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Uplatnenie vysledkov projektu
1.Indikatory koherencie indexov pddneho zvetravania v horskych polohach polarnych
regionov, ktoré boli navrhnuté a overené v ramcirieSenia projektu, su spolu s dalSimi
vysledkami uplatnitelné pri vyvoji Specializovanych klasifikacnych algoritmov (fast-and-
frugal-trees) na identifikaciu polarnych oblasti, ktoré poskytuju viaceré regulacné
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ekosystémoveé sluzby zavislé od pédnych procesov. Pody a lesotundrové ekosystémy
svahovych poldh Stredosibirskej ploSiny prispievaju k zmierneniu globalnej zmeny klimy
dvojakym spOsobom, t.j sekvestraciou atmosferického a pédneho organického uhlika.
Vysledky rieSenia projektu koriguju generalizované predikcie negativneho vplyvu expanzie
hranice lesa v polarnych oblastiach na sekvestraciu uhlika, z ktorych vychadzaju viaceré
prace inych autorov. Komparacia vlastnych poznatkov z vyskumu na Putoranskej ploSine s
nasimi predchadzajucimi vysledkami z porovnatelnych lesotundrovych ekosystémov v
Laponsku, severnom Yukone a SZ Teritériu (Kanada) ukazala, Ze v pripade priaznivych
podmienok pre zvetravanie niktorych silikdtovych hornin (napr. bazaltov) je vysoko
pravdepodobné, Ze expanzia lesotundry neznizi, ale potencialne zvySi zasoby pédneho
uhlika vdaka vysokej adsorpcnej a stabiliaénej kapacite produktov pédneho zvetravania,
predovsetkym vdaka pritomnosti reaktivnych pedogénnych nineralov Al a Fe, pripadne
hlinikkom substituovanych pedogénnych oxidov a hydroxidov Zeleza. Dynamiku hornej
hranice lesa je na zaklade tychto poznatkov a potrieb mozné regulovat’ vyuzivanim
domestifikovanych kopytnikov polarnych oblasti, t. j. najma sobov, resp. ovplyviiovanim
potravnej ekoldgie a migracie divokych populacii, schopnych spomalit, alebo celkom
zastavit postup lesotundry.

2. Stanovistné snimky lesotundry a tajgy, ziskané a vyhodnotené poCas rieSenia projektu,
su vyuzitelné pri navrhovani modelov lesa na hornej hranici lesa a pod fiou v podmienkach
extrateritorialnej tajgy, napr. vo Vysokych Tatrach, aby sa zvySila ich odolnost’ a reziliencia
vodi disturbanciam, predovietkym vetrovym kalamitam. Udaje z Putoranskej plosiny, kde
lesy Celia padavému severnému vetru, podobne ako vo V. Tatrach, ukazali, Ze volny zapoj a
zmesi edifikatorov (smrek, smrekovec) a pionierskych drevin vyznamne podporuju
schopnost porastov odolavat’ rychlostiam vetra porovnatefnym s rychlostami tatranskej
bory.

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

1. Reliéf terénu je popri nadmorskej vySke hlavnym determinantom hornej hranice lesa a
stromovej biomasy pozdiz najsevernejsieho vybezku lesného bidmu v oblasti Putoranskej
ploSiny (Ciel 1); namiesto vzostupu hranice lesa, ktory je limitovany zosuvmi zvetravajuceho
materidlu a severnym katabatickym prudenim, dochadza pésobenim €astych teplotnych
inverzii k relativnemu rastu zasoby biomasy pod hornou hranicou lesa; predpokladana
dominancia a rozhodujuci, resp. limitujuci vplyv nadmorskej vysky ako ekologického faktora
neboli vo vySkovom rozpati pasma tajgy a lesotundry (od 100 do ca 500 m n.m. potvrdené),
ur€ujuca bola jej interakcia so sklonom, polohou na svahu, resp. s mikro- a mezoreliéfom.
2. Podobne, terénny reliéf a predovSetkym sklon boli prekvapivo ur€ujucim faktorom obsahu
pédneho uhlika, pricom tento vplyv je sprostredkovany hrubkou povrchovej vrstvy
organického materialu s tepelno-izolacnymi vlastnostami (Ciel 2); tato vrstva zhorSuje
podmienky pédneho zvetravania, limituje obsah pedogénnych mineralov Fe a Al a tym
redukuje disponibilitu aktivnych povrchov pre adsorpciu organického uhlika, primarne tam,
kde prebehla substituciu Zeleza hlinikom; hrubka povrchovej vrstvy organického materialu
svojim tepelno-izolatnym ucinkom prekryla vplyv nadzemnej biomasy na obsah organického
uhlika.

3. Kvalita organickej hmoty, reprezentovana obsahom stabilného izotopu 15N, ale aj
pomerom C/N v hibSich vrstvach pédy, korelovala s nadzemnou biomasou; zarovern obsah
organického uhlika priaznivo ovplyviioval stromovu zloZku prostrednictvom moderovania
vihkostného rezimu, zlepSovania nutricného potencialu pédy a podpory vegetacného krytu,
¢im sa zaroven zvySovala odolnost proti erézii — vodnej aj mimoriadne intenzivnej vetrovej
erézii a vyvievaniu (Ciel 3);

4. Mnozstvo organického uhlika v podach lesotundrovych ekosystémov Putorany bolo
porovnatelné a vysSie ako v pédach zo amfibolitickych svahovin pod laponskou
lesotundrou, a porovnatelné, resp. nizSie ako pod lesotundrou na vapenatych a Ciernych
bridliciach severného Yukonu (Ciel 4); zarover sme vSak pri pri analyze indikatorov
pbdneho zvetravania zistili, Ze pddy Putorany viazu nielen podny uhlik stabilizaciou na
mineralnej zlozke pody, ale tiez atmosfericky CO2 v procese pddneho zvetravania, ako
ukazali pomery Ca/Na, resp. Mg/Na; obsah pédneho uhlika a oba indikatory boli silne
korelované, ¢o ukazuje sucasné plnenie dvoch ekosystémovych funkcii na rozdiel od péd na
kanadskych a laponskych lokalitach;
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5. Spolo&nym faktorom limitujucim existenciu trvalo zapojenych lesov Putorany a Vysokych
Tatier su vichrice, ktoré maju na uzemi Putorany ¢asto charakter katabatického vetra, zatial
¢o vo Vysokych Tatrach sajedna o boru, t. j. v oboch pripadoch o padavy vietor s
potencialne niCivymi u€inkami na lesy najma v miestach narazu vzduchovych mas na menej
sklonity terén; lesotundrové porastové Struktury Putorany mézu byt ispeSne napodobnené
v podmienkach tzv. extrateritorialnej tajgy Vysokych Tatier na zaklade modelov
vypracovanych na zaklade vlastnych vysledkov dendro- a biometrickych merani vhodnou
kombinaciou cielenej intervencie a ponechanim porastov na samovyvoj, t. j. prechodom na
prirodnu dynamiku (Ciefl 6);

6. StanoviStné snimky a porastové modely ziskané na hornej hranici lesa na svahoch
Putoranskej ploSiny po disturbaniciach r6zneho typu predstavuju v rozli¢nej miere analdg
stavu pri naruseni hornej hranice lesa vo vysokych pohoriach Karpat; na zaklade podobnosti
mozno odporucat, aby modely lesa v na a aj hibSie pod hornou hranicou lesa podmienkach
obsahovali najmenej dva edifikatory (smrek, smrekovec) a 3—4 druhy listnatych drevin
(breza, viba, jelda), v porastoch s nezapojenou alebo len slabo zapojenou korunovou
vrstvou, siahajucich od hornej hranice lesa do hibky porastu; takato disipativna $truktara a
textura porastov vykazuje vysoku mieru reziliencie vocCi disturbanciam (Ciel 6).

7. DoterajSie zavery o vplyve lesa a expanzie hranice lesa v polarnych oblastiach na
sekvestraciu uhlika, obsiahnuté vo viacerych pracach inych autorov, sa nemézu
zovS8eobecnovat; komparacia vlastnych poznatkov z vyskumu na Putoranskej ploSine s
prechadzajucimi na8imi vysledkami z porovnatelnych lesotundrovych ekosystémov v
Laponsku, severnom Yukone a SZ Teritoriu (Kanada) ukazala, Ze v pripade priaznivych
podmienok pre zvetravanie viacerych silikatovych hornin (napr. bazalty) je vysoko
pravdepodobné, Ze expanzia lesotundry nemusi znizit, ale méze zvysit zasoby pédneho C
vdaka vysokej stabilizaénej kapacite produktov pédneho zvetravania, predovsetkym za
pritomnosti reaktivnych pedogénnych mineralov Al a Fe, pripadne Al substituovanych
pedogénnych Fe oxidov a hydroxidov.

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

1. The terrain relief is, in addition to altitude, the main determinant of tree biomass at the
upper forest boundary in the mountains of the polar regions on the landscape scale
(Objective 1); the influence of altitude is modified or reversed by frequent temperature
inversions in mountain valleys, on the slopes of which the upper forest border runs; the
limiting effect of altitude as the overriding ecological factor was not confirmed in the range
from 100 m to about 500 m above sea level. Instead, its influence was modified by
interactions with the slope position, as well as micro- and mesorelief. 2. Similarly, the terrain
relief and, in particular, the slope angle were the determining factors of the soil carbon
content; their influence was mediated by the thickness of the surface layer of the organic
material with heat-insulating properties (Objective 2); this layer worsens the conditions of
soil weathering, limits the content of pedogenic minerals Fe and Al and thus the availability
of active surfaces for the adsorption of organic carbon, directly on the surfaces where the
substitution of iron with aluminum has taken place; the thickness of the surface layer of
organic material with its thermal insulating effect covered the influence of above-ground
biomass on the organic carbon content. 3. The quality of organic matter, represented by the
content of the stable isotope 15N, but also by the C / N ratio in the deeper soil layers,
correlated with aboveground biomass; at the same time, the organic carbon content had a
positive effect on the tree component by moderating the moisture regime, improving the
nutritional potential of the soil and supporting vegetation cover, thus increasing erosion
resistance - both water and wind (Objective 3). 4. The amount of organic carbon in the soils
of the Putorana forest-tundra ecosystems was comparable and higher than in the soils from
the amphibolitic slope deposits below the Lapland forest tundra, and comparable, resp.
lower than under forest tundra on the calcareous shales of the northern Yukon (Objective 4);
At the same time, however, when analyzing soil weathering indicators, we found that
Putorana soils bind not only soil carbon by stabilization on the soil mineral matrix, but also
atmospheric CO2 via soil weathering, as shown by Ca / Na ratios, resp. Mg / Na; soil carbon
content and both indicators were strongly correlated, indicating the simultaneous fulfillment
of two ecosystem functions as opposed to soils in Canadian and Lapland localities. 5. A
common factor limiting the existence of the permanently involved forests of Putorana and
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the High Tatras is the storms, which often have the character of catabatic winds in the
territory of Putorana, while in the High Tatras it is bora, i.e., in both cases, a downwind with
potentially devastating effects on forests, especially at the point of impact of air masses on
less sloping terrain; Putorana forest-forest stand structures can be successfully imitated in
the conditions of the so-called the extraterritorial taiga of the High Tatras based on models
developed using the results of dendro- and biometric measurements. A suitable combination
of natural dynamics and selected intervention can be applied to that end (Objective 6). 6.
Stand characteristics recorded at the upper forest boundary on the slopes of the Putor
Plateau after various disturbances are partly analogous to those at disturbed sites in the
high Carpathian Mountains; by analogy, it can be recommended that forest models in such
conditions contain at least two edifiers (spruce, spruce) and 3-4 species of deciduous trees
(birch, willow, alder), optimally without closed canopy; such a dissipative structure and
texture of the stands shows a high degree of resistance and resilience to disturbances
(Objective 6). 7. It can be stated that the previous conclusions on the impact of the forest
and the expansion of the forest border in the polar regions on carbon sequestration,
contained in several works by other authors, cannot be generalized; A comparison of our
research findings on the Putoran Plateau with our previous results from comparable forest-
tundra ecosystems in Lapland, northern Yukon and the NW Territory (Canada) has shown
that forest expansion under favorable conditions for weathering of silicate rocks (eg basalts)
may not reduce but maintain or increase soil carbon stocks due to the high adsorption and
stabilization capacity of soil weathering products, mainly due to the presence of reactive
pedogenic Al and Fe minerals, or aluminum substituted pedogenic iron oxides and
hydroxides. The upper limit of open-canopied forest tundra, composed of several tree
species (edifiers and so-called pioneer species) provides other important ecosystem
services owing to their resistance and resilience to disturbances.
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