ISSN 1821-1046
UDK 630

INSTITUTE OF FORESTRY INSTITUT ZA SUMARSTVO
BELGRADE BEOGRAD
SUSTAINABLE FORESTRY ODRZIVO SUMARSTVO

COLLECTION ZBORNIK RADOVA
TOM 69-70 TOM 69-70

BELGRADE BEOGRAD
2014.



ISSN 1821-1046

97718211104000




ISSN 1821-1046
UDK 630

INSTITUTE OF FORESTRY \\ INSTITUT ZA SUMARSTVO
BELGRADE BEOGRAD

SUSTAINABLE FORESTRY ODRZIVO SUMARSTVO

COLLECTION ZBORNIK RADOVA
TOM 69-70 TOM 69-70

BELGRADE BEOGRAD
2014.






INSTITUTE OF FORESTRY
BELGRADE

PROCEEDINGS

Publisher
Institute of Forestry

Belgrade, Serbia

For Publisher
Ljubinko Rakonjac, Ph.D.

Editorial Board

Snezana Rajkovi¢, Ph.D.
Institute of Forestry, Belgrade
Dragana Drazi¢, Ph.D.
Institute of Forestry, Belgrade
Ljubinko Rakonjac, Ph.D.
Institute of Forestry, Belgrade
Mara Tabakovi¢-ToSi¢, Ph.D.
Institute of Forestry, Belgrade
Radovan Neveni¢, Ph.D.
Institute of Forestry, Belgrade
Mihailo Ratknié¢, Ph.D.
Institute of Forestry, Belgrade
Zoran Mileti¢, Ph.D.

Institute of Forestry, Belgrade
Milorad Veselinovié, Ph.D.
Institute of Forestry, Belgrade
Biljana Nikoli¢, Ph.D.
Institute of Forestry, Belgrade
Vera Lavadinovi¢, Ph.D.
Institute of Forestry, Belgrade
Assoc. Prof. Iantcho Naidenov, Ph.D
Bulgaria

Prof. Nikola Hristovski, Ph.D.
Macedonia

Dr Kalliopi Radoglou, Ph.D.
Greece

Chief Editor
Snezana Rajkovi¢, Ph.D.

Technical Editor and Layout
Tatjana Cirkovi¢-Mitrovié, Ph.D.

) Secretary
Tatjana Cirkovi¢-Mitrovi¢, Ph.D.

Printed in

100 copies

Printed by
Black and White
Beograd

INSTITUT ZA SUMARSTVO
BEOGRAD

ZBORNIK RADOVA

Izdava¢
Institut za Sumarstvo
Beograd, Srbija

Za izdavaca
Dr Ljubinko Rakonjac

Redakcioni odbor

Dr Snezana Rajkovi¢
Institut za Sumarstvo, Beograd
Dr Dragana Drazié¢

Institut za Sumarstvo, Beograd
Dr Ljubinko Rakonjac
Institut za Sumarstvo, Beograd
Dr Mara Tabakovic¢-Tosi¢
Institut za Sumarstvo, Beograd
Dr Radovan Neveni¢
Institut za Sumarstvo, Beograd
Dr Mihailo Ratknié

Institut za Sumarstvo, Beograd
Dr Zoran Mileti¢

Institut za Sumarstvo, Beograd
Dr Milorad Veselinovi¢
Institut za Sumarstvo, Beograd
Dr Biljana Nikolié¢

Institut za Sumarstvo, Beograd
Dr Vera Lavadinovi¢
Institut za Sumarstvo, Beograd
Assoc. Prof. Dr Iantcho Naidenov
Bugarska

Prof. Dr Nikola Hristovski
Makedonija

Dr Kalliopi Radoglou
Grcka

Glavni i odgovorni urednik
Dr Snezana Rajkovié

Tehnicki urednik i prelom teksta
Dr Tatjana Cirkovi¢-Mitrovi¢

Sekretar Zbornika
Dr Tatjana Cirkovi¢-Mitrovi¢

Tiraz
100 primeraka

gtampa
Black and White
Beograd



All rights reserved. No part of this publication might be reproduced by any means: electronic,
mechanical, copying or otherwise, without prior written permission of the publisher.

Belgrade, 2014

Preuzimanje ¢lanaka ili pojedinih delova ove publikacije u bilo kom obliku
nije dozvoljeno bez odobrenja

Beograd, 2014

Cover Page: Author of the Photos Tatjana Cirkovié-Mitrovié, Ph.D.
Naslovna strana: Autor fotografije dr Tatjana Cirkovi¢-Mitrovié

CIP - Karanorusauuja y nmyOIuKaruju
Hapoana 6ubimoreka Cpouje, beorpazn

630

SUSTAINABLE Forestry : collection =
Odrzivo Sumarstvo = zbornik radova /
chief
editor = glavni i odgovorni urednik
SneZana
Rajkovi¢. - 2008, T. 57/58- . - Belgrade
(Kneza Viseslava 3) : Institute of forestry,
2008- (Beograd : Black and White). - 24
cm

Godisnje. - Je nastavak: Zbornik radova -
Institut za Sumarstvo = ISSN 0354-1894
ISSN 1821-1046 = Sustainable Forestry
COBISS.SR-ID 157148172




CONTENT SADRZAJ
TOM 69-70

Ljiljana BRASANAC-BOSANAC
THE CLIMATE CHANGE - STRATEGIES AND LEGISLATION IN
SERBIA 7

Milorad VESELINOVIC Suzana MITROVIC, Zlatan RADULOVIC,

Dragana DRAZIC, Nevena CULE, Dragica STANKOVIC,

Snezana RAJKOVIC

THE CONDITION OF AESCULUS HIPPOCASTANUM L. TREES IN

THE AVENUES OF THE CENTRAL PART OF THE CITY OF

OBRENOVAC 17

Vera LAVADINOVIC, Zoran MILETIC, Vukan LAVADINOVIC
THE PHOSPHORUS ANALYZES IN NEEDLES OF CANADIAN
DOUGLAS-FIR PROVENANCES 25

Vladan POPOVIC, Aleksandar LUCIC, Ljubinko RAKONJAC

EFFECT OF CONTAINER TYPE ON GROWTH AND

DEVELOPMENT OF PEDUNCULATE OAK (Quercus robur L.)

SEEDLINGS IN THE NURSERY 33

Zoran MILETIC, Mara TABAKOVIC-TOSIC, Snezana STAJIC,

Zlatan RADULOVIC, Sasa EREMIJA, Marija MILOSAVLJEVIC,

Ivana ZIVANOVIC

CHEMICAL CHARACTERISTICS OF GYPSY MOTH LARVAE
EXCREMENT AND THEIR POSSIBLE IMPACT ON SOIL

PROPERTIES IN THE TOTAL DEFOLIATION PERIOD 41

Tatjana CIRKOVIC-MITROVIC

THE EFFECT OF APPLICATION OF MICROBIOLOGICAL

PREPARATION ON HEIGHT GROWTH DYNAMICS OF ONE-

YEAR OLD SEEDLING OF BLACK WALNUTE (Juglans nigra L.) 47

Dragica STANKOVIC, Dragica VILOTIC, Vladan IVETIC, Djordje JOVIC,

Dusan JOKANOVIC, Jovana DEVETAKOVIC

THE STUDIES OF ZINC (Zn) CONCENTRATIONS IN WOODY

AND HERBACEOQOUS PLANTS IN THE REGION OF BELGRADE 55

Goran CESLJAR, Renata GAGIC SERDAR, Ilija PORPEVIC,

Zoran PODUSKA, Tomislav STEFANOVIC, Svetlana BILIBAJKIC,

Radovan NEVENIC

ANALYSIS OF TYPES OF DAMAGES AT THE SAMPLE PLOTS

OF LEVEL 1IN 2013 AT THE TERRITORY OF THE REPUBLIC

OF SERBIA 63




Mara TABAKOVIC-TOSIC, Marija MILOSAVLJEVIC, Nemanja SIMOVIC
THE OUTBREAKS OF THE GYPSY MOTH IN THE FORESTS OF
NATIONAL PARK PERDAP IN THE PERIOD FROM 1996 TO 2014

73

Miroslava MARKOVIC, Snezana RAJKOVIC, Radovan NEVENIC
THE MOST FREQUENT AGENTS OF DAMAGES OF TREES
AT THE SAMPLE PLOTS IN SERBIA

85

Svetlana BILIBAJKIC, Radovan NEVENIC Miroslava MARKOVIC,
Goran CESLJAR, Tomislav STEFANOVIC, Zoran PODUSKA,

Ilija PORPEVIC, Renata GAGIC SERDAR

INTENSIVE MONITORING ON THE LEVEL Il SAMPLE PLOTS
KOPAONIK, CRN VRH I MOKRA GORA IN 2014

95

Mihailo RATKNlc:, Goran DORDEVIC, Mileta BOJOVIC,

Tatjana RATKNIC

A METHOD FOR DETERMINING THE FOREST FIRE THREAT
LEVEL

111




INSTITUTE OF FORESTRY « BELGRADE
INSTITUT ZA SUMARSTVO + BEOGRAD

SUSTAINABLE FORESTRY ODRZIVO SUMARSTVO
COLLECTION 69-70, 2014 ZBORNIK RADOVA 69-70, 2014

UDK 581.583+502.14(497.11)=111
Original scientific paper

THE CLIMATE CHANGE - STRATEGIES AND LEGISLATION
IN SERBIA

Ljiliana BRASANAC-BOSANAC'

Abstract: Climate change is one of the most important subjects in 21° century. In
fact, that is no longer just a question of environmental protection and ecological
awareness, but along with it some other important themes are imposed: sustainability,
economic growth, energy efficiency and energy security. Serbia is one of the countries of
Southeastern Europe where climate change is evident, and its manifestations are more
frequent and intense. As the consequences of climate change in Serbia in recent years the
floods are more intense, landslides and erosion are more active, wind gusts are stronger,
periods of drought are more frequent and longer and extreme climate events affect both
urban as well as rural areas. In order to plan the sustainable development in areas
vulnerable to climate change and, on the other hand, to reduce the effects of global
warming and climate change in Serbia it is necessary to adopt and implement new
strategies and laws, respecting the already adopted international conventions, declarations
and strategies as well as national legislation.

Key words: climate change, strategies, legislation, Serbia.

KLIMATSKE PROMENE - STRATEGIJE I ZAKONSKA REGULATIVA
U SRBUJI

Izvod: Klimatske promene predstavijaju jednu od kljucnih tema u XXI veku. U
sustini, one vise nisu samo pitanje zastite Zivotne sredine i ekoloSke svesti, ve¢ se uz njih
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namecu i druge bitne teme: odrzivost, ekonomski rast, energetska efikasnost i energetska
bezbednost. Srbija je jedna od zemalja Jugoistocne Evrope u kojoj su promene klime
evidentne, a njihove manifestacije sve cCeSce i intenzivnije. Kao posledica klimatskih
promena, u Srbiji su poslednjih godina cesce i intenzivnije poplave, aktivnija klizista i
erozije, snazniji udari vetra, ¢esS¢i i duzi susni periodi, a ekstremni klimatski dogadaji
pogadaju kako urbana, tako i ruralna podrucja. U cilju planiranja odrzivog razvoja na
podrucjima osetljivim na klimatske promene, a sa druge strane smanjenja efekata
globalnog zagrevanja i klimatskih promena u Srbiji, neophodno je donoSenje i primena
novih strategija i zakona, poStujuci usvojene medunarodne konvencije, deklaracije i
strategije, kao i nacionalnu zakonsku regulativu.

Kljuéne redi: klimatske promene, strategije, zakonodavstvo, Srbija.

1. INTRODUCTION

Southeast Europe is among the world regions that are highly sensitive to
climate change (IPCC, 2007; IPCC, 2009, UNECE, 2007; SEEFCCA, 2012). More
frequent extreme climate events such as floods, droughts, strong wind gusts and
very cold periods with large amounts of snow, are a good opportunity to test the
vulnerability of areas in Serbia to climate change. According to Popovic, T. et al.
(2009) estimates based on climate modeling in moderate scenarios indicate that the
annual temperature in Serbia will rise 2.6° C by the end of the century. Warming
will not be evenly distributed throughout the year: summers will be 3.5° C warmer
than they are now as well as autumns 2.2° C, winters 3.2° C and the springs 2.5° C
warmer than they are now. It is expected that the heat waves will be increased in
frequency, intensity and duration, while the projections for the number of frosty
and icy days say that they will continue to decline.

According to Brasanac-Bosanac, Lj., Cirkovic Mitrovic, T. (2013) trend of
changes of mean annual air temperature and trend of changes of air temperature
during growing season in Serbia (for period from 1949 to 2010) is positive in the
most meteorological stations in Serbia (exceptions are Kursumlija and Crni vrh).

The greatest increases of linear trend values have the meteorological
stations Rudnik, Loznica, Negotin, Palic, Pozega and Belgrade.

Adaptation to climate change primarily is based on government activities
including the legislative framework, regulations and incentive measures for
implementation of changes of socio-economic system in order to reduce the
sensitivity to climate change (Burton et al., 2002).

In assessing vulnerability to climate change in Serbia there isn’t any
national strategy document that would define this issue. Some progress has been
achieved by starting the process of Serbia's accession to the EU and harmonization
of national legislation with EU legislation because the basic principles of the
relevant EU legislation are actually based on the principles to fight climate change.
However, many documents of the European Union in this area have not yet found a
direct implementation in our legislation and strategies, and the Report of the
European Commission from October 2014 concluded that in terms of the
legislation in Serbia in Chapter 27 which refers to the environment and climate
change, there has not been a sufficient progress (Serbia Progress Report, 2014).



2. METODOLOGY

In this paper has been used the analytical method with elements of
generalization and inductive-deductive methods. International and national
strategies, legislations and supporting documents relating to climate change, energy
efficiency and renewable energy sources have been analyzed.

3. RESULTS AND DISCUSSION

International regulations

UN Framework Convention on Climate Change (UNFCCC) was adopted
at the UN Conference on Environment and Development in 1992 in Rio de Janeiro,
in order to ensure the stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system. The Convention entered into force in
March 1994. The Republic of Serbia has been a member of the United Nations
Framework Convention on Climate Change since 2001. One of the first national
reports on climate change in Serbia is [nitial national communication of the
Republic of Serbia under United Nations Framework Convention on Climate
Change (2010).

Kyoto Protocol — is an addition to international agreement on climate
change. It entered into force in 2005. The Republic of Serbia ratified the Kyoto
Protocol in 2007 and it entered into force in January 2008. The main difference
between the Kyoto Protocol and the UNFCCC Convention is that the Convention
encourages more economically developed countries to reduce emissions of
greenhouse gases, while the Kyoto Protocol obliges them to do so. The Kyoto
Protocol promotes and encourages researches, development and increased use of
new and renewable energy sources, technologies to control emissions of carbon
dioxide and environmentally sound technologies and that directly stimulates the
energy efficiency. It defines the obligations of restriction and reduction of emission
of six types of gases that cause the greenhouse effect, as well as the rate of
emission reduction at the national level for each Member State of the Convention.
Slovenia, Bulgaria and Croatia are in the group of countries that are obliged to
reduce their emissions, while Former Yugoslav Republic of Macedonia, Bosnia
and Herzegovina and Serbia are in the group of so-called Non-Annex I Parties,
which have no obligations with respect to the reduction of emissions, but they can
help reduce pollution by realization of projects in the Clean Development
Mechanism (CDM).

The National Strategy on the inclusion of Republic of Serbia into Clean
Development Mechanism of the Kyoto Protocol (2010) is aimed at identifying
methods and possibilities for improvement of the environment in Serbia followed
by economic and social development of the country. The general objective of the
Strategy is to build capacities and to raise awareness about the possibilities of using
CDM projects as methods to encourage sustainable development and to enable
faster implementation of the Kyofto Protocol in the Republic of Serbia.



National legislation and strateqgies

National sustainable development strategy of Republic of Serbia (2008)
defines a vision of the development of Serbia until 2017. As national priorities for
achieving sustainable development in Serbia are identified protection and
improvement of the environment and the rational use of natural resources so that
they remain available for future generations. The strategy, among other things,
distinguishes energy efficiency and renewable energy sources as priority areas.
Within it, the climate change and protection of the ozone layer have been identified
as the first of the seven major risk factors for the environment. Thermal power
stations and heating sources, traffic and part of the housing stock that is heated in
this manner have been identified as the main areas where CO, has been produced
during the burning of fossil fuels.

Spatial Plan of the Republic of Serbia 2010 - 2020 (2010) is one of the first
planning documents at the national level, which, among other things, details the
climate change issues. This document promotes the climate change issue by
establishing an obligation for its inclusion in the planning process. The SWOT
analysis in section Nature, environmental protection and development identified
the potential for reducing emission of greenhouse gases as one of the opportunities
while lack of funds for implementation of the program of multidisciplinary studies
of climate change effect on particular sectors of the economy, as well as the
absence of standards on the implementation of climate data and information in
planning and design were mentioned as disadvantages. As opportunities were
identified: the identification of climate change as a factor for sustainable
development of certain sectors of the economy and the identification of climate
change as a factor for the overall economic development, the introduction of EU
standards in the field of risk management of natural disasters, renewable energy
sources, energy efficiency, design and construction of infrastructure systems that
are relevant to various aspects of climate change while as the disadvantages were
highlighted: the slowness of strengthening of institutional capacity and inadequate
attitude towards the problem of climate change in the education and public
information system. Problems have been identified, strategic priorities have been
proposed as well as the basic and operative goals with the proposals for the
implementation of the Plan, with particular emphasis on the effect of energy
consumption on climate change and reduction of CO, emissions. The spatial
aspects of certain energy sources and their potential in the entire national territory
have been elaborated.

Implementation Program of the Spatial Plan of Republic of Serbia from
2010 to 2020 (2011) pointed to the strategic importance of forests and forest
ecosystems as a natural resource and as an important link in the protection of the
environment in Serbia, especially in terms of climate change.

Biodiversity Strategy of the Republic of Serbia for the period 2011- 2018
(2011) — Section 3: When it comes to the effect of climate change it is stated that
there is no systematic monitoring of the effect of climate change on biodiversity in
the Republic of Serbia. Current researches and planning are based primarily on
global researches, experiences and recommendations of other countries.



The National Environmental Program (2011) — Within the chapter
Economic sectors and their impact on the environment, it was pointed out that
forests are an important ecological, economic and social potential of the Republic
of Serbia, and having in mind that they perform the absorption of pollutants from
the air or gasses responsible for the greenhouse effect, increasing forest coverage
can provide a significant reduction in the concentration of these gases.

Law on Planning and Construction (2014) within the Chapter 3 of Spatial
Planning and Land Use Principles points out that the planning, organization and
use of space, among other things, are based on “...rational and sustainable use of
non-renewable natural resources and optimal use of renewable energy resources
(paragraph 4) and to promote energy efficiency by introducing the obligation that a
“certificate on the energy performance of the building has to be issued ...”
(Chapter 4 of Improvement of energy efficiency, Article 4).

In order to effectively fight against climate change Forestry Development
Program (2011) stipulates that it is necessary to “timely detect significant changes
in the functioning of forest ecosystems, define their characteristics and perform
analysis of the consequences that arise due to climate change; disable and prevent
actions that cause the weakening and destruction of forests” etc.

It should be underlined that, although the issue of climate change is present
in national laws, planning documents, strategies and programs, the measures for
reduction of effects and adaptation are not clearly defined or especially
emphasized. It is surprising that many sectors that are highly sensitive to climate
change in their strategic documents still do not recognize the need for better and
more appropriate planning of implementation.

Harmonization of national legislation with EU legislation

Harmonization of laws is a joint obligation for accessing European Union.
This means that countries aspiring to join the European Union should harmonize
their national laws, regulations and procedures in a manner that will enable
efficient transposition of entire EU legal structure. Since the obligations of
harmonization of laws continues after entering EU, the harmonization process
becomes a possibility for respective country to better organize its institutions and
procedures and to train staff for daily processes and responsibilities of the
enactment of legislation in accordance with EU models, as well as their
implementation.

The European Union has developed a set of strategic and legal documents
related to climate change. Especially important is the EU White Paper on adapting
to climate change by which the EU has set a framework for solving the problems of
adaptation at the community level and at the same time its members have a
commitment to seriously and strategically approach to solving this problem (Pucar,
M., 2013).

According to Pucar, M. (2013) the harmonization of national legislation
with the European Union legislation in the field of climate change involves the
transposition of EU Climate and Energy package. Among the most demanding
directives of this package is the Directive on emissions trading system (EU
Emissions Trading System - EU ETS). Efficient preparation and implementation of



this Directive require the preparation of both legislative and institutional
framework. Analyzing the legislation of the European Union in the fight against
climate change including the EU climate and energy package it is evident that the
solution of this problem requires a series of coordinated and sustained actions.
Thus the process of harmonization of the Republic of Serbia’s legislation with EU
legislation and implementation of the requirements certainly improve cooperation
between all parties. The fulfillment of the basic requirements of the EU package
primarily in terms of increasing the use of renewable energy sources and energy
efficiency as well as inclusion in the emissions trading system can provide the
placement of domestic products on the EU market.

By ratifying the Treaty establishing the Energy Community in 2006, Serbia
made a commitment to implement European directive in the field of renewable
energy sources and Directive on energy efficiency in the field of energy
consumption. This Acts stipulate the harmonization of national laws of the
signatory countries with the regulations and norms of the European Union in the
fields of energy, competition, environmental protection and the use of renewable
energy sources.

At the Sixth Ministerial Conference Environment for Europe (E4E) which
was held in Belgrade in 2007, it was decided to strengthen the sub-regional
cooperation in the field of climate change. The adopted Declaration has recognized
the need to develop national plans - the so-called Climate Change Framework
Action Plans (CCFAPs), but it has also emphasized the need for the establishment
of sub-regional Virtual Climate Centre in Belgrade (Puki¢, Stupar, 2011).

Draft Strategy for development of the energy sector of Republic of Serbia
in the period until 2025 with projections to 2030 (2011-2013) should replace the
existing Strategy which has not sufficiently cover the impact of power plants and
energy production on the environment. Energy production with lower emissions of
greenhouse gases will become a crucial criterion for evaluating energy
technologies and possible directions of energy development whereby the norms
related to the protection of the environment will constantly be intensified.

Key elements of the transition to sustainable energetics development of the
Republic of Serbia are the implementation of energy efficiency measures, using of
renewable energy sources and protecting the environment and reducing the impact
on climate change (Pucar, M. Monography, climate change).

5. CONCLUSION

The issue of climate change is also present in the current legal and
planning regulations in Serbia, but not sufficiently. As in most countries of Eastern
Europe excuses for the failure to implement the policy for solving the problem of
climate change in Serbia are sought in the absence of regulations and appropriate
procedures, lack of institutional capacity and financial resources.

Harmonization with the EU in the field of climate change, renewable
energy sources and energy efficiency is a long term process, which involves a joint
commitment of all parties, both the state and business, academic and scientific
community and international organizations. It is crucial that the Republic of Serbia



urgently engages in development programs of the EU because it takes many years
for innovations in the field of climate change and energy to be applied in practice.

In order to adequately and timely respond to negative changes in climate in
Serbia and to establish a successful cooperation with the countries of the European
Union it is necessary to:

— harmonize national legislation with the ratified, international conventions,
agreements and declarations and regulations of the European Union;

— intensify the use of energy from renewable energy sources;

— conduct monitoring and control of environmental quality and prevent
adverse effects on the environment and humans;

— design adequate response of health sector to the consequences of global
climate change;

— adapt the operations of business entities in the sectors of energetics,
industry, transport, agriculture and forestry as well as municipal housing
activities to policy of climate protection and fulfillment of international
agreements;

— eclaborate action plans for adaptation of mentioned sectors to climate
change.

Serbia as a candidate for EU has to fulfill these obligations and it is certain
that in the future has to be worked intensively on the issue of climate change,
especially on adaptations to climate change.
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THE CLIMATE CHANGE - STRATEGIES AND LEGISLATION
IN SERBIA

Ljiljana BRASANAC-BOSANAC
Summary

The issue of climate change in the international frameworks is not a one-way
process. The partnership with the European Union implies the manifold exchange of
information, coordination of decisions and policies, as well as participation in international
forums, projects and researches. However, to initiate and stimulate initiatives to implement
the program of adaptation to adverse effects of climate change, to establish energy
efficiency programs and a system of use of renewable energy sources it is required the
support of the state with the appropriate strategies, good tax policy, administrative and
financial facilities, as well as the technical support. It is necessary to harmonize existing
legislation with the European Union Directives which would significantly bring closer our
country to the standards that prevail in European countries.

KLIMATSKE PROMENE - STRATEGIJE 1 ZAKONSKA REGULATIVA
U SRBIJI

Ljiljana BRASANAC-BOSANAC
Rezime

Pitanje klimatskih promena u medunarodnim okvirima nije jednosmeran proces.
Partnerstvo sa Evropskom unijom podrazumeva mnogostruku razmenu informacija,
koordinaciju odluka i politika, kao i uceS¢e u medunarodnim forumima, projektima i
istrazivanjima. Medutim, za pokretanje i stimulisanje inicijativa za primenu programa
adaptacije na negativne promene klime, programa uspostavljanja energetske efikasnosti i
sistema kori§¢enja obnovljivih izvora energije, potrebna je podrS§ka drzave sa
odgovaraju¢im strategijama, dobrom poreskom politikom, administrativnim i finansijskim
olaksicama, kao i tehni¢kom podr§kom. Neophodna je harmonizacija postojecih zakona sa
direktivama Evropske unije, §to bi nasu zemlju znacajno pribliZilo standardima koji vladaju
u zemljama Evrope.






INSTITUTE OF FORESTRY * BELGRADE
INSTITUT ZA SUMARSTVO « BEOGRAD
SUSTAINABLE FORESTRY ODRZIVO SUMARSTVO
COLLECTION 69-70, 2014 ZBORNIK RADOVA 69-70, 2014

UDK 630%273(497.11 Obrenovac)=111
Original scientific paper

THE CONDITION OF AESCULUS HIPPOCASTANUM L. TREES IN THE
AVENUES OF THE CENTRAL PART OF THE CITY OF OBRENOVAC
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Abstract. In urban areas treelined paths are the most vulnerable element.
According expected functions treelined paths in certain street are unsatisfactory with their
appearance and general condition. These are primarily biological, ecological, sociological
and aesthetic functions. Because of negative anthropogenic influences trees are with low
level condition, very low functionality and the unsatisfactory state of health. Most of the
trees exist in very difficult circumstances of streets, there are crowded in the underground
and in the aboveground part. In such circumstances, just as individual specimens of trees
grow into individuals who manifest themselves in terms of morphology characteristics
which are representative of its species. In this paper is presented the state of the avenue of
horse chestnut (Aesculus hippocastanum L.) in two central streets of the old part of
Obrenovca. The data were analyzed on the basis of the reviewed every tree and with the
particular assessing the state of the crown and the state of the trunk. Based on the analysis
of the results measures are proposed for the rehabilitation of individual trees as well as
measures for the reconstruction of the entire tree line.

Key words: horse chestnut, treelined path, street, condition

STANJE STABALA AESCULUS HIPPOCASTANUM L. U DRVOREDIMA
CENTRALNOG DELA OBRENOVCA

Izvod. U sistemu gradskog zelenila drvoredi su najugrozZeniji element. Drvoredi
pojedinih ulica kod nas svojim izgledom i opstom kondicijom ne zadovoljavaju ocekivane
funkcije. To su u prvom redu bioloske, ekoloske, socioloske i estetske funkcije. Pod

'Institute of forestry, Belgrade, Serbia
Translation: Milorad Veselinovi¢



negativnim antropogenim uticajima stabla su niskog stepena kondicije, vrlo niske
funkcionalnosti i nezadovoljavajuceg zdravstvenog stanja. Vecina stabla egzistira u vrlo
teskim uslovima ulice, steSnjena su i u podzemnom i u nadzemnom delu. U takvim
okolnostima samo pojedinacni primerci izrastu u individue koje u morfoloskom smislu
manifestuju reprezentativne osobine svoje vrste. U radu je prikazano stanje drvoreda
divijeg kestena (Aesculus hippocastanum L.) u dve centralne ulice starog dela Obrenovca.
Analizirani su podaci na osnovu pregledanog svakog stabla posebno ocenjivanjem stanja
krune i stanja debla. Na osnovu anlize rezultata predloZene su mere za sanaciju pojedinih
stabala kao i mere za rekonstrukciju celokupnog drvoreda.

Kljuéne reci: divlji kesten, drvored, ulica, kondicija biljaka.

1. INTRODUCTION

Rows of trees represent a narrow belt of greenery, which is commonly known as
the green line. Treeline paths are one of the most important categories of greenery
in urban areas. Functions of avenue tree plants are primarily environmental,
commonly branded as sanitary. Fulfilment of these functions is in accordance with
the number of plants, quantity and physiological status of the foliage. The second
group of functions compiled all the other functions which can be regarded as an
indirect function, often defined as aesthetic, psychological or cultural. Their actual
fulfilment of the primary and secondary functions is possible only under the
condition that the individual tree rows are in excellent or at least very good health
and an acceptable aesthetic status (Dobrilovic, 2009). Only healthy plant organisms
those individuals whose life functions smoothly and completely performed can
fulfil the expected functions (Bunusevac, 1977). The increasingly difficult for rows
of trees will be to survive in a form that residents traditionally considered tree-lined
(Batala and Tsitsoni, 2007). Most of the trees exist in very difficult conditions of
the streets. Most of them squeezed in the underground as well as the above ground
part by the human action. There are the rare opportunities that trees as individual
specimens in the rows of tree grow into individuals who manifest themselves in
terms of morphology characteristics representative of its species.

Ecological very difficult environmental conditions on the streets are reasons why
the alley of trees having great ecological importance, but also why this specific
category of public greenery adorned with the epithet "the most important secondary
element of streets in major cities" (Mumford, 1988). Ttreelined paths, especially
those old and luxurious, composed of individuals spanning many decades, rarely to
be encountered on the streets of major cities. Where alleys are held as a structural
element of the street, they are existing mostly as very young plants. Today for the
trees is planning a much shorter time for functioning and existence on the street it
is about two to three decades. After this period all of the tree rows tree as a rule
will be removed. After that time trees will be replace with the new, young, healthy
individuals, by size more directly proper with the available space on the street.
Such trees will also be much easier to nurture. So in the future the trees of tree
lined paths on the streets of cities will be considered as structure that needs to be
constantly improved. Horse chestnut the tertiary relict of the Balkan Peninsula is



very frequently used species at alleys in our cities (Cali¢-Dragosavac et al., 2009).
Cadastre of the trees and shrubs at public green space of the metropolitan area of
the Obrenovac indicates that this species is very common in the street alleys of the

city.
2. MATERIAL AND METHOD

Inventory of the horse chestnut trees in two central streets in Obrenovac was
performed by measuring individual trees. Diameters of the trunk at breast height
were measured by caliper. The total height of the tree, trunk height to the
beginning of the crown, height and crown width were measured by laser
rangefinder-hypsometer TruPulse 360 B. Based on the obtained data the analyses
of certain parameters were made in relation to the most distribution of trees per
diameter class.

In the same time the presence of fruiting bodies of fungi and the presence of insect
damage were registered. In the cases when the exact cause of the damage couldn't
determine on the ground, in the laboratory were identified using standard
phytopathological methods and using appropriate keys: B.C. Suttona (The
Coleomycetes, 1980), J.V. Carmichaela et al. (Genera of Hyphomycetes, 1980),
R.W.G. Dennisa (British Ascomycetes, 1978), J.A. Arxa (Genera of Fungi
Sporulating in pure Culture, 1974), V.H. Kuprevicha i V.G. Tranchela (Rust Fungi,
1970).

3. RESULTS AND DISCUSSION
3.1. Morphometric characteristics of trees

Within the area of public character of the urban area of the Obrenovac
horse chestnut was registered 338 times. From that number 96 trees are registered
in different green areas categories, and 242 trees in the tree lined path. At the Vuk
Karadzi¢ street is located 204 trees and at the Karadordeva street 34 trees, which

represents 98.35% of the total number of horse chestnut trees in strips.

Table 1. Distribution of trees per diameter class

Number of the trees distributed per diameter class
Street Total
1-10 | 11-20 | 21-30 | 31-40 | 41-50 | 51-60
Vuka Karadzi¢a | 23 13 64 85 17 2 204
Karadordeva 1 1 8 17 5 2 34

The most common diameter classe in both analyzed streets is class 21-30
(3) with a share of 30.39% at Vuk Karadzi¢ and 26.47% in Karadordeva street.
Diameter class of 31-40 (4) with a share of 43.14% at Vuk Karadzi¢ and 47.06% in
Karadordeva street. Diameter class of 41-50 (5) with a share of 7.84% at Vuk
Karadzic and 17.65% in Karadordevoj street. Total analyzed trees at Vuk Karadzic
were 166 which amount to 81.37% of the trees of the street and 31 trees at the
Karadordeva street or 91.18% of the trees at the street (Table 1).



Analysis of measured data indicates that in most frequent diameter classes
4 and 5 in both analyzed streets weren't statistically significant differences in the
amount of trees, trunk length, height and width of the crown (Table 2). This can be
explained by anthropogenic influence when the trees were subjected to various
treatments (artificial lifting the crown, the crown pruning, etc.) to adjust their size
to the available space of the street and infrastructure objects in it. Compared to
them there is a statistical difference for the analyzed parameter in the diameter
class of 3 because the trees in this class with their habitus fit in the available space
on the streets.

Table 2. The dependence of morphometric parameters in relation to the diameter
increment

Street !)lameter Total “height of the Trunk height Crown height Crown width
increment tree

3 12.5938 + 1.4787° 2.5500+0.7177° 6.3333 + 1. 1764° 9.5125 + 1. 6320°

Vuka 4 12.7222 + 1. 8704° 3.0813 +0.9078" gggzg + 1. 4880"‘1 ?]5;(2;(9;01 2. 0643“I
. . . + . . + 1.

Karadzica 5 13.7500 + 1.6989 3.1333 +£0.8246 3516b° 8750°

3 9.3952 + 0.4536° 2.5048 + 0.1666" 6.1452 + 0.3663" 6.8903 + 0.4560°
Karadordeva 4 11.7932 £0.76711° 2.6591 +£0.2817" | 7.3500+0.6194° | 9.1341+0.7712°

5 12.4688 + 0.7435° 2.8188 +0.2730° 7.8438 + 0.6003° 9.6500 + 0.7475°

a - multiple interval test — the values marked by the same letter in the column, does not indicate a difference on the
level of significance p<0.05.

3.2. Health condition

Phytopathological disease

Guignardia aesculi (Peck.) Stew. - Horse chestnut Leaf Blotch. This is
the accompanying disease of horse chestnut, which was established in Europe in
1950. It also occurs on the 4. glabra, A. pavia as well as on the Aesculus x carnea
(hibrid A.hippocastanum x Aesculus pavia). Kao posledica napada dolazi do ranog
opadanja lista Sto izaziva smanjenje dekorativnosti, a takode dolazi i do napada
sekundarnih parazita i StetoCina. As a result of the attack leads is the earlier falling
of the leaves which causes a reduce decoration of the trees but also leads to the
attacks of secondary pests and parasites. The disease is present on the leaves of
mature trees wherein the disturbs the aesthetic appearance of the trees (especially
in parks and alleys). Recommended sction against this disease is collection and
removal of leaves as a source of infectious inoculum. The disease was detected in
all analyzed trees.

Uncinula fraxini Miyake. - Horse Chestnut Powdery Mildew. Beside
ash tree the disease occurs also at the horse chestnut. As all powdery mildew this
species also is an obligate parasite and can only be developed on living plants. This
species is the only one horse chestnut tree, and the attack was weak.

Wood decay fungi

Inonotus hispidus (Bull. ex Fr.) Karst. This species is being developed as a
parasite weakness in hardwoods. . hispidus develops as a parasite on live trees and
causes white-yellow central decay of trunk. Infections achieved through injury on
trunk and branches. When trees are infected with this fungus the fractures and
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breakage of branches in the crown are very common. It is registered at more than
50% of the analized trees

Ganoderma applanatum (Pers, ex Wallr.) Pat. syn. Fomes applanatus
(Pers.) Wallr. It occurs in lots of hardwoods. At live trees usually attacks the
terrestrial part of the stem and roots which causes white-yellow decay of heartwood
and partly sapwood Due to the destruction of the heartwood and sapwood the tree
loses its firmness and has been frequently damaged by winds. Infection of trees and
root occurs through their injuries It is registered at more than 15% of the analyzed
trees.

Schizophyllum commune Fr. This fungus is one of most widespread
species. On live trees is located on damaged and dead parts causing peripheral
white sapwood decay. The destructive activity of the fungi is relatively small so
that it retains the decay in the surface layers of wood. It is registered in over 25%
of the analized trees.

Trametes hirsuta (Wulf.:Fr.) Pil. Tt causes perforated white decay. It
occurs as a saprophyte in parts of the sapwood live trees which are necrose due to
adverse effects of various factorsExtremely can cause soft decay of heartwood of
some species. It's common on the analized trees in the avenues.

Phytophthora spp. On the analized trees of horse chestnut in Obrenovac
was registrated the presence of three species of the genus Phytophthora as follows:
Phytophthora cambivora (Petri) Buisman, Phytophthora cactorum (Lebert &
Cohn) J. Schrét. and Phytophthora citricola Sawada. They cause root decay and
cause bark shoot, dries and falls over large areas on the tree. This may prevent the
normal flow of mineral matter which is manifested by drying of individual
branches in the crown and wilted of leaves. They appear very often,even on the 48
of the analyzed horse chestnuts in Obrenovac were determined symptoms
("Bleeding canker") that indicate their presence.

Insects

The registered insects occur in very low intensity at the analized trees in
the avenues.

Cameraria ochridella Deschka and Dimi¢— Horse Chestnut Leaf Miner.
The first time it was discovered in 1984 in the vicinity of Ohrid in Macedonia on
the basis of characteristic mines on the leaves of the horse chestnut (desculus
hippocastanum L.) (Simova-To8i¢ and Filev, 1985). Shortly after that miner is
rapidly spreading to the north and occupies the the whole territory of Serbia (Dimic
and Mihajlovic, 1993). At a stronger attack leaves are dried and falling.
Populations of horse chestnut leaf miner are numerous. Stabla divljeg kestena ve¢ u
avgustu ostaju bez lis¢a, a u septembru i oktobru ponovo listaju i cvetaju, Sto je
svojevrsni stres. Horse chestnut trees already in august lose their leaves and in
september and october gets leaves and flowers again, which is sign of some kind of
stress.

Pulvinaria betulae (L.) - Cottony grape scale. The species is occur on a
large number of plant species. It does not cause significant damage.

Parthenolecanium corni (Bouche) - European fruit lecanium. Occurs in
more than 350 plant species. It occurs in gradations and primarily attacks the young
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plants. In the years of outbreak causes drying of individual branches and after
several consecutive years can lead to drying of whole trees.

4. CONCLUSIONS

Modern European cities nearly 350 years persistently trying to establish
and maintain mature individual tree in the functional state at the streets (Harris, et
al.1999). Sve ceS¢e se zapaza da je i tamo gde se drvoredi jo§ uvek uporno
odrzavaju kao strukturni elemenat ulice, re¢ uglavnom o vrlo mladim biljkama.
Usually where the rows of trees still persistently held as a structural element of the
streets it’s refers to young plants. In order to maintain their functionality for those
trees are planning a much shorter period of existence on the streets. This is
illustrated by the results of our research where plants that come under intense
anthropogenic impact to keep them in the allowed space are losing their natural
habitat characteristics. With invasive measures correcting the size and shape of the
crown they lose leaf mass and become susceptible to various diseases and pests. As
the functioning of trees intimately associated with morphological, biological and
ecological characteristics, it can be certainly to conclude that there is no "natural
use" of trees on the street will not be if it comprised the sick, broken and damaged
plants. A large number of horse chestnut trees in a small space and the closeness
and connection in a tree line allows for easy transmission of the disease and insects
from tree to tree. This is supported by the negative influence of abiotic factors and
the resistance of plants in the alleys is considerably reduced.

Because of that the trees in the form of a row of trees should be considered
as a structure that needs to be constantly improved. For this purpose it can be
recommended measures of successive replacement of horse chestnut trees with
another species of trees in entire streets of the city of Obrenovac. This would
reduce the risk of occurrence of these diseases and pests on the individual horse
chestnut trees in surround greenery.
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THE PHOSPHORUS ANALYZES IN NEEDLES OF CANADIAN
DOUGLAS-FIR PROVENANCES
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Abstract: Douglas-fir (Pseudotsuga menziesii Mir / Franco) is an indigenous and
economically the most widespread species of conifers in Canada and North America. It is
also the most common introduced species conifer in Europe.

In Serbia testing of Douglas-fir, began setting up several provenance plots with
seeds originating from Canada and North America. The research work carried out at the
Institute of Forestry, conducting analysis in order to select the most adaptive and
productive provenances for reforestation in Serbia. The seeds transfer of introduced
species of trees include testing of all characteristic by provenance test. Genetic feature of
trees species show in the new environmental, to confirm the selection of tree type for
introduction. One of the methods of assessing the genetic variability of introduced species
is the testing using provenance experiment.

The intensity effect of physiological processes of mineral nutrition of tree species
is one of the most important indicators of its successful adaptation and production into new
environment habitats.

This research analyzes the phosphorus content in the needles of Douglas-fir from
different provenances originating from Canada.

Key words: Douglas-fir, seed transfer, provenances, phosphorus, needles,

ANALIZA FOSFORA U CETINAMA DUGLAZIJE KANADSKIH
PROVENIJENCIJA

Apstrakt: Duglazija (Pseudotsuga menziesii Mir / Franco) je autohtona
najrasprostranjenija i ekonomski najvaznija vrsta cetinara u Kanadi i Severnoj Americi.

! Institute of Forestry, Belgrade,
2 Faculty of Forestry, Belgrade, Serbia
Email: veralava@eunet.rs
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Takode je najcesca introdukovana vrsta cetinara u Evropi. U Srbiji istrazivanje na
duglaziji, pocelo je postavljanjem nekoliko provenijenicnih testova sa semenom poreklom
iz Kanade i Severne Amerike. Istrazivacki rad odvija se u Institutu za Sumarstvo,
sprovodenjem analiza kako bi se odabrale najvaznije adaptivne i produktivne
provenijencije za posumljavanja u Srbiji. Transfer semena introdukovanih vrsta drveca
ukljucuju ispitivanje svih karakteristika metodom provenijenicnog  testa. Genetska
karakteristika stabala vrste, u novim Zivotnim sredinama, treba da potvrdite selekciju
stabla za introdukciju. Jedan od metoda procenu geneticke varijabilnosti uvedenih vrsta je
testiranje pomocu provenijenicnog eksperimenta.

Efekat intenziteta fizioloskih procesa mineralne ishrane vrsta drveca je jedan od
najvaznijih pokazatelja njene uspesne adaptacije i proizvodnosti u nove Zivotne sredine
stanista.

Ovo istrazivanje analizira sadrzaj fosfora u Ccetinama duglazije iz razlicitih
provenijencija poreklom iz Kanade.

Kljuéne redi: duglazija, transfer semena, provenijencija, fosfor, cetine
1. INTRODUCTION

Nutrient supply is one of the most important criteria when describing the
condition of conifers and needle analyses are an efficient method of evaluating the
nutrient situation of conifer stands (K. Stefan, F. Herman 1996).

The obstacles that introduced species must be overcome is survival in the
new habitat. That means the typical environmental barriers are such as: seed
germination, soil pH and nutrient availability.

The seeds transfer of introduced species of trees include testing of all
characteristic by provenance test. Genetic feature of trees species show in the new
environmental, to confirm the selection of tree type for introduction.One of the
methods of assessing the genetic variability of introduced species is the testing
using provenance experiment.

The process of introduction is justified only if the introduced species are
better or at least the same potential as the native tree species.

Douglas-fir (Pseudotsuga menziesii Mir / Franco) is one of the most
ecologically and economically important trees in western North America, and is
planted as an exotic timber species in Europe, New Zealand, Australia and Chile. It
has one of the widest natural ranges of any tree species, extending from the Pacific
Coast to the eastern slope of the Rocky Mountains and from 19°N in Mexico to
55°N in western Canada (Hermann, R.K. 1987, Hermann and Lavender, 1990,
Rehfeldt GE. 1979, 1982, 1983, 1989;).

Douglas-fir is Canada’s largest conifer and the tree that first made British
Columbia famous as a producer of exceptionally fine timber. It is found throughout
the southern half of the province extending into south-western Alberta. The species
reaches its northern limit near the Queen Charlotte Islands. It grows to its
magnificent best on the coast in fairly deep, moist sites where it comprises about
10% of the forest. (Website: www.coastforest.org).

The introduction of exotic species is considered one of the most important
supplement to the native ecosystem: contributing to the diversity and improve the
productivity of wood mass. It's one of the reasons that in Serbia started researching
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Douglas -fir as a very promising species of conifers. (Lavadinovi¢, V., Koprivica,
M. 1996 a, 2000, Lavadinovi¢ 2000, Lavadinovi¢ et al 2011)

The primary proces of phosphorous in the physiological processes in trees
is the transfer of energy and regulation of metabolic processes, such as
photosynthesis, synthesis of the primary and secondary chemical compounds
(hydrocarbons, lipids, proteins, nucleic acids, etc).

This element enters phospholipids, which are the necessary components of
membrane components in the cell, nucleic acids (RNA and DNA) and
nucleoproteins Sari¢, M. (1979):. Phosphorous enters phytic acid, the compound
which most frequently occurs in seed. The phosphorous from phytic acid
transforms during germination and incorporates into different compounds needed
for the metabolism of young plants (Puki¢ M., Isajev, V.1991). It affects them
indirectly, by stimulating the development of soil microorganisms, thereby
accelerating the mineralization of the nutrients in the soil. Since this element is
important for the numerous constituent and functional roles in the life processes of
plants, the variability of quantitative and qualitative phosphorous content in plant
organisms is used in plant breeding, as the indicator of the inter-individual and
population variability (Mika, P.G et al., 1990).

2. MATERIALS AND METHODS

Douglas- Fir seed was collected from the part of natural range in Canada.
Collection of seeds from 14 provenances were imported by Canadian Forest
Service. Table 1 presents the characteristics of geographic data provenance of
Douglas-fir.

In the Institute of Forestry nursery, from the seed it was  produced
seedlings from which it where formed two experimental plots.

Table 1. Geographical characteristics of the tested Douglas-fir provenances

Provenance|Seed zone Location Latitude|Longitude|Altitude
No. [Code

1 [03333 |East Kootenay Cranbrook 49°25 [115°20' [1050 m
2 |00848 |West Kootenay Inonoaklin 49°50° [118°10' [671 m
3 [30667 [Shuswap Adams Mann Creek 51°35" [120° 10" 600 m
4 05227 [East Kootenay Gavia Lake tfl 14[50° 56 [116°35' [1070 m
5 105226 |[East Kootenay Nine Bay TFL 14[50° 58" [116°32' [975m
6 03356 [Thompson Okanagan Arid [Trout Cr 49°40 [119° 52' [884 m
7 103360 [Thompson Okanagan Arid [Michell Cr 49°54° [119°37' [1035m
8 [01198 [West Kootenay Salmo 49° 15" [117° 30" [793 m
9  [30460 [Shuswap Adams Mara LK 50°48 [119° 00' [488 m
10 00278 |Thompson Okanagan Arid|Monte Crk 50°37 [119°52' [701 m
11 [03383 [West Kootenay Sheep Creek 49°10° [117° 15' [1000 m
12 [30461 |Shuswap Adams Cooke Creek  [50°38" [118° 49' [900 m
13 ]03389 |West Kootenay Benton Creek  [49°12° [117° 25' [933 m
14 (05092 |[East Kootenay Sun Creek 50°08 [115° 52' 1000 m

Soil at one site, where the experimental provenance plots set, is the eutric
cambisol , and the second plot it is vertisol. All plants of Douglas- fir were reared
under identical site and identical stand conditions, and age of all the analyzed
individuals are 12 years.
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Both sites, where they placed the trials were flattened surface, without
significant exposure and altitude are about the same.

For the determination of phosphorus in the soil at both sites were sampled
taken needles of light from the upper third of the crown of Douglas -fir trees.
Phosphorus content in the needles of Douglas -fir where determined by analysis of
the ash after dry ashing at a temperature of 550 © C and the translation of nutrition
elements in chlorides. Determination was carried out by colorimetric method

Needles to determine the state of nutrition of Douglas- fir were collected
during dormancy from the upper third of the tree canopy. Phosphorus content in the
needles of Douglas -fir determined by analyzing the ash after burning dry
colorimetric method. Linear regression analysis examined the effect of nutrition
with phosphorus on the state of growth elements (mean diameter, mean height,
basal area, volume and increment) studied provenances of Douglas fir. The amount
of phosphorus available plants in the soil was determined with AL- method by
Egner-Rihm (Dzamic¢ et al 1966).

3. RESULTS AND DISCUSSION

Based on the conducted studies, it can be concluded that conditions of
phosphorous nutrition on eutric cambisol are considerably more favourable than
the ones on vertisol. The difference in phosporous nutrition is significant at p <
0.01. Nearly all Douglas-fir provenances cultivated on eutric cambisol had better
phosphorous nutrition in comparison to the provenances cultivated on vertisol
(Table 2, Graph 1). The exceptions are the Gavia Lake locality provenance, the
East Kootenay seed zone, the code 05227, and the Salmo locality provenance, the
West Kootenay seed zone, the code 01198. In both provenances cultivated on
vertisol, slightly higher amounts of phosphorous were identified in comparison to
the same provenances cultivated on eutric cambisol.

Tabela 2. The content of calcium on different provenances in Douglas - fir needles

Vertisol Cambisol Eutric
No Code Locali
ty P 7 P 7
% %
1 03333 Cranbrook 0.236|  -0.299 0.245 -0.572
2 00848 Inonoaklin 0.237| -0.342 0.258 -0.986
3 30667 Mann Creek 0.209 0.546 0.267 -1.283
4 05227 Gavia Lake 0.216 0.344 0.213 0.423
5 05226 Nine Bay 0.222 0.134 0.246 -0.600
6 03356 Trout Creek 0.189 1.183 0.249 -0.715
7 03360 Michell Creek 0.206 0.662 0.272 -1.438
8 01198 Salmo 0.228|  -0.050 0.206 0.654
9 30460 Mara Lake 0.215 0.353 0.257 -0.974
10 00278 Monte Creek | 0.195 1.005 0.204 0.702
11 03383 Sheep Creek 0.165 1.939 0.221 0.175
12 30461 Cooke Creek 0.228 -0.048 0.257 -0.956
13 03389 Benton Creek 0.182 1.405 0.249 -0.692
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14 05092 Sun Creek 0.172]  1.732 0.299 -2.301
Average 0.207 0.246

S 0.02341 0.02694

min 0,165 0.204

max 0.237 0.299

T-value|4.074882
P-Value| 0.000192 The result is significant at p <0.01

Average 0227
S
For both populations : 0.03166
mn 0.165
= 0.299

Although all seedlings at both sites reared under identical site and stand
conditions, the same type of soil and climate under identical conditions was found
high variability among provenances of phosphorus content in the needles in both
provenances were grown on eutric cambisol, and with provenance grown on
vertisols.

All conditions that affect physiological processes in plants, and thus the
adoption of nutrients from the soil were identical for all provenances, both at the
site where the soil is vertisol, and at the site where the soil is Eutric cambisol.
Therefore, the variability of phosphorus content in the needles of different
provenances consequences of genetically inherited abilities of different
provenances to exploit the potential of soil and achieve phosphorus nutrition.
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Figure 1. The amount of phosphorus in the needles of Douglas-fir on vertisol and
eutric cambisol

The inter-provenance variability of phosphorus content in Douglas-fir
needles is presented in Table 2 and Graph 2. The highest percentage representation
of phosphorus in needles of Douglas-fir cultivated on vertisol (0.237%) was
identified in the Inonoaklin locality provenance, the West Kootenay seed zone, the
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code 00848, while the lowest percentage representation (0.165%) was determined
in the Sheep Creek locality provenance, the West Kootenay seed zone, the code
03383.

Among the Douglas-fir provenances cultivated on eutric cambisol, the
highest content of phosphorus was identified in the Douglas-fir needles of the Sun
Creek locality provenance, the East Kootenay seed zone, the code 05092. The
lowest representation of phosphorus in needles of Douglas-fir cultivated on eutric
cambisol was identified in the Monte Creek locality provenance, the Thompson
Okanagan Arid seed zone, the code 00278.
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Figure 2. Standardized deviation of phosphorus content in the needles of Douglas-
fir provenances

4. CONCLUSION

Based on the results of conducted analyses of phosphorus nutrition
conditions in 14 Douglas-fir provenances of Canadian origin, it can be concluded
that eutric cambisol provides far more favourable conditions for phosphorus
nutrition than vertisol. Nearly all provenances cultivated on eutric cambisol
assimilated a higher amount of phosphorus in comparison to the same provenances
cultivated on vertisol.

Given the uniformity of conditions for soil nutrient assimilation in both
provenance trial localities, it can be concluded that there are genetic specificities
relating to calcium assimilation process. The inter-provenance variability of
calcium content in Douglas-fir needles is an indicator of genetic pool specificity of
different provenances with respect to calcium nutrition.

Based on the conducted study, it can be concluded that phosphorus content
differences in Douglas-fir needles point out to a variability in the intensity of
physiological processes in genotypes of different provenances. Given the fact that
the Douglas-fir trees grew and developed in relatively small areas, with uniform
general site and stand conditions, it can be concluded that needle phosphorus
amounts are determined by different genotypes that constitute the genetic pool of
studied Douglas-fir provenances.
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PHOSPHORUS ANALYZES IN NEEDLES OF CANADIAN
DOUGLAS-FIR PROVENANCES

Vera LAVADINOVIC, Zoran MILETIC, Vukan LAVADINOVIC
Summary

Among the provenance variability of phosphorus content in the needles of 14
Douglas-fir, from Canada, is presented in this research. Douglas-fir is an indigenous and
economically the most widespread species of conifers in Canada and North America. It is
also the most common introduced species conifer in Europe. The seeds transfer of
introduced species of trees include testing of all characteristic by provenance test. Genetic
feature of trees species show in the new environmental, to confirm the selection of tree type
for introduction.One of the methods of assessing the genetic variability of introduced
species is the testing using provenance experiment. Based on the results of conducted
analyses of phosphorus nutrition conditions in 14 Douglas-fir provenances of Canadian
origin, it can be concluded that eutric cambisol provides far more favourable conditions for
phosphorus nutrition than vertisol. Nearly all provenances cultivated on eutric cambisol
assimilated a higher amount of phosphorus in comparison to the same provenances
cultivated on vertisol.

ANALIZA FOSFORA U CETINAMA DUGLAZIJE KANADSKIH
PROVENIJENCIJA

Vera LAVADINOVIC, Zoran MILETIC, Vukan LAVADINOVIC
Rezime

Meduprovenijeni¢na varijabilnost sadrzaja fosfora u detinama duglazije
predstavljena je u ovom istrazivanju. Duglazija je autohtona najrasprostranjenija i
ekonomski najvaznija vrsta Cetinara u Kanadi i Severnoj Americi. Takode je najcesca
introdukovana vrsta Cetinara u Evropi. Transfer semena introdukovanih vrsta drveca
ukljucuju ispitivanje svih karakteristika metodom provenijenicnog testa. Genetska
karakteristika stabala vrste, u novim zivotnim sredinama, treba da potvrdite selekciju stabla
za introdukciju. Jedan od metoda procenu geneticke varijabilnosti uvedenih vrsta je
testiranje pomoc¢u provenijeni¢nog eksperimenta. Na osnovu rezultata obavljenih analiza
stanja ishrane fosforom 14 provenijencija duglazije poreklom iz Kanade moze se
konstatovati da eutri¢ni kambisol obezbeduje daleko povoljnije uslove za ishranu ovim
elementom u odnosu na vertisol. Skoro sve provenijencije odgajene na ecutricnom
kambisolu su usvojile vecu koli¢inu fosfora iz zemljiSta u odnosu na iste provenijencije
odgajene na vertisolu.
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EFFECT OF CONTAINER TYPE ON GROWTH AND DEVELOPMENT
OF PEDUNCULATE OAK (Quercus robur L.) SEEDLINGS IN THE
NURSERY

Viadan POPOVIC', Aleksandar LUCIC', Ljubinko RAKONJAC'

Abstract: In this paper are presented the research results of effect of the container
type on growth and morphological parameters of Pedunculate oak seedlings. In the
experiment were used three types of containers Bosnaplast 18, Bosnaplast 12 and HIKO
V265.

Seed collection was performed in the Pedunculate oak seed stand registration
number RS-2-2-gro-12-197 which is managing by FE Kragujevac in autumn 2012 and seed
sowing in containers was done in spring 2013 in the seedling nursery of Institute of
Forestry in Belgrade.

The analysis of one-year-old seedlings was performed in autumn 2013. The
parameters that were measured are height and root collar diameter.

Seedlings produced in containers Bosnaplast 18 with cell volume of 220 cm® and
HIKO V265 with cell volume of 265 cm’ have larger dimensions and they are more quality
than seedlings produced in containers type Bosnaplast 12 that have cell volume of 120 cn’.
Researches have shown that container volume has positive effect on morphological
characteristics of Pedunculate oak seedlings in conditions of seedling nursery.

Key words: Pedunculate oak (Quercus robur L.), container, seedling,
morphological parameters.
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YTHUIAJ TUITA KOHTEJHEPA HA PACT U PA3BOJ JEJHOTI'OAUIIIBLUX
CAJHUIA JYKIBAKA (Quercus robur L.) Y PACAJTHUKY

U3Bon: ¥V pady cy npukaszanu pezyimamu UCMPAdNCUBAra ymuyaja mund
KOHmejHepa Ha pacm u Moponouke napamempe caoHuya ayxicrwaka. Y oenedy cy
Kopuwhena mpu muna koumejuepa, bocnaniacm 18 u bocnanracm 12 u HIKO V265.

Cakynmarse ceMena 06a8mbeHo je y CeMeHCKO] CACMOJUHU TYAHCHAKA, PE2UCIAPCKU
opoj RS-2-2-qro-12-197 xojom easoyje LI Kpaeyjesay y jecen 2012. 200une, a cemsa
cemena y konmejuepe uzepuiena je y npoaehe 2013. 2ooune y pacaonuxy Uncmumyma 3a
wymapemeo y beoepaoy.

V jecen 2013. co0une uzepwena je ananuza jeono2oouutrbux caonuya. Mepenu cy
BUCUHA CAOHUYA U NPEYHUK KOPEHOBO2 8PAM.

Caonuye npoussedene y konmejuepuma bocnaniacm 18 ca 3anpemunom heauja 00
220 ¢cm’ u HIKO V265 ca sanpemunom hemuja 00 265 cm’ ¢y eehiux oumensuja u
Keanumemnuje 00 CcaoHuya npouzeedeHux y Koumejnepuma bocnannacm 12 ca
sanpemunom hemuja 00 120 cm’. Hempaocusanwuma je ymepheno Oa sanpemuna
KOHmMejHepa NO3UMUGHO ymuye HA MOPQONIOUIKe KAPAKMEPUCTIUKE CAOHUYA JYIHCHAKA Y
PACAOHUYKUM YCOBUMA.

Kibyune peun: myxmak (Quercus robur L), KOHTEjHEp, cagHAIA, MOP(OIOIIKH
napaMeTpH.

1. INTRODUCTION

The dilemma between classical and container seedling production is
constantly present in development of nursery production technology. Many
scientists have dealt with production of container seedlings (Elam, W.W. 1981;
Matic, S. et al. 1996; Ocvirek, M. 1997; Orlic, S. 2000). The seedlings produced in
containers have many advantages compared to seedlings produced in the
conventional manner: higher survival rate during production and later during
replanting, seedlings suffer less replant shock, the period of planting is extended,
the production is mechanized, the afforestation of degraded terrains. The main
drawback of container production is abnormal development of the root system
(Oreskovic, Z. et al. 2006).

For the production of forest species seedlings in our country and in the
world are used smaller containers, because they are cheaper, they reduce substrate
procurement costs, they are easier to handle and a higher number of plants per unit
area can be produced in them. These containers are suitable for the production of
species with smaller seed, species of slower growth and less developed root
system. For species with larger seed, species of rapid growth and strong root
system it is necessary to use larger containers.

The characteristics of containers, volume and size of cells have a major
effect on the physiology and morphology of seedlings in the nursery and later in a
forest culture. It is therefore important to determine how these characteristics affect
the growth and development of seedlings in order to produce higher quality and
more developed seedlings that will successfully be used for afforestation.
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In this paper was studied the effect of containers on the growth and
development of Pedunculate oak one-year-old seedlings in the nursery. The
researches were performed in seedling nursery and laboratory of the Institute of
Forestry in Belgrade.

2. MATERIAL AND METHOD

The trial was set in four replications in the spring 2012 in the seedling
nursery of the Institute of Forestry in Belgrade. Seed of Pedunculate oak (Quercus
robur L.) was collected in the first week of October 2012 in the seed stand with
registration number RS-2-2-qro-12-197, FMU “Rogot”, department 2a, Forest
administration Kragujevac, FE Kragujevac. Germinated acorns were manually
sown in containers in April 2012 in seedling nursery of the Institute of Forestry in
Belgrade.

For the trial were used three types of containers that are commonly used in
Serbia for seedling production: Bosnaplast 12 with dimensions 36x25, 5x12 cm,
with 55 cells in the block and with volume of each cell of 120 cm®, Bosnaplast 18
with dimensions 32x21, 2x18 cm, with 33 cells in the block and with the volume of
each cell of 220 cm® and HIKO V265 with dimensions 35,2x21, 6x15 with 28 cells
in the block and with volume of each cell of 265 cm’®. The containers were filled
with peat used in regular nursery production. Watering was performed regularly as
well as protection with shade cloth and protection from diseases. At the end of the
growing season in October 2013 was determined the survival rate and the seedling
height and root collar diameter were parameters that were measured. Seedling
height was measured by a ruler with an accuracy of 1 mm and root collar diameter
was measured by a caliper with an accuracy of 0.01 mm.

For all analyzed variables were done descriptive statistics, analysis of
variance and for all tests the error of 5% was considered as statistically significant.
Statistical analyzes were done using the statistical package Statgraph 5.01.

3. RESULTS AND DISCUSSION

Fundamental laws of nutrition apply for all plants, and a good and healthy
growth can only be achieved if all the factors that regulate growth are evenly
distributed and in the correct ratio (Bala and Fricker, 1971). The amount of reserve
nutrients in the soil (substrate) directly affects the nutritional status of plants
(Cirkovié-Mitrovi¢, T. et al. 2012).

Growth of seedlings in the first year is particularly important for future
survival and development of plants (Larsen, 2007). The studies (Walker and Huntt,
1999) have shown that the seedling height best forecasts the growth while the root
collar diameter best forecasts the survival of seedlings after replanting.

The analysis of the survival rate has showed that the type of container did
not affect the survival of Pedunculate oak seedlings. The survival rate of
Pedunculate oak seedlings produced in containers Bosnaplast 12, Bosnaplast 18
and HIKO V265 ranged from 84.2 to 87.6%. From Table 1 it can be seen that the
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seedlings produced in containers with a higher volume of cells have larger
dimensions.

Table 1: Summary statistics, analysis of variance and post-hoc test for root collar
diameter and height of seedlings

. Root collar diameter Heights of plants
Container type
Average Average
B12 3,22+0,51° 21+4,72°
B18 3,96+0,73° 22,146,98°
HIKO V265 4,06+0,63" 21,6+4,92°
P-value 0,0000 0,3428

In our studies root collar diameter of seedlings differs depending on the
type of the container (Figure 1). The seedlings produced in the container type
Bosnaplast 12 reach average root collar diameter of 3.22 mm, the seedlings
produced in the container type Bosnaplast 18 reach average root collar diameter of
3.96 mm while the seedlings produced in the container type HIKO V265 reach
average root collar diameter of 4.06 mm. The analysis of variance showed that
there were statistically significant differences in root collar diameter depending on
the type of container and this was confirmed by post-hoc test (Table 1).

The container type did not significantly affect the height of the seedlings.
The highest mean height of 22.1 cm was measured in seedlings produced in the
container type Bosnaplast 18 and the lowest mean height of 21 cm was measured in
seedlings produced in the container type Bosnaplast 12. The mean height of 21.6
cm was measured in seedlings produced in containers HIKO V265. The analysis of
variance showed that differences in reached mean height of seedlings depending on
the type of container were not statistically significant (Table 1).

Similar conclusions that the cell volume of containers has a positive effect
on morphometric characteristics of seedlings in their research got Seletkovié et.al
2011, in a trial with Austrian pine. The morphological parameters of one-year-old
seedlings of Common cypress are directly dependent on the volume of container
(Topi¢ et.al 2009). In researches on Pedunculate oak and Sessile oak have been
found that cell volume of container does not significantly affect the growth of
seedlings, but definitely higher volume of container gives the seedlings of larger
dimensions (Oreskovic, Z. et al. 2006). Volume of container directly affects the
growth of Pinus pinea seedlings meaning that in containers with a maximum
volume were produced the best developed seedlings (Topi¢ et.al 2009). In trails on
Bald cypress it was found that the volume of containers positively affects
morphological parameters of the seedlings (Popovic, V. et al. 2013).

4. CONCLUSIONS

Based on the conducted researches and the obtained results in this paper
the following conclusions can be made:

The physical characteristics of the containers did not affect the survival
rate of Pedunculate oak seedlings in the nursery.

Researches carried out in this paper have showed that there is the effect of
physical characteristics of containers on growth of Pedunculate oak one-year-old

36



seedlings in the seedling nursery. Seedlings produced in containers with the higher
volume of cells Bosnaplast 18 and HIKO V265 reach greater values of height and
root collar diameter compared to seedlings produced in containers type Bosnaplast
12, provided that the differences in the reached heights are not statistically
significant.

According to our researches, it is recommended that in the production of
Pedunculate oak seedlings have to be used containers of greater volume that will
provide a sufficient amount of nutrients for plants so that they can have a higher
starting height and root collar diameter during afforestation.

By monitoring development and measurement of seedlings in a field trial
established from seedlings produced in containers, the data on survival, height
increment and radial growth will be collected and this will provide guidelines and
recommendations for the use of the appropriate type of container.
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EFFECT OF CONTAINER TYPE ON GROWTH AND DEVELOPMENT OF
PEDUNCULATE OAK (Quercus robur L.) SEEDLINGS IN THE NURSERY

Vladan POPOVIC, Aleksandar LUCIC, Ljubinko RAKONJAC
Summary

The seedlings produced in containers have many advantages compared to
seedlings produced in the conventional manner: higher survival rate during production and
later during replanting, seedlings suffer less replant shock, the period of planting is
extended, the production is mechanized and they are used for the afforestation of degraded
terrains.

The characteristics of containers, volume and size of cells have a major effect on
the physiology and morphology of seedlings in the nursery and later in a forest culture. It is
therefore important to determine how these characteristics affect the growth and
development of seedlings in order to produce more quality and more developed seedlings
that will successfully be used for afforestation.

In this paper has been studied the effect of three types of containers on the growth
and development of Pedunculate oak one-year-old seedlings in the nursery.

Based on the conducted researches and the obtained results in this paper it can be
concluded that the type the containers did not affect the survival rate of Pedunculate oak
seedlings. The physical characteristics of the containers affect the growth of one-year-old
Pedunculate oak seedlings in the nursery. Seedlings produced in containers with the higher
volume of cells Bosnaplast 18 and HIKO V265 reach greater values of height and root
collar diameter compared to seedlings produced in containers type Bosnaplast 12, provided
that the differences in the reached heights are not statistically significant.
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According to our researches, it is recommended that in the production of
Pedunculate oak seedlings have to be used containers of greater volume that will provide a
sufficient amount of nutrients for plants so that they can have a higher starting height and
root collar diameter during afforestation.

YTUILIAJ TUITA KOHTEJHEPA HA PACT U PA3BOJ JEJHOT'OANIIIBUX
CAJHMIA JY/KIBAKA (Quercus robur L.) Y PACAIHUKY

Bnaoan [IOIIOBHU'R, Anexcanoap JIVUYH R, Jbyounko PAKOIbAL]
Pezume

CaznHunie Npou3BeleHEe Y KOHTEjHEpHMa y OJHOCY Ha CaJHHIE MpPOM3BEICHE
KJIaCUYHMM IIyTeM HMajy HU3 MpPEIHOCTH: Behn IpoleHaT NpeXHBIbaBamba Y TOKY
NPOM3BO/IKE a W KacHWje TNPHIMKOM TMpecaljiBama, MamK IIOK NPHIMKOM IIPECaarbe,
MPOJyXKemke NEepHosia Calbe, MEXaHN30BaHA MPOM3BO/IHA, NMONTYMIbABALE JIETPAANPAHUX
TepeHa.

Kapakrepuctuke KoHTejHEepa 3ampeMuHa, OOMMK W IuMeH3mje henmja wuMajy
BEJIMKH YTHIA] HAa (U3UOJOTHj)Y M MOP(QOIOTHjy CagHHIA y pacagHUKy, a U KacHHje Y
IIYMCKO] KyATypH. 300T TOTa je Ba)KHO YTBPAWTH KOJHKO OBE OCOOMHE YTHUY Ha PacT U
pa3Boj calHHIA, KaKo O ce IPOoM3BeJie ITO KBAIUTETHHjE U Pa3BUjeHHje caaHuIle Koje he
MONHM YCHELIHO J]a C€ UCKOPUCTE 32 MOLTYMJbaBabe.

Y pamy je ucTpaxuBaH YTHI@] TpPH THIA KOHTEjHEpAa Ha pPacT M pasBoj
JEAHOTOJMIIBLUX CaJHUIA Jy)XIbaka y pacaHuKy. Ha ocHOBY 00aB/beHUX MCTpaXKHBatha U
JOOMjeHHX pe3yJiTara y OBOM pajy MOXKE Ce 3aKJbYUUTH J1a TUI KOHTEjHEepa HUje YTHIIA0 Ha
MPOLICHAT IIPEKHMBIbABAA CAIHUIIA JTy>Kibaka. Ha pacT jeTHOTOANIIBIX CaIHUNA JTyKbaKa
y pacasHuKy yTH4dy (H3WYKe KapakTepHCTHKa KoHTejHepa. CamHuie Npou3BeACHE Yy
KOHTejHepuMa ca Behom 3ampemuHoM hemnja, bocnammact 18 m HIKO V265 moctmxy
Behie BpemHOCTH BHCHHE W TpeYHHKA y KOPEHOBOM BpaTy y OIHOCY Ha CaJHUIC
NpOU3BEJCHE Y KOHTEjHepHMa THra BocHamtact 12, cTUM ma pe3iuKke y JDOCTHIHYTHM
BHCHHaMa HHUCY CTaTHCTHYKH 3HAYajHE.

[Ipema HammM HMCTpakMBambUMa IMPENOpPyKa je Aa ce 3a MPOU3BOJbY CaTHHIA
JyXKbaka KOPUCTe KOHTejHepH Behe 3ampemune, koju he Onbkama 00e30€IUTH JOBOJBHY
KOJIMYUHY XPaHJbUBUX MaTepHja, Kako O oHe umase Behy cTapTHy BUCHHY M MPEYHUK Y
KOPEHOBOM BpaTy NPUIIMKOM MOIIYMJbaBatba.
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CHEMICAL CHARACTERISTICS OF GYPSY MOTH LARVAE
EXCREMENT AND THEIR POSSIBLE IMPACT ON SOIL PROPERTIES
IN THE TOTAL DEFOLIATION PERIOD

Zoran MILETIC, Mara TABAKOVIC-TOSIC, Snezana STAJIC, Zlatan
RADULOVIC, Sasa EREMIJA, Marija MILOSAVLJEVIC, Ivana ZIVANOVIC'

Abstract: Chemical properties of gypsy moth larvae excrement were analysed
with an objective to ascertain their possible impact on forest ecosystem nutrient cycling.
The content of nutrition macro-elements in excrements was determined and compared to
the content of nutrition macro-elements in oak leaves. The content of nitrogen mineral
forms in excrements and group-fractional composition of humus were determined. It was
established that during the total defoliation period there had been no loss of nutrient in the
ecosystem. The properties of dropped and incorporated excrements are such that in the
period of new leave formation after the total defoliation provide a sufficient amount of
nutrients for forest trees.

Key terms: gypsy moth, excrements, plant nutrients, soil properties

HEMIJSKE KARAKTERISTIKE EKSKREMENATA LARVI GUBARA I NJIHOV
MOGUCI UTICAJ NA SVOJSTVA ZEMLJISTA U VREME GOLOBRSTA

Apstrakt: U cilju sagledavanja moguceg uticaja golobrsta na kruzenje hranljivih
materija u Sumskim ekosistemima analizirana su hemijska svojstva ekskremenata larvi
gubara. Odreden je sadriaj makroelemenata ishrane u ekskrementima i uporeden sa
sadrzajem istih u hrastovom lis¢u. Odreden je sadrzaj mineralnih oblika azota u
ekskrementima i grupno frakcioni sastav humusa. Konstatovano je da tokom golobrsta
nema veceg gubitka hranljivih materija u ekosistemu. Svojstva ekskremenata palih i
inkorporiranih su takva da u vreme ponovnog formiranja lis¢a posle golobrsta obezbeduju
dovoljne kolicine hranljivih materija za Sumsko drvece.

! Institute of Forestry, Belgrade
Translation: Dejan Arsenovski
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Kljuéne reci: Gubar, ekskrementi, biljni asimilativi, svojstva zemljista
INTRODUCTION

In stable forest ecosystems, a nutrient cycling balance is sustained. Forest
trees and other taller plants assimilate soil nutrients soluble mineral forms and
convert them into organic forms. The highest concentration of all nutrients
assimilated by plants from soil is in assimilation organs, which deciduous trees, at
the end of each of vegetation period, discard. Together with litterfall, organically-
bound plant nutrients are transported to the soil surface. The soil organic layer,
composed mostly of litterfall, is subject to decomposition processes as a result of
the activity of saprophytic microorganisms. By means of biochemical
decomposition processes, organic compounds of nitrogen, phosphorus, potassium
and other elements are decomposed, while plant nutrients appear in mineral and
plant available forms. Excessively fast decomposition of organic matter and
occurrence of plant nutrients in soluble form have a negative long-term impact on
soil fertility and production potential, as the wash-off of soil nutrients occurs,
resulting in their withdrawal from ecosystem cycling.

A part of decayed organic plant residue is not mineralised into the final
decomposition products, but transformed into humus. Humus is more resistant to
decomposition processes in comparison to a decayed organic residue. Its
decomposition is protracted, which enables a gradual release of nutrients in smaller
amounts and leaves sufficient time for their assimilation by plants.

Assimilation of soil nutrients by forest trees is most intensive in spring
season, in the period of phenophase foliation and formation of leaf mass, followed
by autumn season, in the phenophase winter bud-filling period. At the same time,
the largest number and the most intensive activity of saprophytic microorganisms
occur, while nutrient conversion from organic into a plant available form is most
intensive. In winter and summer period, the organic matter mineralisation
processes are slowed down or completely interrupted, on account of adverse
humidity or heat conditions for saprophyte activity.

The nutrient cycling balance in forest ecosystems can be disturbed by over-
proliferation of insect defoliators, which consume assimilation organs and cause
excrement inflow onto the soil surface. In case of total defoliation, an ecosystem
balance is completely upset. A large amount of excrement reaches the soil surface.
Over-proliferation of gypsy moth and total defoliation take place in summer period,
when biochemical decomposition processes, which are the result of saprophyte
activity, are protracted on account of intense desiccation. That means that release
of nutrient from organic matter is low, while the need for nutrients is high, as trees
are compelled to repeat the foliation phase and restore leaf mass.

The subject of this paper is the study of chemical characteristics of gypsy
moth excrement with an objective to ascertain their possible impact on soil and the
living part of ecosystem during total defoliation period.
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WORK METHOD

The collection of gypsy moth larvae excrement was conducted in
laboratory conditions. The consumption material of cultivated caterpillars consisted
of leaves of various oak species (sessile oak, downy oak, Hungarian oak and
Turkey oak). The gathered material was analysed in air-dry condition, while the
obtained values of studied analytes were re-calculated for the absolutely dry
condition. The consumption material was analysed as a single homogenised sample
of different oak species.

The excrement and consumption material were burnt at 550°C, and the
elements found in the ash were converted into chlorides. From the obtained
solution, total elements were determined, namely:

- Calcium and magnesium complexometric

- Potassium flame-photometric

- Phosphorus colorimetric

The total nitrogen and carbon content was determined by the Anstteta’s
1956 method, (Ponomareva, Plotnikova 1975), by means of wet combustion in the
CrO; solution (chromium VI oxide) in sulphuric acid. The carbon content was
determined by titration using 0.2 N Mohr’s salt solution, while nitrogen was
determined by distillation of ammonia and titration using sulphuric acid.

The content of nitrogen mineral forms in gypsy moth excrements was
determined by application of the Bramner’s method (DzZami¢ et al 1996), whereas
the active acidity was determined potentiometrically. The group-fractional
composition of excrements humus was determined by the Ponomareva’s method
(Skori¢, Racz 1960).

STUDY RESULTS

Based on the performed analyses, it can be concluded that gypsy moth
larvae excrements are characterised by a higher content of ash and lower content of
organic matter in comparison to gypsy moth consumption material, which consist
of different oak species. With respect to the studied macro-elements of plants
nutrition, a higher content of potassium in gypsy moth excrements was identified in
comparison to that in the consumption material, whereas the content of total
phosphorus, calcium and magnesium was lower (Table 1).

Table 1. Characteristics of gypsy moth excrements and their consumption material

Organic pH
Ash Matter Ca Mg K P,0;5
H,O | KClI
% % % % % %
Excrements 543 94.57 4.64 0.70 0.43 1.23 0.20
Consumption material 4.6 95.74 - 0.72 0.61 1.07 0.28
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The total nitrogen content, as well as carbon content, in gypsy moth
excrements is lower than in their consumption material, while the carbon / nitrogen
proportion is broader (Table 2). The broader carbon / nitrogen proportion,
according to many authors (Ohta, Kumada 1978, Deqiang et al 2008, Fabianek
2009), should represent an indication of slower decomposition of organic matter
and slower conversion of plant nutrients from organic into mineral and plant
available forms. However, a considerably large portion of total nitrogen (Table 2)
in analysed excrements already consists of its mineral forms, while in the oak
leaves all nitrogen is in organic form. Among the mineral forms of nitrogen in
gypsy moth excrements, the ammonia form absolutely dominates (13.85% of the
total nitrogen), whereas the nitrate form of nitrogen also constitutes a significant
part (4.24%) of the total nitrogen. In natural soils, the largest part of total nitrogen
is in organic form, whereas its mineral forms available by plants account for only
1-2% of the total nitrogen (Popovi¢ 1989).

Table 2. Nitrogen content in gypsy moth excrements and in their consumption

material
C T‘I’\;al NH,-N NO;-N Mineral C/N
glkg g/kg gkg gkg g/kg
18.017 2.496 0.7683 3.264
Excrement 319.16 17.715
100.00% | 13.85% 426 % 18.12 %
Consumption material 334.40 24.449 - - - 13.677

Mineral forms of nitrogen cannot remain in soil for a long time. For that
reason, as a result of gypsy moth larvae activities, and particularly during the total
defoliation period, a higher loss of nitrogen could be expected from the total
nutrient cycling balance in the ecosystem. The nitrate form of available nitrogen is
highly soluble and mobile, for which reason it is subject to a rapid wash-off from
the soil solum (Savi¢, Jeki¢ 1975). A favourable circumstance, which mitigates the
wash-off caused loss of nitrate during the total defoliation period, is that
descendent streams are not very common in that period of year, as there is not
much precipitation. The ammonia form of nitrogen is also subject to a wash-off,
but to a significantly lower extent, as NHy4 ion is adsorbed into the adsorption
complex. The loss of ammonia nitrogen also takes place by volatilisation. It is
particularly intensive in neutral and alkaline pedochemical environments, where
the adsorption complex is already satiated with other base cations (Savi¢, Jekié¢
1975). A particularly strong acid reaction of gypsy moth excrements (Table 1) by
means of volatilisation prevents the loss of ammonia from excrements. That means
that ammonia nitrogen is lost from excrements through a wash-off, i.e. that it first
reaches a soil solution. Subsequent behaviour of ammonia nitrogen depends on soil
properties.

In the group-fractional composition of humus of gypsy moth excrements
(Table 3), fulvic acids absolutely dominate humic acids. Among isolated fulvic
acid fractions, the most highly represented is fraction 1, which is not connected
with the mineral component and therefore it easily becomes subject to biological
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degradation. A significantly less represented is fulvic acid fraction 2, which is
connected with calcium and magnesium and which is more resistant to biological
degradation. Its representation in the group-fractional composition of humus
accounts for 14.44%. Among isolated fulvic acids, aggressive la fraction is also
significantly represented. The carbon of aggressive fraction of fulvic acids
accounts for 10.97% of the total carbon. A high representation of fulvic acids
aggressive fraction explains excrements’ acid reaction.

Table 3. Group-fractional composition of humus of gypsy moth larvae excrements

. . Chk/
Total Humic acids Fulvic acids TChk Remain Cik
¢ 1 2 | sChk | Ia 1 2 | yom | fRCik der
% % % % % % % % % %
31.92| 1.88| 0.17 2.05 3.50 5.26 3.65 12.41 14.46 17.46
100.00| 5.88| 0.53 6.41 10.97 16.49 11.44 38.89 4531 54.69 0.165

The content of humic acids is exceptionally low. The carbon producing
isolated humic acids accounts for only 6.41% of the total excrements carbon. The
proportion of humic and fulvic acids is exceptionally narrow and amounts to 0.165.
Free humic acids (fraction 1), which are not connected with the mineral component
and easily become subject to biological degradation are far more represented in the
excrements humus in comparison to the grey humic acids (fraction 2). The
representation of grey humic acids, which are less susceptible to biological
degradation, as they are connected with calcium and magnesium, is negligible.

More than 50% of the total excrements carbon is in the insoluble residue.
In natural soils, insoluble residue consists of fractions 3 of humic and fulvic acids,
connected with clay and other stable sesquioxides, as well as humins, humus coal
and insoluble organic matter of non-specific nature, such as lignin and cellulose. It
can be assumed that in the studied excrements this insoluble residue mostly
consists of lignin and cellulose’s carbon, i.e. the carbon of hard-digesting organic
matters which build vascular and mechanical tissues of oak leaves.

CONCLUSION

Based on the performed studies, it can be concluded that chemical
characteristics of gypsy moth larvae excrements significantly differ from the
consumption material, i.e. oak leaves. That difference is not that much pronounced
in the total content of nutrition macro-elements, as it is in forms of their
occurrence. In oak leaves, as well as in litter-fall, nutrition macro-elements are
found in insoluble organic forms, while in excrements, a large portion of them is in
mineral and plant available form. Certain macro-elements, such as nitrogen and
phosphorous are less represented in the excrements than in the leaves, as they are
used by gypsy moth for building their own cells. However, it does not mean that
this portion of macro-elements withdraws from the nutrient cycling within forest
ecosystems, as it will appear again on the soil surface following the die-off of

gypsy moth.
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Although the largest portion of nutrients in excrements is in mineral form,
which means in soluble and mobile form, their significant losses from the soil
should not be expected, as descending movements of water are not pronounced at
the time of a year when gypsy moth is most active. A high amount of plant-
available forms of plant nutrients, which in the total defoliation period reach the
soil, facilitates the restoration of leaf mass after the total defoliation period,
particularly given that mineralisation of organic matter is protracted in this time of
year.
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THE EFFECT OF APPLICATION OF MICROBIOLOGICAL
PREPARATION ON HEIGHT GROWTH DYNAMICS OF ONE-YEAR
OLD SEEDLING OF BLACK WALNUTE (Juglans nigra L.)

Tatjana CIRKOVIC-MITROVIC'

Abstract: Trend of organic production of plants that are used for human nutrition
binds that when using nutrition preparations which represent significant factor in
production of high quality planting material for different purposes microbiological
preparations have to be included as well. The effect of the microbiological preparation
Bactofil® B 10 on height growth tempo of black walnut seedlings during vegetation period
is a subject of research of this paper. Comparative analysis of height increment of
seedlings grown in soil treated with this preparation and height increment of control, non-
treated seedlings shows the justification of direct application of Bactofil in mass production
of high quality planting material of black walnut.

Key words: Black walnut, nursery production, microbiological preparation
Bactofil® B 10, height growth.

E®EKAT NIPUMEHE MUKPOBUOJIOIIKOI MIPENTAPATA HA TUHAMUKY
BUCHUHCKU IMOPACTA JEJHOI'OJANIIIBLUX CAIHULA IIPHOT OPAXA
(Juglans nigra L.)

H3Boa: Tpeno opeancke npouzsoowe Oubaxa Koje ce Kopucme 3a /bYOCKY
ucxpawny obasesyje da ko0 Kopuuthieroa npenapama ucxpaue, Koju npeocmae/bajy 3Ha4ajan
Qaxmop y npouzsoomwu KearumemHoz caoHoz Mamepujard 3a pasiuuume Hamewe,
MUKpobuonowku npenapamu mpeba oa 0yoy ykmwyuenu. Ilpeomem ucmpadicusearba oeoe
pada je ymuyaj npumene mukpobuonowkoe npenapama Bactofil® B 10 na ounamuxy
BUCUHCKOZ pacma CAOHUYa YPHOZ Opaxa MOKOM 6e2emayuonoe nepuood. Ynopeoua

'Dr Tatjana Cirkovié-Mitrovi¢, Institute of Forestry, Kneza Viseslava 3, Belgrade, Serbia,
e-mail tanjacirk@yahoo.com
Translation: Dragana Popovi¢
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amanusa eucuHe NPUPACMAa CAOHUYA PpAciux y CYNCmpamy u mpemupaHux O08uUM
npenapamom U GUCUHCKU Npupacm KOHMPOJIHUX, HeMpemupanux caonuya nokasyje
onpasdanocm oupekmue npumere Bactofil-a y macoHoj npouzeo0ru 6UCOKOKEATUMEMHO2
Ccaonoe mamepujana ypHoe opaxad.

KIby4He peqn: IpHI opax, pacaJHHIKa IPOU3BO/HA, MUKPOOHOIONIKH Mpenapar
Bactofil® B 10, BACHHCKH pacT

1. INTRODUCTION

Forest fruit trees have an enormous importance and their preservation,
improvement and sustainable use in natural habitats are in accordance with the
general interest for preservation of the biodiversity in Serbia. Range of many fruit
trees in Serbia has declined alarmingly in the past 50 years and production of
seedlings and their introduction into existing forests as well as afforestation of bare
land contributes to the improvement of natural biological wealth of Serbia.

Initial planting material is of major importance for the success of
afforestation. Using of poor quality planting material increases the costs of
establishment and maintenance of cultures, while the success of afforestation is
diminished (Oliet, J. A. et al., 2009). Previous experience in afforestation proved
that a good selection of species and planting material characteristics (development
of root system, resistance to temperature extremes, etc.) are very important for
afforestation and must be taken into consideration.

Certain scientific researches have proved that application of nutrition
preparations in contemporary seedling production represents not only an additional
source of nutrients, but also a powerful mean and important factor in production of
high-yielding planting material for various purposes. Trend of organic production
of plants that are used for human nutrition binds that when using nutrition
preparations which represent significant factor in production of high quality
planting material for different purposes microbiological preparations have to be
included as well.

2. MATERIAL AND METHOD

For the purpose of research and analysis of heights and height increment
during vegetation period of black walnut seedlings and monitoring the effects of
the microbiological preparation Bactofil® B 10 a sample plot was established in the
seedling nursery of the Institute of Forestry in Belgrade. The nursery is located at
20° 27’ 44” east longitude and 44° 49’ 14” north latitude.

By processing of data of Meteorological Service of Serbia for Weather
station in Belgrade for the period from 1980 to 2009, we have obtained the average
monthly air temperature and average monthly and annual precipitation for the site
where the experiment was set up. Based on the obtained data we got and the
average monthly amount of precipitation and average monthly temperature in the
vegetative period.
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The black walnut seed collected in 2010 was used for establishment of
sample plot. Seed was collected from tree, which grows in arboretum of Forest
Faculty in Belgrade.

Due to dormancy of embryo, the black walnut seed was held in a wet
stratification from November 2010 to the end of March 2011 (at the temperature 3-
5 °C). The sowing was performed in April 2011, in rows, 8-10 pieces per linear
meter, at the depth of 8 cm.

The seed was planted in Tref TPS fine brown substrate, produced by TREF
Group, Jiffy product international AS from Norway. For its production is used peat
moss from Estonia which does not contain weeds, dirt and pathogens, of fraction
<8 mm and pH 5.8 (£0,3), and represents a mixture of peat moss and perlite in a
9:1 ratio, while peat moss is a mixture containing 70% of white peat moss and 30%
of black peat moss.

The analysis of height growth was performed on seedlings that were not
treated with nutrition preparations, so-called ,,control seedlings”, K, and on
seedlings that were treated with microbiological preparation Bactofil® B 10, B.

Bactofil is a micro-biological fertilizer that contains ten most important
sorts of soil bacteria, which enable optimum soil conditions for plant growth and
development. Bacteria perform an irreplaceable role in sustainment of soil fertility
by binding nitrogen from air and transforming it into a form that is easily
accessible to plants. Furthermore, they increase phosphorus and potassium reserves
in soil and help with decomposition of organic matter. Bacteria in Bactofil
preparation are: Azotobacter vinelandii, Azospirilium brasilense, Azospirilium
lipoferum, Bacillus, Pseudomonas, Bacillus subtilis, Bacillus polymyxa, Bacillus
cirkulans, Streptomyces albus, Micrococcus roseus. By its addition to the substrate,
Bactofil directly influences the intensity of humification and mineralisation
process.

Data processing was performed by relevant procedures using statistical
software packages (Statistica 7).

3. RESULTS AND DISCUSSION
Climatic characteristics

The average air temperature is 12.5° C, while the average temperature in
vegetation period is 19.2 °C. The temperature reaches the lowest values in January
(the average value for this month is 1.3 °C), while the hottest month is July with
22.9 °C.

The total annual precipitation sum is 692 mm, while in the vegetation
period it amounts to 393 mm, which is 57% of the total annual amount.

High amount of precipitation in the vegetation period is of particular
importance for development, growth and increment of all plant species. The
rainiest month is June, while the lowest amount of precipitation is recorded in
February. A secondary precipitation maximum, with lower values, is reached in
December, while a secondary minimum occurs in October (Cirkovi¢-Mitrovié, T.
et al. 2012, 2012a).
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Variation of height increment of one-year-old black walnut seedlings contingent
upon treatment by Bactofil B10

The statistical analysis of height of the black walnut seedling upon the
treatment by preparations Bactofil indicates that after a more or less uniform
increase in height at the beginning of the vegetation period comes to an increasing
of differentiation of this morphometric marker in plants treated with Bactofil in
comparison with the control seedlings. (table 1).

At the end of the vegetation period, the seedling with the absolute smallest
height was measured in non-treated seedlings, and seedling with the absolute
largest height was measured in seedlings treated with Bactofile. The smallest
seedling has height of 25.0 cm, and the highest seedling has height of 73.8 cm.
Also, the larger average height of 52.0 cm have seedlings treated with Bactofil. The
average height of 21.61 cm have non-treated seedlings (table 1).

Table 1. Descriptive Statistics for control and treatment with Bactofil (K and B)

Treatment | Mean | Minimum | Maximum | Variance Stdand. Standard
Dev. Error

K 44.8° 25.0 69.9 | 96.26932 | 9.811693 1.034243

B 52.0° 27.1 73.8 | 82.61024 | 9.089017 | 0.958067

After intense height increment at the beginning of the vegetative period
(until June-July) in treatments, this morphometric parameter began to show a
declining trend. the height increment decreases abruptly. Height increment of non-
treated seedlings statistically differs significantly from height increment of
seedlings from other treatment. At the end of the vegetation period, before the start
of vegetative rest, the height increment of all seedlings is uniformed, with no
significant differences. The curves of height development also indicate these trends
(table 2, 3, Graph 1, 2). In June starts the differentiation of heights of seedlings
treated with Bactofil, and by the end of the vegetation period this parameter is
significantly different compared to the heights of non-treated seedlings

Table 2. The difference in the height of black walnut seedlings during the growing
season in 2011

height (cm) in month:
Treatment VI VII VIII IX X
K 35.7° 42.9° 43.8° 44.7° 44.8°
B 37.4° 47.7° 50.5 51.7° 52.0°
F(1.178)=1.3146 | F (1.178)=10.593 | F (1.178)=22.090 | F (1.178)=24.491 F (1.178)=25.824
p=0.25311 p=0.00136 p=0.00001 p=0.00000 0.00000

Mean values in the same column followed by different letters are statistically different for r <0.05 (Post hoc
Tukey's HSD test)
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Graph 1. Development of height of black walnut (Juglans nigra L.) seedlings
during the vegetation period

Table 3. The difference in the height increment of black walnut seedlings during

the growing season in 2011
height increment in period:

Treatment VI-VII VII-VIII VII-IX IX-X
K 7.23 0.90° 0.83* 0.16*
B 10.28° 2.80° 1.16° 0.31°
F (1.178)=26.059 | F (1.178)=28.308 | F (1.178)=7.84 | F (1.178)=2.6553
p=0.00000 p=0.00000 p=0.00568 p=0.10497

Mean values in the same column followed by different letters are statistically different for r <0.05 (Post hoc

Tukey's HSD

test)
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Based on the obtained results it can be concluded that the microbiological
preparation Bactofil is suitable for the production of black walnut seedlings.
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Orsani¢, M. et al. (2007) studied the growth and development of black
walnut seedlings during the first growing season and nurseries in Zagreb, and
measured at the end of the growing season average height of 31.5 cm, which is
lower than the average height of seedlings treatment obtained in these studies.
Average heights of seedling of black walnut in this study were comparable with
those heights black walnut seedlings of the same age in terms of medium dense
sowing (Jacobs, D. F. et al., 2006).

Woeste, K. E. et al. (2011) from the seeds of the black walnut trees in
Indiana (USA) produced seedlings whose average height was 45.6 cm, ranging
from 37.4 to 51.3 cm.

4. CONCLUSIONS

Even the 1978 Grey, T. R. G. et Williams, S. T. (1978) found that
microorganisms produce growth hormones (gibberellins, auxins) and vitamins and
affect the growth and development of plants. The positive influence of the most in
this case is reflected in the black walnut seedlings treated exactly the biofertilizer,
because they have reached greater heights, as compared to untreated plants.
Seedlings treated with Bactofil in this study show better results than non-treated
seedlings. Bigger average heights and absolutely maximal heights have seedlings
of black walnut treated with Bactofil.

Microbiological preparation Bactofil positively affects the development of
seedlings stimulating the development of seedlings height which is of particular
importance if one takes into account that height, along with root collar diameter, is
one of the most important morphological criteria of quality of deciduous seedlings
(Stilinovi¢, S. 1987).

An easy way of application by adding microbiological preparation Bactofil
directly to the substrate speak in favor of justification of application of this
preparation in mass production of high quality planting material for different
purposes.
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THE EFFECT OF APPLICATION OF MICROBIOLOGICAL PREPARATION ON
HEIGHT GROWTH DYNAMICS OF ONE-YEAR OLD SEEDLING OF BLACK
WALNUTE (Juglans nigra L.)

Tatjana CIRKOVIC-MITROVIC
Summary

Range of many fruit trees in Serbia has declined alarmingly in the past 50 years
and production of seedlings and their introduction into existing forests as well as
afforestation of bare land contributes to the improvement of natural biological wealth of
Serbia.

Based on these results in this paper it was concluded that used nutrition
preparations have influence on the level and dynamic height growth of seedlings of black
walnut. Microbiological preparation Bactofil positively affects the development of
seedlings stimulating the development of seedlings height. The statistical analysis of height
of the black walnut seedling upon the treatment by preparations Bactofil indicates that after
a more or less uniform increase in height at the beginning of the vegetation period comes to
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an increasing of differentiation of this morphometric marker in plants treated with Bactofil
in comparison with the control seedlings.

An easy way of application by adding microbiological preparation Bactofil
directly to the substrate speak in favor of justification of application of this preparation in
mass production of high quality planting material for different purposes.

E®PEKAT IPUMEHE MUKPOBUOJIOIIKOI' MIPETAPATA HA JUHAMUKY
BUCHUHCKU NOPACTA JEJHOTI'OJUIIIBLUX CAIHULIA IPHOI' OPAXA
(Juglans nigra L.)

Tatjana CIRKOVIC-MITROVIC
Pe3ume

Apean MHOTMX Bolikapuiia y mocieqmux S50 rognHa anapMaHTHO je CMAarbCeH, ma
MPOW3BOMA CaJHUIA M HUXOBO YHOIICHE y mHocrojehie myMe W mpu NOIIyMIbaBamy
HeoOpaciIux TMOBpIIMHA JIONPHHOCH YyHampehemy mnpupogHor Owosomkor OoraTcTBa
Cpouje.

Ha ocHOBY moOujeHHX pesyntata y OBOM pagy KOHCTaTOBAaHO je Aa Kopuheme
npenapara UCXpaHe yTHYC HAa BUCHHY U TMHAMHKY BHCHHCKOT pacTa CagHHUIIa IPHOT opaxa.
MukpoOuosnoniky npenapar Bactofil no3UTHBHO yTU4Ye HA pa3Boj CaJHHIA CTUMYJIHIIYhu
pa3Boj BucuHe caanuna. CTaTUCTHYKA aHANKM3a BUCHHE CaTHHUIIA PHOT opaxa TPEeTHPaHUX
npenaparoM Bactofil yka3yje na mocie Mame BUILNE YjeIHayeHOT IopacTa BHCHUHA Ha
MOYETKY BEreTallMOHOr TIepuojaa, Jmojiasu 1o cBe Behe nudepennujanuje oBor
MOpPHOMETPHUjCKOr MapKepa KOJ CaJHUIIa TPETUPaHUX Bactofil-om y 0JJHOCY Ha KOHTPOJIHE
CaJHUIIE.

JenHOCTaBaH HayMH TOpPUMEHE JOAaBameM [yOpuUBa IUPEKTHO Yy CYNCTPaT
TIPWJINKOM FETOBE TPHIIpEeMe, KOHTPOIHMCAHO pa3iarame Koje mpaTH HoTpebe Ouipke u
pETaTHBHO AYT IIEPUOA NeI0Bamka FOBOPE Y IPHIIOT ONPaBIAHOCTH IPHMeHe OBOT hyOpuBa
y MacoBHO]j ITPONU3BOIBN BUCOKOKBAJIMTETHOT CAJHOT MaTepHjajia 3a pa3iniuTe HaMeHe.
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Abstract: These studies are aimed at the determination of load of the plant
ecosystems with the heavy metal (Zn) and the accumulation of it in this area, so that based
on the results, if necessary, the appropriate protection measures of this higly-valued area
can be appplied. The woody species lime tree and Austrian pine at the plots 1 and 2 in
these studies show deficiency or are on the verge of the deficiency. Based on the results,
heavy metal zinc is not the adverse factor in the natural protected area "Avala".
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ISTRAZIVANJA KONCENTRACIJE CINKA (ZN) U DRVENASTIM I
ZELJASTIM BILJKAMA NA PODRUCJU BEOGRADA

Izvod: Cilj ovih istrazivanja usmeren je na to da se ustanovi opterecenost
ekosistema biljaka teskim metalom (Zn) i njihova akumulacija na ovom podrucju, kako bi
se na osnovu dobijenih rezultata, ako je potrebno, mogle blagovremeno preduzeti
odgovarajuce mere zastite ovog visokovrednog podrucja. Drvenaste vrste lipa i crni bor na
lokalitetu 1. i na lokalitetu 2. u ovim istrazivanjima pokazuju deficit ili su na samoj granici
deficita. Na osnovu svih dobijenih rezultata teski metal Cink ne predstavlja ugrozavajuci
c¢inilac na podrucju zasticenog prirodnog dobra ,,Avala .
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1. INTRODUCTION

It is generally known, and scientifically proved, that the greenery of a
contemporary town or city is its integral part which is mainly associated to human
health. Based on the above claims, it is needed to point to the necessity of the
permanent monitoring of the level of heavy metals in plants, as the indicators of the
environmental pollution, which can have adverse effects, not only on the forest
ecosystems, but on man, also.

Avala is the mountain situated about 17 kilometers southeast of Belgrade,

on the road to Kragujevac. It is the northernmost mountain of the Sumadija
Mountain Range and is classified as the low island mountain.
Based on the special forest management (2008-2017), the natural protected area
"Avala", covering an area of 489.13 hectares, is located at the territory of the city
of Belgrade, in the city municipality Vozdovac, 15 kilometers south of the centre
of the city. The total area of 74.35 hectares (15.2%) is privately-owned, and 414. 8
hectares (84.8%) refer to the other types of ownership. The agricultural land
accounts for 19.9 % of the total natural protected area "Avala". The area of forests
aimed at the land protection is 363.62 hectares (75% of the total natural protected
area "Avala"), out of which 68% are of the coppice origin, and 32% of artificial
origin.

Heavy metals can be found in all environmental media, as the results of
different types of human acvities. The origin of the heavy metals in fine particles in
the air is double: natural and anthropogenic. There is not sufficient knowledge on
their distribution in nature and role in pollution. It is partially known that the
emission souces, by the following processes: turbulent diffusion, dry and wet
deposition, then by the migration via soil and water, participate in the circulation
through the nature, thereby disturbing the natural balance of these elements, which
is of the particular significance to the biosphere.

Similarly to other metals, zinc also participate in the activity of enzymes,
the most important of which is carboanhidrase (Ohki, 1976) (Aliev, Guliev,1990).
Zinc is the necessary component of RNA-polymerase and participates in the
synthesis of auxins (Kastori, 1990, Kastori et all, 1993). Heavy metals are
constantly absorbed by the plants during the growing season and throughout the
year, achieving, as a rule, the highest level by the end of the growing season.
(Krsti¢, et all 2008 , Stankovié et al, 2011, 2013).

The high level of Zn, as well as of other heavy metals, has toxic effect in
plants. The excess od this elements in plants rarely occurs in nature. The resistance
of some plants to the excess of this element is different. Along with the series of
physiological disturbances, owning to the lack of zinc, some plant diseases, such
as leaf chlorosis, abnormal cell growth, etc, occur (Stankovi¢ et al, 2009 ). The
typical symptoms of the lack of zinc in plants are the occurrence of rose rosette
and littleleaf diseases. The excess of zinc can be toxic, and in the sufficient
quantity it increases the resistance to some diseases (phytophtora).
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2. MATERIAL AND METHOD

Having in mind the importance of the quality of environment in the
domains aimed at the recreation, the studies regarding the concentration of heavy
metals in plant leaves in Avala were conducted.

Three plots in the Avala area of the outstanding features, out of which the
samples for the analysis were taken, were selected.

The selected plots, based on the special forest management for Forest Unit
"Avala" (2008 - 2017) for Forest Unit "Avala" in the following way:

Plot 1 - on the ascending road in the area of outstanding features "Avala"
Plot 2 - on the top of Avala (near the tower)

Plot 3 - on the descending road (Stari Majdan)

Plot 4 - Control - Bulevar Despota Stefana Street in the centre of Belgrade

Upon the survey of several potential plots, the fourth one, so-called
"control" plot in the centre of Belgrade in Bulevar Despota Stefana Street, where
the traffic is very frequent, was selected.

During the selection of plants for analysis, the inventory of all plant
species in this area was accurately conducted. And for these analyses the following
plant species were selected:

1. Tillia tomentosa Mnch.- Silver lime

2. Pinus nigra Arn.- Austrian pine

3. Plantago media L.- Hoary plantain

4. Taraxacum officinale Web.- Dandelion

Starting exactly from the fact that the amount of heavy metals in plants
directly depend on the distance from the road, the plants were taken at each plot
200-300 meters long, at the depths up to 15 meters. Only the leaves of the plants
were sampled. The samples of the leaves were collected and for each species 1-2
kilograms of material were collected from each plot. The samples were dried
without the prior washing so that the dry matter was gained. The dry leaves were
then dried in the hothouses at 105°C, grinded and used for the laboratory analyses.
(Maksimovi¢ et all. 2002):

The content of the heavy metal zinc was determined by using the method
of atomic absorption spectrometry, by "Thermo series M" mashine.

The obtained data were processed statistically by using the method of the
analysis of variance, by LSD - test. The significance of the mean values was tested
by using the Duncan's test. All tests were done at the significance level p < 0.05.
The levels (average values) in the figures marked by the same letters did not differ
significantly at the significance level p = 0.05. The results were presented in the
appropriate graphical way.

The analyses were done in the laboratory of the Department of Biology and
Ecology of the Faculty of Natural Science and Mathematics in Novi Sad and the
Institute for Biological Research "Sinisa Stankovi¢" in Belgrade.
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3. RESULTS AND DISCUSSION

Zinc is one of the micronutrients which are very important to the normal
life processes in plants and is needed in very small amounts of the order of
magnitude pg or ppm (parts per million).

The concentration of zinc in the soil ranges from 10 - 300 ppm and is
found in the form Zn2+ ions. The concentration of zinc in the plants is very small
(20 to 200 ppm). The level lower than 20 ppm in the dry matter is critical value for
most of the plant species (Carroll, Loneragan, 1969). The resistance of some plants
to the excess of this element is different, and the symptoms occur when the amount
of it in dry matter ranges from 100 to 300 pg Zn g-1. Having in mind the
importance of zinc in plant nutrition, considerably greater attention of the world
researchers was paid to the lack, than to the excess of it. By the single analysis of
variance it was studied if there were statistically significant differences in the mean
values of the amount of zinc in all plant species at each observed plot. Since by
using the analysis of variance P=0.0000<0.05 was gained, it can be claimed that, at
the probability level 95%, there are are statistically significant differences in the
amount of Zn in the observed plant species at all observed plots.

By using Dancan’s test it was studied whether there were statistically
significant differences (at the probability level 95%) among the mean values of Zn
amounts at the splant species at each of the sites.

At the ascending road towards the area of the outstanding features "Avala",
although, generally speaking, there are the statistical differences among the mean
values of zinc amounts, based on the results of Dancan’s test, it can be claimed that
the lime tree and Austrian pines are the homogenous group (i.e. there are no
statistically significant differences among the mean values of the amount of zinc
between them), and that the mean values of the amount of zinc in hoary plantain
and dandelion are statistically significantly different, regarding the differences
between them and regarding all other species. (Figure 1).

Plot1-2Zn ne/e
70
A
60
50
B
40
30 S—
20 = c —
0 — -
Austrian pine Lime Hoary plantain Dandelion Mean value
lP|o( 1-Zn ug/g 1,7 14,6 40,4 63,2 32,475

Figure 1 The amount of zinc in the observed plant species at the site 1
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Plot 2 - Zn ng/g
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Lime Austrian pine Dandelion Hoary plantain Mean value
|p|012 - Zn pug/g 19,7 30,3 41,2 46,9 34,525

Figure 2 The amount of zinc in the observed plant species at the plot 2

Regarding the plant species at the site 2, on the top of Avala, Dancan’s test
showed that the mean values of the amount of zinc in all observed plant species
were statistically significantly different (Figure 2).

Plot 3 - Zn neg/e
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Lime Austrian pine |Hoary plantain Dandelion Mean value

iPIot 3-7Znug/g 24,3 A 61,9 180,9 74,525

Figure 3 The amount of zinc in the observed plant species at the plot 3

At the plot located at the descending road (Stari Majdan), although
generally speaking there are statistically significant differences, based on Dancan’s
test it can be claimed that the lime tree and Austrian pine, Austrian pine and hoary
plantain are the homogenous group (i.e. there are no statistically significant
diffrences between the mean values of the amount of zinc), and that the mean value
of the amount of zinc in the dandelion is statistically significantly different from all
other species (Figure 3).
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iPIot 4 - 7n pglg 48 4 97,6 177.8 1911 128,75

Figure 4 The amount of zinc in the observed plant species at the plot 4

At the plot in the Bulevar Despota Stefana Street in the centre of Belgrade,
as well at the above plots there are statistically significant differences between the
mean values of the amount of Zn. However, based on Dancan’s test it is clearly
visible that the dandelion and hoary plantain are the homogenous group (i.e. there
are no statistically significant difference between them in the mean values of the
amount of zinc), and that the mean values of the amount of zinc in the lime tree and
Austrian pine are statistically significantly different regarding the differences
between them and regarding all other species (Figure 4).

4. CONCLUSION

By comparing the data obtained in these studies with the ones from the
references (Figures 1-4), it is visible that the herbaceous species dandelion and
hoary plantain absorb more zinc than the observed woody plant species. The
woody species lime tree (14.6ug/g) at the plot 1 and Austrian pine (11.7ug/g) at the
plot 2 in these studies show the deficiency or are on the very verge on the
deficiency. (Figures 1 and 2). By comparing the mean values in all observed plant
species on each plot, it is visible that the highest accumulation of zinc was reported
at the plot 4, with the value 128,75, and the lowest mean value was 32.47 pg/g at
plot 1.

The results which were obtained undoubtedly show that the samples of
plant material from all plots were not contaminated by zinc, and that the lack of
zinc in the plant was reported at some plots. It is important to note that zinc is not
the adverse factor in the observed area of Avala.

Note

This paper was made within the projects "Forest plantations aimed at increasing
the forest area in Serbia” (TR 31041) and "Ecoremediation of the degraded area
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by the production of agro-energy crops” (TR 31078) financed by the Ministry of
Education and Science of the Republic of Serbia within the program aimed at the
technological development for the period 2011-2014.
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Abstract: The vitality of a forest ecosystem to a great extent depends on the effect of
different factors of stress, be it of biotic (harmful insects, phytopathogenic fungi, etc.),
abiotic (frost, drought, high temperatures, etc.) or of anthropogenic origin (human
activities). Some factors owning to their long-lasting effect can lead to the weakening of the
individual trees or the whole forest ecosystem and eventually cause the mortality of it.

The paper presents the results of the research of the types of damages of biotic,
abiotic and anthropogenic origin at the sample plot of LEVEL 1 in the Republic of Serbia,
conducted during 2013. By the analysis of the data, the results concerning the total
number of trees with the identified types of damage, the part of the tree on which the some
type of damage occurred most commonly, total number of the trees without any damage,
most frequent type of damage and the types of trees with the highest and lowest percentage
of damage, were obtained. The results which were obtained present the factual situation
regarding the types of the damages for each sample plot and can be beneficial for the
further analysis. By comparing these data with the date from other countries, the
conclusions about the way in which the vitality of trees depend on the environmental
conditions were made.

Key words: sample plots, vitality of trees, types of damages.
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ANALIZA TIPOVA STETA NA BIOINDIKACIJSKIM TACKAMA NIVO-A 1 U
2013 GODINI NA TERITORIJI REPUBLIKE SRBIJE

Abstract: Vitalnost jednog sSumskog ekosistema u velikoj meri zavisi od uticaja
razlicitih faktora stresa., bilo da su biotickog (Stetni insekti, fitopatogene gljive itd.),
abiotickog (mraz, susa, visoke temperature itd.) ili antropogenog porekla (ljudske
aktivnosti). Pojedini faktori svojim dugotrajnim delovanjem mogu dovesti do slabljenja
pojedinacnih stabala ili citavog sumskog ekosistema i na kraju izazvati njihov mortalitet.

U radu su prikazani rezultati istraZivanja tipova Steta biotickog, abiotickog i
antropogenog porekla na bioindikacijskim tackama NIVO-a Iu Republici Srbiji,
sprovedenih tokom 2013 godine. Analizom podataka dobijeni su rezultati o ukupnom broju
stabala sa identifikovanim tipom Stete, najcesce zahvacenog dela stabla nekim tipom Stete,
ukupnom broju stabla bez Stete, najzastupljenijem tipu Stete i vrstama drveéa sa najvecéim i
najmanjim procentom Stete. Dobijeni rezultati daju cinjenicno stanje o tipovima Steta za
svaku bioindikacijsku tacku i mogu biti pogodni za dalju analizu. Poredenjem ovih
podataka sa podacima durgih zemalja mogu se doneti zakljucci o zavisnosti vitalnosti
stabala od uslova sredine.

Kljuéne redi: Bioindikacijske tacke, vitalnost stabala, tipovi Steta.

1. INTRODUCTION

The intensive monitoring of different adverse effects on the forest
ecosystems is carried out every year during the growing season within ICP Forests
Programme, which implies that based on the crown condition (defoliation and
discolouration), which is generally the most widely applicable indicator of vitality
of forests, the percentage of damage is determined. The parameters which are
assessed during the evaluation of the crown condition imply the damages by the
biotic, abiotic and anthropogenic factors detected on all parts of the tree. Based on
the damage which was made, it is possible to assess the causes of the damages of
the individual tree or the whole forest ecosystem and derive conclusions about the
causal relations. Based on the methods by ICP Forests Programme', the damages
on the trees were assessed in three steps: description of symptoms, determination
of causes and the quantification of them (ICP Forests 2010). For each tree, several
symptoms, which should reflect its health condition, can be described. The
description of the symptoms is aimed at the description of the visible types of
damages on each individual tree, i.e. pointing to the parts which are damaged, as
well as to the type of the observed symptom. The description is focused on the
factors which are clearly most dominant and can affect the condition of the whole
tree. The symptoms are groupped in categories based on the part of the tree where
they occur (Fischer R., Lorenz M. et al. 2012): leaves or needles (deformations,
indicators of insects, indicators of fungi, etc.), branches or shoots and buds
(wounds, deformations, indicators of insects, indicators of fungi, etc.) and bole

'International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on
Forests.

International cooperative programme aimed at the evaluation and monitoring of the effect of air
pollution on forests.
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(wounds, such as bark fall, deformations, indicators of insects, indicators of fungi,
etc.).

For each description it is needed to determine the cause which is of the key
importance to the study of the causal relations. The main causes of some type of
damage on the trees can occur due to the direct actions of man, insects, fungi, game
and cattle, frost, drought, high temperature, fire, local pollutants and other factors.
ICP Forests Programme of monitoring is the only system which provides the
harmonized and trans-national data on the harmful agents at the annual level
(Fischer R, etal. 2012).

Based on the data by Bankovi¢ S. et al. (2009), the total area covered by
forests in the Republic of Serbia is 2,252.400 hectares, which accounts for 29.1 %
of its territory, the beech (Fagus moesiaca) is the most common species, followed
by Turkey oak (Quercus cerris), sessile oak (Quercus petraea), Hungarian oak
(Quercus frainetto), hornbeam (Carpinus betulus), etc. Also, at the sample plots of
Level 1, the above mentioned species are equally distributed, except for the
Hungarian oak, which is more frequent than the sessile oak. Within the
international programme for the monitoring of the forest condition ICP Forests, the
grid of the sample plots 16 x16 kilometers of the Level 1 in the Republic of Serbia
was established for the first time in 1988 at about 150 sample plots (Neveni¢ R. et
al 2009). Afterwards, the forest condition was not evaluated for a long period of
time, and the practice was renewed in 2003, and in the following 2004, the new 27
plots in the grid 4 x4 kilometers were added to the existing grid 16 x16 kilometers,
in order to gain the most representative data possible on the forest condition in
Serbia. Over the previous few years, the studies have been conducted at 121
sample plots, out of which 72 are placed in the state-owned forests, and 49 in the
privately-owned forests. Based on the national forest inventory, 49 tree species
were determined at the territory of the Republic of Serbia, where the broadleaf
species (40) are more dominant than the conifer ones (9). The total number of tree
species which are located at the sample plots of the Level 1 and which are subject
to the intensive monitoring is 33, out of which 29 are broadleaf species, and 4
conifer ones.

This paper is aimed at the assessment of the types of damages and collection
of the as many as possible pieces of information on the causal relations of the
damages on the trees in order to enable the better interpretation of the
uncharacteristic instances of mortality.

2. MATERIAL AND METHOD

This paper analyses the data collected during the research which was
conducted within the regular survey of the Sample plots (Level 1) at the whole
territory of the Republic of Serbia in 2013, over the period of the biological activity
of the vegetation (June-September). Each individual tree was analysed and each
visible change that was detected was reported. The data on the types of damages
were reported based on the causes of their occurrence: from the direct action of
man, insects, fungi, game and domestic animals, abiotic agents, wildfires, local
pollutants and other factors, as well as the damages which were reported but the
cause of which was not identified. By the data processing, the results regarding the
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total number of trees with the identified type of damage, the part of tree which was
most frequently subject to some type of damage, the total number of the trees
without any damage, most frequent type of damage and tree species with the
greatest and smallest percentage of the damage, were gained. The research was
made at all 2,794 trees within the permanent sample plots of the grid of the sample
plots of the Level 1, out of which the total number of broadleaf trees was 2,456,
and the total number of conifer ones was 338.

3. RESULTS AND DISCUSSION

The causes of damages in forests can be different (biotic, abiotic or
anthropogenic) and can be divided into the ones which make the small damages,
great or catastrophic ones, the damages that occur frequently or occasionally, and
the ones which can occur at small or great territories. Some damages cannot be
always interpreted as the damages since it is known that trees is the home to a great
number of insects which live and depend on them. However, the insects by their
outbreak can significantly contribute to the physiological weakening of the trees
which have already been weak, due to, for instance, drought, i.e. lack of moisture
and high temperatures, which to a great extent can aggravate and mask the
detection of the real cause of the damage. The visible symptoms can play an
important role in the detection and assessment of the different factors of stress.
Nevertheless, there are numerous difficulties regarding the interpretation of the
visible symptoms since they can considerably vary among the different tree species
(Pierre V. et al 2005). The identification of the diagnosis of a very damage will
also depend on the cause, i.e. defion of symptoms. Due to the all above mentioned
factors, it is very important to be familiar with the symptoms so that the damage
will be the least possible and the necessary measures of protection will be applied.

In 2013 the condition of the trees at 121 sample plots of the Level 1 was
assessed. Some types of the damages, based on the cause of occurrence, were
reported on the 685 trees, out of the total 2,794 trees, which accounts for 24.5%,
whereas no indicators of the damage were reported on the remaining 2,019 trees.
The trees on which the damages occurred on the crown accounted for 76.4 %, the
trees with the symptoms on the bole accounted for 16.2%, the trees with the
symptoms on the butt accounted for 2.6%, the trees with the symptoms on the
whole tree accounted for 3.4%, whereas the trees with the symptoms on both bole
and crown accounted for 1.5% of trees (Figure 1).

The most damages were reported on the crown (leaves) and were caused by
the insects, most frequently by defoliators, mostly by the gypsy moth (Lymantria
dispar L), which in the year of the study caused the defoliation at the great areas
covered by forests in Serbia (Tabakovié-Tosi¢c M. et al 2013). On the bole the
mechanical injuries, occurrred by the use of the mechanisation, used for the works
in forests, as well due to the felling and the fall of the trees in vicinity, caused by
man. The damages on the roots and butt of the tree, made by the machines used for
the felling and transport of logs across the fores, are frequent. Also, a great number
of cankers caused by fungi is present on the bole, whereas on some trees the
damage was reported, but the cause was not identified so it was classified as other
damages (Figure 1).
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Figure 1. The frequency of some type of damage at some part of the tree

Some visible changes, such as cankers, dry branches, swellings, mechanical
damages, etc. were also reported over the previous years during the regular survey
of the sample plots, but due to the monitoring of their progression were
incorporated in the analysis, since they reflect the current condition of each
individual tree. It is important to note that the fungi which cause the rot of the
living trees penetrated deep in the interior of the trees mostly via surface wounds
on the bark, dry branches, ingrown knobs, etc. (Karadzi¢ D. 2010). Therefore,
these pieces of information reflect the health condition, so the observed symptoms
are not merely treated as the damages in the narrow sense.

The insects are most frequent agents of the damages in 2013, since they
account for 50 percentage, i.e. reported at the total of 343 trees, followed by the
other damages, i.e. the damages which were reported but the cause was not
identified, which account for 23%, or the total of 157 trees. Humans, i.e. the
activities of them, caused the damages on 58 trees, i.e. they account for 8.5% of the
damaged trees. In spite of the great number of wildfires which occurred in the year
of the study, the damage made by this agent was reported on only 5 trees of the
sample plots of the Level 1, which account for 0.7%. The smallest percentage of
the damages on the trees was caused by the game, i.e. 0.1%, or only on one tree.
During the year of the study, the increase of the damages caused by the abiotic
agents, mainly by the long-lasting drought (Cesljar G. et al. 2013), which was also
reflected in the mass occurrence of the desiccation of the forests, covering
13,885.00 hectares of the whole territory of the Republic of Serbia, (Jan¢i¢, 2013),
was also observed. The trees with the damages occurred as the result of the abiotic
factors account for 7.7%, and the drought and frost are the most frequent agents of
the damages in this group of agents. The above mentioned data can be seen in the
Figure 2.
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Figure 2. The agents of damages on the trees

In the Figure 3 the tree species with the identified damage and their share in
the sample plots are presented, whereas the species on which no changes were
detected were classified as the other species. Regarding the number of trees at the
sample plots, the most frequent types of the damages were reported on the
broadleaf species, such as the beech (Fagus moesiaca) and oaks (Quercus sp.),
which implies that the damages are not merely connected to the specific species,
but they are more frequent due to the greater density of these species at the sample
plots in comparison with other ones. Regarding the conifer trees, the greatest
number of some types of damage was reported on the Austrian pines (Pinus nigra)
trees, since the small number of trees of the most frequent conifer species at the
sample plots, the spruce (Picea abies), sustained some type of damage.

m Total number of trees

W Number of trees with damage

Figure 3. The total number of tree species and number of trees with the damage at
the sample plots
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In the Map 1 the distribution of the sample plots of Level 1 at the territory of
the Republic of Serbia with the share of the damages on each of them indvidually
is presented. The presented data point to the fact that the sample plots with the
greatest share of the damages were mainly caused by the insects, such as the case
with Eastern Serbia, where the gypsy moth (Lymantria dispar L) caused great
damages. It is also important to note that some insect species enterely depend on
certain host plant, thereby their greater occurrence at some sample plots correspond
to the spatial range of the plant, which can be also noted for some fungi. However,
humans at some sample plots owning to the lack of the necessary silviculture
measures, mainly regarding the forests, contributed to the occurrence of the greater
damages by the insects and fungi, on the both broadleaf and conifer trees, because
of which in the future it is needed to apply more frequent monitoring of the forests
and silviculture measures so that the damages will be reduced to the least possible
level.

. Damages
. Without damages

Map 1. Distribution of the sample plots of the Level I with the share of damage
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4. CONCLUSION

The results which were obtained reflect the most frequent types of damages
on the trees at the sample plots which to a great extent can present the current
condition of forests in the Republic of Serbia. The presence of some types of
damages on the trees is the usual process in the forests, but the occurrence of the
high percentage of some of them cannot be always considered to be the natural or
usual phenomenon, so it can imply the disturbance in the environment. By the
survey of the condition of forests using the method of the sample plots in 2013, the
results showing that some visible damages on the trees occurred much earlier than
over the year of the study, as the result of the activity of a series of factors of biotic
and abiotic origins, as well as of the anthropogenic actions, were analysed and
gained. On the one hand, some symptoms were hardly visible, but persistant and
progressive, by becoming clearly visible only after some years. On the other hand,
some symptoms occurred suddenly. In many cases no biotic factor, which would be
able to cause the sudden changes of the health condition of trees, was reported,
whereas the abiotic factor such as the drought (very high temperatures and lack of
precipitation) was very dominant and probably led to the physiological weakening
of the trees, which served as the favourable base for the attack of the secondary
species.

The analysis of the types of damages and their agents, during the observed
period will serve as the starting point for the evaluation of their effect on the health
condition of the individual trees and the whole forest ecosystem. Based on the
results of the research, it can be concluded that a great number of factors can affect
the health condition of trees, since over the previous few years the climate change,
i.e. the unusual weather conditions, can be undoubtedly singled out as the most
influential ones.
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Abstract: This paper presents the results of the study of the population levels of
the gypsy moth in the forests of National Park Derdap, over the period 1996-2014. The
characteristics of three outbreaks (1996-1997, 2003-2005 and 2009-2014) of the
gradogenic character were studied. Since these are forest ecosystems of the natural
protected areas in which the special rules and measures aimed at the protection from the
adverse effect of the wide range of the biotic and abiotic factors are applied, with the
special emphasis on the possible, or impossible, use of pesticides, the paper also analyzes
the control measures which were taken, i.e. the reduction of the density of the gypsy moth to
the normal population level. In addition, the effect of two species of egg parasitoids, as well
as of Entomophaga maimaiga and Lymantria dispar multicapsid nuclear polyhedrosis virus
(LAMNPYV) - pathogenic worms, on the population level of the gypsy moth in some years of
the outbreak was studied.

Key words: Lymantria dispar, outbreak, natural protected area, control, natural
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PARKA DERDAP U PERIODU OD 1996. DO 2014. GODINE

Abstract: U radu su prikazani rezultati istrazivanja visine populacionih nivoa
gubara u Sumskom podrucju Nacionalnog parka Derdap, u periodu 1996-2014. godina.
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Analizirane su karakteristike tri prenamnozenja (1996-1997., 2003-2005. i 2009-2014.
godina) gradogenog karaktera. Kako se radi o Sumskim ekosistemima zasticenog prirodnog
dobra u kojima se primenjuju posebna pravila i mere zastite od negativnog dejstva citavog
kompleksa biotickih i abiotickih faktora, s posebnim osvrtom na mogucu, ili nemogucu,
upotrebu pesticida, u radu su analizirane i preduzete mere suzbijana, odnosno svodenja
brojnosti gubara na normalni populacioni nivo. Takode, istrazen je uticaj dve vrste jajnih
parazitoida, te Entomophaga maimaiga i Lymantria dispar multicapsid nuclear
polyhedrosis virus (LAMNPYV)— patogeni larvi, na populacioni nivo gubara u pojedinim
godinama prenamnozenja.

Kljuéne reci: Lymantria dispar, gradacija, zasti¢eno prirodno dobro, suzbijanje,
prirodni neprijatelji

1. INTRODUCTION

The gypsy moth (Lymantria dispar L.), insect from the order Lepidoptera,
is one of most dangerous pests of broadleaf forests and orchards. It is characterised
by a high reproductive capacity, considerable ecological plasticity and polyphagia.
Although it is found on four continents (North Africa, Asia, Europe, North
America), the greatest damage is caused to the forests of the Balkan Peninsula,
which have all favourable environmental conditions for the gypsy moth
development.

The abundance, i.e. the population level of the gypsy moth is conditioned
by the characteristics of the species, physiological conditions of some instars, as
well as by the biotic and abiotic factors, such as weather conditions, type and
quality of host plants, pathogens, natural enemies (Milanovi¢ et al., 2006;
Tabakovi¢—Tosi¢, 2011, 2012; Tabakovi¢-Tosi¢ et al., 2013).

In the forests of the Republic of Serbia gypsy moth is the outbreaking
species, and the periodical outbreaks most frequently occured in the middle-aged
oak and beech stands, since in the younger or older ones, the calamity is the result
of the migration of the caterpillars in the search for food.

The oak forests in the National Park Perpad, regarding the intensity of the
multi-annual desiccation of the broadleaf forests of the Balkans Peninsula, is the
most endangered area in Serbia. In some years the volume of the desiccated tree
was 2-3-fold greater than the current volume increment of some tree species
(Marinkovi¢, 1992). It should be taken into account that the defoliation caused by
the nutrition of the gypsy moth lead to the loss in the increment, lack of the seed
production, physiological weakening and desiccation of trees, as well as to the
creation of the conditions favourable to the attack of the phytopathogenic
microorganisms, fungi and xylophagous insects. In the forests after the defoliation
by the gypsy moth the other adverse factors are interconnected so on the newly-
formed leaves, during the summer months, powdery mildew occurs almost
regularly (Erysiphe alphitoides, Griffon & Maublanc), which leads to the
premature desiccation and loss of the newly-formed shots, which is the additional
stress for the plant. The defoliation of the gypsy moth enables the plenty of the
suitable material for the outbreak of the European oak bark beetle (Scolytus
inticatus Ratz.), thereby the possibility for the formation of the infections by the
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fungi from genus Ophiostoma is greater. Taking all these facts into account, it
becomes clearer how great is the importance of the gypsy moth and the periodic
outbreaks of it in the above-mentioned decay of the forests.

2. AREA OF RESEARCH

The National Park Perdap is located in the northeastern part of the
Republic of Serbia, in the Carpathian Mountains and encompasses the following
coordinates: 44°42'50" N and 21°40'40" - 22°33'10" E. The area of the National
Park (63,608 hectares) is located in the territory of Golubac (18,116.55 hectares),
Majdanpek (29,467.15 hectares) and Kladovo (16,024.75 hectares), within 16
cadastral municipalities (Golubac, Brnjica, Dobra, Boljetin, Donji Milanovac,
Majdanpek, Mosna, Topolnica, Golubinje, Miro¢, Tekija, Petrovo Selo, Sip,
Davidovac, Kladusnica, Podvrska) and covers the tight hilly-mountain zone (50 -
800 meters above the sea level), 2-8 km wide, on the right bank of the Danube
River.

Based on the climate regions of Serbia, the National Park Perdap is located
in the climate region III where the modified continental climate is dominant. For
the analysis of the air temperature there are data of the weather stations in Veliko
Gradiste, Tekija, Karata$, Brza Palanka ans Turn Severin, as well as the data
presented in the maps of the Climate Atlas of the Former Yugoslavia. In the above-
mentioned weather stations the air temperatures higher than 20°C occur in July and
August, and in Veliko Gradiste and Turn Severin in June as well. The lowest mean
monthly air temperature in all the stations is in January. In the riparian zone of
Perdap Lake it is —1°C, and in the highest parts of the National Park Perdap it is
about —4°C. The mean air temperature in the warm half of the year is 18°C. The air
temperatures higher than 5°C occur in 240 to 260 days a year. In the riparian zone
of Perdap Lake there are 180 days with the temperature higher than 10°C, and in
the higher parts of the National Park Perdap about 170 days. The number of days
with the air temperature higher than 15°C ranges from 120 to 160 and it refers to
the summer season. There are 100 hot (summer) days with the air temperatures
higher than 25°C in the lower parts of the National Park Perdap, and 50 in the
highest part of it. The number of tropical days in which the year temperature is
higher than 30°C in the riparian zone of the lake is 30, and in the higher parts it is
20 (Stankovi¢, 2003).

The relative air humidity in the National Park Perdap is increased, due to
the great area of Perdap Lake and considerable percentage of the forest areas. It is
highest in December, and lowest in August. The increased air humidity leads to the
lowest levels of insolation (Stankovi¢, 2003).

The current data on the pluviometrics regime points to the fact that the
National Park Perdap gains from 200 to 300 mm precipitation less than the average
value for Serbia and Montenegro. The precipitation is most frequent in May and
June, and it is least frequent in August and September. The first snow occurs in
mid-December, and the last in early April. The average depth of the snow around
Perdap Lake ranges from 30 to 40 cm, and in the higher parts it is 60 cm. The
snow deeper than 10 cm lasts from 20 to 40 days per a year. The snow 30 cm deep
in the lowest part of the National Park Perdap lasts for only 5 days a year, and in
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the highest part for 20 days. The snow 50 cm deep is a rare phenomenon and lasts
from 6 to 10 days per a year. The strongest and most frequent wind in the National
Park DPerdap is koSava. It occurs in the winter season (Stankovi¢, 2003).

Based on the biogeographical position, the area of Derdap is located at the
border of two floristic regions: Middle European or region of broadleaf forests and
Pontic-South Siberian or steppe-forest-steppe region (Stevanovié, 1996).

The basic vegetation cover of the Perdap area of the Danube River, and
particularly of the National Park Perdap, is the forest. The forest phytocoenoses are
characterised by the stability and high level of the regeneration, which implies that
the environmental conditions are favourable. The National Park Derdap is
characterised by the great complexity and diversity of the forest and accompanying
bushy vegetation, as well as by the well-expressed differences in the plant species
on the lime and silicate rocks, as well as the differences in the vegetation of gorges
and ravines. Forests account for 70% of the total area of the National Park, and
83% are privately-owned (Medarevi¢, M., 2001). In the National Park Perdap forty
autochtonous tree species were reported. The most frequent ones are the beech
(63.3 %) and sessile oak (18.4%), followed by the European hornbeam (5.5%) and
the lime tree (2.4%). The oak stands are the special value of the area of the
National Park. They are most frequently ripening, ripe and overripe, and account
for 7.0% of the total area of the state-owned forests ( Medarevi¢, 2001). It is the
result of the continental climate and peculiar edaphic stand conditions, particularly
of the slope of the terrain and exposure.

3. MATERIAL AND METHOD
3.1 Monitoring of the population level of the gypsy moth

Every year in all broadleaf forests (during the outbreak in the conifer as
well), regardless of the category of the ownership (state and private), and based by
the Prescriptions by the Operators of the reporting-diagnostics-forecast activities in
the domain of the plant protection - forest protection, the population level of it was
monitored. The monitoring of population level of the gypsy moth in the forests was
conducted by using the methods of the permanent (25x25 m) and temporary (10x10
m) sample plots, as well as by using the route method.

The accurate determination of the intensity of the attack and spatial
definition of the attacked areas are very important, since these are the key factors
for the selection of methods and time of the control: in the egg instar (mechanically
or chemically in the period of the leaf fall in autumn, until the beginning of the
breaking into leaf in spring) or the larval instar (aerial spraying which is performed
in the late April or early May).

The permanent sample plots were monitored every year, and the temporary
ones were monitored when it was estimated that there was a risk of the outbreak.
The route method was applied as the supplement when the gypsy moth was in the
latency phase (low population level), and was obligatory used in the time of the
outbreak (Tabakovi¢-Tosi¢, 2002).
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3.2 Quantitative and qualitative analysis of the gypsy moth egg masses

The detailed quantitative and qualitative analysis of the sampled egg
masses were conducted in the laboratory of the Institute of Forestry, and depending
on the observed parameter, either ocular or the method of the survey by the
binocular magnifier was applied. In addition, under the laboratory conditions in the
winter period the dynamics of the hatching of imagos of the parasitoids of the
gypsy moth eggs from the previosly observed egg masses was monitored. Out of
each egg mass a total 100 of the randomly sampled, previously cleaned eggs was
placed in the specially prepared test tubes (with the distilled water on the bottom
and cotton pads in the middle, in order to prevent the eggs from being soaked). The
test tubes with the sampled gypsy moth eggs were kept in the climate chamber.
During the experiment, the air temperature and light regime were constant
(temperature 19°C, light regime 10 hours by night, 14 hours by daytime )

3.3 Microscopic analysis of the dead gypsy moth caterpillars —
detection of the presence of LOIMNPV and Entomophaga maimaiga
Humber, Shimazu & R.S. Soper

From all sites, in the summer and autumn of the period 2010-2014, dead
gypsy moth larvae were collected for different laboratory analyses. Each study plot
was 1 ha in size and included a minimum of 25 trees. Gypsy moth dead caterpillars
were collected manually from foliage in the lower parts of tree crowns and tree
branches and trunk, two to three times per year.

Microscopic (magnification 1200 times) analyses of some dead gypsy
moth larvae with characteristic symptoms caused by the LdMNPV was conducted
immediately using the standard method of Giemsa's differential staining.

The dead larvae with characteristic symptoms caused by the
entomopathogenic fungus E. maimaiga were also placed in Petri dishes and the
detailed microscope survey of the dead gypsy moth caterpillars was done later. The
evaluation of E. maimaiga infections was recorded as positive when azygospores
and conidiospores were detected in the cadavers of dead gypsy moth larvae. The
species identification was based on the size, shape and structural characteristics of
different life forms of the fungus — azygospores, conidiospores and mycelia.

4. RESULTS AND DISCUSSION

In the area of the National Park Perdap, after the thirty-year period of
latency, the significant growth of the gypsy moth population level occurred.

During these studies, when the number of the gypsy moth egg masses per a
unit of area (1 hectare) was determined, the attention was paid so that all forest
plantations would be encompassed. It is of a special importance for the areas where
the attack of a very strong intensity (more than 500 egg masses per a hectare) was
reported, since the damages expressed by the damage of the foliage which will be
caused by the hatched larvae, are not the same in the case when 501 egg masses
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attack per a hectare and when, for instance, 50,000 egg masses attack per a hectare
(Tabakovié¢-Tosic, 2005-2006).
Table 1 Spread of the gypsy moth in the forests of the National Park Perdap over
the period 1996-2014 (egg masses hatched in the late summer season).

INTENSITY OF ATTACK AND THE ATTACKED AREA
Weak Moderate 11-100 egg Strong 101-500 egg Very strong
YEAR 1-10 egg masses/hectare masses/hectare more than 500 egg
masses/hectare masses/hectare TOTAL
ha % ha % ha % ha %

1996 0 0 127.0 29.7 301.0 70.3 0 0 1428.0
1997 17739.0 56.3 10155.0 322 0 0 3643.0 11.5 | 31537.0
1998-2002 - latency period for the gypsy moth
2003 10947.0 93.2 801.0 6.8 0 0 0 0 | 11748.0
2004 7599.0 76.0 1307.0 13.1 186.0 1.9 900.0 9.0 9992.0
2005 968.8 5.8 1924.0 11.5 4071.2 24.2 9803.3 58.5 | 16767.4
2006-2009 -latency period for the gypsy moth

2010 Forest Unit Porecke Sume - weak intensity of the attack

2011 Forest Unit Pecka bara and Forest Unit Strbatko korito - weak intensity of the attack

2012 3783.0 8.6 13566.0 31.0 9239.0 21.1 17176.0 39.3 | 43764.0
2013 0 0 4688.0 10.8 10839.0 24.9 27947.0 64.3 | 43474.0

Based on the data stated in the Table 1 it is seen that the growth of the
population level of the gypsy moth in the period 1996-1997 over the observed
period did not acquire the typical form of outbreak.

The intensity of the attack was, to a great extent, in the category of weak
and moderate ones. The mechanical and chemical controls measures that were
taken in the egg instars, as well as the activity of the numerous natural enemies of
the gypsy moth, most probably caused such a state and returned the population
level of the gypsy moth to the normal value, when it does not cause the economic
and ecological damages of the forest tree species.

The period of the latency of gypsy moth in this area lasted for five years,
after which the outbreak of it occurred again year 2003), and which will acquire the
all characteristics of the outbreak in the following year. The mechanical and
chemical measures of the gypsy moth control in the egg instar, taken in the autumn
and winter seasons, did not produce the satisfying results, since there was a great
number of the egg masses hatched high on the stems and in the crowns. In the
autumn of 2004 the newly-laid gypsy moth egg masses were reported on the area
0f 9992 hectares, and in 2005 on the area of 16767 hectares.

In the spring of 2006, at the area of 10000 hectares, the aerial spraying in
the larval instar, by the chemical insecticide of the third generation — Dimilin SC48
(active ingredient diflubenzoron) was done. The control was efficient, so in the
autumn of 2006 the newly-laid egg masses were not reported, and in the following
year the new period of latency, which lasted for four years, occurred.

The third outbreak of the gypsy moth over the observed period also had all
characteristics of the oubreak, but this time the attacked area was 2.6 times greater.
The retrogradation phase occurred in the autumn of 2004, and it was the result of
the effective aerial control of the gypsy moth in the larval instar by the
microbiological preparation Foray 48B, at the area of 33,176 hectares, as well as of
the increased activity of the natural enemies of the gypsy moth. It should be noted
here that the above-mentioned preparations are highly selective and ecologically
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safe, and are applied in the ultra low volumes (ULV) (Tabakovi¢-Tosi¢ and
Jovanovi¢, 2007).

Picture 1 Picture 3
June 2013 - partial June 2013. — total Septembar 2013. — newly-
defoliation of individual defoliation laid egg masses
trees

In the observed period, in the Laboratory of the Institute of Forestry, the
analysis of the gypsy moth egg masses, collected in the area of the National Park
Perdap (Table 2) was made on a yearly basis.

The average number of eggs in the egg mass ranged from 240.0 (year
2005) to 824.6 (year 2003). The percentage of the vital eggs in the total number of
eggs ranged from 79.7 in 2013 to 99.7 in 2011. The average level of parasitisation
of the eggs ranged from 0 in 2011 to 19.8% u 2013. These leves of parasitisation
should not be considered to be final, owning to the laboratory conditions of the
treatment, where the activity of a series of parasites and predators, to which the egg
masses were exposed in nature, was disabled.

Table 2 Laboratory analysis of the gypsy moth egg masses sampled from the
represensentative semple plots in the area of the National Park Derdap.

Average number of eggs in the egg masses
The number Fertilized .
Year of egg masses Vital Parasitized Unfertilized | Total
N % N % N % N

1996 125 296.0 | 91.5 | 9.0 2.8 | 185| 57| 3235
1997 245 32991959 | 7.8 2.3 64 | 1.8 | 344.1

1997-2002 latency period for the gypsy moth
2003 100 806.0 | 97.8 | 153 1.8 33 | 04 | 824.6
2004 150 497.0 | 88.6 | 62.0 | 11.1 | 2.0 | 0.3 | 561.0
2005 150 201.7 | 840 | 33.7 | 140 4.6 | 2.0 | 240.0

2006-2008 latency period for the gypsy moth
2010 80 5541 946 | 293 | 50 | 24 | 04 | 5858
2011 150 537.9 | 99.7 0 0 1.7 | 03 | 539.6
2012 350 608.6 | 97.7 | 142 | 2.0 1.9 | 03 | 624.7
2013 658 483.0 | 79.7 | 118.0| 19.8 3 0.5 | 604.0

The results of the analysed quantitative and qualitative parameters of the
gypsy moth egg masses confirm the above claim that in the forest area of the
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National Park Perdap, over the period 1996-2014, the outbreak of the population
level of the gypsy moth occurred three times.

The dynamics of the hatching of imagos from the previosly analysed egg
masses was monitored in the special experiments. Every year only two species of
egg parasites Anastatus japonicus Ashmead (syn. A. disparis Ruschka) and
Oencyrtus kuwanae (Howard) were present. Every year the ratio of them was
relatively equal: 30:70%, with the clear dominance of O. kuwanae.

In the spring of 2012, 2013 and 2014 at some sample plots in the oak and
beech forests, the increased mortality rate of the younger and older larval instars in
comparison with the expected one was reported. Logically, the following question
was posed: What has been killing them? In order to get the answer to this question,
the detailed analysis of the possible causes was conducted.

By the detailed study of the dead gypsy moth larvae, two groups of the
characteristic symptoms were reported: first - caused by E. maimaiga, and second -
caused by the LAMNPV.

During the field research clear symptoms of a disease caused by
baculovirus LdAMNPV were observed in 5.5 (2012), 13.5 (2013) and 20.1 (2014)
percent of the dead larvae. Clear and characteric symtoms of the fungal diseases
caused by E. maimaiga were at 94.5 (2012), 86.5 (2013) and 79.9 (2014) percent of
the reported dead gypsy moth larvae.

By the laboratory studies of the causes of the mortality of the gypsy moth
larval instars and by the microscopic analysis of the dead caterpillars, the presence
of LAMNPV occlusion bodies and the conidiospores and azigospores of the
entomopathogenic fungus E. maimaiga was confirmed, but the presence of
LdAMNPV was reported only in the dead older caterpillars (L4-Lg). The reason of
such a relation of two studied pathogens lies in the fact that the fungus is active at
low, as well as high, gypsy moth population levels. This sets it apart from natural
controls such as the LIMNPYV, a viral disease of gypsy moth which kills caterpillars
under stress from high population densities and diminishing food supplies.
Research also shows indications of a strong synergistic relation between them.
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THE OUTBREAKS OF THE GYPSY MORH IN FOREST PLANTATIONS OF THE
NATIONAL PARK DERDAP IN THE PERIOD FROM 1996 TO 2014

Mara TABAKOVIC-TOSIC, Marija MILOSAVLJEVIC, Nemanja SIMOVIC
Summary

In the area of the National Park DPerdap, after the thirty-year period of latency, the
significant growth of the gypsy moth population level occurred three times. The growth of
the population level of the gypsy moth in the period 1996-1997 did not acquire the typical
form of outbreak. The intensity of the attack was, to a great extent, in the category of weak
and moderate ones.

The mechanical and chemical controls measures that were taken in the egg instars,
as well as the activity of the numerous natural enemies of the gypsy moth, most probably
caused such a state and returned the population level of the gypsy moth to the normal value,
when it does not cause the economic and ecological damages of the forest tree species.

The period of the latency of gypsy moth in this area lasted for five years, after
which the outbreak of it occurred again (year 2003), and which will acquire the all
characteristics of the outbreak in the following year.

The mechanical and chemical measures of the gypsy moth control in the egg
instar, taken in the autumn and winter seasons, did not produce the satisfying results, since
there was a great number of the egg masses hatched high on the stems and in the crowns.
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In the autumn of 2004 the newly-laid gypsy moth egg masses were reported on the
area of 9,992 hectares, and in 2005 on the area of 16,767 hectares. In the spring of 2006, at
the area of 10,000 hectares, the aerial spraying in the larval instar, by the chemical
insecticide of the third generation — Dimilin SC48 (active ingredient diflubenzoron) was
done. The control was efficient, so in the autumn of 2006 the newly-laid egg masses were
not reported, and in the following year the new period of latency, which lasted for four
years, occurred. The third outbreak of the gypsy moth over the observed period also had all
characteristics of the oubreak, but this time the attacked area was 2.6 times greater. The
retrogradation phase occurred in the autumn of 2004, and it was the result of the effective
aerial control of the gypsy moth in the larval instar by the microbiological preparation
Foray 48B, at the area of 33,176 hectares, as well as of the increased activity of the natural
enemies of the gypsy moth.

In the observed period, in the Laboratory of the Institute of Forestry, the analysis
of the gypsy moth egg masses, collected in the area of the National Park Perdap (Table 2)
was made on a yearly basis. The average number of eggs in the egg mass ranged from
240.0 (year 2005) to 824.6 (year 2003). The percentage of the vital eggs in the total number
of eggs ranged from 79.7 in 2013 to 99.7 in 2011. The average level of parasitisation of the
eggs ranged from 0 in 2011 to 19.8% u 2013. These leves of parasitisation should not be
considered to be final, owning to the laboratory conditions of the treatment, where the
activity of a series of parasites and predators, to which the egg masses were exposed in
nature, was disabled.

The results of the analysed quantitative and qualitative parameters of the gypsy
moth egg masses confirm the above claim that in the forest area of the National Park
DPerdap, over the period 1996-2014, the outbreak of the population level of the gypsy moth
occurred three times.

The dynamics of the hatching of imagos from the previosly analysed egg masses
was monitored in the special experiments. Every year only two species of egg parasites
Anastatus japonicus Ashmead (syn. A. disparis Ruschka) and Oencyrtus kuwanae
(Howard) were present. Every year the ratio of them was relatively equal: 30:70%, with the
clear dominance of O. kuwanae.

In the spring of 2012, 2013 and 2014 at some sample plots in the oak and beech
forests, the increased mortality rate of the larvae were reported and analyzed. During the
field research clear symptoms of disease caused by baculovirus LdIMPNV and characteristic
symptoms of the fungal diseases caused by E. maimaiga were found on dead gypsy moth
caterpillars.

By the laboratory studies of the causes of the mortality of the gypsy moth larval
instars and by the microscopic analysis of the dead caterpillars, the presence of LdIMNPV
occlusion bodies and the conidiospores and azigospores of the entomopathogenic fungus E.
maimaiga was confirmed, but the presence of LdMNPV was reported only in the dead older
caterpillars (L4-L¢). The reason of such a relation of two studied pathogens lies in the fact
that the fungus is active at low, as well as high, gypsy moth population levels. This sets it
apart from natural controls such as the LIMNPV, a viral disease of gypsy moth which Kkills
caterpillars under stress from high population densities and diminishing food supplies.
Research also shows indications of a strong synergistic relation between them.
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PRENAMNOZENJA GUBARA U SUMSKIM KOMPLEKSIMA NACIONALNOG
PARKA PERDAP U PERIODU OD 1996. DO 2014. GODINE

Mara TABAKOVIC-TOSIC, Marija MILOSAVLJEVIC, Nemanja SIMOVIC
Rezime

U podrucju Nacionalnog parka Perdap, nakon tridesetogodis$njeg latentnog
perioda, tri puta je do§lo do znacajnog poveéanja populacionog nivoa gubara.

Povecanje populacionog nivoa gubara u 1996-1997. godini nije poprimilo tipi¢an
karakter gradacije. Intenzitet napada je najve¢im delom, bio u kategoriji slabog i srednjeg.
Preduzete mehanicke i hemijske mere suzbijanja u stadijumu jajeta, kao i delovanje brojnih
prirodnih neprijatelje gubara, su najverovatnije uzrokovale ovakvo stanje i vratile
populacioni nivo gubara na normalnu vrednost, kada ne pri¢injava ekonoske i ekoloske
Stete Sumskim vrstama drveca.

Period latence gubara u ovom podrudju je trajao pet godina, nakon ¢ega ponovo
nastupa njegovo prenamnozenje (2003. godina), a koje ¢e u narednim gidinama poprimiti
sve osobine gradacije. Mehanicke i hemijske mere suzbijanja gubara u stadijumu jajeta,
preduzete u jesenjem i zimskom periodu 2003., 2004. i 2005. godine, nisu dale
zadovoljavajuce rezultate, jer se radilo o velikom broju legala poloZenih visoko na deblima
i u krosnjama. U jesen 2004. godine novopolozenih jajnih legala gubara je bilo na ukupnoj
povrsini od 9.992 ha, a 2005. na 16.767 ha. U prole¢e 2006. godine, na povrsini od 10.000
ha, preduzeto je aviosuzbijanje u stadijumu larve, hemijskim insekticidom trece generacije -
Dimilinom SC48 (aktivna materija diflubenzuron). Suzbijanje je bilo efikasno, pa u jesen
2006. nisu primeéena novopolozena jajna legla, odnosno, u narednoj godini nastupio je
novi latentni period u trajanju od cetiri godine.

Trece prenamnozenje gubara u istrazivatkom periodu takode ima sve osobine
gradacije, s tim Sto je ovaj put napadnuta povrSina 2,6 puta veca. Retrogradaciona faza je
nastupila u jesen 2014. godine, a posledica je uspesnog aviosuzbijanja gubara u stadijumu
larve mikrobioloskim preparatom Foray 48B, na povrsini od 33.176 ha, kao i pove¢anom
aktivnoS¢u prirodnih neprijatelja gubara.

U istrazivackom periodu, u laboratoriji Instituta za Sumarstvo, svake godine je
obavljana analiza jajnih legala gubara prikupljenih u podru¢ju Nacionalnog parka Perdap
(Tabela 2). ProseCan broj jaja u leglu se kretao od 240.0 (2005. godina) do 824.6 (2003.
godina). Procentualno ucesée vitalnih u ukupnom broju jaja prosecno iznosi od 79.7 u
2013. do 99.7 u 2011. godini. Prose¢na parazitiranost jaja kretala se od 0 u 2011. godini, do
19,8% u 2013. Ove vrednosti parazitiranosti ne treba shvatiti kao konacne jer se tu radi o
laboratorijskim uslovima drzanja, gde je onemoguéeno delovanje niza parazita i predatora
kojima su legla izlozena u prirodi. Rezultati analiziranih kvalitativnih i kvantitativnih
parametara jajnih legala gubara potvrduju prethodno navedenu tvrdnju da je u Sumskom
podrucju Nacionalnog parka Perdap, u periodu od 1996-2014. godine, tri puta doslo do
gradogenog povecanja populacionih nivoa gubara.

Dinamika izletanja imaga parazita iz prethodno analiziranih jajnih legala, pracena
je u posebnim ogledima. Svake godine su bile prisutne samo dve vrste jajnih parazita
Anastatus japonicus Ashmead (syn. A. disparis Ruschka) i Oencyrtus kuwanae (Howard).
Svake godine njihov procentualni odnos bio je relativno ujednacen 30:70%, uz jasnu
dominaciju O. kuwanae.

U prolece 2012., 2013. i 2014. godine, na pojedinim oglednim povr§inama u
hrastovim i bukovim Sumama, uo¢ena je znacajno povecana smrtnost larvi gubara, pa su
obavljena intenzivna proucavanja mogucih uzroka. U toku terenskih istrazivanja, jasni
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simptomi oboljenja izazvanih delovanjem bakulovirusa LIMPNV i entomopatogene gljive
E. maimaiga, konstatovani su kod uginulih gusenica gubara.

Laboratorijskim istrazivanjima uzroka smrtnosti larvenih stupnjeva gubara, i
mikroskopskom analizom uginulih gusenica, dokazano je prisustvo okluzivnih tela
LAMNPYV, te konidija i azigospora entomopatogene gljive E. maimaiga, s tim §to je
pozitivan nalaz LdMNPYV bio jedino kod starijih gusenica (L4-Lg). Objasnjenje ovakvog
odnosa dva istrazivana patogena lezi u Cinjenici da je gljiva aktivna uvek, i pri niskom i pri
visokom populacionom nivou gubara, dok je LdMNPV aktivan samo pri velikoj
populacionoj gustini domacina, odnosno kada su gusenice pod stresom usled nedostatka
hrane. Takode, ova istrazivanja pokazuju naznake snaznog sinergetskog odnosa izmedu ova
dva entomopatogena.
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THE MOST FREQUENT AGENTS OF DAMAGES OF TREES
AT THE SAMPLE PLOTS IN SERBIA

Miroslava MARKOVIC!, Snezana RAJKOVIC', Radovan NEVENIC'

Abstract. The papers presents the results of the monitoring of damages at 130
sample plots in the grid 16x16 kilometers, which has been continuously conducted in Serbia
since 2003. The causes of the damages on the trees can be the consequence of the activity
of the series of the adverse agents and owning to it the research of the most significant
agents of the damages was made. All damages were classified in the paper by species and
types of agents. The occurrence of the mass desiccation of oak forests is to a great extent
result of the presence of the agents of powdery mildew. As the example of the use of the
data from the database, the spatial arrangement of the plots with the pedunculate oak
(which is our most sensitive species) was determined, as well as the infection of them by
the powdery mildew. The strongest attack was reported during 2005 and 2006, when 79.3
% and 77.6% of the observed trees was infected. The critical month for the occurrence of
the intensive infections by the powdery mildew in Serbia is the first half of July, which is
important for the creation of the programmes aimed at the protection.

Key words: damages, defoliation, chlorosis, powder mildew

HAJYEITRU ITPOY3POKOBAYU OIITEREBA CTABAJIA
HA BUOMHIUKALIMICKUM TAYKAMA Y CPBUJA

N3Bon. V pady cy npukazanu pesynmamu npaherwa owmehewa na 130
buounouxayujckux mavaxa y mpexcu 16x16km, koje ce y Cpouju épuiu y KoHmuHyumemy
00 2003. 2ooune. V3poyu owmehera na cmabauma mo2y bumu nocieouya 0ejcmed Hu3d
WMEMHUX d2eHaca U 3amo je GPUIEHO UCMPANCUBAIbe HAJ3HAYATHUJUX NPOY3POK0BAYd
wmema. Cea owmehersa cy y pady Kiacu@ukosana no epcmama u munouMa Y3pOUHUKA.

! Institute of Forestry, Belgrade, Serbia. E-mail: mira013@gmail.com
Translation: Marija Stojanovi¢
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Tlojasa macosnoz cywierba Xpacmosux wiyma je GeiuKkum OeiloM Nocieduya Npucycmed
npoysporkosaua nenennuye. Kao npumep kopuwihera nodamaxa uz Oase, ymephen je
NPOCMOPHU PACROPEd MAYAKA CA XPACHOM JIYAHCRAKOM (KOju je Haula Hajocemwpusuja
epcma) u wuxoea sapadxceHocm neneiHuyom. Hajjauu nanad je xowcmamoean mokom
2005. u 2006. 200une, xaoda je 3apazom 3axeaheno 79,3 u 77,6% ucnumueanux cmabana.
Kpumuuan nepuoo 3a nojagy umnmensusnux ungexyuja nenennuyom y Cpbuju je npea
NONOBUHA JYNla Meceya, WMo je 3HA4AjHO 3d NPAG/bERE NPOSPaMA 3aumume.

Kibyune peun: omreherma, nedonujaiuja, Xaoposa, IerneIHuIa

1. INTRODUCTION

The system of the pieces of information on the health condition of forests
is the result of the certain activities within the sustainable forest managent, which is
the base for numerous international and national policies. The monitoring of plant
diseases and pests is the key element of the ecological policy and without it the
standards for the forests and environment cannot be applied (Wulff, 2002). The
data processing and reporting are inevitably followed by the uniform methods
established by using the international standards (Thomsen et al, 1994; Nevalainen
etal, 2010).

The results of monitoring must be available and support the system of
biological indicators. The studies and monitoring are conducted by the scientific
institutions which prepare the database, evaluations and analyses at the national
level (Mues & Seidling, 2003). The Republic of Serbia has been participated in the
ICP forests programme since 2003 via its National Focal Centre (NFC), which in
cooperation with the National Expert Group (NEG) makes the analyses of the data
and inteprets the results, thereby helping in the scientific management of the
Programme and participates in International Expert Panels (IEP) and Working
Groups (WG) (Group of authors, 2012). The main aim of the monitoring of crown
condition is to obtain the periodical insight into the spatial and temporal variations
of crown conditions (Meining et al, 2007), regarding the anthropogenic and natural
factors of stress in the European and national systemic networks of the the wide-
ranging monitoring of (Lindgren et al, 2000).

In the aim of the application of the measures of the integral forest
protection, the monitoring of the health condition of forests and population sizes of
the most important diseases and pests at the sample plots in the Republic of Serbia
is continued within the Level 1 and the monitoring of the Level 2 (which, inter alia,
encompasses the very detailed studies of the health condition and continuing
monitoring of the environmental conditions - temperature and air humidity, which
has the direct effect on the occurrence and development of diseases) was
introduced, which will provide the very precise diagnostics and forecast of the
development of diseases at the most endangered plots in the following period.
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2. MATERIAL AND METHODS

Methods of work are described in the first Manual as Visual Assessment of
Crown Condition (Eichhorn et al, 2010; Nevalainen and Merild, 2013) and
Submanual on Visual Assessment of Crown Condition on Intensive Monitoring
Plots. The Manual has been redesigned recently and enables the harmonized data
and more flexible approach to the monitoring of crown condition, of the higher and
more transparent quality. All parameters described in the latest version of the
Manual have been tested in several countries of Europe and North America, and
the values of the parameters have been continuously monitored under the control of
the international expert panels. Each necessary harmonization will be
recommended at the annual Task meetings Forces) ICP Forests in the following
years.

2.1. Methods of the assessment of trees

a) The trees are assessed from several directions, if possible (and from two
directions, at least).

b) Distance between the observer and the tree should be at least a stem
height of observed tree.

c¢) At the inclined terrain the position of the observer should be above or at
the level of the tree.

d) In order to exclude the possibility of sun-blinding and provide as
relevant assessment as possible, the observer should avoid to look in the sun
during the assessment.

On the marked trees the assessment of the chlorosis (decolorization, loss of
colour or the change of the colour of foliage) and defoliation (desiccation of
branches) is made on an annual basis in the growing season. The intensity of
chlorosis and desiccation is marked by the percentage from 0 to100. In addition,
the damages regarding the types and types of the agents are noted in the manuals
and marked by the codes: (code 36 marks the enthomologic damages, 38
phytopathological, 40 marks the mechanical damages, etc.). For the biotic agents
the Latin name of the agent of damage, phase of the development of the adverse
agent, description of the attacked part of plants, age of the attacked needles, etc. are
stated along with the code.

e

Picture Picture 2 Picture 3 Picture 4 Picture 5
Picture 1-5.7he visual determination of the categories of the defoliation of trees
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In the note it is stated on which part of the tree the damage was reported
(butt or tree height at which the damage was reported), resin flow or exudates, the
presence of litchen, etc. In manuals there are also space for the general remark,
which includes all the elements which in anyway can affect the health condition of
the stand in which the plot is located (the damages on the young crop at the plot,
damages at the stand or in the very vicinity of it, the burnt areas in the vicinity the
extreme climate conditions, etc., were reported).

In the pictures from 1 to 5 the visual method of the assessment of the
defoliation on the oak, expressed in the percentage (10, 30, 55, 80 and 95%) is
depicted. Nevertheless, although the defoliation of crowns is the indicator of the
assessment of the condition of trees, the causes of defoliation can be nonspecific
and the result of the activity of a range of adverse agents, so it is hardly to identify
them with certainty (Ferretti, 1998; Eickenscheidt & Wellbrock, 2013). Thus, it is
necessary to be familiar with the most significant factors which cause damages on
trees.

3. RESULTS AND DISCUSSION

At 130 sample plots which are being monitored, the most frequent species
is the beech, followed by the Turkey oak (these two species account for almost half
of all observed trees), Hungarian oak, sessile oak and all other broadleaf species
acccount for about two-thirds, and all conifers hardly for one sixth of all the trees.
Regarding the conifers, spruce is the most frequent (which accounts for almost a
half of all conifers), and fir, Scots and Austrian pines which account for the
remaining half of the conifer species.

The most frequent damages at the sample plots in Serbia were classified
into two groups: 1) biotic damages caused by the activity of harmful insects,
pathogenic and epixylous fungi; 2) abiotic and antropogenic damages caused by
the activity of the other adverse agents and man.

3.1 Agents of the most frequent biotic damages

Most damages of the trees at the sample plots were caused by the activity
of the biotic adverse agents. These damages, based on the place on the tree where
they were located, were classified into 4 groups: 1) on leaves and needles 2) on
branches 3) on bark 4) on bole and root ( (Markovi¢ et al 2005; Markovi¢ et al
2011). All damages of the biotic origin were further divided into the damages
caused by the activity of harmful insects (entomologic) and damages caused by the
activity of fungi (phytopathological) and based on the tree species on which they
were reported.

3.1.1 Agents of the most frequent damages on the leaves and needles.
Most entomologic damages were reported on the oak by the activity of Altica
quercetorum Foudras, Thaumatopoea processionea Linnaeus, Lymantria dispar
Linnaeus and Tischeria ekebladella (Bjerkander), most phytopathological damages
on the beech were caused by Apiognomonia errabunda (Roberge ex Desm.) Hohn.,
then on the oak by Microsphaera alphitoides Griff. et Maubl. and Mycosphaerella
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maculiformis (Pers.) J. Schrot., and on the pine by Dothistroma pini Hulbary u
Lophodermium seditiosum Minter, Staley & Millar.

3.1.2 Agents of the most frequent damages on the branches. Entomologic
damages on the spruce Sacchiphantes viridis Ratzeburg; and phytopathological on
the beech Diatrype disciformis (Hoffm.) Fr.

3.1.3 Agents of the most frequent damages on the bark. Entomologic
damages on the beech are caused by Cryptococcus fagisuga Lindiger, on the pines
and spruce by the bark beetles - Scolytidae sp., and the most frequent
phytopathological damages on the beech are caused by Diatrype stigma (Hoffm.)
Fr. and fungus Nectria coccinea Desm. which together with the insect C. fagisuga
cause the “beech bark disease”.

3.1.4 Agents of the most frequent damages on the bole and root.
Entomologic damages are mainly caused by the activity of xylophagous insects,
mainly by wood wasps - Siricidae sp., and phytopathological ones are caused by
the activity of epixylous fungi - Laetiporus sulphureus (Bull.) Murrill, Armillaria
melea (Vahl) P. Kumm., Armillaria solidipes Peck and Heterobasidion annosum
(Fr.) Bref.

3.2 The most frequent damages caused by the activity of other factors

The damages of the trees at the sample plots caused by the activity of the
other factors at the sample plots were less frequent, and divided into the
anthropogenic and abiotic damages.

3.2.1 Anthropogenic damages caused by the operations during the felling
(located on the bole or in the butt — during the extraction and felling).

3.2.2 Abiotic damages caused by the activities of following elements:
long-term drought (desiccation of the spruce, pine, oak and beech); intensive cases
of insolation (beech bark disease); snow (snow slides and snow throws); wind
(wind slides and wind throws); frost (frostbites on the bole and damages of
foliage); thunder (thunderbites), etc.

3.3 Practical usage of database of the sample plots

The base in which the data from the Sample Plots of Level 1 are collected
can be used by segments, which enables the search by the tree species, diseases,
pests, periods, etc. The practical usage of the base can be illustrated by the example
of the presence of powdery mildew on the pedunculate oak. The agent of powdery
mildew Microsphaera alphitoides is one of the most widely spread pathogens
which endangered the survival of forests and process of the sustainable
management in Serbia and which together with the gypsy moth (Lymantria dispar).
and honey fungus (4Armillaria mellea) is the main cause of the desiccation of the
pedunculate oak forests.
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The plots in the pedunculate oak forests in central Serbia and Vojvodina
are currently most endangered when it comes to the occurrence of the agents of
powdery mildew and the special attention should be paid to them in order to
provide the appropriate protection from this disease. These plots are marked by the
numbers: 103, 423, 425, 426, 427 (located in Vojvodina) and plot 86 (located in
central Serbia). The sample plots at which the pedunculate oak trees infected by
powdery mildew were reported, are located at the following plots: Sample Plot 86
- Forest Estate "Suma"Leskovac, privately-owned forest, Lapotince; Sample Plot
103 - Forest Estate Sombor, Forest Administration Odzaci, Forest Unit Branjevina,
i.e. 12/a; Sample Plot 423 - Forest Estate Sombor, Forest Administration Backi
Monostor, Forest Unit Kolut-Kozara, i.e. 16/d; Sample Plot 426 - Forest Estate S.
Mitrovica, Forest Adminisration Klenak, Forest Unit Grabovacko Vitonajevacko
island, i.e. 83/g; Sample Plot 427 - Forest Estate S.Mitrovica, Forest
Administration Kupinovo, Forest Unit Kupinovske grede, i.e. 47/i.

In the aim of the easier managing and improved transparency, chlorosis
and desiccation are grouped and expressed by the indices in the Table 1: chlorosis
was presented by the indices from 0 to 3, and desiccation from the indices from 0
to 4. (The index O refers to the change of colour, i.e. the desiccation up to 10%,
index 1: 11-25%, index 2: 26-60%, index 3: above 61% and index 4 100%, i.c.
completely desiccated tree). The presentation was made based by the data from the
base, for the first seven years of study, i.e. from the beginning of the study (2003),
until the first overview in 2009, and the next overview is planned for 2016.

Table 1 Presentation of the percentage of the pedunculate oak trees in the
observed categories of health condition

Chlorosis (%) Desiccation (%) Infection by

Year of powdery

Monitoring 0 1 2 3 0 1 2 3 4 mildew
()]
2003 83,3 | 16,7 0,0 0,0 5,6 44,4 | 50,0 0,0 | 0,0 0,0
2004 339 | 254 | 35,6 5,1 30,5 20,3 | 35,6 | 13,6 | 0,0 8,5
2005 50,0 | 34,5 13,8 1,7 29,3 31,0 | 27,6 | 12,1 | 0,0 79,3
2006 51,7 | 345 12,1 1,7 32,8 41,4 | 19,0 52 1,7 77,6
2007 50,9 | 31,6 12,3 53 17,5 474 | 21,1 | 10,5 | 3,5 65,5
2008 63,2 | 26,3 1,8 8,8 8,8 49,1 24,6 88| 88 61,4
2009 80,4 | 10,7 0,0 8,9 21,4 39,3 | 304 0,0 | 89 51,8

As it is seen in the Table 1, regarding chlorosis, there was the greatest
percentage of the pedunculate oak trees in the category 0 (from 33.9% in 2004. to
83.3% in 2003.), but there was also relatively high percentage of the trees in the
categories 1 and 2 and reached as much as 35.6%, in the index 2 in 2004, and there
were many trees in the index 3 - even 8.8 and 8.9% in 2008. and 2009. Regarding
the categories of the pedunculate oak desiccation, the situation is even worse.
Most trees were marked by the desiccation index 2, which accounted from 19.0%
in 2006, to even 50.0% in 2003. By the index 4 (which implies the completely
desiccated trees) from 8.8 and 8. 9% pedunculate oak trees in 2008 and 2009 was
marked. By the index 0 only from 5.6% in 2003 to 32.8% in 2006 pedunculate oak
trees was marked. The year 2003 generally speaking turned to be very
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unfavourable when it comes to the health condition of the pedunculate oak tree,
when chlorosis and desiccation are taking into account as the parameters, and the
result of it is the occurrrence of the the less strong infection by the powdery
mildew in the following year (8.6%). In the following year the culmination phase
of the infection, i.e. the strongest attack of the powdery mildew was reported, but
over the period of study the infection gradually became less strong, so that in 2009
it reached 51.8%. At the observed pedunculate oak trees the attack of the powdery
mildew over the whole period of study is approximately 49.6%.Practically, it can
be stated that pedunculate oak in Serbia is most endangered by the attack of the
agents of powdery mildew, and the strongest attack was registered in 2005 and
2006 (79.3 and 77.6% of the observed trees was infected). By the monitoring of the
health condition of the pedunculate oak at the sample plots, it was reported that the
critical period for the occurrence of the intensive infections by powdery mildew in
Serbia is the first half of July, which is important for the creation of the
programmes aimed at the protection.

4. CONCLUSION

The monitoring of the crown condition is mainly aimed at the provision of
the periodical insight into the spatial and temporal variations of the conditions of
forests, regarding the anthropogenic and natural factors of stress in the European
and national systemic networks of the monitoring of wide range.

In the aim of the application of the measures of the integral forest
protection, this paper presents the monitoring of the health condition of forests and
population size of the most important diseases and pests at the sample plots in the
Republic of Serbia, which provides the very accurate diagnostics and forecast of
the development of diseases at the most endangered plots in the following period.

It should be certainly noted that the application of the timely preventive
measures, which are aimed at the elimination of the conditions which are
favourable to the development of diseases and provide the satisfying resistance and
vitality of forest trees. The preventive measures mainly imply the timely
regeneration and tending of the forest and forest growing stock, preservation of the
biological diversity, professional identification of sites and adequate selection of
the appropriate species for the establishment of new forests, selection of the
genotypes of forest species resistant to the most significant diseases and pests, use
of healthy seeds and seedling material, proper handling of the seedling material,
etc.

By the monitoring of the health condition of the pedunculate oak at the
sample plots, it was concluded that the critical period for the occurrence of the
intensive infections by powdery mildew in Serbia is the first half of July, which is
important for the timely creation of the programmes aimed at protection.

The data from the database were used for the presentation of the health
condition of the pedunculate oak trees and presence of the powdery mildew, can be
similarly used for other tree species as well, other most significant diseases and
pests, as well as for other types of the damages of the mechanical and abiotic origin
(over the desirable period of time), which opens up great possibilities in the
practical application of these studies.
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THE MOST FREQUENT AGENTS OF DAMAGES OF TREES
AT THE SAMPLE PLOTS IN SERBIA

Miroslava MARKOVIC, Snezana RAJKOVIC,Radovan NEVENIC
Summary

The papers presents the results of the monitoring of damages at 130 sample plots
in the grid 16x16 kilometers, which has been continuously conducted in Serbia since 2003.
The damages were classified in the paper by species and types of agents, but the causes of
the damages can be the consequence of the activity of the series of the agents and owning
to it the research of the most significant agents of the damages on the trees was made. The
occurrence of the mass desiccation of oak forests is to a great extent result of the presence
of powdery mildew, which is caused by the pathogenic fungus Microsphaera alphitoides
Griff. et Maubl., which particularly occurs on the new, young leaves easily affected by the
infections. As the example of the use of the data from the dat base, the spatial arrangement
of the plots with the pedunculate oak (which is our most sensitive species) was determined,
as well as the infection of them by powdery mildew. The strongest attack was reported
during 2005 and 2006, when 79.3 % and 77.6% of the observed trees was infected. The
critical month for the occurrence of the intensive infections by powdery mildew in Serbia is
the first half of July, which is important for the creation of the programmes aimed at the
protection. The application of the timely preventive measures is very important for the
health condition of forests and is aimed at the elimination of the conditions which are
favourable to the development of diseases, by providing the satisfying resistance and
vitality of forest trees. The preventive measures mainly imply the timely regeneration and
tending of the forest and forest growing stock, preservation of the biological diversity,
professional identification of sites and adequate selection of the appropriate species for the
establishment of new forests, selection of the genotypes of forest species resistant to the
most significant diseases and pests, use of healthy seeds and seedling material, proper
handling of the seedling material, etc. The data from the database were used for the
presentation of the health condition of the pedunculate oak trees and presence of the
powdery mildew, can be similarly used for other tree species as well, other most significant
diseases and pests, as well as for other types of the damages of the mechanical and abiotic
origin (over the desirable period of time), which opens up great possibilities in the
practical application of these studies.
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HAJYEII'RU ITPOY3POKOBAYHU OIITEREBA CTABAJIA
HA BUOMHIANKAIIMJCKUM TAYKAMA Y CPBAJH

Mupocnasa MAPKOBH'R, Creacana PAJKOBUR, Paoosan HEBEHU'R
Pe3ume

Y paoy cy npuxasanu pesynmamu npahersa owmehersa na 130 buounouxayujckux
mauaxa y oxeupy mpexce 16x16 km, xoje ce y Cpouju epuu y xonmunyumemy oo 2003.
eooune. Owmeherwa cy Klacupurkogana cy no 6pcmama u munosuma y3pouHuKd, diu
y3poyu wmema Mmo2y Oumu nocieouya Oejcmea Hu3a dzemaca U 3amo je 6pUIeHO
UCTPAdICUBAIbE HAJ3HAYAHUJUX YUHULAYA KOjU Npoy3poKyjy wmeme Ha cmabdiuma. Tlojasa
MACOBHO2 CYULEIbA XPACMOBUX WYMA je BeTUKUM OeOM NOCIeOUYd NPUCYCmea neneinuye
KOjy npoy3pokyje namoeena emusa Microsphaera alphitoides Griff. et Maubl., koja ce
HApOUUmMo jaema Ha HOBOM, Maaoom auwhy ocemmusom Ha unpexyuje. Kao npumep
Kopuwheroa nodamaxa u3 oaze, ymephen je npocmopHu pacnopeo mavaka ca Xpacmom
JYIHCHLAKOM U BUX08a 3apadcenocm neneinuyom. Konemamosano je da je najjauu nanao
ouo mokom 2005. u 2006. 2ooune, kada je 3apaszom saxeaherno 79,3 u 77,6% ucnumusarux
cmabana. Kpumuuan nepuoo 3a nojagy unmensuenux ungexyuja neneanuyom y Cpouju je
npea NoONOGUHA Jyia Meceyd, WMo je 3HAYAJHO 34 NpPA6/berbe Npospama 3auimume.
Cnpogolierve npasospemenux npeeeHmMusHUX Mepd UMAa GeluKuU 3HAYAj 34 30pasCmeeHo
cmare wymMa u uMa 3a Yusb OMKIAARe YCI08d KOju Nno2oodyjy paszeojy bOonecmu,
obeszbehyjyhiu  3a0oeomasajyliy omnoprocm u eumannocm wymckoe opeeha. I1oo
NpeGeHMUBSHUM Mepama noopasymesajy ce, npe ceeaa, O1azo8pemena obHosa U Heaa wyma
U WYMCKUX KYAMypd, 04y6arbe OUOIOuwKe PA3HOBPCHOCHU, CMPYYHA uoeHmu@urayuja
CMaHuWma u npasuian uzoop 00206apajyiux epcma 3a nOOU3Are HOBUX WYMA, CeLeKYuja
OMNOPHUX 2EHOMUNOBA UWIYMCKUX 6DCMA HA HAjeAdCHUje Golecmu U wmemodune,
ynompeba 30pasoe cemenHa U CcaoHoe MAMEPujand, Npasuina MAHUNYIayuja CcaoHum
mamepujanom  umo. Ilooayu u3 6asze nodamaxa kKoju cy Kopuwihenu 3a npuxkas
30pascmeenoe cmarba cmadana AyjiCbaka U npucycmeda neneinuye, Mo2y ce Ha CIudaH
Hauun Kopucmumu u 3a opyze epcme opseha, ocmane HajeadcHuje 6oiecmu u wmemoduHe,
Kao u opyee munoge ouimeherba Mexanuuko2 u abuomuikoz nopexkia (y OKeupy dce/beHo2
BPEMEHCKO2 Nepuoda), wWmo omeapa wupoke Mo2yiHOCmu y NPAKMUYHOj NPUMEHU OBUX
UCMPANCUBATLA.
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INTENSIVE MONITORING ON THE LEVEL II SAMPLE PLOTS
KOPAONIK, CRN VRH I MOKRA GORA IN 2014
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Goran CESLJAR, Tomislav STEFANOVIC, Zoran PODUSKA, Ilija PORPEVIC,
Renata GAGIC SERDAR'

Abstract: Monitoring and assessment of the impact of air pollution and its effects
on forest ecosystems on the territory of the Republic of Serbia, Level II, began with the
establishment of Level Il sample plots on Fruska Gora in 2009, on Kopaonik in 2010, in
Odzaci in 2011 and on Crni Vrh and Mokra Gora in 2013. Level Il Monitoring Programme
includes ten working panels from ten different professional fields of forestry grouped
according to the research area. All Level II sample plot activities are carried out in
accordance with the ICP Forests Manual on methods and criteria for harmonized
sampling, assessment, monitoring and analysis of the effects of air pollution on forests. The
paper presents the results of monitoring crown condition on Level II sample plots on
Kopaonik, Crni Vrh and Mokra Gora in 2014.

Key words: Level II sample plot, crown condition, defoliation, damage, GIS.

INTENZIVNI MONITORING NA OGLEDNIM POLJIMA BIT NIVO-a I1
KOPAONIK, CRNI VRH I MOKRA GORA U 2014.GODINI

Abstract: Pracenje i procenu uticaja vazdusnih zagadenja i njihovih efekata u
Sumskim ekosistemima na mepumopuju Republike Srbije, Nivo II, otpocelo je osnivanjem
bioindikacijskih tacka Nivo-a II i to 2009. godine na Fruskoj gori, 2010. godine na
Kopaoniku, 2011. godine u Odzacima i 2013. godine na Crnom vrhu i Mokroj Gori.
Program monitoringa Nivo-a Il obuhvata deset radnih panela iz deset zasebnih strucnih
oblasti sumarstva grupisanih prema predmetu istrazivanja. Sve aktivnosti na BIT Nivo Il
sprovode se u skladu sa uputstvima o metodama i kriterijumima za usaglaseno

! Institute of Forestry, Belgrade, Serbia
Translation: Dragana Ili¢
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uzorkovanje, ocenu, monotoring i analizu uticaja zagadenja vazduha na Sume prema ICP
Forests Manual-u. U radu su dati rezultati pracenja stanja kruna stabala na oglednim
parcelama BIT Nivo-a II na Kopaoniku, Crnom vrhu i Mokroj Gori u 2014. godini.

Kljuéne reci: BIT Nivo II, stanje kruna, defolijacija, ostec¢enja, GIS.
1. INTRODUCTION

Level II monitoring of forest vitality is a system of applied comparative
research studies that belong to different scientific fields of forestry. It is
characterized by a more elaborate multidisciplinary approach. Level II
measurements include an extremely greater number of parameters than the Level 1
measurements. Level Il sample plots have been established throughout Europe
according to the harmonized methodology of the ICP Forests programme. The
primary aim of the programme is to make continuous measurements and to collect
data on the state of forests that grow in different environmental conditions.

Serbia joined the European network of Level II sample plots when we
established the sample plots in the NP Fruska Gora, NP Kopaonik, Odzaci, Crni
Vrh and Mokra Gora.

2. MATERIAL AND METHOD
The intensive monitoring plot — Level II sample plot Kopaonik was

established in 2010 in the National Park Kopaonik in a pure spruce stand, Picea
abies (L.) H.Karst.
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Figure 1. Field plan’ of the sample plot Kopaonik

"A digital field map was created at the Institute, according to the situation in the field and the initial draft of the
sample subplots, created by a Faculty of Forestry team, in 2010.
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Another two Level II sample plots were established in 2013 one on Crni
Vrh and the other in Mokra Gora.

The Level II sample plot on Crni Vrh was established in a pure stand of
beech (Fagus moesiaca), while the Level II sample plot in Mokra Gora lies in an
artificially- established stand of Scots pine (Pinus silvestris).

Each of the three Level Il sample plots covers an area of 0.5 ha (100x50m),
with three subplots, 25 x 25 m in size, established in the area for the purpose of
monitoring (a subplot intended for the crown condition assessment, phenology and
and growth, a subplot for soil surveys and a subplot for ground vegetation
assessment) and a buffer zone.

The plots are fenced with galvanized wire rope, two meters in height. The
fence has two gates, one for vehicles (3.0 m wide) and one for people (1.5 m wide).

The trees within the sample plots are permanently marked with numbers on
the bark, and their position is located in the network.
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Figure 2. Digital field map' of the sample plot Crni Vrh

"A digital field map was created at the Institute in accordance with the situation in the field
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The total number of trees within the Level II sample plot on Kopaonik is
195, while it amounts to 150 on Crni Vrh and 450 in Mokra Gora.

Digital field maps, which have been created for each sample plot, show the
position of all trees and all measuring instruments as well as the altitude of the
presented terrain (Figure 1, 2 and 3).
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Figure 3. Digital field map" of the sample plot Mokra Gora

The Level II monitoring programme includes the following groups of
parameters: crown condition, foliar analyses, soil chemistry, soil solution
chemistry, tree growth, ground vegetation, atmospheric depositions, ozone injuries,

"A digital field map was created at the Institute in accordance with the situation in the field
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meteorology, phenology, and litterfall. The frequency of parameter monitoring is

shown in Table 1.

Table 1. Parameters, frequency and intensity of monitoring for Level I1

Parameter

Monitoring frequency

Crown condition

At least annually

Foliar analyses

Every two year

Soil chemistry

Every ten years

Soil solution chemistry Continuously
Tree growth Every five years
Ground vegetation Every five years
Atmospheric deposition Continuously
Air quality Continuously
Ozone injury Annually

Meteorology

Continuously

Phenology

Several times a year

Forest litter

Continuously

3. RESULTS AND DISCUSSION

The improved methodological approach to the Level I crown condition
assessment can be described as a set of characteristics of dominant tree crowns that
are monitored in a similar way. The intensive monitoring scores (Nevenic et al.,
2011), obtained for each individual tree whose crown is monitored every year, will
after a certain number of replications give answers to different hypothetical
assumptions, such as the causes of serious deterioration of forest vitality by
identifying the agents and defining their harmfulness.

3.1 Crown condition assessment — intensive monitoring in 2014 — Level II
sample plot Kopaonik

Crown condition assessment on the Level II sample plot Kopaonik was
carried out on April 22, 2014. The assessment included 30 spruce trees, selected for
the purpose of annual crown condition monitoring on subplot 2.

Table 2. (PLT) Data on the plot selected for crown condition assessment, Level
11, Kopaonik

Sequence Country Plot number Date of Latitude | Longitude | Altitude |. T‘eam_ OtheT
code survey identificationjobservations|
number
1 67 2 22.04.2014 | +43°17'30" | +20°48'50" 35

The assessment of crown condition included: defoliation rate, mortality—
removal of trees, tree social status, crown shading, crown visibility, foliage
transparency and other observations (Table 3).

Tables 3 and 4 show the parameters of crown condition and parameters of
damage on the sample plot on Kopaonik in 2014.

99



Table 3. (TRC) Crown condition parameters, Level Il — Kopaonik

Obse
rvati Tree |Removal .

Sequence| on | Dateof | Tree . .| Crown Crown Foliage Other
number | plot | survey |number species s & . Social shading | visibility |Defoliation | transparency | observations
of trees | numb code | mortalit | class

er y

1 2 220414 75 118 01 1 2 2 5 15 Ub.*
2 2 220414 76 118 01 1 1 2 10 15 U.b.*
3 2 220414 78 118 01 1 2 2 15 25 Ub.*
4 2 220414 79 118 01 1 1 2 15 20 U.b.*
5 2 220414 80 118 01 1 1 2 10 15 Ub.*
6 2 220414 85 118 01 1 2 2 15 25 U.b.*
7 2 220414 86 118 01 1 3 3 10 20 Ub.*
8 2 220414 87 118 01 3 3 3 35 65 Ub.*
9 2 220414 88 118 38 5 6 2 100 99 Ub.*
10 2 220414 91 118 41

11 2 220414 92 118 01 2 3 3 20 30 Ub.*
12 2 220414 93 118 01 1 3 3 15 20 U.b.*
13 2 220414 94 118 01 3 3 3 40 60 Ub.*
14 2 220414 95 118 01 2 3 3 20 30 U.b.*
15 2 220414 96 118 01 1 4 4 20 25 Ub.*
16 2 220414 97 118 01 1 3 3 15 20 U.b.*
17 2 220414 98 118 01 1 3 3 15 20 Ub.*
18 2 220414 113 118 01 1 2 2 15 25 U.b.*
19 2 220414 114 118 01 1 4 3 20 25 Ub.*
20 2 220414 115 118 01 1 3 3 25 30 U.b.*
21 2 220414 117 118 01 1 4 3 15 30 Ub.*
22 2 220414 118 118 01 1 3 2 20 35 U.b.*
23 2 220414 119 118 38 5 6 3 100 99 Ub.*
24 2 220414 120 118 01 1 1 2 30 50 U.b.*
25 2 220414 121 118 01 1 3 3 20 25 Ub.*
26 2 220414 124 118 01 1 2 2 20 30 U.b.*
27 2 220414 125 118 38 5 6 3 100 99 Ub.*
28 2 220414 126 118 01 1 2 2 10 20 U.b.*
29 2 220414 77 118 01 1 3 2 10 25 Ub.*
30 2 220414 123 118 01 1 1 1 15 20 U.b.*

*Usnea barbata

Compared to the previous four years, the percentage of trees with no
defoliation increased on the sample plot Kopaonik in 2014. The percentage of dead
trees slightly increased, while the percentage of trees with moderate defoliation
decreased compared to the previous years. Severe defoliation was not detected in
the trees selected for crown condition monitoring in 2014.

80

60 ®Dead

W Severe
BModerate
oslight
@None

40

20

2010 2011 2012 2013 2014

Graph 1. Comparative graphic representation of defoliation in the period from
2010 to 2014 — Level II, Kopaonik
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Table 4. (TRD) Damage parameters, Level II- Kopaonik

Sequenceobservation Date of Tree SpeClﬁcmlonSympLumSp eCIﬁcatlonLocation Age of] Cause| Scientific [Extent Other
number number| of affected of symptom |. [damage| £ lobservations
of tree iplot number| survey part in crown| name of cause
1 2 220414 | 75 Ub.*
2 2 220414 | 76 U.b.*
3 2 220414 | 78 U.b.*
4 2 220414 | 79 U.b.*
5 2 220414 | 80 U.b.*
6 2 220414 | 85 U.b.*
7 2 220414 | 86 U.b.*
8 2 220414 | 87 U.b.*
9 2 220414 | 88 32 10 65 1| 200 | Fitvogenes |, Ub.*
chalcographus|
10 2 220414 | 91
11 2 220414 | 92 Ub.*
12 2 220414 | 93 33 17 60 3 999 3 Ub.*
13 2 220414 | 94 Ub.*
14 2 220414 | 95 Ub.*
15 2 220414 | 96 Ub.*
16 2 220414 | 97 Ub.*
17 2 220414 | 98 Ub.*
18 2 220414 | 113 Ub.*
19 2 220414 | 114 32 10 65 1| 200 | Fitvogenes | Ub.*
chalcographus|
20 2 220414 | 115 Ub.*
21 2 220414 | 117 U.b.*
22 2 220414 | 118 Ub.*
23 2 220414 | 119 32 10 65 1| 200 | Fitvogenes |, Ub.*
chalcographus|
24 2 220414 | 120 U.b.*
25 2 220414 | 121 Ub.*
26 2 220414 | 124 U.b.*
27 2 220414 | 125 32 10 65 I | 200 | Fitvogenes |, Ub.*
chalcographus|
28 2 220414 | 126 Ub.*
29 2 220414 | 77 U.b.*
30 2 220414 | 123 Ub.*

*Usnea barbata

Health inspection of the Level II sample plot Kopaonik was carried out on
April 22, 2014. On that occasion, defoliation was assessed, damage recorded by
types and agents and all other relevant observations recorded. The inspection was
performed on 30 trees selected within the plot.
It was then observed that 3 trees were dead and infested by bark beetles
(trees 88, 119 and 125). Tree 114 was also attacked by bark beetles. Plant diseases
were present only in the form of branch decay in tree 113.

3.2 Crown condition assessment — intensive monitoring in 2014 — Level II
sample plot Crni Vrh

Crown condition assessment on the Level II sample plot Crni Vrh was

carried out on June 17, 2014. The assessment included 30 beech trees, sclected for
the purpose of annual crown condition monitoring on subplot 2.
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Table 5. (PLT) Data on the plot selected for crown condition assessment, Level 11,

Crni Vrh
Sequence Country Plot number| Date of Latitude | Longitude [Altitude/Code]. Team . Othef
code survey lidentificationjobservations|
number
1 67 4 17.06.2014(+44°07'55" | +21°58'38" 19
Table 6. (TRC) Crown condition parameters, Level I, Crni Vrh
Obse
rvati Tree |Removal .
Sequence| on Date of Tree . . ;| Crown Crown Foliage Other
number | plot survey number |*P¢¢ S&A Social shading | visibility |Defoliation | transparency | observations
of trees | numb s code mo;tallt class
er

1 4 170614 57 018 01 1 4 2 0 10

2 4 170614 58 018 01 1 4 2 0 5

3 4 170614 62 018 01 1 1 1 10 15

4 4 170614 64 018 01 1 4 1 5 5

5 4 170614 65 018 01 1 4 1 5 5

6 4 170614 66 018 01 1 4 1 10 10

7 4 170614 67 018 01 1 4 2 15 15

8 4 170614 68 018 01 1 4 2 100 99

9 4 170614 69 018 01 1 4 2 0 5

10 4 170614 71 018 01 1 4 2 10 10

11 4 170614 72 018 01 1 4 2 35 25

12 4 170614 73 018 01 1 4 1 15 5

13 4 170614 74 018 01 1 4 1 0 5

14 4 170614 75 018 01 1 4 1 5 5

15 4 170614 76 018 01 1 3 1 0 5

16 4 170614 77 018 01 1 5 1 10 15

17 4 170614 78 018 01 1 3 1 15 10

18 4 170614 79 018 01 1 5 1 0 5

19 4 170614 87 018 01 2 1 1 0 5

20 4 170614 88 018 01 1 4 1 10 5

21 4 170614 89 018 01 1 3 1 15 15

22 4 170614 90 018 01 2 3 1 0 10

23 4 170614 91 018 01 2 4 1 5 10

24 4 170614 92 018 01 1 3 1 20 15

25 4 170614 94 018 01 1 4 2 5 5

26 4 170614 95 018 01 1 4 1 10 10

27 4 170614 96 018 01 1 4 1 10 10

28 4 170614 97 018 01 2 4 2 5 5

29 4 170614 98 018 01 1 4 1 0 10

30 4 170614 100 018 01 1 4 2 10 5

Defoliation was not recorded in 76.67% of sample trees (subplot 2), while
16.67% of trees showed signs of slight defoliation and 3.33% of moderate
defoliation. Strong defoliation was not detected in the trees selected for crown
condition monitoring.

The percentage of dead trees and trees with no or slight defoliation on the
sample plot Crni Vrh in 2014 was the same as in the previous year.
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Graph 2. Comparative graphic representation of defoliation in the period 2013-
2014 - Level I, Crni Vrh

Table 7. (TRD) Damage parameters, Level II, Crni Vrh

Sequence |[Observatio Date of glr]fz Specification [Sympto [Specification Location |Age of Cause Scientific [Exten oobﬂsl::vatio
Inumber of n plot of affected m of symptom |. damage lname of [t
tree inumber survey foer [part n crown cause s

1 4 170614 | 57

2 4 170614 | 58

3 4 170614 | 62 14 01 33 3 3 210 2

4 4 170614 | 64

5 4 170614 | 65 14 01 33 3 3 210 2

6 4 170614 | 66

7 4 170614 | 67 14 01 33 3 3 210 2

8 4 170614 | 68

9 4 170614 | 69

10 4 170614 | 71

11 4 170614 | 72 14 01 33 3 3 210 2

12 4 170614 | 73 14 01 33 3 3 210 2

13 4 170614 | 74

14 4 170614 | 75

15 4 170614 | 76 32 11 57 3 | 300 | Neetria |,

coccinea

16 4 170614 | 77

17 4 170614 | 78

18 4 170614 | 79

19 4 170614 | 87 32 11 57 3 | 300 | Neetria |y

coccinea

20 4 170614 | 88

21 4 170614 | 89

22 4 170614 | 90

23 4 170614 | 91

24 4 170614 | 92

25 4 170614 | 94

26 4 170614 | 95

27 4 170614 | 96 14 01 33 3 3 210 2

28 4 170614 | 97

29 4 170614 | 98

30 4 170614 1(;) 14 01 33 3 3 210 2

Health inspection of the level II sample plot Crni Vrh was carried out on
June 17, 2014.

Plant pathogens affected two trees (76 and 87), on which the presence of
the fungus Nectria coccinea uredopustules was registered. Together with the insect
Cryptococcus fagisuga it causes a very serious ‘beech bark disease’. In addition,
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we recorded wood-rotting fungi on the branches and knots (of trees 62, 65, 67, 72,
73, 96 and 100) as well as the central trunk rot (on tree 90).

The damage caused by insects included mainly slight or moderate
defoliation, caused probably by gypsy moth, since this year saw the outbreak of
gypsy moth in the area.

3.3 Crown condition assessment — intensive monitoring in 2014 — Level 11
sample plot Mokra Gora

Crown condition assessment on the Level Il sample plot Mokra Gora was
carried out on July 30, 2014. The assessment included 30 Scots pine trees selected
for the purpose of annual crown condition monitoring on subplot 2.

Table 8. (PLT) Data on the plot selected for crown condition assessment, Level 11,

Mokra Gora
Sequence |Country code| Plot number |  Date of Latitude Longitude [Altitude/Code] . Tleam‘ Othef
umber survey identification | observations
1 67 5 30.07.2014 | +43%45'27" | +19°29'00" 12
Table 9. (TRC) Crown condition parameters, Level 1I, Mokra Gora
Obse
rvati Tree [Removal .
Sequence| on Date of Tree . . ;| Crown Crown Foliage Other
number | plot survey number |*P¢¢ S&A Social shading | visibility |Defoliation | transparency | observations
of trees | numb s code mo;tallt class
er
1 5 300714 82 134 1 2 2 1 0 30
2 5 [300714 83 134 1 1 1 1 10 30
3 5 300714 84 134 1 2 2 1 5 30
4 5 [300714 105 134 1 1 3 1 10 20
5 5 300714 106 134 1 1 2 1 15 30
6 5 [300714 107 134 1 2 1 1 0 20
7 5 300714 113 134 1 1 1 1 0 25
8 5 [300714 114 134 1 1 4 1 10 50
9 5 300714 140 134 1 2 2 1 5 25
10 5 [300714 141 134 1 1 2 1 0 10
11 5 300714 142 134 1 2 2 1 0 20
12 5 [300714 143 134 1 2 2 1 5 15
13 5 300714 144 134 1 2 2 1 5 20
14 5 [300714 165 134 1 2 1 1 0 15
15 5 300714 166 134 1 2 2 1 0 10
16 5 [300714 167 134 1 2 2 1 5 15
17 5 300714 168 134 1 2 3 1 5 15
18 5 [300714 183 134 1 1 1 1 10 15
19 5 300714 184 134 1 2 2 1 0 20
20 5 [300714 185 134 1 3 3 2 0 25
21 5 300714 193 134 1 1 1 1 0 10
22 5 [300714 194 134 1 1 2 1 0 10
23 5 300714 213 134 1 2 2 1 0 15
24 5 [300714 214 134 1 3 3 1 0 10
25 5 300714 215 134 1 3 2 1 0 10
26 5 [300714 223 134 1 1 2 1 5 10
27 5 300714 224 134 1 3 2 1 0 10
28 5 [300714 320 134 1 2 2 1 10 20
29 5 300714 359 134 1 1 2 1 10 10
30 5 [300714 407 134 1 1 2 1 0 5
31 5 300714 82 134 1 2 2 1 0 30
32 5 [300714 83 134 1 1 1 1 10 30
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Defoliation in 2014 was not recorded in 96.67% of the trees selected for
crown condition monitoring (subplot 2) on the Level II sample plot Mokra Gora.
Slight defoliation was detected in 3.33% of sample trees. As in the previous year,
strong defoliation was not observed on the sample trees.
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Graph 3. Comparative graphic representation of defoliation in the period from
2013 to 2014 — Level II, Mokra Gora

Health inspection of the Level II sample plot Mokra Gora was carried out
on 32 Scots pine trees on the subplot 2.
At the time of inspection, the stand was healthy, free from diseases or

pests.
Table 10. (TRD) Damage parameters, Level I, Mokra Gora
Srelg:e Ob§erV Tree Sgeciﬁcat Sympto Speciﬁca Locatio| Age of Scientific Other‘
ation numbe| ion of tion of ) Cause Extent |observation|
r:;rglfn plot Date of survey r | affected m symptom c;lolvrvln damage nz:lesgf 8
tree number part
1 5 300714 82
2 5 300714 83
3 5 300714 84
4 5 300714 105
5 5 300714 106
6 5 300714 107
7 5 300714 113
8 5 300714 114
9 5 300714 140
10 5 300714 141
11 5 300714 142
12 5 300714 143
13 5 300714 144
14 5 300714 165
15 5 300714 166
16 5 300714 167
17 5 300714 168
18 5 300714 183
19 5 300714 184
20 5 300714 185
21 5 300714 193
22 5 300714 194
23 5 300714 213
24 5 300714 214
25 5 300714 215
26 5 300714 223
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Seque . .
nce Ob'serv Tree Spemﬁcat Sympto Spemﬁca Locatio| Age of Scientific Other'
ation numbe| ion of tion of . Cause Extent |observation|
numb Date of survey m nin | damage name of
plot r | affected symptom 8
er of crown cause
number| part
tree
27 5 300714 224
28 5 300714 320
29 5 300714 359
30 5 300714 407
31 5 300714 408
32 5 300714 412
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Graph 4. Defoliation rate in 2014 — Level 1l sample plots

Of all three sites, the highest percentage of trees selected for crown
condition monitoring without signs of defoliation was as in 2013 recorded in
Mokra Gora. There were no trees with moderate or severe defoliation on this
sample plot.

3.4. GIS application for forest condition monitoring in the Republic of Serbia
in 2014

GIS approach is a general procedure commonly applied in the whole
programme of ICP Forests. Large-scale forest areas are monitored at a national
level, but the use of this application enables us to represent all data in one common
coordinate system. GIS applications are used from the very first stage of
monitoring for determining the location of sample plots and marking them in the
field using GPS (Global Position System) handheld devices to entering the
obtained data into the GIS system, making analyses and models and storing them
(Neveni¢ at al. 2011).
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Figure 4. Arrangement of Level and Level Il sample plots on the territory of the
Republic of Serbia in 2014 — Geographic Information System Application

All Level I and Level II sample plots on the territory of the Republic of
Serbia have been entered into the Geographic Information System with the
required data and under specific topics. Figure 4 shows the arrangement of Level I
and Level Il sample plots.

By selecting the appropriate topic or desired data within the appropriate
GIS programme, we can obtain a clear representation of all relevant alphanumeric
and spatial data.

4. CONCLUSION

In 2014, the surveys with parameters that are monitored continuously and
annually were carried out on the Level II sample plots Kopaonik, Crni Vrh and
Mokra Gora.

In comparison with the previous four years, the percentage of trees with no
defoliation increased on the sample plot Kopaonik in 2014. The percentage of dead
trees slightly increased, while the percentage of trees with moderate defoliation
decreased compared to the previous years. The percentage of trees affected by
defoliation of higher intensity (moderate, severe defoliation and dead trees) has
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been decreasing from year to year.

Health inspection of the trees on subplot 2 revealed that out of four trees
attacked by bark beetles three were dead and one tree showed signs of branch
decay.

Defoliation was not recorded in 76.67% of the trees on the Level Il sample
plot on Crni Vrh, while 16.67% of trees showed signs of slight defoliation and
3.33% of moderate defoliation. The percentage of trees with no or slight defoliation
and the percentage of dead trees was the same as in the previous year.

Plant pathogens affected two trees (76 and 87), on which the presence of
the fungus Nectria coccinea uredopustules was registered. In addition, we
registered wood-rotting fungi on branches and knots (on 7 trees) as well as the
central trunk rot (on 1 tree).

Defoliation in 2014 was not recorded in 96.67% of the trees on the Level 11
sample plot Mokra Gora. Slight defoliation affected 3.33% of sample trees. Strong
defoliation was not observed on the selected trees of this sample plot.

At the time of inspection, the stand was healthy, free from diseases or
pests.

Generally speaking, the trees on the Level Il sample plot Mokra Gora were
again least affected by defoliation.

New data are regularly entered into the GIS system of the NFC of Serbia
every year and they will make a valuable database for the future scientific research
since a multi-year analysis of the vitality of the forest in Serbia is planned to be
carried out in a few years.
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METODA ODREPIVANJE STEPENA UGROZENOSTI SUMA OD POZARA

Rezime: Zakonom o zastiti od pozara ("’Sl.glasnik RS’ br.111/09) svojim clanovima
20,22,23,24 i 27 regulise ko mora i na koji nacin da donese planove zastite od pozara i sta
ti planovi moraju da sadrze. Uredbom o razvrstavanju objekata , delatnosti i zemljista u
kategoriju ugrozenosti od pozara (’’Slglasnik RS’ br.76/2010) daje se nacin
kategorizacije subjekata zastite od pozara , prema kojoj pravni subjekti razvrstani i prvu i
drugu kategoriju ugrozenosti od pozara moraju da izrade plan zastite od pozara. Kao
novina u podzakonskoj regulativi je donosSenje posebnog pravilnika o nacinu izrade i
sadrzaju Planova zastite od pozara autonomnih pokrajina, jedinica lokalne samouprave i
subjekata razvrstanih u prvi i drugu kategoriju ugrozenosti od pozara (’’Sl.glasnik RS’
br.73/10).Ovaj podzakonski akt daje nacin izrade planova zastite od pozZara i smernice za
izradu planova, Sto je sustinski pomak u jedinstvenom postupanju prilikom izrade planova
zastite od pozara. Ono Sto je veliki nedostatak ovog pravilnika je to sto on uzima u obzir
samo gradevinske objekte, dok Zakon definise i kategorizaciju zemljista i povrSina pod
kvalitetnom Sumom, i izradu planova zastite Suma od pozara koji se drasticno razlikuju od
izrade planova zastite od pozara za gradevinske objekte. Da bi se izradio jedan planski akt
kao sto je plan zastite Suma od pozara, moraju se odrediti metodologije po kome ce se
odredivati ugrozZenost , odnosno rizik od nastanka pozara na odredenom Sumskom
podrucju.

1. INTRODUCTION

The Regulation on classification of buildings, activities and land into a fire
threat category (’Official Gazette of RS’ No. 76/2010) stipulates classification of
land, that is, certain plan-covered areas, into the following fire threat categories:

— Category 1.7.: protected and high-quality forest areas with a surface area
greater than 10,000 ha

— Category 1.8.: protected and high-quality forest areas with a surface area
greater than 500-10,000 ha

— Category 2.1.: protected and high-quality forest areas with a surface area
greater than 800-5,000 ha

— Category 2.2.: protected and high-quality forest areas with a surface area
greater than 800 ha

The above-mentioned land categorisation entails preparation of forest fire
protection plans not stipulated by the Rulebook on preparation of fire protection
plans.

One of the key elements in preparation of fire protection plans is a fire
threat assessment, the preparation of which requires development of a threat
assessment methodology. Presently, a fire threat assessment in Serbia is performed
in a manner in which only impact element taken into account is vegetation,
without considering other elements that affect forest fire threat. However, this type
of assessment method often does not provide a true picture of potential danger.
Consequently, there was a need for preparation of a specific methodology for
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determination of forest fire threat, which would include all the elements that affect
forest fire threat and be adjusted to domestic conditions of forest management.

A level of forest fire threat is not the same for all forests. It depends on a
number of factors whose impact determines the individual level of threat. The
statistics indicates that there is a continuous increase in number of forest fires and
extent of burnt areas. The increase of forest fires correlates with numerous factors,
the most important being the frequency and duration of drought periods, increased
presence of people in forests, etc. A preventive and repressive action directly
depends on a level of forest fire threat. Identifying this level enables timely and
effective forest fire protection. The extent of burnt areas is directly related to the
organisation and preparedness of subjects participating in forest fire prevention.
Identifying a forest fire threat level entails anticipating potential dangers and
determining forest fire prevention measures to be taken in a certain period. The
main objective of this method, which may be subject to further enhancement, is to
provide a technique and tactic for preparation of an effective forest fire prevention
plan.

The increasing number of forest fires requires more organised and
professional approach to forest fire protection. The risk of forest fire occurrence is
defined as a probability function of adverse event occurrence and possible
consequences. The probability of forest fires occurrence is always present;
however, by taking certain preventive and organisational measures these adverse
events can be anticipated and appropriate preventive measures can be taken. This
can be achieved primarily by implementation of risk management in forest fire
protection. Risk management involves a group of prevention measures and
procedures, preparedness and responses to an occurred event, as well as
remediation of adverse event effects with a view to reducing risk and creating
conditions under which the risk level becomes tolerable. In risk management
applied in forest fire prevention, preventive protection and a group of measures and
activities aimed at preventing fire represent a particularly important segment in an
effective forest fire protection. A forest fire threat assessment represents the first
and primary segment in determining the initial risk of forest fire occurrence in a
particular area. Professional services involved in forest fire protection must be
well-acquainted with a forested area, particularly with all adverse changes taking
place in that area; they must monitor those changes, record them in a timely
manner and, based on the relevant parameters, take relevant prevention measures at
the appropriate time.

1.1. FOREST FIRE THREAT ASSESSMENT

Forest fire as an ecological factor has a large impact on stability of
ecological system. A number of forest fires and burnt areas are constantly
increasing. It is associated with numerous factors, the most important being the
frequency and duration of drought periods, climate changes, increased presence of
people in forests, violation of legal regulations, etc. A large number of fires inflict
a considerable damage, both material, relating to burnt wood mass, and ecological,
social and other damage. If an excuse can be provided for an increased number of
forest fires, the same cannot be the case with the scope of damage, as it is directly

113



related to organisation and protection measures applied in forest fire protection. If
forest fire protection measures are implemented timely, professionally, and in an
organised manner, it can be expected that a number of burnt areas becomes lower,
fire and dangers are timely foreseen and their number reduced, and the damage
caused by forest fires is significantly decreased.

The main objective of a forest fire threat assessment is:

1. To present an accurate picture of a level of forest fire threat to the institutions
involved in forest fire protection.

2. To determine and classify dangers arising from forest fires in a monitored area.

3. To point out to possibility of forest fire protection in a particular area and
application of additional protection measures.

4. To point out to specificities and fire dangers in a monitored area to specialised
agencies involved in fire protection and fire suppression.

5. To find models of additional protection measures and more effective fire
suppression when a fire occurs in a particular area.

6. To present a methodology for performance of a fire threat assessment as the
most important element in creation of planning acts such are forest fire
protection plans, adjusted to the climate and characteristics of the area.

Parameters used in a forest fire threat assessment

Parameters that produce an impact on forest fire threat are numerous, but
for the purpose of practical application of the threat assessment method, it will
include only the parameters considered the most important and producing the
strongest impact on forest fire threat. The key parameters used in forest fire threat
assessment are:

a) vegetation and combustive material

b) natural phenomena producing an impact on fire occurrence
c) anthropogenic factor (human-induced risk)

d) climate characteristics

e) length of drought period

f) geological layer and pedological characteristics

g) orographic characteristics

h) openness of forest complex

i) adevelopment level of an area for tourist and outing activities
j)  other biotechnical protection measures

k) Fire record in the monitored area

a) Vegetation and combustible material
Vegetation, which consists of represented tree species and various types of

combustible material in forest, represents the basis that is subject to direct or
indirect impact of all other factors that create different levels of fire threat.
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Forests can be classified according to different criteria (types of trees,
silvicultural method, age, function, etc); however, they are most commonly divided
into: coniferous forests, deciduous forests and mixed forests. Furthermore, specific
forms, such as thicket, scrub, maquis, garrigue, degraded forests are also taken into
account due to their specificity in terms of fire sensibility. Under further vegetation
classification, cultures in artificially established plantations are singled out as a
specific category, regardless of their age, since the age does not affect a level of
forest fire threat (in natural forests, as the age increases, the level of forest fire
threat decreases), while in case of cultures, that difference is negligible.

A further division of natural coniferous, mixed and deciduous forests was
conducted according to a forest’s need for light and its age, although certain other
properties of specific forest types also affect their fire threat level (content of resin,
tannin, etheric oils, forest canopy, ground vegetation).

The main vegetation parameters used for determination of a forest fire
threat level are presented in the Table 1

Table 1. Vegetation parameters used for determination of a forest fire threat level

Number of
FOREST TYPE points
Category 1
Xerothermal and mesothermal coniferous forests (natural and artificial) type with a high resin 200
content
Natural and artificially established black pine forests 200
Natural and artificially established white pine forests 200
Category 11
ITa — Xerothermal broadleaf forests 180
Downy oak forests 180
Flowering ash forests 180
Oriental hornbeam forests 180
Turkish oak forests 180
IIb — Mesothermal broadleaf forests in warmer exposures 180
Hop hornbeam forests 180
Sessile oak forests 180
Dalechampii oak forests 180
Category 111 160
Mesophilic and frigoriphilic forests (natural and artificial); type with a lower resin content 160
Fir forests 160
Spruce forests 160
Serbian spruce forests 160
Macedonian pine forests 160
Artificially established larch stands 160
Artificially established Douglas-fir stands 160
Artificially established eastern white pine stands 160
Artificially established abies grandis stands 160
Artificially established stands of other species of the same characteristics 160
Category 1V 140
IVa — Broadleaf and coniferous mesophilic and frigoriphilic mixed forests (natural and artificial) 140
Fir forests 140
Spruce forests 140
Beech forests 140
IVb — Mesophilic and mesothermal broadleaf mixed forests 140
Common hornbeam and sessile oak forests 140
Category V 120
Forests dominated by mesophilic deciduous species 120
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Beech forests 120
Common hornbeam forests 120
Birch forests 120
Aspen forests 120
Stand condition based on a degradation level Number of
points
Degraded stands 100
Thickets 160
Scrubs 160
Stand age Number of
points
Under 30 years of age 80
31 to 60 years of age 60
Above 60 years of age 40
Barren land condition Number of
points
Category 11
Barren land in warmer exposures, thickly covered with ground vegetation 180
Category 111
Barren land on shady side, thickly covered with ground vegetation 140
Barren land on sunny side, sparsely covered with ground vegetation
Category IV
Barren land thickly covered with ground vegetation, dominated by 120

Vaccinium myrtilis, Vaccinium vitis-ideus, Vaccinium uliginosum, Arictostaphillos uva-ursi and
similar perennial plants

Category V

Barren land mainly without ground vegetation 40
Barren land in ground vegetation dominated by moss (particularly Sphagnum sp. and Hylocomium 20
sp.) or ferns Equisetum sp.

Marshy smaller areas regardless of a coverage level and vegetation composition 10

b) Natural phenomena that have an impact on forest fire occurrence

Although natural phenomena that cause forest fires account for only 1% of
the total fire causing agents in forests, this occurrence requires a particular
attention. There are areas exposed to activity of certain natural phenomena, which
can become frequent causing agents of forest fire occurrence in a particular period.
The most common natural phenomena causing forest fires are atmospheric
discharge and thunderbolt, along with the effect of sun heat, when the heat acquires
certain focus and leads to ignition of combustive material, most frequently in form
of dry grass. An increasing attention has been given to a theory that many forest
fires occur by the agency of ’sun winds’; however, this theory has not been
scientifically proved yet, therefore it will not be considered in the framework of
this methodology. A natural phenomenon that occurs as a causing agent of a forest
fire is atmospheric discharge.

Parameters identified on the basis of observation and the relation between
danger and atmospheric discharge traces on trees are presented in Table 2.
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Table 2. Parameters used for determination of forest fire threat caused by

atmospheric discharge

Number of atmospheric discharge
traces on trees
within a 5 km? surface area

Danger of tree and forest fire
occurrence

Number of points

above 10 considerable danger 20
under 5 danger exists 10
under 2 low danger 0

Atmospheric discharge is more common in higher than in lower mountain
regions, as the tree height increases with an altitude. Discharges into high broadleaf
trees are more frequent than discharges into coniferous trees.

¢) Anthropogenic factor — human-induced risk

Nearly 98% of forest fires are directly or indirectly related to human
activity. The presence of man in forests as a shepherd, tourist, forest fruit collector
or hunter increases a specific forest fire threat. A particular threat arises from a
man’s activity related to fire ignition: burning of stubble or plant litter and use of
fire in forests for any other type of purpose. Therefore, the anthropogenic threat
occupies an important position among the forest fire threat factors.

Some of the indicators of anthropogenic impact on the forest fire threat
level are presented in Table 3

Table 3. Parameters of anthropogenic impact on forest fire occurrence

Category 1 Number of points

Tourist and recreation forests; forests in the vicinity of agricultural land and waste disposal

sites 60
Category 2

Forests intersected by public roads, long-distance power lines or forests used as pasture 40
Category 3

Forests in which forest fruit collection takes place, forests used for hunting and fishing and 20

forests in which silvicultural works are performed

If it is possible to classify forests into several categories according to a
human-induced risk, than the impact of these factors on forest fire threat will be
expressed by a total number of points.

d) Climate and climate impact on forest fire threat

Climate produces a joint effect with all other factors that have an impact on
forest fire threat. Despite the fact that numerous climatic parameters have an
impact on desiccation of combustible material (air temperature, relative air
humidity, precipitations, wind, cloud cover, drought periods, etc.), only the tree
most important parameters are used in a forest fire threat assessment: mean annual
air temperature, mean annual amount of precipitation and mean annual relative
humidity. When using these parameters, it is also necessary to include the duration
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of drought periods and their distribution in the course of a year into the assessment
of climate impact on forest fire threat.

Some of the parameters used for assessment of climate impact on forest fire threat
are presented in Table 4

Table 4. Parameters used for determination of the impact of climatic elements on

forest fire
Climate characteristics Number of
points

Mean annual air temperature
above 12°C 30
9,1-12,0°C 20
below 9,0°C 10

Mean annual amount of precipitation
below 800 mm 30
801-1200 mm 20
above 1200 mm 10
Mean annual relative air humidity

below 70% 30
71-80% 20
above 80% 10

e) Drought period and its impact on forest threat

A drought period and duration of drought period are also important in the
assessment of level of forest fire threat. Duration of drought period, expressed by a
number of days, is one of the most important elements used for determination of a
level of forest fire threat. In order to identify the real danger and threat of forest
fire, a classification into four three-month periods according to a corresponding
level of danger, has been conducted, since the threat level is not the same in
January or February, for instance, as it is July or August, when that danger is
higher as a result of high air temperature. Furthermore, a number of dry days is
also important for determination of a level of forest fire threat, since the length of
duration of drought period is a relevant factor — it is natural that the danger is
higher when a drought period is longer, particularly in months when the air
temperature is extremely high - July, August and September, and when that danger
is most serious.

Classification and division of drought periods based on months and
number of days, along with a drought period impact on forest fire threat level
expressed by points, are presented in Table 5.

Table S. Drought period parameters used for determination of a level of forest fire
threat, [44]

Number of dry days as per months Number of
points
FIRST PERIOD - January, February, March
under 10 days 10
10 - 20 days 20
more than 20 days 30

SECOND PERIOD - April, May, June

under 10 days 40
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10 - 20 days 50
more than 20 days 60
THIRD PERIOD - July, August, September

under 10 days 70
10 - 20 days 80
more than 20 days 90
FOURTH PERIOD - October, November, December

under 10 days 10
10 - 20 days 20
more than 20 days 30

f) A layer (parent substrate and soil type) and its impact on forest fire threat

A layer, i.e., parent substrate and soil type, also has an impact on forest fire
threat. The moisture content in combustible material (needles, leaves, twigs), along
with a soil type, has an impact on condition and retention of water in ground and
inner layers, which affects combustibility and the threat arising from combustible

material in forests.

Classification of soil into categories and the corresponding fire threat level

are presented in Table 6.

Table 6. Classification of soil and its impact on a level of forest fire threat

Soil type Subtype Number
of points
A. Automorphic soils
I-(A)-C or (A)-R undeveloped

On acid rocks 80
. On neutral and basic rocks 80
Stone field (Lithosol) On peridotite 20
On limestone and dolomite 80
. Siliceous 80

Sierozem on loose substrate o
(Regosol) Slllceous—ca?careous 80
Sand-dolomite 80
Quartz 80
Eolic ’quicksand’ (Arenosol) Siliceous 80
Siliceous- calcareous 80
Distric-siliceous 80
Colluvial soils (Colluvium) Calcareous 80
With fossil soil 80

II — A-C or A-R (Humus-accumulative)

Limestone — dolomite black soil (Calcomelanosol) 60
On marl and marly and soft limestone 80
On loess and loess-like sediments 80
Rendzina On moraiqe - 80
On dolomite regolith 80
On calcareous sand 80
On calcareous gravel 80
e Eutric 80
Humus-siliceous (Ranker) Dystric 0
On loess and loess-like sediments 80
Chernozem On carobonate eolic sand 80
On alluvial deposits 60
Calcareous 60
Smonitza (Vertisol) Non-calcareous 60
Brownish 60
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111 - A-(B)-C or A-(B)-R (Cambic)

On loess and loess-like sediments 40
On basic and neutral eruptive rocks 40
On peridotite and serpentinite 40
Eutric brown (Eutric cambisol) On pond sediments 40
On alluvial, colluvial and eolic deposits
On claystone 40
On amphybolite shales 40
Distric brown or acidic brown Deep 40
(Distric cambisol) Very deep 20
Brown on limestone and dolomite Shallow and medium deep 60
(Calcomelanosol) Deep 40
Red soil (Terra rossa) 60
IV — A-E-B-C or A-E-B-R (Fluvial illuvial)
Ilimerised or loess affected On limestone 40
(Luvisol) On siliceous rocks 40
Podzol 40
On quartz sandstone 20
On quartz 20
Brown podzolic (Brunipodzol) 83 Zggisct?;zp ve Tocks ;8
On phyllite 20
On sand 20
V — P-C (Anthropogenic)
Rigolano soil (Rigosol)
Garden soil (Hortisol)
VI — Technogenic [, 11, III
Disposal site soil (Deposol)
Flotation material
(wastewater deposits — Flotisol)
Air precipitates (Aeroprecipitate)
B. Hydromorphic
I — A-E/g-Bg-C — (Pseudogley)
Pseudogley 40
IT1 — Layers or (A)-G ili (A) — C (Undeveloped)
Calcareous 20
Calcareous gleyed 20
Calcareous gleyed, saline and alkaline 20
Fluvial or alluvial (Fluvisol) Non-calcareous 20
Non-calcareous gleyed 20
Non-calcareous gleyed, saline and alkaline 20
11T — A-C-G — (Semi-gley)
Fluvial meadow (Humofluvisol) | 20
IV — A-G — (Gley)
Pseudogley 40
Marsh black soil (Humogley) 20
Marsh gley (Eugley) 20
V — T-G — (Peat)
High peat 40
Combined high and low peat 20
Low peat (Planohistosol) 20
VI — P-G — (Anthropogenic)
Rigolano peat 0
Rice field soils 0
Hydromeliorated 0
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C — Halomorphic soils

1 — Asa-G or Asa- CG — (Saline)

Solonchak | [ 40

11 — A/E-Asa-BT,na-C (Solonetzs)

Solonetz | [ 40

g) Orographic characteristics

Among orographic characteristic, an altitude, inclination and terrain
exposure have a pervasive impact. On terrains with a different altitude, exposure
and inclination, the duration and intensity of sunrays are different and,
consequently, so are the conditions for drying of combustive material (Table 7).

Table 7. Orographic parameters that have an impact on a level of forest fire threat

Orographic characteristics Numper of
points
Exposure
South and level land 20
East and West 10
North 5
Altitude
below 500 m 15
501-800 m 10
above 800 m 5
Inclination
above 45% 15
31-45% 10
15-30% 5

h) Forest complex openness

Openness of a forest complex for roads is the basis for a successful
prevention of forest fire occurrence. That includes a proper maintenance of fire
prevention clearance area, where twig removal and twig pruning are carried out, as
well as thinning and reduction of combustible material.

Forest complex openness Number of
points
Forest complex is open (a large area of forest complex is accessible through a developed road 5
network, fire prevention rail tracks are regularly maintained)
Forest complex is partially open (larger areas of forest complex are poorly accessible, or 20

accessible by forest roads unsuitable for fire trucks; fire prevention rail tracks are poorly
maintained)

Forest complex is not open, there are no fire prevention rail tracks 40

i) the development level of an area for tourist and outing activities

Development level Number of
points
Forest complex is well-developed for tourist and outing activities (areas designed for fire making 5
are properly marked and their safety is ensured, barrels with sand for extinguishing smaller fires
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in the initial phase are provided, forest fire danger signs are properly placed)

Forest complex is partially developed for tourist and outing activities (forest fire danger signs are 20
properly placed)
Forest complex is fully undeveloped for tourist and outing activities (there are no marked areas 40

for making fire nor forest fire danger signs)

j) Other biotechnical protection measures

Development level Number of
points
Forest complex has provided biotechnical protection measures (representation of mixed forests, 5

combustible material that is less susceptible to fire, construction of fire protection rail tracks,
condition and maintenance of water supply stations, construction of observation points and
organisation of forest monitoring system, creation and implementation of a fire occurrence
assessment system)

Forest complex has no biotechnical protection measures 40

k) Fire record and its impact on forest fire threat

Fire record, or number of fires in a particular time interval in a specific
area, has an impact on determination of the forest fire threat level. More
specifically, the number of fire in a monitored area indicates what part of an area is
more susceptible to fire occurrence and how increased a fire threat is. Furthermore,
combustible material is not the same in areas with frequent fire occurrence, since
the weather conditions that produce an impact on condition of combustible material
susceptible to ignition, also change in that area. Some characteristics used for
determination of a forest fire threat level, related to fire frequency in a monitored
area within 10 years, are presented in Table 10.

Table 8. Fire record parameters that have an impact on a level of forest fire threat

Number of fires in an area within a 10 year period Number of
points
5 and above 40
2-4 20
below 2 10

4.3. A level of forest fire threat

Based on the above-mentioned parameters used for the assessment of
forest fire threat, the points earned from the represented parameters are added; a
level of forest fire threat is determined according to the total number of points.

Categorisation of forest fire threat based on the number of points is
presented in Table 9.

Table 9. Forest fire threat categorisation

Forest fire threat level Total number of points Colour
Level one — extremely high threat 631-705 red
Level two — high threat 556-630 orange
Level three — medium threat 481-555 yellow
Level four- low threat 405-480 green
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Based on certain numeric indicators of forest fire threat, fire threat maps
are created in which areas exposed to fire threat are presented in relevant colours.

CONCLUSION

An increasingly frequent occurrence of forest fires and extensive burnt
areas require a timely preventive forest fire protection. A type of forest fire threat
assessment, which would include all elements that constitute and have an impact
on forest fire threat, has not been conducted in Serbia by now, except for the threat
assessment that is based on representation of tree species, while other parameters
were not taken into consideration. A successful risk management in forest fire
protection requires a first-hand knowledge and proper treatment of forests,
particularly the understanding and observance of all adverse changes in forests,
their timely recording and implementation of relevant fire prevention measures
based on relevant parameters. Therefore, a timely detection of harmful
occurrences requires a thorough knowledge of events that might cause forest fires,
which is gained thorough a constant monitoring, data gathering and certain
findings. A method for forest fire threat assessment has for its aim to determine, at
any moment and based on a number of significant parameters, a level of forest fire
threat in the observed area. Together with the system for forest fire threat
assessment, the method for forest fire threat assessment provides the basis for an
organised and professional approach to forest fire protection. A method for forest
fire threat assessment must be the basis for any risk management applied in forest
fire prevention. As any other, this method is also subject to changes and
enhancement; however, in its present form, it provides a good basis for an
appropriate assessment of forest fire threat. By means of application of this
method, forest fire threat in any area can be determined in a more adequate manner.
This type of method provides the basis for preparation of planning acts on
classification of soils into categories according to forest fire threat. These plans
fundamentally differ from the plans for building fire protection and therefore the
current Rulebook on preparation of fire protection plans needs to be amended,
primarily by defining the content and manner of preparation of these plans, as well
as by defining a threat assessment method for preparation of forest fire protection
plans.
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Legenda

Karta ugrozenost od pozara
mala ugrozenost _I; 1 " ; o §
srednja ugroZenost
velika ugroZenost

- veoma velika ugroZenost

A threat map created by means of application of the above-presented
methodological procedures
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