi vymedzenymi v koncepciach environmentalnej vychovy, vzdelania a osvety, uve-
rejnenymi v dokumentoch rezortu Ministerstva zivotného prostredia Slovenskej republiky
— tieto doplia o zazitkové udenie, ¢im zvysuje atraktivitu environmentalnych tém najmé
v o¢iach deti a mladeze. Lesna pedagogika predstavuje uc¢inny prvok prace s verejnostou,
&¢im naplna aj ciele Stratégie rozvoja lesnictva na Slovensku — prioritu ¢. 18. Aj napriek
tymto skutocnostiam a tiez napriek kritike nedostatocnej spoluprace medzi rezortmi zo
strany organizacii Ministerstva zivotného prostredia, musime konstatovat’ ze, lesna peda-
gogika nema v strategickych dokumentoch tohto rezortu ziadny priestor, Stratégia rozvoja
environmentdalnej politiky ju tiez spomina len okrajovo v suvislosti s budovanim nau¢nych
chodnikov a lesnych $kol — preto je nasim odporucanim v tejto oblasti aj nad’alej pokraco-
vat’ v dobrej praxi v tejto oblasti pre vytvorenie spolo¢enského dopytu po zacleneni tohto
konceptu aj do tychto koncepcii.

V stvislosti s problematikou lesnych §kol mézeme na zaklade realizovanej pripadovej
studie konstatovat’, Zze prevadzka Lesnej skoly v Leviciach svojou ¢innost'ou a aktivita-
mi realizovanymi v spolupraci s kultirnymi i vzdelavacimi institiciami a za pritomnosti
certifikovanych lesnych pedagégov napiiia principy lesnej pedagogiky. Priebeh aktivit
vychadza z principu ,,HLAVA-RUKY-SRDCE®, vyznacuje sa holistickym pristupom, je
zamerany na komplexné uchopenie prezentovanych tém. Vyraznym prvkom v prevadzke

102



je zmyslové vnimanie, kedy priestor apeluje nielen na zmyslové vnimanie navstevni-
kov, ale rovnako posobi na ich emocionalnu stranku so sucasnym rozvojom praktickych
zru¢nosti Castnikov aktivit. Lesna Skola moze byt v stvislosti s neformalnym vzdelava-
nim, ktorého postupov sa pridiza, vyuzivana ako doplnkova forma vyucby pre ziakov tak
materskych, ako i1 zakladnych a strednych skol. Tiez ma potencial oslovit’ aj iné vekové
skupiny a neformalnym spdsobom ich vzdelavat’ v otazkach tykajicich sa ochrany Zivot-
ného prostredia a trvalo udrzate'ného sposobu zivota.

Na zaklade vysledkov stadie, vychadzajic aj z vypracovanej] SWOT analyzy je naSim
odporucanim pre prevadzku lesnej Skoly pokracovat’ v uz zapocatych aktivitach. Pre zvy-
Senie efektivity prevadzky tiez vnimame potrebu zvysit' personalne obsadenie v radoch
lesnych pedagogov pre pruznejsiu reakciu na dopyt po navsteve lesnej Skoly, tiez pre
moznost’ rozsirenia otvaracej doby o d’alsie dni. Ako moznu prilezitost’ vidime prehibenie
spoluprace s vychovno-vzdelavacimi institiciami, kde by lesna Skola okrem neformal-
neho vzdelania mohla byt nastrojom budutcich pedagoégov pre praktické precvicovanie
svojich pedagogickych schopnosti.
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Forest school and their role in non-formal education
Summary

Forest pedagogy, as an information tool of forestry policy aimed at the pub-
lic, focuses on the experiential transmission of knowledge about the forest ecosystem,
functions, and importance of the forest in the context of climate change and the overall
societal context. As part of environmental education, it introduces didactic elements into
the learning process. Thanks to operating with the sensory participants perception in the
activities, it has a positive appeal especially to the group of children and youth. In addition
to conveying knowledge, it aims to build awareness of forestry work and builds a positive
image of the forestry sector among the lay and professional public. For these purposes,
various implementation objects are used, such as the forest school, which, through in-
formal education, inculcates environmental values in citizens from early childhood. The
aim of the paper is to analyse the potential of the forest school in Levice in implementing
informal environmental education. The research methods used were qualitative document
analysis, semi-structured interviews, observation, and case studies. The results showed
that the activities implemented in the forest school fulfil the goals and principles of infor-
mal environmental education, while the school focuses primarily on the target groups of
kindergarten children and elementary school students.
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ABSTRAKT

Trvalo udrzatel'ny rozvoj uspokojuje potreby sucasnosti bez toho, aby ohrozil schopnost’ budtcich
generacii zabezpecit' svoje vlastné potreby. Globalne lesné zdroje st nevyhnutné pre zachovanie
biologickej diverzity, vodnych a pddnych zdrojov, ako aj pre uspokojenie I'udskych potrieb v
oblasti drevnych a nedrevnych lesnych produktov. Cielom trvalo udrzateného obhospodarovania
lesov je zabezpecit, aby lesy poskytovali tovary a sluzby na uspokojenie sticasnych aj buducich
potrieb a prispievali k trvalo udrzateI'nému rozvoju komunit. Cielom prispevku je analyza vy-
branych modelov trvalo udrzateného obhospodarovania lesov podl'a Organizécie pre vyzivu a
pol'nohospodarstvo. Hlavnou pouzitou vyskumnou metoédou je kvalitativna analyza dokumentov.
Modely st analyzované na zéklade kritérii a indikatorov udrzateI'ného obhospodarovania lesov Or-
ganizacie Spojenych narodov, ktorych je sedem. Mozeme konstatovat’, ze dominantné postavenie
maju kritéria z oblasti zabezpecenia socialnych a ekonomickych funkcii lesov a pravneho, politick-
¢ho a institucionalneho ramca. Naopak, najmensi pocet vyhradenych kritérii sme zaznamenali v
oblasti lesnych zdrojov.

KPacové slova: SFM, indikator, kritérium, les

1. UVOD A CIEL

Lesy pokryvaju priblizne 30 % svetovej pody (KEENAN ET AL., 2015). Lesy
a stromy zasadne prispievaju k zivotu na Zemi, poskytuju Cisty vzduch, reguluji vodné
cykly, podporuji vacsinu svetovej suchozemskej biodiverzity, reaguji na zmenu klimy
a podporuju zivobytie (FAO 2018). Koncept trvalo udrzateI'ného rozvoja sa v poslednych
dekadach stava Coraz dolezitej$im v globalnej politickej diskusii. Bezne sa definuje ako
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rozvoj, ktory uspokojuje potreby sucasnosti bez toho, aby ohrozil schopnost’ budiicich
generacii uspokojovat’ svoje vlastné potreby (HOLVOET ET AL., 2004). Koncept trvalo
udrzateI'ného rozvoja bol prvykrat pouzity v roku 1972 pocas prvej konferencie Organiza-
cie Spojenych narodov s ndzvom ,,Zivotné prostredie a rozvoj* v Stokholme. V tom ¢ase
vsak nebol presne definovany. Spresnenie sa prijalo na zasadnuti Riadiacej rady Programu
OSN pre zivotné prostredie v roku 1975 (BARTNICZAK ET AL., 2018).

V lesnom hospodarstve je koncept trvalej udrzatelnosti ovela starsi a postupne sa vy-
vinul od konceptu trvalého vynosu, ktory sa tykal iba produkénej funkcie lesa, ku kon-
ceptu trvalo udrzateného obhospodarovania lesov, ktory zahfna aj ekologické, social-
ne a ekonomické aspekty (HOLVOET ET AL., 2004). V 20. storo¢i sa vyznam trvalo
udrzateI'ného obhospodarovania lesov (SFM) rozsiril z produkcie dreva na iné vyuzitie
a hodnoty lesa (SCHMITHUSEN ET AL., 2014). Dobre obhospodarované lesy, kde je
vyuzity model SFM, mo6zu mat’ pozitivny vplyv na biodiverzitu, vytvarat’ prijmy na boj
proti chudobe, poskytovat’ vol'ne rastice ovocie a zver na boj proti hladu, poskytovat’ lie-
¢ivé rastliny, poskytovat’ sladktl vodu na pitie a zavlazovanie a zachytavanie a ukladanie
uhlika (BAUMGARTNER, 2019). SFM sa snazi vyvazit’ poskytovanie roznych lesnych
produktov a sluzieb a dlhodobo ich udrziavat'. Globalna definicia prijata Organizaciou
Spojenych narodov zachytava spolo¢né chapanie SFM ako ,,dynamicky a vyvijajici sa
koncept, ktorého ciel'om je udrziavat’ a zvySovat’ ekonomické, socialne a environmentalne
hodnoty vSetkych typov lesov v prospech sucasnosti a budticnosti. generacie” (UN 2007).
Dostupné nastroje na podporu SFM zacinaju politikou a predpismi, ktoré podporuju tych,
ktori obhospodaruju lesy. Zahfiiaju aj inventarizaciu, monitorovanie, certifikaciu lesného
hospodarstva, zapojenie zainteresovanych stran a lesné hospodarske plany. Tam, kde je
jasné pochopenie ekologickych podmienok obhospodarovanych lesov, méze vhodny re-
gulacny ramec vytvorit’ podmienky umoznujice SFM (MACDICKEN ET AL., 2015). Po-
krok smerom k trvalo udrzateI'nému obhospodarovaniu lesov je vo svojej podstate tazko
meratel'ny. Udrzatel'né hospodarenie v lesoch si vyzaduje vyvazeny pristup zahfnajuci tri
piliere trvalej udrzateI'nosti — ekonomicky, sociadlny a environmentalny. Meranie pokroku
v kazdej z tychto Sirokych oblasti zmysluplnym spésobom je zlozité a ¢asto nie je uplne
dosiahnutel'né (FAO 2015). Pokrok smerom k SFM sa ako taky meria prostrednictvom
kritérii a ukazovatelov (SNOHO ET AL., 2022). Kritéria a ukazovatele trvalo udrzatel’-
ného obhospodarovania lesov boli vyvinuté prostrednictvom prace mnohych aktérov vra-
tane vlad, vyskumnych organizacii, mimovladnych organizacii a stkromnych spolo¢nosti
(MCPFE, 2001). To zahfnia pracu krajin zapojenych do Montrealského procesu, Forest
Europe, Medzinarodnej organizacie pre tropické drevo a Organizacie pre vyzivu a pol'no-
hospodarstvo. Tieto kritérid a ukazovatele sa pouzivaju na definovanie trvalo udrzatel'né¢ho
obhospodarovania lesov a na meranie a podavanie sprav o pokroku smerom k jeho imple-
mentacii (CANADIAN COUNCIL OF FOREST MINISTERS, 2008).
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Regionalne a medzinarodné stubory kritérii a indikatorov pre SFM poskytuju podkla-
dy pre monitorovanie, hodnotenie a reportovanie o stave lesov a ich obhospodarovania
a povypovedajui o pokroku smerom k cielom udrzateI'nosti. Predstavuju jeden zo zaklad-
nych pilierov environmentalneho vykaznictva a reportingu v oblasti lesnicko-drevarske-
ho sektora, nakol'ko krajiny podla nich eviduju napriklad stav, rozsah a vitalitu lesnych
ekosystémov, ktoré su jednymi z hlavnych oblasti danej vednej discipliny (LINSER ET
AL., 2018).

Cielom prispevku je porovnat’ vybrané hlavné modely SFM vo svete z pohl'adu ich
kritérii a indikatorov.

2. METODIKA

Hlavnou vyskumnou metédou pre naplnenie ciel’a je kvalitativna analyza doku-
mentov. Analyzovanymi dokumentami st publikacie Medzinarodnej organizacie pre tro-
pické drevo (ITTO), pracovnej skupiny Montrealského procesu a Eurdpskeho lesnickeho
institatu (EFI), Organizacie pre vyzivu a pol'nohospodarstvo spojenych narodov (FAO).

Kvalitativna analyza dokumentov je vyskumna metéda na doslednu a systematic-
ku analyzu obsahu pisomnych dokumentov. Tento pristup sa pouziva v politologickom
vyskume na ulahenie nestrannej a konzistentnej analyzy pisomnych politik (WACH,
2013). Analyza dokumentov bude rozdelena na vonkajsiu (tyka sa kontextu dokumentu
a vSetkych okolnosti jeho vzniku) a vnttornu (zaobera sa obsahom dokumentu). Analyza
dokumentov zabezpec¢i nevyhnutné vedomosti a stuvislosti vo forme ,,historickych suvis-
losti®, ,,nevyhnutnych odbornych vedomosti* a ,,vlastného predporozumenia“ skimaného
objektu (WIDNER ET AL., 1997).

Metodicky postup pre splnenie ciel’a bude spocivat’ v uréeni modelov SFM, ktoré buda
analyzované. Po ur¢eni modelov bude realizované triedenie kritérii jednotlivych modelov
podla globalnej definicie kritérii pre SFM podla Organizdcie Spojenych narodov. Tato
definicia povazuje za referen¢ny ramec SFM nasledujucich sedem kritérii:

1) rozsah lesnych zdrojov;

2) biodiverzita lesov;

3) zdravie a vitalita lesov;

4) produkéné funkcie lesnych zdrojov;

5) ochranné funkcie lesnych zdrojov;

6) socialno-ckonomické funkcie lesov;

7) pravny, politicky a institucionalny ramec (SHONO ET AL., 2022).

Po realizacii triedenia jednotlivych kritérii vybranych modelov vykoname analyzu
Struktary jednotlivych kritérii a k dedikovanych kritérii. Vysledkom analyzy bude pohl'ad
na Struktaru kritérii v ramei vybranych modelov SFM a percentualnu participaciu skupin
indikatorov na celkovom objeme kritérii jednotlivych modelov.
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3. VYSLEDKY A DISKUSIA

FAO identifikuje osem hlavnych medzinarodnych procesov a s nimi spétych

modelov SFM. Medzi tieto zmienené modely patria (obr. 1):

e  International Tropic Timber Organization Proces (ITTO Cal)

e The Dry-Zone Africa Proces (Dry-Zone Africa Cal)

e Tarapoto navrh kritérii a indikatorov pre SFM (Tarapoto Cal)

e  Pan-European Forest Proces (Pan-European Cal)

e Montreal Proces (Montreal Cal)

e The Near East Proces (The Near East Cal)

e The “Lepaterique Process Centralnej Ameriky” (Lepaterique Cal)

e Bhopal-India Proces (Bhopan-India Cal)

[] mocal
[[] ory-zone Atiica Cal
[7] Tarapoto Cal

[ Pan-European Cal
I Montreal Cal

[ The Near East Cal
[ Lepaterique Cal
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BRAZIL

Obr. / Trvalo udrzatel'né obhospodarovanie lesov vo svete
(Zdroj Vlastné spracovanie podl'a FAO 2008)

Obr.1  Sustainable Forest management in the world
(Source: Own processing based on FAO 2008)

Z pohladu implementacie a celkovej participacie krajin sveta je najviac krajin (41) za-
pojenych do Pan EuropeanForest procesu (tzv. Forest Europe). V poradi druhym je ITTO
proces zamerany na manazment lesov tropického pasma, do ktorého je na producentske;j
urovni zapojenych 33 krajin. Model procesu Dry-zone Africa implementovalo 30 krajin
Afrického kontinentu. Near East proces zdruzuje 30 ¢lenskych krajin. Montrealsky pro-
ces na ochranu a trvalo udrzatel'né hospodarenie v miernych a borealnych lesoch eviduje
12 ¢lenskych krajin, na ktorych Gzemi sa nachadza 90% vsetkych svetovych miernych
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a borealnych lesov, 49 % vsetkych lesov, 58 % vysadenych lesov a 49 % celosvetovej pro-
dukcie gulatiny. Regionalna iniciativa pre rozvoj a implementaciu kritérii a ukazovatel'ov
na narodnej Grovni pre trvalo udrzatelné manazment suchych lesov v Azii taktieZ znama
ako Bhopan-India proces eviduje devit’ clenskych krajin. Tarapoto navrh kritérii a ukazo-
vatel'ov udrzatelnosti amazonského pralesa eviduje podla FAO osem clenskych krajin,
ktoré sa nachadzaju na Gizemi Juznej Ameriky. Poslednym modelom z pohl'adu poctu ¢len-
skych krajin je Proces Lepaterique Strednej Ameriky o kritériach a ukazovatel'och trvalo
udrzatel'ného obhospodarovania lesov, ktory podl'a FAO eviduje sedem ¢lenskych krajin.

Analyza kritérii jednotlivych modelov

Na zaklade vSeobecnej definicie kritérii Organizacie spojenych narodov pre
SFM, ktora definuje sedem kritérii, sme roztriedili kritéria jednotlivych modelov do sied-
mich skupin. Struktaru kritérii jednotlivych modelov podl'a definicie OSN méZeme vidiet
v tab.1. Je nutné podotknut, ze niektoré kritérium v rdmeci modelu méze pokryvat dve
kritéria podl'a definicie OSN, preto sa pocet pokryti kritérii v niektorych pripadoch nemusi
zhodovat s poctom kritérii v ramci daného modelu.

Model SFM Montrealského procesu postava zo siedmich kritérii, v ktorych vzhl'adom
na pocetnost’ jednotlivych kritérii dominuje kritériu zamerané na ochrannu funkciu lesov.
Zvysné kritéria st v modeli zastipené rovnomerne s vynimkou rozsahu lesnych zdrojov,
ktora nema v modeli definované separatne kritérium. Pan-Europsky model je tvoreny Sies-
timi kritériami.. Dominantné postavenie maju kritérid zamerané na ochranné funkcie les-
nych zdrojov. Zvysné kritéria st v modeli zastipené rovnomerne s vynimkou kritéria pre
pravny, politicky a institucionalny ramec, ktorého separatne kritérium v modeli absentuje.
Model Lepaterique procesu Strednej Ameriky obsahuje osem kritérii, z ktorych najvac-
Sie zastupenie je v oblasti socialno-ekonomickych funkcii lesov a pravneho, politického
a inStituciondlneho rdmca. V danom modeli su vsetky kritéria podl’a definicie Organizacie
Spojenych narodov separatne zastipené. Model kritérii ITTO je tvoreny siedmimi krité-
riami. V modeli je najvacsi doraz kladeny na zdravie a vitalitu lesov. Ostatné kritéria st
danom modeli zastipené rovnomerne a v plnom rozsahu podl'a definicie SFM. Tarapoto
model je tvoreny najvacsim poctom kritérii spomedzi vsetkych skumanych modelov s ko-
neénym poctom 12 kritérii. Dominantné postavenie z pohl'adu po¢tu definovanych kritérii
ma pravny, politicky a inStitucionalny ramec s konecnym poctom Styroch dedikovanych
kritérii. Dal§imi oblastami s vy$§im po¢tom kritérii s oblasti socialnych-ekonomickych
funkcii lesov a produkénych funkeii lesnych zdrojov. Ostatné kritéria st v modeli zastupe-
né rovnomerne jednym kritériom s vynimkou oblasti rozsahu lesnych zdrojov, pre ktoré
v modeli nie je definované separatne kritérium. Model Bhopan-India procesu pozostava
z 6smich kritérii, ktoré st primarne zamerané na oblasti socialno-ekonomickych funkcii
lesov a pravneho, politického a institucionalneho ramca. Ostatné kritéria su zastupené
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rovnomerne a v plnom rozsahu podl'a definicie SFM. Model procesu Dry-zone Africa je
tvoreny siedmimi kritériami, ktoré pokryvaja vsetky kritéria SFM. Dominantné postave-
nie ma oblast’ ochrannych funkcii lesov, ktorej st dedikované dve kritéria. Model Near
East procesu pozostava zo siedmich kritérii, ktoré si rovnomerné rozdelené a pokryvaju
vsetky kritéria spété so SFM.

Tab. /Kritéria vybranych modelov
Tab. 1Criteria of selected models

Procesy SFM Kritéria
rozsah biodiv. lesov | zdravie a produkéné ochranné socialno- pravny,
lesnych vitalita lesov | funkcie funkcie ekonomické | politicky a
zdrojov lesnych lesnych funkcie institucionalny
zdrojov zdrojov lesov ramec
Montreal 0 1 1 1 2 1 1
Pan- 1 1 1 1 2 1 0
European
Lepaterique 1 1 1 1 1 2 2
ITTO 1 1 2 1 1 1 1
Tarapoto 0 1 1 2 1 3 4
Bhopan-India 1 1 1 1 1 2 2
Dry-Zone 1 1 1 1 2 1 1
Africa
The Near 1 1 1 1 1 1 1
East

Zdroj Vlastné spracovanie
Source: Own processing

Analyza indikatorov jednotlivych modelov

Prehlad percentualnej Struktury indikatorov jednotlivych modelov SFM mo-
zeme vidiet’ v tab. 2. Indikatory st rozdelené do skupin podl'a jednotlivych kritérii SFM
definovanych Organizaciou Spojenych narodov. Model Montrealského procesu obsahuje
54 indikatorov, ktorych majoritnt ¢ast’ zarad’ujeme pod kritérium socialno-ekonomickych
funkcii lesov. V oblasti tohto kritéria model obsahuje 20 indikatorov, ktoré v percentual-
nom vyjadreni tvoria 37% vSetkych indikatorov v ramci modelu. Naopak najmensi pocet
zastupenych indikatorov mézeme vidiet’ v oblasti kritéria zdravia a vitality lesov (2). Per-
centualny pomer ostatnych indikatorov sa pohybuje v rozmedzi devét az 18 percent. Pan-
-Europsky model pozostava z 36 indikatorov, z ktorych najviac patri pod kritérium social-
no-ekonomickych funkcii lesov s kone¢nym poctom 11 kritérii, ¢o v relativnom vyjadreni
predstavuje 30% vsetkych indikatorov daného modelu.. Percentudlny podiel ostatnych
skupin indikatorov na celkovom pocéte indikatorov sa pohybuje v intervale osem az 25%.
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Model indikatorov Lepaterique je tvoreny 53 indikatormi. Dominantné postavenie v ram-
ci modelu maju indikatory urcené na sledovanie kritérii socialno-ekonomickych funkcii
lesov a pravneho, politického a institucionalneho ramca. Obidve skupiny indikatorov boli
tvorené zhodne 15 indikatormi, ¢o je 28% z celkového poctu indikatorov. Percentualna
participacia indikatorov zvysnych kritérii bola na urovni Styroch az 15 percent. Stibor kri-
térii a indikatorov ITTO pozostava z 58 indikatorov, kde najpocetnejsie zastipenia maju
indikatory spadajice pod kritérium socialno-ekonomickych funkcii lesov. Toto kritérium
je zastipené 12 indikatormi, ¢o v relativnom vyjadreni predstavuje 20% celkového po-
¢tu vSetkych indikatorov. Zvysné kritéria st zastipene v rozmedzi troch az 11 indika-
torov. Tarapoto model ma tvoreny 76 indikatorov, ktoré st v prevaznej miere zamerané
na sledovanie kritéria socialno ekonomickych funkcii lesov. V danom modeli je kritérium
zastupené skupinou indikatorov v celkovom pocte 31. Percentualna participacia indikato-
rov spadajucich pod ostatné kritéria sa pohybovala v rozmedzi pat’ az 22 percent. Model
Bhopan-India procesu obsahuje 47 indikatorov. Dominantné postavenie maju indikatory
patriace pod kritérium pravneho, politického a institucionalneho ramca. Kritérium je v da-
nom modeli zastupené 13 indikatormi a tvori 27% z celkového poctu indikatorov. Zvysné
kritéria su v modeli zastupené v rozmedzi Styroch az deviatich indikatorov na kritérium.
Ich percentualna participacia sa pohybuje v intervale od osem po 19 percent. Model proce-
su Dry-zone Africa pozostava zo suboru 58 indikatorov. Majoritnu ¢ast’ tvoria indikatory
spaté s kritériom udrzania a podpory socialno-ekonomickych sluzieb lesa a je v modeli
zastipené poctom 17 indikatorov, ¢o predstavuje 29% z celkového poctu indikatorov. Cel-
kovy pocet indikatorov zvysnych kritérii sa pohybuje v rozmedzi dvoch az 13 indikatorov,
teda ich percentudlna participacia na celkovom mnozstve indikatorov modelu je na urovni
tri az 22%. The Near East proces model je tvoreny 65 indikatormi. Dominantné postavenie
ma kritériu dedikované socialnym a ekonomickym funkciam lesov, pre ktoré je definova-
né 19 indikatorov, ¢o predstavuje 29% z celkového poctu indikatorov. Zvy$nym kritéridm
je dedikovanych $tyri az 11 indikéatorov z ¢oho vyplyva, ze ich percentualna participacia
sa pohybuje v rozmedzi Sest’ az 16 %.

Z analyzy kritérii a indikatorov modelov SFM nam vyplyva, Ze najrozvinutejSou
oblastou v obidvoch sférach je kritérium zabezpecenia socialno-ekonomickych funkeii
lesa, kde jej napriec vSetkymi skiimanymi modelmi bolo venovanych 12 kritérii, ktoré s
nasledne $pecifikované 134 indikatormi. Toto zistenie predstavuje hodnotny podklad vo
vzt'ahu k environmentdlnemu vykaznictvu ako takému, nakol’ko tato vedna oblast’ je de-
dikovana na hodnotenie environmentalno-ekonomickej vykonnost’, ktora je tizko spéta so
socialno-ekonomickymi funkciami lesa. Environmentalny aspekt environmentalno-eko-
nomickej vykonnosti je taktiez zakomponovany v ramci skimanych modelov, nakol’ko
evidujeme kritéria, ktoré st priamo venované témam ako zdravie, rozsah, vitalita a biodi-
verzita lesnych ekosystémov.
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Tab. 2 Struktura kritérii vybranych modelov
Tab. 2 Structure of criteria of selected models

Procesy SFM indikatory
rozsah biodiv. lesov | zdravie a produkéné ochranné socialno- pravny,
lesnych vitalita lesov | funkcie funkcie ekonomické | politicky a
zdrojov lesnych lesnych funkcie lesov
zdrojov zdrojov
Montreal 0 9 2 5 8 20 10
Pan- 3 9 5 5 3 11 0
European
Lepaterique 2 6 3 8 4 15 15
ITTO 3 7 9 10 6 12 11
Tarapoto 0 8 6 10 4 31 17
Bhopan- 4 7 6 4 4 9 13
India
Dry-Zone 2 13 7 5 5 17 9
Africa
The Near 4 11 9 4 9 19 9
East

Zdroj Vlastné spracovanie

Source: Own processing
4. ZAVER

Trvalo udrzatel'né obhospodarovanie lesov ponuka holisticky pristup na zabez-
pecenie toho, aby lesné ¢innosti prinasali socidlne, environmentalne a ekonomické vyho-
dy, vyrovnavali konkuren¢né potreby a udrZiavali a zlepSovali funkcie lesa v suc¢asnosti aj
v budtcnosti. Pre docielenie zabezpecenia tychto benefitov vznikali rézne modely trvalo
udrzateI'ného obhospodarovania lesov, ktoré pozostavaju zo siboru kritérii a k nim defino-
vanych indikatorov. V prispevku sme analyzovali osem najrozsirenejSich modelov SFM
podla FAO. Kritéria modelov boli analyzované v sulade s definiciou FAO, ktora identi-
fikuje sedem kritérii SFM. Z pohl'adu kritérii vybranych modelov mézeme konstatovat,
ze dominantné postavenie maju kritéria z oblasti zabezpe€enie socialnych a ekonomic-
kych funkecii lesov a pravneho, politického a institucionalneho radmca. Naopak najmensie
mnozstvo dedikovanych kritérii bolo zaznamenanych v oblasti rozsahu lesnych zdrojov.
Najvicsi pocet indikatorov bol zaznamenany v oblasti socialnych a ekonomickych funkcii
lesa. Najmensiu absolutnu pocetnost’ mali indikatory spadajtice pod prvé kritériu (rozsah
lesnych zdrojov).
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