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Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieseni

Priama spolupraca nebola planovana, avsak realizovala sa prostrednictvom spoluprace na
odbornych publikaciach. Zahrani€éné pracoviska, z ktorych spolupracovnici na publikovani
vysledkov rieSenia projektu pochadzaju, su:

Geomatics Group, Department of Civil Engineering, Indian Institute of Technology, Roorkee
- 247667, Uttarakhand, India; Faculty of Forestry and Wood Sciences, Czech University of
Life Sciences, Prague - 16500, Czech Republic; Institute of Botany of the Czech Academy
of Sciences, Pruhonice, Czech Republic; Research Group on Plant Biology under
Mediterranean Conditions, Universitat de les llles Balears (UIB), Institute of Agro-
Environmental and Water Economy Research, INAGEA, Spain; Marine Research Institute of
Klaipeda University, Klaipe'da, Lithuania; Mediterranean Ecogeomorphological and
Hydrological Connectivity Research Team, Department of Geography, University of the
Balearic Islands, 07122 Palma, Spain; Institute of Agro-Environmental and Water Economy
Research, INAGEA, University of the Balearic Islands, 07122 Palma, Spain; Dipartimento di
Ingegneria Civile, Edile e Ambientale (DICEA), Universita’ Degli Studi di Napoli Federico Il
Napoli, ltaly; University Rennes 2 LETG (CNRS UMR 6554), CEDEX, 35043, Rennes,
France; TERRA Research and Teaching Center—Forest Is life, Gembloux Agro Bio-Tech,
University of Liege, 5030 Gembloux, Belgium; Spatial Information Management, Carinthia
University of Applied Sciences, Villach, Austria; Aristotle University of Thessaloniki, School
of Biology, Thessaloniki, Greece; Independent Researcher, Bahan, Israel; Eotvos Lorand
University, Faculty of Science, Excellence Center, Martonvasar, Hungary; Croatian Forests
Research Institute, Department for Forest Management and Forestry Economics, Zagreb,
Croatia; Forest Research, Forestry Commission, Northern Research Station, Roslin EH25
9SY, United Kingdom; Department of Earth Sciences, GeoBioTec, Faculty of Sciences and
Technology, New University of Lisbon, 2829-516 Caparica, Portugal; Department of
Agricultural and Environmental Sciences, DISAA Universit'a di Milano, 20123 Milan, ltaly;
Potsdam Institute for Climate Impact Research (PIK), Member of the Leibniz Association,
P.O.Box 60 12 03, D-14412 Potsdam, Germany; Department of Landscape Architecture,
Planning and Management, Swedish University of Agricultural Sciences, 230 53 Alnarp,
Sweden; Department of Philosophy, Lund University, 221 00 Lund, Sweden; Polytechnic
Institute of Leiria, ESTG, Nova IMS, INESC Coimbra, Campus 2—Morro do Lena—Alto Vieiro,
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2411-901 Leiria, Portugal; Faculty of Catholic Theology, University of Erfurt, Nordhauser
Str. 63, 99089 Erfurt, Germany; Department of Silviculture, Transilvania University of
Brasov, Sirul Beethoven, 1, 500123 Brasov, Romania; Natural Resources Institute Finland
(Luke), Latokartononkaari 9, 00790 Helsinki, Finland; Department of Forest Utilization,
Institute of Forest Sciences, Warsaw University of Life Sciences, Nowoursynowska, 159 02—
776 Warsaw, Poland; Department of Ecology and Environmental Protection, Faculty of
Biology, University of Sofia, Dragan Tzankov 8, 1164 Sofia, Bulgaria; Forestry Economics
and Forest Planning, University of Freiburg, Tennenbacher Str. 4/2. OG, 79106 Freiburg,
Germany

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

neboli

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhrnujice
vysledky projektu — uved'te aj publikacie prijaté do tlace

V ramci rieSenia projektu bolo odpocétovanych 13 vedeckych publikacii v karentovych
Casopisoch (oproti 4 planovanym resp. 7 vratane monitorovacieho obdobia) a 10 vedeckych
publikacii (recenzované a nerecenzované), ktoré maju jednak priamy vyznam prezentujuc
vysledky z rieSenia parcialnych vedeckych problémov, ale aj vyznam teoreticky a metodicky
(je mozné ich pouzitie pri modifikacii na podobné vedecké a praktické problémy). Medzi
najvyznamnejSie vystupy mézeme zaradit’

1. Dudakova Z., Allman M., Mergani¢ J., MerganiCova K., 2020: Machinery-Induced
Damage to Soil and Remaining Forest Stands—Case Study from Slovakia Forests (11),
1289; doi:10.3390/f11121289, p. 1-15, ISSN: 1999-4907

2. Jankovsky, M., Allman, M., & Allmanova, Z. (2019). What Are the Occupational Risks in
Forestry? Results of a Long-Term Study in Slovakia. International journal of environmental
research and public health, 16(24), 4931. doi:10.3390/ijerph16244931

3. Allman, M., Dudakova, Z., Jankovsky, M., VICkova, M., Jusko, V., Tom¢ik, D., 2022. Soil
Compaction after Increasing the Number of Wheeled Tractors Passes on Forest Soils in
West Carpathians. Forests 13, 109. https://doi.org/10.3390/f13010109

4. FerenCik M., Dudakova Z., Kardo$ M., Sivak M., MerganiCova K., Mergani¢ J., 2022:
Measuring Soil Surface Changes after Traffic of Various Wheeled Skidders with Close-
Range Photogrammetry. Forests 13, 976, p. 1-17, ISSN: 1999-4907; https://
doi.org/10.3390/f13070976

5. Merganic J., Merganicova K., Vybostok J., Valent P., Bahyl' J., Yousefpour R., 2020:
Searching for Pareto Fronts for Forest Stand Wind Stability by Incorporating Timber and
Biodiversity Values Forests 11 (583), p.1-20, ISSN: 1999-4907

Uplatnenie vysledkov projektu

Vysledky analyz z kontinualnych merani, ktoré sa vykonali, potvrdzuju vplyv zhutnenia pody
na rastové procesy v lesnych ekosystémoch. Velkost tohto vplyvu vSak zavisti od
aktualnych podmienok v lesnom poraste, intenzite prvotného vplyvu a ¢asovom faktore.
Niektoré prejavy sa mbzu javit ako pozitivne (napr. zvySenie hustoty prirodzeného
zmladenia na zhutnenej ploche), ale aj negativne (zvySena koncentracia CO2, pokles
dusika v péde, pokles susiny jemnych korienkov na zhutnenej ploche a pod.). Dolezitym
bude prave Casovy faktor prejavu tychto zmien, tato problematika si vyZzaduje dalSi vyskum.
Ziskané informacie prehibia poznatky tykajlice sa dopadu a vplyvu techniky a technolégii pri
sustredovani dreva na poSkodzovanie lesnych ekosystémov, o méze sluzit na
optimalizaciu vyberu technolégii v ramcitazbovo-dopravného procesu. Pre optimalizaciu
vyberu technolégii v ramcitazbovo-dopravného procesu su vyuzitefné aj vysledky z analyz
vplyvu réznych typov podvozkov lesnej techniky na zmeny fyzikalnych vlastnosti lesnej pddy
a deformacie pddneho povrchu. Overovana metéda pozemnej blizkej fotogrametrie je
vyuzitelna aj pri posudzovani vplyvu lesnej techniky na lesnu pédu prostrednictvom
kvantifikacie profilu kolaji. Jednou z ddlezitych sucasti multifunk&ného lesného
hospodarstva je lesna dopravna siet, ¢o vyplynulo z vysledkov nasich pozorovani, ktoré
potvrdzuju jej vyuzitie pre nelesnicke ucely (napr. rekreacia a pod.). V oblasti kvantifikacie
poSkodenia lesnej cestnej siete vznikajuceho vplyvom sustredovania a odvozu dreva
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naznacuju vysledky testov a skusok, Ze metdéda pozemnej blizkej fotogrametrie je
uplatnitelna v redlnej praxi a predstavuje modernu technologicku oblast, ktora nie je
finan€ne narocna. Pouzitim bezne dostupnych fotoaparatov, smartfénov a dostupného
Specialneho softwaru mézeme vytvorit 3D modely posudzovanych objektov a vyuzitim
prostriedkov GIS zhodnotit' stav resp. zmeny, ktoré na danych objektoch nastali. V
podmienkach lesného hospodarstva je toto mozné nasadit’ v ramci projekénych €innosti ako
aj v hospodarsko-upravnickom planovani pri tvorbe resp. obnove Programov starostlivosti o
lesy (PSL), ktorého sucastou je aj prieskum lesnej dopravnej siete.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Zhutnenie pddy predstavuje jednu z hlavnych pri¢in degradacie pody a v lese nastava vzdy,
ak satazba a sustredovanie dreva uskutoChuje pozemnou lesnou mechanizaciou. Uz jeden
prejazd tazkej mechanizacie méze spdsobit vyrazné zhorSenie fyzikalnych vlastnosti pody.
RieSenie projektu sa uberalo viacerymi smermi. Vysledky analyz z kontinualnych merani na
trvalej vyskumnej ploche ,Stagiar* zaloZenej v ramci projektu potvrdzuju vplyv zhutnenia
pddy na rastové procesy v lesnych ekosystémoch. Zistili sme prevazne negativhe vplyvy
(zvySena koncentracia CO2, pokles dusika v péde, pokles suSiny jemnych korienkov na
zhutnenej ploche a pod.), ale aj pozitivny vplyv (napr. zvySenie hustoty prirodzeného
zmladenia na zhutnenej ploche). Z pokusov a analyz vplyvu réznych typov podvozkov lesnej
techniky na zmeny fyzikalnych viastnosti lesnej pddy a deformacie pddneho povrchu
vyplyvaju cenné vysledky o naraste objemovej hmotnosti a penetratného odporu vzhladom
na rastuci pocet prejazdov. Overovana metdda a principy pozemnej blizkej fotogrametrie su
v tejto problematike vyuzitelné. Pri posudzovani vplyvu lesnej techniky na lesnu pddu
prostrednictvom tvorby kolaji by mala byt tdto metdda presnejSia, ak zvazime, Ze
detailnejSie zachytava povrch terénu. Lesna dopravna siet’ je délezita a nevyhnutna na
zabezpecenie pristupu do lesa najma pre u€ely hospodarenia, ale ako vyplynulo aj z
vysledkov naSich pozorovani nezanedbatelna Cast jej vyuZitia je aj pre nelesnicke ucely
(napr. rekreacia a pod.). Spravna funkénost' lesnej dopravnej siete zavisi na jej kvalite. V
oblasti kvantifikacie poSkodenia lesnej cestnej siete vznikajuceho vplyvom sustredovania a
odvozu dreva sme overili a otestovali viacero pristupov. Testovali sme profesionalny
mobilny laserovy skener a cenovo dostupnejSie postupy LIDAR (iPhone 13 Pro) a postupy
na baze pozemnej blizkej fotogrametrie. Z vysledkov vyplyva, Ze metdéda pozemnej blizkej
fotogrametrie zaloZzena na zbere fotiek resp. videa (tvorba snimok z videosekvencii)
umozniuje tvorbu vysoko presného 3D modelu. Metoda je vyuzitelna v podmienkach lesného
hospodarstva a moze byt implementovana do prieskumu lesnej dopravnej siete.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Soil compaction is one of the main causes of soil degradation, and it always occurs in the
forest if wood logging and skidding is carried out by ground-based forest mechanization.
Even one passage of heavy mechanization can cause a significant deterioration of soil
physical properties. The project implementation was performed in several directions. The
results of analyzes from continuous measurements on the permanent research plot
"Stagiar" established within the project confirm the impact of soil compaction on growth
processes in forest ecosystems. We found mostly negative impacts (increased CO2
concentration, a decrease in nitrogen content in the soil, a decrease in the dry matter of fine
roots at a compacted subplot, etc.), but also a positive impact (e.g. an increase in the
density of natural regeneration at a compacted subplot). Experiments and analyzes of the
impact of different types of forest equipment chassis on changes in the physical properties
of the forest soil and deformation of the soil surface yielded valuable results about the
increase in bulk density and penetration resistance due to the increasing number of passes.
The proven method and principles of close range photogrammetry can be used for such
analyses. When assessing the impact of forest technology on the forest soil due to the
formation of ruts, it should be more accurate if we consider that it captures the surface of the
terrain in more detail. The forest transport network is important and necessary to ensure
access to the forest, especially for management purposes, but as it emerged from the
results of our observations, non-forestry purposes (e.g. recreation, etc.) form a non-
negligible part of its use. The correct functionality of the forest transport network depends on
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its quality. We verified and tested several approaches in the area of quantifying the damage
to the forest road network caused by the impact of wood skidding and transport. We tested a
professional mobile laser scanner and more affordable LIDAR (iPhone 13 Pro) and close
range photogrammetry methods. The results show that the method of close range
photogrammetry based on the collection of photos or videos (creation of images from video
sequences) enables the creation of a highly accurate 3D model. The method can be used in
forestry conditions and can be implemented in the survey of the forest transport network.
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