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1. UvOD

= Prizemni ozon (O,)

= Nastaje kao produkt fotokemijske reakcije koju
uzrokuju spojevi poput metana (CH,), dusikovih
ksida (NOx), ugljicnog monoksida (CQO) iisparljivih
organskih spojeva (VOC) pri visokim temperaturama
I suncevoj svjetlosti

Slika 1. Molekula ozona (O,)



|. UVOD

Ozon kroz puci ulazi u list/iglice -> ostecenje
Osjetljivost sSuma na ozon

= reakcije na ozon variraju ovisno o vrsti, genotipu,
fenologiji biljaka, liscu, polozaju u krosnji i dostupnosti
hranjivih tvari

Uzrokuje u kombinaciji s drugim faktorima poput suse
i zatoplienja defolijaciju, ostecenje lisca/iglica i
smanjenje rasta i prinosa

Parametri procjene utjecaja oneciscenja na
vegetaciju - AOT40 i PODY




Direktiva 2008/50/EC
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Slika 2. Koncentracija ozona prema AOT40 za vegetaciju, 2017.12018. (European
Environmental Agency)
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2. MATERIJALI | METODE

= Uzorkovanje i analize radene prema metodologiji
Medunarodnog programa za procjenu i motrenje
utjecaja zracnog onecis¢enja na sume (UNECE - ICP

Forests)

International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on Forests
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b ® Split (P. nigra)

Slika 3. Lokacije ploha : \1\)
= ———a
S
Toblico/. Opis ploha
/ POREC SISAN VRANA SPLIT
I Hrast medunac Crni hrast Alepski bor Crni bor
(Quercus pubescens) (Quercus ilex) (Pinus halepensis) (Pinus nigra)
Regija Istra Istra Dalmacija Dalmacija
mljopisna Sirina 45°14'59.2" N 44°51'41.2" N 43°5323" N 43°41'59" N
emljopisna duzina 13°43'52.9" E 13°59'24.4" E 15°33'47" E 16°26'34" E
admomrska visina (m) 264 3 20 550

Vrsta tla Terra rossa Terra rossa

Biogeografska zona Mediteran Mediteran

Calcocambisol

Mediteran

Calcocambisol

Mediteran




Mjerenje pasivhog ozona

= Prema ICP Forests metodologiji a
= Mijerenja: Ogawa mjerac :—
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= Uzorkovanije: Svaka dva tiedna > — e
= | okacija: na otvorenom Ej._ M
= Kongentracija ozona preracunat iz T Yu——
nitfrata odredenih na ionskom 6
omartografu 1
{
~
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Podaci pasivnih mjeraca su iz
dvotjednih prebaceni na satne
podatke pomocu Loibl jednadzbe za
izracune parametara AOT40 i PODY
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Slika 4. Ogawa mjerac
(Izvor: Salem i sur., 2009)



AQOT40

= Parametar AOT40 - Accumulated dose of ozone
Over a Threshold of 40 ppb

w AOT40 je zbroj razlika izmedu srednje satne
ncentracije O, (U ppb) i granicne vrijednosti od 40

ppb O, kada koncentracija premasuje 40 ppb

tjekom dnevnog vremena, akumulirane u

navedenom vremenskom razdoblju*

ICP Vegetation, 2017




AQOT40

Direktiva 2008/50/EC

= AOT40,;, = fti"ffl’;::"”" max(([03] — 40,0)).dt (1)
[O3] - koncentracija ozona
. dt — vremenski korak (1 h)
ICP Vegetation
EGS
AOT40;cp = [,_ .. max(([03] —40,0)).dt (2)

SGS - pocetak vegetacijskog razdoblja
EGS - kraj vegetacijskog razdoblja

Mediteranske zimzelene vrste i Cetinjace - 1. sijecnja do 31.
prosinca
Listopadne vrste - od 1. travnja do 30. rujna



= MOTITLES je utemeljen kao dio LIFE 2015 programa za zastitu
suma od ozona uzrokovanih klimatskim promjenama

Iz MOTTLES-a proizasla je jednadzba:

faEGS

» AOT4‘Ophen0 B t=aSGS

max(([03] — 40,0)).dt (3)

[O3] - koncentracija ozona aSGS - stvarni pocCetak vegetacijskog razdoblja
df — vremenski korak (1 h) aEGS - stvarni kraj vegetacijskog razdoblja



PODY

= PODY (eng. Phytotoxic O; Dose above a threshold flux of Y)-
akumulirani stomatalni unos ozona fijekom odredenog

vremenskog razdoblja

+SE (Deposition of O, for Stomatal Exchange) koristi se za

odredivanje parametra PODY
Prag Y: 0, 112 mmol m=

= PODO, POD1iPOD2



PODY

o Isto = Ymax X [fphen X flight X max{fmin (ftemp X fVPD X fSWC)}

(4)

= PODY = [ [((gsto X [03]) —Y),0].dt (5)

ds - hUrly stomatal conductance of O; (mmol O; m2)

specific maximum stomatal conductance of a plant species to O; (mmol O; m™2

PLAA™T)

— species phenology

fidii - Photosynthetically flux density at the leaf surface (PPFD, pmol photons m=2s71)
emp - SUrface air temperature (T, °C)

vep - Yapor pressure deficit (VPD, kPa) estimated through the surface air humidity

fswe — soil water content (SWC, m3 m3).

fnin - MINIMuM g, expressed as a fraction of gmax

*this functions are limiting factors expressed in relative terms in values from 0 to 1 to @

proportion of gmax
(ICP Vegetation, 2017)




VIDLJIVA OSTECENJA

Prema ICP Forests metodologiji
Vrse dva iskusna promatraca
Gleda se strana izlozena suncu
Potpuno razvijeno lisce

Vidljivi simptomi na lis¢u mogu se pikazat kao male
ute, crne ili ljubicasto-crvene tocke ili samo
promjena u baoiji lista

Slika 5. Vidljiva ostecenja na lisCu
(Izvor: dr. sc. N. PotoCic, i dr. sc. I. Seletkovi¢, HSI)



3. REZULTATI

100 ppb - preporuceno kao gornja granica za zastitu Ssuma (IV Forests)
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Slika 6. Pasivni ozon u ppb u 2017.12018.




AOT40,cp | AOTA0 0o

Tablica 2. Rezultati pasivhog ozona za PODO, POD1, POD2, AOT40;,

PODO POD1  POD2  AOT40,, AOT40,., AOT40 ..,
Ploha Godina
mmol m-2 ppb h

PORE 2017  11.53  4.73 0.47 7870.19 7068.57 7221.03

SIsA 2017 3.33 009 000 (248657 7379.27 2379.27 )
2017 [ 32.64 2424  14.80] [57359.01 57895.57 57895.57 |
2017 6.81 2.45 0.29 20170.01 25297.37 25297.37
2018 1632 7.58  0.93 13112.74 11543.69 16590.08
2018 330  0.12 0.00 | [4479.54 5829.34 5829.34 |
2018 | 31.88  21.81  9.06 ] [55880.15 68677.81 68677.81 |
2018 9.23 320 0.39 39692.13 45760.95 45760.95




IDLJIIVA

tecenja O,

7F
|

Uoceno

Na niskom
raslinju

Visnjan 2017 Visnjan 2 1%+
validacija

lzvor: dr. sc. Nenad Potocic i lzvor: Pierre Vollenweider, WSL, Svicarska
dr. sc. lvan Seletkovié, HSI Ekspert za procjenuvidljivih ostecenja uzrokovanih Oy



4. ZAKLJUCAK

= (Ozon na sve Cetiri plohe bio blizu ili je dosegnuo vrijednost
100 ppb

= Vece doze izlozenosti ozonu (AOT40) opazene su kod crnog

| alepskog bora, dok za PODY na plohi crnog bora

ODY je prikladniji za procjenu ozona jer je bioloski i

klimatoloski znacajniji od AOT40

Vidljiva ostecenja se pojavljuju na grmlju



Sclence of the Tor Environment 783 {2021 147063

Contents lists available at ScienceDirect

Science of the Total Environment

» Jakovljevic, T., Lovreskoy, L.,
Jeli¢, G., Anav, A., Popa, .,
Impact of ground-level ozone on Mediterranean forest ecosystems health m F.Orr.]gmer' M F.' PfOleTTl, C"
Tamgrajakovﬁevié‘,LuFijaLov‘re§kov“,quanjelié‘“,{\’Iessandro‘.f\nav“,IonelPopa”g, — LImlC' |" BUTorOC' L" VITOle' M"
Maralo Ve Moo oot o i, Lukreca Bsorac™ De Marco, A. (2021). Impact of

* Croadan forest Research nstinute, Cvlerno nasele 41, 10450 Jastrebars ko, Croatla

" nstitute for Adriatic Crops and Karst Reclamaton, Put Duilova 17, 21000 Split Croatia o d Ll Ie v eI o o e o
© Imlian Nadanal Agency for New Technologies, Energy and 5 hle Econantee 4 { ENEA), CR (asacda, Viale Anguilla rese 301, 00123 Rome, lraly r U n Z n n

journal homepage: www.elsevier.com/locate/scitotenv

# National institure for Resenrch and Development in Forestry "Marin Drikea”, Calen Bucovinel 73 bis, Campulung Moldovenes, Romania

“ imlian Narlonal Institute for Environmental Protearion and Resenrch | 5PRA), Via Virallano Brancari 48, 007144 Rame, lraly Q
¥ Saplenza Liniversity of Rame, Deparmnent of Emviranmenml Blology, Plarmle Aldo Mara 5, 00185 Rame, lnly e I errq n e q n o res

HIGHLIGHTS GRAPHICAL ABSTRACT eCOSYSiemS heqlfh' SCience Of
The Total Environment 783,

147063.

= Ozone metrics from passive Oy mea-
surements in Mediterranean forests
were estimated.

= Higher ozone exposure doses [ AOT40)
were observed in P nigra and
P. halepensis plot, while higher ozone
fluses [PODY ) in P.nigra.

= Relationships between envi

parameters and forest health response

indicators were asessed.

Defoliation was significantly corelated

with soil water content at varous

depths.

* The most important predictors affecting
tree growth were AOT40 and PODIL

.

= DOl
https://doi.org/10.1016/].scitot
env.2021.147063.

Article hismry: Giventhe high ozone concentrations observed inthe Mediterranean region during summer, itiscrudal to extend
Received 30 Decenber X020 our knowledge on the potential ozone impacts on forest health with in situ studies, especially o protect typical
H.ecew::j in revised form 2 April 2021 endemic forests of the Mediterranean hasin,
::::Ew i\?nzlumﬂ This study is focused on ozone measurements and exposures over the Eastern Adriatic coast and on the caloula-
tion of different Oz metrics, be., accumulated exposure ADT40 [ AOT405., AOT40rp ADT40 00 n0) and stomatal Os
Edited by: Jay Gan fhoees with an hc_urly threshold of uptake (Y] to represent the detoxification capacity oftrees [PODY, with Y =0,
L 2nmolOzm “s ') used for forest protection. Finally, we provide an assessment of the relationships between
the forest response indicators and environmental variables.

Keywords! Passive ozone measumements and monitoring of forest health indicators, namely growth and crown defoliation
Crown defoliation were performed for Quentus ik, Quercus pubescens, inus halepensis, and Pinws nigra forests. Results showed that,
Growth fior allthe analysed species, ozone closeto reached the up per plausibility limits for passive monitoring
Mediterranean farest yypes ofair quality at forest sites (100 ppb ), with the highest values found on P. halepensis in the summer period. 0,
:m m:ﬁ metrics hased on exposure werne found to be higher in pine plots than in oak plots, while the highest values of

uptake-based metrics were found on P nigra
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