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Working together for forest soils

Effects of drought and disturbance on the CO, and CH, fluxes in a mixed forest and spruce monoculture

Michal Bosela?, Peter Marcis, Dominik Poltak?®, Jergus Rybdr?, Peter Fleischer’, Erika G6méryovd?, Jaroslav Vido?, Paulina Nalevankovd?, Boris Tupek?, Aleksi Lehtonen? and Raisa Mdékipa

ITechnical University in Zvolen, Faculty of Forestry, T.G. Masaryka 24, 96001, Zvolen, Slovakia
2Natural Resources Institute Finland (Luke), Latokartanonkaari 9, FI-00790 HELSINKI

Test Dobrog, Slovakia
Elevation: 970 m asl
—Control - Spruce  —Control - mixed
Species:

Spruce: Picea abies

Mixed: Fagus sylvatica, Fraxinus
excelsior, Acer pseudoplatanus,
Abies alba, Picea abies

Soil type: deep Cambisols

Soil Water Content (%)

Mixed stand: 150-yr-old in a:
buffer zone of the Dobro¢
primary forest (no intervention)
Spruce stand: 65-70 years old
spruce monoculture, barkbeetle
outbreak, clear cut in Sept 2023

Motivation
Spruce monocultures have been intensively planted across a wide area of Europe
Evidence suggests that trees in monocultures may not be as resilient to drought spells and heat
waves as mixtures of two or more species
It remains unclear how drought events, heat waves and disturbances affect carbon sequestration in
the soil and how it differs between mixed forests and species monocultures

Methods
Monitoring of soil CO, and CH, using LI-COR LI-7810 Analyzer since August 2021
Trenching plots to separate heterotrophic (trench) from the total forest floor (control) respiration
established in May 2021
Continual measurements of soil water content, soil water potential, and forest microclimate
Continual measurements of tree radial changes (tree water deficit) using band dendrometers gEgr s
Tree ring samples to quantify long-term tree and stand growth and resilience to climate events D %%’%%%’%w )
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Soil Water Col

Above-ground (AGB) and below- Biomass of roots in a Soil carbon stock in 80 cm

Results ground (BGB) biomass depth of 50 cm depth

Total root biomass is similar in spruce and mixed stand, but
the proportion of fine roots is higher in the mixed stand.
Carbon stock in above-ground biomass as well as in the soil C of AGB (t/ha)
is higher in the mixed stand.

In general, CO, fluxes were higher in the mixed stand than in
the spruce stand.

CO, fluxes were significantly lower in the spruce stand
during the drought periods.

Share of
fine roots

Density AGB incr C AGB+BGB
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CLIMATE CHANGE IN OUR REGIONS 3.0

Ecosystem services in conditions of a changing climate

Helping humans to adapt honeybees to climate change:
A new ecological approach to master this challenge

Michaela Korend Hillayova, Lubomir Koreny, Jan Holécy, Jaroslav Skvarenina

Zvolen,
October 2024

Oftdn

Contact: ResearchGate

Technical University of Zvolen, Faculty of Forestry

One-way humans can help bees adapt to climate change is to reduce the
use of ,hard“ chemicals in beekeeping. Using organic preparations to
prevent and treat bees from deadly diseases such as varroosis benefits
sustainable beekeeping, a higher yield of quality bee products, and
reduced operating costs.

Varroosis is the most devastating honeybee disease worldwide, causing more
damage and higher economic costs than all other known beekeeping diseases. In
bee colonies attacked by V. destructor, there will be an overgrowth of parasitic
mites and, if untreated, the entire bee colony will eventually collapse. That is why
successfully controlling Varroa mites should be a natural part of every beekeeper's
activity. Currently, total control of varroosis is demanded worldwide, which
includes beekeeping management without the use of antibiotics and harsh
chemicals, which is included in the concept of organic beekeeping and leads to a
decrease in the percentage of mortality of individual bee families after the winter
period. In the research, we focus on expanding knowledge about the effectiveness
of managing bee colony treatment against varroosis using environmentally safe
preventive means. Methodically, we propose and test the use of a combination of
chemical (phytotherapy), mechanical (use of varroa board in the hive) and hygienic
(disinfection of hives with fire and subsequent application of propolis tincture)
methods of varroosis control, which we compare with the use of a preventive
veterinary agent for the treatment of varroosis and acarapidosis. The results of our
study show that using locally growing plants to treat varroosis is a suitable way to
reduce infestation in bee colonies in the long term. The management of
beekeeping we designed has achieved, in the long term, a highly significant
decrease in infestation in monitored beehives with a multi-year application of
herbal decoctions.
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Figure 1. A gene drive in populations of the honey bee parasite Varroa destructor
(Source: Faber et al. 2021). Varroa destructor is an insect parasite growing to an
average size of 1.5 mm. Females are larger than males and have round, flat bodies of
brown colour. Males have a longer and slimmer body. Both sexes have eight legs and
are covered with fine hairs.

It works even without "hard" miticides!
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Figure 4. Combinations of plants for decoction in a given
month according to growth and flowering in the locality of
central Slovakia. The correct combination and application
of plants in the decoction can prevent varroa resistance.

High annual efficiency

o o

han y=-0.0985x+2.9795 ¢ 48 =0.0209x + 1.4195

35 R'=04153 £ 35 \ R*=0.0157

5 28 y=-0.1105x+3.2494 % 352 yf00111x+ 1.4986

@ 2.0 ; R*=0.464 @ 20 \-R*=0.0053

e qg /' —Beehive1 E }8 \ —Beehive3

~ 3 .

S yi o\ 5 05

§ 0.0 4 —Beehive2 © 0.0 Bee hive 4

3

i & & & & o s &

_HE P & Linedrna § %@'-‘\ ¥ \’-‘)‘%\ & Linesma

N ,\&0 (Beehive1) o ,\({@ o (Bee hive 3)

.;Q'¢>\ Linearna ,;\\'l‘\ S Linedrna
& (Bee hive 2) & & (Bee hive 4)

Beekeeping season 2021-2023

Beekeeping season 2021-2023

Figure 5. Development of the time trend of interannual infestation in the monitored groups of bee colonies. The figure on the left shows that the treatment of bees against
varroosis we proposed is more effective in the long term than treatment with common ecological preparations (Ekopol, Bisanar, etc.).
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VPLYV MENIACICH SA PODMIENOK PROSTREDIA NA VODNY REZIM BUKA A SMREKA V
JEDLOVO-BUKOVOM LESNOM VEGETACNOM STUPNI

Nalevankovd P., Popadic P., Sti‘elcovd K., Vido J., | Technicka univerzita vo Zvolene, Slovensko

Uvod
Vplyv zmeny klimy na lesné ekosystémy sa v poslednych desatrodiach znaéne zintenziviiuje. Jej dosledky, najmd zmena v distriblcii zrdZzok a znizenie ich dostupnosti v ramci
vegetacnej sezdny sprevadzané dlhymi vinami horucav, negativne ovplyviiuju vitalitu a tiez samotné preZivanie jedincov drevin, ale aj celych porastov, ktoré inac plnia vyznamnu
stabilizacnd funkciu krajiny. Znizena dostupnost disponibilnej vody v pdde a vysoké evaporacné poziadavky ovzdusSia drevinam spdsobuju stres, ktory ovplyviiuje Zivotne dblezité
fyziologické procesy a ¢asto priamo alebo sekundarne sposobuje ich umrtie. Bezprostredné reakcie stromov na meniace sa podmienky prostredia alebo na extrémne meteorologické
udalosti dnes dokazeme pozorovat prakticky ,v priamom prenose” prostrednictvom monitorovania fyziologickych procesov a ich prejavov. Intenzita transpiraéného prudu a tiez
jemné zmeny obvodu kmeriov stromov (vratane odvodenych ukazovatelov) ndm poskytuju informacie o hospodareni jednotlivych druhov drevin s vodou a tieZ o ich vodnom statuse.
Vieme skdmat ich zmeny ako odozvu na vplyv podmienok prostredia a na zéklade toho ich modelovat v budicich podmienkach. Stadium reakcii nasich vyznamnych drevin na
meniace sa poveternostné podmienky a r6zne Urovne zasobenia vodou, ¢i rézne teplotné extrémy ma vyznam pre predikciu dopadov zmeny klimy na ich rozsiahle spolocenstva, ale
aj pre planovanie buddcich lesnickych opatreni reSpektujucich predpovedany zmeneny rezim environmentalnych faktorov. Zmeny vo fyziologickych procesoch zarovenn mézu byt
spolahlivym skorym indikdtorom pdsobenia réznych stresovych faktorov ohrozujicich ich vitalitu, zdravie a prezZivanie.

Materidl a metédy
Vyskumnd plocha sa nachadza v tesnej blizkosti NPR Dobrocsky prales, v strednej ¢asti Veporskych vrchoy, v jedlovo-bukovom LVS.

Horniny — hlbinné granitoidy s ich metemorfnym plastom. P6dy — kambizeme, hiboké az velmi hlboké, s vysokym obsahom humusu.

Vzorniky pre monitorovanie transpiracného prudu a zmien obvodov kmenov — 2 dospelé buky (Fagus sylvatica L.) v ochrannom pasme

NPR, zmieSany les, d, ; 50 cm a 45.5 cm a 2 dospelé smreky (Picea abies) v blizkom hospoddrskom lese, d, ; 41.7 cm a 40.4 cm.

Meranie podmienok prostredia: globalna radiacia, teplota a vlhkost vzduchu — RTHi sensor (EMS Brno, CZ).

Zrazky — Pronamic Pro gauge (200 cm2) doplneny o Minikin ERi datalogger (EMS Brno, CZ). Sytostny doplnok a potenc. evapotranspiracia odvodené z merani.
Vodny potencial pody (10, 25, 50 cm hibka) — MicroLog SP3 (EMS Brno, CZ) + sadrové blo¢ky(Delmhorst Instrument, U.S.A).

Sap flow a zmeny obvodu kmeriov: Sap flow system EMS81 (THB method) a dendrometer DRL26E (EMS Brno, CZ).

Vysledky

Merania sa realizovali v priebehu vegetacnej sezény (01. 05 do 31. 10) rokov 2021 a
2022. Zo Studovaného obdobia bola prave vegetacna sezéna 2022 charakteristicka
priemernymi teplotami vyrazne prevySujucimi normal (okrem septembra). V danej
vegetacnej sezéne bol zarovern zaznamenany vysoky zrazkovy deficit (196 mm), ktory
sa prejavil vyskytom obdobi so znizenou dostupnostou podnej vody.

Dynamika vodného rezimu smreka obycajného a buka lesného je vyrazne ovplyvnena
meniacimi sa podmienkami prostredia, najma dostupnostou pddnej vody a ) A
meteorologickymi extrémami. V mimoriadne suchom roku 2022 bol aj v nadmorskej oo
vySke viac ako 900 m n. m. zaznamenany vyrazny pokles intenzity transpiraéného 157 2 BN o 25— K S S e SW_z5m 5w,k
prudu a tieZ stagnacia narastania obvodov kmeriov. Merania na kmeni stromov
detegovali pbésobenie stresu suchom, vyraznejSie u smreka. Odzrkadlilo sa to na el iy hl“ Lig | ‘ I
vyraznej limitacii procesu transpiracie (v sezéne 2022 napriklad celkova transpiracia u
smreka bola o 52 % mensia ako v predoslej sezéne) a rovnako kumulovanom
zmritovani obvodov kmeriov stromov, zniZeni celkového sezénneho prirastku na
obvode. Buk jednak vdaka hlbsej korerovej sustave, ale predpokladame, Ze aj vdaka
prirodnému lesnému ekosystému (zmiesany porast), ktorého je sucastou (ochranné
pasmo NPR, lepsia drovenn SWP), preukdzal vy$Siu odolnost voéi nedostatoénej : ..
distribucii zraZzok v danej lokalite. Spolupdsobenie stresu suchom a viny horucav sa
pravdepodobne podielali na oslabeni smrekovych jedincov do takej miery, Ze v
nasledujucom roku podlahli napadnutiu lykoZrata smrekového a v july 2023 boli ? ’
vytazené. Sucho sa stalo predispozi¢nym faktorom pre nasledné zni¢enie porastu
inym Skodlivym initelom.

Analyzou Udajov sme dalej potvrdili Statisticky vyznamny vplyv faktorov prostredia na
mieru transpiracného pruadu, pricom sme vSak v roku 2022 oproti roku 2021
zaznamenali pokles v tesnosti tychto vztahov. Dany jav pripisujeme prave : :
abnormalnym podmienkam prostredia nastolenym v roku 2022 — enormny deficit
zrdzok, vysoké teploty a evaporacné poZziadavky ovzdusia.

Vseobecne, vyska transpiracie bola u dreviny buk nasobne vyssia ako u smreka. V
optimalnych podmienkach pretranspiroval buk 250 |/den, priCom zaznamenané
maximu smreka bolo 56 |/def.

Vysledky vyskumu zddrazriuju délezZitost monitorovania fyziologickych reakcii stromov . .

na meniace sa kimatické podmienky, o moe byt KIitové pre efektivne riadenie a  *1ebs raiatriho i ) s ot o et st ot kneta (o) et s vt
adaptéCiU Iesn\”Ch ekOSYStémOV v kontexte pFEbiEhaijCiCh klimatiCk\l’Ch zmien. (PET), vodnym potencialom pddy v jednotlivych hibkach (SWP) a dennymi Ghrnmi zrazok (P) v roku 2021 (vfavo) a 2022 (vpravo)
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TREE SAP FLOW AS AN IMPORTANT COMPONENT OF FOREST ECOSYSTEMS' EVAPOTRANSPIRATION IN
THE CONTEXT OF CHANGING ENVIRONMENTAL CONDITIONS:
MONITORING AND USE OF ONLINE TRANSMISSION IN THE EDUCATIONAL PROCESS

@ Nalevankovéa Paulina!, Hanzelova Miriam1, Lukécik Ivan2, Vido Jaroslav'

1Dep. of Natural Environment, Faculty of Forestry, Technical University in Zvolen, T.G. Masaryka 24, 960 01 Zvolen, 2 Arborétum Borova hora, Technical University in Zvolen, Borovianska cesta 2171/66,
960 01 Zvolen, Slovakia

With this contribution, we aim to present a newly built on-line biometeorological laboratory, that through a web application in a user-friendly way depicts or/and examines the
response of physiological processes of plants (biological component of the landscape) and soil moisture characteristics to changes in environmental conditions (abiotic component)
and its interactions in-situ in real time. The project bring modern live streaming of processes taking place in woody plants - sap flow and stem circumference changes - and in
the environment, as well as their reactions to changing atmospheric conditions directly to user's mobile phone and computer. The main advantage of the online educational
laboratory is the possibility to display and analyze current data, as well as the ability to work with historical data in a cloud environment without the need to install additional
software. This makes the laboratory a unique interactive education tool for students and also for the public users. Interactivity, online and cloud accessibility allow the high
usability of the biometeorological laboratory in distance education, which significantly increases the efficiency and accessibility of the educational process, improves the level of
awareness of functional relationships between physiological processes in the country and the weather, thus supporting system education.
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All measurements for the needs of on-line Biometeorological Laboratory are carried out in the “Arborétum Borova hora (ABH)” arboretum, which is an organizational part of the
Technical University in Zvolen. ABH is located in the Middle Hron basin, and the territory has the character of a hilly area with an altitude range from 291 m to 377 m. Climatically ABH
belongs to a warm area - a warm, slightly humid district with a cold. The long-term mean annual air temperature and annual sum of precipitation are 7.9 °C and 651 mm, respectively.
Sap flow is measured on Betula Pendula tree trunk by Sap flow system EMS 81 developed by Environmental Measuring Systems (EMS), Ltd. (Brno, Czech Republic). The system uses a
tissue heat balance method (THB, Kucera et al., 1977; Cermak et al., 2004) based on volume (three-dimensional) heating of the stem segment to measure the values of volumetric
sap flow directly in kg of water per a specific period and per one centimetre of stem circumference. The Sap flow system is supplemented with the dendrometer DRL26E (EMS, Ltd.,
Brno, CZ). DRL26E records reversible changes in stem circumference, which reflect the tree water status and are closely related to the transpiration process.

Meteorological variables are measured within an open area by an automatic meteorological station situating near the sample tree. The station is equipped with an air temperature
and relative humidity sensor (both 0,5 m and 2 m above ground) and a global radiation (W m=2; 10 m above ground) sensor (2x EMS33S and EMS11S; (EMS), Ltd., Brno, CZ). Wind
speed (m s~1) and direction is monitored using an ultrasonic anemometer Atmos 22 (Meter Group, Inc. Pullman, WA, USA) at a height of 10 m, and precipitation (P, mm) is measured
using a rain gauge Pronamic Pro (Pronamic ApS, Skjern, Denmark; 1 m above ground). Soil temperature in two depths (0,15 and 0,3 m) is measured via RTDx2/S sensor
manufactured by EMS Brno (CZ). In addition, derived parameters such as vapor pressure deficit (Pa), potential evapotranspiration (mm), Dew Point (°C), water balance PET 30D (mm)
and fire index are listed.

The data is stored in 10-minute intervals to the N2N datalogger and are transferred to the cloud storage using a GPRS modem. All measured (physiological & meteorological) and
derived data are visualized on the Technical University in Zvolen web site b Biometeorologicky monitoring and are available to students and the general public 24 hours a day, 7 days
a week.
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Sap Flow System produced by Environmental Measuring Systems, Ltd. (Brno, Czech Republic) installed on the tree trunk and the flows chart of measuring process.
Sap flow values are calculated directly from the P/dT ratio (Nalevankova et al. 2020)

The project of online BioMeteorological laboratory focuses on the relationships in the soil-
water-plant-atmosphere system. The main theme is the process of transpiration as a
main part of potential evapotranspiration influenced by the synergistic action of internal
but mainly external factors. Modern methods of physiological and meteorological
monitoring and data transfering bring us the possibility to observe or/and examine the
response of physiological processes of plants (biological component of the landscape) and
soil moisture characteristics to changes in environmental conditions (abiotic component)
and its interactions in-situ in real time.

In-situ measurements of tree sap flow enable the analysis of derived forest transpiration
and also the water state of the entire ecosystem, . The process of water transport (by
sap flow) and transpiration through vegetation organisms are strongly influenced by the
synergistic effect of numerous external factors, some of which are predicted to alter due
to climate change. Therefore, there is currently a great emphasis on understanding the
response of the physiological processes of individual tree species to changing
environmental conditions and especially to extreme events (drought, heat waves).

The online BioMeteorological Laboratory makes it possible to detect, display and analyze
the relationships between environmental weather conditions, soil temperature and the
physiological response of selected (measured) trees in real time.

Users can choose any combination of variables for online display, they can download data
from the cloud and work with it further, including in the Mini32 software (EMS, Ltd.,
Brno, CZ), which is an irreplaceable tool in the analysis of meteorological data, sap flow
and data from dendrometers. Interactivity, online and cloud accessibility enable a high
degree of use of the biometeorological laboratory in higher and especially distance
education, which fundamentally increases the efficiency and accessibility of the
educational process, also improves the level of awareness of functional relationships of
the interconnectedness of physiological processes and the weather, thus supporting
systemic education.

The next step will be to improve the visual interface and create a separate application
that will integrate all available measurements with online transmission in a user-friendly
and user-attractive way, and to increase the usability of the application. We also plan to
extend the measurements to other individuals and different types of trees with various
requirements for environmental conditions and reactions to extreme events. At the same
time, we plan to add soil water potential measurements to the presented monitoring
system to show a soil water regime, because water availability is the limiting factor of
physiological processes.
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