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RIJEC UREDNISTVA

PRIGODOM 21. 0ZUJKA, MEDUNARODNOG DANA SUMA

Op¢a skupstina Ujedinjenih naroda, 2012. godine 21.
ozujka proglasila je Medunarodnim danom $uma, kako bi
se podigla svijest o vaznosti svih vrsta Suma za ljude i oko-
liS. Medunarodni dan $uma je poticaj svim zemljama UN-a
za organiziranje razli¢itih lokalnih, nacionalnih i
medunarodnih aktivnosti vezanih za $ume, a koje ukljucuju
zadtitu i o¢uvanje Suma, s posebnim naglaskom na sadnju
drveca.

Ove godine Medunarodni dan $uma u Hrvatskoj obiljezen
je razli¢itim aktivnostima kao $to su prigodna sadnja Sum-
skog drveda, stru¢ni panel posveéen inovacijama i odrzi-
vom razvoju u $umarstvu, kao i brojni prilozi o Sumama.
Ocito je da Sume postaju sve vaznije, i to ne samo kao pri-
rodni resurs, ve¢ i zbog drugih vrijednosti. Sume i Sumska
zemljista su (uz pitku vodu, more i poljoprivredno zemlji-
$te) najvaznije prirodno dobro Republike Hrvatske. One
su zasluzne za povoljne zivotne uvjete: Cisti zrak, Cisto i
plodno tlo, ¢istu vodu i povoljnu klimu. Sume su velike ri-
znice bioloske raznolikosti. Jedini su i obnovljivi izvor
drvne tvari.

Ovogodisnja tema Medunarodnog dana $uma bila je -
Sume i zdravlje, odnosno Zdrave $ume za zdrave ljude.
Zdravstvena funkcija Suma proizilazi iz davno poznatog
povoljnog utjecaja Suma na fizicko i psihi¢ko zdravlje ljudi.
U Sumama se rekreiramo, lije¢imo, oporavljamo i odma-
ramo. One povoljno utje¢u na zdravlje ljudi procis¢avanjem
zraka i vode, zastitom od buke i oblikovanjem lijepog oko-
lisa. Stoga ne ¢udi ¢injenica $to su ljudi u doba pandemije
bolesti Covid-19 pohrlili u Sume.

Medutim, pruzanje zdravstvenih i drugih funkcija $uma

ovisi o optimalnom stanju $uma, koje je pak rezultat pra-
vilnog gospodarenja Sumama. Gospodarenje Sumom treba

provoditi u svakoj $umi, bez obzira na namjenu i vlasnika,
takve Sumskogospodarske postupke koji ¢e osigurati njihov
optimalni razvoj i prevenirati Sumske rizike. Tako ¢e $ume
imati snazne obrambene mehanizme i bit ¢e pripremljene
na $umske rizike. U slu¢aju Sumskih Steta treba ih u $to kra-
¢em vremenu sanirati, a Sume obnoviti i njegovati kako bi
bile zdrave, vitalne, proizvodne i sposobne za prirodnu ob-
novu.

Zdravlje $uma prepoznato je kao jedan od vodecih izazova
hrvatskih $uma i $umarstva novijeg doba. Od 2013. godine
veliki kompleksi nasih $uma ucestalo su izlozeni izvanred-
nim i intenzivnim biotskim, abiotskim i antropogenim stre-
snim ¢imbenicima, kao §to su naglo Sirenje Stetnika i biljnih
bolesti, ledolomi, vjetrolomi i $umski pozari. Njihovu sve
¢e$¢u pojavu i velike intenzitete povezujemo s klimatskim
promjenama. Sume, $umarstvo i dru$tvo u cjelini imaju
velike ekoloske i gospodarske $tete. U kontinentalnom po-
drucju Hrvatske velike $tete se pojavljuju u Sumama polj-
skog jasena, hrasta luznjaka, obi¢ne bukve, obi¢ne jele i
obi¢ne smreke. U mediteranskom podrudju $umski pozari
ugrozavaju Sume alepskoga bora, crnoga bora, hrasta crnike
i hrasta medunca.

Zbog toga uloga $uma i Sumarstva u stvaranju i o¢uvanju
povoljnih Zivotnih uvjeta za ¢ovjeka i cjelokupnu biolosku
raznolikost nikada nije bila toliko vazna kao danas. Sume i
$umarstvo mogu znacajno doprinijeti ublazavanju klimat-
skih promjena. Samo odgovornim gospodarenjem Su-
mama, stavljanjem u prvi plan njege, obnove i zastite Suma
i odmakom od gledanja na Sume samo kao na izvor drvne
sirovine ili pasivno zasti¢eni objekt prirode, mozemo sacu-
vati nase $ume i sve njihove vrijednosti.

Urednistvo



EDITORIAL

ON THE OCCASION OF MARCH 21ST, INTERNATIONAL DAY

OF FORESTS

In 2012, the United Nations General Assembly proclaimed
the 21st of March as the International Day of Forests to ra-
ise awareness of the importance of all types of forests for
the benefit of humankind and the environment. By esta-
blishing the International Day of Forests, the UN encou-
rages all countries to undertake efforts to organise different
local, national and international forest-related activities, in-
volving the protection and preservation of forests, with spe-
cial emphasis on tree planting campaigns.

This year, the International Day of Forests in Croatia was
marked by various activities, such as the appropriate plan-
ting of forest trees, an expert panel dedicated to innovati-
ons and sustainable development in forestry, as well as nu-
merous articles on forests. It is evident that forests are
gaining in importance not only as a natural resource but
also as a source of other values. Forests and forest land
(along with potable water, the sea and agricultural land) are
the most important natural resource of the Republic of Cro-
atia. They ensure favourable living conditions: pure air,
clean and fertile soil, clean water and beneficial climate.
Forests are a treasury of biological diversity. They are the
only renewable source of wood matter.

This year’s theme of the International Day of Forests was
Forests and Health, or Healthy Forests for Healthy People.
The health function of forests stems from the long-known
beneficial effect of forests on the physical and mental health
of people. Forests provide areas for recreation, recovery and
rest. They have a beneficial effect on people’s health by pu-
rifying air and water, protecting against noise and creating
beautiful environment. It is not surprising, therefore, that
people rushed to the forests during the Covid-19 pandemic.

However, the provision of health and other functions of
forests depends on the optimal condition of forests, which
results from adequate forest management. Management
should be implemented in every forest, regardless of its

purpose or owner. Silvicultural treatments in forests should
ensure their optimal development and prevent forest risks.
By doing so, forests will be equipped with powerful defence
mechanisms and will be prepared for forest risks. Should
forest damage occur, it should be rectified as soon as possi-
ble, and forests should be regenerated and tended in order
to be healthy, vital, productive and capable of natural rege-
neration.

Forest health has been recognized as one of the leading
challenges of Croatian forests and forestry of recent times.
Since 2013, large complexes of Croatian forests have repe-
atedly been exposed to extraordinary and intensive biotic,
abiotic and anthropogenic stress factors, such as the rapid
spread of pests and plant diseases, ice breaks, wind breaks
and forest fires. Their increasingly frequent occurrence and
high intensities are associated with climate change. Forests,
forestry and the society as a whole suffer extensive ecolo-
gical and economic damage. In the continental part of Cro-
atia, intensive damage has been recorded in forests of
narrow-leaved ash, pedunculate oak, common beech, silver
fir and Norway spruce. In the Mediterranean area, forest
fires threaten forests of Aleppo pine, black pine, holm oak
and pubescent oak.

This is why the role of forests and forestry in creating and
preserving favourable living conditions for humans and the
entire biological diversity has never been as important as it
is at present times. Forests and forestry can significantly
contribute to mitigating climate change. Only by responsi-
ble management of forests, by prioritising the tending, re-
generation and protection of forests, and by not viewing
forests only as a source of raw wood or a passively protec-
ted object of nature can we preserve our forests and all their
values.

Editorial Board
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Approach (GADA).

,1752'8&7,21 individual tree level (Vanclay, 1994; Weiskittel et al., 2011;
892' +]AHOLN DQG $OWAQND\D <LHOG W

*URZWK PRGHOV DUH FODVVLUHG {OQWEDW kB QHRE SR 9 & U\ MR RS @)\
WKH XQLW RI DQDO\VLV ZKROH v/ &\/JGI%"FI{%;Q—H)Q/ DRG P EBPYRWIREHBGLF
and individual tree models (Vanclay, 1994). The number §f L DU\ WDEOHV WKDW DUH XVHG WR FI
trees, basal area, volume, mean diameter, and mean heigitH LQLWLDO \LHOG H[SHULPHQWYV LQ
RI D VWDQG FDQ EH SUHGLFWHG ®VLQJIHAZKR BEHWWROLR G ARGHBVUUKHG R
VWDQG FKDUDFWHULVWLFV GHWHVWIDWHG/ E$ ZKROWGEGL QW MNJRG 6FFKE B S 8 DOFKK
averages and these models do not make predictions at @ VFHQW LGHDV IRU JHQHUDWHG \LHC

°$VVRF 3URI 'U $\GxQ .$+500%$1 $VVW 3URI 'U $EGXUUDKPDQ a$+ul $VVRF 3URI 'U OF
E3URI 'U 7XUDQ 6g10(= %XUVD 7HFKQLFDO 8QLYHUVLW\ )DFXOW\ RI )RUHVWU\ % X
&RUUHVSRQGLQJ DXWKRU HPDLO ND\GLQ #KRWPDLO FRP

)XQGLQJ 7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH 6FLHQWLILF DQG 7THFKQRORJLFDO 5H
<LHOG 6WXGLHV LQ 3XUH &DODEULDQ 3LQH 6WDQGV LQ $QWDO\D DQG OHUVLQ 5HJLRQV
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the 18th century. And then, the first studies on yield tables
were conducted in pure stands towards the end of the 18th
and beginning of the 19th centuries (Vanclay, 1994). These
original tables were simplified counterparts of contemporary
yield tables. Pretzsch (2009) classified growth models into
four historical stages: i) simple yield tables organized using
limited data from growth models (between the final quarter
of the 18th century and the 19th century), ii) regular yield
tables based on age and site index yield strength variables
(between the final quarter of the 19th century and the be-
ginning of 20th century), iii) yield tables where growth rela-
tionships are calculated using computerized mathematical
models (between the first and last quarter of the 20th cen-
tury), iv) extremely detailed stand simulation models that
can be challenging to execute even on systems with a lot of
Read Access Memory (RAM) (from the final quarter of the
20th century to the present) (Kahriman et al., 2016a).

Due to its range, growth and increment characteristics, and
economiic significance, Calabrian pine (Pinus brutia Ten.) is
one of Tiirkiye’s most important main forest tree species
(Sonmez etal., 2016). According to the 2020 forest inventory
data released by the General Directorate of Forestry, Tiirkiye's
total forest area is 22,933,000 ha, which corresponds to 29.4
percent of the country’s total area. The Calabrian pine is dis-
tributed on the 5,215,292 ha of the total forest area (22.74
percent of the total forest area). The Calabrian pine is com-
posed of high stands that cover 3,407,368 ha (65.33%) and
degraded stands that cover 1,807,924 ha (34.67%) (General
Directorate of Forestry, 2021). The total growth stock, annual
volume increment, regeneration site area, and average
annual allowable cut of Calabrian pine stands are 270 million
m?, 7.95 million m?, 262,000 ha, and 3.4 million m?, respec-
tively (General Directorate of Forestry, 2021) (Directorate
General of Forestry, 2016). Consequently, there is significant
potential for applying the findings in practice.

Many researchers have investigated Calabrian pine stands,
and they have produced yield tables as a result of their re-
search. For instance, using temporary site data obtained
from even-aged, pure, and untreated stands, Alemdag
(1962) produced the first normal yield tables for Calabrian
pine stands. Afterwards, normal yield tables for Calabrian
pine stands were established by Erkan (1995) and Catal
(2009) for the Mediterranean region (Kahramanmaras,
Adana, Mersin, Antalya, and Mugla) and the western Me-
diterranean region (Mugla), respectively. However, Yesil
(1992) created yield tables for Calabrian pine stands that
depend on density for the entire country, while Sahin (2015)
did so for the Mersin Forest Regional Directorate. Additi-
onally, Karaca (2012) compared the values of yield tables
for treated Calabrian pine stands in Bucak-Camlik Forest
Management Unit with the values of normal yield tables
for Calabrian pines prepared by Alemdag (1962), Yesil
(1992), Erkan (1995) and Catal (2009).
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The total economic values at the end of the rotation age for
the Calabrian pine and other tree species based on the yield
tables were investigated by many researchers (Yaprak, 1977;
Oztiirk and Tiirker 1998; Oztiirk and Tiirker 2000; Erkan
etal., 2002) in Turkey. Their aim was to find the best eco-
nomic maturity age for the investigated species. According
to Yaprak (1977), the technical maturity age of the Cala-
brian pine tree species in Turkey for site index classes of
good (I), medium (II), and poor (IIT) was 55, 57, and 110
years, respectively. For site index classes I, II, and III, the
maturity age for the highest wood yield (ages where the ge-
neral average growth is greatest) was 50-55, 55-60, and 60-
65 years, respectively. The administration period for pole
production was 30, 40, and 50 years, respectively. The eco-
nomic maturity administration period and the highest land
value were 25 years for good sites, 30 years for medium and
poor sites (if they are cut at this age), and 40 years for poor
sites (only pole, pole and firewood can be obtained). The
highest average growth yield was given at the administra-
tion period of 65, 75 and 90 years (Yaprak, 1977). The physi-
cal administration period (the age of natural maturity) was
determined as 310 years in the 120 cm diameter Calabrian
pine tree grown in Fethiye-Incirkoy (Asan, 1998).

In the last century, some yield tables and stand growth mo-
dels or growth and yield models have been developed for
pure and natural Calabrian pine stands in some neighboring
countries. Palahi et al. (2008) developed growth and yield
models for Calabrian pine in northeastern Greece. Shater et
al. (2011) developed a system of models that allows managers
to simulate the dynamics of Calabrian pine stands in Syria
using 83 temporary plots. de-Miguel et al. (2010) developed
a system of models that allows them to simulate the stand
dynamics of Pinus brutia in the Middle East (Lebanon and
Syria) using 133 semi-permanent sample plots.

The objective of this study is to develop stand-level growth
models as yield tables needed for various forestry applica-
tions, especially for management plans and silvicultural
practices of pure and natural Calabrian pine stands distri-
buted in the central Mediterranean region (Antalya and
Mersin) of Turkey. Thus, growth models will be establis-
hed, which are one of the prerequisites for multipurpose
use of pure, natural and even-aged Calabrian pine stands.
These models will allow determining the effects of silvicul-
tural interventions on stand growth as well as to create and
compare planning options in the management plan deci-
sion- making process with regards to multi-purpose utili-
zation.

MATERIALS AND METHODS
MATERIJALI | METODE

The study area consists of pure and natural Calabrian pine
stands located within the boundaries of the Antalya and
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JLIXUH 7KH VWXG\ VLWH DQG WKH GLVWULEXWLRQ RI SXUH &DODEULDQ SLQH V\
60OLND , VWUD¢LYDQR SRGUX MH L GLVWULEXFLMD LVWLK VDVWRMLQD NDODEUL

Mersin Regional Forest Directorates in the central MedzDV GHWHUPLQHG FRQVLGHULQJ WKH
terranean region of Turkey. The provinces of AntalyaanB ODV VHV

OHUVLQ ZKHUH WKH VWDQGYV DUH ORFDWHDBUWLMWEHWHHHEORVVHV K
HDVW ORQJLWXGH DQG a a QRUKWKIXDWHEOGDANGH,,)LIJXUH P IKQHWXHV FO
central Mediterranean region (Antalya and Mersin), there ORVXUH FODVVHV ! Z1
DUH KD RI IRUHVWHG DUHPDWHVKIQFWZR UHJWKRIMDO IRUHVW GLI

(53.5%) is Calabrian pine stand. 761,194 ha (38.41%) of B%ending on the stand structure, the sample plots in this
area are pure Calabrian pine stands (Directorate Gener@lw XG\ UDQJH LQ VAR UERAWRH®Y @O R \PX |
of Forestry, 2018). The other dominant tree species ared')g, 600 IR U 2 | RPU DQG °? p
niper 19.4%, Lebanon cedar 15.2%, oak species (QUejgU§ands that had standing seed trees and seedlings in the
coccifera, Quercus cerris, Quercus infectoria, Quercus jlexeision stage. On each sampling plot, diameters at breast
and Quercus libani) &LOLFLDQ UU b RRFR l DOO WUHHY ZHUH PHI
4.9%, and other deciduous trees 7.7% (maple, hornbea\r,v,U HHV IURP HDFK VDPSOLQJ SORW Z}
ROLYH EODFN ORFXVW ZLOG ROk aieDcULﬁtEd by ‘afrftaMifg fom Boltingfed M D
OHGLWHUUDQHDQ FOLPDWH ZLWK R B 86a Uip tf the Relibht % B, Gobbeb&ik
DQG UDLQ\ ZLQWHUV 7KH DYHUD¥R | BRGKDO KO RIIPRA WY vicHV DQc
mm/m2 and 585.4 kg/m?2 for Antalya and Mersin provin WHU JURZWK PHDVXUHG DW EUHDVW
ces, respectively. The elevation of the study area varies frpng, QO\ GLVWULEXWHG DFURVV WKH
7910 1473 m (= 578.7 m) and the slope ranges from2%to g p Fp FP f FP ,Q RU
150% (=40.9%). 262 of the sample plots are in shady aspgfiy 4 v \w D QG JURZWK PRGHOV LQ WKH
and 224 of the sample plots are in sunny aspects. lues for quadratic mean diameter (), mean height (), domi
'DWD IURP WHPSRUDU\ VDP S O Harfb liig (i) ZniuMbkrLoQstéms KIND, dasbHaEea (BA),
stands found in the Antalya and Mersin Forest RegionWDQG YROXPH 9 VWDQG DJH W V
'LUHFWRUDWHY ZHUH XVHG LQ WGHWQ VVIRQW N BN ZHGE LMDLGRRFXCODM™WHG 'HYV
PHDVXUHPHQWY RI WZR WUHHYV ViteOrhkbRalret@n ikliidialiides tibhZheight] age,@éubleX
GLQJ WKH GRPLQDQW WUHH WR GhaWthidkiessQard Wergvhidnt) aptskhhd @ighled/ ¢stimay U H
WR GHWHUPLQH WKH PHDQ VWDQWHX DPRIRFVWK HV® ” B BK XSWOHRRAH QWY H VW
used (Kahriman et al., 2016b). The number of sample ploc8HQVLW\ URRW PHDQ VTXDUH GLDPH\
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Table 1. Descriptive statistics of individual tree measurements and stand level estimates
Tablica 1. Deskriptivna statistika mjerenja pojedinaCnih stabala i procjene razine sastojine

Variable Number
Varijabla Broj

Level

Razina

Breast height diameter (cm)

. . 13495
Prsni promjer (cm)
Height (m)
Visina (m) 13430
Individual tree Age (year) 4092
Pojedinacno stablo  Starost (year)
Bark thickness (mm)
Debljina kore (mm) 5062
Radial growth (mm/godina)
. . 7094
Rast promjera (mm/godina)
Stand age (year) 486
Starost sastojine (godina)
Site index (m)
Indeks staniSta (m) e
Stand ,densny } 486
Gustoca sastojine
Mean diameter (cm)
.. . 486
Sredniji promjer (cm)
Stand Mean height (m) 486
Staniste Srednja visina (m)
Dominant height (m)
. - 486
Dominantna visina (m)
Basal area (m%ha) 186
Osnovna povrsina (m?%ha)
Stand volume (m?/ha) 186
Volumen sastojine (m?/ha)
Number of stems (number/ha) 186

Broj stabala (broj/ha)

by basal area, stand volume, number of trees per hectare,
and stand density) are presented in Table 1.

In order to create stand models, or in other words, yield
tables, stand parameters like age, mean diameter, dominant
height, number of trees per hectare, basal area, and volume
are first estimated using data gathered from these tempo-
rary sample plots. In the second phase, stand density levels
were calculated for use in density-based yield tables. When
stand age and canopy height or stem analyzes were carried
out in the third stage, SI tables were created based on the
values for the age and heights of individual trees. Addition-
ally, the site index of all stands in which sample plots are
located were determined. In the fourth stage, stand vari-
ables such as root mean square diameter, mean height,
number of trees per hectare, basal area, and standing tree
volume were estimated using the appropriate regression
equations as a function of stand age, site index, and degree
of stand density. In the fifth phase, the volume of stand re-
moved was estimated using appropriate regression equa-
tions as a function of stand age, SI, and degree of stand
density, similar to the standing tree calculations using in-
formation on dead or dying trees obtained from observa-
tions on the sample plots. In the sixth and final stages, vol-

Mean Std. Dev.
Aritmeticka Standardna
sredina devijacija
2477 0.7 87.1 13.10
14.09 25 34.0 6.38
53.63 10.0 165.0 30.55
55.72 8.0 141.0 23.91
3.02 0.4 15.6 2.07
49.8 6.0 135.0 32.1
21.7 8.5 33.8 515
4.8 0.3 12.4 2.3
25.6 3.7 61.8 13.6
14.2 1.7 31.2 7.1
16.5 1.9 32.4 1.6
25.5 0.3 69.5 15.9
207.7 2.5 983.7 170.9
933.6 80.0 7800.0 1337.0

ume increments of the entire stand were calculated and the
results were presented in tables (Yavuz et al., 2010; Kahri-
man et al.,, 2016a).

In our study, the age of 10-15 trees was measured in each
sample plot. The stand age (t) was calculated using the
arithmetic mean of the age of trees near the root mean
square diameter. The site index of the stands was calculated
using the dynamic site index models obtained by Kahriman
etal. (2016b and 2018) through the Generalized Algebraic
Difference Approach (GADA). Among the GADA models
of the Chapman-Richards (Chapman and Meyer, 1949;
Goelz and Burk, 1992), Hossfeld (Cieszewski, 2001), Log-
logistic (Cieszewski, 2000), Hossfeld IV (Cieszewski and
Bella 1989), Lundqvist (Cieszewski, 2004), Weibull (Ciesze-
wski, 2004), King-Pardon (Krumland and Eng, 2005), and
Bertalanffy-Richards (Cieszewski, 2004), the Hossfeld
model was produced the highest score based on the root
mean square error (RMSE), the Akaike’s information cri-
terion difference (AICd) (Akaike, 1974), and the Durbin-
Watson (DW) tests (White, 1992). So, the Hossfeld Model
was chosen as the best fit model for the Site Index. Stand
density (sd) was calculated using the Relative Density Index
developed by Curtis et al. (1981). The quadratic mean di-
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ameter (&g) of the stand represents the tree with the mean
basal area (Laar and Akga 2007). The mean stand height
(I_qg) was calculated as the heights of the mean basal area tree
on each sampling plot. The dominant height of stand (h,,)
was calculated as the arithmetic mean of the 100 tallest trees
per hectare (Kalipsiz, 1984; Kahriman et al., 2018). The
number of trees per hectare (N) was calculated by multi-
plying the number of trees with a stem diameter of > 4 cm
in the sample plots by the hectare conversion coeflicient.
The basal area of the stand (BA) was calculated by adding
the basal area of each tree in the sample plot and convert-
ing to hectares. Double-entry tree volume equations devel-
oped by Kahriman et al. (2016b) were used to estimate sam-
ple plot volume (V). Stand volume was determined by
converting the sum of individual tree volumes calculated
using the double-entry tree volume equations to hectares.
The double-entry tree volume (R%, = 0.992, RMSE= 0.041

adj
m3, and Cf=1.009) and the dynamic model SI (R%; = 0.984)

adj
from Kahriman et al. (2016b) are provided below.
The double-entry tree volume equation of Calabrian pine
was given in Eq.1:

LnV = —3.002 +$+1'0%+ 0.9781nd2h (1)

The model structure of the Hossfeld equation obtained by
autoregressive modeling can be expressed as:

R (1).370244 (17024 X,y + (9491999
oD =h A aon 9.491999
t (%, X, te )

2)

9.491999

X, = h~15.94558 + \/ (=15.94558)° + 2 (h o
T

Where; h is the dominant tree height on the sample plot, t
is the age and t, is the standard age (a.k.a. base age) which
is generally used as at 25 and 50 age for fast growing trees,
and at 100 age for slow growing trees (Kalipsiz, 1984; Van-
clay, 1994; Laar and Akga, 2007; Pretzcsh, 2009). In this
study, the standard age was chosen at 60-year for Calabrian
pine. The site index of a plot whose dominant height and
stand age were determined can be calculated directly for a
desired standard age using these equations (Kitikidou et al.,
2012; Kahriman et al., 2018; Suliman et al., 2021).

This GADA model had a root mean square error (RMSE)
of 0.8013 m, an Akaike’s information criterion difference
(AICd) value of 0, and a Durbin-Watson test (DW) value
of 2.0099. The fact that the Durbin-Watson value of the
model was very close to 2 (DW: 2.0099) indicates that us-
ing autoregressive analysis greatly reduced the serial cor-
relation. The developed Hossfeld dynamic site index model
successfully modeled age-top height relationships with the
S type, polymorphism, multiple asymptotes, and base-age
invariable to expected growth principles.

The stand volume and yield parameters such as number of
trees per hectare (N), basal area (G), stand volume (V),
quadratic mean diameter (), and mean height () of the main
stand were predicted using regression equations as a func-
tion of stand age (t), site index and stand density. Elements
of the remaining trees were predicted using appropriate
regression equations generated using variables such as
stand age (t), site index (SI) and stand density (sd) and the
independent variables derived from these variables using
the SPSS statistical software program (SPSS 19.0 Inc., 2010)
with forward, backward, and stepwise selection modes. The
models that were statistically significant (p <0.05) and those
had the highest adjusted coefficient of determination (R:,;),
the lowest root-mean-square error (RMSE) and that also
complied with the biological laws were selected.

Adjusted Coefficient of Determination

A 2

V.-V.
R, -1- Y, _,>2
Y vi-v)

Root-Mean-Square Error

N2
RMSE = M (4)

N-p

©)

Where; V, and represent calculated and predicted stand
volume, and N and p represent sample size and number of
variables used in the model respectively.

The removed stand volume and the yield elements are nee-
ded to determine the total stand volume yield since the to-
tal stand volume is equal to the sum of the standing timber
volume at a given age and the volume removed up to that
age (Vanclay, 1994; Pretzsch, 2009). In this study, the vo-
lume elements of removed stand were calculated using data
on dying or dead trees in the stand. Also the number of
trees removed was calculated using the difference between
the number of trees in successive age intervals within the
same site index and density class (Kalipsiz, 1984).

In addition, the volume of total yield and the percentage of
intermediate yield to volume of total yield were computed,
along with the current annual volume increment (CAI) and
increment percentage. The mean annual increment (MAI)
of standing timber and overall yield values were calculated
in addition to volume and yield volume elements related to
standing timber and removed trees (Vanclay, 1994; Pretzsch,
2009; Kahriman et al., 2016a).

RESULTS
REZULTATI

The relationships of quadratic mean diameter (c_ig), mean
height (h,), number of trees per hectare (N), basal area (G)
and volume (V) with stand age (t), site index (SI), and stand
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7TDEOH &HUWDLQ VWDWLVWLFDO LQIRUPDWLRQ RQ WKH JURZWK UHODWLRQV RI W
7TDEORBWH HQL VWDWLVWL NL SRGDFL R RGQRVLPD UDVWD JODYQLK VDVWRMLQD
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GHQVLW\ VG ZHUH H[DPLQHG IR UThé¥e ByQaBdnQale Bibjadto\sysieraticldrrar BeBarideGhay
UHJUHVVLRQ PRGHOV ZHUH XV H GargyIrgaritRraic-(Okalp, KLAAB)H Thereom, whe Raipgskob S vV
6WDWLVWLFDO LQIRUPDWLRQ RQ tginedfrap-hecauatippsnayisHoe xopitipliegRly thexaru H J L

ven in Table 2. rection factor (f) of natural logarithm (In) to correct this
A 399 14; systematic error (Baskerville, 1972).
Lnd, s —5—"+0.6141 IntSI+ %
t Sl X
; = 2
33.066 sd S 2 5) Correction factor = Cf € (20)
t sl Wheree represets the natural logarithm (2.718281828)
Lnh S 0Q t-SI—0.0003t- S +and § represents the standard error of the equation in
? these equations.
0.03863SI  0.00937t
sd S sd (6) Standing timber and removed tree elements in the yield
WDEOHYVY ZHUH GHWHUPLQHG DV D IXQF
LnBA s OQ Sl-sd+ GH[ DQG VWDQG GHQVLW\ XVLQJ WKH F
0.6504 Irt - SI - sd 0 DQG GHQVLW\ GHSHQGHQW &DODEULD
FRQVWUXFWHG 7KH RWKHU HOHPHQW\
LnN = 10.5271 + 0.000016324 ©0Qt predicted by these equations. The standing timber and re
moved trees elements and the other elements of the yield
0.000804F + 0.0145sd 8 WDEOH ZHUH FDOFXODWHG VHSDUDWH?
. WZHHQ DQG GHJUHHV RI VWDQC
LnV s sOQ't + s DQG FODVVHV RI 6, , ,,
0.9174 Irsd+ 0.9145 In SI 99 RXU UHODWLYH GHQVLW\ YDOXHV UDQ

JLIXUFKH FKDQJH LQ QXPEHU RI VWHPV SHU KHFWDUH DFFRUGLQJ WR D VWDQG D
VWDQG GHQVLW\ IRU PHGLXP VLWH LQGH[ FODVV

60LBMDRPMHQD X EURMX VWDEDOD SR KHNWDUX SUHPD D VWDURVWL VDVWRMLQH
VDVWRMLQH ]D UDJUHG VUHGQMHJ LQGHNVD VWDQLAWD



.$+5,0$1 $ HAB2DD+ 02'(/6 )25 1$785%/ 67$1'6 2) &$/$%5,$1 3,1( ,1 7+( &(175%$/ 0(',7(55.(351 5(*,:

JLIXUHKH FKDQJH LQ WKH FXUUHQW DQQXDO YROXPH LQFUHPHQW &$, DFFRUGLQ
VWDQG DJH DQG VWDQG GHQVLW\ IRU PHGLXP VLWH LQGH[ FODVV

6OLBDRPMHQD WUHQXWQRJ JRGLAQMHJ YROXPHQVNRJ SULUDVWD &$, SUHPD D
URVWL VDVWRMLQH L JXVWRpPL VDVWRMLQH ]D UDJUHG VUHGQMHJ LQGHNVD VWDQ

ever, taking into account the stand density of the measur&®l DJH ZDV DQG DQG
plots of Calabrian pine stands, the normal density value JH LW ZDV DQG UH'
ZDV FKRVHQ DW ZKLFK LV DW TWeKfitrent WniuaP Vb 1rferbabds I alisHciadskdhind

ZHLIJKWHG DYHUDJH UHODWLYH GHRYYMVPHOYEHV R I &&HICULDQ SLQ!

The number of trees in Calabrian pine stands decrease)QG DIWHU UHDFKLQJ D PD[LPXP GHF
ZLWK DJH DQG LQFUHDVHV ZLW kage@frthestands. Q0 the\wtileghands thecurent arbw@Ic

ZRUVHQLQJ RI VLWH LQGH[ )LIXUHROX®W bQeRHRY B W WIDBIGC LEHY HDVLQ
VLW\ RI DQG DQ DJH RI \HDUGURXHEG Y ZWMUOH QGH[ YRGXH UHIDUGO

WUHHV SHU KHFWDUH IRU VLWHJIHQ W DROD GHIDOW L. W)\, DPRE LPSWURIYHG
VSHFWLYHO\ ZKLOH WKHUH ZHU HinB&éxx§2\n total stand PoRide incremMéhtHi-Oélabritik/pine
KHFWDUH IRU \HDU ROG WU H H ¥tand3 (Figife W.JdiaVstdnd DdfumB &t fokntalstsmMRdef K H
density grades 2.0, 4.0, 6.0, 8.0, and 10.0, the numbekaf W\ R | ZDV %ha dDdye&60 and P
WUHHYVY SHU KHFWDUH LQ WKH PL@&B&GLH3FQriglM24.4/ha\at Hgd 10@fot [SIRMsses NH D UV

JLIXUHKH FKDQJH RI WRWDO VWDQG YROXPH DFFRUGLQJ WR D VWDQG DJH DQG V
VLW\ IRU PHGLXP VLWH LQGH[ FODVYV

60LNBMRPMHQD XNXSQRJ YROXPHQD VDVWRMLQH SUHPD D VWDURVWL VDVWRML(
JXVWRpX VDVWRMLQH ]D VUHGQMX NODVX LQGHNVD VWDQLAWD



‘ aXPDUVNL OLVW 2  &;/9,,

JLIXUFKH FKDQJH Rl PHDQ DQQXDO YROXPH LQFUHPHQW 0%, DFFRUGLQJ WR D VYV
DJH DQG VWDQG GHQVLW)\ IRU PLGGOH VLWH LQGH[ FODVV

6OLBDRPMHQD VUHGQMHJ JRGLaAQMHJ YROXPHQVNRJ SULUDVWD 0%, SUHPD D VW
URVWL VDVWRMLQH L JXVWRpPpX VDVWRMLQH ]D VUHGQMX NODVX LQGHNVD VWDQLAa\

DQG ,,, UHVSHFWLYHO\ ,Q WKH PHIZEAHXHPPHOW DLOQ\GHL G PDONDV M\K A LWV L C
WDO YROXPH RI VWDQG ZDV better site quality (Figideg)BE Mean annual volume incre

m%ha at age 60 and 229.5, 380.9, 536.2, 713.7 and 935.AHQW DW QRUPDO VWDQG GHQVLW\ RI
ha at age 100 corresponding to density classes 2.0, 4.0n6/Ba at age 60 and 9.89, 7.14 and 4 #4arat age 100 for

8.0 and 10.0, respectively. VLWH LQGH[ FODVVHYVY , ,, DQG ,,, UHV

Mean annual volume increment in Calabrian pine standEKH UHODWLRQVKLS EHWZHHQ &%, DQG
LQFUHDVHY DFURVY DOO VLWH L QuoeeathFSOdass\sepsraizip) & the\Wdn@aiGtaaidHd@nsiViefl H V
WR D FHUWDLQ DJH UHDFKHV LWV RDQ[MPKH &DJ0D BMKIHE BH QLIH) WM. MVIRG W D |
GHFOLQH DURXQG D FHUWDLQ DJBHFOLQHY ®IWODVIHDNLQJIJLDW WKH

6, FODVV ,, DQG LQ 6, FODVV\HDUWYHIQ6D BQRMY Y, RIDXE® H \HDUV L

JLJXUH B5HODWLRQVKLS EHWZHHQ &$, DQG 0%, IRU 6, FODVVHV Rl , ,, DQG ,,,
6OLND 2GQRV L]PH X &$, L 0%, ]D 6, UDJUHGH , ,, L ,,,
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Table 3. The change in total stand volume and mean volume increment according to stand age, site index class and stand density level
Tablica 3. Promjena ukupnog volumena sastojine i prosje¢nog volumnog prirasta prema starosti sastojine, klasi indeksa stanista i razini gustoce sastojine

Total stand volume (m%ha)

Totalan volumen sastojine (m*ha)

Mean annual volume increment of main stand (m?3/ha)
Prosjecni godi$nji volumni prirast glavne sastojine (m%ha)

Density Age

Gustola Godins .Sl 1. SI . S
30 385.9 281.2 148.9

- 60 815.5 590.6 321.5
100 1281.5 935.0 526.3

140 1569.2 1155.4 660.7

30 288.9 207.6 122.5

60 622.0 4447 263.4

8.0 100 989.4 713.7 424.4
140 1217.1 886.5 529.1

30 213.9 151.8 90.9

60 468.4 330.4 195.8

6.0 100 752.7 536.2 317.4
140 929.8 669.2 396.9

30 150.1 104.2 62.4

. 60 337.0 231.6 134.9
100 545.9 380.9 220.3

140 677.6 478.0 276.7

30 94.5 58.4 36.1

60 224.6 139.2 78.5

20 100 363.4 229.5 128.8
140 451.7 291.2 161.9

observed that in the age groups where MAI was highest, its
value was equal to CAI Consequently, the optimal manage-
ment period (the optimal rotation period) that would lead
to the highest yields for pure Calabrian pine stands in An-
talya and Mersin can be set at 60, 65 and 75 years for the SI
classes of I, IT and III, respectively. Site productivity descri-
bed by maximum MAI, was 10.39 at 60 years, 7.42 at 65
years and 4.39 m’/ha at 70 years per year for good, medium
and poor sites, respectively (Figure 6).

Total stand volume for Calabrian pine for a given age ge-
nerally increases steadily with decreasing rates as they get
older with improving site quality or increasing density. The
mean annual volume increment of stand for Calabrian pi-
nes for a given age increases irregularly for different site
quality classes and stand density levels (Table 3).

DISCUSSION
RASPRAVA

The results of the density-dependent yield tables generated
in this study for the Calabrian pine were compared with
the previous yield tables generated by Shater et al. (2011)
in Syria, de-Miguel et al. (2010) in Syria and Lebanon, Catal
(2009) in Turkey, Palahi et al. (2008) in northeastern Greece,
Erkan (1995) and Alemdag (1962) in Turkey, and with the
density-dependent yield table developed by Yesil (1992) in

Density Age

Gustoty Godine .Sl II. Sl 1. sl
30 12.86 9.37 4.96

o 60 13.59 9.84 5.36
100 12.82 9.35 5.26

140 11.21 8.25 4.72

30 9.63 6.92 4.08

0 60 10.33 7.41 4.38
100 9.89 7.14 4.24

140 8.69 6.33 3.78

30 7.13 5.06 3.03

60 7.81 5.51 3.26

6.0 100 7.53 5.36 3.17
140 6.64 4.78 2.84

30 5.00 3.47 2.08

n 60 5.62 3.86 2.25
100 5.46 3.81 2.20

140 4.84 3.41 1.98

30 3.15 1.95 1.20

60 3.74 2.32 1.31

20 100 3.63 2.29 1.29
140 3.23 2.08 1.16

Turkey. The results were similar and consistent with the
growth rules associated with the stand models. The recip-
rocal equivalents of the variables were considered in the
comparisons. For example, the values of the table for the
normal stand density level of 8 in this study were compared
with the values of the table given by Yesil (1992) for the
normal stand density level. Similarly, yield table values for
stands of tree species with optimal growing conditions (i.e.,
SI class I) were compared for consistency (Akalp, 1978;
Kahriman et al., 2016a). Comparisons of the number of
trees, total stand volume, current and mean annual volume
increment of Calabrian pine stands in high SI class and at
normal density with previous studies are shown in Figures
7 and 8.

In study of Palahi et al. (2008), the number of trees was con-
sistently higher between 40 and 100 years. With the excep-
tion of Alemdag (1962) up to the age of 50 and Palahi et al.
(2008) between 40 and 100 years, the number of trees in
Calabrian pine stands reported in the yield tables of this
study was higher than in the other studies. All studies found
that the number of trees converged after age 60, with Catal
(2009)’s values being the most similar to our findings (Fig-
ure 7a).

Erkan (1995) obtained the total stand volume values that
were most similar to our findings. Total stand volume was
also consistently lower in the study by Alemdag (1962). Our
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60OLMYSRUHGED WH DMQRJ &$, L SURVMH QRJ JRGLAQMHJ YROXPHQRJ SULUDVWD
VDVWRMLQH 6

WRWDO VWDQG YROXPH YDOXHV EHUHKKSUMP WHBH WKDKQL @H" MKadVeY DO XHV
UQGLQJV XQWLO \HDUV RI DJHaDQG ZHZHU & RZMHOW KD QD WNRHW KH\HD U\
YDOXHV UHSRUWHG E\ <H'LO Y DA H GBWBEBWHUPDOWIBULQ WKLV VW X!
years of age (Figure 7b). Values reported for age 60 fortifeeHUPLQHG E\ $OHPGD— etaflUNDQ
WRWDO VWDQG YRDOPHQZSHIWOHPGD—+ pDIWHU \HDUV DQG E\ ¢DWDO
622.0 nha in this study, 670.9 ¥ha in Erkan (1995), good site (Figure 8). The MAI tends to increase and reach
7120mM KD LQ <H'LO ° KIQB\ ¢DWD @ pp[LPXP XS WR D FHUWDLQ DJH DQG
CAl tends to increase up to a certain age and then decreaseld PDLQ DOPRVW WKH VDPH RYHU WLP
VKDUSO\ ZLWK LQFUHDVLQJ DJH FPIDVWIXPGH$L DO OHDFXEIGHYDY$, ENDU
$OHPGD— ZDV FRQVLVWH QW Q008)Badyéars I Krka@(IDIB)ankR State &1 al/ (ROXIG, 55
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6OLMNSRUHGED WH DMQRJ &$, L SURVMH QR JRGLAQMHJ YROXPHQRJ SULUDVWD
VDVWRMLQH 6'

\HDUV LQ $OHPGD— <H'LO GeneialDBedtdare BfForestry (2D Ghanged its policy
60 years in this study, respectively for good site (Figure 8. W H U E\ DOORZLQJ HDFK IRUHVW

Figure 9 compares the current and mean annual volurf@ HWHUPLQH LWV RZQ DGPLQLVWUDW
increment of Calabrian pine stands of this study in the mguch as operating objectives and priorities, silvicultural
GLXP FODVV VLWH LQGH[ DQG D W”@%d*ﬁ%%“'&?ﬁ%ﬁ“\? phe markghand g markeyng
OLHU UHVHDUFKHUV GH OLJXHO ﬂ‘W"iﬁ dnd other $egvi5&s Bf (Prepiy fop cplabrian pine
The MAI and CAl values found for medium site in this FRZHYHU WKH PRVW FXUUH
VWXG\ 6, P ZHUH PXFK JUHDWHUU\/\/&K% WwRRRVE PRRGIGVIPREM LV
GH OLIXHO HW DO oV 6, D(g YRRy PEPEetion Tunicgion purposes

6, P VWXGLHV )LJXUH 7KH F(% el 5906%atez°6@r??¥9’02|99<8h6
at 65 years for our study (7.42 KD ZKLOH LW ZDV UHDFKHG

DW \HDUV IRU GH 0LJXH&® ahdv60D®R 2 1&/86,2A 6
years for Shater et al. (2011) (53%ha) (Figure 9). =$./-8Vy89$.

<DSUDN DQG 6R\NDQ HIDBLWKSVWMKHXERRPBPUEPHQW DQG JUF
analySiS of the Calabrian pine to determine the rotation Prshed for pure Calabrian pine on|y stands in the central
ULRG LQ 7xUNL\H $FFRUGLQJ W R/etRefrihPaN Region (AMYyHE addRNRRinFblovinces).
managing and operating the forests of Calabrian pineistok H VWDQG PRGHOV IRU &DODEULDQ S
SURGXFH KLJK TXDOLW\ RU WKLFNVGER BN WU GHREXKEMOIWWK BY D Wb E ¢
ERWK DFFXUDWH DQG FRVW H HFWLRIdDVEXWWIKH B HK®WIHVW S 3KHE  IGH\OWY
YROXPH SRVVLEOH WR PHHW W K HoGdhiplReiie Yuiditalit! vehnIdibRetdrQdaddtld hhaaw
products industry. The overall average volume increase aigdght, number of trees per hectare, basal area, and volume
UHDFKHG LWV PD[LPXP DW WKLV W tdhtingbrBesNANR stand as d fdiiefob) 0Wsthed age, SI,
that the rotation periods must be established as 50, 60, abd G VWDQG GHQVLW\ )LYH \HDU DJH
70 years based on the information from the currentincomg WD QG GHQVLW\ DQG WKUHH FODVVE
tables, and the technical maturity rotation age for the C.&W KH FKDQJH LQ WKH HOHPHQWYV RI W]
labrian pine. The administration period for Calabrian pingables connected to standing and removed trees of the
stands in the Eastern Mediterranean (Syria and Leban o WDQGV :KLOH WKH QXPEHU RI WUHH"
ZDV GHWHUPLQHG E\ GH OLJXHO mAUHDVLQIJWRIEH DJH WKH WRWDO
DQG \HDUV IRU WKH PHGLXP D Qi6creEaBitgy trek Agel, 31 Qualid/] aRdsnvo\dengity (Righre 4



®

and Table 3). Between the ages of 30 and 50, CAI typically
increases, achieves its peak, and then declines across all SI
and density classes, however it continues to rise with rising
SI quality and stand density. Between the ages of 55 and 60
for SI class I, 65 and 70 for SI class II, and 70 and 75 for SI
class ITI, M AT rises and achieves its maximum, after which
it falls throughout density levels. Similar to CAI, MAI rises
consistently as stand density and SI quality rise.

To ascertain the Calabrian pine’s rotation period in Turkey,
according to Yaprak (1977) and Soykan (1978), the rotation
times should be set at 50, 60, and 70 years based on data
from the present income tables and the Calabrian pine’s
technical maturity rotation age. We concluded that as many
specialists (Gezer, 1985; Richardson, 1998; Awada et al.
2003; Boydak, 2004; Boydak et al. 2006; de Miguel Magana,
2014) claim that the rotation length would be at an age of
no more than 60 years for the managed Calabrian pine
stands with medium efliciency. Each forest enterprise di-
rectorate, however, may choose its own administration pe-
riod for factors like operational goals and priorities, silvi-
cultural requirements, market demands, and needs for
marketing infrastructure and other forest services as the
current laws permit.
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Modeli rasta sastojina potrebni su za razli¢ite prakse u Sumarstvu, ponajprije planove gospodarenja i
studije uzgoja Suma. Cilj ove studije bio je stvoriti modele na razini sastojina za jednodobne, Ciste i
prirodne sastojine kalabrijskog bora u sredi$njem mediteranskom podrucju Turske. Podrucje
istrazivanja sastoji se od ¢istih i prirodnih sastojina kalabrijskog bora, smjestenih unutar granica re-
gionalnih uprava za Sumarstvo Antalije i Mersina u sredi$njoj mediteranskoj regiji Turske. Podaci su
prikupljeni s 486 privremenih ploha razasutih diljem regije. Dva stabla (dominantno stablo i stablo
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koje predstavlja kvadratni srednji promjer sastojine) izmjerena su na svakoj plohi, daju¢i 972 stabla.
Podaci su pokazali da je starost varirala od 6 do 135 godina, indeks stanista (SI) od 8,5 do 33,5m, a
gustoca od 0,3 do 12,4. Prirasno-prihodne tablice ovisne o gustoci generirane su kori$tenjem regresi-
jskih jednadzbi na temelju starosti sastojine, SI i gustoce sastojine s pojedina¢nim, dvofaktorskim i
trofaktorskim interakcijskim uc¢incima. Optimalno razdoblje ophodnje koje bi rezultiralo najveé¢im
prinosima za Ciste sastojine kalabrijskog bora moze se odabrati kao 60, 65 i 75 godina za SI klase I, II,
odnosno III. Razvijeni modeli rasta sastojine (tj. Prirasno-prihodne tablice ovisne o gusto¢i) slagali
su se s temeljnim zakonima rasta i podacima prikazanim u literaturi.

KLJUCNE RIJECI: modeli sastojina, Prirasno-prihodne tablice ovisna o gustoci, kalabrijski bor, gustoca,
generalizirani algebarski diferencijski pristup (GADP).
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EVALUATING THE CARBON MONOXIDE
EMISSION FROM CHAINSAW EXHAUST

OUTLET

PROCJENA EMISIJE UGLJICNOG MONOKSIDA IZ ISPUSNOG

OTVORA MOTORNE PILE

Sercan GULCI™, Nese GULCI', Dalia ABBAS?, Hasan SERIN?, Kivang YUKSEL', H. (001)

SUMMARY

In many countries, two-stroke chainsaws have been actively used in forest operations. Chainsaw operators are ex-
posed to harmful gases and particulates generated by the exhaust of the two-stroke hand-held chainsaw. In this study,
carbon monoxide (CO) parts per million (ppm) exposure of operators working with a chainsaw at 1900-2000 revo-
lutions per minute (rpm) was investigated by mixing oil-fuel at a ratio of Society of Automotive Engineers (SAE)
10W motor oil (2.5%) and 95-octane unleaded gasoline. To investigate the presence of CO at a short distance, the
relationship between exposure time and distance from the source were divided into groups. The result of the statis-
tical analysis has shown that the average amount of CO emitted from the chainsaw was 1683 ppm at a distance of 0
(¢4 cm) cm, 343.6 ppm at a 10 cm distance, 252.3 ppm at a 20 cm distance and 86.5 ppm at a 30 cm distance. The
analysis of variance, according to the distance, has shown the amount of CO (ppm) to be statistically significant (p
<0.05). If the chainsaw operator is working very close to the chainsaw, CO exposure will be observed, which trans-
lates to a negative impact on their health and work efficiency. Therefore, training should be conducted to increase
the awareness of the proximity to the chainsaw and the operators and the importance of using personal protective
equipment. In addition to training support, the use of the new generation of chainsaw engines should also be en-
couraged and promoted to minimize CO emissions.

KEY WORDS: Forestry, timber production, two-stroke gasoline engine, emissions exposure, carbon monoxide, operator

health

INTRODUCTION
uvoD

In countries with difficult terrain conditions, chainsaws are
commonly being used in forestry production activities.
Chainsaws, have been used in forestry since the 1960s, are
used effectively and efficiently in timber production for tree
felling, removing branches, bucking and debarking (Eker

et al. 2011; Giilci et al. 2016; Russell and Mortimer 2005).
Further research is underway to develop alternative tools
to chainsaws. Recent alternatives include the use of debark-
ers “moto-debarker” instead of the conventional chainsaw
(Sefik and Eker 2019), and a chainsaw powered by a lith-
ium-ion battery (Neri et al. 2018; 2022; Pandur et al 2021).
However, to date, no alternative power saw system has been
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used that can compare to the high performance and pros
of existing two-stroke hand-held chainsaws in timber pro-
duction.

The chainsaw is used as an important forestry tool due to
its powerful two-stroke engine, lightweight and ergonomic
design, and continues to exist in timber production in
mountainous terrains. Although these powerful tools are
very useful and ergonomic, they are full of rules to be con-
sidered in terms of occupational health and safety. Hence,
considering the intensity of the use of chainsaws in forestry,
research on occupational health and the effects of chain-
saws on operators has been growing (Iftime et al. 2022).

There are various factors that affect the health and safety of
chainsaw operators working in open areas and difficult ter-
rain conditions. According to the International Labor Or-
ganization (ILO), in terms of occupational health and
safety, forestry activities pose among the highest risks and
most hazardous in terms of accidents (Acar and Sentiik
1999; ILO 2011). As a result, legislation and research on
worker health and safety issues began to become more and
more important. In this way, it has become a priority to
make sure that workers operate in safe and healthy condi-
tions; preventing or minimizing exposure to occupational
accidents or occupational diseases (Acar and Uciincii 2020).

In the area of operator health and safety, the noise (Tunay
and Melemez 2008; McLain et al. 2021; Akay et al. 2022),
dust (Dimou et al. 2020), and vibration (Tunay and Tuna
2015; Landeki¢ et al. 2020), and the risk of musculoskeletal
disorders (Cheta et al., 2018) that forest workers are ex-
posed to while using chainsaws are the important research
topics. Exposures and their effects have been observed and
confirmed through previous research. Chainsaw operator
exposure to the exhaust gases of chainsaws with two-stroke
engines, which use fossil-derived fuels, is one of the most
critical issues because the chainsaw operator exposed to the
exhaust gas may face respiratory diseases. (Iftime et al.
2022).

In recent years, detailed studies have been conducted on
dust and gas exposure related to other forest production
tools (such as chainsaws) (Leszczynski 2014; Hooper et al.
2017; Marchi et al. 2017; Dimou et al. 2019; Dimou et al.
2020; Tas and Akay, 2022). Neri et al. (2016) evaluated the
exposure of harmful gases emitted by chainsaws in different
fuel types to polycyclic aromatic hydrocarbons (PAH) and
BTEX (benzene, toluene, ethylene, and total xylene). Volck-
ens et al. (2007) investigated the values of carbon monoxide
(CO), carbon dioxide (CO,), nitrous oxide (NO), hydrocar-
bons (HC), particulate matter (PM2.5), and sulfur dioxide
(SO,) produced by different amount of fuel mixtures used
in two-stroke engines such as chainsaw. The main adverse
effects suffered by chainsaw operators are vibration and
noise, as well as exposure to carbon monoxide in the emit-
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ted exhaust gases (Arnold and Parmigiani 2015). Due to the
incomplete combustion process of a two-stroke engine with
internal combustion, different amounts of CO gas are pro-
duced. In other words, the combustion process in a two-
stroke engine may not be fully realized, and as a result, CO
and CO, gases are expected to be emitted from exhaust out-
let in different concentrations. Therefore, it is critical to un-
derstand the CO exposure limit, which is an odorless, taste-
less, colorless, and short-lived harmful gas that exists in
various gases discharged from the exhaust (EU 1995).

Although new brands or engines have been developed for
chainsaws, traditional two-stroke engine powered saws are
still very commonly used in logging operations (not only
logging, cut to length, pruning and peeling but also winch-
ing) in many countries. In previous studies, the measured
values of exhaust gas released when cutting the trees with
different brands of chainsaws were presented. CO exposure
measurement studies conducted on chainsaw operators es-
timated different concentration values and limits. Accord-
ing to Leszczynski (2014), the short-term exposure value is
determined to be 110 ppm (127 mg/m?). In another study,
the operator’s short-term exposure to CO with a chainsaw
was determined to be 120 ppm (Baldauf et al., 2006). Op-
erators of chainsaws may be exposed to high concentrations
(400 ppm) of CO in a short period of time (Biinger et al.
1997). A recent study conducted by Dimou et al. (2019) in-
dicated that the average CO concentration of three differ-
ent types of chainsaws in the operator’s breathing zone
reached 88.32 ppm in open area.

This study evaluated and measured the amount of CO that
an operator might inhale when temporarily approaching
an idling chainsaw when the chain brake is open. Hence,
the carbon monoxide exposure value of the chainsaw op-
erator from the exhaust gas was measured at different dis-
tance intervals up to 30 cm. An electronic gas sensor was
used to obtain short-time interval CO ppm values from
close-range distances from exhaust in an open area.

MATERIAL AND METHOD
MATERIJAL | METODA

Study Area — Podrucje istraZivanja

This study was conducted in a pine plantation in the
southern part of the campus (Figure 1), Kahramanmaras
Sutcu Imam University (KSU), located in the Avsar campus
in the eastern Mediterranean region of Tiirkiye. Measure-
ments were done outdoors under normal weather conditi-
ons with gentle slope. The study area, which has a typical
Mediterranean climate, has an altitude of 550 m. The me-
asured air temperature, wind speed and relative humidity
of work environment were at 28°C, 0.2-1 m/s and 68%, res-
pectively.
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Table 4. Data groups
Tablica 4. Grupe podataka

Distances (cm) /
Udaljenosti (cm)

Main groups /
Glavne skupine

Subgroups (minute) /
Podskupine (minuta)

all four distances was one hour. A total of 360 sample me-
asurement values were obtained by taking the arithmetic
mean of the values of each 10 seconds for the measurement
period (Figure 4). The data of carbon monoxide from the
chainsaw’s exhaust was measured while the engine was id-
ling at each measurement. Display screen of measuring in-
strument were recorded using a cell phone camera (Figure
2). The recorded measurements were read from the video
recording screen and were tabulated in MS Excel in the
office environment.

Statistical analysis — Statisticka analiza

The amount of CO emitted from the exhaust of the chain-
saw is divided into 4 main classes according to the distance
and 12 subgroups according to the exposure time (Table
4). Then, the relation between the amount of CO of the
chainsaw and the distances and the exposure time was exa-
mined with a One-Way ANOVA at a significance level of
0.05. The difference between the averages was evaluated by
Duncan’s multiple comparison test. To study the relati-
onship between variables, statistical calculations were per-
formed by using the SPSS software package using Pearson
correlation test (SPSS 2012).

RESULTS
REZULTATI

Results of variance analysis indicated to significant differ-
ences between the operator’s distance to CO gas and the
amount of CO gas exposure. In addition, CO exposures
showed a statistically homogeneous distribution (p<0.05).
While the average CO gas exposure was the highest
(1683.04 ppm) at 0 cm = 1, it gradually decreased as the
distance increased (Table 5). According to Duncan’s mul-
tiple comparison test results, the operator was exposed to
CO gas at the highest rate (1693.04 ppm-D) at 0 cm. As the
distance increases, the average amount of CO exposed have
decreased from 10 cm (343.58 ppm-C) to 20 cm (252.34
ppm-B) and 30 cm (86.49 ppm-A), respectively. The op-
erator was exposed to CO gas at a minimum close-range
distance of 30 cm.

There is a significant difference between distance and CO
exposure time at the 95% confidence level. According to the
results of the analysis of variance, the amount of CO gas in
the first 10 minutes (Group 2) was the highest when exposed
to CO gas at 0 cm (Table 5). The same happens when ex-
posed from a distance of 10 cm. In the first 5 minutes, the
operator was exposed to the lowest amount of CO gas from
20 cm, but as time increases, the amount of CO gas increase.
Considering the CO exposure measurements at a distance
of 30 cm from the exhaust outlet, the CO emissions of the
chainsaw were higher in the first 5 minutes, while the aver-
age amount of CO decreased after the first 5 minutes (Table
6). The reason why the amount of gas exposure decreases
in the opposite direction as time increases is because the
measurement is carried out under open weather conditions
and is affected by wind speed. According to Duncan’s mul-
tiple comparison test results, the operator can be exposed to
CO equally and at the highest rate (F) in groups 2 and 3,
while groups 12, 11, 10, 6 and 7 were exposed to CO at the
same degree and at the lowest rate (A) (Table 6).

A correlation test was also conducted to determine the re-
lationship between the distance to exhaust and the amount
of CO exposed and the duration of exposure (Figure 5). Ac-
cording to the results, it is found that there is a very strong

Table 5. Variance analysis results between the operator’s distance to chainsaw exhaust and the amount of CO exposure
Tablica 5. Rezultati analize varijance izmedu operatera i motorne pile te kolicini izloZenosti CO

Duncan
Distance group / Mean / Std. Deviation / Analysis / Minimum / Maximum /
Grupa udaljenosti Prosjek Std. Odstupanje Duncan Najmanije Najvise
Analiza
1 90 1683.04 162.48 826.00 1769.00
2 90 343.58 393.85 C 1.00 1784.00
3 90 252.34 192.86 B 8.00 813.00
4 90 86.49 85.42 A .00 316.00
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,Q WKH SUHVHQW VWXG\ ZKHQ PLOQXWHYVY RI DYHUDJH PHDVXUH
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RI FP FP DQG FP DQ DYHUDJH &2 H[SRVXUH RI

E SSP zZzDV REVHUYHG IRU VKRUW SHULRGV RI WLPH :KHQ
GHWHUPLQLQJ WKH FRQFHQWUDWLRQ RU OLPLW YDOXH Rl &2 H[SR
VXUH LQ WKH ZRUN HQYLURQPHQW GL HUHQFHV PD\ RFFXU 'XH
WR WKH ZLQG VSHHG DQG GLUHFWLRQ WKH SRVWXUH RI WKH ZRUNHU
the environmental barriers, the measurement technology,

WKH WASH RI IXHO DQG HQJLQH WIHKkKQRQRPRHY\ R4 kIERYXWIR® WHVW U
PLWV FDQ EH GL HUHQW 60LND 6DGHWDN UH]XOWDWD WHVWD NRUH
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to the exhaust (30 cm) for a short period of time. Chainsaw
operators do not have special personal protective equipment
to prevent momentary exposure to carbon monoxide du-
ring forestry work. Therefore, it is appropriate to increase
the level of knowledge of chainsaw operators about CO and
other gasses exposure (Tas and Akay, 2022).

Environmental factors (such as temperature, humidity and
wind) have an effect on the concentration of harmful gases
emitted from the exhaust (Hooper et al. 2017; Dimou et al.
2019). Tight enclosure in the forest or weather conditions
that limit the operator’s work area will further increase the
amount of short-term CO exposure (Nilsson et al. 1987;
Biinger et al. 1997). It has been observed that the wind di-
rection in the study area is not constant, and wind from
different directions can affect the flow direction in the air
and the gas released from the exhaust (Figure 4). Therefore,
chainsaw operators are necessary to pay attention to the
working position and the wind direction to reduce the CO
exposure. Using a carburetor suitable for the chainsaw and
always cleaning the air filter will reduce CO exposure (Woj-
cik and Skarzynski 2006). Considering that the production
technology of the chainsaw used in this study is relatively
old, compared with the chainsaw of the new technology, it
may generate a lot of harmful gas emissions. However, cha-
insaws with new engine technology, engine maintenance
and the type of fuel used are effective against increasing of
harmful gases emitted by exhaust gas (Neri et al. 2016; Cal-
cante et al. 2018).

Due to the use of a low-cost CO meter that performs inte-
ger measurements, precise decimal-level measurements co-
uld not be made at this study. Besides, it should be taken
into account that the absence of chainsaw guide bars and
cutting chains in the design of this study would have an
impact on the results. In forest conditions, using a more
professional gas meter would increase the budget of rese-
arch. However, multi-dimensional analysis can also be per-
formed by obtaining real-time data on environmental fac-
tors such as relative humidity, wind speed, and wind
directions as well as CO measurement. Considering the
data obtained from this study, the emission of CO from the
exhaust of an idling two-stroke engine chainsaw is high
enough to affect the health of operator.

CONCLUSIONS AND SUGGESTIONS
ZAKLJUCAK | PRIJEDLOZI

During the timber production work, the chainsaw operator
should not approach the idling chainsaw up to a distance of
30 cm and 20 cm in a way that it enters the personal breat-
hing zone. The CO exposure generated by the chainsaw un-
der idling (1900 to 2200 rpm) reaches a high value in a short
time. When cutting the trees or stopping for more than 10
seconds for control purposes, the operator must not approach

the idling chainsaw in a way that it enters the personal bre-
athing zone. Otherwise, the operator may be exposed to high
CO for a short period of time. The chainsaw operator, who
works very close to the chainsaw, is exposed to an average
CO 0f1683.04+5% ppm at a 0 cm distance, 343.58+5% ppm
at a 10 cm distance, 252.34+5% at a 20 cm distance, and
86.49+5% ppm at a 30 cm distance. CO exposure decreases
with increasing distance from the chainsaw. Analysis of va-
riance, correlation analysis and homogeneity analysis were
found to be statistically significant (p<0.05).

Evaluating air flow direction as a guiding factor for the
work environment will be a preventive factor for imme-
diate high-value CO exposure. If the operator of the cha-
insaw cannot be prevented from being as far as 30 cm from
the chainsaw, it is absolutely necessary to wear a special
mask (personal protective equipment) to prevent from the
CO gas. If it is not possible to wear a mask, at least two
operators should be employed alternately during working
hours. If there is only one chainsaw operator in the work
environment, the frequency of breaks should be increased.
In addition, not only education but also research on other
energy types should be promoted, which will replace fossil-
based fuels as fuel for two-stroke engines. By accounting
for the CO emissions, it will be possible to contribute to
health and safety of operators, while increasing the effici-
ency of production.
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U mnogim zemljama motorne pile sa dvotaktnim benzinskim motorom aktivno se koriste u $umama.
Rukovatelji motornom pilom izloZeni su $tetnim plinovima i ¢esticama koje su sastavni dio ispu$nih
plinova takvih motornih pila. U ovoj studiji, istrazivana je izloZenost operatera uglji¢cnom monoksidu
-CO- (ppm) prilikom rada s motornom pilom u rezimu rada od 1900-2000 okretaja u minuti (o/min).
Pri istrazivanju je kao pogonsko gorivo koristena mjesavina bezolovnog benzina od 95 oktana i motor-
nog ulja gradacije SAE 10W u iznosu od 2%. Kako bi se istrazila prisutnost CO na malim udaljenostima,
odnos izmedu vremena izloZenosti i udaljenosti do izvora emisije podijeljen je u skupine. Rezultat
statisticke analize pokazao je da je prosje¢na koli¢ina CO emitirana iz motorne pile bila 1683 ppm na
udaljenosti od 0 cm (+4 cm), 343,6 ppm na udaljenosti od 10 cm, 252,3 ppm na udaljenosti od 20 cm i
86,5 ppm na udaljenosti od 30 cm. Analiza varijance prema udaljenosti pokazala je da je koli¢ina CO
(ppm) statisticki znacajna (p<0,05). Ako rukovatelj motornom pilom radi vrlo blizu motorne pile, prim-
ijetit e se izloZenost CO, $to se smatra negativnim utjecajem na njihovo zdravlje i radnu u¢inkovitost.
Stoga treba provesti obuku kako bi se povecala svijest o blizini motorne pile i rukovatelja te o vaznosti
koristenja osobne zastitne opreme. Uz podrsku pri obuci, koriStenje nove generacije pogonskih motora
motornih pila takoder treba poticati i promicati kako bi se emisije CO svele na minimum.

KLJUCNE RIJECI: Sumarstvo, proizvodnja drva, dvotaktni benzinski motor, izlozenost emisijama,
uglji¢ni monoksid, zdravlje operatera
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THE EFFECT OF ALTITUDE AND CLOSED CONE
(SEED) AGE ON GERMINATION IN RED PINE

(Pinus brutia TEN.)

UTJECAJ NADMORSKE VISINE | STAROSTI ZATVORENOG CESERA
NA KLIJANJE SUJEMENA CRVENOG BORA (Pinus brutia Ten.)

Bilal CETIN™

SUMMARY

This study investigated changes in the germination rate and germination percentage of seeds obtained from closed
pine cones (Pinus brutia Ten.) of different ages collected at different altitudes. The seeds used in the study were
obtained from closed cones (3/control, 4, 5, 6, and 7 years old) in the lower (0-200 m) and higher (800-1000 m)
altitude zones of the Mersin-Anamur region in a section from the sea to the interior. The seeds germinated in the
dark at a constant temperature of 20 °C for 28 days. At the end of the germination test, a two-way analysis of va-
riance was performed on the germination percentage data on the 10%, 14", and 28" days, and the interactions
between altitude and cone age were found to be significant (p = 0.05). As a result of the significant interaction be-
tween the two groups, the mean separation test (Tukey test) showed that the highest germination rate was 89.0%
in the control group, and the lowest was 77.5% in the 7-year-old cones. In the higher altitude zone, the highest
germination rate was 74.0% and the lowest was 71.0%, obtained from 5- and 7-year-old seeds, respectively. In
general, germination values in the lower altitude zone were higher than those in the higher altitude zone. How-
ever, the decrease in germination values from the control to the 7-year-old seeds was greater in the lower altitude
zone than in the higher altitude zone. The study found that altitude was more effective than cone age on the ger-

mination rate and percentage.

KEY WORDS: Red pine, closed cone, germination rate, germination percentage

INTRODUCTION
uvoD

Red pine (Pinus brutia Ten.) is distributed in and around
the Mediterranean Basin, Palestine, Jordan, Syria, Iraq,
Lebanon, Cyprus, Iran, Azerbaijan, Crimea, Greece, and
Italy (Yaltirik 1993; Yildiz et al. 2004; Boydak et al. 2006;
Yildiz et al. 2010). This species has the widest distribution
in the world, with an area of 5.61 million hectares in Tur-
key, constituting one-fourth of Turkey’s forest areas (Anon-
ymous 2015). In the Mediterranean Region, red pine is ge-
nerally found at altitudes ranging up to 1300 m and in some

places as high as 1500 m. This species has high genetic di-
versity, adapts easily to different ecological conditions, and
grows rapidly (Boydak et al. 2006; Yildiz et al. 2010; Yildiz
etal. 2018) Therefore, because this species establishes fore-
sts in a wide-ranging geography under different conditions
and grows rapidly, forestry wood and non-wood ecosystem
services are quite high in Turkey. The intra-population va-
riation in red pine seed germination rates and percentages
is quite high (Thanos 2000; Boydak 2004; Boydak et al.
2006). Previous studies show that the temperature at
which red pine seeds germinate is generally 15-20 °C (Sefik
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1965; Thanos 2000). Cetin (2010) germinated the seeds
collected from different altitudes in the Mediterranean Re-
gion at different temperatures and the highest germination
was achieved at 20 °C.

Differences in germination rates can be observed depend-
ing on the altitude at where the seeds are collected (Sefik
1965; Urgeng 1977; Cetin 2010). Red pine cones generally
mature in May, and the cones are opened and the seeds dis-
persed until August. However, some cones can remain on
the tree for a long time without opening (Selik 1963; Sefik
1965; Thanos and Doussi 2000).

In particular, the importance of preserving the germination
feature of red pine cone seeds emerges when they are in
areas of fire-susceptible ecosystems. It is said to be effective
in the re-formation of pine forests when these closed cones
open after a fire and the seeds fall to the ground and ger-
minate after the first rains (Boydak et al. 2006). Fernandes
et al. (2019) determined that in general, serotinous cones
make a significant contribution to the regeneration of Pinus
pinaster and Pinus halepensis forests after a fire. Pine spe-
cies may differ in terms of forming closed cones (Feduck et
al. 2015). In addition, according to the ecosystems where
they are found, varieties of the same pine species can differ
in terms of the age and amount of closed cones. For exam-
ple, Cetin (2010), in his study on the species, found that the
lower altitude zone produced more cones and older cones
than the higher altitude zone. He emphasized that seroti-
nous cone level, tree age, and fire severity are important in
a Pinus pinaster forest. The seeds obtained from these se-
rotinous cones were determined to have a higher viability
and germination percentage than those of non-serotinous
cones (Cruz et al. 2019).

At the end of the germination period, a high rate of seed
germination in a short time is just as important as a high
percentage of seed germination. The success of planting
and natural rejuvenation depends on the germination rate
(speed) rather than the germination percentage (Saatgioglu
1971). One seed with a high germination rate (i.e., with a
steeper germination graph on the 7th, 10th, and 14th days)
is more valuable in creating seedlings than two seeds with
the same germination percentage (Saatgioglu 1971). Con-
sequently, seeds with a good germination rate are more be-
neficial in planting, natural rejuvenation, and rejuvenation
occurring spontaneously after a fire because they germinate
in a short time and have a good chance of developing and
establishing a forest. In forests such as red pine that are
constantly exposed to fire, it is extremely important to pre-
serve the germination feature and contribute to the forma-
tion of progeny in the seeds of the older cones of other ye-
ars, as well as in the normal three-year mature cones.

No previous study has investigated the genetic characteri-
stics of the serotinous status of red pine. However, one study
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determined that Pinus halepensis had a significantly narrow
serotinous status heritability (Hernandez-Serrano et al.
2014). In addition, Pinus concorta was mentioned as ha-
ving gene diversity in serotiny, debatably under the influ-
ence of many genes rather than one or two genes (Parch-
man et al. 2012). In the areas of the closed cone-forming
variety, the seeds preserved their germination feature and
contributed to regeneration after fires (Su et al. 2015). In
red pine, not only the seeds of the past year, but also the
seeds of other years will join the progeny, and this progeny
consisting of seeds of different years will have the opportu-
nity to develop more forests that exhibit genetic diversity.

Finally, studies have shown that there may be differences
in the germination rate of red pine seeds depending on the
age of the cones and the altitude at where the cones are
collected. This study aimed to determine the germination
rate at 10 and 14 days and the total germination rate at the
end of 28 days of seeds obtained from closed cones of five
different ages (3/control, 4, 5, 6, and 7 years) collected at
two different altitudes (0-200 and 800-1000 m).

MATERIAL AND METHODS
MATERIJALI | METODE

Sampling sites — Mjesta uzorkovanja

Seeds were collected from 20-25-year-old red pine stands,
naturally distributed on the southern slopes of the Taurus
Mountains, within the borders of the Anamur Forest En-
terprise of the Mersin Regional Directorate of Forestry. The
aged cones were selected from low-altitude (0-200 m) red
pine stands in the Anamur Forest Chiefdom (N:36° 02’ 10’
E:32°42’25”- UTM ED50 36N) and from the high-altitude
(800-1000 m) forests of the Saridana Forest Chiefdom
(N:36° 10”117 E:32° 41’ 34”). Closed cones aged 3, 4, 5, 6,
and 7 years were collected in summer (July) from trees at
both elevation levels.

METHOD
METODA

The collected cones were laid on a flat surface and in order
to open them faster, they were sprayed and mixed with wa-
ter under the sun, and they subsequently opened in a short
time. The wings were separated from the winged seeds in
the cone manually and by machine, and the cleaned seeds
were placed in jars and stored in the refrigerator (1-4 °C)
until the germination tests. Germination experiments were
carried out at 20 °C ambient temperature in 9-cm-diameter
glass Petri dishes, with seeds placed on filter paper in such
a way that they did not touch each other. Trial units (2 x 5
= 10) were created for the seeds obtained from the cones
collected at five different ages from both elevation levels.



CETIN, B. et al.: THE EFFECT OF ALTITUDE AND CLOSED CONE (SEED) AGE ON GERMINATION IN RED PINE (Pinus brutia TEN.)

Table 1. Germination percentages and standard deviation of seeds extracted from different-aged red pine cones from low and high altitude zones

on the 10", 14" and 28" days

Tablica 1. Postoci klijavosti i standardna devijacija sjemena ekstrahiranog iz CeSera crvenog bora razlicite starosti iz zona niske i visoke nadmorske visine

10., 14.128. dana

Altitude/Elevation zone (m)
Nadmorska visina/visinska

Cone age (years)
Starost CeSera

Germination percentage (%)
Postotak klijavosti (%)

zona (m) (godine) 14" day 28" day
14. dan 28. dan

3 20.5+2.2a" 62.5+6.0a 89.0+1.7a

4 13.5+1.7ha 58.0+1.0ba 87.0+1.3ba

5 10.5+1.0b 56.0+2.4ba 85.5+1.3ba

0-200 m 6 12.5+2.5ba 51.0+1.7bac 81.0+1.0bc
1 11.5+3.0ba 46.5+4.3bdc 77.5+2.4dc

8 15.5+2.7ha 43.5+4.7bdc 74.0+1.2de

4 11.0+1.3ba 34.0+2.2d 72.0+1.2de

5 10.0£2.6b 39.0+1.9dc 71.0+1.0e

800-1000 m 6 9.5+1.3b 39.0+1.7dc 72.0+0.8de
i 6.5+1.9b 33.0+1.3d 71.0+1.3e

*Means within the same column with different letters are significantly different (p < 0.05)
*Srednje vrijednosti unutar istog stupca s razlicitim slovima znacajno se razlikuju (p < 0,05)

Each trial unit used 50 seeds and trials were repeated four
times. Therefore, a total of 10 trial units x 50 seeds x 4 re-
plicates = 2000 seeds tested. During the 28 days, i.e., the
total germination period, the seeds were monitored daily
for deterioration and fungal growth, and distilled water was
used to meet the water requirement of the seeds. In the
experiment, the seeds that had rootlets extending to the size
of the seed were considered germinated. The germination
rate indicates the ability of seeds to germinate quickly. The
germination rate of the germinated seeds was recorded on
the 7, 10", and 14™ days (Saatgioglu 1971). However, if
some types of seeds such as red pine are not subjected to
pre-treatment such as stratification, etc., germination may
not occur in seven days (Cetin 2010). In this study, since
germination started after seven days, the germination rate
was calculated from the germination data on the 10" and
14" days, and the overall germination percentage at the end
of the 28" day. Germination rate and germination percen-
tage were calculated from the seeds germinated using the
following formula:

z ni
GP (%) = N x100

GP (%): Germination percentage
ni: The number of germinated seeds on day i
N: The total number of tested seeds

Statistical analyses — Statisticke analize

A two-way interaction test was run for the seed germina-
tion rates for three periods (10, 14, and 28 days). Altitude
zones were at two elevation levels (L=low and H=high) and
the cone age at five levels (3, 4, 5, 6, and 7 years). Since the

interactions between altitude zone and cone age were si-
gnificant on seed germination for all the tree periods (p =
0.005), the cone-age data were merged with data of the
corresponding altitude zones and the Tukey mean separa-
tion analysis was conducted on the combined data. The SAS
(1996) package program was used in the analysis. The re-
sults were considered different at the a = 0.05 level.

RESULTS
REZULTATI

The first germination in the seeds was on the 8" day. As
seen in Table 1, the fastest and highest germination among
all sample areas was realized in the seeds obtained from the
3-year-old (control) cones in the 0-200 m lower altitude
zone. Germination at 10, 14, and 28 days was 20.5%, 62.5%,
and 89.1%, respectively. The difference in the germination
rate between seeds of different ages gradually decreased
towards the end of the germination period (28 days) (Table
1; Figs 1, 2, and 3).

Seed germination rates of less than 20% were recorded for
all cone types in the first 10-day period of the experiment.
In this period, the highest germination was in L3 and this
value was 95% higher than L5. The germination rate in the
lower altitude zone was higher than that in the higher alti-
tude zone. The lowest value in the entire trial was in H7,
which was about half of the average germination rate of
both altitude zones (Fig. 1).

Germination rates had increased 2 - 3 times by the 14" day
of the experiment. In this period, the germination rate of L3
was 34% higher than that of L7, and L3 had also a 67% higher
germination rate compared to that of the average of the
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higher altitude zones In the higher zone, H3 had germinated
approximately 25% more than H7. However, the difference
in the germination rate between cone ages in both altitude
zones had decreased compared to the 10" day (Fig. 2).
More than 70% of the seeds had germinated for each cone
type by the 28th day of the experiment. As the germination
period progressed and at the end of the germination period,
the difference in the germination rate between cone ages
decreased. The lowest germination rates were recorded for
H5and H7 cone types, and L3 and L4 had about 19% higher
germination rates compared to the average of cones col-
lected at the higher altitude zone (Fig. 3).

DISCUSSION
RASPRAVA

Like many pine species distributed in the Mediterranean
Basin, which is susceptible to fire, red pine also forms a large
number of cones, and some of these cones remain on the
crown for several years without opening (Verkaik and Es-
pelta 2006). The seeds in the cones that remain closed on
the tree can maintain their germination properties for a
certain period (Selik 1963; Sefik 1965; Boydak 2004). In
fire-susceptible Mediterranean ecosystems, serotinous cone
structure is seen as an assurance for the continuation of the
red pine species (Neyisci and Cengiz 1985; Cengiz 1993,
Thanos and Doussi 2000; Boydak et al. 2006). Therefore,
the seeds kept in these closed cones over a long time make
an important contribution to the seed pool for the genera-
tion to come in the region after destruction, e.g., a fire event
(Fernandes et al. 2019).

In a study on the detection of closed cones in red pine, Ce-
tin (2010) determined that more cones remained closed for
along time in trees at low altitudes (0-250 m). Selik (1963)
obtained close germination percentages of 53.7% and 51%,
respectively, from seeds of three- and nine-year-old closed
red pine cones. In addition, Sefik (1965) germinated seeds
obtained from three - six-year-old closed cones and deter-
mined that the effect of cone age on the germination capa-
city of the seeds was very small. Urgeng and Odabas1 (1971)
found that when mature cones were collected from trees
and stored for seven years at room temperature without
opening, they germinated, and although there was a slight
decrease in germination, their germination rate was above
50%. However, there was no difference between the germi-
nation of seeds stored at low temperatures and those of clo-
sed cones kept at room temperature. The germination cha-
racteristics of the seeds are also determinant in the
intra-species competition of the future generations in the
region and affect the dynamics of the stand at the establis-
hment stage. Germination percentage is widely used to de-
termine the germination characteristics of seeds. The ability
of the seed to germinate quickly, i.e., the germination rate,
is an especially important issue. The germination rate also

®

determines the intra-species competition of the future ge-
nerations in the region. Saplings formed by fast-germina-
ting seeds adapt better to environmental growing conditi-
ons (Saatgioglu 1971; Daglar et al. 2016). Germination rates
and percentages affect the dynamics of the forest in the
establishment phase, especially in areas where there are
long summer droughts (Dunlap and Barnet 1984).

In this study, the highest germination rate (20.5% on the
10™ day) was observed in the seeds obtained from 3-year-
old cones from the lower altitude zone. During this period,
the germination rates of the seeds obtained from the 5-, 6-,
and 7-year-old cones in the higher altitude zone remained
below 10%. However, on the 14th day of the experiment,
the germination rate of the seeds obtained from 3-year-old
cones in the lower altitude zone increased to 62.5%. In their
study on the species, Sefik (1965) and Cetin (2010) deter-
mined that the germination rate of seeds could be increased
significantly by stratification processes. An important fac-
tor affecting germination is the elevation level at which the
seeds are collected (Cetin 2010). Eler (1992) found no mi-
ssing seeds in closed cones of different ages collected from
three different altitude zones (0-400 m, 400-800 m, and
above 800 m), and germination rates of 90%, 81%, and 60%
were obtained from cones of three consecutive years. Cetin
(2010) determined that the germination rate of seeds collec-
ted from lower (0-400 m) and middle (400-800 m) elevati-
ons was higher than that of seeds collected from higher ele-
vations (above 1200 m). This study determined that the
elevation level where the cones were collected was more
effective than the cone age in the germination rate values
on the 14th day. The results of the study showed that the
germination rate of seeds decreased as the altitude and age
of the cones increased. The altitude zone where the seeds
were collected was more effective in this decrease than the
age of the cones. The results of previous studies as well as
this study showed that although the germination rates of
the seeds obtained from closed pine cones of increasing
cone age differed according to their characteristics, they
were able to preserve the germination feature at a certain
rate. When the closed cones open after a fire and the viable
seeds of the species scatter and suitable germination con-
ditions are formed, important contributions are made to
the future generations of red pine (Boydak et al. 2006).

Observations and some studies have shown that the viabi-
lity of these seeds in the cones is generally not affected du-
ring a fire, since the serotinous cones are closed during fi-
res. These cones, which are exposed to high heat during a
fire, open slowly after the fire and the seeds fall into the soil.
When these fallen seeds find a good germination envi-
ronment in the ashy fire area and reach the appropriate
germination temperature after the rains, they contribute to
the new germinating generation. Obvious examples of this
were seen in our observations at major fire sites in Antalya,
Mersin, and Mugla in July 2021.
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Many studies have determined that, as with red pine, some
other pine species produce closed cones and that these
cones are opened after a fire. For example, it is stated that
the closed cones of Pinus pinaster, which is distributed in
fire-prone ecosystems, make an important contribution to
future generations by opening and germinating after a fire
(Moya et al. 2018). Again, a study conducted with Pinus
yunnanensis pine species in 80 sample areas in China found
that closed cones were formed in all of the regions where
the species grew, but the percentage of closed cones decre-
ased as the age of the closed cones increased. The germina-
tion rate of 1- and 2-year-old closed cones in these regions
was around 90%. As the age of the closed cones increased,
the germination rate of the seeds decreased, with the ger-
mination rate of 7-year-old seeds decreasing to approxima-
tely 32%. It was determined that the lower-aged closed
cones in this region opened and germinated after a fire and
played an important role in the regeneration of Pinus
yunnanensis forests (Su et al. 2015). The amount of seroti-
nous cones is effective on tree age and silvicultural inter-
ventions such as thinning. The ability of the seeds in these
cones to maintain their germination feature also depends
on the severity and duration of the fire. It was determined
that especially after severe fires, the seeds in the closed cones
lost their viability and thus, the number of Pinus pinaster
and Pinus halepensis saplings decreased. After less severe
forest fires, it was determined that the seeds in the closed
cones germinated and made an important contribution to
the regeneration of the forests. Fernandes et al. (2019), in
another study on Pinus halepensis, reported that the num-
ber of closed cones might vary according to the age of the
stand and the silvicultural interventions applied and that
they could be effective in the formation of a new generation
after a fire (Verkaik and Espelta, 2006).

No previous study has examined the genetic characteristics
of the serotiny status of red pine. However, in a study con-
ducted to determine the heritability of the serotiny status of
Pinus halepensis, which like red pine has serotinous proper-
ties, the serotiny status showed a significantly narrow heri-
tability of 0.20. Although this species exhibited a high varia-
bility within the serotinous population, forests with repeated
wildfires contained more serotinous species than those rarely
exposed to fire (Hernandez-Serrano et al. 2014). This view
is supported by observing that the ecosystems in the Medi-
terranean Basin where red pine forests showing sertinous
features are distributed have been constantly exposed to fire
in the past. Although no study has examined the genetic cha-
racteristics of the species in terms of serotinous features, this
subject has been considered in other pines. For example, in
a study carried out to determine the genetic basis of the se-
rotinous cones of Pinus concorta, differences in serotinous
characteristics were found in some trial areas, and different
genes and ratios were obtained from serotinous cones and
non-serotinous cones in some trial areas (Feduck et al. 2015).
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Thus, although the germination rates and percentages in se-
rotinous cones were slightly lower than for 3-year-old cones,
considering that these cones may have different genetic cha-
racteristics, the use of the seeds in these cones could have a
positive effect on the genetic diversity of red pine forests and
the sustainability of forests and their adaptation to global cli-
mate change.

CONCLUSIONS
ZAKLJUCAK

In this study, although the germination rate of seeds obta-
ined from closed cones 3 - 7 years of age was low on the 10™
day, more than 50% of the seeds obtained from the lower
altitude zone and approximately 40% of the seeds from the
higher altitude zone had germinated on the 14th day. Alt-
hough the germination rates differed among the cone ages
at the beginning, this difference in germination values de-
creased as time progressed. It was determined that the ger-
mination rate of the seeds obtained from the 7-year-old
closed cones collected at both altitudes was still above 70%.
As a result, when these aged cones open after a fire, the
seeds dispersed will contribute extensively to re-establis-
hing the forest in burned areas left without any rejuvena-
tion work after the fire, and in steeply sloping areas and in
places where it is not possible to establish a forest by human
hand. Considering that the closed serotinous cones of other
pine species exhibit additional genetic characteristics (Fe-
duck et al. 2015), the use of seeds from these cones to grow
saplings and establish forests may provide an advantage in
terms of increasing genetic diversity.
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U ovom istrazivanju analizirane su promjene u stopi klijavosti i postotku klijavosti sjemena iz zat-
vorenih CeSera Pinus brutia Ten. razlicite starosti, sakupljenih na razli¢itim nadmorskim visinama.
Sjeme koristeno u istrazivanju dobiveno je iz zatvorenih ¢esera (3/kontrola, 4, 5, 6 i 7 godina starosti)
u nizim (0-200 m) i vi$im (800-1000 m) visinskim zonama Mersin- Anamurske regije rasprostran-
jenih od mora prema unutra$njosti. Sjeme je klijalo u mraku pri konstantnoj temperaturi od 20 °C 28
dana. Na kraju testa klijavosti provedena je dvostruka analiza varijance o postotku klijavosti 10., 14. i
28. dana, te je utvrdeno da su interakcije izmedu nadmorske visine i starosti ¢esera znacajne (p = 0,05).
Kao rezultat znacajne interakcije izmedu dviju skupina, srednji test razdvajanja (Tukey test) pokazao
je da je najveca klijavost bila 89,0% u kontrolnoj skupini, a najniza 77,5% u 7-godi$njim ceserima. U
zoni vi$ih nadmorskih visina najveca klijavost iznosila je 74,0%, a najmanja 71,0%. Dobivena je iz sje-
mena starih 5 odnosno 7 godina. Opcenito, vrijednosti klijavosti u zoni niZe nadmorske visine bile su
vece od onih u zoni vi$e nadmorske visine. Medutim, smanjenje vrijednosti klijavosti od kontrolnog
do 7-godisnjeg sjemena bilo je vece u zoni nize nadmorske visine nego u zoni vi$e nadmorske visine.
Studija je pokazala da je na stopu klijanja i postotak, nadmorska visina u¢inkovitija od starosti ¢eSera.

KLJUCNE RIJECI: crveni bor, zatvoreni ceser, klijavost, postotak klijavosti
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PITOMOG KESTENA

CONSERVATION AND MANAGEMENT OF SWEET CHESTNUT

GENETIC RESOURCES
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SAZETAK

Europski pitomi kesten plemenita je listaca od koje imamo viSestruku gospodarsku korist. Osim jestivih plodova
i kvalitetnog drva, kestenove Sume su jo$ od davnina predstavljale vazan izvor razli¢itih sirovina. Medutim, inten-
zivnim koristenjem kestenovih Suma i nasada te pojavom raka kestenove kore, sredinom prosloga stolje¢a doslo
je do njihovog propadanja i susenja. Iz tih je razloga u mnogim europskim zemljama pokrenut niz multidiscipli-
narnih projekta kojima je svrha ocuvanje genskih resursa pitomog kestena i njegovog povrataka na nekadasnje
znacajno mjesto u ruralnim podruéjima i Sumskim ekosustavima. U ovom radu dan je pregled najznacajnijih
dugoroc¢nih strategija usmjerenih na ocuvanje genofonda ove plemenite listace na europskoj razini, kao i prijedlog
smjernica za o¢uvanje genofonda ove vrste in situ i ex situ metodama na podrucju Hrvatske.

KLJUCNE RIJECI: o¢uvanje genofonda, konzervacijske jedinice, provenijencije, geneti¢ka raznolikost, sumski

reprodukcijski materijal

uvoD
INTRODUCTION

Sumski ekosustavi, sa sumskim drve¢em kao najvaznijim
sastavnim dijelom, su medu bioloski najraznolikijim eko-
sustavima na Zemlji. Pritom genska raznolikost svake vrste
predstavlja jedinstven i nezamjenjiv resurs za stabilnost
ekosustava. Veliki poremecaji, posebice izazvani klimat-
skim promjenama (udestalost susa, pozari, porast tempe-
rature zraka i tla), kao i promjena uporabe zemljista i oblika
gospodarenja, ve¢ utjecu ili ¢e u bliskoj buduénosti utjecati
na gensku raznolikost i sastav vrsta (Flores i sur. 2019), ¢i-

nedi o¢uvanje genofonda sumskih vrsta drveca sve bitnijom
stavkom gospodarenja. Za razliku od ratarskih i poljopri-
vrednih kultura, ¢ije se sjeme ¢uva u bankama sjemena,
$umske vrste drve¢a mogu se trajno o¢uvati jedino kao zive
biljake na terenu. Naime, krupno sjeme $umskih vrsta
drveca ne moze se dugo Cuvati te stoga nije pogodno za
dugotrajno ¢uvanje u bankama sjemena.

Za potrebe oc¢uvanja genofonda $sumskih vrsta drveca, ra-
zlikujemo in situ i ex situ metode o¢uvanja (Ballian i Kajba
2011). In situ podrazumijeva o¢uvanje cijelih $umskih eko-
sustava, odnosno o¢uvanje prirodne populacije u njezinom
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okruzenju. Ovom metodom se, osim ciljane Sumske vrste,
Stite i sve druge biljne i zivotinjske vrste prisutne u ekosu-
stavu, ¢ime je korist viSestruka. Ova je metoda najprimjenji-
vija za vrste s velikim arealom i velikom gusto¢om popula-
cije, ¢ime je prirodno osigurana visoka razina geneticke
raznolikosti. Druga metoda ocuvanja, ex situ, podrazumijeva
ocuvanje vrsta izvan prirodnog okruzenja, odnosno stanista,
te se ¢esto primjenjuje istovremeno s metodom in situ. Ova
je metoda ponajprije primjenjiva kod vrsta s malim arealom
ili ogranicenom veli¢inom populacije (Kajba i sur. 2006).
Potreba oc¢uvanja genske raznolikosti Sumskih vrsta drveca
u Europi najvec¢im dijelom se odnosi na vrste koje pripadaju
gospodarski najzastupljenijim i najvaznijim vrstama socijal-
nih listaca (hrastovi i bukva) i cetinjaca (jele, smreke i borovi).
Medutim, u posljednjih dvadesetak godina posebice je inten-
zivirano o¢uvanje genofonda plemenitih listaca, koje obu-
hvacaju vise vrsta iz razli¢itih rodova poput Acer L., Alnus
Mill,, Castanea Mill., Fraxinus L., Juglans L., Malus Mill., Pru-
nus L., Pyrus L., Sorbus L., Ulmus L. i Tilia L. Vrste iz nave-
denih rodova dijelom su ugrozene zbog negativnog utjecaja
razli¢itih bolesti i Stetnika i rascjepkanosti areala, a dijelom
zbog prekomjernog iskoristavanja drva visoke tehnicke vri-
jednosti (Kajba i sur. 2006). Jedna od plemenitih listaca koja
je predlozena kao modelna vrsta za razvoj dugoro¢nih stra-
tegija za o¢uvanje genofonda, koje kombiniraju metode o¢u-
vanja evolucijskog i adaptivnog potencijala i oplemenjivanja,
je pitomi kesten (Castanea sativa Mill.).

PITOMI KESTEN
SWEET CHESTNUT

Europski pitomi kesten listopadno je do 35 m visoko drvece,
koje dozivi starost i do 1000 godina. Jednodomna je vrsta
jednospolnih cvjetova koji se razvijaju tijekom lipnja, a opra-
$uju se kukcima i vjetrom (Petit i Larue 2022). Vrsta je pre-
poznatljiva po svojim karakteristi¢nim kopljastim listovima
nazubljenoga ruba te po plodovima (orasima) koje nazi-
vamo kestenima. Plodovi pitomog kestena po obliku, veli-
¢ini, boji i dlakavosti vrlo su varijabilni (Poljak 2014), a smje-
$teni su u kuglastim ovojima (kupulama) koji su na povrsini
obrasli brojnim str$e¢im i o$trim jezastim ljuskama. Plodovi
dozrijevaju krajem rujna i u listopadu. U povoljnim prili-
kama kesten rodi plodom svake godine, a obilniji urod mu
je svake dvije ili tri godine (Ani¢ 1942; Herman 1971).

Rasprostranjen je u mediteranskom podrucju, od Kaspij-
skog jezera do Atlantskog oceana, uklju¢uju¢i Madeiru,
Azore i Kanarske otoke, od 51° sjeverne geografske $irine u
jugozapadnoj Njemackoj i juznoj Engleskoj, do 37° sjeverne
geografske $irine u Tunisu na gorju Tlemcen (Fernandez-
Loépezi Alia 2003; Conedera i sur. 2004a). Na podrucju svog
rasprostranjenja pitomi kesten raste na nadmorskim visi-
nama od 200 do 1200 (1600) m, ovisno o lokalnoj klimi i
geografskoj Sirini (Ani¢ 1942). Najvisa nalazi$ta kestena za-
biljezena su na juznim padinama Kavkaza, gdje pridolazi
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sve do 1800 m nadmorske visine. Vrsta je koja uspijeva u
toplijim krajevima, a ve¢inom raste u podrucjima gdje se
godisnja koli¢ina oborina kre¢e od 750 do 1200 mm (Rutter
isur. 1991). Ne raste u nizinskim $umama jer su one za njega
vlazne i hladne, niti u visokim planinskim podruéjima gdje
su velike razlike u dnevnim, odnosno godi$njim tempera-
turama (Medak 2009). Ovisno o podrudju, obitava u razli-
¢itim Sumskim zajednicama na slabije do jace kiselim tlima.

Pitomi kesten je uz vinovu lozu i maslinu jedna od najsta-
rijih uzgajanih drvenastih vrsta. Zbog svoje viSestruke gos-
podarske koristi zauzima vazno mjesto u mnogim ze-
mljama, a poceci njegova uzgajanja i kultiviranja sezu u
davnu proslost, u vrijeme starogrcke i rimske civilizacije.
Tako su Rimljani u znatnoj mjeri pridonijeli $irenju uzgoja
pitomog kestena, kako na Apeninskom poluotoku, tako i u
mnogim drugim dijelovima Europe, najve¢i interes za kul-
tivacijom kestena razvija se nakon rimskog doba, a povezuje
se uz srednjovjekovne drustveno-ekonomske strukture
(Conedera i sur. 2004a, 2004b). Tijekom tog razdoblja, di-
ljem mediteranskih zemalja te u juznim dijelovima sredi$nje
Europe, kesten je tradicionalno uzgajan u panjacama i na-
sadima te je za ljude imao Zivotni znacaj jer je osiguravao
hranu i drvo (Conedera i Krebs 2008). Po¢etkom 20. stolje¢a
kultivacija pitomog kestena doseze svoj vrhunac, nakon cega
dolazi do zapustanja nasada i sjece velikih povrsina radi do-
bivanja drva i proizvodnje tanina (Pitte 1986; Bounous 2009;
Medak i sur. 2009). Krajem Drugog svjetskog rata uzgoj ke-
stena se gotovo u potpunosti napusta, $to je najvecim dije-
lom posljedica pojave raka kestenove kore (Halambek
1989), koji je doveo do susenja i propadanja kestenovih
$uma i nasada. Usprkos tomu, posljednjih tridesetak godina
sve se viSe vraca interes za uzgoj ove plemenite listace i to
zahvaljujudi njezinim viSestrukim koristima.

Danas u Europi $Sume pitomog kestena zauzimaju povr$inu
od priblizno 2.565.000 ha. Od toga 2.252.000 ha otpada na
$ume u kojima je kesten jedna od glavnih vrsta drveca, a
samo 313.500 ha na mjesovite Sume s pitomim kestenom.
Kestenove Sume koncentrirane su u samo nekoliko zemalja
s dugom tradicijom uzgajanja kestena. Najve¢i udio ukupne
povrsine pod kestenovim $umama nalazi se u Italiji i Fran-
cuskoj — ¢ak 79 %. Zajedno s ostalim zemljama koje su tra-
dicionalno vezane uz uzgoj kestena, a to su Portugal, Spa-
njolska i Svicarska, taj se postotak penje na 89 % (Conedera
i sur. 2004a, 2004b). Osim toga, vece povrsine kestenovih
$uma nalazimo i na podrucju Turske i Gruzije.

PITOMI KESTEN U EUROPI - 0CUVANJE
GENOFONDA

SWEET CHESTNUT IN EUROPE — GENE
CONSERVATION

Pitomi kesten intenzivno je uzgajan zbog svojih plodova i
drva. Vazan je ne samo za ruralnu tradiciju, lokalna gospo-
darstva i kulture, ve¢ i zbog svoje krajobrazne i ekoloske



POLJAK, 1. i dr.: OCUVANJE | UPRAVLJANJE GENOFONDOM PITOMOG KESTENA

vrijednosti. Ipak, od sredine prosloga stoljeca diljem Europe
njegovu raznolikost ugrozavaju ljudske aktivnosti, gljivicne
bolesti i §tetnici te sve intenzivnije posljedice globalnog za-
topljenja. Upravo je iz tih razloga pitomi kesten predlozen
kao modelna vrsta za razvoj dugoro¢nih strategija usmje-
renih na kombiniranje o¢uvanja evolucijskog i adaptivnog
potencijala, koristenja genofonda za oplemenjivanje i o¢u-
vanje mediteranskog krajolika kroz nekoliko multidiscipli-
narnih projekta na europskoj razini, od koji se isticu COST
Action G4 i CASCADE.

Mnogi znanstvenici koji se bave istrazivanjima pitomog
kestena u Europi okupljeni su u organizaciju “European
Chestnut Network’, koja je podloga za suradnju, raspravu
irazmjenu aktualnih istrazivackih rezultata i ideja, a iz koje
je i proizasla inicijativa za pokretanje prvog velikog multi-
disciplinarnog projekta usmjerenog na revitalizaciju i una-
predenje uzgoja kestena u Europi. COST Action G4 projekt,
u trajanju od svibnja 1996. godine do svibnja 2001. godine,
je kroz Cetiri znanstvena podrudja (fiziologija, genetika te
za$tita i uzgajanje Suma) pokusao prosiriti znanje u
podrudju o¢uvanja pitomog kestena kroz nekoliko ciljeva:
povecanje osnovnog razumijevanja fiziologije; istrazivanje
genskih resursa kestena u Europi; razvijanje strategije za
prikupljanje i o¢uvanje genofonda (ex situ i in situ); uspo-
redivanje i uskladivanje op¢ih protokola bioloske kontrole
bolesti kestena te integracija metoda bioloske kontrole u
zajednicko upravljanje Sumama. Novosteceno znanje u po-
drudju o¢uvanja pitomog kestena nudilo je podlogu za in-
ventarizaciju ekonomski odrzivih genotipova za proizvod-
nju plodova i drva te omogudilo korak naprijed u
osiguravanju ekoloski prilagodenih genotipova. Mnoge ze-
mlje poput Spanjolske, Ujedinjenog Kraljevstva, Francuske,
Nizozemske, Njemacke, Svicarske, Italije, Slovacke i Ma-
darske aktivno su sudjelovale u COST projektu, dok su za-
nimanje iskazale i Grcka i Turska.

Multidisciplinarni projekt CASCADE (EVK2-CT-1999-
00006), bio je projekt Europske unije (EU) financiran unu-
tar Petog okvirnog programa, ¢iji su klju¢ni ciljevi bili: glo-
balne promjene, klima i bioraznolikost (Eriksson i sur.
2005; Villani i Eriksson 2006). Navedeni projekt trajao je
Cetiri godine, od 2000. do 2004., a bio je predvoden grupom
znanstvenika iz 11 europskih istrazivackih institucija i pet
europskih zemalja. Projekt je obuhvacao razlic¢ita znan-
stvena podrudja, kao $to su: ekologija, fiziologija, fitopato-
logija, entomologija, genomika, populacijska genetika,
kvantitativna genetika, o¢uvanje genofonda, oplemenjiva-
nje drveca, ekonomija okoli$a i gospodarenje Sumama.
Opti cilj projekta CASCADE bio je razviti strategiju dugo-
ro¢nog o¢uvanja genofonda i upravljanja europskim pito-
mim kestenom. Kako bi cilj bio ostvaren, bilo je potrebno
identificirati okoli$ne ¢imbenike koji ograni¢avaju rast ke-
stena, procijeniti gensku varijabilnost postoje¢ih vo¢njaka,
panjaca i Sumskih sastojina visokog uzgojnog oblika, odre-
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diti stupanj izmjene genskog materijala izmedu ova tri tipa
populacija, odrediti zone za uzgoj kestena te identificirati
socio-ekonomski utjecaj proizvoda iz kestenovih Suma i
vocnjaka. Za geneticke studije odabrane su 82 populacije
iz Francuske, Greke, Italije, Spanjolske i Ujedinjenog Kra-
ljevstva, koje su pokrivale razli¢ite stadije naturalizacije i
gospodarske uzgojne oblike u $irokom rasponu klimatskih
i stani$nih ¢imbenika.

Osim ova dva velika projekta, u mnogim europskim ze-
mljama pokrenuti su brojni projekti na lokalnoj razini, ko-
jima je bila svrha utvrditi geneticku i morfolosku raznoli-
kost pitomog kestena za o¢uvanje genofonda i upravljanje
$umskim reprodukcijskim materijalom. Osim u Hrvatskoj
(Poljak 2014; Poljak i sur. 2017), ova su istrazivanja prove-
dena diljem juzne i sredi$nje Europe, uklju¢ujuci Spanjol-
sku (Ramos-Cabrer i Pereira-Lorenzo 2005; Mattioni i sur.
2008; Fernandez-Lopez i Monteagudo 2010; Martin i sur.
2007, 2012; Fernandez-Cruz i Fernandez-Lopez 2016; Cue-
stas i sur. 2017; Miguez-Soto i sur. 2019), Italiju (Pigliucci i
sur. 1991; Mattioni i sur. 2008; 2010; Alessandri i sur. 2022),
Svicarsku (Gobbin i sur. 2007; Beccaro i sur. 2012), Slo-
vacku (Bolvansky i sur. 2009), Sloveniju (Solar i sur. 2005),
Cesku (Hozova i sur. 2009), Bosnu i Hercegovinu (Danici¢
i sur. 2018), Bugarsku (Luisini i sur. 2013), Gr¢ku (Arava-
nopoulos i sur. 2001; Mattioni i sur. 2010; Castellana i sur.
2021) i Tursku (Villani i sur. 1991, 1992; Fornari i sur. 1999;
Castellana i sur. 2021). Nazalost, broj sjemenskih plantaza
proizaslih iz ovih istrazivanja je skroman, a one se nalaze u
Bugarskoj (Glushkova i sur. 2010) i Rumunjskoj (de Vries
isur. 2015).

Genska raznolikost Sumskog drveca, zahvaljujui ponajvise
$irokom arealu te velikoj plasti¢nosti drvenastih vrsta (Sa-
volainen i sur. 2007, 2011), u pravilu je visoka te se ona do-
bro prilagodava lokalnim uvjetima, tvore¢i ekotipove. Oc¢u-
vanje genofonda vrste, odnosno genske raznolikosti stoga
ovisi 0 o¢uvanju njezinih populacija u sklopu sumskog eko-
sustava (Kajba i sur. 2006). U ovu je svrhu u Europi, u
sklopu Paneuropske strategije za o¢uvanje genske raznoli-
kosti Sumskog drveca, osnovan veci broj zastitnih Sumskih
jedinica, koje predstavljaju izvore genske raznolikosti za
buduénost. Zastitne jedinice birane su u sredistima areala
vrste gdje je genska raznolikost ¢esto veca, ali i u rubnim
zonama (de Vries i sur. 2015). Ukupno su na podrudju ci-
jele Europe, uklju¢ujudi i Tursku, izdvojene 34 konzerva-
cijske jedinice pitomog kestena. Najveci broj populacija iz-
dvojen je na Pirenejskom poluotoku (20 jedinica) te u
Turskoj (devet jedinica), dok su Apeninski i Balkanski po-
luotok malo zastupljeni te bi se proces izdvajanja populacija
trebao nastaviti.

Najnovijim istrazivanjima je utvrdeno da pitomi kesten u
Europi ima veliku geneticku raznolikost te da se populacije
geografski grupiraju u tri genska skupa (Mattioni i sur.
2013, 2017). Populacije iz isto¢ne Europe podijelile su se u
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dvije skupine: skupinu koja obuhvaca jednu populaciju iz
Rumunjske, zatim populacije iz Bugarske, Grcke i zapadne
Turske i drugu skupinu koju formiraju populacije iz Rusije,
Azerbajdzana, Gruzije i isto¢ne Turske. Tre¢a skupina po-
pulacija, odnosno genski skup je ukljucila populacije iz za-
padne i sredi$nje Europe te se moze podijeliti u tri skupine.
Prvu skupinu ¢ine populacije iz sjeveroisto¢ne, srednje i
juzne Spanjolske; drugu skupinu populacije iz sjeveroza-
padne Spanjolske, Madarske i Slovacke; te tre¢u populacije
iz Italije, Francuske i Velike Britanije. Istrazivanjem je utvr-
dena snazna povezanost izmedu rezultata populacijsko-ge-
netickih istrazivanja i postoje¢ih podataka o pribjezistima
tijekom posljednjeg ledenog doba (Huntley i Birks 1983;
Pitte 1986; Krebs i sur. 2004, 2019), pri ¢emu autori odba-
cuju prijasnje pretpostavke da je pitomi kesten ¢ovjek pro-
$irio iz Turske u Gréku te potom u Italiju i ostale dijelove
zapadne Europe. Nadalje, na europskoj razini su primije-
¢eni opceniti trendovi: ocekivana heterozigotnost i alelno
bogatstvo razmjerno su visoki u sredistu rasprostranjenosti
vrste te se prema sjeveru i zapadu smanjuju, dok se vrijed-
nosti broja privatnih alela povecavaju prema istocnim i ne-
kim izoliranim zapadnim populacijama. U konacnici, kao
prioritetne populacije za o¢uvanje genofonda istaknute su
one na podrucju Gruzije, istocne Turske i Italije.

PITOMI KESTEN U HRVATSKOJ — 0CUVANJE
GENOFONDA

SWEET CHESTNUT IN CROATIA — GENE
CONSERVATION

U nas pitomi kesten raste u Sumama brezuljkasto-brdskog
podrucja kontinentalnog dijela Hrvatske, u Istri te na oto-
cima Krku i Cresu. Ve¢i dio areala pitomog kestena pruza
se kroz sredi$nju Hrvatsku, od slovenske granice do granice
s Bosnom i Hercegovinom, gdje se najvece i najljepse sa-
stojine nalaze na Zrinskoj i Petrovoj gori te na Medvednici
(Medak i sur. 2009). Ukupno $umskih povrsina na kojima
pitomi kesten raste u Hrvatskoj ima oko 136.000 ha (No-
vak-Agbaba i sur. 2000). U kontinentalnom dijelu Hrvatske
raste na nadmorskim visinama od 150 do 600 (700) m, gdje
uspijeva na razli¢itim ekspozicijama i razli¢itim tipovima
tala. Tvori ¢iste ili mjeSovite sastojine u pojasu kitnjakovih
i bukovih $uma, gdje na sjevernim i isto¢nim ekspozicijama
te na vise ili manje strmim nagibima i zasjenjenim poloza-
jima pridolaze mezofilne, a na suhim juznim i zapadnim
padinama acidofilne kestenove sume (Medak 2004, 2009).
U submediteranskom podrucju kestenove sume se isklju-
¢ivo razvijaju na sjevernim i isto¢nim ekspozicijama te na
dubokim i ispranim tlima povrh vapnenastih podloga (Ani¢
1945, 1953; Medak 2009).

Uzgoj pitomog kestena ima dugu tradiciju u Hrvatskoj, a
proizvodi dobiveni od kestena su koristeni u mnogim gos-
podarskim granama (Medak i sur. 2009). Iz panjaca kratkih

Sumarski list, 3-4, CXLVII (2023), 137-146

ophodnji (2-8 godina) dobivao se sitni materijal za obruce
i kosare, tanje kolje te $tapovi i drzalice za poljoprivredne
alatke i kiSobrane koje su jos u 19. stolje¢u proizvodile
tvornice Stapova u Zagrebu, Glini, Pakracu i Samoboru, kao
i poznati ,,$pancir $tapovi“ iz Karlovca. Od ogrijevnog drva
i panjeva proizvodio se ugljen za kovacke vatre. Krupnije
kestenovo drvo koristilo se za motke, kolje za vinograde,
bacve za vino i pivo, stupove, letve, rudnicko drvo, tanje
gradevno drvo, uske daske, proizvodnju tanina i sl. U pros-
lom stolje¢u postojale su tvornice tanina u Sisku, Beli§¢u i
DPurdenovcu, za koje je kesten bio najvaznija sirovina, me-
dutim sve tri tvornice su u meduvremenu prestale s radom.
Kestenov listinac koristio se za steljarenje, a plod od dav-
nina za prehranu ljudi i stoke. Plodovi kestena sakupljali su
se za otkup u prehrambenoj industriji, za preradu u pire,
brasno i konzerviranje. Osamdesetih godina prosloga sto-
lje¢a, na podrudju Zrinske gore sakupljalo se od 2.000 do
4.000 t ploda godisnje za potrebe prehrambeno-preradi-
vacke industrije.

Dosadasnja istrazivanja na podrudju Hrvatske pokazala su
znacajne razlike u genskoj raznolikosti izmedu kontinen-
talnih i submediteranskih populacija pitomog kestena, kao
i izmedu populacija pitomog kestena unutar pojedinih re-
gija (Poljak 2014; Poljak i sur. 2017). Razlike izmedu popu-
lacija posebice su naglasene izmedu submediteranskih po-
pulacija koje su medusobno izolirane stani$tima
nepovoljnima za rast kestena. Morfoloska istrazivanja lista
i ploda potvrdila su geneticke razlike izmedu populacija
pitomog kestena na podrucju Hrvatske (Poljak 2014). Utvr-
deno je da se kontinentalne populacije odlikuju ve¢im li-
stovima i sitnijim plodovima, a submediteranske populacije
manjim listovima i krupnijim plodovima. S obzirom na to
da su submediteranske populacije bolje prilagodene na to-
plije i suse okoli$ne uvjete, u slucaju velikih klimatskih pro-
mjena (ucestalost susa, pozari, porast temperature zraka i
tla), one potencijalno mogu obogatiti geneticku raznolikost
kontinentalnih populacija te povecati njihovu adaptabil-
nost. S druge strane submediteranske populacije pitomog
kestena su posebno osjetljive na negativne utjecaje klimat-
skih promjena. Naime, porastom temperature te promje-
nom oborinskih obrazaca (smanjenjem koli¢ine oborina,
¢es¢im oborinskim ekstremima i tendencijom prema susoj
klimi), moze do¢i do gubitka povoljnog stanista za pitomi
kesten, $to ¢e u konacnici rezultirati geografskim pomakom
u rasprostranjenosti, a samim time i smanjenjem genske
raznolikosti.

Razlic¢ite karakteristike populacija, kao i njihove prilagodbe
na odredene uvjete, mogu se testirati u testovima proveni-
jencija (Eriksson 1996, 1998). Sadnjom biljaka iz razli¢itih
populacija, na pokusne plohe poznatih klimatskih
¢imbenika, genske, morfoloske, fenotipske te fenoloske ra-
zlike dolaze do izrazaja, ¢ime je omogucen odabir najboljih
jedinki (provenijencija) za odredene uvjete na plohama
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koje ¢e se posumljavati (Maurer i Fernandez-Lopez 2001).
Osim toga, moguce je utvrditi karakteristike rasta stabala
znacajne u Sumarstvu (razgranatost, brzina rasta, prezivlje-
nje), kao i poboljsati nastojanja u ocuvanju genske razno-
likosti.

Iz ovih su razloga ujesen 2020. godine osnovane dvije po-
kusne plohe pitomog kestena u kontinentalnom i subme-
diteranskom podrucju Hrvatske u sklopu istrazivac¢kog
projekta: “Od terena do nasada: karakteristike i prilagod-
ljivost na stres prirodnih populacija pitomoga kestena i ma-
runa’. Projekt je financirala Hrvatska zaklada za znanost,
0d 2018. do 2022. godine. Sjemenski materijal za proizvod-
nju sadnica za podizanje pokusnih ploha sakupljen je sa 120
stabala iz 12 hrvatskih populacija (10 stabala po populaciji)
iz dva divergentna stanista (submediteranska i kontinen-
talna regija). Pokusna ploha u kontinentalnom dijelu Hr-
vatske osnovana je na podru¢ju USP Karlovac, Sumarije
Ozalj, u GJ Straznji Vrh, a pokusna ploha u submediteran-
skom dijelu Hrvatske na podru¢ju USP Buzet, Sumarije
Buje, u GJ Oprtalj. Ukupno je posadeno 720 sadnica, od-
nosno 360 na svakoj od ploha, s razmakom sadnje od 4 m.
Na svakoj plohi biljke su rasporedene u slu¢ajnom blok
rasporedu s tri bloka (ponavljanja). Svaki blok ima po jednu
sadnicu iz svake od familija polusrodnika, iz svih popula-
cija. Osim sadnica u pokusu zasaden je i zastitni pojas sa
sadnicama pitomog kestena.

Koristenje Sumskog reprodukcijskog materijala svojti Sum-
skog drveca od gospodarskog znacaja, uklju¢ujuci i pitomi
kesten, u $umarstvu je dopusteno samo u skladu sa smjer-
nicama propisanim Pravilnikom o provenijencijama svojti
$umskog drveca (NN 147/2011). U gospodarenju Sumama,
ova ¢injenica dovodi do podjele sSumskog sjemenskog ma-
terijala na sjemenske zone, odnosno uvjetuje odabir sje-
menskog materijala s obzirom na provenijenciju. Prema
gore navedenom pravilniku, provenijencije svojti Sumskog
drveca od znacaja dijele se na sjemenske oblasti te dalje na
sjemenske zone i sjemenske regije. Sve gospodarske jedi-
nice prema pripadnosti podijeljene su izmedu sjemenskih
regija, ¢ime se uvjetuje koristenje Sumskog reprodukcijskog
materijala (sjeme, sadnice uzgojene iz sjemena) unutar
jedne sjemenske oblasti. U oblasti submediteranskih $uma,
dozvoljeno je koristenje reprodukcijskog materijala samo
unutar sjemenske regije. Drugim rije¢ima, trenutna je
praksa u Hrvatskoj da se prilikom obnove suma nasih au-
tohtonih vrsta koristi sjeme lokalnih populacija, $to je u
slu¢aju pitomog kestena i opravdano, jer su populacije pri-
lagodene na lokalne uvjete okolisa (Poljak 2014; Poljak i
sur. 2017).

Najveca genska raznolikost pitomog kestena utvrdena je za
populaciju koja se nalazi unutar Parka prirode Medvednica.
Prema Strategiji i akcijskome planu zastite prirode Repu-
blike Hrvatske (NN 72/217), parkovi prirode, kao i ostali

zakonom zasti¢eni predjeli, predstavljaju izvore biorazno-
likosti koje je potrebno zastititi te ocuvati. Ovime je zajam-
ena in situ zastita svih populacija vrsta koje obitavaju na
podrucjima parkova prirode, odnosno zasti¢ena je posto-
jeca genska varijabilnost i adaptabilnost na procese pri-
rodne evolucije (Kajba i sur. 2006). Alternativno, ove se
populacije mogu koristiti kao izvor $umskog reprodukcij-
skog materijala, odnosno izvor sjemena za posumljavanje,
ukljucivanjem u buduée planove o¢uvanja, gospodarenja i
prometovanja $umskim reprodukcijskim materijalom.
Ipak, s obzirom na to da su izmedu populacija pitomog ke-
stena utvrdene znacajne razlike u genskoj raznolikost pri-
likom podizanja novih sastojina, potrebno je koristi sjeme
lokalnih populacija, jer su one prilagodene lokalnim oko-
liSnim uvjetima.

Najmanja varijabilnost na podruc¢ju Hrvatske utvrdena je
u populacijama pitomog kestena na podrudju Petrove i
Zrinske gore, koje se nalaze na rubu areala (Poljak 2014;
Poljak i sur. 2017). Tako je uobicajeno da se in situ meto-
dama oc¢uva raznolikost onih populacija gdje je najveca ge-
neti¢ka raznolikost, koje se u pravilu nalaze u sredini areala,
sa stajaliSta o¢uvanja genofonda ove rubne populacije su
posebno zanimljive. Iako su obiljezene manjom genetickom
raznoliko$¢u (De Kort i sur. 2021), ¢esto kao posljedica ge-
netickih uskih grla i fragmentacije na mikrostanista
(Vakkari i sur. 2020), zbog ekstremnih uvjeta na rubovima
areala pokazuju najvecu plasticnost, odnosno sposobnost
prilagodbe uvjetima. Ovime su rubne populacije izvor ri-
jetkih alela kojih u sredi$tu areala nema, odnosno upravo
su one geneticki jedinstvene te znacajno doprinose uku-
pnom adaptivhom potencijalu vrste (de Vries i sur. 2015).
Njihov znacaj prepoznat je i u Hrvatskoj te su upravo na
tim rubnim dijelovima areala pitomog kestena u Hrvatskoj
selekcionirane Cetiri sjemenske sastojine pitomog kestena,
a koje se koriste za sakupljanje Sumskog reprodukcijskog
materijala.

MARUNI — 0CUVANJE GENOFONDA
MARRONS — GENE CONSERVATION

Pitomi kesten od davnina je privla¢io pozornost ljudi, po-
sebice u planinskim podrudjima. Tijekom nekih razdoblja
povijesti, posebice u Srednjemu vijeku, bio je nezamjenjiva
namirnica te je neke civilizacije moguce okarakterizirati
kao ,.civilizacije kestena“ (Gobbin i sur. 2007; Pereira-Lo-
renzo i sur. 2020). Rezultat ove vaznosti u prehrani ocituje
se u nastanku kultiviranih sorti (kultivara) kestena, pozna-
tih pod nazivom maruni. Maruni se, u usporedbi s divljim
stablima, ponajprije isti¢cu krupno¢om i kvalitetom plodova
(IdZojti¢ i sur. 2012; Poljak i sur. 2016). Pritom je selekcijom
stvoren vedi broj kultivara specifiécne namjene, kao $to su
kultivari prikladni izradi kestenova brasna, kandiranju ili
za izradu pirea od kestena (Bounous 2002). Prema talijan-
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skoj definiciji, marunom se moze smatrati onaj kultivar eu-
ropskog pitomog kestena s najkvalitetnijim, krupnim plo-
dovima dobroga okusa, duguljastog oblika s malim
hilumom i izbo¢enim tamnim prugama; plodovi se moraju
lako ljustiti te rijetko imaju dvostruke sjemenke. Francuski
je standard sli¢an, no propisuje i maksimalan broj plodova
s dvije sjemenke, do 12 % (Idzojti¢ i sur. 2012).

Veliki zna¢aj maruna posebice je ocit u juznoj Europi, gdje
je selekcijom stvoren velik broj lokalnih i nacionalnih kul-
tivara. Primjerice, samo u Italiji poznato je preko 300 kul-
tivara (Torello Marinoni i sur. 2013), dok je u Spanjolskoj
pokrajini Galiciji poznato preko 75 kultivara (Pereira-Lo-
renzo i sur. 1996). Velika raznolikost maruna istrazena je u
morfoloskim, a u novije vrijeme i geneti¢kim istraziva-
njima. Tradicionalni morfometrijski pristup podrazumijeva
mjerenje znacajki biljnih organa maruna, ponajprije lista i
ploda. Ovim je metodama okarakteriziran velik broj kulti-
vara na Pirenejskom poluotoku (Pereira-Lorenzo i sur.
1996; Pereira-Lorenzo i Fernandez-Lopez 1997; Ramos-Ca-
brer i Pereira-Lorenzo 2005; Furones-Perez i Fernandez-
Ldpez 2009), u Italiji (Cutino i sur. 2006; Torello Marinoni
isur. 2013), Ukrajini (Grygorieva i sur. 2017), Turskoj (Er-
tan 2007; Serdar i sur. 2011) te Hrvatskoj (Poljak i sur. 2016;
2021). Noviji pristup morfoloskim istrazivanjima koristenje
je mikrosatelitnih biljega, koji su primijenjeni u karakteri-
zaciji kultivara Pirenejskog poluotoka (Martin i sur. 2010,
2017; Pereira-Lorenzo i sur. 2010, 2019; Ferndndez-Lopez
i Fernandez-Cruz 2015; Fernandez-Cruz i sur. 2022), Italije
(Torello Marinoni i sur. 2013), Svicarske (Gobbin i sur.
2007), kao i Hrvatske (Idzojti¢ i sur. 2012; Tumpa i sur.
2022).

U nastojanju da se raznolikost ekotipova ocuva, pocetkom
21. stoljeca pokrenut je projekt sakupljanja genotipova (ci-
jepova) kultivara vrsta roda Castanea na Sveucilistu u To-
rinu, s ciljem stvaranja zasti¢enog nasada (zbirke) (Mellano
i sur. 2012). Do danasnjeg je dana sakupljenog preko 300
cijepova te se projekt nastavlja i dalje, a slicne su ex situ
plantaze osnovane i u Rumunjskoj (de Vries i sur. 2015).
Ovaj oblik o¢uvanja predstavlja o¢uvanje genofonda ex situ,
odnosno izvan mjesta gdje su genotipovi prirodno raspro-
stranjeni ili, u slu¢aju kultivara maruna, uzgajani. Druga
metoda ocuvanja, in situ, podrazumijeva ocuvanje cijelih
ekosustava u kojima se neka vrsta pojavljuje, odnosno ocu-
vanje populacije maruna u njezinom tradicionalnom okru-
Zenju.

Maruni su takoder prisutni i u Hrvatskoj, na podruéju Istre
i Kvarnera. Zahvaljujuci optimalnim uvjetima u submedi-
teranskoj klimi, uzgoj maruna na podrudju Istre i Kvarnera
poprimio je znacajnije razmjere vec u 17. stoljecu, kada su
plodovi maruna predstavljali bitan izvozni proizvod (Poljak
i sur. 2016). Usprkos padu proizvodnje te napustanju na-
sada tijekom 19. i 20. stolje¢a, maruni i danas imaju zna-
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¢ajnu ulogu u kulturi lokalnog stanovnistva, kao i posjeti-
telja u vrijeme sazrijevanja plodova i tematskih
manifestacija (,,Lovranska marunada®) (IdZojti¢ i sur. 2012;
Poljak i sur. 2021). U uzgoju su lokalno poznata tri geograf-
ska kultivara: ‘Lovranski Marun, ‘Lovrinski Marun’ te ‘Cre-
ski Marun Ipak, znanstvenim istraZivanjem geneticke ra-
znolikosti nasada potvrdeno je postojanje samo jednog
poliklonalnog kultivara, ‘Lovranskog Maruna (Tumpa i sur.
2022). Pri tome ovaj kultivar tvori pet genotipova koji se u
uzgoju tretiraju jednako, odnosno uzgajivaci ne ¢ine razliku
prilikom cijepljenja plemki ili mjera njege. S obzirom na
ucestalost pojavnosti cijepljenih stabala te opéenito stanje
nasada, Lovran se smatra ishodi$nom zonom uzgoja ma-
runa, iz kojeg su se plemke iznosile te su bile nacijepljene
na podloge u Lovrinu i Cresu. Osim specificne geneticke
pozadine ‘Lovranskog Maruna, nasadi u Hrvatskoj isti¢u
se i jedinstvenim polozajem u prostoru, na dodirnoj zoni s
prirodnim populacijama pitomog kestena. Ovime je omo-
gucen protok gena izmedu kultiviranih i prirodnih popu-
lacija (Poljak i sur. 2017), odnosno nastanak hibridnih sta-
bala, poznatih lokalno pod nazivom ,marusnjaci. Kao
rezultat, geneticka struktura nasada raznolika je te ukljucuje
cijepljena stabla (marune), marusnjake, kao i divlja stabla,
koja u nasade spontano ulaze iz prirodnih populacija. Ova
¢injenica pogoduje vecoj genskoj raznolikosti te potenci-
jalnom nastanku i identifikaciji novih kultivara maruna,
koji bi se vegetativnim putem mogli odrzavati u uzgoju.

ZAKLJUCGCI
CONCLUSIONS

Prvi korak ka osiguranju oc¢uvanja i odrzivog koristenja
genskih resursa pitomog kestena u Europi je procjena ge-
ografske rasprostranjenosti i statusa o¢uvanosti prirodnih
populacija, kao i kultivara pitomog kestena (maruna). Pri-
tom je o¢uvanje moguce provoditi in situ i ex situ meto-
dama. In situ oCuvanje ponajprije je namijenjeno zastiti pri-
rodnih populacija, ¢ime se $titi genska raznolikost, kao i
¢itavi ekosustavi. Populacije u sredistu areala su najrazno-
likije, dok su populacije na rubovima zanimljive zbog vi-
soke plasti¢nosti. U Hrvatskoj su u svrhu in situ ocuvanja
izdvojene populacije na Medvednici, Zrinskoj i Petrovoj
gori, dok se pod okriljem in situ o¢uvanja mogu smatrati i
dobro odrzavani nasadi maruna na podrucju Istre i
Kvarnera, u kojima se kontinuirano odrzava poliklonalni
kultivar ‘Lovranski Marun’ Drugi vid zastite genofonda je
ex situ o¢uvanje, koje podrazumijeva podizanje i odrzava-
nje sjemenskih plantaza razli¢itih provenijencija, kao i
klonskih plantaza. U sjemenskim plantazama je, osim ocu-
vanja samih stabala prisutnih u njima, moguca i selekcija
najboljih genotipova za razlicite svrhe, kao $to su otpornost
na bolesti i Stetnike, obilan i kvalitetan urod te pozeljne ka-
rakteristike za tehnicko drvo. U ovu su svrhu u Hrvatskoj
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podignute dvije pokusne plohe pitomog kestena, predstav-
ljene s 12 populacija iz cijelog areala u Hrvatskoj. Klonske
plantaze u Hrvatskoj nedostaju, odnosno nuzno je podic¢i
plohu u kojoj ¢e svih pet genotipova koji tvore ‘Lovranski
Marun’ biti o¢uvani, ¢ime ée se jedinom do sada utvrdenom
nacionalnom kultivaru osigurati buducnost.
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SUMMARY

Sweet chestnut (Castanea sativa Mill.) is a noble, multi-purpose hardwood species. In addition to
edible fruits and high-quality wood, chestnut forests have been used as a source of various resources
since the antiquity. Intensive management of forests and stands, however, together with the emergence
of chestnut blight, has led to their decline and dieback. As a result, in numerous European countries
multidisciplinary projects were initialized, with goals of conserving the genetic resources of the species,
as well as reestablishing its significance in rural and forest ecosystems. In this paper, an overview of
the most important long-term gene conservation strategies is presented, with suggestions for guidelines
for application of in situ and ex situ conservation methods in Croatia.

KEY WORDS: gene conservation, conservation units, provenance, genetic diversity, forest reproductive
material



UDK 630*228+332+653
https://doi.org/10.31298/sl.147.3-4.5

Pregledni ¢lanci Reviews
Sumarski list, 3-4 (2023): 147-154

TIPOLOGIJA SUMSKIH CISTINA

FOREST CLEARING TYPOLOGY

Jasnica MEDAK', lvana SIROVICA™*, Joso VUKELIC?

SAZETAK

Sumske ¢istine (eng. forest clearings, forest gaps, canopy openings) ¢ine regeneracijske oblike uravnotezenih i
pretezito zrelih Sumskih sastojina. Kao neizostavan dio dinamike razvoja strukturno stabilnih Sumskih kompleksa
te posljedica otvaranja sastojinskog sklopa, odlikuju se strukturnom i mikroklimatskom jedinstvenos¢u te konstant-
nom promijenjivos¢u (White i Pickett 1985, Runkle i Yetter 1987, Busing i White 1997, Schliemann i Bockheim
2011).

Unato¢ brojnim istrazivanjima Sumskih ¢istina diljem svijeta, nedovoljno poznavanje ovakvih oblika staniSta na
nasem podrudju, uz varijabilnost sindinamickih procesa u odnosu na klimu i zemljopisni polozaj, najveéi su uzroci
problematike njihove kategorizacije. Dodatni izazov na podruéju Hrvatske predstavlja i njihova uloga u gospodarenju
$umama unutar Natura 2000 mreze (NN 7/2006), zbog ¢ega Siroko shvaceni pojam ,,$Sumske ¢istine” u vegetacijskom
smislu ¢ini, ne samo izazov u gospodarenju $umama, nego potencijalno i prakti¢ni problem u obliku provodenja
mjera zastite. S ciljem priblizavanja postojece problematike njihovog definiranja, ovim je radom, na temelju prim-
jenjivih dosadasnjih istrazivanja, uspostavljena strukturna kategorizacija $Sumskih ¢istina s obzirom na podrijetlo, tip
(oblik), veli¢inu, prostorni smjestaj i vegetacijsku pripadnost prema Nacionalnoj klasifikaciji stanista Republike Hr-
vatske, uz prijedlog odrzivih mjera zastite. Predlozena kategorizacija, vegetacijska pripadnost, jednako kao i mjere
zastite, podlozne su naknadnim izmjenama i/ili dopunama te mogu posluziti kao temeljno polaziste buducih
istrazivanja ovakvih oblika stanista nasih prostora.

KLJUCNE RIJECI: strukturne karakteristike Sumskih Cistina, vegetacija $umskih ¢&istina, dinamika $umskih ¢istina

uvoD
INTRODUCTION

Sumske Cistine predstavljaju poseban oblik stanista i popri-
li¢no $irok te raznoliko opisivan pojam s kojim se nerijetko
susrecemo u podrudju Sumarstva i zastite prirode. Izvorna
definicija Sumskih ¢istina nasih prostora dio je Pravilnika
o uredivanju Suma (NN 52/1994, 11/1997), zajednickih
odredba prostorne podjele Suma i Sumskih zemljista Repu-
blike Hrvatske (¢lanci 2. i 7.), prema kojoj se smatraju
$umom neobraslim, proizvodnim zemljistem vec¢im od 0,1
ha te, jednako kao pljesine (razgoljene povrsine manje od
0,1 ha) i progale (prekid sklopa koji se ne moze vise zatvo-

riti kro$njama susjednih stabala), ¢ine sastavne dijelove jed-
nodobnih sastojina. Naknadnim izmjenama i nadopunama
Pravilnika (NN 79/2015, NN 111/2006), definicija $umskih
Cistina ostaje kao neobraslo, proizvodno zemljiste. Takoder,
trenutno vazeca definicija propisana je i Pravilnikom o po-
pisu stani$nih tipova i karti stanista (NN 27/2021), Nacio-
nalne klasifikacije stanista (NKS), IV. dopunjene verzije
(prilog 1.), gdje Sumske cistine (C.5.2.) pripadaju skupini
visokih zeleni (C.5.) i, svojim flornim sastavom, oznacavaju
prijelaz (ekoton) izmedu travnjacke i Sumske vegetacije, a
samostalno, na ve¢im povrsinama, i sukcesijski stadij zara-
stanja travnjaka u $umu (Slika 1).
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Tablica 1. Tipologija Sumskih Cistina s istaknutom literaturom
Table 1. Typology of forest clearings with prominent literature

Podjela Sumskih ¢istina

Znacajna referenca

Forest clearing typology Significant reference
Podrijetlo prirodno antropogeno Grubb 19.77
Origins natural anthropogenic Mus.c oloi dr: 2014 .
Schliemann i Bockheim 2011
. . . . Gagnon i dr. 2004
Tip (oblik nepravilan ravilan . . .
Typl; ((shap)e} irrpegu/ar F;egu/ar Schllemarm i Bockheim 2011
Muscolo i dr. 2014
Bottero i dr. 2011
Whitmore 1989
Foster i Reiners 1986
Veli¢ina mala velika Muscolo i dr. 2014
Size small large Schliemann i Bockheim 2011
Busing i White 1997
Drosser and Von Liipke 2005
Nagel i Svoboda 2008
Prostorni  unutra$njost " Harper i dr. 2005
N M rub Sume .
sm|es.ta| sume ' forest edge Lanta i dr. 2019
Location forest interior Muscolo i dr. 2014

stava, gustoce, velicine te distribucije vecine sastojina umje-
renog toplinskog podrucja (Laska 2001). Njihova veli¢ina,
intenzitet i ucestalost pojavljivanja odlucujuca je u stvara-
nju i odrzavanju fragmenata razli¢itih stupnjeva sindina-
mickog razvoja u ekosustavu (tzv. ekoloskih mozaika) je-
dinstvenih mikroklimatskih uvjeta (White i Pickett 1985,
Schliemann i Bockheim 2011). U istrazivanju podrijetla
$umskih ¢istina istaknuti su brojni znanstvenici: Grubb
(1977), Clebsch i Busing (1989), Whitmore (1989), Attiwill
(1994), Clinton i dr. (2000), Zeibig i dr. (2005), Nagel i Diaci
(2006), Fahey i Puettmann (2007), Bottero i dr. (2011) te
Lewandowski i dr. (2021).

Nastanak Sumske Cestine rezultat je niza egzogenih (vanj-
skih) poremecaja poput djelovanja Stetnika i gljivi¢nih pa-
togena, vjetroloma, ledoloma, snjegoizvala, pozara, udara
groma, ciklona, kompeticije unutar/izmedu vrsta te pri-
rodne sukcesije stanista. Takoder, ¢istine se razvijaju i usli-
jed endogenih (unutarnjih) poremecaja, odnosno, fiziolos-
kog odumiranja starijih stabala periodi¢nog ili kroni¢nog
karaktera, koji prema Botteru i dr. (2011), ¢ine primarne
uzro¢nike njihovog nastajanja. Nadalje, razvoj moze biti
uvjetovan i ljudskom aktivnos¢u (antropogeno podrijetlo),
u obliku sjeca, hidrotehnickih mjera, indirektnih posljedica
neodrzivog razvoja industrija, pasarenja, kosnje te mal¢i-
ranja povr$ina. Prema Muscolu i dr. (2014), indikatori pri-
rodnog nastanka Sumskih ¢istina ¢ine stabla koja su, u ve-
¢ini slucajeva, u potpunosti izvaljena dok se, uslijed
antropogenog djelovanja, panjevi i korijenov sustav zadr-
zavaju unutar tla. Vaznost prirodnih poremecaja slabijeg
intenziteta, koji dovode do nastanka $umskih ¢istina ma-
njih povrsina, zajednicka je tema istrazivanja dinamike
$umskih ekosustava diljem svijeta. Ve¢ina navedenih autora
podrzava tvrdnju da Sumske cistine nastale odumiranjem

o

svega jednog ili nekoliko stabala imaju kljuénu ulogu u odr-
zavanju slozene strukture sastojina. Takoder, Sumske ¢istine
zrelih i ekoloski stabilnih sastojina naj¢esce su rezultat kom-
biniranog djelovanja veceg broja okolisnih ¢imbenika ma-
njeg opsega tijekom duljeg razdoblja te rjede posljedica po-
jedina¢nog, velikog ekscesa.

Tip (oblik) — Type (shape)

Fizi¢ki oblik $umskih ¢istina rezultat je odgovarajuceg in-
tenziteta ¢cimbenika koji je doveo do njihovog nastanka,
odrazavajudi pritom dimenzije kro$nji/debla odumrlih sta-
bala. Istrazivanja oblika Sumskih ¢istina proveli su znanstve-
nici poput: Gagnona i dr. (2004), Arévala i Fernandez-Pa-
laciosa (2007), Hytteborna i Verwijsta (2011), Schliemanna
i Bockheima (2011) te Muscola i dr. (2014).

Dok vedina znanstvenika isti¢e pravilni (Sumska ¢istina x
m uzduz pravca) i nepravilni oblik $umskih istina, poje-
dini autori poput Arévalaa i Fernandez-Palaciosa (2007) i
Muscola i drugih (2014), naglasavaju kvadratni ili pravo-
kutni, kruzni, elipsoidni te ljevkasti oblik (eng. chablis). Za
razliku od Ssumskih cistina pravilnog oblika, Sumske ¢istine
nepravilnog oblika vi$e su izlozene rubnim utjecajima te
povecanim kompeticijskim odnosima tamosnje vegetacije.
Uz velic¢inu, fizi¢ki oblik Sumskih ¢istina uvelike utjece na
sastav i heterogenost flornog sastava te sudjeluje u obliko-
vanju mikroklime.

Velicina — Size

Veli¢ina $sumskih cistina predstavlja jednu od najvaznijih
razlikovnih osobina, koja uz brojne druge ¢imbenike zna-
¢ajno djeluje na njena mikroklimatska obiljezja, posebice
na razinu insolacije, amplitudu temperature, koli¢inu vode
u tlu i kolanje nutrijenata. Takoder, veli¢ina $umskih ¢istina
¢ini i vrlo vaznu odrednicu intenziteta prirodne Sumske
obnove, a moze iznositi 10 te prelaziti 5000 m?. Problema-
tika definiranja veli¢ine Sumskih ¢istina istrazena je od
strane brojnih znanstvenika poput: Grubba (1977), Whitea
i Picketta (1985), Fostera i Reinersa (1986), Runklea (1989),
Whitmorea (1989), Businga i Whitea (1997), Grayja i dr.
(2002), Drossera i Von Liipkea (2005), Zeibiga i dr. (2005),
Hutha i Wagnera (2006), Nagela i Diacija (2006), Schare-
nbrocha i Bockheima (2007), Nagela i Svobode (2008),
Kanderesa i dr. (2009), Bottera i dr. (2011), Schliemanna i
Bockheima (2011), Diacija i dr. (2012) te Muscola i dr.
(2014). Oprecno prvotnoj verziji Pravilnika o uredivanju
$uma u kojem $umske Cistine zauzimaju povrsinu ve¢u od
0,1 ha, posjecna povrsina Sumskih c¢istina umjerenog to-
plinskog podrucja varira izmedu 50 i 100 m? (Arévalo i
Fernandez-Palacios 2007, Kenderes i dr. 2009), a ¢ak 85%
$umskih ¢istina srednje Europe ne prelazi 250 m? (Drof3er
i Von Liipke 2005). Uzimaju¢i u obzir kompleksnost defi-
niranja veli¢ine Sumskih ¢istina razli¢itih podneblja, pred-
laze se njihova opcenita podjela na male i velike Sumske
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Cistine. Vecina istrazivaca poput Schliemanna i Bockheima
(2011) te Fostera i Reinersa (1986) male Sumske Cistine
smatraju onima s povr$inom manjom od 1000 m?, dok ve-
like Sumske ¢istine, s druge strane, povr$inom ve¢om od
1000 m?. Za razliku od velikih $umskih ¢istina, ve¢ina $um-
skih ¢istina cistih i mjesovitih bukovih Suma srednje,
isto¢ne i jugoistocne Europe povrsinom je manja od 1000
m? Dok su povr$inom velike Sumske ¢istine najc¢esée uzro-
kovane prirodnim poremecajima veceg opsega i antropo-
genim djelovanjem, Sumske ¢istine manjih povrs$ina nastaju
kao posljedica jednog ili viSe razli¢itih ekoloskih ¢imbenika
slabijeg intenziteta. Jednom formirana $umska ¢istina pod-
lozna je naknadnom smanjenju ili povecanju svoje povrsine
(eng. extended gap), ¢ime nerijetko dolazi do nastanka fra-
gmenata razli¢itih stupnjeva sindinamickog razvoja u eko-
sustavu, odnosno, tzv. ,,strukturnih mozaika“ (eng. shifting
mosaics).

Prostorni smjestaj — Location

Prostorni smjestaj, uslijed varijabilnosti ekoloskih ¢imbe-
nika od neizmjernog je utjecaja na florni sastav, dostupnost
nutrijenata i bioraznolikost ekosustava (Forman i Godron
1981, Fraver 1994, Riutta i dr. 2014). Rezultati literaturnog
istrazivanja u kojima se isticu sljede¢i autori: Fraver (1994),
Harper i dr. (2005), Muscolo i dr. (2014), Riutta i dr. (2014)
te Lanta i dr. (2019), ukazuju na razlicitost obiljezja Sumskih
istina unutar Suma u odnosu na Sumske cistine na
rubovima $umskih ekosustava. Dok su, s jedne strane,
$umske cistine unutar Suma podvrgnute manje dinamic-
nim sukcesijskim procesima, ¢istine na njenim rubovima
su, s druge strane, podvrgnute djelovanju tzv. ,,rubnog
efekta® te nerijetko posjeduju biljne organizme iz preklapa-
jucih zajednica okolnih dijelova ekosustava. Takoder, usli-
jed vece dostupnosti nutrijenata, $umske ¢istine na
rubovima $uma imaju tendenciju i veceg razvoja sloja gr-
mlja i drve¢a u odnosu na sloj prizemnog rasca.

Vegetacija — Vegetation

Dinamika vegetacije Sumskih ¢istina predstavlja medusobni
odnos stanisnih karakteristika i ekoloskih obiljezja biljnih
vrsta, usko povezanih s prirodnim poremecajima kao glav-

Tablica 2. Klasifikacija Sumskih €istina u Hrvatskoj. lzvor: (NN 27/2021)
Table 2. Forest clearings classificationin Croatia. Source: (NN 27/2021)
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nim organizacijskim ¢imbenicima (Anderson i Leopold
2002). Nastanak sumskih ¢istina unutar $umskog kompleksa,
uz promjene uvjeta mikroklimatskih procesa poput povecéa-
nja insolacije, temperature zraka, ubrzanja razlaganja organ-
ske tvari te povisivanja razina nutrijenata u tlu, pozitivno
utjece na razvoj brojnih heliofilnih biljnih vrsta (Runkle i
Yetter 1987, Busing i White 1997, Fahey i Puettmann 2007,
Lanta i dr. 2019). Osim povec¢anog udjela prizemnog sloja
radca te, nerijetko i brzeg odvijanja procesa prirodne obnove,
$umske cistine takoder sudjeluju u dinamici rasta drvenaste
vegetacije, omogucujuci stvaranje heterogenih vegetacijskih
¢jelina (Runkle i Yetter 1987, Lanta i dr. 2019).

Na temelju priloga 1, Pravilnika o popisu stani$nih tipova
i karti stani$ta (NN 27/2021) Nacionalne klasifikacije sta-
nista (NKS) u Republici Hrvatskog, $sumske ¢istine (C.5.2.)
pripadaju skupini visokih zeleni. Navedena vegetacijska
skupina sastavni je dio rubova tocila, podnozja stijena i pla-
ninskih jezeraca gdje je, zbog dugog zadrzavanja snijega,
otezan razvoj Sumske vegetacije. Takoder, skupina se razvija
i na $umskim d¢istinama, rubovima Sumskih putova,
pozaristima te sjeCinama listopadnih i crnogori¢nih Suma.
StaniSta izgraduju visoke zeljaste trajnice (1-3 m), visi ili
nizi grmovi, a ponekad i juvenilni oblici niskog drveca. Ri-
jec je, najcesce, o vrstama porodice stitarki (Apiaceae), gla-
vocika (Asteraceae), zabnjakovki (Ranunculaceae) i ljilja-
novki (Liliaceae). Osim Cistina, u skupinu visokih zeleni
pripadaju i Sumske sjecine, rubovi Sume te mjesta nekadas-
njih paljevina (NN 27/2021). Trenutno vazeca podjela sta-
ni$nih tipova $umskih ¢istina (C.5.2.) na podruéju Repu-
blike Hrvatske, kao dopunjen dio IV. vezije Nacionalne
Klasifikacije staniSta Republike Hrvatske (NN 27/2021),
predstavljena je u tablici 2.

Sumske ¢istine (C.5.2.), kao dio I1I. razine Nacionalne kla-
sifikacije stanista, u IV razini podijeljene su na stanisne ti-
pove: Sumske &istine velebilja i uskolisnog kipreja (C.5.2.1)
te na Sumske ¢istine, rubovi sumskih putova (C.5.2.2.).
Vazno je naglasiti da je kategorija Sumskih rubova mnogo
$ira i da prema NKS-u obuhvaca sveukupno 11 zajednica
C.5.1. kategorije (Sumski rubovi). Kategorija Sumskih
Cistina, rubovi Sumskih putova (C.5.2.2.), s druge strane,
ne pripada Sumskim rubovima (C.5.1.) ve¢ je uvrstena u

NKS; razine, kod i naziv - levels, code and name

| Il Il ')

C.5.2.1. Sumske istine velebilja i
uskolisnog kipreja
Belladona and blooming sally forest

C. Travnjaci, cretovi i

visoke zeleni C.5. Visoke zeleni gi.:t.iﬁéSumske clearings
Lawns, bags and tall ~ Tall greens .

Forest clearings
greens

€.5.2.2. Sumske Gistine, rubovi
Sumskih puteva (NKS 1-4: C.5.2.1.3.)
Forest clearings and forest road edges

\

C.5.2.1.1. Zajednica velebilja i uskolisnog
kipreja (Atropetum bella-donae Br.-BI.
1930)

Belladona and blooming sally community

C.5.2.1.4. Zajednica velikog Zutog
kolotoca (7elekium speciosae Treg. 1941)

Telekia speciosa community
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Sumske ¢istine (C.5.2.). U nastavku, V. razina sadrzi zajed-
nicu velebilja i uskolisnog kipreja (C.5.2.1.1.) i Zajednicu
velikog Zutog kolotoca (C.5.2.1.4).

C.5.2.1. Sumske ¢istine velebilja i uskolisnog
kipreja - C.5.2.1. Belladona and blooming sally
forest clearings

Stanisni tip C.5.2.1. pripada razredu Epilobietea angustifolii
ireda Galeopsio-Senecionetalia sylvatici Passarge 1981 nom.
conserv. propos. (syn. Atropetalia Vlieger 1937). Razvija se
na vapnenackoj podlozi sje¢ina i paljevina koja, ukoliko je
sprijecena ispasa, u nekoliko razvojnih faza prelazi u Sumu.
U njihovom $irem opisu, uz glavne (dijagnosticke) vrste:
Atropa bella-donna, Epilobium angustifolium i Telekia spe-
ciosa, istaknute su i vrste Rubus idaeus, Calamagrostis
villosa, Eupatorium cannabinum, Senecio nemorensis i Gen-
tiana asclepiadea (NN 27/2021).

C.5.2.1.1. Zajednica velebilja i uskolisnog kipreja -
C.5.2.1.1. Belladona and blooming sally community

Zajednica velebilja i uskolisnog kipreja (As. Atropetum bella-
donnae Br.-Bl. 1930), razvija se na Sumskim ¢istinama i uz
rubove Sumskih cesta. U floristickom sastavu isti¢u se Atropa
bella-donna, Epilobium angustifolium, Rubus idaeus, Cala-
magrostis villosa, Senecio nemorensis, Eupatorium cannabi-
num, Gentiana asclepiadea i druge vrste. Ovoj zajednici pri-
padaju i Sumske ¢istine uskolisnog kipreja (Sveza Epilobion
angustifolii (Riibel 1933) So6 1933) koje su u prethodnoj ver-
ziji NKS-a bile opisane kao C.5.2.1.2. Sumske &istine uskoli-
snog kipreja (Sveza Epilobion angustifolii (Riibel 1933) So6
1933). To je sredi$nja asocijacija sveze Atropion koja raste na
umjereno vlaznim, humusom i hranjivima bogatim vapne-
nastim tlima. Stani$ni tip C.5.2.1.1. obuhvaca i drugu zajed-
nicu, odnosno, zajednicu uskolisnog kipreja (As. Epilobietum
angustifolii), u proslim verzijama NKS-a ozna¢enu kodom
C.5.2.1.2. Sastojine uskolisnog kipreja razvijaju se na slabo
kiselim, prozra¢nim, skeletnim i slabije do umjereno humu-
snim tlima te heliofilnim uvjetima, od donjih montanskih
do subalpskih poloZaja. U Hrvatskoj naj¢esée rastu iznad 900
m na devastiranim povrsinama, Sumskim rubovima i Cisti-
nama u podrudju bukovih, bukovo-jelovih i smrekovih
$uma. U Europi uskolisni kiprej razvija se u viSe flornih kom-
binacija: na acidofilnim tlima s vrstama: Populus tremula,
Deschampsia flexuosa, Calluna vulgaris, Calamagrostis arun-
dinacea, Vaccinium myrtillus, na sje¢inama na siroma$nim
tlima povrh silikata s vrstama: Senecio sylvaticus, Luzula lu-
zuloides i Agrostis capillaris te u sastojinama sa: Salix caprea,
Betula pendula, Sambucus racemosa, Senecio nemorensis, Ur-
tica dioica itd.

C.5.2.1.4. Zajednica velikog zZutog kolotoca -
C.5.2.1.4. Telekia speciosa community

Koloto¢ (Telekia speciosa) je razmjerno rasirena juznoeu-
ropska vrsta koja dominira u sjenovitijim, slabije kiselim,

vlaznijim stani$tima uz vodotoke, ponikve, Sumske ceste i
sli¢ne lokalitete. Cesta je u sastavu ostalih dijagnosti¢kih
vrsta tipa C.5.2.1., ali i drugih vrsta sli¢nih socio-ekoloskih
znacajki. U Europi su do sada opisane razlicite zajednice s
vrstama Petasites hybridus, Aruncus dioicus i Filipendula
ulmaria.

C.5.2.2. Sumske ¢istine, rubovi Sumskih putova
(NKS 1-4: C.5.2.1.3.) - C.5.2.2. Forest clearings and
forest roads edges (NKS 1-4: C.5.2.1.3.)

Stanisni je tip C.5.2.2. Sumske ¢istine, rubovi sumskih pu-
tova u verziji I-IV Nacionalne klasifikacije stanista postav-
ljen na petoj razini s kodom C.5.2.1.3., no u novom NKS-u
(IV. dopunjena verzija) od 17.03.2021. godine prebacen je
na Cetvrtu, $iru razinu. Njegovi tipovi pripadaju svezi Sam-
buco-Salicion Tx. 1950., odnosno, redu Prunetalia spinosae
Tx. 1952. i razredu Crataego-Prunetea Tx. 1962 nom. con-
serv. propos. Na petoj razini stani$ni tip nije razraden i u
tekstu vazeceg NKS-a dijagnosticke vrste ¢ine drvenasti
grmovi vrsta Sambucus racemosa, Sambucus nigra, Salix
caprea. U europskoj literaturi se navodi da su u sastojinama,
uz vrstu Salix caprea, uobicajene jo$ Larix decidua, Pinus
sylvestris u sloju drveca, vrste roda Rubus te crna i crvena
bazga u sloju grmlja. Vrste prizmenog sloja ¢ine Calama-
grostis epigejos, Juncus effusus, Epilobium angustifolium, Fra-
gariavesca, Urtica dioica i Tussilago farfara, prave ruderalne
vrste poput: Artemisia vulgaris i Cirsium vulgare te uvezeni
ruderalni elementi: Conyza canadensis, Lupinus polyphyllus
idruge.

Nedovoljna istrazenost navedenih stani$nih tipova, uzrok
je este promjene njihove kategorizacijske pripadnosti. Ta-
koder, nedostatak istrazenosti vegetacijskih cjelina $umskih
Cistina unutar teritorija Republike Hrvatske, takoder do-
prinosi nedovoljnom poznavanju ovakvih oblika stanista
(Carni i dr. 2002).

Ocuvanje Sumskih cCistina — Conservation
of forest clearings

Vaznost o¢uvanja $umskih ¢istina proizlazi iz njihove struk-
turne i mikroklimatske jedinstvenosti u uvjetima otvorenog
sklopa, usko povezanih s povoljnim utjecajem na raznoli-
kost biljnih i zivotinjskih te, nerijetko, ugrozenih vrsta (An-
derson i Leopold 2002, Lanta i dr. 2019, Spies i Franklin
1989). Prema Prilogu III., Pravilnika o vrstama stani$nih
tipova, karti stanista, ugrozenim i rijetkim stani$nim tipo-
vima te Pravilniku o Mjerama za ocuvanje stani$nih tipova
(NN 7/2006), u okviru Mjera o¢uvanja ugrozenih i rijetkih
stani$nih tipova prilikom gospodarenja $umama, Sumske
cistine (livade, pasnjaci i dr.) ukljucene su u program gos-
podarenja Sumama unutar europske Natura 2000 mrezZe.

Odabrane mjere aktivnosti ovakvih podrucja ukljucuju
odrzavanje postojeeg stanja stani$nog tipa (sjeca, kosnja),
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njegovo obnavljanje, monitoring te pasivno upravljanje bez
djelovanja koje, u okviru odredbe ¢lanka 6., Upravljanja
podrucjima mreze Natura 2000 (Direktiva o stanistima
(92/43/EEZ)), moraju odgovarati ekoloskim zahtjevima vr-
sta i stanista. lako mjere odrzavanja postojeceg stanja Sum-
skih ¢istina doprinose o¢uvanju njihove bioraznolikosti,
neselektivno provodenje moze biti kontraproduktivnog te
nepovoljnog znacaja. Uzimajuéi u obzir prirodni tijek di-
namike razvoja Sumskih ekosustava, lokalno odumiranje
nekolicine stabala i otvaranje sklopa unutar sastojine, ne-
rijetko, vrlo brzo moze postati djelom progresivne sindina-
mike, umanjujudi time dobrobit i u¢inkovitost provodenja
ovakvih zahvata. Takoder, mjere zastite na strmim i tesko
pristupac¢nim terenima mogu uzrokovati nepozeljne ero-
zijske procese. Neselektivnost u provodenju mjera zastite
moze uzrokovati ozbiljne posljedice na ekosustav, ukljuc¢u-
ju¢i degradaciju Sumskog tla te potencijalnu pojavu inva-
zivnih vrsta. Prijedlog zastite ovakvih stanisnih tipova ¢ini
prilagodba mjera aktivnosti specificnim ekologkim uvje-
tima (abiotskim i biotskim ¢imbenicima) pojedinog pod-
rucja koji utjecu na jedinstvenost njihovih strukturnih
karakteristika. Individualni pristup u obliku pracenja odre-
denih stani$nih karakteristika uz odredivanje prioriteta za-
$tite, doprinosi adekvatnom odabiru daljnjih aktivnosti te
odrzivom gospodarenju ovakvim dijelovima ekosustava.

ZAKLJUCGCI
CONCLUSIONS

Nedovoljno poznavanje sumskih ¢istina na podrucju Re-
publike Hrvatske, uz varijabilnost sindinamickih procesa
u odnosu na klimu i zemljopisni poloZaj, najveci su uzroci
problematike njihove kategorizacije i definiranja. Takoder,
dodatni izazov na podrudju Republike Hrvatske predstav-
lja i njihova uloga u gospodarenju Sumama unutar Natura
2000 mreze (NN 7/2006), zbog ¢ega, $iroko shvaceni pojam
»Sumske Cistine® u vegetacijskom smislu, predstavlja, osim
izazova u gospodarenju Sumama, potencijalno i prakti¢ni
problem provodenja mjera zastite. Uzimajuci u obzir istra-
zivanja Sumskih cistina diljem svijeta, ovim je radom pred-
stavljena njihova strukturna podjela s obzirom na podrije-
tlo, tip (oblik), veli¢inu, prostorni smjestaj i vegetacijsku
pripadnost na podrucju Republike Hrvatske, uz prijedlog
odrzivih mjera zastite. Sumske Cistine razlikuju se s obzi-
rom na prirodno (endogeno i/ili egzogeno) i antropogeno
podrijetlo. Nadalje, utjecaj odgovarajuceg intenziteta oko-
li$nih ¢imbenika koji su doveli do njihovog nastanka uve-
like se odrazava na nepravilnost, odnosno, pravilnost nji-
hovog tipa (oblika) te na prostorni smjestaj na temelju
kojeg ovakvi stani$ni tipovi mogu biti dio unutra$njosti
$umskog kompleksa ili uvjeta njegovih rubova. Takoder,
intenzitet prirodnih poremecaja utjece i na veli¢inu koja
moze varirati od 10 do ¢ak i vise od 5000 m*. Trenutno za-
biljezeni vegetacijski tipovi sumskih ¢istina ukljuc¢uju za-
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jednice velebilja i uskolisnog kipreja, zajednicu velikog zu-
tog kolotoca (Telekium speciosae), zajednicu velebilja s
uskolisnim kiprejom (Atropetum bella-donae) te zajednice
$umskih ¢istina i rubova $umskih puteva (NN 27/2021).
Obzirom na regionalnu rasprostranjenost i klimatsku po-
dudarnost literaturnih istrazivanja s nas$im podnebljem, na-
vedeni rezultati mogu posluziti kao temeljno polaziste ne-
ophodnih istrazivanja ovakvih oblika staniSta nasih
prostora i doprinijeti boljem razumijevanju cjelovitosti
$umskih ekosustava.
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SUMMARY

Forest clearings, forest gaps and canopy openings are very important habitat elements of diverse, bal-
anced and mostly mature forest stands. As an indispensable part of developing stable forest complexes,
formed by localized stand openings, forest clearings are characterized by structural uniqueness and
constant variability (White and Pickett 1985, Runkle and Yetter 1987, Busing and White 1997, Schlie-
mann and Bockheim 2011).

Despite numerous studies of forest clearings in various types of forest ecosystems around the world, the
insufficient knowledge of such habitat forms in our area, as well as the syndynamic variability related to
climate and geographical position, represent the biggest source of their categorization difficulties. Ad-
ditional challenge of forest clearings in Croatia is their role in forest management programme within
the Natura 2000 preservation network (OG 7/06), where non-selective control measure prescription in
practice can lead to undesirable consequences of other forest habitat types. For this reason, this widely
understood vegetation term “forest clearing” represents, not just a challenge in forest management, but
potentially practical problem of control measure implementation.

In order to clarify and approximate the existing terminology issues, this paper, based on applicable re-
search, established structural categorization of forest clearings regarding their origin, type (shape), size,
location and vegetation affiliation in accordance with the National Habitat Classification of the Republic
of Croatia, as well as proposed types of sustainable control measures. The results are subjected to subse-
quent changes and/or additions and can be used as fundamental starting point for future research of
forest clearings in our area.

KEY WORDS: structural characteristics of forest clearings, vegetation of forest clearings, forest clear-
ings dynamics
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COUNTY

Ana SUJICA', Martina OBRADOVIC2, Mia LOVREKOVIC?, Veronika SUSNJARA?, Dominik PAPARICS,

Zeljko SPANJOLS, Boris DORBIC’

SAZETAK

Znacajna (stara, vrijedna) stabla osim kulturoloske vrijednosti, poveéavaju i vrijednost ,,lokalne“ imovine te utje¢u
na estetske vrijednosti prostora. Cilj rada bio je valorizirati (estetske i funkcionalne karakteristike znacajnih sta-
bala na javnim gradskim krajobraznim povrsinama Sibensko-kninske zupanije) u cilju izrade katastra znacajnog
drveca. Terensko istrazivanje provedeno je na 10 mikrolokaliteta u razdoblju od 2019.do 2020. godine na podruéju
Sibensko-kninske Zupanije. Odabrana znacajna stabla (131 jedinki na 10 mikrolokaliteta, odnosno Knin 1 (21),
Knin 2 (2), Primodten 1 (6), Primosten 2 (20), Sibenik 1 (9), Sibenik 2 (1) i Sibenik 3 (1), Zaton 1 (16) i Zaton 2
(6), Skradin (49) procijenjena su VTA metodom (Vizualno-kontrolna metoda). Rezimirajudi istrazivanja dalo se
zakljuciti da je vecina stabala u relativno dobrom stanju. Anketno ispitivanje provedenoje na 102 ispitanika diljem
zupanije. Prosje¢ne ocjene ispitanika o estetskim i funkcionalnim karakteristikama znacajnih stabala na javnim
gradskim krajobraznim povrinama bile su: Sibenik 1 (4,15), Zaton 2 (3,96), Zaton 1 (3,71), Sibenik 2 (3,61), Sk-
radin 1 (3,53), Primosten 2 (3,49), Knin 1 (3,26), Primosten 1 (3,20), Sibenik 3 (3,10) i Knin 2 (2,93).

KLJUCNE RIJECI: znadajna stabla, katastar, valorizacija, javne gradske krajobrazne povrine, Sibensko-kninska

Zupanija

1.UVOD
INTRODUCTION

Uloga gradskih krajobraznih povrsina mijenjala se kroz po-
vijest. U pocetku im je funkcija bila estetski dozivljaj pri-
rodnog okolisa, mjesto za rekreaciju. Danas u vremenu vi-
soke angaziranosti u suvremenom gradskom okruzenju
ispunjavaju razlicite funkcije u svrhu poboljsanja kvalitete
zivota u gradu (Stani¢ i Buzov, 2013).

Gradske krajobrazne povrsine pruzaju cijeli niz estetskih,
ekoloskih i psiholoskih prednosti njihovim korisnicima
(Xiaojiang, 2015). Prilikom urbanisti¢kog planiranja gra-
danima je potrebno osigurati krajobrazne povrsine koje su
bogate vrstama, bujne, raznolike i bogate ,,prirodnim® zvu-

kovima (Gunnarson i dr. 2017). I oneci$¢enje bukom je
jedna od velikih prijetnji zdravlju gradana. Ve¢i broj kraj-
obraznih povrs§ina moze stvoriti ,,prirodni tampon® za
$tetne ucinke Zivota u urbanoj sredini (Koprowska i dr.
2018).

Neka su istrazivanja (Hartig 2008., prema, Vili¢i¢, 2020)
pokazala da krajobrazne povrsine u gradovima imaju i do-
brobit na ljudsko zdravlje, na na¢in da smanjuju odredene
fizioloske poremecaje u organizmu covjeka (dijabetes, sr-
¢ane bolesti i dr.) te posljedi¢no smanjuju smrtnost.

Informacije o percepciji i stavovima ispitanika iz razli¢itih
studija vezanim za ocjenjivanje gradskih krajobraznih po-
vrsina sluze kao znacajan input prilikom planiranja i uprav-
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ljanja gradskim krajobraznim povrs$inama (Krajter Ostoi¢
i dr. 2017). Tako su npr. gradani Sibenika prema istraziva-
njima Stani¢ i Buzov (2013) ukazali da su im na njihovim
gradskim krajobraznim povrsinama bile najvaznije soci-
jalne i psiholoske vrijednosti, a na drugom mjestu su se na-
lazile estetske vrijednosti prostora. Slabija naglasenost eko-
loskih funkcija bila je povezana s misljenjem o nedostatku
postojecih krajobraznih povrsina.

Prema Bratina Jurkovi¢ (2014) ¢imbenici koji izazivaju osje-
¢aj zadovoljstva stanovanja su dobro odrzavane gradske
krajobrazne povrsine u blizini doma, parkovi s drve¢em
koji pruzaju prostore za razne aktivnosti, drvoredi, opce-
nito postojanje sustava krajobraznih povrsina, moguénost
koristenja krajobraznih povrsina za rekreaciju i sport te
opremljenost urbanom opremom za odmor ili igru.

Primjerice gradani Republike Turske koriste javne parkove
za pasivne rekreacijske aktivnosti (piknik, odmor i opusta-
nje), za razliku od gradana zapadnoeuropskih zemalja gdje
se urbani parkovi opéenito koriste za $etnju, vjezbanje i
sportske aktivnosti (Ozguner, 2011). Rezultati pojedinih
istrazivanja Ugolini i dr. (2020) vezano za aktualnu pande-
miju Covid-19 su pokazali da stanovnici gradova obi¢no
imaju potrebu za pristupa¢nim gradskim javnim krajobra-
znim povr$inama i to za tjelovjezbu, promatranje prirode
i opustanje. Smanjenje posjeta parkovnim povrsinama usli-
jed pandemije povezano je s izrazitim promjenama u mo-
tivaciji posjetitelja, s relativnim pove¢anjem “nuznih aktiv-
nosti” (poput izvodenja psa, i smanjenjem aktivnosti koje
se mogu smatrati ne/bitne ili visokorizi¢ne (susreti s lju-
dima).

Smanjenje krajobraznih povrs$ina u gradskim sredinama
uslijed intenziviranja gradnje imanentno je za velika grad-
ska sredista, uslijed ¢ega lokalne i regionalne vlasti trebaju
usvojiti politike planiranja okolisa glede stvaranja novih
krajobraznih povrsina (Tsantopoulos, 2018). Brze gospo-
darske i drustvene promjene posljednjih desetlje¢a u Kini
pridonijele su ubrzanom razvoju, ali i restrukturiranju gra-
dova u ¢ijem planiranju nije izostavljeno i planiranje novih
i unaprijedenih gradskih krajobraznih povrsina. Ove pro-
mjene u tim gradovima omogucavaju istovremeno i una-
prjedenje kvalitete okolisa kroz visokouredene gradske kra-
jobrazne povrsine (Jim i dr. 2006).

Drvece, kao glavni element gradskih krajobraznih povrsina
posjeduje ekoloske, klimatske, drustvene vaznosti, ali i
funkciju u prostoru, koja se moze valorizirati kroz percep-
ciju ispitanika. Vaznost stabala u kontekstu gradske sredine
i njihov simbolicki u¢inak nudi ponovno povezivanje s ljud-
skim filogenetskim naslijedem u cilju ispunjava ¢eznje za
prirodnim. Estetski izgled stabla bitno doprinosi revalori-
zaciji nekog urbanog podrudja. Zdravstveni utjecaj stabla
na ¢ovjeka od posebne je vaznosti (Frohmann, 2020). Una-
to¢ sve vecem interesu i motivaciji za o¢uvanjem ljudskog
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okolisa, za o¢uvanje bioloske raznolikosti u gradu rijetko
se uzima u obzir struku, percepcije i potrebe gradana (Mu-
ratet i dr. 2015). Prema inozemnim istrazivanjima Suchocka
(2019) uolen je sli¢an op¢i stav ,,profesionalaca“i ,nepro-
fesionalaca“ prema ispitivanim dobrobitima i $tetnostima
gradskoga drveca. Tako su se koristi od stabala smatrale
mnogo vaznijim od smetnji koja bi ona mogla prouzroko-
vati (poput mogucih alergija, otpadaka koji nastaju kao po-
sljedica cvatnje, opadanja plodova i sl.) (Suchocka, 2019).
Literaturni izvori koji se bave ulogom krajobraznih povrsina
navode da funkcionalna uloga istih ovisi ponajprije o njiho-
vom odrZavanju (Turalija, 2005; Poje, 2012, prema, Dorbi¢
i Temim, 2018: 168).

Sisi¢ i Kapovi¢ (2004; 231) isticu da su drvoredi “specificna
linearna tvorevina zelenila sacinjena od viseg ili nizeg dr-
veéa“. Isti autori navode da su potonji poznati jo$ iz vrtova
antickih civilizacija, dok su tijekom 19. i 20. stolje¢a postali
zeleni inventar velegradskih avenija i element manjih ulica
i putova u manjim urbanim sredinama.

Dobrilovi¢ (2004) navodi da je ,,prvi kompozicijski koncept
u povijesti krajobraza bio ispravan poredak drveca u linijsku
formaciju-drvored. Nastanak mu je bio vezan uz izgradnje
sustava za navodnjavanje, gdje se u jednakim razmacima
sadilo drvece (Stari Egipat). Interesantno je navesti da u
anti¢koj Grckoj drvored nije bio poznat, dok se u starom
Rimu cesto sadio iz strateskih razloga ili je bio svojevrsni
putokaz u ljetnikovce i vile. U srednjem vijeku Zivot se od-
vijao unutar utvrdenja gustog gradskog tkiva odnosno utvr-
denja dvoraca, te iz tog vremena nisu poznati primjeri or-
ganizirane sadnje drvoreda. Kasnije u renesansi drvored
postaje ,,konstanta u vrtnim uredenjima“. Engleskom vrt-
nom stilu (sredina 18. stolje¢a) ,,ravne linije drvoreda nisu
odgovarale®.

Posebnost obiljezja drvoreda u prostoru je njegova linear-
nost. Drvoredima se naglasavaju pravci i perspektive u pro-
storu, $to je posebno primjenjivo u razdoblju baroka. Dr-
voredi se razlikuju oblikom, veli¢inom i bojom i drugim
bioloskim obiljezjima. Danas su posebno vezani uz pro-
metnu infrastrukturu. Potonji mogu biti jednoredni, dvo-
redni ili pak vieredni. U pogledu biljnog sastava najcesce
su jednovrsni (Sisi¢ i Kapovi¢, 2004). Drvoredne jedinke
odlikuju se osim toga istom visinom te ujednac¢enim habi-
tusom.

Kako istice Jurkovi¢ (2004) drvoredi definiraju smjerove,
¢ine ,,zeleni krvotok® u urbanoj cjelini. Osim $to su dekor
grada, oni su element gradske matrice. Oplemenjuju ljud-
ski okoli$ kao ,apstrakcija prirode® ili ,apstrakcija koja je
opredmecena iz ljudske potrebe stvaranja reda.“

Kritovac (2004) navodi da se stabla u drvoredu mogu pre-
pustiti slobodnom rastu i razvoju ili oblikovati u odredenu
formu ili veli¢inu. U urbanim prostorima se ¢esto mora in-
tervenirati orezivanjem (uklanjanjem) pojedinih dijelova
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kro$nje zbog zadiranja u urbanu infrastrukturu, $to
drvoredu predstavlja umanjenje zivotnog prostora za
sigurnu egzistenciju.

Javne krajobrazne povrsine bit ée ispravno valorizirane, pla-
nirane i realizirane tamo gdje gradani, struka, politika i in-
vestitori budu shvatili temeljna nacela odrzivog razvoja ta-
kvih podrugja (Roseland, 2004., prema, Butorac i Simlesa
(2007). U trenutku kada ljudske aktivnosti zapo¢nu utjecati
na prirodne resurse, tada odrzivost dobiva na drustvenom
znacenju (Rudancic¢ i dr. 2019).

Cilj rada bio je procjeniti estetske i funkcionalne karakte-
ristike znacajnih stabala na javnim gradskim krajobraznim
povrsinama i izraditi katastar znacajnog drveca na podrucju
Sibensko-kninske zupanije.

2. PROBLEMATIKA 0CUVANJA DRVECA
U GRADU

THE PROBLEM OF PRESERVING TREES
IN THE CITY

Uvrijezena tehnika prosudba vitaliteta stabala provodi se
vizualno ili primjenom pojedinih arborikulturnih instru-
menata. Medu brojnim uzro¢nicima degeneracije zivih sta-
bala su primjerice gljive truleznice koje mogu uzrokovati
lomove debla odnosno lomove unutar kro$nje i uzrokovati
njihovo odumiranje. Potonje je uvjetovano karakteristi-
kama stabla, kao i njegovog stanista. Suvremenim arbori-
kulturnim instrumentima koji sluze za otkrivanje opasnih
stabala te uz uporabu vizualnih metoda prosudbe povecava
se sigurnost u urbanim $umama (Pauli¢, 2015). Zvu¢nim
tomografom, u arborikulturnoj dijagnostici otkriva se sta-
blo koje je degradirano gljivama truleznicama. Ispravnom
interpretacijom rezultata navedenog uredaja, unaprjeduje
se vizualna procjena stabala u urbanoj sredini (Pauli¢ i dr.
2022). Sabijanje tla djeluje nepovoljno na stabla jer sma-
njuje korijenovu sposobnost za usvajanjem vode, hranjivih
tvari i kisika (Drvodeli¢, 2014). Zato bi se podrucje ispod
stabla trebalo mal¢irati odnosno prekriti sadnjom karakte-

1 v

2015).

Dalje, u pogledu zastite vrijednih stabala Drvodeli¢ (2015)
isti¢e vaznost komunikacije izmedu svih profesija koje su
ukljucene u konzervaciju stabala (Sumari, arhitekti, krajo-
brazni arhitekti i lokalne vlasti). Nadalje istice znacaj edu-
kacija na svim razinama o vaznosti konzervacije vrijednih
stabala. Naglasava se i da bi Javne ustanove za upravljanje
zasticenim dijelovima prirode trebale izraditi promidzbene
materijale s temom koje su vezane za zastitu stabala, kao i
propagirati konzervaciju stabala u medijima koji dolaze u
netiskanoj formi (internet, lokalna televizija i radio) itd.

Funkcije drvorednih biljaka su izrazito slozene, a koristi za
gradske stanovnike su brojne i znac¢ajne. Manje je poznata

¢injenica da je njihova funkcija moguca samo ukoliko se
nalaze u primjerenom zdravstvenom stanju i ako su pri-
hvatljivog estetskog izgleda. U biti to zahtijeva da sve je-
dinke u sklopu drvoreda imaju dobro razvijenu kro$nju,
snazne grane, razvijen i zdrav korijenov sustav te da su bez
vidljivih i prikrivenih znakova oboljenja itd. Uz tako zdrave
jedinke bit ¢e i visok stupanj estetskih kvaliteta (Anastasi-
jevi¢ i Vratusa, 2000). Polaze¢i od svih ¢injenica i teskoca
vezanih za drvoredna stabla, krajobrazni arhitekti danas
umjesto drvoreda na vecini sredi$njih gradskih povrsina
radije planiraju manji broj pojedina¢nih stabala, dok za pot-
pune drvorede koriste samo pjesacke ulice ili najsire ulice
(Anastasijevi¢i Vratusa, 2000). Suvremeno planiranje pro-
stora zahtijeva od planera da osim prostornog i drustvenog
aspekta uredenja prostora uzima u obzir i krajobraznu eko-
logiju (Vilici¢, 2020).

Prema Kritovcu (2004) funkcije drvoreda su viSezna¢ne:

1. Elementarne: zastita od vjetra, sunca, koristi od plodova,
cvijeta, za drvnu gradu i dr.

2. Estetske i reprezentativne: slikovitost, ambijentalna spe-
cifiénost, vizure poloZaja i pristupa i dr.

3. Ekolosko-zastitna: zastita od buke, regulacija mikroklime
idr.

4. Funkcija sociokulturne regulacije: elitnost, egalitarnost,
ekskluzivnost zastita privatnosti, susretanje i dr.

Njegovo znacenje moze imati i veliko kulturno-povijesno
ili antropolosko znacenje.

U pogledu njihove zastite bitna je i promocija kroz turizam.
Naime, poznata je ¢injenica da turizam poticajno djeluje na
razvoj razlicitih djelatnosti i usluga (pratecih) (Papari¢idr.
2020).

3. SIMBOLICKO ZNACENJE ODABRANIH
VRSTA DRVECA

THE SYMBOLIC MEANING OF THE SELECTED
TREE SPECIES

U urbanim gradskim sredinama vjerovanja o drvecu su
kod stanovnika izgubila na znacenju, jer je navedena uloga
u njihovom zivotu ,,sporedna“ (Vins¢ak, 2002). U mnogim
mitoloskim vjerovanjima moze se i§¢itati da je stablo bilo
simbol svijeta (sredi$ta) i veza neba i zemlje budué¢i mu
korijenje prodire u zemlju, a grane ,,odlaze* visoko u nebo
(Gutdeusch). Zbog toga slavenski narodi na grobljima po-
najvise sade crnogoricu (cemprese i borove), dok se kod
primjerice pravoslavaca u nekim mjestima Srbije i Bosne
sade i vocke (Vinscak, 2002). Li¢ani vjeruju da grom ne
udara u bor. Slaveni su smatrali da je nesretno drveée ono
u koje rado udara grom (Viniéak, 2002). Cempres je kod
mnogih naroda smatran svetim stablom i povezivan s Plu-
tonom, bududi je i u grékoj i rimskoj mitologiji povezan s
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podzemnim svijetom i zbog toga je ukrasavao groblja.
Zbog navedenog ga Europski narodi danas percipiraju kao
stablo koje simbolizira zalost (Chevalier, Gheebrant, 1989,
prema, Vinséak, 2002). Bududi da cempresi dozive vise
stotina godina, imaju simbol besmrtnosti. Grei i Egip¢ani
su svoje pokojnike pokapali u lijesu od mirisnog i nekvar-
ljivog ¢empresa, a kasnije su taj obi¢aj preuzeli i pape.
Upravo zbog navedenog ljudi u mediteranskom okruzenju
su izbjegavali saditi cemprese u blizini svojih kuca (Visko-
vi¢, 2001). Prema slavenskoj mitologiji, kad covjek umre
njegova dusa odlazi u stablo i tamo ostaje zauvijek
(Cvitkovié, 2020).

Cedar je smatran simbolom stabla koje utjelovljuje ljepotu,
ali moze simbolizirati i umisljenost. Drvo cedra je meko te
je od njega izgraden Salomonov hram, a Mojsije ga je ko-
ristio za njegov tabernakul (HKM).

Murva ili dud je u drevnoj Kini simbolizirala istok, stablo
iz kojeg izlazi sunce (Chevalier, Gherbrant, 1989., prema,
Vinscak, 2002). Osim toga murva i zbog ljekovitih svojstava
ima znacajno mjesto u religijiskoj simbolici. Primjerice za
pripravu badnjaka se na podruc¢ju Crne Gore sjece upravo
drve murve. Ondje vjeruju da nije dobro da murva raste
ispred kude, jer prema vjerovanju ako njena Zila dopre is-
pod kuce cijela kuc¢a izumire (Cajkanovi¢, 1985., prema,
Vinscak, 2002). Kesten je smatran simbolom ¢istoce zbog
bodljika na plodu koje ga ¢uvaju od ostecenja (Badurina,
1979., prema, Vinscak, 2002). Prema Viskovi¢u Nijemci su
vjerovali da nosenje kestena u dzepu pomaze u sprjecava-
nju kostobolje. Vinséak (2002.), isti¢e da su asocijacije na
kesten ¢istoca, zapad, jesen (Kina).

Prema starim vjerovanjima platanino stablo $iri grane u vi-
sinu i $irinu i zbog toga se percipira kao simbol: dobrotvor-
nosti, karakternosti, ¢udoreda i nadmoc¢nosti, Kristove ¢o-
vjekoljubivosti (Badurina i dr., 1979., prema, Vinscak,
2002).

4.MATERIJALI | METODE
MATERIAL AND METHODS

Valorizacija (estetskih i funkcionalnih karakteristika) zna-
¢ajnih stabala na javnim gradskim krajobraznim povrsi-
nama provedena je u razdobljuod 2019.-2020. godine na
podruéju Sibensko-kninske Zupanije. U uzorku se nalazilo
131 stablo na 10 mikrolokaliteta, zalede: grad Knin 1 (21),
Knin 2 (2), primorje: opéina Primosten 1 (6), Primosten
2 (20), Grad Sibenik 1 (9), Sibenik 2 (1) i Sibenik 3 (1),
mjesto u Op¢ini Sibenik Zaton 1 (16) i Zaton 2 (6) i Skra-
din (49).

Svi navedeni mikrolokaliteti stru¢no su odabrani glede nji-
hove estetske i prostorne vrijednosti te zbog toga $to se u
njima nalaze znacajna stabla koja dominiraju unutar javnih
gradskih krajobraznih povr$ina u primorju i zaledu Siben-
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sko-kninske Zupanije. Odabir je izvr$en ponajprije prema
vizualnom dojmu pojedinih primjeraka/jedinki stabala,
znacajna (stara, vrijedna) (veli¢ina, starost, estetske i funk-
cionalne kvalitete), prostoru (stari parkovi i drvoredi, po-
jedina¢na stabla u starim gradskim jezgrama itd.), porijeklu
vrste (prednost su imale koristene autohtone vrste, a potom
i alohtone vrste koje su tradicijski vezane za uzgoj na istra-
zivanim javnim gradskim krajobraznim povrsinama). Den-
droloske vrste su determinirane na temelju relevantne flo-
risti¢ke literature (Tutin i dr., 1964—-1980; Sili¢, 1983; Walters
idr., 1984-1986; Domac, 1994; Erhardt i dr., 2002; Vidako-
vi¢ i Franji¢, 2004; Idzojti¢, 2009).

Klasifikacija javnih gradskih krajobraznih povrsina sa zna-
¢ajnim stablima na istrazivanim mikrolokalitetima Siben-
sko-kninske Zupanije izvr§ena je pomoc¢u Vujkovi¢ (1995).
Mikrolokaliteti su svrstani u krajobrazne povrsine javne
namjene te krajobrazne povrsine specijalne namjene.

Anketiranjem lokalnog stanovnitva ispitana je preferencija
stanovnistva o uporabi i znacaju pojedinih znacajnih sta-
bala i estetskoj vrijednosti krajobraznih povrsina s poto-
njim. Anketno ispitivanje provedeno je na prigodnom kvot-
nom uzorku ispitanika (N=102) od srpnja do kolovoza
2020. godine. Uzorak ispitanika odabran je na osnovi ra-
zlika u preferencijama razli¢itih skupina (Todorova, Asa-
kawa i Aikoh, 2004). U uzorku su sudjelovali predstavnici
struke s agronomskim i Sumarskim visokogkolskim obra-
zovanjem, kao i pripadnici $ire javnosti.

U pogledu spola uzorak je ¢inio 48 % muskaraca i 52 %
Zena. Rangirano po dobnim skupinama podaci su bili slje-
dedi: 18-34. god (32,4%), 35-49 (22,5 %), 50-65 (27,5 %),
viSe od 65 (17,6 %). Prema stupnju obrazovanja poredak je
bio sljedeci: NKV (2,9 %), SSS (30,4 %), VSS (29,4 %), VSS
(37,3 %). Tip obrazovanja je bio sljede¢i: Agronomska i $u-
marska struka (ne uklju¢uje drvnu tehnologiju) (dipl. ing.
mag. ing., mr. sc. dr. sc.) (20,8 %), Podrucje tehnickih zna-
nosti (17,8 %), podrucje prirodnih znanosti (12,9 %), ostale
struke (24,8 %), ostali stupnjevi obrazovanja (23,8 %). Ispi-
tanici su bili s podru¢ja Sibensko-Kninske zupanije (pri-
morja i zaleda).

Ispitivanje je provedeno metodom pismenog anketnog
upitnika. Rezultati dobiveni anketiranjem po metodi pe-
tostupanjske Likertove ljestvice, a pojedine varijable iz an-
ketnog upitnika vrednovane su prema sljede¢im vrijedno-
stima: 1-nedovoljno, 2-malo, 3-osrednje, 4-prili¢no,
5-veoma. Dobiveni podaci obradeni su metodama de-
skriptivne statistike. Anketni upitnik bio je baziran na deset
(za krajobrazne povrsine) ili sedam pitanja (za krajobrazni
element u prostoru). Uz anketni upitnik na predoc¢enim
karakteristicnim fotografijama (za pojedini lokalitet) u pr-
vom planu su se isticala vrijedna stabla koja su bila i vred-
novana. Sliénu metodologiju navedenog postupka provela
Anici¢ (1997), te Dorbi¢ i Temim (2018).
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Odabrana vrijedna stabla procijenjena sui VTA metodon HeH RwWWH*HQMH 7DNR VH VWYRULOL
9L]IXDOQR NRQWUROQD PHWRGDSs#&;®JRGINXDLA RUGIH 8 RWVIHWPVEHQPMO X VW I
NRMD SURFMHQMXMH VWUXNW XU RMMD Q %W HS H QMDDQLD M WEIHEELGDID B ¥ WRWWALF
Procjena se izvrSila na pojedinim mikrolokalitetima po. VO 8SRUDED UH]JLVWRJUDID L WRPR
odabranom formularu za VTA metodu. Formular je preu WHWNRJ SULVWXSD QDYHGHQLP XUH L
JHW L] PDWHULMDOD ]D QDVWDYXYFRBNWOUBARD %GW X R QHNXQ@QWXL BpNRI
koji je jedan od kolegija u sklopu studija Urbanog 3umaQMD NURwQMH RVXWRVW OLweD SURF
stva, zastite prirode i okolisa (Fakultet Sumarstva i drvi@LK REROMHQD L wWHWQLND R]JOMHG
WHKQRORJLMH GRF GU VF 9LQNDG3DXOL-D3BRERIFPQMEMHPYH RFMHQD
WRGH L REUDVFD RGUH HQD MH Yzavito @k ViaipEadlozak gelitephezsioortpinveg U L L
SURPMHUL NURWQML WH MH XWYURMHIRVORPWR WW DY RYIRPO WRE QH VEDRL
PMHQH YH+D LOL PDQMD RwWH HOND SYREMHR ML PR S DYRPHRIMUH |
97$ REUDVFD RGUH HQ MH YLWDOoL@PHwMBy iVeD IR DAV Y D R @ IARR 5D
5ROR X WH X] NUDWNL NRPHQWD U!PpHy VRENRH VHRIRE W DFPRD 18BYWPBEOLFL
alne prosudbe, kao i mjere i zahvati koje je potrebno pod§ 1DOD] YLIXDOQH SURVXGEHp WH RNF
zeti. U formularu za VTA metodu, za svako vrednovanbRWRJUDUMX VWDEOD

stablo navodi se njegova lokacija, numeracija, datum, vrtatom je uslijedila obrada i priprema podataka iz kojih su

prsni promjer, promjer kro$nje i visina. Tablicom se proLWZLWDQL UH]XOWDWL R VWDQMX VWD
VX XMH L QMHJRYR VWDQLWWH éR20ORNIVHQ I WVIXGID Q O NEGHN BPOMH QGHHEDWR H S
jelaz u kroSnju, debalca, kroSnja te ostalo (stupci). ZapRJUDIVNRJ LQIRUPDFLMVNRJ VXVWDYL
tonje navedene parametre, za svaku navedenu stadkW DPX $UF*,6 ZLMX OLFHQFX SRVMHG
GRGLMHOMHQL VX L VHIPHQWL SUFG\UXYGQEH—|W$|KQQBRDWMMQBY&UKI?LOLWW
PMHQD UD]JJUDGQMD GUYD W U X Osd étabfXi lgéeovatski prosrob) kKake i e \golilel sateditskad

60LNH BULND] GUYRUHGD X] REDOX X =DWRQX NRG 4LEHQLND )RWR % 'RUEL
SLFWXUHWHZ RI WKH WUHH OLQHY DORQJ WKH FRDVW LQ =DWRQ QHDU GaLEHQLN 3t
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X FLOMX VWYDUDQMD NDWDVWUD YULMHGQRJ GUYH-D NDUWRJUDIVNL

priloga).
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7LMHNRP SUHWKRGQR QDYHGHQLK WHUHQVNLK LVWUDéLYDQMD GREL
veni su rezultati koji se daju u nastavku rada.

'UYRUHGL ELMHOLK PXUYL ORUXV DOED / X]
REDOX X =MMWRQXLQHYV RI ZKLWH PXOEHUULHYV
ORUXVY DOED / DORQJ WKH FRDVW LQ =DWRAQ

5.1.1. Opis prostora — Description of the space

Murva ili dud se uzgaja po nasadima, u vrtovima, perivo

jima i drvoredima u nizinskim krajevima kontinentalnih i

SULPRUVNLK NUDMHYD 3RéHOMDQ MH ]D VWYDUDQMH KODGRYLQH L WR
]JERJ NUXSQRJ OLweD L SUHNODSDQMD OLVWRYD 'UYRGHOL-

U Zatonu su odabrana 22 vrijedna stabla bijele murve (Mo

rus albal..) uz obalu, koja su podijeljena u 2 drvoreda (za

SDGQL L LVWRZQL 6OLNH 3 kb R oY i QiviDX V@ R NNDDO QIRIRV MIAD X RE
QRYQLWWYD YHesL EURM VWDEDOD/SMYQU%@NM%@SV%FS(ISAM%SDELOL]];PD-FSL%(OL $ ax
godina, iako postoji i maniji broj prlmjerakak01asustaraéLFW)GDWHOOLWH LPDJH RI WKH WUHH OLQH

oko 100 godina. DQG ZHVW VLGH 0 ODGH E\ $ &XN
/JRYUHNRYLp 9 AXAQMDUD 0 $Q Lp

7TDEOLFD OLAOMHQMH L SHUFHSFLMD LVSLWDQLND R ]DSDGQRM VWUDQD GUYRUH
7TDEG@SLQLRQ DQG SHUFHSWLRQ RI UHVSRQGHQWY RQ WKHORAVWHRQ \FIDGMHRRI WKH

5 EU 3LWDQMD $SULWP VUWBWDQG
2UG QR/RXHVWLRQV $ULWKP P&HWDRQG

-H OL YDP RYD NUDMREUD]QD SRYUALQD SR]QDWD"

$UH \RX IDPLOLDU ZLWK WKLV ODQGVFDSH VXUIDFH"
QHGRYROMQR PDOR RVUHGQMH SULOL QR  YHRPD
XQVDWLVIDFWRUO\ VXIILFLHQWO\ PRGHUDWHO\ TXLWH ZHOO  YHU\ PXFI
OL YDP RYD NUDMREUD]QD SRYU&LQD VNODGQD"
\RX ILQG WKLV ODQGVFDSH VXUIDFH KDUPRQLRXV"
OL YDP RYD NUDMREUD]QD SRYU&LQD OLMHSD"
WKLV ODQGVFDSH VXUIDFH EHDXWLIXO IRU \RX"
OL YDP RYD NUDMREUD]QD SRYU&LQD XUH HQD"
\RX WKLQN RI WKLV ODQGVFDSLQJ VXUIDFH DV ZHOO DUUDQJHG"
OL YDP RYD NUDMREUD]QD SRYU&LQD VWUX QR L]YHGHQD"
WKLV ODQGVFDSH VXUIDFH SURIHVVLRQDOO\ LPSOHPHQWHG IRU \RX"
-H OL YDP RYD NUDMREUD]QD SRYUALQD GMHOXMH SUHSR]QDWOMLYR X GDQRP S
'RHV WKLV ODQGVFDSH VXUIDFH VHHP UHFRJQL]DEOH WR \RX LQ D JLYHQ VSDFH'
-H OL YDP RYD NUDMREUD]QD SRYUALQD GMHOXMH VORGHQR"
'RHV WKLV ODQGVFDSH VXUIDFH VHHP FRPSOH[ WR \RX"
-H OL YDP RYD NUDMREUD]QD SRYUALQD GMHOXMH GHILQLUDQR"
'RHV WKLV ODQGVFDSH VXUIDFH VHHP GHILQHG WR \RX"
-HVX OL YDP GUYHQDVWH YUVWH EOLVNH L SULNODGQH SURVWRUX"
$UH WKH ZRRG\ VSHFLHVY NQRZQ WR \RX DQG DUH WKH\ VXLWDEOH IRU WKLV VSD
2FLMHQLWH RSpL GRMDP X SRIJIOHGX HVWHWVNLK L REOLNRYQLK NDUDNWHULVWL
(YDOXDWH WKH RYHUDOO LPSUHVVLRQ LQ WHUPV RI DHVWKHWLF DQG GHVLJQ IH
3URVMH QD RFMHQD
7KH DYHUDJH JUDGH

<I VI <I DT
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5.1.2. Zdravstveno stanje drvoreda — Health status
of tree lines

Minimalni prsni promjer stabala je 41,08 cm, a maksimalni
105,1 cm, dok je prosje¢ni 66,83 cm. Prosje¢na visina je 8,75
m (min. 4,5 m, max. 11 m). Stabla nisu nagnuta, ali ve¢ina
ima ostecenja debla i krosnje. Desetak stabala ima gljivicna
oboljenja. Svega 4 stabla su potencijalno opasna te bi ih tre-
balo ukloniti radi sigurnosnih razloga. Ostalo drvece treba
i dalje ,,pratiti“ po potrebi te sanirati manje pukotine ili ra-
kaste tvorevine.

Drvored murve (tablica 1.) koji je formiran uz sami ulaz u
Zaton ispitanicima je priliéno poznat, prepoznatljiv, skla-
dan i lijep. Danas su mnoga urbana drustva suocena s ra-
stu¢im populacijama osoba losijeg zdravlja zbog mentalnog
stresa i sjedilackog nacina Zivota, dok se urbane krajobra-
zne povrsine sve viSe dozivljavaju kao suprotstavljanje uzur-
banom gradskom zivotu u cilju dusevnog i zdravstvenog
oporavka (Arnberger i Eder, 2015). Zatonski sustav mje-
snog zelenila daje ogledni primjer teznje ¢ovjeka za priro-
dom. Ispitanici ga procjenjuju prili¢no urednim, a bududi
se radi o drvoredu murvi (tradicijskoj kulturi, na sSirem po-
drudju zupanije) prili¢no im je prikladan za danu namjenu.
Nesto manje ocjene dodijeljene su stru¢noj izvedbi u pro-
storu bez sudjelovanja krajobrazne struke. Nadalje za po-

tonje se mogu vezati i procjene definiranosti i slozenosti. U
razvoju zelenila potrebno je forsirati autohtone vrste i eg-
zote koje po svojim ekoloskim i uzgojnim karakteristikama
ne zaostaju za autohtonim ili ih nadmasuju (Ljuji¢-Mijato-
vi¢ i dr. 2010). U ovom slucaju pod egzotom smatramo
murvu ili dud.

Drvored murve (tablica 2.) je oblikovan od sredista Zatona
uz njegovu istocnu obalu. Ispitanici su svim varijablama
dodijelili vrlo dobre ocjene. Najvise su preferirali uredenost
istruénu izvedbu, a najmanje definiranost, $to se moze pre-
pisati slabijem vitalitetu pojedinih stabala. Pojedine studije
Ma i dr. (2021.) isticu da zdravstveno stanje i njegovana
stabla doprinose svim ljudskim percepcijama. Potonje naj-
vi$e utjece na ljepotu, kompleksnost itd.

5.2. Perivoj Luje Maruna u Sibeniku — Luje Maruna
Park in Sibenik

5.2.1. Opis prostora — Description of the space

Park Luje Maruna koji se nalazi u sredistu Sibenika posje-
duje vrlo dobre estetske karakteristike. Pocetak formiranja
parkovne povrsine zapocet je 1923. godine (Dorbi¢ i Te-
mim, 2016.). Park se sastoji se od putica, klupa te krajobra-
znih povrsina sa stablima i grmljem uokolo. U prednjem
dijelu parka nalazi se fontana u kojoj se nalaze vodene kor-

Tablica 2. MiSljenje i percepcija ispitanika o isto¢noj strani drvoreda uz obalu u Zatonu (Mikrolokalitet: Zaton 2)
Table 2. Respondents opinion and perception on the east side of the tree lines avenue along the coast in Zaton (Micro-location: Zaton 2)

Pitanja

Questions

Stand. dev.
Stand. dev.

Aritm. sred.
Arithm. mean

Je li vam ova krajobrazna povrsina poznata?
Are you familiar with this landscape surface?

. . oy 3,79 0,883
(1-nedovoljno, 2-malo, 3-osrednje, 4-prilicno, 5-veoma)
(1-unsatisfactorly, 2-sufficiently, 3-moderately, 4-quite well, 5-very much so)
. . ” -
9 Jeli van? ova !(rajobrazna povrSina skladna.. 397 1222
Do you find this landscape surface harmonious?
Je li vam ova krajobrazna povrsina lijepa?
. . . 4, 124
3 Is this landscape surface beautiful for you? 03 0
. . - -
" Je li vam .ova krapbrazna pO\{rsma uredena? 4,20 0.758
Do you think of this landscaping surface as well arranged?
Je li vam ova krajobrazna povrSina stru¢no izvedena?
5. . . : 4,16 0,700
Is this landscape surface professionally implemented for you?
Je li vam ova krajobrazna povrsina djeluje prepoznatljivo u danom prostoru?
6. . . . . 3,89 0,757
Does this landscape surface seem recognizable to you in a given space?
. . From eyt e
7 Jeli vam ova krajobrazna povrsina djeluje slozeno? 308 0.808
Does this landscape surface seem complex to you?
8 Je li vam ova krajobrazna povrSina djeluje definirano? 372 0.883
' Does this landscape surface seem defined to you? ! !
9 Jesu li vam drvenaste vrste bliske i prikladne prostoru? 392 0.804
' Are the woody species known to you and are they suitable for this space? ! !
10 Ocijenite op¢i dojam u pogledu estetskih i oblikovnih karakteristika za ovu krajobraznu povrsinu. 398 0.660
' Evaluate the overall impression in terms of aesthetic and design features for this landscape surface. ! !
Prosjecna ocjena 3.96

The average grade
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QMDZH L NROLMHYL wDUDQL 8 VUHGL
smjestena je povrsina s ukrasnim biljem i spomenikom L.
ODUXQH kXMLFD 60OLNH

Zdravstveno stanje stabala — Health status of tree
lines

U perivoju Luje Maruna u Sibeniku odabrano je 9 vrijednih

VWDEDOD RG WRJD GYD GLYOMD NHVYV
/ WUL PHWOLZDVWH NHOUHXWHULM
/D[P GYLMH SLWRYV SR {HunBjtsporum tobira
$LWRQ WH SR MHGDQ RELZQJL NRSUL
RELZQL ZHPSUHV Cupressus sempervirens L.). Minin

60LNMWHOLWVND VQLPND SHULYRMD /XMH OI
,JubDGLOL $ &XMLFD 0O 2EUDGRYLpPp O /RYU
SLFW6DMWHOOLWH LPDJH RI WKH /XMD 0DUXQ
ODGH E\ $ 4XMLFD 0 2EUDGRYLp 0O /RYUH
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Tablica 3. Misljenje i percepcija ispitanika o perivoju Luje Maruna u Sibeniku (Mikrolokalitet: Sibenik 1)
Table 3. Opinion and perception of respondents about the Lujo Marun Park in Sibenik (Micro-location: Sibenik 1)

Stand. dev.
Stand. dev.

Aritm. sred.
Arithm. mean

Pitanja

Questions

Je li vam ova krajobrazna povrSina poznata?
Are you familiar with this landscape surface?

. . . 4,59 0,958
(1-nedovoljno, 2-malo, 3-osrednje, 4-prilicno, 5-veoma)
(1-unsatisfactorly, 2-sufficiently, 3-moderately, 4-quite well, 5-very much so)
. . - -
9 Jeli varr.1 ova ?(rajobrazna povrSina skladna.. 417 0784
Do you find this landscape surface harmonious?
Je li vam ova krajobrazna povrSina lijepa?
3. . : 4,37 0,688
Is this landscape surface beautiful for you?
. . - o
" Je livam pva krapbrazna poyrsma uredena? 432 0,720
Do you think of this landscaping surface as well arranged?
Je li vam ova krajobrazna povrsina strucno izvedena?
5. . . . 3,93 0,882
Is this landscape surface professionally implemented for you?
6 Je li vam ova krajobrazna povrSina djeluje prepoznatljivo u danom prostoru? 410 0.850
’ Does this landscape surface seem recognizable to you in a given space? ! !
. . e el )
7 Jeli vam ova krajobrazna povrsina djeluje slozeno? 3.86 0,890
Does this landscape surface seem complex to you?
8 Je li vam ova krajobrazna povrsina djeluje definirano? 394 0794
' Does this landscape surface seem defined to you? ! !
Jesu li vam drvenaste vrste bliske i prikladne prostoru?
9. . . . 4,01 0,764
Are the woody species known to you and are they suitable for this space?
Ocijenite op¢i dojam u pogledu estetskih i oblikovnih karakteristika za ovu krajobraznu povrsinu.
10. . . . ) . 417 0,719
Evaluate the overall impression in terms of aesthetic and design features for this landscape surface.
Prosjecna ocjena 415

The average grade

sni promjer stabala iznosi 31,84 cm, a maksimalni 83,12
cm, dok je prosje¢ni 53,50 cm. Prosjecna visina je 9,5 m
(min 2,5 m, max 15 m). Vitalitet ovih stabala u prosjeku
iznosije 3,1, a varira izmedu 2 i 4. Ostecenja debla i krosnji
je minimalno ili ne postoji. Preporucuje se redovita kon-
trola te nekoliko zahvata poput ¢is¢enja kro$nje (metli¢asta
kelreuterija), orezivanja debljih grana (pitospora) i redovne
kontrole.

Perivoj Luje Maruna (tablica 3.) nalazi se u samom sredi$tu
Sibenika u sklopu Crkve Gospe van Grada. Poznat je go-
tovo svim gradanima zupanije. Radi se o klasi¢no izvedenoj
krajobraznoj povrsini s karakteristi¢nim vrstama za Medi-
teran. Istrazivac¢i Guneroglu i Beklar (2022.) utvrdili su da
su najvazniji razlozi posjeta parku ,,opustajuce” svrhe, a
najvazniji problem uporabe parka naveden je ,,nedostatak
parkiralista.“ Izgradnjom javne garaze u Sibeniku, Gradska
poljana i sredi$nji parkovi mogu biti vise valorizirani. Ur-
bani parkovi zauzimaju prvo mjesto medu krajobraznim
povrsinama koje povecavaju i poboljsavaju kvalitetu Zivota
u gradovima. Ispitanici su op¢i dojam ocijenili s prosjec-
nom ocjenom 4,17. Zanimljivo je da ¢ak sedam pitanja (pod
brojevima 1,2,3,4,6,9 i 10) ima prosje¢nu ocjenu ve¢u od
4,0, $to govori da su ispitanici prili¢no zadovoljni ovim mi-
krolokalitetom.

5.3. Hibridna platana (Platanus x hispanica) nasuprot
Obale dr. Franje Tudmana i stoljetna bijela murva
(Morus alba L.) kod pivnice ,Toni” — Hybrid plane
(Platanus x hispanica) opposite the Coast of Dr.
Franjo Tudman and century-old white mulberry
(Morus alba L.) near the pub “Toni”

5.3.1. Opis prostora - Description of the space

U Sibeniku je nasuprot Obale dr. Franje Tudmana, to¢nije
na prostoru ispred Knezeve palace, na adresi Obala prvo-
boraca 2a, odabrana jedna vrijedna hibridna platana (Pla-
tanus x hispanica) visokih estetskih vrijednosti koja domi-
nira u prostoru. Stoljetna bijela murva (Morus alba L.)
nalazi se na drugoj povrsini kod pivnice ,,Toni“ u blizi
zgrade Sibensko-kninske Zupanije gdje obogacuje poplo-
¢ani prostor. Stablo je estetski osrednje vrijedno, ali je loseg
zdravstvenog stanja (Slike 10.-12).

5.3.2. Zdravstveno stanje stabala - Health status
of trees

Prsni promjer hibridne platane je 92,4 cm, a visina 19 me-
tara. Ostecenje debla i kro$nje postoji, ali vitalitet je i dalje
4. Preporucuje se ¢is¢enje krosnje i redovna kontrola. Sto-
ljetna murva ima prsni promjer od ¢ak 109,88 cm, a visoka
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60OLNBPLEULGQD SODWDQD )RWR % 'RUELPp
SLFWXtANBULG SODQH 3KRWR % 'RUELD

60OLNBDWHOLWVND VQLPND KLEULGQH SODWL
,JuUbDGLOL $ &aXMLFD 0 2EUDGRYLD

0 $Q Lp

BSLFWXD-WHOOLWH LPDJH RI D K\EULG SODQH

0 ODGH E\ $ aXMLFD 0 2EUDGRYL}p

0 $Q Lp

MH PHWDUD 3RVWRMH YHOLND RwV
WUHEQR MH VWDEOR RVLJXUDWL L ZHV
JRYH NXOWXUQH YDEQRVWL QH SUHSR

Uz svu markantnost i ljepotu hibridne platane (tablica 4.)
LVSLWDQLFL VX MRM X SRIJIOHGX RS<*HJ

6OLND 6WROMHWQD ELMHOD PxuyD ORARHRFEMIAQE 1DYHGHQR VH QDMYME
3LFWX8HQWHQQLDO ZKLWH PXOEHUU\ ¥KMMRD @ LMEEMWWROLNR ZHVWD X NUDMR

7TDEOLFD OLAOMHQMH L SHUFHSFLMD LVSLWDQLND R KLEULGQRM SODWDQL OLNU
MDEOXHSLQLRQ DQG SHUFHSWLRQ RI WKHORHFDINREFR®H GQWEHRQNWKH K\EULG SODQH OLI

5 EU 3LWDQMD $SULWP VWBWDQG
2UG QARXHVWLRQV $ULWKP O0BWQQG

-H OL YDP RYDM NUDMREUD]QL HOHPHQW SR]QDW"
$UH \RX IDPLOLDU ZLWK WKLV ODQGVFDSH HOHPHQW"

QHGRYROMQR PDOR RVUHGQMH SULOL QR YHRPD

XQVDWLVIDFWRUO\ VXIILFLHQWO\ PRGHUDWHO\ TXLWH ZHOO YHU\ PXF
-H OL YDP RYDM NUDMREUD]QL HOHPHQW VNODGDQ"
'R \RX ILQG WKLV ODQGVFDSH HOHPHQW DV KDUPRQLRXV"
-H OL YDP RYDM NUDMREUD]QL HOHPHQW OLMHS"
,V WKLV ODQGVFDSH HOHPHQW EHDXWLIXO IRU \RX"
-H OL YDP RYDM NUDMREUD]QL HOHPHQW GMHOXMH SUHSR]QDWOMLYR X GDQRP
‘RHV WKLV ODQGVFDSH HOHPHQW VHHP UHFRJQL]DEOH WR \RX LQ D JLYHQ VSDFI
-H OL YDP RYDM NUDMREUD]QL HOHPHQW GMHOXMH GHILQLUDQR"
‘RHV WKLV ODQGVFDSH HOHPHQW VHHP GHILQHG WR \RX"
-HVX OL YDP GUYHQDYWH IDSWH SORVWRUX"
$UH WKH ZRRG\ VSHFLHV NQRZQ WR \RX DQG DUH WKH\ VXLWDEOH IRU WKLV VSD
2FLMHQLWH RSpL GRMDPRY GRK OGP MW WHI MAWLNDL] B RMNNUDMREUD]QX SRYU&L:
(YDOXDWH WKH RYHUDOO LPSUHVVLRQ LQ WHUPV RI DHVWKHWLF DQG GHVLJQ IH
3URVMH QD RFMHQD
7KH DYHUDJH JUDGH
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7DEOLFD OLAOMHQMH L SHUFHSFLMD LVSLWDQLND R VWROMHWQRM ELMHORM P X
7DE@SLQLRQ DQG SHUFHSWLRQ RI UHVSRQGHQWY RQ FHQWXU\ ROG ZKLWH PXOEF

5 EU 3LWDQMD $ULWP VUBHEDQG
2UG QRXHVWLRQV $SULWKP O0HWQQG
-H OL YDP RYDM NUDMREUD]QL HOHPHQW SR]QDW"
$UH \RX IDPLOLDU ZLWK WKLV ODQGVFDSH HOHPHQW"
QHGRYROMQR PDOR RVUHGQMH SULOL QR  YHRPD
XQVDWLVIDFWRUO\ VXIILFLHQWO\ PRGHUDWHO\ TXLWH ZHOO YHU\ PX
-H OL YDP RYDM NUDMREUD]QL HOHPHQW VNODGDQ"
'R \RX ILQG WKLV ODQGVFDSH HOHPHQW DV KDUPRQLRXV"
-H OL YDP RYDM NUDMREUD]QL HOHPHQW OLMHS"
,V WKLV ODQGVFDSH HOHPHQW EHDXWLIXO IRU \RX"

-H OL YDP RYDM NUDMREUD]QL HOHPHQW GMHOXMH SUHSR]J]QDWOMLYR X GDQRF
'RHVY WKLY ODQGVFDSH HOHPHQW VHHP UHFRJQL]DEOH WR \RX LQ D JLYHQ VSD
-H OL YDP RYDM NUDMREUD]QL HOHPHQW GMHOXMH GHILQLUDQR™

'RHVY WKLY ODQGVFDSH HOHPHQW VHHP GHILQHG WR \RX"

-HVX OL YDP GUYHQDYWHNGODEQYH EORVWRUX"

$UH WKH ZRRG\ VSHFLHY NQRZQ WR \RX DQG DUH WKH\ VXLWDEOH IRU WKLV VS
2FLMHQLWH RSpL GRMDPRYX GRK QIHDEX MW WHMWAWLNKDL]REROVDWNNUDMREUD]QX SRYUA&
(YDOXDWH WKH RYHUDOO LPSUHVVLRQ LQ WHUPV RI DHVWKHWLF DQG GHVLJQ |
B3URVMH QD RFMHQD

7KH DYHUDJH JUDGH

RVLP X QHNLP VXEPHGLWHUDQV NLR2GAdMEOEY stRe éxX8R Q Hdhkh s@t8dJof
.QLQ ORéGD VX L QMHQH YHeH SUBRSIRISFLMH X RGQRVX QD GUXJR
eQLéHp |[HOHQLOR XWMHFDOH QD APVAMHSRIRW M@ X/ & B EDd®XMHN R 5@
GHUQLUDQRVWL 1HND VX LVWUD@LDY@\Q_MD SHW¥WD B @D MKIRQ DUV VRQ BUR
dr. (2017) da ljudi viSe cijene krajobrazne povrSine svisSe HWDUD D YDULUD L]PH X P L |
NRP ELRUD]J]QROLNRwWeX LPD RWWH*HQMH NURWQMH SD MH SRW
Ovo impozantno murvino stablo (tablica 3.) je vierojatne® RILWLYQR wWR RWWH+HQMD QLVX YH
dobilo tek osrednje ocjene zbog vitaliteta koji je znatno ng OD yX QDJQXWD D SURVMHZQL YLWEL
ruSen, iako ovaj krajobrazni element i dalje danom prostorﬁ QDZHQX VYP_ VWDEOD VX X YUOR GR
GDMH HVWHWVNR L NXOWXUR O RwNRC[OUHIAAREN orReGD EL RFLMHQH EL
L YH H GD PXUYD UDVWH X e]HOHQLMHPp RNUXéEHQMX

*UXSD VWDEDOD REASQRYVHNSUHVD
VHPSHUYLUMKQWNORSX SDUND FUNYH VY 5RND X
BULPRAWHQX 2 $ JURX&RIUHSVYNKVYV WUHHV

VHPSHUYLUHQV / ZLWKLQ WKH SDUN RI WKH FKXUFK RI 6W
SRNR LQ BULPRVWHQ

5.4.1. Opis prostora — Description of the space

6UHGLWQML SDUN GRQ ,YH kDUL*D X 3ULPRWWHQX L]JUD HQ MH
GDYQH %LR MH RJUD HQ NDPHQLP JLGRP D LVSUHG FU

NYLFH MH ELR ZHPSUHV Cupressus sempervirens L.) i nekoliko

borova Pinus V S 'RUELe L 7HPLP *UXSH ZHP

SUHVD VX SUHPD NDJLYDQMLPD SRMHGLQLK PMHWWDQD SRVD HQD
WLMHNRP LK JRGLQD VWROMH+D 1D SUYRP PLNURORNDOL
WHWX X 3ULPRWWHQX RGDEUDQR MH YULMHGQLK VWDEDOD RELZQRJ
ZHPSUHVD NRMD VH QDOD]JH X VNORSX SDUND FUNYH VY 5RND 6WDUH
MHGLQNH ZHPSUHVD VX JERJ VWDURVWL HVWHWVNR NXOWXUQH YUL
MHGQRVWL SURXZDYDOL PQRJL LG&DL\}\E PEDZ K SHEYX &Y YN B YL DD

NRML LVWLZX GD ZHPSUHV Y RMEBHD EOMNARED G MR WP wWr wiH Fi
WLYQR RERJDeXMH MDGUDQVNL NURMREUD] RGEGLIN D
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*UXSH REL QR&X FHPBWWHIND
VHPSHUYLUH@MORSX NUDMREUD]QH
VY -XUMD X 3ULPRAWHQX 2 *URXSV F
&XSUHVVXV VHPSHUYLUHQV / ZLWtk
VXUIDFH RI WKH FKXUFK RI 6W -XUD

5.5.1. Opis prostora — Description of the space

8 RYRP SURVWRUX SUHYODGDYDMX JUX
NRMH VX SRVD HQH QD NUDMREUD]QH
-XUMD 1D QMLPD SUHYODGDYDMX RC
(Cupressus sempervirens L.) horizontalne forme te maniji
broj stabala alepskog bora (Pinus halapensis OLOO V LV
VWUDQH ,]JPH X SRMHGLQLK VWDEDOD
VMHGHQMH 2YD NUDMREUD]QD SRYUwl
L YUOR GREULK HVWHWVNR REOLNRYQ
BUHPD NDJLYDQMX ORNDOQRJ éXSQ
u starosnoj dobi od 80 godina.

=GUDYVWYHQR WVR\DBOQAVKH \MMANLDVE O\

6OLN®DWHOLWVYND VQLPND JUXSH VWDEWOOHNRG FUNYH VY 5RND 0
,JUbDGLOL $ &4XMLFD 0 2EUDGRYLp, 0O /RYUHNRYLD Qn%‘)éﬁ(QMDUD_
Vi

$Q Lbp U sklopu krajobraznih povrsi kve sv. Jgrja,%dabrano
SLFWXBHWHOOLWH LPDJH RI D JURXS RMWUHPMWEOHDRDIOWK REKX ORI RAHWS BRINVED UD
0o ODGH E\ $ &axXMLFD 0 2Ekéhiperticeh® /0 /RURNNRHYZQLOSUVQL SURPM
axdQMDUD 0 $Q Lp ZHJD MH QDMPDQML FP D UDGL VF
D QDMYH-L FP wWR MH YUOR LPSR]

Povezanost funkcionalnih i estetskih vrijednosti i u ovom¥ H*LQVNL LPDMX SRQHNR RwWH+-HQMH
VOXZDMX MH QDJODwWHQD D WR VHRRAEWWHIHOMREURWAMH QB P RUMMAC
QMLP RFMHQDPD WDEOLFD 6DPD SHUFSHRIPAND MiH RZUN W WR B URWQNM
QDWLK JUD DQD VH YHéH X] JUREWWWOLQV NG RIYU-DMKREDR ® MV DI ¥ HN IR QWRU R
PRéGD MHGDQ RG UD]JORJD YL HQhalpurripdapgroNerivy w L

7TDEOLFD OLAOMHQMH L SHUFHSFLMD LVSLWDQLND R JUXSL VWDEDOD NRG FUNYH
TDEG@SLQLRQ DQG SHUFHSWLRQ RI WKH UHVSRQGHR WM BUER XOWR AMDRAH. B QR 8 5 LRPIRW W/Ht

5 EU 3LWDQMD $ULWP VWBWDQG
2UG QRXHVWLRQV $ULWKP P6WRQG

-H OL YDP RYDM NUDMREUD]QL HOHPHQW SR]QDW"
$UH \RX IDPLOLDU ZLWK WKLV ODQGVFDSH HOHPHQW"

QHGRYROMQR PDOR RVUHGQMH SULOL QR YHRPD

XQVDWLVIDFWRUO\ VXIILFLHQWO\ PRGHUDWHO\ TXLWH ZHOO YHU\ PXF
-H OL YDP RYDM NUDMREUD]QL HOHPHQW VNODGDQ"
‘R \RX ILQG WKLV ODQGVFDSH HOHPHQW DV KDUPRQLRXV"
-H OL YDP RYDM NUDMREUD]QL HOHPHQW OLMHS"
.V WKLV ODQGVFDSH HOHPHQW EHDXWLIXO IRU \RX"
-H OL YDP RYDM NUDMREUD]QL HOHPHQW GMHOXMH SUHSR]QDWOMLYR X GDQRP
‘RHV WKLV ODQGVFDSH HOHPHQW VHHP UHFRJQL]DEOH WR \RX LQ D JLYHQ VSDF
-H OL YDP RYDM NUDMREUD]QL HOHPHQW GMHOXMH GHILQLUDQR"
'‘RHV WKLV ODQGVFDSH HOHPHQW VHHP GHILQHG WR \RX"
-HVX OL YDP GUYHQDYWH ODSWYH SORVWRUX"
$UH WKH ZRRG\ VSHFLHV NQRZQ WR \RX DQG DUH WKH\ VXLWDEOH IRU WKLV VSD
2FLMHQLWH RSpL GRMDPRY GIRK OIHDED MW W B MANWLNKDL] B RN NUDMREUD]QX SRYUAL
(YDOXDWH WKH RYHUDOO LPSUHVVLRQ LQ WHUPV RI DHVWKHWLF DQG GHVLJQ IH

B3URVMH QD RFMHQD
7KH DYHUDJH JUDGH
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60LNH *UXSH VWDEDOD X VNORSX NUDMREUD]QH SRYUALQH FUNYH VY -XUMD
SLEFEWXUHWRXSV RI WUHHYV ZLWKLQ WKH ODQGVFDSH RI WKH FKXUFK RI 6W -XUDM L

liena i liepoti krajobrazne povrsine. Vezano za prethodno
Nohl (2001) navodi da se kao najrelevantnije estetske kate
JRULMH LGHQWLUFLUDMX SULGMHYL
POMLYR L MHGQRVWDYQR ,] RYLK ND
QDMYDéQLML HVWHWVNL SURWRWLSR
2FMHQH NRG RVWDOLK YDULMDEOL Y
ORéGD MH MHGQRVWDYQRVW DPDWHU
cala na dodijeljene ocjene. Vjerojatno su ispitanici skloniji
L XSRUDEL UHSUH]HQWDWLYQLMLK H
dane prostore. Kod obnove sakralnih objekata posebnu po
zornost treba posvetiti obnovi vrtova u objektima (Nodilo,
.RQFHSW VDGUéDMQH VORéHQR'
XVSMHWQRVWL REOLNRYDQMD RWYRUF
L GU X VYRMLP LVWUDéELYDQML!
PQRJLK DXWRUD GD VX VORéHQLML SI
VMH*HQLML RG PDQMH VORéEHQLMLK S
L GD SRQDwDQMH NRULVQLND YDULUL
ND]DWHOMLPD VORéHQRVWL 60RéHQ
renciji krajobraza.
60LNBDWHOLWVND VQLPND JUXSH VWDEDOD X VNORSX NUD

MREUD]QH SRYUALQH
FUNYH VY -XUMD X 3ULPR§1WHQXo 0 '"UYFRIDEOELNM BRRIMKFP XOJ YL O0ORUX\
2EUDGRYLp 0 /RYUHNRYLpPp 9 axXxaQMDVYR qDé(P_ M NLK VYLODUD X 6NUDGLQ
BLFWX6DWHOOLWH LPDJH RI D JURXS R Q QG D Rl
FKXUFK RI 6W -XUDM LQ 3ULPRAWHQ bWB‘E 'yg%h \ E@ZML%@ g\}—kH yé'él_

2EUDGRYLp 0 /RYUHNRYLp 9 aXaQMD‘wad\IZﬂ@LLBV LQ 6NUDGLQ

5.6.1. Opis prostora — Description of the space
,VSLWDQLFL WDEOLFD VX RS- brimRia Rie) skradskiivbialird s Ya&tojRod DolorR Y Q L
L HVWHWVNLK RFLMHQLOL RFMH §liRdtabala bijeleVihRrve (Motu® &b8. ulzlsamlckétu.U D
SUHPD SULOLZQR GREURM RFMH @va jwn®gradskR K &jdbraRra ldadr&iia tidiala®imbic thoM H
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7TDEOLFD OLAOMHQMH L SHUHSFLMD LVSLWDQLND R JUXSL VWDEDOD X VNORSX NU
7TDEOH 5HVSRQGHQWVY- RSLQLRQ DQG SHUFHSWLRQ RQ D JURXS RI WUHHV ZLWKLQ

5 EU 3LWDQMD $SULWP VBW®QG
2UG QARXHVWLRQV $SULWKP PBADDQ G
-H OL YDP RYD NUDMREUD]QD SRYUALQD SR]QDWD"
$UH \RX IDPLOLDU ZLWK WKLV ODQGVFDSH VXUIDFH"
QHGRYROMOQR PDOR RVUHGQMH SULOL QR YHRPD
XQVDWLVIDFWRUO\ VXIILFLHQWO\ PRGHUDWHO\ TXLWH ZHOO YHU\ PXF
-H OL YDP RYD NUDMREUD]QD SRYUALQD VNODGQD"
'R \RX ILQG WKLV ODQGVFDSH VXUIDFH KDUPRQLRXV"
-H OL YDP RYD NUDMREUD]QD SRYUA4LQD OLMHSD"
,V WKLV ODQGVFDSH VXUIDFH EHDXWLIXO IRU \RX"
-H OL YDP RYD NUDMREUD]QD SRYUALQD XUH HQD"
‘R \RX WKLQN RI WKLV ODQGVFDSLQJ VXUIDFH DV ZHOO DUUDQJHG"
-H OL YDP RYD NUDMREUD]QD SRYUALQD VWUX QR L]YHGHQD"
,V WKLV ODQGVFDSH VXUIDFH SURIHVVLRQDOO\ LPSOHPHQWHG IRU \RX"
-H OL YDP RYD NUDMREUD]QD SRYUALQD GMHOXMH SUHSR]QDWOMLYR X GDQRP S
‘RHV WKLV ODQGVFDSH VXUIDFH VHHP UHFRJQL]DEOH WR \RX LQ D JLYHQ VSDFH'
-H OL YDP RYD NUDMREUD]QD SRYUALQD GMHOXMH VORGHQR"
‘RHV WKLV ODQGVFDSH VXUIDFH VHHP FRPSOH[ WR \RX"
-H OL YDP RYD NUDMREUD]QD SRYUALQD GMHOXMH GHILQLUDQR"
‘RHV WKLV ODQGVFDSH VXUIDFH VHHP GHILQHG WR \RX"
-HVX OL YDP GUYHQDVWH YUVWH EOLVNH L SULNODGQH SURVWRUX"
$UH WKH ZRRG\ VSHFLHV NQRZQ WR \RX DQG DUH WKH\ VXLWDEOH IRU WKLV VSD
2FLMHQLWH RSpL GRMDP X SRIJOHGX HVWHWVNLK L REOLNRYQLK NDUDNWHULVWI
(YDOXDWH WKH RYHUDOO LPSUHVVLRQ LQ WHUPV RI DHVWKHWLF DQG GHVLJQ IH
3URVMH QD RFMHQD
7KH DYHUDJH JUDGH

OMH RGUéDYDQD D YULMHGQD VWRNRO D/ WOEVK EW B MHD MWHIYIX Z Q L MFHP Q3
JRYDQD 3UHPD ND]JLYDQMLPD P Méiaos méedrd)(C2,® b \WdH1EXd)HGo®RAGYA stabla
dine murve u Skradinu su starije i viSe od 150 godinePDMX RwWH HQMD GHEOD L NURwQM
'RUELe L GU 6WDEOD SUR P DWWHND LY FRMHOL Q LWWRYMID RS GIRVWLZQ
EULK HVWHWVNR REOLNRYQLK NDMNEWNWHUAEWILNRVERIGNDIUHQMD VWDEO
49, potencijalno opasno te ih je potrebno ukloniti, po
5.6.2. Zdravstveno Stanje drvoreda — Health status gotovo zbhog njihovog opasnog mjesta uz samu cestu.

of tree lines Prema kazivanju lokalnog stanovnistva nekoliko stabala
SURVMHZQL SUVQL SURPMHU V Wd2 Bdsada il vidicadtidte je istomdgldRp@uzroko
7ZHJD QDMPDQML FP UDGL VHVRiNépoodtRVD HQRP ]DPMHQ

60LNH 'UYRUHG ELMHOLK PXUYL QD $OHML VNUDGLQVNLK VYLODUD X 6NUDGL

SLFWXUH WUHH OLQHV RI ZKLWH PXOEHUULHV RQ WKH $OOH\ RI 6NUDGLQ VLONZR
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2SL GRMDP WDEOLFD LVSLWDQLN
vrSinu iznosi 3,63 Sto ukazuje da su ispitanici osrednje do
SULOLZQR ]IDGRYROMQL V RYLP PLNUR
OLK SLWDQMD YDULUDMX L]JPH X I
znatno bolje ocjene postigle da su stabla vitalnija i bolje
RGUéDYDQD 7DNR HU EL QD LVWR XWN)
X SURVWRUX OXUYH VX VH X 6NUDGL(
KODGRYLQH 5D]OLZLWD LVWUDELYDQI
zelene infrastrukture da smanji temperaturu u gradu
%RZOHU L GU 'LPRXGL L 1LNROR
Klemm, 2015).

Kritovac (2004) drvored smatra kao ,konstitutivni element
grada’ On je bitan za njegovarbanisti ko formiranje i
oblikovanje. . DNR LVWLZH DXWRU RQ SUHG
NXOWXUQR KLVWRULMVNX YULMHGQR'
VYDNRP GLMHOX XUEDQLVWLZNRJ SOTL

'UYRUHG KLEULGQLK SODWDQD
X] &HVDULpPHY X RELHHX OL QHMWQ RI2K\E
SODQH WUHHV 30DWDQXV [ KLVSDC
FRDVW LQ .QLQ

6OLNBDWHOLWVND VQLPND GUYRUHGD ELMHOLK PXUYL X 6NUDGLQX 0
,JUDGLOL $ &XMLFD 0 2EUDGRYLp 05.7RYOMNRYLPa 9 Dex@d@oion obhesmieeL p

BLFWXBBWHOOLWH LPDJH RI WKH ZKL - )f%)ﬂ% MiedToR %!p Q
0 ODGH E\' $ aXMLFD 0 2EUDGRY .'0IJIDu RY%I:% RYE'Jp .9a|a %?QJHI\AAE%F 2 stdble
0 $Q Lp hibridne plataneRlatanus x hispanica DUL*HYX R

7DEOLFD OL&OMHQMH L SHUFHSFLMD LVSLWDQLND R GUYRUHGX ELMHOLK PXUYL
7DEGHVSRQGHQWY:- RSLQLRQ DQG SHUFHSW LR QORE DWKLHR DK I6\WH DPXIGE HU U\ WUHH ¢

5 EU 3LWDQMD $ULWP VWBWDQG
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¢om javnih gradskih krajobraznih povrsina (osrednje-5 mi-
krolokaliteta, prilicno-5 mikrolokaliteta). Prosje¢ne ocjene
vezane za misljenje stanovnika o estetskim i funkcionalnim
karakteristikama znacajnih stabala na javnim gradskim kra-
jobraznim povrs$inama bile su redom od najvise do najnize:
Sibenik 1 (4,15), Zaton 2 (3,96), Zaton 1 (3,71), Sibenik 2
(3,61), Skradin 1 (3,53), Primosten 2 (3,49), Knin 1 (3,26),
Primosten 1 (3,20), Sibenik 3 (3,10) i Knin 2 (2,93). Ova-
kvim nacinom ispitivanja misljenja i percepcija javnosti o
kakvoci javnih gradskih krajobraznih povrsina, rezultira
vrijednim podacima o stavovima javnosti o odredenom jav-
nom prostoru odnosno o zelenoj komponenti, za koju se u
konacnici javni prostor i privodi svrsi. Svakako navedeni
rezultati predstavljaju vrijedne podatke i za donositelje od-
luka o budu¢im planovima upravljanja u okviru analizira-
nih sredina (lokalna i regionalna samouprava, komunalna
drustva, planeri i projektanti). Medu ostalim rezultati ovog
istrazivanja pokazuju kako stanovnistvo vi$e preferira lo-
kalitete s ve¢om bioloskom raznoliko$¢u, $to ukazuje kako
je to ono ¢emu treba teziti prilikom stvaranja novih par-
kova, perivoja, drvoreda, ali i tijekom revitalizacije posto-
jecih. U vecoj mjeri se stavovi ispitanika podudaraju s vrjed-
novanjem stru¢njaka (autori ovog rada). Analizirana
znacajna stabla je nuzno i dalje njegovati (orezivanje, gno-
jidba, zastita i drugi zahvati)

*Rad je izraden u okviru rezultata projekta: Procjena i
izrada katastra znacajnog drveca na podrucju Sibensko-knin-
ske Zupanije. Voditeljica projekta: Mia Lovrekovi¢, Znan-
stveno-istrazivacki projekt studenata Sumarskog fakulteta
Sveucilista u Zagrebu (2020).
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SUMMARY

Significant (old, valuable) trees, in addition to their cultural value, they increase value of the “local”
property and also affect the aesthetic values of the environment. The goal of this work was to was to
valorize (aesthetic and functional characteristics of significant trees on public urban landscape areas
of the Sibenik-Knin County), for the purpose of creation a cadaster of significant trees. Field research
was conducted on 10 micro-locations during the period from 2019 to 2020, on the territory of Sibenik-
Knin County. Selected significant trees (131 individuals in 10 micro-locations, i. e. Knin 1 (21), Knin
2 (2), Primosten 1 (6), Primosten 2 (20), Sibenik 1 (9), Sibenik 2 (1) and Sibenik 3 ( 1), Zaton 1 (16)
and Zaton 2 (6), Skradin (49) were evaluated by the VTA method (Visual control method). When
summarizing the conducted research, it was concluded that most of the trees are in relatively good
condition. The survey was conducted on 102 respondents across the County. The average ratings ob-
tained from the respondents on the aesthetic and functional characteristics of significant trees on pub-
lic urban landscpe areas were as follows: Sibenik 1 (4,15), Zaton 2 (3,96), Zaton 1 (3,71), Sibenik 2
(3,61), Skradin 1 (3,53), Primosten 2 (3,49), Knin 1 (3,26), Primosten 1 (3,20), Sibenik 3 (3,10) and
Knin 2 (2,93).

KEY WORDS: significant trees, cadaster, valorization, public urban landscape areas, Sibenik-Knin
County.












izvor infekcije ne predstavlja veliku opasnost, jer bakterije
u tlu brzo ugibaju. Neke vrste kukaca su vektori bakterija,
te nematode i zivotinje (ptice). Veliku opasnost predstavljaju
kapljice kiSe s ostacima bolesnih biljaka koji se vjetrom i
zra¢nim tokovima raznose na velika rastojanja. Velika ve-
¢ina bakterija je osjetljiva na izravnu suncevu svjetlost. Co-
vjek svojom djelatnos¢u takoder moze prenositi bakterije
na velika rastojanja.

Bakterijske bolesti su na mnogim kultiviranim biljkama.
Bakterije uzrokuju veliku stetu poljoprivrednim kulturama
i Sumskom bilju. Bakterije se sastoje od jedne stanice i lifene
su klorofila. Razmnozavaju se dijeljenjem meristemske sta-
nice na dva dijela. Hrane se osmotskim putem kroz mem-
branu stanica. Po obliku sve fitopatogene bakterije su Stapi-
¢aste. Medu njima prevladavaju vrste s polarnim bicevima.
Vecina ih ne obrazuje spore. Sporonosne bakterije sposobne
su zaraziti 25 vrsta biljaka.

U fitopatogenih bakterija utvrdeni su slijede¢i fermenti: pro-
teaz — uzrocnici su trulezi biljnog tkiva i venuca biljaka, mli-
jecni fermenti, citaze (celulaze), pektinaze, protopekti-
naze, klorofilaza, tirozinaza. Postoje tri grupe toksina koje
obrazuju fitopatogene bakterije: toksini koji uzrokuju lo-
kalne zaraze, toksini koji uzrokuju venuce biljaka i toksini
koji uzrokuju hipertrofiju i hiperplaziju.

U sistematskom pogledu navodi se pet porodicai 17 rodova
fitopatogenih bakterija. To su Mycobacteriaceaea (Corine-
bacterium, Aplanobacterium), Pseudomonadaceae (Pse-
udomonas, Xanthomonas), Rhizobiaceaea (Rhizobium),
Bacteriaceae (Erwinia, Pectobacterium, Chromobacte-
rium), Bacillaceae (Bacillus, Clostridium). Pored toga na-
vode se jos i rodovi Bacterium, Aplanobacter, Agrobacte-
rium, Pseudobacterium i Mycobacterium . Najvazniji
rodovi fitopatogenih bakterija su Aerobacterium, Coryne-
bacterium (Clavibacter), Erwinia, Pseudomonas, Xant-
homonas i Streptomyces.

Pri op¢em oboljenju bakterije zaraze korijen i provodne su-
dove, §to za sobom moze povuéi ugibanje cijele biljke ili
odredenih njenih dijelova. Kod umjerene zaraze — parenhi-
matoza, obolijevaju odredeni dijelovi biljke. Tu nastaju tru-
lezi, nekroze i upale odredenih organa biljke. U zarazenim
biljkama nastaju fizioloske promjene: smanji se klorofil, fo-
tosinteza i disanje biljaka, povisuje se sadrzaj glukoze, dusika
i kiselina. Jako se smanji transpiracija. Fitopatogene bakte-
rije prodiru u biljku kroz prirodne otvore i tkiva (vecina) i
kroz mehanicke povrede.

Po specijalizaciji na biljku domacina postoje tri grupe bak-
terija. U prvoj su visokospecijalizirane bakterije, paraziti-
raju na biljkama, odnose se k jednom rodu ili ¢ak jednoj
vrsti. Takve se bakterije nazivaju monofagi. Drugoj grupi
pripadaju bakterije koje zarazavaju cijeli niz rodova i vrsta,
no u okvirima samo jedne porodice. Tre¢a grupa su poli-
fagi. One zarazu Sire na biljke iz razlicitih porodica. Kod
bakterija postoji i unutarvrsna specijalizacija.
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U odnosu s vanjskom sredinom, ve¢ina fitopatogenih bak-
terija se razvija pri temperaturama od 18 do 25 °C, minima-
alne temperature su 0 do 2 °C, maksimalne od 35 do 37 °C,
a latentne od 45 do 47 °C. Visoka vlaznost zraka vazna je u
pocetnom stadiju infekcije. Infekcije gotovo nema bez kapi
vode. Odumrle stanice, zbog smanjenog vodnog rezima,
napadaju neke bakterije koje se ne mogu razvijati na zivim
tkivima biljaka. One iz odumrlih stanica prelaze na zdrava
tkiva. Za infekciju i daljnji razvoj bakterija vazna je aeracija
tla, ishrana biljaka i tlo.

Od biotickih faktora vazni su uzajamni odnosi s kukcima,
nematodama, gljivama tla i virusima.

lzvori zaraze hiljaka bakterijama

Sjeme je vazan izvor zaraze fitopatogenim bakterijama. U
sjemenu bakterije prezimljavaju i sjemenkama mogu biti
prenesene na velike udaljenosti. Zive biljke mogu biti spre-
mista bakterija i sredstvo $irenja na velike udaljenosti. Mr-
tvi ostaci oboljelih biljaka su jedan od osnovnih izvora za-
raze biljaka bakterijama. Kukci su mjesta prezimljavanja
bakterija i izvor zaraze. Rizosfera korijena je mjesto loka-
lizacije fitopatogenih bakterija. U tlu veéina fitopatogenih
bakterija brzo ugiba. Neke vrste su sposobne Zzivjeti u steril-
nom tlu, a u nesterilnom ugibaju. Neke bakterije ostaju u
tlu duze ili krace vrijeme, neke pri izvjesnim uvjetima gube
patogenost, a neke se u tlu razmnozavaju.

Putovi rasprostranjenja

U vecini slucajeva fitopatogene bakterije se ne mogu po
zraku daleko rasprostranjivati, jer brzo ugibaju u suhom
zraku. U vlaznom zraku $ire se kapljicama kiSe. Kapljicama
kiSe raznose se mnoge fitopatogene bakterije. Ako je kisa s
vjetrom, bakterije se prenose na daleka rastojanja. Vjetar
moze ozlijediti biljke i time se otvara put za infekcije. Kukci
su u nizu slucajeva tijesno povezani s uzro¢nicima bakteri-
oza. Najcesci je mehanicki prijenos. Prenose ih i druge Zi-
votinje. Covjek ih $iri svojom djelatnoséu.

Ostale znacajke fitopatogenih bakterija

Fitopatogene bakterije su rasprostranjene posvuda po zem-
lji. Neke vrste mijenjaju areal rasprostranjanja.

Dijagnostika bakterioza ima veliko znacenje za pravilne
mjere borbe. Na jednoj biljci mogu biti znakovi razli¢itih
oboljenja. Da bi se utvrdilo koje je oboljenje potrebna su ra-
zli¢ita istrazivanja. Postoji nekoliko metoda istrazivanja za-
razenog sjemena.

Mijere borbe

Za pravilne mjere borbe neophodno je znati karakter njiho-
vog razvoja u prirodnim uvjetima. Dezinfekcija sjemena
jedna je od vaznih mjera borbe s njima. Za borbu s mnogim
bakteriozama moguce je primijeniti prskanje listova antibi-
oticima. Za unistavanje patogenih bakterija u tlu mogu se
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primijeniti antagonisti koji ih unistavaju. Korisno je unista-
vati ostatke bolesnih biljaka, orezivanje zarazenih dijelova i
uklanjanje bolesnih biljaka. Veliko znacenje ima i unistava-
nje kukaca, vektora, koji napadaju biljke.

Bakterije na nekim Sumskim biljkama

Na odredenim Sumskim biljkama bakterije mogu uzroko-
vati velike, nesagledive stete. Ovdje se navodi nekoliko vrsta.
Simptomi bolesti su pjegavost (naj¢esc¢a), nekroza, plame-
njaca, rak rane, tumori, vlazna trulez, izrasline i venuce.

Bukva

Vodenastu bolest bukve i mnogih sumskih vrsta uzrokuju
vrste iz roda Erwinia. E. minipressuralis uzrokuje bolest
hrasta, graba, topole i lipe. E. horticola uzrokuje crnu bak-
teriozu bukve. Na listovima hrasta obrazuje nekroti¢ne
zone, a dolazi i na grabu i lipi. E. rhapontici izaziva na bu-
kvi zaraze velikih razmjera. Ta bakterija moze zaraziti niz
drvenastih i poljoprivrednih biljaka. Poznato je da dolazi na
bukvi, hrastu, lipi i grabu. Rak bukve, brijesta i topola uzro-
kuje Agrobacterium tumefaciens. Inace rak uzrokuje vise
vrsta bakterija. Gnojna oboljenja na bukvi, hrastu, ruzama
i glogu uzrokuju Pseudomonas spp. Na bukvi je utvrdeno
12 bolesti raka uzrokovanih bakterijama iz rodova Erwinia
i Pseudomonas.

Hrast

Vodenu bolest uzrokuje Erwinia multivora. Ona uzrokuje
bolest i mnogih drugih drvenastih biljaka. E. minipressla-
ris, E. valachia i E. quercola uzrokuju analognu bolest hra-
sta. E. lignifilla uzrokuje rakasta oboljenja hrasta. E. ligni-
filla uzrokuje rakasta oboljenja hrasta. E.multivora, E.
quercina sp. nova zarazuju zir. E. amylovora i E. cartovora
uzrokuju nastajanje sluzi. Na hrastu dolazi i E. rhapontici.
Gnojna oboljenja uzrokuju Pseudomonas spp. E. nimi za-
razuje listove. Na hrastu crniki utvrdene su Brenneria
godwinni, Gibbsiellaquercinecans i Lonsdalea britanica.

Grab

Trulez graba uzrokuju Esherichia coli, E. amilovora i Clo-
stridium butyricum i druge. Clostridium sp. je izoloirana
iz stabla ive. Trulez graba uzrokuju bakterije iz rodova Erwi-
nia. Pseudomonas, Xsanthomonas i Bacillus. Grab napa-
daju anaerobne bakterije. One napadaju i hrast, topolu, lipu,
brezu, jabuku, krusku, $ljivu, paradajz i krastavac.

Breza

Masovno vodenasto susenje breze uzrokuje Erwinia mul-
tivora. Mokre nekroze uzrokuju Pseudomonas syringae i
bakterije bliske k Erwinia cencerogena. Mokre nekroze se
pripisuju mnogim drvenastim vrstama. Uzro¢nik bakterij-
skog venuca je E. salicis. Ona se prenosi kukcima, vjetrom
i kiSom.

Topola

Topola se zarazuje bakterijama ce$ce nego vrste drugih ro-
dova. Vodenastu bolest uzrokuju Erwinia multivora i E. ni-
mipressurus. E. multivora zarazuje gotovo sve vrste drveca
i grmnlja, npr. bor. Jelu, tisu, bukvu, grab, klen, orah, kesten
i dr. E. nimi zarazuje listove hrasta, bukve i graba. Medu
uzroc¢nicima raka topola prevladavaju bakterije rodova Pse-
udomonas, Ervinia i Bacillus. Rak uzrokuju i vrste rodova
Corynebacterium, Xsanthomonas, Chromobacterium i
Bergonizini. Nekroze kore uzrokuju Micrococcus populi,
Corynebacterium, Ervinia i Pseudomonas vrste. Uzrocnici
bakterijskih opekotina su Pseudomonas syringae, Ps. cerasi
i E. herbicola. Uzroc¢nici tuberkuloze su Agrobacterium to-
mefaciens i Bacillus populi. B. populi izaziva zarazu na li-
stovima mnogih vrsta, npr. na topoli, ivi i crvenom hrastu.

Brijest
Vodenu bolest uzrokuje Micrococus ulni i Erwinia spp. Li-
stove napada pseudomonas ulmi.

Jasen

Bakterijski rak uzrokuje Bacterium savastanoi (napada i
maslinu i oleander) i Pseudomonas savastanoi var. fraxini.
Pseudomonas savastanoi zarazuje predstavnike porodice
Oleaceae i drugih porodica.

Cetinjace

Na Cetinjacama dolaze Erwinia multiflorai E. cancerogena.
Te su bakterije polifagi, zarazuju razli¢ite vrste drveca. Bak-
terije iz smreke zarazuju topole i brze.

Sigurno je da bakterije dolaze i na drugim Sumskim vrstama
drveca $to bi trebalo istraziti. Veoma je vazno utvrditi
ispravne mjere zastite od bakterija. Bilo bi vrlo korisno da
se pojedini Sumari specijaliziraju za prouc¢avanje bakterija.
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Putovao je ¢esto sa Sumarskim drustvom, pohadao stru¢na
predavanja i sudjelovao u raspravama. Bio je za drustvo i
izvan radnog vremena i sluzbenih prostorija. Volio je ve-
sela i zabavna druzenja, kao i ve¢ina njegovih kolega, te
smo mu na tim trenucima izuzetno zahvalni.

Stoga nam tesko pada rastanak s jednim od nas, s nasim
suborcem, kolegom Sumarom i prijateljem.

Kao Sumaru i ¢lanu Hrvatskog $umarskog drustva zahva-
ljujemo Zeljku na njegovom angazmanu i doprinosu u
radu $umarskog drustva i $irenju svijesti i istine o vazno-
sti Sume za zivot ¢ovjeka, te ulozi Sumarstva kao struke i
znanosti neophodne za ocuvanje $uma.

Posebno smo mu zahvalni za njegovo sudjelovanje u Do-
movinskom ratu i dorinos u odbrani slobode i suvereni-
teta nase domovine Republike Hrvatske.

Kao radnog kolegu i prijatelja pamtit ¢emo Zeljka po
stru¢nosti, nesebicnosti i zalaganju na radnom mjestu,
borbi za pravednost i po osebujnom stilu komunikacije s
ljudima, koji ga je nerijetko izdvajao iz uobicajenih, uka-
lupljenih nacina poslovne suradnje.

Uvijek ¢emo se rado prisjecati kolege Zeljka Mikiéa i svih
zajedno prozivljenih vremena.

Teska bolest i prerani odlazak sve nas je iznenadio i rastu-

zio. To je veliki gubitak za sve nas, a posebno za njegovu
obitelj i Sumariju Hrvatska Dubica.

Zaposlenici Hrvatskih $uma, Uprave Suma Podruznice Si-
sak, ¢lanivi Hrvatskog Sumarskog drustva - ogranak Sisak,
te ¢lanovi Udruge dragovoljaca i veterana domovinskog
rata Hrvatskih $uma — Podruznice Sisak, izrazavaju iskrenu
sucut ¢lanovima obiteljima, rodbini i prijateljima.



UPUTE AUTORIMA

Sumarski list objavljuje znanstvene i stru¢ne ¢lanke iz podruéja
$umarstva, odnosno svih znanstvenih grana pripadajucih $umar-
stvu, zatim zastite prirode i lovstva. Svaki znanstveni i stru¢ni
¢lanak trebao bi teziti provedbi autorove zamisli u stru¢nu praksu,
bududi da je Sumarska znanost primjenjiva. U rubrikama ¢asopisa
donose se napisi o zastiti prirode povezane uz Sume, o obljetni-
cama, znanstvenim i stru¢nim skupovima, knjigama i ¢asopisima,
o zbivanjima u Hrvatskom $umarskom drustvu, tijeku i zaklju¢-
cima sjednica Upravnoga odbora te godisnje i izvanredne skup-
$tine, obavijesti o ograncima Drustva i dr.

Svi napisi koji se dostavljaju Uredni$tvu, zbog objavljivanja
moraju biti napisani na hrvatskom jeziku, a znanstveni i stru¢ni
radovi na hrvatskom ili engleskom jeziku, s naslovom i podnas-
lovima prevedenim na engleski, odnosno hrvatski jezik.

Dokument treba pripremiti u formatu A4, sa svim marginama
2,5 cm i razmakom redova 1,5. Font treba biti Times New Ro-
man veli¢ine 12 (biljeske - fusnote 10), sam tekst normalno, na-
slovi bold i velikim slovima, podnaslovi bold i malim slovima,
autori bold i malim slovima bez titula, a u fusnoti s titulama,
adresom i elekronickom adresom (E-mail). Stranice treba obroj-
cati.

Opseg teksta ¢lanaka moze imati najviSe 15 stranica zajedno s
prilozima, odnosno tablicama, grafikonima, slikama (crteZi i fo-
tografije) i kartama. ViSe od 15 stranica moze se prihvatiti uz
odobrenje urednika i recenzenata. CrteZe, fotografije i karte
treba priloziti u visokoj rezoluciji.

Priloge opisati dvojezi¢no (naslove priloga, glave tablica, mjerne
jedinice, nazive osi grafikona, slika, karata, fotografija, legende i
dr.) u fontu Times New Roman 10 (po potrebi 8). Drugi jezik je
u kurzivu. U tekstu oznaciti mjesta gdje se prilozio moraju pos-
taviti.

Rukopisi znanstvenih i stru¢nih radova, koji se prema prethod-
nim uputama dostavljaju uredni$tvu Sumarskoga lista, moraju
sadrzavati saZetak na engleskom jeziku (na hrvatskome za ¢lanke
pisane na engleskom jeziku), iz kojega se moze dobro indeksirati
i abstraktirati rad. Taj sazetak mora sadrzavati sve za ¢lanak zna-
¢ajno: dio uvoda, opis objekta istrazivanja, metodu rada, rezultate
istrazivanja, bitno iz rasprave i zakljucke. Sadrzaj sazetka (Sum-
mary) mora upucivati na dvojezi¢ne priloge - tablice, grafikone,
slike (crteze i fotografije) iz teksta ¢lanka.

Pravila za citiranje literarture:

Clanak iz casopisa: Prezime, 1., 1. Prezime, 2005: Naslov ¢lanka,
Kratko ime ¢asopisa, Vol. (Broj): str.—str., Grad

Clanak iz zbornika skupa: Prezime, 1., I. Prezime, 1. Prezime,
2005: Naslov ¢lanka, U: I. Prezime (ur.), Naziv skupa, Izdavac,
str.—str., Grad

Clanak iz knjige: Prezime, 1., 2005: Naslov ¢lanka ili poglavlja,
Naslov knjige, Izdavac, str.—str., Grad

Knjiga: Prezime, L., 2005: Naslov knjige, [zdava¢, xxxx str., Grad

Disertacije i magistarski radovi: Prezime, 1., 2003: Naslov, Diser-
tacija (Magisterij), Sumarski fakultet Zagreb. (I. = prvo slovo
imena; str. = stranica)

INSTRUCTIONS FOR AUTHORS

Forestry Journal publishes scientific and specialist articles from the
fields of forestry, forestry-related scientific branches, nature pro-
tection and wildlife management. Every scientific and specialist
article should strive to convert the author’s ideas into forestry prac-
tice. Different sections of the journal publish articles dealing with
a broad scope of topics, such as forest nature protection, anniver-
saries, scientific and professional gatherings, books and magazines,
activities of the Croatian Forestry Association, meetings and con-
clusions of the Managing Board, annual and extraordinary meet-
ings, announcements on the branches of the Association, etc.

All articles submitted to the Editorial Board for publication must
be written in Croatian, and scientific and specialist articles must
be written in Croatian and English. Titles and subheadings must
be translated into English or Croatian.

Documents must be prepared in standard A4 format, all margins
should be 2.5 cm, and spacing should be 1,5. The font should be
12-point Times New Roman (notes - footnotes 10). The text itself
should be in normal type, the titles in bold and capital letters, the
subheadings in bold and small letters, and the authors in bold and
small letters without titles. Footnotes should contain the name of
the author together with titles, address and electronic address (e-
mail). The pages must be numbered.

A manuscript with all its components, including tables, graphs,
figures (drawings and photographs) and maps, should not exceed
15 pages. Manuscripts exceeding 15 pages must be approved for
publication by editors and reviewers. The attached drawings, pho-
tographs and maps should be in high resolution.

All paper components should be in two languages (titles of com-
ponents, table headings, units of measure, graph axes, figures,
maps, photographs, legends and others) and the font should be
10-point Times New Roman (8-point size if necessary). The sec-
ond language must be in italics. Places in the text where the com-
ponents should be entered must be marked.

Manuscripts of scientific and specialist papers, written according
to the above instructions and submitted to the Editorial Board of
Forestry Journal, must contain an abstract in English (or in Croa-
tian if the article is written in English). The abstract should allow
easy indexation and abstraction and must contain all the key parts
of the article: a part of the introduction, description of research
topic, method of work, research results, and the essentials from the
discussion and conclusions. The summary must give an indication
of bilingual components - tables, graphs and figures (drawings
and photographs) from the article.

Rules for reference lists:

Journal article: Last name, F, F. Last name, 2005: Title of the article,
Journal abbreviated title, Volume number: p.—p., City of publica-
tion

Conference proceedings: Last name, E, F. Last name, 2005: Title of
the article, In: M. Davies (ed), Title of the conference, Publisher,
p.—p., City of publication

Book article: Last name, F, 2005: Title of the article or chapter, Title
of the book, Publisher, p.—p. City of publication

Book: Last name, E, 2005: Title of the book, Publisher, xxxx p., City
of publication

Dissertations and master’s theses: Last name, E, 2003: Title, Disser-
tation (Master’s thesis), Faculty of Forestry, Zagreb) (F. = Initial of
the first name; p. = page)






