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RIJEC UREDNISTVA
NA KRAJU 2025. GODINE

Logi¢no je bilo u 2025. godini Sumarski list broj 1-2/2025
zapoceti uvodnikom i naslovnicom o 260 godina hrvat-
skog $umarstva i podsjetnikom na 23. veljace 1765.,
rodendan hrvatskog $umarstva. Medutim, tada nismo
ocekivali da ce obiljezavanje tako velike obljetnice tije-
kom godine prote¢i dosta skromno, pogotovo u odnosu
na obiljezavanje 250 godina hrvatskog Sumarstva kada je
2015. godina bila ispunjena s mnostvom vecih i manjih
svecanih i radnih aktivnosti. Nazalost, nekoliko doga-
daja u kojima su akteri s podrudja Sumarstva dosli u
sukob sa zakonom ili je Sumarstvo bilo poligon za poli-
ticke obrac¢une nisu bili dobra podloga za posvecivanje
vecem iskazivanju pocasti prethodnim generacijama
$umara koji su stvarali nasu slavnu proslost.

Uvodnik Sumarskog lista broj 3-4/2025 bio je posveéen
$okantnom Pravilniku o dopuni pravilnika o utvrdivanju
naknada za Sumu i Sumsko zemljiste resornog ministar-
stva. Njime je za 99 % umanjena naknada u slu¢ajevima
darovanja nekretnina u korist jedinica lokalne i podru¢ne
(regionalne) samouprave te u korist tijela drzavne
uprave za izdvajanje iz Sumskogospodarskog podrudja
Republike Hrvatske. Cjelokupna naknada, koja se sastoji
od dijela za Sumu (drvnu zalihu), Sumsko zemljiste i za
smanjenje opéekorisnih funkcija $uma (OKFS), svela se
samo na 1 % ukupne naknade. Jo$ se jednom potvrdilo
da se svakom izmjenom zakonskih i podzakonskih akata
u resoru Suma i Sumarstva oni dodatno obezvrjeduju.

Podsjetnikom kako se uvodnik u proteklih 15 godina ¢ak
16 puta bavio istom temom (ne)ucinkovitog koristenja
drzavnih resursa osvrnuli smo se u uvodniku Sumarskog
lista broj 5-6/2025. Na to nas je ponukalo pisanje u medi-
jima o ve¢em izvozu drva nego namjestaja iz Hrvatske.
Nazalost, toliki broj osvrtanja na istu temu samo je poka-
zatelj da nije bilo pomaka na bolje.

Da su Sumarije osnovne organizacijske jedinice Sumar-
stva vjerojatno je poznato ilaicima van struke. Medutim,
negativna iskustva iz proslosti u kojima se olako pri-
stupalo reorganizacijama i ukidanju $umarija navela su
nas da se toj temi posvetimo u Sumarskom listu broj
7-8/2025.

Uvodnik Sumarskog lista broj 9-10/2025 ukazao je na to
kako nema napretka u Sumarstvu bez znanosti i bez kul-
ture $to je u Deset sentenci o Sumi 2004. godine napisao
akademik Dusan Klepac. Poanta uvodnika bio je osvrt
na smanjenje ulaganja u Sumarsku znanost. Nedostatak
takvih ulaganja negativno e se odraziti na stanje $uma i
$umarstva u Hrvatskoj.

Struka s tolikom tradicijom i postojanjem brojnih insti-
tucija koje ispunjavaju svoje zadace od obrazovanja
kadrova, znanstveno-istrazivackog rada, operativnog
$umarstva do staleskog udruzivanja ponosi se brojnim
obljetnicama pa vrijedi podsjetiti koje smo jo$ obiljezili
u godini na isteku: 165 godina osnutka Visokoga gospo-
darskog i $umarskog ucilista u Krizevcima, 130 godina
osnutka Instituta za jadranske kulture i melioraciju kr$a
u Splitu, 80 godina osnutka Hrvatskoga Sumarskog insti-
tuta Jastrebarsko, 65 godina samostalnog Sumarskog
fakulteta, 35 godina djelovanja Hrvatskih $uma d.o.o. i 30
godina osnutka Akademije Sumarske znanosti.

U 2026. godini moZemo najaviti sljedece obljetnice: 180
godina osnivanja Hrvatskoga Sumarskog drustva, treceg
najstarijeg $umarskog drustva u Europi i 150 godina
neprekinutog izlaZenja znanstveno-stru¢nog i staleskog
glasila Sumarskog lista. Treba podsjetiti kako se u slje-
decoj godini navrsava i 20 godina postojanja Hrvatske
komore inZenjera Sumarstva i drvne tehnologije.

Svim ¢lanovima HSD i ¢itateljima naseg lista Zelimo
sretan Bozi¢ te uspjesnu novu 2026. godinu.

Urednistvo



EDITORIAL
AT THE END OF 2025

It was logical in 2025 to begin Forestry Journal issue
1-2/2025 with an editorial and cover on the 260" anniver-
sary of Croatian forestry and a reminder of 23 February
1765, the birthday of Croatian forestry. However, we did
not expect that the commemoration of such a significant
anniversary would turn out to be rather modest through-
out the year, especially compared to the celebration of
250 years of Croatian forestry, when the year 2015 was
filled with numerous major and minor ceremonial and
work activities. Unfortunately, several events in which
individuals from the forestry sector violated the law, or
in which forestry was used as a battleground for political
disputes, did not provide a good foundation for devoting
greater recognition to the previous generations of forest-
ers who shaped our distinguished past.

The editorial of Forestry Journal issue 3-4/2025 was
dedicated to the shocking amendment to the Regula-
tion on determining compensation for forests and forest
land issued by the competent ministry. It reduced the
compensation by 99% in cases of donating property to
local and regional self-government units and to state
administration bodies for the purpose of exclusion from
the forest management area of the Republic of Croatia.
The entire compensation—consisting of the parts for
the forest (timber stock), forest land, and the reduction
of forest ecosystem services—was reduced to only 1%
of the total amount. Once again, it became evident that
each amendment to the legal and subordinate acts in the
forestry sector further devalues forests and forestry.

With a reminder that over the past 15 years the editorial
had addressed the same topic—the (in)efficient use of
state resources—no fewer than 16 times, we revisited this
topic in the editorial of Forestry Journal issue 5-6/2025.
This was prompted by the media coverage about Croatia
exporting more timber than furniture. Unfortunately, so
many reflections on this topic prove only that there has
been no improvement.

Even people outside the profession most likely know

that forest offices are the basic organizational units of
forestry. However, negative past experiences, in which
reorganizations and the abolition of forest offices were
approached too lightly, led us to address this topic in
Forestry Journal issue 7-8/2025.

The editorial of Forestry Journal issue 9-10/2025 accen-
tuated that there can be no progress in forestry without
science and without culture—an idea expressed by acad-
emician Dusan Klepac in his Ten Sentences on Forests
written in 2004. The point of the editorial was to high-
light the reduction in investment in forestry science. The
lack of such investment will negatively affect the state of
forests and forestry in Croatia.

A profession with such a long tradition and with numer-
ous institutions fulfilling their roles—from educating
professionals, scientific research, operational forestry
to professional associations—takes pride in many anni-
versaries. It is therefore worth recalling those we
commemorated in 2025: 165 years since the founding of
the Royal Agriculture and Forestry College in Krizevci,
130 years since the founding of the Institute for Adri-
atic Crops and Karst Reclamation in Split, 80 years since
the founding of the Croatian Forest Research Institute
in Jastrebarsko, 65 years of the independent Faculty of
Forestry, 35 years of Croatian Forests Ltd., and 30 years
since the founding of the Academy of Forestry Sciences.

In 2026 we can announce the following anniversaries:
180 years since the founding of the Croatian Forestry
Society, the third oldest forestry society in Europe, and
150 years of uninterrupted publication of its scientific,
professional, and guild journal—Forestry Journal. It
should also be noted that the upcoming year will mark
20 years of the Croatian Chamber of Forestry and Wood
Technology Engineers.

We wish all members of the Croatian Forestry Society
and all readers of our journal a Merry Christmas and a
successful New Year 2026.

Editorial Board
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TOCNOST PROCJENE ATRIBUTA POJEDINACNIH
STABALA RUCNIM LASERSKIM SKENIRANJEM U STAROJ
SASTOJINI HRASTA LUZNJAKA

ACCURACY OF TREE ATTRIBUTE ESTIMATES BY PERSONAL LASER
SCANNING IN AN OLD PEDUNCULATE OAK FOREST

Ante SELETKOVIC', Albert SEITZ2, Andro KOKEZA?, Matej MATOSEVIC?, Ivan BALENOVIC?*

SAZETAK

U radu je testirana toc¢nost trenutno najsuvremenijeg komercijalnog rucnog laserskog skenera (PLS) pri
procjeni prsnog promjera i visine stabala u staroj sastojini hrasta luznjaka (Quercus robur L.). Istrazivanje je
provedeno na tri primjerne plohe polumjera 20 m s ukupno 40 stabala. Kao referentne vrijednosti koristeni
su prsni promjeri izmjereni mjernom vrpcom te visine stabala procijenjene statickim terestrickim laserskim
skeniranjem (TLS). Rezultati su pokazali vrlo visoku to¢nost PLS procjena za oba analizirana atributa: za
prsni promjer srednje odstupanje (MD) iznosilo je 0,62 cm (1,28 %), a korijen srednje kvadratne pogreske
(RMSE) 1,04 cm (2,13 %), dok su procjene visine stabala ostvarene s MD = 0,22 m (0,69 %) i RMSE = 0,30
m (0,95 %). U oba slucaja uocen je blagi trend precjenjivanja. Utvrdena visoka podudarnost s referentnim
vrijednostima (r = 0,995) potvrduje gotovo savrSeno slaganje izmedu PLS procjena i terenskih izmjera
prsnih promjera te PLS i TLS procjena visina stabala. Dobiveni rezultati ukazuju da PLS tehnologija,
pruza vrlo to¢ne procjene prsnog promjera i visina stabala te predstavlja iznimno perspektivnu metodu za

primjenu u operativnoj inventuri $uma.

KLJUCNE RIJECI: ru¢no lasersko skeniranje (PLS), LiDAR, prsni promjer, visina stabala, inventura suma

uvoD
INTRODUCTION

Za potrebe odrzivog gospodarenja $umama nuzno je
raspolagati detaljnim i sveobuhvatnim podacima o §um-
skim resursima, koji se u pravilu prikupljaju inventurom
$uma. U vecini zemalja u svijetu podaci inventure Suma
prikupljaju se prvenstveno pomocu konvencionalnih
terenskih mjerenja provedenih na primjernim povrsi-
nama (Liang i dr. 2022). U Hrvatskoj je nacin i intenzitet
izmjere propisan Pravilnikom o uredivanju $uma (NN
97/2018, 38/2024). Pojednostavljeno, prsni promjer
stabala mjeri se uglavnom na sistematskom uzorku
primjernih povrsina, a propisani intenzitet uzorkovanja

ovisi o na¢inu gospodarenja, uzgojnom obliku te starosti
sastojine. Iznimno, u jednodobnim sastojinama visokog
uzgojnog oblika odredenih dobnih razreda i boniteta u
kojima se propisuje etat glavnog prihoda u narednom
polurazdoblju provodi se tzv. totalna klupaza, tj. mjere
se prsni promjeri svih stabala u sastojini. Za razliku od
prsnih promjera, izmjera visina stabala zahtijeva znatno
ve¢i utro$ak vremena, pa visine stabala predstavljaju
najskuplji podatak koji se prikuplja u okviru inventura
$uma (Durrieu i dr. 2015). Stoga se visine stabala mjere
na znacajno manjem uzroku stabala nego prsni prom-
jeri. Na temelju izmjerenih visina, konstruira se visinska
krivulja i odreduje tarifni niz za odredenu grupu sasto-
jina (odsjeka). Pored navedenog, terenske izmjere visina
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pojedinacnih stabala u pravilu imaju znacajno nizu to¢-
nost u odnosu na mjerenja prsnih promjera (Luoma
i dr. 2017). Kod uobicajeno koristenih ultrazvu¢nih
visinomjera (Vertex hipsometara), pogreske u procjeni
visine stabala mogu iznositi 1-5 m ili ¢ak i vi$e (Ganz
i dr. 2019, Sterenczak i dr. 2019, Wang i dr. 2019), i to
ponajprije zbog ogranicene vidljivosti vrhova krosanja,
osobito u sumskim sastojinama kompleksnije strukture
(Liang i dr. 2022). Na to¢nost terenske procjene visina
utjece i niz drugih faktora poput vrste drveca i oblika
krosnje, visine i oblika stabla (npr. nagnutost), topogra-
fije terena, udaljenosti mjerenja te vjestine (preciznost) i
iskustva operatera (Larsen i dr. 1987, Korning i Thomsen
1994, Bragg i dr. 2014, Sterenczak i dr. 2019, Jurjevi¢ i
dr. 2020). Nadalje, Tomplaski i dr. (2014) utvrdili su da
pogreske u procjenama visine stabala imaju znacajniji
utjecaj na procjene volumena stabala nego pogresna
identifikacija vrsta stabala.

Tako su konvencionalne terenske metode inventure Suma
provjerene i u odredenoj mjeri pouzdane, one su prije
svega radno intenzivne, dugotrajne, a samim time i izis-
kuju znacajna novcana sredstva. Stoga su ogranicene na
malu uzorkovanu povrsinu i malu vremensku rezoluciju.
Metode daljinskih istrazivanja imaju potencijal unap-
rijediti klasi¢ne terenske metode, osobito smanjenjem
radno intenzivnih i dugotrajnih mjerenja, $to je odavno
prepoznato u $umarskoj znanosti i praksi (White i dr.
2016). Najznacajniji napredak u istrazivanjima prim-
jene daljinskih istrazivanja u inventuri $uma dogodio
se tijekom proteklih dva-tri desetlje¢a pojavom i raz-
vojem tehnologije laserskog skeniranja, poznate i kao
LiDAR (engl. Light Detection and Ranging) (Wang i dr.
2019). Kao posljedica toga, zra¢no lasersko skeniranje
(ALS - engl. Airborne Laser Scanning) implementirano
je u operativnim inventurama $uma na razini ploha u
odredenom broju razvijenih zemalja s vremenski ucesta-
lijim nacionalnim skeniranjima (Rahlf i dr. 2014., Wang
idr. 2019). Glavno ogranicenje ALS tehnologije je nemo-
guc¢nost dobivanja informacija o pojedina¢nim stablima,
posebno u kompleksnijem $sumskom okruzenju. Medu-
tim, konstantan i brz tehnoloski napredak u pogledu
senzora i razvoja algoritama doveli su do pojave raznih
terestrickih sustava laserskog skeniranja. U usporedbi
sa zracnim sustavima, terestricki sustavi mogu prikupiti
sveobuhvatne i vrlo precizne podatke o pojedina¢nim
stablima na detaljnoj razini (npr. grane). Trenutacno,
staticko terestricko lasersko skeniranje (TLS - engl
Terrestrial Laser Scanning) pruza najvisu geometrijsku
kvalitetu medu svim senzorima i platformama (Liang i
dr. 2022), ali ima ogranic¢enu prakti¢nu primjenu zbog
brzine odnosno sporosti prikupljanja podataka. Naime,
kako bi se smanjio u¢inak zaklonjenosti (okluzije) uzro-
kovan okolnim stablima i grmljem, odnosno kako bi se
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dobio oblak tocaka koji detaljno opisuje svako stablo na
plohi, skeniranje ploha potrebno je provesti s vise pozi-
cija koriste¢i tzv. pristup viSestrukog skeniranja. Stoga
su glavne primjene TLS-a jo$ uvijek povezane s istrazi-
vackim radovima u inventuri $uma, npr. za prikupljanje
detaljnih informacija o svojstvima stabala koje nije jed-
nostavno dobiti klasi¢nim terenskim metodama (Liang
i dr. 2018) ili referentnih podataka za validaciju drugih
sustava i izvora podataka (Liang i dr. 2016, Wilkes i dr.
2017, Disney i dr. 2019). Primjerice, TLS se najcesce
koristi kao referentni podatak pri procjeni visina dube¢ih
stabala budu¢i da je dokazano kako tocnije procjenjuje
visinu od klasi¢nih, konvencionalnih terenskih metoda
(Calders i dr. 2015, Disney i dr. 2019).

Suvremeni sustavi terestrickog mobilnog laserskog ske-
niranja predstavljaju ucinkovitu alternativu TLS-u jer
mogu potpuno ili znac¢ajno smanjiti problem okluzije te
znacajno ubrzati cjelokupni postupak prikupljanja poda-
taka (Balenovi¢ i dr. 2021). Napredak u minijaturizaciji
senzora tijekom posljednjih desetak godina rezultirao
je razvojem laganih i mobilnih ruc¢nih laserskih ske-
nera (PLS - engl. Personal Laser Scanning) koje moze
nositi ili drzati jedna osoba. Glavne prednosti komer-
cijalnih ru¢nih PLS sustava postignute su zamjenom
globalnog navigacijskog satelitskog sustava (GNSS-a —
engl. Global Navigation Satellite System) s algoritmom
za istovremenu lokalizaciju i kartiranje (SLAM - engl.
Simultaneous Localization And Mapping), $to ¢ini PLS
sustave prikladnim za koristenje u Sumskim podruéjima
gdje je GNSS signal cesto degradiran. Prva znacajnija
preliminarna PLS istrazivanja u inventuri §uma zapocela
su prije 10-ak godina (Ryding i dr. 2015, Bauwens i dr.
2016) pojavom prvih komercijalnih PLS instrumenata.
Balenovi¢ i dr. (2021) dali su detaljan pregled PLS istra-
zZivanja u inventuri Suma provedenih u razdoblju od
2015. do 2020. godine te su istaknuli veliki potencijal
PLS tehnologije, ali i odredena ogranicenja uzrokovana
tada$njim tehni¢kim moguénostima instrumenata. Tije-
kom posljednjih pet godina, razvoj PLS instrumenata
u pogledu tehnickih karakteristika (npr. domet, brzina
i rezolucija skeniranja, integracija panoramske kamere,
itd.) vrlo je intenzivan i dinamican, $to je rezultiralo bro-
jnim istrazivanjima o moguc¢nostima njihove primjene
u inventuri Suma (Jurjevi¢ i dr. 2020, 2021; Mokros i dr.
2021; Gollob i dr. 2023; Tupinamba-Simdes i dr. 2023;
Giannettiidr. 2024; Guan i dr. 2024a; Henrich i dr. 2024;
Kokeza i dr. 2024; Sofia i dr. 2024; Kiikenbrink i dr. 2025,
itd.). Tako su dosadasnja istrazivanja ukazala na velik
potencijal primjene PLS-a u inventuri $uma, jo$ uvijek
se mogu smatrati preliminarnima jer su uglavnhom pro-
vedena na malom broju primjernih ploha, u sastojinama
specifi¢nih strukturnih karakteristika i s fokusom na
to¢no odredeni atribut stabla.

U kontekstu Hrvatske i njenih glavnih Sumskih
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ekosustava provedeno je nekoliko relevantnih istrazi-
vanja. Jurjevi¢ i dr. (2020) proveli su istrazivanje na $est
primjernih ploha u nizinskoj, srednjodobnoj $umi hrasta
luznjaka (Quercus robur L.) gdje su usporedili razlicite
tehnologije blizu-predmetnih daljinskih istrazivanja, i
to PLS, lasersko skeniranje iz bespilotne letjelice (ULS
- engl. Unmanned Aerial Scanning) i aerofotogrametriju
iz bespilotne letjelice (UAV, - engl. Unmanned Aerial
Vehihle Photogrammetry) te konvencionalne terenske
metode za procjenu visine stabala. Istrazivanje prove-
deno u vrijeme mirovanja vegetacije pokazalo je da PLS
daje najtocnije procjene visina, osobito za stabla visa od
21 m (dominantna i kodominantna etaza). Na istom pod-
rudju, Jurjevi¢ i dr. (2021) evaluirali su to¢nost razli¢itih
blizu-predmetnih tehnologija daljinskih istrazivanja
(TLS, PLS, ULS, UAV ) za izradu digitalnog modela rel-
jefa i utvrdili da se kori$tenjem navedenih tehnologija
postize veca to¢nost od klasi¢nih metoda izrade digital-
nih modela reljefa (zra¢no lasersko skeniranje i digitalna
aerofotogrametrija iz zrakoplova). Nadalje, Kokeza i dr.
(2024) proveli su preliminarno testiranje dva najsuvre-
menija komercijalna PLS instrumenta (GeoSlam ZEB
Horizon, Faro Orbis) na jednoj primjernoj plohi u sta-
rijoj nizinskoj $umi hrasta luznjaka za procjenu prsnog
promjera stabala te utvrdili da noviji uredaj s poboljsa-
nim karakteristikama (Faro Orbis) daje rezultate nesto
vece tocnosti. Takoder je utvrdeno kako sloZenije sheme
skeniranja dodatno povecavaju preciznost rezultata.
Na temelju dosadasnjih spoznaja moze se zakljuciti da
PLS trenutno predstavlja najperspektivniju tehnologiju
laserskog skeniranja za primjenu u operativnoj inventuri
$uma. Ipak, zbog ograni¢enog broja provedenih istrazi-
vanja jo$ uvijek nedostaju smjernice o najboljoj praksi
za prikupljanje i obradu PLS podataka (Balenovi¢ i dr.

©

2021, Liang i dr. 2022). S obzirom na stalan i brz razvoj
PLS uredaja i softverskih rjesenja, nuzno je provoditi
kontinuirana i detaljna istrazivanja kako bi se unap-
rijedila njihova primjena u preciznoj inventuri $uma.
Glavni cilj ovog istrazivanja je testirati tocnost tehno-
logije ru¢nog laserskog skeniranja koristenjem trenutno
najsuvremenijeg komercijalnog PLS instrumenta za pro-
cjenu prsnog promjera i visina stabala u staroj sastojini
hrasta luznjaka.

MATERIJAL | METODE
MATERIAL AND METHODS
Podrucje istrazivanja — Study area

Istrazivanjem su obuhvacene tri kruzne primjerne plohe
polumjera 20 m u staroj sastojini (145 godina starosti)
uredajnog razreda hrasta luznjaka (odsjek 71b) u gospo-
darskoj jedinici Siljakova¢ka Dubrava na podruéju Uprave
$uma podruznica Zagreb, Sumarije Velika Gorica (Slika 1).
Inace mjesSovita sastojina hrasta luznjaka i obi¢noga graba
(Carpinus betulus L.) II boniteta, u vrijeme prikupljanja
podataka (ozujak 2025. godine) nalazila se u fazi prirodne
obnove oplodnim sje¢ama tijekom koje su ve¢ provedeni
pripremni i naplodni sijek. Stoga su u sastojini tijekom
prikupljanja podataka bila prisutna samo stabla hrasta
luznjaka ostavljena za dovrsni sijek. Tri kruzne primjerne
plohe uklju¢ene u ovo istrazivanje odabrane su iz veceg
uzorka sistematski postavljenih primjernih ploha (100 x
100 m) na temelju broja stabala, s ciljem da predstavljaju
strukturne karakteristike citave sastojine. Odabrane su
plohe s 11, 13 i 16 stabala hrasta luznjaka. Teren na pod-
rudju istrazivanja je ravnicarski bez nagiba, a nadmorska
visina terena krece se oko 116 metara.

Podrucje istrazivanja
GJ Siljakovacka Dubrava

Legenda

[ GJ Siljakovacka Dubrava
odsjek 71b

(O prmjeme plohe

Projekeija. HTRSY6TM

EPSG: 3765

- — —
0255 10 150 200 - a

Slika 1. Podrucje istrazivanja: a) lokacija gospodarske jedinice Siljakovagka Dubrava u Hrvatskoj, b) prostorni raspored primjernih ploha u sastojini (odsjek 71b).
Figure 1 Study area: a) location of the Siljakovacka Dubrava Management Unit in Croatia, b) spatial distribution of the sample plots in the stand (subcompartment 71b).
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Detaljna terenska izmjera — Detailed field mea-
surements

Detaljna terenska izmjera na primjernim plohama
provedena je u stanju mirovanja vegetacije, pocetkom
ozujka 2025. godine. Prvotno je centar plohe obiljezen
geodetskom oznakom te mu je pozicija precizno izm-
jerena GNSS instrumentom Trimble R12i (Trimble
Inc., Westminster, Colorado, SAD) povezanim na
hrvatski pozicijski sustav (CROPOS - engl. CROatian
POsitioning System) koristeci visokoprecizni servis pozi-
cioniranja u realnom vremenu (VPPS) s kojim se postize
deklarativna to¢nost mjerenja od = 2 — 4 cm (Dragcevi¢
i dr. 2016). Osim centra plohe, na svakoj plohi su na isti
nacin obiljezene i izmjerene pozicije Cetiri orijentacijske
tocke pravilno rasporedene na sjevernom, zapadnom,
juznom i istocnom rubu plohe. Orijentacijske tocke su se
naknadno koristile za georeferenciranje TLS i PLS poda-
taka (oblaka tocaka). Potom je svakom stablu na plohi
izmjerena pozicija, provedena obiljezba i numeracija sta-
bala, te izmjeren opseg odnosno prsni promjer. Pozicija
svakog stabla dobivena je mjerenjem udaljenosti i azi-
muta od centra plohe. Za mjerenje udaljenosti koristen
je Vertex IV daljinomjer (Haglof Sweden AB, Léngsele,
Sweden), a za mjerenje azimuta busola Suunto KB-14
(Suunto Oy, Vantaa, Finland). Stabla su numerirana s
pozicije centra plohe gledano prema sjeveru pa u smjeru
kazaljke na satu. Na svakom stablu na visini 1,3 m od tla
drvomarker sprejom oznaceno je mjesto izmjere opsega
odnosno prsnog promjera. Visina od 1,3 m iznad tla
odredena je prislanjanjem letve uz samo stablo. Izmjera
opsega odnosno prsnog promjera provedena je mjernom
vrpcom s milimetarskom podjelom i to na prethodno
oznacenoj visini mjerenja.

5 22 > YR N
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Lasersko skeniranje — Laser scanning

Staticko terestricko lasersko skeniranje (TLS) i mobilno
ru¢no lasersko skeniranje (PLS) provedeno je gotovo
istovremeno kada i detaljna terenska izmjera, pocet-
kom ozujka 2025. godine. Za prikupljanje TLS podataka
koriteni su laserski skener FARO Focus Premium 150
(FARO Technologies Inc., Lake Mary, Florida, USA),
predstavljen na trziStu 2022. godine (Slika 2, Tablica 1),
te pristup viSestrukog skeniranja (Slika 3a). Skeniranje se
izvodilo s pet stajalista na svakoj plohi, uklju¢ujudi centar
plohe i Cetiri stajaliSta rasporedenih u blizini orijenta-
cijskih toc¢aka udaljenih priblizno 1 m od granice plohe.
Za potrebe naknadne registracije (povezivanja) stajalista
odnosno TLS podataka, unutar svake plohe postavljene
su Cetiri sfere rasporedene na nacin da su najmanje tri
bile vidljive sa svakog stajalista skeniranja. Skeniranje
je provedeno s postavkama rezolucije % i kvalitete 4x.
Rezolucija oznacava razinu detalja (razlomak ukupne
moguce razlu¢ivosti snimanja), dok kvaliteta odreduje
broj ponavljanja istog mjerenja po tocki. Odabrani para-
metri rezultirali su trajanjem skeniranja od priblizno pet
minuta po stajalistu. Ukljucujuéi promjene polozaja i
podesavanje stajalista, ukupno vrijeme skeniranja jedne
plohe iznosilo je oko jedan sat.

Prikupljanje PLS podataka provedeno je laserskim skene-
rom FARO Orbis (FARO Technologies Inc., Lake Mary,
Florida, USA), predstavljenim na trzi$tu krajem 2023.
godine (Slika 2, Tablica 2). Skeniranje se provodilo prema
unaprijed definiranom obrascu kretanja kroz plohu.
Shema kretanja oblikovana je tako da omogudi optimalnu
pokrivenost plohe, odnosno da sva stabla budu skeni-
rana iz viSe smjerova. Operator je skeniranje zapoceo u
centru plohe te se kretao po zadanoj shemi, pritom se
zaustavljaju¢i na orijentacijskim tockama radi naknad-

- -

Slika 2. Laserski skeneri koristeni u istraZivanju: TLS instrument FARQ Focus Premium 150 (lijevo) i PLS instrument FARO Orbis (desno).
Figure 2 Laser scanners used in the research: FARO Focus Premium 150 TLS instrument (left) and FARO Orbis PLS instrument (right).
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Tablica 1. Osnovne specifikacije FARO Focus Premium 150 i FARO Orbis instrumenata.
Table 1 The main specifications of FARO Focus Premium 150 and FARO Orbis instruments.

FARO Focus Premium 150 Faro Orbis
Domet (m)
Range (m) 0,5-150 120
Brzina prikupljanja (tocaka/sek)
Acquisition rate (points/sec) 2.000.000 640.000
Preciznost (mm)
Precision (mm) =1 5
Vidno polje (°)
Field of View (°) 300/360 360/290
a) e b)
@c o@®
o
o

@ stajaliste skenera @ sferna meta o orijentacijske to¢ke »- PLS shema skeniranja

scanner position sphere target

orientation points

PLS scanning scheme

Slika 3. Planirane sheme skeniranja s: (a) FARO Focus Premium 150 i (b) FARO Orbis instrumentima.
Figure 3 Planning scanning schemes with: (a) FARO Focus Premium 150, and (b) FARO Orbis instruments.

nog georeferenciranja podataka. Vrijeme skeniranja svake
plohe iznosilo je priblizno sedam minuta.

Obrada podataka laserskog skeniranja — Process-
ing of laser scanning data

Prije same procjene pojedinacnih atributa stabala, pro-
vedena je predobrada prikupljenih TLS i PLS podataka.
Predobrada TLS podataka provedena je u softveru FARO
SCENE v2025.1.1 (FARO Technologies Inc., Lake Mary,
Florida, USA). Prvo je na temelju skeniranih sfera prove-

dena registracija odnosno povezivanje viSestrukih skenova
(oblaka to¢aka) jedne plohe u jedan oblak toc¢aka, koji je
potom pomocu orijentacijskih to¢aka georeoferenciran iz
lokalnog koordinatnog sustav u HTRS96/TM koordinatni
sustav. Georeferencirani oblaci to¢aka potom su izvezeni
u .las format. Za predobradu PLS podataka koristen je
softver FARO Connect v2025.1 (FARO Technologies Inc.,
Lake Mary, Florida, USA) tijekom ¢ega je provedeno geo-
referenciranje koriStenjem orijentacijskih tocaka te izvoz
oblaka to¢aka svake plohe u .las formatu (Slika 4).

Slika 4. Prikaz georeferenciranog oblaka tocaka i provedene sheme skeniranja (crvena linija) u FARO Connect softveru na primjeru jedne plohe.
Figure 4 Georeferenced point cloud with implemented scanning scheme (red line) in FARO Connect for one sample plot.
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Obrada TLS i PLS podataka (oblaka tocaka) provedena
je na identi¢an nacin u softveru LiDAR360 v8.1. (Gre-
enValley International, Berkeley, California, SAD). Pri
tome je primijenjena polu-automatizirana obrada koja
se sastojala od nekoliko koraka. Nakon ucitavanja, svaki
je oblak tocaka obrezan u krug s radijusom od 25 m od
centra plohe kako bi se sa sigurno$c¢u zadrzale kro$nje
stabala koja se nalaze uz rub plohe. Na taj je nacin sman-
jena veli¢ina oblaka tocaka i olak$ana daljnja obrada.
Potom su iz obrezanih oblaka tocaka, koristenjem
alata Remove outliers, uklonjeni eventualni odstupajuci
podaci (Sumovi). Nakon toga su klasificirane tocke tla
koristenjem alata Classify Ground Points. Na temelju kla-
sificiranih tocaka tla, provedena je normalizacija oblaka
tocaka kori$tenjem alata Normalize by Ground Points.
Normalizacijom su apsolutne (nadmorske) visine oblaka
tocaka transformirane u relativne visine ¢ija nula preds-
tavlja tlo sastojine.

Zatim je slijedila procjena prsnih promjera svih stabala
na normaliziranom oblaku toc¢ka. U tu svrhu koristen
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je modul softvera TLS Seed Point Editor u kojem je na
popre¢nom presijeku oblaka toc¢aka na visini od 1,30 m
operator prvo manualno oznacio prsni promjer svakog
stabla, a koje je potom precizno aproksimirano kruzni-
com koriStenjem Fit-by-Circle algoritma. Fit-by-Circle
algoritam koristi metodu najmanjih kvadrata za aproksi-
maciju prsnog promjera iz x, y vrijednosti oblaka tocaka.
Tako aproksimirani prsni promjeri posluzili su potom
kao polazne tocke (engl. Seed Points) za segmentaciju
pojedinacnih stabala iz ¢itavog oblaka tocaka koristen-
jem algoritma Point Cloud Segmentation from Seed Points
(Slika 5). Time je osigurano da algoritam segmentira
samo stabla povezana s unaprijed odredenim polaznim
tockama, a ujedno je smanjena mogucénost pogresaka
prilikom segmentacije. U procesu segmentacije, auto-
matski je procijenjena i visina svakog segmentiranog
stabla. Automatski procijenjene visine stabala manualno
su provjerene i ukoliko je bilo potrebe ispravljene. Pojed-
nostavljeni postupak procjene prsnog promjera i visine
stabla iz oblaka toc¢aka prikazan je na Slici 6.

Slika 5. Segmentirani oblak to¢aka na primjeru jedne plohe.
Figure 5 Segmented point cloud for one sample plot.
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a) c)

d) Point Attributes
XYZ:(465022.045,5058580.082,31.5%4)
Intensity:0.000 Return Number:
Classification:0 Time:1741781043.267
TreelD:7

Slika 6. Pojednostavljeni postupak procjene atributa pojedinacnih stabala iz oblaka toCaka: a) oblak to¢aka na povrSini presjeka debla na visini od 1,30 m, b)
i ¢) prsni promjer aproksimiran kruznicom koji je ujedno posluZio kao polazna tocka za segmentaciju stabala, d) segmentirano stablo i automatski ili manualno

procijenjena visina.

Figure 6 Simplified workflow for estimating individual tree attributes from point clouds: a) point cloud of the stem cross-section at 1.30 m height, b) and c) diameter at
breast height approximated by a fitted circle, used as a reference for tree segmentation, d) segmented tree with automatically or manually estimated height.

Ocjena to€nosti — Accuracy assessment

Kako bi se ocijenila to¢nost procijenjenih vrijednosti
prsnih promjera i visina stabala iz PLS izracunati su
srednje odstupanje (MD, prema engl. mean difference)
te korijen srednje kvadratne pogreske (RMSE, prema
engl. root mean square error) prema jednadzbama 1 i
2. MD ukazuje na predznak odstupanja procijenjenih
vrijednosti, odnosno podcjenjuju li one ili precjenjuju
referentne vrijednosti. Za MD se Cesto koristi i termin
pristranost (engl. bias) jer ukazuje na sistemsku pogresku
procijenjenih vrijednosti. RMSE ukazuje na to¢nost pro-
cijenjenih vrijednosti u odnosu na referentne terenske
vrijednosti. MD i RMSE izra¢unate su u mjernim jedi-
nicama te u postotnom iznosu od referentne vrijednosti
prema jednadzbama 3 i 4. Kao referentne vrijednosti za
ocjenu to¢nosti procijenjenih prsnih promjera i visina
iz PLS podataka kori$teni su prsni promjeri izmjereni
mjernom vrpcom u okviru detaljne terenske izmjere,
odnosno visine stabala procijenjene iz TLS podataka.

n V. — V7.
MD
n(Fi— )
e — (B2 o
RMSE
RMSEy, = —— - 100 4)
Y v

gdje je )A/,- procijenjena vrijednost prsnog promjera ili
visine stabla iz PLS podataka za stablo 1, J; je referentna
vrijednost prsnog promjera ili visine stabla za stablo %, 11
je broj stabala na sve tri primjerne plohe, J’ je aritmeticka
srednja vrijednost referentnog prsnog promjera ili visine
stabla.

REZULTATI | RASPRAVA
RESULTS AND DISCUSION

Rezultati ocjene to¢nosti procijenjenih vrijednosti prsnih
promjera i visina stabala iz PLS podataka u odnosu na
referentne vrijednosti prikazani su u Tablici 2. Rezultati
su objedinjeni za sve tri plohe, odnosno ukupno za 40
stabala hrasta luznjaka. Prema referentnim podacima,
mjernom vrpcom izmjereni su prsni promjeri u rasponu
od 33,74 cm do 67,48 cm, sa srednjom vrijedno$¢u od
48,57 c¢m, dok su iz TLS podataka procijenjene visine
stabala u rasponu od 25,44 m do 35,07 m, sa srednjom
visinom od 31,48 m. Vrijednosti izmjerenih i procijen-
jenih prsnih promjera i visina svakog stabla, dobivene
terenskim mjerenjima te TLS i PLS podacima, nalaze se
u dodatku (Tablica Al).

U odnosu na referentne vrijednosti, odstupanja procijen-
jenih prsnih promjera iz PLS podataka kretala su se od
-0,99 cm do 3,02 cm. Vidljivo je da su minimalna i mak-
simalna odstupanja te ukupni raspon odstupanja manji
od debljinskog stupnja (5 cm). Pri tumacenju rezultata
treba uzeti u obzir i nacin odredivanja visine prsnog
promjera. U terenskoj izmjeri mjesto mjerenja (1,3 m
od tla) odredeno je prislanjanjem letve uz deblo, dok je
kod PLS podataka promjer automatski procijenjen na
visini od 1,3 m nakon klasifikacije i normalizacije oblaka
to¢aka. Drugim rije¢ima, razlike u odredivanju visine
izmjere mogle su pridonijeti odstupanjima izmedu PLS i
referentnih vrijednosti.

Vrlo visoka korelacija (r = 0,995) potvrduje gotovo



Tablica 2. Tocnost prsnih promjera (DBH) i visina stabala (H) procijenjenih iz PLS
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podataka u odnosu na referentne vrijednosti (prsni promjer izmjeren vrpcom

te visina stabala procijenjena iz TLS podataka). Min, Max, SD, MD i RMSE za prsni promjer su iskazane u centimetrima, a za visine u metrima.
Table 2 Accuracy of diameter at breast height (DBH) and tree height (H) estimated from PLS data compared to reference values (DBH measured with a diameter
tape and tree height estimated from TLS data). Min, Max, SD, MD and RMSE for DBH

are expressed in centimeters, and for H in meters.

Atribut 0
Attribute RMSE RMSE%
DBH 0,995 -0,99 3,02 0,84 0,62 1,28 1,04 2,13

H 0,995 -0,13 0,92 0,21 0,22 0,69 0,30 0,95

savrSenu podudarnost izmedu PLS procijenjenih i
terenski izmjerenih prsnih promjera. Prema srednjoj
pogresci (MD = 0,62 cm; MD,, = 1,28 %) utvrden je blagi
trend precjenjivanja PLS procijenjenih prsnih promjera.
To potvrduje i graficki prikaz (Slika 7), na kojem je vidl-
jivo gotovo konstantno blago precjenjivanje PLS procjena
u odnosu na referentne vrijednosti, dok se tek manji broj
slucajeva nalazi ispod 1:1 linije. Isti trend precjenjivanja
zabiljezen je i u drugim istrazivanjima u luznjakovim
sastojinama koristenjem istog PLS instrumenta (FARO
Orbis) (Kokeza i dr. 2024, 2025). Primjerice, Kokeza i dr.
(2024) u starijoj luznjakovoj sastojini (100 godina) tes-
tirali su dva najsuvremenija PLS instrumenta (GeoSlam
ZEB Horizon i FARO Orbis) te razli¢ite sheme skeni-
ranja. Najtoc¢niji rezultati (MD,, = 0,58 %; RMSE, = 1,42
%) postignuti su upravo FARO Orbisom uz istu shemu
skeniranja kao u ovom istrazivanju. Nadalje, u istom sas-
tojinskom tipu, ali na drugoj plohi, Kokeza i dr. (2025)
istrazili su utjecaj razdoblja prikupljanja PLS podataka.
Ocekivano, nesto bolji rezultati postignuti su u razdoblju
mirovanja vegetacije (MD% = 1,23 %; RMSE, = 1,76 %)
nego u vegetacijskom razdoblju (MD, = 1,43 %; RMSE,,
= 2,04 %). Sveukupno, u ovom istrazivanju utvrden je isti
trend precjenjivanja, uz ne$to manju to¢nost u odnosu
na prethodno navedena istrazivanja. Glavni razlog vije-
rojatno lezi u starosti i strukturi sastojine - manjoj
gustoci stabala i ve¢im dimenzijama prsnih promjera
nego u starijim sastojinama. Kod stabala hrasta luznjaka

ve¢ih dimenzija moguce je precjenjivanje upravo zbog
debele i hrapave kore. Na starijim stablima razvijaju se
duboke brazde i zadebljanja, pa laserske zrake primarno
registriraju ,vrhove” kore umjesto prosje¢ne linije debla,
§to rezultira veéim procijenjenim promjerom. Takav je
utjecaj potvrden i u istrazivanju Kokeze i dr. (2025), gdje
je u bukovoj sastojini zabiljeZeno manje precjenjivanje
(MD,, = 0,90 %) nego u luznjakovoj (MD,, = 1,43 %).
Ipak, zahvaljujudi boljoj kvaliteti instrumenta i terens-
kim uvjetima, u luznjakovoj je sastojini postignuta nesto
veca tocnost (RMSE, = 2,04 %) nego u bukovoj (RMSE,
=2,13 %).

Opcenito, dobiveni rezultati u skladu su s nalazima
drugih istrazivanja (npr. Gollob i dr. 2020, Hyypp4d i dr.
2020, Mokros$ i dr. 2021, Guan i dr. 2024a, Kokeza i dr.
2024, Sofia i dr. 2024, Hrdina i dr. 2025, Kokeza i dr.
2025, Kiikenbrink i dr. 2025). U njima su kori$teni ins-
trumenti pobolj$anih karakteristika (npr. ZEB Horizon,
FARO Orbis), a procjene prsnog promjera ostvarene su s
pogreskama (RMSE% ) u rasponu od 2,04 % do 25,92 %.
Medutim, uz izuzetak domacih istrazivanja (Kokeza i dr.
2024, 2025), izravna usporedba nije moguca zbog razlika
u strukturi sastojina, metodama prikupljanja podataka
(npr. velic¢ina i oblik plohe, shema skeniranja) te postup-
cima obrade (npr. softveri, algoritmi).

U odnosu na referentne vrijednosti visina stabala pro-
cijenjenih TLS-om, iz PLS podataka zabiljezena su
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Slika 7. Usporedba prsnih promjera procijenjenih iz PLS podataka (DBHpys) i referentnih prsnih promjera izmjerenih mjernom vrpcom (DBHge).
Figure 7 Comparison of diameters at breast height estimated from PLS data (DBHes) and reference diameters at breast height measured with a diameter tape (DBHgg)..
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minimalna odstupanja u rasponu od -0,13 m do 0,92 m
(Tablica 2). Vrlo visoka korelacija (r = 0,995) potvrduje
gotovo savr$enu podudarnost izmedu visina stabala pro-
cijenjenih TLS-om i PLS-om. Dobro slaganje izmedu
dvaju izvora podataka dodatno potvrduju mjere toc-
nosti. Prema srednjoj pogresci (MD = 0,22 m; MD, =
0,69 %), uocen je blagi trend precjenjivanja visina sta-
bala procijenjenih iz PLS podataka u odnosu na TLS.
Navedeni obrazac vidljiv je i na grafickom prikazu (Slika

8), gdje su visine tek triju stabala neznatno podcijen-
jene, dok su kod preostalih 37 stabala uglavnom blago
precijenjene, tj. smjestene neposredno iznad linije 1:1
grafikona. Nadalje, dobivena vrijednost RMSE od 0,30
m (0,95 %) takoder potvrduje minimalna odstupanja i
visoku to¢nost PLS procjena visina stabala u odnosu na
referentne TLS vrijednosti.

Ranija istrazivanja (Cabo i dr. 2018, Giannetti i dr. 2018)

37 =
-
B -
35 ," >
331
£ el
= s.’w
o 314
£ , ¥
291 - -
-~
-~
271 0o, ”
rd
>
259 -
25 27 29 31 33 35 37
Hris (M)

Slika 8. Usporedba visina stabala procijenjenih iz PLS podataka (Hps) i referentnih visina procijenjenih iz TLS podataka (Hys).
Figure 8 Comparison of tree heights estimated from PLS data (Hp.s) and reference tree heights estimated from TLS data (Hys).

pokazala su slabiju to¢nost procjene visina stabala,
ponajprije zbog ograni¢enog dometa senzora. Primje-
rice, Cabo i dr. (2018) u urbanoj park-sumi (maksimalne
visine stabala 18 m) procijenili su visine s RMSE od 1,34
m, dok su u planinskoj borovoj sumi (maksimalne visine
33 m) dobili RMSE od 9,44 m. Giannetti i dr. (2018)
u mediteranskoj mjeSovitoj sastojini, unato¢ nizim
maksimalnim visinama (19 m), utvrdili su znacajno
podcjenjivanje i odstupanje procjena (MD = —4,61 my;
RMSE = 2,15 m). U tim istrazivanjima kori$teni su PLS
instrumenti (ZEB-REVO i ZEB1) ¢iji maksimalni domet
skeniranja u Sumama iznosi svega 15 — 20 m (Balenovi¢ i
dr. 2021), $to dovodi do izrazenog podcjenjivanja stabala
visih od 15 m.

Razvojem tehnologije znacajno se pove¢ao domet sen-
zora. Od 2019. godine dostupni su instrumenti poput
ZEB Horizona (100 m), a od 2023. i instrumenti poput
FARO Orbisa (120 m). Istrazivanja provedena novijom
generacijom PLS instrumenata (Jurjevi¢ i dr. 2020,
Hyypa i dr. 2020, Vandendaele i dr. 2022, Kokeza i dr.
2025) pokazala su znatno bolju to¢nost. Tako su Jurjevi¢
i dr. (2020) u srednjodobnim luznjakovim sastojinama,
usporedbom PLS (ZEB Horizon) i terenskih mjerenja,
utvrdili MD od 0,45 m (1,82 %) i RMSE od 1,11 m (4,45
%). Hyypa i dr. (2020) u borealnim mjeSovitim sastoji-
nama, koriste¢i ULS kao referencu, dobili su u rjedim
sastojinama MD od 1,3 m (6,0 %) i RMSE od 1,8 m (8,7

%), a u gus¢im sastojinama MD od 0,68 m (3,0 %) i RMSE
od 1,1 m (4,9 %). Vandendaele i dr. (2022) su u kanads-
kim mjesovitim bjelogori¢nim sastojinama, primjenom
instrumenta Hovermap (100 m dometa) i usporedbom s
TLS podacima, postigli RMSE od 0,42 m (1,78 %).

U ovom istrazivanju postignuti su jo$ tocniji rezultati
(Tablica 2; MD, = 0,69 %; RMSE, = 0,95 %). Razlozi
mogu biti viSestruki: poboljSane tehnicke znacajke
FARO Orbisa u odnosu na ZEB Horizon i Hovermap,
shema skeniranja i metode obrade podataka, struktura
sastojine, kao i pouzdanost referentnih podataka. Direk-
tna usporedba moguca je tek s istrazivanjem Kokeze i dr.
(2025), provedenim u starijoj luznjakovoj sastojini koris-
tenjem istog instrumenta, identi¢ne sheme skeniranja i
obrade te evaluacije na temelju TLS podataka. U tom
su istrazivanju autori dobili vrlo sli¢ne rezultate, iako
nesto nize to¢nosti (MD = 0,33 m; 1,23 %; RMSE = 0,47
m; 1,76 %), $to se moze pripisati razlikama u strukturi
sastojina, odnosno vecoj gusto¢i stabala na primjernim
plohama koja otezava vidljivost vrhova kro$nji. Zajed-
ni¢ko ovom i svim prethodno navedenim istrazivanjima
(Jurjevi¢ i dr. 2020, Hyyp4d i dr. 2020, Vandendaele i dr.
2022, Kokeza i dr. 2025) jest tendencija blagog precje-
njivanja visina stabala procijenjenih PLS-om, neovisno
o vrsti i tipu koristenih referentnih podataka. S obzi-
rom na to, moguce je pretpostaviti da PLS daje mozda
i najto¢nije procjene visina stabala u odnosu na metode



koje su u ranijim istrazivanjima kori$tene kao referentne
(TLS, ULS) ili za usporedbu (klasi¢ne terenske metode).
Naime, ve¢ je u uvodnom poglavlju spomenuto da
pogreska procjene visine stabala klasi¢nim terenskim
metodama (ultrazvucni visinomjeri) moze iznositi 1 - 5
m ili viSe (Ganz i dr. 2019, Sterenczak i dr. 2019, Wang
i dr. 2019). Vandendaele i dr. (2022) ve¢ su raspravljali
kako PLS moze davati to¢nije procjene visina stabala
nego TLS jer je TLS staticki sustav i stoga pod ve¢im
utjecajem zaklanjanja (okluzije). Nadalje, brojna istra-
zivanja (npr. Li i dr. 2023, Guan i dr. 2024b, Mizgaciu i
dr. 2025, Tupinamba-Simdes i dr. 2025) potvrdila su da
ULS podaci pokazuju tendenciju podcjenjivanja visina
stabala zbog zaklonjenosti vrhova kro$nji, manje gustoce
toc¢aka na vrhovima stabala i filtriranja izoliranih tocaka
tijekom obrade. Ipak, da bi se sa sigurno$¢u moglo
potvrditi da PLS daje najto¢nije procjene visina stabala,
potrebno je provesti dodatna istrazivanja izravne uspo-
redbe razlic¢itih metoda, uz pouzdane referentne podatke
(npr. izmjera duzina oborenih stabala predvidenih za
sjecu tijekom prorjeda ili oplodnih sjeca).

ZAKLJUCCI
CONCLUSIONS

U ovom istrazivanju testirana je tocnost ru¢nog laserskog
skeniranja (PLS) kori$tenjem trenutno najsuvremenijeg
komercijalnog instrumenta za procjenu prsnog prom-
jera i visina stabala u staroj sastojini hrasta luznjaka.
Procjene dobivene iz PLS podataka usporedene su s
referentnim vrijednostima prsnih promjera izmjerenih
terenski mjernom vrpcom, odnosno visina stabala pro-
cijenjenih iz TLS podataka.

Dobiveni rezultati pokazali su vrlo visoku to¢nost PLS
procjena za oba analizirana atributa stabala. Procjene
prsnog promjera ostvarene su s prosje¢nim odstupanjem
(MD) 0d 0,62 cm (1,28 %) i RMSE od 1,04 cm (2,13 %), uz
tendenciju blagog precjenjivanja. Procjene visina stabala
pokazale su jo§ vecu to¢nost, s prosje¢nim odstupanjem
(MD) od 0,22 m (0,69 %) i RMSE od 0,30 m (0,95 %),
takoder uz blagi trend precjenjivanja. Utvrdena visoka
podudarnost s referentnim vrijednostima (r = 0,995)
potvrduje gotovo savr$enu slaganje izmedu PLS procjena
i terenskih izmjera prsnih promjera te PLS i TLS procjena
visina stabala. Rezultati su u skladu s ranijim istrazivan-
jima koja ukazuju na blago precjenjivanje prsnih promjera
i visina pri primjeni PLS tehnologije, ali uz vrlo visoku
toc¢nost procjena. Moguéi uzroci odstupanja uoceni u
ovom istrazivanju povezani su sa strukturom sastojine i
morfoloskim znac¢ajkama stabala, osobito debljom i hra-
pavom korom starijih stabala luznjaka.

Na temelju provedenog istrazivanja moze se zakljuciti

da PLS tehnologija pruza vrlo to¢ne procjene prsnog
promjera i visina stabala te predstavlja iznimno perspek-
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tivhu metodu za primjenu u operativnoj inventuri $uma.
Unato¢ tome, nuzna su daljnja istrazivanja u razli¢itim
tipovima $uma i sastojinskim uvjetima radi definiranja
smjernica najbolje prakse i vece integracije PLS tehno-
logije u operativne inventure $uma.
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SELETKOVIC i dr.: Tognost procjene atributa pojedinacnih stabala ruc¢nim laserskim skeniranjem u staroj sastojini hrasta luznjaka

SUMMARY

This study evaluated the accuracy of the latest, high-end commercial personal laser scanner (PLS)
in estimating diameter at breast height (DBH) and tree height in an old pedunculate oak (Quercus
robur L.) stand. The research was conducted in the state-owned management unit Siljakovacka
Dubrava (Forest Office Velika Gorica, Forest Administration Zagreb, Croatian Forests Ltd.) in
Central Croatia, in a 145-year-old oak stand. Three circular sample plots (20 m in radius each) were
established, including 40 oak trees in total (Figure 1). Reference data were collected by detailed
field measurements and terrestrial laser scanning (TLS). DBH was measured using a diameter tape,
while TLS (FARO Focus Premium 150) was used as the reference for tree height. TLS data were
acquired using a multi-scan approach from five scan positions per plot (Figure 3a), whereas PLS
data were collected using FARO Orbis according to a predefined walking scheme (Figure 3b). Both
scanners, along with their technical specifications, are presented in Figure 2 and Table 1.

Before extracting individual tree attributes, a pre-processing of the collected TLS and PLS data
was carried out. TLS data were pre-processed (registration, georeferencing) using FARO SCENE
v2025.1.1, while PLS data were pre-processed using FARO Connect v2025.1 (Figure 4). Processing
of TLS and PLS data (point clouds) was performed in the same manner using LiDAR360 v8.1.
After normalising the point clouds, DBH of each tree was semi-automatically estimated; firstly, by
approximate determination of diameter by the operator, which was secondly approximated by the
fit-by-circle method, i.e., by the software algorithm that approximates DBH using the least squares
method to fit a circle from the x-y coordinates of input points. Stems fitted by the circle method
were used as seed points for individual tree segmentation (Point Cloud Segmentation from Seed
Points algorithm; Figure 5). Within the segmentation process, the heights (H) were automatically
estimated and then manually checked for any inconsistencies or errors (Figure 6). The measured
and estimated DBH and tree height values for each tree, obtained from field measurements, as well
as TLS and PLS data, are provided in the appendix (Table A1).

The accuracy assessment compared PLS-derived attributes against reference data using the
correlation coefficient (r), mean difference (MD) and root mean square error (RMSE). Results
for DBH (Table 2) showed a strong correlation with reference values (r = 0.995), with deviations
ranging from -0.99 cm to 3.02 cm. The MD was 0.62 cm (1.28 %), and the RMSE was 1.04 cm
(2.13%). Figure 7 illustrates the slight, systematic overestimation of PLS-derived DBH. Tree height
estimates (Table 2) were even more accurate, with deviations between -0.13 m and 0.92 m. The
correlation with TLS reference data was r = 0.995. MD was 0.22 m (0.69%), and RMSE was 0.30 m
(0.95%). Figure 8 demonstrates the close agreement between PLS and TLS estimates, again with a
slight overestimation trend.

The results confirm the high accuracy and reliability of PLS data for both DBH and height estimation
in an old oak stand. Minor biases can be attributed to structural and morphological characteristics
of trees, such as thick and furrowed bark in old oaks, which may cause an overestimation of
DBH. Overall, the findings align with previous studies (e.g., Jurjevi¢ et al. 2020, Hyypa et al. 2020,
Vandendaele et al. 2022, Kokeza et al. 2024, 2025), which report a slight overestimation but high
accuracy of PLS-derived tree attributes.

In conclusion, when high-end instruments are used, the PLS technology provides highly accurate
and efficient estimates of DBH and tree height, demonstrating strong potential for integration
into operational forest inventory. Further research across different stand types and conditions is
recommended to establish best-practice guidelines for PLS data acquisition and processing.

KEY WORDS: personal laser scanning (PLS), LiDAR, diameter at breast height, tree height, forest
inventory
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DODATAK
APPENDIX

Tablica A1. Izmjerene i procijenjene vrijednosti atributa pojedinacnih stabla: DBHgg: — referentni prsni promjer izmjeren mjernom vrpcom, DBHp s — prsni
promijer procijenjen iz PLS podataka, Hys — referentna visina stabala procijenjena iz TLS podataka, Hps — visina stabala procijenjena iz PLS podataka.
Table A1 Measured and estimated attribute values for individual trees: DBHger — reference diameter at breast height measured with a diameter tape, DBHpis —
diameter at breast height estimated from PLS data, Hys — reference tree height estimated from TLS data, Hps — tree height estimated from PLS data.

ID stabla Ploha Broj stabla X Y DBH,,, DBH,, H H.
Tree ID Plot Tree No (°) (°) (cm) (em) (m) (m)
1 4 1 465171,06 5058756,20 49,66 50,95 32,50 32,75
2 4 2 465172,91 5058753,32 39,79 40,14 31,54 31,83
8 4 3 465169,07 5058748,24 42,97 45,85 30,75 31,67
4 4 4 465170,62 5058738,49 45,84 46,00 30,25 30,55
5 4 5 465173,58 5058735,93 44,56 46,41 30,94 31,03
6 4 6 465160,68 5058735,86 35,01 36,43 25,92 26,64
7 4 7 465159,30 5058737,95 61,75 61,41 31,54 31,55
8 4 8 465163,65 5058748,07 45,20 48,22 30,87 31,51
9 4 9 465152,00 5058752,14 49,66 50,72 31,35 31,80
10 4 10 465156,58 5058756,62 49,02 49,28 32,02 32,26
" 4 1" 465153,02 5058762,05 43,61 4417 31,81 32,08
12 4 12 465159,18 5058764,83 42,34 43,34 B35 32,82
13 4 13 465160,60 5058767,61 35,01 35,33 30,55 30,76
14 4 14 465167,35 5058761,55 51,57 51,53 34,15 34,33
15 4 15 465174,83 5058766,17 54,11 54,24 33,51 33,55
16 4 16 465176,37 5058764,38 52,20 52,16 33,67 33,7
17 5 1 465165,79 5058595,19 67,48 67,85 33,44 33,38
18 5 2 465159,81 5058581,65 34,38 35,45 30,40 30,41
19 5 8 465154,18 5058588,26 42,97 43,56 30,09 30,43
20 5 4 465153,90 5058591,96 33,74 34,12 26,36 26,66
21 5 5 465150,09 5058587,80 35,33 36,15 25,44 25,58
22 5 6 465153,60 5058578,85 53,16 53,97 32,38 32,56
23 5 7 465143,99 5058586,86 51,88 52,05 29,61 29,72
24 5 8 465138,72 5058581,80 53,16 52,17 30,48 30,60
25 5 9 465134,16 5058601,23 59,52 59,82 33,46 33,72
26 5 10 465150,50 5058597,55 41,38 41,27 31,15 31,26
21 5 1 465149,18 5058602,41 42,97 42,80 30,31 30,19
28 5 12 465158,50 5058597,54 46,15 46,72 32,50 32,69
29 5 13 465146,36 5058611,01 63,03 65,63 33,44 33,45
30 6 1 465036,49 5058594,31 65,25 64,75 35,07 35,23
31 6 2 465031,00 5058593,78 56,66 56,72 31,95 32,13
32 6 3 465032,67 5058599,18 41,38 42,39 30,20 30,41
33 6 4 465022,48 5058592,09 44,56 45,64 30,50 30,95
34 6 5 465019,59 5058594,40 44,25 44,58 31,93 32,16
35 6 6 465008,23 5058596,06 47,75 47,98 32,53 32,46
36 6 7 465002,94 5058587,40 60,48 61,07 33,27 33,27
37 6 8 464996,76 5058589,01 53,79 54,00 34,02 34,18
38 6 9 465005,87 5058580,18 47,75 48,25 33,18 33,32
39 6 10 465012,60 5058577,71 57,93 58,06 32,31 32,59
40 6 1" 465022,40 5058581,78 55,70 56,67 31,59 31,75
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MORPHOLOGICAL AND ANATOMICAL DIVERSITY OF
Juniperus sabina var. balkanensis IN THE CROATIAN
DINARIC MOUNTAINS

Igor POLJAK™, Gabrijela SVALINA?, Nives VULAMA?, Mia RADOCAJ?, Kristina BUZINA?, Daniel
KRSTONOSIC!

SUMMARY

Juniperus sabina var. balkanensis R.P.Adams et Tashev is a morphologically cryptic but genetically distinct
tetraploid lineage, hypothesized to have originated through ancient hybridization between maternal
diploid Juniperus sabina var. sabina and a paternal ancestor related to Juniperus thurifera L. Although
its presence in Croatia has been confirmed, morphological and anatomical variability along the Dinaric
range remains poorly understood. In this study, we analysed three natural populations from the Croatian
Dinaric Alps (Biokovo and two sites on Velebit), comprising a total of 35 individuals. The aim was to
assess intra- and inter-population variability, sex-based differences, and population x sex interactions,
focusing on five vegetative traits and four cone traits. In addition, we examined how geographic position,
elevation, and environmental gradients form morphological variation. Our results revealed significant
differentiation among individuals within populations for all measured traits, although variability was
generally low to moderate, consistent with previous genetic studies. Statistically significant differences
between populations were confirmed for four traits. Multivariate analyses provided further insight: PCA
identified scale leaf number and length, as well as cone size and seed number, which are the traits most
responsible for population differentiation, while RDA demonstrated that these differences are structured
by environmental and spatial gradients rather than random variation. Low to moderate intra-population
variability and pronounced inter-population differences may reflect limited gene flow, clonal propagation,
and inbreeding within fragmented habitats. Sex-based differences were observed in scale leaf number and
length; however, given the limited sample size and the presence of both monoecious and dioecious shrubs,
further research is needed to draw robust conclusions regarding sexual dimorphism. Overall, our findings
contribute to a clearer understanding of the morphological variability of J. sabina var. balkanensis. Given
its restriction to high-altitude, xerothermic habitats in the Dinaric Alps, this variety represents a valuable
component of mountain biodiversity and should be considered in future conservation efforts targeting
relict shrubland communities.

KEY WORDS: Dinaric Alps, cone morphology, leaf scale anatomy and morphology, morphometric analysis,
phenotypic variability, population variation, sexual dimorphism
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INTRODUCTION

Juniperus sabina L., commonly known as savin juniper
or savin, is a morphologically variable, predominantly
dioecious shrub belonging to the monophyletic section
Sabina within the genus Juniperus L. (Cupressaceae)
(Mao et al. 2010). It is widely distributed across
mountainous regions of southern and central Europe,
extending eastward into western and central Asia
(Adams 2014). The species typically occupies dry,
rocky habitats at mid to high elevations, where it
exhibits remarkable ecological plasticity and tolerance
to drought, cold, and poor soils. Despite its broad
range, Juniperus sabina often forms small, scattered
populations, suggesting a refugial distribution shaped by
complex biogeographic and climatic histories. Previous
studies have revealed weak geographical structuring in
its morphology (Mazur et al. 2021), despite significant
genetic differentiation across its range (Jadwiszczak et al.
2023, 2024), pointing to a long history of gene flow and
relatively recent population isolation. Moreover, genome
size variation and polyploidy have been documented
within the species (Adams et al. 2016, 2017, 2018; Farhat
et al. 2019) further complicating its taxonomic and
evolutionary interpretation.

Recent taxonomic treatments recognize five infraspecific
taxa within Juniperus sabina, reflecting its wide ecological
amplitude and complex evolutionary history. According
to the Plants of the World Online database maintained
by Kew Science (2025), the accepted varieties include:
var. sabina, var. balkanensis R.P.Adams et Tashev, var.
arenaria (E.-H.Wilson) Farjon, var. davurica (Pall.)
Farjon, and var. mongolensis R.P.Adams. Of these, three
varieties — davurica, mongolensis, and arenaria - are
distributed across the eastern part of the species’ range
in Central Asia, while two - sabina and balkanensis
- are confined to Europe and western Anatolia. The
European varieties are of particular interest due to their
overlapping morphological traits, contrasting ploidy
levels, and distinct biogeographic histories.

The
development concerns the recognition of Juniperus
sabina var. balkanensis, a tetraploid lineage (specifically
an allotetraploid) hypothesized to have originated
through ancient hybridization between maternal diploid
Juniperus sabinavar. sabinaand a paternal ancestor related
to Juniperus thurifera L. (Adams et al. 2016). This variety
has since been documented across the Balkan Peninsula,
western Turkey, and parts of the Apennines, including
newly confirmed populations in Croatia (Adams et al.
2018). Molecular studies using chloroplast DNA, nuclear
microsatellites, and SNP markers have consistently
supported the genetic distinctiveness of var. balkanensis

most recent and taxonomically significant
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(Jadwiszczak et al. 2023, 2024), despite its morphological
similarity to var. sabina (Mazur et al. 2021). The near-
parapatric distribution of the two varieties, coupled with
their contrasting ecological preferences - particularly in
relation to soil potassium content and drought tolerance
— suggest a complex evolutionary trajectory shaped by
hybridization, polyploidization, and climatic filtering.
Var. sabina occupies cooler and wetter environments,
whereas var. balkanensis is adapted to warmer, drier
habitats with potassium-rich soils (Jadwiszczak et al.
2023, 2024).

In Croatia, Juniperus sabina var. balkanensis forms dis-
tinctive shrubland communities classified within the
EUNIS habitat system as F2.2 - evergreen alpine and
subalpine heath and scrub. These habitats are typically
found above 900 m a.s.l. in the Dinaric Alps (Figure
1), occupying xerothermic karst terrains with shallow,
skeletal soils developed on limestone and dolomite. The
Croatian populations of Juniperus sabina var. balkanen-
sis are characterized by dense, prostrate growth forms
that inhibit the development of continuous grass cover,
thereby creating patchy microhabitats within mosaics
of dry grasslands and rocky outcrops. The vegetation
includes a suite of xerophilous and thermophilus species
such as Juniperus communis var. saxatilis Pall., Amelanch-
ier ovalis (Willd.) Borkh., Rhamnus saxatilis Jacq., and
Arctostaphylos uva-ursi (L.) Spreng., alongside grassland
elements like Sesleria juncifolia Suffren, Festuca spp., and
Stipa spp. These shrublands represent a transitional suc-
cessional stage toward Fagus sylvatica L. or Pinus nigra
J.E. Arnold forests, with Juniperus sabina var. balkan-
ensis playing an important role in soil stabilization and
organic matter accumulation through its extensive root
system and needle litter (Topi¢ and Vukeli¢ 2009).

Although the presence of the tetraploid Juniperus sabina
var. balkanensis in Croatia has been confirmed (Adams
et al. 2018), its morphological and anatomical variability
along the Dinaric range remains poorly understood.
Previous studies have focused exclusively on a single
population from the Velebit Mountain (Mazur et al.
2021), leaving a significant gap in our knowledge of
the species” intraspecific diversity in this region. In the
present study, we examined three natural populations
- two from different localities on the Velebit Mountain
and one from the Biokovo Mountain - representing the
southernmost and ecologically contrasting segments of
the Croatian Dinarides. In contrast to the widespread
Juniperus communis var. saxatilis, which dominates
subalpine scrublands across the Dinaric karst, Juniperus
sabina var. balkanensis is relatively rare and spatially
restricted. Its occurrence in Croatia is limited to isolated
patches within high-altitude, xerothermic habitats,
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Figure 1 Habitat of the Biokovo population, showing scattered shrubs of Juniperus sabina var. balkanensis among dominant shrubs of Juniperus communis var. saxatilis.

making it a valuable element of regional biodiversity. The
Dinaric Alps, with their pronounced ecological gradients
and floristic heterogeneity, thus provide a unique setting
for investigating population-level variation in relict and
alpine taxa.

This study aimed to assess the morphological and
anatomical variability of vegetative traits (scale leaves
and shoots), as well as the morphological diversity of
cones within and among populations. Special attention
was given to differences between male and female shrubs
based on vegetative traits. Furthermore, we explored the
extent to which population structure is influenced by
geographic position, elevation, and other environmental
factors, with the goal of identifying patterns of local
adaptation and potential drivers of phenotypic
divergence.

MATERIALS AND METHODS

Study area and plant material

In the spring of 2025, plant material of Juniperus sabina
var. balkanensis was collected for anatomical and
morphometric research from three natural populations
in Croatia (Figure 2, Table 1): Veliki Alan and Mali
Alan on the Velebit Mountain, and one on the Biokovo

Mountain. A total of 35 individual shrubs were sampled
— 13 from Veliki Alan, 12 from Mali Alan, and 10 from
Biokovo - comprising 16 female and 19 male plants
(Table 1). Each shrub was georeferenced using GPS to
ensure precise spatial documentation and support future
environmental interpretation. From every shrub, a single
branch approximately 20-30 cm in length was clipped
to examine the anatomical structure and morphometry
of scale-leaves. On female plants, berry-like seed cones
were also collected, with around 10 cones taken per
shrub. All samples were immediately placed in ziplock
plastic bags or small containers in the field to preserve
freshness and prevent desiccation. Each sample was
labelled with a unique identifier to ensure accurate
tracking. The collected material was then transported
to the Laboratory for Morphological Research at the
Department of Forest Genetics, Dendrology and Botany,
University of Zagreb Faculty of Forestry and Wood
Technology, for further analysis. Prior to analysis, all
plant material was stored under refrigeration to maintain
sample integrity. Additionally, representative specimens
from each locality were prepared as herbarium vouchers
and deposited in the DEND Herbarium at the University
of Zagreb Faculty of Forestry and Wood Technology.
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Figure 2 Geographic distribution of three sampled populations of Juniperus sabina var. balkanensis in the Croatian Dinaric

Alps, with the overall range of the taxon in Croatia shown in

blue.

Table 1 Populations of Juniperus sabina var. balkanensis from the Croatian Dinaric Alps, with geographic coordinates, elevation, number of analysed shrubs
(total, male and female), and bioclimatic variables (BIO1, BIO3, BI04, BI012, BIO15, SOLAR) used in the Redundancy Analysis (RDA). Bioclimatic variables were
calculated as population means based on individual sampling coordinates, while elevation is presented as mean values with ranges. Although BI012 (annual
precipitation) is shown in the table to facilitate interpretation, it was excluded from Redundancy Rnalysis (RDA) due to collinearity. Bioclimatic variables: BIO1
(mean annual temperature), BIO3 (isothermality), BIO4 (temperature seasonality), BIO12 (annual precipitation), BIO15 (precipitation seasonality), and SOLAR

(annual solar radiation).

Elevation

(ma.s.l)

Population Lat(isl)lde Lon?j;ude sm:ﬂ)ls l:\II:;I:;s Fpﬁ:;aée
Veliki Alan ~ 44.71493  14.96306 13 7 6
Mali Alan  44.26415  15.64471 12 7 5
Biokovo  43.28346  17.09259 10 5 5
Total 35 19 16

Morphological and anatomical characterization of
shoots, scale leaves, and cones

Morphological analysis of scale leaves and shoots was
performed using both stereo and compound microscopy.
Macrophotographs of freshly collected material were
obtained with a stereo microscope (Olympus SZX12)
equipped with a digital camera (Olympus EP50), while
microphotographs of leaf cross-sections were taken
with a compound microscope (Olympus BX41) fitted
with a digital camera (Olympus LC35). Vegetative
morphometric traits — including the number of lateral
(NLS) and facial (NFS) scale leaf pairs per 1 cm of shoot
length, facial leaf length (FSL), and overall shoot width
(SW) — were measured at a standardized distance of
0.5 cm from the shoot apex. These measurements were
performed using the integrated On-Screen Display
(OSD) software of the Olympus EP50 camera. For

(1030-1312)

(1120-1243)

1210

33.1 620 1622 26.2 12788

860
(804-906)

1149

32.9 662 1158 271 13231

34.3 597 940 21.8 13709

anatomical analysis, epidermal thickness (ET) was
quantified using PRECiV Capture software (version
1.2, Build 27732) (PRECiV™ 2021), based on calibrated
microphotographs of transverse leaf sections.

Cone dimensions were measured using a digital calliper
(Alpha Tools®, Bahag AG, Germany, +0.1 mm). For each
cone, three measurements were taken: cone length (CL),
cone width (CW), and cone thickness (CT). After these
morphometric measurements, the total number of seeds
contained in each cone (NS) was determined.

Statistical analysis

Morphological variability of shoots, scale leaves and
seed cones was assessed using descriptive statistical
parameters. For each trait, the arithmetic mean, standard
deviation, minimum and maximum values, and the
coefficient of variation (CV, %) were calculated. For
scale leaf traits these metrics were computed separately
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for male and female individuals, as well as for each
population and for the total dataset.

Morphometric traits of vegetative shoots and cones were
analysed using linear mixed-effects models in R (R Core
Team 2025). The analysis was performed using the Ime4
package (Bates et al. 2025), which allows specification of
both fixed and random effects. For shoot-related traits,
the model included fixed effects of sex and population,
as well as their interaction, while shrub nested within
population was treated as a random effect. For cone-
related traits, fixed effects included population, and
shrub nested within population was modelled as a
random effect. Model fitting was conducted using the
Imer() function, and the significance of fixed effects was
assessed via Type III ANOVA using the car package (Fox
and Weisberg 2019).

Principal Component Analysis (PCA) was conducted
to examine patterns of variation among shrubs and
populations based on morphometric traits. PCA
was performed separately for vegetative and cone
morphological traits using the FactoMineR (Léetal. 2008)
and Factoextra (Kassambara and Mundt 2020) packages
in R Statistical Software (v4.4.0; R Core Team 2025).
Prior to analysis, all trait variables were standardized
(z-transformed) to ensure comparability and reduce
scale effects. For vegetative traits, PCA was based on
five variables, while cone traits were analysed using four.
Eigenvalues, explained variance, and variable loadings
were extracted to assess component significance and trait
contributions. Components with eigenvalues greater
than one were retained for interpretation. Population-
level patterns were assessed based on individual scores
along the first two principal components, and visualized
using biplots that simultaneously display trait orientation
and individual clustering.

To assess the influence of environmental and geographic
factors on morphological variation in Juniperus sabina
var. balkanensis, we performed Redundancy Analysis
(RDA) using the vegan package (v2.6-4; Oksanen et al.
2022) within R Statistical Software (v4.4.0; R Core Team
2025). Morphological traits were divided into two sets:
vegetative traits and cone traits, each analysed separately
using constrained ordination. Prior to analysis, all
morphological variables were Hellinger-transformed
to reduce scale dependency and meet assumptions
of linear ordination. Traits with high intercorrelation
(r > 0.85) were excluded to avoid redundancy, retaining
only those with clear population-level differentiation.
Environmental  predictors  included  bioclimatic
variables (BIO1-BIO19), solar radiation, and altitude.
Bioclimatic data were retrieved from WorldClim v2.1
(Fick and Hijmans 2017) at 30 arc-second resolution,

while altitude was obtained via GPS measurements. To
reduce multicollinearity, we performed a correlation
analysis among environmental variables and excluded all
variables with pairwise Pearson correlation coeflicients
exceeding +0.9. Final predictor sets were selected
separately for each trait group based on ecological
relevance and statistical independence. All predictors
were standardized (z-transformed) prior to ordination.
Geographic predictors included latitude and longitude.
To partition the variation attributable to environment
and geography, we constructed three RDA models for
each trait group: (1) a full RDA model including both
environmental and geographic predictors; (2) a partial
RDA isolating environmental effects conditioned on
geography (environment | geography); (3) a partial RDA
isolating geographic effects conditioned on environment
(geography | environment). Model significance was
assessed using permutation tests (999 iterations), and
the adjusted R? values were used to evaluate explanatory
power.

Ordination results from both PCA and RDA
analyses were visualized using the ggplot2 package
(Wickham 2016) in R Statistical Software (v4.4.0), with
enhancements provided by ggrepel (Slowikowski 2024)
for label clarity and ggsci (Xiao 2024) for consistent
colour schemes. All plots were standardized for axis
scaling and annotated to highlight population-level
patterns and trait contributions. Only the first two axes
were displayed in each ordination, as they captured the
majority of explained variation.

RESULTS

Variation in vegetative traits

Across all individuals, scale leaf traits exhibited low to
moderate variability (Table 2). The number of facial
scale leaf pairs (NFS) ranged from 5 to 15, with a mean
of 7.40 £ 1.15, while lateral scale leaf pairs (NLS) ranged
from 4.5 to 15, averaging 7.26 + 1.16 per centimetre of
shoot length. Shoot width (SW) was relatively stable
(1.32 + 0.12 mm, range: 1.03-1.72 mm), whereas facial
leaf length (FSL) showed greater variation (1.65 + 0.28
mm, range: 1.05-2.84 mm). Epidermal thickness (ET)
ranged from 11.00 to 22.18 pm, with a mean of 16.79
+ 1.62 pum. Coefficients of variation (CV) below 10%
were observed for shoot width (8.73%) and epidermal
thickness (9.67%), while higher CVs were recorded
for facial scale leaf number (15.53%), lateral scale leaf
number (16.00%), and scale leaf length (16.68%).

Morphological traits of scale leaves varied across the
three populations — Veliki Alan, Mali Alan, and Biokovo
- with notable differences in both size and number (Table
2). The Biokovo population exhibited the highest mean



values for both facial (8.09) and lateral (7.92) scale leaf
pairs, with broader ranges (facial: 6-15; lateral: 6-15)
and slightly higher variability in lateral leaf count (CV
= 15.30%). In contrast, Mali Alan had the lowest mean
values (facial: 7.05, lateral: 6.87), though variability
remained comparable (CV = 14.3-14.6%). Shoot width
was consistent across populations, ranging from 1.31 to
1.34 mm, with low CVs (<10%). The shortest facial scale
leaves were recorded in the Biokovo population (mean =
1.50 mm, CV = 11.35%), while Mali Alan had the longest
scale leaves (mean = 1.73 mm, CV = 16.11%). Veliki Alan
showed similar values to Mali Alan (mean = 1.70 mm, CV
= 17.24%), indicating a shared trend in leaf elongation.
Epidermal thickness was highest in Biokovo (mean =
17.21 um, range: 11.00-22.18 um), with slightly greater
variability (CV = 11.65%) compared to Veliki Alan (mean
= 16.46 um, CV = 8.52%) and Mali Alan (mean = 16.78
um, CV = 8.30%).

Variation in seed cone traits

Among the four cone traits analysed across studied
populations (Table 3), the number of seeds per cone

(NS) emerged as the most variable trait (CV = 42.65%).
In contrast, cone length (CL) and cone width (CW)

Sumarski list, 11-12, CXLIX (2025), 517-530

showed relatively low variability (CV = 10.93% and
11.53%, respectively), suggesting morphological stability
in these dimensions. Cone thickness (CT) displayed
intermediate variability (CV = 16.22%).

Among the four cone traits analysed across Juniperus
sabina var. balkanensis populations (Table 3), cone
length (CL) showed the most pronounced differences
in mean values. Biokovo had significantly shorter cones
(mean = 5.47 mm) compared to Veliki Alan (6.16 mm)
and Mali Alan (6.41 mm). In contrast, cone width
(CW) remained relatively consistent across populations,
ranging from 6.11 to 6.36 mm, and cone thickness (CT)
from 5.50 to 5.82 mm. The number of seeds per cone
(NS) was highest in Biokovo (mean = 2.42), followed by
Mali Alan (2.12) and Veliki Alan (1.84), suggesting slight
reproductive differentiation among sites.

Sexual dimorphism

Sex-based differences were observed across several
measured traits (Table 2). The number of facial scale leaf
pairs (NFS) was consistently higher in female shrubs
across all populations. For example, in the Biokovo
population, female shrubs averaged 8.52 pairs compared

Table 2 Descriptive statistics of vegetative traits in Juniperus sabina var. balkanensis across populations and sexes. Descriptive parameters: X — arithmetic
mean; Min — minimum value observed within the sample; Max — maximum value observed within the sample; SD — standard deviation; CV (%) — coefficient of
variation. Acronyms of vegetative morphometric traits: NFS — number of facial scale pairs; NLS — number of lateral scale pairs; SW — shoot width; FSL — facial
scale length; ET — epidermis thickness.

Population

Trait ?)gf::.':t':f Veliki Alan Mali Alan
Male Female Male
X 717 676 7159 705  6.87
Min 500 500 600 500 500
NFS Max 1000 900 1000 1000  9.00
SD 106 105 090 101 085
CV (%) 1475 155 1185 1434 1231
X 712 678 745 687  6.69
Min 450 450 600 450 500
NLS Max 1050 900 1050 900  9.00
sD 104 105 092 101 082
CV (%) 1456 1544 1234 1465 1228
X 136 134 134 132 132
Min 103 103 115 106  1.07
(i"m") Max 160 160 153 160 156
sD 0.1 013 009 011 009
CV (%) 844 974 700 812 675
X 170 182 158 173 177
Min 112 124 112 116 1.33
(anSnL]) Max 282 282 202 284 284
SD 029 033 018 028 025
CV (%) 1724 1818 1161 1611 1431
X 1646 1609 1684 1678  16.77
Min 1249 1249 1436 1300  13.09
(ﬂﬂ Max 2024 2024 1957 2027 2027
sD 140 160 107 139 138
CV (%) 852 993 634 830 821

Juniperus sabina
Biokovo

Female Male  Female Total Male Female
7.30 8.09 7.66 8.52 7.40 7.05 1.79
5.00 6.00 6.00 7.00 5.00 5.00 5.00
10.00 15.00 9.00 15.00 15.00 9.00 15.00
1.17 1.12 0.73 1.27 1.15 0.96 1.22
16.02 13.84 9.55 14.95 15.53 13.66 15.61
7.11 7.92 7.42 8.42 1.26 6.93 7.65
4.50 6.00 6.00 6.00 4.50 4.50 4.50
9.00 15.00 9.00 15.00 15.00 9.00 15.00
1.18 1.21 0.77 1.36 1.16 0.94 1.27
16.65 15.30 10.40 16.20 16.00 13.56 16.60
1.31 1.31 1.32 1.31 1.32 1.32 1.32
1.06 1.1 1.1 1.12 1.03 1.03 1.06
1.60 1.72 1.72 1.55 1.72 1.72 1.60
0.13 0.13 0.15 0.1 0.12 0.12 0.11
9.81 9.7 11.08 8.19 8.73 9.10 8.33
1.69 1.50 1.52 1.48 1.65 1.7 1.58
1.16 1.05 1.05 1.1 1.05 1.05 1.1
2.57 1.87 1.86 1.87 2.84 2.84 2.57
0.31 0.17 0.18 0.16 0.28 0.29 0.24
18.32 11.35 11.57 11.12 16.68 17.03 15.05
16.78 17.21 17.15 17.27 16.79 16.65 16.95
14.27 11.00 11.00 13.07 11.00 11.00 13.07
20.00 22.18 20.05 22.18 22.18 20.27 22.18
1.43 2.00 2.18 1.83 1.62 1.75 1.46
8.51 11.65 12.711 10.62 9.67 10.49 8.62
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Table 3 Descriptive statistics for analysed cone traits for Juniperus sabina var. balkanensis. Descriptive parameters: x — arithmetic mean; Min — minimum value
observed within the sample; Max — maximum value observed within the sample; SD — standard deviation; CV (%) — coefficient of variation. Acronyms of cone
morphometric traits: CL — cone length; CW — cone width; CT — cone thickness; NS — number of seeds per cone.

Descriptive parameter Veliki Alan

X 6.16

Min 5.34

CL (mm) Max 7.20
SD 0.45

CV (%) 7.23

X 6.20

Min 4.50

CW (mm) Max 8.18
SD 0.72

CV (%) 11.65

X 5.70

Min 4.09

CT (mm) Max 7.82
SD 0.72

CV (%) 12.62

X 1.84

Min 1.00

NS Max 4.00
SD 0.71

CV (%) 38.60

to 7.66 in male shrubs, while in the Veliki Alan population
the difference was 7.59 vs. 6.76. A similar pattern was
found for lateral scale leaves (NLS), with mean values
in female shrubs ranging from 7.11 to 8.42, and in male
shrubs from 6.69 to 7.42.

Shoot width (SW) showed minimal variation between
sexes, with nearly identical mean values (1.31-1.34 mm)
and low coefficients of variation (CV < 10%) in both
groups. In contrast, facial scale leaf length (FSL) was
consistently greater in male shrubs. In the Mali Alan
population, mean FSL was 1.77 mm in male shrubs
compared to 1.69 mm in female shrubs, whereas in
Veliki Alan the difference was even more pronounced
(1.82 mm vs. 1.58 mm).

Epidermal thickness (ET) was slightly higher in female shrubs
across all populations. In the Biokovo population, female
shrubs reached a mean of 17.27 pm, compared to 17.15
pm in male shrubs, with similar trends observed in Veliki
Alan (16.84 pm vs. 16.09 pm). In the Mali Alan population,
however, epidermal thickness was nearly identical between
female and male shrubs (16.78 um vs. 16.77 pm).

Results of the General Linear Model (GLM) for veg-
etative and cone traits

Populations and sexes differed significantly in three traits
(Table 4): the number of facial scale leaf pairs (NFS), the
number of lateral scale leaf pairs (NLS), and the facial

Mali Alan Biokovo

6.41 5.47 6.02
4.91 4.33 4.33
1.34 6.64 7.34
0.53 0.60 0.66
8.22 10.92 10.93
6.11 6.36 6.11
4.85 4.99 4.50
1.78 8.18 178
0.74 0.70 0.71
1213 11.07 11.53
5.50 5.82 5.79
4.61 4.45 4.09
6.53 7.09 7.82
0.50 0.61 0.94
9.12 10.54 16.22
2.12 2.42 213
1.00 1.00 1.00
4.00 4.00 4.00
0.92 0.99 0.91
43.29 40.98 42.65

scale leaf length (FSL). Population effects explained
16.94%, 15.12%, and 14.45% of the total variance for
these traits, respectively, while sex contributed 14.52%,
13.37%, and 6.59%. In contrast, shoot width (SW)
and epidermal thickness (ET) showed no significant
differences between populations or sexes, with
population-level effects explaining only 0-3.15% and sex
effects below 0.40%. These traits appear morphologically
stable across broader spatial and habitat gradients.

The interaction between population and sex was non-
significant in all cases (Table 4), contributing 0% to the
total variance, suggesting that sex-related differences
were consistent across populations and not context-
dependent.

Shrubs nested within populations accounted for a
substantial portion of the variance across all traits
(Table 4), ranging from 15.02% (ET - epidermal
thickness) to 28.42% (NLS - the number of lateral scale
leaf pairs), thus highlighting pronounced individual-
level variability within populations. Residual error
explained the remaining variation, ranging from 43.09%
to 81.44%, depending on the trait, likely reflecting
both measurement noise and unaccounted biological
complexity (e.g., within-shrub variability).

Significant variation in cone length (CL) was observed
among the studied Juniperus sabina var. balkanensis
populations (Table 5), accounting for 43.68% of the
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Table 4 Results of the General Linear Model (GLM) for vegetative traits. Acronyms of vegetative morphometric traits: NFS — number of facial scale pairs; NLS —
number of lateral scale pairs; SW — shoot width; FSL — facial scale length; ET — epidermis thickness. df — degrees of freedom; F — F-test in GLM; p — significance
of GLM's F-test. *** significant atp < 0.001; ** significant at 0.001 < p < 0.01; * significant at 0.01 < p < 0.05; ns depicts non-significant values (p > 0.05).

Trait Components of the variance

Population
Sex
NFS Population x Sex
Shrub (Population)
Error
Population
Sex
NLS Population x Sex
Shrub (Population)
Error
Population
Sex
SW Population X Sex
Shrub (Population)
Error
Population
Sex
FSL Population X Sex
Shrub (Population)
Error
Population
Sex
ET Population x Sex
Shrub (Population)

Error

total variance, while within-population variation was
considerably lower (8.50%). In contrast, cone width
(CW) and cone thickness (CT) showed no significant
inter-population differences, with most of the variation
attributed to within-population variability and residual
error. The number of seeds per cone (NS) exhibited
relatively low within-population variation (10.91%),
whereas differences among populations were not
statistically significant. These findings indicate that cone
length (CL) is the most spatially and environmentally

df

2
1

2
29

29

F p-value %
1.37 ** 16.94
8.92 ** 14.52
0.36 ns 0.00
6.84 Hxx 24.76

43.78
6.16 *x 15.12
1.42 * 13.37
0.44 ns 0.00
1.77 e 28.42

43.09
0.36 ns 0.00
0.08 ns 0.00
0.03 ns 0.00
5.10 rxx 26.30

73.70
6.57 ** 14.45
4.99 * 6.59
1.33 ns 1.52
5.95 Hxx 26.11

51.33
2.39 ns 3.15
1.18 ns 0.39
0.76 ns 0.00
2.84 *rx 15.02

81.44

structured trait, while cone width (CW) and thickness
(CT) are primarily influenced by individual-level
variation within populations.

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) based on five
vegetative traits revealed that the first two principal
components had eigenvalues greater than one and
together explained 80.3% of the total variance. The first
principal component (PC1) accounted for 58.0% of the

Table 5 Results of the General Linear Model (GLM) for cone traits. Acronyms of cone morphometric traits: CL — cone length; CW — cone width; CT — cone
thickness; NS — number of seeds per cone. df — degrees of freedom; F — F-test in GLM; p — significance of GLM's F-test. *** significant at p < 0.001; **
significant at 0.001 < p < 0.01; * significant at 0.01 < p < 0.05; ns depicts non-significant values (p > 0.05).

Trait Variance component

Among populations
Within populations
Error
Among populations
Within populations
Error
Among populations
Within populations
Error
Among populations
Within populations
Error

CL

Cw

CT

NS

F p-value %
17.45 *xx 43.68
2.78 *xx 8.50
47.83
0.86 ns 0.00
2.63 *xx 13.61
86.39
0.54 ns 0.00
10.31 Fxx 46.33
53.67
2.59 0.12 6.11
2.31 * 10.91
82.98
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variation and was strongly positively correlated with the
number of facial scale leaves pairs (NFS, r = 0.974) and
lateral scale leaves pairs (NLS, r = 0.944), while showing
a strong negative correlation with facial scale leaf length
(FSL,r=-0.907). The second principal component (PC2),
which explained an additional 22.3% of the variance, was
primarily associated with shoot width (SW, r = -0.831)
and epidermal thickness (ET, r = -0.594), both showing
moderate to strong negative loadings. The remaining
components (PC3-PC5) had eigenvalues below one
and together explained the remaining 19.7% of the total
variance (PC3 = 15.1%, PC4 = 4.3%, PC5 = 0.3%), but
were not considered informative for interpretation.
Despite partial overlap among Juniperus sabina var.
balkanensis shrubs, the PCA biplot revealed a clear spatial
separation of populations (Figure 3A). Individuals from
the Biokovo population clustered predominantly on
the right side of the diagram, characterized by higher
numbers of facial (NFS) and lateral (NLS) scale leaf
pairs. In contrast, shrubs from Mali Alan and Veliki Alan
(Velebit Mountain) populations grouped on the left side,
distinguished by longer facial scale leaves (FSL).

Similar to the PCA based on vegetative traits, the
analysis of cone morphology also revealed structured
variation among populations (Figure 3B). The first two
principal components had eigenvalues greater than
one and together explained 81.7% of the total variance.
PC1 accounted for 50.5% and was strongly negatively
correlated with cone thickness (CT, r = —-0.864), cone
width (CW, r = -0.800), and the number of seeds per
cone (NS, r = -0.756), indicating that individuals with
higher scores on this axis tend to have smaller cones
with fewer seeds. PC2 explained an additional 31.2%
of the variance and was strongly negatively associated
with cone length (CL, r = -0.934), while also showing a
moderate positive correlation with seed number (NS, r =
0.578). The remaining components (PC3 and PC4) had
eigenvalues below one and together accounted for the
remaining 18.3% of the variance, indicating that most of
the morphological variation in cone traits is captured by
the first two axes. Unlike the PCA with vegetative traits,
where population separation was more gradual, the biplot
based on cone traits revealed a pronounced divergence
along the second principal component. Shrubs from the
Biokovo population formed a clearly distinct cluster on
the upper side of the diagram, characterized by shorter
cones with a larger number of seeds, whereas individuals
from Mali Alan and Veliki Alan (the Velebit Mountain)
grouped together on the lower side, defined by longer
cones with fewer seeds per cone.

Redundancy Analysis (RDA)

To examine how environmental and spatial gradients
influence vegetative morphology in Juniperus sabina

®

var. balkanensis, we performed Redundancy Analysis
(RDA) using eight explanatory variables: six ecological
(BIO1 - mean annual temperature, BIO3 - temperature
isothermality, BIO4 - temperature seasonality, BIO15 —
precipitation seasonality, solar radiation and altitude)
and two geographical (latitude and longitude). Of the five
vegetative traits initially considered, four were retained
for analysis due to high collinearity between the number
of lateral (NLS) and facial (NFS) scale leaf pairs. The full
model approached statistical significance (F = 2.009, p
= 0.058) and explained 38.2% of the variance observed
in vegetative traits (Table 6). The first constrained axis
(RDAL1) accounted for 85.9% of the explained variation,
while the second axis (RDA2) contributed an additional
13.5% (Figure 3C). The remaining axes explained
negligible amounts and were not further considered.
Partial RDA models revealed that environmental
variables (pPRDA_ ) accounted for a larger portion of
the variation (R*> = 0.206) than geographical variables
(pRDAgeo, R*=0.011), which were not significant. Several
environmental and geographical predictors showed
statistically significant associations with vegetative
morphological variation, as indicated by permutation
tests (p < 0.05). These included temperature isothermality
(BIO3), temperature seasonality (BIO4), solar radiation
(SOLAR), latitude, and longitude. Marginally significant
effects were observed for precipitation seasonality
(BIO15) and altitude (p < 0.1), while mean annual
temperature (BIO1) was not significant. In the ordination
space (Figure 3C), most of these significant predictors
were strongly aligned with the first constrained axis
(RDAL1), particularly BIO3, BIO4, and SOLAR, which
exhibited high negative loadings. Latitude and longitude
also showed strong projections along RDA1, suggesting
that both environmental and spatial gradients contribute
to the structuring of vegetative traits. RDA2 captured
more subtle variation, with weaker associations to the
included predictors.

In the second model, we examined how cone morphol-
ogy responds to ecological and spatial gradients (Figure
3D, Table 7). Te model included five explanatory varia-
bles: mean annual temperature (BIO1), temperature iso-
thermality (BIO3), altitude, latitude, and longitude. The
full RDA model was statistically significant (F = 4.1784,
p = 0.001), explaining 67.6% of the variability observed
in cone traits (adjusted R*> = 0.514). Variance partition-
ing using partial RDA revealed that environmental vari-
ation independent of geography accounted for 24.3% of
the trait variance (adjusted R* = 0.169, p = 0.001), while
the unique effect of geography - after controlling for en-
vironmental factors - explained only 13.1% and was not
statistically significant (adjusted R* = 0.083, p = 0.14).
Among the predictors, the environmental variable tem-
perature isothermality (BIO3), along with latitude and
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longitude, exhibited strong and statistically significant
associations with cone traits (p < 0.01). These predic-
tors were predominantly aligned with the first RDA axis,
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which captured 92.2% of the explained variation. In con-
trast, RDA2 accounted for only 6.4% and did not show
strong associations with any individual predictor.
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Figure 3 Multivariate ordination analyses (PCA and RDA) of vegetative and cone traits in Juniperus sabina var. balkanensis populations from the Croatian Di-
naric Alps. (A-B) Principal Component Analyses (PCA) showing differentiation among populations based on vegetative (A) and cone traits (B). Individuals are
represented as coloured points grouped by population, with arrows indicating the direction and magnitude of trait loadings. (C-D) Redundancy Analyses (RDA)
illustrating population-level variation in vegetative (C) and cone traits (D) in relation to environmental and geographic gradients. Circles denote individuals grouped
by population, squares represent morphological traits, and vectors show the strength and orientation of environmental and geographical predictors. Acronyms for
environmental variables are defined in Table 1; acronyms for morphological and anatomical traits are listed in Tables 2 and 3.

Table 6 Performance metrics for full and partial RDA models assessing the effects of environmental and geographic predictors on vegetative morphological
variation in Juniperus sabina var. balkanensis. Adjusted R?, F-values, and p-values are based on permutation tests with 999 iterations.

Model Predictors/effect R? RZ, q F-value p-value
RDA,, Environment + Geography 0.382 0.192 2.0092 0.058
pRDA_ | Environment | Geography 0.206 0.068 1.4465 0.213
pRDAgeu Geography | Environment 0.011 -0.044 0.2326 0.870

Table 7 Performance metrics for full and partial RDA models assessing the effects of environmental and geographic predictors on cone morphological variation
in Juniperus sabina var. balkanensis. Adjusted R?, F-values, and p-values are based on permutation tests with 999 iterations.

Model Predictors/effect R? RZ, q F-value p-value
RDA,, Environment + Geography 0.676 0.514 4.1784 0.001
pRDA, | Environment | Geography 0.243 0.169 2.5063 0.001
pRDAgeo Geography | Environment 0.131 0.083 2.0303 0.140
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DISCUSSION

Although our data fall within the broader morphological
variation reported for Juniperus sabina in dendrological
literature  (Kriissmann 1972, Vidakovi¢ 1991,
Farjon 2005, Idzojti¢ 2013, Adams 2014), direct
comparisons with earlier studies remain challenging
due to methodological inconsistencies - particularly
in how scale leaves and shoot segments are defined
and measured. As a result, traits related to vegetative
morphology are difficult to compare reliably across
studies, whereas cone dimensions — being less sensitive
to morpho-anatomical interpretation - allow for more
meaningful comparisons.

For instance, Amaral Franco (1964) and Mazur et al.
(2021) reported notably smaller shoot width values
(0.6-0.8 mm and 0.9 mm, respectively), both of which
fall below the average observed in our populations (1.3
mm). These discrepancies likely stem from differences
in sampling protocols, measurement criteria, and the
type of material analysed. Mazur et al. (2021) explicitly
stated that their material was dried without pressing
prior to measurement, whereas our study relied on
freshly collected specimens. Drying can cause shrinkage
and deformation of vegetative structures, especially
scale leaves and thin shoots, which likely contributed to
the smaller values reported in their study. In addition,
discrepancies may also arise from differences in the
shoot segment selected for measurement. A similar
divergence was observed in leaf counts: Mazur et al.
(2021) reported approximately 18 scale leaves per 0.5 cm
of shoot, while our counts reached 30 scale leaves per
centimetre — equating to roughly 15 per 0.5 cm. Finally,
the average length of facial scale leaves in our study
was 1.6 mm, which fits well within the 1-3 mm range
reported by Kriissmann (1972). He emphasized that
leaf scale size varies depending on shoot type - being
shorter on lateral branchlets and longer on apical axes -
which further supports the consistency of our sampling,
based on facial scale leaves measured on short lateral
branchlets. Altogether, these comparisons highlight
the importance of clearly defined sampling criteria
in morphometric studies. Given the developmental
plasticity and structural variability of vegetative traits
in juniper species with scale leaves (Mazur et al. 2003,
Douaihy et al. 2012, Boratynski et al. 2013), standardized
definitions, consistent measurement protocols, and
careful consideration of material type (fresh vs. dried)
are essential for ensuring reproducibility and meaningful
comparisons across studies.

Cone traits showed general agreement with published
data (Kriissmann 1972, Vidakovi¢ 1991, Farjon 2005,
Idzojti¢ 2013, Adams 2014), particularly with the

values reported for Juniperus sabina in Mazur et al.
(2021). In our populations, mean cone length (CL)
was 6.0 mm, cone width (CW) averaged 6.1 mm, and
cone thickness (CT) reached 5.8 mm. These values are
slightly lower than those reported for var. balkanensis
(CL = 6.5 mm, CW = 6.8 mm, CT = 6.0 mm), but
closely resemble those recorded for var. sabina (CL = 6.1
mm, CW = 6.0 mm, CT = 5.3 mm), indicating partial
overlap in cone morphology between the two varieties.
The average number of seeds per cone in our samples
was 2.1, nearly identical to the mean of 2.2 reported by
Mazur et al. (2021), and within the species-level range
described by Kriissmann (1-3 seeds). In our case, seed
number ranged from 1 to 4, suggesting slightly broader
variability. Likewise, Kriissmann (1972) noted that cone
length typically falls between 5 and 7 mm, which aligns
well with our observed values.

While our measurements generally fall within the ranges
reported in literature (Kriissmann 1972, Vidakovi¢ 1991,
Farjon 2005, Idzojti¢ 2013, Adams 2014, Mazur et al.
2021), the morphological distinction between Juniperus
sabina var. balkanensis and var. sabina remains weakly
defined. As emphasized by Mazur et al. (2021), most
traits showed statistically significant differences between
varieties, yet the overall morphological structure was
only weakly expressed. This supports the interpretation
of var. balkanensis as morphologically cryptic, with
its recognition based primarily on genetic evidence
(Jadwiszczak et al. 2023, 2024), particularly plastid
DNA indicative of ancient hybridization events, as first
described by Adams et al. (2016). Our findings reinforce
this view: morphological traits in var. balkanensis
populations do not provide clear diagnostic separation
from var. sabina described in the literature (Adams
et al. 2016). Taken together, these results highlight the
limitations of morphology alone in resolving intraspecific
variation of Juniperus sabina and underscore the need
for integrative approaches that combine morphometric,
ecological, and molecular data.

Sex-based differences observed in several
morphometric traits, most notably in the number
and length of scale leaves. Female shrubs consistently
produced more facial and lateral scale leaves per
centimetre of shoot, whereas male shrubs exhibited
slightly longer facial scale leaves. Epidermal thickness
was also marginally greater in female shrubs across
populations. Shoot width showed no variation between
sexes, and none of the traits exhibited a significant
population x sex interaction, indicating that sexual
dimorphism was consistent across populations and not
context-dependent. Nonetheless, with a sample size of

35 shrubs from only three populations, these findings

were
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should be interpreted with caution regarding broader
species-level patterns. Although female plants produced
more scale leaves per centimetre of shoot, this does not
necessarily imply a greater vegetative investment overall,
as total shoot volume and biomass were not assessed.
In gymnosperms, female plants often develop larger or
more numerous leaves to support reproductive demands
(Gauquelin et al. 2002, Nowak-Dyjeta et al. 2017,
Stefanovi¢ et al. 2017, Vidakovi¢ et al. 2024), particularly
cone maturation, which requires substantial assimilative
resources. Our results partially align with this pattern, as
female shrubs exhibited a higher number of scale leaves
and slightly thicker epidermis. However, interpretation is
further complicated by the ambiguous sexual expression
of Juniperus sabina, a species known to exhibit both
monoecious and dioecious individuals, and by the fact
that male plants in this study tended to produce slightly
longer facial scale leaves. Field observations revealed
individuals bearing exclusively male cones, exclusively
female cones, and some bearing both. All plants from
which the seed cones were collected for morphometric
analysis were classified as female, although some
exhibited both male and female cones. This plasticity in
sex expression may have influenced the final results. In
this context, the reduced leaf length observed in female
plants could reflect the energetic cost of producing both
male and female reproductive structures. Taken together,
our results suggest that sexual dimorphism in Juniperus
sabina var. balkanensis is present but nuanced, shaped
by reproductive demands, ecological interactions,
and potentially flexible sex expression. Future studies
with broader sampling and integrated physiological
measurements are needed to clarify the functional
significance of these patterns.

Across all populations, both our study and that by Mazur
et al. (2021) revealed low to moderate coeflicients of
variation, indicating relatively stable trait expression and
limited within-population morphological variability.
Nonetheless, statistical analyses confirmed that intra-
population variability was significant for all examined
traits. These differences may reflect the underlying
genetic heterogeneity among shrubs (Jadwiszczak et al.
2023, 2024), as well as individual-level plasticity shaped
by microhabitat conditions such as soil composition,
light exposure, and moisture availability (Douaihy et
al. 2012, Boratynski et al. 2013, Vidakovi¢ et al. 2024).
Although our study was based on morphometric data, the
observed patterns of trait stability and low to moderate
intra-population differentiation are broadly consistent
with the genetic diversity revealed by SilicoDArT
and SNP analyses (Jadwiszczak et al. 2023), as well as
microsatellite data from populations from Europe and
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Asia (Jadwiszczak et al. 2024). This moderate variability
at the intra-population level may be shaped by processes
such as inbreeding, clonal propagation, and limited gene
flow between fragmented populations. These factors can
constrain genetic exchange and reduce overall diversity,
particularly in small or geographically isolated stands.

As in the study by Mazur et al. (2021), our results
confirmed that populations of Juniperus sabina var.
balkanensis can be differentiated based on both
vegetative and cone traits. In our dataset, statistically
significant differences were observed for three out of
five vegetative traits and for one out of four cone traits.
Among all analysed traits, cone length proved to be the
most informative for population-level differentiation.
Regarding vegetative traits, the number of lateral and
facial scale leaf pairs, as well as the length of facial scale
leaves, showed consistent variation among populations.
In contrast, shoot width and epiderma thickness did
not differ significantly, suggesting that these traits
may be less sensitive to local ecological variation or
more developmentally constrained. Interestingly, these
findings partially diverge from those reported by Mazur
et al. (2021), who identified cone thickness, shoot width,
and seed length as the most discriminative traits. The
discrepancy between studies likely reflects differences in
the sampling area. While Mazur et al. (2021) included
a broader range of populations across southeastern
Europe, our study was limited to three populations
within the Dinaric region of Croatia.

The clear morphological differentiation of the Biokovo
population from those on the Velebit Mountain, evident
in both PCA and RDA analyses, highlights ecologically
and geographically structured variation within Juniperus
sabina var. balkanensis in the studied area. Remarkably,
such divergence occurs across a relatively small
geographic scale: the Biokovo Mountain lies only about
150 km in a straight line from the Velebit Mountain, yet
the two ranges are separated by extensive stretches of
unsuitable habitat for the studied species. This barrier
likely restricts gene flow and reinforces isolation,
providing a framework for understanding the observed
differentiation. Our results showed that in both cases -
whether vegetative organs or cones were considered -
the full RDA models were significant, confirming that
trait variation is best explained when environmental and
spatial gradients are combined. Geographically isolated
and exposed to higher solar radiation and reduced
precipitation compared to northern ranges (Table 1),
the Biokovo population exhibited a greater number of
scale leaves and shorter cones with more seeds, whereas
the Velebit populations had longer facial scale leaves
in lower numbers and longer cones with fewer seeds.
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These contrasting trait patterns, shaped by ecological
gradients and reinforced by geographic isolation, may
promote long-term divergence through local adaptation
and phenotypic plasticity. Previous genetic studies have
already demonstrated that Juniperus sabina populations
are significantly differentiated and that gene flow across
mountain ranges is strongly limited (Jadwiszczak et
al. 2023, 2024), resulting in an isolation-by-distance
pattern. Our findings of morphological divergence
and geo-ecological structuring are therefore consistent
with this broader genetic evidence, reinforcing the
interpretation that differentiation in Juniperus sabina
var. balkanensis results from the restricted gene flow
imposed by mountain ranges.

CONCLUSIONS

Thisstudy providesadetailed assessment of vegetative and
cone trait variation in Juniperus sabina var. balkanensis
across three natural populations in the Croatian Dinaric
Alps. Overall, the studied traits exhibited low to moderate
variability within populations, consistent with previous
genetic studies suggesting limited gene flow and clonal
propagation.

Facial and lateral scale leaves differed among populations
in both number and size. The Biokovo population
showed the highest mean values and broader ranges for
leaf scale number, whereas populations from the Velebit
range (Veliki Alan and Mali Alan) were characterized
by longer facial scale leaves. Shoot width and epidermal
thickness remained relatively stable across sites. Within-
population variability was most pronounced in leaf
number and length, with individual shrubs contributing
substantially to overall morphological diversity.

Cone traits exhibited the clearest and most significant
differentiation in cone length, with Biokovo shrubs
producing shorter cones on average, while populations
from the Velebit range developed longer ones. By
contrast, cone width and thickness varied predominantly
at the individual level and did not show consistent spatial
structuring. Seed number per cone contributed further
to the observed variability: Biokovo cones, although
shorter, contained more seeds, whereas Velebit cones
were longer but held fewer seeds.

Sexual dimorphism was evident in several vegetative
traits: female plants consistently produced more
numerous and slightly thicker scale leaves, while males
developed longer facial leaves. These patterns were
uniform across populations, suggesting intrinsic sex-
linked developmental differences rather than site-
specific effects.

Multivariate analyses provided further insight into
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population variability. PCA highlighted the traits most
responsible for population differentiation - leaf number
and length among vegetative traits, and cone size and
seed number among generative traits — while RDA
confirmed that these differences are not random but
structured by environmental and spatial gradients.

Taken together, these findings underscore the impor-
tance of variation at multiple levels - among individu-
al shrubs within populations, across populations, and
between sexes — alongside the combined influence of
ecological and spatial gradients in shaping trait expres-
sion within this morphologically cryptic lineage. The
observed patterns highlight the need for integrative ap-
proaches combining morphometric and ecological data
to better understand the evolutionary dynamics of Juni-
perus sabina var. balkanensis and to inform conservation
strategies for fragmented mountain shrublands.
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CONE AND SEED VARIABILITY IN SERBIAN SPRUCE -
INDICATORS OF POPULATION ENDANGERMENT

Milan MATARUGA'™*, Borut BOSANCIC?, Branislav CVJETKOVIC!

SUMMARY

Serbian spruce (Picea omorika (Panci¢) Purk., Pinaceae) is a tertiary relict and one of the rarest, most
endangered, and protected conifer species in Europe. Alarmingly, many studies report a continuous
decline in its population and vitality. In response to this concerning trend, the present research aims to
better understand the reproductive potential of this species by analysing cone and seed characteristics, as
well as intra- and inter-population variability — the critical factors for designing effective in situ and ex situ
conservation strategies. To achieve this, cones were collected during the 2022/23 season (autumn/spring)
from 111 trees across seven natural populations and one urban population in Bosnia and Herzegovina.
Immediately after collection, cones were measured and processed, seeds were extracted, and germination
tests were conducted in April-May 2023. The analysis revealed significant differences among trees and
populations for all cone traits. Notably, the level of intra-population variability observed closely resembles
the patterns previously identified in genetic studies of the same populations, suggesting a consistent
underlying diversity structure. However, the overall germination results point to very low seed viability,
57.03% on average, with 26.85% of seeds being empty. Population-level differences were pronounced:
germination rates ranged from 20.40% to 81.14%, while the proportion of empty seeds ranged from 8.10%
to 59.60%. Overall, our results suggest that small and endangered populations are particularly vulnerable,
producing smaller cones with a higher proportion of empty seeds and significantly lower germination
success. This highlights an urgent need for conservation action — to protect the species and support
natural regeneration in situ, and to establish ex situ plantations beyond its natural range.

KEY WORDS: cone morphology, endangered populations, genetic diversity, in situ and ex situ conservation,

population differentiation, reproductive biology, seed viability

INTRODUCTION

The survival, or more precisely, the regeneration of a
plant species involves seed production, dispersal, ger-
mination, and the successful growth of seedlings. Each
species has its own unique germination requirements,
which can be seen as adaptations for maximizing sur-
vival in an unstable and unpredictable environment
(Fenner 1985, Iralu et al. 2019). Seed germination and
seedling development are critical phases in the life cycle,
shaping population dynamics and ultimately influencing

the development, structure, and survival of ecosystems
(Chen and Xie 2007, Baeten et al. 2009, Grossnickle and
Iveti¢ 2017). These phases are marked by exceptionally
high mortality rates and intense natural selection (Leck
et al. 2008, Grossnickle 2018). Consequently, the seed-
ling stage is often considered a “bottleneck” in the life
history of a species (Kolb and Barsch 2010, Grossnickle
2016).

A significant number of plant species worldwide are
becoming endangered because processes such as seed
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dispersal, germination, and seedling development and
survival are increasingly disrupted (Colin and Linda
2002, Gulias et al. 2004). The Intergovernmental Panel on
Climate Change (IPCC) estimates that roughly 20-30%
of vascular plants may face extinction with a global tem-
perature rise of 2-3°C (Parry et al. 2007). Even small
losses in biodiversity can result in profound changes in
ecosystem services (Seppdld et al. 2009). Studying the
factors behind population declines in endangered plant
species, their ecological adaptability (Tumpa et al. 2022),
and their mechanisms to mitigate threats has become
essential. This knowledge lays the foundation for design-
ing effective strategies to protect their genetic diversity
and maintain viable population sizes, making it a prior-
ity in global biodiversity conservation efforts (Fernandez
and Tapias 2022, Xu et al. 2022, Xu and Zang 2023).

Seedling emergence, survival, and establishment are
strongly influenced by habitat conditions (Bazzaz 1991,
Mataruga et al. 2012, Tumpa et al. 2021), which makes
these factors critical for understanding population
dynamics and the resilience of plant species. Species with
small populations and unique genetic characteristics
(Mataruga et al. 2020, Aleksi¢ et al. 2022) are especially
vulnerable to the challenges posed by inbreeding depres-
sion and various demographic and ecological pressures
(Hensen and Wesche 2006). Understanding these influ-
ences is crucial, as contemporary ecological factors
affecting population growth in endangered plant species
remain poorly understood, and there is limited knowl-
edge on effective management strategies. Establishing
scientific guidelines for conservation requires a focus on
traits like seed germination and seedling development
that limit population recovery, even at critically low
sizes (Yates and Broadhurst 2002). One notable example
of such vulnerability is Serbian spruce (Picea omorika
(Panci¢) Purk., Pinaceae), a species with a limited pop-
ulation size and unique genetic makeup, which faces
significant threats due to these challenges (Pintari¢ 1969,
Dini¢ 1990, Mataruga et al. 2020, Aleksi¢ et al. 2022).

Serbian spruce is a tertiary relict found only in the
mid-course of the Drina River canyon, within a narrow
range from 19°09” - 44°07°N (Tisovljak site) to 19°46’ -
43°20’N (Mileseva site). All sites are located at altitudes
ranging from 750 to 1,550 meters above sea level on
very steep, north-facing slopes (Mataruga and Milano-
vi¢ 2020). This species is categorized as endangered by
the IUCN (Mataruga et al. 2011) and is protected by the
governments of Bosnia and Herzegovina and the Repub-
lic of Serbia. The surviving populations persist in highly
fragmented habitats in minimal numbers; often only a
few mature trees survive, usually several dozen, and
rarely up to about a thousand. The problem of natural
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regeneration in these populations is recognized, with
young seedlings being almost non-existent unless a cat-
astrophic event such as a fire, avalanche, or landslide
occurs. Genetic and developmental characteristics have
been studied to uncover the causes of its endangerment
(Aleksi¢ and Geburek 2010, Mataruga et al. 2020), with
slow natural regeneration identified as the primary factor
limiting its survival (Mataruga and Milanovi¢ 2020). The
species’ seed germination and seedling formation traits
remain unclear in terms of processes related to regener-
ation, stability, migration, and distribution. In addition,
little attention has been given to the quality of seeds or
the effects of different treatments on germination of this
species (Cvjetkovi¢ 2011).

To date, extensive research has been conducted on natu-
ral populations of Serbian spruce, covering aspects such
as genetic diversity (Ballian et al. 2006, Nasri et al. 2008,
Aleksi¢ and Geburek 2010, Aleksi¢ et al. 2017, Mataruga
et al. 2020), morpho-anatomical variability of needles
(Radovanovic¢ et al. 2014, Nikoli¢ et al. 2015, Popovi¢ et
al. 2020), and needles’ chemical composition (Nikoli¢ et
al. 2009, 2025). However, studies on population variabil-
ity based on cone and seed morphology remain scarce
(Isajev 1987), as do investigations into seed germina-
tion dynamics. Our aim was to address these knowledge
gaps by analysing population variability through cone
and seed morphology, while also examining seed ger-
mination potential in the context of factors affecting
population persistence. Understanding these factors is
essential for developing effective conservation strategies
for this critically endangered species.

MATERIALS AND METHODS

Studied species

Serbian spruce is a medium-sized evergreen conifer,
reaching heights of 20 to 40 meters. It is distinguished by
its remarkably slender, spindle-shaped form, and narrow
pyramidal crow (Vidakovi¢ 1982). The bark is thin, red-
dish-brown, and scaly, gradually fissuring with age. Its
needles measure 7-20 mm in length and approximately
2 mm in width (Nikoli¢ et al. 2024), dark green on the
upper side, with two distinct white stomatal bands on
the underside. The needle tips range from rounded to
pointed, and they are elliptical, triangular or rhomboi-
dal in cross-section (Radovanovi¢ et al. 2014, Nikoli¢
et al. 2015), attached singly to small, persistent peg-like
structures (pulvini or sterigmata) on the branches. Male
cones are small and reddish, while female cones are posi-
tioned higher in the crown and exhibit a similar reddish
hue (Kriissmann 1972). Flowering occurs from April to
June, with wind pollination ensuring reproductive suc-
cess. The seed cones are elongated, measuring 2-6 cm in
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length and 1-2 cm in width (IdZojti¢ 2019). Initially deep
purple to bluish-brown, they mature to dark brown with
a subtle bluish tint in autumn of the first year. Seed dis-
persal relies on wind, facilitated by light, ovate seeds with
an 8 mm long wing. Serbian spruce thrives in diverse
habitats and is highly tolerant of air pollution, contrib-
uting to its widespread cultivation in botanical gardens
and arboretums worldwide. However, despite these
adaptations, it is gradually disappearing from its natural
habitats due to poor natural regeneration, making con-
servation efforts crucial for its survival.

Study area

In 2022, an abundant yield of Serbian spruce cones was
observed in a significant number of natural popula-
tions. The cones were collected in the autumn of 2022
by climbing trees, ensuring the identification of each
maternal (test) tree — half-sib lines. All cones were

collected from a total of 111 trees across seven natural
and one urban population (Figure 1, Table 1). For each
tree, coordinates were recorded, basic dendrometric data
were taken (diameter (DBH) and height (TH)), and the
trees were marked in the field. Out of the 26 described
populations in Bosnia and Herzegovina (Mataruga and
Milanovi¢ 2020), seven spatially isolated natural popu-
lations were included (Table 1). The most endangered
and habitat-specific populations with cone yield were
chosen following previous recommendations (Mataruga
and Milanovi¢ 2020). Habitat conditions in all sampled
populations are similar. The soil is very shallow and of
the colluvium type. Detailed climatic data for the study
sites are provided by Mataruga and Milanovi¢ (2024).
In addition to cones collected from natural populations,
cones were also collected from mature trees in the urban
area of the city of Banja Luka in early spring 2023.
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Figure 1 Spatial distribution of Serbian spruce populations where cone samples were collected.

Table 1 Basic characteristics of studied populations: population ID, population name, longitude (E), latitude (N), altitude (m), area (ha), estimated number of
mature trees (EN), offspring (OF), number of trees from which seeds were collected (NT), multivariate diversity index (MDI).

Population Population Longitude Latitude Altitude
ID name (E) (N) (m)
P1 Banja Luka 17.198876 44.764852 160-190
P2 Tisovljak 19.091117 44.072907 980-1080
P3 Sarena Bukva 19.192886 44.019238  1000-1090
P4 Grad 19.219963 44.005645  1100-1220
P5 Panjak 19.149446 43.998802  1270-1330
P6 Tesla 19.134806 43.927498 970-1110
P7 Veliki Stolac 19.282496 43.922926  1050-1580
P8 Radomislja 18.606057 43.459431 850-1395

Estimated ﬁggbﬁgg: Multivariate

Area number of Offspring A e diversity
(L)) mature trees ( e index
(EN) (NT) (MDI)
- - None 24 1.497
2.6 100 Rare 17 1.313
1.0 150 Rare 10 1.515
4.4 300 Rare 1 1.540
0.6 30 None 9 0.617
2.6 50 Sporadic " 1.366
43.8 1000 Sporadic 21 1.076
44.1 2000 Sporadic 8 1.324



Morphometric analysis and germination tests

Immediately after collection, the total mass of all freshly
collected cones from each tree was measured (TMFC).
In addition, mass (CM), length (CL), and width (CW) at
the widest part were recorded for 12 randomly selected
cones from each tree. The cones were then placed in a
BCC drying chamber at +48°C for 72 hours (Rietz and
Torgeson 1937, Aldhous 1972). After drying, the seeds
were extracted from the cones, and both the dry mass of
the cones (TMDC) and the dry mass of the seeds with
(SMW) and without wings (SMNW) were measured.

The cone moisture content (CMC) was calculated using
the formula:

(TMFC — TMDC) - 100
TMEC

The extraction factor or mass of seeds obtained from

CMC (%) =

the cones is presented in percentages (SMC) using the
formula:

SMW- 100
TMDC

After manual seed deburring, impurities were removed
using the BCC gravity separator. To determine the abso-
lute mass (mass of 1000 seeds) and the number of seeds
per kilogram, four sets of 100 seeds were weighted for
each tree. Absolute mass and the number of seeds per
kilogram were analysed using samples from five ran-
domly selected trees from each originating natural
population, totalling 35 test trees. The seeds were then
stored in a refrigerator at 4+1°C.

Between 11 April 11 to 2 May 2023, the seeds were
placed on a germination table, known as the “Copen-
hagen table” or “Jacobsen table” (Germinationtable
GR10), which maintains a constant temperature and
precisely controlled moisture levels, ensuring uniform
treatment across all seed samples. Four sets of 100 seeds
were placed on filter paper in continuous contact with
water at a temperature of 21°C. A total of 101 trees out
of 111 were tested, as some trees from which the cones
were collected did not yield enough seeds for testing. The
number of normally germinated seeds was recorded on
days 7, 14, and 21 from the start of the test. On the final
day, the number of normally germinated seeds, full but
ungerminated seeds, and empty seeds were documented.
Seeds were considered normally germinated when the
root had broken through the seed coat and grown to at
least half the seed’s length.

SMC =

Four parameters were calculated: germination per-
centage (GP), germination energy (GE), the number of
empty seeds (ES), and the number of full but ungermi-
nated seeds (FS) as follows:
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o GP = GP_21 (%) = (total number of germinated seeds
on the 21st day x 100) / total number of seeds set for
germination

e GE = GP_7 (%) = (number of seeds germinated on
the 7th day x 100) / total number of seeds set for
germination

o ES (%) = (total number of empty seeds x 100) / total
number of seeds set for germination

o FS (%) = (number of full but ungerminated seeds x
100) / total number of seeds set for germination

Statistical analysis

Descriptive statistics were performed using Statistica 7.0
(StatSoft Inc. 2004). Analysis of variance (ANOVA) and
Duncan’s test were employed to determine the signifi-
cance of differences, with significance levels set at p <
0.01. The Statistica program was also used for correlation
analysis to assess the interdependence of seed, cone and
tree traits. Principal Component Analysis (PCA) was
conducted to reveal the interactions between the ana-
lysed variables and to reduce them to a smaller number
of factors. A biplot was constructed using two principal
components to illustrate analysed individuals and traits.
To quantify variability within populations, the multivari-
ate diversity index (MDI) was calculated for each studied
population (Poljak et. 2024, Vidakovi¢ et al. 2024).

RESULTS

Basic characteristics of the studied trees

The eight studied populations—P1 (Banja Luka), P2
(Tisovljak), P3 (Sarena Bukva), P4 (Grad), P5 (Panjak),
P6 (Tesla), P7 (Veliki Stolac) and P8 (Radomislje)—
yielded a total of 111 sampled trees (Table 2), with
per-population sample sizes ranging from eight trees
in Radomislje (P8) to 24 in Banja Luka (P1). Across all
sites, mean tree height was 16.54 m, with population
means ranging from 10.67 m in Banja Luka (P1) to 24.15
m in Tisovljak (P2); individual heights ranged from 7.00
to 32.60 m. Diameter at breast height (DBH) averaged
21.75 c¢m, population means varied from 18.03 cm in
Sarena Bukva (P3) to 26.40 cm in Tisovljak (P2), and
single-tree DBH values lay between 12.10 and 41.72 cm.
These results highlight substantial variability among the
eight populations.

Mass of cones and seeds, cone moisture content
and the percentage of seeds per cone

On average, 840.34 grams of cones (747.03 grams in dry
weight) were collected from a single tree, yielding 28.34
grams of seeds with wings and 14.06 grams without wings
(Table 2). The smallest quantity of cones was collected
from the tree Veliki Stolac_16 (P7), amounting to 68.18
grams in fresh weight (59.18 grams in dry weight), while
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the largest collection came from the tree Radomislja_3
(P8), totalling 1,986.54 grams in fresh weight (1,741.54
grams in dry weight). The highest seed yield was recorded
from the tree Tisovljak_1 (P2), producing 82.08 grams of
seeds with wings (48.22 grams without wings), followed
closely by the tree Radomislja_3 (P8) which yielded
69.32 grams of seeds with wings (50.21 grams without
wings).

The average moisture content of cones (CMC) was
11.12%, ranging from 7.31% in the Banja Luka popula-
tion (P1) to 14.07% in the Radomislje population (P8).
Since cones from Radomislje (P8) were collected in late
autumn and those from Banja Luka (P1) in early spring,
it is evident that the time of cone collection, and the pre-
vailing weather conditions are a primary determinant of
cone moisture content.

The percentage of seeds per cone (SMC) ranged from
2.53% (P6 - Tesla) and 2.73% (P5 - Panjak) to 5.26%
in the Veliki Stolac (P7) population. In contrast to cone
moisture content, seed yield from cones appears to be
more dependent on the specific population. Notably,
Tesla and Panjak—both characterized by a limited
number of trees and considered highly endangered—
exhibited the lowest seed yield values.

On average, the smallest and lightest seeds were collected
from the Tesla (P6) and Panjak (P5) populations, with
more than 600,000 seeds per kilogram. In contrast, the
largest seeds were found in the Veliki Stolac (P7) popula-
tion (378,000 seeds per kilogram), while the Grad (P4),
Sarena Bukva (P3), Radomislja (P8), Tisovljak (P2) and
Banja Luka (P1) populations had slightly over 400,000
to 430,000 seeds per kilogram (Table 2). The highest
seed production per tree was recorded in the Radomislja
(P8) population with approximately 21,000 seeds. This
number was calculated by multiplying the absolute mass
of a single seed by the total seed mass obtained from the
tree (21,877 = 435,714 x 0.05021). It is important to note
that a significant number of trees did not yield any seeds
after cone extraction, as their cones remained closed
even after several days of drying. This was observed in
multiple trees from the Tesla (P6) and Panjak (P5) pop-
ulations, such as Tesla_1, 7, 8, 9, 10; Panjak_1, 5,6, 9. In
addition, a higher number of seeds per kilogram does
not necessarily indicate smaller seeds, as large propor-
tion of empty seeds was present. Although seed size was
not directly measured, populations with a higher seed
count per kilogram generally had smaller seeds, based
on observations during seed processing.

Table 2 Basic characteristics of the studied trees, mass of collected cones and seeds, cone moisture content, percentage of seeds per cone and seed count per kilogram.

Trees from which

Mass of cones Mass of seeds

seeds were collected (g) (9) Cone  Percentage Number

Population Population Number of Descriptive _ Diameter _ _ moisture  of seeds  of seeds
ID frees  parameters Height at breast After After With ~ Without content  percone per

(m) h(?:ir%t;t collection drying  wings  wings % (%) kilogram

Average  10.67 18.31 927.42 85858 2878  8.77 7.31 3.33 436,820

P1 Banja Luka 24 Min 7.00 13.06 22854 21654  5.86 2.76 3.94 2.26 360,358

Max 1250 2452  1,67054 154654 6872 2274  9.47 4.56 620,320

Average  24.15 26.40 111371  981.18 4621 2214  11.72 4.69 433,034

P2 Tisovljak 17 Min 17.40 16.88 39418 33918 1122  6.60 5.42 2.73 322,581

Max 3020  39.81 193318 1,560.18 82.08 4822  19.29 6.61 555,556

5 Average  12.93 18.03 887.88 77538 2752 1252  13.16 3.82 406,722

P3 SB?J'E\',‘: 10 Min 10.00 12.10 305.18 26718  9.30 3.86 8.24 2.60 294,118

Max 1670  21.97  1,894.18 1,738.18 4522  24.04 2227 5.84 588,235

Average  12.53 20.76 75254 65845 3169 1977  12.40 4.88 407,576

P4 Grad 11 Min 9.70 15.92 27818 23918  10.26  6.34 9.74 3.45 333,333

Max 1730 2771 1,822.18 1,608.18 7212 4502  15.13 6.29 500,000

Average  15.96 21.76 46751 41962  6.65 351 9.94 2.73 600,446

P5 Panjak 9 Min 11.30 15.92 17918 165.18  0.00 0.00 7.81 1.33 437,500

Max 2580  40.45 843.18  767.18  19.46  13.80  14.56 5.62 714,286

Average  19.24 2461 81436 72400 1193 462  10.60 2.53 621,947

PG Tesla 11 Min 14.90 15.92 15118 137.18 0.0 0.00 9.26 1.47 384,615

Max 3260 4172 1,723.18 151218 4411  13.84  12.42 3.62 833,333

- Average  19.30 2240 59699 51951  27.83  17.11  13.00 5.26 378,716

P7 o 21 Min 1420 1338 6818 5918 265 122  7.05 305 277,778

Max 2620  29.94  950.18 84518 5276  32.48  18.58 6.63 568,182

Average 2150 2500  1,153.42 998.42 3375 2361  14.07 3.38 435,714

P8 Radomislie 8 Min 19.90  20.06 30054 27654  8.96 5.10 7.79 1.70 250,000

Max 2310  29.94  1,986.54 1,741.54 69.32 5021  28.37 5.13 714,286

Total sample 111 Average 1654  21.75 84034  747.03 2834 1406  11.12 4.09 465,122



Morphometric traits of cones

The results show considerable variability in cone traits
among populations, with significant differences in mass
(CM), length (CL), and width (CW). The Grad (P4) pop-
ulation had the highest average cone mass (5.27 g), while
Panjak (P5) and Tesla (P6) had the smallest (2.61 g and
2.86 g, respectively), whereas Banja Luka (P1) exhibited
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a relatively high cone mass (4.89 g). In terms of length,
Banja Luka (P1) stood out with the longest cones (46.90
mm), while Panjak (P5) and Tesla (P6) had the shortest
cones, measuring around 30 mm. Regarding cone width,
Radomislja (P8) recorded the largest values (17.80 mm),
closely followed by P1 - Banja Luka (17.13 mm), whereas
Panjak (P5) had the smallest width (13.75 mm). Statis-
tical analysis confirmed highly significant differences

Table 3 Mean values and standard deviation for cone traits. Values are represented as mean = standard deviation. Duncan test results are shown as homoge-
nous groups — same letters above the mean. The last row presents the F value from the analysis of variance and the p-value of probability.

Population ID Population Cone mass COIl(?nl;l)lgth Coqzlvix;dth
P1 Banja Luka 4.89c+1.83 46.90e+7.19 17.13ex2.15
P2 Tisovljak 4.38b+2.68 37.97b+4.62 15.98¢+1.33
B8 Sarena Bukva 4.60c=2.01 38.50b+6.02 16.15¢+2.07
P4 Grad 5.27d+1.54 39.96c+5.98 16.58d+1.41
P5 Panjak 2.61a=0.98 29.78a+5.56 13.75a+1.60
P6 Tesla 2.86a+1.21 30.72a=6.10 14.25b+1.42
P7 Veliki Stolac 4.72c+1.32 38.45b+4.27 16.10c+1.46
P8 Radomislja 4.82c+1.20 43.38d+5.01 17.80f+1.48

All populations 4.37+1.68 39.26+7.81 16.10+2.01
Fpop, Poop’ 58.12, p<0.001 169.01, p<0.001 83.97, p<0.001

among populations (p < 0.001 for all traits), indicating
strong population-level variability, likely influenced by

environmental or genetic factors.
Germination energy and germination rate

The germination analysis revealed significant variation

in rates and energy levels across different Serbian spruce
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populations. The Tesla (P6) and Panjak (P5) populations
exhibited lower germination rates and energy levels,
whereas the Veliki Stolac (P7) population demonstrated
the highest values in both parameters. Notably, the Banja
Luka (P1) population showed reduced germination rates
compared to the others. Analysis of variance, supported
by Duncans test, confirmed significant differences
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Figure 2 Seed germination dynamics across tested populations (%). Duncan’s test results indicate homogenous groups, represented by letters above the germinations values.

among the populations, classifying them into four dis-
tinct homogeneous groups (as shown in Figure 2).
The lower germination rates observed in the Tesla (P6)

and Panjak (P5) populations can be attributed to a higher

percentage of empty seeds (ES). However, differences in

the number of full but ungerminated seeds (FS) were
relatively small across all populations, averaging 16.12%
(Figure 3). Additionally, these populations contain fewer
mature trees compared to others (see Table 1). Duncan’s
test confirmed significant differences, which align with
the observed germination rate groupings.
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Figure 3 The percentage of germinated seeds (GP), full but ungerminated seeds (FS), and empty seeds (ES).

Correlation analysis

Table 4 shows the results of the correlation analysis.
First, germination percentages at 7, 14 and 21 days
(GP_7, GP_14, GP_21) are all strongly positively corre-
lated (r = 0.701-0.922, p < 0.01), while the proportion of
empty seeds (ES) is strongly negatively correlated with
those same germination metrics (r = -0.610 to -0.863, p
< 0.01). The percent of full but ungerminated seeds (FS)
shows a low negative correlation with GP_7 (r = -0.224,
P < 0.05) and slightly stronger negative correlation with
later germination GP_14 (r = -0.366, p < 0.01), GP_21(r
=-0.333, p < 0.01). Notably, seed germination was found
to be independent of cone length and width.

Total mass of fresh (TMFC) and dry (TMDC) cones are
essentially redundant (r = 0.996, p < 0.01), as are seed
mass with wings (SMW) and without wings (SMNW) (r
=0.904, p <0.01). These seed weight traits correlate posi-
tively with total mass of fresh (TMFC vs. SMW, r = 0.793,
p <0.01; TMFC vs. SMNW, r = 0.645, p < 0.01) and dry
cones (TMDC vs. SMW, r = 0.791, p < 0.01; TMDC vs.
SMNW, r = 0.630, p < 0.01), as well as with the percent of
seeds per cone (SMC) (r = 0.60, p < 0.01), and modera-
tely with cone size parameters — mass (CM), length (CL),
and width (CW) (r = 0.386-0.473, p < 0.01). Cone length
(CL) and width (CW) are likewise highly positively cor-
related (r = 0.834, p < 0.01), and both scale closely with
cone mass (CM) (r = 0.842 and r = 0.843, respectively,
p < 0.01). Additionally, these three cone traits (CL, CW,
CM) were moderately correlated with total mass of fresh
(TMFC) and dry (TMDC) cones (r = 0.40-0.47, p <
0.01).

Cone moisture content (CMC) exhibited only a few sta-
tistically significant and weak correlations, namely, with
the percent of full but ungerminated seeds (FS; r = 0.243,
P <0.05) and the percent of empty seeds (ES; r = -0.295,
p < 0.01). CMC also showed a positive correlation with
total cone mass (CM; r = 0.228, p < 0.05) and tree height
(TH; r = 0.294, p < 0.01), while remaining uncorrelated
with germination rates (GP_7, GP_14, GP_21), seed
weights (SMW, SMNW), and most cone size attributes
(TMFEC, TMDC, CL, CW).

Tree size metrics—height (TH) and diameter at breast
height (DBH)—are themselves very strongly correlated
(r = 0.796, p < 0.01), but generally display only weak
associations with seed and cone traits. Tree height (TH)
showed low but statistically significant correlations with
seed mass with wings (SMW; r = 0.241, p < 0.05), seed
mass without wings (SMNW; r = 0.296, p < 0.01), cone
moisture content (CMC; r = 0.294, p < 0.01), the percen-
tage of seeds per cone (SMC; r = 0.201, p < 0.05), cone
mass (CM; r = -0.199, p < 0.05), cone length (CL; r =
-0.304, p < 0.01), and early germination at 7 days (GP_7;
r = 0.217, p < 0.05). Similarly, DBH exhibited weak
but statistically significant correlations with cone fresh
weight (TMFC; r = 0.293, p < 0.01), dry weight (TMDC;
r = 0.272, p < 0.01), seed mass with wings (SMW; r =
0.230, p < 0.05), and seed mass without wings (SMNW;
r = 0.212, p < 0.05). No meaningful correlations were
observed between DBH and germination rates (GP_7-
GP_21), cone moisture content (CMC), seed output
(SMC), or cone size dimensions (CM, CL, CW). Overall,
all associations for TH and DBH fell within the low cor-

relation range (|r| = 0.20-0.30).
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Table 4 Pearson’s correlation coefficients between seed, cone and tree traits. Analysed traits: GP_7 — % of germinated seeds on day 7; GP_14 — % of germinated
seeds on day 14; GP_21 — % of germinated seeds on day 21; FS — % of full but ungerminated seeds; ES — % of empty seeds; TMFC — total fresh cone mass
per tree; TMDC — total dry cone mass per tree; SMW — seed mass with wings; SMNW — seed mass without wings, CMC — cone moisture content; SMC — %
of seeds per cone; CM — cone mass; CL — cone length; CW — cone width; TH — tree height; DBH — diameter at breast height. Significant correlation values are
marked in red.

Trait
GP_14
GP_21

FS
ES

TMFC
TMDC
SMW
SMNW

cMmC

SMC

M
CL

cwW
TH

DBH

GP_7
0.774%*
0.701%*
-0.224*
0.610%
-0.080
-0.086
0.144
0.251*
0.154
0.456**
-0.061
0.184
0.157
0.217*
0017

GP_14

0.922**
-0.366%*
-0.765%*
-0.186
-0.184
0.085
0.212%
0.066
0.523**
0.081
-0.104
-0.039
0.085
-0.093

GP_21

-0.333**
-0.863**
-0.139
-0.145
0.124
0.266%*
0.160
0.523%*
0.204%
-0.038
0.056
0.026
0.124

FS

-0.188
0.039
0.018
0.079
0.121

0.243%
0.050
0.141
-0.183
-0.036
0.165

0.132

ES

0.123
0.141
-0.171
-0.341**
-0.295%*
-0.569**
-0.135
0.135
-0.039
0.114
0.058

TMFC TMDC SMW SMNW CMC

0.996**
0.793**
0.645%*
-0.008
0.039
0.399**
0.466**
0.403**
0.162
0.293**

0.791%*
0.630**
-0.085
0.032
0.386**
0.473%*
0.404**
0.137
0.272**

**Correlation is significant at the 0.01 level

Principal component analysis (PCA)

This analysis provides a comprehensive overview of the

grouping and dispersion patterns among populations

based on 16 studied seed, cone, and tree traits (Figure

4). The first five principal components have eigenvalues

PC2

ES

0.904%**
0.000
0.567**
0.467%*
0.484%*
0.455**
0.241*
0.230*

0.135
0.598**
0.440%*
0.354%*
0.403**
0.296**

0.212*

SMC CM CL cw

0.135
0.228* 0.333**
-0.035 0.294** 0.842**

0.041 0.306%* 0.843** 0.834**
0.294** 0.201* -0.199* -0.304** -0.143
0.180  0.052 -0.114 -0.133 -0.020 0.796**

*Correlation is significant at the 0.05 level

greater than 1. The first principal component (PC1)

explains 26.90% of the total variation. In the positive

direction of PC1, populations exhibit higher germination

rates and a greater percentage of seeds per cone. Trees
from the Veliki Stolac (P7), Tisovljak (P2), and Grad
(P4) populations are notably positioned on this side of

SMW

population
@ Banja Luka (P1)

+ Tisovljak (P2)

* Sarena Bukva (P3)
M Grad (P4)
@Panjak (P5)

@ Tesla (P6)

> Veliki Stolac (P7)
A Radomislja (P8)

SMC
GP_21

0

PC1

Figure 4 Principal component analysis (PCA) of the studied populations (P1-P8) based on analysed seed, cone, and tree traits. Analysed traits: GP_7 — % of
germinated seeds on day 7; GP_14 — % of germinated seeds on day 14; GP_21 — % of germinated seeds on day 21; FS — % of full but ungerminated seeds; ES —
% of empty seeds; TMFC — total fresh cone mass per tree; TMDC — total dry cone mass per tree; SMW — seed mass with wings; SMNW — seed mass without
wings, CMC — cone moisture content; SMC — % of seeds per cone; CM — cone mass; CL — cone length; CW — cone width; TH — tree height; DBH — diameter at
breast height.
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Table 5 Pearson’s correlation coefficients between the studied traits and scores of the first six principal components, along with eigenvalues, explained vari-
ance (%) and cumulative variance (%) for each component in the PCA (all components with eigenvalues greater than 1 and first bellow 1 are included. Studied

traits: acronyms as defined in Table 4 and Figure 4.

it PC1 PC2
GP_7 0.797 0.067
GP_14 0.844 0.124
GP_21 0.837 0.201
FS -0.048 -0.042
ES -0.836 -0.184
TMFC -0.292 0.804
TMDC -0.319 0.799
SMW 0.096 0.893
SMNW 0.364 0.791
CMC 0.451 -0.023
SMC 0.705 0.265
CM -0.101 0.663

CL -0.415 0.635

CW -0.647 0.164

TH 0.358 0.100
DBH -0.243 0.659
Eigenvalues 4.57 4.24
Variance (%) 26.9 24.94
Cumulative variance (%) 26.9 51.84

the diagram. Conversely, the negative direction of PCI is
associated with a higher proportion of empty seeds. This
component also shows grouping in the positive direction
of cone-related traits. Panjak (P5) and Tesla (P6) popu-
lations are distinctly located in the lower-left quadrant of
the PCA plot, reflecting smaller cones and lower germi-
nation energy and rates. This pattern corresponds with
the negative axis of PC2, which accounts for 24.94% of
the variation, yielding a cumulative variance of 51.84%
(Table 5). PC2 predominantly represents traits related to
seed mass. Additionally, the Banja Luka (P1) population
stands out in the upper-left quadrant, indicating distinct
cone traits compared to the other populations.

Multivariate diversity index

Based on all measured parameters, the MDI coefficients
indicate the highest diversity in the P4-Grad (1.540) and
P3-Sarena Bukva (1.515) populations, which are geo-
graphically close. In contrast, the P5-Panjak population
exhibits the lowest diversity (0.617). The remaining stud-
ied populations show MDI values ranging from 1.076
and 1.497 (Table 1).

DISCUSSION

The dimensions of Serbian spruce cones vary signif-
icantly among the studied populations, highlighting
potential ecological and genetic influences on their

PC - principal component

PC3 PC4 PC5 PC6
-0.159 -0.305 -0.029 -0.099
-0.357 -0.271 0.023 -0.044
-0.407 -0.140 -0.001 -0.083
0.376 0.716 -0.382 0.261
0.221 -0.233 0.202 -0.052
0.333 -0.143 -0.166 -0.299
0.309 -0.188 -0.190 -0.263
0.305 -0.079 -0.223 0.053
0.266 0.079 -0.207 0.076
0.131 0.587 0.292 -0.463
-0.011 0.064 -0.055 0.487
-0.497 0.340 0.339 -0.125
-0.532 0.080 0.208 0.064
-0.441 -0.272 -0.065 0.283
0.741 -0.119 0.424 0.153
-0.448 0.234 0.277 0.249

2.86 1.46 1.1 0.94
16.85 8.57 6.56 5.54
68.69 11.27 83.82 89.36

morphology. According to Vidakovi¢ (1982) and Idzo-
jti¢ (2019), Serbian spruce cones typically range from 20
to 60 mm in length and 10 to 20 mm in width, while
Kriissmann (1972) reports a length range of 30 to 60 mm
and a width of 10 mm. The cones measured in Bosnia
and Herzegovina, spanning eight populations of Serbian
spruce, had an average length of 39.3 mm and a width
of 16.1 mm. These measurements fall within the ranges
previously documented in dendrological literature.

In our study, average cone length across natural popula-
tions ranged from 29.8 to 43.4 mm, whereas the urban
population exhibited the longest cones, averaging 46.9
mm. Similarly, cone width in natural populations varied
from 13.7 to 17.8 mm, while the urban population had
an average width of 17.1 mm. These differences may be
attributed to specific growth conditions in urban envi-
ronments, including resource availability, microclimatic
factors, and potential anthropogenic influences. Another
possible explanation is that trees in the urban population
in northern Bosnia and Herzegovina may originate from
a different population rather than those analysed in this
study. This possibility suggests that genetic differences
among populations could play a role in the observed
cone size variations. Further research, including genetic
analyses, would be valuable in clarifying the origins and
adaptability of urban populations compared to their nat-
urally occurring counterparts.
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As already stated in the introduction, previous research
has primarily focused on genetic variability (Ballian et al.
2006, Nasri et al. 2008, Aleksi¢ and Geburek 2010, Aleksié
et al. 2017, Mataruga et al. 2020) and phenotypic analysis
(Radovanovic¢ et al. 2014, Nikoli¢ et al. 2015, Popovi¢ et al.
2020, Nikoli¢ et al. 2025) based on needles, while studies
examining cone morphology have been relatively scarce.
One notable investigation was conducted by Isajev (1987),
who analysed the variability of Serbian spruce trees across
three planted forests in Serbia. His morphometric anal-
ysis of 1,000 cones harvested in 1981 and 1983 revealed
significant variability between trees in cone length (20-70
mm), width (10-23 mm), and the number of seeds per
cone (20-113 grains). The values for cone length and
width in our study align with these findings. In addition,
his study highlighted that cone size varied within 5%
on the same tree across different harvest years, indicat-
ing strong genetic control of this trait (Isajev 1987). The
obtained results showed that the Serbian spruce seeds
from all three planted forests are characterized by very
good quality (average germination rate was 90%).

In forest trees, reproductive dynamics and success are
intricately linked to seed production, which varies across
demographic stages and depends heavily on favoura-
ble environmental conditions (Moran and Clark 2012,
Younginger et al. 2017). Fragmentation and climate
change significantly affect seed quality and dispersal,
both of which are crucial for species survival (McConkey
et al. 2012). Empirical research highlights the complex
relationship between seed size and germination time,
with studies showing positive correlations between seed
size and germination percentage and energy (Parker et
al. 2006, Jones and Reekie 2006, Upadhaya et al. 2007,
Souza and Fagundes 2014, Kaliniewicz et al. 2018), neg-
ative correlations (Simons and Johnston 2000, Gomez
2004, Tiscar and Lucas 2010, Hojjat 2011), and instances
where no correlation exists (Larson 1963, Vaughton
and Ramsey 1998, Tumpa et al. 2021). Serbian spruce
populations with smaller/lighter seeds, such as those in
the Tesla (P6) and Panjak (P5) populations with over
600,000 seeds per kilogram, exhibited poor germination
rates, posing a threat to their already endangered status.
This further supports the positive correlation observed
between seed size and germination efficiency in Serbian
spruce, as larger seeds likely store more nutrients that
facilitate rapid germination and early seedling growth
(Domic et al. 2020). Understanding these relationships
is essential for conservation efforts aimed at preserving
Serbian spruce populations. Improving seed quality and
ensuring favourable germination conditions are critical
strategies for mitigating the impact of environmental
stressors on this endangered species.
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Germination rates of Serbian spruce seeds in our study
ranged from 20.4% to 81.4%, with an overall average of
51.8% across all investigated populations, aligning with
findings for Norway spruce reported by Sarvas (1986)
and Himanen et al. (2016). In contrast, Pintari¢ (1956,
1957, 1969) documented exceptionally high germina-
tion rates under optimal conditions, with one-year-old
seeds reaching 97-98% and nearly 100% after 10 days.
Furthermore, Pintari¢ (1970) demonstrated that proper
storage preserves seed viability, as seeds aged up to
three years still germinated at around 96%. However,
the unspecified seed origin in Pintari¢s studies limits
the broader applicability of his findings. More recently,
Cvjetkovi¢ et al. (2013) observed significant differences
in germination based on seed provenance, with seeds
from planted forests exhibiting the highest germination
rate at 84%, whereas those from natural populations
germinated at 58.57% and 65.15%, showing extended
dormancy periods. Refrigerator storage at +4°C for six
months improved germination by 20-28%, resembling
the effects of stratification. The study conducted by Cvij-
etkovi¢ et al. (2013) indicated considerable variation in
seed germination depending on whether they were col-
lected in natural or planted forests. However, this pattern
was not observed in our study, where the Banja Luka
(P1) population exhibited a germination rate of 47.5%,
slightly below the average for all analysed populations.
These results highlight the variability in germination
success across different Serbian spruce populations and
suggest that environmental factors and seed provenance
may play a critical role in determining germination rates.

Further highlighting the variability of Serbian spruce
seed germination, Ostoji¢ and Dini¢ (2009) examined
germination under natural conditions, revealing poor
seed germination and seedling failure in the first year.
Comparative experiments confirmed that Serbian spruce
seedling establishment is heavily influenced by abiotic
and biotic factors, including early spring and autumn
frosts, dense forest canopy, thick layers of litter, herba-
ceous competition in open areas, and soil overheating
in dry summer periods. Dini¢ (1988, 1989) previously
reported similar findings, attributing poor seed germi-
nation and seedling survival to the sharp decline in tree
numbers at the study location—from 40 trees recorded in
early 1950s to only four remaining today. Later compar-
ative experiments further validated these observations,
confirming the sensitivity of Serbian spruce seeds and
seedlings to multiple environmental pressures (Dini¢
1990).

The failure of Serbian spruce natural regeneration is

primarily linked to frequent fires (Aleksi¢ et al. 2022),
limited availability of suitable habitats, and strong
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competition with other species (Tuci¢ and Stojkovi¢
2001, Ostoji¢ 2005). Additionally, recent studies sug-
gest that poor genetic connectivity, even at small spatial
scales, may further hinder seed dispersal (Aleksi¢ and
Geburek 2010, Mataruga et al. 2020). Despite these
challenges, genetic diversity monitoring between two
generations of Serbian spruce did not reveal negative
effects on the genetic structure of the younger genera-
tion, even though only 25% of adult trees from the same
population contributed to its formation, with 66% of
pollen coming from unknown sources (Aleksi¢ et al.
2022). These findings emphasize the strong link between
the number of mature trees and seed quality, which is
crucial for the species’ survival in critical habitats. More-
over, the weak germination of seeds from endangered
populations with fewer adult trees further supports the
existence of mechanisms that help prevent inbreeding in
this species (Mataruga and Milanovi¢ 2020).

In addition to confirming a positive correlation between
seed mass and germination rate, we also established a
statistically significant positive correlation between cone
size (length and width) and mass, as well as between cone
dimensions and seed mass. Similar findings have been
reported by other authors investigating variability across
different species of gymnosperms (Gémez 2004, Moya
et al. 2007, Castanha et al. 2013, MemiSevi¢ HodZi¢ et al.
2020, Poljak et al. 2020) and angiosperms (Poljak et al.
2021, Vidakovi¢ and Poljak 2024, Vidakovi¢ et al. 2025).
According to Poljak et al. (2025), these results align with
the general expectation that an increase in one cone/
fruit dimension is often accompanied by proportional
increases in other related dimensions, reflecting the
interconnected nature of cone/fruit development. For
instance, larger fruits tend to have a greater width and
mass due to integrated growth processes (Vidakovi¢ et
al. 2025).

Previous analyses of the genetic structure of Serbian
spruce using SSR markers across 14 natural populations
in Bosnia and Herzegovina (Mataruga et al. 2020) inc-
luded all populations except Tesla (P6) and Banja Luka
(P1), which are examined in the present study. When
comparing the results of Bayesian clustering from that
research with the outcomes of the principal component
analysis (PCA) in this study, certain similarities in the
population grouping patterns can be observed. Howe-
ver, clustering did not always reflect genetic origin. For
example, samples from the Grad (P4) and Veliki Stolac
(P7) populations were grouped together based on morp-
hological and germination traits, yet SSR markers placed
them in distinct genetic clusters. In contrast, genetically
close populations like Sarena Bukva (P3) and Panjak
(P5) were consistently grouped together across both

phenotypic traits and molecular data. These findings
suggest that, in addition to genetic variability, environ-
mental conditions play a major role in shaping cone and
seed morphology and affecting germination success. In
addition to the differentiation of the urban population
Banja Luka (P1) from the natural ones (P2-P8), a gene-
ral trend was observed in the PCA biplot: samples from
smaller natural populations tended to cluster within the
section characterized by reproductive constraints, such
as reduced germination rates and a higher proportion of
empty seeds.

Genetic and phenotypic variations in Serbian spruce
populations generally follow similar patterns, though not
always in direct proportion. Previous research (Mataruga
et al. 2020) identified Panjak (P5), Tisovljak (P2), and
Grad (P4) as populations with the lowest contribution
to total allelic diversity, while Veliki Stolac (P7), Sarena
Bukva (P3), and Radomislja (P8) exhibited the highest
genetic variation. In our analysis, Sarena Bukva (P3) and
Grad (P4) demonstrated the highest levels of phenotypic
variability, based on multivariate diversity index (MDI)
values of 1.515 and 1.540, respectively. Interestingly,
despite Grad’s (P4) lower genetic contribution, its high
phenotypic diversity suggests environmental or deve-
lopmental factors may be influencing morphological
traits beyond what is reflected by neutral markers. Veliki
Stolac (P7), although genetically diverse and reproducti-
vely vigorous, recorded a relatively modest MDI (1.076),
possibly due to environmental homogeneity. The Panjak
(P5) population—characterized by low genetic diver-
sity, geographic isolation, and poor seed quality—also
exhibited the lowest morphological variability (MDI =
0.617), reinforcing its designation as the most vulne-
rable unit. Overall, Serbian spruce populations display
intrapopulation morphological variation comparable to
that of other woody taxa, including Salix eleagnos Scop.
(MDI = 1.154-3.480; Poljak et al. 2024), Juniperus oxy-
cedrus (MDI = 1.506-1.772, Vidakovi¢ et al. 2024) and
J. deltoides (MDI = 1.110-1.385, Vidakovi¢ et al. 2024),
indicating a notable reservoir of phenotypic diversity
despite the species’ narrow distribution and endangered
status.

CONCLUSIONS

Significant differences were observed in cone and seed
traits, as well as in seed germination characteristics,
among the examined Serbian spruce populations (seven
natural and one urban). Germination rates were notably
low and considerably lower compared to earlier findings.
This decline is likely a consequence of climatic conditions
during the cone harvest year and the fact that, for the first
time, cones were collected from endangered populations



characterized by very limited number of mature trees.
The biological quality of the seeds—reflected in their
smaller size and low absolute mass—combined with the
harsh environmental conditions in which these popu-
lations persist, led to a substantial loss of viable seeds.
These constraints severely hinder natural regeneration
and the sustainability of populations. This may also help
explain why Serbian spruce tends to regenerate poorly in
its native habitats.

The number of trees and their spatial distribution are
crucial factors influencing cone and seed traits, as well
as seed quality and germination rates at the population
level. Threatened populations with fewer and more spa-
tially isolated trees exhibit the poorest seed germination
rates, suggesting the presence of a natural mechanism of
blocking self-fertilization (inbreeding) in this species.
This reproductive strategy, while beneficial for main-
taining genetic integrity, may also reduce regeneration
potential in fragmented and declining populations.

To ensure the long-term survival of Serbian spruce
populations and support their recovery and expansion,
conservation priorities should focus on protecting and
restoring their native habitats and plant communities.
At the same time, translocation and ex-situ conservation
efforts could be targeted toward areas with more favour-
able environmental conditions, such as better-preserved
vegetation, higher humidity, flatter terrain, and well-
drained, loose soil. These combined measures would
enhance the effectiveness of regeneration efforts and
contribute to the conservation of the genetic resources
of this valuable and critically endangered species.
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ASSESSMENT OF GROWTH PARAMETERS IN
Pinus sylvestris L. STANDS: FIVE-YEAR RESULTS OF

PRECOMMERCIAL THINNING

ibrahim TURNA', Fahrettin ATAR'*, Ali Osman GUZEL?, Fikret KOG?, Giyasettin AKBIN*, Halil Barig OZEL®

SUMMARY

Determining the optimal intensities for precommercial thinning (PCT) in Pinus sylvestris stands, which
hold significant ecological and economic value in Tiirkiye, is crucial for enhancing growth performance
and ensuring well-formed stems. This study investigates the effects of various PCT intensities on the
growth parameters of young, naturally regenerated stands located in the Western Black Sea and Central
Anatolia regions of Tiirkiye. A total of 24 experimental plots (4 PCT intensities x 3 replications X 2 sites)
were established in thicket-stage stands, and four PCT treatments were applied: T1 (classic), T2 (0.75-
1.0 m spacing), T3 (1.5-2.0 m spacing), and a control (unthinned). Diameter at breast height, height,
total basal area, and total volume were measured at the end of each growing season for five consecutive
years. The results indicated that PCT intensity had a significant effect (p < 0.05) on all measured growth
parameters. Both DBH and height increments were positively correlated with increased PCT intensity, with
the greatest gains observed in the T1 and T3 PCT treatments. In particular, the relative increment values
increased in parallel with the rise in PCT intensity in all measured growth parameters. In conclusion,
leaving around 3000-3500 stems per hectare during PCT provides the best outcomes in terms of growth
and stand structure. The findings suggest that PCT interventions should be performed on a 3-5 year cycle
to maximize growth potential and maintain forest health.

KEY WORDS: Scots pine, stand density, thicket stage, tending operation

INTRODUCTION

The application of appropriate silvicultural interventions
at the right time and in the correct intensity is critical for
effective wood production and controlling stand devel-
opment in forest ecosystems (Turna et al. 2017). Due to
the wide variations in species diversity and stand compo-
sitions in Tirkiye’s forests, which are influenced by dif-
ferent site conditions, these factors play a direct role both
in determining the techniques to be used for regenera-
tion and tending and in the success of such interventions
(Ozel and Ertekin 2010, Atar 2022). Operations such as
precommercial thinning and thinning help trees grow as

planned, improve wood quality and yield, shorten rota-
tion periods, enhance stand stability, and support bio-
diversity (Kladtke 2001, Zeide 2001, Nutto et al. 2005,
Fahlvik et al. 2018). The planning and implementation of
these interventions are essential steps in forest manage-
ment to ensure the sustainability of the functions pro-
vided by forests (Danusevicius et al. 2016).

A basic silvicultural technique called precommercial
thinning (PCT) is used in regenerated and juvenile
stands to remove trees with little to no economic value in
order to enhance and speed up the growth performance
of the remaining trees (Chase et al. 2016, Giiney et al.
2021). PCT plays a critical role in forest management
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by reducing competition, regulating stand structure,
and improving growth conditions (soil, light, water, and
nutrients) (Fahlvik et al. 2018). In addition to maintain-
ing the intended species composition and accelerate
the growth of the selected individuals, this interven-
tion is used to reduce stress and improve wood quality
(Weiskittel et al. 2009, Prévost and Gauthier 2012). PCT
is of great importance in achieving desired wood char-
acteristics in the future and reducing the rotation age
(Fleming 1994). Additionally, by reducing stand den-
sity in the early developmental stages, this intervention
promotes the effective use of forest resources, enhanc-
ing both vertical and radial growth rates of trees (Smith
1986, Thibodeau et al. 2000).

Like all tending interventions, precommercial thinning
must be applied in young stands at the right time and
with the appropriate intensity, otherwise, it may lead to
irreversible economic losses in forest management (Rice
et al. 2001, Eler et al. 2004, Huuskonen and Hynynen
2006). In Scots pine stands, precommercial thinning
(PCT) primarily aims to remove undesired individuals—
including diseased, suppressed, or poorly formed trees
as well as dominant, wide-crowned individuals—that
hinder the development of neighboring trees. This inter-
vention regulates stand structure, promotes more uni-
form growth among selected crop trees, enhances wood
production, and improves the timing and economic
returns of the first commercial thinning (Frda 1996,
Fahlvik et al. 2005). Additionally, PCT plays a significant
role in the normal development of tree crowns (Oker-
Blom et al. 1988). Careful adjustment of the appropriate
PCT intensity and timing is crucial for maximizing the
overall growth and yield within the stand (Karlsson et al.
2013, Ulvcrona et al. 2017, Giiney et al. 2022).

PCT has proven effective in lowering stand density,
enhancing tree growth, fostering future understory
development, preserving the desired species composi-
tion, and increasing the slenderness ratio, which reflects
the mechanical stability of trees againvst damage by
wind or snow (Pothier 2002, Pitt and Lanteigne 2008).
Along with increasing light availability, which is a key
factor for growth (Pothier and Margolis 1991), PCT can
also improve nutrient accessibility and water availability
(Thibodeau et al. 2000), enhance wind resistance (Achim
et al. 2005), and promote uniformity in wood structure
(Koga et al. 2002). When applied in young stands com-
posed of different tree species, PCT also promotes the
development of individual trees (Simard et al. 2004,
Splawinski et al. 2017).

Multiple studies on PCT and various thinning practices
have indicated considerable increases in height, diameter,
and basal area (Sivacioglu et al. 2006, Skovsgaard 2009,
Reventlow et al. 2019, Niemistd and Valkonen 2021,
Bayar and Alkan 2023). These interventions are seen as
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particularly effective methods for enhancing individual
tree growth at younger ages (Egnell and Ulvcrona 2015,
Reventlow et al. 2019, Wotherspoon et al. 2020).

Scots pine (Pinus sylvestris L.), one of the most widely
distributed pine species, spans a vast geographic range
across Europe and Asia, approximately 3,700 km in
width and 14,700 km in length. Its northern bound-
ary reaches the 70th parallel (northern Scandinavia),
its southern boundary lies at around the 37th northern
parallel (Sierra Nevada, Spain), its western boundary
extends to approximately 8°W longitude (Spain), and
its eastern boundary reaches as far as 141°E longitude
(Russia) (Figure 1) (Pravdin 1969, Boratynski 1991). In
Tiirkiye, Scots pine has a natural distribution between
the latitudes 38°34° - 41°48’N and longitudes 28°00°
- 43°05’E, starting west of Eskisehir, passing through
Sarikamis, and extending to the Caucasus. It grows at
elevations ranging from 1000 to 2500 meters a.s.l, either
as pure stands or in mixtures with other species. The ver-
tical distribution of Scots pine varies from the sea level
in Stirmene-Trabzon (Camburnu) to altitudes as high
as 2700 meters in Sarikamis (Kayacik 1963, Saatcioglu
1976, Turna 2003).

For P sylvestris, a species of high ecological and eco-
nomic value, determining the optimal PCT conditions
is crucial for obtaining well-formed stems and achiev-
ing higher economic returns. Several studies have been
conducted in various countries where Scots pine is dis-
tributed, focusing on the effects of PCT interventions
on stand development (Pettersson 1993, Varmola and
Salminen 2004, Ulvcrona et al. 2007, Karlsson et al. 2013,
Fahlvik et al. 2018). In Tiirkiye, given the species’ broad
distribution range, a limited number of studies have
been conducted, such as those by Onciil et al. (2016) in
the Eastern Anatolia Region and Sivacioglu et al. (2006)
in the Central Black Sea Region. However, considering
the varying micro and macro ecological factors within
the species’ extensive range in Tiirkiye, it is essential to
conduct thinning-related studies in different regions of
its distribution area. Therefore, this study was carried
out in Scots pine stands representing the Western Black
Sea (Karabiik-Eskipazar province) and Central Anatolia
(Cankar1-Cerkes province) regions of Tiirkiye. The study
aims to investigate the effects of various PCT levels on
the growth variables of young P. sylvestris stands over
a five-year growth period and to find the most suitable
PCT intensity. The development of young P sylvestris
stands is hypothesized to be significantly impacted by
varying PCT intensities. Specifically, by examining the
effects of different PCT intensities on growth variables
such as diameter, height, basal area, and volume, this
study aims to contribute to forest management and the
development of silvicultural prescriptions.
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MATERIALS AND METHODS
Study area

The study areas are located in natural young P. sylvestris
stands in Karabiik-Eskipazar, situated in the Western
Black Sea Region of Tiirkiye, and in Cankiri-Cerkes,
located in the Central Anatolia Region (Figure 1). The
plots were chosen from naturally regenerated Scots pine
stands in the early development (thicket) stage. Before
our investigation, no precommercial thinning had been
done, and these stands had uniform stand characteristics.

The Karabiik-Eskipazar plots (41°02°32”N, 32°31°28”E)
are located at an average altitude of 1390-1520
meters above sea level, with a slope of 30-50% and a
south-southeast aspect. The experimental plots, pre-
dominantly composed of non-rocky and stone-free to
slightly stony soils in terms of surface rockiness and
stoniness, are located on moderate slopes. The litter
layer thickness within the plots varies between 2 and 5
cm. In the experimental plots, the amount of litter per
unit area was determined to average 41.05 t/ha, with the
mean pH of the litter recorded as 5.27. It was determined
that the bedrock in the experimental plot consists of sed-
imentary rocks, specifically sandstone. The soils in the
experimental plot are classified as very stony-skeletal in
terms of profile stoniness. Generally identified as clay
soil, the experimental plot soils fall under the category
of “fine-textured (heavy) soils”. The average composition
of the soil was determined to be 21.97% sand, 45.88%
clay, and 32.15% silt. According to long-term averages,
the mean, highest, and lowest temperatures are 13.3°C,
32°C, and -7°C during the year, respectively, with a total

[~ Natve range ang isciated
popuiaon
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o 3 0 1000 km

annual precipitation of 735 mm.

The Cankiri-Cerkes plots (40°43°05”N, 32°48°39”E) are
situated at an average altitude of 1320-1530 meters above
sea level, with a slope of 20-40% and a north-northeast
aspect. The experimental plots, characterized by non-
rocky and stone-free to slightly stony soils in terms of
surface rockiness and stoniness, are situated on mod-
erate slopes and ridges. The thickness of the litter layer
within the plots ranges between 1.5 and 3 cm. In the
experimental area, the average amount of litter per unit
area was determined to be 27.97 t/ha, with the mean pH
of the litter recorded as 5.92. It was determined that the
bedrock in the experimental plot consists of sedimentary
rocks, specifically limestone. The soils in the experimen-
tal plot are classified as very stony-skeletal in terms of
profile stoniness. Identified as clay soil, the experimental
plot soils fall under the category of “fine-textured (heavy)
soils”. The average composition of the soil was deter-
mined to be 31.80% sand, 44.51% clay, and 23.69% silt.
According to long-term averages, the recorded mean,
highest, and lowest temperatures are 11.4°C, 32°C, and
-9°C, respectively, with an annual average precipitation
amount of 616 mm. Climate data were obtained from
the WorldClim database, which provides global climate
data as spatial data layers (Fick and Hijmans 2017). All
soil property analyses were conducted in the laboratories
of the Eskisehir Forest Soil and Ecology Research Insti-
tute Directorate. Descriptive information regarding the
stand, soil, and climate characteristics of the experimen-
tal plots is presented in Table 1. Dominant height values
in Table 1 represent the average height of the 100 tallest
trees per hectare.

Figure 1 The global distribution of Scots pine and the geographical location of the plots (Caudullo et al. 2017).
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Table 1 Descriptive information regarding the stand, soil, and climate characteristics of the experimental plots.

Variables Karabiik-Eskipazar Cankin-Cerkes
Stand properties
Elevation (m) 1390-1520 1320-1530
Aspect South-Southeast North-Northeast
Slope (%) 30-50 20-40
Stand age (years) 32 36
Dominant tree height (m) 9.18 9.35
Mean stem diameter (cm) 5.81 5.24
Site index class Il
Soil Properties
Litter layer thickness (cm) 2-5 1.5-3
Amount of litter (t/ha) 41.05 21.97
Mean pH of litter 5.27 5.92
Sand (%) 21.97 31.80
Silt (%) 32.15 23.69
Clay (%) 45.88 44.51
Climatic attributes
Mean annual temperature (°C) 13.3 1.4
Mean maximum temperature (°C) 32.0 32.0
Mean minimum temperature (°C) -1.0 -9.0
Annual precipitation (mm) 735 616

Experimental design and treatments

PCT interventions were applied at four different levels,
including a control. In both plots, a randomized block
design with three replications was used, resulting in
24 treatment plots (4 PCT treatments x 3 replications
x 2 sites). A 5-meter-wide buffer zone was established
around each plot. Due to the natural variability in tree
density across Scots pine stands at the thicket stage, and
in order to ensure comparability across treatments, each
plot was arranged to contain exactly 50 trees after thin-
ning. This required adjusting the plot size according to
thinning intensity, resulting in plot areas ranging from
50 to 150 m?. This approach allowed for balanced sample
sizes in statistical analyses and helped prevent dispro-
portionate representation of treatments. Tree spacing
was determined based on the targeted thinning intensity
to ensure both consistency in tree number and spatial
homogeneity across plots (Varmola and Salminen 2004,
Zhang et al. 2006, Weiskittel et al. 2009, Wallentin and
Nilsson 2011, Giiney et al. 2021, Atar 2022).

Control (C): The control (unthinned) plots were not sub-
jected to precommercial thinning and were allowed to
grow naturally. In the control (unthinned) sample plots,
50 trees were retained, and each control plot was approx-
imately 50 m? in size. The tree density per hectare was
11350 trees/ha in the Eskipazar plot and 12000 trees/ha
in the Cerkes plot.

Treatment-1 (T1): In the traditional treatment, precom-
mercial thinning was conducted in such a way that there
was a canopy gap of one crown between two tree crowns.
A total of 50 trees were maintained in each replicate, and
the plot size was approximately 150 m?. The tree density

per hectare was 3390 trees/ha in the Eskipazar plot and
3310 trees/ha in the Cerkes plot.

Treatment-2 (T2): In the second treatment, the precom-
mercial thinning plots had a spacing of approximately
0.75 to 1.0 meters between the trees. A total of 50 trees
were left to grow in each replicate, with a plot size of
approximately 70 m” The tree density per hectare was
7320 trees/ha in the Eskipazar plot and 7680 trees/ha in
the Cerkes plot.

Treatment-3 (T3): In the third treatment, the spacing
between the trees in the precommercial thinning plots
was set at approximately 1.5 to 2.0 meters. A total of
50 trees were left in each replicate, with a plot size of
approximately 140 m>. The tree density per hectare was
3570 trees/ha in the Eskipazar plot and 3500 trees/ha in
the Cerkes plot.

Measurements

All trees in the plots were marked with a stripe of oil-
based paint at breast height (1.30 m) and numbered.
Subsequently, the diameters at breast height (DBH) of
the trees were measured from this marked point. The
heights (H) of the trees were determined using a Ver-
tex-IV hypsometer. Among the selected trees, individ-
uals with healthy, tall, well-formed, strong, straight, and
undamaged crowns were preferred. Precommercial thin-
ning interventions commenced after the end of the 2014
growing season. Immediately after the intervention, the
diameters and heights of the remaining trees were mea-
sured. The measurements were repeated on the same
trees at the end of the first (2015), second (2016), third
(2017), fourth (2018), and fifth (2019) growing season.
However, height measurements for the 2017 growing
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season could not be conducted. Based on these mea-
surements, total basal area (BA) and volume (V) values
were calculated. For volume calculation of the trees in
the plots, a two-entry tree volume equation developed
by Senyurt (2011) for Scots pine stands in the Western
Black Sea Region was used. The equation, which esti-
mates volume based on the DBH and height of each tree,
is presented below.

V' =1,003506 exp(-3,062228 + 2,195122 x Ind
-0,058577 x Ind? + 0,669187 x Inh + 0,080075 x Inh2) (1)

The equation provided above estimates the single-tree
stem volume (dm?) including bark, based on tree height
(m) and diameter at breast height (cm). The statistical
values for the equation are as follows: R* = 0.996, F =
589,762.29 (P < 0.000), SE = 0.083. (R*% coefficient of
determination, F: F test value, SE: standard error of
estimate.)

Statistical analysis

The SPSS (26.0) software was used for all statistical anal-
yses. To assess whether the initial values of the treat-
ments were homogeneous before the effect of the PCT, a
one-way ANOVA was performed by measuring the indi-
viduals left in the experimental plots immediately after
the PCT. The results revealed that there were some vari-
ations in the initial DBH, height, basal area, and volume
values. Therefore, an analysis of covariance (ANCOVA)
model was applied to evaluate the periodic annual incre-
ments and adjust for the initial differences among the
PCT treatments.

Y =p+ai+p(X;—X)+E;

(2)

In Equation (2), Yj; represents the dependent vari-
able for the i" individual at the j™ factor level, u is the

overall mean, ai denotes the mean response variable that
exceeds the overall mean for treatment 7, 3 is the regres-
sion coeflicient, X is the j* observation of the covariate
for the i™ treatment level, and Ej; is the unobserved error
term associated with treatment i and replication j.

Because of the initial differences, several researchers have
employed the analysis of covariance (ANCOVA) (Lind-
gren and Sullivan 2013, Atar 2022, Giiney et al. 2022).
Additionally, the significance levels (p < 0.05) for numer-
ous pairwise comparisons between the PCT intensities
were evaluated using Bonferroni’s multiple comparison
t-test (Ozdamar, 2013).

X X X X

In Equation (3), X; and XJ = treatments, Mg; = the mean
squared error, S = the standard deviation.

RESULTS

Based on PCT intensities, DBH and BA were recorded in
2014, 2015, 2016, 2017, 2018, and 2019 (Table 2). Mea-
surements taken immediately after the PCT in the Eski-
pazar plot showed that the average DBH was 5.12 cm,
6.49 cm, 6.48 cm, and 7.00 cm for the control, T1, T2,
and T3 plots, respectively. Five growing seasons after the
PCT, the average DBH was 7.13 cm in the control plot,
10.01 cm in T1, 9.43 cm in T2, and 10.32 ¢cm in T3. In
the Cerkes plot, the largest DBH was observed in the
T1 treatment, both in 2014 and 2019. As anticipated,
the average diameter values rose in proportion to the
increasing PCT intensities. At the end of the fifth grow-
ing season, the lowest total basal area was recorded in the
T1 treatment (29.10 m*ha) in the Eskipazar plot and in

Table 2 Mean = SE diameter at breast height (DBH) and basal area (BA) of trees after PCT at four intensities.

- ] PCT Measurement years
ot SHEEE intensity 2014 2015 2016 2017 2018 2019
C (11350) 5.12+0.18 5.59+0.19 6.06+0.20 6.54+0.21 6.86+0.22 7.13+0.23
DBH T1 (3390) 6.49+0.24 7.20+0.26 8.01+0.28 8.88+0.30 9.46+0.31 10.01+0.33
(cm) T2 (7320) 6.48+0.21 7.13+0.22 7.80+0.24 8.49+0.25 8.97+0.26 9.43+0.28
ETn T3 (3570) 7.00+.24 7.66+0.25 8.44+0.27 9.30+0.30 9.85+0.31 10.32+0.33
C (11350) 26.37+1.80 31.09+2.04 36.44+2.35 42.21+2.69 46.58+3.02 50.35+3.30
BA T1 (3390) 12.54+0.84 15.32+1.00 18.87+1.22 23.08+1.47 26.04+1.61 29.10+1.79
(m?ha) T2 (7320) 26.83+1.58 32.26+1.85 38.50+2.19 45.43+2.56 50.57+2.80 55.91+3.08
T3 (3570) 15.03+0.98 17.88+1.12 21.67+1.36 26.29+1.66 29.39+1.80 32.65+1.96
C (12000) 4.60+0.21 4.97+0.22 5.34+0.23 5.80+0.24 6.08+0.25 6.28+0.26
DBH T1(3310) 7.18+0.30 7.93+0.33 8.74+0.37 9.45+0.39 10.01+0.41 10.43+0.42
(cm) T2 (7680) 6.02+0.21 6.50+0.22 6.96+0.23 7.52+0.25 7.91+0.27 8.22+0.28
B T3 (3500) 6.40+0.24 6.94+0.25 7.53+0.27 8.10+0.28 8.563+0.29 8.90+0.30
C (12000) 23.70+2.12 27.41+2.38 31.38+2.68 36.71+3.07 40.29+3.39 42.98+3.58
BA T1(3310) 15.29+1.17 18.60+1.46 22.72+1.85 26.38+2.11 29.52+2.32 32.03+2.49
(m?/ha) T2 (7680) 23.99+1.34 27.88+1.88 31.91+2.14 37.17+2.48 41.32+2.84 44.68+3.10
T3 (3500) 12.45+0.86 14.53+0.97 17.05+1.16 19.69+1.32 21.79+1.43 23.66+1.54

Notes: C, Control; T1: Classic, T2: 0.75-1.0 m, T3: 1.5-2.0 m



the T3 treatment (23.66 m?*/ha) in the Cerkes plot. Con-
versely, the highest values were found in the T2 treatment
in both plots for the more intensive PCT.

At the end of the fifth growing season, the highest height
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values were recorded in the T1 treatment in both plots.
In terms of total volume per hectare, the highest values
were observed in the T2 treatment in both plots, with
242.16 m*/ha and 198.22 m*/ha, respectively (Table 3).

Table 3 Mean = SE height (H) and volume (V) of trees after PCT at four intensities.

. . . Measurement years
Plot Variable  PCT intensity
2014 2015 2016 2018 2019

C (11350) 5.73+1.13 6.05+1.16 6.43+1.22 7.04+1.24 7.35+1.26

H T1 (3390) 6.01+1.73 6.42+1.76 6.86+1.83 7.73+1.93 8.28+2.02

(m) T2 (7320) 6.29+1.40 6.67+1.45 7.10+1.50 7.87+1.63 8.27+1.70

Eskipazar T3 (3570) 5.94+1.23 6.36+1.26 6.80+1.26 7.64+1.38 8.15+1.51
C (11350) 81.62+6.28 101.02+7.51 125.36+9.19 173.38+12.59 195.02+15.25
v T1 (3390) 42.24+3.51 54.49+4.44 71.01+5.6 107.79+8.20 127.58+9.46
(m%ha) T2 (7320) 91.29+6.32 115.33+7.77 145.56+9.77 209.11+13.63 242.16+15.63

T3 (3570) 47.53+3.71 59.88+4.45 77.01£5.73 115.48+8.35 136.46+9.77

C (12000) 4.90+0.10 5.19+0.11 5.49+0.11 6.13+0.12 6.54-0.12

H T1(3310) 7.21+0.22 7.61+0.23 8.04+0.24 8.86+0.25 9.34+0.25

(m) T2 (7680) 6.59+0.15 6.95+0.15 7.34+0.15 7.97+0.15 8.41+0.16

Cerkes T3 (3500) 5.98+0.12 6.34+0.12 6.74+0.12 7.43+0.13 7.86+0.14
C (12000) 65.16+6.65 79.04+7.83 95.12+9.29 134.57+12.83 152.17+14.26
v T1(3310) 61.71+5.92 78.93+7.67 101.47+10.08 142.60+13.67 161.80+15.14
(m®/ha) T2 (7680) 84.82+6.81 103.13+8.20 124.15+9.85 174.24+14.11 198.22+16.16

T3 (3500) 39.77+3.16 48.88+3.79 60.67+4.77 84.69+6.39 96.87+7.20

Notes: C, Control; T1: Classic, T2: 0.75-1.0 m, T3: 1.5-2.0 m

In the Eskipazar plot, the 5-year DBH increments for the
control, T1, T2, and T3 PCT treatments were 2.34 cm,
3.42 cm, 2.83 cm, and 3.08 cm, respectively. The results
indicate that as the PCT intensity increased, the diameter
growth also increased (Figure 2). Moreover, the 5-year
total basal area increments were 19.41 m?ha in the
control, 23.90 m? ha in the T1 plot, 24.12 m?/ha in the T2
plot, and 22.82 m*/ha in the T3 plot. Regarding the 5-year

total basal area per hectare, the T2 treatment displayed
the greatest value. The control, T1, T2, and T3 plots in the
Cerkes plot had 5-year DBH increases of 2.13 cm, 2.90
cm, 2.21 cm, and 2.38 cm, respectively. According to the
findings, the control plots total basal area increased by
15.67 m*/ha between 2014 and 2019, while the T1 PCT’s
was 19.57 m?%/ha, the T2 PCT’s was 16.86 m?/ha, and the
T3 PCT’s was 16.20 m?/ha (Table 4).

Table 4 Increments of DBH and BA regarding PCT intensities and years of measurements.

Increment by years

Variable PCT intensity

2014-2015
© 0.52+0.01
BEl T 0.70+0.02
(cm) T2 0.64=+0.01
T3 0.63+0.02

. P 0.000

Eski

S c 3.920.12
% T 4.05+0.14
(m?/ha) T2 4.57+0.12
T3 3.75+0.14

p 0.000
© 0.47+0.02
o T 0.68+0.02
(cm) T2 0.49+0.02
T3 0.52+0.02

p 0.000
Gerkes c 3.04£0.14
o T 3.84+0.15
(mZha) T2 3.18+0.15
T3 3.01+0.15

P 0.000

2014-2016 2014-2017 2014-2018 2014-2019
1.07+0.03 1.63+0.04 2.00+0.07 2.34+0.07
1.48+0.02 2.33+0.05 2.89+0.08 3.42+0.07
1.29+0.04 1.95+0.04 2.40+0.07 2.83+0.06
1.36%0.03 2.17+0.05 2.53+0.08 3.08+0.07
0.000 0.000 0.000 0.000
8.26+0.26 12.96+0.45 16.51+0.54 19.41x0.61
9.22+0.30 15.160.52 19.440.62 23.90+0.70
9.71+0.26 15.48+0.45 19.72+0.54 24.12+0.61
8.69+0.31 14.53+0.52 18.58+0.63 22.82+0.71
0.000 0.000 0.000 0.000
0.93+0.04 1.49+0.05 1.860.06 2.13+0.07
1.43+0.04 2.05+0.06 2.54+0.07 2.90+0.07
0.96+0.03 1.52+0.06 1.91+0.07 2.21+0.07
1.07+0.04 1.62+0.05 2.03+0.06 2.38+0.07
0.000 0.000 0.000 0.000
6.21+0.31 10.66+0.44 13.49+0.53 15.67+0.62
8.59+0.32 12.93+0.45 16.65+0.56 19.57+0.65
6.36£0.33 10.69+0.46 14.04+0.56 16.86+0.66
6.63+0.33 10.48+0.46 13.62+0.57 16.20+0.67
0.000 0.000 0.000 0.000

Notes: The values in the table are the transformed values obtained from the analysis of covariance.
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Figure 2 Increments of DBH and BA for each measurement year.

To determine whether there were statistically significant
differences in growth parameters based on PCT
intensities, an analysis of covariance (ANCOVA) was
conducted (Table 4). The analysis revealed that, for both
the Eskipazar and Cerkes plots, statistically significant
differences in DBH and BA increments were found
between the different PCT intensities each year at a 99%
confidence level.

Theincrementvalues for heightand total volume, whichare

stand growth variables, based on PCT and measurement
years are presented in Table 5. In the Eskipazar plot, the
5-year height increments were found to be 1.68 m in the
control plot, 1.97 m in the T2 plot, 2.23 m in the T3 plot,
and 2.27 m in the T1 plot. Similarly, in the Cerkes plot,
the highest height increment was recorded in the T1
treatment, with a value of 2.10 m. As the results indicate,
height values increased in correlation with the increase
in PCT intensity. In terms of total volume increment, the

Table 5 Increments of H and V regarding PCT intensities and years of measurements.

Variable

PCT intensity

Increment by years

H
(m)
Eskipazar
V
(m¥ha)
H
(m)
Cerkes
V
(m¥ha)

©

T
T2
T3
p

G

T
T2
T3
p

©

T
T2
T3
p

©
T
T2
T3
p

2014-2015

0.33+0.01
0.41+0.01
0.37=0.01
0.42+0.01
0.000
16.60+0.43
17.87+0.50
19.18+0.44
16.84+0.51
0.000
0.32+0.01
0.37=0.01
0.34=+0.01
0.36+0.01
0.026
13.40+0.53
17.47+0.56
13.65+0.58
14.01+0.58
0.000

2014-2016
0.72+0.01
0.85+0.02
0.79+0.02
0.87+0.02

0.000
37.11+1.06
42.09+1.22
42.75+1.07
40.11+1.24

0.000

0.66+0.02
0.78+0.02
0.72+0.02
0.77+0.02

0.001
28.86+1.27
40.32+1.33
28.75+1.38
32.02+1.37

0.000

Notes: The values in the table are the transformed values obtained from the analysis of covariance

2014-2018
1.36+0.03
1.72+0.04
1.560.04
1.71+0.05

0.000
71.73x2.31
93.75+2.65
93.43+2.32
90.47+2.70

0.000

1.32+0.05
1.560.06
1.33+0.05
1.46+0.05

0.002
67.03+2.36
82.09+2.49
66.73+2.57
68.80+2.56

0.000

2014-2019
1.68+ 0.04
227+ 0.05
1.97+ 0.05
2.23+ 0.05
0.000
95.54+2.79
121.23+3.20
119.83+2.81
117.60+3.26
0.000
1.760.06
2.10+0.06
1.75+0.06
1.90+0.05
0.003
84.09+2.92
101.56+3.08
85.50+3.17
86.46+3.16
0.000



lowest values were observed in the control plot in both
the Eskipazar and Cerkes plots (95.54 m’/ha and 84.09
m’/ha, respectively), while the highest values were found
in the T1 treatment (121.23 m’/ha and 101.56 m’/ha,
respectively).

The analysis of covariance conducted to test the significant
differences in growth variables based on PCT intensity
(Table 5) revealed that there were statistically significant
differences in height and total volume increments across
different PCT intensities during all measurement periods.
Bonferroni t-test was conducted to determine the
statistical significance of the differences between various

Table 6 Bonferroni's t-test results concerning the increments of DBH and BA.
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PCT treatments based on the increments of the measured
parameters. (Tables 6 and 7). By the end of the fifth
growing season, it was found that in the Eskipazar plot,
the differences in DBH values between all PCT treatments
were statistically significant, whereas in the Cerkes plot,
the differences between T2 and C, T3 and C, and T2 and
T3 treatments were not significant. For BA increments, all
differences between the PCT treatments and the control
plots in the Eskipazar plot were statistically significant.
In the Cerkes plot, significant differences were found
between T1 and C, T1 andT2, and T1 and T3 treatments
(Table 6).

Difference of mean increment

Increment PCT .
o levels Eskipazar Cerkes
BA P DBH BA

T1-C 0.168 ** 0.129 ns 0.207 ** 0.800 **
T2-C 0.110 *x 0.645 ** 0.028 ns 0.140 ns
T3-C 0.095 *x -0.172 ns 0.059 ns -0.035 ns

2014-2015 T1-T2 0.058 * -0.517 * 0.179 ** 0.660 *
T1-T3 0.072 ** 0.301 ns 0.148 ** 0.835 **
T2-T3 0.014 ns 0.817 ** -0.031 ns 0.175 ns
T1-C 0.389 ** 0.957 ns 0.454 ** 2.374 **
T2-C 0.203 ** 1.447 *x 0.008 ns 0.146 ns
T3-C 0.254 ** 0.432 ns 0.135 ns 0.419 ns

2014-2016 T1-T2 0.186 *x -0.490 ns 0.445 *x 2.228 **
T1-T3 0.135 * 0.525 ns 0.319 *x 1.956 *x
T2-T3 -0.051 ns 1.015 ns -0.127 ns -0.273 ns
T -C 0.684 *x 2.190 * 0.538 *x 2.268 **
T2-C 0.318 *x 2.514 ** 0.015 ns 0.031 ns
T3-C 0.507 *x 1.569 ns 0.136 * -0.184 ns

2014-2017 T1-T2 0.367 ** -0.324 ns 0.523 ** 2.237 **
T1-T3 0.177 ns 0.622 ns 0.402 ** 2.452 **
T2-T3 -0.189 * 0.946 ns -0.121 ns -0.215 ns
T1-C 0.878 *x 2.937 ** 0.679 ** 3.166 **
T2-C 0.414 ** 3.209 ** 0.054 ns 0.555 ns
T3-C 0.650 ** 2.071 ns 0.193 ns 0.131 ns

2014-2018 T1-T2 0.464 *x -0.272 ns 0.625 *x 2.611 **
T1-T3 0.228 * 0.866 ns 0.485 *x 3.035 **
T2-T3 -0.236 *x 1.138 ns -0.139 ns 0.424 ns
T1-C 1.087 *x 4.486 ** 0.781 *x 3.902 **
T2-C -0.535 *x 4712 ** 0.099 ns 1.190 ns
T3-C -0.823 *x 3.415 ** 0.275 * 0.528 ns

2014-2013 T1-T2 0.551 ** -0.226 ns 0.682 *x 2.712 *
T1-T3 0.264 * 1.071 ns 0.506 ** 3.374 **
T2-T3 -0.287 ** 1.297 ns -0.176 ns 0.662 ns

*p < 0.05; **p < 0.01; ns: not significant

The Bonferroni t-test results for height and total volume
values in Table 7 indicate that, by the end of the five-year
growth period, the only statistically significant differences
in height for the Cerkes plot were between T1 and C
and T1 and T2 treatments, while in the Eskipazar plot,
only the differences between T1 and T3 treatments were
not statistically significant. In terms of total volume, the

results showed that in the Eskipazar plot, the differences
between the control and all intervention treatments
were statistically significant at a 99% confidence level by
the fifth growing season. In the Cerkes plot, significant
differences were found between T1 and C, T1 and T2, and
T1 and T3 treatments.
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Table 7 Bonferroni's t-test results concerning the increments of H and V.

Difference of mean increment

Inc;::lrent Eskipazar Cerkes
'} P H Vv
T1-C 0.078 *x 1.268 ns 0.044 ns 4.074 *x
T2-C 0.041 * 2.578 ** 0.018 ns 0.259 ns
T3-C 0.090 ** 0.231 ns 0.041 * 0.610 ns
2014-2015 -T2 0.037 ns -1.310 ns 0.026 ns 3.815 =
T1-T3 -0.012 ns 1.037 ns 0.003 ns 3.464 *x
T2-T3 -0.049 *x 2.347 ** -0.023 ns -0.351 ns
T1-C 0.129 *x 4.980 * 0.104 *x 11.469 **
T2-C 0.080 * 5.645 ** 0.051 ns -0.101 ns
T3-C 0.153 *x 3.007 ns 0.102 *x 3.166 ns
2014-2016 T1-T2 0.049 ns -0.665 ns 0.053 ns 11.570 **
T1-T3 -0.024 ns 1.973 ns 0.002 ns 8.303 **
T2-T3 -0.073 * 2.638 ns -0.051 ns -3.267 ns
T1-C 0.381 ** 16.020 ** 0.266 ** 15.058 **
T2-C 0.217 *x 15.702 ** 0.038 ns -0.300 ns
T3-C 0.368 ** 12.739 ** 0.143 ns 1.763 ns
UREUE T -T2 0.163 * 0.319 ns 0.227 *x 15.357 **
T1-T3 0.013 ns 3.282 ns 0.123 ns 13.294 **
T2-T3 -0.151 ns 2.963 ns -0.105 ns -2.063 ns
T1-C 0.616 *x 25.696 ** 0.294 *x 17.469 **
T2-C 0.302 ** 24.293 ** 0.034 ns 1.406 ns
T3-C 0.566 *x 22.064 ** 0.143 ns 2.367 ns
AUREAUR T1-T2 0.314 *x 1.404 ns 0.260 ** 16.063 **
T1-T3 0.050 ns 3.632 ns 0.151 ns 15.102 **
T2-T3 -0.264 ** 2.228 ns -0.109 ns -0.961 ns

*p < 0.05; **p < 0.01; ns: not significant

DISCUSSION

PCT is a crucial silvicultural intervention applied to
manage stand structure and promote individual tree
growth at an early stage (Smith 1986, Ozdemir et al.
1987, Fahlvik et al. 2018). This practice is used to alter
stand structure by allocating growth resources to the
selected stems. The growth response of the stand after
PCT varies depending on several factors, such as the
timing of the intervention, stand age, density levels,
biological characteristics of the species, and local climate
conditions (Pitt and Lanteigne 2008, Holmstrom et al.
2016, Bjelanovic et al. 2021). Studies have shown that
PCT intensity levels have statistically significant effects
on increases in height, diameter, total volume and total
basal area (Ginn et al. 1991, Simard et al. 2004, Yilmaz
etal. 2010).

In this study, which investigated the effect of PCT
treatments on the development of natural Scots pine
stands at the thicket stage, it was found that the thinning
treatments applied at varying intensities in both plots had
a statistically significant effect on the average diameter
increment. Following the thinning interventions applied
after the 2014 growing season, significant differences
were observed in the average diameter increment across
all treatments at the end of the fifth growing season
(2019). The lowest diameter increment was observed in
the control treatment (2.34 cm in the Eskipazar plot and

2.13 cm in the Cerkes plot), while the highest diameter
increment was recorded in the traditional treatment (3.42
cm in the Eskipazar plot and 2.90 cm in the Cerkes plot).
It was also observed that the average diameter increments
increased as the thinning intensity increased in the plots.
Similarly, Onciil et al. (2016) found that thinning in
natural Scots pine stands resulted in the lowest diameter
increment in the control treatment (5.34 ¢cm) and the
highest in the heavy intervention treatment (6.64 cm)
after three years, also noting that diameter increments
increased with greater thinning intensity. Ulvcrona et al.
(2007) highlighted that DBH values increased in Scots
pine stands in relation to the intensity and timing of PCT.
Similarly, diameter growth increased with the intensity
of PCT in P, sylvestris (Makinen and Isomiki 2004). In a
similar study by Bataineh et al. (2013) on Abies balsamea
(L.) Mill. and Picea rubens Sarg. stands, diameter growth
13 to 24 years after PCT was higher in the thinned plots
(3.9 cm) compared to the control plots (3.1 cm). Pitt and
Lanteigne (2008) investigated how growth parameters in
P rubens and A. balsamea stands 42-44 years after PCT
were affected by varying PCT intensities (spacing of 1.2
m, 1.8 m, and 2.4 m). They found that average diameters
rose in response to greater PCT intensities. Numerous
studies have reported increased diameter growth due to
decreased stem density following thinning (Miller 2000,
Varmola and Salminen 2004, Linkevic¢ius et al. 2014,
Bayar and Deligoz 2019, Deligoz et al. 2022).
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The primary reason for the increase in diameter growth
after thinning interventions is that the remaining trees
utilize available resources more efficiently due to the
reduction in tree density. This allows the remaining
individuals to access more light, water, and nutrients,
which consequently enhances photosynthesis (Goudiaby
et al. 2011). Makineci (2005) also highlighted in his
study that diameter growth increases in thinned areas
as a result of higher soil moisture and reduced root
competition, since fewer individuals can benefit from
a larger soil volume. Wider spacing is associated with
greater diameter growth (Ferguson et al. 2011).

Theimpact of PCT on tree height can differ based on factors
such as PCT intensity levels, timing of the intervention,
tree species, and regional biological characteristics. This
study found that over the five-year growth period, there
were notable differences in height increments due to
varying PCT intensities. It was determined that as the
intensity of the PCT intervention increased, tree height
also increased. Similarly, average tree heights in PCT plots
were found to be greater than those in the control plots in
P sylvestris stands (Sivacioglu et al. 2006). Weiskittel et al.
(2009) reported that in A. balsamea and P. rubens stands,
height growth, crown ratio, and crown width increased
significantly within 25 years following PCT compared to
control plots. In Scots pine stands, average tree heights
after various levels of PCT ranged between 1.2 and 8.3
meters (Fahlvik et al. 2005). According to Zhang et al.
(2006), Pinus banksiana Lamb. height increments were
lowest in the control plots and largest with heavy PCT
treatments. Brissette et al. (1999) determined that, 18
years after thinning, trees in the treated plots were 32%
taller than those in the control plots. Other studies
have shown that the effects of PCT can vary between
species. For instance, according to research by Zhang et
al. (2009) on A. balsamea stands, PCT plots showed less
height increases than the control plots. Additionally, no
significant effect of PCT on height growth was found in
Pinus contorta var. latifolia Engelm. stands (Lindgren and
Sullivan 2013). Kaymake1 et al. (2000) noted that delayed
PCT had no effect on increasing height growth in Pinus
nigra J.EArnold stands but limited diameter expansion.
Research on other tree species indicated that different
PCT intensities have no discernible effect on height
growth (Pinkard and Neilsen 2003, Simard et al. 2004,
Rytter and Stener 2005, Rytter 2013).

Among the most important markers of stand growth are
total basal area and volume. In both study plots, the effect
of thinning treatments on total basal area and volume
per hectare was found to be statistically significant
during each growth period, with the highest basal area
increments in the Eskipazar plot recorded in the T2
treatment and in the Cerkes plot in the T'1 treatment. The
highest total volume increments were also observed in
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the T1 treatment in both plots. One of the key findings of
this study was the declining trend in growth increments
after the third growing season, particularly evident in
DBH and volume metrics. This trend suggests that the
benefits of a single PCT intervention may diminish over
time, necessitating a follow-up intervention within 3-5
years to sustain growth momentum. These observations
support a rotation-based thinning regime rather than
a one-time intervention, a recommendation echoed
by Varmola and Salminen (2004) in similar studies on
Scots pine in Nordic regions. Similar to the findings of
this study, Ruha and Varmola (1997) noted that PCT
significantly increased diameter and volume increments
during the second decade in young Scots pine stands.
Another study on P banksiana stands showed that
intensive thinning (2.13 m spacing or 2,212 stems/ha)
increased tree diameter by more than 20% and stem
volume per tree by more than 75% as compared to the
control (Zhang et al. 2006). Conversely, other studies
have reported decreases in total volume and basal area
with increasing PCT intensity (Simard et al. 2004, Bayar
and Deligéz 2020). For instance, in a study on Picea
abies (L.) H.Karst. and P. sylvestris stands, while diameter
growth increased with a reduction in tree density, total
volume decreased after PCT interventions (Pettersson
1993). According to Pothier (2002) study on A. balsamea
stands, the PCT intensity of 2,000 trees/ha produced the
highest total volume with DBH greater than 15 cm, while
the PCT intensity of 15,000 trees/ha produced the highest
total volume with DBH greater than 1.1 cm. Another
study reported that heavy PCT resulted in a volume loss
of over 20% after 20 years in young P. abies stands (Sterba
2003). Furthermore, another study that looked at how
different PCT levels affected A. balsamea and P. rubens
stands found that the 1.8 m spacing treatment had
the largest total basal area and stand volume (Pitt and
Lanteigne 2008). Despite a significant diameter increase
after PCT, the overall basal area of Picea mariana
Britton, Sterns et Poggenb. declined 20 years after the
intervention, according to research by Wotherspoon et
al. (2020). However, despite an initial reduction in the
basal area after thinning, in later years, total basal area
in thinned plots surpassed that in control plots due to
greater diameter growth. It was noted that the greater
diameter development at the time of intervention made
up for the decrease in basal area (Sivacioglu et al. 2006).

Although both experimental sites shared similar
stand ages and soil texture classifications, site-specific
differences such as total precipitation, litter biomass, and
soil pH may have contributed to the variations in growth
responses across treatments. The Eskipazar and Cerkes
plots differed in several key ecological parameters,
includinglitter biomass, soil pH, and annual precipitation.
For instance, the higher litter accumulation in Eskipazar
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(41.05 t/ha vs. 27.97 t/ha) may have enhanced nutrient
cycling and microbial activity, potentially leading to more
favorable growth conditions in denser treatments such
as T2. Moreover, the more acidic soil pH in Eskipazar
(5.27 vs. 5.92) could have influenced nutrient availability,
particularly for elements like nitrogen and phosphorus,
which play a critical role in early-stage growth. The 119
mm difference in annual precipitation between the two
sites also may have affected water availability and root
competition dynamics, especially in more intensively
thinned plots. These findings underscore the need to
consider site-specific edaphoclimatic factors when
formulating thinning prescriptions and extrapolating
growth models across regions.

CONCLUSIONS

This study demonstrated that site-specific edaphoclimatic
factors, particularly litter biomass, soil pH, and annual
precipitation significantly influenced the growth
responses of Scots pine to precommercial thinning
(PCT). Improved growth performance in denser
treatments in Eskipazar, characterized by higher litter
accumulation and more acidic soils, emphasizes the
need to tailor thinning strategies to local site conditions
when applying growth models across different regions.

The findings also provide important guidance on optimal
thinning intensity. In natural Scots pine stands in Tiirkiye,
maintaining approximately 3000-3500 stems per hectare
appears to achieve the most favorable outcomes in terms
of diameter, height, basal area, and total volume. Notably,
while Scandinavian thinning recommendations generally
suggest retaining 2000-2500 stems per hectare depending
on site productivity (Parvianen 1978, Ruha and Varmola
1997, Varmola and Salminen 2004), results from this study
suggest that slightly higher densities may be preferable in
natural stands in Tiirkiye to optimize growth.

Furthermore, the observed trend of increasing growth
increments during the initial three years, followed by a
decline in the subsequent years, suggests that a thinning
interval of approximately 3-5 years may be beneficial
for maintaining stand vigor and productivity, especially
in fast-growing stands. However, this interval may vary
depending on site quality and growth rates. In addition,
careful consideration should be given to the protection
of residual trees, particularly in heavily thinned plots, to
mitigate risks from wind and snow damage. Conversely,
neglecting timely PCT interventions may increase the
likelihood of damage caused by snow pressure and
competition stress, especially in high-elevation sites.
Finally, the selection of future crop trees should prioritize
individuals with superior form and vitality, characterized
by symmetrical crowns, slender branches, straight stems,
and the absence of permanent defects.
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A NEW TRITROPHIC ASSOCIATION: Syspastospora
parasitica ON Beauveria pseudobassiana INFECTING

Corythucha arcuata
Marta KOVAC'

SUMMARY

While studying a sap-feeding insect oak lace bug (Corythucha arcuata Say 1832, Heteroptera: Tingidae)
and its association with entomopathogenic fungi, a new tritrophic association was discovered: C.
arcuata infected with entomopathogen Beauveria pseudobassiana Rehner & Humber, which in turn is
hyperparasitised by mycoparasitic fungus Syspastospora parasitica (Tulasne) Cannon & Hawksworth. This
hyperparasitic fungus has been reported on various entomopathogenic fungi including B. pseudobassiana,
but never in tritrophic association with C. arcuata. Although fungal hyperparasitism is widespread in
nature, it is still poorly studied. In a context of biological control, the interest for hyperparasitic fungi is
growing, since entomopathogens have an important role in the regulation of many insect pest populations.

KEY WORDS: biological control, Croatia, entomopathogens, hyperparasitism, mycoparasite, natural

infection, oak lace bug

INTRODUCTION

Beauveria pseudobassiana Rehner & Humber (Hypocre-
ales: Cordycipitaceae) is a natural antagonist of oak lace
bug (Corythucha arcuata Say 1832, Heteroptera: Tingi-
dae), a sap-feeding insect native to North America that
is causing foliar damage of oak trees (Quercus spp.), first
observed in Croatia in 2013 (Hra$ovec et al. 2013). Pre-
vious studies have shown that this entomopathogenic
fungus is consistently present in C. arcuata populations
and that it is the most common entomopathogen on this
species (Kovac et al. 2020, 2021; Kovac¢ 2021). While
studying C. arcuata and its natural infections with ento-
mopathogenic fungi on different locations in Croatia, we
subsequently observed dark brown ascomata emerging
from the insects infected with B. pseudobassiana. We
inferred hyperparasitism, a phenomenon in which one
fungus (the mycoparasite) parasitizes another fungus
(the host that is also a parasite). A hyperparasitic inter-
action consists of at least three trophic levels: a primary
host, which is parasitized by the primary parasite, which
serves as secondary host to the secondary parasite or
hyperparasite (Bermudez-Cova 2023). The aim of this

study was to report new tritrophic association with the
hyperparasitic fungus on C. arcuata infested with B.
pseudobassiana in natural populations in Croatia.

MATERIALS AND METHODS

During the previous research of C. arcuata, carried out
in 2019, 2021 and 2022 in different localities in Croa-
tia, many overwintering adults infected with entomo-
pathogen B. pseudobassiana were sampled (Kova¢ 2021,
Kovac¢ et al. 2021). Methodology used for sampling and
processing of the specimens is described in Kovac et
al. (2021). Most of the collected samples were kept in
a refrigerator at 4°C and used for the present research.
Information on the locations and time of collection can
be found in Table 1. Altogether 271 individuals infected
with B. pseudobassiana were gathered and inspected
for the presence of hyperparasitic fungus S. parasitica.
Adults were first checked under a dissecting microscope
(Olympus, model SZX7, Tokyo, Japan) at magnification
40X to visually discern the fungal structures, and the
fruiting bodies (perithecia) with emerged spores were
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cut with a sterile needle and microscopically analysed
with a phase-contrast microscope (Olympus, model
BX53, Tokyo, Japan). The fungus was identified based on
the morphology of the fruiting bodies, as well as the size
and shape of the ascospores, same as described in Geor-
gieva et al. (2020). The perithecium had globose bases,
yellow-brown in colour, with necks of 80-95 pm x 40-42
um in size. Ascospores were cylindrical, one-celled,
7.5-8 pm long, and 2.5-3 pm wide. The fungus was also
isolated on the Potato Dextrose Agar (PDA) medium
by taking the whole perithecia with a sterile needle and
gently tapping the apices of perithecium necks with
spores on a medium. The cultures were incubated for
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2-3 weeks at £ 25°C, and purified when needed. After
the development of mycelium they were microscopically
examined.

RESULTS

After examination of 271 C. arcuata individuals infected
with entomopathogenic B. pseudobassiana 34 of them
exhibited mycoparasitic growth on B. pseudobassiana
(Figure la-f). The mycoparasite was identified as Sys-
pastospora parasitica (Tulasne) Cannon & Hawksworth
(Ascomycota: Hypocreales). The incidence of hyper-
parasitism varied depending on the locality and collec-
tion period (Table 1).

Figure 1 (a) Corythucha arcuata adult infested with B. pseudobassiana and hyperparasitised by S. parasitica; (b) mature S. parasitica perithecia growing on B.
pseudobassiana; (c) ascospores moving to the tip of the perithecium; (d) S. parasitica perithecium up close; (e) mature ascospores; (f) dissected perithecium

with released ascospores.
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Table 1 C. arcuata infected by Beauveria pseudobassiana and hyperparasitised by Syspastospora parasitica, and information on sampling periods and sites.

Collection site Coordinates Period of collection

The share of the C.
arcuata infected by
B. pseudobassiana
and hyperparasitised
by S. parasitica

The number of C.
arcuata infected by
B. pseudobassiana
B. pseudobassiana and hyperparasitised

(n) by S. parasitica

The number of C.
arcuata infected by

FO Otok

MU Otocke Sume  18°48'1 March 2019, 2021, 2022

FO Gunja 44°59'41.1"N
MU Desiéevo  18°4g'33.6"  March 2019, 2021, 2022
Spacva
FO Vrbanja 45°02'22.5'N
MU Vrbanjske Sume  18°53'16.4"E  Mareh 2018, 2021, 2022
FO Cerna 45°10'41.3'N
MU Ceranski lugovi  18°43'54.9"E December 2019
MU Jastrebarski 45°38'11.8"N
lugovi, dep 25b 15°41'23.4'E March 2021, 2022
Jaskanski MU Jastrebarski 45°37'25.0"N
lugovi lugovi, dep 12a 15°41°45.5"E March 2021, 2022
MU Jastrebarski 45°36'35.0"N
lugovi, Crna Mlaka ~ 15°4238.3'  March 2021, 2022

(n) (%)
99 26
25 1
19%
15 1
9 0
10 0
101 6 5%
12 0
21 34 12.5%

*MU = Management unit, FO = Forest office, dep = department

DISCUSSION AND CONCLUSIONS

In this research a new tritrophic association is reported
for the first time: a mycoparasitic fungus Syspastospora
parasitica (syn. Melanospora parasitica (Tul.)) attacking
B. pseudobassiana that had infected adult C. arcuata.
This hyperparasitic fungus has been reported on various
entomopathogenic fungi including B. pseudobassiana
(Georgieva et al. 2020), but never in tritrophic associa-
tion with C. arcuata. According to previous studies, B.
pseudobassiana was established as a dominating species
affecting C. arcuata in natural populations of Croatia
(Kovac 2021, Kovac et al. 2021), so this new association
is an interesting addition to that finding.

The fungus was first described as Sphaeronema parasitica
Tul. on Isaria crassa by Tulasne (1857). So far, Syspas-
tospora parasitica was recorded as a secondary parasite
of the entomopathogenic fungi B. pseudobassiana and B.
varroae on pine processionary moth Thaumetopoea pity-
ocampa (Denis and Schiffermiiller 1775) (Lepidoptera:
Notodontidae) larvae and pupae (Georgieva et al. 2020),
as well as on other Beauveria species such as B. tenella
on Melolontha spp. (Coleoptera: Scarabaeidae) (Miiller-
Kogler 1961), and B. bassiana on ash weevil Stereonychus
fraxini (Coleoptera: Curculionidae) (Markova 1991),
Colorado potato beetle Leptinotarsa decemlineata (Say)
(Posada et al. 2004) Cydia pomonella (L.) (Lepidoptera:
Tortricidae), and on pupae of pine sawfly Neodiprion
sertifer (Geoffroy) (Hymenoptera: Diprionidae) (Rosnev

and Tsankov 1978). It has also been reported on other
entomopathogenic fungi infecting insects such as Paeci-
lomyces tenuipes (Peck) Samson attacking Bombyx mori
L. (Lee and Nam 2000), Spicaria farinosa (= Paecilomyces
farinosus) (Fr.) Vuill. infecting Boarmia bistortata Goeze
(Lepidoptera: Geometridae), and Spicaria fumosorosea
(= P. fumosoroseus) (Wize) Vassiljevsky infecting T. pity-
ocampa (Miiller-Kogler 1961).

Although fungal hyperparasitism is widespread in na-
ture, it is still poorly studied, and not ecologically and
evolutionarily well understood (Parratt and Laine 2016,
Haelewaters et al. 2018, Bermudez-Cova 2023). Howev-
er, since entomopathogenic fungi are becoming an in-
creasingly important factor in reducing the population
of many insect pests, or at least in keeping their abun-
dance at an acceptable level, in the context of biological

control the interest in hyperparasitic fungi is growing.
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KRPELJI KAO VEKTORI ZOONOTSKIH PATOGENA:
JAVNOZDRAVSTVENI ASPEKTI U ISTARSKOJ ZUPANIJI

TICKS AS VECTORS OF ZOONOQTIC PATHOGENS: PUBLIC HEALTH
ASPECTS IN THE ISTRIA COUNTY

Maja CVEK', Marko VUCELJA?, Darja PU§KAD,IJA1,VDanijeIa POLJUHA?, Dalibor BROZNIC¢, Emina
PUSTIJANAC®, Marina SANTIC*, Dijana TOMIC LINSAK**

SAZETAK

Pracenje prisutnosti vektora zaraznih bolesti od klju¢ne je vaznosti za ocuvanje javnog zdravlja te dodatno
naglasava potrebu za interdisciplinarnim pristupom u okviru koncepta ,Jedno zdravlje” (engl. One
Health). Ovaj rad temelji se na terenskom istrazivanju krpelja kao vektora zoonotskih patogena te analizi
pojavnosti krpeljima prenosivih bolesti na podruéju Istarske Zupanije. Podaci Hrvatskog zavoda za javno
zdravstvo za razdoblje od 2016. do 2023. godine ukazuju na ukupno 126 prijavljenih slucajeva zoonotskih
bolesti, od ¢ega 114 (93,4 %) slucaja lajmske borelioze, dva sluc¢aja Q-groznice te po jedan slucaj rikecioze
i hemoragijske vrucice s bubreznim sindromom. Osam prijavljenih sluc¢ajeva zoonoza bilo je evidentirano
kod nerezidenata Istarske Zupanije. U okviru istrazivanja provedeno je sustavno uzorkovanje tvrdih
krpelja (Acari; Ixodidae) u razdoblju od 2020. do 2023. godine metodom krpeljne zatege i prikupljanjem s
domacina, pri ¢emu je prikupljeno ukupno 2349 jedinki koje pripadaju 12 razli¢itih vrsta iz rodova Ixodes,
Dermacentor, Hyalomma, Haemaphisalis 1 Rhipicephalus te jedan meki krpelj iz roda Argas. Dominantna
vrsta bila je obi¢ni ili Sumski krpelj (Ixodes ricinus L.) (70,84 %), poznat vektor bakterija Borrelia burgdorferi
sensu lato (uzro¢nik lajmske borelioze) i Coxiella burnetii (uzro¢nik Q-groznice). Rezultati ukazuju na
izrazenu prisutnost i rasirenost vektora odgovornog za prijenos lajmske borelioze, koja je potvrdena kao
najzastupljenija zoonoza u regiji. Dobiveni podaci potvrduju potrebu za kontinuiranim entomoloskim
nadzorom i epidemioloskim pracenjem vektorski prenosivih bolesti u svrhu bolje procjene rizika i
donosenja javnozdravstvenih mjera.
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INTRODUCTION

Pracenje prisutnosti izvora zaraznih bolesti klju¢no
je za ocuvanje javnog zdravlja te naglasava potrebu za
suradnjom i komunikacijom izmedu razli¢itih disciplina
unutar koncepta poznatog kao ,Jedno zdravlje” (engl.
One Health) (Zdolec 2011). Do sada, dokumentiran je
porast broja humanih slucajeva zoonoznih oboljenja
povezanih sa sitnim glodavcima (Rodentia) (Gebreyes i
dr. 2014), a provedene su brojne studije kako bi se bolje
procijenila veza izmedu biologije i ekologije Zivotinjskih
rezervoara i manifestacija bolesti u ljudi (Meerburg i dr.
2009; Vilibi¢-Cavlek i dr. 2021, 2023).

Tvrdi krpelji (Acari; Ixodidae) su obligatni hematofagni
ektoparaziti i jedna od najvaznijih skupina ¢lankonozaca
(Arthropoda) koja sudjeluje u prijenosu razli¢itih patoge-
nih mikroorganizama diljem svijeta (Estrada-Pefa i dr.
2013). Njihova sposobnost da se hrane na razlic¢itim
domacinima tijekom svojih pokretnih razvojnih sta-
dija omogucuje $irenje uzro¢nika unutar kompleksnih
prirodnih Zaris$ta bolesti (Mysterud i dr. 2021). Sitni
glodavci (Mammalia; Rodentia) vazna su karika u prije-
nosu lajmske borelioze (Margaleti¢ 2006; Vilibi¢-Cavlek
idr. 2021, 2023) jer predstavljaju nositelje prvog krvnog
obroka za mnoge licinke i nimfe krpelja, pri ¢emu se
bakterijski uzro¢nik lajmske borelioze prenosi ugrizom
inficiranog krpelja na sljede¢eg domacina, medu kojima
je i ¢ovjek (Belliidr. 2017).

Lajmska borelioza i Q-groznica smatraju se reemergent-
nim zoonozama koje podlijezu obvezi prijavljivanja te se
epidemioloski prate i u Republici Hrvatskoj (NN 79/07)
kao i u zakonima na razini Europske unije (HZJZ 2017).

Simptomi lajmske borelioze su umor, zimica, vrucica,
limfni ¢évorovi uz karakteristi¢an osip na kozi (erythema
migrans) (Stanek 2012). U razdoblju od 2. do 30. dana
na mjestu ugriza krpelja pojavljuje se crvenilo na
kozi ovalnog ili prstenastog oblika koje se polako $iri,
doseze promjer obi¢no vise od 5 cm, a u srediSnjem
dijelu postupno blijedi stvarajuci karakteristican oblik
(Skar 2024). Lajmska borelioza lije¢i se antibioticima,
§to je izuzetno vazno radi sprjecavanja kasnijeg stadija
bolesti s mogué¢im posljedicama kao $to su artritis
(upala zglobova), miokarditis (upala sréanog misica),
meningitis i/ili neuritis (upala Zzivaca) (HZJZ 2016).
Prema podacima Hrvatskog zavoda za javno zdravstvo
(HZJZ), u razdoblju od 2001. do 2023. godine u
Republici Hrvatskoj prosje¢ni godi$nji broj prijavljenih
slucajeva lajmske borelioze iznosio je 396, pri ¢emu nije
zabiljeZzen nijedan smrtni ishod (napomena: podaci za
2024. godinu jo$ nisu dostupni u sluzbenim izvorima
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HZJZ-a.). Prema zemljopisnoj rasprostranjenosti najveci
broj oboljelih od lajmske bolesti zabiljezen je u Zagorju,
Medimurju, Koprivni¢ko-krizeva¢koj Zupaniji, a zatim
u gradu Zagrebu i okolici Zagreba (HZJZ 2016), dok
se Istra smatra podru¢jem s manjom incidencijom ove
bolesti (Ropac 2019).

Najrasprostranjenija vrsta krpelja na podruéju Istarske
zupanije je obi¢ni ili Sumski krpelj (Ixodes ricinus L.)
(70,84 %) (Cvek i dr. 2023), poznat kao najces¢i vektor
lajmske borelioze te Q-groznice. Ova vrsta krpelja para-
zitira na najmanje 25 razli¢itih vrsta domacina (Kr¢mar
2012) i prijenosnik je viSe vrsta patogenih mikroorga-
nizama (Hayasaka i dr. 2001, Rauter i dr. 2005, Stuen
2007, Sameroff i dr. 2022). Njegov zivotni ciklus u
prosjeku traje dvije do Cetiri godine te ukljucuje Cetiri
razvojna stadija: jaje, li¢inku, nimfu i adulta (Richter
2002). Odrasli oblici obi¢nog krpelja najc¢esce infesti-
raju srednje i velike sisavce, dok se larve i nimfe u vecoj
mjeri nalaze na manjim domacinima, premda su nimfe
takoder prisutne i na ve¢im sisavcima, ukljuc¢ujuéi ¢ov-
jeka (Mysterud i dr. 2021).

Uzro¢nik Q-groznice je vrlo infektivna unutarstani¢na
bakterija Coxiella burnetii koja je radirena po cijelom
svijetu. Izvan zivog organizma vrsta C. burnetii tvori
spore koje su izuzetno otporne na vanjske uvjete, a u
kontaminiranom tlu mogu opstati i po nekoliko mjeseci.
Kako se spore ove bakterije prenose i zrakom te je za
infekciju ljudi potrebno manje od 10 spora, ova vrsta se
smatra potencijalnim bioloskim oruzjem (Rowe 2015).
U ljudi, Q-groznica moze pro¢i neopazeno, ali moze
biti i akutnog ili kroni¢nog tijeka. Akutna infekcija oci-
tuje se glavoboljom, febrilitetom, bolovima u kostima i
upalom pluca, a kroni¢na infekcija rezultira hepatitisom,
endokarditisom i neuroloskim sindromima. U slu¢aju
neadekvatnog lijecenja bolest moze dovesti do smrtnog
ishoda. Zivotinje zarazene ovom bakterijom najcesce
ne pokazuju simptome infekcije, no izvori su infekcije
za ljude i druge zivotinje (Raci¢ 2012). Neki glodavci,
posebno poljska voluharica (Microtus arvalis Pallas),
osjetljivi su na infekcije bakterijom C. burnetii (Rehacek
1977, 1992). Na podrudju Istarske zupanije ranije je
utvrdena prisutnost vrsta krpelja koje pripadaju pet
rodova (Ixodes, Dermacentor, Rhipicephalus, Haemaphy-
salis i Hyalomma) (Krémar 2012), od kojih se pojedine
vrste navode kao potencijalni vektori uzro¢nika Q-groz-
nice u Europi (Korner i dr. 2021). Pretpostavlja se da
upravo krpelji prenose patogenu bakteriju C. burnetii
izmedu malih glodavaca i drugih sisavaca u tzv. prirod-
nim Zzaristima i predstavljaju bitnu kariku za odrzavanje
Q-groznice u endemskim podru¢jima (Liebisch 1977,
Muli¢ 2011, Duron i dr. 2015).
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Sustavno prikupljanje i analiza podataka o prisutnosti
i rasprostranjenosti krpelja, kao i o pojavnosti pove-
zanih zoonotskih bolesti, nuzni su za razumijevanje
javnozdravstvenih rizika koje ti vektori predstavljaju
te za usmjeravanje ucinkovitih mjera prevencije i kon-
trole (Rizzoli 2014). Cilj ovog istrazivanja bio je ispitati
rasprostranjenost i zastupljenost krpelja kao vektora
zoonotskih patogena na podrucju Istarske Zupanije
te analizirati dostupne podatke o pojavnosti zoonoza
povezanih s tim vektorima u svrhu razumijevanja jav-
nozdravstvenih aspekata rizika.

MATERIJAL | METODE

MATERIAL AND METHODS
Podrucje istrazivanja — Study area

Istra je najvedi jadranski poluotok, smjesten na najza-
padnijem dijelu Hrvatske. Istarska zZupanija ima ukupnu
povrsinu od 2813 km?, sa 195.237 stanovnika koji Zive u
10 gradova i 31 op¢ini (DZS 2022). Uz obalu Istre prevla-
dava sredozemna klima koja se postupno mijenja prema
unutra$njosti i postaje kontinentalna. Glavna obiljezja
sredozemne klime su topla i suha ljeta, s prosje¢nim
brojem od 2.400 suncanih sati godi$nje. Zime su blage i
ugodne, a snijeg je rijetka pojava. Godi$nji prosjek tem-
peratura zraka duz sjevernog dijela obale iznosi oko 14
°C, a na juznom podrudju i otocima 16 °C (Moj Tender
2020). Od $umskih zajednica na podrudju istarskog
poluotka, u obalnim podru¢jima zastupljene su submdi-
teranske i epimediteranske termofilne, listopadne Sume
hrasta medunca s bjelograbi¢em ili crnim grabom, dok
u unutrasnjosti nalazimo termofilne, kalcifilne do slabo
acidofilne $ume hrasta kitnjaka i medunca te paramedi-
teranske brdske, primorske i kontinentalne termofilne
$ume bukve (Vukeli¢ i Raus 1998). Specifi¢an polozaj
Istre uz navedene klimatske uvjete i vegetacijski pokrov,
pruza pogodno staniste za krpelje.

Uzorkovanje krpelja i prikupljanje podataka o
sluCajevima zaraze zoonozama — Tick sampling
and collecting data on cases of zoonotic infections

Sukladno zakonskoj regulativi (NN 133/23), u Nas-
tavnom zavodu za javno zdravstvo Istarske zupanije
(NZZJZ1Z) prikupljaju se podaci o pojavi humanih slu¢a-
jeva zoonoza te se dostavljaju Hrvatskom zavodu za javno
zdravstvo. Prijave zaraznih bolesti provode se putem
informacijskog sustava APIS IT od 2016. godine. U ovom
radu prikazani su analizirani podaci o zoonozama u ¢ijoj
transmisiji uzro¢nika sudjeluju tvrdi krpelji na podrucju
Istarske Zupanije za period od 2016. do 2023. godine.
Pregledom godisnjih izvje$c¢a o pojavi bolesti u Zivotinja
u Republici Hrvatskoj (NN 42/13) prikupljeni su podaci
o zoonozama u kojima krpelji imaju vaznu ulogu.
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Uzorci krpelja prikupljani su u razdoblju od 2020. do
2023. godine na podrucju Istarske Zupanije. Provedene
tehnike uzorkovanja ukljuc¢ivale su kombiniranu metodu
krpeljne zatege i prikupljanje s domacina. Metodom
krpeljne zatege uzorkovani su krpelji na razli¢itim tipo-
vima stanista, ukljucujuci gradske parkove, rekreacijska
podrudja, izletista, neobradene poljoprivredne povrsine,
Nacionalni park Brijuni te Sumske povrsine. Uzorkovanje
krpeljnom zategom ukljucivalo je povlacenje platna od
bijelog flanela, dimenzije 1 m x 1 m (pri¢vr§¢enog na
drvenu letvicu, rubova spojenih uzetom) po povrsini tla,
preko niskog raslinja i preko listinca u duzini od oko 200
metara. Platno se pregledavalo s jedne i druge strane,
svakih 10-ak metara, kako bi se utvrdila prisutnost
ulovljenih krpelja. Za uklanjanje tvrdih krpelja s platna
kori$tena je pinceta. Osobna zastitna oprema koritena
tijekom rada ukljucivala je repelent protiv krpelja, jed-
nokratne (lateks) rukavice i dezinficijens. Pronadene
jedinke tvrdih krpelja pohranjene su u epruvete (2 mL) i
transportirane u NZZJZIZ gdje je obavljena determina-
cija uzorkovanih krpelja, utvrdivanje razvojnog stadija,
odnosno spola jedinki. Takoder, krpelji su prikupljani
i s razli¢itih domacina (domacih i divljih Zivotinja te
ku¢nih ljubimaca) na podrucju Istarske zupanije.
Provedena je morfoloska determinacija krpelja uz pomo¢
klju¢eva za odredivanje vrsta krpelja (Estrada-Pefa
i dr. 2014) te uz pomo¢ stereo mikroskopa Olympus
SZX9 (OLYMPUS OPTICAL CO. EUROPA GMBH,
Hamburg, Njemacka), a svi primjerci fotografirani su
digitalnim fotoaparatom (Olympus SC50, Miinster, Nje-
macka). Svi sakupljeni krpelji pohranjeni su na -80 °C za
potrebe daljnjih analiza.

Statisticka obrada — Statistical analysis

Pomocu racunalne GIS aplikacije QGIS (QGIS v3,
Gossao, Svicarska) izvriena je usporedba i vizualizacija
prostorne raspodjele prijavljenih zoonoza i prikupljenih
krpelja na podrudju Istarske Zupanije. Statisticka analiza
zoonoza izvrSena je pomocu programske podrske Sta-
tistica'v. 14.0 na razini znacajnosti p < 0,05. Raspodjela
zoonoza u ovisnosti o spolu, dobnoj skupini oboljelih,
lokaciji, godini oboljenja i klasifikaciji slucajeva (vje-
rojatan i potvrden) provedena je analizom glavnih
komponenti (PCA).

REZULTATI | RASPRAVA
RESULTS AND DISCUSION

Radi udinkovitije zastite zdravlja ljudi i Zivotinja od
krpeljima prenosivih zoonoza te ocuvanja okolisne
sigurnosti, ovaj rad usmjeren je na analizu prisutnosti
i distribucije krpelja kao vektora patogena na podrucju
Istarske zupanije. Kori$tenjem podataka o prijavljenim
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zoonozama koje se prenose krpeljima te prostornom
analizom ucestalosti i raspodjele vektora moze se stvoriti
uvid u potencijalne javnozdravstvene rizike povezane
s njihovom pojavom. Na Slici 1 prikazana je prostorna
distribucija zoonotskih bolesti prijavljenih na podrucju
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Slika 1. Prostorna raspodjela zoonoza u razdoblju 2016. - 2023. te lokacije
prikupljenih i identificiranih krpelja u Istri u razdoblju 2020. - 2023.

Figure 1 Spatial distribution of zoonosis in the period 2016 — 2023 and locations of
collected and identified ticks in Istria in the period 2020 - 2023.

Tijekom istrazivanog razdoblja (2016. - 2023.) na
podrudju Istarske Zupanije ukupno je prijavljeno 126
slucajeva zaraznih bolesti koje se prenose putem ¢lanko-
nozaca, odnosno zoonoza ¢iji su vektori krpelji. Od toga,
122 slucaja (96,8 %) odnosila su se na lajmsku boreli-
ozu, dok su preostala Cetiri slu¢aja obuhvacala druge
zoonoze: dva slucaja Q-groznice (1,6 %) (Pore¢, 2016.
i naselje Danci, op¢ina Vizinada, 2018.), jedan slucaj
(0,8 %) hemoragijske groznice s bubreznim sindromom
(Houck i dr. 2001, Valiente i dr. 2005, Kr$an 2019) te
jedan slucaj (0,8 %) rikecioze (Sian, op¢ina LiZnjan,
2016.). Od ukupno 122 slucaja lajmske borelioze, 114
(93,4 %) je evidentirano kod rezidenata Istarske zupa-
nije, dok se osam slucajeva (6,6 %) odnosilo na osobe
koje nisu stanovnici Zupanije te stoga nisu ukljuceni
u analizu. Sukladno tome, u ovom radu detaljno je
obradeno i analizirano 114 slucajeva lajmske borelioze
u lokalnom stanovnistvu, kao i ostale Cetiri potvrdene
zoonoze zabiljezene na podrudju Zupanije tijekom nave-
denog razdoblja.

Analiza slucajeva lajmske borelioze prijavljenih na pod-
rudju Istarske Zupanije u razdoblju od 2016. do sredine
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Istarske Zupanije u razdoblju od 2016. do 2023. godine
koja predstavlja temelj za daljnju interpretaciju i uspo-
redbu sa zastupljeno$¢u prikupljenih i identificiranih
krpelja na istom podruéju u razdoblju od 2020. do 2023.,
$to je prikazano na Slici 2.
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Slika 2. Prostorna analiza svih zoonoza prijavljenih u Istri u razdoblju 2016. - 2023.
Figure 2 Spatial analysis of all zoonosis reported in Istria in the period 2016 - 2023.

2023. godine pokazuje da su najvisi godi$nji brojevi
zabiljezeni 2018. godine (23 prijavljena slucaja) i 2019.
godine (19 slu¢ajeva). Najmanji broj oboljelih zabiljezen
je 2021. godine, s ukupno cetiri prijavljena slucaja. U
preostalim godinama analiziranog razdoblja (2016.,
2017., 2020. i 2022.), broj prijava varirao je izmedu 12 i
16 slucajeva godisnje, $to ukazuje na odredene godisnje
oscilacije u pojavnosti bolesti.

Nadalje, analiziran je i udio oboljelih od borelioze po
dobnim skupinama gdje je najveci broj od 25 oboljelih
zabiljezen u dobnoj skupini osoba starijih od 60 godina,
§to ¢ini 22 % ukupnog broja oboljelih, zatim u dobnim
skupinama izmedu 30 i 39 godina te izmedu 50 i 59
godina s 20 (18 %) odnosno 19 (17 %) slucajeva obolje-
nja. Kod mlade populacije najveci broj slucajeva bolesti
prijavljen je u dobnoj skupini izmedu 5 i 9 godina - 18
slucajeva (16 %) i kod dobne skupine mlade djece do 4
godine starosti — 9 slucajeva (8 %).

Analiza incidencija lajmske borelioze, rasporedenih po
jedinicama lokalne samouprave na podrudju Istarske
zupanije u razdoblju od 2016. do 2023., ukazuje na to
da je najveli broj humanih slucajeva lajmske borelioze
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evidentiran u urbanim sredinama, dok je znatno manji
broj slucajeva zabiljezen u ruralnim sredinama. Suk-
ladno tome, najveci broj prijavljenih slucajeva bolesti
biljeze podrucja gradova Umaga (16), Buja (14 ), Pule
(12 ), Poreca i Pazina (8). Jedinice lokalne samouprave
u kojima je tijekom promatranog razdoblja zabiljezen
samo jedan slucaj bolesti objedinjene su pod kategoriju
»ostali’, a takvih je prijava bilo ukupno 12. U pogledu
pojave bolesti u Zivotinja za tri pracene zoonoze koje
se prenose sa zivotinje na ¢ovjeka (lajmska borelioza,
Q-groznica i rikecioza), zabiljezeni su slucajevi isklju¢ivo
Q-groznice u goveda, i to tijekom 2017., 2020. i 2022.
godine. U cilju utvrdivanja incidencije bolesti lajmske
borelioze po dobi i spolu, u pre¢enom razdoblju (2016.

- 2023.) koristena je statisticka analiza glavnih kompo-
nenti (PCA). Raspodjela podataka analiziranih varijabli
prikazana je u vektorskoj ravnini (Slika 3). Testiranje
primjerenosti uporabe analize glavnih komponenti pro-
vedeno je testom prema Kasier-Meyer-Olkinu, pri ¢emu
je indeks podudarnosti iznosio 0,812 te se njegova vri-
jednost moze ocijeniti kao vrlo dobra, sto je preduvjet za
provedbu PC analize. Za odredivanje broja glavnih kom-
ponenti koje su zadrzane u analizi koristen je Cattellov
»scree” test. Prema tom testu, u analizi su zadrzane tri
glavne komponente (PC1, PC2 i PC3) koje objasnjavaju
84,4 % ukupne varijance. Prva glavna komponenta PC1
objasnjava 45,6 % ukupne varijance, dok druga PC2 i
tre¢a PC3 24,5 %, odnosno 14,3 %.
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Slika 3. Raspodijela broja oboljelih od lajmske borelioze ovisno o spolu oboljelih (muskarci i Zene), godini prijavljenih sluc¢ajeva bolesti (2016. — 2023.), klasifikaciji
slucajeva bolesti (vjerojatan i potvrden) i jedinicama lokalne samouprave na podrucju Istarske Zupanije u razdoblju od 2016. do 2023. u faktorskoj ravnini pred-
stavljena analizom glavnih komponenti (PCA) u prve dvije glavne komponente (PC).

Figure 3 Distribution of the number of Lyme borreliosis patients depending on the gender of patients (men and women), the year of reported disease cases (2016-2023),
the classification of disease cases (probable and confirmed) and local self-government units in Istria County in the period from 2016 until 2023 in the factor plane repre-
sented by principal component analysis (PCA) in the first two principal components (PC).

Analizirajudi distribuciju promatranih varijabli na PCA
faktorskoj ravnini, vidljivo je da su varijabla dobnih sku-
pina starije dobi (od 30 do > 60 godina) te godine tijekom
kojih su prijavljeni slucajevi bolesti (2016., 2018., 2020.
- 2023.) rasporedeni u prvom i drugom kvadrantu vek-
torske ravnine definirajuci pozitivnu stranu prve glavne
komponente (desna strana PC1). Nadalje, desnu stranu
PC1 definira i Kklasifikacija slucaja: potvrdena bolest
(1. kvadrant faktorske ravnine), Zenski spol oboljelih
(2. kvadrant faktorske ravnine), kao i vecina urba-
nih sredina u kojima je detektiran veci broj slucajeva
bolesti (Umag, Pula, Pazin). S lijeve strane glavne kom-
ponente PC1 rasporedene su varijable: dobnih skupina

mlade Zivotne dobi (od 0 do 29 godina), godine tijekom
kojih su prijavljeni slucajevi bolesti (2017. i 2019.), vje-
rojatni slucajevi bolesti te muska populacija oboljelih
(3. 1 4. kvadrant). S iste strane faktorske ravnine nalaze
se ruralne sredine u kojima je prijavljen manji broj
slucajeva bolesti (osim grada Buja). U svrhu razjasnjenja
vaznosti pojedinac¢nih varijabli uklju¢enih u definiciju
modela glavnih komponenata, koristeni su pokazatelji:
vrijednost svojstvenih vektora i vaznost varijabli (Tablica
1). Analizirajuci vrijednosti svojstvenih vektora, moze
se uociti da najvedi broj varijabli definira glavnu kom-
ponentu PC1 (osam varijabli). Jak pozitivan u¢inak na
definiciju PC1 imaju sljedele varijable: potvrden slucaj
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(0,66) i zenski spol (0,69), dok je utjecaj varijabli dob (30
- 39) i lokacija grada Umaga pozitivan, ali vrlo slab (<
0,14). S druge strane, varijable vjerojatan slucaj (-0,66)
i muski spol (-0,69) pokazuju jak negativan ucinak na
PC1. Varijable godina 2019. (-0,36) i lokacija grada Pule
(-0,48) definiraju glavnu komponentu PC2, pri ¢emu je
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njihov utjecaj na definiranje PC2 umjereno jak i negati-
van. Glavnu komponentu PC3 definiraju varijable: dob
(> 60 godina) s jakim pozitivnim uc¢inkom (0,57) i vari-
jable: dob (50 - 59) i godina 2020. s jakim negativnim
u¢inkom (-0,49 i -0,58).

Tablica 1. Vrijednosti svojstvenih vektora i vaznost varijabli za klasifikaciju slu€ajeva (vjerojatan i potvrden), spola oboljelih (muski i Zenski), dobnih skupina
oboljelih, godina tijekom kojih su prijavljeni slucajevi lajmske borelioze i prisutnost slucajeva u jedinicama lokalne samouprave predstavljene analizom glavnih
komponenti (PCA) u prve Cetiri glavne komponente. Razli€itim bojama prikazane su varijable koje definiraju pojedinu glavnu komponentu. Za posljednje tri
navedene varijable prikazane su samo one s najjacom snagom i vaznosti. Razlicitim bojama prikazane su varijable koje definiraju pojedinu glavnu komponentu.
Table 1 Values of eigenvectors and the importance of variables for the classification of cases (probable and confirmed), gender of patients (male and female), age
groups of patients, years during which Lyme disease cases were reported and the presence of cases in local self-government units presented by principal component
analysis (PCA ) in the first four main components. The variables that define each main companent are shown in different colors. For the last three listed variables, only
those with the greatest strength and importance are shown. The variables that define each main component are shown in different colors.

Vrijednosti svojstvenih vektora

Varijabla
Variable

vjerojatan slucaj / probable case -0,66
potvrden slucaj / confirmed case 0,66
spol — muski / gender — male -0,69
spol — Zenski / gender — female 0,69
dob / age (> 60) 0,17
dob / age (50 — 59) 0,22
dob / age (30 — 39) 0,14
godina / year 2019 -0,28
godina / year 2020 0,12
godina / year 2017 0,31

grad Pula / the city of Pula 0,08
grad Umag / the city of Umag 0,10
grad Porec / the city of Pore¢ -0,19

Analizom vaznosti varijabli utvrdeno je da klasifikacija
slucajeva bolesti (vjerojatan i potvrden) pokazuju najjaci
utjecaj u definiciji modela sa snagom od 0,87 (Tablica 1),
dok jak utjecaj na definiranje modela pokazuje varijabla
spol (muski i zenski) od 0,81. Srednje jak utjecaj poka-
zuju varijable dob >60 godina (0,58) i godina (0,58), dok
je utjecaj lokacije grada Pule slab (0,26). Tijekom ispiti-
vanog razdoblja prijavljivanja bolesti lajmske borelioze
u vedini slucajeva kod Zenske populacije bio je potvrden
slu¢aj bolesti. Zenska populacija srednje ili starije Zivotne
dobi bila je vise izlozena pobolu prvenstveno u razdoblju
od 2020. do 2023. Isto tako, broj slu¢ajeva bolesti zenske
populacije bio je dominantno prisutan u urbanim sre-
dinama. Kod muske populacije bolest u vecini sluc¢ajeva
nije potvrdivana nego je pretpostavljeno da se radilo o
oboljenju. Obolijjevala je pretezno mlada muska popu-
lacija, pogotovo u dobi od 0 do 14 godina u ruralnim
sredinama. Na osnovi svega navedenog moze se zak-
ljuciti da na pojavnost lajmske borelioze najjaci utjecaj
imaju varijable: klasifikacija slucaja i spol oboljelih.

Na podrudju Istarske zupanije ukupno je prikupljeno

Vaznost varijabli
Values of eigenvectors Importance of variables
Snaga Vaznost
Strength Importance
0,58 -0,04 0,87 2
-0,58 0,04 0,87 2
-0,55 0,08 0,81 4
0,55 -0,08 0,81 4
0,30 0,57 0,58 3
0,00 -0,49 0,46 9
-0,05 0,04 0,56 1
-0,36 -0,25 0,58 6
0,11 -0,58 0,49 8
0,23 -0,08 0,44 10
-0,48 -0,04 0,26 13
-0,07 -0,08 0,24 15
0,01 -0,17 0,18 17

2349 jedinki krpelja pripadnika 12 vrsta ¢iji je prostorni
raspored prikazan na Slici 4. Od tog broja metodom
krpeljne zatege prikupljeno je ukupno 1247 krpelja (53,1
%), od ¢ega preko 89 % otpada na vrstu obicni ili Sumski
krpelj (I. ricinus L. 1758). Identificirane su i vrste Hae-
maphysalis punctata (Canestrini & Fanzago, 1878) sa
zastupljenos¢u od 4 %, Ixodes frontalis (Panzer, 1795) i
Rhipicephalus sanguineus (Latreille, 1806) s 2,5 %, rod
Rhipicephalus sp. (Koch, 1844) s 1,5 % te Dermacentor
marginatus, Haemaphysalis sulcata (Canestrini & Fan-
zago, 1878), Hyalomma marginatum (Koch, 1844) s <
1 % od ukupnog broja krpelja prikupljenih krpeljnom
zategom.

Ukupno je prikupljeno 1102 krpelja (46,9 %) metodom
izolacije s domac¢ina. Dominantna vrsta i ovom je meto-
dom bio I. ricinus, no s nizim relativnim udjelom (50
%) u odnosu na metodu prikupljanja krpeljnom zate-
gom. Nasuprot tome, R. sanguineus i H. marginatum
pokazale su znatno vecu zastupljenost (24 % i 13 %) u
usporedbi s udjelima zabiljezenim prilikom primjene
metode krpeljne zatege (2,5 % i 0,3 %). Ovom metodom
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Slika 4. Prostorna raspodijela razli¢itih vrsta krpelja na podru€ju Istre, prikupljenih metodom krpeljne zatege i prikupljanjem s domacina (Zivotinje/Covjeka).
Figure 4 Spatial distribution of different species of ticks collected by the flagging method and collection from the host (animal/human) in the area of Istria County.

dodatno su detektirane i vrste koje prethodno nisu bile
registrirane, uklju¢ujuéi jedinku roda Hyalomma (8 %)
te vrste Rhipicephalus turanicus (Pomerantsev, 1936)
(2 %), Ixodes gibbosus (Nuttall, 1916), Ixodes hexago-
nus (Leach, 1815) i Ixodes vespertilionis (Koch, 1844).
Primjenom ove metode uzorkovan je i meki krpelj Argas
persicus (Oken, 1818), s udjelom manjim od 1 %. Vrsta
D. marginatus zabiljeZena je u obje metode uzorkovanja,
pri ¢emu su udjeli bili vrlo sli¢ni. Nasuprot tome, vrste
iz roda Haemaphysalis (H. punctata i Haemaphysalis sp.)
te I. frontalis pokazale su nizu zastupljenost u odnosu na
metodu krpeljne zatege (2 % i 0,3 %). Dobiveni rezultati
upucuju na izrazeniju prisutnost vrsta Ciji se juvenilni
stadiji hrane na glodavcima, a poznati su vektori uzro¢-
nika zoonoza kao $to su lajmska bolest i Q-groznica (Lee
i dr. 1990, Schmaljohn i Hjelle 1997, Brummer-Korven-
kontio i dr. 1999, Fischer i dr. 2000, Olsson i dr. 2002).

U Republici Hrvatskoj, kao i u mnogim europskim
zemljama, nedostaju prostorni podaci o distribuciji i aktiv-
nosti vektora (ECDC 2018). Prostorna distribucija krpelja
u odredenoj regiji klju¢na je za procjenu rizika od bolesti
koje krpelji prenose i vrijedna je informacija za razumi-
jevanje ekoloske dinamike interakcija krpelja i domacina
te potencijalnog utjecaja na divlje i domace Zzivotinje i

cjelokupno zdravlje ekosustava (Léger i dr. 2013).

Psi su se pokazali kao u¢inkoviti bioindikatori za pracenje
prisutnosti krpelja i procjenu rizika od infekcija koje oni
prenose, uklju¢ujuéi Borrelia burgdorferi, uzro¢nika laj-
mske borelioze. Njihova sklonost kretanju kroz stanista
bogata vegetacijom, kao i blizak kontakt s ljudima, ¢ini
ih vrijednim izvorom informacija o prisutnosti vektora
u odredenim podrucjima (Duncan 2004). Tijekom ovog
istrazivanja, najveci broj krpelja u urbanim sredinama
prikupljen je s pasa, $to dodatno potvrduje njihovu ulogu
u otkrivanju i pracenju prisutnosti krpelja u okolisu. Za
razliku od toga, slucajevi humanih zoonoza - rikeci-
oza i Q-groznice - zabiljezeni su iskljuc¢ivo u ruralnim
sredinama. Isti trend pojavnosti bolesti u ruralnim sredi-
nama zabiljezen je i u domacih Zzivotinja, ali ne na istim
lokacijama, iz ¢ega se moze zakljuciti da slucajevi nisu
povezani, odnosno da patogen nije prenesen s domace
zivotinje na ¢ovjeka.

Rezultati analize podataka ukazuju da su od lajmske
borelioze ¢esée obolijevale Zene (58 %) u odnosu na mus-
karce (42 %). Ti podaci u skladu su s podacima iz drugih
drzava, odnosno ne pokazuju znacajne razlike u stopama
lajmske borelioze izmedu muskaraca i Zena u zemljama
SAD-a i Europe (Burn i dr. 2023) kao i s podacima



prikupljenim u sjevernim i kontinentalnim dijelovima
Republike Hrvatske (Ropac 2019) gdje je prosje¢no
godisnje prijavljeno 494 slu¢ajeva bolesti pretezito medu
osobama zenskog spola. Razlog tome moze biti razlika u
eksponiranosti infekciji, spolnim razlikama u klinickoj
manifestnosti infekcije te u redovitijem odlasku na preg-
led osoba zenskog spola, a time i ¢e$ce registracije bolesti
medu njima (Ropac 2019).

ZAKLJUCAK
CONCLUSION

Krpelji, kao jedni od najznacajnijih vektora brojnih zoo-
notskih patogena, imaju klju¢nu ulogu u odrzavanju
i prijenosu bolesti koje predstavljaju ozbiljan javno-
zdravstveni izazov. Provedeno istrazivanje na podrucju
Istarske Zupanije u razdoblju od 2016. do 2023., uz prim-
jenu GIS metodologije, omogucilo je prostornu analizu
prisutnosti krpelja i zoonoza ¢ijoj transmisiji doprinose.
Posebna vrijednost ovog istrazivanja ogleda se u sve-
obuhvatnom entomoloskom nadzoru tijekom kojeg je,
u razdoblju od 2020. do 2023. godine, identificirano
12 vrsta krpelja pripadnika svih pet rodova prisutnih u
Hrvatskoj (Ixodes, Dermacentor, Haemaphysalis, Hya-
lomma i Rhipicephalus), ukljucujué¢i i mekog krpelja
Argas persicus — po prvi put zabiljeZzenog u ovom obuh-
vatu na razini Zupanije. Najzastupljenija vrsta bila je I.
ricinus, vektor uzro¢nika dviju najces¢ih zoonoza u regiji
— B. burgdorferi sensu lato i C. burnetii, uzro¢nika lajm-
ske borelioze i Q-groznice.

Analiza epidemioloskih podataka ukazala je na 126 pri-
javljenih slucajeva bolesti koje prenose krpelji, od cega je
¢ak 96,8 % cinila lajmska borelioza. Statisticki znacajna
ucestalost bolesti zabiljezena je u urbanim sredinama,
osobito medu Zenskom populacijom starije Zivotne dobi.
Analizom je utvrdeno da na pojavnost bolesti najuze
utje¢u potvrdena dijagnoza, spol i dob (> 60 godina), §to
dodatno naglasava potrebu za ciljanom preventivhom
strategijom.

Dobiveni rezultati potvrduju vaznost sustavnog nad-
zora vektora i prepoznavanja podrucja poveéanog rizika
za prijenos bolesti na ljude. Pracenje prostorne dist-
ribucije krpelja klju¢no je za razumijevanje ekoloske
dinamike prijenosa patogena i planiranje ucinkovitih
javnozdravstvenih mjera. U skladu s pristupom ,,Jednog
zdravlja’, provedba integriranog nadzora - uz medu-
sektorsku suradnju javnozdravstvenih, veterinarskih
i ekologkih sluzbi - temelj je za ucinkovito upravljanje
vektorski prenosivim bolestima. Ovi nalazi dodatno
naglasavaju potrebu za trajnim, koordiniranim epidemi-
oloskim nadzorom i edukacijom stanovnistva o rizicima
koje krpelji predstavljaju za zdravlje ljudi i Zivotinja.
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SUMMARY

Monitoring the presence of vectors of infectious diseases is of critical importance for public health
protection and it further emphasizes the necessity of an interdisciplinary approach within the “One
Health” concept. This study is based on field research of ticks as vectors of zoonotic pathogens and
the analysis of tick-borne disease incidence in Istria County, Croatia. According to data from the
Croatian Institute of Public Health for the period 2016-2022, a total of 126 cases of zoonotic diseases
were reported, of which 114 (93.4%) were cases of Lyme borreliosis, two were cases of Q fever, and
one case each of rickettsiosis and haemorrhagic fever with renal syndrome. Eight reported cases
of zoonoses were recorded in non-residents of Istria County. As part of this research, systematic
sampling of hard ticks (Acari: Ixodidae) was conducted from 2020 to 2023 using the flagging
method and collection from the host, yielding a total of 2349 specimens belonging to 12 different
species from the genera Ixodes, Dermacentor, Hyalomma, Haemaphysalis, and Rhipicephalus, along
with one soft tick from the genus Argas. The dominant species was the sheep tick (Ixodes ricinus
L.), accounting for 70.84% of the total sample. This species is a known vector of Borrelia burgdorferi
sensu lato (the causative agent of Lyme borreliosis) and Coxiella burnetii (the causative agent of Q
fever).

The results indicate a notable presence and wide distribution of vectors responsible for the
transmission of Lyme borreliosis, confirmed as the most prevalent zoonosis in the region. The
obtained data support the need for continuous entomological surveillance and epidemiological
monitoring of vector-borne diseases to enable more accurate risk assessment and the development
of appropriate public health measures.

KEY WORDS: Istria County, public health, ticks, Lyme disease, zoonoses
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IZNIMNA STABLA NASIH SUMA
Licki car caruje u visinama Velebita - (ne)obicna jela
(Abies alba Mill.) iz Begovace

Mandica Dasovic', Antonija Jurkovic-Tomac?

Casopis Sumarski list pokreée novu rubriku Iznimna stabla nasih $uma u
kojoj Zelimo predstaviti pojedinacna stabla u naS§im Sumama koja se isticu
visinom, prsnim promjerom, volumenom, dobi, habitusom, kvalitetom
debla, rijetkom pojavom, posebnim nalaziStem ili nekim drugim posebnim
obiljezjem. Pozivamo Citatelje da se ukljuce u kreiranje ove rubrike i posalju
nam fotografije i detaljniji opis takvih stabala u nasim Sumama.

Urednistvo

Prelaze¢i preko znamenitog kosinjskog mosta i vozeci
se kroz Gornji Kosinj i Kosinjski Bakovac, dolazi se u
predio zvan Kotao. Taj dio Velebita znan je po prekra-
snim $umama bukve i jele kojima gospodari USP Gospié,
Sumarija Perusi¢, a obuhvacen je Programom gospodare-
nja za gospodarsku jedinicu Konjska draga — Begovaca, s
planom upravljanja podrucjem ekoloske mreze. U Parku
prirode Velebit nalazi se 91 % povrsine ove gospodarske
jedinice kao i sam predio Kotao u kojemu raste vjerojatno
najveca jela u Hrvatskoj i Europi.

Sume Begovace od velikog su znacenja za stanovnistvo
toga kraja. Iz tih Suma se drvarilo, sjekla se grada za kuce,
ubirali Sumski plodovi, odvodila stoka na ispasu ... s tom
$umom se Zzivjelo. Volio je i ¢uvao narod svoju Sumu, pre-
poznavao ona najljepsa, najveca stabla oko kojih se oku-
pljalo, sjedilo i pricalo, a upravo takvo je ,Jela Car”. Ova
velebitska ljepotica dobi ime ,,Car”, a ne carica ili kraljica
kako bi prili¢ilo stablu Zenskoga roda, no u narodu je car
predstavljao nekog vrlo mo¢nog, uzviSenog, velikog vla-
dara, aova jela je upravo to medu svim drugim stablima
na Velebitu. Davno je, ne zna se kada, dobila ime ,Jela
Car, koje s ponosom nosi i danas.

»Jela Car” najvece stablo obicne jele (Abies alba Mill.) na
Velebitu, raste na 924 metra nadmorske visine. Svojom
impozantnom visinom od 47,5 metara i opsegom od 5,9
metara u prsnoj visini (prsni promjer 1,9 metra), nadvi-
suje sva okolna stabla. Starost joj nije utvrdivana ali je
procijenjena na vise od 500 godina.

Imala je ova jela, ovaj car od stabla i teskih trenutaka.
Jedan takav zbio se 1968. godine kada je u vrh stabla
udario grom, nakon ¢ega su se odlomile tri vr$ne grane i
tek 1976. godine vrh se ponovno zazelenio od novih izbo-
jaka.

T Mr. sp. Mandica Dasovi¢, dipl. ing. $um., Hrvatsko Sumarsko dru$tvo
2 Antonija Jurkovi¢-Tomac, mag. ing. silv., Park prirode Velebit, Gospi¢

Ziliste stabla - promjer stabla u prsnoj visini oko 190 cm.

PODACI IZMJERE

visina stabla 47,5 m

visina baze krosnje: 13,5 m

opseg stabla u prsnoj visini 592 cm (promjer 189 cm)
opseg stabla na visini 10 m iznosi 443 cm (promjer 141 cm)
opseg stabla na visini 20 m iznosi 402 cm (promjer 128 cm)
opseg stabla na visini 30 m iznosi 303 cm (promjer 97 cm)

Zahvaljujudi Zelji, ali i potrebi da se o ,,Jeli Car” sazna $to
vise, Park prirode Velebit proveo je istrazivanje pod nazi-
vom ,Zdravstvena procjena stabla obi¢ne jele - jela car
(Abies alba) u PP Velebit”. Zahvaljujuci tomu, dobiveni su
podaci koji ¢e uvelike pomo¢i u o¢uvanju i zastiti ovog
impozantnog stabla. Jedan ljudski zivot za ovu jelu ne
znadi puno, ali ako postoji i najmanja moguénost pobolj-
$anja Zivotnih uvjeta za istu, ona bi se trebala ostvariti.
Ovim istrazivanjem na zahtjev PP Velebit, u srpnju 2023.
godine izvr$en je zdravstveni pregled i ocjena vitalnosti te
staticke sigurnosti stabla ,,Jele Car”.

Rezultati procjene vitaliteta i zdravstvenog stanja

Pregled stabla poznat je pod nazivom VTA (eng. Visual
tree assesment) analiza, ukljuCuju¢i izmjeru preostale
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¢vrste drvne stijenke mjernim instrumentom rezisto-
grafom izvrsila je Jana Nature Company 2023. godine.
Zdravstveno stanje ziliSta, pridanka i debla do baze kros-
nje pregledano je s tla, dok je utvrdivanje stanja kro$nje
i debla od baze kro$nje sve do vrha stabla bilo potrebno
provesti tehnikom penjanja.

Ziliste stabla je vrlo razvedeno, a u nekoliko ogranaka zilista
prisutne su otvorene $upljine i trulezi. Jedan ogranak ziliSta
zahvacen je srednje jakom trulezi, a za utvrdivanje njezine
uznapredovalosti provelo se mjerenje preostale ¢vrste sti-
jenke rezistografom. Uoceno je kako je razmjer trulezi vrlo
malen u odnosu na presjek debla te da se s porastom visine
' ] ‘ postupno smanjuje i
pozicijom zakrece u
smjeru obrnutom od
| kazaljke na satu, Sto
znaci da trulez prati
prirodnu  zakrivlje-
nost zice debla. Na
visini od 3,5 metra
trulez vise nije zabi-
ljezena. Moguci
uzrok Supljina je
{ mehanicka ozljeda i
one su konzistentno
obrasle korom.

Baza kro$nje nalazi
se na 13,5 metara
visine, donji dio
krosnje je vitalan, ali
u samoj bazi nalaze
se plodista saprofitne
gljive truleznice (red
Aphyllophorales)
locirane u pazuscu
suhe grane. Penjuci
se dalje uocava se
i rakasta tvorevina

Autorica i Car.

Na visini od 30 metara ,,eIa Car” izrasta iz sastojine i promjerom od 97 centimetara pr

ém§uje promjere koje okolna stabla imaju pri tlu.
na jednoj od grana, a na 16,5 metara uoceni su simptomi
djelovanja ksilofagnih kukaca iz porodice pipa (Curcu-
lioninae). Na visini od 23 metra uspravno uz deblo raste
mlado debalce promjera 13 centimetara u bazi prsljena. Do
visine 30 metara nisu uocene duplje niti Supljine kao niti
LU ili ,V” raslje. Na ovoj visini primjecuje se pocetak velike
zastupljenosti bijele imele (Viscum album L.) koja se proteze
do samog vrha kro$nje. Suhe grane prisutne su cijelom visi-
nom kros$nje, a napredovanjem visine povecava se i koli¢ina
lisajeva.

Na 42. metru nalazi se mjesto starog loma vrha kroSnje nakon udara
groma, a prisutna je i centralna trulez.

Iznad mjesta loma razvili su se novi vrhovi visine oko 5
metara, koji nisu bili sigurni za penjanje. Unutar mjesta
starog loma krosnje stvorila se $upljina u deblu dubine
oko 40 centimetara.

Nakon ovog pregleda, zakljucak je kako je ,Jela Car”
dobrog zdravstvenog stanja i ima dobru razinu statike.
Sve se ¢esce oko jele okupljaju ljubitelji Velebita i oni koji
prepoznaju njenu vrijednost i posebnost. To potvrduju i
dva puta odrzane kulturno - zabavne manifestacije Mira-
kul na Velebitu - ,,U zagrljaju Jele Car”

Zasluzuje taj licki Car svojom vi$estoljetnom vladavinom
veliku pozornnost i zastitu, kako bi jos dugo, dugo i dalje
svjedocio zbivanjima u Sumama Velebita.



SUMARSKI LIST, 11-12, XLIX (2025)

Stete od srpanjskog nevremena 2023. godine

Kresimir Zagar'

Vratimo se malo na pocetak 2023. $umarske poslovne
godine. Krenulo se s dinami¢kim izvr§avanjem plana
proizvodnyje, slijedilo je suo¢avanje s ve¢ poznatim izazo-
vima kao $to su nedostatak radne snage, pracenje pojave
hrastove mrezaste stjenice, sanacija jasenovih sastojina
napadnutih halarom, suocavanje s problematikom vise-
godisnjeg slabog uroda Zira. Vremenske prilike zbog
ucestalih kisnih padalina utjecale su na gubitak desetaka
radnih dana i zaostajanje u proizvodnji drvnih sortime-
nata, a pocetkom ljeta pojavila se i africka svinjska kuga.

No u mjesecu srpnju uslijedilo je ono po ¢emu ce sva
hrvatska, posebice Sumarska javnost, pamtiti 2023.
godinu.

Devetnaestog dana srpnja 2023. godine u popodnev-
nim satima ogromno podrucje Hrvatske, od granice
sa Slovenijom na zapadu, pa do granice sa Srbijom na
istoku, zahvatilo je olujno nevrijeme nevidenih razmjera
i snage. Olujni vjetar koji je puhao brzinom od 100-180
km/h prouzrocio je enormne $tete na objektima, infra-
strukturi, kao i na poljoprivrednim povrsinama i Sum-
skim sastojinama. Nazalost oluja je bila i smrtonosna
jer su tom prilikom izgubljena tri ljudska Zivota. Okol-
nost da se oluja dogadala u popodnevnim i vecernjim
satima utjecala je na to da su izbjegnute vece Zrtve, jer se
u $umi u to vrijeme viSe nisu nalazili Sumarski djelatnici.
Nazalost oluja je, ipak nesto slabijih razmjera, ponovno
pogodila istok Hrvatske i dva dana kasnije, 21. srpnja i
prouzrocila dodatne Stete.

Najveca S$teta nastala je na krajnjem istoku Hrvatske,

1 mr. sp. Kregimir Zagar, dipl. ing. $um., Hrvatske $ume d.o.o.

gdje je snaga i brzina vjetra dosegla svoj maksimum, a
najvece Stete nastale su upravo na Sumskim sastojinama.

Iste no¢i nakon prolaska oluje, pa sve do sredine kolo-
voza 2023. godine djelatnici i vozila te strojevi Hrvatskih
$uma d.o.o. kao jedna od glavnih operativnih snaga uz
civilnu zastitu, vojsku i komunalne sluzbe, pruzali su
ispomo¢ na uklanjanju posljedica nevremena na drzav-
nim, zupanijskim, lokalnim i nerazvrstanim prometni-
cama te privatnim i javnim objektima i infrastrukturi.
Tek nakon toga krenulo se s ras¢is¢avanjem Sumskih
prometnica, kako bi se napokon pristupilo pogodenim
$umskim podrué¢jima. Na temelju snimaka iz dronova
te usporedbom stanja prije i nakon oluje, na satelitskim
snimkama ve¢ je bila izvr§ena preliminarna procjena
Stete. Nevjerojatni prizori Stete na terenima na koje je
bilo moguce pristupiti ledili su krv u Zilama i izazivali
nevjericu i zaprepastenje nasih kolega. Nije se gubilo
vrijeme i promptno se krenulo s doznacivanjem i evi-
dentiranjem vjetrom izvaljenih i polomljenih stabala te
sanacijom oS$tecenih sastojina.
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uprava Suma podruznica ukupna Steta hrast luznjak | hrast kitnjak bukva jela/smreka ostale vrste
VINKOVCI 2.800.000 2.143.000 657.000
OSIJEK 29.264 602 200 200 28.262
POZEGA 247.756 4.051 89.999 118.580 9.190 25.936
BJELOVAR 287.169 48.931 46.424 111.336 3.955 76.523
KOPRIVNICA 10.678 2.281 499 2.293 30 5.575
ZAGREB 332.312 98.052 46.417 54.263 2.151 131.429
KARLOVAC 7.999 360 1.387 5.065 104 1.084
SENJ 35.993 7.669 28.324
GOSPIC 20.696 10.866 9.743 87
BUZET 18.601 17.165 179 1.257
NOVA GRADISKA 631.076 107.737 142.274 283.148 17.488 80.429
UKUPNO 4.421.544 2.405.014 327.200 610.585 71.164 1.007.582

U tablici je prikazana ukupna $teta na bruto drvnoj zalihi
u drzavnim $umama kojima gospodare Hrvatske Sume
d.o.0., a koja je procijenjena na vise od 4,4 milijuna m’.
Najveca $teta nastala je na podru¢ju USP Vinkovci i
to bruto 2,8 milijuna m* (od toga preko 2,1 milijun m’
hrasta luznjaka) $to iznosi oko neto 2 milijuna m* drvnih
sortimenata.

Na temelju dogovora Uprave Hrvatskih Ssuma i resornog
ministarstva Vlada RH je ve¢ 31. 8. 2023. godine donijela

Uredbu o izmjenama i dopunama Zakona o $umama,

a Ministarstvo poljoprivrede promptno je isti dan na
temelju Uredbe donijelo i Naredbu o zabrani radova gos-
podarenja u odredenim odsjecima kojima istjece Sum-
skogospodarski plan, a kako se ne bi bespotrebno sjeklo
svjeza stabla te na taj nacin sprijecilo nastajanje ve¢ih
$teta i problema.

Hrvatske $ume d.o.o. su na temelju Naredbe i stanja na
terenu napravile rebalans plana proizvodnje drvnih sor-
timenata za 2023. godinu i pokrenule hitnu doznaku i
evidentiranje vjetrom izvaljenih i o$tecenih stabala.




Doznaku su vriili vlastiti radnici USP koje su pretrpjele
Stete, a u USP Vinkovci i Nova Gradiska, gdje su razmjeri
Stete bili takvi da se nije mogla izvrsiti doznaka i eviden-
tiranje Stete vlastitim radnicima, u ispomo¢ su stigli
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diplomirani inzenjeri $umarstva, poslovode i $umski
radnici iz svih ostalih podruznica.

Paralelno je krenula i hitna sanacija, odnosno sjeca i
izrada te privlacenje i izvozenje drvnih sortimenata
pomocu vlastitih kapaciteta (domicilne USP uz ispomo¢
svih ostalih USP u F1 i F2) te kapaciteta poduzetnika
putem ugovora na temelju provedenih postupaka kroz
dinamicki sustav javne nabave. Prethodno su sa svim
poduzetnicima, a koji su imali ve¢ ugovorene radove i
koji su bili spremni vr$iti sanaciju vjetroizvala i vjetro-
loma, sporazumno raskinuti aktivni ugovori ili su dodat-
kom ugovora prolongirani rokovi izvodenja tih ugovora.
Izrada drvnih sortimenata pri sanaciji vjetroloma i vje-
troizvala je za sjekace izuzetno opasan i tezak posao, pri
¢emu je potrebno iznimno oprezno izvodenje radova, a
maksimalno su koristeni harvesteri i Zicare s harvester-
skom glavom.

Najprije se krenulo u sanaciju najstarijih oste¢enih sasto-
jina u kojima su se nalazila najkvalitetnija stabla, kako bi
se maksimalno iskoristili najvrjedniji sortimenti i time
umanjila nastala Steta.

Do kraja 2024. godine prakticki je zavrsila sanacija na
svim olujom pogodenim USP, osim u Vinkovcima gdje je
nastala najveca Steta, i to 63 % ukupne $tete, a zbog strada-
nja hrasta luznjaka po vrijednosti i 80 % i gdje je logi¢no
bio i fokus sanacije. Tako je do kraja 2023. godine samo
na podruéju USP Vinkovci sanitarnom sje¢om i izradom
drvnih sortimenata proizvedeno 310.000 m’ drvnih sor-
timenata, a tijekom 2024. godine 1.185.000 m?, a do sada
u 2025. godini proizvedeno je gotovo 500.000 m® drvnih
sortimenata.
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Procjenjuje se da je za sanaciju u USP Vinkovci preostalo
oko 200.000 m® bruto drvne mase, iz ¢ega bi se moglo
proizvesti jo$ oko 150.000 m? sada ve¢ daleko manje vri-
jednih drvnih sortimenata.

Ukupno je na podru¢ju USP Vinkovci do danainjeg
dana, u razdoblju od 19. 7. 2023. do 25. 11. 2025. godine
sanitarnom sje¢om i izradom drvnih sortimenata sani-
rano oko 2,6 milijuna m® bruto drvne mase (93 % od
o$tecenih 2,8 milijuna m?) iz ¢ega je proizvedeno gotovo
2,0 milijuna m? drvnih sortimenata, a od toga 970.000
m® furnirskih i pilanskih trupaca te 1.000.000 m* pro-
stornog (ogrjevnog) drveta.

Sanacija samih staniSta koja su ostala bez $umskog
pokrova izazov je za sljedece desetljece. Naime, bit ce
potrebno izvrsiti posumljavanje tisuca hektara povr-
$ina, cemu je prethodila sanacija vjetroizvala i uspostava
$umskog reda te priprema stanista. Neredoviti urod zira

utjecat ¢e na proizvodnju potrebnog sadnog materijala, a
kad se i proizvede potrebno je izvrsiti sadnju u optimal-
nom razdoblju godine u vrijeme mirovanja vegetacije
kad je najvece opterecenje los§im vremenskim uvjetima,
a uz sve to prisutan je nedostatak radne snage potrebne
za obavljanje ovog obimnog i teSkog posla.

Sanacija je zapocela ve¢ krajem 2023. i pocetkom 2024.
godine, a prosle godine je iskoriSten i napokon dobar
urod Zira hrasta luznjaka i dio stradalih povr$ina sanirao
se, osim sadnjom sadnica, i sjetvom Zira.

Slijede nam godine intenzivne brige, zastite i njege
pomlatka i buducih mladih sastojina.

Svjesni smo da ¢e biti potrebna desetljeca da se stanista
saniraju, no posljedice srpanjske oluje iz 2023. godine,
posebice na podrudju Spa¢vanskog bazena, bit ¢e vidljive

stolje¢ima.
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Sedmi hrvatski znanstveno-strucni skup o
urbanom sumarstvu, Vinkovci 2025.

Damir Dramalija’
fotografije: Damir Dramalija, Lucija Vargovi,
grad Vinkovci

Nakon uspje$no odrzanog skupa u
Opatiji prosle godine, treba istaknuti
zadovoljstvo svih organizatora $to se ovaj
dogadaj, u skladu sa ustaljenom praksom
promjene domacina, ponovo vratio u
Slavoniju, gdje je u Osijeku 2019. prvi
puta organiziran.

Ovogodi$nji, 7. hrvatski znanstveno-
struéni skup o urbanom Sumarstvu,
s glavnom temom: ,Izazovi urbanog Sumarstva u
prilagodbi na klimatske promjene, odrzan je 16. i 17.
listopada 2025. godine u Vinkovcima. Organizatori
skupa bili su Sveuciliste u Zagrebu Fakultet Sumarstva i
drvne tehnologije, Hrvatske Sume d.o.o0. Zagreb, Hrvatski
$umarski institut i Hrvatsko Sumarsko drustvo - Sekcija
za urbano Sumarstvo sa suorganizatorima Akademijom
$umarskih znanosti te Hrvatskom komorom inZenjera
$umarstva i drvne tehnologije, a sve uz pokroviteljstvo
Vukovarsko-srijemske zupanije i Grada Vinkovaca.
Vazno je istaknuti da ovaj skup predstavlja i jednu od
aktivnosti kojima se obiljezava 260 godina organiziranog
$umarstva u Hrvatskoj, ¢ijem su razvoju Vinkovci i cijela
Slavonija dali izuzetan doprinos.

1 Damir Dramalija, dipl. ing. $um., Hrvatsko $umarsko drustvo

e A

Grad Vinkovci prepoznat je kao grad u kojemu se cijeni
znacaj i velika vrijednost urbanih $uma i u kojemu se
kvalitetno skrbi o urbanom drvenastom zelenilu. Potvrda
toga su sjajni parkovi kao $to su Gradski park Vinkovci,
Park Lenije i novoizgradeni Park Papuk te park-Sume
Kanovci, Kunjevci i Zvirinac. Takoder, nemoguce je
ne spomenuti da su Vinkovci najstariji grad u Europi
neprekidno naseljen preko 8200 godina i za pretpostaviti
je da su njegovi stanovnici oduvijek zZivjeli uz $umu,
koriste¢i neke od njenih dobrobiti. Isto tako, potrebno
je ista¢i da cijela Vukovarsko-srijemska zupanija ima
razvijenu zelenu infrastrukturu sa znacajnim prirodnim
kompleksima, od kojih sumnogizasticeni te predstavljaju
istinske prirodne znamenitosti, zbog ¢ega su ukljuceni
u veliku europsku ekolosku mrezu Natura 2000. Uz ve
navedenu park-$umu Kanovci, treba istaknuti i podrucja
kao $to su Vukovarske dunavske ade, zasti¢eni hrastovi
u Drenovcima, te park oko dvorca u Nustru i park oko
starog grada u Iloku.

Kao i prijasnjih godina, prije samog otvorenja skupa,
organizirana je prigodna sadnja ukrasnog drveca
kojom se na simboli¢an nacin obiljezava odrzavanje
skupa, a u kojoj je sudjelovao i gradonacelnik Grada
Vinkovaca g. Josip Romi¢. Na zelenoj povrsini ispred
Centra za socijalnu skrb u Vinkovcima, posadene su
tri parkovne sadnice oskoruse (Sorbus domestica).
Oskorusa je odabrana jer se radi o nasoj autohtonoj vrsti
$umske vockarice koja je vrlo dekorativna, doprinosi
bioraznolokosti i dobro podnosi teske uvjete urbane
sredine.

Na zadovoljstvo domacina i organizatora skupa, u
suvremeno uredenoj Velikoj vije¢nici Vukovarsko-

srijemske  Zupanije u Vinkovcima, okupilo se
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rekordnih 150 znanstvenika i stru¢njaka iz tvrtki,
institucija i ustanova iz podrucja urbanoga $umarstva
i povezanih djelatnosti iz cijele Hrvatske. U takvom
pozitivhom ozracju, znanstveno-strucni skup otvorili
su pozdravnim govorima Krasnodar Sablji¢, Voditelj
vinkovacke podruznice Hrvatskih $uma, Martina Kici¢,
predstavnica Hrvatskog Sumarskog instituta, Darko
Posari¢, dopredsjednik Hrvatskog $umarskog drustva,
prof. dr. sc. Marijan Grubesi¢ - predsjednik Akademije
$umarskih znanosti, Hrvoje Nice, proc¢elnik Upravnog
odjela gospodarstva Grada Vinkovci, Silvija Sokéevi¢ u
ime Vukovarsko-srijemske Zupanije i JU Priroda i prof.
dr. sc. Josip Margaleti¢ - dekan Fakulteta Sumarstva i
drvne tehnologije Sveucilista u Zagrebu.

U dva dana rada skupa, moglo se ¢uti 27 kvalitetnih
prezentacija rasporedenih u pet tematskih cjelina.
To su valorizacija i gospodarenje urbanim $umskim
ekosustavima, upravljanje zasti¢enim dijelovima prirode
u urbanim podru¢jima, odrzavanje urbanog drvenastog
zelenila i urbanih Suma, socijalni segment urbanog
$umarstva te uloga javnih politika u planiranjuiizvodenju
radova iz urbanog $umarstva i zelene infrastructure.
Pojedine sesije redom su moderirali prof. dr. sc. Stjepan

EHRVATSKE

Posavec, izv. prof. dr. sc. Vinko Pauli¢, prof. dr. sc. Zeljko
Skvorc i Damir Dramalija, dipl. ing. $um.

Ocekivano, veliki interes su izazvala predavanja vezana
uz naslovnu temu koja je odabrana u skladu s aktualnim
trenutkom u kojem cijeli svijet ulaze iznimne napore
u borbi protiv klimatskih promjena. Niz postavljenih
pitanja autorima prezentacija, ali i svim nazo¢nima,
rezultirao je konstruktivhom raspravom i razmjenom
misljenja. Tako su razmotreni neki od izazova u tom
procesu prilagodbe koji stoje pred svima ukljucenim u
skrb o urbanim $umama i urbanom drvenastom zelenilu
u ovom interdiciplinarnom podrudju.

Isto tako, posebno zanimanje izazvale su prezentacije
koje se bave problematikom zakonskog pozicioniranja
urbanog Sumarstva, kao i nedostatkom odgovarajucih
zakonskih rjeSenja vezanih za upravljanje zelenim
povrsinama. Tom prilikom je zaklju¢eno da treba osnaziti
rad radne skupine za zakonodavstvo unutar Sekcije, te
joj prikljuciti zainteresirane predstavnike pravne struke.

Prezentacijski dio skupa zavrsen je izlaganjima studenata
urbanog Sumarstva, zastite prirode i okolisa koji suiovom
prilikom potvrdili svoje sposobnosti i kompetencije za
kvalitetan i odgovoran rad u ovom sektoru.

SRR
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Prema ustaljenoj praksi, prije sluzbenog zatvaranja iznio je zakljucke nastale iz programa rada skupa, uz
7. hrvatskog znanstveno-stru¢nog skupa o urbanom uvazavanje svih prijedloga iznesenih u raspravama i
$umarstvu, Vinkovci 2025., izv. prof. dr. sc. Vinko Pauli¢  razmjeni misljenja i iskustava.

ZAKLJUCCI 7. HRVATSKOG ZNANSTVENO-STRUCNOG SKUPA O URBANOM SUMARST VU, VINKOVCI 2025.

Tijekom 7. hrvatskog znanstveno-stru¢nog skupa o urbanom $umarstvu slusatelji su imali priliku ¢uti niz zanimljivih predavanja
koja isti¢u klju¢ne poruke povezane s ovogodi$njom temom skupa: prilagodbom urbanog $umarstva klimatskim promjenama. Ipak,
tematska podrudja koja su predstavljena na skupu nadilazila su naslovnu temu, obuhvacajuci i druge vazne aspekte ovoga podrucja.

Opd¢i zakljucci skupa isti¢u vaznost urbanog Sumarstva i urbanih Suma kao klju¢nih elemenata u prilagodbi na klimatske promjene,
¢ime se ovome podrudju dodaje sve vedi znacaj unutar $umarske struke. Posebno su nagla$eni interdisciplinarni pristupi kao
Kklju¢ za razumijevanje slozenih izazova, poput klimatskih promjena. Potrebna je snaznija integracija znanstvenih spoznaja u javne
politike kako bi se implementirala rjeSenja zasnovana na stru¢nom konsenzusu.

Sudionici su ukazali na vaznost znanstvene komunikacije izmedu razli¢itih struka i uklju¢ivanje stru¢njaka urbanog Sumarstva
u procese donoSenja odluka o prilagodbi klimatskim promjenama u urbanim i periurbanim sredinama, kao i drugim pitanjima
vezanim za drvenastu vegetaciju kao dio zelene infrastrukture.

Kroz predavanja je dodatno naglasena vaznost interdisciplinarnosti i komunikacije s gradanima. Primjerice, pri izgradnji novih
sadrzaja poput biciklistickih staza, nuzno je kontinuirano educirati gradane, projektante i investitore o integrativnom pristupu i
biokulturnoj etici urbanog Sumarstva. Time se moze smanjiti $teta od uklanjanja stabala i degradacija javnih zelenih povrsina
tijekom izgradnje, jer se cjelokupni proces izgradnje biciklistickih staza najcesce percipira kao isklju¢ivo pozitivna mjera odrzivosti
(Vizentaner, J.). Unato¢ podrsci zelenim politikama, primjecuje se pad udjela zelenih povrsina, parkova i urbanih $uma u prostornim
planovima. Zbog klimatskih promjena, europskih direktiva i koristi zelenila za zdravlje ljudi, nuzno je izraditi prijedloge zakonskih
izmjena koji bi omogucili razvoj i odrzavanje zelenih kvartova i gradova (Gjurkin, V.). Istrazivanja informiranosti hrvatskih
gradana pokazuju da su ispitanici ve¢inom zabrinuti za zdravlje stabala u urbanim sredinama, osvijesteni o utjecaju bolesti i
$tetnika, najvise podrzavaju preventivne i bioloske mjere kontrole, te su ve¢inom izrazili spremnost na primjenu preventivnih
mjera protiv irenja bolesti i §tetnika tzv. biosigurnosno ponasanje (Krajter Ostoi¢, S.). Sume koje se koriste za odmor i rekreaciju
gradana diljem Hrvatske vazan su dio urbane zelene infrastrukture, stoga se treba ¢uvati njihova kvaliteta te naglasavati opéekorisne
funkcije koje pruzaju drustvu danas i u buducnosti (Ki¢i¢, M.). U tom smislu se isti¢e potreba daljnjeg zakonskog definiranja
razli¢itih kategorija Suma u urbanom podrudju i rjeSavanje imovinsko-pravnih odnosa, kako bi omogucili njihovo ujednadenije
gospodarenje i uredenje (Kosijer Goricki, D.).

Daljnji razvoj podrudja urbanog $umarstva vidimo kroz integraciju stru¢nog znanja iz podrucja Sumarstva, suvremenih tehnologija,
financijskih sredstava EU fondova i sudjelovanja gradana, ¢ime se moze uspostaviti inovativan, odrziv i uklju¢iv model upravljanja
urbanim $umama koji doprinosi o¢uvanju bioraznolikosti, pove¢anju otpornosti na klimatske promjene i unaprjedenju kvalitete
zivota u urbanim sredinama (Franji¢, 1.).

Preporuke za daljnji razvoj podrucja uklju¢uju poticanje interdisciplinarnih istrazivackih projekata u okviru nacionalnih i europskih
fondova, s fokusom na ja¢anje zakonodavnog polozaja urbanog $umarstva. Takoder, potrebno je unaprijediti obrazovanje i $irenje
znanstvenih te stru¢nih spoznaja kroz suradnju unutar i izvan Sumarske struke.

Posebnu pozornost treba usmjeriti na digitalne tehnologije koje omogucuju pracenje i evaluaciju zelene infrastrukture, s naglaskom
na urbano drvenasto zelenilo. Poticanje razvoja platformi za suradnju razli¢itih dionika — od znanstvene zajednice, stru¢njaka,
donositelja odluka do $ire javnosti — klju¢no je za daljnji odrzivi razvoj urbanog $umarstva i zelene infrastrukture u cjelini.

7

lzazovi
urbanog
Sumarstva

u prilagodbi
na klimatske
promjene
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Tradicionalno, organizirane su i terenske aktivnosti od
kojih treba izdvojiti obilazak Velikog parka u sredistu
Vinkovaca i parka Papuk koji je sjajan primjer uspjesne
sanacije odlagalista otpada, uz stru¢no vodstvo g.
Josipa Bari$ic¢a iz Agencije za razvoj i investicije Grada
Vinkovaca VIA d.o.o. Drugi dan, organiziran je posjet
atraktivnoj park-Sumi Adica u Vukovaru, gdje je
kolega Ivan Prebanié, upravitelj Sumarije Vukovar, na
zanimljiv i stru¢an nacin predstavio aktivnosti vezane
uz odrzavanje i razvoj ove trazene destinacije i opisao
primjere dobre prakse suradnje Hrvatskih $suma i Grada
Vukovara. Nakon toga, sudionici skupa posjetili su neke
od znacajnih lokacija iz Domovinskog rata u Vukovaru,
nasem gradu-heroju, i time na dostojanstven nacin
zavr$ili jo$ jedan skup o urbanom $umarstvu.

Na kraju, organizatori skupa, Hrvatsko Sumarsko
drustvo - Sekcija za urbano $umarstvo, Sveudiliste
u Zagrebu Fakultet $umarstva i drvne tehnologije,
Hrvatski $umarski institut i Hrvatske Sume d.o.o.
Zagreb, izrazili su veliku zahvalnost pokroviteljima skupa

Vukovarsko-srijemskoj zupaniji i Gradu Vinkovcima,

kao i suorganizatorima, Akademiji Sumarskih znanosti

te Hrvatskoj komori inZenjera Sumarstva i drvne
tehnologije, ¢iji je doprinos omogucio odrzavanje skupa.
Posebna zahvala upuéena je djelatnicima USP Vinkovci
i ¢lanovima HSD ogranak Vinkovci, koji su svojim
zalaganjem i poznatom slavonskom gostoljubivos¢u
osigurali visoko profesionalnu razinu cijelog dogadaja,
ali i druZenje i razmjenu iskustava izvan sluzbenog
protokola. Isto tako, velika zahvala upucena je svim
autorima koji su ulozili svoje vrijeme, znanje i iskustvo u
pripremu stru¢nih i zanimljivih prezentacija, kao i svima

ostalima bez ¢ije nazo¢nosti ovaj skup ne bi uspio.

U skladu s op¢im zakljuckom skupa da urbano
$umarstvo i urbane Sume u najsirem smislu rijeci imaju
nezaobilaznu ulogu u nastojanjima za iznalaZenje
nacina za ublazavanje posljedica klimatskih promjena
u urbanim i periurbanim podrucjima, naglaseno je da
¢e Sekcija za urbano $umarsto HSD sa svim partnerima,
ustrajno nastaviti s aktivnostima koje bi trebale dodatno
pomodi prepoznatljivosti ovog, sve znacajnijeg dijela

Sumarske struke.




Sretan Bozi¢
i nova 2026. godina.
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Obiljezen Dan urbanog Sumarstva u Hrvatskoj

Damir Dramalija’

fotografije: Damir Dramalija, Marija Glavas, Dorica Matesi¢

Urbane $ume i drvenasto zelenilo u gradskim sredinama
predstavljaju neprocjenjivo prirodno bogatstvo, koje
svojim opcekorisnim funkcijama znacajno doprinosi
kvaliteti Zivota gradana. U uvjetima ubrzanog urbanog
razvoja, rastuceg zagadenja Zivotnog okolisa, znacajnog
povecanja broja stanovnika u gradovima, socijalne otu-
denosti te sve primjetnijih posljedica klimatskih pro-
mjena, njihova uloga postaje vaznija nego ikada.
Medutim, potrebno je naglasiti da se urbane Sume suo-
¢avaju s brojnim izazovima - od zagadenja i nepovolj-
nih uvjeta za rast i razvoj, preko nedostatnih sredstava
za odrzavanje i tzv. razvojnih pritisaka do nedovoljnog
razumijevanja javnih politika i dijela gradana o dobrobi-
tima koje pruzaju urbane sume. Stoga je nuzno sustavno
planiranje, primjena europskih standarda za sadnju i
njegu stabala te aktivno ukljuc¢ivanje kako strucne, tako
i najSire javnosti.

Kako bismo istaknuli znac¢aj urbanih Suma i potaknuli
svijest o potrebi njihove zastite i odrzavanja, obilje-
zavamo 15. studenoga kao Dan urbanog Sumarstva u
Hrvatskoj, koji je, na inicijativu Sekcije za urbano $umar-
stvo, Upravni odbor Hrvatskog Sumarskog drustva

1 Damir Dramalia, dipl. ing. $um.,Hrvatsko $umarsko drustvo

proglasio na svojoj 3. sjednici odrzanoj 9. prosinca 2022.
Izabran je taj datum u spomen na 15. studeni 2019. kada
je u Osijeku odrzan 1. hrvatski stru¢ni skup o urbanom
Sumarstvu.

Nazalost, Dan urbanog $umarstva u Hrvatskoj jos uvijek
je dosta nepoznat $iroj javnosti, ali zahvaljujudi entuzi-
jazmu kolega koji prepoznaju znacaj urbanog drvenastog
zelenila u svakodnevnom Zzivotu gradskog stanovnis-
tva, organiziran je niz zanimljivih, pou¢nih i korisnih
dogadanja.

Ve¢ poslovi¢no, karlovacki i viroviticki $umari dali su
svoj obol u obiljezavanju toga datuma.

Tako je HSD Ogranak Karlovac organizirao edukativnu
$etnju ,,Pod kro$njama grada” koju je vodio inZenjer
$umarstva Marko Ozura, gdje je petnaestak zainteresi-
ranih gradana prosetalo karlovackim parkovima. Posje-
titelji su mogli saznati vi$e o vrstama drveca koje rastu
u gradu, o njihovoj zastiti, odrzavanju i obnovi te vaz-
nosti za sam Karlovac. Setnja je zapocela na Setalistu dr.
Franje Tudmana, a prema zeljama sudionika zavrsila je
nakon skoro dva sata u Vrbani¢evom perivoju.
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Vaznost edukacije od najranije dobi prepoznali su ¢la-
novi HSD ogranak Virovitica te u suradnji sa Sumarijom
Suhopolje, Opéinom Suhopolje i OS Suhopolje, organi-
zirali prigodnu akciju sadnje sadnica i uljepSavanja oko-
lisa OS Suhopolje. Vise detalja o toj hvalevrijednoj akeiji
mozete pronaci na web stranici www.icv.hr.

Na inicijativu Sekcije za urbano Sumarstvo HSD, a
kroz partnerstvo Hrvatskih Suma USP Zagreb i Grada
Zagreba, projektirana je prva poucna staza urbanog
$umarstva u Republici Hrvatskoj, koja je u sklopu obi-
ljezavanja Dana urbanog Sumarstva svecano otvorena
21. studenog 2025. na podrucju urbane Sume Jelenovac
u Zagrebu. Kao predstavnici partnera koji su sudjelovali
u realizaciji ovoga projekta, okupljenima su se obratili
Damir Miskulin, voditelj USP Zagreb, Vlasta Ranoga-
jec, pomoc¢nica procelnika za poljoprivredu, Sumarstvo i
lovstvo u Gradu Zagrebu te Damir Dramalija, predsjed-
nik Sekcije za urbano $umarstvo HSD. Nakon toga, svi
navedeni govorili su u emisiji ,,Patrola” Zabavnog radija
o znacaju urbanih $uma i urbanog Sumarstva, kao i o
izazovima s kojima se suocavaju urbane Sume i urbani
$umari pri njihovoj obnovi i odrzavanju.

U godini u kojoj se obiljezava 260. obljetnica organi-
ziranog Sumarstva u Hrvatskoj, otvorenje ove poucne
staze s u¢ionicom na otvorenom, simboli¢an je doprinos

promociji urbanog Sumarstva kao sve znacajnijeg dijela
$umarske struke. Takoder, jedan od ciljeva je potaknuti
gradane, lokalne vlasti i stru¢njake na zajednicku brigu
o zelenim povrsinama koje su temelj zdravog i odrzivog
urbanog Zivota. Ne treba posebno naglasavati da u tome
edukacija svih dionika, od neposrednih korisnika usluga
koje pruzaju stabla u gradovima, preko vlasnika i upra-
vitelja urbanog drvenastog zelenila, do samih izvodaca
radova, ima posebnu ulogu.

Za ocekivati je da ce lokalne $kole i djedji vrtici prepo-
znati ovaj prostor kao pogodno mjesto za odrzavanje
nastave u prirodi, posebice kroz ve¢ etabliranu radionicu
Hrvatskih $uma ,,Skola u $umi, $uma u skoli” koju je pri-
znalo Ministarstvo znanosti i obrazovanja.

Sekcija za urbano $umarstvo HSD izrazava nadu da ée
se u nadolazecem vremenu jo$ veci broj jedinica lokalne
samouprave i njihovih komunalnih poduzeca, odgoj-
no-obrazovnih ustanova, udruga gradana te Sumarskih
i srodnih organizacija i institucija diljem Hrvatske uklju-
Citi u prigodno obiljezavanje Dana urbanog Sumarstva,
kako bi isto u potpunosti zazivilo i kako bi svi zajedno
$irili poruku o znacaju urbanih $uma i urbanog drvena-
stog zelenila u poznatim okolnostima klimatskih pro-
mjena i sve tezih uvjeta za Zivot u gradovima.



https://www.icv.hr/promo/suhopolje-postalo-bogatije-za-jos-jednu-zelenu-pricu-ucenici-sumari-i-opcina-udruzili-snage-u-stvaranju-ljepseg-skolskog-okolisa/
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ZAPISNIK

2. SJEDNICE UPRAVNOG ODBORAVH§D 2025. GODINE
ODRZANE 27. STUDENOG 2025. U SUMARSKOM DOMU U ZAGREBU
S POCETKOM U 11:15.

Nazoc¢ni clanovi Upravnog odbora: akademik Igor Ani¢ (predsjednik), Emil Balint, dipl. ing. $um., Daniela
Cetinjanin, dipl. ing. Sum., mr. sp. Mandica Dasovi¢ (dopredsjednica), mr. sc. Damir Dela¢, Damir Dramalija, dipl.
ing. Sum., Anto Glavas, dipl. ing. Sum., mr. sp. Tihomir Pejnovi¢ (umjesto Gorana Gopca, dipl. ing. Sum.), mr. sc.
Goran Gregurovi¢, prof. dr. sc. Marijan Grubesi¢, prof. dr. sc. Marilena Idzojti¢, Marina Juratovi¢, dipl. ing. $um.,
Josip Kovaci¢, dipl. ing. Sum., Ivan Krajaci¢, dipl. ing. $um., Valentina Kula$, dipl. ing. Sum., Predrag Magdi¢, dipl.
ing. Sum. (umjesto Dorice Matesi¢, dipl. ing. Sum.), izv. prof. dr. sc. Stjepan Mikac, Darko Mikici¢, dipl. ing. $um.,
Kre$imir Pavi¢, dipl. ing. Sum., Martina Pavici¢, dipl. ing. Sum., doc. dr. sc. Sanja Peri¢, Darko Posari¢, dipl. ing. Sum.
(dopredsjednik), Ante Simi¢, dipl. ing. $um., mr. sc. Dalibor Tonc, Davor Topolnjak, dipl. ing. $um., Drazen Zviroti¢,
dipl. ing. $um. i Silvija Zec, dipl. ing. Sum.— ukupno 27

Ostali nazoc¢ni: Mario Bo$njak, dipl. ing. $um. (¢lan Nadzornog odbora), Branko Mestri¢, dipl. ing. Sum. (¢lan
Nadzornog odbora), Oliver Vlaini¢, dipl. ing. Sum. (tajnik), Biserka Markovi¢, dipl. oec. (voditeljica ra¢unovodstveno-
financijskih poslova) i Damjan Metli¢i¢, dipl. ing. Sum. (tajnik Ogranka ,,Dalmacija” Split) — ukupno 5

Ispri¢ani: mr. sc. Boris Belamari¢, David Crni¢, dipl. ing. Sum., Goran Gobac, dipl. ing. Sum., prof. dr. sc. Boris
Hrasovec, Kresimir Jakupak, dipl. ing. Sum., prof. dr. sc. Vladimir Jambrekovi¢, Damir Miskulin, dipl. ing. Sum., prof.
dr. sc. Ivica Tikvi¢, izv. prof. dr. sc. Dinko Vusi¢, Goran Bukovac, dipl. ing. $um. (predsjednik Nadzornog odbora) i
Davor Prnjak, dipl. ing. Sum. (¢lan Nadzornog odbora) — ukupno 11

Sveukupno nazo¢nih: 32

Dnevni red: « 3. - 7. lipnja 2025. - U Ziirichu u Svicarskoj odrzan je
1. Ovjera zapisnika 1. sjednice Upravnog odbora HSD Europski forum o urbanom Sumarstvu (EFUF) 2025. s
2025. godine (objavljen u Sumarskom listu 5-6/2025) glavnom godi$njom skupstinom Udruge EFUF. Hrvat-
2. Obavijesti ska predstavnica bila je dr. sc. Silvija Krajter Ostoi¢ iz

3. Aktualna problematika Hrvatskoga Sumarskog instituta. (Damir Dramalija)
4. I}ebalans financijskog plana HSD za 2025. godinu « 11.- 13. lipnja 2025.- U posjeti Hrvatskoj bili su
5. Sumarski list i ostale publikacije lenici . - 7
i DR . . zaposlenici madarske Sumarske tvrtke Pilisi Parkerd
6. Pripreme za 129. redovitu sjednicu Skup$tine HSD . 8 i F .
. o < . d.o.o. koja gospodari drzavnim Sumama u okolici

7. Program rada i financijski plan HSD za 2026. godinu Budi ‘te. Posietili USP Vink USP N

8. Pripreme za obiljezavanje 180 godina HSD i 150 udimpeste. TOS)EUT su 1niovee, ova

Gradiska i NP Plitvicka jezera. Organizator posjeta
bila je sredi$njica HSD u suradnji s ograncima HSD i
podruznicama Hrvatskih $uma u Vinkovcima i Novoj
Gradiski te ¢lanovima HSD iz NP Plitvicka jezera.
(Oliver Vlaini¢)

Ad 1. Ovjera zapisnika 1. sjednice Upravnog odbora , 14 _ 15 [ipnja 2025.- U Salinovcu odrzan 10.

HSD 2025. godine (objavlien u Sumarskom listu  pryateki festival kiparenja motornom pilom. HSD

godina Sumarskog lista
9. Pitanja i prijedlozi.

Dnevni red jednoglasno je usvojen.

5-6/2025) je tradicionalno pomogao u organizaciji festivala
Zapisnik 1. sjednice Upravnog odbora HSD 2025. godine ~ pla¢anjem dijela troskova , a Ogranak Varazdin je
jednoglasno je usvojen bez primjedbi. pomogao u postavljanju izlozbe fotografija ,,Suma

okom $umara” u vrijeme trajanja festivala. Organizator
Ad 2. Obavijesti festivala s lokalnom udrugom je prof. dr. sc. Krunoslav
Predsjednik Igor Ani¢ prezentirao je obavijesti od 1. ~ Lepoglavec s Fakulteta Sumarstva i drvne tehnologije

sjednice UO HSD odrzane 23. svibnja 2025. U pojedinim SveuciliSta u Zagrebu.

obavijestima dopune su davali posredni ili neposredni e 17.lipnja 2025. - Na Medvednici u organizaciji Hrvat-
sudionici navedenih dogadanja koji se u obavijestima skih $uma d.o.o. USP Zagreb odrzana je prezentacija
navode u zagradi. za udruge i medije o sanaciji Suma Medvednice nakon



desetlje¢a olujnih nevremena. Grad Zagreb i Park
prirode Medvednica sudjelovali u aktivnosti. (Ivan
Krajacic)

17. lipnja 2025. - Otvorena izlozba 20. Bjelovarskog
salona fotografije ,,Suma okom $umara” s medunarod-
nim sudjelovanjem u Bjelovaru. IzloZzene su samo
nagradene i pohvaljene fotografije zbog nedostatka
adekvatnog prostora zbog obnove u gradskim prosto-
rima. (Martina Pavici¢)

17. - 19. lipnja 2025. - Na temelju suradnje s Nje-
mackim $umarskim drustvom sredi$njica HSD
organizirala je trodnevno stru¢no usavrSavanje za
tri njemacka prvostupnika Sumarstva pripravnika iz
savezne drzave Meklenburg-Zapadna Pomeranija.
Posjetili su Fakultet Sumarstva i drvne tehnolo-
gije, Sumarski dom, $umarije Jastrebarsko i Zagreb.
(Oliver Vlainic)

Lipanj 2025. - Diljem Hrvatske odrzana meduna-
rodno $umarska entomoloska ekspedicija. Organizator
ekspedicije bio je profesor Boris Hrasovec s Fakultet
$umarstva i drvne tehnologije. U 11 dana od istoka Sla-
vonije, preko Gorskog kotara, Like, do Paklenice, obale
i otoka, eminentni znanstvenici iz Svedske, Norveske,
Ceske i Hrvatske, prou¢avali su bogatu entomofaunu
hrvatskih Suma.

4. - 5. srpnja 2025. - U Bonnu u Njemackoj odrzana
godisnja skupstina Europskog vijeca za arborikulturu
(EAC) ¢&iji je ¢lan Sekcija za urbano $umarstvo HSD.
Hrvatska udruga za arborikulturu je takoder u tom
savezu. Kolega Goran Huljeni¢ nije ¢lan HSD pa ne
moze sluzbeno predstavljati HSD. (Damir Dramalija i
Goran Gregurovic)

Srpanj 2025. - objavljen je brosura ,Primjeri dobre
prakse karijerne orijentacije u Sumarstvu“ koja je
nastala u okviru projekta Fem2forests. U brosuri su
objavljeni primjeri dobre prakse iz devet drzava. Za
Hrvatsku je uvrSten Dan otvorenih vrata Hrvatskoga
$umarskog instituta te program informiranja i promo-
cije Sumarske struke u hrvatskim srednjim $kolama
u provedbi Fakulteta Sumarstva i drvne tehnologije.
U sklopu medunarodnog projekta Fem2Forests na
medunarodnom natjecaju Graphic Novel, na kojem
su sudjelovale ucenice Sumarskih skola iz osam europ-
skih zemalja, pobijedio je rad hrvatske predstavnice
Chiare Gasparac. (Silvija Zec)

9. kolovoza 2025. - Ekipa bjelovarskih ladara sudjelo-
vala je na 28. Maratonu lada na Neretvi i osvojila je 14.
mjesto od 32 ekipe. (Martina Pavici¢)

3. - 5. rujna 2025. - Dopredsjednica HSD Mandica
Dasovi¢ i tajnik HSD Oliver Vlaini¢ sudjelovali
na 9. $umarijadi FBiH u Olovu u organizaciji JP

SUMARSKI LIST, 11-12, CXLIX (2025)

Sumsko-privrednog  druitva  Zenicko-dobojskog
kantona. Vie o Sumarijadama opisano je u Sumarskom
listu 9-10/2025. (Oliver Vlainic)

4. rujna 2025. - Stupio na snagu Pravilnik o izmjenama
i dopunama Pravilnika o provedbi intervencije 73.06.
»Modernizacija $umarskih tehnologija u pridobivanju
drva, $umskouzgojnim radovima i proizvodnji SRM-a
(Sumskog reprodukcijskog materijala)” i intervencije
73.07. ,Modernizacija tehnologija u predindustrijskoj
preradi drva” iz StrateSkog plana Zajednicke poljo-
privredne politike Republike Hrvatske za razdoblje
2023. - 2027. (Narodne novine broj 117 od 3. rujna 2025)

9.-12. rujna 2025.-Na poziv Slovacke Sumarske
komore predstavnici HKISDT sudjelovali su u Slovackoj
na konferenciji o bukovom potkornjaku. Na konferenciji
je sudjelovalo Sezdesetak kolega iz Madarske, $ezdesetak
iz Slovacke i sedam iz Hrvatske. (Silvija Zec)

11. - 13. rujna 2025.- U Na$icama su odrzani 25.
Dani slavonske $ume. Ove godine je bilo skromnije
nego inace bez stru¢nih predavanja i izlozbe fotogra-
fija ,,Suma okom $umara”. (Darko Miki¢i¢)

19. rujna 2025. - Znanstveno vijece za zastitu prirode
i okolisa HAZU, Znanstveno vijece za poljoprivredu
i Sumarstvo HAZU te Sekcija za urbano Sumarstvo
HSD organizirali su okrugli stol ,Utjecaj invazivnih
stranih biljaka na upravljanje urbanim zelenim povr-
$inama”. Od svih dosadasnjih okruglih stolova ovaj je
bio na najvisem nivou. Posjet je bio jako dobar i stigla
je pohvala od strane HAZU. (Damir Dramalija)

20. - 21. rujna 2025. - Hrvatski predstavnici Denis
Stimac i Goran Bukovac sudjelovali na pripremnom
sastanku za EFNS 2026. godine u Italiji. Sastanak je
odrzan u Forni Avoltri. (Oliver Vlainic)

23.rujna 2025.- U zagrebackom hotelu Sheraton
odrzana je konferencija ,,Pripreme za EUDR proce-
dure®. Europska komisija najavila odgodu EU uredbe
o deforestaciji (EUDR) za jo$ jednu godinu radi prila-
godbe. Odgoda je izglasana 26. studenog 2025. Tvrtke
dobivaju dodatnu godinu za uskladivanje s novim
pravilima EU za sprjecavanje kréenja $uma. Veliki
operatori i trgovci morat ¢e poStovati obveze iz ove
uredbe od 30. prosinca 2026., a mikro i mala poduzeca
od 30. lipnja 2027. (Oliver Vlaini¢)

29. rujna 2025. — Nakon protupotresne obnove po-
novno je otvoren i stavljen u funkciju IV. paviljon
Fakulteta Sumarstva i drvne tehnologije. Projekt
je financiran iz Fonda solidarnosti EU, NPOO-a i
Drzavnog proracuna, a obuhvatio je potpunu re-
konstrukeiju, modernizaciju instalacija, energetsku
obnovu i osiguranje pristupacnosti osobama s oteza-
nom pokretljivosc¢u.
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o Rujan 2025. - objavljeni su prvi natjecaji za pro-
vedbu intervencije 73.06. ,Modernizacija Sumarskih
tehnologija u pridobivanju drva, Sumskouzgojnim
radovima i proizvodnji SRM-a (Sumskog reprodukcij-
skog materijala)” te 73.07. ,Modernizacija tehnologija
u predindustrijskoj preradi drva iz StrateSkog plana
Zajednicke poljoprivredne politike Republike Hrvat-
ske 2023. - 20277

o 3.-5. listopada 2025. - Na otoku Rabu odrzani 3.
$umarsko-sportski susreti Alpe-Adria o ¢emu je opsir-
nije napisano u Sumarskom listu 9-10/2025. (Oliver
Vlainic)

« 9. listopada 2025. — U Pazinu Hrvatski Sumarski insti-
tut obiljezio je tri znacajne obljetnice: 260 godina
hrvatskog $umarstva, 80 godina Hrvatskoga Sumar-
skog instituta i 15 godina djelovanja istrazivackog
centra za opcekorisne funkcije Suma ,,Josip Ressel” na
danasnjoj adresi. Skup s dobrom posje¢enos¢u odrzan
je u suradnji s USP Buzet. (Sanja Peri¢)

« 10. - 12. listopada 2025. — Clanovi Hrvatskoga Sumar-
skog drustva u Federaciji BiH posjetili su podrucje
Hrvatskih $uma d.o.o. USP Gospi¢ i HSD Ogranka
Gospi¢ o ¢emu je objavljena vijest na mreznoj stranici
HSD. (Valentina Kulas)

o 16. listopada 2025.- Hrvatska komora inZenjera
$umarstva i drvne tehnologije bila je ¢etvrti domacin
predstavnicima Sumarskih institucija. U neformalnom
druZenju opet su razmijenjena misljenja i stavovi o tre-
nutnoj situaciji u sektoru. Sljede¢i sastanak bit ¢e na
Fakultetu Sumarstva i drvne tehnologije.

o 16. i 17. listopada 2025. - U Vinkovcima odrzan 7.
hrvatski znanstveno-struc¢ni skup o urbanom $umar-
stvu pod nazivom ,lzazovi urbanog $umarstva u
prilagodbi na klimatske promjene” Zabiljezena je
najveca posjecenost dosadasnjih skupova sa 150 sudi-
onika. USP Vinkovci i ostali domaéini zasluzuju sve
pohvale. (Damir Dramalija)

o 19. - 22. listopada 2025. - U Svedskoj odrzan godi$nji
skup Europske sumarske mreze ovaj put bez hrvatskih
predstavnika. Predsjednik Svedskog Sumarskog drus-
tva bio je u posjetu Hrvatskoj tjedan dana prije toga.
Ostvarena je i suradnja s estonskim $umarima uzaja-
mnim posjetom. (Stjepan Mikac)

o 20. - 24. listopada 2025. -Na temelju suradnje s
Njemackim $umarskim dru$tvom sredi$njica HSD
organizirala je petodnevno stru¢no usavrsavanje za tri
njemacka magistra inzenjera Sumarstva pripravnika
iz savezne drzave Meklenburg-Zapadna Pomeranija.
Posjetili su Fakultet Sumarstva i drvne tehnologije,
Sumarski dom, Nadbiskupske sume u Gragecu, Suma-
rije Vojni¢ i Rab, nacionalne parkove Plitvicka jezera

i Risnjak. Kao i kod prve grupe zahvala Fakultetu na
smjestaju i svim kolegama na uredskim i terenskim
prezentacijama. (Oliver Vlaini¢)

21. - 23. listopada 2025. - U Zagrebu je odrzan 4.
sastanak partnera projekta Fem2forests. U sklopu
sastanka hrvatski projektni partneri, Hrvatska komora
inZenjera $umarstva i drvne tehnologije i Hrvatski
savez udruga privatnih §umovlasnika organizirali su
i izlet na podrucje Medvednice. Fakultet Sumarstva i
drvne tehnologije te USP Zagreb doprinijeli su odli¢-
noj organizaciji sastanka, koja je posebno odusevila
ucenice Srednje $kole Delnice te Skole drvne tehno-
logije i Sumarstva Zagreb, koje su sudjelovale u dijelu
programa na poziv Komore. (Silvija Zec)

24. listopada 2025. — Fakultet Sumarstva i drvne teh-
nologije SveuciliSta u Zagrebu svecano je obiljezio 127.
godisnjicu fakulteta.

Listopad 2025. - Djelatnice Fakulteta Sumarstva i
drvne tehnologije zajedno s Hrvatskom komorom
inZenjera Sumarstva i drvne tehnologije sudjelovale su
na Islandu na medunarodnoj konferenciji ,,Growing
Together: Women, Forests and a Sustainable Future®, u
sklopu projekta Fem2forest. (Silvija Zec)

Listopad i studeni 2025. - Hrvatske Sume raspisale
natjecaj za 30 stipendija, a Hrvatski savez udruga
$umovlasnika i Udruga Sumovlasnika za dvije stipen-
dije studentima prijediplomskih i diplomskih studija
na FSDT. To je najvi$e ugovorenih stipendija do sada.

3. - 6. studeni 2025. — Fakultet Sumarstva i drvne teh-
nologije obavio postupak reakreditacije u kojemu su
sudjelovali predstavnici dionika koji suraduju s Fakul-
tetom medu kojima je bilo i HSD.

6. studenog 2025. - Vlada RH predlozila Skupstini
drustva Hrvatske Sume d.o.o. imenovanje Joska Rada-
noviéa za predsjednika Uprave HS i Nediljka Duji¢a
za ¢lana Uprave HS do imenovanja predsjednika i
¢lana Uprave putem javnog natjecaja na razdoblje od
najduze Sest mjeseci. Primopredaja je obavljena 19.
studenog 2025. Prvi put u povijesti nijedan $umar nije
¢lan Uprave Hrvatskih $umal!!

8. studenog 2025. - Ogranak Vinkovci u suradnji s
ostalim ograncima organizirao 14. biciklijadu Vin-
kovci/Osijek - Vukovar. Sudjelovalo je tridesetak
sudionika. Pozivaju na jo$ veci odaziv sljedece godine.
(Anto Glavas)

12. studenoga 2025.- U Jastrebarskom Hrvatski
$umarski institut obiljezio 80 godina osnutka. Bila je
velika posjecenost s promocijom monografije i prika-
zom trenutnih aktivnosti Instituta. (Sanja Peri¢)

13. - 14. studenog 2025. - U Jastrebarskom u orga-
nizaciji Hrvatskoga Sumarskog instituta odrzana



medunarodna znanstvena konferencija mladih znan-
stvenika. Konferencija je bila interdisciplinarna jer su
medu 80 sudionika osim $umara sudjelovale i druge
struke. (Sanja Peri¢)

15. studenog 2025. - Na viSe mjesta u Hrvatskoj u
organizaciji ogranaka i sekcija obiljezen je Dan urba-
nog Sumarstva. Ogranci Karlovac i Virovitica bili su
ukljuceni s edukativhom $etnjom i sadnjom sadnica.
U sklopu mrezne stranice www.sumari.hr zavrsena je
podstranica Sekcije za urbano Sumarstvo te je postala
javna. (Damir Dramalija)

20. studenog 2025. — U prostoru Fakulteta $umarstva
i drvne tehnologije na inicijativu predsjednice Hrvat-
ske komore inZenjera Sumarstva i drvne tehnologije
Silvije Zec odrzana je tematska sjednica Odbora za
poljoprivredu Hrvatskog Sabora povodom 260 godina
hrvatskog Sumarstva. Prvi put u povijesti na Fakultetu
je odrzana sjednica s nazoc¢nosc¢u saborskih zastu-
pnika. (Silvija Zec)

21. studenog 2025. - U organizaciji Hrvatskih $uma
d.0.0. USP Zagreb, Grada Zagreba i Hrvatskoga Sumar-
skog drustva — Sekcije za urbano $umarstvo otvorena
je prva Poucna staza urbanog Sumarstva Jelenovac.
(Damir Dramalija)

21.studenog 2025. — Casopis ,,Drvo & namjestaj” orga-
nizirao je u Novinarskom domu u Zagrebu stru¢nu
konferenciju ,,Ugovori za drvnu sirovinu - budu¢nost
opskrbe i razvoja drvne industrije” s ciljem analize
dosadasnjih prodajnih modela ugovora za drvnu siro-
vinu te definiranje odrzivog modela raspodjele (?!)
koji ¢e osigurati konkurentnost i stabilnost sektora.
HSD se protivi takvom nacinu netrzi$nih odnosa koji
idu na $tetu Sumarstva. Hrvatske Sume istaknule su
kako je pitanje ugovora jedan od glavnih izazova koji
Ce se rjeSavati u sljedecoj godini. (Silvija Zec)
Hrvatski inZenjerski savez poceo je s obnovom doma
HIS na adresi Berislaviceva 6 u Zagrebu. Pocetkom
lipnja 2025. godine obratili su se za pomo¢ HSD radi
odrzavanja sjednica Upravnog odbora HIS i skup-
$tina HIS u Sumarskom domu. Dosada je odrzano pet
sjednica Upravnog odbora i dvije sjednice Skupstine
HIS. Zbog smrti predsjednika HIS Zdravka Juréeca
6. listopada 2025. HIS je 13. studenog 2025. odrzao
izvanrednu sjednicu Skupstine i za novog predsjed-
nika izabran je Luka Jeli¢, dipl. ing. grad., direktor
Hidroprojekt-inga, ¢lan Predsjednistva Hrvatskog
saveza gradevinskih inZenjera i ¢lan Drustva grade-
vinskih inzenjera Zagreb. (Oliver Vlaini¢)
Predsjednica Sekcije za povijest Sumarstva Mandica
Dasovi¢ iznijela je Izvjes¢e o radu Sekcije za povijest
$umarstva od 1. sjednice UO HSD 23. svibnja 2025.
do danas:
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o Tijekom srpnja 2025. godine preslozeni su ormari s
knjigama u Velikoj dvorani Sumarskog doma. Preko
dvije tisuce knjiga pregledano je i ponovno upisano
radi to¢ne lokacije smje$taja u ormarima. Nakon
posljednjeg krecenja prostora prizemlja Sumarskog
doma knjige nisu vracene u ormare prema prvotnom
popisu te se nije znala njihova lokacija $to je radilo
poteskoce u pronalazenju prilikom raznih zahtjeva za
koristenje ili skeniranje knjiga.

« Skenirano je pet knjiga, svi brojevi Sumarskih novina
Sumskog gospodarstva ,,Josip Kozarac” Nova Gradiska
(1974. - 1980.) te vedi broj starih fotografija iz foto
arhive HSD.

o Jedno staro racunalo je iskoriSteno kao server za
pohranu fotografija.

o Sumarija Rijeka darivala je kopije dijela svoje arhivske
grade, a Vice Ivancevi¢ dvadesetak starih knjiga.

» Povodom obiljezavanja 75 godina u 2026. godini pri
kraju su tekstovi za knjigu o povijesti Ogranka Gospic i
lickog $umarstva te za knjigu o povijest Ogranka Nova
Gradiska i novogradiskog Sumarstva. U pripremi je i
knjiga o povijesti 70 godina Ogranka Varazdin.

Ad 3. Aktualna problematika
a) Sumarski dom

Tajnik HSD Oliver Vlaini¢ iznio je aktualnu problema-
tiku vezanu uz Sumarski dom.

Na portalu Ministarstva prostornog uredenja, gradi-
teljstva i drzavne imovine Pregled obnove privatnih
nekretnina osteenih u potresu — Statusi obnove objekata
prema lokaciji za status samoobnove Sumarskog doma
nema promjena od prethodne sjednice u svibnju 2025.
godine

Radovi u Sumarskom domu u razdoblju od protekle
sjednice:

U listopadu 2025. godine obavljeni su radovi na urede-
nju ulaznih vrata i soboslikarski radovi u dijelu hodnika
na Trgu Mazuranica 11 i Vukotinovi¢evoj 2. Dvoja vrata
su nakon pripreme i zastite oliena izvornom bojom.
Neposredno uz vrata sanirani su osteceni dijelovi zida
od poda do stropa. Sanirani su i zidovi hodnika izmedu
uredskih prostora od ulaza do Velike dvorane koji su
o$teceni u potresima 2020. godine. Napravljena je zastita
stolova u dvorani Sumarski etvrtak. Izvoditelj radova
bila je tvrtka Lea-trgovina d.o.o. iz Zapresica, a ukupni
trosak s PDV iznosio je 4.889,90 eura.

Stanje sudskog spora s Fakultetom kemijskog inZenjer-
stva i tehnologije

Obavijest odvjetnickog drustva Kos&Partneri od 23. stu-
denog 2025. o stanju sudskih sporova:
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U predmetu koji se pred Trgovackim sudom u Zagrebu
vodi pod brojem P-793/24, po tuzbi FKIT-a protiv
HSD-a, radi proglasenja ovrhe nedopustenom, i dalje
oc¢ekujemo sud da zakaze novu raspravu. Sud je dopi-
sima trazio od Op¢inskog gradanskog suda u Zagrebu
dostavu predmeta poslovnog broja Ovr-1351/23 u rujnu
i pocetkom studenog 2025. godine.

U predmetu ovrhe, Ovr-1351/23, nakon $to je FINA
obavijestila sud da je ovrha u potpunosti naplacena,
zatrazeni su naknadni troskovi ovrsnog postupka. Oce-
kujemo dono$enje dopunskog rjesenja o naknadnim
troskovima ovrsnog postupka.

U predmetu P-1115/21, Opéinski gradanski sud u
Zagrebu, nije bilo nikakvih novosti, osim $to je predmet
povodom zalbe dodijeljen u rad drugom sucu - i dalje
ocekujemo donosenje drugostupanjske odluke Zupanij-
skog suda u Zagrebu povodom zalbe.

b) Spomen-obiljezja akademiku Slavku Maticu i profe-
soru Branimiru Prpicu

Tajnik Oliver Vlaini¢ iznio je stanje s aktivnosti oko
postavljanja spomen-obiljezja:

25. lipnja 2025. Skupstini grada Zagreba poslan dopis s
upitom za postavljanje spomen-ploca i potrebnih uvjeta.
Nakon ponovljenog upita 27. listopada stigao odgovor
iz grada 31. listopada 2025. Upuceni smo na dobivanje
prethodnog odobrenja/stru¢nog misljenja Gradskog
zavoda za zastitu spomenika kulture i prirode. Nakon
toga uputiti zahtjev s idejnim projektom Povjerenstvu
za ploce za oznacavanje imena ulica i trgova, spomenike,
skulpture, spomen-ploce, sakralna obiljezja i umjetnicke
instalacije. Trenutno se dogovara izrada idejnog projekta
s ovlastenim arhitektom.

Predsjednik Igor Ani¢ obavio je razgovor s akademskim
kiparom Nevenom Bili¢em, profesorom na Akademiji
likovnih umjetnosti Sveucilista u Zagrebu, vezano za
ponudu za izradu reljefa. Kipar nece davati ponudu dok
se ne ishoduju uvjeti za postavljanje spomen-ploca.

¢) Fiskalizacija 2.0

Voditeljica poslova
Biserka Markovi¢ upoznala je ¢lanove UO s pocetkom
Fiskalizacije 2.0 od 1. sije¢nja 2026. Jo$ ne postoje odgo-
vori na sva pitanja u funkcioniranju poslovanja pogotovo
zbog kompleksnosti HSD s 19 ogranaka te profitnoj i
neprofitnoj djelatnosti. Nabavit ¢e se dopuna racunovod-
stvenog programa Synesis s modulom za fiskalizaciju.

racunovodstveno-financijskih

Obrazlozila je potrebu donosenja Odluke o pravilima
slijednosti numeri¢kih brojeva rac¢una, o poslovnhom
prostoru, oznaci poslovnog prostora i operatera na
naplatnom uredaju o prodajnom mjestu

Odluka o pravilima slijednosti numerickih brojeva

racuna, o poslovnom prostoru, oznaci poslovnog prostora
i operatera na naplatnom uredaju o prodajnom mjestu
jednoglasno je usvojena.

d) Cjenik oglasavanja u Sumarskom listu

Bududi da je iskazan interes za oglagavanje u Sumarskom
listu treba donijeti cjenik.

Prijedlog odluke za cjenik:

Odluka o cjeniku oglasavanja u Sumarskom listu

Stavka Ciii';i 'F',?Jt‘(; Ciie"asblr,'g“; Valuta
1/1 stranica 384,00 480,00 | EUR
1/2 stranice 192,00 240,00 | EUR
1/3 stranice 128,00 160,00 | EUR
1/4 stranice 96,00 120,00 EUR
1/8 stranice 48,00 60,00 EUR

Ova Odluka primjenjuje se od 1. sijecnja 2026.

Odluka o cjeniku oglasavanja u Sumarskom listu jedno-
glasno je usvojena.

e) Clanstvo i clanske iskaznice

Radi legitimiteta 129. sjednice Skupstine HSD potrebno
je azurirati stanje ¢lanstva s pla¢enom ¢lanarinom koji ¢e
definirati broj delegata po ograncima.

Radi izrade ¢lanskih iskaznica za nove ¢lanove potrebno
je azurirati stanje ¢lanstva svih kategorija ¢lanova i izvan-
rednih i pocasnih.

Rasprava o ¢lanarini:

Daniela Cetinjanin potaknula je na razmisljanje o pove-
¢anju iznosa ¢lanarine za ubuduce.

Drazen Mikici¢ naveo je primjer Ogranka Nasice koji
preko donacije ¢lanstva povecava prihode Ogranka.

Biserka Markovi¢ dodala je da tri ogranka imaju dona-
ciju ¢lanova uz redovitu ¢lanarinu.

Dalibor Tonc iznio je novi model placanja ¢lanarine u
Ogranku Osijek van obustava na pladi. Postavio je pita-
nje mogucnosti placanje preko racuna s kodom?
Biserka Markovi¢ odgovorila je kako je moguce napraviti
pojedinacne racune s kodom, ali to otvara pitanje stva-
ranja potrazivanja.

Zakljuceno je da se za sljedecu sjednicu predlozi visina
povecane ¢lanarine.

Ad 4. Rebalans financijskog plana HSD za 2025.
godinu
a) Rebalans financijskog plana za 2025. godinu

Rebalans financijskog plana HSD za 2025. godinu pre-
zentirala je voditeljica racunovodstveno-financijskih
poslova HSD Biserka Markovi¢:



I. Plan prihoda i rashoda

PLANEUR|  mEBitANsS
PRIHODI
31 | Prihodi od pruzanja usluga 8.000,00 8.840,00
32 | Clanarine 86.580,00 85.860,00
34 | Prihodi od imovine 200.000,00 207.000,00
35 | Prihodi od donacija 107.200,00 198.140,00
36 | Ostali prihodi 48.700,00 56.160,00
UKUPNO PRIHODI: 450.480,00 556.000,00
RASHODI
41 | Rashodi za radnike 114.000,00 115.620,00
42 | Materijalni rashodi 331.110,00 452.335,00
43 | Amortizacija 1.000,00 2.400,00
44 | Financijski rashodi 5.670,00 5.130,00
45 | Donacije 0,00
46 | Ostali rashodi 1.100,00 4.095,00
UKUPNO RASHODI: 452.880,00 579.580,00
52 | REZULTAT: -2.400,00 -23.580,00
fgﬁ{l‘l‘fffanz'd‘ggﬁ'; prinodaiz | 4e8 53463  488.534,63
Manjak 31.12.2024. -39.600,00 -39.600,00
Manjak 31.12.2025. -2.400,00 -23.580,00
?Qfg'g;l?ep”iems ubuduce | 44653463 425.354,63

II. Obrazlozenje rebalansa financijskog plana

Na temelju poznatih podataka o kretanju i stanju pri-
hodairashoda na dan 31. 10. 2025. sa sigurno$¢u znamo
da ¢e do¢i do odstupanja kako u planiranim prihodima
tako i u planiranim rashodima. Stoga postoji potreba za
rebalansom plana koji je postavljen za 2025. godinu.

Procjena prihoda i rashoda je napravljena na temelju
knjigovodstvenih podataka proknjizenih na dan 31. 10.
2025., te procjenjivih podatka o prihodima i rashod-
ima koji su vezani za posljednja dva mjeseca poslovanja
sredi$njice i ogranaka.

PRIHODI

U planu za 2025. godinu ukupni prihodi bili su pred-
videni u ukupnom iznosu od 450.480,00 EUR, dok u
predlozenom rebalansu iznose 556.000,00 EUR. Pov-
ecanje koje je vidljivo u ostvarenju odnosi se najve¢im
dijelom na prihode od primljenih donacija.

Prvotnim planom predvideni prihodi od pruzanja
usluga, koji se odnose na usluge sponzorstva na
sportskim dogadanjima i na prigodnim manifestaci-
jama, iznosili su 8.000,00 EUR, a prema novoj procjeni
do kraja godine bit ¢e ostvareni u ukupnom iznosu od
8.840,00 EUR.

U skladu s dosadasnjom evidencijom i dinamikom
placanja clanarina po ograncima u kategoriji prihoda
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od c¢lanarina predvidamo da ¢e se ostvariti iznos od
85.860,00 EUR $to je ne$to manje od ranijim planom
predvidenih 86.580,00 EUR.

Prihod od najamnine planirali smo u iznosu od
200.000,00 EUR. Ocekuje se da ¢emo godinu zavrsiti
207.000,00 EUR. Naime, uz
najamnine koji su poznati temeljem ugovora u ovoj kate-
goriji prikazuju se i varijabilni iznosi najamnine tj. iznosi
prefakturiranih zajednickih troskova najmoprimaca za
potrosenu elektricnu energiju i vodu.

iznosom od iznose

Najveca promjena u odnosu na planirane iznose je u
prihodima od donacija. Planom je u ukupnom iznosu
predvideno 107.000,00 EUR, no evidentno je da ce taj
iznos biti premasen. Prema procjeni iznos ukupno prim-
ljenih donacija dosegnut ¢e iznos od 198.140,00 EUR.

Prihodi od donacija, i to donacija iz drZavnog pro-
racuna i tijela lokalne samouprave, koji uobicajeno
prate i pomazu rad ogranaka, ve¢i su od planiranih.
Prema podacima dobivenim iz ogranaka procjenjujemo
da ¢e ti prihodi biti 12.250,00 EUR, a planom je bilo
predvideno 7.300,00 EUR.

Dvostruko povecanje ostvareno je od domnacija trgov-
ackih drustava koji smo planirali s iznosom od
87.000,00 EUR, a prema ostvarenju u vrijeme izrade
rebalansa, procjenjujemo da ¢e biti ostvarene u iznosu
od 167.140,00 EUR.

Za prihod od drzZavne uprave koji se odnosi na potporu
izdavanju Sumarskog lista nije moguce sa sigurnoscu
planirati da e biti ostvaren, ali smo u rebalansu ostavili
ranije planirani iznos od 10.000,00 EUR s obzirom
da je prosle godine rjeSenje o dodjeli potpore stiglo u
prosincu.

Procjenjujemo da e prihodi od donacija gradana - ¢la-
nova drustva biti ve¢i nego smo predvidjeli s 2.900,00
EUR, tako da su rebalansu navedeni u iznosu od 5.750,00
EUR.

U kategoriji ostali prihodi planiran je iznos od 48.700,00
EUR, a prema sadasnjoj procjeni ti ¢e prihodi iznositi
56.160,00 EUR. Naime, u ovoj skupini glavni prihod koji
ovdje evidentiramo je prihod od pretplate na Sumarski
list 1 on bi trebao biti ostvaren u iznosu od 50.300,00
EUR, dok se preostali iznos od 3.560,00 EUR odnosi
na prihode od potpore po Uredbi Vlade RH vezane
za umanjenje obveze placanja troskova pod potro$nje
struje i plina te izvanredne prihode u iznosu 2.300,00
EUR. Izvanredni prihodi rezultat su naknadno izdanih
rjeSenja Gradskog komunalnog gospodarstva kojima
su izmijenjeni iznosi komunalne naknade od 2023. do
2025. godine. Prema rjeSenju iz 2023. u toj poslovnoj
godini ukalkulirani su troskovi za koje nisu bili izdani
rac¢uni ve¢ samo rjeSenje. U veljaci 2025. po primitku
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novog rjesenja za 2023. ispostavilo se da su ti troskovi
znatno manji te se u 2025. godini iskazuju kao izvanredni
prihodi.

RASHODI

U planu za 2025. godinu ukupni rashodi predvideni su
u iznosu od 452.880,00 EUR, dok u predloZzenom rebal-
ansu iznose 579.580,00 EUR.

Na ukupno povecanje rashoda kao i na najvece odstupa-
nje u odnosu na plan, postavljen u prosincu prethodne
godine, utjecale su tri kategorije rashoda - troskovi
reprezentacije, troskovi stru¢nih ekskurzija i troskovi
intelektualnih usluga koji su bitno ve¢i od planiranih.

Sto se tice troskova reprezentacije i troskova stru¢nih
ekskurzija ovu situaciju moguce je ocekivati, ali ne i
predvidjeti visinu ostvarenih iznosa. Te dvije kategorije
troskova su u direktnoj ovisnosti o realiziranim donaci-
jama. Kao $to se vidi iz proknjizenih podataka donacije
su ostvarene u znac¢ajno ve¢em iznosu nego je bilo oceki-
vano u vrijeme izrade plana. Kako su ostvarene donacije
namijenjene pomaganju aktivnosti drustva, tako su
aktivnosti i manifestacije realizirane u vecem obimu, §to
ima za posljedicu povecanje rashoda u gore navedenim
kategorijama.

Planom za 2025. godinu predvideni su troskovi repre-
zentacije u iznosu od 95.400,00 EUR, a za ocekivati je da
¢e na kraju ove poslovne godine oni iznositi 136.950,00
EUR. Za stru¢na putovanja predvidjeli smo 63.200,00
EUR, medutim prema knjigovodstvenom stanju 31. 10.
te podacima ogranaka o realiziranim troskovima oni ¢e
iznositi do 104.725,00 EUR. Kod troskova intelektual-
nih usluga predvidjeli smo iznos 45.300,00 EUR, a za
ocekivati je da ¢e oni doseci iznos od 80.500,00 koliko
predlazemo u rebalansu plana.

Ovdje je svakako potrebno detaljnije obrazloziti ovako
veliko odstupanje od plana i kroz nekoliko proslih
godina uobicajene iznose troskova intelektualnih usluga.
U ovoj kategoriji do sada su uglavnom bili obuhva-
¢eni rashodi autorskih honorara vezanih za izdavanje
Sumarskog lista. Dakle, troskovi autorskih honorara
urednistva, autora ¢lanaka objavljenih u Sumarskom
listu te autorski honorari recenzenata. Ovi rashodi pla-
niraju se u iznosu od 30.650,00 EUR. Ove godine u
strukturi s iznosom od 23.500,00 EUR sudjeluju autor-
ski honorari izvodaca umjetnickih programa vezani uz
aktivnosti ogranaka Vinkovci, Zagreb i Nova Gradiska.
Treca velika stavka rashoda je iznos 21.200,00 EUR koji
nismo ocekivali u ovoj poslovnoj godini. Naime, od
odvjetnicke kuce Kos dobili smo obra¢un naknade koja
im pripada po ugovoru o zastupanju u sporu s Fakulte-
tom kemijskog inzenjerstva i tehnologije pa nam tako ta
kategorija uz njihovu mjese¢nu naknadu iznosi ukupno
23.600,00 EUR. Ovdje su ukljuceni i rashodi za usluge

ucenickog servisa od 1.500,00 EUR za poslove vezane uz
izradu kataloga knjiznice HSD kao i rashodi za redovni
revizorski uvid u iznosu od 1.250,00 EUR.

U kategoriji rashoda za radnike nema znacajnijih
odstupanja.

U skupini materijalnih tro$kova predvidamo da ce
nekoliko kategorija odstupati od planiranog iznosa.

Tako, usluge za tekuce i investicijsko odrzavanje plani-
rane su u iznosu od 3.200,00 EUR no zbog odluke da
se saniraju posljedice potresa u hodniku prostora HSD
i obnovi boja na ulaznim vratima u zgradi Sumarskog
doma sa strane Trga Mazurani¢a i iz Vukotinoviceve
ulice ti rashodi su u rebalansu plana predvideni u iznosu
od 7.300,00 EUR. Troskovi zakupnina planirani su u
iznosu od 8.300,00 EUR, a po procjeni biti ¢e ostvareni
u vecem iznosu od 9.850,00 EUR, §to je, uz najam racu-
nalnog programa za grafi¢ku pripremu Sumarskog lista,
posljedica viSekratnog najma prostora za odrzavanje
raznih skupova u ograncima.

Rashodi za graficke usluge za Sumarski list su nesto nize
od planiranog iznosa od 24.500,00 EUR i predvidamo da
¢e iznositi 21.250,00 zbog izostanka troskova za graficku
pripremu za posljednja dva dvobroja. Jednako tako pred-
vidamo da ¢e rashodi za ostale graficke usluge biti manje
od planiranog iznosa od 5.650,00 EUR te ih u rebalansu
predvidamo u iznosu od 3.760,00 EUR.

U kategoriji rashoda za telefon i postu, tj. postanskih
troskova za distribuciju Sumarskog lista, predvidamo
manje odstupanje pa ih iskazujemo u iznosu od 8.000,00
EUR umjesto ranije planiranih 8.800,00 EUR.

Troskovi koji ¢ine grupu materijalnih troskova - ostale
usluge planirane su u iznosu od 3.800,00 EUR, no pred-
vidamo da nece predi iznos od 1.500,00 EUR.

Troskove bankarskih usluga planirali u iznosu od
5.670,00 EUR, a prema kretanjima u prvih 10 mjeseci
procijenili smo da ¢e oni iznositi 5.130,00 EUR.

Ostali nespomenuti troskovi predvidaju se u iznosima
koji bitno ne odstupaju od ranije planiranih i ne utjecu
na visinu ukupno planiranih troskova.

REZULTAT

Iz obrazlozenih stavki prihoda i rashoda proizlazi rezul-
tat, manjak u iznosu od 23.580,00 EUR, sto je znacajno
odstupanje u odnosu na ranije planirani iznos manjka
od 2.400,00 EUR koji je predviden planom postavljenim
krajem prosle godine.

Rebalans financijskog plana za 2025. godinu jednoglasno
je usvojen.

b) Samoprocjena za 2025. godinu

Samoprocjenu za 2025. godinu prezentirala je voditeljica racu-
novodstveno-financijskih poslova HSD Biserka Markovi¢:



Samoprocjena, tj. upitnik o funkcioniranju sustava
financijskog upravljanja i kontrola za 2025. godinu, koji
je obavezan prema Zakonu o financijskom poslovanju,
poslan je clanovima Upravnog odbora prije sjednice. Na
dostavljenu samoprocjenu nije bilo primjedbi.

Samoprocjena za 2025. godinu jednoglasno je usvojena.

c) Imenovanje Povjerenstva za popis imovine i potraZi-
vanja na dan 31. 12. 2025.

Predlozeno je Povjerenstvo za popis imovine i potraziva-
nja HSD na dan 31. 12. 2025. u sastavu:

Mr. sc. Damir Dela¢, dipl. ing. Sum. — predsjednik

Igor Tijardovi¢, dipl. ing. Sum. - ¢lan

Ana Znidarec - ¢lanica

Dorica Matesi¢, dipl. ing. Sum. — zamjenica ¢lana.
Povjerenstvo za popis imovine i potraZivanja na dan 31.
12. 2025. jednoglasno je izabrano.

Ad 5. Sumarski list i ostale publikacije

Glavna urednica Sumarskog lista prof. dr. sc. Marilena
IdZojti¢ podnijela je izvjes¢e o Sumarskom listu od broja
7-8/2025 kada je preuzela mjesto glavne i odgovorne
urednice ¢asopisa:

1. 29. 5. 2025. odrzana je prezentacija ¢asopisa Sumarski
list na Fakultetu Sumarstva i drvne tehnologije Sveudi-
lita u Zagrebu, a 8. 9. 2025. na Hrvatskom $umarskom
institutu. Prezentacije su bile namijenjene znanstve-
nicima kao podsjetnik na tradiciju koju Sumarski list
bastini, njegove vrijednosti za nasu struku i indeksi-
ranost u najvaznijim svjetskim bazama. Takoder su
naglaene prednosti i mogucénosti koje ¢asopis nudi za
objavljivanje, ali i recenziranje ¢lanaka.

2. Od broja 7-8/2025:

Donesene su nove Upute za autore.

Definirano je da se ¢lanci objavljuju iz podrucja Sumar-
stva, urbanog Sumarstva i zastite prirode, s geografskim
naglaskom na Europu i Mediteran.

Clanci se objavljuju na engleskom jeziku ili na hrvat-
skom jeziku uz prosireni sazetak, klju¢ne rijeci, naslov i
opis priloga na engleskom jeziku.

3. Od broja 9-10/2025:

Nova rubrika ,,Jznimna stabla nasih Suma’, u kojoj zelimo
predstaviti pojedinacna stabla u nasim $umama koja se
isticu visinom, promjerom debla, volumenom, dobi, habi-
tusom, kvalitetom debla, rijetkom pojavom, posebnim
nalazi$tem ili nekim drugim posebnim obiljezjem. Citate-
lji su pozvani da se uklju¢e u kreiranje ove rubrike i posalju
fotografije i detaljan opis takvih stabala. U broju 9-10
predstavljen je hrast luznjak u prasumi Prasnik; autori su
akademik Igor Ani¢ (idejni zacetnik rubrike), prof. dr. sc.
Vinko Pauli¢ i dr. sc. Domagoj Trlin. U broju 11-12 bit ¢e
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predstavljena ,,Jela Car” iz Begovace u Lici; autorice su mr.
sp. Mandica Dasovi¢ i Antonija Jurkovi¢ Tomac.

4. U listopadu ove godine u Vinkovcima je odrzan 7.
hrvatski znanstveno-stru¢ni skup o urbanom $umarstvu.
Sedam prezentacija ocijenjeno je zanimljivim za objav-
ljivanje u obliku ¢lanaka te su autori pozvani da napisu
&anke za Sumarski list.

5. Do podnosenja ovoga Izvjes¢a u online i tiskanom
obliku zadnji je objavljen broj 9-10, a za broj 11-12
objavljena je verzija online first (znanstveni, pregledni i
stru¢ni radovi na web-u), dok ée cjelovita tiskana verzija
biti objavljena u prosincu. Najveci izazov je nedostatak
kvalitetnih znanstvenih, preglednih i stru¢nih radova, uz
znadajan broj odbijenih radova. Clancima su popunjeni
brojevi 1-2 i 3-4, a popunjavamo broj 5-6/2026.

6. Od broja 1-2/2026:

Planirana je promjena izgleda ¢asopisa.

Planirano je prosirenje Uredni¢kog odbora. Prijedlog je
da ¢lanovi Urednickog odbora iz Hrvatske u casopisu
budu navedeni abecednim redoslijedom prezimena, uz
navodenje institucije u kojoj rade, bez navodenja znan-
stveno-stru¢nih podrudja. Veéina ¢lanova iz Hrvatske i
do sada su bili ¢lanovi Uredni¢kog odbora. Takoder, ¢la-
novi Urednic¢kog odbora iz inozemstva bili bi posebno
navedeni, prema abecednom redoslijedu prezimena, uz
navodenje institucije u kojoj rade. Planirano je uspo-
stavljanje Savjetodavnog odbora, ¢iji bi c¢lanovi bili
umirovljenici. Popisi predlozenih ¢lanova Urednickog i
Savjetodavnog odbora nalaze se u prilogu ovom Zapi-
sniku a biti ¢e otisnuti u sljedecem broju ¢asopisa.

Svi predlozeni clanovi Urednickog odbora iz Hrvatske i
iz inozemstva te clanovi Savjetodavnog odbora casopisa
Sumarski list jednoglasno su izabrani.

Redizajn Sumarskog lista

Tehnicki urednik Branko Mestri¢ od broja 7-8/2025 radi
i graficku pripremu Sumarskog lista. Buduéi da je sadas-
nji format i izgled ¢asopisa isti od 1994. godine, a graficki
dizajn, u izradi tvrtke Laser Plusa, od 2012. godine
Branko Mestri¢ predlozio je potrebu redizajna ¢asopisa.
Kao uzor za redizajn uzeo je francuski Sumarski caso-
pis. Nakon prezentacije izgleda redizajniranih stranica i
naslovnice u raspravi je podrzan redizajn s odredenim
doradama. Zakljuceno je da ce tehnicki urednik Branko
Metri¢ izraditi tri prijedloga naslovnice Sumarskog
lista. Elektroni¢kim glasanjem ¢lanova Upravnog odbora
odabrat ¢e se nova naslovnica Sumarskog lista od broja
1-2/2026.

Dopuna cijena autorskih honorara za Sumarski list

Prelaskom na vlastitu graficku pripremu Sumarskog
lista s unajmljenom aplikacijom Adobe Creative Cloud
potrebno je dopuniti Odluku o visini autorskih honorara
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za Sumarski list za cijenu grafi¢ke pripreme i korekture
Sumarskog lista. Prijedlog cijena je sljededi:

Odluka o visini autorskih honorara za Sumarski list

(u neto iznosima):

Stavka Jedinica cjici:lii‘:i(l:)io Valuta
fatelotlo b | aszstmions | g0 | mun
Graficka priprema ‘:Eﬁ::':ﬁl?tgﬂazcr:: 6,00 EUR
Korektura 22&::':2‘ sit;?iai;z as 1,00 EUR
Izqr:a:r?sntflijea:log clanka Clanak 70,00 EUR
Recenzia strucnog Slanak 30,00 | EUR
Swinplogra | owestaicss | o000 | eur

Ova Odluka primjenjuje se od Sumarskog lista broj 7-8
/2025.

Odluka o visini autorskih honorara za graficku pripremu i
korekturu Sumarskog lista jednoglasno je usvojena.

Ad 6. Pripreme za 129. redovitu sjednicu Skupstine
HSD

129. redovita sjednica Skupstine HSD odrzat ¢ée se 11.
prosinca 2025. s poc¢etkom u 11 sati u prostorijama
Knjiznice Hrvatske akademije znanosti i umjetnosti,
Strossmayerov trg 14, Zagreb. Prvi put u povijesti sjed-
nica Skupstine HSD odrzat ¢e se u prostorima HAZU.

Dnevni red sjednice Skupstine:

1. Izbor radnih tijela Skupstine:

a) Radnog predsjednistva (predsjednika i 2 ¢lana)

b) Zapisnicara

¢) Opvjerovitelja zapisnika (2 ¢lana)
2. Izvjedce o radu HSD od prethodne Skupstine:

a) Izvjesce Predsjednika HSD

b) Izvjesée Glavnog urednika Sumarskog lista
3. Rebalans financijskog plana HSD za 2025. godinu
4. Program rada i financijski plan HSD za 2026. godinu
5. Slobodna rije¢.

Dnevni red 129. redovite sjednice Skupstine HSD jedno-
glasno je usvojen.

U pozivu ¢e se naznaciti da svi koji imaju $umarska

odijela dodu u njima na sjednicu Skupstine radi
zajednickog fotografiranja.

Ad 7. Program rada i financijski plan HSD za 2026.
godinu

a) Program rada HSD za 2026. godinu

o Okupljati Sumarsku struku i znanost te aktivno sudje-
lovati u svim aktivnostima vezanim za Sumarsku
tematiku.

o Ukazivati na potrebu odnosa prema $umi kao slo-
zenom ekosustavu, a ne kao izvoru drvne sirovine,
posebice u uvjetima izrazenih posljedica klimatskih
promjena, Cestih prirodnih nepogoda, pojave novih i
gradacije dosada$njih $tetnika i bolesti.

o Poticati institucije koje izravno ili neizravno imaju
utjecaj na gospodarenje Sumama da se s obzirom na
nove okolnosti, koristeci svoje znanje, iskustvo i znan-
stvena dostignuca, zajednickim snagama odupru
opasnostima koje prijete opstanku nasih Suma.

o Braniti Sumarstvo i Sume prilikom neargumentiranih
napada pojedinaca, udruga i institucija koji su poslje-
dica neznanja i interesa suprotnih postulatima struke.

o Poticati i sudjelovati u edukaciji gradana svih dobi o
gospodarenju Sumama koje se temelji na zagrebackoj
skoli uzgajanja Suma.

o Poticaj razvoj i primjenu Sumske pedagogije.

o U okviru mogucnostii u suradnji s drugim sumarskim
institucijama nastojati poboljsati status zaposlenika
u hrvatskom $umarstvu ¢ime bi se djelovalo na zau-
stavljanje trenda smanjenog interesa mladih ljudi za
$umarskim obrazovanjem.

o Nastaviti aktivnosti u cilju privlacenja i pomladivanja
¢lanstva HSD.

o Podrzati aktivnosti ogranaka HSD na promicanju
$umarske struke kroz izdavastvo, organizaciju stru¢nih
skupova, radionica, okruglih stolova, druzenja i struc-
nih ekskurzija, podizanje spomen-obiljezja zasluznim
$umarima i sli¢no.

o Pruziti logisticku podrsku sekcijama HSD da u skladu
s idejom osnivanja okupljaju specijaliste iz svojih pod-
rudja i aktivno sudjeluju u svim dogadanjima vezanim
za svoja podrucja kao i u organizaciji domacih i medu-
narodnih skupova.

o Obiljeziti prigodnim aktivnostima Rodendan hrvat-
skog $umarstva 23. veljace, Medunarodni dana $uma
21. ozujka, Dan planeta Zemlje 22. travnja, Dan hrvat-
skog Sumarstva 20. lipnja i Dan urbanog Sumarstva 15.
studenoga.



« Tijekom godine s vi$e aktivnosti obiljeziti 180 godina
rada Hrvatskoga Sumarskog drustva i 150 godina
neprekinutog izlazenja znanstveno-stru¢nog i stru-
kovnog glasila Sumarski list.

+ Spomen-obiljezjima na zgradi Sumarskog doma iska-
zati pocast akademiku Slavku Mati¢u i prof. emer.
Branimiru Prpicu.

o Obiljeziti 170 godina od rodenja profesora Sumarstva
Frana Zavera Kester¢aneka.

o Nastaviti podrzavati uobicajene domace i medu-
narodne sportsko-stru¢ne i kulturne manifestacije
sukladno njihovom odrzavanju: EFNS, Alpe-Adria,
Medunarodni salon fotografija ,,Suma okom $umara’,
maratone lada, biciklijade i sli¢no.

o Suradivati s Hrvatskom komorom inZenjera Sumarstva
i drvne tehnologije (HKISDT) u odrzavanju stru¢nih
predavanja i pripremi stru¢nih dogadanja s aktualnom
$umarskom problematikom.

o Podrzavati aktivnosti Akademije Sumarskih znanosti.

o Promovirati $ume i Sumarstvo u aktivvnostima Hrvat-
ske akademije znanosti i umjetnosti kroz Znanstveno
vijece za poljoprivredu i Sumarstvo, Znanstveno vijece
za zastitu prirode i okolisa te Centar za znanstveni rad
u Vinkovcima.

o Sudjelovati u aktivnostima Hrvatskoga inzenjerskog
saveza (HIS).

o Ukljuciti se samostalno i u suradnji s drugima u izradu
i provedbu raznih projekata od interesa za HSD i
Sumarstvo.

o Odrzavati medunarodnu suradnju sa Sumarskim drus-
tvima i Sumarskim institucijama drugih zemalja.

o Redizajnirati Sumarski list u njegovoj 150 godini
izlazenja.

+ Motivirati domace autore na objavljivanje u Sumar-

skom listu.

o Odrzati redovite sjednice Upravnog i Nadzornog
odbora uobi¢ajenim nacinom, a po potrebi organizi-
rati tematske sjednice.

« Odrzati redovitu sjednicu Skupstine HSD, a po potrebi
organizirati elektronicke sjednice.

o Nastaviti dopunjavati i azurirati mreznu stranicu
www.sumari.hr.

» Pomagati ograncima i sekcijama u medijskoj vidljivo-
sti na vlastitoj mreznoj stranici i dru$tvenim mrezama.

« Nastaviti projekt potpune digitalizacije knjiznice HSD.

« Redovito odrzavati Sumarski dom i osmisliti namjenu
neiskoristenog prostora potkrovlja.

Program rada za 2026. godinu jednoglasno je usvojen.
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b) Financijski plan HSD za 2026. godinu

Financijski plan HSD za 2026. godinu prezentirala je
voditeljica ra¢unovodstveno-financijskih poslova HSD
Biserka Markovi¢:

I. Plan prihoda i rashoda

PLAN EUR
PRIHODI
31 | Prihodi od pruzanja usluga 7.000,00
32 | Clanarine 85.860,00
34 | Prihodi od imovine 207.000,00
35 | Prihodi od donacija 102.440,00
36 | Ostali prihodi 51.800,00
UKUPNO PRIHODI: 454.100,00
RASHODI
41 | Rashodi za radnike 115.100,00
42 | Materijalni rashodi 334.950,00
43 | Amortizacija 2.400,00
44 | Financijski rashodi 5.800,00
45 | Donacije 0,00
46 | Ostali rashodi 2.500,00
UKUPNO RASHODI: 460.750,00
52 |REZULTAT: -6.650,00
Preneseni visak prihoda iz ranijih razdoblja 479.798,47
Manjak 31.12.2025. 23.580,00
Manjak 31.12.2026. 6.650,00
Visak za prijenos u buduce razdoblje 449.568,47

II. Plan zaduzivanja i otplata

U 2026. godini ne planiraju se zaduzivanja, a buduci da
nema ni ranijih zaduzivanja nema potrebe za planom
otplate.

III. Obrazlozenje financijskog plana

Financijski plan HSD objedinjuje financijske planove
19 ogranaka i sredi$njice HSD-a, i to njene neprofitne i
profitne gospodarske djelatnosti.

PRIHODI

Ukupno planom predvideni prihodi iznose 454.100,00 EUR.
PRIHODI OD USLUGA

Prihodi od usluga planirani su u iznosu od 7.000,00
EUR, a odnose se na prihode koji se ostvaruju na temelju
ugovora o sponzorstvu. Kako se kroz prethodne godine
pokazalo ova vrsta prihoda se redovito pojavljuje, a
vezana je na ve¢ tradicionalna sportska dogadanja i
manifestacije u organizaciji ogranaka i sekcija HSD.
PRIHODI OD CLANARINA

Prihodi od ¢lanarina u iznosu 85.860,00 EUR procije-

njeni su na temelju broja redovitih ¢lanova u 2025. godini
i jedinstvene godi$nje ¢lanarine koja iznosi 36,00 EUR.
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PRIHODI OD IMOVINE

Prihodi od imovine su prihodi od iznajmljivanja poslov-
nog prostora, a planirani su u ukupnom iznosu od
207.000,00 EUR. Planirani su na temelju poznate ugo-
vorene najamnine s postoje¢im najmoprimcem IRMO
koja na godi$njoj razini iznosi 66.361,40 EUR te najmo-
primcem Stomatoloskom poliklinikom koja za godinu
iznosi 131.395,58 EUR, $to je ukupno 197.756,98 EUR.
Razlika do ukupno planiranog iznosa odnosi se na vari-
jabilni dio prihoda od najma koji ¢ine prefakturirani
zajednicki troskovi elektri¢ne energije i vode, zatim pri-
hodi od subvencija po odluci Vlade RH te prihodi od
iznajmljivanja dvorana za sastanke koji se uobicajeno
ostvare tijekom godine.

PRIHODI OD DONACIJA

U 2026. godini HSD ¢e nastaviti s izdavanjem znanstve-
nog ¢asopisa Sumarski list. Kao i niz godina do sada
HSD ¢e se prijaviti na natjecaj kod Ministarstva znanosti,
obrazovanja i mladih za potporu za izdavanje znanstve-
nog ¢asopisa, a plan se temelji na iznosima dodjeljenim
na natjecajima ranijih godina. Prema dodijeljenim pot-
porama u posljednjim godinama planirani iznos je
10.000,00 EUR.

Donacije od trgovackih drustava uobicajena su potpora
radu HSD i ostvarenju planiranih aktivnosti kroz dugi
niz godina. Procjena je napravljena po ograncima, uz
predvidanje interesa i mogucnosti trgovackih drustava
te prema ostvarenjima prihoda po toj osnovi iz prethod-
nih razdoblja te na odazivu u 2025. godini. Kako su u
2025. godini ove donacije ostvarene u neocekivano viso-
kom iznosu ne ocekujemo da ¢emo u 2026. godini doseci
taj iznos ve¢ smo planom predvidjeli iznos od 80.000,00
EUR $to nam izgleda realnije.

Tome smo pribrojili donacije iz prorac¢una lokalne samo-
uprave od 8.000,00 EUR te gradana i ¢lanova drustva od
4.440,00 EUR, pa je ukupan planirani iznos prihoda od
donacija iz svih izvora 102.440,00 EUR.

OSTALI PRIHODI

U ostalim prihodima planirani su prihodi od pretplate
na asopis Sumarski list. Procjena se temelji na pozna-
tom broju pretplatnika i cijeni godiSnje pretplate za
jedan primjerak Sumarskog lista. Pretpostavka je da
se nece promijeniti ugovorni odnos s nositeljem pret-
plate za 1.205 pretplatnika, Hrvatske komore inZenjera
$umarstva i drvne tehnologije, te da ¢e Hrvatske Sume
nastaviti pretplatu za 200 pretplatnika. Promjena broja
pojedinacnih pretplata nije od velikog utjecaja. Uobi-
¢ajene su i pojedinacne pretplate, pa ukljucujudi i njih
planirani iznos je 50.300,00 EUR.

Medu ostalim prihodima uracunati su i prihodi od
subvencija po odluci Vlade RH koji su predvideni u

dvostruko manjem iznosu nego $to su ostvareni tijekom
2025. godine s obzirom na najavu da ¢e potpore ukinuti
u prvoj polovini godine.

Ukupno planirani ostali prihodi iznose 51.800,00 EUR.

RASHODI

Ukupno planom predvideni rashodi iznose 460.750,00
EUR.

RASHODI ZA RADNIKE

Rashodi za radnike planirani su na razini 2025. godine u
ukupnom iznosu od 115.000,00 EUR.

MATERIJALNI RASHODI

Materijalni rashodi planiraju se u ukupnom iznosu od
334.950,00 EUR. Kako cine vrijednosno najznacajniju
skupinu rashoda obrazlazemo ih po grupama.

Rashodi za sluzbena putovanja, prijevoz i usavrsava-
nje radnika: 2.900,00 EUR.

- planirani su prema ostvarenim rashodima iz pret-
hodnog razdoblja, a objedinjuju troskove sluzbenih
putovanja radnika, naknadu za prijevoz te kotizacije za
usavrSavanje radnika.

Rashodi za naknade tro$kova osobama izvan radnog
odnosa: 4.700,00 EUR.

- planirani su za pokrice troskova sluzbenih putovanja
osoba koje nisu zaposlene u HSD ve¢ obavljaju funkcije
na koje su izabrani. Procjena je napravljena uzimajuci
u obzir broj sjednica Upravnog odbora kojima trebaju
prisustvovati njegovi clanovi te naknadu za kori$tenje
vlastitog vozila za obavljanje redovitih poslova te sluz-
bena putovanja na tematske skupove vezane uz rad HSD
temeljem plana rada i aktivnosti za 2026. godinu. Ovdje
su ukljuceni i troskovi sluzbenih putovanja vezanih uz
rad sekcija na skupove u inozemstvu.

Rashodi za usluge: 143.565,00 EUR.

- troskovi poste i telefona 8.500,00 EUR - na razini
troskova prethodne godine uz pretpostavku da se nece
mijenjati troskovi distribucije Sumarskog lista postom.

- troskovi tekuceg i investicijskog odrzavanja 3.800,00
EUR - u prostorijama koje koristi HSD planira se izvr-
$iti djelomi¢na sanacija o$tecenja od potresa u uredskim
prostorijama i dvoranama.

Izvori za financiranje planiranih radova su prihodi od
najamnine iz tekuceg razdoblja.

- komunalne usluge 6.500,00 EUR - planirani iznos je na
razini prethodne godine.

- troskovi promidzbe 23.300,00 EUR - prema iskustvima
ranijih godina i planiranim aktivnostima. U troskovima
su predvideni promotivni materijali i sitna galanterija s
logom HSD.



- troskovi zakupnina 5.100,00 EUR - prema iskustvima
ranijih godina i planiranim aktivnostima.

- racunalne usluge 200,00 EUR - procjena vrijednosti
potrebnih intervencija u postoje¢em programu.

- intelektualne usluge - grupa rashoda planirana je
prema prethodnim razdobljima u iznosu od 52.000,00
EUR. Odnose se na autorske honorare vezane uz izda-
vanje Sumarskog lista — honorari urednistva, autora
objavljenih ¢lanaka i recenzija. Ove godine u ovu katego-
riju uklju¢eni su i troskovi grafi¢ke pripreme Sumarskog
lista s obzirom da pripremu vise ne radi nas dugogo-
di$nji partner firma Laser Plus ve¢ Ce je, uz koriStenje
programa koji je u najmu za tu svrhu, raditi tehnicki
urednik. Trosak autorskih honorara planira se u iznosu
od 35.000,00 EUR. Preostali iznos u kategoriji intelek-
tualnih usluga planiran je za honorare za umjetnicke
nastupe na manifestacijama i godi$njim skupstinama
tijekom godine.

- graficke usluge vezane za izdavanje Sumarskog lista
planirane su u iznosu od 20.000,00 EUR.

- ostale graficke usluge 5.600,00 EUR.
- ostale usluge 1.500,00 EUR.
Rashodi za materijal i energiju: 17.200,00 EUR

Troskovi su planirani prema ostvarenim rashodima pret-
hodnoga razdoblja pod pretpostavkom da nece do¢i do
povecanja cijene energenata.

Ostali nespomenuti rashodi ukupno: 182.450,00 EUR
- premije osiguranja 5.200,00 EUR

- ¢lanarine 2.400,00 EUR

- reprezentacija 86.000,00 EUR

- stru¢na putovanja 79.900,00 EUR

- ostali rashodi 8.950,00 EUR

Premija osiguranja planirana je prema proslogodi$njim
iznosima polica osiguranja imovine i vozila.

Clanarina (Pro Silva, EAC) planirana je prema ostvare-
nim rashodima prethodnih razdoblja.

Rashodi za reprezentaciju obuhvacaju troskove odrza-
vanja godi$njih skupstina, sjednica, stru¢nih skupova,
okruglih stolova i predavanja na razini ogranaka te na
razini HSD kao cjeline, zatim odrzavanja izlozbe ,,Suma
okom $umara” te kataloga izlozbe i drugih tematskih
izlozbi.

Rashodi za stru¢na putovanja procijenjeni su prema
planu aktivnosti ogranaka i sredisnjice.

Rashodi za reprezentaciju i stru¢na putovanja u direk-
tnoj su ovisnosti o prikupljenim donacijama na nivou
ogranaka s obzirom da su ¢lanarine kao izvor financira-
nja ogranicene brojem redovitog ¢lanstva.

SUMARSKI LIST, 11-12, CXLIX (2025)

AMORTIZACIJA

Amortizacija je planirana prema stvarnim obra¢unima
amortizacije iz tekuceg razdoblja u iznosu od 2.040,00
EUR.

FINANCIJSKI RASHODI

Financijski rashodi odnose se iskljuc¢ivo na usluge banke
i platnog prometa, a planirani su na razini prethodne
poslovne godine u kojoj je doslo do znacajnog porasta
cijene bankovnih usluga. Planirani iznos je 5.800,00
EUR.

OSTALI RASHODI

U ovoj grupi su planom predvideni rashodi u iznosu od
2.500,00 EUR jer se po iskustvu ranijih godina naknadno
utvrde rashodi iz ranijeg razdoblja te troskovi koji se po
svojoj vrsti ne mogu rasporediti u gore prikazane grupe
rashoda.

REZULTAT

Planirani rezultat iskazuje se kao manjak prihoda u
odnosu na rashode i to u iznosu 6.650,00 EUR.

Financijski plan za 2026. godinu jednoglasno je usvojen.

Ad 8. Pripreme za obiljezavanje 180 godina HSD i 150
godina Sumarskog lista

a) Prijedlog programa obiljezavanja

SrediSnje sveCano obiljezavanje bit ¢e u Zagrebu, a
to¢na lokacija naknadno ¢e se odrediti kao i mjesec
obiljezavanja.

Organizirat ¢e se skup posvecen aktualnom trenutku u
struci i projekcijama za buducnost.

Svi ogranci i sekcije neka s barem jednom aktivnoséu
obiljeze ove velike obljetnice.

U svim aktivnostima tijekom godine treba naglasavati
obljetnice i njihovu vrijednost.

Osigurati medijsku vidljivost obiljezavanja u elektronic-
kim i tiskanim medijima te na portalima i drustvenim
mrezama.

Prikupljeno je viSe prijedloga logotipa objedinjenih
za obje obljetnice od kojih su u uzi izbor odabrana tri
prijedloga. Elektronickim glasanjem ¢lanova Upravnog
odbora izabrat ¢e se prijedlog koji ¢e se koristiti tijekom
godine.

b) Priznanja zasluZnim pojedincima i institucijama
Uobicajeno je od 150. obljetnice HSD svakih 10 godina
dodijeliti priznanja zasluznim pojedincima i instituci-
jama. Posljednji put priznanja su dodjeljena prilikom
obiljezavanja 170 godina HSD.

Svaki ogranak do sljedece sjednice Upravnog odbora
neka predlozi dva kandidata za priznanje. Sredi$njica
i sekcije predloziti ¢e nekoliko insitucija i pojedinaca,



SUMARSKI LIST, 11-12, CXLIX (2025)

ukupno desetak kandidata. Tako bi se ukupno dodijelilo
oko pedesetak priznanja kao i prije 10 godina.

c) Reprint Spomenice Sumarskog doma iz 1899. godine
s dopunom

Radi se na pripremi reprinta Spomenice, a izdat ce se
tijekom 2026. godine.

Ad 9. Pitanja i prijedlozi

o Predsjednik Akademije Sumarskih znanosti prof. dr.
sc. Marijan Grubesi¢ upozorio je na slabu pozitivau
medijsku zastupljenost Sumarstva u godini obiljezava-
nja 260 godina hrvatskog Sumarstva.

o ’\Jj)z’;a’” "\ii..

Zapisnik sastavio tajnik HSD g
Oliver Vlaini¢

o Predsjednica Ogranka Gospi¢ Valentina Kula$ zatra-
zila je financijsku pomo¢ sredi$njice za izdavanje
knjige o povijesti lickog Sumarstva i 75 godina rada
Ogranka Gospi¢, predsjednik Ogranka Nova Gradiska
Josip Kovaci¢ financijsku pomo¢ za izdavanje knjige o
povijesti Sumarstva novogradiskog kraja i 75 godina
rada Ogranka Nova Gradiska te predsjednik Ogranka
Varazdin financijsku pomo¢ za izdavanje knjige o 70
godina rada Ogranka Varazdin. Predsjednik Igor Ani¢
rekao je da ¢e HSD u granicama financijskih mogu¢-
nosti podrzati izdavanje svih knjiga u vlastitoj nakladi.

Sjednica je zavrsila u 13:40.

- Predsjednik HSD

Akademik Igor Ani¢
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BRANKO GRBAC (1961. - 2025.)

Milivoj Diklic’

U cetvrtak, 30. listopada 2025. u 14 sati na mjesnom gro-
blju Kupjak, s tugom, ali i zahvalnoscu, oprostili smo se
od naseg dragog kolege i prijatelja Branka - ¢ovjeka koji
je svojim radom, karakterom i dobrotom ostavio neiz-
brisiv trag u nasoj sredini.

Branko, sin Franje i Mire, rodene Dela¢, bio je rodeni
Goranin - Hrvat, rimokatolik, ¢ovjek dubokih korijena i
velikog srca. Osnovnu $kolu zavrsio je u Skradu, Sumar-
sku skolu u Delnicama 1980. godine, a $umarstvo je
studirao na Sumarskom fakultetu u Zagrebu i uspjesno
diplomirao 1986. godine.

Nakon zavrienog Sumarskog fakulteta u Zagrebu svoj je
radni vijek zapoceo u tadasnjem Goransko-primorskom
$umskom gospodarstvu Delnice, kasnije i u Sumariji
Ravna Gora, gdje je obavljao zahtjevne stru¢ne inZenjer-
ske poslove u domeni pripreme rada, Sumarskog grade-
vinarstva i iskori$tavanja Suma. Neko vrijeme obnasao je
i duznost vrsitelja duznosti Upravitelja Sumarije.

Bio je jedan od pionira informatike u $umarstvu, covjek
koji je prepoznao snagu tehnologije i primijenio je u
praksi. Kao programer specijaliziran za poslovne pro-
cesu u $umarstvu, razvijao je aplikacije koje su olaksale
i unaprijedile svakodnevni rad, sudjelovao u analizama
poslovanja i kreirao interne informaticke sustave, koji su
i danas temelj nasega rada.

Kao Rukovoditelj Odjela za informatiku USP Delnice,
vodio je malu, ali vrijednu ekipu djelatnika. Branko
je uvijek bio uz svoje ljude, borio se za njihov status i
priznavanje, stojeci ispred njih kada je trebalo braniti
struku i pravdu. Bio je Rukovoditelj s razumijevanjem,
aliis ¢vrstinom koju su svi postovali.

Branko je kao dragovoljac sudjelovao u Domovinskom
ratu na lickom ratistu 1991. i 1992., svoj doprinos nese-
bi¢no je dao kao sudionik VRO ,,Oluja” 1995. - uvijek
smiren, nesebi¢an, ponosan, bas kao $to je bio i u zivotu.
Bio je ¢lan HSD-a, ogranka Delnice i UDVDR HS
Podruznice Delnice. Uvijek pri ruci u pomod¢i pri aktiv-
nostima Kluba 138. brigade HV Goranskim risovima u
Delnicama. Ljubitelj prirode, Sume i Zivota, cesto je sa

' Milivoj Dikli¢, dipl. ing. $um., Hrvatske $ume d.o.o.

suprugom Nedom obilazio goranske predjele oko nase-
lja u kojima je zivio i boravio i koja je najvise volio:
Kupjaka, Ravne Gore, Delnica, biljeze¢i njihovu ljepotu
fotoaparatom.

Uz Sumarstvo, velika mu je ljubav bilo péelarstvo. Posve-
¢en, marljiv, precizan u suradnji s malom pcelinjom
zajednicom, koju je oboZavao proizvodio je med i pce-
linje proizvode vrhunske kvalitete nerijetko ih pokla-
njajudi prijateljima. S velikim zanosom i stras¢u Cesto je
sudjelovao na izlozbama, promovirajuéi pcelarsku zajed-
nicu. Rado je dijelio znanje s mladim kolegama i poma-
gao u edukaciji koju je &esto organizirala USP Delnice.

Bio je i covjek umjetnosti — u mladosti se bavio glazbom,
a kasnije i slikarstvom. No iznad svega bio je olicenje
dobrote, postenja i mira.

Dragi Branko, ostavio si iza sebe dubok trag — u $umar-
stvu, informatici, pcelarstvu, umjetnosti, u zajednici iu
svima nama koji smo imali prigodu i sre¢u s tobom sura-
divati i uditi.

Neka ti je laka goranska gruda, neka te u nebeskim
$umama prati $um jela i smreka, uz zujanje pcelica koje
si toliko volio i o kojima si nesebi¢nom ljubavlju brinuo!

Pocivao u miru Bozjem!
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Slika 1. Nasad aronije zimi, Slavonija.
[ Figure 1 Aronia plantation in winter, Slavonia (Croatia).

Slika 2. Listovi su naizmjenicni, jednostavni, elipticni do obrnuto
jajasti, narovasenog ruba, goli, sjajni, odozgo duz srednie Zile s crnim
Zlijezdama, ujesen crveni, 2,5-6 cm dugacki, 1,5-3,5 cm Siroki,
petelika 2-7 mm dugacka. O Figure 2 Leaves are alternate, simple,
elliptical to obovate, with crenate margins, glabrous, shiny, adaxial midrib
black-glandular; 2.5-6 cm long, 1.5-3.5 cm wide, petiole 2—7 mm long;
autumn colour red.

Slika 3. Cvjetovi su dvospolni, entomofilni, bijeli, 1,5 cm Siroki, u us-
pravnim, vr$nim gronjama. Cvjeta u svibnju, nakon listanja. O Figure 3
Flowers are bisexual, entomophilous, white, 1.5 cm in diameter, in erect,
terminal corymbs. It flowers in May, after leafing.

Slika 4. Jezgricasti plodovi su kuglasti, 6-9 mm veliki, crni, sjajni,
socni, jestivi. Dozrijevaju u kolovozu te ubrzo otpadaju, ornitohorni.
O Figure 4 Pomes are globose, 6-9 mm in diameter, black, shiny, juicy,
edible. Maturing in August, not persistent, ornithochorous.

Aronia melanocarpa (Michx.) Elliott — aronija (Rosaceae)

Rod Aronia Medik. sadrzi dvije vrste, A. arbutifolia (L.) Pers. i A. melanocarpa (Michx.) Elliott. Prirodni krizanac izmedu tih vrsta je A. Xprunifolia (Marshall)
Rehder. Najpoznatija i najcesce uzgajana je A. melanocarpa, Ciji je hrvatski naziv kao i naziv roda — aronija. To je listopadni grm tolerantan na niske temperature,
koji naraste od 1 do 1,5 (2) m u visinu i prirodno je rasprostranjen u istocnom dijelu Sjeverne Amerike. Aronija se od razmjerno nedavno uzgaja kao vocéna vrsta,
cijenjena zbog jestivih, crnih plodova. Takoder se sadi kao ukrasni grm s bijelim cvjetovima u proljece i crvenom jesenskom bojom listova. Zbog iznimno visokog
sadrzaja antioksidansa, posebno antocijana, koji je jedan od najvisih medu voéem, prepoznata je kao tzv. funkcionalna hrana, odnosno supervoce. Plodovi se mogu
jesti svjezi, ali se zbog trpkog okusa vec¢inom preraduju u razliCite proizvode. Aronija je prilagodena kontinentalnoj klimi i tolerira razlicite uvjete uzgoja. U Hrvatskoj
se cesto uzgaja u voénjacima.

Aronia melanacarpa (Michx.) Elliott — Black Chokeberry, Aronia Berry (Rosaceae)

The genus Aronia Medik. includes two species: A. arbutifolia (L.) Pers. (red chokeberry) and A. melanocarpa (Michx.) Elliott (black chokeberry). A natural hybrid
between these species is the purple chokeberry (A. Xprunifolia (Marshall) Rehder). The most common and widely used species is the black chokeberry, a cold-
hardy deciduous shrub native to the eastern North America which grows from 1 to 1.5 (2) m high. It is grown as a food crop valued for its edible black berries, as
well as an ornamental shrub with white flowers in spring and red autumn foliage colour. As a food crop, black chokeberry has attracted interest relatively recently.
It is recognized as a so-called functional food or superfruit because of its very high level of antioxidants, especially anthocyanins, which is one of the highest of
any fruit. The berries can be eaten fresh, but due to their astringent flavor, they are usually processed into a variety of food products. Black chokeberry is adapted
to the continental climate and tolerates a wide range of growing conditions. In Croatia the black chokeberry is often grown in orchards.
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