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GROWTH RESPONSE OF BAREROOT AND
CONTAINERGROWN SEEDLINGS OF NORWAY
SPRUCE (PICEA ABIES [L.] KARST.) AND EURO-
PEAN BEECH (FAGUS SYLVATICA[L.]) TO APPLI-
CATION OF CONTROL-RELEASED FERTILIZER
IN CONDITIONS OF WINDTHROW AREA IN JA-
VORIE MTS.

Martin BELKO

BELKO, M.: Growth response of bareroot and containergrown seedlings of Norway spruce (Picea
abies [L.] Karst.) and European beech (Fagus sylvatica L.) to application of control-released ferti-
lizer in conditions of windthrow area in Javorie Mts. Acta Facultatis Forestalis, Zvolen

Abstract Rapid establishment of forest tree seedlings on disturbed and degraded sites (windthrow
areas and extensive clearings) can ensure effective restoration of forests and maintian forest eco-
system services. Promotion of seedling establishment and recovery of ecosystem functions on re-
stored sites, can be achieved by application of fertilizers. In contrast to conventional fertilization
techniques, controlled-release fertilizers (CRF) offer an alternative, that may provide plants with
enhanced mineral nutrition, for extended periods. Stocktype cultural practices applied in growing
bareroot (BR), and typical container (CR) growing systems can create assumptions for diferences
in root development patterns, and nutrient uptake of these two stock types. We assesed Norway
spruce (Picea abies [L.] Karst.) and European beech (Fagus sylvatica L.) BR and CR seedling
growth on windthrow area in the Javorie Mts. in response to control-released fertilizer (duration of
nutrient release: 24 months, content: NPK plus other macronutrients) application (30 g per seed-
ling"!, untreated seedlings served as control) three years after outplanting. No effect on seedling
survival occured. BR seedlings of both tree species fertilized with CRF reached higher values of
growth (GLD, H, LSL) and weight parameters (than control). In case of European beech these
diferences were statistically significant (GLD, H, LSL). Growth parameters of CR planting stock
of both tree species were not affected by CRF application. Higher nutrient concentrations in as-
similatory organs of seedlings treated by CRF application especially P, K, Mg were recorded for
BR planting stock of both tree species. Application of CRF did not affect the vitality status of
ectomycorrhizae or abundance of root tips, localised on fine lateral roots of BR and CR seedlings
of both tree species three years after outplanting. Our results suggest higher susceptibility of BR
planting stock, especially more nutrient demand European beech, to CRF application in contidions
of windthrow area with intense vegetative competition.

Keywords: Stock type, Control-released fertilizer, Outplanting, Ectomycorhiza, Windthrow area

INTRODUCTION

Consequences of current climate change (extreme weather events such as
droughts, torrential rain and storms, activization of biological pests) (BALLESTER et



al. 2010) together with results of inappropriatly applied silvicultural system (even aged
stands, monocultures etc.) seriously influenced ecological stability and integrity of forest
ecosystems in Central Europe during last decades (HLASNY et al. 2011). Rapid establish-
ment of forest tree seedlings on these disturbed and degraded sites, can ensure effective
restoration of forests and maintian forest ecosystem services. Changes in soil properties
(water, climate regime), competition from weeds, and animal browse are key factors, that
may limit early establishment success of newly outplanted seedlings on windthrow areas
and extensive clearings (TUCEKOVA 2013, MARTIN, BALTZINGER 2002, RAMSEY
et al. 2001). These biotic and abiotic stresses impair basic plant physiological processes
such as CO, assimilation, respiration, translocation, and synthesis of sugars, proteins, and
nucleic acids, which may restrict the ability of seedlings to establish on a site and lead to
slow growth and/or mortality (SALIFU et al. 2009; GROSSNICKLE 2012).

Field fertilization may promote seedling establishment and recovery of ecosystem
functions on restored sites (ROWLAND et al. 2009). Traditional (agronomic) immediate-
ly available fertilizers (IAF) release nutrients immediately upon application with generally
low rates of fertilizer recovery. In addition, broadcast field fertilization has been shown
to stimulate growth and nutrient uptake of competing vegetation more than outplanted
seedlings (STAPLES et al. 1999, RAMSEY et al. 2001). Additionally, the rapid release
of nutrients immediately following application of IAF creates potential for environmen-
tal contamination through leaching. In contrast to conventional fertilization techniques,
controlled-release fertilizers (CRF) offer an alternative, that may provide plants with en-
hanced mineral nutrition for extended periods. CRF differ from conventional forms of
fertilizer (e.g., urea and water-soluble products) in that the majority of nutrients are not
available immediately following application, but are released slowly over time, with re-
lease rates ranging from about 3—18 months. Thus, a single application of CRF can sup-
ply seedlings with enhanced nutrition for up to 2 years (JACOBS et al. 2005), providing
a more consistent and sustained flow of nutrients that better coincides with plant develop-
ment and seedling nutrient demand (DONALD 1991). Additionally, CRF may be applied
directly (or immediately adjacent) to the seedling root zone at planting with relatively low
risk of root damage (JACOBS, TIMMER 2005). This improves overall fertilizer use effi-
ciency and helps to minimize nutrient leaching (HANGS et al. 2003). CRF primarily vary
in terms of their nutrient formulations, estimated product longevities, and mechanisms of
nutrient release. Polymer-coated CRF are considered the most technologically advanced
form of CRF due to the considerable ability to control product longevity and subsequent
efficiency of nutrient delivery. Nutrient release of most polymercoated CRF is determined
by the diffusion of water through the semi-permeable membrane (GOERTZ 1993), a pro-
cess that is accelerated at progressively higher soil temperatures with soil water content
having relatively little influence on release (KOCHBA et al. 1990).

Stocktype cultural practices applied in growing bareroot (i.e. under-cutting, box prun-
ing, wrenching, mechanical lifting) and typical container growing systems (i.e. hard wall
container sidewalls limit horizontal root extension, and primary laterals growing down-



ward with root air-pruning at the cavity bottom) create assumptions for diferences in root
architecture of these two stock types even within one tree species (i.e. Norway spruce).
Experience with CR seedlings showed, preponderance of root development, that occurs
from the bottom portion of the plug (PREISING et al.1979; GROSSSNICKLE 2000).
This fact can further influence the soil volume from which seedling obtain nutrients.

Application of CRF at planting has stimulated growth of newly planted forest trees
across a variety of ecotypes in North America and Europe (e.g., JACOBS et al. 2005,
SZOLTYK 2004, KUBICEK 2003, TUCEKOVA 2013, BULIR 2005, SLOAN, DOU-
GLASS 2013). Despite the demonstrated potential to improve efficiency of fertilizer op-
erations on reforestation and afforestation sites, the direct comparisons of interactions
between CRF application and seedling stock type (bareroot vs containergrown) remains
largely untested in field plantings.

In this contribution, we test the hypothesis, that the CRF addition at plantation es-
tablishment will influence Norway spruce (Picea abies [L.] Karst.) and European beech
(Fagus sylvatica L.) bareroot (BR) and containergrown (CR) seedling growth, nutrition
content and vitality status of root tips, three years after experimental planting estabil-
ishement and CRF application, in conditions of windthrow area with intense vegetative
competition.

MATERIAL AND METHODS

Study site

The experiment was estabilshed in Inner Western Carpathians (Javorie Mts.,
Central Slovakia, 48°54°12°N, 19°22°73”’E), where forest stands, consist predominantly
of European beech with admixture of Norway spruce and other tree species, were affected
by windthrow in 2013. In our study, tree species composition of mature disrupted stand
was European beech (50 %), Norway spruce (45 %) in canopy layer, European hornbeam
and European beech in understory. Tree species restotation composition according to the
program of forest care was following: European beech (70 %), durmast oak (10%), Euro-
pean hornbeam (10%) and Norway spruce (10 %). Typological unit of the site according
to Slovak classification is Querceto-Fagetum. No competing vegetation was present on
the site at the time of harvest, but differing herbaceous (Calamagrostis sp.), shrub (Rubus
ideus, Rubus hirtus ) and pioneer tree species (birch, sallow, aspen) gradually became
abundant the following years. The altitude of the plot is 510m a.s.l., aspect NE and slope
30%.

The soil of the research plot is loam (40% sand, 40% silt, 20% clay) dystric cambisol
according to the World Reference Base for Soil Resources (FAO 2014) classification. The
underlying bedrock is mainly composed of acid rock (andesite) weathering products. Soil
reaction (pH ;,, ) in study site is acid (varied from 4,73 to 5,19) and soil C/N ratio ranged
from 17,3 ro 20,4 (Tab.1).



Tab.1: pH and nutrient concentrations (Mean + SD) in soil samples (n = 3) taken from experimental
plot in Javorie Mts. before outplanting (spring 2015)

Tab.1: Priemerné hodnoty (+smerodajné odchylka) pH a celkového obsahu zdakladnych makrozivin
vo vzorkach pddy (n = 3) odobranych z VVP v Javori pred vysadbou (jar 2015)

C N cN P K Ca Mg

(%) (%) (mgkg")  (mg.kg") (mg.kg") (mgkg™)
4326027 4913025  112£056 0,06£0,03 17,73:248 11,03£4,10 9520£33.00 526,33+19548 70,77+3391

PHcaci PHiz20

Mean normal (1980-2010) annual/growing season (January-December/April-Septem-
ber) daily air temperature and precipitation in study site are 7,19/13,65°C and 766/433 mm,
respectively (Slovak hydrometeorological institute: Climatological and meteorological in-
formation system 2016). Soil temperature (°C) and moisture (%) were measured at the
depth of 15cm, air temperature was measured at a hight of 30cm (seedling top level in
time of planting) using Minikin datalogger with in-built sensors (EMS Brno), placed in the
middle of the plot. During the third growing season soil temperature at the depth of 15cm
(depth of planting hole bottom) reached the highest values during august (max 19,5°C).
Maximal daily soil moisture was compared to the soil moisture content refered to the the
wilting point (water content at a soil matric potential of -1,5 MPa) (KIRKHAM 2005)
for loam soils (HABERLE et al. 2015), in order to detection of drought stress period oc-
curence. During the third growing season we recorded only 2 longer drought periods (soil
moisture content below wilting point longer than 5 days) in june.

Planting stock, treatments and experimental design

Bareroot (BR) and containergrown (CR) seedlings of Norway spruce and Eu-
ropean beech were outplanted in spring planting time (april 2015). CR seedlings of both
tree species were cultivated in Plantek F plastic trays (Plantek 81F, Lannen Plant Systems
- BCC Oy, Sékyla, Finland) filled with peat-based growing substrate, for one year (1 +
0) following a standart nursery protocol used for growing commercial Norway spruce
and European beech seedling stock. Four year Norway spruce (2+2), and one year (1+0)
European beech BR seedlings were grown in open field beds of small local forest nursery.
Accordig to the standart nursery practise, BR Norway spruce seedlings were transplanted
after two year period.

We applied to the half of the outplanted seedlings commercial controll-released fer-
tiliser (CRF) Silvamix forte® (ECOLAB, Znojmo, Czech Republic), untreated seedlings
served as control. CRF was applied in form of tablets (3 tablets per seedling, weight of 1
tablet:10g) putted into the holes localised within a 10cm distance of seedling stem, two
weeks after outplanting. CRF Silvamix forte is urea formaldehyde, potassium magnesium
phosphate fertiliser containing 17,5% N, 17,5% P (P,0,), 10,5% (K,0), 9% Mg (MgO)
and has got neutral to slightly alkaline reaction. Duration of nutrient leachimg according
to the manufacturer: 24 months.

The experiment was established in a complete randomized block design with three
blocks (replications). Fifty seedlings of each tree species, stock type (CR, BR) and com-
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pared treatments (Control, CRF Silvamix forte) were planted into the holes, regularly
placed in square spacing (1,4 x 1,4m), in each of three replications (blocks), 600 seedlings
in total.

Post planting care included mechanical removing of competing vegetation and non-
required shrubs by scrub cutter on lines (lines between seedlings) and application of chem-
ical repellent, to prevent game damage, on leading sprout, buds and lateral branches at the
first node of each seedling.

Survival, seedling measurements and sampling

Seedling survival rate was expressed as percentage (%) of the living individual
number from the total number of outplanted seedlings. Total height (H) (cm), leading
sprout lenght (LSL) (cm) and ground level diameter (GLD) (mm) were measured in fall
2017 only on undamaged seedlings.

For both tree species, three seedlings per treatment and block (24 seedlings in total),
were collected at the end of growing season for desctructive sampling and transfered to
the laboratory for biomass measurements. Harvested seedlings were separated into needle,
stem branches and roots. Each type of plant tissue was oven dried at 65°C for 48h to de-
termine dry mass with precision balance (KERN, Balingen, Germany).

Assesement of root tip frequency, vitality and ectomycorhizal colo-
nization of root tips

Before oven dried, root system of each seedling was separated from the soil,
under a gentle water jet, using a sieve to collect any root fragments detached from the sys-
tem. We sample three 3 cm long sections (parts) of the fine lateral roots (diameter <1 mm)
from top, middle, and bottom part of every root system (27 cm of lateral roots in total per
1 seedling). Subsequently, root tips on each root segment were counted under a dissecting
microscope (Zeiss, Stemi, Gottingen, Germany). All fine roots were oven dried (85°C for
24 h) and weighed to the nearest 0,1 mg. Root tip frequency was than expressed as the
number of root tips per 1 mg of dry mass of sampled lateral roots (RTF, tips.mg"). Root
tips were simultaneously classified into two categories: active mycorrhizae (ActM) or
non-active mycorrhizae (NactM). Tips lighter in colour, with a smooth surface, lacking
radical hair, with high turgor pressure and developed hyphae sheathes were classified as
active mycorrhizae. Darker, wrinkled tips with markedly less turgor pressure and without
hyphae sheathes were classified as non-active mycorrhizae (PESKOVA et al. 2015). The
relative proportion of active mycorrhizae (% ActM) was calculated as number of active
ectomycorrhizae root tips from the total nuber of root tips observed on sample of lateral
roots assign to each seedling.
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Foliar and soil chemical analysis

In 2016 foliar and soil subsamples were collected at the end of growing season.
Foliar subsamples were collected from the upper one-third of four to five randomly chosen
sedlings, soil subsamples were obtained from soil removed from harvested seedlings. Fo-
liar and soil subsamples from one treatment were mixed, to create a composite foliar and
soil sample represent each treatment

To characterize the soil surface chemical properties of planting site, we collected 5
random soil samples from the depth 15 cm across each replication, and one mixed sample
per replication was pooled and anlyzed. Foliar and soil samples were air-dried to constant
mass, and submitted to National Forest Institute (Zvolen IN, Slovakia) for nutrient analy-
sis.

Total plant C and N were determined by dry combustion (900-1250 °C) and subse-
quent oxidation-reduction reactions in a CN analyzer FLASH EA 1112. Concentrations of
other elements (K, Ca, Mg and P) were estimated by inductively coupled plasma atomic
absorption spectrometer (Thermo iCE 3000) and spectrophotometrically (PHARO 300)
from the HNO, extract by the ammonium molybdate method. The same methods were
used for substrate analysis, except for the preparation of extracting solution by Mehlich
method before P, K, Ca and Mg detection by ICP-AES. The pH was determined electro-
metrically in a 1 substrate : 10 water suspension.

Statistical analysis

Norway spruce and European beech data for CR and BR seedlings were ana-
lyzed separately, with each species and stock type constituting a separate experiment. One
way Analysis of variance (ANOVA) was used to evaluate the effect of CRF Silvamix forte
on seedling total height (H) (cm), leading sprout lenght (LSL) (cm), ground level diam-
eter (GLD), seedling dry mass, root tip frequency (RTF) and relative proportion of active
mycorrhizae (ActM) data (randomizes complete block design). Prior to analysis, the vari-
ables were examined for normality using Shapiro-Wilk test (STATISTICA 12.0 StatSoft,
Inc., Tulsa USA). When the ANOVA results showed a significant effect, the Tukey test
was carried out for multiple comparisons between treatments (p<0,05). ANOVA statistical
analyses were performed using SAS (SAS Institute Inc., Cary, NC, USA).

Results

No significant diferences were recorded in seedling growth among treatments
within a given stock type and tree species after the first growing season (REPAC et al.
2017). Results presented in this contribution describe the situation after the third growing
season. Mean values of growth and weight parameters after the first growing season are
expressed as white horizontal bars in presented figures.
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Norway spruce seedling survival, growth, and foliar nutrition in
response to fertilization

Averaged across all treatments, Norway spruce seedling survival was 68 % in
case of bareroot and 64 % for containergrown stock type after the third growing season
(data not shown). Highest losses were recorded after the first growing season. After the
third growing season BR and CR seedlings with added CRF Silvamix forte were higher
(Fig.1) and produce longer leading sprout (Fig.2), but ANOVA did not confirm these difer-
ences as statistically signifficant (Tab.2). The situation was similar also in previous growing
seasons (REPAC et al. 2017). Norway spruce ground level diameter also did not respond
statistically significant to fertilization (Tab.2), however, both stock types treated by CRF
fertilizer reached larger RCD (Fig.1). We can see, that diferences between control seedlings
and seedlings with added CRF were larger in case of BR stock type. Statistically significant
diference (p=0,0324) (Tab.2) in weight of aboveground part for BR seedlings (Fig. 3) could
also confirm a more powerful effect of CRF Silvamix application for this stock type.

Norway spruce Norway spruce

Bareroot Containergrown 25 Bareroot Containergrown
100,00
N E 2
90,00 a
£
80,00 a a 3 a
— 7000 © la
£ £ 15
£ 6000 o
z sl o a
g’ 50,00 % 10
E 4000 3
2 <€
@ 000 3
2000 (O]
i . ._
000 o " - " "
Control  CRF Silvamix  Control  CRF Silvamix Control  CRF Silvamix Control CRF Silvamix

European beech

Bareroot Containergrown European beech
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100,00
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a
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«
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Fig. 1: Norway spruce and European beech BR and CR seedling ground level diameter (right) and
stem height (left) (Mean + SD) after the third growing season. Means marked with the same letter
within a given stock type and tree species did not differ significantly (p = 0.05). White horizontal
bars represent mean values of ground level diameter and stem height after the first growing season
Obr. 1: Priemerna (+smerodajna odchylka) hriibka (vpravo) a vyska (vlIavo) VK a KK sadenic
smreka obycajného a buka lesného tri roky po vysadbe na ploche v Javori. Medzi variantmi
oznacenymi rovnakym pismenom v ramci rovnakého typu sadbového materidlu nie je Statisticky
vyznamny rozdiel (p=0,05). Biele vodorovné usecky reprezentuji priemerné hodnoty vysky resp.
hrabky po prvom roku.
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Norway spruce

Bareroot Containergrown European beech
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Fig.2: Norway spruce and European beech BR and CR seedling leading sprout lenght (LSL), (Mean
+ SD) after the third growing season. Means marked with the same letter within a given stock type of
each tree species did not differ significantly (p=0.05). White horizontal bars represent mean values
of LSL after the first growing season

Obr. 2: Priemerny prirastok (+smerodajna odchylka) VK a KK sadenic smreka obycajného a buka
lesného tri roky po vysadbe na ploche v Javori. Medzi variantmi oznac¢enymi rovnakym pismenom
v ramci rovnakého typu sadbového materialu nie je Statisticky vyznamny rozdiel (p=0,05). Biele
vodorovné tsecky reprezentuju priemerné hodnoty prirastku po prvom roku.

Tab.2: ANOVA results for seedling morphological parameters (GLD, H, LSL), weight parameters,
root tip frequency (RTF) and vitality status of ectomycorhizal root tips after the third growing season
Tab.2: Vysledky analyzy variancie pre porovnavané veli¢iny: rastové parametre, hmotnostné para-
metre a parametre jemnych korienkov (pocet korefiovych $pi¢ieck na mg', vitalita)

Morphological parameters Weight parameters and root tip frequency Vitality status of ectomycorhizal root tips
Tre.e Stock Ground level ) Leading sprout Aboveground Root tip Re!at'\ve propo.rticn of Relative. proportion. of
species  type . Height (H) Root system  Stem frequency  active mycorrhizal root non-active mycorrhizal
diameter (GLD) lenght (LSL) part . )
(RTF) tips. root tips (ActM)
F=9,25 F=1,56 F=3,42 F=437 F=3,83 F=29,41 F=3,09 F=037 F=0,55
Norway BR  p=0,0932 p=03383 p=0,2055 p=0,1717 p=0,1894 p=0,0324 p=0,2207 p=0,7748 p=0,6675
Spruce F=2,22 F=0,26 F=0,07 F=0,00 F=125 F=0,21 F=0,10 F=191 F=191
CR  p=0,2749 p=0,6610 p=0,8202 p=0,9796 p=0,3804 p=0,6930 p=0,7836 p=0,2297 p=0,2297
F=68,1 F=50,10 F=18,79 F=0,96 F= / F=677 F=121 F=0,14 F=0,14
European  BR  p=0,0144 p=0,0194 p=0,0493 p=0,4307 p= / p=0,1213 p=0,3855 p=0,9306 p=0,9306
beech F=0,01 F=0,01 F=0,75 F=0,01 F= [/ F=077 F=0,36 F=0,56 F=0,56
CR  p=09227 p=09174 p=0,4784 p=0,9431 p= / p=0,4728 p =0,6081 p=0,6619 p=0,6619

Diferencies in total weight of root systems of harvested seedlings can be influenced
by the quality of handling in proces of seedling lifting.

We recorded incresed foliar concentrations of selected macronutrients especially P,
K, Mg in both types of planting material (Tab.3) for treatments with added fertilizer. Foliar
nutrient concentrations were in case of both stock types within or slightly above limits re-
ported by BMELF (1996). Also chemical analysis of soil samples obtained from harvested
BR Norway spruce seedlings confirmed increased content of P, K, Mg (Tab.5).
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Fig. 3: Norway spruce and European beech BR and CR seedling weight parameters (root system,
stem, aboveground part), (Mean + SD) after the third growing season. Means marked with the same
letter within a given stock type of each tree species did not differ significantly (p=0.05). White
horizontal bars represent mean values of weight parameters after the first growing season (weight
parameters of European beech seedlings were not analysed after the first growing season).

Obr. 3: Priemerné hodnoty hmotnostnych parametrov (+smerodajna odchylka) VK a KK sad-
enic smreka obycajného a buka lesného tri roky po vysadbe na ploche v Javori. Medzi variantmi
oznacenymi rovnakym pismenom v ramci rovnakého typu sadbového materidlu nie je Statisticky
vyznamny rozdiel (p=0,05). Biele vodorovné tisecky reprezentuji priemerné hodnoty hmotnostych
parametrov po prvom roku (hmotnostné parametre sadenic buka lesného neboli po prvom roku
hodnotené).

European beech seedling survival, growth, and foliar nutrition in
response to fertilization

Overall european beech seedling survival was 53 % for bareroot and 49 % for
containergrown stock type after the third growing season (data not shown). For BR seed-
lings, height (p=0,0194), leading sprout lenght (p=0,0493) and ground level diameter
(p=0,0144) (Tab.2) were statistically significant affected by application of CRF Silvamix
forte (Fig.1, Fig.2). Fertilized BR seedlings outperformed unfertilized seedlings also in
second growing season. In the first growing season, ANOVA did not interpret slight difer-
ences as statistically signifficant (REPAC et al. 2017). For CR seedlings application of
CRF Silvamix forte did not statistically significant influenced growth (H, LSL, GLD) or
weight parameters (Tab.2). We also recorded incresed foliar concentrations of all macro-
nutrients especially P, K, Mg in both types of planting material for treatments with added
fertilizer (Tab.3). Foliar nutrient concentrations were in case of both stock types within or
slightly above limits reported by BMELF (1996).
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Tab. 3: Chemical analysis of Norway spruce and European beech BR and CR seedling assimilatory
organs two years after planting on the plot in Javorie Mts.

Tab. 3: Chemicka anlyza asimila¢ného aparatu VK a KK sadenic smreka obyc¢ajného a buka lesného
dva roky po vysadbe na ploche v Javori

Stock type Treatment Total N (%) Pimgg’) K(mgg") Ca(mgg’)  Mg(mgg’)
Norway spruce
BR Control 2,01 2210 8450 7 680 1130
CRF Silvamix forte 2,18 2940 8530 7 880 1220
R Control 2,08 2200 9260 7150 1080
CRF Silvamix forte 2,13 2530 9420 7 180 1190
BMELF (optimal intervals of selected 1,35 1300 5000 3500 1000
nutrient concentraton) 1,7 2 500 12 000 8 000 2 500
European beech
BR Control 1,79 1560 6 640 10 000 1180
CRF Silvamix forte 1,86 2370 7170 10 100 1380
R Control 1,65 1700 6230 10 500 1350
CRF Silvamix forte 1,8 1990 6570 10 500 1470
BMELF (optimal intervals of selected 1,8 1000 5000 4000 700
nutrient concentraton) 2,5 1700 7 500 8 500 1400

Tab. 4: Relative proportion of active and non — active mycorhizal root tips, root tip frequency of
Norway spruce and European beech BR and CR seedlings (Mean + SD) three years after planting
on the plot in Javorie Mts. Means marked with the same letter within a given stock type of each tree
species did not differ significantly (p=0.05).

Tab. 4: Priemerné hodnoty podielu (+ smerodajna odchylka) aktivnych a neaktivnych mykoriznych
zakonceni, frekvencie mykoriznych zakon¢eni VK a KK sadenic smreka obyc¢ajného a buka lesného
tri roky po vysadbe na ploche v Javori. Medzi variantmi oznac¢enymi rovnakym pismenom v ramci
rovnakého typu sadbového materialu nie je Statisticky vyznamny rozdiel (p = 0,05)

Active Non-active .
- . Root tip frequency
Stock type Treatment mycorrhizae mycorrhizae (RTF) (tips.mg™)
(ActM) (%) (ActM) (%) ’

Norway spruce

BR Control 86,28+5,72a 13,8245,88a 7,86+1,21a

CRF Silvamix forte 84,62+4,49a 15,37+4,49a 9,19+1,23a

Control 81,73+6,31a 18,2616,31a 11,10+1,50a

CR CRF Silvamix forte 86,98+6,56a 13,0146,55a 11,34+2,54a
European beech

BR Control 83,91+5,96a 16,08+5,96a 29,34+4,35a

CRF Silvamix forte 85,13+5,31a 14,87+5,31a 29,85+2,62a

R Control 83,666,57a 16,33+6,57a 28,51+3,41a

CRF Silvamix forte 84,14+5,65a 15,85+5,63a 29,07+3,10a

Response of root tip frequency, vitality and ectomycorhizal coloni-
zation of root tips to CRF application

In Norway spruce plots, root tip frequency (tips.mg™"') and vitality of ectomyr-

rhizae were not influenced by fertilization treatment (Tab.4). Average root tip frequency
during the third growing season varied from 7,86 tips.mg™! to 11,34 tips.mg'. Also active
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mycorhizae expressed as ratio from total number of root tips in sample, was relatively high
for both stock types (BR 85,45%; CR 84,35% resp.) and treatments. Also for European
beech plots, root tip frequency (tips.mg™") and vitality of ectomyrhizae were not influenced
by fertilization treatment (Tab.4). Average root tip frequency is in case of European beech
higher than Norway spruce and varied from 28,51 tips.mg! to 29,85 tips.mg! after the
third growing season. Similarly the proportion of active mycorhizae expressed as ratio
from total number of root tips in sample, was relatively high for both stock types (BR
84,52%; CR 83,9% resp.) and treatments.

Tab. 5: Soil pH and nutrient concentrations in soil samples obtained from harvested Norway spruce
seedlings two years after planting on the plot in Javorie Mts.
Tab. 5: Rozsahy hodndt pH a celkového obsahu zdakladnych makrozivin vo vzorkach pody odo-

branych z vyzdvihnutych sadenic smreka obycajného na ploche v Javori dva roky po vysadbe

Stocktype  Treatment Pwo  C(%) N(%) C/N Plmgg’) K(mgg’) Ca(mgg’) Mg(mgg’)
o control 524 449 021 21 9,42 171 751 77
CRF Silvamix forte 542 466 020 23 25,7 251 576 220
o Control 563 484 021 23 68,9 229 854 147
CRF Silvamix forte 545 476 024 19 457 133 846 132
DISCUSSION

Low survival rates especially in case of European beech three years after ex-
perimental plantation estabilishment, are predominantly consequences of hight ungulate
density and competition vegetation on the site. MARTIN, BALTZINGER (2002) reported
similar experience with hardwood plantation estabilishment in the eastern USA. Our study
results suggest, that application of CRF at outplanting can enhance site conditions and
stimulate growth of bareroot, especially more nutrient demand, European beech (BMELF
1996) seedlings. The application of CRF stimulated growth of different tree species
across variety of conditions (JACOBS et al. 2005, SZOLTYK 2004, KUBICEK 2003,
TUCEKOVA 2013). Positive effect of CRF application has been reported especially on
nutrient demand sites such as localities, that were in proces of mine reclamation (BULIR
2005, SLOAN, DOUGLASS 2013). SLOAN, DOUGLASS (2013) recorded higher
growth parameters of CR white spruce (Picea glauca (Moench) Voss) and aspen (Populus
tremuloides Michx.) seedling in a post-mining boreal site after CRF application into a hole
at 15cm depth in the soil 5—7 cm uphill from the target seedling. JACOBS et al. (2005)
observed significant increase in height and RCD growth of hardwood tree species from
the 60 g.seedling! rate of CRF Osmocote relative to controls. Dose rate of CRF applied
in our experiment (30 g.seedling™!) can be probably the reason of low seedling growth re-
sponse. However, STOFKO (2010), who studied reaction of conifer tree species (Norway
spruce, European larch) outplanted in Nizke Tatry Mts. to application of commercial CRF,
reported no effect of CRF application (50 g.seedling™) in case of Norway spruce.
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Different root architecture as a consequence of stocktype cultural practices applied in
growing bareroot and typical container growing systems, can affect subsequent field site
root development patterns (GROSSNICKLE, EL-KASSABY 2016). GROSSNICKLE
(2000) reported, that roots of containergrown seedlings initially develop outward from all
areas of the container plug, although the preponderance of root development occurs from
the bottom portion of the plug. In our study, the main part of the harvested seedling root
systems of CR seedlings, during the first two years after outplanting, was concentrated
still in the space of the root plug (REPAC et al. 2017). Root plug can act as a source of
nutrient reserves, so the seedling have no need to develop new roots out of the growing
substrate during the first years after outplanting. Work of QUORESCHI, TIMMER (2000)
demonstrated, that media surrounding root systems of container seedlings contributed as
much as 22, 17 and 34 % in increased N, P and K uptake, respectively, and increased
seedling growth compared to barerooted seedlings (i.e. container seedling with plug media
removed) one season after outplanting. In our experiment after the first growing season
CR seedlings of both tree species had higher levels of macronutrients compared to BR
(REPAC et al. 2017). In addition, root systems of bareroot seedlings overrooted larger
amount of the soil and they developed also in horizontal direction. According to the de-
scription of CRF Silvamix manufacturer, the main dose of the nutrients is leached out dur-
ing the first two years after the application. Similarly FAN et al. (2002) reported a range
of 39-86% of total nutrients released from four CRF types, ranging in estimated release
duration from 9-15 months, during the first growing season on a site in northern Idaho.
SLOAN, DOUGLASS (2013) who applied CRF Osmocote in their experiment observed,
that about 50% of nutrients in CRF prills were released during the first growing season,
with the remaining 50% potentially available for plant uptake in the subsequent growing
season. Thus, no or very slightly response of CR seedlings of both tree species to CRF
application in our experiment can be caused by delayed root achievement of surrounding
soil, that was affected by CRF application (tablets were applied within a 10cm distance
of seedling stem).

We did not record any negative effect of CRF application on vitality status of assesed
ectomycorhizae or their abundance. Across all treatments the ratio of active ectomycorhi-
zal root tips ranged from 81,73% to 86,98. However, several studies reported also negative
effect of fertilization on seedling survival (VAN DEN DRIESSCHE et al. 2003). Negative
effect of fertilizer application on seedling development can be connected with increased
soil solution nutrient ion concentrations, that affect soil water availability, usually in case
of overdoses (JACOBS, TIMMER 2005, JACOBS et al. 2004). PESKOVA et al. (2015)
recorded higher proportion of non-active mycorhizae on fine root samples of Norway
spruce under simulated drought conditions. The absence of any negative effects of fertili-
zation on seedling survival or growth indicates, that fertilizer application rate used in this
study was outside the range of the toxicity.
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CONCLUSION

Our study results suggest that CRF may offer a way to improve early growth
of European beech BR seedlings. Higher nutrient content in soil samples obtained from
harvested Norway spruce seedlings as well as different root development patterns of seed-
ling stock types may explain diferencies in growth response of seedling planting material
to CRF application. However, low survival rates of outplanted seedlings recorded in our
trial show, that fertilizer addition in the absence of additional silvicultural treatments may
not elicit a positive response in seedling plantations. Rather, it is likely that a multifaceted
approach, in which several management strategies work together to produce a desired field
response, is needed to enhance plantation establishment success. Further research should
examine the interactions among different tree species, seedling stock type, different ways
of CRF application and rates of CRF doses, under different soil conditions.
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Rastova odpoved’ vol'nokorennych a krytokorennych sadenic smreka obyc¢ajného (Picea abies [L.]
Karst.) a buka lesného (Fagus sylvatica [L.]) na aplikaciu hnojiva s postupnym uvolfiovanim zivin
v podmienkach kalamitnej plochy v pohori Javorie.

Zhrnutie

Rychle zabezpecenie obnovy ciel'ovych drevin v nepriaznivych podmienkach velkoplosnych holin
(napr.: kalamitné holiny) zvySuje efektivitu zalesniovacich prac a poméaha zachovat’ ekosystémové
sluzby lesa. Urychlenie zabezpecenia obnovy cielovych drevin a tym aj ekosystémovych sluzieb
lesa je mozné dosiahnut’ aj prostrednictvom aplikacie hnojiv. V porovnani s konvenénymi hnojiva-
mi, hnojiva s dlhodobym tG¢inkom pontkaju alternativu zvySeného mnozstva dostupnych zivin po-
¢as dlhsieho obdobia. Postupy pouzivané v procese pestovania roznych typov sadbového materialu
mozu vytvarat’ predpoklady pre vznik rozdielov vo vyvoji korefiovych sustav, ktoré mozu nasledne
ovplyvnit’ aj prijem zivin. Cielom experimentu bolo zhodnotit’ vplyv aplikacie hnojiva s dlhodo-
bym t¢inkom (doba uvolfiovania zivin: 24 mesiacov, obsah: NPK a iné makroziviny, davka 30g
na 1 sadenicu) v podmienkach kalamitnej holiny v pohori Javorie. Aplikované hnojivo nemalo
vplyv na prezivanie sadenic. VK sadenice obidvoch drevin s aplikovanym hnojivom dosiahli vyssie
hodnoty rastovych a hmotnostnych parametrov. V pripade sadenic buka lesného boli tieto rozdiely
Statisticky vyznamné. Rast KK sadenic obidvoch drevin nebol aplikaciou hnojiva nijako ovplyvne-
ny. Vys8i obsah zivin v asimilaénom aparate prihnojenych sadenic bol zaznamenany v pripade VK
sadbového materialu obidvoch drevin. Vitalita, rovnako ani pocetnost’ korefiovych $pic¢iek nebola
ovplyvnena aplikaciou hnojiva. Vysledky nasho experimentu ¢iastocne poukazuji na vyssiu sen-
zitivitu VK sadenic v pripade aplikacie hnojiva s postupnym uvolfiovanim zivin v podmienkach
zaburinenej kalamitnej holiny.
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INOVACIA OCHRANNYCH METOD PROTI POD-
KORNIKOVI DUBOVEMU (SCOLYTUS INTRICA-
TUS RATZ.)

Jozef ROZKOSNY — Juraj GALKO —Milan KODRIK

V dobe dnesnych klimatickych zmien je nevhodné podcenovat’ ochranu dubovych porastov. Kaz-
doroc¢né teplé a suché leta, vysusné vetry, deficit vlahy praju skodcom, no nie dubovym porastom.
Vyskum sme zacali na LS Duchonka v roku 2015 zakladanim dubovych lapakov v pocte 10ks
a od Aprila do augusta. Zo stredov lapakov sme neskor po naleteni vyrezavali vzorky o dizke 1 m.
Za cely pokus bolo vytvorenych 90ks vzoriek mesacne, z ktorych sa vyhodnocovalo spektrum
hmyzu, ktoré vyletelo zo vzoriek, ako aj popula¢né hustoty podkornika. V roku 2017 sme do prace
pridali experiment s kanadskymi odparnikmi s moznym repelentnym t¢inkom na podkornika, kde
sme vytvorili 20ks dubovych vzoriek, kde 10 bolo s odparnikom a 10 bez. Celkova priemerna po-
pulaéna hustota na dubovych vzorkach bola 1,39 m. ch./dm?. Celkova priemerna dizka materskych
chodieb bola 10,39 mm. Zaujimavym bol odchyt invazneho skodcu Xylosandrus germanus.

Kradové slova: dubové vzorky, lapak, Scolytus intricatus, sietové eklektory, kanadské odparniky.

1. UVOD A CIEL

V minulosti boli dubové porasty brané, ako najodolenejsie voci biotickym, ¢i
abiotickym $kodlivym ¢initelom. Uz v 80-tych rokoch sme boli svedkami ohrozenia du-
bovych porastov. Vyskyt tracheomikéznych ochoreni spolu s ich vektorom podkornikom
dubovym dokézal, ze dubiny na Slovensku st v ohrozeni. V tychto rokoch bolo napad-
nutych takmer 4 000 000 m* dubovej hmoty. Tato situacia upozornila na zly stav dubo-
vych porastov. Neskor sa sitiacia zlepsila pomocou hospodarskych opatreni, no najma
pomocou porastovej hygieny, ktorou dokdzeme regulovat’ populaciu podkoérnika. Situacia
z 80-tych rokov bola zac¢iatkom zhorSovania zdravotného stavu dubin. V 90-tych rokoch
sa situacia zlepsila vd’aka dobrej porastovej hygiene, no v dnesnej dobe sme svedkami kli-
matickych zmien, ktoré sa nevyhli ani porastom so zastupenim duba. Podkdrnik dubovy
a tracheomykozy nie st jedinymi faktormi, ktoré ohrozuju dubové porasty. Je to subor fak-
torov. V dnesnej dobe sa dostdvame do problému so stale znizujicim sa zastipenim duba.
Je to z dovodu viacerych faktorov, pricom k tomuto trendu prispievaju najma vysoké
stavy raticovej zveri, oraz teplejsie vegetacné obdobia, vlhkostny deficit, atd’. Tieto fak-
tory praju skodcom, ale nie zlepSovaniu zdravotného stavu dubovych porastov. Dub ako
drevina s 10,6 % zastapenim zo vSetkych drevin ma najvacsie spektrum Skodcov. Uz len
z tohto pohl'adu je chybné ju zanedbavat’. Spolu s klimatickymi zmenami bude zaujimavé
sledovat’ zdravotny stav dubin do buducna, kde bude potrebné skiimat’ nové metody obra-
ny a ochrany dubin, ako aj zabranit’ ich znizujicemu sa zastipeniu v slovenskych lesoch.
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Hlavnym cielom je vyskumom overit moznosti ochrany dubovych porastov najma
pred podkérnikom dubovym (Scolytus intricatus Ratz.). Ciastkovym cielom je zhodnotit’
pouzivanie dubovych lapakov a lapacich kop na LS Duchonka, ako aj vyhodnotit' po-
pulaéni hustotu z dubovych vzoriek pocas sledovaného obdobia. Dalsimi &iastkovymi
ciel'mi je vyskusat’ experiment s kanadskymi odparnikmi, ktoré potencialne pdsobia repe-
lentnym t¢inkom na podkornika. Poslednym ¢iastkovym cielom su navrhy pre prax, ktoré
su zalozené na naSich zisteniach.

2. PROBLEMATIKA
2.1 Bionémia podkornika dubového (Scolytus intricatus Ratz.)

Podkérnik dubovy je rozsireny po celej Eurdpe, kde sa vyskytuje v dubovych
porastoch. Zivnymi drevinami st viaceré druhy dubov, ale napadnat’ moze aj buk, hrab,
¢i brezu. Na Slovensku napada najmé dub letny (Quercus robur L.), dub zimny (Quer-
cus petraea L.), dub zltkasty (Quercus dalechampii L.), dub plstnaty (Quercus pubescens
L.). Patri do ¢el'ade podkdrnikovité (Curculinoidea). Tato ¢el'ad’ je bohato zastiipena, no
podkérnik dubovy ma svoje determinujiice znaky. Stit je po stranéch obrubeny, zretelne
ohrani¢eny od bokov prednej hrude, krovky su ploché, na koncoch zaoblené. Zadocek je
na konci Sikmo zrezany. Sam¢ek ma na hlave nad hryzadlami zvazocky jemnych vlaken.
Tym samceka vieme rozoznat’ od samicky. Su viditeI'né aj lupou. Iméago dorasta do vel-
kosti od 2 do 4mm. Zafarbenie tela je tmavé, §tit je Cierny, krovky st tmavohnedé. Celé
telo je pokryté jamkami s chipkami, ktoré s vyznamné v zachytavani a prenasani vytru-
sov hub z rodu Ceratocystis sp. a tym aj prenasaniu tracheomykéz (Gogola, Chovanec
1987). Vyvoj podkornika zacina v napadnutej dubovej hmote. M6zu to byt tazbové zvy-
Sky, ale vyvijat’ sa mdze aj na oslabenych jedincoch duba. Z tejto hmoty nasledne vyletuje
od aprila do juna, v krajnom pripade az do augusta a vykonava zrelostny zer. Zrelostny
zer vykonavaji iméaga vo vrcholcoch zdravych dubov, najma v pazuchach 1 az 2 roénych
vyhonkov, kde pohlavne dospeju. Tu dochddza k zanasaniu spér hub rodu Ophiostoma,
preto je podkornik oznacovany ako vektor tychto hub. Okrem pazuch sa jedince zavita-
vaju aj do pazich listovych stopiek a pucikov. Zavrt je dlhy 3 — 4 mm, teda na dizku tela.
Zrelostny zer trva 14 az 22 dni, zavisi to od pocasia (Novotny a kol. 2004).

2.2 Vhodna dubova hmota pre podkérnika

Dospelé iméaga zakladaju novt generaciu na zvyskoch z tazby, na spilenych
kmenoch ale aj na vetvach stojatych stromov. Vyskyt na tychto druhoch hmoty a husto-
ta ich obsadenia byva rozdielna. Zavisi od pocetnosti Skodcu, zdravotného stavu dubin,
obdobia vykonu t'azby, spdsobu ulozenia a asanacie tazbovych zvyskov. V obdobi laten-
cie sa podkornik udrzuje najmi v tazbovych zvyskoch, na uhynutych duboch a taktiez
na prirodzene odumierajucich vetvach v dolnej Casti koruny dubov (Vakula a kol. 2015).
Vyznamnostou tazbovych zvyskov sa zaoberali viaceri autori (Pfeffer 1961; Randuska
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1992 a i.). Ohrozuje porasty, najma tie, ktoré boli v minulosti postihnuté hromadnym hy-
nutim dubov (HHD). Ohrozené st lokality so zanedbanou porastovou hygienou a kde ma
podkornik vhodné podmienky na vyvoj. Dubiny st ohrozené najma po suchych a teplych
letach, ktoré fyziologicky oslabuju duby, no naopak, ticto podmienky vyhovuju podkorni-
kovi pre vyvoj a zakladanie novej generacie (Vakula a kol. 2015).

2.3 Tracheomykodzne ochorenia dubov a ich vplyv na zdravotny
stav dubin v minulosti a v sii¢asnosti

Tracheomykdzami sa nazyvaju choroby drevin spdsobené parazitickymi hu-
bami, pri ktorych dochadza k obmedzeniu a zastaveniu vhodného pridu v cievach — tra-
cheach bel'ového dreva. Mylna je predstava, Ze sa jedna len o ochorenie ciev. V skutoc-
nosti predtym dochadza k odumieraniu zivych buniek lyka, kambia a bele, pretoze to st
huby parazitické (Gogola, Chovanec 1987).V sti¢asnosti ochorenie sposobuju huby rodu
Ophiostoma, Ceratocystis, Ceratocystiopsis. Tieto huby z hl'adiska fytopatoldgie zafarbu-
ju a poskodzuju drevo, pricom niektoré druhy sposobuju rozsiahle epifitdcie tracheomy-
kéznych ochoreni (Leontovy¢ 1992). Fassatiova a kol. (1995) uvadzaju, ze rody tychto
hub maji suhrnny nazov ophiostomatalne. Tieto huby sa rozmnozujti sporami (vytrusmi)
vznikajucimi vo vreckach, v mikroskopickych plodni¢kach. Casto sa vytvaraja nepohlav-
né Stadia hyf — konidie. Perfektné $tadium (pohlavné) tvoria plodnic¢ky gul'ovitého tvaru
s vyustovacim Stihlym hrdlom. Gul'ovita baza plodniciek je zvicsa hnedej az Ciernej far-
by. Imperfektné §tadium (nepohlavné) je tvarovo vel'mi pestré a pri niektorych druhoch
sa vyskytuju sii¢asne, aj dva typy a tieZ prechodné tvary. Castou formou je typ Graphium.
Exokonidie sa v tomto pripade tvoria na Specializovanych konidioféroch vo forme hlavic-
ky obalenej kvapkou slizu.

Nemozno povedat’, Ze odumieranie dubov spdsobuje len pritomnost’ vektora a tra-
cheomikéznych ochoreni, i ked’ tato podmienka je podmienujica. Je sposobené komple-
xom synergicky posobiacich faktorov, z ktorych najvyznamnejsie sa povazuju klimatické
podmienky, premnozenie biotickych Skodcov, nespravne hospodarske opatrenia v dubi-
nach a tym celkové fyziologické oslabenie dubov (Capek a kol. 1985; Stolina, 1986;
Ancéak 1989). V minulosti bolo tymito faktormi sposobené masivne odumieranie dubin
— hromadné hynutie dubov (HHD). Posledna vina HHD sa zacala prejavovat’ v roku
1979 v oblasti juhovychodného Slovenska. Vrchol bol zaznamenany v rokoch 1983 — 85.
V tychto rokoch bolo napadnutych takmer 4,5 mil. m* dubovej hmoty. Prave rok 1983 bol
deficitny na zrazky a mal mimoriadne vysoké teploty s 26 — 30 tropickymi dhami. Pred-
chadzalo mu vel'mi suché leto a jesen (1982), s deficitom 250 mm zrazok (Gogola, Cho-
vanec 1987). Takéto pocasie bolo vhodné pre rozmnozovanie podkornika a tym aj Sirenie
tracheomykoéznych ochoreni. K tomuto zlému stavu v 80-tych rokoch minulého storocia
prispela taktiez zla porastova hygiena. Novotny a Varinsky (1997) rozdel'uju dominantné
faktory ovplyviujice HHD na dve kategorie. St to faktory neovplyvnitelné (globalne
klimatické zmeny, lokalne extrémy pocasia, dosledky imisného zat'azenia) a ovplyvnitel’-
né (biotické Skodlivé ¢initele, chyby a nedostatky pri hospodareni v zdravych a hynticich
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dubinach). Davaju doraznost’ na pésobenie neovplyvnitel'nych faktorov, pretoze ich nie je
mozné eliminovat, mozno sa im len ¢iastocne prisposobovat’. Od roku 1990 sa situacia
zlepsila, no posledné velké premnozenie bolo zaznamenané v rokoch 1993, 1994 a 1995.
Vtedy bolo napadnutych viac ako 110 000 m3. Na vyrazné zlepSenie stavu dubin v obdobi
1997 — 2007 mohlo vplyvat’ viacero ¢initel'ov. Bola to najma: vyrazne doslednejsia po-
rastova hygiena, zvySeny zaujem o samovyrobu z dévodu drahsich energii ako aj vyroba
biomasy z tazbovych zvyskov (Galko a kol. 2009).

V minulosti boli dubové porasty povazované za odolné. Toto tvrdenie nam vyvratilo
HHD. Taktiez dubové porasty maju najvacésie spektrum hmyzich S§kodcov (Zuabrik a kol.
2018). V dnesnej dobe uvadza Mikus a kol. (2018) hlavné faktory vplyvajice na odolnost-
ny potencial a zhorSujuci sa stav dubovych porastov. Ich poradie mozno zoradit’ nasle-
dovne: imelovec eurdpsky (Loranhtus europaeus Jacq.), podkornik dubovy (S. intricatus
Ratz.), zmena klimy, zl4 fytotechnika pestovania, vysoka pocetnost’ vsetkych druhov ra-
ticovej zvery, zle popisany tvar lesa, listozravi $kodcovia. Bude preto zaujimavé sledovat’
stav dubin na Slovensku v buducnosti, ktory sa zrejme bude zhorSovat’ a nasledkom po-
dobnych podmienok, ktoré boli v minulosti, sa moze opakovat’ situacia s HHD.

2.4 Kontrola, prevencia podkérnika dubového a ochrana dubovych
porastov

Podkoérnik v minulosti spdsoboval vel'ké skody na duboch. V dnesnej dobe
vSak uz nedokaze spdsobovat’ plosné skody, no dokaze sa lokalne premnozit, kde doka-
ze narobit’ vel'ké skody na lokalitdch s dubom (Zubrik a kol. 2018; Mikus a kol. 2018).
Preto bola vydana STN 48 2717, ktora sa zaobera kontrolou pocetnosti podkornika, jeho
prevenciou, a ochranou dubovych porastov. Tato skuto¢nost’ len potvrdzuje vyznam tohto
Skodcu ako aj to, ze by sme ho nemali brat’ na 'ahkd vahu. Ako jedinou formou kontroly
na Slovensku su stojaté dubové lapaky. Jedinca duba zarezavame po obvode vo vyske 20
—30cm, do hibky 5 — 6cm. Nad zarezom zarezavame klinovité segmenty, ktoré zaruduju
vadnutie stromu. Stojaté lapaky st pre podkornika tri az Styri krat atraktivnejsie ako odu-
mierajuce jedince (STN 48 2717). Sposob kontroly podkérnika dubového je uvedeny aj
v prilohe ¢. 9 vyhlasky Ministerstva pddohospodarstva Slovenskej republiky ¢. 453/2006
Z.z. o0 hospodarskej tprave lesa a ochrane lesa.

V STN 48 2717 st uvedené hlavné zasady prevencie v dubovych porastoch pred
podkornikom. Je to hlavne: vyhl'adavanie chrobaciarov a ich asanacia do marca nasledu-
juceho roku, v priebehu roka vyznacit’ hynuce jedince duba, pripadne uz uhynuté duby
a v priebehu augusta az oktdbra ich prednostne vytazit, od maja do jina neponecha-
vat’ tazbové zvysky v porastoch, tazbové zvysky vytazené od decembra do jula davat’
na kopy na zatienené, vlhké a chladnejSie miesta. Dolezita je ¢istota v porastoch, pomocou
ktorej dokazeme udrzat’ populaciu na nizkej hladine. K ddlezitosti porastovej Cistoty sa
priklana viacero autorov (Galko, 2008; Ancak, 1989; Eisenhauer, 1992; Schopf, 1992;
Mikus a kol. 2018).
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Hlavnym ochrannym opatrenim st dubové lapaky. Dal§imi moznostami je dobra
porastova hygiena ako aj vyuzivanie lapacich kop. S tym suvisi aj vyuzivanie stromovej
metddy, kde sa vytahuju celé stromy z porastu a z korun sa nasledne vytvaraju lapacie
kopy. Mikus a kol. (2018) tvrdi, Ze po pozorovaniach v spolupraci s Lesnickou ochranar-
skou sluzbou treba dodrziavat’ pravidlo dvoch mesiacov. To znamena zalozenl lapaciu
kopu asanovat’ do dvoch mesiacov.

3. METODIKA A MATERIAL
3.1 Vyber lokality a ¢asovy priebeh pokusu

Vzhladom na pocetnt populaciu podkornika ako aj dubovych porastov sme
vybrali lokality na LS Duchonka. S pokusom sme zacali v roku 2015. Vyskum spocival
v zakladani dubovych lapakov v roku 2015 az 2016, ktoré sme zakladali od aprila do au-
gusta pocas oboch rokov. Po dvoch mesiacoch sme lapaky zrezali a nasledne sme z nich
vyrezavali a zakladali vzorky v eklektoroch, ktoré sme vlozili do porastu. Kontrola eklek-
torov bola kazdy mesiac. Po vyleteni boli vzorky odvezené na LOS, kde sme ich odkornili
a vyhodnotili. V roku 2017 bola praca obohatena aj o pokus s kanadskymi odparnikmi,
ktoré boli zalozené v maji 2017, ulozené do porastu po dobu 2 mesiacov a potom sme ich
v laboratoriu LOS vyhodnotili.

3.2 Sposob zakladania dubovych lapakov

Lapaky sme zakladali na zaklade STN 48 2717. Vhodny jedinec bol vybra-
ny na zaklade podmienok prebierky, jednalo sa o jedinca, ktory bol netvarny, vrastavy,
strom ktory by sa pri najblizsej prebierke odstranil z porastu. Jeho hriibka bola obmedzena
na 20 — 30 cm. Vybrany strom sme nasledne obrezali po obvode vo vyske od 30 do 50cm
a do hibky 5 — 6cm. Nad zarezanym obvodom sme vyrezali klinovité segmenty, ktoré
nam zaru¢il naruSenie vodivych pletiv a tym véadnutie samotného lapaku. Dolezité bolo
aby lapaky zakladala jedna osoba, to z toho doévodu, Ze jedna osoba dokaze lapaky zare-
zat’ po obvode priblizne rovnako a tym sa zaru¢i rovnhomerné vadnutie dubov. Samotné
zalozené lapaky boli vzdialené od seba 30 az 50 m. Zalozenych bolo 10 lapakov kazdy
mesiac od aprila do augusta 2015 a 2016, spolu bolo zaloZzenych 100ks lapakov za oba
roky. Zrezavali sme ich po 2 mesiacoch, ¢o bolo postacujuce na zvidnutie a obsadenie
podkornikom.

3.3 Siet'ové eklektory

Po zrezani lapaku sme pokracovali v zakladani eklektorov. Najskor sme museli
vyrezat’ cca 80 — 100 cm dlht vzorku. Tato vzorku sme vyznacili priblizne v strede kazdé-
ho lapaku. Kazda vzorka bola nasledne vlozena do sietového eklektoru, ktory ma rozmer
100cm x 80cm a je ukonceny zbernou flastickou. Tieto vzorky sme vyrezavali pomocou
motorovej pily z kazdého lapaku, vzoriek bolo taktiez 100ks, kazdy mesiac 10ks od juna
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do oktdbra pocas 2 rokov (2015, 2016). Eklektory boli nasledne ulozené do porastu. Do-
lezité bolo ich podlozenie pomocou konarov, pripadne tensich polien do 8 cm preto, aby
sa podkornik dokazal vyvijat na celej vzorke a nie len na Casti z nej. Prvy odber zavisel
od vyvinu podkornika. V roku 2015 sme zacali s odbermi uz v roku zalozenia eklektorov,
ktoré pokracovali az do septembra 2016. Zaciatok odberov zavisel od pochodzky, kde sme
zaznamenavali vyskyt podkornika. Ak jedince podkornika boli zaznamenané, v tom pripa-
de sme zacali s prvym odberom flasti¢ick. Po odobrati flasti¢iek sme ich oznacili ¢islom
lapakov, z ktorych eklektor bol vyhotoveny, ako aj datumom odberu a rokom, kedy boli
zalozené. Dalie odbery sme robili kazdy mesiac, kym podmienky prostredia umoznovali
vyskyt podkornika. Dalsi rok sme zacali odoberat’ vzorky uz od aprila do augusta, pricom
série vzoriek, ktoré boli nadmerne napadnuté hubami sme uz nekontrolovali. V roku 2016
sme zalozili len 40ks eklektorov, pretoze poslednd séria lapakov mala nulové obsadenie
podkornikom, preto nemalo vyznam zakladat’ vzorky z tychto jedincov duba. Na rozdiel
vo vzorkach z roku 2015, z roku 2016 sme neurobili ziaden odber, pretoze v eklektoroch
nebol zaznamenany vyskyt podkdrnika. Prvy odber sme urobili az v roku 2017 a posledny
v septembri toho istého roku.

Po vyleteni boli eklektory odvezené do laboratéria LOS na odkornenie a vyhodno-
tenie populaénych hustot ako aj zmeranie dizok materskych chodieb. Polena sme z ek-
lektorov vybrali, pricom bolo délezité ich oznacit’ ¢islom zalozenia lapakov, aby nedoslo
k zamene polien medzi sériami.

Pred odkornenim bolo potrebné:

« zmerat’ obvod na zaciatku a konci polena, ako aj jeho dizku,

* spocitat’ vyletové otvory podkdrnikov, ako aj vyletové otvory ostatnych druhov (4gri-
lus, Coleoptera ai.).

Potom sme kazdu vzorku odkornili pomocou sekery, pripadne ak to bolo potrebné,
sme ju dodistili nozikom. Na celej odkornenej vzorke sme spocitali materské chodby,
z ktorych sme na 50 materskych chodieb zmerali ich dizku, pri¢om sme zmerali ak to bolo
mozné, aj 50 larvovych chodieb. Ak materskych chodieb bolo menej ako 50 po celom
povrchu, zmerali sme len tol'’ko materskych chodbach kol’ko ich bolo na povrchu polena.
Odobraté flasticky sme po zozbierani vyhodnocovali. Zo skisenosti bolo potrebné vzorky
vysusit’ a nasledne zacat’ vyhodnocovat’. Z kazdej flasticky sme pocitali imaga podkornika
ako aj inych druhov, ktoré sa mohli vyskytnut. Z kazdej série flasti¢ieck sme vybrali jednu,
v ktorej sme v ramci poc¢tu podkornikov, determinovali, aj ich pohlavie pomocou lupy.
Vsetky zistené pocetnosti sme zapisovali do tlaciv.

3.4 Pokus s kanadskymi odparnikmi

V poslednom roku vyskumu sme nasu pracu obohatili o pokus s kanadskymi
odparnikmi. Zakladom pokusu bolo 20 ks polien s dizkou 1,5m. Tie sme vyrezavali zo
stromov priblizne zo stredu. Z jedného duba vznikli aj dve, pripadne tri vzorky. Ich po-
&et zavisel od vysky stromu. DiZka polien bola dlhsia, pretoze ak by malo poleno dizku
1 m, tak by rychlo preschlo a tym by prestalo byt atraktivne pre podkoérnika a cely pokus
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bol netspesny. Preto dizka cca 1,5m bola vhodna, pretoze oba konce do cca 25 cm rych-
lo preschli, ale stred pomalSie vddol a tym zostal dlhsie atraktivny. Ddlezité bolo vzorky
ulozit’ do porastu do tiena az polotiena a podlozit’ ich konarmi, aby neboli polozené pria-
mo na zemi. Tychto 20 vzoriek sme rozdelili na 10 s pripnutym odparnikom a 10 bez
odparnika, pretoze nasa hypotéza hovori, Ze takyto odparnik by mal posobit’ repelentne
na podkornika, ale lakavo na fuzacov, pripadne pestrosov, teda v nasom pripade sa jedna
o tzv. kairomény (Obr. 1).

Obr. 1 Vzorka bez odparnika, s odparnikom (Foto: Rozkosny)

Odparnik sme pripli pomocou $pendlikov, ktoré stacili na jeho udrzanie. Samotné po-
lena boli vzdialené od seba cca 20 — 50 m, pricom ulozené boli striedavo, ¢ize poleno s od-
parnikom, striedalo bez odparnika. Ulozené boli popri ceste v dubovom poraste. Kontrola
polien sa uskutocnovala pochodzkou, kde sme sledovali mnozstvo tekutiny v odparniku.
Toto mnozstvo bolo rozhodujiice pre odvoz vzoriek na vyhodnotenie do Banskej Stiavnice
na LOS, respektive ked’ sa tekutina odparila, bolo mozné zacat’ vyhodnocovat’ jednotlivé
polena, pri¢om tato doba bola postacujuca na obsadenie podkdrnikom. Pri vyhodnocovani
sme odmerali v prvom rade diZku a obvod na oboch koncoch polena. Nésledne sme zacali
s odkoérnovanim, pomocou sekery alebo noza. Po odkorneni sme pocitali materské chodby
po celom povrchu odkorneného polena. Pomocou posuvného meradla sme odmerali 50x
dizky materskych chodieb, ako aj dizky larvovych chodieb. Vietky namerané hodnoty
sme zapisali do tlaciva.
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3.5 Matematicko-Statistické vyhodnotenie vysledkov

Vsetky tdaje boli zapisované do papierovych databaz, ktoré boli nasledne pre-
pisané do elektronickej databazy v programe Excel (Microsoft), kde nasledne prebichalo
aj vyhodnotenie pomocou nastrojov ako Filter a Kontingen¢na tabul’ka. Bol pouZity aj ta-
tisticky program Statistica 10 (StatSoft Inc., Oklahoma, USA), konkrétne modul analyzy
variancie rozdielov priemerov (ANOVA).

4 VYSLEDKY

4.1 Vyhodnotenie popula¢nej hustoty, dizky materskych
a larvovych chodieb

Celkova popula¢na hustota na 1 dm? bola 1,39 m. ch/dm?. V ramci sledovaného
obdobia bola popula¢na hustota vyssia vo vzorkach, ktoré boli zalozené v roku 2015 (2015
— 1,58 m.ch./dm?; 2016 — 1,14 m.ch./dm?). Ked’ si rozdelime sledované obdobie na mesiace
bola celkova priemerna hustota: april - 1,27, maj — 1,28, jun — 1,18, jal — 1,46, august 2,04
m. ch./dm2. V ramci nameranych diZok bola celkova priemerna dizka materskych chodieb
za sledované obdobie 10,39 mm. Po rozdeleni sledovaného obdobia bola priemerna dizka
chodieb vo vzorkach zalozenych v roku 2015 - 10,13 mm a vo vzorkach zalozenych o rok
neskor - 10,75 mm. Celkové priemerné dizky boli rozdielne v zévislosti od mesiaca, v kto-
rom pokus prebichal: april — 11,10mm, maj — 11,43mm, jin — 9,20 mm, jal — 10,87 mm,
august — 8,74 mm. Po vyhodnoteni populaénej hustoty, dizok materskych chodieb sme vy-
hodnocovali diZky larvovych chodieb. Za celé sledované obdobie bola celkova priemerna
dizka larvovych chodieb 54,90 mm (2015 — 53,28 mm, 2016 — 57,27 mm).

4.2 Zavislost’ popula¢nej hustoty ku dizkam materskych chodieb

V ramci diplomovej prace sme nielen vyhodnotili populaéna hustotu a dizky
materskych chodieb, ale skimali sme aj vplyv jednotlivych poloziek na seba. Teda vplyv
populaénej hustoty na dizku materskych chodieb. Tento vplyv sme skiimali na oboch za-
lozenych vzorkach (2015, 2016). Populaént hustotu a dizky chodieb sme davali do po-
meru kazdy mesiac pocas pokusu. Na vzorkach v roku 2015 bola v aprilovych polenach
popula¢na hustota 1,44m. ch/dm? pritom priemerna dizka materskych chodieb bola
11,61 mm. V méji stapla popula¢na hustota na 1,59 m. ch/dm?, no dizka chodieb sa zvysila

v

v

7,86 mm. V d’alSom mesiaci juli, priemerna hustota bola opét’ vyssia a to 1,47m. ch/dm?,
pritom sa priemernd dizka chodieb zvysila na 9,38 mm. Posledny mesiac bol zaujimavy
z hl'adiska najvys$ej populaénej hustoty a to 2,04 m. ch/dm?, ktora bola najvyssia za celé
obdobie 2015, no priemerna dizka chodieb sa zniZila na 8,54 mm (Obr. 2). Koeficient deter-
minacie bol pre populaénii hustotu: R?= 0,343 a pre dizky materskych chodieb R?= 0,5786.
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Obr. 2 Vzijomny vplyv populaénej hustoty na dizky materskych chodieb na vzorkach zalozenych
v roku 2015

Na vzorkach v roku 2016 sme so skimanim vztahu popula¢nej pokracovali. Tento
pomer si taktiez ako v roku 2015 popiSeme po kazdom mesiaci. V aprili bola priemerna
populaéna hustota na vzorkach 1,09m. ch./dm?, priemerna dizka materskych chodieb bola
pritom 10,40 mm. V méji klesla priemerna popula¢na hustota len na 0,64 m.ch./dm?. Vzhl'a-
dom na nizku populaén hustotu, priemerna dizka chodieb bola takmer bez zmeny a to
10,34 mm. Vzhl'adom na takmer dvojnasobny rozdiel populaénych hustét, je rozdiel di-
ziek chodieb iba 0,06 mm. Priemerna popula¢na hustota sa zvysila v mesiaci jan na 1,14 m.
ch./dm?, pritom priemerna dizka chodieb bola 10,06 mm. Najvyssia hustota bola v mesiaci
jul, kde bola zaznamenana priemerna popula¢na hustota 1,47 m. ch./dm?. Tento mesiac
bola zaznamenana aj najdlhsia priemerna dizka za celé obdobie 2016, kde priemerna diz-
ka bola 12,04 mm (Obr. 3). Koeficient determinacie bol pre popula¢nu hustotu R>=0,343
a pre dizky materskych chodieb bol R>=0,5786. VzhI'adom na nepritomnost’ podkérnika
v augustovych lapakoch, z ktorych sa vytvarali vzorky, sme neriesili vzajomny vzt'ah po-
pulaénej hustoty a dizky materskych chodieb.
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Obr. 3 Vzajomny vplyv populagnej hustoty na dizky materskych chodieb na vzorkach zalozenych
v roku 2016
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4.3 Vyletovanie populacie podkornika zo zaloZenych dubovych
vzoriek

Zo vzoriek z roku 2015 boli zaznamenané odchyty uz v roku zalozenia. V pr-
vom roku vyletelo zo vzoriek iba maly pocet podkornikov. Z celkového poétu 5703 ks
odchytenych imag vyletelo v roku zalozenia iba 897 ks imag. Ostatné imaga vyleteli zo
vzoriek nasledujuci rok. Zo vzoriek zalozenych v aprili bol zaznamenany odchyt podkor-
nikov uz v auguste roku zalozenia (40 ks). O mesiac neskor ich uz vyletelo z aprilovych
a majovych vzoriek 550ks. V oktdbri boli este zaznamenané odchyty zo vzoriek z aprila,
maja, juna, jula (139 ks). V druhom roku boli vyleteli zo vzoriek ostatné imaga v pocte
4 806ks. Najviacsie odchyty boli zaznamenané v jani 2016 (3060 ks), zo vSetkych zalo-
zenych vzoriek. V juli bolo odchytenych 1548ks imag zo vzoriek z kazdého mesiaca.
Posledné vyletené imaga boli odchytené v auguste 2016 (198 ks) (Obr. 4).
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Obr. 4 Celkové pocetnosti ziskanych imag podkornika dubového z lapakov zalozenych v roku 2015

Vzorky zalozené v roku 2016 maly uplne iny priebeh vyletovania pocas sledovaného
obdobia oproti vzorkam zalozenych v roku 2015. V roku zaloZenia nebol zaznamenany
ziaden odchyt podkornika. Z celkového poétu 2059 ks imag, boli vSetky odchyty zazna-
menané az v roku 2017. Podkornik zo vzoriek zacal vyletovat’ az v priebehu roku 2017.
V juni bol zaznamenany celkovy odchyt 1057 ks imag. Je to najviac za celé obdobie. V juli
bol odchyt o nieco nizsi (310 ks), no v auguste narastol na 692 ks imag (Obr. 5).
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Obr. 5 Celkové pocetnosti ziskanych imag podkdrnika dubového z lapakov zalozenych v roku 2016
4.4 Rozbor pohlavia

V nasej praci sme neriesili, iba samotné odchyty podkornika pocas réznych me-
siacov. Robili sme aj rozbor pohlavia samotného druhu. Celkovy pocet samiciek za cely
pokus bol 659 ks, pritom samcekov bolo 713 ks. V roku 2015 bol celkovy pomer me-
dzi pohlavim v celku vyrovnany, kde samiciek bolo 398 ks a samcekov 343 ks. V dru-
hom roku prisiel vacsi rozdiel, kde samiciek bolo len 261 ks, oproti 370 ks samcekov.
Z odobratych flasti¢iek po vyhodnoteni sme zistili zaujimavy rozdiel medzi pohlavim
pocas prvého roku experimentu. Prvé dva mesiace bolo viac samcekov ako samiciek,
kde samcekov bolo v aprili 83 ks, v maji az 169 ks, pritom samiéiek bolo v aprili iba
21 ks, a v maji 141 ks. V d’alsich mesiacoch bola situacia opacna. V juny bolo 78 ks sa-
miciek a 33 ks samcekov, v juli bol tento rozdiel este vacsi. Samiciek bolo 108 ks, pritom
bolo len 42 samcekov. V auguste bol rozdiel mensi, v prospech samiciek. V roku 2016 bol
pomer v aprili bol minimalny rozdiel v prospech samcekov, pretoze samcekov bolo 78 ks
a samiciek 74. V maji sme zaznamenali az 170 ks samcekov a samiciek iba 60 ks, Co je
takmer trojnasobny rozdiel. V jini sa tento pomer v pohlavi opat’ zmenil v prospech sami-
¢iek, kde samiciek bolo 113 ks a saméekov 107 ks. V juli bol rozdiel v 1 kuse, v prospech
samcekov (Obr. 5).
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Obr. 5 Pocetnost’ odchytenych imag podkornika dubového podl'a pohlavia a podla jednotlivych
mesiacov zaloZenia lapakov pocas dvoch rokov vyskumu
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4.5 Spektrum hmyzu

Za sledované obdobie, bol vo vzorkach zaznamenany odchyt rozli¢nych hmy-
zich Skodcov. Za celé obdobie vyskumu prevladal rad Celoptera (2015 — 98,82 %; 2016
—99,49 %), ¢o predstavuje 8 777 ks imag. V ramci radu Coleoptera boli odchytené druhy
Celade: Buprestidae, Cerambicidae, Cleridae, Curculionidae, Elateridae, Staphilinidae,
Lymexilinidae. Tiez boli odchytené druhy z radu Hymenoptera. Celkovo bola dominantna
¢el'ad Scolytinae (88,67 %).

Najpocetnejsi druh z tejto ¢elade bol Scolytus intrucatus Ratz. s dominanciou
88,4 %. Druhy najpocetnejsi druh bol Agrilus sp. (7,20 %). Zaujimavy bol odchyt Xylo-
sandrus germanus v pocte 11ks imag zo vzoriek v roku 2015, pricom jeho dominancia
bola 0,17 %. Tiez boli zaznamenané aj iné druhy, ktoré skodia na duboch: Plagionotus
arcuatus L. (0,53 %); Plagionotus detritus L. (0,13 %) atd’.

4.6 Vplyv kanadskych odparnikov na populaént hustotu a dizku
materskych chodieb

Po laboratérnom hodnoteni bola celkova popula¢na hustota na vzorkach bez
odparnika 0,57 m. ch/dm?. Pri¢om v kazdej vzorke bola popula¢na hustota rozna: 1 —0,07;
2-1,17,3-0,39;4-0,25,5-0,018; 6 —0,016; 7—0,62; 8 — 1,49; 9 — 1,62; 10 — 0,09 m.
ch/dm?. Pritom na vzorkach s odparnikom bola priemerna popula¢na hustota 0,23 m. ch./
dm?. Oproti bez odparnikovich vzorkach bola takmer na kazdej vzorke niZ8ia populac-
né hustota: 1 —1,63;2-0;3-0,2;4—-0,27;5-0;6-0,08; 7—-0,05; 8 —0; 9 —0,05;
10 — 0,45m. ch./dm’. Rozdiel medzi celkovymi priemernymi populaénymi hustotami bol
viac ako 2-nasobny. Zo Statistického hl'adiska nebol tento rozdiel Statisticky signifikantny
(Annova, p = 0,2626). Rozsah vstupnych tdajov bol 20 (Obr. 6).
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Obr. 6 Porovnanie rozdielov priemernych pocetnosti materskych chodieb na dm? v zavislosti od po-
uzitého odparnika
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Dizky materskych chodieb boli rozdielne vzhl'adom na pritomnost odparnika.
Na vzorkach bez odparnika bola celkova priemerna dizka materskych chodieb 8,92 mm.
Na kazdej vzorke jednotlivo bola priemerna dizka materskych chodieb nasledovna:
1 —11,22mm; 2 — 10,53 mm; 3 — 7,23mm; 4 — 9.8mm; 5 — 13,5mm; 6 — 9,9 mm;
7 — 7,94 mm; 8 — 8,03mm; 9 — 9,01 mm; 10 — 7,89 mm. Celkova priemerna dizka du-
bovych vzoriek s odparnikom bola 10,15 mm. Je dlhsia ako na vzorkach bez odparnika.
Na kazdej vzorke bola priemerna dizka rozdielna: 1 — 8,16 mm; 2 — 0mm; 3 — 7,3 mm; 4
—11,7mm; 5 —-20,7mm; 6 — 0mm; 7— 0mm; 8§ —0mm; 9 — 11,9 mm; 10 — 10,3 mm. Roz-
diel medzi priemernymi dizkami materskych chodieb bol $tatisticky signifikantny (Anno-
va, p=0,006), z celkového poctu merani o vzoriek bez odparnika N = 119 a s odparnikom
N =223 (Obr. 7).
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Obr. 7 Porovnanie rozdielov priemernych dlzok materskych chodieb
v mm v zavislosti od pouzitého odparnika

5 Diskusia
5.1 Podkérny hmyz na duboch

Galko (2008) sa zaoberal spektrom hmyzich skodcov na dubovych t'azbovych
zvyskoch. V jeho pripade vyletelo z tazbovych zvyskov v roku 2006 12 druhov a v roku
2007 14 druhov hmyzu. Podobne ako v nasej praci bol dominantny druh Scolytus intri-
catus Ratz. (2006 — 90,6 %; 2007 — 89,5 %). Na rozdiel od nasej prace, Galko (2008)
nezaznamenal odchyt Xylosandrus germanus L., pretoze tento druh sa na Slovensku v tej
dobe nevyskytoval. Galko a kol. (2011) zistili, Ze bolo odchytenych poc¢as vyskumu az
125 lesnicky vyznamnych ¢el'adi. Zaujimavy je odchyt drvinarika ¢ierneho Xylosandrus
germanus Blandford. Je to invazny druh, ktory sa na Slovensku vyskytuje len niekol’ko ro-
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kov. Z hladiska jeho ¢innosti je to technicky Skodca. Galko a kol. (2015) uvadza jeho prvy
odchyt na Slovensku prave na LS Duchonka (OZ Prievidza) v pocte 18 ks. Od tohto roku
jeho populécia rapidne rastie. (2011 —40ks, 2012 — 75ks, 2013 — 322 ks). V dnesnej dobe
sa stal vaznym problémom v dubovych porastoch i ked’ napada najmé zrezani dubova
hmotu, ale mdéze napadnut’ aj oslabené jedince duba. Jeho Sirenie prebicha pravdepodobne
od juhu az juhozéapadu po sever az severovychod.

5.2 Popula¢na hustota, dizka materskych chodieb

Zavislost’ popula¢nej hustoty na dizku materskych chodieb nebola v minulosti
podrobne skimana. Rozkosny (2016) sa zaoberal vplyvom hribky stromu na populac¢nu
hustotu. Vo svojej praci uvadza, ze hrabka ma vplyv na populaént hustotu, ale nie na diz-
ky materskych chodieb. Tento trend sa preukazal poc¢as dvoch rokov vyskumu. Pre pres-
nejsie tvrdenia bude potrebny este d’al$i vyskum.

5.3 Vplyv teploty na populaciu podkérnika dubového
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Obr. 8 Priemerné mesacéné teploty za sledované obobie

Vplyv teploty pocas roku 2015 bol vyznamny pri vyletovani podkdrnikov zo
vzoriek. Nasledkom teplého pocasia v mesiacoch jul az august, boli zaznamenané prvé
odchyty podkornika v eklektoroch. V tomto roku teplota urychlila vyvin a uz v auguste
vyletelo viac ako 4 % z celkového vyleteného poctu v roku 2015 (897 ks). V septembri vy-
letelo 80 % podkdrnikov, ¢o je dosledok teplého pocasia pocas mesiacov jul a august. Pod-
mienky museli byt vhodné aj v mesiaci september, pretoze vyletelo este zvySnych 16 %
podkornikov z celkového po¢tu odchytenych imag v roku 2015. Tieto podkorniky, vyleteli
v prvom roku s cielom zalozit' druht generaciu podkornika. Z celého obdobia vyletelo
v roku 2015 16% a v roku 2016 ostatnych 84 % imag podkornika. Na roziel od vzoriek
zalozenych v roku 2016. V tomto roku sme zaznamenali rozdielné priemerné teploty v ob-
dobi jul az august. Jul 2016 bol takmer o 2,5 stupiia chladnejsi, ako rok predtym. August
bol tiez chladnejsi o 3,4 stupna. Takéto chladnejsie pocasie sposobilo, Ze zalozena popu-
lacia nemala také podmienky na vyvin ako populacia spred roka. To znamena, ze zo vzo-
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riek nebol zaznamenany ani jeden podkornik a prvé odchyty boli zaznamenané az v roku
2017. Z tohto jasne vyplyva, Ze vyvin a vyletovanie podkdrnika z dubovej hmoty zavisi od
teploty prostredia. Vplyvom teploty na vyvin zalozenej populacie podkornika sa zaoberal
aj Galko a kol. (2018). Rozdelil vzorky na 3 katogéorie, ktoré nechal vyletiet' v simulova-
nych podmienkach. Tam, kde bolo najteplejsie vyletelo (25/30°C), 62,4 % populacie uz
v prvy rok pokusu a ostatné v druhy. V strednej kategorii (20/25 °C) vyletelo iba 17,3 %
imag v prvy rok a zvySok v druhy, pritom rozdiel teplot bol iba 5 stupniov. V najchlad-
nejsej sekeii (15/20°C) vyletelo v prvy rok iba 3,9 % imag, ostatné vyleteli v druhy rok,
pri¢om rozdiel medzi prvou a tretou sekciou bol 10 stupiiov. Toto len potvrdzuje nasu hy-
potézu o vplyve teploty na rychlost’ vyvinu zaloZenej generacie. Zaujimavé zistenie bolo,
ze celkovy pocet vyletenych imag pri vSetkych teplotach bol priblizne rovnaky.

5.3 Kareomony a ich vplyv na podkérnika

Po vyhodnoteni nasho vyskumu sme zazamenali rozdiel popula¢nej husto-
ty na vzorkach s odparnikom a bez odparnika aj ked’ tento rozdiel bol Stastisticky ne-
vyznamny. Je mozné, Ze tento rozdiel sposobil pritomny odparnik, ktory posobil repelent-
ne na podkérnika. Rozdiel diziek materskych chodieb mohol spdsobit’ taktiez odparnik,
ktory mohol stimulovat’ samicky a tie vyhryzli dlhsie materské chodby. Druhou pri¢inou
vzniknutého rozdielu mohol byt priestor pre samicky, ktoré mohli vyhryzt' dlhsie mater-
ské chodby. Repelentnym ucinkom kaeroménov sa zaoberali v Nemecku. Nemecki vy-
skumnici tieto latky nazvali agrega¢né feromony. Vo svojom vyskume skusali repelentny
ucéinok latok na Ips sexdentatus. Najviac G¢inné boli latky tC v kombinacii s NHH alko-
holom, pri¢om sa tato kombinacia latok rychlo vyparovala a znizila napadnutie $kodcom
0 89% na borovicovej gulatine. NHV alkoholy, by mohli byt do budicna vhodnou repe-
lentnou latkou, proti $kodcom (Jactel H. a kol. 2002).

5.4 PouZzivanie dubovych lapakov na LS Duchonka

Na LS Duchonka donedavna zakladali velké pocty dubovych lapakov. V roku
2009 ich bolo 2433 ks a v roku 2010 ich bolo 2511ks. V tomto obdobi nastal zlom v zni-
zovani poc¢tu lapakov. Toto znizovanie bolo v prospech lapacich kop, ktoré v dnesnej
dobe spolu s lapakmi pomahaji k znizovaniu populacie podkornika. Tym lapaky nestra-
caju na svojej vyznamnosti a nemozno ich zakladanie podcenovat. Vyhoda lapacich kop
je v tom, Ze sa vyuzivaji tazbové zvysky v dubovych porastoch. Tato hmota sa neskor
zostiepkuje (asanuje) a odvezie. Takymto spdsobom sa pomaha znizovat’ populacia pod-
kornika a je to vhodny obranny spdsob v dubovych porastoch. Dalsou vyhodou je, Ze sa
nezakladaju lapaky zo zdravych stromov. Vyznamnostou dubovych lapakov sa zaobe-
ral Rozkosny (2016). V praci uvadza, ze jeden dubovy lapak dokaze obsadit’ priemerne
5 067ks imag podkornika. Pricom v ramci roka su najefektivnejsie junové lapaky 2014,
kde sériu 10ks lapakov dokazalo obsadit’ 80 000 ks imag podkornika. Aj tento fakt pouka-
zuje na dolezitost’ zakladania lapakov.
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6 RAMCOVE NAVRHY PRE LESNIiCKU PRAX

Hlavnym opatrenim a bojom proti podkoérnikovi dubovému st dubové lapéaky.
Ich zakladanie odporu¢ame v aprili. Sicasna STN 48 2717 uvadza asanovanie lapakov
az do aprila d’alSicho roku. Najnovsie sktsenosti v spolupraci s LOS hovoria, Ze tento
termin je neskory a lapaky je potrebné asanovat’ az do augusta roku zalozenia, pretoze
ako vidiet' aj v naSej praci podkdrnik, vyletuje z dubovej hmoty uz v roku obsadenia
a zaklada druhu generaciu. Preto bude potrebna uprava STN, ktord je uz v dnesnych pod-
mienkach neaktualna. STN 48 2717 tiez uvadza zakladanie 1 lapaku na 1 ha. Tato situa-
cia odradza vlastnikov lesa k zakladaniu lapakov. Preto by bola vhodna tGprava na mensi
pocet lapakov. Lapaky je dolezité zakladat’ pri zvySenom vyskyte sucharov v dubovom
poraste. Tazbové zvysky maju délezitu funkciu pri zakladani populacie podkérnika. Pre-
to je potrebna porastova hygiena, ak chceme udrzat’ populéciu podkornika ¢o najnizsiu.
Porastovu hygienu mozno riesit’ pomocou stromovej metody, kedy sa z porastu vytahuju
celé stromy a tym nezostavaju tazbové zvysky v poraste. Porastova hygiena bola aj bude
najlepsia prevencia pred podkérnikom dubovym, pri¢om ak sa porastova Cistota zachova,
tiez sa bojuje proti trachecomykdznym ochoreniam, ktoré spdsobovali v minulosti HHD.
Isth Cast’ tazbovych zvyskov je opodstatnené ponechavat’, pretoze mnozstvo druhov hmy-
zu je viazanych na tieto zvysky. Tazbové zvysky sa budi akumulovat na sklade, z ktorych
je vhodné vytvorit’ lapacie kopy. Lapacie kopy je potrebné vo vhodnom case asanovat,
aby sa zamedzilo vyleteniu podkornika z takychto kop. Dolezité je neponechavat’ vyta-
zenu hmotu v dubovych porastoch v mesiacoch maj az jul. V ramci porastovej hygieny je
nutné vyhladavat’ chrobaciare. Za takéto chrobaciare mozno povazovat’ aj stromy s vel-
mi preriedenou korunou, ktoré by do kratkeho ¢asu uschli. Takéto jedince je potrebné
po vyhl'adani vytiahnut' a asanovat’. Tak ako pri lapakoch je nutné tato hmotu asanovat’
do augusta roku najdenia. V ramci asanacie lapacich kop a lapakov sa na LS Duchonka
osvedcilo pravidlo 2 mesiacov. Toto pravidlo znamena asanovat vhodnu dubovil hmotu
do dvoch mesiacov od jej zaloZenia. Tato doba je dostato¢na na naletenie dubovej hmoty,
ale nie na vyletenie podkornika.

7 ZAVER

Na vzorkach z roku 2015 bola celkovd priemernd populacnad hustota
1,58 m. ch./dm? a v roku 2016 1,14 m. ch./dm?. Celkova priemerna popula¢na hustota
za sledované obdobie bola 1,39 m.ch./dm2. V roku 2015 bola celkova priemerna dizka
materskych chodieb 10,13 mm a v roku 2016 bola o nieco dlhsia 10,75 mm. Celkovo z
sledované obdobie bola priemerna dizka chodieb 10,39 mm. V ramci sledovaného obdobia
sme zistili trend zvySovania populaénej hustoty v zavislosti od mesiacov, aj ked’ R? bolo
v oboch rokoch vel'mi nizke. Zavislost’ medzi populaénou hustotou a dizkami materskych
chodieb nebola zistena. Vyssia populaéna hustota nema pravdepodobne vplyv na dizky
materskych chodieb. Z hodnotenia spektra hmyzu vyleteného z dubovych vzoriek bolo
zaznamenanych v roku 2015 8 hmyzich lesnickych vyznamnych ¢el'adi. Celkovo bolo
odchytenych 8777 ks imag za celé sledované obdobie. Zo vsetkych druhov bol dominant-
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ny Scolytus intricatus Ratz. (2015 D=88,47%; 2016 D= 88,07 %). Zaujimavym bol od-
chyt Xylosandrus germanus (Blandford) v pocte 11ks. Zo vzoriek z roku 2015 podkornik
vyletoval uz v roku zaloZenia. V tomto roku vyletelo uz 4% z celkového odchytu imag
podkornika, ostatné imaga vyleteli zo vzoriek az v druhy rok. Na priebeh vyletovania
podkornika z dubovych vzoriek vplyvalo teplé pocasie v roku 2015. O rok neskoér (2016)
v roku zalozenia nevyletel ani jeden podkérnik dubovy. Vsetky odchytené imaga zo vzo-
riek 2016 vyleteli vplyvom nepriaznivych podmienok az v roku 2017. V ramci rozboru
pohlavia bol zisteny rozdielny pomer samiciek a samcekov. Na vzorkach z aprila az maja
2015 bolo viac samcekov a vo vzorkach zalozenych v ostatnych mesiacoch bolo viac
samiciek. V roku 2016 bol tento priebeh rovnaky. Z celkového hl'adiska bol pomer vyrov-
nany. V kanadskom experimente bola na dubovych vzorkach popula¢na hustota 0,23 m.
ch./dm?, pritom na vzorkach bez odparnika bola 0,57 m. ch./dm?. Rozdiel bol takmer 2,5
nasobny, aj ked’ $tatisticky je tento rozdiel nevyznamny (Annova, p= 0,2626). Cize je
tu moznost, ze odparnik vplyva repelentne na podkornika. Pritom priemerna dizka ma-
terskych chodieb na vzorkach bez odparnika bola 8,92 mm a na vzorkach s odparnikom
bola 10,15 mm. Rozdiel bol statisticky vyznamny (Annova, p=0,0006). Na zaklade nasich
vysledkov prace navrhujeme dodrziavat’ prisnu porastova hygienu. Délezité je zakladat
dubové lapaky ako jedinii formu monitoringu a obrany dubovych porastov, pricom ako
alternativu navrhujeme zakladat’ lapacie kopy z tazbovych zvyskov, ktorymi dokazeme
regulovat’ populaciu podkornika. Urcité percento z tazbovych zvyskov ma opodstatnenie
ponechat’ v porastoch, najmé z ekologického hl'adiska a biodiverzity. V sucasnosti bude
potrebna zmena STN, ktord vzhl'adom na meniace sa klimatické podmienky uz nie je
aktualna.
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Summary

In these times of climate change, it will be interesting to observe the reaction of oak bark beetle
to temperature changes as well as longer drought. All these climate changes are benefical for the
pest but not for the health of oak trees. Back in the eighties, extremely dry weather caused the
death of the oak tree. It was not only the fault of the oak bark beetle but it also contributed to this
situation considerably. Nowadays the situation is repeating itself when there are drier summers and
the average temperature is still rising from year to year. Stand hygiene is also neglected. What in
the presence of trachemycus fungi can be cause of a major threat to oak stands in the future and the
past sitation may be repeat.
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PPGIS AS A TOOL FOR SUPPORT OF FOREST
TOURISM MANAGEMENT: A CASE STUDY FOR
THE TERRITORY OF THE LOW TATRAS
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territory of the low tatras. Acta Facultatis Forestalis, Zvolen

An important element in forest tourism management is to ensure public participation, which may
be considered a means to develop better informed and more widely accepted forest tourism mana-
gement outcomes. The main objective of this article was to describe and develop a public participa-
tion method that uses GIS (PPGIS) for collecting and analysing spatial data to provide decision sup-
port in forest tourism management. The PPGIS method presupposes that forests should be partially
managed for compatibility with the range of values the public holds. We developed web-based map
application on the basis of Google Maps API for spatial data collecting and public evaluation of
forest environment. The application also contains geographical database of special forestry sites
in Slovakia in a form of interactive map with responsive design for mobile devices. The achieved
results can be used for a variety of forest planning processes including travel management planning
or recreation facilities planning and can increase public awareness of forestry activities.

Keywords: forest tourism, GIS, Google Maps, public participation

1. INTRODUCTION

Managing the forests is important for the provision of timber, environmental
benefits, recreation, etc., to forest owners and society (SAAD, 2017). Stakeholder par-
ticipation in decisions related to forest planning is essential to get long-lasting and vi-
able solutions. A number of studies describes the need of stakeholder participation for
the purposes of forest planning support (KOZOVA et al., 2016; BRUNA-GARCIA AND
MAREY-PEREZ, 2014; CANTIANI et al., 2012; JANSE AND KONIJINENDIJK, 2007).

An important element in sustainable forest management is to ensure public partici-
pation which may be considered a means to develop better informed and more widely
accepted forest management outcomes (SARVASOVA et al., 2014). It is a key element in
a forest planning on a strategic level. However, only the first steps are being taken to in-
clude public participation in forest planning within the forestry sector (BRUNA-GARCIA
AND MAREY-PEREZ, 2014). Other authors claim that forest resource planning is a very
complex problem mainly due to the multiplicity of wide-ranging criteria involved in the
underlying decision-making process (DIAZ-BALTEIRO AND ROMERO, 2008). One of
the criteria to be taken into account is the social aspect in a form of public participation
(BRUNA-GARCIA AND MAREY-PEREZ, 2014).
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The forest environment in Slovakia has recently become the subject of many discus-
sions. Interest groups of forest owners, professional interest groups, interest groups of
employers and employees, interest groups in hunting and nature conservation are entering
to decision making process of forest use. The interest groups with different views to forest
planning often get into the contradictory views. Involving public in the decision-making
process, too, is a way to increase social sustainability and an important tool to support
sustainable forest management (DE MEO et al. 2011). Hence, taking into account public
knowledge with the aid of participatory approach can help to minimize several conflicts
in forest planning.

Until recently, forest policy was heavily influenced by the scientific community and
various economic models of optimal resource use. However, growing environmental
awareness and acceptance of participatory democracy models in policy formulation have
forced the public authorities in order to introduce new participatory mechanisms to man-
age forest resources (ANANDA, 2007).

The significant resource of information that is essential for decision-making in for-
est management is spatial data. Therefore, it is necessary to create a spatial tool for data
collection, analysis and visualisation that presents a potential mean to encourage public
participation. Public participation geographic information systems (PPGIS) have become
an expanded form of mapping that enables different communities to create their own maps
and use it for their own research, analysis, advocacy and conflict resolution (FORRESTER
AND CINDERBY, 2014; RAMBALDI, 2010). Methods associated with PPGIS increase
the rate of public participation (POCEWICZ et al., 2010) and ensure cooperation of differ-
ent interest groups in forest management (BROWN-REED, 2009). However, its usage is
currently associated with ethic and economic questions (CHAMBERS, 2006).

In last years, it was published several articles aimed to collecting and sharing spa-
tial information about environment with the help of PPGIS for national park planning
(SARKY-WRIGHT-EDWARDS, 2017; WOLF et al., 2015; BROWN AND WEBER,
2011), risk reduction and early predictions of natural disasters (USON AND KLONNER-
HOFLE, 2016; CHEUNG et al., 2016) and agroforestry development (MUSAKWA, 2017;
FAGERHOLM et al., 2016). We register the use of PPGIS in forestry to make forest man-
agement more efficient by local communities (McCALL AND MINANG, 2005; KELLY
etal., 2012) and to solve conflicts between different interest groups (SANDSTROM et al.,
2012). BROWN AND FAGERHOLM (2014) refer overview of participatory GIS applica-
tions for data gathering on ecosystem services. Less attention was paid to the use of PPGIS
for the purposes of forestry education.

The power of PPGIS is expanding on opportunities offered by the Internet (Web
2.0/3.0) JANKOWSKI et al., 2015; DIAZ et al., 2012). The development of PPGIS in
web form (web-based GIS) brings many benefits in terms of forestry and the environment,
such as data connectivity and transparency, platform independence, low-cost software and
hardware, better visualization and cost savings. They also allow interest groups and com-
munities to participate in environmental issues that affect them. The internet as a partici-
patory mapping method, although not without limitations, can be effective in measuring
landscape value and special place data for use in a variety of forest planning processes
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(BROWN AND REED, 2009).

The PPGIS method presupposes that forests should be managed for compatibility
with the range of values the public holds for those lands and that inadequate understand-
ing, modelling, and documentation of place-specific forest values can negatively affect
public acceptance, viability, and the usefulness of national forest plans.

The main objective was to describe and develop a public participation method that
uses geographic information systems (PPGIS) for collecting and analysing spatial data to
provide decision support in forest tourism management in Slovakia. The data collected
can be used for a variety of tourism planning processes including travel management plan-
ning and recreation facilities planning.

The use of public participation in terms of tourism management can detect shortcom-
ings in current management and highlight new opportunities of study area. Therefore, we
developed a pilot project on the basis of web-based map tool for ensuring public interac-
tion during spatial data collection. The pilot project also contains a short questionnaire for
final development of PPGIS according to public comments and suggestions.

2 MATERIALS AND METHODS
2.1 Used programming application interfaces (APIs)

For the purposes of creation of map web-based tool we used Google Maps
JavaScript API. The Google Maps JavaScript API allows to customize maps with own
content and imagery for displaying on web pages and mobile devices. The library contains
four basic map types (roadmap, satellite, hybrid, and terrain) that can be modified using
layers and styles, controls and events, and various services and libraries.

Static web elements were created with the aid of pre-defined JavaScript library called
Bootstrap. The Bootstrap is a free and open source front end development framework for
creation of websites and web apps. The Bootstrap framework is built on HTML, CSS, and
JavaScript to facilitate the development of responsive, mobile-first sites and apps. The
Bootstrap includes user interface components, layouts and JavaScript tools along with
the framework for implementation. The software is available precompiled or as source
code. Some Bootstrap plugins and CSS components depend on other plugins. Also, all
plugins depend on other JavaScript library jQuery that must be a part of web page in case
of Bootstrap deployment.

2.2 System architecture

Architecture of presented PPGIS is labelled as client/server architecture, where
one or more client’s computers are connected to a central server over a network or internet
connection. In our case, there are two separate tiers — Data and Presentation tier.

The Data tier consists of database server. Here information is stored and retrieved.
This tier keeps data neutral and independent from business logic. Giving data its own tier
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brings several advantages such as elimination of redundancy, optimization of storage and
searching, multiuser access, multipurpose use, ensuring the protection and integrity of in-
formation, reliability, independence of base data and central data management (KOREN,
2009). In our case, the Data tier is based on relational data base management system Mi-
crosoft SQL Server 2012 R2 which allows to store spatial data.

The Presentation tier contains static web pages or Windows forms where data is pre-
sented to the user or input is taken from the user. The Presentation tier is the most impor-
tant layer because it is the one that everyone sees and uses. For displaying data can be used
common web browsers such as Mozilla Firefox, Google Chrome or Internet Explorer to
generate interactive digital maps in HTML documents and web forms saved on Microsoft
Internet Information Server (IIS).

Structure of web applications coming from Model-View-Control (MVC) design pat-
tern which is one of three ASP.NET programming models. The MVC pattern allows us to
separate the code that handles business logic from the code that controls presentation and
event handling (JAIN et al., 2015). Each page in the PPGIS is made up of a combination
of at least one Model and View and one or more Controls.

2.3 Design and implementation of PPGIS

Design and implementation of big system is usually a long-term process.
Therefore, the application development life-cycle is composed of a number of clearly
defined and distinct work phases. Nowadays, Informaticians use several schemas which
describe phases of the application development life-cycle for creation of modern informa-
tion systems. For the purposes of our system we were based on division into four phases
- analysis, design, implementation and maintenance (SESERA AND MICOVSKY, 1994).
Each phase includes detailed steps which allow to create high-quality and secure systems.

An analysis of user requirements was performed during the first phase. We developed
the pilot version of geographic information system, which was introduced to potential
users. The pilot version contains options for displaying interactive maps and allows to
collect spatial data on the study area. For the purposes of collecting the user requirements,
we decided to use prepared questionnaire in electronic form that contains questions on
functionality of the pilot version.

The Design of PPGIS consists of two sub-phases: overall design of system and de-
tailed design of modules. Figure 1. shows basic schema of PPGIS that allows to collect
spatial data in three separated fields — Attractiveness, Safety and Negatives. As a part of
the system, we joined geographical database of special forestry sites.

The phase of implementation presents physical coding of modules into data and con-
trol structures of specific coding language and testing of each module and entire system.
We use backend programming language C# with ASP.NET framework for the purposes of
system administration and management.

After the creation of acquired system, there follows its operation and maintenance.
In this case, it is not suitable to talk about maintenance because of the system is not wear
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away. It presents a modification of the system after the end of implementation and detec-
tion of hidden errors. The modification can acquire resumption to previous phases.

Attractiveness

* view * steep climb * illegal parking
* relax zone * neglected hiking trail | * illegal landfill
* historical place * dangerous windfall + pollution of the
* cultural place * insufficient tourist landscape
* place with an marking * unreacted residues
educational function * presence of wild after harvesting
* others animals * death of wild animals
» others * lack of recreational
facilities
* others

Fig. 1 Design of PPGIS schema for forest tourism management
2.4 Database schema

Database schema consists of three tables for Attractiveness, Safety and Nega-
tives separately. For the purposes of storing spatial data, we created two attributes for X'
and Y coordinates (WGS 84 coordinate system). Attribute OPIS serves for storing short
description about each map marker in a text form. Boolean attribute KONTROLA allows
to store truth value, if the marker was verified or not by administrator. If yes, the marker is
displayed on final map composition. A code lists are attached to tables by foreign keys for
storing short names of categories of each monitored field.

Part of the scheme is also a table of special forestry sites in Slovakia called Vylem
that contains attributes spatial position (X, Y), short name (NAZOV), location description
(LOKALITA), description (INFO), photo (PHOTO) and photo source (ZDROJ FOTO).
A code list of categories is attached to table by foreign key attribute VYLEMID.

For storing public comments and suggestions from questionnaire, we prepared a ta-
ble called Dotaznik. The table contains three attributes (OT1, OT2, and OT3) for storing
number from four tier scale. The attribute NAVRH creates a space for updating of short
description of proposed suggestion.
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Atraklivnost Vylem
PK |ID PK |ID
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OPIS KATEGORIA LOKALITA
KONTROLA iNEG KATEGORIA
FOTO
Bezpecnost ZDROJ_FOTO
FK1 | VYLEMID
PK |ID
FK1 |BEZPID Cisbezp
X ‘ PK |ID Dotaznik
3 > D
oPIS KATEGORIA PK |ID
KONTROLA
oT1
T
Negativa 81_3
PK |ID NAVRH
FK1 | NEGATID Clsnegat
X Pk D
Y
OPIS KATEGORIA
KONTROLA

Fig. 2 Design of database schema of the PPGIS PaMaL
3 RESULTS

3.1 PPGIS PaMaL

We developed web-based map application on the basis of Google Maps JavaS-
cript API for spatial data collecting and public evaluation of forest environment called the
PaMalL (Participativne MapovanieLesov). The application is stored on the Map Portal of
the Technical University in Zvolen http://mapy.tuzvo.sk/pamal/ppgis. Initial web page of
the PaMaL consists of basic tutorial and option to execute pilot version for the territory
of the Low Tatras. The territory was selected because of high forest tourism potential and
assumption of greater public participation on pilot version.

Graphic User Interface (GUI) is divided into header, map window and table panel
(figure 3). The header consists of URL links to basic information about the PaMaL and
contact to author. Left part of a screen contains text description, URL link to tutorial and
table panel, where a record is assigned to map marker. There, it’s possible to update point
marker based on dropdown list and description in text field.

Respondent activates map marking by clicking on button Pridat’ novy bod. Subse-
quently, click event on map window adds map point to clicked position. Activation of
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added map markers is executed by clicking on map marker. This function allows to update
spatial position, attributes or delete map marker from map window.

Instead of mapping tools, the map window contains basic map components of Google
Maps, such as zoom buttons, street view, full extent button, GPS current position button
and buttons for changing map composition.

After posting spatial position and description of map markers to server by clicking
on Odoslat’ a pokracovat button it’s possible to collect spatial information about forest
environment separately for Attractiveness, Safety and Negatives of the study area. At the
end of data collection, all map markers from server are displayed on interactive map and
respondent can fill in the questionnaire for receiving feedback to future development.

3.2 Interactive map of special forestry sites in Slovakia

The system also contains geographical database of special forestry sites in Slo-
vakia called VyLeM that thematically complements interactive tool for spatial data col-
lection (ZAPOTOCKY et al., 2017). The markers are divided into several categories with
specific symbology:

* Gardens and Parks — subcategories Arboretum, Botanic garden, Park,

» Technical sights — subcategories Technical sights, Railway,

* Educational walkways,

*  Cultural sights — subcategories Cemetery, Castle, Chapel, Manor house, Forestry set-
tlement, Mound, Museum, Open-air museum, Street, etc.,

* Natural sights — subcategories natural sights, Primeval forest,

*  Monuments — Protected tree, Statue, Memorial stone,

*  Game reservations.

Attributes of thematic categories consist of information about whole name of special
forestry site, subcategory, location, short text description and photo. Spatial demand al-
lows to activate info windows with data in text and image form (Figure 4).

Architecture of interactive map allows to work with spatial and attribute data on
mobile devices (e. g. smartphones and tablets). Responsive design was tested on mobile
devices with standard resolution (minimum 1280x720 pixels). Mobile devices enable to
use additional procedures associated with spatial position of used smartphone/tablet. After
clicking on button called Mojapoloha is possible to execute function for displaying map
marker that presents actual position. However, it is important to take into account spatial
accuracy of global positioning systems (GPS) installed on mobile device, which allows to
display only approximate position. The spatial accuracy of mobile’s GPS can be several
meters according to surrounding environment and meteorological conditions.
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# Moja poloha

PaMal oproke  Koniakt

ZAKYL DOLINA

Dolna Botanicka Zahrada
Banska Stiavnica

zahrada/park

BANKY

Banska Beld

A

Fig. 4 Info window of the VyLeM after clicking on map marker (map © Google Maps)
3.3 Basic evaluation of public values

The pilot version of the PaMaL was tested by 21 respondents. They were invit-
ed through a facebook page TuristikanaSlovensku. Beta-testing consisted of adding mark-
ers to map window and filling in questionnaire about system usability. The respondents
added 261 map markers (Table 1) in three monitored fields — Attractiveness, Safety and
Negatives of the study area. The most added map markers were oriented to the attractive-
ness of the Low Tatras (57%). Spatial distribution of markers was displayed with the aid
of density maps (Appendix A). High density of added points is oriented to the Low Tatras
ridge and Ski resort Jasna. Among other smaller locations with higher density of map
markers belong to Korytnica, Kaliste, forestry settlement CiernyVah, Ludrova valley, and
Kralovahol'a. From point of negative perceived impacts, the respondents added a high
number of map markers to the Ski resort Jasna. As a main reason, analysis of text descrip-
tions showed high level of construction of hotels. Similar situation was in case of location
of Certovica and Vy$na Boca. There, high number of negative markers was caused be
negative landscape appearance because of wind calamity in previous decade.
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Tab. 1 Summary of map markers

Monitored fields Number of markers Most common category
Attractiveness 150 view (69)

Safety 50 steep climb (27)
Negatives 61 pollution of landscape (32)

The results from questionnaire are summed in table 2. Each question reached more
than a half value on a four-tier scale (1 — strongly agree, 4 — strongly disagree). The most
respondents thought the system was easy to use more than the fact that the most people
would learn to use this system very quickly. High mean value of the last question refers
to potential for deployment in forest tourism management and planning. Instead of these
questions, we asked the respondents to record comments or suggestions for future devel-
opment of the system with the aid of text area under scale questions. There, we register
comments about problems with map loading, missing photos, and missing thematic layer
of hiking trails.

Tab. 2 Summary of answers from questionnaire

Mean | Standard

Question ..
value | deviation

I thought the system was easy to use. 3.11 0.83

I would imagine that most people would learn to use this system very

quickly. 2.67 0.59

I think that the system could help to improve forest tourism management. 3.28 0.67

4 DISCUSSION AND CONCLUSION

Forest planning is a process often marked by conflicting values and ambigious
or contested goals at multiple scales of analysis (BROWN AND REED, 2009). The debate
over forest land-use decisions often hinges on disagreements about socictal values related
to forest resource use (ANANDA, 2007). These disagreements are fought out repeatedly
at local, regional, national, and international levels at an enormous social costs.

The development of the web-based GIS brings many benefits in forestry as an Inter-
net connection and data transparency, platform independence, and user-friendly software.
At the same time they allow interest groups and communities to participate in solving
forestry problems that they encounter every day (ZAPOTOCKY, 2016).

The use of PPGIS for forest tourism in the form of a web application provides a sim-
ple and convenient tool for collecting spatial and attribute information. However, it has
several technical and administrative constraints. It is necessary to count on the limited
transmission capacity of computer networks, lower resolution, quality and speed of dis-
playing in web browsers and mobile devices. Attention should also be paid to the protec-
tion of geographic databases, data transfers, copyright and property rights and computer
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security. MENG and MALCZEWSKI (2010) recommend, regardless of the benefits of
web GIS, to use the system as a complementary tool to ensure public participation rather
than as a comprehensive substitute for traditional ways of participating. At the same time,
it is necessary to take into account the fact that not everyone has access to the Internet.

As an example of using Google Maps for the purpose of public participation in pro-
jects, we can mention the web portal odkazprestarostu.sk, which works on this platform.
Residents of Slovak cities (currently 70 municipalities participate in the project) can re-
port spatial problems through the portal. Thecreated problems are then dealt by the local
government. Inputs added to the population are recorded on a digital map where it is pos-
sible to distinguish stimuli that are solved, unsolved and closed. Based on this successful
application of PPGIS we also developed map-based tool on the basis of Google Maps
JavaScript API.

The Achieved results confirm a successful application of PPGIS for the forest tour-
ism management. Respondents identified hidden positive and negative spatial values of
the study area. Created map compositions can be helpful to increase public impact on
forest tourism policy and spatial decision support and can improve travel management
planning or recreation facilities planning.
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Suhrn

Predlozeny prispevok sa zaobera navrhom a prvotnym otestovanim mapového nastroja pre za-
bezpecenie participacie verejnosti v efektivnom riadeni turizmu v lesnom prostredi. Kombinacia
geoinformaénych a webovych technoldgii nam umoznila vytvorit participativny GIS (PPGIS) pre
podporu turizmu v lesnom prostredi. Prostrednictvom mapového nastroja participujici zozbierali
vniman¢é skiisenosti a environmentalne vplyvy, ktoré na nich po€as navstevy zaujmového uzemia
posobili. Praca s PPGIS bola rozdelena do $tyroch samostatnych ¢asti. V prvych troch respondenti
pridavali mapové znacky podl'a vnimanej oblasti (Atraktivnost, Bezpe¢nost’ a Negativa uzemia).
V poslednej Casti respondenti hodnotili na Stvorstupiiovej skéale niekol’ko vyrokov zameranych
na hodnotenie prace so systémom a potencialu pre jeho vyuZitie v manazmente zameranom na pod-
poru turizmu a rekreacie.Pilotny projekt umoziioval mapovanie pre uzemie Nizkych Tatier, pri¢om
vécsina tizemia patri Narodnému parku Nizkych Tatier.

Stcastou predlozeného pilotného projektu je databaza vyznamnych lesnickych miest Slovenska.
Jednotlivé miesta st tematicky zaradené do prislusnej kategérie (Zahrady a parky, Technické pa-
miatky, Nauéné chodniky, Kulturne pamiatky, Prirodné pamiatky, Pamétniky, Zvernice). Priesto-
rovym dopytom na mapovi znacku vyznamného lesnickeho miesta je mozné zobrazit’ atributové
udaje (nazov, lokalita, charakteristika miesta, fotografia).

V ramci participacie na zbere priestorovych informacii sa pilotného projektu zacastnilo 21 respon-
dentov, ktori pridali 261 mapovych znaciek. Vac¢sina pridanych znaciek bola orientovana na atrak-
tivnost’ uzemia (57% zo vSetkych bodov). Priestorové rozlozenie mapovych znaciek bolo zobra-
zené prostrednictvom mapovych kompozicii so znazornenou hustotou pridanych znaciek. Vysoka
hustota znaciek je lokalizovana na hrebeni Nizkych Tatier a v $portovo-rekrea¢nom stredisku Jasna.
Medzi mensie tizemia s vy$$ou hustotou patria aj Korytnica, Kaliste, lesnicka osada Cierny Vah,
Ludrovska dolina a Kral'ova hol'a. Z pohl'adu negativne vnimanych vplyvov, respondenti pridali
vysoky pocet znaciek Gizemiu strediska Jasna. Ako hlavny doévod, analyza textovych opisov ukazala
vysoku troveii vystavby hotelov. Podobna situacia bola v pripade izemia Certovice a Vysnej Boci.
V tomto pripade bol vysoky pocet negativnych znaciek sposobeny negativnym vzhl'adom krajiny.
Tato skutonost moze byt’ sposobena vyskytom veternych kalamit a nahodnych tazieb v minulosti.
Pouzitie PPGIS pre podporu turizmu v lesnom prostredi vo forme webovej aplikacie poskytuje jed-
noduchy a pohodIny nastroj pre zber priestorovych a atributovych informacii. Dosiahnuté vysledky
potvrdzuju Gspesnu aplikaciu metddy participacie zalozenu na geoinformaénych technoldgiach.
Respondenti identifikovali skryté pozitivne a negativne priestorové prvky zaujmového tizemia. Vy-
tvorené mapové kompozicie mézu pomdct’ zvysit’ vplyv verejnosti na lesnicku politiky a podporu
priestorového rozhodovania a zleps$it’ planovanie v oblasti cestovania a budovania rekrea¢nych
zariadeni.



Appendix A: Kernel density of map markers
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