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Legal basis for the preparation of the Study

The preparation of this study was based on @entractbetween the Institute for Nature Conservation of
Vojvodina Province, Novi Sad, and the Institute of Lowland Forestry and Environment, Novi Sad, signed
December 10, 2019or the realization of the Sava TIES DUP&2.3 project.

The project is cdinanced by the European Union ("IPA" gaecess fund and European Regional
Development Fund "ERDF").

Introduction

Theobjectiveof this study was to analyze the changes in land use during the XIX and XXI century
the selected areas andwver sections in t Sava Riverain (in Slovenia, Bosnia and Herzegovina,
Croatig YR { SNBALFOZ |yR (2 I y|irhpadof prodacRitydted growin)y R
and their advantages and disadvantages regarding the introduction and spread, i.e. prevention an
control, of invasive plants in the Sava RiversB.

The Studyis comprised ofthree components based on the tasks specified by @antractand
technical specification:

o Land use change maps
o Review of land use practices
o Forest productivity study

Thesummary in Serbian and English was written based on the performed anahdfiguresin the

three mentionedparts of the Study and it presents key findings on land use changes since the XD
century,the current practice of land use in piected areas irthe Sava RiveraBin and the growth of

main tree speciewith respect toland use and the presence of invasive species
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LandUseStudy

Executivesummary
Statement Thisdocumentis producedfor SavarlETP2096-2.3 project.
Introduction

This study analyzes land use changes from late XIX and XXI century land cover maps on
protectedareasandriver sectionswithin SavaRiverBasinyevealsactuallandusepracticesin
protected areas and main forest species dendrochronology, as an exg&# for the further
analysisand land managementrecommendationsrelated to introduction, dispersal or
suppressiorof invasivespecies.

Thestudy content

Thelandusestudyconsistf three componentsasdefinedin the Termsof Referencdor the
service.Theseare:

o Landusechangemaps
o Reviewof landusepractices
o0 Forestproductivity study

Eachof these three taskshave been developedand accomplishedin close cooperation
between contracting party, with involvement and contribution of otmeembers of the Sava
TIESrojectconsortium.lterative approachincludingliterature review,field visits,in-door and
out-doorsconsultationson the project siteshavebeenimplementedfor the accomplishment.

Methods and study area
Componenti [ | uysdhangeY | LJA €

The task, a desk study, included geospatial land cover/land use delineation on 6 protected
FNBFa YFyrFr3ISR o0& {F@F ¢ASa LINR2SO0 LI NIYySNH
Una,Odransk@olje,Ljubljanskdarje)in the SaveRiverBasinand 6 sectionsof ariver corridor

in SavaBasin Forthe taskhistoricalmapsfrom Il Military Surveyf the Habsburgvionarchy

covering Sava River with tributaries was pursued and digital processed. The contemporary
land use was defined on CORINEnd Cover maps (CLC 2018). In addition, a comparative
analysiof landusechangeson four protectedareas(Odranskaqolje, Lonjskapolje, ¢ A Cahdy |-
Obedska bara), where an analysis of changes from the XIX century comparing to the CORINE
2018 maps and toore detailed maps of land use shown in the Sava White Book (Schwarz,
2016).
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Final products of the analyses are digital vector data sets in SHP form with attributes as pre
given in the issued maps, datum WG@G&S84, delineating land cover categorié¢f®rests,
transitional woodland shrub, green urban areas, inland marshes, natural grasslands, shores
without vegetation, water courses, water bodies, inhabited areas, industrial or commercial
units,arableland, mosaicof smallplots, other artificial areas)andlinearinfrastructure(public
roads,forestroads,railways,canals).

Digitalland cover¢ landusemapshavebeenproduced(the historicalandthe contemporary),
andthe main changes landuse wererevealed from thahe late XIXo XXlcentury.

Componentt w S @of 1&nduseLINT OG A OSa¢

This component reveals land use practices relevant for the plant invasions on Sava River
floodplains. The analysis was based on online survey (poll), targetingekéys and key
stakeholders from protected areas in Sava River Basin. Insight into regular activities in land
managementin forestry,water managementagricultureandother stakeholderavasenabled

by online survey (questionnairepr targetgroups.

Thereview depicts typical land use categories present in protected areas and threatened by
the keyinvasivespeciesn SavaRiverBasinThefindingsrevealthe practiceswhicharein favor

and those which prevent the spreading of invasive plant speciesin forestry, water
management and agriculture (e.gaoving and grazing, the use of herbicides, mulching,
afforestationandforest utilization).

Sometimethe samestakeholdersare introducing,spreadingand suppressingnvasivespecies
(e.g.mowingandIASinfectedhaydisposaljntroduction of new speciesandlater its selective
removal).

Componentx C 2 lWBdudiivitya (0 dzR & ¢

Thistaskconsistsf forest productivityanalysisoveringtwo sitesalongthe SaveRiverwith 3
sampledn poplarplantationand 6 samplesn hardwoodforest, of matured ageThesamples
represent the forest productivity in the forest and plantation, with scarceor no bush
vegetation due to long term grazing (cattle, pigs, sheep) and the forest/plantation of the
comparable typeage and covered by invasive wooden species in shrub and lower tree layer.
Historyof forest managemenbn the site was analyzed.

The analysis of the dendrochronological analyses indicates a positive correlation between
traditional pig breeding angasturing with a lesser presence of invasive species and the
growth of the main tree species on the experimental areas for pedunculate oak and Euro
Americanpoplars.
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Uvod

Ova studija prikazuje razlike u 1 2 NR& OpioStgf@kaajem XIXi LJ2 6 S (1XXB/&ku na
2RFONIYAY T +FOGANBYYNY LRENABEORYE dz Af A Odz NB
LINI {1 adz dz {2NAOS8Sy2a2dz LINP&G2NI A NB&AdzNBIF dz T I C
R NI & ®ldzY || NReritatz® & ( NI Pradgtaviaja osnovu za R | fanatizui izradu

smernicau veziunosa,0 A NJBsyzBijanja invazivnibiljnih vrsta.

{ I R Nidije2

Studijao | 2 N&A O 655wt eeditd)i sielod tri komponente, kako je definisanou opisnom
zadatkuzauslugu,ataksativnonabrojanesua f SRS3 S Y

0 Promeneuy | 6 A § NA QB 2IA O |
0 Pregledd I RI maksel§ 2 NA QibSoyas dz
o Studijaproduktivnostio dzY I

Pregledosnovnihrezultata
Komponenta:Promeneuy | 6 § § NA @ S 214 O |

wST dzf G1G 2023 RStl adtdzRAeS 2SS (FNIANryeS yli
promenau]l 2 NA O6Sy2dz LINRaAG2N} yIF ¢ TIFOGAGSYAK LI2F
partneri na projektu SavaTIESDTP2096-2.3 (Obedskabara, Lonjskopolie, ¢ A O Una) =
hRN}Iyalz2 LRteSs [2dzofalyal2 ol NBSZakakirane RS2y A
LIRfIFTy23 adtyal dz {2NAO8Sy2dz LINRPAG2NI 1 dzLJ 2
Vojnog premeral | 6 & 0 dzddStyakde pokrivaju reku Savusa pritokama. Podacio

al GNBYSy2Y {1 2NRAO8Sy2dz 1 SYf2A00!I over(GLY 2008: y A &
Dodatno2 S A 1T @NID S viralizadptdtehBIR 12 NA O6 Sy 2dz LINR & (G 2 NI
LJ2 R NJ2dr&nisko polje, Lonjskopolje, ¢ A O @bledskabara),gdeje A I @ NEnSliyal
promenaiz XIXvekau odnosustanjeprikazanoCORINE0O18kartamai u odnosunadetaljnije

1 NI S | @ostbrapok&zgndr Belojknjizireke Save (Schwart2016).

(
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y %

Y 2 ¥ | @rojzvodi analize su digitalni skupovi vektorskih podatakau o { | fornatu sa
prethodnodzii @ NEaSiyufima, datum WGS1984,koji razdvajajuNd 1 fyAr SRETEA O Sy 2|
1 SYt2Aa0iGl 060dzySs LINKIfS 1 SHYSA { RNIZUSND- [ayiAS] 2R22 NOVAIKO AL
0FNBZ LINANRBRYS GNIQyS LRIONOAYSS aLINHzZR2IA A
yI aSt 2SSy $dustgskeNEO Aly2SYES NOA 2 | f yindbzaikighaliiNgarke)aSostaley 2 A @S
@S O 1B @ DiRegrSuinfrastrukutru (putevi, pruge, kanal)) dzY Prposeke).

Komponenta:AnalizalLJ2 a i prakSedzS 1 2 NA 06 SyialdD ILANRPSRHEMIE A Y |

Ova komponenta Studije @ Yl £ 11 OAf2 RI 201 NA2S LN} 1a8$s
NEAdzNEI dz T FOGAOSYAY LIRRNHz2AYIlI dz &af A@dz NB|

ALINBG6I @FyaS NIYaLNRaldNryasAgdlyal Ay@rlAy@AK @I
I I OnihL# &R N2i126 2 3 dp8teh internet upitnikaza korisnikerostora.

t NE3f SR LINAR{ITdz2S GALAGYS yIFE6AYyS {2NAOsSyzal
12NRAOo6Sy2al TSYta2AO0Glr dzi T dz2dz yI || (ohedofez & G A |
& LINB 6 B ® NBrgz2ighih bilinih vrsta, a RS O @é & GrdzY | NRdilapdviedi,

L2 f 22 LINAGNBRA A RNHZZAY RStlOy2adAYl oOo0yLIN®» {:
radovinad S 6 A iLOEYdzY f 2 G y 2 dz0 @

Ponekadisti korisniciunose,O A iM&bijajuinvazivnevrste (npr.1 2 O S gdR@injesenasa
semenominvazivnihvrsta,dzy” 2 O SoyilevEstai kasnijenjihovoselektivnouklanjanje).

Komponenta:StudijaproduktivnostiO dzY |

hogte TFREFGE] alad2eir & Xoj@pakria e fokadijuz BaANRsR 8] (i A ¢
dzl 2N | dz LI} I ydl OrA G2LR2EF A ¢ dzZl 2NF {1 dz Odzyl
analizuproduktivnostO dzYikoti O dzVLuf | yidpole(5ALINE NB S&tarijoru spratu
Ododzyal dzaft SR RIAFERFIZ2YySOAdEEDS2080S0 A OdzySkl
aladz2cAyalAy dzaft20AYl 122t yAiaS oAfl LI2ZR A&
0O 6 dzy02rawkdenge analizirand istorijagazdovanjed dzY | ndk & ( NJ ORaletingfad Y

Analizom rezultata dz(i @ NFeSpgditivna korelacijaA T Y St@dizionalnog svinjarstvai
20261 NRG O T ingazivnitivesia 6 prieastofmegivhid NE G | n& hgiaénamt
LJ2 SN & hfdstaf 1dzOYi8 BNER | Y ®paka.6é | A K

Svaka od tri navedene komponergtidije je razvijana i ostvarena u uskoj saradnji ugovornih

AUNI YyIFX dd dz6S06S A R2LINAy2a 2ailftAK 6t y2dl
LINKA aldzld 1 22A dzlfe2dz8dz2eS LINB3IfSR fAGSNY GddzNBZ
L32 GNIDA Y liziYrezultata. |y |
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Study area

The scope of thestudy area is the Sava Rivea$in. According to the spatial analysis of
habitats presented in the White Book of the Sava River (Schwarz, 2016), ondse
floodplain is covered bforests andorest plantations (51% of the area), meadows and other
grasslands (18%), arable land (10%), rivers and other water surfaces (12%). Forestry,
agriculture and water management (land users) are activities typical for kimd of land
structure.

As agreed with the Client and for the needs of the future analysis, we selectguidtexted
areasthat are managed by the partners in the Sava TIES project, as well as the sections of
the watercourse where characteristic changes in landhesg beemoted. This analysis (the

first part of the Study) covers six protected areas and six watercourse sections in all four
countries. Five protected areas and four sections out of the previously mentioned are
located near the Sava River, one section is aloeg3tra River near the confluence with the
Sava, and one section and a protected area are near the Una River.

Current practices in the use of protected areas, which affect the spread and control of
invasive speciegh(e second component of the Study)eve determined after surveying the
users of protected areas in the Sava River Basin.

The analysis of the productivity of pedunculate oak forests and poplar plantatioehird
component of the Study) was performed by setting up ekpental areas and taking
samples in representative areas of softwood (poplar plantations) and oak forests in the area

2T bhoSRall O6FN}Yb FYR SO2ft23A0Ftft& aArA3ayirTaiol
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Partl: Land use change maps

The changes in land use were studiedcbynparing two data sources from two periods: the
last quarter of the XIX century and the second decade of the XXI century.

The maps used in the analysis were those of the Third Military Survey of the Habsburg
Empire made in the period 186887 with a scak of 1. 25000. The selected maps cover
most of the protected areas of the Sava River Basin, showing the former landscape
characteristics. Six protected areas were chosen for this study in the project documentation
(Ljubljansko barje, Una, Odransko poljenjsko polje and Obedska bara). These areas were
first digitalized (in polygons, i.e. vectors in the software package Ard@33) and then,

their visualcartographic and analytical comparison with modern digital maps (geospatial in
GIS and numerical Bxcel) was made.

These digital vector maps were comparetth the recently published Core Land Cover
digital maps (2018) free to download from the "Copernicus" system for monitoring changes
in land use in Europe.

Also, detailed maps of the vegetationvew were developed for three areas for a more
detailed analysis.

A comparison of protected areas and other parts of floodplain habitats was made in
consultations with the client byelecting 6sections along the Sava and Una watercourses
where there have &en significant changes in land conversion (industrialization, settlements,
arable land).

The mapped categories of land use have been aligniéd twe categories from the Core
Land Cover (2018). There are three categories of artificial surfaces. Inoadthtthe
settlements that are (regardless of housing densitg3ignated as "Urban fabric" ndustrial

or commercial units" andi aneral extraction sites have also been singled out. In areas
defined as agricultural, there aré& bn-irrigated arable lanél and & émplex cultivation
patternst, e.g. complex cultivation patterns involving fields with hedges, small orchards,
fields and/or meadows.

As the practice of forming artificial meadows and pastures by sowing mixtures of grass seeds
is not widespread ithe region, the pastures and meadows represent the remains of natural
habitats, or theyareformed by natural succession, which is why they are markexd latiral
grassland& Poplar plantations are classified laighly susceptibleto the spread of invasive

10
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plants in the category afi ro-forestry€. They are characterized by a sintfiger structure
of trees, and the land, after intensive agmechnical measures during the initial years

(pruning and hoeingf seedlings, taruping, protgion from diseases and parasitesias
beenleft to become spontaneously overgrown over the course of many years.

This area is covered in brodehved forests, wetlands with inland marshes, and as for the
watercourses and water bodies, the most frequents areoxbow lakes

The data was sorted araistatistical analysis was completed in Excel

Results of the analysis

The floodplains are constantly changing surfaces under the influence of river erosion and
accumulation of alluvial material. The diversitiyrelief and flooding regimemake favorable
conditions forthe development of various habitats distributed in narrower or wider zones
along the coast. The presence of various types of wetland and terrestrial habitat types in a
relatively small area enses high biological diversity, and the spatial distribution of habitats

in the form of long, continuous belts along the watercourse makes floodplains the natural
ecological corridors. Floodplains are places of seasonal andigaymovements of animals,
where numerous species also spread passively when carried over by water, wind, aoimals
human activities. Watercourse corridors also enable the spread of invasive species, which is
why the study of land use change in the Sava River Bdsmincludes setions of river
corridors that are located outside the protected areas.

The natural vegetation of river valleys is characterized by a complex pattern of forest and
wetland habitats, andjrasslanchabitats can also be found in smaller areas. The presence of
humans ca significantly alter the structure of habitats: deforestation has enabled the
spread of grass vegetation which resulted in the formation of meadows and pastures, and
areas outside the flood zone have been turned into arable land. The alluaal teas
different characteristics in the upper, middle and lower course, which means that the
composition and spatial distribution of natural habitats, as well as the possibilities of using
natural resources, gradually change from the source of the wateseoto its mouth

Floodplains in the River Sa\gasin at the end of the XIXentury

The development of floodplains the vicinity ofmountain watercourses depends on the
surrounding relief. A floodplain cannot develop between steep slopes (canyons that cause
torrents) but valeys are surfaces where deposited sedimentation from rivers forms plains
with a characteristic river reliefn mountainousand hilly regions, these wide valleys are the
only areas where arable land can be found, so they have heder humaninfluence since

the appearance of first agricultural communities

11
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Figure 1. The hh River valley
near Pokoj with complex
cultivation patterns (shaded in
light brown) and wet meadows
(shaded in light blue); the
settlement consists of several
groups of houses (marked with
red squares) surrounded by
cultivated land. The remains of
hygrophilous forests are mostly
present in theform of tree lines
along the borders. Forest
vegetation can be found only
on the hills

An old map fromthe XIX century shows that the valleys in the watercourses used to be
farmland dominated by small plotSpatial distribution of crops was conditioneoly the

relief and hydrological conditions: higher parts of the terrain were cultivatdereaslower,
flooded parts were used as meadows and pastures (Figure 3). Meadows and pastures in the
coastal zone are marked even in the narrow valleys, such adrhevalley downstream of

Pokoj (Figure 1), where the settlement occupies most part (62%) ofribherbank zone.
Grasslands cover 11&d complex agrarian patterns make 16% of the mapped section. The
valley in the area ofoday's National Parkina, upstream from the described river section,
shares similar characteristics. The valley is so narrow that the watercourse itself occupies
21% of the mapped area. Thizversidebelt, as the only area favorable for agriculture, has
lost its natural charactéstics. The map from the XIX century shdiat one-third (34%) of

the river valley are@onsists otultivated fields without any trees or hedges, and 25% of the
land isdevided intosmall plots. Meadows and pastures occupy 16%, and woody vegetation
occupes 0.4% of the watercourse valley.

The relief of the valley where the mapp&dS OG A2y 2F GKS { 2Nl Aaz R2;q
(Appendix¢ map 1), caused the accumulation of river sediment, but the total width of the

river corridor (floodplain and riveretraces) is only a few hundred meters. The valley in the

XIX century (Figure 2) shows a typical complex pattern of arable land: pastures and meadows
cover almost half (47%) of the mapped section, -timed of the area belongs to the eastern

LJ- NJi 2 Pka~ahd2He &train at higher altitudes is presented as arable land (16%). The

Sora Valley near this section starts widening, and after a few kilometererges with the

wide valley of the middle course of the Sava

12
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XIXcentury XXI century
[ ] river

B scttlements

[] arable

[ ] meadows and pastures
[] broadleaved forests
[] highland

Figure 2. Landusethe{ 2 N} @I f f S& Ay ~thedaéntufyanploday G GKS SyR 2

The floodplain of Ljubljanica (today's protected atégubljansko barjé) stretches across a
vast plain that was formed in a valley filled with river sediments. The map of land use shows
that, in the XIX century, there used to be a compiakivation pattern of small plots in this

area as well, and the wetter parts of thertain along the Ljubljanica and its tributaries were
overgrown with grass vegetation (Figure 3). Meadows and pastures occupy half of the area
(51%), fields cover 26%, and small plots with hedges and scattered trees are pne3@¥
(Appendix).Intensive use of the locality resulted in less than 1% coverage with forest

vegetation

[ ] river
B scttlements
s [ ] arable

/ ] complex cultivation pattern
[ ] meadows and pastures
[ ] broadleaved forests
highland

Figure 3. West part of "Ljubljansko barje" is marked with grasslands along teecasarses, and arable land i digher
ground

13
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The Sava valley, along the middle and lower course of the river, merges with the valleys of its
tributaries forming a wide, fertile plain that extends to the mouth. Most of the floodplain of
the Sava in the XIX century wasarked with the already describedomplex cultivation
patterns (Figure 4), and larger forests survived along the rivers Odra and Oadgay, jart

of the oak forest complex along the Odra River belongs to the protected @deansko

polje (Annex¢ map 3) The share of forests in todaysotected area used to be 60% (in the
form of a single forest unit), 35% of grassland, and only 2.4% of cultivated land (Appendix).
The protected areal’onjsko polj¢ Annex¢ map 4). includes part of the lowland forests

east of the Sava River and stretshi®r about 100 km. Old maps show 50% of forest cover,
28% of meadows and pastureand 11% of aoplex cultivation patterns infields and
meadows with tree lines and hedges.

The ol maps show that river training/as already at an advanced level in this period. The
maps show meander cutoffs and embankments, the results of locadamis to regulate

the watercourses. The construction of a system of flood defense embankments enabled the
expansion of settlements ovehe floodplain. The mapped parts of the river corridor show
that the section of the Sava River within Siséaswn was already urbanized in this period.
Part of Sisak overlooks tremost 30m higHloodplain from a hill that was formed of the
sediments othe rivers Odra, Kupa and Sava, and the other part of the town is formeldeo

high bank of the river Kaa. By the end of the XIX century, embankments for flood
protection were built along the banksf the rivers Odra and Ka and, in the following
period, they enabled the expansion of the city to the norfrurthermore Sisak had the
infrastructure (railway and port) that initiated the development of the future industrial
center (Figure 3). Urban areas occupied 62% of the mapped section, and agricitas|
appeared in the form of complex patterns of fields and meadows with tree lines (16%) or
meadows and pastures (11%). Another mapped section of the Sava River, which includes
urbanized areas, is locateghstream ofSlavonskiBrod (Annex¢ maps of the iver sections)

The river corridor contains 30% of urban areas, 23% of fields, 8% of meadows and pastures
and 7% of small plots (fields and meadows with trees and hedges). With its increased width
of the riverbed, the Sava River occupies almost a thi?8«j3of the mapped area

14
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Figure4. Complex cultivatiorpatterns at the mouth of the Kpa on the defended part of the floodplain with a developed
network of reclamation canals. Forests, bordered with thick brown lines, are shown at the motitl Kfpa and inside
GKS 2E026 "t 1S bHetAOAY!I

The cutoff meanders were formed either naturally or by digging a canal which redirected the
river course and caused the ends of the cut meander to bedfiip. Theprotected area

GTiO A gin-Bosnia and Herzegovina, entity Republic of Srpsi@tains the remains of oxbow
lakes(Annex¢ map 5) In the XIX century, the protected area was predominantly wetland:
15% of the area was covered with open water surfaces, and 33% were marshes. Meadows
and pastures covered 22%, a complex of cultivation patterns covered 18%, and forests 10%
of the area.

The floodplain of the lower course is characterizsdwvetland habitats that mainly occur in

the form of meanders (oxbow lakes) that often form linesthe floodplain (Appendix

Maps of river sections In some parts, forest vegetation occurs omyriver accumulations,
because in the lower parts of the terrain, the duration of flooding did not allow the
development of woody vegetation. The oxbow lakesve swamps and ponds with open
water surfaces. The map @bedska bara(Appendix¢ map § from the end of the XIX
century shows a characteristic picture afcomplex pattern of forest and wet habitats
distributed along the river relief. Wetlands used to cover 28%, forests 40%, and pastures and
meadows 23% of the are@n higher terrains, which were not flooded every yearable

lands wereoccupying 5% of theraa.

Higher terrains of river banks and floodplain, in the lower course of the Sava, show the
dominance of agriculture. Half of the mapped section ngamena(Appendix¢ maps of the
river section$ is occupied by fields with hedges and groups of tree%of53vhile the forest

15
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cover is only 7%. Wetlands occupy 8%, and the Sava River 32% of the mapped area. The last
mapped section is located 5 km from the mouth of the Sava and incladesland (Ada
Ciganlija). The river occupies 50% of the spHue islandis covered with forest (35%), and

there are meadows near the river banks (13%).

Today's protected areas show two types of landscapes present at the end of the XIX century.
Odransko and Lonjsko polje, naturally formed forests, as well as Obedska baesergpr
partially changed natural landscapes, while the other three analyzed areas had already
changed into agrarian landscapes. These changes continued in the following period as well.

Changes in land use from the end tbfe XIX century to the second decade thfe XXI century

A comparison of the purpose of the protected areas and sections of watercourses outside
them (Figure 5) shows a decrease in meadows and pastures in both cases and the presence
of forestsin approximatey the same percentage. The mapped sections show that in the XIX
century there was already a significant part of urbanized and other-made areas wbse
development was accompanied by the loss of meadows and pastures, as well as other
categories typical adigrarian landscape

100%  e—

90%
512: Water bodies

80% m 511: Water courses

411: Inland marshes
70%

331: Beaches. dunes. sands
60% "~
324: Transitional woodland-shrub

o 321: Natural grasslands

311: Forest
40%
242: Complex cultivation patterns
30% 211: Non-irrigated arable land
m Other artificial
20%
141: Green urban areas
10% ®m 121: Industrial or commercial units
m 111: urbanised settlements
]

PA: XIX XXI RS: XIX
Figure 5 Changes in land use from the endloé XIX century until the second decadetiog¢ XXI century
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Cumulatively, the protected areas have undergone some significant changes, such as the
reduction of grassland and wetlands, the occurrence of "transitional woody formations" and

the increasein the complexcultivation patterns. The "forest” category kefs ishare, but
alsothe category of plantations appeared.

Changes in protected areas can be observed in the reduction of grassland and the presence
of a new category of "transitional woody formations". About half (49%) of these formations
occur in areas thtawere previously marked as forest@nd it should be noted that Cioe
classifies forest clearings and young forests in this category. Almost 30% of these areas were
formed by overgrowing of meadows and pastures (natural grass areas), including areas
overgrown with invasive woody species. Part of these areas (7%) was created by
overgrowing the wetlands, and almost the same percentage occurs on the surfaces of
former complex cultivation patterns. As for former fields and water surfaces, it is present but
to a lesser extent (3%). Spatial analysis of detailed maps of land cover from the White Book
of the Sava River (Schwarz, 2016) shows that this category includes young forests and forest
clearings, and in Obedska bara as much as 67%edreaare softwood gantations (mostly
Euro-American poplars), whicis also true foother protected areas

m 111: urbanised settlements
211: Non-irrigated arable land

242: Complex cultivation
patterns

311: Forest
321: Natural grasslands

411: Inland marshes

Figure 6. Percentage of categories of land use at the eigedXIX century marked agransitional woody formations
2y (2RI &Qa YI L&

Significantreduction of gass vegetation can be observad all studied areas. A detailed
analysis of changes from one category to another (Figure 7) showed that meadows and
pastures shifted (almost equally) to the categories of forests (30%), transitional woody
formations (28%) and complex cultivation patterns (30%). The last category includes
mosaics of partially unattended meadows and pastures. Big differences in the surface areas
of protected zones, mapped sections outside their borders, as wedl awall number of
examined sections make this analysis insufficient to provide data on quantitative changes
outside the protected zones, although it does indicate the existing trends. The conversion of
former meadows and pastures into fields, settlementsdustrial and other mammade
surfaces occurs outside the boundaries of protected areas, which is presented in3-igure
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= 111: urbanised settlements

= 121: Industrial or commercial
units
= Other artificial

141: Green urban areas
211: Non-irrigated arable land

242: Complex cultivation
patterns

311: Forest

324: Transitional woodland-
shrub

411: Inland marshes

511: Water courses

Figure 7. Percentage of different land usesuirarea that used to be meadows and pastures at the end of the XIX century
according ¢ the Cotine Land CoveiCLC 2018)

By reviewing the obtaing results and comparing the Goe Land Cover (CLC 2018) maps
with field data, it was concluded that this method cannot be used for monitoring and
interpretation of changes that take place on snsllface areas, or changes within the same
type of vegetation. The appearance of complex cultivation patterns at places where
unattended grassland used to be stimulated a more detailestohical analysis of these
areas. Comparison of locations with magdsland use from the XIX century showed some
heterogeneity of this category. More than half (57%) of these areas were previously covered
in grass vegetation, and 28% were fields. In both cases, it is a mosaic arrangement of woody
vegetation on unattended pts, which may be a consequence of plant invasions (and
according to field data it is)
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Obedska bara
Sava White Book

Tisina
Sava White Book

Lonsko polje
Sava White Book

Odransko polje
Sava White Book

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W 111: urbanised settlements m Other artificial 211: Non-irrigated arable land
242: Complex cultivation patterns = 244: Agro-forestry areas 311: Forest
321: Natural grasslands 331: Beaches, dunes, sands 411: Inland marshes
511: Water courses 512: Water bodies

Figure 8. Percentage of different land usesirarea that used to be meadows and pastures at the end of the XIX century
according to the maps d¢énd cover of he &va White Book

The "forest” category kept approximately the same shareiténpresence, but a new
"plantation” category was alsmtroduced. The Came Land Covemap isnot successful in
separating the forest from the plantation, which resulted imliatorted presentation of the

share of natural forest cover. On&n insight into the changes ispatial position of certain
categories shows that the loss of meadows and pastures is associated with an increase in
forests.

The line infrastructure includes network of canals and roads, which were a prerequisite for
economic development during the XX century. The analysis of protected areas showed
reduced canal and road netwakn protected areas
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Figure 9 Total length of canals and roads in studiedsarea
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Part2: Review of land use practices

Areview of land use was made based on the land use maps from the presousf this
Study, which show the dominant types of land use in protected arEagifel) and in
selected sections of the floodplain.

Based on the presented results of land use, BentractoQ & G SIFY 2F SELISNI &
activities that have affected the spread of invasive species in the examined areas, and some
guestions were prepared fdahe land usersThe ollection of data on the most common land

use practices (forestry, hunting, agriculture) was conducted using an online questionnaire
developed by theContractor Thepoll (Annex 1)was implemented as multilingual survey

available on"Google" consisting of 15 questions with sgbestions and the possibility of

multiple selection. The two questions were opended type.

Figurel: Types of land use on mapped protected areas (up) and on selected secttbeglobdplains (down)

= 111: urbanised settlements

m 121: Industrial or commercial
units

m Other artificial
141: Green urban areas
211: Non-irrigated arable land
242: Complex cultivation
patterns
311: Forest

321: Natural grasslands

324: Transitional woodland-
shrub

21




“)

interreg M

Danube Transnational Programme

= 111: urbanised settlements

= 121: Industrial or commercial
units

141: Green urban areas
211: Non-irrigated arable land
242: Complex cultivation

patterns
311:Forest

321: Natural grasslands
324: Transitional woodland-

shrub

= 511: Water courses

In protected areas, in addition to natural and partially altered habitats (forests, grasslands
and wetlands), there are monocultures of hybrid popl§peplar plantations) as well as
smaller plots of cultivated land. Parts of floodplains outside the gute#d areas show a
greater diversity of purposes. The regulation of watercourses enabled the expansion of
settlements and other urbanized areas into the floodplain, and the construction of a
drainage system enabled the conversion of former wetlands, meadamd pastures into
cultivated areas. Land use of selected sectiofgure 1) shows the existing trend of
urbanization (cities, villages, holiday homasjhe floodprotected alluvial area.

Schemel: Process of land use analysis

===

A review ofthe survey resultss presentedas a list ofjuestions sorted respectively as
in the Questionnaire (Annex 1A percentage of selections for given options is presented.

1. Basic information about the respondents tihhe questionnaire

In addition to thecountries in which the respondents live or wotkd Republic of Slovenia,

Bosnia and Herzegovinancluding the FBIH and RS entities, the Republic of Croatia and the

Republic of Serbia), information was also collected on the tyfpesers(direct orindirect

user, at local or higher level), by choosing from 5 positions (Government body, Local or
22
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regional sedgovernment/municipality, Public company and other users of natural resources
(eg. hunting ground department), privatand owner other). With egard to sectors, users

of natural resources that are mostly present in floodplains (agriculture, forestry, water
managementwere listedand the possibility of adding something else marke® i KVESNE
offered (e.g. an organization of citizensterested n the study ancdtonservation ohature).

The total number ofeceived(completed) questionnaires was 54. Mastspondentswere
from Croatia (19) and thieastnumber of them was from Slovenia (Bidure 2).

Number of responses

= Serbia
= Slovenia

Croatia
= Bosnia and Herzegowina

35,19

Figure2: Receivedanswersby country

According to the social position in land uggglre3), the largest number of respondents
were represented as Public companies and other users of natural resofamesd 38%)
followed byPrivate land ownes(29%)

Social position
(%)

= 3) State admini stration

3,85
= b) Local or regional
28,98 goverment/municipality
= ¢) Public enterprise and other
user of natural resources (eg.

hunting management)

d) Private land owner

m ¢) Other

Figure3: Position in land use
23
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With regard to the sector thework in Figure4), most respondents in the questionnaire
answered that they worked iAgriculture (35.79%). Although the Questionnaire is primarily
intended for land usersafter analyzingthe "Other" category from the Queisinnaire, it was
determined that some land userswvere also involved irthe conservation ofnature or
environmental protection,which is why a ecial category "Nature and Environmaht
Protection" was singled owind almost 16 % of respondents bel@eago this category.The
remaining respondents in this category were classified in the "Other" category, which
included representatives of municipal departments for spatial plannpiysical planning
and housing andcommunity affairs, other local selfjovernment organizations and
educational institutions

Sectoral affiliation

(%)

® Agriculture
= Forestry
Water management
» Other economic activities
= Nature protection

= Other

Figured: Sectors

The presented structure of respondents is related to the abanmtioned, most common
categories of land cover in protected areas, including sectors atiities that have a
significant impact on land use in the planning process, which is confirmed by the
representative samples

2.) The following question wasHave youheardthe term of Invasive Alien Species by now,
personally or professionally”

The purpose of this question (witha sub-question) was to determine whether the
NBalLR2yRSyila KIFIR LINBGA2dzaf & KSI Ny hakheardiitS NY & )
(Figureb).
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Where have you seen the IAS?

In protected area

No answer L
e weed _
On floodplain =_'
In forest l—'
-

0,00 10,00 20,00 30,00 40,00 50,00 €0,00 70,00 80,00 9%

m Bosnia and Herzegovina Croatia mSlovenia mSerbia
Figure 5: Previous experience with invasive species

¢KS fFNBS&al ydzyoSNJ 2F NBalLkRyasSa G2 GKAA |l dzS
F2t{f26SR o0& daLy | Fi22RLIIAY IINBI4G oOmT dom:
Herzegovina, according to which the weeds on agricultural land were reported asvenvas
species, deviate the most from the abewmeentioned description. This statement could

indicate the problem about protected area management in terms of weeds in ruderal zones

of protected areas.

3. The third questionFigure6) helped determinewhether the respondents recognized the
damage caused by invasive speciedHave you experienced income loss due to the
introduced species (e.g. weeds, pests, invasive fish species, aggressive wooden or
herbaceous species) since you started growiagps, managingforests, meadows, fish
ponds)?"

25
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As long as you manage crops, forest, meadows, fish ponds or other
goods, have you experienced income loss from the introduced
species?

Bosuia and Herzegovina [Ny
croaia (T
—
sevia [y
%
0 20 40 60 20 100

EYes ENo BIdon'tknow
Figure 6: Potential damage from invasive species

The percentages of respondents who reported income losses in Serbia and Croatia were
46.15% and 57.89%, respectively, and the respondents from other countastly reported

that they did not suffer or did not know that they had suffered the loss of income caused by
invasive species. According to the answers, 26.32 % of them in Croatia did not suffer any
losses, and that percentage was up to 60% in Sloveniag MEsult is certainly the
consequence of landscape characteristics because the floodplains in the upper basin of the
Sava River (Slovenia), which are suitable for invasive species spreading, occupy smaller areas.

It is also important to mention that 20.37% of respondents stated they did not know if they
had suffereda loss from invasive species, in Serbia that percentage was 15.38%, in Croatia
15.79%, and the highest percentagie2941%was recorded in Bosnia amterzegovinaThis
response indicatethe need to train land users to recognize theggeciesand the damage

they causeso they couldeact in a timely manner and avoid or reduce the damage

The subquestion 'Which species'tausedthe lossesprovided different responsef-igure?)
according to whiciL2 species were on the list of 32 most harmful species that the managers
of protected areas in the Sava River Basin had identified as the species with the greatest
harmful potential
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Figure7: Species causing damage

Most respondentsreported a losscaused by thdalse indigo bush (Amorpha fruticosa), then
from the ragweed (Ambrosia artemisifoliggnd the black locust (Robinia pseudoacacia) was
in the third place. Typical weed species sashsorghum and sorrel, pathogens and parasites
(the American liver fluke and oak lace bugs), as well asntsdthat cause damage to dykes
were also listed individually

4. The next questiomevealed the degree admportance that respondents attach to invasive
species’'Do you check your land fdhe presence ofanyinvasive specie&x

Do you practice to check your land for
presence of invasive species?

Bosnia and Herzegovina _
Croatia [
Slovenia [
servia (R )
0 20 40 60 80 100 %

mYes ®mNo = Wedonotrecognize IAS No answer

Figure 8: Detection of invasive species presence
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The plots were mostly checked for the presence of invasive species (Figuv#h83ome
exceptions for Bosnia and Herzegovina where the number of positive and negative responses
was almost equal, indicating that there was no differentiation of invasive species.
Respondents from Serbia and Croatia did not provide answers to thisi@ues

After further analysis and dividing the respondents into groups of those who did not check
the presence of invasive species and those who did not distinguish invasive species, it was
concluded that some of those respondents were engaged in activiegscould encourage

the spread of invasive species: 20% of them mow and all of them who excavate or transfer
soil in protected areas (correlation with question 7) also maintain green areas (correlation
with question 8).

Activities of land users who are not checking presence of IAS

Mowing and digging

Mowing

Excavation

0,00 5,00 10,00 15,00 20,00 25,00
Figure 8a: Activities of userwho do not check the presence of invasive species

It was also important to determine the reactions of users who reported losses from invasive
species. With regard to that, the following sghestion was posedin case of damage from

the invasive specig, has your organization/farm developed plans and techniques to
minimize the damage? (e.g. supression and alike)?"

28
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In case of experienced damage from the invasive species, did your
organization/farm developed plans and/or techniques to minimize the
damage? (e.g. eradication)
Bosnia and Herzegovina

Croatia

Slovenia

Setbia

0 20 40 60 80 100 94

mYes mNo w=Notaplicable We would like to make such plan just don't know how

Figure9: Are there any mitigation measures case of damagsufferedfrom invasivespecie®

In case of damage sufferddom invasive species={gure9), the most common response
from Serbia and Croatia was thtiite plans to repaithe damage were developed, while in
Slovenia and Bosnia and Herzegovina no plans were developed. A certain number of
respondents in each countrstated that they would like to make a plan, but they did not
know how to do it. Also, 12 to 20% of respondents in each country believegldnas of this

type were not applicable, that is, regulations and support measures for the management of
invasive aen species (IAS) must be changed.

5. Does your company/farm havany plans for themanagement (use) of landeither as an
owner orauser?

29
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Does vour company/farm have management plans for the land it
owns/uses/manages?

In procedure

No plans, but we have experience
in its suppresion

Small farm - managed
acording to sifuation

No

Yes

|I11.I'_I'_l

0 10 20 30 40 50 60 70 80 o0

m Bosnia and Herzegovina Croatia = Slovenia ®Serbia
Figurel0: Land management plaring

Most respondents from Serbia answered that they had a land managementpleontrast
to those fom Bosnia and Herzegovina and Slovemdnere the largest number of
respondents did not have any plafigure 10). This result can be explained hysmall
number of responses from Slovenia aadigher percentage of private landowre(legal
entities have more liabilities andhe capacity to develop plans compared to natural
persons.
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6. The question was! L ¥ &2dzNJ ' yaA6SNI 42 GKS LINBGA2dza | dz
consider possible damage or income loss from invasive spéties

Does the plan consider possible damage or income loss
from invasive species?

Bosnia and Herzegovina
Croatia

Slovenia

Serbia
0% 20% 40%0 60% 80% 100%
EYes ®No
Figurell:Does the plan consider damage from invasive species?

When asked if the plan considers a possible ([Gsgure 11)the respondents gaversilar
answers in all countriesvith an approximatelyequal number ofpositive and negative
answers

The next two questionsielped identifyactivitiesthat either positively or negatively affect
the spread of invasive species
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7. Does your company/farmperforms soil excavation or soil transportation to other
locations(e.g. forthe maintenance ofembankments canals, roads, railway®tc.)?

Does your company/farm makes soil exclamation or soil transportation from one to
another area (e.g. for maintaining levees, canals, roads, railways etc.)

Bosnia and Herzegovina
Croatia

Slovenia

Serbia

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

mYes mNo mNo, but use such external service

Figure 12: Excavating and/or transporting soil

Both in the total number ofesponses and in the group that recognized invasive species,
most respondents from Serbia and Slovenia stated that they were not engaged in soil
excavation. Unlike Serbia and Slovenia, half of the respondents from Croatia and Bosnia and
Herzegovina statethat they were engaged in excavation/transport of soil (Figure 12). This
result can be explained by greater participation of spatial planning organizations from local
seltfgovernment and public companies in the forestry and water management sector in the
excavation/transfer of soil.
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8. Does your organization maintain green areas?

Most respondents from all countries gave a positive answer to this question (Figure 13) thus
indicating the significant importance of organization/respondents who participated in
programs and activities in the management and control of invasive species.

Does your organization maintain green areas? (lawns, meadows,
dykes, canals, parks, road borders, arch trees)

Just forest
No, but use such extermal service

Just at tourist hot-spot

0 20 40 60 80 100
W Bosna Hercegovina ™ Hrvatska M Slovenija mSrbija

Figurel3: Maintenanceof green areas
In most casegespondentsvere engaged in maintaining green arg¢agyurel3).

Figure8 previouslyshowedthe activities in which users who do not check invasive species
are engaged

A

9. If the answer to theLINS @A 2 dzA |j dzS'anwh@ way?s I & QQ, S &

How do you maintain the green areas?
Regional review

grazing
mulching or grinding

scythe

e ——

0 10 20 30 40 50 %

Figurel3a:Maintenance of green areas in the region
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The answer to this question gives an insight into the ways of maintaining green(grgase

13a) Around ®% of respondents in the regionse machines for maintaining green areas
andasmall number of them claim that they apply traditional metlsadich as grazing.

How do you maintain green areas?
Country review

Bosnia and Herzegowina

Croatia

Slovenia

Serbia

0% 20% 40% 60% 80% 100%

mmachine mowing  mschythe mulchers  mgrazing

Figurel3 b:Ways of maintaining green areas by countries

After conducting further analysis by countflfigure 13b)it was determined that mowing
machines weremost usedin the protected areas in Bosnia and Herzegovina and least in
Serbia, while grazing and mowing with a scydinemethods mostlyused in Serbia. This can
be explained by higherpercentage ofndividual landowners in Serbia

10. The purpose of this question is to determitiee way in which biomasggrass, weeds or
bushes)produced inthe mentionedway is used and where it idisposedof.

What happens with the removed biomass?
Regional review

e) burned at appropriate place
d) used in composting
c) transported to garbage...

b) used as hay for fodder

a) left on the same place

W Answers
10 20
30

Figurel4a:How is the biomass from green areas (weeds, bush, grass) esetbined results
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Most users in protected areas leave mowed biomasssite (30%), andan insignificant

number of them use it for composting. If mowing is done before seed maturation this finding

could be positive in terms afontrolling and reducing thepossibility of spreadingvasive

species to new surfaces.
Usage of the biomass from the green areas in the countries

bumed at appropriate place

used in composting

transported to garbage disposal

used as hay for fodder

left on the same place

a

0.00 10,00 20,00 30,00 40,00 50,00 60.00 7000 %

mBosnia and Herzegowina Croatia ®Slovenia ®Serbia

Figurel4b:Howisthe biomasdrom green areagweed, bush, grass) usey countries

The aalysis ofanswers by counyr (Figure 14byshowedthat the option "we leave it at the

same place" was most often selected in Croatia, and it was least selected in Bosnia and

Herzegovinawhereas the option "we transport it to the ladfill" was the most common

one.
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11. Does your organization (or yquif you own the land) transport plant products (e.g.
cereals, hay, game food, wood) from one area to anotlas part ofthe land management
practice?

Does your organization (or personally if you own the land) in the land
management practice transport plant products (e.g. cereals, hay. game food,
wood) from one area to another?

Bosnia and Herzegovina
Croatia

Slovenia

Serbia

0% 10% 20% 30% 40% 50% 60%  T0%  80% S0% 100%

HYes ENo
Figure 15: Transport and introduction of plant products

When asked whether their organizations (or they individually, if they own the land) transport
plant products (e.g. cereals, hay, game food, wood) from one area to anathgart of their

land management practice, all respondents gave similar answers, even the ones who did not
know anything about invasive species (Figure 15). One third of respondents in the region
transported plant products.

12. If the answer toquestions 7, 8 or 11 is "Yes", how far is the soil/biomass/product
transported?
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How far is the land/biomass/product transported?

Bosnia and Herzegovina

Croatia

Slovenia

Serbia

0% 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%

mup to 1Ikm mup to 10km mup to 50km = farther

Figurel6: Thetransportingdistanceof plant producs/soil

In case the biomass/product/soil is transported, it is ddoea distance of up to 10 km
(Figurel6). However, we obtained different answers from Croatia, where the tranaport

of a plant productwas greaterthan 10 km. These responses indicate a predominantly local
spreadof IASthat are presentin the environment, that isthere is little possihlity of the
invasion of new species from distant areas

13. In your opinion, should the problem of invasive species be addressed at the national
level? (e.g. subsidizingupressionand prescribing preventive measurgs

In your opinion, should the problem of invasive species be addressed at the
national level?
(e.g. subsidizing eradication and prescribing preventive measures)

Bosnia and Herzegovina
Croatia

Slovenia

Serbia

0% 10%  20%  30% 40%  50% 60% 70% B0%  90% 100%

BYes ENo HAtlocallevel

Figurel7: Should the problem of invasive species be solveti@national leve?

Most respondentselievethat the problem of invasive species should dedressedat the
nationallevel (Figurel7). There were slight deviations from these résun Slovenia where
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around 2@6 of respondentgyave negative answes to this question and about %0 of
respondentsn Serbia stated that they addressed thimblemat alocal level.

14. Are you interested in learning more about invasive species, how they affect our
society, economies, natureand whatactionswe cantake?

Would you be interested to learn more about invasive species, how they
affect our society, economies, nature and what can we do in response?

Bosnia and Herzegovina

Croatia

Slovenia

Serbia

0% 20% 40% 60% 80%

,_,
8
=

EYes mNo

Figurel8: Theexpressednterestfor learning and cooperation

Most respondents claied they wee interested inbroadening theirknowledge about
invasive species andneasures for controlling them. The respondents whaansweed
negativdy to this question wee mostly private landowners and few cases of local self
governments.
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Part 3¢ Forest productivity study

In the first phase, the preparation of the Forest Productivity Study included a preliminary
selection of the areas suitable for the analysis. Before starting fieldwork, an analysis of
available data on these areas was performed, as well as their struatheahcteristics
according to the data from forest management plans. More than 15 areas were taken into
account for the selection. These areas had approximately the same characteristics so that
they could be compared for further analysis. Upon the comeftetiof preliminary
assessment, the fieldwork started and the selected experimental fields were surveyed on the
basis of sample circles, measuring the diameter of all trees in the range. The detailed survey
method obliges measuring the heights of at leage fdominant trees, and for the purposes

of this analysis, ten dominant trees (diameters and heights) were measured on each surface,
which were then sampled for the analysis of diameter increment. A statistically significant
sample was provided for furtheanalysis in this way. Although the terms of reference
required at least four research areas, the analysis was performed on nine areas and it also
included a soil analysis as it determined land productivity.

Pedological profiles of the experimental fieldere prepared. The soil type was defined
oFaSR 2y az2Af OflFaaArAFTFAOLGAZ2Y AY dzZa3z2at I QAL

5

In accordance with the terms of the Contract, the soil testing methodology was adjusted for
certain physical and chemilcgroperties.

a) Physical properties of soil were determined by the following methods:

-granulometric composition (%) by the internationapiette method with the preparation
in sodium pyrophosphate, and

-Atterberg limits were used for classifying tharpicles of granulometric compaosition.
b) Chemical properties were determined by the following methods:
-humus (%) by Tjurin, modification of Simakov 1957,
-CaCO3 (%) volume formed in Scheibler calcimeter,
- pH in H20, electrometrically, using a combined electrode on the Radiometer pH meter

Productivity and dendrochronological research

Stands of pedunculate oak and poplar plantations, whose productivity can be analyzed based
on age, composition, ral other characteristics, were selected in cooperation with the
Institute of Nature Conservation of the Vojvodina Province. The study included the existing
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AR
experimental fields where different vegetation structures were determined based on the
intensity ofgrazing, which allowed diversity in wetland habitats suitable for threatened and
protected plants but also reduced presence of invasive plant species (Molnar, 2018).

The stands were selected to represent the general condition of forests in the subgagtiar
which areas of threatened ecological stability were dominant. In such conditions, besides the
listed invasive species, other species can be invasive, too.

The figures presenting increment values show differences between the width ofitrge
and the basal area increment on the grazed land and the control area-gnazing areas).
Values are expressed in [mm] and [cm2], respectively.fijuee marked "rang" shows the
difference between the value of the increment in the grazed area and the caarteal

Table.1 Location of analyzed trees

Type Coordinates Type Coordinates
Pedunculate oak 44.97357 19.195146 Populus 44.6871 20.023281
Pedunculate oak 44.973662 19.195139 Populus 44.687084 20.02343
Pedunculate oak 44.973606 19.195206 Populus 44.687121 20.02337
Pedunculate oak 44.973737 19.195187 Populus 44.68724 20.023289
Pedunculate oak 44.97374 19.195111 Populus 44.687281 20.023468
Pedunculate oakl 44.973832 19.195008 Populus 44.687127 20.023577
Pedunculate oak 44.97374 19.194958 Populus 44.687183 20.023691
Pedunculate oak 44.973584 19.194908 Populus 44.686954 20.023559
Pedunculate oak 44.973605 19.195129 Populus 44.686898 20.023799
Pedunculate oakl 44.973459 19.195213 Pedunculate oak 44.956454 19.236762
Pedunculate oakl 44.970799 19.256343 Pedunculate oakl 44.956458 19.236813
Pedunculate oakl 44.970855 19.256249 Pedunculate oakl 44.956524 19.236994
Pedunculate oakl 44.970983 19.256213 Pedunculate oakl 44.956552 19.236918
Pedunculate oakl 44.970819 19.256176 Pedunculateak | 44.956518 19.237049
Pedunculate oakl 44.970909 19.256503 Pedunculate oakl 44.956459 19.237021
Pedunculate oak 44.97076 19.256482 Pedunculate oakl 44.956316 19.23689
Pedunculate oakl 44.970812 19.256256 Pedunculate oakl 44.956424 19.236722
Pedunculateoak | 44.9707 19.256282 Pedunculate oakl 44.956543 19.236651
Pedunculate oakl 44.970513 19.256342 Pedunculate oak 44.956584 19.236653
Pedunculate oakl 44.970619 19.256111 Pedunculate oakl 44.927546 19.212416

Populus 44.643505 19.981383 Pedunculate oak 44.927752 19.212351
Populus 44.643331 19.981432 Pedunculate oak 44.927671 19.212435
Populus 44.643304 19.981383 Pedunculate oakl 44.927848 19.212185
Populus 44.64341 19.981309 Pedunculate oak 44.927805 19.212204
Populus 44.643487 19.981469 Pedunculate oakl 44.927636 19.212013
Populus 44.643314 19.981564 Pedunculate oak 44.92754 19.211992
Populus 44.643424 19.981339 Pedunculate oakl 44.927559 19.212089
Populus 44.643632 19.981325 Pedunculate oakl 44.927459 19.212204
Populus 44.643571 19.981385 Pedunculate oakl 44.927443 19.212718
Populus 44.643574 19.981291 Pedunculate oakl 44.927446 19.212716
Populus 44.695449 19.9849 Pedunculate oakl 44.975256 19.253276
Populus 44.695282 19.984887 Pedunculate oakl 44.975239 19.253183
Populus 44.695339 19.984849 Pedunculate oak 44.975219 19.253284
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Populus 44.695482 19.984812 Pedunculate oak 44.975101 19.252967
Populus 44.695474 19.984868 Pedunculate oak 44.974849 19.25292
Populus 44.69539 19.985021 Pedunculate oak 44.97521 19.252837
Populus 44.695344 19.985015 Pedunculate oak 44.97529 19.253152
Populus 44.695316 19.985116 Pedunculate oak 44.975442 19.253119
Populus 44.695375 19.985269 Pedunculate oak 44.975407 19.25355
Populus 44.695426 19.98535 Pedunculate oak 44.975372 19.253555
Populus 44.687059 20.02338 Pedunculate oakl 44.956688 19.194611
Pedunculate oak 44.956647 19.19482 Pedunculate oak 44.956438 19.194287
Pedunculate oak 44.956583 19.194918 Pedunculate oak 44.956504 19.194337
Pedunculate oak 44.956624 19.195069 Pedunculate oak 44.956595 19.194249
Pedunculate oak 44.956596 19.195049 Pedunculate oak 44.956741 19.194402
Pedunculate oak 44.956411 19.194537
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Productivity and dendrochronological research of poplar plantations

A comparative study of the productivity of grazed and gpazed areas, as well as a study

on the presence of invasive species depending on the duration of grazing, was performed
when the productivity of poplar plantations was assessed. For this purpogeateas in
which grazing was performed at different times were selected as well as a control surface
area where there was no influence of the considered anthropogenic factors (Figure 1).

Figure 1. The location of experimental fields of the poplar @onhs: TK; the control surface area within a poplar
plantation; TIM and TID poplar plantation on grazing land

According to the history of use of experimental fields, confirmed by forestry experts, forest
rangers and local cattle breeders, the numbeidomestic cattle in the grazed experimental
areas was large until 2004, and the number of Podolian cattle that remained there until
2013/2014 was smaller. After that, the use and restoration of poplar plantations forced the
cattle out of the forest. Foresyr experts claim that a small number of livestock were
occasionally reported in the control area, which is confirmed by the greater height and
density of understory plants.

42

Project co-funded by European Union funds (ERDF, IPA)



)

interreg M

Danube Transnational Programme

P32KKT/20

Position according to the map, TIM symbol
Terrain: flat

Vegetation: a poplar plantation
Groundwater depth: not determined at 140
cm, which was the depth to which the profil
was dug

Parent substrate: alluvial deposit

Soil type:Humofluvisol

Morphology: A C

A (0- 10 cm): brown loam, no structure, low
content of humus, with the main mass of th
root system at this depth, physiologically
active, the horizon gradually passes into
C(10-100 cm): light brown sandy loam,
physiologcally active

P34KKT/20

Position according to the map, TID

Terrain: flat

Vegetation: a poplar plantation

Groundwater depth: not determined at 140 cm,
which was the depth to which the profile was dug
Parent substrate: loesderived alluvium

Soil type: Meadow black soil on loedsrived
alluvium deposit

Morphology: A C

Aa (0- 83 cm): brown loam, no structure, low
content of humus, with the main mass of the root
system at this depth, physiologically active, the
horizon gradually passes ot

C(83-140 cm): yellow loesderived alluvial deposits
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P35KKT/20

Position according to the map, TK

Terrain: flat

Vegetation: a poplar plantation

Groundwater depth: not determined at 150 cm,
which was the depth to which the profile was dug
Parent substrate: alluvial deposit

Soil type: Humofluvisol

Morphology: A C

A (0- 13 cm): light brown sandy loam, no structure
low content of humus, with the main mass of the
root system at this depth, physiologically active, th
horizon gradually paes into

C(13-100 cm): light brown sandy loam

The following soil types were recorded in the investigated poplar plantations: humofluvisol
and gleyed chernozem (meadow black soil). Humofluvisol was formed on alluvial deposits,
and gleyed chernozem wdermed on the parent substrate of loeskerived alluvium. A
common characteristic of the granulometric composition is that the fraction of total sand is
predominant in humofluvisol compared to the fraction of silt + clay, and in the chernozem
soil it is ompletely different (the fraction of silt + clay is predominant). The granulometric
composition also determines soil composition, which was sandy loam in humofluvisol (total
sand content from 56.5 to 61.2%), and clay loam in gleyed chernozem (total sateahtcof
36.2%). The content of humus, as an indicator of the accumulation of organic matter,
indicates that the humus content in all investigated soil types was average (2.46 to 4.96). The
carbonate content (CaCO3) in the huracumulative horizon waswo (ranging from 5.60

to 8.41%), and the reaction of the soil solution (pH value from 7.52 to 7.73) was basic. The
presented properties indicate that the grazing area and the control surface area on
humofluvisol soil have similar production characteristiosl that a comparative study can be
performed for these three areas.

The diameter structure in the control surface area indicates the presence of invasive species
F. pennsylvanicand Acer negundmver the taxon boundary, that is, it is present in the tota
tree trunk mass.
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Figure2. Diameter structure in the control area

Concerning the above mentioned, only the species of Acer negundo was recorded in the tree
layer when measuring was performed in the areas where grazing was above the taxon
boundaries.

In the bush layer, the control area had a 50% coverage with the higleesentage of the

false indigo bush (A. fruticosa) amounting to 20%, boxelder maple (A. negundo 20%),
common dogwood (C. sanguinea 5%), and field maple (A. campestre), European crab apple
(Malus sylvetris), white mulberry (Morus alba) and European white @J. laevis). The
height of the false indigo bush was up to 3 meters.

The cover of the bush layer on grazing land areas was 60% and 70%, where a large humber
of species was recorded in the first layer: the false indigo bush (A. fruticosa 20%), field elm
(U. minor 10%), common dogwood (C. sanguinea 20%), as well as #eafed ash (F.
angustifolia 5%), and false indigo bush were recorded in the second layer in groups of up to
2.5 meters in hight, and the common dogwood was recorded as an individueiespdhe
presence of the false indigo bush in all experimental fields of poplar plantations is explained
by the fact that grazing was banned over the last ten years, which resulted in spontaneous
overgrowth.

The difference in bush layers between the ad¢hat were under grazing for a long time and
non-grazing areas is in height and density, especially with the false indigo bush and boxelder
maple which are larger in experimental fields in Fgnazing areas.
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Figures 3a and B: Diameter structure in grazing areas

The breast height diameter (D1,3) of dominant poplar trees in the experimental fields was
smaller in the control surface area compared to the grazing areas. In addh®mnalues of
standard deviation and the coefficient of variation were lower in the control area compared
to the grazing land.

Table 2. The diameter of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Popl | i i
oplar plantation on grazing o, 5 40.0 66.0 7.45 13.73
land
Control surface area 47.0 41.0 52.0 3.85 8.19
Poplar p'ar}fr::n ongrazing - g, o 445 70.0 7.49 13.89

The height of dominant trees was more or less equal, that is, the values of standard
deviation and coefficient of variation were lower.

Table 3. Height of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Popl | i i
oplar plantation on grazing 5 315 42.0 331 9.18
land
Control area 36.4 34.0 38.4 1.44 3.97
Popl | i i
oplarp ar:t;ar::]cl)n on grazing 37.8 36.0 40.0 1.29 3.40

The value of standard deviation and coefficient of variation was the highest for crown length
in the control surface area in experimental fields.
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Table 4. Crown length aominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Poplar plantation on grazing
13.6 11.9 17.0 1.57 11.53
land
Control surface area 13.6 10.1 15.9 2.14 15.69
Poplar plantation on grazin

parp grazing 154 11.9 18.9 2.11 13.73

land
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Figure4: Ring widths (a,d,g), detrended ring width (b,e, h), and basal area increment (c,f, i) of Euroamerican poplar on
grazing land (d) and nongrazing land (&).

The width of the rings in the control area ranged from 4.23 to 14.63 mm in the previous
period, and the width of rings of trees on grazing land was from 3.82 to 14.40 mm, that is,
from 2.97 to 13.53 mm. The differences in treeg width, in the same perdy on the TID
grazing land and TK control area can be explained by different stages of development of
these two stands, because the stand on the grazing land has experienced an increase in
diameter increment.

The basal area increment was higher or the eanm the grazing land during most of the

observation period. The average value of the treey width during the development of

stands in experimental fields and the control surface area indicates a higher average value of

diameter increment in the experiemntal area, on grazing lanéigure4), which means that

there is a positive correlation between diameter increment and grazing at the same planting
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density and under similar habitat conditions.

Thefigure shows that the values of basal area increment eazag land and the control

area were similar after grazing was completely banned.
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Figureb: Treering width (TRW) of the Euroamerican poplar at three sites.

The basal area increment indicates slightly higher values of theritmgewidth on grazing
land (TID and TIM) compared to the control area (TK).
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Figure6. Basal area increment (BAI) of the Euroamerican poplar at three sites.
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Productivity and dendrochronological research on pedunculate oak stands

All forest management units in the area of Ravni Srem that are under the authority of Forest
hFFAOSEa OKSNBAYFTFTUSNY ChUo a2NROAOS FyR xAOyzei
criteria set in the Contract so that the experimental fields in the fordsthe pedunculate

oak can be selected. From a list of over 40 potential stands, 6 experimental fields were
chosen where sampling of pedunculate oak trees and soil was performed in consultations

with the client of the study.

The history of land use wadetermined by consulting the forestry experts and district
F2NBAGSNE FTNRY (GUKS IINBF 2F Ch a2NRBR@AG | yR Ch
included in standard forest management, which involves the application of preservation and
protection mesures. People have been engaged in traditional extensive pig farming on the
experimental fields in grazing areas for more than 50 years, with an occasional increase or
decrease in the number of pigs and cattle, which was confirmed by the owners.

The halitat conditions in pedunculate oak stands are defined in the text below. The location
of the experimental fields is presentead Figure 7
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Figure 7Location of the experimental fields of the pedunculate oak L1.1.1., L2.1.1l, 3B4Zing areas, LAK, L2.2.K
and 13.2.Kcontrol areas

P1ST/20

Position according to the map

Terrain: flat

Vegetation: a pedunculate oak stand

Groundwater depth: not determined at 140 cm, the
depth up to which the profile was dug

Parent substrate: loess, with thin layers of alluvial
deposits

Soil type: gleyed chernozegmeadow black soil
Morphology: A; C

Aa (0-56 cm): gray black clay loam, without structul
humus content, with the root system of the plants ai
this depth, phgiologically active, the horizon
gradually passes into

C(56-130 cm): yellow loess without signs of
physiological activity, with a concentration of
carbonate and high Cag€bntent

P2ST/20

Position according to the map

Terrain: micreelevation

Vegetation: a pedunculate oak stand

Groundwater depth: not determined at 130 cm, the depth
up to which the profile was dug

Parent substrate: loess

Soil type: gleyed chernozegmeadow black soil
Morphology: A ACGC

Aa (0- 70 cm): brown loam, with # main mass of the root
system at this depth, humus content, no structure, gradue
passing into

ACG (783 cm): light yellow loam, physiologically active,
gradually passes into

C(83-130 cm and deeper): light yellow silt loam
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P3ST/20

Position acording to the map

Terrain: micreelevation

Vegetation: pedunculate oak stand

Groundwater depth: not determined at 130 cm, the dep
up to which the profile was dug

Parent substrate: loess, with thin layers of alluvial depos
Soil type: gleyedhernozenm meadow black soil
Morphology: A C

Aa (0- 55 cm): brown clay loam, with the main mass of tl
root system at this depth, humus content, no structure,
the horizon gradually passes into

C(55-130 cm): yellow loess, not physiologically active
100 cm

P4ST/20

Position according to the map

Terrain: flat

Vegetation: a pedunculate oak stand, the most productive ty
Groundwater depth: not determined at 170 cm, the depth ug
to which the profile was dug Parent substrate: loess

Soil typegleyed chernozem meadow black soil

Morphology: A C- CG

A (0- 89 cm): brown loam, with main mass of the root systen
at this depth, humus content, no structure, the horizon
gradually passes into

C(89-123 cm): yellow loess, physiologically activd®® cm,
gradually passes into

CG(123L30 cm): loess with wetting marks
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P5ST/20

Position according to the map

Terrain: flat

Vegetation: a pedunculate oak stand

Groundwater depth: not determined at 170 cm, the depth up 1
which the profile was dug

Paent substrate: loess

Soil type: gleyed chernozegmeadow black soil Morphology: A
¢C

A, (0-63 cm): brown loam, with main mass of the root system
this depth, humus content, no structure, the horizon abruptly
passes into

C(63-110 cm and deeper): yellow loess, not physiologically
active

The depth of horizon marked with accumulated humus on selected soil ranged from 55 to 89
cm. According to the granulometric composition, this huragsumulative horizon was
characterizedy the dominance of soil + clay fractions (the content ranged from 58.5 to 66.1
%), which was then defined as loam or clay loam soil based on texture. The CaCO3 content in
the humusaccumulative horizon was low (from 0.83 to 1.67%). According to the cbaotfen
humus, the soil is classified as being poorly to moderately provided with humus (0.91 to
4.39%), and as for soil reaction, it is acidic (pH value ranged from 5.93 to 6.72).

Comparative research 1

Production characteristics and dendrochronological sad

The number of trees in the comparative research 1 indicates that the following tree species
were registered in both areas over the taxon boundaries: the pedunculate oak (Q. robur),
hornbeam (C. betulus) and hawthorn (C. oxyacantha). In comparatidesst the following
species that cross the taxon boundaries can be found on the grazing land: the tatar maple (A.
tataricum), European crab apple (Malus sylvestris), European wild pear (Pyrus pyraster), that
is, narrowleafed ash (F. Angustifolia), Euraepe white elm (U. laevis), field maple (A.
campestre), hawthorn (C. oxyacantha) and field elm (U. minor) in the control surface area.
The shrub layer on the grazing land was 65 % with the highest percentage of hawthorn (C.
oxyacantha 45%), common dogwood §@nguinea 5%), Tatar maple (A. tataricum 5%), field
maple (A. campestre 5%), hornbeam (C. betulus 5%) and field elm (U. minor). The cover of
the shrub layer in the control area was 95% with the highest percentage of hawthorn (C.
oxyacantha 80%), hornbea(@. betulus 5%), field maple (A. campestre 5%) and field elm (U.
minor 5%) as well as Tatar maple (A. tataricum), rose (Rosa sp.), wild privet (L. vulgare),
European wild pear (Pyrus pyraster) and guelder rose (Viburnum opulus).
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Figures 8a and B: Diameter structure
The mean value of the diameter of dominant trees was higher on the grazing land compared
to the one of the trees in the control area. Higher minimum values and lower maximum

values were recorded in the control area, that is, there were minor differences between the
standard deviation and coefficient of variation.

Table 5. Diameter of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Stands of.PeduncuIate oak o 621 47.0 76.00 934 15.04
grazing land L1.1.1
Control area 57.8 48.0 72.00 8.30 14.37

The mean value of the dominant tree height was slightly higher in the control area compared
to the grazing area. Higher maximuamd minimum values were recorded in the control
surface area, that is, there were minor differences between the standard deviation and
coefficient of variation.

Table 6. Height of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
f P | k
Stands of Pedunculate oak 9 - 45 28.5 345 1.87 5.65
grazing land L1.1.1
Control area 334 31.0 36.2 1.58 4,72

The mean value of the crown length of dominant trees was higher on the grazing land
compared to thecontrol surface area. Higher minimum and maximum values were recorded

in the control area, that is, there were minor differences between the standard deviation

and coefficient of variation.
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Table 7. Crown length of dominant trees

KON
B

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Stands of'PeduncuIate oak o 13.6 11.0 16.4 1.94 14.31
grazing land L1.1.1
Control area 10.6 7.0 14.5 3.02 28.54

The average width of the tree rings in the grazing area raffiged 1.05 to 3.56 mm, and the

width of the rings in the control area was from 0.91 to 2.92 mm.
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detrended ring width (b,e), basatea increment (c,f) and the difference between the tr@ay width (g) and basal area

increment (h) at grazing sites and sites where there was no grazing.
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Comparative research 2
Production characteristics and dendrochronological studies

The pedunculate oak (Q. robur) and hornbeam (C. betulus) that exceeded taxonomic
boundaries were registered in the comparative research 2. In addition to these two species,
there were other species above the taxonomic boundaries in the control area and they we
included in the scope of survey as marginal trees: the field maple (A. campestre), harrow
leafed ash and crab apple. The hawthorn (C. oxyacantha) was registered on the grazing land
in the shrub layer with covering 5% of the area, and the cover of thebslayers in the
control area was 50% with the highest percentage of the hawthorn (C. oxyacantha 30%),
field maple (A. campestre 10%), common dogwood (C. sanguinea 5%), hornbeam (C. betulus
5%) and field elm (U. minor).
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3

Pedunculate oak 2.1. grazing

125 175 225 275 325 37.5 425 475 525 57.5 625 67.5

Diameter degree

—— Q.robur
8- C.betulus
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Pedunculate oak 2.2. control
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ol d e oa
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37.5 415 57.5 67.5 71.5
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Figures 10a and 18: Diameter structure

A mean value of the diameter of dominant trees was higher on the grazing land compared to
the one of the trees in the control area. Lower minimum values and higher maximum values

were recorded in the control surface area, that is, there were considerable differences
between the standard deviation and coefficient of variation.

Table 8. Diameter of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Stands of.PeduncuIate oak o 66.9 570 80.00 6.72 10.05
grazing land L2.1.1
Control area 61.9 51.0 83.00 10.01 16.16

The mean value of the dominant trees height was higher in the control area compared to the
grazing area. Higher maximum amdnimum values were recorded in the control area, that
is, there were minor differences between the standard deviation and coefficient of variation.
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Table 9. Height of dominant trees

&2

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Stands of.PeduncuIate oak o 349 320 373 1.82 592
grazing land L2.1.1
Control area 35.7 33.1 38.5 1.77 4.97

The mean value of the crown length of dominant trees was higher on the grazing land
compared to the control surfacarea. Lower minimum and higher maximum values were

recorded in the control surface area, that is, there were significant differences between the
standard deviation and coefficient of variation.

Table 10. Crown length of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
fP [ k
Stands of Pedunculate 0ak 9 4 5 o 13.6 18.7 1.42 9.03
grazing land L2.1.1
Control area 15.1 11.9 20.0 2.75 18.19

The average width of the tree rings in the grazing area was from 1.@138mm, and the
width of the rings in the control surface area was from 1.28 to 4.18 mm.
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Figurell:The sites of the pedunculate oak with grazing (L 2.1.) and where there was no grazing (L 2.2.): the ring widtt
(a,d), detrended ring width (b,e), basal area increment (c,f) and the difference betweennewidth (g) and basal
area increment (h) at geang sites and sites where there was no grazing.
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Comparative research 3

Production characteristics and dendrochronological studies

The pedunculate oak (Q. robur), narré@afed ash (F. angustifolia) and hornbeam (C.
betulus) with exceeded taxonomic boundaries were registered in comparative research 3. In
addition to these species, other species with exceeded taxonomic boundaries were
registered as well: the field maple (A. campestre), European white elm (U. laevis), field elm
(U. minor), and hawthorn (C. oxyacantha).

The cover of the shrub layer in the grazing area was 10%, and the species registered were
the common hawthorn (C. mongga 5%) and hornbeam (C. betulus 5%), and the coverage
of the shrub layers in the control surface area was 50% with the highest percentage of the
hornbeam (C. betulus) 30%, hawthorn (C. oxyacantha) 15% and sporadic occurrence of field
maple (A. campestreggnd common dogwood (C. sanguinea).
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Figurel2a and 12: Diameter structure

A mean value of the diameter of dominant trees was higher on the grazing land compared to
the one of the trees irthe control surface area. Lower maximum values were recorded in
the control surface area, that is, there were minor differences between the standard
deviation and coefficient of variation.

Table 11. Diameter of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Stands ofthe pedunculate 0g ¢ 52.0 74.00 7.46 11.65
with grazing L3.1.1
Control area 57.2 52.0 67.00 4.32 7.54

The mean value of the dominant tree height was higher in the control area compared to the
grazing area. Higher maximum values were recorded in the control area, that is, there were

significant differences between the standard deviation and coefficienanétion.
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Table 12. Height of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Standslof the pedunculate 04 391 29.9 35.2 173 538
with grazing L3.1.1
Control area 33.3 29.9 37.0 1.87 5.62

The mean value of the crown length of dominant trees was higher in the control area
compared to the grazing area. Lower minimum and higher maximum values were recorded
in the control area, that is, there were significant differences between the standard
deviation and coefficient of variation.

Table 13. Crown length of dominant trees

Mean Minimum Maximum Standard Coefficient of
value value value deviation variation
Stands of the pedunculate| 5 5 11.0 16.8 1.88 13.74
oak with grazing L3.1.1
Control area 15.0 8.8 20.0 3.32 22.10

The average width of the rings of the trees in the grazing area was from 1.37 to 4.46 mm,
and the width of the rings in the control area was from 1.29 to 3.93 mm.
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detrended ring width (b,e), basal area increment (c,f) and the difference betweesritrgavidth (g) and basal area
increment (h) at grazing sieand sites where there was no grazing.
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The difference between the treeng width and basal area increment, i.e. the values that
prevail, were determined within the framework of dendrochronological research. The results
obtained by the analysis of thefterence between the width of the rings and the increment

of the basal area indicate that the difference has increased over the last 60 years (positive
values irnthe figure14) in the comparative studies 1 and 3 in grazing areas (L1.1.1 and L.3.1l),
and in the comparative study 2 (L2.2.1) it has been slightly higher on the grazing land over
the last 15 years. The most probable explanation for the deviation of the results in the
comparative study 2 is the physiologically active depth of the profile, howeseil
coherence properties and water properties need to be analyzed for a more detailed

explanation.
2.50
100 f
150 H ﬁ
1.00 | |h'|1 ra .;"‘.I MO
_ f "lu ” II
E pso ll/\ /1 ' I "'& A WA
E ! II" |
<o PV I A Y WA
g |:|'|:|D J | I
e 1] III
= | [
D TN WMY W
J
=1.00 F
1.0 B
2.00
b =L - = - I = T~ ) I = 1 T~ S O~ | [ - S v B S - ) B~ = | T S = | ]
288855058833 84385588888883¢
Year
—L1.1.-L1.2.TRW —L2.1.-L2.2.TRW L3.1.-L3.2.TRW

Figureld. Difference in the treging width (TRW; mm) of the pedunculate oak at grazing sites and agraming sites,
observed for the same type @drest.
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Figurel5: The difference in basal area increment (BAI; cm2-¢af the pedunculate oak at grazing sites and-non
grazing sites, observed for the same type of forest.

Overview ofmainresults

Part Land use change maps

- The key changes in land use and land cover sKi¥eentury hae been reflected ina
decrease in areas covered in grass and marshland and their transformation into forests and
poplar plantationsthat is,atransitional type of woody vegetation.

- Thechanges in the upper part of the Sava River Basin (Una and Ljubljansko barje) are minor
but there has been a decrease in areas covered in grass.

- After analyzing thdinear elements of the landscapganals, riverbanks) and infrastructure
(roads, railway} it was determined that both categoriean through natural grass areas and
rural areasin the XIXcentury and through forests and forestapitationsin the XXcentury.
The analysis shows a decrease in the total length of g@edl canas in protected areas
compared to theXIXcentury.

Part Review of protected land use practices

- Spreading ofinvasive speciess happening mostly at local levehdicating necessity of
habitat managementin the protected area and other ecologically important sites
threatened bythe invasive species.

- Thee is an equal numberfausers who have and wehstill do not have langbroperty
managementplans which opens up the possibility fanpgradingthe existing planning
practice.

- The most common invasive species that users have repdra@ihgcaused harm are false

indigo bush andommon ragweedwhich indicates the fact that they are widely spread and
cause considerable economitamaged F 2 NS A G NB S | 3 NR Odthebpebld > LJS?2
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that are not harmfulo forestry andagricultureare not considered invasive.

The interest of users in learning more about invasive species is encouraging for the
development of intersectoral collaborain and joint education program®r the control of
invasive species.

Part Forest productivity study

- The comparative analysis of the basal area increment in similar halzitetBrmed by soil
sampling showedhat the basal area increment veahigher inthe poplarplantationson the
land of similar type withthe approximdely same production characteristicd& slightly
positive to neutral trend was reported in the years when there was no grazing.

- The shrub layer with invasive species was reduced on the lardewdattle gaze in agre
forestry areas the poplarplantations).Theoccurrenceof smaller false indigo bush, boxelder
maple and green asWith an understory stand structure can be explained by the history of
use, according to which it was determined that cattle breeding was forbidden ten years ago

- The differences in basarea increments are greater inegunculate oak standsvith
traditional gazing of pigs compared to the control areas on the same type of land of the
approximately similar characteristicshe resultingdifferencescan be examined closely by
defining other watefair properties (water capacity, aeration).

- A higher basl area incrementvasreported n the control area2 of the pedunculate oak

for a long period of time compared to the graziagea The changes ithe trend, from
declining to the increasing one favor of the grazing areawere recorded 30 years agbhe
increment of the tree basal area on tlggazingland has been slightlgigher compared to

the control surface area for the last 15 years, despite the higher production potential of land
in the control area.
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Sources of data

az2fyt N %aos 35 SIYEL SNEF d o2 &Y ANXOPSE al NRYy 120> WoX
Traditional pig grazing in the Bosut forest (Serbialhnoecological and conservational perspectives.
7BBC, Novi Sad, 2018eptemberl0-14. (oral presentation)

{T 0 R2ADOYDPI I YROIXIOS 5 b (2ML)fLANT 0S8 gracticds @ plandz] St A
invasions in the Sava River floodplain in Serbia. 11th International Conference on the Ecology and
Management of Alien Plant Invasiofd EMAPI)30. August 03. Septembe2011. Szombathely,
Hungary, Abstraci®. 150.

Schwarz, U. (2016): Sava White Book. The River Sava: Threats and Restoration Potent
Radolfzell/Wien: EuroNatur/Riverwatch.

~12NROZ ! @Y CATfALRGalAIZ DX 0 A NXKnOSerbian). Akaddnyijm 0
nauka i umjetnosti Bosne i Hercegovine, Sarajevo-gé 1

The Qestionnaire: 54 answers from land usersthwe protected areas in the Sava River Basin, from
the territory of Republic of Slovenia, Republic of Croatia, BosniaHamdegovina and Republic of
Serbia.

Dendrochronologybased on tree coring sample§)etermining the growth of the main tree species in
the experimental fields in the pedunculate ostandsand poplar plantations

Zingstra, H.L., Kis, A., Ribaric, Aaslli|., Jeremic, J., Predic, T. (2010): Protection of Biodiversity of the
Sava River Basin Floodplains: The relevance of farming and farmland for maintaining the landsca
and biodiversity  of  the Sava floodplains. Wageningen University  Holland.
https://www .wageningenur.nl/en/Publicaticnetails.htm?publicationld=publicatieway-

343032313931.
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Annexes

Annex1 ¢ Questionnairefor land users irthe Sava RiveBasin

Your country:

la

2a

3a

1.Slovenia

2. Bosnia and Herzegovina
3. Croatia

4. Serbia

5. English version

Your role:

a) Government body

b) Local or regional government / Municipality

c) PE (Public company) or other natural resource manager (e.g. game manager)
d) Private land owner

e) other

Sector/Profession:

a) Agriculture

b) Forestry (including game management)
c) Watermanagement

d) other

Have you come across the term of Invasive Alien Species by now, personally or professionally
a) Yes
b) No

If the previous answer was confirmative, how?

a) Inaprotected area
b) Inaforest

c) Onafloodplain

d) As weed on fields
e) Other

During the time you havmanagel crops, forest, meadows, fish ponds or other goods, have you
experienced income loss from the introduced species? (e.g. weeds, pests, invasive fishes, aggressive
wooden or herbaceous species)

a) Yes

b) No

c) |don't know

If "yes", from which species? (please list domestic names)

Do you check your land féine presence of invasive species?
a) Yes

b) No

c) No recognition ofnvasive species
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4a.

10.

11.

12.

interreg M

/ f )
/lnai/
In case of experienced damage froe invasive speciefiasyour organization/farm developed plans
and/or techniques to minimize the damage? (e.g. eradication)

a) Yes

b) No

c) Not applicable

d2S g2dAd R tA1S (42 YI1S adzOK | LXFYyX o6dzi R2yQi

Does your company/farm have management plans for the land it owns/uses/mahages
a) Yes
b) No

If your previous answer was "yes", does the plan consider possible damage or income loss from
invasive species?

a) Yes

b) No

Does your company/farm make soil exationor soil transportation from onareato another (e.g. for
maintaining levees, canals, roads, railways etc.)?

a) Yes

b) No

Does your organization maintain green areas? (lawns, meadows, dykes, canals, parks, road borders,
arch trees)

a) Yes

b) No

c) other

If the answer tothe previous was "yes", in which way?
a) machine mowing

b) mowing with a scythe

c) mulching or grinding

d) grazing animals

Biomass of grass, weeds or bushpsoduced it this wayis usually:
a) left on the same place

b) used as hay for fodder

c) transported to garbage disposal

d) used in composting

e) burned atanappropriate place

f) something else

Does your organization (gou personally if you own the land) transport plant products (e.g. cereals,
hay, game food, wood) from one area to anotlrerts land management practiee

a) Yes

b) No

If you answered "Yes" to questions 7, 8 or 11, how far is the land / biomass / product transported?
a) uptolkm

64




)

interreg M

Danube Transnational Programme

S

Ipéfy'

b) upto 10 km
c) upto50km
d) farther

13. In your opinion, should the problem of invasive species be addressed at the national level? (e.g.
subsidizingeradication and prescribing preventive measures)

a) Yes

b) No

14. Would you be interested to learn more about invasive species, how they affect our society, economies,
nature and what weeando in response?

a) Yes

b) No

15. Would you like to add something about invasive @ps?
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Annex2: Example of fixed and scann&ée coringsEuiloamerican poplar
and Redunculate oak for measurintpe width of ringsof samplel trees

LS 2 aud

b ﬁ* o ooy - _....a.lﬂ .t‘.’i‘l .«L‘_ e SR Y ] : 5

Figurel. Asample & prepared and scannecbre ofEuroamerican popldior measuring thdree-ringswidth.

Figure2. Photo of Euroamerican poplar cqigte TK. Figure3. Photo of Euroamerican poplar core, Siti.
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Figured. A sample of prepared and scanned pedunculate oak core for measuringrigeidth.

Figure5. Photo of pedunculate oak core, sitel.1. Figure6. Photo of pedunculate oak core, sitel.2.

67

Project co-funded by European Union funds (ERDF, IPA)



“)

interreg H

Danube Transnational Programme

Figure?7. Photo of pedunculate oak core, site2.1. Figure8. Photo of pedunculate oak corsiteL 2.2.
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Figure9. Photo of pedunculate oak corsiteL 3.1. FigurelO. Photo of pedunculate oak corsite L 3.2.
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