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Rapidne zvysovanie koncentracie CO, v atmosfére
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Ocakavana klima v budicnosti?

RCP 8.5 — ziadna aktivita - BAU

e Zvysenie emisii v 21. storoCi Temperature change IPBES Central Europe Jul-Aug wrt 1950-1980 AR5 CMIP5 subset

RCP 4.5 — EU Bioenergia
* Vrchol 2040 a potom pokles

RCP 6.0
* Vrchol 2080 potom pokles

RCP 2.6 — Glohdlna hioenergia

* Vrchol 2010-2020 potom
pokles
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Biochemical limitation |
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Intercellular CO, concentration [ppm]

sucho vichrice bioticki $kodcovia poziare




Disturbancie v lesoch a
klimatickd zmena

TeplejSia a suchsSia klima zlepsuje
podmienky pre vyskyt poziarov, sucha a
gradaciv hmyzich skodcov

TeplejSia a zarovei vihkejsia klima
zvysuje disturbancie vetrom a patogénmi

Interakcie medzi Skodlivymi cinitel'mi
este zvysujo pravdepodobnost vyskytu
disturbancii

Ocakdva sa, Ze zmeny v disturbanciach
budi najvyraznejsie v ihlicnatych lesoch
a lesoch boredlneho pasma

Seidl et al. 2017 in Nature Climate Change
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Working together for forest soils

%‘%“@ HoliSoils

Ako roluv v tom hraju lesy a
lesnictvo?




Adaptacia na a mitigacia dopadov klimatickych zmien

Aktivita Cloveka

| KoncenurdciaGHG
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Klimatické zmeny

Reakcie




Forests in Flux

A Tropical forests B Temperate forests C Boreal forests
Clouds and precipitation, fires, Distubance, fires and aerosols l
aerosols and reactive chemistry
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Majo lesy rovnaky vplyv na celom svete?



Hospodarenie v lese mdze vyznamne ovplyvnit' klimatické

zmeny
1750 2010

A.B.

I Conifers I Broadleaves

e Zmeny v manaZimente europskych
lesov za ostatné storocia

e Listnaté a zmiesané na ihlicnaté
rovnorodé

 Nemanazované a vymladkové
lesy na intenzivne

obhospodarované C. D.

Naudts et al. 2016 in Science B Unmanaged [C—1 High stand EEE Coppice




2 /5 storotia:

e Zvysenie vymery lesa o
10%

* 85% lesov sa zmenilo na
intenzivne
obhospodarované

e Imena listnatych na
ihlicnaté lesy

¥

Uhlikowy dlh 3.1 Pg C

m=) C sink

==) C |oss

pokles

=
albeda

Celkova zmena teplot vplyvom ‘&T%.E

zmeny drevinového zlozenia -~

Naudts et al. 2016 in Science




nature
climate change

PERSPECTIVE

PUBLISHED ONLINE: 18 AUGUST 2013 | DOI: 10.1038/NCLIMATE1853

First signs of carbon sink saturation in European
forest biomass

Gert-Jan Nabuurs'™, Marcus Lindner?, Pieter J. Verkerk? Katja Gunia®, Paola Deda?*, Roman Michalak*
and Giacomo Grassi*

European forests are seen as a clear example of vegetation rebound in the Northern Hemisphere; recovering in area and growing
stock since the 1950s, after centuries of stock decline and deforestation. These regrowing forests have shown to be a persistent
carbon sink, projected to continue for decades, however, there are early signs of saturation. Forest policies and management

strategies need revision if we want to sustain the sink.

| R R L SRSy S AT |
2000 2020 2040 2060 2080 2100 2120 2140 2160

Year

Adapted from Wilson 2006, data from Perez-Garcia et al. 2005.

Ingerson, Ann L. 2007. U.S. Forest Carbon and Climate Change. Washington, D.C.: The Wilderness Society.



Zasoba vhlika v lesoch Europy

* Najviicsia zasoba je v podach (viac Europe
ako 50%)

* Nadzemna biomasa uskladiuje
druhé najviicsie mnoistvo uhlika
(viac ako a)

Hl Biomass above
B Biomass below
Dead wood
Litter
Soil

* Vyznamné mnoistvo je aj v
opadanke

Zdroj: State of Europe Forests 2015 Report
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Lesné poziare ako zdroj emisie CO2

Burnt area (ha) %’m
Average 2006-2013 \A/;
[ ]o-s00
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I 25000

Decade averages

[ ] 1980-1989
I 1990 - 1999
[ ] 2000 - 2009
[ ]2010-2013
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Scale

I 10001 - 25000 # '

* NajrozsiahlejSie poziare v Eurépe su
v Spanielskv a Taliansku

|« Zanedbatel'ny vyskyt poiiarov v

krajinach strednej Eurépy

Zdroj: State of Europe Forests 2015 Report



Emisie a zachyty v EU v sektore LULUCF podl'a hlavnej
kategorie vyuiivania pody

Million tonnes of CO, equivalent (MICQ,€)
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Porovnanie kumulativnych
historickych a prognézovanych
emisii a zachytov v sektore
LULUCF podla ¢lenskych statov
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Otvorené otdzky (& Holisoils

* Ako stabilny je podny uhlik pri opakovanom suchu?

* Aky je redalny ¢as navratv do sinkv po kalamite?

* Ako zapocitat riziko bududcich disturbancii do vhlikovej hilancie?




Vplyv zmeny klimy na produkciv
lesnych ekosystémov a toky podneho
vhlika

www.holisoils.eu @ HOllSOlIS

oooooooooooooooooooooooooooo



%@ HoliSoils
Vyskumna lokalita Dobro¢
Zaloienie: 2021

Nadmorska vyska: 970 m asl
Podny typ: hlbokd kambizem

Smrekovy porast:
- Smrek obycajny (100%)
- 65-70 rokov

- Vytazeny po lykoirigtovej kalamite v 2023

Zmiesany les (ochranné pasmo DP):

- Fagus sylvatica, Fraxinus excelsior, Acer
psevdoplatanus, Abies alba, Picea abies

- 150 rokov




Pddne a klimatické podmienky na lokalite Dobro¢ (© HoliSoils

Zmiesany
les
4.2 4.0

teplota

(°C)

Premenna

Temperature anomaly

N (%) 0.24 0.23 s

C (%) 2.3 2.47 E

C/N 9.4 9.9 ‘a” 0

Piesok (%) 45 47 o

Prach (%) 41 39 g 70 — —
13.9 149 ;ﬁﬁ z: Klimaticka vodna bilancia

17/12/2025
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Working together for forest soils

Vyvoj €O, v ovzusi na lokalite Dobro¢

Sezdnny priebeh CO2 v ovzdusi na lokalite Dobroc (ppm)

* Koncentracia najnizsia v lete

o °
Od rokv 2021 sa za 4 roky: 460 CO,=105.13+0.0162Datum R?=0.188
* €O, sa zvysila v priemere _ .
o ppm 440

* zimna az o 35 ppm

400 . v -




f@ HoliSoils

Working together for forest soils

Kratkodoby a dlhodoby rast drevin




Working together for forest soils

Dlhodobé prirastkové trendy 7, Holisoils

smrek

Site == mix - - spruce

y=-94+0058x R =-0.03
40+ A
. y=1000-05x R2; =0.31
* Dlhodoby pokles prirastkov smreka < =
O O
* Reakcie na suché roky 2 b -
Y
> © L
c € Zmiesany
>0 (@)
e b 20-
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£
g £
E) 5 Smrek
a 2 10

2000 2005 2010 2015 2020 \
Year




Sezonny rast stromov— automatické dendrometre

I=

Zmrstenie stromu oproti normalu (mm)
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HoliSoils

Working together for forest soils

@

BK JD SM
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Sezénny rast stromov — reakcie na sucho (& Holisoils
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Stratégia rastu drevin — vplyv sucha (@ HoliSails
Rok [ 24 [] 2

Drevina E BK . JD . JH E Js

g

-15- 151

10+

e

ar

deficit stromu
e

0.0-
2051 a =

Radialny rast (mm)

V?dl'l
;

Hr

o

10+

Ge

sr

160 180 200 220 240 260 280 300 100 150 200 250 300
Den v roku doy




Working together for forest soils

%‘?’”@ HoliSoils

Rast a klimatické reakcie drevin v
Karpatoch a Europe




Working together for forest soils

Dlhodoby rast smreka v Karpatskom obliku @ HoliSoils

NFI of SR

* Kontinualny pokles prirastkov smreka po
rokv 2000

* Silné reakcie na suché roky

Elevation zone ® lower & upper
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Bosela et al. 2021 in Science of the Total Environment

1960 1980 2000 2020

sistan

i i, Vo TR
107 s e

1l of % :

-

n transects| —

—=

R

1960 1980 2060 20201960 1980 2000 2020
year




Prepodkladany rast buka v Europe do roku 2050

5

Growth under RCP

E\e\l’a"‘o“

Empirical

-~ 3

FI——

A Soil sampling E;

® Study sites

models

"5 i Process-based

Bosela et al. 2023 in Science of the Total Environment

Working together for forest soils

;&@ HoliSoils
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Working together for forest soils

Resistencia buka voéi suchu %@ HoliSoils

A
oy . R , management ® T & C
* Silné reakcie v nizsich polohach 11 p=0001  p=0735  p=0835  p=0.448
o1
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o 0.9
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Bosela et al. 2021 in Agricultural and Forest Meteorology



HoliSoils

Working together for forest soils

Jedl'a biela — postglacialna migracia

O

Genetic material
@ Western lineage
@ Balkan lineage

Dendrochronological
material

@ \Westemn lineage
@ Balkan lineage

Dendrochronological
material for the contact
zone

. Western lineage

. Balkan lineage

Bosela et al. 2016 in Journal of Ecology




Geneticka diverzita jedle v Karpatskom obloku (© HoliSoils

Proportion of polymorphic loci Allelic richness Effective number of alleles Expected heterozygosity Observed heterozygosity
Wilcoxon test: p-value = 0.001174 Wilcoxon test: pvalue = 0.03554 Wilcoxon test: pwvalue = 9.335e-10 Wilcoxon test: p-value = 8.538e-10 Wilcoxon test: pvalue = 7.835e-10
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Dlhodoby rast jedle v Karpatoch

Rl
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Bosela et al. 2016 in Journal of Ecology



HoliSoil
Working together for forest soils
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Dlhodoby rast jedle v Zapadnych Karpatoch

* V nizsich polohdch pokles s:. éééé&éﬁ?é I
* Vyznamné reakcie na a0 P
kombinaciv horicav a sucha E L |
' | ¢H¢¢*¢H¢¢?ﬂééﬁ%¢aﬁﬂﬂﬂ09 é;

1960 1980 2000 2020

Marcis et al. 2025 in Agricultural and Forest Meteorology
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@ HoliSoils

Working together for forest soils

Emisie CO, a oxidacia metanu v
pode — vplyv kalamity a sucha




..Tmax (°C)

Podny vodny potencial a
vlhkost' pody

> Stromy maji vysoki spotrebu vody
* Sezoénne rozdiely v cerpani vody

* Rozdiely v teplote pody

Rozdiel denného maxima teploty pédy: smrek — zmes
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Working together for forest soils

%‘%@ HoliSoils

ody

| 4
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Celkova (A) a heterotrofna (B) resp
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Emisie uhlika z pody %@ HoliSoils
Zmiegan y Smre kov y Working together for forest soils
Site |-O0-] Mixed Spruce
rocné maj-august Po tazbe
T = ] 7]
v r o o V4 J 4 75' =
* Rocné emisie uhlika podobné v _ o
smre€ine a v zmieSanom lese < ). T 3
. L , Q™ 1 : 3 - =
* Holorub zvysil celkové emisie uhlikaz 3 |
~ V o W ) 4 25'
pody v porovnani so zmieSanym < :{
lesom ¥
o 751 '{ =
A% o
- - o
U 501 - 1 é"
25 }:
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Rok
Bosela et al. 2025 in Forest Ecology and Management



,Take-home message“ — zachytavanie uhlika (@ Holisoils

Uhlikova bilancia je vysledkom tokov, nie zasob

LULUCF prispieva k odstranovaniv vhlika

Trend za posledné roky ukazuje pokles v zachytavani
e [ sucha a hordcavy
« [ disturbancie (vietor, lykoirit, poziare)
e [1 vysSia faiba po kalamitdch
« A starnutie porastov (toto zavisi od Struktiry porastov)
EU si stanovila ciel' dosiahnut netto 310 Mt C0.e ro¢ne odstranenia uhlika do 2030 v sektore LULUCF
* su potrebné silnejSie klimatické opatrenia a politika na dosiahnutie cielov

Organické pody, ked si narusené alebo odvodnené, majo vysSie emisie kvoli rozkladu uhlika v pode



»1ake-home message“ — adaptacia drevin

Adaptdcia je nevyhnutna — bez adaptdacie nie je dlhodoba mitigacia
Reakcie na klimu so:

* druhové,

* regiondlne,

* 1zavislé od veku a struktiry (horizontdlnej, vertikalnej, genetickej,...).

Sucho ako hlavny selekény tlak
Smrek je najcitlivejsi, jedl'a a buk vykazuju vyssiv plasticitu.

Imiesané lesy casto:
* zniZvujo riziko disturbancii,
* stabilizujo mikroklimu,

* rozkladaju riziko.
Nie vidy majo zmieSané lesy vyssi prirast alebo vyssi uhlikovy sink.

Geneticka diverzita a asistovana migracia
* Lokdlne populacie prezivajo lepsSie

* Nemusia vSak byt optimalne pre budicu klimu

Komplementarita

kKompeticia o vodu a Zivin

. o L =
Mierne sucho

Extrémne sucho

Viycerpanie zdrojov vody

Rardalania sAdraine



Otvorené otdzky (& Holisoils

* Ako d'aleko ist' v asistovanej migracii?

* Ako kombinovat adaptdaciv, produkciv a ochranu hiodiverzity?

* Ako rychlo dokdze les reagovat na tempo klimatickej zmeny?




Dakujem za pozornost'!



