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UVODNIK // PREFACE

POMEN GOZDOV V SLOVENIJI
// THE SIGNIFICANCE OF FORESTS IN SLOVENIA

Miha Marence

Gozd prekriva priblizno 60 % povrsine Slovenije in je v
R Sloveniji simbol prepoznavnosti drzave ter odsev nje-
nega odnosa do trajnostnega razvoja, s katerim posku-
Samo zagotoviti trajno in optimalno delovanje gozda kot
ekosistema, Zivljenjskih zdruzb rastlin in Zivali in nji-
hovih Zivljenjskih prostorov. V Sloveniji smo upravi¢eno
ponosni na naravne danosti, na gozdove in vodne vire.
Tradicija in znanje v gozdarstvu in lesnopredelovalni
industriji sta kljub trenutnemu zastoju predvsem lesne
industrije nadvse pomembna, saj prispevata k dodani

vrednosti, ustvarjeni v drzavi.

Razumevanje razvoja naravnega in gospodarjenega
gozda in uporaba teh zakonitosti pri gospodarjenju z
njim so osnova za njegovo ohranitev in uspesen razvoj v
prihodnosti, kljub povecanim pritiskom glede rabe lesa,
onesnazevanja, rabe prostora, uporabe novih tehnologij
z namenom povecanja ucinkovitosti izkoris¢anja gozdov
idr. Gozd v R Sloveniji je izrednega okoljskega, ekosis-
temskega, biotskega, kulturnega, zgodovinskega, aso-
ciativnega, krajinskega in zdravstvenega pomena, zato
je nujno, da to bogastvo varujemo.

Zagotavljanje stabilnosti gozda in usmerjanje njegovega
razvoja je in mora ostati pomemben dolgorocni cilj nase
drZave. Les je sicer najpomembnejSa obnovljiva surovi-
na v Sloveniji.

Foto: Iztok Sinjur
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// Forest covers about 60% of Slovenia and is a symbol
of the country’s recognition as well as reflection of its
attitude towards sustainable development, providing a
continuous and optimal functioning of the forest as an
ecosystem, associations of animals and their habitats.
In Slovenia, we are justifiably proud of our natural re-
sources, forests and water resources. The tradition and
knowledge of forestry and woodworking industry are
of utmost importance, as they greatly contribute to the
added value created in the country, in spite of the cur-
rent impasse in wood industry in particular.

Understanding the development of natural and man-
aged forests and application of these processes in their
management constitute a basis for their preservation
and successful developmentin the future, in spite of the
ever greater pressures regarding the use of wood, en-
vironmental pollution, land-use as well as use of new
technologies aimed at an increased effectiveness of for-
est utilization, etc. As forests are of exceptional environ-
mental, ecosystem, biotic, cultural, historical, associa-
tive, landscape and health significance in Slovenia, it is
implicit that we protect this great wealth.

Providing for the stability of forest and guidance of its
development is and has to remain an important com-
pound of the country’s long-term objectives, for wood
is the most significant renewable resource in Slovenia.




Ena izmed osnovnih podlag za razumevanje stanja
in bodocega ravnanja z gozdovi je informacija o sta-
nju gozdov danes in v preteklosti, kar nam omogocajo
razlicni monitoringi gozdov. Tudi na tem podrocju ima
Slovenija tradicijo z uvajanjem kontrolne metode v sne-
zniskih gozdovih na prehodu iz 19. v 20. stoletje.

PROGRAM SPREMLJANJA GOZDOV V SLOVENIJI NA
PODLAGI KONVENCIJE O DALJINSKEM TRANSPORTU
ONESNAZENEGA ZRAKA (CLRTAP)

Program spremljanja stanja gozdov v Sloveniji s posku-
snimi snemanji poteka Ze od leta 1986 v okviru progra-
ma |CP Forests in na podlagi konvencije o daljinskem
transportu onesnazenega zraka (CLRTAP), v zadnjih le-

tih v skladu s Pravilnikom o varstvu gozdov (2009).

Poleg opravljanja aktivnosti na veliko povrSinski rav-
ni (Raven 1), poteka delo od L. 2003 tudi na Ravni Il t.
i. procesni ravni (v Sloveniji t.i. intenzivno spremljanje
stanja gozdnih ekosistemov]. S pomocjo Kraljevine Ni-
zozemske, ki je sofinancirala projekt implementacije
EU zakonodaje, se je vzpostavila terenska infrastruk-
tura (postavitev 11 objektov] ter se ustrezno opremila
(laboratoriji), organizirala in usposobila skupina stro-
kovnjakov na Gozdarskem institut Slovenije (GIS) za
spremljanje stanja gozdov na Ravni |l.

Podatki, pridobljeni s spremljanjem stanja gozdov, so
pomembna osnova za pripravo nacionalnih in medna-
rodnih porocCil za podro¢je gozdarstva. Rezultati se de-
loma ali v celoti vkljuCujejo v letna ali periodi¢na naci-
onalna, EU in mednarodna porocila (porocilo o stanju
gozdov v skladu s Pravilnikom o varstvu gozdov, FAO-
-GFRA, Forest Europe, Konvencija LRTAP, ICP Forests,
letna nacionalna porocila (NIR], Konvencija ([UNFCCC],
Kjotski protokol itn.]) in sestavljajo pomemben del goz-
darskega in gozdarsko-okoljskega informacijskega sis-
tema Slovenije.

Program ICP Forests v Sloveniji zaradi svoje narave po-
vezuje Ministrstvo za kmetijstvo, gozdarstvo in prehrano
(MKGPJ, Ministrstvo za okolje in prostor (MOP) z Goz-
darskim institutom Slovenije (GIS), Zavodom za gozdove
Slovenije (ZGS) ter strokovnjake Biotehniske fakulte-
te Univerze v Ljubljani in Agencije R Slovenije (ARSO)
na nacionalni ravni, na mednarodni pa omogoca hiter
prenos znanja in spodbuja sodelovanje s tujimi strokov-
njaki znotraj Ekspertnih skupin programa ICP Forests
(Expert panels) iz stevilnih evropskih gozdarskih insti-
tucij. V zadnjem desetletju so se slovenski strokovnjaki
aktivneje vkljucili v delovanje strokovnih skupin.

One of the primary bases for understanding the future
forest management is the information on the state of
forests today and in the past, which is enabled by vari-
ous types of forest monitoring. In this sphere, too, Slo-
venia has a long tradition with the introduction of con-
trol method in Sneznik forests at the turn of the 20th
century.

THE PROGRAMME OF FOREST MONITORING IN
SLOVENIA ON THE BASIS OF THE CONVENTION ON
LONG-RANGE TRANSBOUNDARY AIR POLLUTION
(CLRTAP)

The program of forest monitoring in Slovenia with trial
recordings has been taking place since 1986 within the
framework of the ICP Forests Programme, on the ba-
sis of the Convention on Long-range Transboundary Air
Pollution (CLRTAP) and, in the last few years, in compli-
ance with the Regulations on forest protection (2009).

Apart from implementing various activities at the large-
scale Level |, work has also been carried out since 2003
at Level Il, at the so-called process level (in Slovenia
called intensive monitoring of forest ecosystems). With
the aid of the Kingdom of Holland, which co-financed
the implementation of EU legislation project, terrain
infrastructure (11 facilities) was set up and a group of
experts suitably equipped (laboratories), organized and
trained at the Slovenian Forestry Institute to implement
the monitoring at Level Il.

The data acquired through forest monitoring are impor-
tant grounds for the preparation of national and inter-
national reports for the field of forestry. The results are
partially or fully included in annual or periodical EU and
international reports (report on forest condition in com-
pliance with the Regulations on the protection of forests
UN/GFRA, Forest Europe, LRTAP Convention, ICP For-
ests, NIR annual reports, Convention [UNFCCCJ, Kyoto
Protocol, etc.) and constitute an important part of the
forestry and forestry-environmental information system
of Slovenia.

The ICP Forests Programme in Slovenia is due to its
characteristics linking the Ministry of Agriculture, For-
estry and Food, Ministry of Environment and Spatial
planning to Slovenian Forestry Institute, Slovenian For-
estry Service and experts from Biotechnical Faculty at
the University of Ljubljana and Slovenian Environment
Agency on national level. At the same time the Pro-
gramme enables fast knowledge transfer on interna-
tional level, fostering cooperation among international
experts in the frame of Expert panels form various Eu-
ropean forestry institutions. In the last decade the Slo-
venian experts were actively involved in Expert panel
activities.



NOVI 1ZZIVI ZA ZDRAVJE, STANJE GOZDOV IN KAKO
NAPREJ

Gozdarska stroka se zaveda usodne povezave med na-
ravo in druzbo. Gozd kot naravna danost ima v tem od-
nosu izjemno pomembno vlogo; podvrzen je razlicnim
interesom in obenem Zivljenjski prostor, v katerem po-
tekajo in bodo potekali Stevilni, ne vedno tudi zazeleni
procesi. Nasa dolZnost je, da bomo to bogastvo, ki nam
ga daje gozd, zapustili nasim zanamcem.

Zavedamo se, da bo treba navkljub nenaklonjenem
Casu za financiranje spremljanja stanja gozdov skrbeti
za kontinuiteto in trajno nadaljevati z aktivnostmi; pri-
lagojen pristop k monitoringu gozdov mora biti most
med preteklostjo in prihodnostjo, most med informa-
cijami, ki smo jih pridobivali zadnjih trideset let, in ti-
stimi, ki prihajajo. Kljub teZavam ne smemo izgubiti
rdece niti glede informacij o stanju in delovanju gozdov
v Sloveniji in SirSe, v evropskem prostoru.

Slovenska gozdnata krajina je nenadomestljiv del
evropskega prostora in je z vidika ekosistemske pe-
strosti vroca tocka. Prepletanje ekosistemskih tipov,
ki le izjemoma dosegajo povrsinsko izrednost, sicer ne
daje velikih moznosti za veliko povrsinsko ekstenziv-
no gospodarjenje, zato pa je porok ekoloski stabilno-
sti in gozdarstvo dobesedno sili v trajnostno, ekolosko
naravnano gospodarjenje. Vsebinsko in informacijsko
zadostna inventarizacija gozda je prvi korak k takemu
gospodarjenju, saj je poznavanje dejanskih razmer
osnova za vse nadaljnje odloCitve. Poleg inventariza-
cije pa nas mora zanimati poznavanje procesov, zako-
nitosti in odzivnosti gozda na okoljske spremembe ter
na stres, kot so npr. vetrolomi, Zledenje, susa in drugi
ekstremni vremenski dogodki, bolezni in insekti, one-
snazevala in drugo.

NEW CHALLENGES FOR HEALTH, STATE OF FORE-
STS, AND LOOK TO THE FUTURE

Forestry sector is aware of essential connection be-
tween nature and the society. Forest as natural wealth
is extremely important in this relationship. subjected
to the various interests and at the same habitat, where
numerous processes are taking place, not always desir-
able. It is our duty to bequeath this wealth to our future
generations.

We are aware that in spite of present situation, adverse
to financing forest monitoring, we will have to take care
of continuity and permanently carry on with the activities
of forest monitoring; a tailored approach to forest moni-
toring should be a bridge between the past and future,
a bridge between information gained in the last thirty
years and the years to follow. In spite of the problems
we should not lose the thread concerning information
on the condition and functioning of forests in Slovenia
and wider, in Europe.

The Slovenia forested landscape is an irreplaceable
part of Europe and a true “hot spot” from the aspect
of the ecosystem diversity. The interwinning of ecosys-
tem types, which reach surface extraordinariness only
exceptionally, indeed does not vouch for large-scale
extensive management, but certainly is a guarantor
for ecological stability, for it literally forces forestry into
sustainable, ecologically oriented management. Sub-
stantively and informationally sufficient forest inven-
tory is the very first step towards such management,
given that knowledge of the actual conditions is a basis
for all further decisions. Apart from inventory making,
however, the knowledge about processes, rules and re-
sponses of forests to environmental changes and stress
Is needed, such as wind-storms, ice-storms, drought
and other extreme weather events, diseases, insects,
pollutants, etc.



TRIDESET LET (1985-2015) SPREMLJANJA
STANJA GOZDOV V SLOVENUI

// THIRTY YEARS (1985-2015) OF FOREST

MONITORING IN SLOVENIA

Marko KOVAC, Primoz SIMONCIC

IZHODISCA

Slabo stanje okolja v 70. letih prejSnjega stoletja,
ki se je veckrat kazalo v obliki unicenih gozdov, je
narekovalo oblikovanje in ratifikacijo Konvencije o
onesnazevanju zraka na velike razdalje prek meja
(CLRTAP). V okviru te Konvencije, zavezujoce od
l. 1983 naprej, je Ekonomska komisija pri Zdruze-
nih narodih za Evropo (UNECE) L. 1985 ustanovila
mednarodni program ICP Forests, katerega cilj je
bil spremljanje stanja gozdov in ucinkov na gozdne
ekosisteme. Program je sprva zajemal pet eksper-
tnih podrocij (depoziti, gozdna tla, stanje krosen;j,
rast drevja, mineralna prehrana rastlin). V desetle-
tjih se je Program vsebinsko in institucionalno raz-
siril in danes obsega osem podrocij ter vkljucuje 42
drzav.

Ceprav je bila Slovenija v 80. letih del Jugoslavije, ki
v Programu ni sodelovala do ratifikacije Konvencije L.
1987, je slovenska gozdarska stroka na lastno pest
v Programu sodelovala od l. 1985 naprej. Po vsebin-
ski in formalni plati je ta Program sledil usmeritvam
Konvencije. Mocan vpliv nanj so imele drzave zaho-
dne Evrope, predvsem ustanovne clanice danasnje
Evropske unije (EUJ, ki so v povezavi z njim sprejele
dve Uredbi Sveta EGS (EEC &t. 3528/86 in 2158/92).
Po osamosvojitvi je Slovenija v Programu sodelova-
la v skladu s Konvencijo, ki jo je nasledila L. 1992. Z
vstopom v EU je poleg te zanjo postala zavezujola Se
Uredba Forest Focus (Regulation EC $t. 2152/2003;
Uredba), ki je veljala do L. 2006.

Vsebinsko gledano Program loceno obravnava dva raz-
licna sklopa. Prvi [Raven |, Level I], ki je v veljavi od L.
1985 naprej, obsega velikoprostorsko statisti¢no inven-
turo zdravstvenega stanja gozdov in je njegova naloga
preucevanje obsega, povrSinske porazdelitve in tenden-
ce razvoja stanja gozdov. Vse do prenehanja veljavnosti
uredbe Forest Focus je ta inventura tekla na sistematic-
ni mreZi 16 x 16 km, poloZeni prek vseh drzav EU in tudi

drugih evropskih drzav. Od L. 2007 naprej inventarizacija
nivec enotna; v nekaterih drzavah Se naprej poteka tako

// BASELINE

The poor state of the environment in the 1970s, whi-
ch was often reflected in forest degradation, called
for preparation and ratification of the Convention on
Long-range Transboundary Air Pollution (CLRTAP).
Under the auspices of this Convention, binding from
1983 onwards, the United Nations Economic Com-
mission for Europe (UNECE) founded in 1985 the In-
ternational ICP Forests Programme, the objective of
which was monitoring of forests and impacts on forest
ecosystems. Initially, the Programme embraced five
expert spheres (deposits, forest floor, crown conditi-
on, tree growth, mineral nutrition of plants). Through
decades, the Programme was extended institutionally
as well as in terms of its contents; today it embraces
eight spheres and includes 42 countries.

Although Slovenia was part of Yugoslavia in the 1980s
and did not take part in the Programme until the Con-
vention was ratified in 1987, the Slovenian forestry
profession participated in the Programme at its own
initiative from 1985 onwards. From the substantive and
formal aspects, the Programme followed the Conven-
tion’s guidelines. It was strongly influenced by the West-
ern European countries, primarily founding members
of the present-day European Union (EU), which in con-
nection with it adopted two Council Regulations EGS
(EEC No. 3528/86 and 2158/92). After gaining its inde-
pendence, Slovenia participated in the Programme in
accordance with the Convention, which it succeeded in
1992. With its entry into EU, the Forest Focus (Regula-
tion EC No. 2152/2003; Regulation] also became binding
for Slovenia and remained in force till 2006.

As to its contents, the Programme deals separately with
two different complexes. The first (Level 1], which has
been running since 1985, embraces a large-scale statis-
tical inventory of the forests’ health condition, its main
task being to study the extent, surface distribution and
tendencies of the forests” condition development. Until
the expiry of the Forest Focus Regulation” validity, this
inventory was implemented in a systematic 16 x 16 km



kot prej, v nekaterih je ukinjena, v nekaterih drzavah pa
je zdruZena z nacionalnimi gozdnimi inventurami. Drugi
sklop (Raven I, Level I}, imenovan “intenzivni monito-
ring gozdnih ekosistemov”, se je zacel uresnicevati L.
1994. V dopolnilo prvemu je njegova naloga izboljSanje
znanja in boljSe razumevanje ucinkov onesnaZenega
zraka in drugih stresorjev (susa, depoziti) na gozdne
ekosisteme. Tudi ta del raziskovanja je od l. 2007 zaradi
prenehanja veljavnosti Uredbe v drzavah EU izpostavljen
kréenju.

Vse od L. 1985 do L. 2000 uresnicevanje Programa v Slo-
veniji ni bilo podprto s pravnimi podlagami. Te so bile
prvi¢ ustvarjene s Pravilnikom o varstvu gozdov iz L.
2009 (PVG 2009).

SPREMLJANJE STANJA GOZDNIH EKOSISTEMOV V
SLOVENLJI

Prva inventura propadanja gozdov v Sloveniji je bila v
domeni domace gozdarske stroke opravljena L. 1985.
Njen statisticni model je temeljil na vzorcenju v groz-
dih, pri ¢emer so grozd tvorile 4 ploskve s po 6 drevesi
(M6; metoda stalnega Stevila drevja). Inventura je bila
organizirana na ravni drzave in je praviloma potekala na
sistematicni mrezi 4 x 4 km. Poleg kazalcev zdravstve-
nega stanja gozdov so se ocenjevali in merili Se sestojni
in dendrometrijski znaki in bolezni. Druga inventura na
mrezi 4 x 4 km je bila v Sloveniji opravljena L. 1987, ko je
prvi¢ stekla tudi vsejugoslovanska inventarizacija goz-
dov.

Opisaniinventurni model je bil v Slovenijivrabido L. 2000,
v njegovem okviru pa sta periodi¢no tekla Se pedolosko
snemanje in odvzem foliarnih vzorcev za analize mine-
ralne prehrane rastlin. L. 2000 je bil inventurni model
izpopolnjen; v grozd je bila vkljuena Se stalna vzoréna
ploskev z odmerjenimi koncentri¢nimi krogi, na katero
se je preneslo snemanje vseh kazalcev. Do te spremem-
be je prislo zaradi nereprezentativnosti ploskev Mé, na
katerih se je gospodarilo drugace kot v bliznjih sestojih.
Mé ploskve pa niso bile opuSéene v celoti; ohranjene so
na mrezi 16 x 16 km in zaradi kontinuiranosti ¢asovne
serije rabijo porocanju Konvenciji, na mrezi 4 x 4 km pa
sta ohranjeni le po dve.

Delo na Ravni Il 0z. na intenzivnem monitoringu gozdnih
ekosistemov je steklo ob koncu L. 2003. Pred tem ca-
som je potekal program na Ravni Il na izbranih testnih
ploskvah. S pomocjo Kraljevine Nizozemske, ki je so-fi-
nancirala projekt implementacije EU zakonodaje, vzpo-
stavitev intenzivnega monitoringa gozdov v Sloveniji, je
bila v drzavi v naslednjih dveh letih vzpostavljena in in-
frastrukturno opremljena mreza 11 objektov velikosti 1
ha z osrednjimi 50 m x 50 m velikimi ploskvami. Na teh

grid, placed across all EU countries and other European
states. From 2007 onwards, the inventory has not been
uniform any longer; in some countries it is still imple-
mented in the same manner as before, in some it was
abolished, while in some of them it has been combined
with national forestry inventories. The second complex
(Level 1], also known as »intensive forest ecosystems
monitoring«, began to be implemented in 1994. As a
complement to the first complex, its task is to improve
the knowledge and a better understanding of the im-
pacts of air pollution and other stressors (drought, de-
posits) on forest ecosystems. Owing to the expiry of the
Forest Focus Regulation” validity in EU countries, this
part of research has been curtailed since 2007 as well.

From 1985 to 2000, the Programme’s implementation
was no supported by any legal bases in Slovenia. These
were adopted with the Regulations on forest protection
in 2009 (PVG 2009).

MONITORING OF FOREST ECOSYSTEMS IN SLOVENIA

The first inventory of forest degradation in Slovenia was
carried out by forestry profession in 1985. Its statistical
model was based on cluster sampling, where a cluster
was composed of 4 plots with 6 trees each (Mé; con-
stant tree counting method).The inventory was organ-
ized at the national level and was, as a rule, implement-
ed in the systematic 4 x 4 km grid. Apart from forests’
health condition indicators, dendrometric and stand
marks as well as presence of diseases were assessed.
The second inventory in 4 x 4 km grid was carried out in
Slovenia in 1987, when the all-Yugoslav inventarization
was also initiated for the first time.

In Slovenia, the described inventory model was used till
2000. Within its framework, pedological recording and
foliar sampling for analyses of the plants” mineral nu-
trition was periodically implemented as well. In 2000,
the inventory model was improved; a cluster including
a permanent sample plot with concentric circles, on to
which recording of all indicators was transferred. This
change was made owing to the non-representativeness
of M6 plots, where management differed from that in
the nearby stands. Mé plots, however, were not aban-
doned in full; they have been preserved on the 16 x 16
km grid and serve, owing to the continuity of time se-
ries, for reporting to the Convention, while in 4 x 4 km
grid only 2 plots have been preserved.

The work at Level Il (or intensive monitoring of forest
ecosystems) began at the end of 2003. Previously, the
programme had been conducted at Level Il on selected
test plots. With the aid of the Kingdom of Holland, which
co-financed the implementation of EU legislation pro-



ploskvah od L. 2004 tece spremljanje sprememb kazal-
cev in procesov, kot so osutost krosenj in porumene-
lost listja drevja, zdravstveno stanje drevja, indeks listne
povrsine, rast drevja, sprememba vegetacije, fenologi-
ja, stanje gozdnih tal, mineralna prehrana drevja, vnos
onesnazeval v gozdne ekosisteme, vnos in iznos snovi
(koli¢ina in kakovost padavin, dinamika opada, kakovost
talne raztopine), meteoroloski znaki, pojav in znaki po-
skodovanosti vegetacije zaradi ozona (0,).

Foto: Iztok Sinjur
//Photo: Iztok Sinjur

ject, i.e. establishment of intensive forest monitoring in
Slovenia, the infrastructurally equipped network with 11
1 ha large facilities with central 50 x 50 m large plots
was set up in the country in the ensuing two years. On
these plots, monitoring of the changes in indicators and
processes, such as crown defoliation and discolouration
of tree leaves, health condition of trees, leaf area index,
tree growth, vegetation changes, phenology, forest soil
condition, mineral nutrition of trees, input of pollut-
ants into forest ecosystems, input and output of matter
(quantity and quality of precipitation, leaf-litter dynam-
ics, quality of soil solution), meteorological parameters,
presence and signs of vegetation damage owing to
ozone (0., has been carried out.
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Zakonodaja

V Sloveniji smo od leta 1986 stanje gozdnih ekosistemov
spremljali v skladu z mednarodnim programom ICP Fo-
rests, od leta 1986 do 2003 v skladu z evropsko zakono-
dajo, v letih 2003-2006 v okviru projekta Forest Focus,
2007-2008 v lastni iniciativi, 2009-2015 pa v skladu s
Pravilnikom o varstvu gozdov, ki se sklicuje na CLRTAP
0z. program ICP Forests. Razvoj in spremljanje stanja
gozdnih ekosistemov v Sloveniji sta bila skozi leta de-
leZna razlicnega financiranja: Javne gozdarske sluzbe
Ministrstva za kmetijstvo, gozdarstvo in prehrano, pred-
pristopne pomoci KraljevineNizozemske in v okviru na-
log EU; npr. sofinanciranje na osnovi domace (Pravilnik
o varstvu gozdov; 2009) in EU zakonodaje (1986, 1994,
1999, 2003) ter projekta FutMon Life+ (2009-2011). Po
letu 2011 je financiranje programa prepusceno presoji
vladam in pristojnim ministrstvom drzav ¢lanic EU. V
Sloveniji so bili ravno podatki, pridobljeni v okviru mre-
Ze ICP Forests, pomemben vir podatkov za porocanje
po Kjotskem protokolu (obdobje 2008-2012), Se zlasti za
spremljanje zalog ogljika v gozdnih tleh in opadu.

Glavni cilji

Cilj programa je pridobiti vpogled v prostorske in ¢asov-

ne spremembe stanja gozdov in ugotoviti vpliv stresnih

dejavnikov, vklju¢no z onesnazenostjo zraka, na gozd.

S tem namenom je bil v drzavah, ki so pri programu ICP

Forest sodelovale, vzpostavljen monitoring poskodovanosti

gozdov, ki se spremlja prek kazalca osutosti in popisa po-

Skodb drevja.

Cilji spremljanja poSkodovanosti gozdov na ploskvah Raven

| so:

e periodi¢ne informacije o prostorskem in ¢asovnem giba-
nju vitalnosti dreves na ravni drzave in EU,

e ugotoviti trend zdravstvenega stanja drevesnih vrst ter
propadanja gozdov,

Legislation

Since 1986, forest ecosystems have been monitored in Slo-
venia in compliance with the international ICP Forests pro-
gramme: from 1986 to 2003 in accordance with European
legislation, in the years 2003-2006 within the Forest Focus
programme, from 2007 to 2008 according to our own initia-
tive, and from 2009 to 2015 in compliance with the Regula-
tions on the protection of forests which refers to CLRTAP
(ICP Forests). The development and monitoring of forest
ecosystems in Slovenia was financed through years by the
Public Forestry Service of the Ministry of Agriculture, For-
estry and Food, pre-accession aid by Kingdom of Holland,
and within the framework of EU tasks, e.g. co-financing on
the basis of domestic legislation (Requlations on the pro-
tection of forests, 2009), EU legislation (1986, 1994, 1999,
2003) and the FutMon Life+ Project (2009-2011). After 2011,
the financing of the programme was left to the govern-
ments and competent ministries of EU member states.
In Slovenia, it was the very data acquired within the ICP
Forests network that constituted an important source of
data for reporting in accordance with the Kyoto Protocol
(2008-2012 period), particularly for the monitoring of car-
bon stocks in forest soil and leaf-litter layer.

Main objectives

The objective of the programme is to gain insight into spa-

tial and temporal changes of the forests’ condition and to

ascertain the impacts of stress factors, including air pollu-

tion, on forests. To this end, monitoring of forest damages,

which are followed via defoliation indicators and inventory

of tree damages, was introduced in the countries taking

part in the ICP Forests programme.

The objectives of forest damage monitoring at level | plots

are:

e periodic information on spatial and temporal trends of
tree vitality at the levels of the country and EU;

e to ascertain the trend of health condition of tree species
and forest degradation;



e porocati o stanju gozdov na razli¢nih prostorskih ravneh,
kot so npr. drzavna porocila, ki jih doloca Pravilnik o var-
stvu gozdov, in porocila na mednarodni ravni, za katere se
je drZava obvezala ob podpisu listin, resolucij in protoko-
lov [porocilo ICP Forests, UN-FAO/ECE, MCPFE].

Namen intenzivnega spremljanja stanja gozdnih ekosiste-
mov je podrobnejSe seznanjanje z ekoloSkimi procesi, ra-
zvojem gozdnih sestojev, identificiranje vzrocno-posledicnih
mehanizmov, ocenjevanje sposobnosti prilagajanja gozdnih
ekosistemov vnosom onesnaZzeval in nenazadnje priprava
ukrepov za zmanjSevanje tveganj glede okoljskih vplivov in
stabilnosti gozdnih ekosistemov danes ter v prihodnosti.

Uresnicevanje

Program ICP Forests se v Sloveniji uresnicuje na dveh in-
tenzivnostnih ravneh, in sicer na Ravni | in Ravni Il. Raven |
obsega 44 ploskev (sistemati¢na vzoréna mreza 16 x 16 km)
(slika 1], na katerih se letno spremlja stanje gozdov prek
kazalca osutosti in poskodovanosti drevja. Periodi¢no, na 5
do 10 let, se je v Sloveniji poskodovanost gozdov spremlja
de dodatno na zgoSceni vzoréni mrezi 4 x 4 km [cca. 780
ploskev). Za izbiro dreves na ploskvi je uporabliena meto-
da Mé. Na mrezi 16 x 16 km vsako ploskev sestavljajo Stiri
pod-ploskve Mé. Tako se na vsaki ploskvi oceni zdravstveno
stanje 24 dreves.

V okviru intenzivnega spremljanja stanja gozdnih ekosiste-
mov (Raven 1] je bilo v letu 2003 vzpostavljenih 11 ploskev po
vsej Sloveniji (Slika 1), kjer poteka sistematicno zbiranje in-
formacij o vremenskih spremenljivkah, zraénih usedlinah,
vsebnostih hranil v iglicah, listju in opadu, onesnazenosti
in rodovitnosti gozdnih tal, kemijski sestavi talne raztopine,
fenoloSkem razvoju dreves, kakovosti zraka, rasti dreveja,
osutosti kroSenj, stanju pritalne vegetacije (Slika 2) v skladu
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e and to report on condition of forests at different spatial
levels, such as national reports as stipulated by the Reg-
ulations on forest protection and reports at the interna-
tional level, for which the country committed itself when
signing documents, resolutions and protocols (ICP For-
est report, UN-FAO/ECE, MCPFE]).

The purpose of intensive monitoring of forest ecosystems
is a more detailed familiarization with ecological processes,
development of forest stands, identification of cause-effect
mechanisms, assessment of the capability of forest eco-
systems adapting to the input of pollutants and, last but not
least, preparation of measures to reduce risks regarding
the environmental impacts and stability of forest ecosys-
tems today and in the future.

Implementation
The ICP Forests programme is being implemented in Slo-
venia at two intensity levels, i.e. at Levels [ and Il..

Level | embraces 44 plots (16 x 16 km systematic sample
grid (Figure 1), on which the condition of forests is annually
monitored via defoliation indicator and damages to trees
. Periodically, at 5 to 10 years, tree damage is additionally
monitored in 4 x 4 km condensed grid (ca. 780 plots). For
the selection of trees on a plot, the M6 method is used,
which means that 6 trees nearest to the plot centre are in-
ventoried. Each plot In the 16 x 16 km grid is composed of
4 sub-plots Mé. In this way, health condition of 24 trees is
assessed.

Within the framework of intensive monitoring of forest
ecosystems (Level I}, 11 plots were set up in 2003 all over
Slovenia, where a systematic gathering of information on
weather variables, air sediments, contents of nutrients in

Slika 1: Ploskve spremljanja stanja
gozdnih ekosistemov v Sloveniji

. (Raven | in Raven Il)

i // Figure 1: Forest monitoring plots in

“Mh"' Slovenia (Levels | and 11)
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z navodili ICP Forests (http://icp-forests.net/page/icp-fore-
sts-manual).

Zaradi razli¢nih vzrokov smo nekaj ploskev deloma ali pop-
olnoma opustili, nekaj pa na novo osnovali, predvsem kot
nadgradnjo obstojecih. Tako imamo danes Stiri t. i. »core«
ploskve, kjer opravljamo vse aktivnosti, ter Sest ploskev z
niZjo intenziteto spremljanja gozdnih ekosistemov, kjer je
poudarek na neposrednem monitoringu zdravja, prehran-
Jenosti in osutosti drevja.

needles, leaves and leaf-litter, pollution and fertility of fo-
rest soil, chemical structure of soil solution, phenological
development of trees, air quality, tree growth, crown defo-
liation, condition of ground vegetation (Figure 2) is carri-
ed out in compliance with the instructions of ICP Forests
(http://icp-forests.net/page/icp-forests-manual.

For various reasons, some plots were partially or fully
abandoned, while some were set up anew, especially as a
superstructure of the existing plots. Thus we currently have
four core plots, where all activities are carried out, and six
plots with lower intensity of forest ecosystem monitoring,
where emphasis is laid on direct monitoring of tree health,
nutrition and defoliation.

Preglednica 1: Geografska lokacija in glavne znacilnosti ploskev intenzivnega spremljanja gozdnih ekosistemov (Raven Il)

(“core” ploskve oznacene s krepko pisavo)

// Table 1: Geographic locations and main characteristics of forest monitoring plots (Level Il) in Slovenia (core plots in bold)

Ime ploskve Zemljepisna Zemljepisna Nadmorska

EkoloSka regija

Glavna drevesna vrsta &t opazovanih Obdobje

dolZina* sirina* visina*

dreves spremljanja

Plot name Longitude  Latitude (°)  Elevation Ecological region Main tree species No. of Monitoring
(°) (m) observed trees  period

1 - Krucmanove konte  +13°56° +46°22° 1397 Alpska / Alpine Smreka (Picea abies) 19 2003 - present

2 - Fondek +13%43° +45°59 " 827 Dinarska / Dinaric Bukev (Fagus sylvatica) 20 2003 - present

3 - Gropajski bori +13°51" +45°40" 420 Submediteranska / Sub-Medi-  « i\ (pinus nigral 19 2003 - 2013

terranean

4 -Brdo +14°24° +46°17° 47 Predalpska / Pre-Alpine Rdeci bor (Pinus sylvestris) 20 2003 - present

5 - Borovec +14°48° +45°32° 705 Dinarska / Dinaric Bukev (Fagus sylvatica) 20 2003 - present

6 - Kladje +15°237 +46°28° 1304 Pohorska / Pohorje Smreka (Picea abies) 19 2003 - 2008

7 - Temenjak +15°12° +46°21°7 1000 Predalpska / Pre-Alpine Bukev (Fagus sylvatica) 20 2003 - 2008

8 - Lontovz +15°03° +46°05° 950 Predalpska / Pre-Alpine Bukev (Fagus sylvatica) 20 2003 - present
Bukev (Fagus sylvatical,

9 - Gorica +14°38" +45°38° 955 Dinarska / Dinaric 20 2003 - 2014
jelka (Abies alba)
Dob (Quercus robur), beli

10 - Krakovski gozd +15°24° +45°52° 160 Predpanonska / Pre-pannonian 20 2003 - 2013
gaber (Carpinus betulus)
Smreka (Picea abies),

11 - Murska Suma +16°30° +46°29° 170 Predpanonska / Pre-pannonian 2003 - 2013
bukev (Fagus sylvatical

12 - Tratice +15°23" +46°27" 1289 Pohorska / Pohorje mesano (mixed) 2009 - present

99 - GIS-vrt** +14°29" +46°03” 310 Predalpska / Pre-Alpine 2009 - present

* Center ploskve // plot centre

**Dodatna, testna, ploskev, namenjena preizkusanju naprav, metod, tudi demonstraciji strokovni in laicni javnosti
// Additional plot, serves as a test plot for pilot devices, methods, as demonstration plot for professional and lay public



STANJE KROSENJ IN POSKODBE DREVJA
// TREE CROWN CONDITION AND DAMAGE CAUSES

Mitja Skudnik

Stanje krosenj in poskodbe drevja v Sloveniji spre-
mljamo Ze od leta 1985. Stanje krosenj ocenjujemo
s pomocjo kazalnika osutost, poskodbe drevja pa na
podlagi videnega simptoma poskodbe posameznega
dela drevesa. Rezultati kazejo, da se v Sloveniji zdra-
vstveno stanje dreves od leta 2008 dalje izboljsuje,
stanje iglavcev ostaja slabse od stanja listavcev. Naj-
pogostejsi vzroki poskodb drevja so biotski (defolia-
torji in podlubniki) in v zadnjih letih vse pogostejsi tudi
abiotski dejavniki, kot so Zledenje, vetrolomi, snego-
lomi in pozari.

Popis stanja krosenj v Sloveniji poteka Ze od leta 1985.
Cilj programa je pridobiti vpogled v prostorske in ¢asov-
ne spremembe zdravstvenega stanja gozdov in ugoto-
viti vpliv stresnih dejavnikov, vklju¢no z onesnazenostjo
zraka.

S tem namenom je bil v drzavah, ki so sodelovale pri
programu ICP Forests, vzpostavljen monitoring posko-
dovanosti gozdov. Glavna indikatorja za spremljanje
poskodovanosti gozdov sta spremljanje stanja krosenj
(osutost krogenj) in ocena poskodb drevja. Osutost je
na oko ocenjeni deleZ (v odstotkih] manjkajocih asimi-
lacijskih organov (listov, iglic) izbranega drevesa v pri-
merjavi z normalno olistanim primerkom iste drevesne
vrste. Pri vsakem drevesu se ocenijo tudi vidne poSkod-
be - mesto poskodbe na drevesu, obstojeci simptomi in
potencialni povzrocitelj poskodbe.

V Sloveniji stanje krosenj spremljamo na 44 ploskvah
Ravni | (sistemati¢na vzoréna mreza 16 x 16 km) (Slika
1) in 10 ploskvah intenzivnega spremljanja stanja goz-
dov [Raven 11}, ki so bile v Sloveniji osnovane leta 2004.
Namen popisa poskodb drevja je spremljanje razli¢nih
stresnih dejavnikov, ki vplivajo na poskodovanost goz-
dnega drevja, in hkrati tudi delno pojasniti vzroke osuto-
sti dreves. Cilj spremljanja stanja kroSenj pa je ugotoviti
trend zdravstvenega stanja drevesnih vrst ter propada-
nja gozdov.

Prednost spremljanja stanja gozdov na dveh ravneh (Ra-
ven | in Raven Il) je predvsem v tem, da je prvi namenjen
spremljanju stanja gozdov na drZavni ravni, medtem ko
je namen monitoringa na ploskvah Raven Il predvsem

/] Tree crown condition and damage causes in Slo-
venia have been monitored since 1985. The crown
condition is assessed using the indicator defoliation,
while damage of trees is assessed with visible dam-
age symptoms for each part of the tree. The results
for Slovenia show that from 2008 the state of health
of trees has improved, while the state of conifers re-
mains slightly worse compared to broadleaves. The
commonest causes of tree damages are biotic factors
(like defoliators and bark beetles), Increasingly com-
mon in recent years, however, have also been abiotic
factors such as sleet, snowbreaks, windthrows and
fires.

Tree crown monitoring has been carried out in Slovenia
since 1985. The aim of the program is to gain insight into
the spatial and temporal changes in forest health condi-
tion and to determine the effect of stress factors, including
air pollution on forests.

For this reason, the countries participating in the ICP For-
est program established a monitoring of tree health. The
main indicators were the monitoring of crown condition
(defoliation] and assessment of damage causes. Defolia-
tion is the estimated proportion of missing assimilation
organs (leaves, needles) for selected trees compared with
normal foliage of the same tree species. For each tree,
visible damages are also assessed - damaged part of the
tree, damage symptoms and the potential cause of injury.

In Slovenia, the crown condition is monitored on 44 Level |
plots (systematic sampling 16 x 16 km grid) (Figure 1) and
on 10 intensive monitoring plots (Level I}, which were es-
tablished in Slovenia in 2004. The purpose of the damage
cause assessment is to monitor the types of stress factors
that affect the damage of forest trees and also to partially
explain the causes of tree crown defoliation. The aim of
crown condition monitoring is to determine the trend of
the health status of tree species and forest degradation.

Benefits of forest monitoring designed at two levels
(Level | and Level ll] lie mainly in the fact that the first is
designed to monitor the condition of forests at the na-
tional level, while the purpose of the second level is a
better understanding of the interdependence between
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Slika 1. Povprecna osutost za obdobje 2008-2013 po posameznih ploskvah Ravni | v Sloveniji
// Figure 1. Average defoliation for the period 2008-2013 for Slovenian Level | plots

boljSe razumevanje odvisnosti med vitalnostjo drevja
in vzroki ter posledicami faktorjev stresa. Dodatno re-
zultati monitoringa na ploskvah Raven Il rabijo tudi kot
kontrola dolgorocnih trendov propadanja gozdov in za-
znavanje trenutnega stanja osutosti drevesnih vrst.

Rezultati kaZejo, da se je v Sloveniji zdravstveno stanje
gozdov nekoliko izboljSalo. Predvsem se je zmanjSal de-
leZ poskodovanih listavcev. Kljub temu pa je delez po-
Skodovanih dreves v Sloveniji Se vedno nad povpre¢jem
drzav ¢lanic EU. Najpogostejsi vzroki so biotski [defoli-
atorji in podlubniki) in v zadnjih letih tudi abiotski dejav-
niki, kot so zledenje in vetrolomi.

Popis stanja kroSenj in povzrociteljev poSkodb je po-
memben zato, ker zaobjema celotno nacionalno oze-
mlje v enem trenutku oz. v enem letu. V okviru rednega
monitoringa gozdov se pogosto poleg poskodovanosti
ocenjujejo in merijo tudi drugi znaki, kot so npr. debe-
linski in viSinski prirastek drevja, koli¢ina odmrle bio-
mase itd., zaradi Cesar ti podatki oblikujejo pomembno
ekolosko zbirko o gozdnem prostoru. Kot celota je popis
pomemben tudi z mednarodnega vidika - program ICP
Forests je namrec globalno uveljavljen in ga uresnicu-
jejo v vecini evropskih dezel, Kanadi, ZDA ter nekaterih
azijskih drzavah.

the vitality of trees and causes and consequences pro-
duced by stress factors. In addition, the results of moni-
toring plots at Level Il serve also as a control for long-
term trends in forest degradation and perception of the
current state of defoliation of tree species.

The results show that Slovenia forest health condition
has improved. In particular, proportion of damaged
broadleaves trees decreased. Nevertheless, the propor-
tion of damaged trees in Slovenia is still above the EU
average. The commonest causes are biological (causes
like defoliators and bark beetles) and, in recent years,
the abiotic factors such as sleet and windthrows.

Crown condition and damage causes survey gives im-
portant information on the state of forests in the entire
national territory at one time or in one year. Within the
framework of regular forest monitoring, monitoring of
other characteristics of trees like DBH and height of
trees, the amount of dead biomass, etc. is often includ-
ed as well. These pieces of information jointly constitute
an important ecological collection of data for forest ar-
eas. As a whole, the survey is also important from an
international perspective.

The ICP Forest program is widely spread and imple-
mented in most European countries as well as in Can-
ada, the US and some Asian countries.
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SPREMLJANJE STANJA PRITALNE

VEGETACIJE GOZDOV

// MONITORING OF FOREST GROUND VEGETATION

Lado Kutnar

SPREMLJANJE PRITALNE VEGETACIJE V EVROPI IN

SLOVENUJI

Spremljanje stanja pritalne vegetacije gozdov poteka v
okviru mednarodnega programa ICP Forests. V okviru
tega programa je bila oblikovana posebna ekspertna
skupina, ki razvija mednarodno usklajene metode za
spremljanja stanja biotske raznovrstnosti gozdov in
pritalne vegetacije. Spremljanje stanja in sprememb
pritalne vegetacije v Evropi in pri nas poteka na dveh
razlicnih ravneh: (i) Raven | temelji na sistemati¢no
razvrécenih ploskvah na mrezi 16 x 16 km; (i) Raven
[l pa vkljuCuje ploskve za intenzivno spremljanje sta-
nja gozdnih ekosistemov in ucinkov razli¢nih stresnih
dejavnikov.

Cilj spremljanja pritalne vegetacije je pridobivanje in-
formacij o spremembah rastlinske vrstne pestrosti
zaradi naravnih sprememb [(npr. naravna sukcesija
gozda) in motenj (npr. onesnazenje okolja, podnebne
spremembe, gospodarjenje z gozdom). S tem name-
nom se ugotavljajo (i} vrstna sestava, [ii) stopnja zasti-
ranja vrst [pokrovnost, obilje) in [(iii] vertikalna struktu-
ra vegetacije.

ZGODOVINA SPREMLJANJE PRITALNE VEGETACIJE
V SLOVENUJI

Zacetki spremljanja pritalne vegetacije v Sloveniji v
skladu s programom ICP Forests segajo Ze v leto 1994,
ko smo popisali del ploskev na mrezi 16 x 16 km (Ra-
ven |). Prve raziskave pritalne vegetacije na Ravni Il (in-
tenzivno spremljanje gozdov) smo poskusno napravili
v letu 1996 na dveh ploskvah v blizini Kocevske Reke.

Zacetek sistemati¢nega spremljanja pritalne vegetaci-
je sega v leto 2004, ko smo v okviru evropskega progra-
ma Forest Focus (2004-2006) napravili popis vegetacije
na 11 izbranih ploskvah za intenzivno spremljanje sta-
nja gozdov (Raven llI]). CelostnejSi popis pritalne vege-
tacije na 39 ploskvah mreze 16 x 16 km (Raven 1] je bil
opravljen v okviru evropskega demonstracijskega pro-
jekta BioSoil (Biodiverziteta) v letih 2006 in 2007.

RASTLINSKA PESTROST GOZDOV V SLOVENLJI
Dogovorjena popisna povrsina za vrednotenje rastlin-
ske vrstne pestrosti na obeh ravneh znasa 400 m? V

MONITORING OF GROUND VEGETATION IN EUROPE
AND SLOVENIA

Monitoring of forest ground vegetation is part of the
International ICP Forests Programme. Within this Pro-
gramme, the Expert Panel on Biodiversity and Ground
Vegetation has been given the task to develop harmo-
nised monitoring methods in the fields of forest bio-
logical diversity and ground vegetation. Monitoring of
ground vegetation in Europe and Slovenia is carried out
on two different levels: (i) Level | is based on a systemat-
ic 16 x 16 km gridnet; (i) Level Il comprises plots for the
intensive monitoring of conditions in forest ecosystems
and effects of different stress factors.

The main objective of the assessment of diversity in
ground vegetation is to get information on changes in
biodiversity due to natural dynamics (e.g. natural suc-
cessional development of forest) and disturbances [e.g.
air pollution, climate changes, forest management). The
aim of the vegetation survey through continuous moni-
toring is to obtain information on changes (i) in species
composition, (i} in species cover [abundance), and (iii} in
vertical vegetation structure.

HISTORY OF GROUND VEGETATION MONITORING IN
SLOVENIA

In Slovenia, first test phase of ICP Forests ground vege-
tation monitoring started in 1994, when part of the plots
on 16 x 16 km gridnet (Level 1) were surveyed. In 1996,
the test survey of ground vegetation on Level 2 (inten-
sive monitoring of forests) was carried out on two plots
near Kocevska Reka village.

In Slovenia, the systematic ground vegetation monitor-
ing started in 2004. Within the European Forest Focus
Programme (2004-2006), a vegetation inventory of 11
selected intensive monitoring plots (Level Il] was done.
As a part of the European BioSoil demonstration project
(Biodiversity], the comprehensive survey of ground veg-
etation on 39 plots of the 16 x 16 km gridnet (Level I) was
performed in 2006 and 2007.

FOREST PLANT DIVERSITY IN SLOVENIA
At both two levels, the harmonised sampling area for
the evaluation of plant species diversity covers 400 m?.



Sloveniji na Ravni | spremljamo pritalno vegetacijo na
popisni ploskvi krozne oblike z radijem 11,3 metra. Na
ploskvah Ravni Il dobimo to popisno povrsino z zdruZe-
vanjem stirih vegetacijskih podploskev velikosti 10 x 10
metrov. Za oceno stopnje zastiranja rastlinskih vrst na
ploskvah obeh ravni uporabljamo metodo po Barkman
et al (1964).

Popis vegetacije na ploskvah obeh ravni je pokazal raz-
meroma visok nivo vrstne pestrost gozdov v Sloveniji.
Na Ravni Il smo popisali v povprec¢ju 61 vrst praprotnic
in semenk na ploskev (preglednica 1). Celotno Stevilo
popisanih vrst praprotnic in semenk na vseh ploskvah

Ravni Il je bilo 295.

V vseh vertikalnih plasteh [drevesna, grmovna in ze-
lis¢na) ploskev Ravni | in Il smo na povrsini 400 m? v
povprecju popisali 8,3 drevesnih vrst (razpon od 2 do 17
vrst na ploskev) in 6,4 grmovnih vrst (razpon od 0 do 20
vrst). Najveckrat popisane drevesne vrste v vseh verti-
kalnih plasteh so bile Fagus sylvatica, Picea abies, Acer
pseudoplatanus, Quercus petraea, Prunus avium, Abies
alba, Carpinus betulus, Fraxinus excelsior, Sorbus au-
cuparia in Sorbus aria. Od grmovnic in olesenelih vzpe-
njavk pa smo najveckrat dolocili naslednje vrste: Rubus
hirtus, Hedera helix, Corylus avellana, Daphne mezere-
um, Clematis vitalba, Sambucus nigra, Rosa arvensis,
Euonymus europaea in Rubus idaeus.

Spremljanje stanja rastlinske vrstne sestave, zastira-
nja vrst in vertikalne strukture vegetacije je razmero-
ma dobro izhodiSCe za zaznavanje sprememb v gozdnih
ekosistemih. Na osnovi kontinuiranega monitoringa
pritalne vegetacije gozda lahko ugotavljamo in sledimo
spremembam gozdnih ekosistemov in njihovega Sirse-

ga okolja ter u¢inkom razli¢nih stresnih dejavnikov.

In Slovenia, monitoring of ground vegetation at Level I is
carried out on the circular plot with a radius of 11.3 me-
ters. At Level I, the sampling area is obtained by com-
bining four vegetation subplots of 10 x 10 meters. For
the estimation of plant cover at both two levels, method
by Barkman et al. is used (1964).

A relatively high level of forest plant species diversity
was established on the plots of both levels. On average,
61 vascular plant species per Level Il plot were docu-
mented (Table 1). A total of 295 vascular plant species
were recorded on these plots.

In all vertical layers (tree, shrub and herb layer) of Level
I and Level Il plots measuring 400 m? in size on average,
8.3 tree species (range 2 to 17 species per plot) and 6.4
shrub species (range 0 to 20 species) were identified.
The most frequently assessed tree species in all vertical
layers were Fagus sylvatica, Picea abies, Acer pseudo-
platanus, Quercus petraea, Prunus avium, Abies alba,
Carpinus betulus, Fraxinus excelsior, Sorbus aucupar-
la and Sorbus aria. Among shrub species and woody
climbers, Rubus hirtus, Hedera helix, Corylus avellana,
Daphne mezereum, Clematis vitalba, Sambucus nigra,
Rosa arvensis, Euonymus europaea and Rubus idaeus
prevailed.

Assessment of the plant species composition, plant
cover and vertical structure of vegetation is a relatively
good starting point for detecting changes in forest eco-
systems. On the basis of continuous monitoring of for-
est ground vegetation, the changes of forest ecosystems
and their environment and the effects of various stress
factors can be identified and followed.

Preglednica 1. Pestrost rastlinskih vrst na ploskvah ravni Il // Table 1. Diversity of plant species on Level Il plots

Stevilka in ime

Vegetacijski tip
Ploskve Vegetation type

Number & plot name
1-KRUCMANOVE KONTE

Aposerido-Piceetum var. geogr. Helleborus niger

3-GROPAJSKI BORI

Ostryo-Quercetum pubescentis

6-KLADJE Avenello flexuosae-Piceetum var. geogr. Aposeris foetida
7-TEMENJAK Lamio orvalae-Fagetum var. geogr. Dentaria pentaphyllos
9-GORICA Omphalodo-Fagetum var. geogr. Calamintha grandiflora
10-KRAKOVSKI GOZD Pseudostellario europaeae-Quercetum roboris
2-FONDEK Seslerio autumnalis-Fagetum var. geogr. Anemone trifolia
4-BRDO Vaccinio myrtilli-Pinetum var. geogr. Castanea sativa
5-BOROVEC Lamio orvalae-Fagetum var. geogr. Dentaria polyphyllos
8-LONTOVZ Lamio orvalae-Fagetum var. geogr. Dentaria pentaphyllos
11-MURSKA SUMA Querco roboris-Carpinetum s. lat.




Stevilka in ime Ograjena ploskev St. 10X10 m Povp. St. Vrst praprotnic  St. Vrst praprotnic in
Ploskve Fenced plot Podploskev in semenk/podploskev  semenk

Number & plot name N 10x10 m mean n vascular N vascular species
Subplots species/subplot

St. Vrst mahov
N bryophte species

1-KRUCMANOVE KONTE ne/no 4 42 70 33
3-GROPAJSKI BORI ne/no 4 27 49 23
6-KLADJE ne/no 4 12 16 19
7-TEMENJAK ne/no 4 44 62 31
9-GORICA ne/no 4 57 77 36
10-KRAKOVSKI GOZD ne/no 4 43 71 27
2-FONDEK da/yes 8 27 59 26
4-BRDO da/yes 8 12 25 13
5-BOROVEC da/yes 8 45 90 37
8-LONTOVZ da/yes 8 53 89 33
11-MURSKA SUMA da/yes 8 32 63 24

Slika 1. Dinarski jelovo-bukov gozd na ploskvi Gorica v Loskem potoku (Foto: Lado Kutnar)

// Picture 1. Dinaric silver fir-common beech foreston the Gorica plot near Loski potok (Photo: Lado Kutnar)

Slika 2. Spomladanski aspekt pritalne vegetacije na ploski v Murski Sumi pri Lendavi (Foto: Lado Kutnar)
// Picture 2. Spring aspect of ground vegetation on the plot in Murska Suma near Lendava (Photo: Lado Kutnar)



RAST IN PRIRASTEK DREVES

// GROWTH AND YIELD

Tom Levanic, Mitja Skudnik

V okviru intenzivhega spremljanja stanja gozdnih
ekosistemov v Sloveniji od leta 2004 spremljamo tudi
rast in prirastek dreves na 10 ploskvah Ravni Il. Spre-
membam v debelinskem prirascanju dreves sledimo
v skladu z navodili ICP Forests - Growth na dva kom-
plementarna nacina: (1) s pomo¢jo periodi¢nih den-
drometrijskih meritev istih dreves vsakih 5 let in (2)
s pomocjo rocnih dendrometrov, namescenih na iz-
brano Stevilo dreves.

// Within the framework of intensive monitoring of
forest ecosystem, tree growth and increment has
been monitored on 10 level Il monitoring plots since
2004. The monitoring of growth and increment, which
is carried out in accordance with ICP Forests Manual
on Growth, is performed in two ways: (1) by forest in-
ventory every 5 years and (2) by manual girth bands
installed on a selected number of trees.

S SPREMLJANJEM RASTI IN PRIRASCANJA DREVES V
G0ZDU DOBIMO VPOGLED V DINAMIKO SPREMINJAN-
JA PRIRASTKA IN LESNE ZALOGE SESTQJEV V LUCI
SPREMINJAJOCIH SE OKOLJSKIH RAZMER.

BY MONITORING GROWTH AND YIELD OF FOREST
TREES WE GAIN INSIGHT INTO DYNAMICS OF INCRE-
MENT AND GROWING STOCK IN CHANGING ENVIRON-
MENTAL AND CLIMATIC CONDITIONS.

Na desetih ploskvah (0,25 ha) intenzivnega spremlja-
nja stanja gozdnih ekosistemov smo v letu 2004 opra-
vili dendrometrijske meritve 1250 dreves (prsni premer,
visina, socialni poloZaj...J, ki smo jih ponovili Se v letih
2009 in 2014. Ugotavljamo, da ima najvecjo temeljni-
co, dominantno viSino in lesno zalogo starejSi smrekov
debeljak na Krucmanovih kontah, Pokljuka (ploskev &t.
1). Ploskve mlajsih razvojnih faz dosegajo manjse le-
sne zaloge. Najvecji prirastek lesne zaloge in s tem tudi
akumulacijo nadzemne in podzemne biomase in oglji-
ka smo ugotovili na ploskvah Lontovz, Draga, Krakovski
gozd in Murska Suma. Najvecji prirastki so 13 m® ha™!
leto! (Draga), najmanj3i pa 6,2 m® ha™' (Gropajski bori,
Sezana). Podobno je z akumulacijo ogljika, ki je bila
najvecja na ploskvi Krakovski gozd (6,9 t C ha'' leto™"),
na Krucmanovih kontah pa starejsi smrekovi debeljaki
akumulirajo le Se 1,8t C ha' leto™.

Na vseh desetih ploskvah intenzivnega spremljanja sta-
nja gozdnih ekosistemov smo namestili tudi rocne den-
drometre na skupno 229 dreves. Z ro¢nimi dendrometri
dobimo vpogled v t.i. intra-anualno dinamiko prirasca-
nja drevja. Slednjega ne moremo dobiti s periodi¢nimi
meritvami na pet let. Prednost takSnih meritev je, da ne
dobimo samo podatka o letnem debelinskem prirastku,
marvec tudi vpogled v dinamiko nastajanja letnega de-
belinskega prirastka, kdaj se rast zacne in kdaj je naj-

On ten forest monitoring plots (0.25 ha each), a for-
est inventory was carried out in 2004 and repeated in
2009 and 2014. Radial increment, basal area increment,
dominant height and growing stock for each of the ten
plots were calculated. Plot Krucmanove konte, Pokljuka
(No. 1) turned out to be the most productive site due to
the highest basal area, dominant tree height and grow-
ing stock. Plots with younger trees have smaller grow-
ing stock compared to plots with older trees. The high-
est increase of the growing stock and, accordingly, the
highest accumulation of aboveground and belowground
biomass and carbon were measured on plots Lontovz,
Draga, Krakovski gozd and Murska Suma. The highest
increment was 13 m® ha year' (Draga), the lowest 6.2
m?® ha"' (Gropajski Bori, SeZana). The highest accumu-
lation of carbon was measured at plot Krakovski gozd
- 6.9t C ha'year’, the smallest on Krucmanove konte
1.8tCha'year’.

On all ten forest monitoring plots, manual girth bands
were installed (N=229 trees). With these bands we are
able to gain insight into intra-annual growth dynam-
ics, which cannot be observed with the forest inventory
every five years. Additionally, data on temporal dynam-
ics of radial increment are assessed, information when
growth starts and ends and also when the growth is
most intensive. These pieces of information are impor-
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bolj intenzivna. Te informacije so pomembne zato, ker
lahko prek njih ugotavljamo odzive dreves na okoljske in
klimatske drazljaje, hkrati pa tudi vidimo, kako konkre-
tna mikroklima (v povezavi s samodejnimi vremenskimi
postajami na ploskvah) vpliva na rast drevesa in druge
parametre, ki jih spremljamo.

tant for acquiring an understanding of tree's response
to environmental and climatic stressors, to see tree’s
response to microclimatic conditions (in connection
with automated weather stations installed on forest
monitoring plots) and the influence of microclimate on
tree growth and other monitored parameters.

Borovec 2006 (BU)

Pokljuka 2008 (SM]

Pokljuka 2008 (SM) [

Gozd GI5 (SM)

400

Slika 1: Spremembe v premeru debla
odcitavamo na desetinko milimetra
natancno, kar omogoca nonijska
skala. Drevo na fotografiji v premeru
meri 44,27 cm. (Foto: Tom Levanic)

// Figure 1: Changes in stem diameter
are detected with the accuracy of 0.1
millimetres. This is enabled by the
nonium scale. Tree diameter in Figure
1is 44.27 cm. (Photo: Tom Levani¢)

Debalnaki prirastak (mm)

oo

Graf 1: Letni debelinski prirastek
bukve na petih ploskvah intenzivnega
spremljanja stanja gozdnih ekosis-
temov - Trnovski gozd (Fondek),
Koéevska Reka (Borovec), Zasavje
(Lontovz), Pohorje (Tratice) in Lo3ki
Potok [Gorica) v letu 2013

// Graph 1: Annual radial increment
of beech trees on five intensive forest
monitoring plots - Trnovski gozd
(Fondek), Ko¢evska Reka (Borovec),
Zasavje [Lontovz), Pohorje (Tratice)
and Loski Potok (Gorica) in 2013
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HRANILA V FOLIARNIH VZORCIH

// NUTRIENTS IN FOLIAGE

Daniel Zlindra

S spremljanjem mase listov oziroma iglic in vsebnostjo
hranil ocenimo stopnjo prehranjenosti drevja. Z rednim
spremljanjem lahko dolocimo tudi prevladujoce trende
in, ¢e so ti neugodni, sprejemamo potrebne odloCitve za
njihovo izboljSanje.
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//The nutrition status of trees can be estimated with the
aid of monitoring the nutrients in foliage. With regular
monitoring, the prevailing trends can be detected, and
if they are adverse we take the measures to improve

them.
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Slika 1: Mase 1000 iglic (suha masa)
rdecega bora (Pinus sylvestris L.) na
ploskvi Brdo petih preucevanih dreves
in trend povprecja

// Fig. 1: Mass of 1000 needles (dry
weight) of Scots pine (Pinus sylvestris
L.) on the plot Brdo from 5 monitored
trees and trend of the average

Slika 2: Vsebnosti kalcija v iglicah
rdecega bora (Pinus sylvestris L.) na
ploskvi 4 - Brdo tekocega (zelena) in
preteklega [modra) leta z optimalnim
obmocjem

// Fig. 2: Calcium content of Scots pine
(Pinus sylvestris L.) needles on the
plot Brdo in the current year (green)
and previous year (blue) with the
optimal range




BOLEZNI IN POSKODBE GOZDNEGA DREVJA
// DISEASES AND DAMAGES ON FOREST TREES

Nikica Ogris

Popis povzrociteljev poSkodb drevja se opravlja tako
na ploskvah Ravni | kot Ravni Il. V obdobju 2009-2013
so krosnjo najbolj podkodovali abiotski dejavniki (sli-
ka 1). Na drugem mestu so bili drugi (neznani) vzroki,
zaradi kateri narasca povprecna poskodovanost kro-
snje Ze vse od leta 2009. Sledijo parazitske glive, ki so
med letoma 2009 in 2013 povzrocile 8,9-12,2-odstotno
povpreéno po$kodovanost krosnje. Zuzelke so pogost
povzroCitelj poSkodb krosnje, saj v povprecju povzrocijo
od 6,9-7,9-odstotno poSkodovanost krosnje. Povprecna
poSkodovanost krosnje zaradi divjadi in objedanja je v
letu 2013 mocno padla glede na prejénja leta (s 6,7 na
2,5 % povprecno). K poskodovanosti krodnje najmanj
prispevajo neposredni vplivi Cloveka (v zadnjih treh letih
0,8 %).

Popis povzrociteljev poskodb pojasnjuje osutost kro-
Snje. Najpogostejsi vzrok osutosti v zadnjih nekaj letih
so defoliatorji in med njimi bukov rilékar skakac (Rhyn-
chaenus fagi), ki je povzroCil priblizno tretjino osutosti
kroSnje. Na drugem mestu po pogostosti navedbe vzro-
ka poskodovanosti je bila susica najmlajsih borovih po-
ganjkov, ki jo povzroca gliva Diplodia pinea. Med vzroki
poskodovanosti dreves so bili v 2013 najpogosteje na-
vedeni Se Heterobasidion spp., glive, ogenj, raki, mraz,
konkurenca zaradi gostote, veter.

// Damage agents of trees are surveyed on both monitor-
ing levels, i.e. Levelland Levelll.In the 2009-2013period,
the most damaging agent of crown were harmful abiotic
factors (Figure 1). The next most damaging were other
(unknown) reasons, due to which the average damage
of crown has been increasing since 2009. These were
followed by parasitic fungi, which caused 8.9% to 12.2%
crown damage on average between 2009 and 2013. In-
sects are a common cause of crown damage, as they
cause from 6.9 to 7.9% damage on average. The average
damage of the crown due to game in 2013 fell sharply
compared to the previous year (from 6.7% to 2.5% on
average). Direct human impacts contribute least to the
crown damages (0.8% in the last three years).

Monitoring causal agents explains crown defolia-
tion. The commonest defoliation inducers in the last
few years have been defoliators, especially Rhynchae-
nus fagi, which has been responsible for about a third
of crown defoliation. In the second place in terms of
frequency was the pathogenic fungus Diplodia pinea.
Other most frequently recorded causal agents were:
Heterobasidion spp., other fungi, fire, canker, cold dam-
age, competition due to density, and wind.
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Slika 1: Povprec¢na poskodovanost krosnje za glavne kategorije povzrociteljev 2009-2013
// Figure 1: Average crown damage for the main categories of damage agents 2009-2013



GOZDNA TLA
// FOREST SOILS

Mihej Urban¢i¢, Milan Kobal, Aleksander Marinsek, Daniel Zlindra, Primoz Simon¢i¢

Gozdna tla so temeljni sestavni del gozda. S svojimi la-
stnostmi, kot so zaloZenost s hranili, sposobnostjo nev-
tralizacije negativnih atmosferskih in drugih vplivov, spo-
sobnostjo zadrZevanja vode, ogljika, zadrZevanja tezkih
kovin in drugih onesnazeval, poglavitno vplivajo na razvoj in
spremembe gozdnega ekosistema. Vseskozi v tleh poteka-
jo procesi njihovega nastajanja (humifikacija, mineraliza-
cija, preperevanje) in siromasenja (izpiranje, zakisovanje,
evtrofikacija, oglejevanje). Gozdna tla lahko degradirajo
zaradi Skodljivih vplivov neposrednega gospodarjenja z
gozdovi in gozdnimi tlemi (npr. kot posledica zasmreceno-
sti, steljarjenja, onesnaZenosti, razlicnih ujm, erozije idr)
ali vplivov daljnoseznih okoljskih dejavnikov (daljinski tran-
sport onesnazeval).

V okviru nacrtnega spremljanja tal v gozdnih ekosiste-
mih po Evropi je predvideno njihovo vzoréenje s ¢asov-
nim razmikom 10 let (1995, 2005), v katerem je mozZno
tudi Ze zaznati posamezne trende.

Sele redno periodi¢no spremljanje potrjuje pravilnost
ukrepov za zmanjSanje ogrozenosti tal v preteklosti,
hkrati pa omogoca ugotavljanje moznih trendov in daje
priloZnost za ukrepanje na mikro in makro nivoju za pri-
hodnost.
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// Forest soils are the basic component of the forest.
They influence the development and changes of the for-
est ecosystems with their properties such as nutrient
availability, availability of neutralisation od negative at-
mospheric and other influences, water retention capa-
bility, capacity of carbon stock, retention of heavy metals
and other pollutants. In the forest soils, processes of
their formation (humification, mineralization, weather-
ing) and depletion (washout, acidification, eutrophica-
tion, formation of gley soil) are continually taking place.
Forest soils can be degraded due to adverse impacts of
direct forest and forest soil managing (sprucing, litter
gathering, pollution, natural disaster, erosion ...) or long
range environment factors (long range air pollution).

Within the framework of systematic soil monitoring in
forest ecosystems throughout Europe, sampling in time
window of 10 years (1995, 2005) is foreseen, in which
some trends can be detected.

It is only the periodic monitoring that can confirm the
right decisions taken for reducing threats to soils in the
past. At the same time, it enables us to detect possi-
ble trends, which serve as basis for taking appropriate
measures on the micro and macro scales for the future.

Slika 1. Geografska razporeditev celotnega organskega
ogljika (v g kg™' na suho maso) v zgornjih 10 cm miner-
alnega dela tal in Sotnih tleh na BioSoil* ploskvah nivoja
Ravni lin Il (Nathalie Cools & Bruno De Vos)

// Fig. 1. Geographical distribution of the total organic
carbon concentration (g kg™ oven dry soil) in the upper
10 cm of mineral soils and peat soils of the BioSoil* Level
I and Il plots (Nathalie Cools & Bruno De Vos)
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Slika 2. Geografska razporeditev sprememb nasicenosti z
bazami na BioSoil+ ploskvah nivoja Ravni | [Nathalie Cools
& Bruno De Vos)

// Fig. 2. Geographical distribution of changes in base
saturation on the BioSoil+ Level | plots (Nathalie Cools &
Bruno De Vos)

SVETLOBNE RAZMERE V SESTOJU

IN STANJE KROSENJ

// MONITORING LIGHT AND CROWN CONDITIONS IN FOREST

STANDS

Matjaz Cater

Svetlobne razmere so osnovni pogoj za vecino Zzivljenj-
skih procesov kopenskih ekosistemov. Med sklepom
krosenj, strukturo in razpolozljivo svetlobo pod krosnja-
mi obstaja tesna povezava, ki se kaZze v razli¢nih strate-
gijah prezivetja rastlin, prilagoditvah rastlin razlicnim
svetlobnim razmeram in njihovem razvoju.

Spremembe stanja listne povrSine zaradi defoliacije,
nacina gospodarjenja ali vremenskih ekstremov se po-
sledi¢no kaZejo v spremenjeni produktivnosti sestoja.
Zaradi strukturne heterogenosti in sprememb v Casu
je ocena sklepa krosenj ali deleza svetlobnih razmer
velikokrat teZavna. V spremenljivih okoljskih razmerah
je tako poznavanje stanja svetlobnih razmer klju¢no za
uspesno pomlajevanje ter uravnavanje tekmovalne moci
razlicnih drevesnih vrst. Sestojne svetlobne razmere in
stanje kroSenj dobro ovrednotimo z analizo sferi¢nih po-
snetkov.

// Light conditions constitute essential requirements for
most life processes. A strong correlation exists between
the canopy characteristics, structure and below-canopy
light availability, which is reflected in different survival
strategies of plants, their adaptation and development.

Changes of light conditions owing to defoliation, way of
management, or weather extremes are consequently
reflected in the changed stand productivity. Because
of structural heterogeneity and temporal changes, an
estimation of crown conditions or light availability be-
low them is very challenging indeed. In the changing
environmental conditions, the knowledge about light

availability is therefore crucial for the successful regen-
eration and regulation of competitive strength between
different tree species. Light conditions below canopies
may be well evaluated with hemispherical photo analy-
sis.

Slika: Analizirana hemisfera krosenj
(levo), poletne (sredina) in zimske
razmere (desno) (Foto: Matjaz Cater)
// Figure 1: Analysed hemispherical
image of crowns (left), summer
(middle) and winter (right) stand
conditions (Photo: Matjaz Cater)



Osutost krosenj / Crown defoliation (%)

Letna smrtnost / Annual mortality (No)

Primerjava stanja kroSenj in mortalitete odraslih dre-
ves na stalnih ploskvah niZinskih dobrav je za zadnjih
20 let potrdila ujemanje med razpoloZljivostjo vode
(podtalnico) in ekstremnimi razmerami (pove¢ano T
zraka).

Prednosti metode:

e hitrost in ovrednotenje v razmeroma kratkem casu
omogoca primerjavo vec izbranih objektov;

* primerjava z izpeljanimi podatki sevanja [razlike pole-
tje - zima) omogoca boljSe ujemanije;

e ocene posameznih parametrov so realne in niso obre-
menjene s sistematic¢no napako;

e metoda je objektivna, ponovljiva in ponuja natancen
vpogled v dogajanje sklepa krosSenj;

e nabor parametrov se lahko uporablja za primerjavo
drugih kazalnikov ali deleZa sevanja v pritalni plasti,
npr. pri Studiju ekologije pomlajevanja;

e zaradi sledljivosti postopka je metoda preverljiva in
primerna za oceno stanja Sirsega prostorskega ob-
modja.

Comparison between crown conditions and mortality of
adult trees on permanent pedunculate-oak plots for the
last 20 years confirmed a good agreement between wa-
ter availability (groundwater table) and extreme site con-
ditions (increase in average air T).

Advantages of the presented method:

e processing and evaluation performed in relatively
short temporal window enable comparisons between
more selected facilities;

e better agreement is achieved with processed images
that take into account differences between summer
and winter conditions;

e parameter estimates are reliable, without systematic
error;

e method is objective, non-destructive and repeatable;

e obtained parameters can be used for further analysis,
e.g. regeneration ecology, etc.;

e as the procedure is traceable, the method is verifiable
and suitable for estimating the condition of the wider
area.
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Slika 2: Stanje krosenj na dobovih ploskvah s stopnjo mortalitete in ujemanjem s podtalnico in letnimi temperaturami zraka
// Figure 2: Crown conditions on pedunculate oak plots (n = 192) (top, left) with corresponding annual mortality rate (No/ha)
below and agreement with groundwater and annual air temperature
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SPREMLJANJE KAKOVOSTI ZRAKA
// MONITORING OF AMBIENT AIR QUALITY

Ursa Vilhar, Daniel Zlindra, Matej Rupel, Primoz Simon¢i¢

Spremljanje kakovosti zraka v gozdovih je namenjeno
oceni ogrozenosti gozdne vegetacije zaradi onesnaze-
val v zraku ter za ugotavljanje prostorske razporeditve,
Casovne spremenljivosti ter trendov na obmodjih, ki niso
vkljuéena v obstojeCe mreZze za spremljanje kakovosti
zraka. V zadnjih desetletjih je vecji del zracnih usedlin v
evropskih gozdovih povzrocalo onesnazevanje zraka na
velike razdalje, na primer z Zveplovim dioksidom (SO,),
dusikovimi oksidi (NO_), amoniakom (NH,), ki nastaja pri
zgorevanju fosilnih goriv in biomase ter v industrijskih in
kmetijskih procesih. OnesnaZzevanje v Evropi je bilo naj-
bolj intenzivno od leta 1950 do 1990, v zadnjem obdobju
pa naj bi se zmanjsevalo. Zra¢ne usedline so pomem-
ben vir makro- in mikrohranil za gozdne ekosisteme,
ki pomembno vplivajo na rast dreves in na zdravstveno
stanje gozda. Po drugi strani pa lahko vecji vnosi hranil
v obliki anorganskega dugika (N] povzrocijo evtrofikacijo
vodnih in kopenskih ekosistemov.

Gozd s kroSnjami dreves, listnim opadom in tlemi deluje
kot naravni filter za onesnazevala v zraku, tleh in vodi,
zato je pomembno vedeti, v kolikSni meri gozd ohranja
ali izboljsuje kakovost zraka v primerjavi z drugimi ra-
bami tal. Spremljanje onesnazeval v zraku, predvsem
dusikovih in Zveplovih spojin, ki so posledica antropoge-
nega onesnaZevanja zraka, omogoca neposredno oceno
vnosa snovi v gozd in izracun kritiénih obremenitev, ki
jih gozd in rastline v njem Se prenesejo.

Troposferski ozon (0,) je za gozdove najbolj nevarno pli-
nasto onesnaZevalo v zraku. Na drevesne vrste vpliva na
razlicne nacine, vklju¢no z vidnimi poskodbami listov,
zmanjsanjem in prerazporeditvijo biomase ter povecano
obcutljivostjo za patogene mikroorganizme. Amonijak
(NH,) je zdravju skodljiv plin, ki povzroca bolezni dihal,
prispeva k zakisanju tal, evtrofikaciji in tvorbi sekundar-
nih prasnih delcev. Dusikov dioksid [NO,) je Skodljiv za
vsa Ziva bitja. Poleg tega je vkljucen pri tvorbi kislega
deZja in ozona. Vnosi zveplovega dioksida (SO,) v evrop-
ske gozdove se zmanjSujejo zaradi uspesnih politi¢nih
ukrepov za zmanjSevanje izpustov v zadnjih letih.

// The purpose of air quality monitoring in forests is to
evaluate threats to forest vegetation due to air pollut-
ants, to determine spatial distribution, time variability
and trends in areas that are not included in the exist-
ing networks of air quality monitoring. In the last few
decades, air pollution in European forests has been
caused primarily by long range pollution with sulphur
dioxide (SO,), nitrogen oxides (NO ) and ammonia [NH,)
released from fossil and biomass fuels combustion and
during industrial and agricultural processes. The most
intensive period of pollution in Europe lasted from 1950
to 1990, but allegedly declined in the last couple of dec-
ades. Deposition is important source of micro and mac-
ro nutrition for forest ecosystems, which plays an im-
portant role in tree growth and the health status of the
forest. On the other hand, the significant import of the
nutrition in the shape of inorganic nitrogen [N] can lead
to eutrophication of water and terrestrial ecosystems.

The forest with its tree canopies, leaf-litter and soil acts
as a natural filter for the pollutants in the air, water and
soil, therefore it is important to know to what extent the
forest preserves or improves the air quality compared
to other land uses. Monitoring of air pollutants, in par-
ticular nitrogen and sulphur compounds, which are the
result of the anthropogenic air pollution, enables us to
directly estimate the import of these compounds in the
forest and to calculate critical loads, which can still be
withstood by forest and its vegetation.

Tropospheric ozone (0,) presents the most dangerous
air pollutant for the forests. It affects tree species in dif-
ferent ways, causing visible injuries to leaves, lowering
and translocation of the biomass and increased sensi-
tivity to pathogenic microorganisms. Ammonia (NH,} is
the health hazardous gas, causing respiratory diseases,
contributing to the acidification of the soil, eutrophica-
tion and formation of the secondary dust particles. Ni-
trogen dioxide [NO,) is harmful to all living beings. Be-
sides, it participates in acid rain and ozone formation.
The imports of sulphur dioxide (SO,) in the European
forests are decreasing due to the successful political
measures for reducing emissions in the last few years.



Za nasteta onesnaZevala v zraku so bile dolocene kri-
ticne obremenitve z vidika varstva rastlin. Kriti¢ne obre-
menitve so opredeljene kot »mejna vsebnost, kumu-
lativna izpostavljenost ali kumulativni stomatalni tok
onesnazevala v rastline, nad katero obstaja verjetnost
pojava neposrednih Skodljivih ucinkov na obcutljivo
vegetacijo«. Kriticne obremenitve za Zzveplov dioksid,
dusikov dioksid in amoniak so izrazene kot povprecne
vsebnosti v dolocenem ¢asovnem obdobju, medtem ko
se pri ozonu uporabljajo tudi kumulativne vsebnosti nad
doloceno vrednostjo (AOT40).
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NEPOSREDNE MERITVE KAKOVOSTI ZRAKA

Vsebnost plinastih onesnazeval v gozdu lahko spremlja-
mo z razlicnimi merilnimi napravami, kot so obicajni
analizatorji kakovosti zraka ali pasivni vzorcevalniki.
Vsebnost onesnazeval pa se lahko oceni tudi s pomo-
¢jo modeliranja ali prostorske interpolacije merjenih
vrednosti z bliznjih merilnih postaj. Na gozdnih obmo-
¢jih so obicajni analizatorji zraka neuporabni, zato se
je na ploskvah intenzivnega spremljanja stanja gozdnih
ekosistemov v Evropi uveljavila uporaba pasivnih vzor-
Cevalnikov, ki pomenijo cenovno ugodno in zanesljivo
metodo za spremljanje vsebnosti plinastih onesnazeval
v gozdovih. Spremljanje vsebnosti onesnazeval v zraku
poteka s pasivnimivzorcevalniki za dusikove in Zveplove
spojine ter ozon, ki jih primerjamo z meritvami samo-
dejnih kontinuiranih merilnih postaj ARSO ter s popisi
poskodb zaradi ozona na rastlinah, ki potekajo v skladu
z metodologijo ICP Forests.

For these pollutants, critical loads in terms of plant
protection have been determined. Critical loads have
been defined as “threshold cumulative exposure or cu-
mulative stomatal flow of the air pollutant above which
the occurrence of the direct adverse effects to sensi-
tive vegetation is probable”. Critical loads for sulphur
dioxide, nitrogen dioxide and ammonia are expressed
as average concentrations in the specified time period,
while in ozone cumulative contents have been in use
(AQT40).

Slika 1. Vidne poskodbe po ozonu na listih bukve

(Fagus sylvatica L.) [Foto: Matej Rupel)

// Figure 1. Visual ozone damages to the European beech
leaf (Fagus sylvatica L.) [Photo: Matej Rupel)

DIRECT MEASUREMENTS OF THE AIR QUALITY

The air pollutant concentrations can be monitored in the
forest with different measuring devices, such as regu-
lar air quality analyzers or passive samplers. The con-
centration of the pollutants can be estimated also with
the help of modelling or space interpolation of values
measured at measuring stations. In the forest areas the
regular air quality analyzers are inoperable, therefore
the use of passive samplers was implemented on the in-
tensive forest monitoring plots throughout Europe. They
present low-cost and efficient method for air pollutants
monitoring in the forests. Simultaneously, surveys of the
ozone injuries on the vegetation according to the ICP
Forests methodology are conducted.

Slika 2. Pasivni vzorcevalniki za spremljanje vsebnosti
dusikovega dioksida, Zveplovega dioksida, amonijaka ter
ozona v zraku. Zascita zanje je bila razvita in izdelana na
Gozdarskem institutu Slovenije v letu 2013 v okviru projekta
Life+ EMoNFUr. (Foto: Matej Rupel)

// Figure 2. Passive samplers for monitoring nitrogen di-
oxide, sulphur dioxide, ammonia and ozone ambient air
concentrations. They were developed and manufactured by
the Slovenian Forestry Institute in 2013 within the frame of
Life+ project EMoNFUr. (Photo: Matej Rupel)
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POSREDNE MERITVE KAKOVOSTI ZRAKA

S SPREMLJANJEM USEDLIN

Spremljanje usedlin na ploskvah intenzivnega spre-
mljanja stanja gozdnih ekosistemov poteka na prostem
in v sestoju pod kroSnjami dreves v skladu s prirocni-
kom ICP Forests ter obsega merjenje koli¢ine padavin,
pH, elektroprevodnosti, alkalitete, raztopljenega organ-
skega ogljika [DOC), skupnega dusika (Tot NJ, Cl;, NO,,
NO,, PO, SO, Na*, NH, K, Mn?, Ca* in Mg”. Iz-
merjene koli¢ine usedlin ([padavine v obliki deZja, snega
in trdnih delcev, odtok vode po deblu, prepuscene pada-
vine) in rezultati analiz vzorcev usedlin skupaj omogo-
¢ajo izracun vnosa snovi v gozdne ekosisteme za izbra-
na merilna mesta.

a)
Slika 3. Vzorcevalniki za usedline na ploskvi Brdo a) na prostem in b) v sestoju (Foto: Daniel Zlindra)
// Figure 3: Deposition samplers at forest monitoring plot Brdo a) in the open and b) in the forest stand (Photo: Daniel Zlindra)

Vsebnosti ozona na ploskvah intenzivnega spremljanja
stanja gozdnih ekosistemov v Sloveniji ter v urbanih
gozdovih Ljubljane sodijo med najmanjSe v primerjavi
s ploskvami v evropskih gozdovih. Z nekaj posameznimi
iziemami na ploskvah nismo ugotovili vidnih poskodb
zaradi ozona na rastlinah.
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INDIRECT MEASUREMENTS OF THE AIR QUALITY
WITH DEPOSITION MONITORING

Deposition monitoring is conducted on the intensive
monitoring plots in the open (bulk] and under the cano-
pies (throughfall, stemflow] according to the ICP Forests
manual and includes measurements of quantity, pH,
electroconductivity, alkalinity, dissolved organic carbon
(DOC], total nitrogen (Tot NJ, Cl', NO,,, NO,, PO,*, SO 7,
Na®, NH,*, K*, Mn#, Ca?" in Mg*. The measured amounts
of the deposition [(rain, snow, solid particles, stemflow
and throughfall] and the results of the analyses jointly
enable calculation of the emitted compound in the for-
est ecosystems for the defined measuring sites.

b)

The ozone concentrations at intensive forest monitor-
ing plots in Slovenia and urban forests in Ljubljana are
lower comparing to plots in European forests. With few
exceptions, no visible ozone injuries on vegetation at
forest monitoring plots were found.
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Slika 4. Povprecne 14-dnevne vsebnosti ozona [03] v zraku (ppb) na a) ploskvi intenzivnega spremljanja stanja gozdnih eko-
sistemov Borovec in b) ploskvi RoZnik v urbanem gozdu v Ljubljani
// Figure 4: Average 14-day ambient air ozone (0,) concentration at a) forest monitoring plot Borovec and b) at urban forest

monitoring plot Roznik in Ljubljana



Vsebnosti dusikovega dioksida v zraku so na ploskvah v
gozdovih zunaj urbanih sredis¢ precej manjSe od tistih
v urbanih gozdovih. Najvelje vsebnosti dusikovega dio-
ksida v zraku smo izmerili v srediS¢u mesta. Nato vseb-
nosti duSikovega dioksida padajo v smeri urbani gozd,
periurbani gozd, gozd zunaj poseljenih obmocij.
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Letni vnosi onesnazeval v padavinah so na ploskvah v
urbanem gozdu nekajkrat vecji v primerjavi z gozdo-
vi zunaj urbanih sredis¢. Glavni vzrok so najverjetneje
suhe usedline prasnih delcev, bogate z amonijevi, nitra-
tnimi in Zveplovimi ioni, ki jih je v mestu Ljubljana pre-
cej vel kot v gozdnatih obmogjih, oddaljenih od urbanih
sredisc.
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Nitrogen dioxide concentrations are much lower on
plots in forests outside urban areas than in urban for-
ests. We detected the highest levels of nitrogen dioxide
in the city centre. The level of nitrogen dioxide eventually
falls in direction of urban forest, periurban forest and
rural forest.

Slika 5. Povprecne 14-dnevne vs-
ebnosti dusikovega dioksida (NO,)
v zraku na ploskvah intenzivhega
spremljanja stanja gozdnih ekosis-
temov zunaj urbanih sredisc ter ur-
banih gozdov Ljubljane. Na osi x so
prikazani koncni datumi 14-dnevih

. ® AR50 LI intervalov od aprila do oktobra 2013.
» GIS VAT &9 // Figure 5: Average 14-day ambient
#MOSTEC 81 air nitrogen dioxide (NO,) concen-
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Annual pollutant deposits are several times higher on
urban forest plots compared to rural forest. The main
cause could be dry deposition of dust particles, rich with
ammonia, nitrate and sulphate ions, which are much
more common in cities than in forest areas, far from
urban centres.
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Slika 6. Primerjava letnih vnosov nitratnega dusika med urbanim gozdom (RoZnik) in ploskvami intenzivhega spremljanja
stanja gozdnih ekosistemov zunaj urbanih sredis¢ (Brdo, Borovec) v letih a) 2012 in b) 2013
// Figure 6: Comparison of annual deposition of nitrate nitrogen at urban forest monitoring plot RoZnik in Ljubljana and for-

est monitoring plots Brdo and Borovec in a) 2012 and b) 2013
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Na nekaterih ploskvah intenzivnega spremljanja goz-
dnih ekosistemov smo v letih od 2004 do 2014 opazi-
li zmanjSanje usedlin, predvsem za sulfatno Zveplo in
amonijev dusik. Na ploskvi Murska Suma pa se usedline
amonijevega duSika od leta 2006 dalje vecajo. Tudi na
evropski ravni je opazno upadanje vnosa onesnazeval v
zadnjih letih, predvsem za Zveplove spojine. Za dusSikove
spojine trend upadanja v Sloveniji ni bil ugotovljen, na
nekaterih ploskvah pa je vnos dusikovih spojin v letih od
2008 do 2010 celo narasel.
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On some of the intensive forest monitoring plots we de-
tected a decline of deposits between 2004 and 2014, es-
pecially as far as sulphate sulphur and ammonia nitro-
gen are concerned. On the plot Murska Suma, however,
the ammonia nitrogen depositions have been increasing
from 2006 onwards. Decreasing of sulphur compounds
deposition has been detected in the last few years at the
European level as well. In Slovenia, such trend for nitro-
gen compounds has not been detected; on some plots,
the deposition of nitrogen compounds in the years from
2008 to 2010 even increased.
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Slika 7. Primerjava letne koli¢ine padavin (modri stolpci) ter posameznih onesnaZeval na prostem na ploskvah intenzivnega
spremljanja stanja gozdnih ekosistemov a) Fondek (JZ Slovenija) in b) Murska suma (SV Slovenija)
// Fig. 7: Comparison of annual precipitation (blue bars) and bulk deposition at forest monitoring plots a) Fondek (SW Slo-

venia) and b) Murska Suma (NE Slovenia)



FENOLOSKE FAZE DREVES V ODVISNOSTI OD
VREMENSKIH SPREMENLJIVK IN OSUTOSTI

KROSENJ

// TREE PHENOLOGY IN RELATION TO METEOROLOGICAL
CONDITIONS AND CROWN DEFOLIATION

Ursa Vilhar, Mitja Ferlan, Mitja Skudnik, Primoz Simoncic

Dolgoletno spremljanje fenoloskih faz dreves je po-
memben kazalnik globalne podnebne sprementljivosti
in z njimi povezanih bioloskih odzivov dreves. Razu-
mevanje teh povezav je kljucno za napovedovanje od-
ziva ekosistemov na podnebno spremenljivost, a tudi
za dolocanje obdobja vezave ogljika v gozdovih ter
preucevanje sezonske izmenjave vode in energije med
zemeljskim povrsjem in ozracjem.

Namen fenoloskih opazovanj dreves na ploskvah inten-

zivnega spremljanja stanja gozdnih ekosistemov je:

e pridobiti vedenje o stanju in poteku fenoloskih faz raz-
licnih drevesnih vrst med letom:;

e primerjati letni potek fenoloskih faz dreves v odvisno-
sti od lokalnih (meteoroloskih in rastisénih]) razmer,
vkljucno s poskodbami;

e beleZenje in razlaga morebitnih sprememb v ¢asu po-
javljanja fenoloskih faz dreves zaradi okoljskih dejav-
nikov naravnega in / ali antropogenega izvora, kot so
zrac¢na onesnazevala in podnebna spremenljivost.

// Long-term studies of phenological phases of trees are
of increasing importance as an indicator of global climate
change and associated biological responses in forests.
Understanding these relationships is crucial, not only for
predicting ecosystems responses to climate change, but
also identifying the carbon-uptake period of forests and
examining the seasonal exchanges of water and energy
between the land surface and the atmosphere.

The main objectives of phenological observations at forest

intensive monitoring plots are:

e to provide information on the status and development of
forest trees over the course of the year;

e to determine the course of the annual development stages
of forest trees and their dependence on local (e.g. meteoro-
logical and site] conditions including damaging events;

e to document and explain possible changes in the timing
of these stages in relation to environmental factors of
natural and/or anthropogenic origin such as air pollution
and climate change.

RAZUMEVANJE ODNOSA MED FENOLOSKIMI FAZA-
MI DREVES, OSUTOSTJO KROSENJ IN VREMENSKIMI
RAZMERAMI JE KLJUCNEGA POMENA ZA SPREMLJA-
NJE ZDRAVJA GOZDA IN DOLGOLETNIH SPREMEMB
VITALNOSTI GOZDOV.

UNDERSTANDING THE RELATIONSHIP BETWEEN
TREE PHENOLOGY, CROWN DEFOLIATION AND METE-
OROLOGICAL CONDITIONS IS CRUCIAL FOR A BETTER
ASSESSMENT OF FOREST HEALTH AND LONG-TERM
CHANGES OF FOREST VITALITY.

Slika 1: Fenoloska faza prvih
listov in iglic: nastopi, ko

so iglice in listi odgnali iz
poganjkov in se razprli; a)
Picea abies (L. ) Karst. in b)
Fagus sylvatica L. [Foto: Ursa
Vilhar).

// Figure 1: Needle appear-
ance and leaf unfolding starts
when the fresh green needles
or leaves become visible
from the buds; a) Picea abies
(L.) Karst. and b) Fagus syl-
vatica L. ([Photo: Ursa Vilhar).
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Slika 2: Povprecne letne a) tempera-
ture zraka, b) padavine in c) relativna
dostopna voda v tleh (REW) za devet
ploskev intenzivnega spremljanja
stanja gozdnih ekosistemov v Sloveniji
v obdobju 2004-2013

// Figure 2: Average annual a) air tem-
perature, b) precipitation and c) rela-
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Na ploskvah intenzivnega spremljanja stanja gozdnih
ekosistemov Gozdarskega instituta Slovenije smo ugo-
tavljali povezanost fenoloskih faz z osutostjo kroSen|
doba (Quercus robur L.), bukve (Fagus sylvatica L.) in
smreke (Picea abies (L.) Karst.) ter vremenskimi raz-
merami. Izbor dreves na ploskvah, ocena osutosti kro-
Senj ter fenoloSka opazovanja smo opravljali v skladu
z navodili ICP Forests. Vremenske podatke so beleZile
samodejne vremenske postaje na prostem v skladu z
metodologijo ICP Forests. Mesec¢ne vrednosti vremen-
skih spremenljivk smo primerjali z letnimi povpred]ji fe-
noloskih faz ter osutosti krosenj dreves (%).

Na osnovi regionalnih podatkov iz razmeroma majhne-
ga obmocja z veliko geografsko raznolikostjo ugotavlja-
mo, da povezava med nastopom fenofaz doba, bukve in
smreke ter osutostjo njihovih kroSenj obstaja, vendar je
vrstno specificna. Na osutost krosenj bukve niso vpliva-
le temperature zraka, temve¢ padavine in relativna do-
stopna voda v tleh. Za osutosti kroSenj doba in smreke
smo zaznali Sibko obcCutljivost za temperaturo zraka in
samo za dob tudi za vsebnost vode v tleh. Vendar pa so
bile te korelacije znacilne samo za posamezne mesece,
brez jasnih sezonskih vzorcev.

——
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The Level Il forest monitoring plots for the Intensive Mo-
nitoring of Forest Ecosystems by the Slovenian Forestry
Institute were utilized to evaluate potential relationship
between the observed tree phenology and tree crown de-
foliation in beech (Fagus sylvatica L), pedunculate oak
[Quercus robur L.} and Norway spruce (Picea abies (L.)
Karst.) forests and their sensitivity to meteorological con-
ditions. The selection of trees on monitoring plots, tree
crown defoliation assessment and the phenological ob-
servations were made in accordance with the ICP Forests
manuals. Meteorological data were collected using auto-
mated weather stations in the open area according to ICP
Forests. Monthly meteorological datasets were compared
to yearly means for phenological observations and tree
crown defoliation (%).

Using sub-regional data from a relatively small area
with high geographic variability showed that air temper-
ature and precipitation sensitivity of tree phenology was
highly species-dependent with beech, pedunculate oak
and spruce exhibiting contrasting responses. Crown de-
foliation of beech was not sensitive to air temperature
but to precipitation and relative extractable soil water.
For spruce and pedunculate oak, only weak sensitivity
of crown defoliation to air temperature, and only for pe-
dunculate oak also to soil water conditions, was found
for single months, without clear seasonal pattern.
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Slika 3: Znacilni Pearsonovi koefi-

cienti korelacije r (na 95-odstotni ravni),
izra¢unani med meseénimi (stolpci) in
trimesec¢nimi (osenéeno) vsotami tem-
perature zraka (T) in padavinami (P) in a)
fenofazo prvih listov in iglic (LU) za dob,
bukev in smreko na ploskvah intenzivne-
ga spremljanja stanja gozdnih ekosiste-
mov v Sloveniji v obdobju 2004-2013

// Figure 3: Significant Pearson’s cor-
relation coefficients r (at 95% level)
calculated between the monthly (bars)
and three-month (shadow) air tempera-
ture sums (T) and precipitation (P) and a)
the first leaf and needle unfolding (LU)
for pedunculate oak, European beech
and Norway spruce at Intensive forest
monitoring plots in Slovenia in the period
2004- 2013

JFMAMJ JASONDJFMAMUJJA

Year n-1

Needle and leaf unfolding (LU)

Vecja osutost kroSenj doba je prispevala k zgodnejse-
mu nastopu fenofaze prvih listov, sploSnega rumenenja
listja in daljSemu vegetacijskemu obdobju v sledecem
letu. Nismo pa ugotovili povezanosti med osutostjo kro-
Senj in fenofazami bukve ali smreke.

Ugotavljamo, da povezava med nastopom fenofaz izbra-
nih drevesnih vrst ter osutostjo njihovih krosenj obstaja,
vendar je vrstno specificna. Tudi lokalne rastis¢ne raz-
mere imajo morda pri tem pomembno vlogo, predvsem
razpolozljivost hranil.

Za natancnejso razlago vpliva osutosti krosenj in vre-
menskih razmer na fenoloSke faze dreves v Sloveniji
bodo potrebne nadaljnje raziskave na vecjem Stevilu
ploskev in v daljSih ¢asovnih obdobjih.

Yearn

Higher crown defoliation of pedunculate oak contribut-
ed to earlier leaf unfolding, later autumn leaf colouring
and longer growing season in the ensuing year. Rela-
tion between tree phenology and crown defoliation was
found neither for beech nor Norway spruce.

Results indicate that the correlation between defolia-
tion and phenology is species-specific and we assume
that site conditions also play an important role, in par-
ticular availability of nutrients.

Further investigations involving a larger number of sites
and longer time series are therefore needed before any
conclusions about the role of crown defoliation and me-
teorological conditions in tree phenology in Slovenia can
be drawn.
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SPREMLJANJE STANJA URBANIH GOZDOV
V OKVIRU PROJEKTA LIFE+ EMoNFUr

// MONITORING OF URBAN FORESTS WITHIN THE FRAME-
WORK OF LIFE+ PROJECT EMoNFUr

Vilhar U., Bozic G., de Groot M., Ferlan M., Flajsman K., Hauptman T., Japelj A., JurcD., KutnarL.,
Levanic T., Marinsek A., Ogris N., Sinjur I., Skudnik M., Verlic A., Vochl S., Zlindra D., Simoncic P.

POVZETEK

Urbani gozdovi opravljajo veliko funkcij (ekosistemskih
storitev), ki igrajo pomembno vlogo pri zagotavljanju
zdravja in kakovostnega Zivljenja prebivalcev. Vendar pa
podnebne spremembe znatno zmanjSujejo njihovo zmo-
Znost za zagotavljanje zgoraj nastetih koristi za okolje. Na-
men projekta LIFE+ EMoNFUr je bil ustvariti trajno mrezo
za spremljanje urbanih gozdov v Lombardiji in Sloveniji.

// ABSTRACT

Urban forests perform a number of functions (ecosystem
services), which play an important role at insuring the
health and quality life of the citizens. But climate chang-
es notably reduce their ability of providing for the above
mentioned benefits for the environment. The goal of the
EMoNFUr project was to establish a permanent network
for monitoring urban forests in the Lombardy region and
in Slovenia.

V PROJEKTU »EMoNFUr - ZASNOVA MREZE ZA
SPREMLJANJE STANJA NIZINSKEGA GOZDA IN PO-
GOZDITEV V URBANEM PROSTORU V LOMBARDIJI
IN URBANEGA GOZDA V SLOVENIJI« LIFETOENV/IT
399 SO KOT PARTNERJI SODELOVALI GOZDARSKI
INSTITUT SLOVENIJE, ERSAF - REGIONALNA AGEN-
CIJA ZA KMETIJSKE IN GOZDARSKE STORITVE, PAR-
CO NORD MILANO IN ITALIJANSKA DEZELA LOM-
BARDIJA. SOFINANCIRALI SO GA EVROPSKA UNIJA
PREK PROGRAMA LIFE+ ENVIRONMENTAL, MINIS-
TRSTVO ZA KMETIJSTVO IN OKOLJE TER MESTNA
OBCINA LJUBLJANA.

IN THE PROJECT »EMoNFUr - ESTABLISHING A
MONITORING NETWORK TO ASSESS LOWLAND FOR-
EST AND URBAN PLANTATION IN LOMBARDY AND
URBAN FOREST IN SLOVENIA«, LIFETOENV/IT 399,
THE FOLLOWING INSTITUTIONS COOPERATED AS
PARTNERS: THE SLOVENIAN FORESTRY INSTITUTE,
ERSAF - THE REGIONAL AGENCY FOR AGRICULTUR-
AL AND FOREST SERVICES, PARCO NORD MILANO,
AND THE LOMBARDY REGION. IT WAS CO-FINANCED
BY THE EUROPEAN UNION THROUGH LIFE+ PRO-
GRAM, MINISTRY OF AGRICULTURE AND ENVIRON-
MENT, AND THE MUNICIPALITY OF LJUBLJANA.

uvobD

Gozd, gozdno drevje, parki in druge zelene povrsine zno-
traj ali blizu urbaniziranih obmocjih so nenadomestljiv del
narave in nasega bivanjskega okolja ter so Se posebe] po-
membni za mescane. Urbani gozdovi so pomembni zato,
ker prebivalcem mest omogocajo neposreden stik z na-
ravo, mir, sprostitev, estetski uzitek, v Sloveniji pa so tudi
pogosto obiskan rekreacijski prostor.

NAMEN PROJEKTA LIFE+ EMONFUR

V okviru projekta LIFE+ EMoNFUr je bila vzpostavljena
trajna mreza za spremljanje urbanih gozdov v Lombardiji
in Sloveniji. Spremljanje stanja urbanih gozdov je potekalo
na petih studijskih obmocjih v italijanski dezeli Lombardija

in na dveh v Sloveniji. V urbanih gozdovih Mestne obcine

INTRODUCTION

Forest, forest trees, parks and other green areas inside or
near urban areas are an irreplaceable part of nature and
our environment and especially important for citizens.
They enable them a direct contact with nature, peace, re-
laxation, aesthetics and are frequently visited for recrea-
tion in Slovenia.

THE OBJECTIVES OF LIFE+ EMONFUR PROJECT

Within the LIFE + EMoNFUr project, a network of moni-
toring plots for permanent monitoring of urban forests in
Lombardy and Slovenia was established. Monitoring of ur-
ban forests was set up in five study areas in the Italian re-
gion of Lombardy and in two areas in Slovenia. In the urban
forests of the City of Ljubljana, the most important indi-



Ljubljana smo na osnovi pregleda razlicnih programov,
projektov in monitoringov doloCili najpomembnejSe kazal-
nike za merjenje vpliva urbanih gozdov na uravnavanje ko-
licine vodnih virov, ohranjanje kakovosti virov pitne vode ter
zadrZevalno sposobnost urbanih gozdov za presezke vode
v ¢asu nalivov in taljenja snega; vpliva urbanega gozda na
blazitev posledic podnebnih sprememb ter vpliv urbane-
ga gozda kot naravnega filtra za onesnazevala. Drugi del
spremljanja v Sloveniji je monitoring gozdov v ne-urbanih
okoljih, ki ga Gozdarski institut Slovenije opravlja Ze od leta
1980. V okviru projekta smo: (1) spremljali izbrane Zival-
ske vrste, (2) popisali rastlinske vrste, (3] popisali bolezni
in Skodljivce gozdnega drevja ter ocenili zdravstveno stanje
gozdnega drevja, (4) analizirali gozdna tla, (5) spremlja-
li obiskanost, (6) spremljali kakovost zraka, (7) analizirali
rast gozdnega drevja, (8) napravili gozdno inventuro ter (9)
spremljali vpliv gozda na kakovost in koli¢ino vode, ki od-
teka iz gozda.

cators were chosen based on a review of various pro-
grams, projects and monitoring programs. Those were
the indicators for measuring the impact of urban forests
in regulating the quantity of water resources, preser-
vation of the quality of drinking water sources and re-
tention ability of urban forests overflow of water during
rains and melting snow; the impact of urban forests in
mitigating climate change and the impact of the urban
forest as a natural filter for contaminants. Furthermore,
the Slovenian Forestry Institute has been monitoring
forests remote from urban areas since 1980. Monitoring
activities include (1) monitoring of selected animal spe-
cies, [2) inventory of plant species, (3] inventory of forest
diseases and pests of forest trees and assess the state
of health of forest trees, (4) analyses of forest soil, (5]
visitor monitoring, (6) monitoring of air quality, (7) analy-
ses of the growth of forest trees, (8] forest inventory, and
(9) monitoring the influence of the forest on the quality
and quantity of water that flows out of the forests.

Slika 1. Krajinski park Tivoli, RoZnik, SiSenski hrib leZi za-
hodno od sredisca Ljubljane. Leta 1984 je bilo obmocje z
odlokom razglaseno za krajinski park, danes pa je vecji del
obmocja gozda opredeljen z Odlokom o gozdovih s posebnim
namenom (GPN, 2010). (Foto: Iztok Sinjur)

// Figure 1. Tivoli, RoZnik and Sigenski hrib Nature Park in
the city centre of Ljubljana. In 1984, the area was decreed a
landscape park, but now the greater part of the forest area
is defined by the Decree on forests with a special purpose
(GPN, 2010). (Photo: Iztok Sinjur)

Slika 2. Primestni niZinski poplavni gozdovi ob reki Savi so
pomembni zaradi ohranjanja avtohtonega crnega topola v
nizinskih obvodnih logih, ki jih obcasno Se poplavljajo vode.
Evropski ¢rni topol (Populus nigra L.) je pionirska dreves-
na vrsta obvodnih ekosistemov in indikator ohranjenosti
obreznih in poplavnih logov. éeprav ima velik naraven areal,
je ¢rni topol danes Ze ena najbolj ogroZenih drevesnih vrst v
Evropi. (Foto: Aleksander Marinsek)

// Figure 2. Peri-urban lowland floodplain forests along the
Sava River are significant for preserving the indigenous
black poplar in lowland riparian grounds that are occa-
sionally flooded by the river. The European black poplar
(Populus nigra L.) is a pioneer tree species and riparian
ecosystems indicator of conservation status of riparian and
floodplain forests. Although inhabiting a large natural area,
the black poplar is today one of the most endangered tree
species in Europe. (Photo: Aleksander Marinsek)
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PRI MONITORINGU JE BILO V GOZDOVIH ZNOTRAJ
IN NA OBROBJU MESTA LUJUBLJANA OPAZENIH 1246
OSEBKOV PTIC, KI SO PRIPADALE 50 RAZLICNIM
VRSTAM. MED NAJBOLJ POGOSTIMI VRSTAMI PTIC,
Kl SO SE POJAVLJALE NA OPAZOVANEM 0BMOCJU,
S0: SCINKAVEC, VELIKA SINICA, TASCICA, SIVA VRA-
NA IN KOS. NAJREDKEJSE VRSTE SO BILE: KALIN,
RJAVA PENICA IN SLAVEC. TU ZIVITA TUDI VRSTI, KI
STA Z DIREKTIVO O PTICAH ZAVAROVANI CELO NA
EVROPSKI RAVNI, IN SICER PIVKA IN CRNA ZOLNA.

AS A RESULT OF THE MONITORING THAT 50 SPE-
CIES WITH 1,246 INDIVIDUALS WERE OBSERVED IN
THE FORESTS IN AND AROUND LJUBLJANA. THE
MOST ABUNDANT SPECIES WERE THE CHAFFINCH,
GREATTIT, ROBIN, HOODED CROW AND BLACKBIRD.
THE RAREST SPECIES WERE BULLFINCH, LESSER
WHITETHROAT AND NIGHTINGALE. FURTHERMORE,
TWO SPECIES, WHICH ARE PROTECTED AT THE EU-
ROPEAN LEVEL BY THE BIRD DIRECTIVE, WERE OB-
SERVED IN THE FORESTS: THE GREYHEADED AND
BLACK WOODPECKER.

NAJPOMEMBNEJSI REZULTATI PROJEKTA

1. Protokol spremljanja urbanih gozdov projekta
EMoNFUr

Protokol spremljanja urbanih gozdov projekta EMoN-
FUr vkljucuje Sirok nabor meril, ki nam pomagajo pri
ustvarjanju natancnih opisov ekoloSke, okoljske in
druzbene vrednosti urbanih gozdov. Protokol vkljucuje
obvezne, priporoCene in izbirne podatke. Z obveznimi
podatki zagotovimo osnovne informacije o razli¢nih vidi-
kih gozdnega ekosistema in ustvarimo enotno bazo po-
datkov. S priporocenimi in izbirnimi podatki opisujemo
posebne vidike, ki so povezani z znacilnostmi izbranega
vzorénega obmodja. (http://www.emonfur.eu/pagina.ph
p?sez=86&pag=578&label=Deliverable+products)

2. Vzpostavitev trajne mreze za spremljanje urbanih
gozdov

Vzpostavili smo trajno mreZo ploskev za spremljanje ur-
banih gozdov v italijanski deZeli Lombardiji in v Sloveniji,
ki jo bo mogocCe pozneje razsiriti, saj se bodo intere-
sne skupine v obravnavanem obmocju lahko odloCile za
prostovoljno vkljucevanje v sistem ploskev.

3. Inventura in popis urbanih in primestnih gozdov v
Lombardiji
(www.forestemonfur.eu)

4. Spletni prirocnik

(www.emonfur.eu), ki podrobneje obravnava razli¢ne vi-
dike urbanih in primestnih gozdov, kot so upravljanje,
spremljanje ter dolocanje in ocenjevanje ekosistemskih
storitev.

5. Podatki, ki so rezultat triletnega spremljanja urba-
nih gozdov

THE MOST IMPORTANT RESULTS OF THE PROJECT

1. Protocol for monitoring urban forest

The Protocol for monitoring urban forest developed with-
in the EMoNFUr project includes a wide range of criteria
to help us to create detailed descriptions of ecological,
environmental and social values of urban forests. The
Protocol includes mandatory, recommended and option-
al parameters. Mandatory data provide basic information
on different aspects of the forest ecosystem and create
a single database. The recommended and optional data
describe specific aspects related to the characteristics of
the sampled area. (http://www.emonfur.eu/pagina.php?
sez=86&pag=578&label=Deliverable+products)

2. Setting up a permanent monitoring network of urban
forests monitoring plots

We have established a network of permanent plots for
monitoring urban forest in the Italian region of Lombardy
and in Slovenia, which can later be expanded. Depending
on the stakeholders present in an area, one can opt for
voluntary participation in the network.

3. Inventory and mapping of the urban and peri-urban
forests in Lombardy
(www.forestemonfur.eul)

4. Web manual

(www.emonfur.eu), which deals with in great detail with
various aspects of urban and peri-urban forests, such as
management, monitoring and identifying and assessing
ecosystem services.

5. Data are the result of the three-year of monitoring of
urban forests



ZIVALI SO POMEMBEN KAZALNIK STANJA BIODIVER-
ZITETE VURBANEM GOZDU.

Ptice so pomemben indikator biodiverzitete in imajo v
gozdovih mnoge posredne in neposredne funkcije. So
plenilci mnogih vrst insektov in tako preprecujejo pre-
namnozitev Skodljivcev. Med drugim imajo velik pomen
tudi za socialno in zdravstveno varstvo ljudi, saj opazo-
vanje ptic in bivanje v okolju, ki ga naseljujejo ptice, pri
ljludeh zmanjsuje stres. Dolgoro¢en monitoring stanja
ptic v mestih je zelo pomemben, saj le tako lahko nadzi-
ramo, kaj se dogaja s populacijami razli¢nih vrst ptic, in
posledi¢no tudi preprec¢imo, da ne bi neko¢ morda prislo
do »neme pomladi«.

Muhe trepetavke so kljub velike Stevilnosti in pogo-
stnosti sicer med manj znanimi vrstami zuzelk, vendar
so odrasli osebki pomembni oprasevalci rastlin, med-
tem ko se licinke prehranjujejo z drugimi Zuzelkami in
se pogosto uporabljajo za biokontrolo. So zelo dobri bi-
oindikatorji za spremembe v koli¢ini odmrlega lesa in
drugih vplivov, ki jih ima gospodarjenje z gozdom na
ugodno stanje habitatov.

ANIMALS ARE IMPORTANT INDICATOR OF BIODIVER-
SITY STATUS IN URBAN FOREST.

Birds are important indicators of the biodiversity and
have many direct and indirect functions in the forests.
They predate on many insects and therefore prevent in-
sect outbreaks. Furthermore, they have also a strong
impact on the social and health care level, for it is well
known that bird watching lowers the stress level of peo-
ple. Because of the important role of birds in cities, it
is important to monitor the status of the birds over the
years in order to avoid the day we shall suddenly be faced
with a »silent spring«.

Although hoverflies are not that well known, they are very
abundant around us and everyone observed them, al-
though they fooled us by letting us think that they were
bees, wasps or a bumblebees. Adults are important pol-
linators for plants, while larvae feed on other insects and
are often used as biocontrol method. Furthermore, they
are also good bio-indicators, as this insect group has dif-
ferent functions in the ecosystem.

Slika 1: $¢inkavec, ena najpogostejsih
vrst ptic v urbanih gozdovih v Ljubljani
(Foto: Tim Faasen)

// Photo 1: Chaffinch, one of the
commonest species in the urban for-
ests of Ljubljana (Photo: Tim Faasen)

Slika 2: Zimska trepetavka:
pomemben oprasevalec in plenilec
listnih usi (Foto: Tim Faasen)

// Photo 2: Marmalade hoverfly
(Episyrphus balteatus): an important
pollinator and predator on aphids
(Photo: Tim Faasen)
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PESTROST RASTLINSKIH VRST V URBANIH GOZDOVIH
Rastline so klju¢na sestavina gozdnih ekosistemov, ki
nam zaradi povezanosti z drugimi omogocajo ugotavlja-
nje sploSnega stanja v gozdnem in SirSem okolju. Poleg
bogastva rastlinskih vrst v .urbanem gozdu so posebej
zanimivi tudi pojavi invazivnih tujerodnih vrst, ki so pred-
vsem posledica razlicnih ¢lovekovih dejavnosti.

Urbani gozdovi v Ljubljani so razmeroma bogati z ra-
stlinskimi vrstami. Na treh izbranih ploskvah smo ugo-
tovili 161 razli¢nih vrst praprotnic in semenk. Posebno
skrb, povezano s prihodnostjo urbanih gozdov v Ljublja-
ni, zbujajo invazivne tujerodne rastlinske vrste.

Njihovo hitro Siritev in prenamnoZitev lahko opazujemo
predvsem v razli¢nih nizinskih gozdovih, Se posebej ob
rekah in potokih. Resno groznjo za obstoj danasnjih ti-
pov gozdov smo zaznali predvsem na ploskvi v neposre-
dni blizini reke Save in deloma tudi v srediS¢u mesta
na pobocju Roznika. V teh dveh gozdovih smo popisali
vecje Stevilo tujerodnih rastlinskih vrst, ki so veCinoma
invazivne, z delezem 8 % od vseh popisanih.

DIVERSITY OF PLANT SPECIES IN URBAN FORESTS
Plants are among key components of forest ecosystems,
and due to their interactions with other components they
well indicate the ecological conditions in forests and the
neighbouring ecosystems. Beside plant species richness
of urban forest, the presence of invasive alien species,
which are primarily the result of various human activities
and impacts, is of special interest.

In the urban forests of Ljubljana area, a high number of
plant species can be found. On three selected plots, 161
different fern and vascular species were documented. In
view of the future perspective of the urban forests in Lju-
bljana, the invasive non-native plant species should be
given special attention.

Their rapid expansion can be observed mainly in various
lowland forests, especially along rivers and streams. A se-
rious threat to the existence of today’s forests was detected
mainly on the plot along the bank of the Sava River in Lju-
bljana periurban area, and partly on the slopes of Roznik
hill in the urban area. In these forests, a larger number
of non-native plant species representing 8% of all species
recorded, and among them invasive species, prevail.

Slika 1: Gozdna tla na obrezju reke
Save prerasca gost zastor invazivnih
tujerodnih vrst, kot so orjaska zlata
rozga (Solidago gigantea Aiton),
japonski dresnik (Fallopia japonica
(Houtt.)JRonse Decraine) in deljenolist-
na rudbekija (Rudbeckia laciniata L.).
(Foto: Lado Kutnar)

// Figure 1: Forest floor along the
bank of the Sava River is overgrown by
dense cover of invasive alien species
like Solidago gigantea Aiton, Fallopia
japonica [Houtt.)JRonse Decraine and
Rudbeckia laciniata L. [Photo: Lado
Kutnar)

Slika 2: Orjaska zlata rozga (Solidago
gigantea) je invazivna tujerodna vrsta
obrecnih, poplavnih in mocvirnih goz-
dov v Sloveniji. (Foto: Lado Kutnar)

// Figure 2: Solidago gigantea is an
invasive alien species of riverine,
floodplain and swamp forests in Slo-
venia. (Photo: Lado Kutnar)



POPIS BOLEZNI GOZDNEGA DREVJA TER PREGLED

ZDRAVJA DREVJA V URBANIH GOZDOVIH

Zdravje drevja je v urbanem okolju Se posebno po-
membno, saj so bolna in poskodovana drevesa lahko
nevarna za Cloveka. Pri trohnelem drevesu se veje
pogosto odlomijo, ali pa se drevo zaradi trohnecega
debla ali korenin ob mocnem vetru podre. Bolezni
drevja povzrocajo razli¢ne vrste $kodljivih gliv. Stevil-
ne Zuzelke lahko drevje poskodujejo, mu kvarijo videz
ali zmanjsujejo vitalnost. Za zmanjSevanje poskodb
so proti njim razvili razlicne preventivne in kurativ-
ne ukrepe. Ugotavljali smo povzrocCitelje poSkodb ter
razvijali in preizkusali razlicne tehnike belezenja po-
skodovanega ali bolnega drevja. Razvoj in uporaba
teh znanj bosta omogocila upravljanje z gozdovi tako,
da bodo vitalnejsi in varnejsi za obiskovalce.

SPREMLJANJE OBISKANOSTI URBANEGA GOZDA
Po vsakodnevnih obveznostih, ko ni vedno dovolj ¢asa
za daljSe izlete v naravo, je urbani gozd v Ljubljani
prostor za rekreacijsko dejavnost v naravi. Za trajno-
stno upravljanje z urbanimi gozdovi pa sta nujni vsaj
okvirna informacija o Stevilu obiskovalcev v gozdu in
Casovna dinamika obiska. Intenzivnost obiska namrec
vpliva tako na gozd (npr. erozija poti] kot neposredno
rekreacijsko izkusnjo [(npr. Zeljo po odmaknjenosti
oziroma druzenju). V ta namen smo obmocje razisko-
vanja opremili s sistemi za Stetje obiskovalcev, ki smo
jih izdelali v laboratoriju za elektronske naprave Goz-
darskega instituta Slovenije.

ONESNAZENOST GOZDNIH TAL IN VAROVANJE
VODNIH VIROV V URBANIH GOZDOVIH LJUBLJANE
Gozdna tla z naravno ohranjeno rastlinsko sestavo in
sestojno zgradbo gozda so pomemben filter za vno-
se onesnazeval iz okoliSkih kmetijskih povrsin, pro-
metnic in urbanih povrsin v podtalnico in povrSinske
vodotoke.

Vloga gozda v urbanih obmodjih je z vidika ohranja-
nja rodovitnih in neonesnazenih gozdnih tal predvsem
ohranjanje stabilnosti gozdnih tal z mo¢nimi korenin-
skimi sistemi drevesnih vrst, prestrezanje ¢im vecje
koliCine padavin in zadrZevanje tal v erozijsko ogro-
Zenih obmodjih.

V okviru projekta EMoNFUr je bila vzpostavljena mre-
za stalnih vzorénih ploskev za redno spremljanje sta-
nja in onesnazenosti gozdnih tal v Krajinskem parku
Tivoli, Roznik in Sigenski hrib ter v nizinskem poplav-
nem gozdu ob reki Savi. Ugotovili smo, da so gozdna
tla dobro ohranjena in neonesnazena in tako eno iz-

med najcistejdih okolij v Ljubljani (slika 3).

THE INVENTORY OF DISEASES OF FOREST TREES
AND AN OVERVIEW OF THE HEALTH OF TREES IN
URBAN FORESTS

Tree health is especially important in urban environ-
ment, since diseased or injured trees can pose a seri-
ous threat to humans. In decaying trees, the branches
often snap off or the tree breaks in strong wind due
to degraded wood or rotten roots. Tree diseases are
caused by numerous pathogenic fungi. Many insects
can harm trees, deteriorating their appearance or re-
ducing their vitality. For reducing the damages caused
by diseases and pests, numerous preventive and cura-
tive protection measures were developed. We identi-
fied the causes of the damages, and developed as well
as tested different methods to monitor diseased and
injured trees. The development and use of this knowl-
edge will enable forest management to create healthi-
er and safer forests for visitors.

MONITORING VISITS TO THE URBAN FOREST

After all our daily obligations, when we often do not
have enough time for longer trips to a natural area, an
urban forest such as in Ljubljana serves as a perfect
place for restorative activities in nature. To sustainably
manage an urban forest, a manager must know at least
indicative information on the number of visitors in the
forest and temporal dynamics of the visits. The inten-
sity of the visit has an impact both on the forest (e.qg.
erosion, soil compaction), as well as direct recreational
experience (e.g. a desire for seclusion or socializing]. To
estimate the frequency of the visits, we have installed a
system of visitor frequency counters that we developed
at the Laboratory for electronic devices at the Slovenian
Forestry Institute.

POLLUTION OF FOREST SOIL AND PROTECTION OF
WATER RESOURCES IN LJUBLJANA URBAN FORESTS
Forest soils are an important filter for inputs of pollut-
ants from the surrounding farmland, roads and urban
areas into groundwater and surface watercourses.

From the point of view of maintaining fertile and unpol-
luted forest soil, the role of forests in urban areas is es-
pecially in maximized interception of rainfall and reten-
tion of soil in erosion risk areas.

A network of permanent sample plots for reqular moni-
toring and pollution of forest soils in the Tivoli, Roznik
and Sigenski hill Landscape Park and in the lowland
floodplain forest along the Sava River was established
within the EMoNFUr project. Forest soils have proved to
be well preserved and are one of the cleanest environ-
ment in the city (Fig. 3].

37



38

ﬂ 015 03 06 Hm

SPREMLJANJE KAKOVOSTI ZRAKA

Merjenje in spremljanje usedlin predvsem duSikovih in
zveplovih spojin, ki so antropogenega izvora in posledi-
ca onesnazevanja zraka (http://www.gozdis.si/za-rado-
vedne/gozdarski-filmi/], omogoca neposredno oceno
vnosa snovi v gozd in izracun kriti¢nih vrednosti, ki jih
gozd in rastline v njem Se prenesejo. Z razsiritvijo spre-
mljanja usedlin na urbane gozdove Zelimo ovrednotiti
pozitivni vpliv gozda na Zivljenje v mestu in njegovi oko-
lici, ki ni omejen samo na podrocje zraka, marvec¢ tudi
kakovosti vode oziroma podtalnice in tal.

LEGENDA

o dodatneg ploskove [29F x 250 mi)
3 plosbve 500 % 500 m

Slika 2. V Krajinskem parku Tivoli,
RoZnik in Sigenski hrib prevladujejo
globoka ter kisla districna rjava tla.
(Foto: Aleksander Marinsek)

// Fig. 2: In the Tivoli, RoZnik and
Sigenski hrib Landscape Park, deep
Dystric Cambisols prevail.

(Photo: Aleksander Marinsek)

Slika 3. Vsebnost svinca (Pb) presega
opozorilno vrednost (100 mg/kg) le

na eni ploskvi v Mostecu (140 mg/kg,
rdedi krog). Tudi mejna vrednost (200
mg/kg) cinka (Zn) je bila preseZena le
na ploskvi v blizini Koseskega bajerja
(201,6 mg/kg, modri krog). Kritiéne
vsebnosti tezkih kovin v gozdnih tleh
niso bile presezene na nobeni ploskvi.
// Figure 3: The content of lead (Pb)
exceeds the warning value (100 mg/
kg) only on a single location at Mostec
(140 mg/kg) (red circle). The limit
value (200 mg/kg) for zinc (Zn) has
been exceeded only on the Koseze
plot near the pond (201.6 mg/kg) (blue
circle). The critical concentrations of
heavy metals in forest soils are not
exceeded on any of the plots.

AIR QUALITY MONITORING

Measuring and monitoring of deposition, especially of ni-
trogen and sulphur compounds of anthropogenic sources
and consequence of the air pollution (http://www.gozdis.
si/za-radovedne/gozdarski-filmi/], enables us to assess
direct amounts of inputs into the forests and calculation
of the critical loads, which are still tolerable by the forest
and plants in it. By extending deposition monitoring to
the urban forests we want to evaluate the positive influ-
ence of forest on the life in the city and its surroundings,
which is not restricted to the sphere of air, but also on
water, groundwater and soil.



Kakovost zraka lahko spremljamo tudi z analizo tkiv
dolocenih vrst mahov. Vec¢ina mahov ima slabo razvit
koreninski sistem in nimajo razvite kutikule, tako da
sprejemajo vecino hranil in vode prek celotne povrsine,
neposredno iz tal pa le v manjSem obsegu. Spremljanje
onesnazenosti zraka na posreden nacin prek drugih ra-
stlinskih ali Zivalskih vrst imenujemo »biomonitoring,
ki je pomembna informacija o onesnaZenosti naravnega
okolja.

The quality of air could be monitored also through ele-
ment measurements in moss tissue. Most of the moss
species have a poorly developed rooting system and they
lack the cuticle, which forces them to accept most of the
mineral substances and water over the surface and not
from the soil. Monitoring of air pollution indirectly via
plants or animals is called “"bio monitoring” and could be
used as additional important information about the pol-
lution of a natural environment.

Slika 4: Vzorcenje mahu na terenu (levo) in pogosto uporabljena vrsta mahu (Hypnum cupressiforme) za analize
o vsebnostih onesnaZil (desno) (Foto: Mitja Skudnik)
// Figure 4: Field sampling of moss (left) and example of commonly used moss species (Hypnum cupressiforme) for analy-
sis of pollutants (right) (Photo: Mitja Skudnik)

GOZDNA INVENTURA IN ANALIZA RASTI DREVJAV
URBANIH GOZDOVIH

Cilj gozdne inventure je pridobiti informacije o stanju goz-
da. V okviru projekta EMoNFUTr je bil na Rozniku vzposta-
vljen sistem 31 stalnih vzorénih ploskev na mrezi 250 x 250
m. Pripravljen je bil nabor znakov, s katerimi bi lahko spre-
mljali informacije o urbanih gozdovih in ki bi bili zanimivi za
razli¢ne interesne skupine (gozdarski strokovnjaki, lastniki
gozdnih zemlji$¢, mescani, naravovarstveniki itd.). Gozdna
inventura je tako dala odgovore na vprasanja, kaksna je
koli¢ina vezanega ogljika v Zivi in odmrli lesni biomasi in
kaksno je stanje mestnih gozdov z vidika biotske pestrosti.
Pridobili smo tudi podatke o viini lesne zaloge v mestnih
gozdovih, o viSini dreves, njihovi debelinski strukturi, sli-
ko o horizontalni in vertikalni zgradbi gozda in uspesnosti
pomlajevanja mestnega gozda. Vsi ti podatki so potrebni
za uspesno nacrtovanje ukrepov v gozdu, katerih cilj je za-
gotavljati trajnost in mnogonamenskost mestnega gozda.

FOREST INVENTORY AND GROWTH ANALYSIS OF
TREES IN URBAN FOREST

The goal of urban forest inventory is to define the state
of the forest. In the EMoNFUr project, 31 permanent
sampling plots on the 250 x 250 m grid were established.
The list of indicators that could potentially be used by dif-
ferent users (forest experts, forest owners, citizens and
environmentalists etc.] was presented for monitoring the
urban forest's condition. The forest inventory of urban for-
est of RoZnik gave us some answers on biodiversity and
the amount of carbon in live and dead wood biomass. We
also obtained data on growing stock, height of trees, dbh
structure, horizontal and vertical structure and forest re-
generation in urban forest. All these data are essential
for planning measurements that help us to pursue the
goal of sustainable and multidisciplinary urban forests.
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Slika 5: Zemljevid, ki prikazuje
lokacije stalnih vzorcnih ploskev in
kolicine vezanega ogljika v nadzemni,
podzemni in odmrli lesni biomasi. V
povprecju je bilo v raziskanih mestnih
gozdovih vezanega 138 ton C ha™'.

// Figure 5: Map of the newly estab-
lished permanent sampling plots

and the amount of sequestrated C in
aboveground, belowground and dead
wood biomass. On average, 138 tons
C ha' were sequestrated within the
urban forests of Ljubljana.
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Slika 6: Temeljnica za glavne drevesne vrste po 5 cm debelinskih razredih (levo) in Stevilo dreves za glavne drevesne vrste
po 5 cm debelinskih razredih (desno) prikazuje razmeroma visoke vrednosti za smreko in rdeci bor.

// Figure 6: Basal area for the main tree species for 5 cm DBH class (left), and number of trees for main tree species for 5
cm DBH class (right) show relative high values for Norway spruce and Scotch pine.

0DZIV RASTI DREVES V URBANEM GOZDU NA
OKOLJSKE DEJAVNIKE

V okviru projekta merimo debelinski prirastek drevesa
na dva razlicna nacina - z elektronskimi dendrometri
in s pomocjo izvrtkov, ki jih s posebnim votlim svedrom
vzamemo iz debla. Z elektronskimi dendrometri me-
rimo majhne (< 0,1 mm) spremembe v debelinskem
priras€anju dreves v intervalih od 15 do 30 minut v eni
rastni sezoni. Z dendrometri te spremembe zaznamo
in povezemo z okoljskimi razmerami, ki vplivajo na rast
(npr. suga). Z izvrtki preucujemo debelinsko priraécanje
dreves v preteklosti in njihov odziv na vplive okolja na le-
tniravni. S poznavanjem odziva dreves lahko predvidimo
odziv drevesa in vpeljemo gojitvene ukrepe, ki bodo pri-
pomogli k blazenju posledic podnebnih sprememb tudi
na urbane gozdove.

RESPONSE OF THE TREES GROWTH IN URBAN
FOREST TO THE ENVIRONMENTAL FACTORS

We also measured radial increment of the trees within
the EMoNFUr project in two ways - with electronic den-
drometres and with increment cores taken from the tree
trunk. With electronic dendrometres we measure min-
ute changes in tree’s increment (< 0.1 mm) on a time
scale between 15 and pride. Changes in radial increment
measured with electronic dendrometres can be later on
connected with the environmental factors. This informa-
tion is crucial for understanding intra-annual dynamics
of tree growth and correct interpretation of seasonal var-
iation in cambium dynamics. Cores, on the other hand,
provide information on tree growth at the inter-annual
level.



Slika 7: Detajl rocnega tracnega dendrometra, ki z nonijsko
skalo omogoca neposredno odcitanje premera drevesa.
(Foto: Tom Levani¢)

// Figure 7: Detail of the manual girth band displaying
scale for direct reading of the tree’s diameter. (Photo: Tom
Levani¢)

Slika 8: Elektronski dendrometer, namescen na smreki.
Pod njim je namescen rocni tra¢ni dendrometer (rjavi trak).
(Foto: Tom Levani¢)

//Figure 8: Electronic dendrometer installed on a spruce
tree. Below is installed manual girth band (brown tape)
(Photo: Tom Levanig)
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Slika 9: Kronologija Sirin branik za hraste, ki rastejo na vznoZju hriba (urbani gozd na obrobju parka Tivoli) in na vrhu

hriba, na Rozniku, ki je ravno tako del urbanega gozda

// Figure 9: Tree-ring width chronology from the bottom of the slope (forest within Tivoli Park) and on the top of the slope

(forest on RoZnik Hill - also part of urban area)

Raziskovalci s primerjavo med povprecno mesecno
temperaturo ali mesecno koli¢ino padavin in Sirino bra-
nike ugotovimo, kateri meseci so kljucni za nastanek
branike. Ljubljana ima enega najdaljSih klimatskih ni-
zov v Sloveniji. Dolg je prek 100 let in zato smo ga tudi
uporabili v nasi analizi.

Prva ugotovitev je, da drevesa v urbanem gozdu v
primerjavi z naravnim gozdom nimajo bistveno dru-
gacnega odziva na klimo. Na Sirino branike hrastov
v urbanem gozdu najpomembneje vplivajo klimatske
razmere v juniju. NajsirSa branika nastane takrat, ko
ni prevroCe in ko je koli¢ina padavin nekoliko nad dol-
goletnim povprecjem za junij - slika 10.

Tree-ring width sequences can be used to study growth of
trees in the past and their response to different (mostly
meteorological] parameters. By knowing the response
of trees to climate in the past we can develop silvicultur-
al measures that will help forest ecosystems mitigate
the impacts of climate change. By comparing average
monthly temperature or monthly sum of precipitation,
researchers can identify which months within a particu-
lar year are playing a crucial role in tree growth. Lju-
bljana has a quite long and reliable temperature and
precipitation record (from 1900 to the present day).

First important observation is that climate response of
trees in an urban area is not different comparing to re-
sponse of trees in a managed or old-growth forest. The
most important month for a wide ring in trees in urban
area is June and the best combination for a wide ring in
a particular year is a combination of not so warm June
with a good supply of precipitation in the same month -
Figure 10.
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Slika 10: Odziv debelinske rasti hrasta na povpre¢ne mesecne temperature (levo) in mesecno vsoto padavin (desno). S
temnejso barvo smo obarvali tiste mesece, ki kljucno vplivajo na rast, z velikimi tiskanimi ¢crkami so prikazani meseci
tekocega leta, z majhnimi tiskanimi pa meseci predhodnega leta.

// Figure 10. Response of the oak’s radial growth to average monthly temperatures (left) and monthly sum of precipitation
(right). Darker colour indicates the months with crucial impact on the growth, while capital letters denote the months of the

current year and small letters of the previous year.

EKONOMSKO VREDNOTENJE URBANEGA GOZDA
Ekosistemske storitve urbanih gozdov, npr. zmanjse-
vanje vsebnosti onesnazeval v zraku, uravnavanje mi-
kroklime, rekreacija v naravnem okolju idr., in njihovo
ekonomsko vrednotenje omogoca preskok vrzeli med
ekonomisti in okoljevarstveniki. S tehnikami ekonom-
skega vrednotenja netrZnih storitev gozda je mogocCe
v urbanisti¢no planiranje enakovredno vkljucevati tako
trzne dobrine, ki jim vrednost pripiSemo na podlagi nji-
hove cene na trgu (les, vezava CO,), kot tudi netrzne sto-
ritve, ki so po naravi bodisi javne dobrine bodisi skupno
dobro (moznost rekreacije, koristi za javno zdravje, bla-
Zenje vremenskih ekstremov). Presoja razli¢nih politik
upravljanja z urbanimi gozdovi je tako bolj celostno, saj
bolj gotovo uposSteva raznolika pri¢akovanja druzbe do
gozda.

KLIMATSKE RAZMERE V MESTNEM GOZDU
Spremljanje podnebnih razmer v mestnem okolju je
z vidika obvescanja, posebej ob vroCinskih valovih, za
mescane izrednega pomena. Vrednosti vremenskih
spremenljivk, kot so denimo temperatura in relativ-
na vlaznost zraka ter veter, se lahko v mestu krajevno
in ¢asovno obcutno razlikujejo. Tovrstno izmenjevanje
okoljskih vplivov mescani Se posebej obcutijo prav za-
radi soucinkovanja zgradb, prometa in vmesnih zelenih
povrsin.

Podatke, pridobljene iz meteoroloskih postaj, ki so bile
med projektom namescene v urbane gozdove, smo pri-
merjali s podatki z mestnih meteoroloskih postaj in po-
trdili pomen urbanih gozdov na zmanjSevanje ucinkov
toplotnih otokov v Ljubljani. Slika 11 prikazuje razlike v
temperaturi zraka med mestnim srediS¢em in urbanim

gozdom v Casu vrocinskega vala v Ljubljani leta 2013.

ECONOMIC EVALUATION OF URBAN FOREST
Ecosystem services of urban forests, such as mitigating
air pollution, regulation of microclimate, recreation in the
natural environment etc. and their economic valuation,
bridge the gap between economy and nature protection.
By employing techniques of economic valuation of non-
market goods and services of forests, urban planning can
be extended to cover both, market goods, which can be
valued upon their market price (wood, CO, sequestration),
and non-market goods, which can be either public goods
or common property (recreation opportunities, benefits
for public health, mitigation of weather extremes). In this
way, procedures of policy appraisal would be more com-
prehensive, as it can consider public expectations to a
much greater extent.

CLIMATE CONDITIONS IN URBAN FOREST

Monitoring of climate conditions in an urban environment
is of great importance for the citizens, especially during
heat waves. Values of the meteorological variables, e.g.
air temperature, relative air humidity and wind speed,
can significantly differ in the city in space and time. Such
exchange of environmental impacts is felt extremely
strongly by the citizens because of the buildings, traffic
and intermediate green spaces interactions.

Data, acquired from the meteorological stations set up
in the urban forests, were compared with the data of the
urban meteorological stations. We confirmed that the
urban forests reduce the impact of heat islands in Lju-
bljana. Fig. 11 shows the differences in air temperature
comparing the city centre and urban forest at the time of
heat wave in Ljubljana in 2013. The highest air tempera-
ture in the city centre and urban forest reached 40.2 °C
and 37.4 °C, respectively. A better insight into heat stress
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Slika 11: Razlika v temperaturi zraka v srediscu Ljubljane in v urbanem gozdu med vrocinskim valom leta 2013
// Figure 11. The difference in air temperature between the city centre and the urban forest during the 2013 heat wave in

Ljubljana.

Najvi§ja temperatura zraka je v srediSCu mesta dose- was also enabled by the average daily temperature - in
gla +40,2 °C, v urbanem gozdu pa +37,4 °C. Podrobnejsi  some cases the difference between the city centre and
vpogled na toplotno obremenitev predstavlja tudi pov- urban forest reached up to 10 °C.

prec¢na dnevna temperatura zraka - razlike slednjih lah-

ko med sredis¢em mesta in urbanim gozdom dosegajo

tudi 10 °C.
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MODELIRANJE VODNE BILANCE GOZDA
// FOREST WATER BALANCE MODELLING

Ursa Vilhar

Ocena elementov vodne bilance in toka hranil skozi
gozdni ekosistem je nepogresljiva za razumevanje
kroZenja elementov in napovedovanje odziva gozdne-
ga ekosistema na spremembe v okolju. Na ploskvah
intenzivhega spremljanja stanja gozdnih ekosiste-
mov, kjer eksperimentalni pristopi za ugotavljanje
elementov vodne balance tal niso na voljo, je mogoce
odtok v podtalje oceniti z uporabo hidroloskih mode-
lov za tla, pri cemer lahko uporabimo preproste mo-
dele zalog ali celostne mehanisticne modele.
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/] Assessment of water and nutrient fluxes through
forest ecosystem is indispensable for understanding
the element cycles and to predict forest ecosystem
response to environmental changes. On forest moni-
toring plots, where experimental approaches to de-
termine soil water fluxes are not available, drainage
can be assessed by using soil hydrological models,
ranging from simple budget models to comprehensive
mechanistic models.

Slika 1. Dejanska evapotran-
spiracija in odtok v podtalje
(v % padavin na prostem) na

Model WATBAL

[ | Evapotranspiration
[ Drainage flux

ploskvah intenzivnega sprem-
ljanja stanja gozdnih ekosiste-
mov sirom Evrope, simulirane
z modelom Watbal v okviru
projekta Life FutMon. Stevilke
v oklepajih so vrednosti v mm.
// Figure 1. Actual evapotran-
spiration and drainage flux

(% of precipitation in open)

at several forest monitoring
plots across Europe, simulated

Celering 2004-2008 —l .o oo
Solling B1 2004-2008 — -~~~
Solling F1 2004-2008 — - -~~~ -~
Freising 2004-2008 — - - - - -
Juupajoki 2002-2006 — - - - -~ -

Brasschaat 2003-2007 - - - - - - - - - -
Snezna jama 2001-2008 — — — —

Monte Rufeno 2004-2008 —|

by the WATBAL model within
the framework of Life project
FutMon. Figures in brackets
are values in mm.



MAHOVI KOT BIOMONITORJI
ONESNAZENOSTI OKOLJA Z DUSIKOVIMI

SPOJINAMI

// MOSSES AS BIOMONITORS OF ATMOSPHERIC

NITROGEN POLLUTION

Mitja Skudnik

Povecane koncentracije N spojin so bile nedavno opre-
deljene kot kriti¢ne glede obremenitve okolja na global-
ni ravni. Z namenom, da bi za Slovenijo dobili boljSe in-
formacije o atmosferskem usedu N spojin, smo na 103
lokacijah v gozdovih po drzavi vzorcili mahove in dolocili
koncentracije N v njihovem tkivu. NajviSje vrednosti N
v mahovih so bile izmerjene v zahodnem alpskem delu
Slovenije, v okolici velikih mest, kot so Ljubljana, Celje
in Maribor, ter na obmodjih z intenzivnim kmetijstvom v
vzhodnem delu drzave.

Po letu 1980 so v Stevilnih evropskih drzavah nekatere
zakonodajne obveze glede varstva okolja (kot npr. kon-
vencija LRTAP] pomembno vplivale na zmanjSevanje
onesnazevanja zraka z zveplovimi spojinami (S} in pra-
$nimi delci, vendar pa ne za razlicne spojine dusika (N).
Na koli¢ine vnesenega N v ekosisteme vpliva vse vecja
uporaba fosilnih goriv in kmetijske dejavnosti. Zaradi
zapletenih relacij med onesnazevali in ekosistemom je
pogosto poudarjena potreba po zbiranju kakovostnih in-
formacij o kolicini in prostorski porazdelitvi teh onesna-
Zeval. Posledi¢no so bili vzpostavljeni Stevilni sistemi za
spremljanje onesnaZenosti okolja; nekateri temeljijo
na fizikalnih in kemijskih meritvah usedlin in kakovosti
zraka (zrak, padavine itd.), medtem ko drugi uporabljajo
razlicne metode bio-indikacije z uporabo mahov, liSajev
itd. Sistemi, ki temeljijo na meritvah usedlin in kako-
vosti zraka, so bolj natancni, vendar je obicajno Stevilo
takSnih opazovalnih postaj majhno. Razlog je pogosto
povezan z visokimi stroski pri vzpostavitvi in vzdrZzevanju
tovrstnih sistemov. Taksni nacini lahko postanejo pro-
blemati¢ni, Ce Zelimo natanc¢ne prostorske informacije
o nekaterih onesnazevalih, predvsem glede na to, da so
nekatera onesnaZevala mocno izpostavljena hitrim pro-
storskim in ¢asovnim spremembam.

Z namenom dobiti dodatne prostorske informacije o
onesnazevalih, so bile razvite Stevilne metode bioindi-
kacije, kot je npr. evropska mreza biomonitoringa z ma-
hovi, ki jo v zadnjih letih razvijajo v okviru programa ICP

// Increased concentrations of N compounds have re-
cently been identified as a critical load for the environ-
ment on a global scale. To get better information on N
depositions of Slovenia, mosses were collected at 103
locations within forests at the national level. The highest
values of N in moss occurred in the western mountain-
ous part of Slovenia, around large cities, such as Lju-
bljana, Celje and Maribor, and in areas with intensive
agriculture in the eastern part of the country.

After 1980, the environmental protection legislative
(like CLRTAP] convention] had a significant impact
on achieved reduced air pollution of sulphur (S} com-
pounds and dust particles in many European countries,
but not for nitrogen (N} compounds. The amount of N
entering the ecosystems is affected mainly by increas-
ing consumption of fossil fuels and use of fertilizers.
Complex relationships between pollutants and ecosys-
tems often exposed the need to collect quality informa-
tion on amount and spatial distributions of pollutants.
Consequently, numerous different monitoring systems
were established; some are based on physical and
chemical measurements of depositions and air qual-
ity (air, precipitation etc.), while others are using differ-
ent bio-indicators [e.g. mosses, lichens etc.]. Monitor-
ing systems, which are based on the measurements of
deposition and air quality, are more accurate, but usu-
ally the number of such monitoring stations is low. The
reason is often linked with high costs to establish and to
maintain this kind of monitoring systems. But this could
be problematic to gain accurate spatial information on
some pollutants, while some could have high spatial
and temporal variability.

To gain additional spatial information on deposited pol-
lutants, numerous biomonitoring methods were estab-
lished, such as European moss biomonitoring survey,
which has lately been developed within the framework of
ICP Vegetation (International Cooperative Programme
on Effects of Air Pollution on Natural Vegetation and
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Slika 1. Pomembno je povezati razlicne sisteme monitoringov onesnaZenosti zraka, ki zbirajo podatke na razli¢nih prostor-
skih ravneh.
// Figure1. It is important to correlate different monitoring systems gathering information on different scales.
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Vegetation (Mednarodni program sodelovanja o vplivu
onesnazenega zraka na naravno vegetacijo in poljsci-
ne, ki poteka v okviru konvencije LRTAP). Prednost to-
vrstnega spremljanja je, da je metodologija zbiranja po-
datkov enostavnejSa in tudi kemicne analize so cenejSe;
posledicno je mogoce doseci vecjo gostoto vzorcenja.

Da bi dobili boljSe informacije o atmosferskem vnosu
N v Sloveniji, smo v letu 2010 na 103 gozdnih lokaci-
jah vzorcili mahove vrste Hypnum cupressiforme Hedw.
Med izbrane lokacije so bile vkljucene tudi vse ploskve
ICP Forests Ravni | in Ravni Il, dodatno pa tudi nekatere
lokacije drzavne meteoroloske mreze, kjer spremljajo

kvaliteto padavin, vklju¢no tudi z eno postajo EMEP.

Poleg koncentracije N smo v mahovih dolocili tudi kon-
centracije tezkih kovin in izotopsko sestavo dusika (&
"NJ. V okolju poznamo Stevilne razli¢ne vire emisij N, ki
jih delimo glede na to, alisproscajovatmosfero reduci-
rane (amonijske] ali oksidirane (nitratne) oblike dusika.
Frakcionacija dusikovih izotopov ["°N, "*N] v teh spojinah
pa je razlicna in s tem tudi vrednost & 'SN. Literaturni
podatki kazejo, da bi lahko iz izotopske sestave dusSika
v biomonitorjih sklepali na izvore dusika v atmosfero.
Analiza je namrec pokazala, da so vrednosti 6 *N v ma-
hovih bolj negativne, e N izvira iz kmetijskih virov, in
nasprotno, manj negativne, ¢e N izvira iz procesov zgo-
revanja fosilnih goriv in transporta.

Nasi rezultati kaZejo na pomen povezave med razli¢nimi
sistemi spremljanja onesnaZenosti zraka, ki delujejo na
razlicnih prostorskih ravneh.

Crops] as a part of LRTAP convention. Advantage of this
kind of monitoring is that the methodology of data col-
lection is simpler and also that the chemical analyses
are cheaper; consequently, much higher sampling den-
sity can be achieved.

To get better information on N depositions of Slovenia,
mosses (Hypnum cupressiforme Hedw.) were collected
in 2010 at 103 locations within forests including all sites
from ICP Forest Level | and Level Il and additionally also
the locations where depositions are measured for na-
tional reports including one EMEP station.

Additionally to N concentrations, heavy metals and sta-
ble N isotopes ('"N/™“N ratio expressed relative to an
international standard as (8 '°N value) were also deter-
mined in the mosses. Usually within the area of survey,
there could be numerous different N emission sources.
They can be divided into emitting mainly reduced N or
oxidized N. Analysis showed that the "®N/'*N ratios differ
between oxidized and reduced forms of N and that they
are more negative if the N originates from agricultural
sources and, contrary, less negative if the N originates
from combustion processes and transport. Research-
ers suggested that information on stable isotopes of N
could be used to explore the source of N in moss tissue
and with this identify the main N emitters around the
sampling location.

Our results indicate importance of correlating different
monitoring systems gathering information on different
scales.
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KRATEK PREGLED GOZDNEGA
GENETSKEGA MONITORINGA

// INTRODUCTION TO FOREST GENETIC MONITORING

Domen Finzgar, Marjana Westergren, Gregor Bozi¢, Barbara Fussi, Phil Aravanopoulos,
Fotis Kiourtsis, Zivan Veseli¢, Monika Konnert, Hojka Kraigher

(v:eprav so prvi koncepti gozdnega genetskega moni-
toringa (GGM) stari Ze vec kot dve desetletji, je bila
njihova implementacija tezavna. Z razvojem modernih
laboratorijskih metod je GGM postal financno in ca-
sovno izvedljiv, kar raziskovalcem omogoca preizkus
novih konceptov, razvoj obstojecih konceptov in upo-
stevanje genetskih podatkov pri preucevanju trajno-
sti nasega gospodarjenja z gozdom. GGM je orodje, s
katerim bomo gozdarji na osnovi stanja in sprememb
v sestavi gozdnih genskih virov (GGV) bolje razumeli
spremembe v sestojih in laZe ter ucinkoviteje gospo-
darili z gozdom. Z letom 2014 je Gozdarski institut
Slovenije postal vodilni partner v izvedbenem projek-
tu GGM z naslovom LIFEGENMON.

// The concepts of forest genetic monitoring (FGM),
although present for more than two decades, are
still being discussed and developed due to the lack of
their implementations. Progress in laboratory meth-
ods made FGM financially feasible and less time con-
suming, allowing researchers to take into account the
genetic data when assessing sustainability of forest
management. In 2014, the Slovenian Forestry Institute
became the leading partner in the FGM implementa-
tion project - LIFEGENMON. Destined to recognize the
state and changes in the composition of forest genetic
resources (FGR), FGM is a tool designed for foresters
to better understand changes in forest stands and to
help them in forest management.

KADAR GOVORIMO O BIOTSKI PESTROSTI, NE SMEMO
POZABITI NANJEN TEMELJNI DEL - GENETSKO PES-
TROST.

WHEN WE TRY TO UNDERSTAND BIODIVERSITY, ITS
FUNDAMENTAL ELEMENT, SPECIFICALLY GENETIC
DIVERSITY, CANNOT BE OVERSEEN.

Genetsko pestre (GD) populacije imajo vedji potencial,
da se lahko bolje prilagodijo kakrsnimkoli spremem-
bam v okolju, kar zviSuje njihovo prezivetveno sposob-
nost. Absolutno merjenje GP dolocenega organizma je
nemogoce. Zato znanstveniki predlagajo razlicne siste-
me kriterijev, kazalnikov in meril GP. S takSnimi sistemi
lahko sklepamo o celotni GP na osnovi majhnega dela
genetskih in demografskih podatkov ter s tem testiramo
nase hipoteze. Kadar taksen sistem uporabimo veckrat,
v kontinuiranih ¢asovnih intervalih, govorimo o GGM.

GGM obravnavamo kot integralni del upravljanja z GGV.
Prvi koncepti so nastali v sodelovanju strokovnjakov iz
FAO, bili kasneje poenostavljeni s strani strokovnjakov
EUFORGEN in na koncu Se Ekspertne skupine »Ge-
netski monitoring« znotraj Delovne skupine za GGV in
Zakona o semenskem materialu zveznih dezel in drza-
ve Nemcije (BLAG-FGR). Ce izvzamemo pilotno Studijo
‘nemskega koncepta GGM’, ki je bila opravljena na Ba-
varskem, do pisanja tega prispevka Se noben koncept
ni bil realiziran v praksi. Trenutno je GGM zastavljen kot

Genetically diverse (GD) forest populations can adapt
more efficiently to the environmental changes, there-
fore increasing the survival rate of populations in the
changing environment. To obtain the absolute value
of GD of a given organism is an impossible task. Sci-
entists therefore propose different criteria, indicators
and verifiers to sample a portion of genetic data or its
proxies to allow formation and testing of hypothesis
regarding GD. When such research is done in time
lapsed intervals, we are talking about FGM.

FGM is an integral part in the management of FGR and
was first proposed by experts from FAO. It was later
simplified by experts from EUFORGEN, and by the
FGM expert group of the Federal and State Working-
Group on FGR and Forest Seed Law (BLAG-FGR). With
the exception of a pilot study of the Concept for the
FGM in the Federal Republic of Germany, FGM has not
been implemented in practice to date. Currently, FGM
is conceptualized as a system of criteria, indicators
and verifiers that can serve as an early warning sys-



Slika 1: Piramidalna predstavitev nivojev bi-
otske pestrosti, z genetskim nivojem kot te-
meljem piramide. Biotsko pestrost lahko
preucujemo tudi z vidika njene sestave
(npr. st. vrst, pestrost alelov, ...), struk-
ture (npr. razli¢ni nivoji drevesne

// Fig 1: Organisation of biodiversity with the
gene level as a base of the pyramid. Biodiver-
sity can be described in terms of its compo-
sition (e.g. no. of species, allelic richness

...), structure (e.g. different canopy lay-

ers, distribution of trees, spatial ge-

krosnje, porazdelitve dreves, pros-
torske genetske strukture, ...} in
funkcije (npr. kroZenje hranil,
...). Oceno biotske pestrosti po-
damo za doloceno prostorsko
raven.

—_—

zgodnji opozorilni sistem, ki bo pripomogel k ocenje-
vanju in napovedovanju dolgoro¢nega odziva drevesnih
vrst na gospodarjenje z gozdom in na podnebne spre-
membe.

Pri tem je pomembno poudariti, da so vsi dosedanji
koncepti obravnavali GGM kot orodje, pomagalo goz-
dnim nacrtovalcem, gojiteljem in drugim gozdnim stro-
kovnjakom pri njihovem delu. Ohranjanje GGV ni nikakr-
Sna ovira pri gospodarjenju z gozdom. Pomeni zgol] to,
da morajo biti gozdnogospodarski ukrepi premisljeni iz
vidika evolucijskih u¢inkov na GP izbrane drevesne vrste
ali skupine vec drevesnih vrst.

Ekosistemski nivo
Ecosystem level

Genetski nivo / Gene level

on a specific spatial scale.

o
A
A O
%
o
"f"
i 4

tem to aid the assessment of a species response to an
environmental change at a long-term temporal scale.

It is particularly important to note that all of the FGM
concepts so far, proposed FGM as a tool designed with
forest managers in mind. Conservation of FGR does not
mean exclusion of forest management. However, each
management action must be thought through in terms
of its evolutionary effect on genetic diversity of the se-
lected tree species or groups of species.

netic structure ...) and function (e.g.
nutrient cycle...). Assessment of
biodiversity should be considered
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Gozdarski institut Slovenije sodeluje v Sestletnem pro-
jektu LIFE+ LIFEGENMON (LIFE for EUROPEAN FO-
REST GENETIC MONITORING SYSTEM) z namenom im-
plementacije sistema GGM na transektu od Nemcije do
Grcije. V projektu sodeluje Sest partnerjev iz treh drzav
(Nemcije, Slovenije, Gréije). V projekt so vkljuceni tudi
nacionalni koordinatorji (NFP - National Focal Point]
drzav med Nemcijo in Grcijo (Avstrija, Hrvaska, Srbija,
Bosna in Hercegovina, Makedonija). Cilj projekta je pri-
spevati k znanju o problemu dolgoro¢nega ohranjanja
prilagoditvenega potenciala gozdov, v okviru cilja pa
bodo naslednje naloge:

e Definirati optimalne kazalnike in merila za GGM za
dve drevesni vrsti [Fagus sylvatica in kompleks Abies
alba/A. borisii regis). V vsaki partnerski drzavi sta bili
izbrani dve vzoréni GGM-ploskvi, z vizijo, da po koncu
projekta postaneta ‘dislociran razvojni center’ GGM.

¢ Pripraviti smernice za GGM, izdati priro¢nik za GGM,
modelni sistem za pomoc¢ gozdarjem pri odlo¢anju
glede vzpostavitve GGM; organizirati delavnice in tre-
ninge za gozdarske strokovnjake. Pripraviti podlage
smernic za odloCanje na drzavni, regionalni in evrop-
ski ravni za podporo potencialnim prihodnjim spre-
membam v zakonodaji na drzavni ravni, v procesu FO-
REST EUROPE ter v prihajajoCih evropskih politikah
in strategijah na podrolju gozdarstva in ohranjanja
biotske pestrosti.

¢ Razsirjati informacije o GGM in trajnostnem gospo-
darjenju z gozdom.

¢ Vzpostaviti funkcionalne, mednarodno povezane ekipe
gozdarskih strokovnjakov, ki bodo delovale na podro-
¢ju GGM.

Slovensko gozdarstvo s projektom LIFEGENMON ponov-
no pomembno sodeluje pri oblikovanju moderne, trajno-
stne in holisti¢ne vizije gozdarske stroke o kompleksnosti
gozdnih ekosistemov.

A six-year LIFE+ LIFEGENMON project (LIFE for EU-
ROPEAN FOREST GENETIC MONITORING SYSTEM] is
intended to design, test and implement FGM on a tran-
sect from Germany to Greece, forming a regional imple-
mentation baseline for any future Pan-European forest
genetic monitoring programme. The project involves
six partners from three countries (Germany, Slovenia,
Greece), while representatives of countries within the
transect (Austria, Croatia, Serbia, Bosnia and Herzego-
vina, FYROM Macedonia) are included as expert National
Focal Points. The overall objective is to contribute to the
knowledge on the problem of long-term conservation of
adaptability of forests to environmental change by:

e Defining optimal indicators and verifiers for monito-
ring of genetic diversity changes in time, based on two
species (Fagus sylvaticaand Abies alba/A. borisii regis
complex]. One plot per species was selected in each
of the partner countries. These plots are also envisi-
oned to become ‘Dislocated Developmental Centres’
for genetic monitoring, and kept active long after the
end of the project.

e Preparing and publishing guidelines, a manual for
FGM and a decision support system as well as prac-
tical training for foresters.Preparing background pro-
fessional documents for policy makers for supporting
the development of possible new regulations at the
national level, the FOREST Europe process and future
European Forestry and Biodiversity Conservation po-
licies and strategies.

e Disseminating the information about FGM and susta-
inable forest management.

e Establishing a well-functioning internationally linked
team of forestry professionals working in and for FGM.

With the LIFEGENMON project, Slovenian forestry is
once again taking an important role in the way forest
science envisions the complexity of forest ecosystems
and their management. The FGM will contribute to the
vision of holistic, sustainable approach to forestry.



PRIHODNJI IZZIVI ZA

SPREMLJANJE STANJA GOZDOV V SLOVENUI
// THE FUTURE CHALLENGES FOR FOREST

MONITORING IN SLOVENIA

Ursa Vilhar, Dusan Jurc, Lado Kutnar, Hojka Kraigher, Daniel Zlindra, Primoz Simon¢i¢

Potreba po primerljivih, dolgoletnih, visoko kakovo-
stnih podatkih o stanju gozdnih ekosistemov, njihovih
funkcijah oziroma ekosistemskih storitvah ter z njimi
povezanih spremembah se povecuje na nacionalni in
globalni ravni. Pretekla vlaganja v spremljanje stanja
gozdov in zbrani podatki so dobra osnova za prihodnje
potrebe, pod pogojem, da je vzpostavljena ucinkovita
komunikacija s koncnimi uporabniki.

V zadnjem desetletju smo s programom spremljanja
stanja gozdov dobili ucinkovito metodologijo za ekolo-
sko spremljanje in modeliranje procesov v gozdu ter za
ugotavljanje ucinkovitost razli¢nih ukrepov gozdarske in
okoljske politike.

Najbolj izjemen dosezek spremljanja stanja gozdov
v Evropi je transnacionalni pristop, ki je bil doseZen s
sprejetjem Konvencije o daljinskem transportu one-
snazenega zraka prek meja (UN-ECE CLRTAP] v letu
1999. Ze sredi 1980-ih, ko je bila Evropa $e razdeljena
na dva politicna bloka, se je zacelo usklajevanje meto-
dologij. Rezultat je nastanek navodil ICP Forests (http://
icp-forests.net/page/icp-forests-manual), ki vsebuje-
jo najboljSe v praksi preizkusene postopke, temeljece
na znanstvenem razumevanju in usklajenem pristopu,
dokumentiranju kakovosti podatkov in nenazadnje vse
zbrane podatke in informacije. Transnacionalna mreza
ploskev je vklju¢no z njihovo namestitvijo in opremo iz-
jemna pridobitev za evropske znanstvenike na podrocju
gozdarstva, meteorologije, modeliranja, medicine in od-
loCevalce. Zbrani podatki so na voljo tudi tretjim osebam
in shranjeni v podatkovnih bazah ICP Forests, Evropskih
koordinacijskih centrov za gozdna tla in foliarne vzor-
ce ter Evropskega podatkovnega centra za gozdove
(EFDAC). Hkrati so zbrani podatki pomembni za druga
spremljanja, modeliranja in raziskave, na primer ICP
IM, ICP M & M, EMEP, LTER-Europe, CarboEUROPE in
ICOS.

Danes se spremljanje stanja gozdov v Sloveniji in v Evro-
pi spopada s stevilnimi izzivi. Medtem ko zanj obstajata
jasen interes in podpora raziskovalne skupnosti, so so-
Casno obseZno zmanjsanje financnih sredstev, pomanj-

// The demand for comparable, long-term, high
quality data on the status of forest ecosystems, their
ecosystem services and the changes is increasing at
the national and global levels. Previous investment
in forest monitoring and data gathering is a strong
basis for future needs, provided that effective com-
munication with the end-users is established.

Over the past ten years, the forest monitoring pro-
gramme has provided an effective methodology for
ecological evaluation and modelling of forest process-
es as well as for investigating the effectiveness of a
range of forestry and environmental policy measures.

The most outstanding achievement of the forest moni-
toring in Europe is transnational approach, which
was achieved with adoption of the Long Rage Trans-
boundary Air Pollution Convention (UN-ECE CLRTAP)
in 1999. As early as in the mid-1980s, when Europe
was still divided into two political blocks, the har-
monization of methodologies was initiated, resulting
in ICP Forests Manual (http://icp-forests.net/page/
icp-forests-manual) with adopting best practice pro-
cedures based on scientific understanding and agreed
approach, data quality documentation and, finally, data
and information collected. The transnational network
of monitoring plots, including their installation and
equipment, is an outstanding asset for European sci-
entists in forestry, meteorology, modelling, medicine
and decision makers. Data collected are available also
to third parties and stored in the ICP Forests database
and the databases of the European Forest Soil and
Foliar Coordinating Centres and the European Forest
Data Centre (EFDAC) and are important for supporting
other monitoring, modelling and research initiatives,
for example ICP IM, ICP M&M, EMEP, LTER-Europe,
CarboEUROPE and ICOS.

Today, forest monitoring in Slovenia and Europe is con-
fronted with several challenges. While there is a clear
interest and support by researchers, at the same time
a severe reduction of financial resources, lack of ap-
preciation and communication problems have led to
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kanje spoStovanja in komunikacijske tezave privedli do
nizkega pomena spremljanje stanja okolja na splosno s
strani javnih agencij.

V prihodnosti se spremljanje stanja gozdov mora na-
daljevati kot podpora nacionalnemu in mednarodnemu
poroc¢anju ter vrednotenju in uresnicevanju nacel trajno-
stnega upravljanja z gozdovi. Vendar pa se morajo ob vse-
skozi spreminjajocih se politicnih tendencah spremembe
kazati tudi v razvoju prilagodljivega spremljanja stanja
gozdov z novimi prednostnimi nalogami. Spremljanje sta-
nja gozdov mora okrepiti spremljanje vplivov: i. onesna-
Zevanja zraka, ii. podnebne spremenljivosti in velikopovr-
Sinskih motenj, iii. genetske pestrosti, iv. funkcij oziroma
ekosistemskih storitev gozdov, npr. biotska pestrost, po-
nori ogljika in zagotavljanje Cistega zraka in vode.

ONESNAZEVANJE ZRAKA

Vse od implementacije UN-ECE CLRTAP so se emisi-
je zvepla po vse] Evropi, vklju¢no s Slovenijo, bistveno
zmanjSale. Vendar pa so se zaradi povecanega prome-
ta z vozili dusikove emisije v reduciranih in oksidira-
nih oblikah le malo zmanjsale. Poleg tega so te snovi
predhodniki tvorbe ozona, zelo oksidacijskega plina, ki
je Skodljiv za rastline, zivali in ljudi. Zato uCinki onesna-
Zevanja zraka na gozdove ostajajo pereca problemati-
ka prihodnjih let v Sloveniji, Se posebej v gozdovih bli-
zu urbaniziranih obmocjih. Poleg tega obstaja v okviru
spremljanja stanja gozdnih ekosistemov velik potencial
za Siritev seznama spremljanih parametrov, kot so novi
kemic¢ni onesnaZevalci [npr. obstojna organska onesna-
Zevala (angl. POP’s), tezke kovine itd.].

PODNEBNA SPREMENLJIVOST IN
VELIKOPOVRSINSKE MOTNJE V GOZDOVIH
Spremljanje stanja gozdov lahko zagotovi koristne in-
formacije o procesnih spremembah in vplivih podnebne
sprementljivosti na gozdove, kar je pomembno pri razvo-
ju prilagoditvenih strategij za trajnostno gospodarjenje
z gozdovi. V zadnjih desetletjih se je v srednji in juzni
Evropi mocno povecala pogostost ekstremnih vremen-
skih dogodkov, kot so viharji, Zledolomi, vrocinski vali in
suse, na kar zavarovalniska industrija Ze dolgo opozarja.

Slovenija lezi v prehodnem podnebnem obmocdju med
Sredozemskim morjem, Alpami, Dinarskim gorstvom
in Panonsko kotlino. Posledi¢no je njeno podnebje zelo
lokalno raznoliko v dokaj velikem razponu. Po predvide-
vanjih bodo poletja v Sloveniji postala toplejsa in susnej-
Sa s pogostejSimi hudimi suSami. Pozarna ogroZenost,
dolZzina obdobja s poviSano pozarno ogrozenostjo ter
obseg pozarov naj bi se povecali predvsem v submedite-
ranski ekoregiji. Zime naj bi postale bolj mile, nevarnost
poplav vecja. Pogostnost in intenziteta nalivov s toco ter

low priorisation for environmental monitoring in gen-
eral by the funding agencies.

As we look forward, the forest monitoring must continue
to support national and international reporting and the
evaluation and application of sustainable forest man-
agement principles. However, as the emphasis of pol-
icy drivers is continuously changing, the evolution into
adaptive forest monitoring should well reflect these new
priorities. Forest monitoring should enhance the study
of the impacts of: I. air pollution, ii. climate change and
large-scale disturbances, iii. genetic diversity, iv. eco-
system services of forests, e.g. biodiversity, carbon se-
questration and clean air and water production.

AIR POLLUTION

Since the implementation of the UN-ECE CLRTAP in
1979, sulphur emissions across Europe including Slove-
nia have fallen significantly. However, with the increase
in vehicle traffic nitrogen emissions in reduced and oxi-
dised forms have been reduced only slightly. Further-
more, those substances are precursors for ozone, a very
oxidizing gas, which is harmful for plants, animals and
humans. Therefore, the effects of air pollution on for-
ests will remain an issue of concern in the forthcoming
years in Slovenia, especially in forests close to urban-
ized areas. In addition, forest monitoring has a big po-
tential to expand the list of monitored parameters, such
as emerging chemical contaminants (e.g. Persistent
Organic Pollutants, heavy metals, etc.).

CLIMATE CHANGE AND LARGE-SCALE DISTURBANC-
ES IN FORESTS

Forest monitoring can provide valuable information
into processes and climate change impacts on forests
in guiding the development of adaptation strategies for
sustainable forest management. In the last decades,
the frequency of extreme weather events such as rain-
and ice storms, heatwaves and droughts have signifi-
cantly increased in Central and Southern Europe, and
the insurance industry has long been warning us about
these trends.

Sloveniais a transitional climate area between the Med-
iterranean Sea, the Alps, the Dinaric Mountains and the
Pannonian Basin. As a consequence, its climate dis-
plays wide local climatic variability and fairly large gra-
dients. The climate in Slovenia is predicted to become
warmer and drier in the summer, with more frequent
and severe droughts. Fire danger, length of the fire
season and fire frequency and severity are expected to
increase in the sub-Mediterranean ecoregion. Winters
are expected to become milder and wetter, increasing
the risk of flooding. The frequency and intensity of wind-
storms, hailstorms and ice storms in Slovenia is one of



lahko v enem padavinskem dogodku pade vec kot 100
mm padavin v eni uri.

GOZDNI GENETSKI MONITORING

Genetska pestrost predstavlja temeljni del biotske pe-
strosti. Drevesnim vrstam omogoca prilagoditveni po-
tencial v spreminjajo¢em se okolju in jim s tem pomaga
preziveti. Stanje in spremembe v gozdnih genskih virih
lahko spremljamo z gozdnim genetskim monitoringom.
Z njim upostevamo genetski vidik trajnostnega gospo-
darjenja z gozdom in tako zagotavljamo vse funkcije
gozdov prihodnjim generacijam.

the highest in Europe, during which more than 100 mm
of precipitation may fall within one hour.

Slika 1: Pozimi 2014 je bilo na Notranjskem (Slovenija)
poskodovanih priblizno pol milijona hektarov gozdov,
3.000.000 m® lesa podrtega, ocenjena Skoda pa je dosegla
430 milijone evrov. (Foto: Iztok Sinjur)

// Figure 1. In winter 2014, forest area of around half a
million hectares in the Notranjska region was entirely
damaged; 3,000,000 m® of wood mass were on the ground,
with estimated total damage reaching 430 million € (Foto:
Iztok Sinjur)

Slika 2: PoZarna ogroZenost ter pogostnost in obseg
pozarov se bosta v submediteranskem delu Slovenije
povecevala. (Foto: Sasa Vochl)

// Figure 2. Fire danger, length of the fire season and fire
frequency and severity are expected to increase in the sub-
Mediterranean ecoregion of Slovenia. (Photo: Sasa Vochl)

Slika 3. V vetrolomu na prelazu Crnivec blizu Kamnika v
letu 2008 je bilo poskodovanih 14.400 ha gozda, pri cemer
je bilo zaradi poskodb odstranjenih 400.000 m? lesa. (Foto:
Lado Kutnar)

// Figure 3. During the windthrow on €rnivec mountain
pass near Kamnik in 2008, 14,400 ha of forest area were
damaged and 400,000 m? of wood mass had to be removed.
(Photo: Lado Kutnar)

FOREST GENETIC MONITORING

Genetic diversity is the basic component of biodiversity.
It ensures the adaptive potential of a species, helping
it to survive in a changing environment. Forest genet-
ic monitoring is a tool, destined to recognize the state
and changes in forest genetic resources composition. It
takes into account the genetic principles of sustainable
forest management, in order to deliver all the benefits
of forests to future generations.
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GOZDNI SKODLJIVCI, BOLEZNI IN INVAZIVNE
TUJERODNE VRSTE

Povecevanje globalne trgovine vpliva na povecan vnos
invazivnih tujerodnih vrst, patogenov in Skodljivcev, ter
na povisanje stroSkov, povezanih s preprecevanjem vno-
sa in upravljanjem z Ze vnesenimi organizmi v gozdove.
Segrevanja podnebja Ze povzroca spremembe v Zivljenj-
skem ciklu in razsirjenosti sredozemskih Skodljivcev
in bolezni, ki se Sirijo proti severu. Posledice teh spre-
memb so zmanjSevanje produktivnosti, pove¢ana erozija
tal, zmanjsanje kakovosti vode, zmanjSano nosilna spo-
sobnost za divjad, znizana rekreacijska privlacnost ter
izgube avtohtonih vrst v gozdnih ekosistemih. Zgodnje
odkrivanje novih Skodljivih organizmov in invazivnih tu-
jerodnih vrst je iziemnega pomena, saj omogoca njihovo
izkoreninjenje.

Nove vnose lahko odkrivamo le s stalnim spremljanjem
celotnega gozdnatega obmocja, osredotoceno na skodlji-
ve dejavnike. Ocenjevanje vzrokov poskodb je sestavni del
navodil ICP Forests, s ¢imer je podan pregled Skodljivcev,
bolezni in Skodljivih abiotskih dejavnikov, zbranih na na-
cionalni in evropski ravni. V Sloveniji so bila navodila pri-
lagojena, tako da vkljucujejo vse pomembne karantenske
organizme, ki Se niso bili vneseni v Slovenijo. Evropski fi-
tosanitarni sistem ima veliko pomanjkljivostiin je v proce-
su izboljSave z novo zakonodajo. Spremljanje osutosti in
poSkodovanosti krosenj ter ugotavljanje vzrokov poSkodb
je lahko dragocen vir podatkov za fitosanitarno upravo, ki
bi se lahko uporabili v postopkih odlo¢anja glede eradika-
cije ali ublaZitve vnosa invazivnih tujerodnih vrst.

Dinamiko Sirjenja invazivnih tujerodnih vrst, ki negativno
vplivajo na gozdne habitate (regije] in izpodrivajo avtoh-
tone rastlinske vrste ter vplivajo na razli¢ne funkcije ozi-
roma ekosistemske storitve gozdov, je treba spremljati
ves Cas. V bliznji prihodnosti bo potrebna tudi vzpostavi-
tev ukrepov za njihovo omejevanje. Potrebna bi bila vecja

FOREST PESTS, DISEASES AND

INVASIVE ALIEN SPECIES

Expanding global trade increases both the introduction
of invasive alien species, pathogens and pests, and the
costs associated with preventing the introduction and
managing new infestations in forests. Climate warming
already causes shifts in life cycles and distribution of
Mediterranean pests and diseases, which are expanding
northwards. The consequences of these changes are di-
minished productivity, increased soil erosion, decreased
water quality, decreased carrying capacity for wildlife,
lowered recreational value, and loss of native species
in forest ecosystems. Early detection of new pests and
invasive alien species is of utmost importance since it
makes their eradication possible.

Detection of new introductions can be achieved only with
constant monitoring of a whole forested area, focused
on damaging agents. In the ICP Forests Manual, as-
sessment of damage causes is included and thus data
on pests, diseases and harmful abiotic agents are col-
lected on the national and European levels. In Slovenia,
the Manual was adapted to include all important quar-
antine organisms, which have not yet been introduced
to Slovenia. The European phytosanitary system has
many deficiencies and is in the process of improvement
with new legislature. Monitoring of crown damages and
identification of their causes could be a valuable source
of the data needed by phytosanitary administration and
could be used in decision making processes concerning
eradication or mitigation of invasive alien species.

Slika 4: Pooglenitev hrastov (Biscogniaxia mediterranea
(De Not.) Kuntze) se pojavlja v Mediteranu, hkrati pa je bila
opazena na severu, dalec od svoje prvotne razsirjenosti.
(Foto: Dusan Jurc)

// Figure 4: Charcoal disease of oak (Biscogniaxia mediter-
ranea (De Not.) Kuntze) occurs in Mediterranean area and
was detected far to the north from its previous distribution.
(Photo: Dusan Jurc)

The dynamic of expansion of invasive alien species,
which adversely affect the forest habitats (regions) and
outcompete native plant species, and affect different
forest ecosystem services, should be monitored, and
appropriate measures for its limitation need to be es-
tablished in the near future. More forest management



vpletenost na podrocju upravljanja z gozdovi in gozdno-
gojitvenih ukrepov za upravljanje z invazivnimi vrstami, ki
Ze ovirajo razvoj gozdov [na primer naravno pomlajeva-

nje), zlasti v nizinskih poplavnih in obreznih gozdovih.

EKOSISTEMSKE STORITVE

Gozdovi pokrivajo vec¢ kot 60 % povrsine v Sloveniji in
sestavljajo enega bistvenih gradnikov okolja te deZele,
tako z varovalnega kot tudi socialnega vidika. Gospodar-
jenje z gozdovi v Sloveniji temelji na paradigmah trajno-
sti, sonaravnosti in ve¢namenskosti, ki so bili vpeljani
v okviru hierarhic¢no organiziranega sistema gozdno-
gospodarskih nacrtov. Javnost na splosno priznava ve-
lik pomen funkcij oziroma ekosistemskih storitev, ki jih
zagotavljajo gozdovi, Ceprav nimajo vse ekosistemske
storitve gozdov enakega pomena. Poleg proizvodnje
lesa imajo velik pomen podporne ekosistemske storitve
(npr. habitat za rastlinske in Zivalske vrste] in uravna-
vanje [npr. zagotavljanje istega zraka in vode) gozdov.

Ploskve za spremljanje stanja gozdov leZijo v gospodar-
jenih gozdovih, ki so prevladujoéi gozdni tipi v Slove-
niji. Dolgoro¢no spremljanje njihovega stanja omogoca
oceno sprememb biotske raznovrstnosti v povezavi z
okoljskimi dejavniki in gospodarjenjem z gozdovi. Po-
sebna prednost je razpolozljivost natancnih fizikalnih in
kemijskih podatkov o procesih ozracje-vegetacija-tla, ki
lahko pripomorejo k pojasnjevanju vzrokov morebitnih
zabeleZenih sprememb v stanju habitatov.

Slika 5. Deljenolistna rudbekija (Rudbeckia laciniata L.)

je domorodna vrsta vzhodnega dela Severne Amerike ter
invazivna tujerodna vrsta v Evropi, ki uspeva predvsem v
poplavnih ravnicah na vlaznih tleh. V sestojnih vrzelih in na
gozdnem robu nizZinskih gozdov tvori gosto pritalno plast.
(Foto: Lado Kutnar)

// Figure 5: Cutleaf coneflower (Rudbeckia laciniataL.) is a
species native to eastern North America and invasive alien
species in Europe, most often found in flood plains and
moist soils. It forms dense cover in forest gaps and forest
edges of lowland forests. (Photo: Lado Kutnar)

Slika 6: Fallopia japonica (Hout.) R. Decr. se hitro $iri ter
zaradi goste pritalne plasti izriva domace rastlinske vrste.
Najbolj ogroza obrecna rastisca, saj prezivi obdobja poplav
in hitro naseljuje opustosene recne brezine in otoke.

obstojna rastlina. (Foto: Lado Kutnar)

// Figure é: Fallopia japonica (Hout.) R. Decr. spreads
quickly to form dense thickets and drives out native plant
species. Knotweed poses a significant threat to riparian
areas where it can survive flooding events and rapidly
colonize scoured shores and islands. Once established,
populations are extremely persistent. ([Photo: Lado Kutnar)

and silvicultural activities should be engaged with re-
gard to the invasive species that already disturb forest
development (e.g. forest natural regeneration), espe-
cially alluvial and riparian forests in lowlands.

ECOSYSTEM SERVICES

By covering more than 60% of the land, forests are an
essential feature and a constituent of Slovenia’s environ-
ment, apart from having a high protective and social sig-
nificance. Forest management in Slovenia is based on the
paradigms of sustainability, close-to-nature management
and multifunctionality, all of which have been implement-
ed through the hierarchically organized system of forest
management plans. Public in general acknowledges the
high benefits of ecosystem services provided by forests,
though not all forest ecosystem services hold the same
importance. Apart from wood production, high importance
is placed on supporting (e.g. habitat for animal and plant
species) and requlating (e.g. clean air and water produc-
tion) services in forests.

Forest monitoring plots are located in managed forests,
which are widely represented forest ecosystems in Slove-
nia. Long-term monitoring allows us to assess changes in
biodiversity in relation to environmental factors and forest
management. The particular advantage is the availabili-
ty of detailed physical and chemical data on atmospher-
ic-vegetation-soil processes that can help to explain the
cause of any recorded changes in habitat condition.
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Pomembno je, da lahko koli¢insko ovrednotimo zaloge
ogljika in stopnjo izmenjave ogljika, s ¢imer ocenimo
neto ponor in shranjevanje ogljika za katerikoli scena-
rij gospodarjenja z gozdovi. Ta proces »verifikacije« je
pomembno nacelo porocanja o ponoru ogljika v okviru
Kjotskega protokola in v Sloveniji, pri cemer so ploskve
intenzivnega spremljanja stanja gozdnih ekosistemov
del tega procesa.

PRIHODNJI 1ZZIVI

Kot smo se naucili iz preteklih aktivnosti, lahko prilago-
dljivo spremljanje stanja gozdov opravljamo ucinkovito
le s transnacionalnim pristopom, ki omogoca prenos
znanj. Zaradi globalne razseZnosti izzivov, s katerimi se
spopada trajnostno gospodarjenje z gozdovi, sta potreb-
ni koalicija deleZnikov in boljSa gozdarska politika na
nacionalni, EU in mednarodni ravni.

Treba je spodbujati in izvajati integracijo spremljanja sta-
nja gozdov z daljinskim zaznavanjem, inventurami, ekolo-
Skimi raziskavami, modeliranjem, in-situ raziskavami ter
s posredovanjem podatkov na internetu. Treba je izbolj-
Sati kakovost podatkov ter porocanje, vkljucno s hitrejSo
razpoloZljivostjo in poroanjem nekaterih vrst podatkov
0 spremljanju stanja gozdov, da bi povecali njegovo po-
membnost v hitro spreminjajocem se politicnem okolju.

Dolgoro¢na opazovanja razlicnih delov gozdnih ekosis-
temov in moznost uresnicevanja razlicnih mednarodno
usklajenih tehnik in pristopov, ki morda niso visokoteh-
noloske narave, temvec kratki projekti, so zelo koristna
za ugotavljanje procesov v ekosistemu. Spremembe za-
log ogljika po delih v skladu s Kjotskim protokolom, vzpo-
redno s podnebnimi meritvami, so ena izmed najboljsih
in-situ virov informacij o procesih. S povezovanjem takih
dolgoletnih ploskev za spremljanje stanja gozdnih ekosi-
stemov in raziskovalne dejavnosti z dodatnimi specializi-
ranimi meritvami lahko pridobimo bolj zanesljivo sliko o
lokalnih procesih v gozdu, gozdnih tleh in interakcijami
med deli gozdnega ekosistema. Ploskve za spremljanje
stanja gozdnih ekosistemov bi morale biti na voljo vsem
zainteresiranim interdisciplinarnim raziskovalnim sku-
pnostim, z namenom doseganja sinergije med disciplina-
mi za bolj poglobljene in celostne raziskovalne rezultate.

V okviru spremljanja vegetacije so korenine redko
obravnavane, standardni postopki na evropski ravni pa
Se niso bili razviti. Vkljuciti bi bilo treba tudi raziskave
o talnih organizmih, pticah in drugih Zzivali, prav tako
tudi sladkovodno in podzemno hidrologijo ter kemi-
jo. Monitoring genetske pestrosti gozdnega drevja kot
osnovne sestavine biotske pestrosti in temeljni pogoj za
dolgoroc¢no ohranjanje prilagodljivosti gozdnih ekosis-
temov na spreminjajoCe se okolje se je pricel z name-

It is important to be able to quantify both carbon stocks
and rates of carbon exchange in order to estimate net
uptake and storage of carbon for any given forest man-
agement scenario. This process of »verification« is an
important tenet of carbon stock and stock exchange re-
porting under the Kyoto Protocol and in Slovenia, and
forest monitoring plots are part of the process.

FUTURE CHALLENGES

As we learned from past activities, adaptive forest mon-
itoring can only be fulfilled efficiently by a transnation-
al approach, where expertize is shared. Due to global
dimensions of challenges, facing sustainable forest
management, a coalition of stakeholders is needed and
better forest policy making at the national, EU and in-
ternational levels.

Integration of monitoring with remote sensing, inven-
tories, ecological research, modelling, in-situ experi-
ments and internet delivery needs to be promoted and
implemented. Data quality and reporting should be
improved, including speeding up the availability and re-
porting of some types of forest monitoring data in order
to increase its relevance to the fast moving policy envi-
ronment.

Long-term observations of different forest ecosystem
compartments and the possibility of using different
internationally harmonized technics and approaches
which are not possible in high tech ranking but short
terms projects are extremely useful to assess ecosys-
tem processes. Changes in carbon stocks by the Kyoto
Protocol pools in parallel with climate measurements
are one of the best in situ sources of information about
processes. By linking such long-lasting forest monitor-
ing plots and research activities with additional special-
ised measurements, a more reliable picture about local
processes within forests, forest soils and interactions
between compartments can be achieved. Forest moni-
toring plots should be available to all interested inter-
disciplinary research communities to reach synergy
between disciplines for better/in-depth research goals/
results.

For vegetation monitoring, root compartment is rarely
considered and no standard procedures at the Euro-
pean level have been developed yet. Surveys for forest
genetic resources, soil biota, birds and other animals
should be foreseen and freshwater and groundwater
hydrology and chemistry considered. Monitoring of ge-
netic diversity of forest trees, as the basic constituent of
biodiversity and the fundamental requirement for long-
term conservation of adaptability of forest ecosystems
to the changing environments, has started with a view



nom prihodnjega izvajanja na nacionalni, regionalni in
vseevropski ravni. Vzpostaviti je treba hitro in zanesljivo
spremljanje poskodb v gozdovih, ki bi lahko delovalo kot
ukrep prilagajanja za spopadanje s posledicami pod-
nebne spremenljivosti na gozdove, ki so pomembni za
vse zainteresirane deleznike v gozdarskem sektorju, kot
so javni organi na podrocju gozdarstva, lastniki gozdov,
gozdarska podjetja in zavarovalnice, oblikovalci politik,
organi EU itd., z namenom zagotavljanja pomembnega
prispevka za prenos morebitnih ukrepov prilagajanja na
raven uporabnika.

In nenazadnje, oblikovati je treba ustrezno komunika-
cijsko strategijo za pridobitev stalne podpore zaintere-
siranih deleznikov. Inovativni koncepti, katerih cilj je iz-
boljSanje ucinkovitosti in zniZanje stroSkov spremljanje
stanja okolja, ki vkljucujejo lokalne skupnosti s podporo
opazovalnic aktivnih drZavljanov (anglesko »citizen ob-
servatories«), bi lahko prispevali k vedji ozaveséenosti
Javnosti o okoljskih tveganjih za gozdove in za funkcije
oziroma ekosistemske storitve, ki jih zagotavljajo druZzbi.

Foto 1,2: Iztok Sinjur
// Photo 1,2: Iztok Sinjur

for future implementation at the national, regional and
Pan-European scale. Fast and reliable forest damage
monitoring should be established that could act as an
adaptation measure to address climate change impacts
on forests, relevant for all stakeholders in the forestry
sector such as public forestry bodies, forest owners,
forestry and insurance companies, policy-makers, EU
bodies, etc., to provide a significant contribution to
transfer potential adaptation measures to the user level.

And finally, a proper communication strategy is neces-
sary to obtain continuous support from stakeholders.
The innovative concepts aiming at improved efficiency
and cost effectiveness of environmental monitoring in-
volving local communities with the support of citizen ob-
servatories could contribute to increased public aware-
ness of environmental risks to forests and ecosystem
services they provide to the society.
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Foto 3: Iztok Sinjur
// Photo 3: Iztok Sinjur
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