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Comparison of Several Methods for
Calculation of Reference Evapotranspiration

Csaba Rcz — Janos NcyY — Attila Csaba DBos

Institute for Land Utilisation, Regional Developmeamd Technology,
Centre for Agricultural and Applied Economic Sciesiddniversity of Debrecen, Debrecen, Hungary

Abstract — The knowledge of the evapotranspiration of natecasystems and plant populations is of
fundamental importance in several branches of seiemesearch and practical uses. Nevertheless, the
harmonisation of the large number of methods awd needs often causes problems. The objective of
the analyses was to explore the output range amsitiséty of models of different physical approashe
under local conditions. We performed descriptiwaistical and sensitivity analysis of 10 commonly
used estimation models — one of them with two vasiaCorrelation between modelled and measured
evapotranspiration data series was assessed. Tgwtate of the model outputs, their variability and
responses to the changes of selected atmospherangi@rs were evaluated. Priestéqylor,
PenmarMonteith-FAO-56, ShuttleworthWallace (parameterized with alternative radiation
balance), Szasz and Makkink proved to be the marssidve methods. As regards the systematic
error, Makkink and Shuttlewor#tWallace showed the best agreement with pan evaparathile
ShuttlewortkrWallace, BlaneyCriddle and Makkink models were found to be thesekt to the
PenmarMonteith-FAO-56 method as a reference value.

evapotranspiration /estimation models / sensitivityanalysis

Kivonat —A referencia parolgas néhany becél médszerének 6sszehasonlitd vizsgélatdzamos
tudomanyterulet és kutatasi téma, valamint gyakiaalalmazas szamara bir alapvébntossaggal a
novényallomanyok, természetes Okoszisztémak ewapsyiraciéjanak ismerete. A nagyszamu
modszer és a valtozé felhasznal6i igények Osszeegfgse azonban gyakran probléméat okoz. A
vizsgalatok célja az volt, hogy helyi viszonyok &tizis megismerhessik az ediéfizikai
megkozelitést tikrdz modellek kimeneti értéktartomanyat, érzékenysédddird statisztikai-,
valamint érzékenységvizsgélatot végeztink 10 gyakhalmazott bec§imodell eredményeire, ezek
egyikének esetében két modellvaltozatra is. Vizagala kivalasztott modszerek korrelaciojat
egymashoz, illetve mért adatsorhoz képest. Ertigkest modellkimenetek nagysagrendjét, azok
valtozékonysagéat, valamint az egyes |égkdri pararaktvaltozasara adott reakcidjat. A vizsgalt
maodszerek kdzll a Priestleyaylor, PenmanMonteith-FAO-56, ShuttleworthWallace (egyedi
sugarzasi egyenleggel parametrizalva), Szasz ékiNaknodell bizonyult a legérzékenyebbnek.
Szisztematikus hiba tekintetében a Makkink és attBworth-Wallace mutatta a legjobb
egyezést a mért értékekkel, mig a Penmddonteith-FAO-56 modszert referenciaként valasztva
ahhoz a ShuttleworttWallace, a BlaneyCriddle és a Makkink modell allt a legk6zelebb.

evapotranspiracié / becdl modellek / érzékenységvizsgalat

"Corresponding author: raczcs@agr.unideb.hu; H-BERRECEN, Bészérményi Gt 138.



10 Racz, Cs. et al.

1 INTRODUCTION

Research of evapotranspiration plays an importale rin the field of agro- and
hydrometeorology. Due to the complexity of evapotgaration as a biophysical
phenomenon, several approaches and variants westged.

In physical sense, evapotranspiration (ET) is tin® ®f the evaporation (E) from the
water and soil surfaces and the amount of watesspiseed by plants (transpiration, T). It is
often limited by the currently available evaporatater, as well as by characteristics of the
plant cover and the soil. Based on these factarg, values can be distinguished, namely
potential (PET or EJ) and actual evapotranspiration (AET or JET Reference
evapotranspiration (EJ represents theoretical evapotranspiration fronexensive surface
of green grass of uniform height, actively growiegmpletely shading the ground, and not
short of water (Allen et al. 1998). This concepsustable for deriving ET values for any crop,
although significant differences between valuedioérse model equations may be confusing
for practical users.

For each of the wide range of applications, suchyakological and ecosystem models,
aridity assessments, or irrigation planning et @FL996, Lieth 1975), it is crucial to find the
most appropriate method to estimateyEHDifferences among methods often reach hundreds
of millimetres per growing season (Federer et 8P6), and accuracy of a given method
depends heavily on the climatic conditions of thelg site. For humid climate the Penman-
Monteith-FAO-56 method is generally recommendechgda et al. 1990, Sumner — Jacobs
2005, Yoder et al. 2005, McMahon et al. 2012), #adextensions e.g. the Shuttleworth—
Wallace equation also proved to be effective (ZBOL1) because of its robust physical basis.
Several studies preferring Priestley-Taylor’s ajppfo(Lu et al. 2005, Adeboye et al. 2009),
point out that under such climatic conditions itfpans better than any other radiation and
temperature based methods. Most of the authorsrowmd that temperature and radiation
based methods tend to give the highest, while pafficient based ones result in the lowest
ETo values (Yates — Strzepek 1994, Tabari et al. 20Whyer arid and semi-arid climates
radiation based models may perform poorly (Er-Ratkal. 2010), however, use of locally
calibrated equations can make them more accurae tbmperature based and even
combination type ones (Bois et al. 2005, Schneatlat. 2007). In general, Penman-Monteith-
FAO-56 and radiation based methods estimate ldher than pan-coefficient methods do
(Rao — Rajput 1992) in arid environment.

The necessity of comparison, sensitivity testing ealibration of methods in a local context
is emphasized by a large number of studies. Adtitlg, in continental climate of Eastern

Hungary, there is a considerable variability of diand arid characteristics, thus, to find the
most suitable models, a local test appeared tadisgensable.

For our assessment we selected two methods of thacfour basic EJ approaches.
Since it is also highly recommended by literatitederer et al. 1996, McMahon et al. 2012)
to consider locally measured data, we decided Yolwe pan evaporation data series as a
reference value.

The main objectives of our study were the following

» statistical evaluation of the outputs of severaprapches to evapotranspiration

assessment,

» evaluation of the sensitivity of addressed appreacto change in input climate

variables.

Acta Silv. Lign. Hung. 9, 2013



Comparative analysis of reference evapotranspiratio 11

2 DATA AND METHODS

2.1 Climate data

The weather data used in our study were daily nvadunes derived from hourly values of
the basic parameters (global radiation (k¥ tour?), temperature at 2 m (°C), relative
humidity (%), sunshine duration (hour d§yand wind speed at 10 m height (f)sall
measured at Debrecen Airport station of the HuragaMeteorological Service. Therefore,
we obtained a useful basis for comparison with gha evaporation values measured at
the same location.

Pan evaporation measurements represent a convehtiogasurement method and
long data series are available at several Hungarnateorological stations. The method
refers to the daily amount of water evaporated ftomopen surface of a water filled pan.
Although such measurements may be subject to euwerto e.g. oasis effect, drinking
animals, etc. (Tanner 1968, Lim et al. 2011), isidl a widely used method. Our data
series contains the dailET (‘Pan’, B, in mm day’) data measured by class-A
evaporation pan at Debrecen Airport station (I&47.490° lon.: E21.611°) of the
Hungarian Meteorological Service (OMSZ) during tirewing seasons (April — October)
of test years (2005-2010). fable 1 we provide the descriptive statistics for the pan
evaporation data series.

Table 1. Descriptive statistics of the pan evaporatiata for the growing season (Apr.—Oct.)

2005 2006 2007 2008 2009 2010
Sum 613.6 751.1 1015 802.8 1091 750.7
Mean 87.66 107.3 145 114.7 155.8 107.2
St.D. 1.59 1.88 2.60 2.01 2.29 2.04
CVv 1.81 1.75 1.79 1.75 1.47 1.90

Unit: mm day*
St.D.: standard deviatiorGV: coefficient of variation (%)

2.2 Methods for modelling potential evapotranspiration
Equations for the applied models can be seen balosied by type.

Pan coefficient-based methods (time step: day)
Pereira model: (Pereira et al. 1995): (‘Per’, hereinafter)
ETo = Epan[Ky (1)
__ 085A+y) (2)
L [a+ y(a+ 0330,)]

FAO-56 (Allen et al. 1998): (‘FAO56’)
ETo = Epan[K> (3)
K, = 051206~ (0.0003211, +0.0422n(F ) +0.1434n(RH) - 0.00063{in(F)]? In(RH) (4)

Acta Silv. Lign. Hung. 9, 2013



12 Racz, Cs. et al.

Temperature-based methods (time step: month or longer)
Blaney-Criddle-model: (BlaneyCriddle 1950, Doorenbe®ruitt 1977a, BurmatiPochop 1994):

(‘B&C)
ET, = a, +b,[p(046T + 813)] (5)
a, =0.0043RH,. —(n/N)-141 (6)
b, = 082-0.0041RH,y;, + 107(n/ N)+ 0.066u,4 — 0.006RH, i, (n/ N )= 0.0006RH 1, Uq (7)

Szasz method (Szasz 1973): (‘Széasz))
2

ET, = 0.00536(T +21)? [{1- RH)3 ¥ (u) (8)
f (u) =0.051% u, +0.905 9)

Radiation-based methods

(time step: day/month )

Makkink—FAO-24 (Makkink 1957, DoorenbePRruitt 1977b): (‘Mak’)
ETy=a,+ bz( = jRg (10)
A+y) A
a=-0,3 (11)
b, = Co + G RH + Collg + CaRHUy + C,RH? + Coliyg (12

Priestley-Taylor-model (PriestleyTaylor 1972, McNaughton — Jarvis, 1983): (‘P&T")

A
a—(R,-G)
ET, =21V (13)
P
a=1+ Y E& (14)
A+y 1y,

Methods based on mass-transfer

(time step: day)

WMO-1966 (WMO 1966): (‘WMO66')
ET, =(0.1298+0.09341,)[(e, - €,) (15)
Mahringer-model (Mahringer 1970): (‘Mah’)
ET, = 0.15720/36u, (e, —e,) (16)

Combination-type methods

(time step: day)

PenmanrMonteith—-FAO-56-model (Allen et al. 1998): (‘PMF56)
900
0.408A(R, G)+VT+7273U2(35 €) (17)

ETy =

A+ y(1+ 034u,)

Shuttlewortir-Wallace-model (ShuttleworttWallace 1985):

C.[ET, +C,[ET,
p)

Terms of the above equations are given in detailable 2

ET, =

Acta Silv. Lign. Hung. 9, 2013
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Comparative analysis of reference evapotranspiratio 13

Table 2. Abbreviation of variables, coefficientslamits used in equations 1-17

Notation Name of variable Unit Equation no.
Uy daily mean wind speed at 2 m height kmday 2,4,9, 15, 16, 17
Uzg mean wind speed of daylight hours at 2 m height “ms 7,12
y psychrometric constant kPa™C 2,10, 13, 14, 17
A slope of the vapor pressure curve kPa °C 2,4,10, 13, 14, 17
F the fetch distance above the reference surface m 4
RH daily mean relative humidity % 4, 8,12
RHmin daily minimum of relative humidity % 6,7
a, b parameters for equation 5 - 5
&, by parameters for equation 10 - 10
(n/N) relative sunshine duration - 6,7
T daily mean temperature at 2 m height °C 5,7,8, 17
Co, G, G, coefficients for equation 12 - 12
C3 G G
Ry global radiation cal fday’ 10
R, net radiation MJ m?day® 13
water equivalent of net radiation mm day” 17
G soil heat flux MJ m?day® 13
water equivalent of soil heat flux mm day* 17
y) latent heat of vaporization carfday® 10
MJ kg™ 13,18
a Priestley-Taylor coefficient - 13
la aerodynamic resistance s'm 14
re canopy resistance s 14
& saturation vapor pressure hPa 15, 16
kPa 17
€ actual vapor pressure hPa 15, 16
kPa 17
C. weighting coefficient for canopy - 18
Cs weighting coefficient for soll - 18
ET. transpiration mm day 18
ET, evaporation mm day” 18

During the selection of the models, attributes takeo consideration were input data
requirements, sensitivity for different climaticriables and suitability to different humidity
conditions according to literature.

Pan-evaporation derived methods are relatively Empgomputation is based on
measured k&, values and an empirically determined pan-coefficas a correction factor. An
advantage of these methods, such as Per and FASX5@jr very little input data.

Temperature- and radiation based methods are afggeswith low number of input
variables, however, calculation of empirical cagéints used can be difficult. These methods
are recommended to be used for monthly or longeoge of time.

Methods based on mass-transfer mainly use temperahd humidity parameters. This
approach considers the energy and water vapousférabetween the surface and the air.
Equations are typically simple, with daily timeste

Combination-type methods unify aerodynamic and gyxealance theories. PMF56 and
S&W methods are particularly widely used and comsd to be accurate and robust models
with the disadvantage of high input data requiregser8&W equation, which is a
modification of PMF56, allows for local calibratiand parameterization, though it requires
abundant data describing air, soil and vegetatilitions either.

Acta Silv. Lign. Hung. 9, 2013
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The analysis was performed for the period of 200362 Winter periods during the
analysis, were deliberately neglected. Howevelydailues of ET could be considerable in
several cases, it has very little significanceaigro- and hydrometeorological use.

For our alternative Shuttleworth-Wallace 'S&W#25tevariant, estimated net radiation
values were used. Net radiation data was calcufabed global radiation of D.-Airport, with
linear regression method on the basis of four corapts net radiation measurements.
Net radiation was measured at Debrecen-Kismacs mgteorological Observatory
(lat.: N47.577°; lon.: E21.582°), approximately Kl north to the Airport station.

2.3 Methods for data analysis

The comparative analysis consisted of two partst,Fa descriptive analysis was performed;
the values of the final results obtained from eastimation algorithm, i.e., evapotranspiration
sums during the growing season and monthly amowet® examined in six test years.
Furthermore, the average differences of values ftben pan evaporation data were also
evaluated in the respective periods. By means sitkdescriptive statistical indices, such as
absolute maximum, absolute minimum, mean valua| tahge of values, standard deviation,
coefficient of variation and variance, models werlgjected to a statistical. Also, cross
analysis of the models’ root mean square error (RM8etween model outputs was
performed. RMSE is an informative which denotes éh®r between a model and a certain
basis for comparison. In this study we paired ewmgle model to all the others to assess the
magnitude of discrepancy between each pair. Inmalasi way we carried out a Pearson’s
correlation test. In addition to cross-analysesewamined residues calculated on the basis of
Pan and PMF-56 methods. Outputs of each model es@rpared to Pan and PMF-56 thus,
and forAET, values basic statistics (e.g. absolute maximumraimimum, mean bias error
(MBE), standard deviation, variance and total rangere calculated.

All the indices were calculated on the basis ofyddata in the entire examination period
except for the analysis of monthly or seasonal sums

Next, a sensitivity analysis was carried out toleai® the response of calculated ET to
selected atmospheric parameters. Changes of matj@ite and their variability induced by
change in atmospheric variables were evaluatedsdrefor the selection of these variables,
such as temperature measured at 2 m height (&jivelhumidity (RH), global radiation ¢R
and wind speed measured at 10 m (u), was that tresables are thought of as the most
decisive in the control of ET values in most of @&gpns used.

Mean values of these parameters and also from Thevalues of each model were
calculated. Then we calculated the deviatiah ffom these means for the daily data of the
atmospheric parameters and the,B/alues, respectively. In order to reach the best
comparability between the effects of changes iraatlospheric variabledy values of each
parameter and ETwere converted to changes in percentage. Fintdl,mean of output
changes (meafAET,) and the total range (R) of the changes for th@odewnere shown in
diagrams indicating the magnitude of changes inrthet on the x-axis.

3 COMPARATIVE ANALYSIS AND SENSITIVITY ANALYSIS

3.1 Descriptive statistics

Data inTable 3indicate that yearly sums of modelled Bfalues differ remarkably among
years and models. This high level of divergenceumanostly between different types
(e.g. temperature-based, radiation based, eterjettiods and only to a lesser extent between
methods of the same type.

Acta Silv. Lign. Hung. 9, 2013
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Table 3. Sums of BTHuring the growing seasons of the examined years

Year Pan Per FAO56B&C Szasz Mak P&T WMO66 Mah S&W PMF56 S&W#2

2005 649 425 517 914 692 861 663 481 582 864 925 828
2006 751 493 597 951 708 893 674 520 628 895 948 853
2007 1015 644 771 1126 797 1046 746 755 885 11131148 1065
2008 803 512 628 971 708 923 710 557 657 922 979 883
2009 1091 690 830 1153 789 1041 737 799 937 11641183 1117
2010 751 477 595 877 648 844 683 446 527 799 868 763

ET,: reference evapotranspiration (mm)

Table 4implies that there are differences between thectsdl models in terms of their
range and standard deviation. In addition, the grotimodels which estimate the highest
maximum — and the widest range — BT, (mass-transfer based and combination type
methods) and those which show the highest stardkarihtion (B&C, Mak and combination
type methods) is not necessarily the same. Nottaitissng, we could distinguish large
fluctuation models by their high range and standdediation values (Pan, B&C, mass-
transfer based and combination-type methods) asd alonservative’ ones with less
fluctuation can be specified (pan coefficient-baszhisz and P&T methods).

Table 4. Descriptive statistics calculated for thieole examined period (2005-2010)

Pan Per FAO56B&C Szasz Mak P&T WMO66 Mah S&W PMF56 S&W#2

Max. 12.10 7.67 8.18 11.79 6.49 9.70 7.17 16.05 17.34.76 12.85 14.92
Min.  0.00 0.00 0.00 0.33 0.21 -0.05 0.24 0.04 0.05 0.15 0.23 0.08
Avg. 394 252 3.07 4.67 3.38 4.37 3.28 2.77 3.284.48 4.71 4.29
R. 12.10 7.67 8.18 1146 6.28 9.75 6.93 16.00 17.294.61 12.62 14.84
StD. 218 141 161 232 151 231 155 1.82 204222 222 2.22
Cv 0.55 0.56 0.53 0.50 045 0.53 047 0.66 0.620.50 0.47 0.52
Var. 4.75 2.00 2.60 540 2.27 535 241 3.32 4.184.92 4.91 4.94

Max.: absolute maximum (mm ddy, Min. : absolute minimum (mm day, Avg.: mean value (mm daj),
R.: total range (mm day), St.D.: standard deviatiorGV: coefficient of variationyar.: variance
For explanation of method abbreviations see chapger

Annual time series of residua{Bigure 1) indicate that differences between modelled
and measured values were relatively stable, butcoostant. There are major changes in
residuals either between model outputs or betweend@ta and modelled EValues.

2

1,

difference from measured data [mm day

Pan Per FAO56 B&C Szasz Mak P&T
S&W  ————PMF56 ------- S&W#2

2005 2006 2007 2008 2009 2010

(Meanings of abbreviations are given in chaptey 2.2

Figure 1. Average daily difference of the modepatd and
measured values in the period 2005-2010

Acta Silv. Lign. Hung. 9, 2013



16 Racz, Cs. et al.

The temporal course of the differences compare@aio data and the precipitation sums
of the examined growing seasons correlates wetlage of certain models. The following
precipitation sums were recorded in the intervavieen April and October: 473 mm (2005),
438 mm (2006), 369 mm (2007), 396 mm (2008), 256 (@609) and 571 mm (2010). The
value of the coefficients of determination’fRare 0.79 (Per), 0.82 (FAO56), 0.72 (Szasz),
0.69 (Mak) and 0.82 (P&T

It shows the fact that model response to the amoluavaporable water is stronger than
that of the evaporation pan. Although it should rmed that in case of other models
correlation was much weaker.

The quantification of the correlation of the modatsd the residuals compared to each
other is closely linked to our statistical examioas. Correlation was calculated for each pair
of models instead of averaging within model typ&able 5 summarises the values of
Pearson’s correlation coefficient.

Table 5. Cross analysis of Pearson’s correlatioiwsen modelled daily B Hata
(2005-2010)

Pan Per FAO56B&C Szasz Mak P&T WMO66 Mah S&W PMF56 S&W#2

Pan - 097 099 083 078 081 080 081 082 087 0.86.850
Per 097 - 099 087 083 084 081 075 079 08 0.84 0.84
FAO56 0.99 0.99 - 084 080 082 081 076 0.79 084 0.84 0.83
B&C 0.83 0.87 0.84 - 095 096 092 081 085 093 094 0.90
Szasz 0.8 083 080 095 -097 09 072 0.77 089 0.91 0.86
Mak 081 084 082 09 097 -097 075 080 092 0.95 0.89
P&T 080 081 081 092 095 097 - 070 0.73 0.88 0.92 0.85
WMO66 0.81 0.75 0.76 0.81 0.72 0.75 0.70 - 099 093 0.90 0.92

Mah 082 079 0.79 085 0.77 0.80 0.73 0.99 095 091 0.94
S&W 087 085 084 093 089 092 088 093 095 -0.99 0.98
PMF56 0.86 084 0.84 094 091 095 092 090 0.6DB9 - 0.97
S&W#2 085 084 083 090 086 089 08 092 09488 0.97 -

n (number of cases) = 1284. Method abbreviatioagaplained in chapter 2.2

The closest correlation was observed between Padpambased models due to the fact
that these algorithms are closely related to thasmed data by the use of a correction factor.
Models that showed the weakest correlation with ather were mass-transfer-based ones.
The weakest correlation of all has been found betwemass-transfer and radiation-based
methods. Also, from a different perspective, thiéedence between the two model types can
be explained by use of different atmospheric patarae

The same analysis was performed with RMSEble § to determine ‘alignment’ of
the models compared to one another. With this a&malgur purpose was to find possible
reference values and evaluate error between mau#tss comparison.

Using pan evaporatiormeasurement (Pan) as a standard Per and FAO56Ismate
be highlighted by their lowest RMSE values. ChogsiPMF56 to be the basis of
comparison, the two variants of S&W show the bestoadance, also because of
belonging to the same type. As an alternative, @arched for the models that are closest
to the majority of methoddy selecting the lowest average RMSE. It is fodnat Per
(0.7), Szasz (0.73) and even P&T (0.78) showedidenably lower values than the rest of
the models.
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Table 6 Cross analysis of the Root-Mean-Square rHRMSE) of modelled daily ETdata
(2005-2010)

Pan Per FAO56B&C Szasz Mak P&T WMO66 Mah S&W PMF56 S&W#2

Pan - 034 020 131 094 136094 106 1.16 111 1.14 1.17
Per 0.53 - 024 114 084 127090 120 124 118 1.19 1.21
FAO56 0.28 0.21 - 127 091 133091 118 1.26 1.19 1.20 1.24
B&C 1.23 0.69 0.88 - 045 0.650.61 108 1.06 0.80 0.77 0.95
Szasz 1360.79 097 069 - 057050 126 130 1.01 0.90 1.13
Mak 128 0.7 093 066 037 - 037 1.20 124 0.86 0.70 1.02
P&T 131 0.82 095 092 0.49 0.55 - 130 1.40 1.05 0.88 1.18
WMO66 1.27 0.93 1.05 138 1.04 1.521.11 - 0.28 0.79 0.98 0.87
Mah 123 0.86 1.00 121 0.96 1401.06 0.25 - 068 0.90 0.76
S&W 1.09 0.75 0.87 084 0.68 0.890.74 0.65 0.62 - 0.32 0.49
PMF56 1.12 0.76 0.88 0.81 0.61 0.730.62 0.81 0.83 0.32 - 0.51

S&W#2 1.15 0.77 090 100 0.76 1.070.82 0.72 0.70 0.49 0.50 -
n (number of cases) = 1284

Table 7. Descriptive statistics calculated for cegs based on Pan and PMF56 (2005—-2010)

AETopan
Per FAO56 B&C Szasz Mak P&T WMO66 Mah S&W PMF56 S&W#H2
Max. 0.00 0.00 521 3.4/ 491 3.2C 4.68 5.20 6.44 6.21 7.15
Min. -576-4.00 -6.01 +7¢ —6.6( —7.3¢ —6.37 —6.16 -456-4.33 —-4.87
Avg. (MBE) -1.42-0.87 0.73 ©B.5¢ 0.4: -0.6e -1.17 —0.66 0.54 0.77 0.35
St.D 0.88 0.61 1.34 1.3¢ 1.4C 1.3z 1.27 1.26 1.14 1.17 1.21
Var. 0.77 0.38 1.79 1.8¢ 1.9 1.7¢ 1.62 1.58 1.30 1.37 1.46
R. 58 40 11.2 11.2115 10.6 11.0 11.4 11.0 10.5 12.0
AETopmrse
Pan Per FAO5@B&C Szasz Mak P&T WMO66 Mah S&W S&W#H2
Max. 4.33 2.07 2.88 3.200.24 1.24 0.35 3.19 445 1.91 3.68
Min. -6.21 -8.96 -8.30 -3.96-7.52 -4.35-7.16 —4.42 -3.7F2.27 -1.66
Avg. (MBE) -0.77-2.19 -1.65 -0.05-1.33-0.35-1.43 -1.94 -1.43-0.23 -0.42
St.D. 1.17 1.28 1.23 0.811.04 0.73 1.00 1.00 0.90 0.32 0.51
Var. 1.37 1.63 1.51 0.66 1.08 0.54 1.01 1.00 0.80 0.10 0.26
R. 105 11.0 11.2 7.1 7.8 5.6 7.5 7.6 8.2 4.2 53

AET,: residues comparetb Pan and PMF56 daily output data, respectivéax.: absolute maximum,
Min. : absolute minimumAvg. (MBE): mean value, (i.e., systematic error, MBE — Meés Error), all in mm day;
St.D.: standard deviation/ar.: varianceR.: total range

General descriptive statistics was performed ferrésiduesAET,) specifically calculated
based on the comparison outlined above, but oniglation to Pan and PMFS8able 7) The
smallest MBE, i.e. systematic error compared tontleasured pan data was shown by Mak and
the S&W+#2 with modified radiation balance calcwatilt is however the consequence of the fact
that the differences having high standard deviadioth variance compensate each other because
of their inverse signs. Therefore, despite the ¢eseelation, these models provided a relatively
small MBE, which also implies a larger proportidmon-systematic error.

In comparison with the PMF56 model, the B&C and Ntaddels show the same features
as the above, while S&W method provides a verylammesult to the standard both in terms
of its MBE and RMSE values. The real reason fos ffienomenon is the similarity of the
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principal bases of these two methods. The errathefmentioned methods thus presumed
mostly non-systematic.

3.2 Sensitivity analysis

In Figure 23 the impact of temperature on the models and thasored ‘Pan’ data set is
shown. The curve of average chang&T) of all models runs together in th60 — +40%
range, divergence can be seen above or below #mgeronly. At the same time, the
correlation between the input and output data chsuig nearly linear. Total range (R) of the
changes follows a typical span in most mod€&igure 2b) Small differences can be seen in
case of input change is in the negative range, lynpseiking near the mean, then starting to
decrease again with higher differences betweenntibelels. Nevertheless, the different
behaviour of mass-transfer-based algorithms caseke in this case, too, the total range of
the output change continuously extends in theseetsod’he lowest deviation of the two
temperature-based (B&C, Szasz) and the radiatiseebgMak, P&T) models is worth
mentioning, as the model response to the changesthe most stable in these methods.
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Figure 2a—b. Impact of the change of temperaturenodel outputs
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Figure 3a—b. Impact of the change of relative hutpidn model outputs
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Figure 3ashows the results of the sensitivity analysesgperéd in relation to relative
humidity. Due to the set of RH values, the curvapas are inverted, results of the analysis
were still similar to temperature. The reason toe similarities is that relative humidity
depends on temperature; therefore, the two parasneiee related. Nevertheless, the
correlation between the change in air humidity #meoutput changes can be best described
with a logistic trend. It is a further differencleat the models start to diverge after a 20%
reduction of the parameter value. Also, as regtrdise total rangeNigure 3b) Szasz, S&W,
Mak and PMF56 models resulted in the lowest valiess-transfer-based models proved to
be of different behaviour again: their total rargjechange in output was above at 200% at
-20% RH differences and below.
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Figure 4a—b. Impact of global radiation changestba model outputs

The value ofET, estimated by the models linearly increases with iticrease of global
radiation Figure 43. Of the four meteorological parameters, it is thee where the
correlation can be determined most clearly in i@hato the models. The usual divergence can
only be observed from around the +80% levels. Amrés the range of the output changes,
mass-transfer-based models can be distinguishedh, aghile the higher stability was
observed in case of the Mak, Szasz and P&T modlks.benefits of using the latter model
concerning the availability of the measured radratlata are also confirmed by other sources
(Lu et al. 2005). The extent of total range is kheest around the negative extreme value,
above the mean value (17.1 MJ?nday”) it stagnates or slightly decreases at high
uncertainty in the case of the majority of modé&lg(re 4H.
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Figure 5a—b. Impact of wind speed change on theetnmatputs

Figure 5a shows ET response to change in wind speed. Asseppto the other
parameters, there is not even a temporary lineaelation between the change dynamics of
the parameter and the output in relation to wind.this case, the correlation type is
presumably logarithmic. On days with wind speedowethe average (0.5-2.8 m')sthe
models provide results with rather close corretatidpproximately above the level of -50%
wind speed change (1.4 m'sand above), the extent of estimated evaporatiaupdly
increases in each model. After reaching the avevaliee, the extent of evaporation keeps its
level. It peaks mostly between 80-100% increasesind speed (5.1-5.7 m3, although
5 models do not show any increase notable. Thes#elndSzasz, P&T, B&C, Mak, Per)
appear to be insensitive to any further stiffenifigvind, as opposed to mass-transfer-based
models. As regards the total range of the deviafligure 5b) the same models are the
steadiest (except for the Pereira model); therelsthér strengthening their ‘conservative’
classification.
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4 CONCLUSIONS

Based on monthly and yearly amounts of estimategl ETvas concluded that evaluation
on the basis of seasonal sums is very sensitiveystematic differences between daily
model results. Differences of the order of evenesalvhundred millimetres can evolve
during a growing season. Nevertheless, the higlsshs were provided by the
Blaney-Criddle, PenmanMonteith—-FAO-56, ShuttleworthWallace and Makkink
methods, while the lowest amounts were providedhsy Pereira, FAO-56, WMO-1966
and Mahringer models.

On the basis of seasonal dynamics of the modelubsitghe distinct behaviour of
mass-transfer-based models (WMO-1966, Mahringeryl dhe sensitivity of pan-
coefficient models (Pereira, FAO-56), temperatuasdil (Szasz), and radiation-based
models (Makkink and Priestleyraylor) to the precipitation amounts could be dttdc

Large fluctuation models with high R and St.D. esyPan, B&C, mass-transfer based
and combination-type methods) and ‘steady’ ones (pzefficient-based, Szadsz and P&T
methods) with less variability of outputs were itged. Furthermore, mass-transfer-based
methods showed wide standard deviation and totadeaof the output data even in the
case of relatively loviET, levels.

Based on the correlations between the model resBiseira and FAO-56 models
agreed the most to the pan evaporation measurepveile Shuttleworth-Wallace model
showed the most similarity to the PenmMtonteith-FAO-56 method. As regards the
systematic error, Makkink and Shuttlewotthallace model were the closest to pan
evaporation, while ShuttleworthVallace, BlaneyCriddle and Makkink models were the
closest to the PenmaNlonteith method.

With the sensitivity analyses, two main groups wdedined: the Szasz, Makkink,
Priestley-Taylor and PenmatMonteith—-FAO-56 models can be considered steady, i.e.
these methods responded with lower fluctuationghéochanges of atmospheric variables.
At the same time, WMO-1966, Mahringer, Shuttlewektfallace methods, the pan
evaporation measurements and Pereira model arerra#nsitive. These showed large
magnitude and high range of changes in B a response to the increase or decrease of
the four main atmospheric inputs (temperaturehamidity, global radiation and wind).

In the light of these conclusions, Priestd@waylor, PenmanMonteith—-FAO-56,
Shuttlewortr-Wallace parameterized with alternative radiationlabee, Szasz and
Makkink methods were found to be the best perfogymodels for ET calculation. In order
to perform properly accurate estimations, howevers necessary to carry out further
parameterization of each model in accordance witlll circumstances.
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Dehydrogenase Activity in a
Litter Manipulation Experiment in Temperate Forest Soll

Zsuzsa ERES — Zsolt KoTRoczO— Kornél MagYAROS — Janos Attila ®TH —
Béla TOTHMERESZ

Department of Ecology, University of Debrecen, Debre Hungary

Abstract — Soil enzyme activities are “sensors” of soil grigamatter (SOM) decomposition since
they integrate information about microbial statusd gphysico-chemical condition of soils. We
measured dehydrogenase enzyme activity in a decidigmperate oak forest in Hungary under litter
manipulation treatments. The Sikfit Detritus Input and Removal Treatments (DIRT)ject
includes treatments with doubling of leaf litterdawoody debris inputs as well as removal of leaf
litter and trenching to prevent root inputs. We diyyesized that increased detrital inputs increase
labile carbon substrates to soils and would in@eamzyme activities particularly that of
dehydrogenase, which has been used as an indafasoil microbial activity. We also hypothesized
that enzyme activities would decrease with detrigraoval plots and decrease labile carbon inputs to
soil. After ten years of treatments, litter remolaadd a stronger effect on soil dehydrogenase #ctivi
than did litter additions. These results showed thathis forest ecosystem the changed litter
production affected soil microbial activityeduceditter production decreased the soil dehydrogenase
activity; increased litter production had no sigeaht effect on the enzyme activity.

oak forest / dehydrogenase activity / Sikkut Project / litter input / litter removal / soil enzymes

Kivonat —Az avar mennyiségének hatasa egy cseres-tolgyes &rthlajaban a dehidrogenaz
enzim aktivitasara. A talajenzimek a talajban l8vszerves anyag (SOM) bomlasanak "szenzorai",
mivel informéaciét adnak a talaj mikrobiolGgiai émikai-kémiai &llapotarél. Egy magyarorszagi
mérsékelt Ovi tolgyerben mértik a dehidrogendz enzim aktivitAsat az awannyiségének
csokkentésével és novelésével. A ikt DIRT Projectben (Detritus Input and Removaldtneents)

az alabbi kezeléseket alkalmaztuk: dupla mennyiséggél avar, dupla mennyiséggavar, valamint
levél és gyokér megvonasos kezelések, ahol a ggkkek a parcellakra torténbendvését
akadalyozzuk meg. Azt feltételeztiik, hogy a meghéawear input hatdsara megndvekszik a talajban a
labilis, azaz a kbnnyen bonthat6é szén szubsztraknyisége és az enzimek aktivitdsa. Kulondsen a
dehidrogenaz enzim aktivitdsanak valtozasat vaeok,az egyik legaltaldnosabban hasznélt mutat6 a
talaj mikrobidlis aktivitasdnak mérésére. Tovablaa faltételeztilk, hogy a talaj enzim aktivitasa
csokkenni fog az avarmegvonasos kezelésekben, iis ladzén szubsztratok mennyiségének
csokkenésével. Eredményeink azt mutatjak, hogguielteltével az avar produkcié csdkkenése ebben
az erdei 6koszisztémaban a talaj dehidrogenaz esiinitasanak csokkenését okozta, ugyanakkor az
avarprodukcio ndvekedése nem okozott szignifiké@twzast az enzim aktivitasdban

télgyerdé / dehidrogendz aktivitds / Sikékat Project / avarmennyiség megduplazasa /
avarmegvonas / talajenzimek

" Corresponding author: veres.zsu@gmail.com; H-4DBBRECEN, Egyetem tér 1.
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1 INTRODUCTION

Soil enzyme activities are “sensors” of soil orgamatter (SOM) decomposition since they
integrate information about microbial status angigptp-chemical condition of soils (Aon —
Colaneri 2001, Baum et al. 2003). All soils contaigroup of enzymes that determine soil
metabolic processes (McLaren 1975) which, in tuteapend on its physical, chemical,
microbiological and biochemical properties (Makonda Ndakidemi 2008). Enzymatic
processes are closely related to soil quality, theyicipate in the processing of unavailable
forms of nutrients readily assimilated by plants¢8baugh et al. 1994).

Soil dehydrogenase enzymes (DHA) (EC 1.1.1.1) asead the main components of soil
enzymatic activities participating in and assurihg correct sequence of all the biochemical
routes in soil biogeochemical cycles (Ladd 198%tdbmination of DHA in soil gives large
amount of information about biological charactécisif the soil Wolinska —Stepniewska
2012). Dehydrogenase enzyme is often used as aumea$ any disruption caused by
pesticides, trace elements or management pratctdie soil, as well as a direct measure of
soil microbial activity (Chendrayan et al. 1979gVors et al. 1982; McCarthy et al. 1994).
Soil DHA is considered to exist in soils as intégrarts of intact cells (Taylor et al. 2002).
Dehydrogenase enzyme is known to oxidize soil doyaratter by transferring protons and
electrons from substrates to acceptors (Makoi —kid@ani 2008). These processes are part of
respiration pathways of soil micro-organisms arngl @osely related to the type of soil and
soil air-water conditions (Kandeler et al. 19969v&ral environmental factors, including soil
moisture, oxygen availability, oxidation reductipotential, pH, organic matter content, depth
of the soil profile, temperature, season of theryéaavy metal contamination and soill
fertilization or pesticide use can affect signifidg DHA in the soil environment (Dkhar —
Mishra 1983; Baruah — Mishra 1984; Sinsabaugh.e2@08; Xiang et al. 2008Volinska —
Stepniewska 2012; Kumar et al. 2013).

We measured DHA in a deciduous temperate oak farestungary under litter
manipulation treatments. Our research in the &Rikf DIRT Project (SIK) constitutes an
important part of an international long term projedich involves five experimental sites in
the USA (H.J. Andrews Experimental Forest, BoudSsgperimental Forest, Harvard Forest,
University of Michigan Biological Station, Santat®i (Nadelhoffer et al. 2004) and one in
Germany (Universitat Bayreuth BITOK). We hypothesizthat increased detrital inputs
would provide increased labile carbon substratessdads and increase dehydrogenase
activities, which is used as indicator of soil roloial activity (Thalmann 1968a; Chendrayan
et al. 1979; Nannipieri et al. 2002). We also hjesized that dehydrogenase activities would
decrease in detritus removal plots with decreasésbile carbon inputs to soil.

2 METHODS

2.1 Area and project descriptions

The Sikbkut Project was established in 1972 for the longitetudy of forest ecosystems. It
is located in the south part of the Bikk MountainsNorth-Eastern Hungary N 47°55’
E 20°46’ at 325 m altitude. This forest has beestqmted since 1976, and it is part of the
Bikk National Park. Mean annual temperature (MAB) 10°C and Mean Annual
Precipitation (MAP) is 550 mm (Antal et al. 1998pil pH ranged between 4.85 and 5.50
depending on the plots (Téth et al. 2007). BotH pbi and humus content was lower in
detritus removal treatments. Humus content rangddden 2.66% and 3.14% (Varga et al.
2008). In the control plots the carbon content Wd®9% (0-5 cm), and 3.25% (5-15 cm)
(Toth et al. 2011). According to the FAO Soil Cidéisation, the soil is a Cambisols. This
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forest is a semi-natural stand (Quercetum petraea&s community) without forest
management activity (Jakucs 1985; Kotroczo et @.22. The Sikdkut Project is a member
site of the Hungarian LTER Network (Long Term Egptal Research) and the ILTER
Network (International Long Term Ecological Resbafoom 1995 (Kovacs-Lang et al. 2000).

Six treatments were established at the &ikf DIRT experimental site in the autumn of
2000 each in three replicates orx 7 m (49 m2) plots. Detritus was not manipulatedhia
Control plots (CO). There were normal litter inputsthe CO plots. The average leaf-litter
production was 3547 kg Hgear” between 2003 and 2010 (Kotrocz6 et al. 2012). § hare
two types of detritus additions: double the normadount of leaf litter was applied to the
Double Litter (DL) plots by adding leaf litter remed from NL plots; while in the Double
Wood plots (DW) the amount of wood detritus (braesshtwigs and bark) was doubled.
Annual wood litter amount was measured by boxesegldo the site and its double amount
was applied in the case of every DW plots (averifi&kg year). In three treatments of
detritus removal were also applied: abovegrounditdetremoved by rake in the No Litter
plots (NL), living roots severed by trenching irethlo Roots plots (NR), and both NL and
NR treatments in No Inputs plots (NI). The NR and@\ts were trenched around 40 cm
wide and 100 cm deep. The soil dug out was placeside the plot. Root-proof Delta MS
500 PE foil was put in the trenches, which wasmre thick and 1 m wide. Then the trenches
were filled with soil. Plants were cleared to ehiaie root production (bushes were cut out at
the establishment). Weeds were also controlled gdalbn (agent: 480 g*l glifosate-
ammonium) and dry plant residues were raked. Tkeildd description of the treatments is in
Nadelhoffer et al. (2004), Sulzman et al. (2005)trEcz0 et al. (2008). These processes were
replayed every year.

2.2 Soil sampling and measuring of dehydrogenaseame activity

Soil samples were collected 11 times from Febr2a0 to November 2012. Five cores were
taken from each plot 15 cm depth with a 2 cm di@méakfield soil corer (Oakfield
Apparatus Company, USA). Three analytical replisaier sample per assay were used. The
samples were homogenized and stored for one we#lCat

DHA was determined using the reduction of 2.3.pHenyltetrazolium chloride
(TTC) method (Thalmann 1968b). Samples of 2 g fiakist soils were mixed with 2 ml
1.5% TTC thoroughly into test tubes. The samplesewrixed on a vortex and incubated
at 30°C. The control contains only 2 ml Tris buff@vithout TTC). After 24 h, the
triphenyl formazan, a product from the reductionTd@iC, was extracted by adding 10 ml
ethanol to each tube and shaken for 1 min. Samwk® further incubated at room
temperature for 2 h in the dark (shaking the tudemtervals). The soil suspensions (12
ml) were then filtered and the optical density bk tclear supernatant was measured
against the blank (ethanol) at 546 nm (red colariGanesys 10 spectrophotometer. A
standard curve was plotted using a range of tripheirmazan (TPF) (Reanal, Budapest,
Hungary) concentrations between 0 and 40 pg TPE BHA was expressed as pg TPE g
dry soil 24 h'.

Soil moisture content was measured by TDR 300 (Tibwemain Reflectometer)
instrument in the field in volumetric water contepér cent (vwc%). There were two
measurements at each plot at the time of soil sagqpb determine DHA. Soil temperature
was measured by an ONSET, StowAway TidbiT-type -ttadger (Onset Computer
Corporation, USA), in the middle of each plot at tth depth. Data-loggers were
programmed to measure soil temperature every hamity mean of the soil temperature
values was used in the paper.
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2.3 Statistical analyzes

We used one-way ANOVA to determine significant tneent effects; significant mean
differences were evaluated at the level of p=0£l6giTukey’s test.

3 RESULTS AND DISCUSSION

We started to measure soil DHA in 2010, ten yeltey ¢he establishment of treatments. In
general, activities were lower in removal treatrsefML, NR, NI) than the control (CO) or

addition treatments (DL, DW). Our data show that dehydrogenase activity is fairly stable
in the control plots compared to the treated p(&igure 1). There is a temporal trend in

dehydrogenase activity; the effect of detritus reah@s increased.
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Figure 1. Soil dehydrogenase enzyme activity ani@agjments between 2010 and 2012
(ug TPF g' dry soil 24h*+ SE). Different letters denote significant treatidifferences
within each year (p<0.05, ANOVA and Tukey's test).

DHA were significant lower in NR than in DL treatnte in 2010 (p=0.029). In 2011
there were higher significant differences in delog#gmnase activity among treatments, enzyme
activity was higher in DL and DW treatments thanmalhremoval plots (p<0.001). In 2012
litter removal treatments differed significantlytranly to DL and DW treatments but also
controls (p<0.001)Kigure 1). The enzyme activities were higher in DL and DMatments
than controls, but not significantly. In contrast our initial hypothesis, dehydrogenase
activities did not increase significantly with esthleaf litter or wood additions. This is
generally in agreement with our earlier resultslitber decomposition (Fekete et al. 2007),
soil respiration (Kotroczé et al. 2008), arylsulf#se and saccharase activities (Fekete et al.
2017). At the other DIRT site in H.J. Andrews Experiméiarest (HJA) in Oregon, Brant et
al. (2006a) showed that, soil from the doubled wtredtment had a higher fungal:bacterial
ratio, and soil from the no inputs treatment hdoveer fungal:bacterial ratio, than the control
soil. These changes were the result of alteranaihe size and composition of the microbial
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community. Brant et al. (2006b) reported microlti@mimass values at three DIRT sites: HJA,
SIK and BOU (Bousson Experimental Forest in Pervasyh). They found significant
differences in biomass between treatments at Stkh#t site DW plots had a larger biomass
than the NR plots and suggestive evidence thaDWeplots had a larger biomass than the NI
plots. Btaiska et al. (2013) report that, DHA is increasinghwihe diversity of plant
communities; this suggest that there is a relakignbetween the composition of soil organic
matter and microbial enzymatic activity. Mamathalet(2001) studying soil from red sandy
loam areas show that, the DHA is higher in soilered by plants and in the rhizosphere than
non-rhizosphere.

Table 1. Mean values and standard errors of dehyenase activity, soil moisture content
and soil temperature in terms of the treatmentsil (ioisture and temperature
values are the mean values of the days of the merasuts). Significant
differences in dehydrogenase activity between rmeats showed in Figure 1
(p<0.05, ANOVA and Tukey's test).

Treatments Dehyclgogena_se ag}ivity Soil moisture Soil temperature
(ug TPF g dry soil 24h™+ SE) (vwc% + SE) (°C)
2010
NL 0.43+0.12 34.07£1.95 8.29+4.09
NR 0.32+0.12 41.00+2.01 9.63+4.20
NI 0.41+0.10 38.36+£2.02 9.46+4.26
CO 0.62+0.12 34.84+2.63 8.92+3.86
DL 0.93+0.17 34.38+2.56 9.28+3.64
DW 0.65+0.17 35.07+2.99 9.60+4.14
p=0.029 p>0.05 p>0.05
2011
NL 0.20+0.08 18.82+3.39 17.69+3.21
NR 0.29+0.11 25.89+4.84 17.93+3.22
NI 0.22+0.08 21.68+4.44 18.02+3.30
CO 0.73+0.13 20.88+4.44 17.86+3.20
DL 0.98+0.20 21.87+4.41 17.13+2.96
DW 1.17+0.23 21.30+4.62 18.07+3.27
p<0.001 p>0.05 p>0.05
2012
NL 0.14+0.03 19.93+3.22 12.50+5.68
NR 0.17+0.03 20.66+3.59 12.4615.75
NI 0.09+0.03 21.32+3.87 12.52+5.76
CO 0.60+0.06 16.18+2.51 12.47+5.76
DL 0.78+0.10 17.36+2.67 12.87+5.34
DW 0.68+0.10 18.26+3.12 12.58+5.75
p<0.001 p>0.05 p>0.05

We measured the soil moisture and soil temperatutke days when soil sampling was
made to determine DHA. We did not find significamtatment differences within each year in
soil moisture and in soil temperaturgable ). The soil moisture values were the highest in
2010 Figure 2); this year was extremely rainy. Contrarily, yea@d1 and 2012 were dry and
warm; instead of that the DHA showed same valuegénCO plots than in 2010. In the
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removal plots DHA decreased in 2011 and 2012. Riglihe higher soil moisture caused the
higher DHA in 2010. However, we did not find coa®bn between soil moisture and DHA in
years 2010, 2011 and 2012. Kumar et al. (2013) sdasignificant correlation between DHA
and soil moisture. Other authors also attributediticrease in microbial activity in forest soil
to higher soil moisture (Gorres et al. 1998). Feket al. (2011) also found correlation
between soil moisture and enzyme activities (afplsatase and saccharase) in &kt
between 2004 and 2006. Our results suggest thahgels in soil organic matter content had
higher effect on DHA than soil moisture. In othardses also found that more organic matter

maintained larger and more active microbial biomasd higher DHA (Chodak et al. 2010;
Bonanomi et al. 2011).
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Figure 2. Soil moisture content (vwc%) among treatta between 2010 and 2012.

After ten years of treatments, litter removal hadt@nger effect through time on soll
dehydrogenase activities than did increase littputs. Ectomycorrhizal fungi associated with
roots of trees in deciduous forests produce enzyandghus can increase the surrounding soil
enzyme activities (Colpaert — van Laere 2006; SmittRead 2008). These fungi are
responsible for the mobilization of essential plantrients by decomposing litter and soil
organic materials (Courty et al. 2006). Decompositdf severed roots (NR and NI) would
result in the disappearance of mycorrhizal fungd ahizosphere microbes, causing a
considerable reduction in microbial and enzymeviids (Fekete et al. 2011).

4 CONCLUSION

Our findings showed that the changes of litter padidn significantly affected soil microbial
activity, and by extension general nutrient cycliagd SOM dynamics in this forest
ecosystem. When the litter production decreasatidshydrogenase activity also decreased.
Increased litter production caused no significactease in enzyme activity. After ten years
of treatments, loss of inputs had a greater imgpect increased inputs.
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Juvenile Growth and Morphological Traits of
Micropropagated Black Locust (Robinia Pseudoacacia L.)
Clones under Arid Site Conditions
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Agnes KaMANDINE VEGH? — Borbala ATAL®

#Department of Plantation Forestry, Hungarian FdRestearch Institute, Sarvar, Hungary
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Abstract — In Hungary black locustRobinia pseudoacacih.) is considered as an important exotic
stand-forming tree species growing mostly underavofirable ecological conditions for forest
management. Due to climate change effects its itapoe is increasing in many other countries, too.
As a result of a selection programme new black do@lones were tested in clone trials. Juvenile
growth and the morphological as well as phenolddicts of four micropropagated black locust
clones were evaluated in central Hungary undersitey conditions. Significant differences (P<5%)
were found for DBH and field survival rate valuAs.age of 7 the clone R.p. ‘Bacska’ (KH 56A 2/5’)
appears to be especially promising for mass prdmagalissue culture can be considered as a saitabl
tool for propagating superior individuals and offerew prospects for the rapid cloning of selected
genotypes used for plantation forestry.

Black locust (Robinia pseudoacacia L.) / clone trial / juvenile growth / micropropagation

Kivonat — Mikroszaporitott fehér akac (Robinia pseudoacacia L.) kiénok fiatalkori novekedése és
morfoldgiai jellemzéi szaraz termbhelyeken. Magyarorszagon a fehér ak&obpinia pseudoacacih.)
fontos alloméanyalkot6 egzota fafapknt az erfigazdalkodas szamara kedéten ternbhelyeken. A
klimavaltozas hatdsai miatt a fafaj jelésdge folyamatosan novekszik tobb méas orszagbdbgis.
szelekciés program eredményeként (j akac klondk&dbtéunk ek klonkisérletek Iétesitése céljabdl.
Jelen tanulményban négy mikroszaporitas<dli@ott akac klont értékeltink fiatalkori ndvekesdd,
tovabba morfolégiai és fenoldgiai jelledik alapjan Kdzép-Magyarorszagon szaraz tevetyi
viszonyok ko6zoétt. Szignifikdns kildénbséget (P<5%laltunk a mellmagassagi atmiérés a
megmaradasi értékek tekintetében. 7 éves korbaR.@z'Bacska’ ('KH 56A 2/5’) klon kuldndsen
igéretesnekiinik a tomegszaporitasra. A szovettenyésztéses zmpeljaras megfeléleszkéznek
tekinthet az Ultetvényes fatermesztés terlletén kivaléssedi egyedek klonos elszaporitdsara, Uj
tavlatokat nyujtva ezzel a kivalasztott genotipugpérs klénozasara.

Fehér akac(Robinia pseudoacacia L.) / klonkisérlet / fiatalkori ndvekedés / mikrosaporitas

" Corresponding author: redei.karoly@t-online.hu450 PUSPOKLADANY, Farkassziget 3.
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1 INTRODUCTION

Black locust Robinia pseudoacacia.) was introduced to Europe from its natural mamg
south-eastern United States more than 300 yeardtdums been well adapted for growth in a
wide variety of ecological conditions and plantédotighout the world from temperate to
subtropical areas. It is fast growing, excellenppioing, drought tolerant, has high survival
rates and yield as well as very hard durable wanee to its symbiosis with the nitrogen
fixing bacteria, Rhizobiumsp. black locust is capable of colonising very |owtrient
substrates. Black locust is also a promising treecies for short rotation forestry (SRF)
including energy plantations. The development ofirdagrated landscape includes forests,
agricultural fields and shelterbelts. In these sadtorestation with black locust is focused on
improving the natural environment and the livingndiions of the population as well (Fihrer
— Rédei 2003, Rédei et al. 2011).

Several countries have started research progranememproving black locust wood
quality and/or increasing production of biomass déoergy purpose. Black locust has also
been considered as a promising tree species forahfeéeding and for recultivation of drying
out devastated lands as well as nectar productorpresent, black locust breeding and
improvement is undertaken in the United States (Baien et al. 1991, 1992) Greece (Dini-
Papanastasi — Panetsos 2000), Germany (Liesebath2804, Bohm et al. 2011), Slovakia
(Chalupa 1992), Poland (Kraszkiewicz 2013), TurkBengiz et al. 2010), India (Sharma
2000, Swamy et al. 2002), China (Dunlun et al. 29%outh Korea (Lee et al. 2007).
Increasingly, countries are interested in blackuggdmprovement and management paying
special attention to its response to climate chafigets.

The primary requirement for reproducing black ldatisnes (varieties) to establish clone
trials, seed orchards and seed production stands tevareliable vegetative methods.
Propagation from root cuttings and tissue cultugpagation are suitable for reproduction of
superior traits of the selected trees. Brown (19883 the first to report a successful in vitro
method for mass production of black locust. Enesudl Jucan (1985) started experiments in
Romania with similar results. Balla and Vértesyl®B5 had the first success in the sterile
production of four Hungarian state-approved blaokukt cultivars. Balla et al. (1998)
published the improvement of the acclimatizatiosutes of micropropagated black locust
using symbiotic microorganisms.

Because of the fact that black locust is easydoeckind also exhibits wide adaptation to
ecological (site) conditions, there is also an ohpoty to develop basic information on
genotype by environment interaction for traits merest (Hanover 1992). In Hungary, black
locust has played a role of great importance & filrest management for more than
280 years, covering approximately 23% of the faesarea (445.000 ha) and providing
about 20% of the annual timber output of the courBeing aware of the importance of black
locust, forest research in Hungary has been engageskolving various problems of black
locust management for a long time, and numerousarek results have already been
implemented in the practice (Keresztesi 1988, Rédeal. 2007). In the country in the
lowlands characterized with forest steppe climatge, the annual precipitation is not more
than 500 mm, most of which is outside the growiegsen. Thus, drought is a frequent
phenomenon in the summer period coupled with vagii htmospheric temperatures. Due to
these facts about 40% of the black locust standsiungary grow under marginal site
conditions (Rédei 2003, Rédei et al. 2008). Caraig the above-mentioned circumstances
anew black locust selection woskarted 12 years ago to find and improve blackgbclones
and cultivars which perform good stem form, provigeod-quality wood material for
industrial purposes, and which are able to toletfa@edry ecological conditions as well. As a
result of the selection programme some new blackdbclones have been improved. In this
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paper one of the trials establishgith micropropagated black locust clonesevaluated with
special regard to their juvenile growth rate andrphological traits. By applying
micropropagation, superior traits of the selecteds can be preserved in the clones and it can
also be considered as an effective tool for pratyanproved initial propagation material.

2 MATERIALS AND METHODS

2.1 Study site

Data used in this study came from a black locuseneltrial established in the forest
subcompartment Kecskemét 16CS/1 (Re#44”, E1941'51") in Central-Hungary
between the Danube and Tisza rivefggre 1). The forest subcompartment has slightly
humous sandy soil without ground-water influencle Tannual precipitation amounts to
only 500 mm in some years, of which less than 3@ comes in the dry summer period;
water supply is a limiting factor. The trial at Kd@mét is not among the best sites
available in Hungary but can be considered as anage yield class site for black locust
(Rédei — Gal 1985).

16 17 18 19 20 21 2z 23

49 L N 1 SS— 1

KECSKEMET 16CS/1
(N 46°54'44"" E 19°41'51™)

BACS-KISKUN COUNTY

Figure 1. Location of the study site

The main ecological conditions of the study areaas follows: relative air humidity
below 50%, hydrology: free draining, genetic soyipé¢: humus sand soil, annual
precipitation is less than 550 mm (betweeh April and 26" September in 2011 the
precipitation was only 288 mm).
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2.2 Materials

The trial, with three replications was establistada spacing of 2.0 & 1.0 m. Common
black locust and four black locust clones, i.e..RBacska’ (‘KH 56A 2/5’), ‘KH 56A 2/6’,
‘MB 17D 4/1’and 'CST 61A 3/1’ were selected. Eackatment corresponds to a plot of 15 by
20 m. For the clones one-year-old micropropagatkat® were used and one-year-old
seedlings for common black locust. Plant tissutucelimethod provided us with an effective
means to accelerate vegetative propagation ofeéldynselected clones and to establish new
clone trials (Rédei et al. 2002).

2.3 Methods

The following parameters were measured and cakullat age of 7: number of stems, tree
height (also at 1, 3 and 5 years), dbh (diametéredst height) over barktemvolume and
meantree volume. We used arithmetic mean in case eftimght and dbh because it is more
appropriate for certain types of experimental stadifor example, clone trials where it is
primarily important to measure the responses oftthes to the experimental treatments
during the first years after plantation establishtneThestemvolume was calculated using
the volume function based on the volume table Fackblocust (Kolozs — Sopp 2000):

v =107°d?h(h/[h- 1.3])*(- 0.6326dh + 2023d +3034),

where
v is stem volume (),
d is diameter at breast height (cm),
h is tree height (m).

The mean tree volume §v m’/tree) was calculated using the means of stem v@lum
(h, dbh) for each of the experimental plots.
The following classifications were used for the leafion of the morphological and
phenological traits:
« Stem form = 1: straight, 2: more or less strai§htjeclining, 4: strongly declining.
* Bud break intensity = 1: very poorly budding, 2:0odg budding, 3: mediocre, 4:
vigorously budding.
* Foliage density = 1: loose foliage, 2: mediocréaige, 3: dense foliage.
* Forking = 1: not forking, 2: forking in the crow8; the crown starts with forking, 4:
the stem is forking.
* Branching = 1: thick branches, 2: medium thick loreas, 3: thick branches in the
crown only.
* Blooming intensity = 1: complete, 2: abundant, &diocre, 4. scarce, 5: sporadic, 6:
no flowers.
The collected data were analyzed by STATISTICA @léta analysis software system —
StatSoft, Inc., 2008) programme. Analysis of vareafone-way ANOVA) was done for height,
dbh and mean tree volume to consider the trial hatring completely randomized design.

3 RESULTS
Table 1 illustrates the most important stand structure ipatars and the survival rate.

According to the significance test at P = 5% lesighificant differences were found in DBH
and in the survival rate.
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Comparison of mean height illustrated that clori€sl 56 A2/5 and ‘KH 56 A 2/6°
achieved the higher value (9.4 and 9.5 m) and dighh growth patterns of the clones and the
control at different ages were simil&idure 2).

H(m) 100
'KH 56A 2/6'

_~ 'KH 56A2/5'
9,0

Control
8,0

= 'CST 61A3/1"
P

_
7,0 < .
7//‘MB 17D 4/1
,/
A
6,0

5,0

4,0

3,0

2,0

1,0

0,0

Age (year)

Figure 2. Height growth patterns of micropropagat#dck locust (Robinia pseudoacacia L.) clones
at the age of 1, 3, 5 and 7 years

Comparison of mean DBH indicated that the clone B81A 2/5° had maximum growth.
The same result was obtained in the case of mearnvolume for ‘KH 56A 2/5’ and 'KH 56
A 2/6'.

Table 1. Stand characteristics of micropropagatitk locust clones at age of 7 years

Mean tre
Plot Height DBH Survival Height DBH volume Survival
Clone name 3
number (m) (cm) (m®) %
(m) (cm) % plot average values

Kéleshalom 1 8.5 6.9 81 9.4 71 0.0497 83
56A 2/5 9 9.0 6.3 94
('KH 56A 2/5" 18 10.7 8.2 75
Kéleshalom 2 9.0 5.8 62 9.5 6.1 0.0496 69
56A 2/6 12 11.6 7.3 75
('KH 56A 2/6") 15 7.9 5.2 69
Mikebuda 3 8.3 5.4 69 8.5 54 0.0373 73
17D 4/1 13 9.3 5.5 75
(MB 17D 4/1") 16 7.8 5.2 75
Cséaszartoltés 5 6.7 4.3 94 7.6 51 0.0310 87
61A 3/1 8 8.4 5.6 87
(CST 61A3/1) 14 7.8 5.5 81
Common 6 8.0 5.6 56 8.5 6.1 0.0389 69
black locust 10 7.1 4.8 75

17 10.5 7.9 75
*, **: P<5%
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Table 2. Analysis of variance for height, diametebreast height, mean tree volume and survival
rate of the four tested black locust clones

Degrees of Sum squaresMean squares

Source of variationfreedom (df (SS) (MS) F Significance
Height
(m)
Total 14 26.47
Replication 2 2.12
Treatment 4 8.09 2.0225
Error 8 16.26 2.0325 0.99508
Diameter at
breast height
(cm)
Total 14 17.85 ol
Replication 2 1.63
Treatment 4 7.35 1.8375
Error 8 8.87 1.10875 1.657272
Mean tree
volume
(m°)
Total 14 0.0022
Replication 2 0.0002
Treatment 4 0.0006 0.00015
Error 8 0.0014 0.000175 0.857143
Survival rate
(%)
Total 14 1518.4 e
Replication 2 204.4
Treatment 4 895.73 223.9325
Error 8 418.27 52.28375 4.283023
*rk: P<59%

Table 3contains some morphological and phenological charatics of the selected
black locust clones at age of 7. As the generduatian of the morphological characteristics
Is concerned, the succession from best to worsKi$:56A 2/5’, ‘KH 56A 2/6’, ‘MB 17D
4/1’ and 'CST 61A 3/1’. The phenological evaluatifor blooming intensity indicated the
highest quality in 'KH 56A 2/5'. The micropropagdtérees began to flower in the fifth
growing season after field planting and producestisewnith germination comparable to that
of common black locust trees.

Table 3. Morphological and phenological data of 7-year-oldrees as a mean of plots

Morphologlcal apd Stem form I?_;ud br_eak Fohage Forking Branching E_’>Ioom|_ng
phenological traits intensity  density intensity
Clone name (1-4) (1-4) (1-3) (1-4) (1-3) (1-6)

'KH 56A 2/5' 15 3.1 2.0 1.2 2.1 2.6
'KH 56A 2/6' 1.7 2.8 1.9 1.3 1.9 3.1
'‘MB 17D 4/1' 2.1 2.8 2.3 1.2 2.1 3.5
'CST 61A 3/1° 1.6 2.8 2.5 1.2 1.8 4.5
Common black locust 2.0 2.9 2.2 1.3 2.0 3.5
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4 DISCUSSION AND CONCLUSIONS

For some decades black locust has received inctesig=ntion in more and more countries
for the following reasons:

1) the energy crisis has stimulated research on velgtrapid growing, nitrogen-fixing

trees such as black locust;

2) the species has a great many characteristics fratm the practical and biological

research standpoints; and

3) application of genetic improvement and biotechggldechniques may remove

several hindrances to the widespread use of blackist in some, potentially
promising countries from black locust growing patview.

Black locust’s fast growth and site condition talece are important characteristics for
short rotation cycle silviculture (SRF), as welkedause of its many desirable attributes, the
species is admirably suited to utilization in maagas of the world. Plant tissue culture
methods provide us with relatively new means teedpgp vegetative propagation of recently
selected clones and give us opportunity to estalbiesalthy stock plantations. According to
our experiences and investigations (Rédei et @7pblack locust trees show considerable
variability in stem and branching form, wood qualdnd stress tolerance. Well designed
clone trials (clonal tests) are needed to imprauvgeties best adapted to certain environments.

This study leads to the following conclusions: (ff)e trial demonstrated that
micropropagated trees can be successfully transgalanto soil, hardened and grown in the
field. Micropropagated trees exhibited normal gtowanhd appearance; (2) the results at the
end of the % growing season demonstrated that the DBH and isgedlrvival differed
significantly among the tested clones; (3) the stigations showed that clone R.p.
‘Bacska’(‘'KH 56 A 2/5") achieved the highest growtdite in mean tree volume with having
the best morphological and phenological charadiesig4) micropropagation has proved as a
suitable mean in the field of black locust clorelkestion.

To consider the effects of the global climate clarand the regional growing
experiences, in the future would be two regionssnetihe fast spread of black locust could be
expected. In Europe some Mediterranean countriaek€y, Italy), while in Asia China and
Korea may be the most prominent black locust grewer
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Abstract — Vegetation beneath the canopy might be an impofector for macromoth community
composition in forest ecosystems, strongly deteechiby forest management practices. Herein, we
compared nocturnal macrolepidoptera communities lzewb layers in young and old sessile oak
(Quercus petraéa dominated forest stands in the Sopron MountaM&stern Hungary). The
investigation of Lepidoptera species was perforhBdimes from the end of March to the end of
October in 2011. Portable light traps were used, atotal of 257 species and 5503 individuals were
identified. The Geometridae family was the mostralaunt, followed by Noctuidae and Notodontidae.
To investigate vascular plant species in the hayerl circular plots with a 10-m radius around the
moth traps were used. In each plot, we estimatedliindance of plant species in 20 sub-plots with a
1-m radius from May to July of 2011. The abundaotenacromoth species was higher in the old
forest stand, which might be influenced by the drdagher foliar biomass. However, the mean
abundance of herbs was lower in the old forest.eB@ity of both the herb layer and the moth
community were significantly higher in the youngdst. However we found higher species richness
of moths in the old forest. For additional analysesths feeding on plants in the herb layer were
selected, but neither the difference in speciesbmimmeither mean abundance between the young and
old forest were significant. Our results suggesit tithe herb layer is not a key factor for
macrolepidoptera communities in Hungarian sessileforest stands.

Sopron Mountains / diversity / sessile oakQuercus petraea) / Lepidoptera / vascular plants

Kivonat —Ejszakai nagylepke kozdsségek (Lepidoptera: Macroherocera) és a gyepszint
diverzitdsdnak kapcsolata. Az erdei Okoszisztémak éjszakai lepkekbzosségéimdzetételét a
lombkoronaszint alatti ndvényzetésen befolyasolja, amely kdzvetett Gton az erdédastelések
kovetkezménye. A szefk jelen dolgozatban egy dd és egy fiatal, kocsanytalan tdlg@uercus
petraeg altal dominalt erdallomany gyepszintjének és éjszakai nagylepke IsggEnek kapcsolatéat
vizsgéltak. Osszesen 15 alkalommal tortént éjszakkie mintavétel, 2011 marciusatél novemberéig,
hordozhaté fénycsapdak alkalmazaséaval. A vizsglatn 257 nagylepke faj 5503 egyedét figyeltik
meg. Fajokban leggazdagabb az araszol6 lepkék dizal@eometridag volt, ezt kovették a
bagolylepkék Noctuidag@ és a puposszéi (Notodontidag csaladja. A gyepszint névényzetét
20 darab 1 méter sugarl mintavételi kbérben vizegala csapdak 10 méteres korzetében. A
mintavételezést 2011 majusatédl juliusdig végezilik. éjszakai nagylepkék egyedszama adsid
erdbben volt magasabb, ami azéggbb fak nagyobb biomassza produktuméval magyar@zha

" Corresponding author: hbalint@emk.nyme.hu; H-940@RON, Bajcsy-Zs. u. 4.
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Ugyanakkor a gyepszint ndvényfajainak abundanahgasonyabb volt az i@ erddben. A gyepszint

€s az éjszakai nagylepkék diverzitasi indexei sfilgmmsan magasabb értéket mutattak a fiatal
erdbben, az éjszakai nagylepkék fajszamat a#s icerdben talaltuk magasabbnak. Tovabbi
elemzéseket végeztiink a gyepszintben (illetve apgmmtben is) fefldé lepkefajokon, mint
modellcsoporton, de sem a fajszamban, sem a migtdinkatlagos egyedszamban nem volt
szignifikans kilonbség a mintateriletek kdzott.denényeink alapjan arra kovetkeztethetlink, hogy a
gyepszint 6nmagdban nem meghataroz6 téijweamz €jszakai nagylepke kozosségeknek, a
vizsgaltakhoz hasonl6 hazai kocsanytalan télgyeskeen.

Soproni-hegység / diverzitas / kocsanytalan tolgyQuercus petraea) / Lepidoptera / lagyszaru
edényes novények

1 INTRODUCTION

A guestion posed by many community ecologists igcwfactors influence biodiversity. The
answer is multiple factors, but specialists haveeg that plants have an important role. One
of the key components in maintaining the biodivgrsif temperate forests is the vegetation
(Thomas — Packham 2007, Schowalter 2011). The dargass of herbivores is represented
by insects, an abundant and diverse group. Iniaddihumerous insects have adapted to
special environmental conditions, and thus areablétas indicators of biodiversity (New
2009, Park et al. 2009). Numerous insect specisoral rapidly to changes in their habitat
(Wood — Storer 2003). For that reason, the strectdirthe forest vegetation is important for
insect herbivores, which closely depend on plamts their development and survival
(Summerville — Crist 2003). The density and speciglsness of forest insects are strongly
determined by forest management — especially fecigpst insects, which feed on a limited
number of plant species (Thomas — Packham 200#es&oin Hungary are often under
pressure from intensive timber harvesting, whichgiay have a significant influence on the
vegetation and animals.

Lepidoptera species are among the most studiedtssethe world, and they have been
widely used in ecological studies (Kitching et &000, Summerville — Crist 2003,
Summerville et al. 2004, Park et al. 2009). Althoumtterflies are more often investigated
(e.g. Jeanneret et al. 2003, Tudor et28l04, Benes et al. 2006, Cleary — Genner 2006),
however moth species play a more significant roléorest ecosystems because the species
richness of butterflies is much lower in forestedi®le 1992, Schmitt 2003).

The effect of herb layer on Lepidoptera specieslumgarian forests is less studied. In
this study, we investigated the relationship betwibe herb layer and macromoth community
in two Hungarian forest stands. We supposed the® an influence of vascular plants on
macromoths.

2 MATERIALS AND METHODS

2.1 Study area

The investigation was conducted in an area of aqmately 5000 hectares in the Sopron
Mountains in the Lower Austroalpides. Approximatély%o of the area is forested (Doévenyi
2010). The intensive use of the forests near Sopamstarted in the T2or 13" century.
After 1850, many indigenous forests were replagegibe cultures, and the proportion of the
deciduous forests continually decreased until 9803%. This is the primary reason why the
composition of several forests differs from theunal stands in the Sopron Mountains (Tamas
1955, Szmorad 2011).
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One of the most common forest types in the Sopronrthins are sessile oak-hornbeam
woodlands. These forests are dominatedoyercus petraeagg. andCarpinus betulusin
the tree layerTilia cordata Castanea sativadagus sylvaticandCerasus aviunare the most
common additional species, although coniferous species (e.g.Larix decidua, Pinus
sylvetris,and Picea abiep also occur. The shrub layer is usually not deesejprising of
young tree speciearpinus betulus, Tilia cordatand Castanea satiyaand some mesic
shrub speciesQornus sanguineand Corylus avellana The herb layer is strongly varied
according to ecological conditions, but both gehemad mesic forest species elements
compose the undergrowth (Szmorad 2011, Bol6ni. &Q4l8).

Conifer forests were avoided in this study, as e@i$ed only on two indigenous, sessile
oak dominated forest stands: young (23 years old)odd (84 years old).

2.2 Moth sampling

Within each forest stand, nocturnal Lepidopteracigsewere sampled 15 times from the end
of March to the end of October in 2011, every tweeks, using portable light traps (using a 3
piece UV LED, peak wavelength 400—-410 nm, operated 4.5 V battery). Although light
traps operated with various light sources haveerdfit levels of attraction for Lepidoptera
families (Nowinszky- Ekk 1996, Puskas — Nowinszky 2011), UV light trapsaigely used
for sampling moth communities (Summerville — CrZ03). This method is used for
collecting phototactic species. Two traps were usedach forest stand, positioned on the
ground and with 50 m apart. Samples in the twossitere taken simultaneously. Light
trapping was regularly performed during the nighdrq sunset to sunrise) and ceased during
heavy rain. Attracted moths were sacrificed usthglecetate as a killing agent inside the traps.

The collected Lepidoptera specimens were frozeil the identification. Most of the
individuals were identified by macro-morphologit@htures. The exceptions wefapithecia
sp.,Mesapameap. and damaged specimens, which were identifjagkhitalia investigation.
The abdomens of specimen were macerated in 10%KgH overnight, than hot for a few
minutes before the identification.

2.3 Vascular plant sampling

Vascular plant species in the herb layer were sesdrom May to July in 2011, using

Simon’s (2000) nomenclature. Vegetation was sersiesgatically sampled. Circular plots

with a 10-m radius around the moth traps were usedach plot, we selected 20 sub-plots
with a 1-m radius each. We used 4 sub-plots ameng rédius circle and 8-8 sub-plots
among 6-m and 10-m radius circle. Presence anchebstata were recorded within the sub-
plots. To estimate the abundances of the vascidatyy we calculated the frequency, which
is a generally used method to survey herb layer(istan et al. 1995).

2.4 Data analysis

The community and ecological parameters of thed@utiera and vascular plant communities
were examined and compared in the sampling siteg) tse Past package (Paleontological
Statistics Software 2.17) (Hammer et al. 2001).

The dominance of the most abundant Lepidopteralimmivas compared using thetest.
The measure of diversity was determined by the &braimndex (Shannon — Weaver 1949),
Simpson index (Simpson 1949) and Pielou’s equitgdfibrmula (Pielou 1966). We used the
bootstrap method to compare the diversities (Eff@ro).

The general trends of the Lepidoptera dominanceactsire and abundance for each
sampling site were displayed using a rank-abundaiate A log-series model (Fisher et al.
1943) (with two parametersand x) was used. The fitting algorithm was fronelss (1989),

Acta Silv. Lign. Hung. 9, 2013



46 Horvéth, B. et al.

Sn=uxn/n, for the number of species (Sn) with n indiats; the fitting test was calculated
using they*test.
To compare the mean of the Lepidoptera and vasgialar abundances, the t-test was used.

3 RESULTS

During our study, a total of 257 Lepidoptera spea@ad 5503 individuals were identified

from 9 families, using Varga’'s (2010) nomenclat(te appendix). The most abundant was
the Geometridae family, followed by Noctuidae anotddlontidae. The proportion of these
three families was significantly differenf€6.68,p=0.04) between the old and young forests
(Figure 1). However, there was no significant differencette comparison of the mean

number of Lepidoptera individuals in each famiygure 2.
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Figure 1. The proportion of the most abundant Figure 2. Average number of specimen per
Lepidoptera families in the old and young forests most abundant Lepidoptera families per study sites

Species richness of Lepidoptera was higher in kthdéoovest, while species richness of the
vascular plants was higher in the young forest. @bendance of Lepidoptera species was
also higher in the old forest stand (old foresZ@B2pecimens; young forest: 2233 specimens).
The measure of the diversity indices (Shannon, Som@and equitability) was higher in the
young forest for both the Lepidoptera and vascydlmt communities. The compared
diversities showed significant differences betwd#ensampling sitesT@ble J.

Table 1. Diversity indices of nocturnal Lepidoptarad vascular plant communities in the old and ypforests

Moth Plant
Old Young Bootstrapp Old Young Bootstrap p
Species richness 203 192 - 28 32 -
Shannon index 3,668 3,994 0,001 0,908 0,942 0,002
Simpson index 0,929 0,957 0,001 2,748 3,056 0,015
Equitability 0,690 0,760 0,001 0,825 0,882 0,02
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There were some differences also in proportiondainant and rare Lepidoptera
species between the sampling sites (old forest7.9, x=0.986, x°=2123, p<0.05; young
forest:a=50.32,x=0.978,y°=566.8,p<0.05). Most species were rare, as indicated bystie
initial gradients in the rank abundance pkg(re 3.

1000

Abundance

0 SIO 160 150 200
Rank
Figure 3. Rank-abundance plot of macromoth commasiti old and young forests

We also found some differences in the mean vasqltant abundance of each sample
(t-test t = 3.15, p=0.003); however, this difference was not sigaifit in the case of
Lepidoptera abundance (t-tetst 0.97, p= 0.34). We choose the Lepidoptera species that
develop on vascular plants as a model group forpeoison but found no significant
difference in the species number (old forest: Mfing forest: 112) or the mean abundance
in each sample (t-test 0.28,p = 0.78) eitherKigure 4a-9.

° 10 ~ (a ° 300 ~ (b ° 20 ~ (c
g g g
g § 250 g
w m w
@ 9 200 - @
[} ] Q
E E E
g g 150 - g
a 2 =
i o 100 - -
o o o
@ o @

o _ o
E g 90 £
2 2 2

O -
old Young Old Young Old Young

Figure 4a—c. Mean abundances per sample of a) vasplants, b) nocturnal macrolepidoptera specied an
¢) nocturnal macrolepidoptera species that develowascular plants
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4 DISCUSSION

Macromoths in the Sopron area are faunisticallyl steldied — approximately 800 species are
known (Mészaros — Szabdky 1981, Lesk6 — Ambrus 1@#8ian et al. 2006, Safian —
Szegedi 2008, Séfian et al. 2009). Compared tottlemhumber of comparative studies on
nocturnal Lepidoptera species in the region is (&mbrus 1979, Horvath 2013).

The Geometridae family was the most abundant ininkestigated forests, although
Noctuids are the most diverse group of macromathglungary (Varga 2010). However,
number of Geometridae species, which develop on sp@cies, is higher than in other
Lepidoptera families (CsOka — Szabdky 2005). Nénedess, species richness of Noctuidae
was higher both in the old and young forests.

Species richness and abundance of Lepidopteraespeeire the highest in the old forest
stand. This might be associated with the treedidnidoliar biomass product in the old forest
(Powers 2001). However, the vascular plant spatdsess was higher in the young forest.
Many species of the ground vegetation survived ftbenforest clearing. These species will
definitely disappear in the growing young foresso@tos (1996) found similar results in
sessile oak - Turkey oak forests regeneration. Nleskess, there was no difference in the
richness of model species (macromoths which devetopascular plants) between the study
sites. Haddad et al. (2001) found a significanitpasrelationship between insect abundance
and plant species richness, however their studyneisonfined only to the herb layer.

The calculated diversity indices (Shannon, Simpsod Pielou’s equitability) were
significantly higher in the young forest (both mamioths and vascular plants). The Shannon
and Simpson indices show different sensitivitiesdtminant and rare species and to the
equitability. The Shannon diversity formula is ed&ted using the degree of evenness of the
species abundances, whereas the Simpson indexawslyheveighted towards the most
abundant species in the sample (Peet 1974). Iltegatain the higher diversity values of
macromoths in young forest; however, species rishiaad abundance of Lepidoptera species
were higher in the old forestomparison of nocturnal macrolepidoptera speciasdbvelop
on vascular plants did not show difference betwerstudy sites.

The effect of the vegetation composition on artbop(especially Lepidoptera)
assemblages was proven by many authors (e.g., Awnagt al. 2009, Taki et al. 2010,
Oxbrough et al. 2012). Forest management has aacimgn the vegetation, e.g., species
richness and species composition (Mark — Lawes800)2Nevertheless, forest management
also plays an important role in the maintenanceaofavourable forest structure for
Lepidoptera communities. The forest structure isimder the high influence of the logging
method used. Unlogged or selectively cut forestdgaare more favourable for diversity and
abundance of macromoths (Summerville — Crist 2®@nmerville et al. 2009). Some
authors found that the vegetation beneath the tfarasopy strongly determines the moth
community structure in North-American forested gstsms (Usher — Keiller 1998, Ober —
Hayes 2010). Although the effect of understoreyepidoptera species in Hungarian forests
is less studied. We supposed that there was ameirde of herb layer on macromoths. In
contrast, our result did not show an undisputed aflthe vascular understory on nocturnal
Lepidoptera communities. The explanation of oumitesmay be in connection with the
number of study sites and sampling occasion, fumbee with the tight scope of investigated
vegetation layer. Henceforward, we suppose a softstaffect of the herb layer on nocturnal
Lepidoptera communities, but the complex vegetasbmcture or other vegetation layers
likely play a more significant role in sessile dakests. The verification of the effect of the
different vegetation level and structure on Leptdop communities requires further
investigations.
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1. Appendix: Taxonomic list of collected Lepidoatspecies in the sampling sites
Species Old Young Sum

Lasiocampidae

Poecliocampa populiLinnaeus, 1758) 1 0 1

Euthrix potatoria(Linnaeus, 1758) 0 1 1

Lasiocampa quercud.innaeus, 1758) 1 0 1

Dendrolimus piniLinnaeus, 1758) 3 0 3
Endromidae

Endromis versicolorgLinnaeus, 1758) 1 0 1
Shingidae

Sphinx ligustri(Linneaus, 1758) 13 0 13

Hyloicus pinastri(Linnaeus, 1758) 9 0 9

Laothoe popul{Linneaus, 1758) 1 0 1
Saturniidae

Aglia tau(Linnaeus, 1758) 3 1 4
Drepanidae

Watsonalla binarigHufnagel, 1767) 1 9 10

Watsonalla cultraria(Fabricius, 1775) 0 1 1
Thyatiridae

Thyatira batis(Linnaeus, 1758) 5 5 10

Habrosyne pyritoidegHufnagel, 1766) 10 11 21

Cymatophorima dilutg[Denis et Schiffermiller], 1775) 6 0 6

Achyla flavicornig(Linnaeus, 1758) 1 0 1
Geometridae

Geometra papilionarigLinnaeus, 1758)
Comibaena bajularig[Denis et Schiffermdller], 1775)
Jodis lactearig(Linnaeus, 1758)

Thalera fimbrialis(Scopoli, 1763)

Hemithea aestivarigHibner, 1789)

Idaea dimidiata(Hufnagel, 1767)

Idaea trigeminatgHaworth, 1809)

Idaea biselatgHufnagel, 1767)

Idaea aversatdLinnaeus, 1758)

Idaea degenerarigHuibner, 1799)

Idaea deversarigHerrich-Schaffer, 1847)

Scopula nigropunctatéHufnagel, 1767)

Scopula floslactat§Haworth, 1809)
Rhodostrophia vibicarigClerck, 1759)

Timandra coma&chmidt, 1931

Cyclophora annularigFabricius, 1775)
Cyclophora quercimontarigBastelberger, 1897)
Cyclophora ruficiliaria(Herrich-Schéaffer, 1855)
Cyclophora poratgLinnaeus, 1767)

Cyclophora punctarigLinnaeus, 1758)
Cyclophora linearia(Huibner, 1799)

Xanthorhoe spadiceari¢Denis et Schiffermdiller], 1775)
Xanthorhoe ferrugatgClerck, 1759)

Xanthorhoe quadrifasciatéClerck, 1759)
Xanthorhoe fluctuatéLinnaeus, 1758)

Catarhoe rubidatg[Denis et Schiffermiller], 1775)
Epirrhoe alternata(Muller, 1764)

Euphyia biangulatgHaworth, 1809)

Euphyia unangulatdHaworth, 1809)
Camptogramma bilineatéLinnaeus, 1758)
Anticlea badiatg[Denis et Schiffermuller], 1775)
Mesoleuca albicillatgLinnaeus, 1758)
Lampropteryx suffumatgDenis et Schiffermdller], 1775)
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Species Old  Young Sum

Cosmorhoe ocellaté_innaeus, 1758)

Nebula salicatg[Denis et Schiffermiller], 1775)
Eulithis populata(Linnaeus, 1758)

Ecliptopera silaceatd[Denis et Schiffermuller], 1775)
Chloroclysta siteratgHufnagel, 1767)

Chloroclysta miatgLinnaeus, 1758)

Dysstroma truncatgdHufnagel, 1767)

Thera variata([Denis et Schiffermuller], 1775)
Thera britannica(Turner, 1925)

Electrophaes corylatéThunberg, 1792)

Colostygia olivatg[Denis et Schiffermtiller], 1775)
Colostygia pectinatarigknoch, 1781)

Horisme tersatg[Denis et Schiffermiller], 1775)
Melanthia procellata[Denis et Schiffermiller], 1775)
Anticollix sparsatgTreitschke, 1828)

Triphosa dubitatgLinnaeus, 1758)

Philereme transversatgHufnagel, 1767)

Epirrita dilutata ([Denis et Schiffermiller], 1775) 318
Perizoma alchemillatdLinnaeus, 1758)

Perizoma albulatg[Denis et Schiffermdiller], 1775)
Eupithecia plumbeolatéHaworth, 1809)
Eupithecia abbreviat&tephens, 1831

Eupithecia tantillariaBoisduval, 1840

Eupithecia lariciata(Freyer, 1842)

Eupithecia subfuscat@ddaworth, 1809)

Aplocera plagiataLinnaeus, 1758)

Asthena albulatdHufnagel, 1767)

Trichopteryx carpinatgBorkhausen, 1794)
Acasis viretatgHubner, 1799)

Abraxas grossulariatélLinnaeus, 1758)
Lomaspilis marginatgLinnaeus, 1758)
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Ligdia adustatg[Denis et Schiffermdiller], 1775) 16 34 50
Macaria notata(Linnaeus, 1758) 7 6 13
Macaria alternata([Denis et Schiffermtiller], 1775) 1 6 7
Macaria liturata (Clerck, 1759) 11 0 11
Plagodis pulverarigLinnaeus, 1758) 19 23 42
Plagodis dolabrarialLinnaeus, 1767) 25 7 32
Hypoxystis pluviarigFabricius, 1787) 0 1 1
Apeira syringaria(Linnaeus, 1758) 0 4 4
Ennomos autumnari@Verneburg, 1859) 0 1 1
Ennomos quercinariéHufnagel, 1767) 83 66 149
Selenia dentarigFabricius, 1775) 6 5 11
Selenia lunularigHibner, 1788) 4 4 8
Selenia tetralunarigHufnagel, 1767) 20 15 35
Crocallis elinguaria(Linnaeus, 1758) 4 10 14
Odontopera bidentatéClerck, 1759) 2 0 2
Colotois pennarigLinnaeus, 1761) 671 167 838
Angerona prunarigLinnaeus, 1758) 7 12 19
Lycia hirtaria (Clerck, 1759) 0 1 1
Biston betularialLinnaeus, 1758) 3 0 3
Agriopis leucophaearig[Denis et Schiffermiiller], 1775) 0 2 2
Agriopis aurantiaria(Hubner, 1799) 14 9 23
Agriopis marginaria(Fabricius, 1776) 0 16 16
Erannis defoliaria(Clerck, 1759) 14 3 17
Peribatodes rhomboidarigDenis et Schiffermiller], 1775) 31 118 149
Alcis repandatgLinnaeus, 1758) 8 2 10
Alcis bastelberger{Hirschke, 1908) 4 0 4
Hypomecis roborarig[Denis et Schiffermiller], 1775) 70 4 74
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Species Old  Young Sum
Hypomecis punctinali€Scopoli, 1763) 291 53 344
Fagivorina arenaria(Hufnagel, 1767) 20 0 20
Ectropis crepuscularig[Denis et Schiffermdller], 1775) 91 64 155
Paradarisa consonarigHibner, 1799) 7 2 9
Parectropis similaria(Hufnagel, 1767) 4 15 19
Aethalura punctulatg[Denis et Schiffermiller], 1775) 1 2 3
Cabera pusarigLinnaeus, 1758) 18 7 25
Cabera exanthematgcopoli, 1763) 3 10 13
Lomographa bimaculat@abricius, 1775) 4 3 7
Lomographa temeratgDenis et Schiffermiiller], 1775) 1 0 1
Campaea margaritatél innaeus, 1767) 202 320 522

Notodontidae
Stauropus fag{Linnaeus, 1758) 11 1 12
Drymonia dodoned[Denis et Schiffermiiller], 1775) 134 59 193
Drymonia ruficornis(Hufnagel, 1766) 2 6 8
Peridea ancep§&oeze, 1781 3 3 6
Pterostoma palpinglLinnaeus, 1758) 0 2 2
Spatalia argenting[Denis et Schiffermiller], 1775) 6 0 6
Ptilodon capucingLinnaeus, 1758) 15 1 16
Ptilodon cucullina([Denis et Schiffermuller], 1775) 3 0 3
Ptilophora plumigerg[Denis et Schiffermdller], 1775) 1 0 1
Phalera bucephaléLinnaeus, 1758) 4 2 6
Clostera pigra(Hufnagel, 1766) 1 0 1

Noctuidae
Rivula sericealigScopoli, 1763) 10 14
Trisateles emortualigDenis et Schiffermdiller], 1775) 4 11
Idia calvaria ([Denis et Schiffermiller], 1775) 0 1
Paracolax tristalis(Fabricius, 1794) 69 92
Herminia tarsipennalidreitschke, 1835 0 4
Herminia tarsicrinalis(Knoch, 1782) 8 21
Herminia grisealig([Denis et Schiffermiller], 1775) 24 47
Polypogon tentaculariglinnaeus, 1758) 3 4
Zanclognatha lunaligScopoli, 1763) 16 24
Hypena proboscidaliflinnaeus, 1758) 26 106
Colobochyla salicalig[Denis et Schiffermdaller], 1775) 1 2
Lymantria dispar_innaeus, 1758 7 8
Lymantria monach&innaeus, 1758 22 22

Calliteara pudibunddLinnaeus, 1758)

Spilarctia lutea(Hufnagel, 1766)

Diaphora mendicdClerck, 1759)

Euplagia quadripunctarigPoda, 1761)
Miltochrista miniata(J. R. Forster, 1771)

Lithosia quadra(Linnaeus, 1758)

Eilema depresséEsper, [1787])

Eilema lurideola([Zincken], 1817)

Dysauxes ancilldLinnaeus, 1767)

Catephia alchymistgDenis et Schiffermuller], 1775)
Minucia lunaris([Denis et Schiffermuller], 1775)
Catocala nuptdLinnaeus, 1767)

Catocala promissg[Denis et Schiffermiller], 1775)
Meganola strigulg[Denis et Schiffermdiller], 1775)
Meganola albulg[Denis et Schiffermiller], 1775)
Pseudoips prasinan@.innaeus, 1758)

Abrostola asclepiadifDenis et Schiffermuller], 1775)
Abrostola triplasia(Linnaeus, 1758)

Autographa gamméL.innaeus, 1758)

Protodeltote pygarg&Hufnagel, 1766)

Deltote deceptorigScopoli, 1763)
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Species Old  Young Sum

Colocasia coryli(Linnaeus, 1758) 144 85 229
Diloba caeruleocephalélinnaeus, 1758)

Craniophora ligustri([Denis et Schiffermuller], 1775)
Moma alpium(Osbeck, 1778)

Acronicta(Jocheaeraalni (Linnaeus, 1767)
Acronicta(Triaeng tridens([Denis et Schiffermuller], 1775)
Acronicta(Viminia) rumicis (Linnaeus, 1758)
Amphipyra(Amphipyrg pyramidea(Linnaeus, 1758)
Amphipyra(Amphipyrag berberaFletcher, 1971
Amphipyra(Amphipyra livida ([Denis et Schiffermiller], 1775)
Amphipyra(Amphipyrg tragopoginis(Clerck, 1759)
Asteroscopus sphir(ufnagel, 1766)

Brachionycha nubeculog&sper, 1785)

Allophyes oxyacanthaginnaeus, 1758)

Helicoverpa armigergHubner, 1808)
Caradrina(Caradringd morpheugHufnagel, 1766)
Caradrina (Platyperigea kadeniiFreyer, 1836

Caradrina (Platyperigea aspersaRambur, 1834
Hoplodrina octogenarigGoeze, 1781)

Hoplodrina blanda([Denis et Schiffermiller], 1775)
Hoplodrina superste@Ochsenheimer, 1816)

Hoplodrina respersg[Denis et Schiffermiller], 1775)
Hoplodrina ambigug[Denis et Schiffermiller], 1775)
Charanyca trigrammicgHufnagel, 1766)

Rusina ferruginedEsper, 1785)

Athetis(Atheti9 furvula (Hibner, 1808)

Dypterygia scabriusculélinnaeus, 1758)
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Trachea atriplicis(Linnaeus, 1758) 14
Euplexia luciparalLinnaeus, 1758) 19
Apamea monoglyph@dufnagel, 1766) 1
Apamea syriaca tallos{ovacs et Varga, 1969 1
Apamea ancepgDenis et Schiffermdiller], 1775) 1
Loscopia scolopacinéEsper, 1788) 1
Mesapamea secal{tinnaeus, 1758) 13
Mesapamea secalelRemm, 1983 3
Oligia latruncula([Denis et Schiffermuller], 1775) 1
Cosmia(Calymnig trapezina(Linnaeus, 1758) 127

Tiliacea citrago(Linnaeus, 1758)

Tiliacea aurago([Denis et Schiffermiller], 1775)

Lithophane socigHufnagel, 1766)

Lithophane ornitopugHufnagel, 1766)

Eupsilia transversgHufnagel, 1766)

Conistra(Conistrg vaccinii (Linnaeus, 1761)
Conistra(Conistrg rubiginosa(Scopoli, 1763)
Conistra(Conistrg veronicae(Hubner, 1813)
Conistra(Dasycamparubiginea([Denis et Schiffermdiller], 1775)
Agrochola(Anchoscelisnitida ([Denis et Schiffermdller], 1775)
Agrochola(Anchoscelislitura (Linnaeus, 1758)
Agrochola(Anchoscelishelvola(Linnaeus, 1758)
Agrochola(Leptologig macilenta(Hubner, 1809)
Agrochola(Sunirg circellaris (Hufnagel, 1766)
Agrochola(Propenistrg laevis(Hubner, 1803)

Xanthia togataEsper, 1788)

Xanthia icteritia(Hufnagel, 1766)

Xanthia ocellarigBorkhausen, 1792)

Dichonia aeruginegHubner, 1808)

Dichonia aprilina(Linnaeus, 1758)
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Species Old  Young Sum

Blepharita saturg[Denis et Schiffermuiller], 1775) 17 59
Mythimna(Mythimng turca (Linnaeus, 1761) 2
Mythimna(Mythimng pallens(Linnaeus, 1758)
Mythimna(Hyphilare) albipuncta([Denis et Schiffermuller], 1775)
Mythimna(Hyphilare) ferrago (Fabricius, 1787)

Polia nebulosgHufnagel, 1766)

Mamestra brassicaélinnaeus, 1758)

Lacanobia(Dianobig) thalassina(Hufnagel, 1766)
Lacanobia(Diataraxia) oleracea(Linnaeus, 1758)

Hada plebejgLinnaeus, 1761)

Lasionycta(Lasionhada proxima(Hubner, 1809)
Orthosia(Orthosig incerta (Hufnagel, 1766)

Orthosia(Monimg) cerasi(Fabricius, 1775)
Orthosia(Microorthosig cruda([Denis et Schiffermiller], 1775)
Orthosia(Poporthosid populeti(Fabricius, 1781)
Orthosia(Cororthosig opima(Hubner, 1809)
Orthosia(Semiophoragothica(Linnaeus, 1758)

Anorthoa mundg[Denis et Schiffermtiller], 1775)

Agrotis exclamationigLinnaeus, 1758)

Agrotis segetun{Denis et Schiffermiller], 1775)

Agrotis ipsilon(Hufnagel, 1766)

Ochropleura plectgLinnaeus, 1761)

Diarsia brunnea([Denis et Schiffermdiller], 1775)

Diarsia mendicaFabricius, 1775)

Noctua pronubd.innaeus, 1758

Noctua fimbriata(Schreber, 1759)

Noctua interpositgHubner, 1790)

Noctua comesiiibner, 1813

Noctua janthing[Denis et Schiffermiller], 1775)

Noctua janthgBorkhausen, 1792)

Eurois occultalLinnaeus, 1758)

Xestia(Xestig baja ([Denis et Schiffermuller], 1775)
Xestia(Xestig stigmatica(Hubner, 1813)

Xestia(Xestig castanegEsper, 1798)

Xestia(Xestig xanthographg[Denis et Schiffermdller], 1775)
Xestia(Megasempac-nigrum(Linnaeus, 1758)
Xestia(Megasematriangulum (Hufnagel, 1766)

Metagnorisma depunct@.innaeus, 1761)
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Occurrence and Diversity of Soilborne Phytophthorasn a
Declining Black Walnut Stand in Hungary

Judit KovAics — Ferenc kKATOS — llona $ABO

Institute of Silviculture and Forest Protection,iv#nsity of West-Hungary, Sopron, Hungary

Abstract — The paper reports on the occurrence and imgaBhgtophthoraspecies in a declining
eastern black walnutlgglansnigra) stand in West Hungary. The health condition & tlees was
investigated and soil samples were taken from ltimosphere of the trees two times per year in 2011
and 2012 in order to isolaRhytophthoraspecies. Altogether 20 trees were selected fastiyations.
The species identity of the isolates was determibgdmorphological and molecular methods.
Phytophthora cactorunand Phytophthora plurivorawere found as supposedly responsible for the
decline of the trees. The abundance of the twoispetas changing at the different sampling times,
presumably due to the different weather conditidrtse intraspecific diversity of both species was
estimated based on the ITS1-5.8S-ITS2 sequendés asolates.

eastern black walnut /Phytophthora cactorum / Phytophthora plurivora / tree decline

Kivonat — Phytophthora fajok gyakorisaga és diverzidsa egy pusztulé feketedid allomanyban
Magyarorszagon A tanulmany egy pusztulé nyugat-magyarorszagetiekdié (uglans nigra)
allomanyban éffordulé Phytophthorafajokrél, és azok fadlloményra gyakorolt hatdsdudlosit. A
szerdk vizsgaltak a faadllomany egészségi Aallapotat,tvide talajmintdkat gjtottek a fak
gyokérzonajabdl aPhytophthorafajok kitenyésztése céljabdl. A vizsgéalatokat 2@gielolt fan
végezték, 2011-ben és 2012-ben, évente 2—2 alkadbnAm izolatumok azonositasa morfolégiai és
molekularis genetikai modszerekkel tortéRhytophthoracactorumot ésPhytophthoraplurivora-t
talaltak, mint a pusztulas valésifiithet okat. A két faj gyakorisdga eltérvolt a kilénb6a
mintavételi idpontokban, feltehéen az eltéf idéjarasi viszonyok miatt. A két faj diverzitasat az
izolatumok ITS1 — 5.8S — ITS2 szekvenciai alapjéodiilték.

fekete dié /Phytophthora cactorum / Phytophthora plurivora / fapusztulas

1 INTRODUCTION

Some species of the genBbytophthora(Oomycota are harmful and destructive pathogens
of forest trees (Hansen 2008).These species causerot, bleeding cankers or wilting

symptoms on susceptible forest trees (ErwRibeiro 1996). There are soilborne, waterborne
and aerial species within this genus. Inside asforer between woodlands, soilborne and
waterborne species can spread via irrigation watenind water or splashes. The spores of
the aerial species are delivered by the wind. Rihtwras can easily spread between

" Corresponding author: kovacsj@emk.nyme.hu; H-BO®RON, Bajcsy-Zs. u. 4
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countries or continents with infected plants ot.sbiventy-one percent of the invasive plant
pathogens in Europe belong to the geRbagtophthora(Santini et al. 2012). The impact of
these invasive pathogens is unpredictable (Brasialebber 2010). Under favourable
conditions, the ecological and economical loss mighhuge.

Up to 2010, 98 formally described species and Zispehybrids belong to the genus
Phytophthora (Ersek — Ribeiro 2010). The number of the described spegiesv and
expectedly will continue growing because of mudipasons: the available molecular tools
enable a quick and accurate identification, the lmemof Phytophthoraresearch groups and
the attention on forest Phytophthoras grows wordidwiand also because of the recent
evolutionary processes within the genus (ErsBlibeiro 2010).

Since the beginning of the 20th century, Phytoptatidnave been responsible for many
diseases and declines in European forests. Thelisdase of sweet chestnut spread as an
epidemic in the 192A940s and beyond the chestnut blight causedCbyphonectria
parasiticg it is still one of the main diseases@dstanea sativdvVannini — Vettraino2001)
Since the 1990s, an upswing is present in the nuwibepidemics caused WBhytophthora
species.Phytophthora cinnamomgéndangers a unige agroforestal ecosystem, the lEml ca
‘dehesa’ in the Iberian Peninsula by killing thelrhooak Quercus ilex and cork oak
(Quercus subérsince 1991 (Brasier 1996; Moralejo et al. 200&)e infected trees show
wilting symptoms and die within a few years. Theedise is spreading continuously.

A decline was noticed in the deciduous oak fore$tilorth- and Central-Europe in the
mid of the 1990s. The climatic instability, the chsioils with moderate water conditions and
Phytophthora species, likeP. cambivora P. citricola, P. gonapodyides, P. cactorum,
P. syringae, P. europaeand mainlyP. quercina played a role in this complex decline (Jung
et al. 1999, Jung et al. 2000, Balci - Halmsch|&§#3).

In 1993, a decline of riverside ald€Anus glutinosawas noticed in Great Britain. The
trees showed wilting symptoms. On the stem, caniadstarry exudations were observed
(Brasier et al. 1995). An unknowrhytophthorawas isolated from the infected bark samples.
The pathogen caused an epidemic across Europ898 it was found in Germany, Belgium,
in the Netherlands and France, in 1996 also inhauaind Hungary (Cech 1997, Szabd et al.
2000). The molecular analysis of the isolates shibbthiat it is a natural, interspecific hybrid.
It was formally described d@hytophthora alnin 2004 (Brasier et al. 2004).

Many Phytophthoraspecies were isolated from bleeding cankers faamdEuropaean
beech(Fagus sylvaticajrunks or soil samples from the rhizosphere oflidiexy beech trees
since 2000. These species &ecactorum, P. cambivora, P. citricola, P. plurraoand in
Great Britain, 2 invasive quarantine specke&ernoviaeandP. ramorum(Brasier et al. 2005,
Weiland et al. 2010, Jung 2009). The last two ssecan became an extreme threat to the
European and North-American forests. Pedunculate(@aercus robuy can be infected by
P. kernoviaetoo (Brasier et al. 2005), while many other trpecses, like North-American
coastal live oaks, Douglas-fiP§eudotsugaenzies), coast redwoodSequoia sempervirens
and yew Taxusbaccatg, and ornamental shrubs liRburnumspp, Rhododendrorspp,
Syringa vulgaris, Pieris spp and Vaccinium spp are also susceptible fd?. ramorum
(Grinwald et al. 2008). However, till 2009 tRe ramoruminfections in European forests
were local, mainly near highly susceptible vibursueind rhododendrons. An epidemic
similar to the North-American Sudden Oak Death waticed in 2009 in Japanese larch
(Larix kaempfen plantations in South-West England. This host jiefyzidates the potential
threats of invasive pathogens (Brasiéiebber 2010).

According to a previous research of the Institute&Sglviculture and Forest Protection,
(University of West Hungary, Hungarphytophthoraspecies infect common aldeklus
glutinosg, eastern black walnutlglansnigra), sessile oak@uercuspetraeg and Turkey
oak Quercuscerris) stands in Hungary (Szabd.akatos 2008, Szabo et al. 2013).
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The genusluglansconsists of ~21 taxa, with an extensive distrifrutirom East Asia to
the Americas. The black walnuts (SectiBhysocaryopare native to the Americas. They
include six North-American, three Central Americamd four South American species. An
other American speciegdyglanscinereg, native to eastern North America belongs to the
section Trachycaryon. The English walnlidlansregia, SectionJuglang is the only native
species in Europe. Its distribution is ranging fr&urope to China and the Himalayas. The
other species belonging to the Sectidardiocaryonare native to East Asia (Aradhya et al.
2007). English walnut is the most widely cultivatgglecies from the genus throughout the
world for nuts and also for timber production (Balio — Galli 2013). However, black
walnuts and hybrid rootstocks (i. e. Paradox roatst are widely cultivated, economically
important species, too.

J. regiaandJ. nigraare two economically important hardwood specigdungary. They
grow on marshlands and riparian sites. Although dstamds of eastern black walnut as an
exotic tree species cover only 0,5% of Hungary'®e$b area, the timber of this species is
valuable for furniture industry (Molnar — Barisk@ds).

The two closely related species share some comnggasks. One of these is the
Phytophthoraroot and collar rot of walnuts, which is an in@®eg cause of walnut loss in
Europe and also in North America (Belisario — G2011L3).

Twelve Phytophthoraspecies are known as pathogens of walnut speafés;ting
seedlings and also mature trees worldwide. Theseiesp areP. cactorum P. citricola,
P.cinnamomj P. citrophthora P. cryptogea P. megaspermaP.cambivora, P. drechsleri,
P. hedraiandra, P. nicotianae, P. palmivoead P. plurivora (Mircetich — Matheron 1983,
Belisario— Galli 2013).

There are no specific symptomsRiiytophthorainfection inJuglansspecies. Laboratory
methods are required to identify the cause of theike. Phytophthoraspecies can cause
various disease symptoms on different parts of thee. In the crown, wilting, small,
yellowish leaves or sudden death can be observedh®©stem, bleeding cankers, tary spots
or also large, dark, flame-shaped areas may bemres main symptom of the disease is the
rot of the root system. Usually the young feedetsalie first which is later followed by the
death of the older roots (Belisard@alli 2013). The development of visible symptoms
depends always on the amount of infected rootschvig in context with the inoculum
density of the soil. It can be a sudden death dusiammertime or a slow decline with a
progressive reduction of foliage and fruit prodontiover several years (Belisari@alli
2013). Sudden death is mainly characteristic tcedtidns caused byP. cinnamomi
(Belisario—Galli 2013). In the case of a slow wilting, theaofion may be undetected in the
first years. Some trees also can survive the iimfectvithout notable crown symptoms
(Belisario— Galli 2013).

The distribution of the pathogen, the infectiond #me disease severity is in context with
the soil moisture and the duration of soil satoratiBelisario- Galli 2013). However, trees
can be infected also by occasionally occurringdings (Vettraino et al. 2003).

In the early 2000s, decline of eastern black walduglans nigra stands was observed in
Hungary, in South-Danubian floodplain forests imn@@ac. The canopy of over 80 years old
trees showed wilting symptoms despite of adequatdasmidity and lack of any other visible
reason of the declind?hytophthoraspecies were isolated from the sl cactorumand
P. plurivora were the most frequently occurring species. Théqgnicity of these species
was confirmed by inoculation of black walnut seegé (Szabé- Lakatos 2008). Since that
time similar symptoms were observed in old blackmwastands in some other regions of
Hungary, also in the north-western part of the ¢gun

Many investigations have been done in the lastals#n order to better understand the
Phytophthoradisease of English walnut. Matheron and Mircetmbinted out that the
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susceptibility ofd. regiaseedlings again®. citricola shows seasonality. Their susceptibility
is higher in summer and in the beginning of aututhan from late autumn to spring
(Matheron-Mircetich 1985a). Vettraino et al. showed that five most frequently isolated
Phytophthoras cause different symptoms under time g@nditions. According to their study,
P. cinnamomiis the most pathogenic species against EnglismujaP. cactorumand
P. cambivoraare slow colonizers which damages also latera foots, whileP. citricola
causes the rot of lateral fine roots, but doesdaatage the taproot (Vettraino et al. 2003).

Our aims were to study the changes of health comditf an affected stand, the diversity
of soilbornePhytophthoracommunity in the rhizosphere of the trees, to tiestpathogenicity
of the isolated species agaidshigraseedlings and to study whether there is a sedagooal
not in thePhytopthoracomposition of the soil of the infected trees.

2 MATERIALS AND METHODS

2.1 Sampling

Twenty black walnut trees were selected for samgpina 73 years old marshland forest near
Kapuvar, Hungary. The site investigated is on @lumeadow soil with periodic water effect.
The health condition of the trees was evaluategédas the crown symptoms using the
following 4-pointed scale:
1. Healthy crown.
2. Less than 20% of the crown is dying. Some leaveyeltowish.
3. 20-50% of the crown is dying. Leaves with yellowisablouration in larger groups.
4. More than 50% of the crown is dead. Yellow leavekrge groups, or the remaining
foliage is yellow.
Soil samples were taken from the rhizosphere dh @agestigated tree with a final volume of
1 litre. The sampling was done at four differeninpavithin 1 metre around each tree, from a
depth of 530 centimetres. The aliquots were mixed.

2.2 lIsolation

A quantity of approximately 250 mg from each mixsdl sample was flooded with 500 ml
distilled water in a flat plastic container of alwme of 2 litres. The isolation of
Phytophthoras was performed by using healthy, lyepitked, youngRhododendrorand
Prunuslaurocerasudeaves as baits (ThemanWerres 1998, Nagy et al. 2000). The leaves
were surface-disinfected with 10% NaOCI solutiord amsed in water before use. The
samples were incubated in 22 °C, on daylight. N#cipots appeared on the leaves within
2-4 days. A piece of a size of 5x5 mm was cut ftbminfected leaf sections and put on the
surface ofPhytophthoraselective agar plategigure 1). The medium used contained 1,5%
malt extract and 2% bacteriological agar. Ampicil[@250 mg/l), Benomyl (15 mg/l) and
hymexazol (50 mg/l) were added to the medium beafieee

Figure 1. The method of isolation: A: leaf baitstbe soil samples B: Characteristic lesions
on the baits C: Phytophthora colonies on Phytoprdkselective agar media
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2.3 Species identification

The species identification was done by using madgaiocal features and ITS sequences.

The morphological features were studied on cultgresvn on carrot agar (Brasier 1969),
at 20°C, in the dark. The formation of sporangiasviduced by non-sterile soil solution
(Jeffers and Aldwinckle 1987). Daily growth rateglany patterns and morphology of
microscopic structures were investigated (ErwRibeiro 1996).

The molecular identification of the isolates wasdedy amplifying and sequencing
the 1TS1-5.8S-ITS2 region of the rDNA of selectedlates. Pure mycelial cultures were
used for DNA extraction or direct PCR. The DNA axttion and the PCR was made with
the REDExtract N-Amp Plant Kit (SigmaAldrich), or with the PHIRE Plant Direct PCR
Kit (Thermo Scientific) according to the user’s daiof the manufacturers. ITS6 and ITS4
primer pair (Cooke- Duncan 1997) was used for PCR, in an Eppendorftéagcler
Personal PCR machine. PCR conditions were as teschy Cooke and Duncan (1997).
The resulting PCR products were purified with EZ88in Column PCR Purification Kit
(BioBasic Inc.), according to the user’s guide loé tmanufacturer. The purified products
were sequenced in both directions. Sequences weneoted and aligned with the
ClustalX software. Homologs were searched in thenBamk (NCBI database) using
BLASTN software (http://blast.ncbi.nlm.nih.gov/Btasyi).

2.4 Estimation of the genetic diversity

The genetic diversity of the isolated species wasnated based on the ITS1 — 5.8S — ITS2
sequences. The sequences were compared by usi@ustal X software. Only complete,
error-free sequences were used for the comparison.

2.5 Pathogenicity tests

Two strains were used for pathogenicity testsPAplurivora strain (202a) isolated in
September 2011 andRa cactorumstrain (174/2) isolated in June 2011 from the iswidhlack
walnut stand. The colonies used were 14 days didy Tvere grown on Potato-Dextrose Agar
plates (39g/L, Microtrade Ltd., Budapest, Hungary).

3,5 months old black walnut seedlings were infecHtk seedlings were grown from
disinfected seeds in containers. The soil usedfanting was investigated with the above
mentioned leaf baiting method and proved to be dfdehytophthoras. Eight seedlings/isolate
and eight seedlings as control (totally 24 seed)ngere used for the tests.

The infection was done on"&eptember 2012. A wound of a diameter of 5 mm was
made on the base of the stem and a piece of a 5Smmx&ze from the pathogen colony was
put into the wound. After that, the wound was ctbséth plastic paraffin film (Parafilfh
Pechiney Plastic Packaging Company). The woundlewgontrol seedlings were closed with
Parafilm without any infection.

The seedlings were watered as it was necessary. Weee overwintered in a frostfree,
closed chamber. The mean temperature and the hyrofdihe chamber fluctuated according
to the weather conditions outside. Their paramdtergth and diameter of the shoots, length
and width of the roots, health condition of the @iscand roots and especially the length and
width of the bark necrosis caused by the pathogenghe stem) were measured after
10 months, in July 2013.
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2.6 Data analysis

The health condition datasets were analysed weghl@M SPSS 20 Software (IBM Corp.
2011). We used Kruskall-Wallis and Mann-Whitneytdeto see the change in the health
condition of our sampling site.

Data resulted from the pathogenicity tests were alsalysed with the IBM SPSS 20
Software. The Gaussian distribution of data sets teated with the Shapiro-Wilks method.
The homogenicity of variances of the variables teated with Levene statistic, based on the
median. To test differences between the two intketed the non-infected groups, One-Way
ANOVA was used. Independent Samples T-test was wstabt differences between the two
infected groups in case of necrosis area data sets.

In order to understand the changes in species caitigpg daily temperature and
precipitation data of the region were collectednfradhe database of the Hungarian
Meteorological Service_(http://www.met.hu/idojaidtalis idojaras/napijelentesAValter-
Lieth diagrams were constructed from these datah wit free, online software
(http://www.zivatar.hu/script.php?id=walter-lig¢th

3. RESULTS AND DISCUSSION

3.1 Changes in the health condition

The health condition of the treeBigure 2) got significantly P = 0,023 worse during the
experiment according to the Kruskal-Wallis testaltey tree could be found only at the very
first investigation (1 tree). The number of treetobging to the ¥ category decreased from 9
to 3 trees, while the number of trees in tifeadd especially in the™category increased
(from 7 to 8 in case of' 4 and from 3 to 9 in case of'4¢ategory). However, we couldn’t find
any dead trees till the end of the monitoring pekrio
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Figure 2: Changes in the health condition of thestean black walnut trees.
Categories: 1. Healthy crown; 2. Less than 20%efdrown is dying, some leaves are yellowish.
3. 20-50% of the crown is dying. Leaves with yalbvdiscolouration in larger groups.
4. More than 50% of the crown is dead. Yellow |lsawelarge groups or the remaining
foliage is yellow. Values are in % of the investigghtrees. The health condition of the trees

in June 2011(A) is significantly different from itheealth condition in 2012 (B).
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There was significant differenc® & 0,009 in the health condition of the sampling site
between the investigations of June 2011 and Juh2 @6cording to the Mann-Whitney test.

3.2 Isolation success and species composition

The isolation success was the highest in June 2Bhytophthoras could be isolated from
75% of the collected soil samples then. After thatSeptember 2011 and June 2012 the
isolation was succesfull only from 20% of the colésl samples. The isolation success was a
bit higher in September 2012. Phytophthoras co@dsblated from 40% of the collected
samples that time. There were two species comgtargsent in the soil sampldg: plurivora
andP. cactorum They were present in the rhizosphere of evemcsed tree, at least one time
during the two — year period.

The distribution of the two species changed duthmg investigation Kigure 3). Both
species were present in June 2011 and Septembé@r, BOf only P. plurivora could be
isolated at the other times.

100%

80%

60%

40%

20%
yd yd

0%

June 2011 Sept 2011 June 2012 Sept 2012

W P. plurivora m P. cactorum Other, unidentified Phytophthora

Figure 3. Species composition of Phytophthoragfégrént sampling times

This suggests that both species are constanthempras the soil of the forest stand.
However, P. cactorumsurvives the unfavourable conditions with formiciggamydospores
and oospores. When the environmental conditionsorbec favourable, oospores and
chlamydospores d®. cactorumcan well germinate. The infection can be veryaesiin the
case of heavy, flooded, poorly drained soils (ErwRibeiro 1996).

Unlike P. cactorum, P. plurivoracannot form any chlamydospores. It can survive
unfavourable environmental conditions only by fangiioospores. This species is less
competitive in wet, flooded soils, because supplgsseimiarid — wet soils are optimal for it.
However, it can infect walnut trees also under andied conditions (Matheron Mircetich
1985Db).

In the first year of our study, the spring and fingt half of the summer was rainy. The
Walter-Lieth diagram of the year 2011 (Figure 49ws this time as a humid period.
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Kapuvar T: 18.61 °C
N 47,688°; E 17,033° 187 m Cs: 355 mm
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Forrds: OMSZ-Id8jdrasi rnopiljelentés kiadvany

Figure 4. Walter-Lieth diagram of the sampling s$it2011

based on the data of the Hungarian Meteorologiaivie

(http://www.met.hu/idojaras/aktualis_idojaras/nagégntes/).
Dark grey: humid periods; striped: arid periods.

After 3 heavy rainfalls in the first week of Augusite second half of the summer and
the autumn was hot and dry, with unusual arid pkjoespecially in September.
P.cactorum was dominant in June, when the forest soil was. weater, in mid of
September, the soil was drier. This time the isofasuccess was lower, and we could
only find P. plurivora

Next year, after a dry autumn and winter in 201#, lvad an extremely dry spring in
2012. According to the Walter-Lieth diagram of 2QE2gure 5), the arid period began in
May and lasted till September in the region.

The isolation success was low again in June, amg Bnplurivora could be isolated.
The summer was very hot, with a few big rainfalltire region mostly in the second half
of July, and with some rainy days in August andt8eyber. The isolation success was a
bit higher, and we could isolate mos®y cactorumfrom the slightly wetter soil samples
this time.
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Kapuvar T: 11.41 °C
N 47,600°; E 17,033°; 107 m Cs: 387 mm
— 388
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Figure 5. Walter-Lieth diagram of the sampling $ie€2012

based on the data of the Hungarian Meteorologiaaivi&e

(http://www.met.hu/idojaras/aktualis_idojaras/nagéntes/).
Dark grey: humid periods; striped: arid periods.

3.3 Intraspecific diversity

The genetic diversity of the two species was egathébased on ITS sequences. The
examined fragment was 797bp long.A.5cactorumisolates and &. plurivoraisolates were

analysed.
P. cactorumstrains differed in 2 positions and 4 differenplod#ypes could be detected

from which 3 haplotypes were frequemtple 1).
Table 1. Estimated haplotypesRafcactorunon the sampling site

20 611 Haplotype Number of isolates
- A CACTORUM 1 5
- G CACTORUM 2 4
A A CACTORUM 3 5
A G CACTORUM 4 1
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P. plurivora strains were quite uniform, 2 haplotypes coulddb&ected Table 3. They
differ only at one position. The first haplotype svenuch more frequent. Thé“2one is
represented by only one isolate originating fromc¢hbllection of the first sampling time.

Table 2. Estimated haplotypesRafplurivoraon the sampling site

402 Haplotype Number of isolates
C PLURIVORA 1 7
T PLURIVORA 2 1

Both isolated species are cosmopolitan (ErwirRibeiro 1996). The poor genetic
diversity especially in the case Bf plurivora can suggest that it might be a relatively new
species in the studied region (Szabo et al. 2013).

3.4 Pathogenicity

All of the infected seedlings remained alive durihg test period. Their health condition was
similar as the health condition of the control péanThe stem diameter of the seedlings
belonging to the control and the two infected gsupas not significantly different
(P =0,107) ab=0,05 significance level according to the resuligthe One-Way ANOVA.
However, according to the size of the necrosisheir tstem, both pathogen strains turned to
be moderately pathogenic to black walnut. The gfzbe necrosis in case Bf plurivorawas
39,27-235,62 mm (average size: 126,25 mn while in case ofP. cactorumit was
32,99102,10 mm (average: 62,93 mm P. plurivora was slightly more aggressive than
P. cactorum This result agrees with the statement of Mirdettmd Matheron (Mircetickh
Matheron 1980). The area of the necrosis (Figur@mved to be significantly larger in the
two infected groups than in the case of the corgeddlings at:=0,05 significance level,
according to the One-Way ANOVA (P = 0,001). Accoglio the T- tes®. plurivoracaused
significantly longer necrosis thah cactorumdid ata=0,05 significance level (P = 0,024).
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Figure 6. Necrosis area in case of the differemugps. 0: seedlings without infection.
1: P. plurivora . 2: P. cactorum. The groups lakeliwith different letters are significantly
different according to the One-Way ANOVAs and thest.
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4. SUMMARY

Two PhytophthoraspeciesP. cactorumandP. plurivora were isolated from the rhizosphere
soil of the declining old black walnut stand. Théa® species were also earlier frequently
isolated by Szabo et al. (2013). However, we caowtfind P. lacustrisas they did earlier.
The health condition of the selected trees got eataring the two-years-period of the
experiment. However, we couldn’t find any dead grget. Changes could be observed in the
isolation success. These changes don’'t show arsosality. They could be related to the
current environmental conditions, primarily withethumid or arid character of the weather
conditions. The changes in the health conditiothefstudied eastern black walnut trees seem
to confirm this. Their health condition continuougiot worse in the first humid year of our
investigation, while it was unaltered in the secamuaite arid year. It would be necessary to
continue the monitoring to find the correct cortiela. Both Phytophthoraspecies were
isolated from the rhizosphere of every selecteg, @k least at one sampling time.

The identified species composition had also chanlgesig the two years. plurivora
could be isolated always, whife. cactorumonly in June 2011 and September 2012. When
we could isolate both specid’, cactorumwas more frequent tha plurivora We suppose
that both species are present in the soil. Howe¥eplurivorais more competitive in semi-
arid - wet soil, whileP. cactorumprefers wet, flooded soil, wher@. plurivora is less
competitive. The poor genetic diversity of thesecips suggests that they were perhaps
introduced into the region recently. Both isolaspecies proved to be moderately aggressive
to eastern black walnut seedlings. The necrosesedauyP. plurivorawere longer than those
caused byP. cactorum suggesting that this species is slightly morereggive to eastern
black walnut seedlings thah cactorum

The above mentioned are preliminary results of a-years long study. It would be
necessary to do a proper analysis of weather dgondiiata and to continue the monitoring in
order to understand better the process of therdecli
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Abstract — From the economical point of view, the genG&nodermais one of the most
important groups of Basidiomycetes due to their itiedl effects and also because they cause
decay in a very wide range of tree species all dher world. In this study new data of the
Hungarian Ganoderma species are published and the specimens in abtessiungarian
herbarium collections are processed and revised.drfticle includes the nomenclatural status, the
morphological characters, the host preference, uigagies and the details of the fungarium
samples of sixGanodermaspecies Ganoderma adspersunmG. applanatum G. carnosum

G. cupreolaccatumG. lucidum G. resinaceumas well. In total 2185anodermaspecimens are
examined and 10 hosts of the six nattvanodermaspecies new for Hungary are presented. The
Hungarian locality and time of the collection ofetlonly Ganoderma carnosun{lZ3122)
specimen and two new localities of this rare spe@eublished here for the first time.

Polyporaceae/ G. carnosum / G. cupreolaccatum / new host

Kivonat — Taplogombak ebfordulasa és gazdantvénykdre Magyarorszagon |. Ganoderma.

A taplok kozil aGanodermaP. Karst. 1881 gazdasagi szempontbdl az egyikolggbabb
nemzetség, tekintettel ndvénykortani jetis#tglkre, valamint a gydégyaszatban bet6ltott
szerepikre. Jelen munkaban feldolgoztuk és revigdedh Magyarorszagi dgyteményekben
elhelyezett hazai fungariumi mintakat, tovabba bjalkorabban nem publikalt adatokat is
kozlink. A cikk tartalmazza a hazankbabferdul6 hatGanodermafaj (Ganoderma adspersym
G. applanatum G. carnosum G. cupreolaccatumG. lucidum G. resinaceum nomenklatirai
helyzetét, az elkulonitmorfologiai bélyegeket, aljzataik gyakorisagi msgldsat és a fungariumi
példanyok részletes adatait megyék szerint csopitvtn Osszesen 2l1Banodermataxon
herbariumi mintajat vizsgaltuk meg és 10 Magyaragan korabban nem ismert gazdandvényen
valo ebforduldsi adatot kozlink. Az eddig egyetlen hazd&ikismert Ganoderma carnosum
mintanak (123122) lélhelyét és giijtésének idpontjat, valamint két tovabbi hazai minta adatéat
elst alkalommal publikéljuk.

taplok / G. carnosum / G. cupreolaccatum / Uj gazdandvény

" Corresponding author: viktor.papp@uni-corvinus et 118 BUDAPEST, Ménesi Ut 44.
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1 INTRODUCTION

GanodermaP. Karst. 1881 is a cosmopolitan, poroid basidicety genus, which contains
mainly wood decaying fungi of different deciduotsets and conifers (Ryvarden — Gilbertson
1993). From the economical point of view, the geBasodermads one of the most important
groups of Basidiomycetes due to their medicinad @ (e.g. Papp et al 2012a, Paterson 2006,
Trigos — Medellin 2011) and also because they cdesay in a very wide range of tree species
all over the world (Flood et al. 2000; Schwarzeerer 2003). It is, however, taxonomically
»the most difficult genus among polypores” (RyvardE985) and in a state of taxonomical
chaos (Ryvarden 1991). Nevertheless the situasioather confusing even today. Up to now,
all over the world, taxonomists have described @2imate Ganodermaspecies and many
forms, varieties and subspecies (Robert et al. R@rBong these only Ganodermaspecies
(G. adspersuniG. applanatumG. carnosumG. cupreolaccatunG. lucidum G. resinaceum

G. valesiacum are accepted in the European polypore monogréplgs Bernicchia 2005;
Ryvarden — Gilbertson 1993). Moreover there areesspecies (e.gsanoderma kostefsteyaert
1972, G. puglisii Steyaert 1972(. sonienseSteyaert 1961) which are described from Europe
(Steyaert 1961, 1972) and have a modern descrigtidriype material, but the taxonomical state
of these species is uncertain (Moncalvo — Ryvali@8Y).

The location and host plants of the HungafBamodermaspecies was synthesized firstly
by Igmandy (1968, 1970), however not all of hisadadve been published. The summarized
data of the fungarium collection of Zoltan Igméandgs published by Szab6 (2012), which
mentionedGanoderma carnosuiinom Hungary for the first time. The Hungariantdizution
of G. cupreolaccatunfsyn. G. pfeiffer) was processed by Papp and Siller (2012) and new
occurrence data of this rare species have alsorepented.

In this study the accessible Hungarian fungariumtens of Ganodermawere
examined. The localities of the species are predemtd the host preference is discussed.

2 MATERIALS AND METHODS

The identification of the HungariaGanodermamaterials was done based on the taxons
included in the European polypore monographs (Behi 2005, Ryvarden — Gilberston
1993). In nomenclature, the MycoBank database (R@bal. 2013) was followed, except for
G. applanatum(syn. G. lipsiensg, in which case the sanctioning proposal of Redhetaal.
(2006) accepted by the Nomenclature Committee torgk(Norvell 2010, 2011) was taken
into account. The herbarium of the Hungarian Natdistory Museum (BP) and the polypore
collection of Zoltdn Igmandy (1Z) (which is kept #te Institute of Silviculture and Forest
Protection of the University of West-Hungary Soprarere examined. The new fungarium
materials were placed into the first author’s adlten (PV) and can be accessed at the Botanical
Department of the Corvinus University of Budapdsaqulty of Horticultural Science). For
the microscopic studies a Zeiss Axio Imager. Aztlight microscope was used.

3 RESULTS

Ganoderma adspersum (Schulzer) Donk, Proceedings van de Koninklijkedbidandse
Akademie van Wetenschappen Section C, 72: 273, 1969

= Polyporus adspersuSchulzer 1878

= Polyporus linhartiiKalchbr. 1884 -Ganoderma linharti{Kalchbr.) Z. Igmandy 1968

= Ganoderma europaeuBteyaert 1961
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In European monograph§anoderma adspersuife.g. Bernicchia 2005, Krieglsteiner
2000, Ryvarden — Gilbertson 1993) was found unberntameG. australe(Fr.) Pat. 1889
(Bas.:Polyporus australigr. 1828), which originated from the Pacific Isdlan The identity
of the two taxa is ambiguous due to the lack obtyge and geographical distribution (Welti
— Courtecuisse 2010). Molecular results (Smith vaSithamparam 2000) showed that the
European taxon@. adspersumis different fromG. australe(Australia). This explains why
G. adspersungBas.: Polyporus adspersyishould be the appropiate nhame of the European
species, which was described from Croatia and thetype grew orCarpinus betulusThis
species is presumably identical wigh linhartii (Kalchbr.) Z. Igmandy 1968ndG. europaeum
Steyaert 1961 (Steyaert 1972).

G. adspersurbelongs to theG. applanatum- australecomplex’ (subgerElfvingia), it has
perennial, sessile and non-laccate basidiocarpfférs fromG. applanatunby larger spores
[(8-)8,5-10(-12) x (5-)5,5-7,5(-8,5) um], thickeust [>0,5(-0,75) mm], homogenous
reddish brown context, and tube layer without wveeing layers (Leonard 1998, Marriott
1998, Ryvarden — Gilbertson 1993). It mainly growrs living broadleaved trees, and in
Hungary it is usually found in parks and urban tebi(lgmandy 1991; Papp 2013). In the
Mediterranean region of Europe, it was detectechfRinus pinea(De Simone and Annesi
2012). In Hungary. adspersumvas also found on the stem of living coniferowe$ in a
park in DénesfaAbiessp., 122534) and in the Kamoni ArborétuRidea abiesBP80370).

In this studyGanoderma adspersuis presented for the first time froahaglansnigra and
Ulmus laevis Igmandy (1991) also mention€&l adspersunfrom Carpinus betulusbut the
specimen is missing from the collection. In totatan be found on 20 different tree genera,
but it mainly grows orQuercusspecies in Hungary. Compared to other domé&atinoderma
taxa, it is frequently found on non native treesg.&leditschia triacanthgs Robinia
pseudoacaciavorus albg (Table 1)

MATERIAL EXAMINED — B&cs-Kiskun county Lakitelek, Robinia pseudoacacial4.VvI1.1981., leg.:
F. Varga, det.. Z. Igmandy (I1Z2701Robinia pseudoacacjal5.VI.1981 (BP76355); KelebiaRobinia
pseudoacaciaVIIl.1974 (BP76075)Baranya county. Mekényes, VI.1975Quercus cerrisleg.: A. Téth, det.:
Z. lgmandy (BP76063)Borsod-Abauj-Zemplén county. MakkoshotykaQuercus petraeaVIl.1980, leg.: B.
Kliegl, det.: Z. Igmandy (BP76358Budapest Csillaghegy,Acer saccharinum04.1V.2012. leg. et det.: V.
Papp (PV608); Pestlinc, Prunus cerasys03.X.1985, leg.: L. Kéarpéti, det.: Z. lgmandy (BP20/1Z3067);
Csongrad county SandorfalvaRobinia pseudoacaciX1.1974, leg.: A. Kmoskd, det.: Z. Igmandy (BP76D6
Asotthalom,Quercus robuy 1978, leg.: Polner F.-né, det.: Z. Igmandy (BPBj0Bejér county: Alcsutdoboz,
Gleditschia triacanthqs22.X.1967, leg.: V. Csapody, det.: Z. Igmandy (B¥53); Gydér-Moson-Sopron
county: Sopron,Prunus domesticaXIl.1967, leg.: V. Stubnya, det.: Z. Igmandy (IZB§5 Sittér, Aesculus
hippocastanum25.V1.1971, leg.: V. Stubnya, det.: Z. Igmandy {8B70/121919); Dénesf#\biessp., 111.1980,
leg.: J. Kiss, det.: Z. Igmandy (1Z22534); Soprone@rbergPrunus domesticdeg.: L. Karpati, det.: Z. Igmandy
(BP76354/122537); Kapuvar, lharos-érd Fraxinus sp., X1.1980, leg.: S. Nagy, det.. Z. Igmandy
(BP76360/122638); Sopron, Botanical Garddfrunus sp., 17.11.1981, leg.: M. Kocsd, det.: Z. Igmandy
(BP76357/122665); L6, Gleditschia triacanthgs26.111.1960, leg. et det.: Z. Igméandy (BP2374&4%3);
Béséarkany, Morus sp., 26.X1.1966, leg.: Z. Igmandy & F. Varga, déf.: Igmandy (BP23691); Kapuvar,
Quercus robur 04.V.1978, leg.: Z. Igmandy & L. Karpati, det.. Znandy (BP76060); Fé, Tilia sp.,
21.VI1.1981, leg. et det.: Z. Igmandy (BP76359); $opiorpacs Tilia sp., V.1978, leg. P. Ubrankovics, det.:
Z.lgméandy (BP76071)Gymnocladus dioicys04.X1.1979, leg.: L. Kéarpati, det.: Z. Igmandy (BI3B4);
MosonmagyardévarQuercus robur 1978, leg.: Palrne D.-né, det.: Z. Igmandy (BP7Z60Z2459); Sopron,
Robinia pseudoacaci®3.1V.1978, leg. et det.: Z. Igmandy (BP76061)gMézs, Populus nigra 05.1X.1956,
leg. et det.: Z. Igmandy (BP2368®jajdu-Bihar county: Debrecen, HalapGleditschia triacanthaslX.1976,
leg.: F. Eszes, det.: Z. Igmandy (BP76066/IZ223Rybinia pseudoacacjalX.1973, leg.: F. Eszes, det.:
Z. lgmandy (BP76076); NagyerdGleditschia triacanthas07.1V.2012, leg. et det.: V. Papp (PV608eves
county: GyongyossolymosQuercus sp., 111.1966, leg.: Nagy, det.: Z. Igmandy (BP2083Komarom-
Esztergom county Tata, OregtdCeltis occidentalis12.VIII.1969, leg. et det.: Z. Igmandy (BP5559%}4ta,
Salix sp., 19.VIII.1969, leg.: Z. Igmandy & F. Varga, def. Igmandy (BP76073)Pest county Horany,
Juglans nigra 18.V1.1978, leg.: M. Babos, det.: Z. Igmandy (BB69); Ocsa, Ocsai-turjanos Forest Reserve,
Fraxinus angustifoliasubsp.danubialisleg. et det.: V. Papp (PV497); Vacratot, Vacr&otanical Garden,
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hardwood, 13.VII1.2013, leg. et det.: V. Papp (P¥B45omogy county Barcs, KézéprigécBetula pendula
07.V1.1983, leg.: L. Karpati, det.: Z. Igmandy (IZ29; BalatonendrédQuercus sp., 29.VI.1912, leg.:
Méagocsy & S. Dietz, det.: G. Moesz, rev.: Z. IgmanBP13663); Szabolcs-Szatmar-Bereg county
Vamosatya, indet. hardwood, 19.X.2009, leg. et: dét.Papp (PV968)Tolna county. Pérboly, Szomfova,
Populus alba1956.VI1.08. leg. et det.: Z. Igméandy (1Z2743); Lgag Ulmus laevis28.VII1.2011, leg. et det.: V.
Papp (PV460); Bigyész,Fraxinus ornus22.X.1964, leg. et det.: Z. Igmandy (BP76049);kKSzard, 11.X.1927,
leg. et det.: L. Hollds, rev.: Z. Igmandy (BP1363Byrboly, Gemenci Forest, 08.1V.203uercus robuyleg.
et det.: V. Papp (PV942yas county. Szombathely, KamorRicea abies04.1X.1982, leg.: B. Kiss & L. Varga,
det.: Z. Igmandy (BP80370); KérmenQuercus robur X.1982, leg.: J. Raszler, det.: Z. Igmandy (BP&)35
Sarvér, Fraxinus sp., 20.I1X.1977, leg. et det.: Z. Igmandy (BP760712.V.1983, leg. et det.: Z. Igmandy
(BP80362)Oriszentpéter, Morus sp., 06.1X.1968, leg. et detlgmandy (BP76062); Csapoiunus cerasys
14.VI1.1980, leg.: S. Farag6, det.: Z. Igmandy (B&G®); SarvarQuercussp., 29.VII.1967, leg.: Z. Igmandy &
F. Varga, det.: Z. Igmandy (BP47331/47664); Tanalk@jeercussp. X.1968, leg.: E. Barabits, det.: Z. Igmandy
(BP47634); Sitke, BajtiQuercus robur 14.1X.1964, leg.: Z. lgmandy, H. Pagony, F. Vardat.: Z. Igmandy
(BP23645);Veszprém county PapaPlatanussp., 09.X.1984, leg.: Z. Igméandy & L. Kéarpati, det.:lgmandy
(BP90039/123023); Ugod, Bakony Mtdorus sp. X1.1974, leg.: R. Rézsai, det.: Z. Igmandy 1BB64);Zala
county: LetenyePopulus nigraVI1.1971, leg.: M. Szélessy, det.: Z. Igmandy (BB81/121971); Eszteregnye,
Quercus petraea26.111.1982, leg.: M. Szélessy, det.: Z. IlgmandgP90041); Kemendollar, hardwood,
13.11.1982, leg.: M. Szélessy, det.: Z. Igmandy (IZ28 Poloske,Quercussp., 06.VII.1965, leg. et det.:
Z. lgméandy (BP76050Fagus sylvaticall.VII.1965, leg. et det.: Z. Igmandy (BP23665).

Ganoderma applanatum (Pers.) Pat., Bulletin de la Société Mycologiqad-cance, 5: 67, 1889
= Boletus applanatuBers. 1799
= Boletus lipsiensiBatsch 1786 -Ganoderma lipsiens@atsch) G.F. Atk. 1908

Numerous articles were published to clarify the eoolatural status db. applanatum
(e.g. Redhead et al. 2006, Niemeld — Miettinen 2d&moulin 2010). Eventually the
Nomenclature Committee for Fungi sanctiorgdletus applanatusers. 1799 againd.
lipsiensisBatsch 1786 (Norvell 2010, 2011).

Main morphological characters &f. applanaturmare the perennial, applanate basidiocarps
with thin, non-laccate crust (<5mm), the whitisheaks and patches in the context and the
layer of the trama. Characteristically, drawings ba made on its fresh pore surface with a sharp
instrument (“artists’ fungus”), since the bruisaeatiface turns brown due to an immediate
oxidation (Ryvarden — Gilbertson 1993). Anothertdea is that the tubes are often attacked by
the fungivore insect larvae afyathomyia wankowiczwvhich causes distinctive galls to form.

G. applanatunis a common and widespread species in Hungamyaimly grows on logs
and stumps as saprophyte and in contrar( ofdspersumoften occures in forest habitats
(lgméandy 1991). It is a polyphagous species: inogar the substrates are mainly deciduous
trees, but sometimes it can be found on conifersvels (Abies Piceg (e.g. Ryvarden —
Gilbertson 1993, Kotlaba 1984). In Hungary, the tmmmmmon hosts arEagus Salix and
Populus but there are details on several other tree speas well (Table 1.). The first data
from Abies albaandFraxinus ornusare presented here.

MATERIAL EXAMINED — Bacs-Kiskun county Kecskemét, leg. et det.: L. Hollés (BP1365Bgranya
county: Béda,Populusx euramericana 17.VII1.1968, leg. et det.: Z. Igmandy (BP47458prsod-Abadj-
Zemplén county. Miskolc-Lillafired, Acer sp., 09.V.1957, leg. et det.: Z. Igmandy (BP761&)dapest
Harmashatarhegy, 04.111.193@uercussp., leg.: A. Pénzes, det.: Moesz G. (BP13665ingrad county Doc,
13.X.1985, leg.: unknown, det.: M. Babos & |. Krega (BP79529)Fejér county: Vértes Mts., 14.1V.1938,
leg. et det.: G. Bohus (BP13664)grtes Mts, Csakberény, Juhdégidlgy Forest Reservdsagus sylvatica
03.VII1.2011, leg. et det.: V. Papp (PV968yér-Moson-Sopron county. SopronAlnus glutinosal7.111.1950,
leg. et det.: Z. Igmandy (BP34476/12120); Soprdilia sp., 05.V.1952, leg. et det.: Z. Igméandy (12183);
Sopron, Fels-Todl, Tilia sp., 1V.1954, leg.: |. Dedk, det.: Z. Igmandy (BR29); Sopron, Deak-kifbies alba
21.11.2012, leg. et det.: . Szabd & V. Papp (P¥BO0Sopron, Dedk-kutCarpinus betulus 27.VI11.1957
(12870); Sopron, Ferenc-forraBjcea abies22.VII.1978, leg. et det.: Z. Igmandy (122385p@8on, Flizesarok,
Alnus glutinosa 01.1X.1968, leg. et det.: Z. Igmandy (BP47633),148973 (BP76137); Csornajlnus
glutinosa 1V.1979, leg.: T. Pillér, det.: Z. Igmandy (BPB&); DunaszigetJimus sp., 08.X.1976, leg.: J.
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Nyulasi, det.: Z. Igmandy (BP76365); Soprdilia sp., 05.VI1.1952, leg. et det.: Z. Igmandy (BP2033877);
Hajdu-Bihar county: Debrecen, Nagyeéd Quercus sp., 23.111.1930, leg. et det.: D. Révy (BP95302);
DebrecenQuercus robuy X.1978, leg.: L. Foldi, det.: Z. Igmandy (BP7614#)eves county Szilvasvéarad,
Oserd Forest ReserveFagus sylvatica VIII.1954, leg.: J. Ggry, det.: Z. Igmandy (BP34480/1Z501);
SzilvasvaradDserd Forest Reservdsagus sylvatica29.1V.2011, leg. et det.: V. Papp (PV307); Szlrad,
Fagus sylvatical5.V.1956, leg. et det.: Z. Igmandy (BP76136); idiaaza, 08.1X.1940, leg. et det.: G. Moesz
(BP13654); Bélapatfalvd&agus sylvatica25.VI1.1956, leg. et det.: Z. Igmandy (BP34474ag\visnyd,Fagus
sylvatica 06.VII.1957, leg. et det.: Z. Igmandy (BP34478%sz-Nagykun-Szolnok county Tiszapuspdki,
Populus x euramericanacv. seroting VIII.1976, leg.: J. Kémar, det.: Z. Igmandy (BP#8); Komarom-
Esztergom county Neszmély,Salix sp., 13.X.1955, leg.: L. Haracsi, det.: Z. IgmandyP?B738/34481);
Négrad county. Zagyvarona, Vecselitvolgy, Quercus sp., 24.VII.1955, leg. et det.. Z. Igmandy
(BP23749/34473); Dibdsjén Fagus sylvatica 01.X.1954, leg.: J. Rumszauer,, det.: Z. IgmanBbi7);
NagyorosziAlnus glutinosa27.X.1974, leg.: J. Gylrky, det.: Z. Igmandy (BB38); MagyarnandoiQuercus
sp., X.1974, leg.: J. Fidl6czky, det.: Z. IgmandyP@140);Pest county Pilisszentkereszt, Szurdokagus
sylvatica 30.X.2009, leg. et det.: V. Papp (PV20); Pusatay@opulussp., VIII.1955, leg.: M. Balazs, det.: Z.
Igmandy (1Z2717); SzigetmonostdRobinia pseudoacaciad/I.1972, leg.: Padanyi & G. Gulyas, det.: Z. Igrdg
(1Z2024); Csévar (Cserhat Mts), unknown, 31.VII.1979, leg. ett.dévl. Babos, A. Friesz (BP59038);
Nagykéros, Robinia pseudoacacjaVIl.1976, leg.: L. Nemes, det.. Z. Igmandy (BP76t33saszeqg,
Szentgydrgypuszt&opulussp., 31.X.1966, leg.: M. Babos, E. Véssey, detlgmhandy (BP76147); Godéll
Salix sp., VIII.1964, leg.: E. Véssey, det.: Z. Igman@pP76143); PusztavacBopulussp., VIII.1955, leg.: M.
Balazs, det.: Z. Igmandy (BP3447%pmogy county SegesdQuercussp., XI.1970, leg.: F. Eszes, det.: Z.
Igmandy (BP76139)Szabolcs-Szatmar-Bereg countyNyirtelek, Quercus robur 16.1X.1982, leg.: F. Varga,
det.: Z. Igmandy (1Z22857); Baktaléranthazrunus avium 03.X1.1975, leg. et det.: Z. Igmandy (BP55669);
Nyirbéltek, Betula pendula03.X1.1975, leg. et det.: Z. Igmandy (BP7613%jna county: Keselyi, Ocsény,
Populussp., 14.1V.1960, leg. et det.: Z. Igmandy (BP343&zekszard, Kis-Bikk eé¢g unknown, 18.V.1927,
leg. et det.: L. Hollés (BP13628); Szekszard, Sabdgy, unknown, 18.VIII.1927, leg. et det.: L. Hdlé
(BP13613); FacankerRobinia pseudoacacjd 1.X.1928, leg. et det.: L. Hollés (BP13631)igyész,Fraxinus
ornus 22.X.1964, leg. et det.: Z. Igmandy (BP20409/204%&s county. Szala®, Quercussp., 06.1X.1968,
leg. et det.: Z. Igmandy (BP47455); Kérmend, Tiladirerds, Acer pseudoplatanys26.1V.1958, leg.: Z.
Igmandy, H. Pagony, det.: Z. Igmandy (BP76146/1Z9%&yvar,Quercus robur06.1X.1979, leg.: Z. Igmandy,
Gy. Traser, det.: Z. Igmandy (BP76145); Sitkearpinus betulus 11.X.1972, leg. et det.: Z. Igmandy
(BP76366); Szaléf Quercus robur 05.VII.1972, leg. et det.: Z. Igmandy (BP7593%eszprém county
Marcalt, Salixsp., X11.1953, leg.: J. Csotdnyi, det.: Z. Igmarftg375); Zala county: SormasAlnus glutinosa
VIII.1972, leg.: M. Szélessy, det.: Z. Igmandy (BRB8S); Poloske,Quercus rubra 19.1X.1978, leg.: M.
Szélessy, det.: Z. Igmandy (1Z22398); Letenfagus sylvaticaV.1984, leg.: J. Csendes, det.: Z. Igmandy
(1Z3006); Vétyem[Fagus sylvatica06.1X.1981, leg. et det.: Z. Igmandy (BP76363).

Ganoderma carnosum Pat., Bulletin de la Société Mycologique de Frafc&6, 1889
= Ganoderma atkinsonhl. Jahn, Kotl. & Pouzar 1980

G. carnosunisyn.G. atkinsoni) belongs to the group of annual and stipi@eoderma
species G. lucidumcomplex). The main morphological characters aee dark and shiny
pileus and in general the larger fruitbody (Jahalel980), as well as the size of the pores —
G. carnosum(average: 138.4@um), G. lucidum (average: 238.34m) — (Cilerdzic et al.
2011). It is difficult to separate the two spedi€s carnosumandG. lucidun) by anatomical
characters, but according to Jahn et al. (1980¢arnosunmhas wider spores [average wide:
(7.3)7.4—7.8(8um].

It is a south-central European species, and it grovainly onAbies alba but rarely
occures on other coniferous or decideous tree spéBiernicchia 1995, Jahn et al. 1980). In
Hungary, the first data o6. carnosumwas published by Szab6 (2012). Up to now, only
twolocalities of this species was known frofaxus baccataand stump of unknown
coniferous tree (cfAbies alba in Hungary(Table 1, Figure 1)

MATERIAL EXAMINED — Csongrad county SzegedTaxus baccatalll.1984, leg.: Gy. Patkd, det./rev.: I.
Szab0 & V. Papp (122991); Szeged, Museum gardlaryus baccata05.X11.1986, leg. F. Eszes, det. Z. Igmandy
(123122); Gyér-Moson-Sopron county. Sopron, Kecske-patak, dibies alba 14.1X.2008, leg.: B. Dima & L.
Albert, det.: B. Dima & V. Papp (PV970).
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Figure 1. Localities of Ganoderma carnosum in Hutyga

Ganoderma cupreolaccatum (Kalchbr.) Z. Igméandy, Acta Phytopathologica Acanitze
Scientiarum Hungaricae, 3: 234, 1968

= Polyporus cupreolaccatusalchbr. 1885

= Polyporus laccatugalchbr. 1885

= Ganoderma pfeiffeBres. 1889

G. cupreolaccatum(Bas. Polyporus cupreolaccatusalchbr. 188% is presumably
identical with G. pfeifferi Bres. 1889 which was described fromAbies (Patouillard 1889),
however this taxon is a characteristic speciesatdinal European beech forests (Christensen
et al. 2004) and mainly grows on the base of liiagus sylvaticgd Ryvarden — Gilbertson
1993). In Europe, it is rarely found on other handd species, likdJimus laevis,Acer
saccharinum(Szczepkowski — Bika 2003) orAesculus Fraxinus Prunus and Quercus
species (Petersen 1987, Ryvarden — Gilbertson §1993

G. cupreolaccatum(Kalchbr.) Z. Igméandy (synG. pfeifferi Bres.) has perennial
basidiocarp, nevertheless molecular works (e.g. ddtwo et al. 1995) was shown that it
belongs to the annual and lacca. resinaceumcomplex. The old basidiocarps were
possibly mistaken foG. applanatun{Niemela — Miettinen 2008). Main characteristi¢shos
species are the laccate pileus, dark brown coatekthe size of the spores (9-11,5 x 6-9 um).

In HungaryG. cupreolaccatuntypically grows on the base of old livifgagus sylvatica
(e.g. lgmandy 1968, Papp — Siller 2012), that erplavhy most of the data of this species
originate from beech forest reserves. It is alselygfound on other hardwood speciefeer
(BP20323),Quercus (12639) — in Hungary. Moesz (1942) reffering tcetleollection of
Schilberszky (Nagytétény, Budapest) published @& ddétGanoderma laccatuniKalchbr.)
Bourdot & Galzin (synonyms given by the auth@r: pfeifferi Bres. andPlacodes resinosus
(Schrad.) Quél.), which grew dArunus persicaSincePrunusis a particular host for this
species, the reconsideration of the data is neduédthe specimen is not found. Igmandy
(1970) previously mentionedGanoderma cupreolaccatunonly from two localities
(Erdésmecske, Pusztavam). Pal-Fam and Lukacs (2002)shadl this species on living
Fagusin Készegi-forras Forest Reserve (Mecsek Mts). Sillso &und it orFagus sylvatica
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in Oserd Forest Reserve (Siller 2004) and in Tatika FoRsserve (Papp — Siller 2012).
Previously the first author reported this speciesnf Dobogo6k, Pilisszentlélek (Visegrad
Mts) and Juhdoghvolgy Forest Reserve (Vértes Mts) (Papp — Sill&t2). In this study three
new localities are published (GalydielNagykanizsa, Zagyvaron@ljable 1, Figure 2)

MATERIAL EXAMINED — Baranya county Erddsmecske, VIII.1965, leg.: Vaday, det.: Z. Igmandy
(BP20323);Fejér county: PusztavamAcer sp., 13.X.1955, leg.: L. Haracsi, det.: Z. Igmandy2B313);
Csékberény, Juhddgholgy Forest Reservdsagus sylvatical5.X.2010, leg. et det.: V. Papp (PV97ExguUs
sylvaticg 04.111.2011, leg. et det.: V. Papp (PV97Beves county Matra Mts, Galyaté Fagus sylvatica
22.1X.2013, leg. et det.: V. Papp (PV96MNidgrad county. Zagyvardna, Vecsekivolgy, Quercus sp.,
24.VI11.1955, leg.: Z. Igmandy, det./rev.: V. Pap@gB9); Pest county Visegradi Mts, Pilisszentlélelgagus
sylvatica 27.111.2010, leg. et det.: V. Papp (PV45); VisadjirMts, Dobogoék, Fagus sylvatica24.1V.2011, leg.
et det.: V. Papp (PV287); Visegradi Mts, Dobogdkagus sylvatica 11.VII.2012, leg. et det.: V. Papp
(PV643); Borzsdny Mts, Nagy-Hideg-heglfagus sylvatica 12.111.1972, leg.: A. Dobos, det.: Z. Igmandy
(BP76034); Zala county: Vétyem, Fagus sylvatica 18.V1.1981, leg.: Z. Ilgmandy & Gy. Traser, det.. Z
Igmandy (BP76364/90042); Vétyefragus sylvaticalll.1984, leg.: G. J. Kovacsné, det.: Z. IgmantB2094);
NagykanizsalFagus sylvatica03.VI11.1982, leg.: M. Szélessy, det.: Z. Igman{@P80368/122844).
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Figure 2. Localities of Ganoderma cupreolaccatuntimgary

Ganoderma lucidum (Curtis) P. Karst., Revue Mycologique Toulous€9B 17, 1881
= Boletus luciduCurtis 1781 Polyporus lucidugCurtis) Fr. 1821
= Boletus flabelliformid_eyss. 1761

Ganoderma lucidumis the type species of the gen@mnoderma(Karsten 1881),
nevertheless taxonomically it is quite problematiMoncalvo et al. 1995). The
morphologically similar species are often identfraistakenly asG. lucidum all around the
world. According to Seo and Kirk (200085. lucidum is the most often incorrectly used
name within the genu&anodermabesidesG. applanatumFor this reason it is difficult to
define the realG. lucidums. str. (Park et al. 2012, Szedlay 2002, Wass@b6)2(Recent
molecular studies showed that certain Chinese &xwhich previously have been identified
asG. lucidum,are different from the European specime@s|l(icidums. str.) (e.g. Cao et al.
2012, Wang et al. 2009, Wang et al. 2012).
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The morphological characters Gf lucidumthat separates it from other European annual
and stipitateGanodermaspecies G. carnosum G. valesiacun are the colour of the
basidiocarp and context, the size of pores anthdise preference (Bernicchia 2005, Ryvarden
— Gilbertson 1993)G. resinaceummay have short expanding stipe, but it has a tobus
basidiocarp and usually grows on base of livinggrdgmandy 1991). In the context of this
species a wide darker zone can be found, whichserd inG. lucidum(Petersen 1987).

The holotype was described fro@orylus avellana(Moncalvo — Ryvarden 1997),
however in Hungary it mainly grows dpuercus CarpinusandSalix (Igmandy 1991), but it
is also known fromAcer andPlatanus(Szabo6 2012). Igmandy identified it & lucidumon
Taxus baccatdSzabd 2012), but following the revision of thesiment, it is prooved to be
identical withG. carnosumPreviously,G. lucidumhas not been found in Hungary Bagus
sylvatica(PV789) andRobinia pseudoacacigPVV461).

MATERIAL EXAMINED — Béacs-Kiskun county Baja, unknown, 18.X.1968, leg.: V. Stubnya, dét.:
Igmandy (BP76190); Hajésalix sp., 13.VI1.1980, leg.: A. Szalczer, det.: Z. Igmar{BP76190);Baranya
county: Marécsa,Carpinus betulus04.V.1978, leg.: F. Varga, det.: Z. Igmandy (BRYH2Budapest Budai-
hegyek, unknown, VI1.1957, leg.: |. &2, det.. Z. Igmandy (BP76195/1Z881); Vadaskepulercus sp.,
12.X.1934, leg. et det.: A. Pénzes (BP67844), D19#1, leg.: Kfaragd, V. Gyelnik, det.: G. Bohus
(BP28271); Budakeszi, unknown, 29.VII1.1979, legdet.: M. Babos (BP65358), 14.111.1982, leg.: GAliki,
det.. G. Bohus (BP78772); Janoshegy, unknown, 1B92b, leg.: J. Zo6ldy, det.: J. Tuzson (BP66610),
05.VII.1953, leg. et det.: G. Ubrizsy (BP58939);u8&vdlgy,Quercussp., 28.VII.1951, leg. et det.: G. Ubrizsy
(BP58938); Kamaraeéd unknown, 30.VI1.1985, leg. et det.: M. Rajczy (BB34);Fejér county: Alcsutdoboz,
hardwood, 01.V.2013, leg. et det.: V. Papp (PV94D3akberény, Juhddgholgy Forest Reserveragus
sylvaticg 10.X.2012, leg. et det.: V. Papp (PV78%pydr-Moson-Sopron county. Sopron, unknown,
15.X.1951, leg.: O. Apt, det.: Z. Igmandy (1Z55); @Bon, Iker-arok,Carpinus betulus1X.1952, leg.: I.
Szodfried, det.: Z. Igmandy (12223); Sopron, Fabér@arpinus betulus30.VI1.1953, leg. et det.: Z. Igmandy
(12312); Sopron, VéarisQuercus cerris 17.VI1.1955, leg. et det.: Z. Igmandy (12582); @Bon, Varhely,
unknown, 03.VII1.1956, leg.: L. Haracsi, Z. Igmandigt.: Z. Igmandy (BP76198); Sopron, Vas-h&ggrpinus
betulus 1X.1958, leg.: H. Pagony, det.: Z. Igmandy (I1Z1}08opron, unknown, XII1.1965, leg.: Gy. Holdampf,
det.: Z. Igmandy (BP76191); Csafordjanosfajercus robur 27.1X.1981, leg. et det.: Z. Igmandy (BP76368);
Sopron, Hotel Bvér, unknown, 21.VI1.1985, leg. et det.: B. LowyRB3635);Hajdu-Bihar county: Debrecen,
Nagyerd, Quercussp., 06.VII1.1957, leg. et det.: Z. Igmandy (BP@6R, Debrecen, Halap, unknown, 1X.1973,
leg.: F. Eszes, det.: Z. Igmandy (BP761%¥gves county Feldtarkany, Torok-at (Bukk Mts)Quercussp.,
01.1X.2005, leg. et det.: T. Santha (BP99420); Gydsgroszi (Matra Mts)Quercussp., 16.VIII.2013, leg. et
det.: V. Papp (PV939); Si#kat, unknown, 12.VI1.1974, leg. et det.. M. Babo®8465); Kerecsend, unknown,
17.V1.1956, leg.: B. Zolyomi, det.: G. Bohus (BP2827Sikikdt, unknown, 27.VIII.1977, leg. et det.: M.
Babos (BP80483Yograd county. Méatraverebély, Szentkdt (Matra Mts), unknown,\V10.1938, leg. et det.:
G. Moesz (BP14029)Pest county Nagyborzsony (Borzsony MtsQuercussp., 05.VII.2013, leg.: J. Nagy,
det.: V. Papp (PV973); DobogdKVisegrad Mts)Quercus petraea?2.1V.2012, leg. et det.: V. Papp (PV615),
Quercus petraea2l1.VII.2012, leg. et det.: V. Papp (PV746); HaoyaSzigetmonostor, unknown, 11.VI1.1982,
leg. et det.: M. Babos (BP79139); Vacrat6t, BotahiBarden, unknown, 30.X1.1983, leg.: unknown, :ciét.
Babos (BP78631); Bag, unknown, 03.X.1955, leg.Z&yomi, det.: G. Bohus (BP28275);6Kegy (Pilis Mts),
unknown, 18.VII.1965, leg.: L. Vajda, det.: M. Babh@P); Leanyfalu, unknown, 09.VII.1979, leg. et déd.
Babos, G. Bohus, Vidovszky et al. (BP5903Smogy county Somogyszob, Kasz6pusztacer negundo
12.VII.1966, leg. et det.: Z. Igmandy (BP76188); &ahboglarPlatanus acerifolia 01.VII1.1957, leg. et det.:
Z. Igmandy (BP76193)Tolna county. Lengyel, Annafiird, Robinia pseudoacaci&®8.VIII.2011, leg. et det.:
V. Papp (PV461)0csény, Borrévi-erél, Salix sp., 03.1X.1954, leg. et det.: Z. Igmandy (BP344Z41);
Porboly,Salix albg 08.V1.1956, leg. et det.: Z. Igmandy (12744); Szks, Salix sp., 23.VI1.1912, leg. et det.:
L. Hollés (BP14023); Szekszard, Kis-Bikk foreSQuiercussp., 23.111.1927, leg. et det.: L. Hollés (BP14025)
Vas county. Sarvar, hardwood, 06.1X.1979, leg.: Z. Igmandy, Graser, det.: Z. Igmady (BP76199); Sarvar,
Carpinus betulus20.VII11.1980, leg. et det.: Z. Igmandy (BP76198itke, Carpinus betulus08.X1.1968, leg. et
det.: Z. Igmandy (BP76194Xala county. SormasQuercussp., VII.1972, leg.: M. Szélessy, det.: Z. Igmandy
(BP76192); Eszteregnye, unknown, VII.1972, leg.:9#élessy, det.: Z. Igmandy (BP76369); Pacsa, unknown
16.VI1.1984, leg.: Gy. Bartos, det.: M. Babos (BB38); Balatongytrok, Gargavolgy, unknown, 15.1X.192
leg. et det.: G. Moesz (BP14030pknown: S.Kapolna, unknown, VI11.1893, leg. et det.: Jambn (BP14021);
Lepence, unknown, 27.1X.1980, leg. et det.: M. BathosAlbert (BP65358); Hortobagy, Ohati-érdunknown,
26.V1.1974, leg.: K. Verseghy, S. Orban, det.: MibBs (BP51563), 14.X1.1975, leg.: Zs. Komaromi, §&D,
det.: M. Babos (BP51550).
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Ganoderma resinaceum Boud., Bulletin de la Société Mycologique de Fegrts: 72, 1889

G. resinaceunmas a robust annual basidiocarp (Igmandy 1991tpkta?001, Mohanty et al.
2011),but some authors state that it is perennial (Benmac2005, Ryvarden — Gilbertson 1993).
Its microscopic features are very similar to thos&. lucidum but it is different for the lack of
the stipe, the size of the pileus and its facwiatiecrotrophic characters (Igméndy 1991).

In Hungary G. resinaceumusually grows at the base of livinQuercustrees (e.g.
Igmandy 1981, Trecker — Szab6 2002), but it occunesother decidous tree®latanus
acerifolia, Pyrus communjsRobinia pseudoacaci&alix spp.) as well (Igmandy 1981, Papp
et al. 2012b, Szabd 2012). Previously, it has eenkfound in Hungary oAiccer saccharinum
(PV480) andAesculus hippocastanu(RV976). Igmandy (1991) mentioned this speciemfro
Mahonia aquifolium(BP47614/121801), but after examining the speciméntan be stated
that is not identical withG. resinaceumand is likely to be different from the accepted
EuropearGanodermaspecies. To determine the speciment, further esualie required.

MATERIAL EXAMINED — Budapest XI. ker., LAgymanyosi strAcer saccharinuml3.X.2011, leg. et det.:
V. Papp (PV480); Il.ker., Hatar stiQuercus robuy 12.VI1.2013, leg. : B. Dima, det.: B. Dima & V.app
(Pv974); Wekerle,Platanus acerifolia 19.1X.2012, leg. et det.: V. Papp (PV97%3yér-Moson-Sopron
county: Sopron, VarisQuercussp., V.1950, leg. et det.: Z. Igmandy (BP34485/¥)13opron,Pyrus sp.,
XI1.1954, leg.: J. G§ry, det.: Z. Igmandy (BP34488/1Z527); Sopron, Bé&aQuercussp., 23.1X.1956, leg. et
det.: Z. Igmandy (BP34482), 07.1X.1969, leg. et:dét.Igmandy (BP55488/121840); Sopron, Szarhalniéer
Quercus petraga?4.111.1986, leg.: F. Varga, det.: Z. Igmandy (BP83/123084); Sopron, Dalos-hedgyuercus
sp., 20.X.1963, leg.: A. Szappanos, det.: Z. Igm4iBiBL3987); Sopron, Faber-r@uercus cerris21.1V.1959,
leg. et det.: Z. Igmandy (BP34426/47670), 13.X1.1,968.: Z. Igmandy, F. Varga, det.: Z. Igmandy (BP32)6
21.1X.1965, leg. et det.: Z. Igméandy (BP47625); SoprDeak-tér Aesculus hippocastanyr9.X.2013, leg.:
I. Szabo, det.: I. Szabo & V. Papp (PV976@ina county. Porboly, Robinia pseudoacacid0.VI11.1956, leg.:
H. Pagony, det.: Z. Igmandy (BP34484/12762), Pérh8gomfovaSalixsp., 08.VI.1956, leg.: H. Pagony, det.:
Z. lgmandy (BP34483); Lengyel, AnnafiérdQuercus cerris 08.1X.2013, leg. et det.: V. Papp (PV962);
Vas county. OriszentpéterQuercussp., 15.111.1966, leg.: Z. Igméandy, F. Varga, d&t.igmandy (BP47519);
Veszprém county BalatonalmadiSalix sp., 26.VII.2011, leg. et det.: V. Papp (PV555)ig8get, Salix alba
22.VII1.2013, leg. et det.: V. Papp (PV93&ala county: Keszthely,Salix alba 15.11.1953, leg.: I. Koronky,
det.: Z. Igmandy (BP20299/34489/12387); KesztheBSalix sp., 25.VII.1967, leg. et det.. Z. Igmandy
(BP47335/121717); unknown: Bejegyertyanos, RoézsaskerQuercus robur 29.VIIL.1956, leg. et det.:
Z. Ilgmandy (BP34486).

4 CONCLUSIONS

Up to now, six species @anodermaare known in HungaryGanoderma valesiacuiBoud.
1894 is a Central European species occurring pradorly in montane to subalpine regions,
in the natural stands dfarix (Ryvarden — Gilbertson 1993). In Hungary, the hafsthis
species is not native, only some planted standskaosvn. Therefore the occurence of
G. valesiacunin Hungary is not to be excluded, but is unlikely.

In the proposed red list of the Hungarian macrofyiiRimoczi et al. 1999) only two
Ganodermaspecies G. adspersumG. resinaceumare mentioned, which mostly occure in
urban habitats in Hungary (Igmandy 1991, Papp 2008 to the data of the specimens it
can be stated that these species are not 'vulrerablHungary. Based on their data
G. carnosumandG. cupreolaccatumwhich are clearly rarer, are not included onlibie In
Hungary only a fewAbies stands can be found, which is the main hosGofcarnosum
Therefore it is probably the rarest species of tenus in Hungary.Ganoderma
cupreolaccatunhas perennial basidiocarp, nevertheless not tazhroacurrences are known.
Due to this reason and its habitat prefereBcecupreolaccatunhas recently been declared
protected in Hungary [83/2013. (IX. 25.) VM edict].
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Table 1. Host preference of the Hungarian Ganoderma speb&sed on the examined
fungarium materials

G. adspersum

G. cupreolaccatum
G. carnosum

G. lucidum

G. resinaceum

Abies*
Acer
Aesculus®
Alnus
Betula
Carpinus
Celtis*
Fagus
Fraxinus
Gleditschia*
Gymnocladus*
Juglans
Morus*
Picea
Platanus*
Populus
Prunus
Pyrus
Quercus
Rabinia*
Salix
Taxus
Tilia
Ulmus
unknown

H H G. applanatum

=

Hl

=
HI

=

N

! H

B

2

(o))
o
(o2}
o

12 3 61 21

(*) not native in Hungary. The table shows the nembof the examined specimens. The shades of thesbox
indicate the frequency @anodermaspecies on different host genera.
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Modelling the Potential Distribution of Three
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Abstract — The potential distribution and composition ratdeéch, sessile oak and Turkey oak were
investigated for present and future climates (2@865 and 2071-2100) in Hungary. Membership
functions were defined using the current compasitatie (percentage of cover in forest compartmerits)
the tree species and the long-term climate expidelgethe Ellenberg quotient to model the present
and future tree species distribution and compositate. The simulation results using the regional
climate model REMO showed significant decline oédfe and sessile oak in Hungary during thg 21
century. By the middle of the century only abou¥36f the present beech and 75% of the sessile oak
stands will remain above their current potentiatrifbution limit. By the end of the century beech
forests may almost disappear from Hungary and Isessik will also be found only along the
Southwest border and in higher mountain regionsti@ncontrary the present occurrences of Turkey
oak will be almost entirely preserved during thatoey however its distribution area will shift toet
current sessile oak habitats.

potential tree species distribution / compositicate / beech / sessile oak / Turkey oak

Kivonat — Harom klimazonalis fafaj hazai potencialis elterjeéésének modellezése jelenlegi és
jovébeni klimaban. A bikk, a kocsanytalan tolgy és a csertdlgy potdiwielterjedését és
elegyaranyat vizsgéltuk Magyarorszagon a jelerdsga jovwben (2036—2065 és 2071-2100) varhato
klimatikus korilmények kozott. A vizsgalt fafajolelgnlegi elegyaranyanak (az érélszletben
elfoglalt terllet aranya, %) és a klimanak (az mikrg index-el kifejezve) az 0Osszefliggését
hasznaltuk a fafajok elterjedésének modellezéséAeREMO regiondlis klimamodellel tortént
szimulacié a bukk és a kocsanytalan tolgy elteget&riiletének és elegyaranyanak jelentsokke-
nését mutatta a 21. szazad folyaman. A szazad &zep jelenlegi bikk allomanyok 35%-a, a
kocsanytalan tolgy allomanyok 75%-a maradna a leigralsé elterjedési hataruk felett. A szazad
végére a bikk szinte teljeseniialhet Magyarorszag teriletées a kocsanytalan tolgy is a magasabb
hegyvidékekre és a délnyugati hatar menti terllbtreddhat vissza. Ellenben a csertolgy jelenlegi
alloméanyait varhatéan nem érinti szamodiev a klimavaltozas, viszont az elterjedési terlbete
jelenlegi kocsanytalan tolgyes allomanyok helyéldthatja el.

potencialis fafaj elterjedés / elegyarany / biikkdcsanytalan tolgy / csertdlgy
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1 INTRODUCTION

The present distribution of tree species is infagghby several factors such as historic and
current ecological and climatic conditions, naturdisturbance regimes and forest
management activities. However, climate is gengrafinsidered to be one of the most
important factor of the potential natural distrilbatof tree species.

For Central Europe, climate models project abodt2-annual mean air temperature rise
in the 2% century (IPCC 2007). Climate change is likelyriorease the frequency of summer
drought in this region (Schar et al. 2004, Barthetyal. 2007, Beniston et al. 2007, Galos et
al. 2007).

Climate change is considered to unfavourably afieest ecosystems through the impact
on forest growth and regeneration. Numerous stugliggest a decline in forest regeneration
(Rennenberg et al. 2004, Penuelas et al. 2007xtengive forest dieback in mid european
latitudes (Berki et al. 2009, Czucz et al. 2010arder et al. 2010, Lindner et al. 2010) during
dryer and warmer climatic conditions as it is atig@bserved in several locations (Allen et
al. 2010, Matyas 2010).

In general the xeric (or rear, trailing) limits thie tree species is difficult to follow due to
the more complex ecology and human disturbance. dd¢murrence of the species is
determined here mainly by climatic aridity (Matygisal. 2009), contributing to the loss of
competitive ability (Loehle 1998, Hogg et al. 200Hpwever, the change in climatic aridity
is more difficult to predict than alone air tempera due to e.g. the high variability of soil
water holding capacity. Biotic interactions (e.@sts and disease), persistence and plasticity
of species may also play a major role at xeric ealiits (Matyas et al. 2008, Lakatos and
Molnar 2009).

Here we will deal with bioclimatic envelope modéiche models) to examine effects of
climate change to a set of the main tree speciétuimgary. Niche models rely on statistical
correlations between existing species distributonl environmental variables to define a
species' tolerance (Pearson & Dawson, 2003). Tkieseof models are often used to predict
the impacts of climate change on species distobutiRehfeldt et al. 2003, Araujo et al. 2004;
Thuiller et al. 2005, Czucz et al. 2010, Rasztoeital. 2012). Although the distribution limits
are defined through statistical models with considkee uncertainty (Kramer et al. 2010), the
predictions of general distribution changes hawh teécological and economic significance
(Koskela et al. 2007).

Statistical distribution models (SDMs) apply stit@l relationship between observed
presence/absence or abundance of a given spea@eetevant set of limiting environmental
factors controlling the distribution of the specf€iisan and Zimmermann 2000).

Numerous studies have focused on particularly inambrgroup of major forest tree
species, such as beech and oak species predictiegtial shifts of forest cover (Rehfeldt et
al. 2003, Thuiller et al. 2005, Ohlemitiller et @08, Rickebusch et al. 2007, Kramer 2010).
But due to the difficulties of modelling at the ielimits, such distribution studies are scarce
(Hogg et al. 2005, Czulcz et al. 2010, Rasztovitd.e2012).

In this paper we investigate the potential distidiu and composition rate of beech
(Fagus sylvatical.), sessile oak @uercus petreaand Turkey oak Quercus cerriy for
present (1961-1990) and future climate (2036—2068 2071-2100) applying fuzzy
membership functions using the relationship betw#®n composition rate of the tree
species and long-term climate in Hungary. Althotiggh presence of tree species in Hungary
is influenced by human (and will also in the fujyrthe composition rate (%) was used as a
kind of probability of occurrence instead of usiogly the presence/absence information of
the species.
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All three investigated tree species form extenfivest stands throughout Central Europe
and from the forest steppe limit upward, accordmtheir moisture requirement. Turkey oak,
sessile oak and beech dominate as climate indgafdhe zonal forests.

So far, distribution changes of beech and sessilkeveere modeled since they are the
most important tree species in forest managemedumgary. Only a few studies are dealing
with the distribution change of turkey oak (e.ghFar et al. 2011). The resistance of turkey
oak against droughts may increase the importancehisf species in the forest sector
considering climate change.

In our study the following research questions adressed:

1. What is the relation between the tree species ceitipo and climate aridity?

2. How would the current potential distribution aneéerspecies composition change

under projected climate conditions?

3. Are the modeled present and future potential ¢hgtion of the tree species agree with

the results of previous studies?

To answer the research questions (1) we create&ltbeberg climate surfaces for the
present (1961-1990) and future (2036—2065 and ZIAB), (2) coupled the composition
information of beech, common oak and turkey oakiQ to define membership functions,
(3) modeled the current and future distributiontiod species and (4) compared the present
and future distributions with other potential disaition maps.

2 MATERIALS AND METHODS

2.1 Climate data

For modeling the potential vegetation the Ellenbgugtient EQ, Ellenberg 1988) has been
used. EQ has been shown as one of the best indfoatibee species distribution (Czlcz et al.
2010, Rasztovits et al. 2012, Stojanovic et al.30lefined as the mean temperature of the
warmest month (July) divided by the annual preatmn:

EQ=1000T,,P.*

The precipitation data (approx. 80 stations) wasrpolated by Kriging with 50km
search radius and 500m resolution. The interpalati@s checked with cross-validation
namely by leaving out stations with measured datanfinterpolation and afterwards
comparing it to the interpolated value. This haswah that the average deviation was only
about 10.2% of the annual precipitation sum.

Air temperature for July (31 stations) was alseeiipolated using kriging with 500m
resolution. The effect of elevation was considdrgdhe SRTM digital elevation model using
constant monthly gradients (Peczely 1979).

For the future climate (2036—2065 and 2071-210€)Ite of the regional climate model
simulations by REMO (Jacob et al. 2001, Jacob.&t(f)7) were analyzed for the A1B IPCC-
SRES emission scenariddgble J.

Table 2. Simulation results of REMO for the futtglated to the base period 1961-1990
(values are representing country means for Hungary)

Climate variable 1961-1990 2036-2061 2071-2100
July temperature mean 19.6°C +1.6°C +3.7°C
Annual precipitation sum 583 mm +2.59% -2.2%
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For country means, climate change signals for Jalpperature mean and annual
precipitation sum was calculated as the differeoicéhe simulated future and past periods
(e.g. 20362060 vs. 1961-1990). To avoid the mbid, delta change approach has been
applied: the simulated change signhals were addédet@bserved climate in the past. Based
on the resulting temperature and precipitation meg¥s have been computed for the future
in the same way as for the present climate.

Applying climatic means are not fully appropriater fdescribing species distribution
change driven by climatic change, since the dectihghe species is related mostly to
prolonged extreme events and subsequent biotic giesngBerki — Rasztovits 2009,
Rasztovits et al. 2012). However, lacking reliaptejections on extreme events, climatic
means were used as surrogates (Matyas et al. 2008).

2.2 Forest data

As mentioned above the distributions of three Bpecies were investigated beech, sessile
oak and Turkey oak in Hungary for potential disitibn modeling. The occurrence and
composition data was derived from the Hungariaresoinventory database provided by the
Central Agricultural Office, gathered in 2012. Tiiatabase included all the forest
compartments containing any of the three tree spetVe have used the geometrical centre
of the forest compartment polygons as referencatfoi extract climate parameters from
digital climate surfaces.

The Forest Inventory database contained detaisterand stand conditions, which allow
excluding sites located at microclimatic, edaphicl dnydrological extremes, from further
analysis. Accordingly, all compartments have beenritted with shallow soil, surplus water
effect and steep slopes above 20°.

The composition rate (%) of tree species was ddfasethe species percentage cover of
each forest compartment which reflects the favéuh® environmental conditions for the tree
species occurrences. The natural equilibrium inrtiveure ratio is strongly altered by the
forest management even in semi-natural forestadwards the distribution limit of the tree
species this selection has no significant effecthenmixture ratio as the ecological conditions
overwrite biotic interactions.

2.3 Defining the relation between EQ and the compi®n rate

We defined the relationship between the EQ andurextate to model the current and future
potential distribution of the three tree species.

First, the value of the present aridity index (39B190) was added to each compartment
using zonal statistics. The relations between tmposition rates of the species and EQ were
then plotted on compartment level. We aggregateditita to equal interval classes of EQ and
calculated the average composition rate of eacs aldth the corresponding 95% confidence
intervals. Polynomial regressions in the ordeioatf fvere applied to describe the relationships.

2.4 The fuzzy membership approach

To model the current and future potential distiidnitof tree species the fuzzy membership
has been applied. This approach was selectedad®ws to better consider the continuous
variation of forest stand composition of tree spsdaiue to location characteristics, species
competition and forest management.

The approach uses membership functions to clafesatyres of arbitrary range into fuzzy
values, between zero and one to indicate the degfemembership. In our case the
membership functions were based on the relationdst EQ and composition rate of the tree
species.
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We have used the eCognition software (Definiens5208Cognition is usually applied
for remote sensing classifications by merging th®rimation of the spectral “bands” of
images like orthophotos or satellite images. Haee three tree composition fractions were
stored in separate grid layers treated as 3 bdrals immage raster. So finally spatial objects of
similar tree composition could be delineated thioagstatistical segmentation process. The
extracted objects correspond to certain homogensiria based on a scaling parameter.

The membership functions for the three tree spemiesvaluated for each object during
the classification. The result of the classificatis twofold, a fuzzy classification with
mixture values of tree species and a discrete ifitagfon where each image objects are
assigned to of the one tree species with the highesy share.

3 RESULTS AND DISCUSSIONS

3.1 Relationship of EQ and composition rate

The computed Ellenberg quotient maps show thaatitity will increase in Hungary during
the centuryigure 1).
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Figure 1. EQ for 1961-1990 (A) for 2036—2065 (Bjl &or 2071-2100 (C)

For visualization of the dominant spatial occuresnof these species we have used the
threshold value of 90% composition rakegure 2.

Figure 2. Beech (blue), sessile oak (green) andkd&wpak (red) compartments (with
composition rate above 90%) in Hungary
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Beech, which is the most climate-dependent amorgrhestigated species, is mainly
dominant in the higher mountain areas and in SWgdmn The actual distributions of sessile
and Turkey oak are disturbed, due to forest managemraxis, especially along the xeric
limit of the species. Sessile oak is more widegprieathe lower parts of the mountains
especially in NE-Hungary. Turkey oak occupies tharenarid locations along the foothills
and lowland regions but it can be also found inertarmid conditions as the dominant.

The relationships between EQ and composition f@teesach forest compartment have
shown no clear correlation in any case of the stlidpecies. Merely, the aggregation of the
EQ values to equal classes and the assignmentdha walue of the compositiogate to the
classes have revealed a strong lirigQre 3.
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Figure 3. The original (A) and aggregated (B) rédaiship between the EQ and the
composition rate of beech, sessile oak and Turk&yath corresponding confidence
intervals

The membership functions show the degree of slitialoif the tree species on a given
location using the composition rate as proxy. Tdweelr limit of each tree species was given
by the lowest EQ-s of the occurrences. In gendelr¢lationships show that the lower limit
of each species is approached abruptly, but agrdift EQ limits. No occurrences of these
species were observed above EQ 43. Beech is thendoirtree species at the most humid
locations in Hungary, the mixing ratio reaches hepeto 80%. The composition rate of
sessile oak is surprisingly balanced with around48096 in the distribution area, but
decreases by approaching its lower limit. The ngxof Turkey oak increases with higher
aridity up to 50% until around EQ 35 and then itréases rapidly as we reach the forest-
steppe limit Figure 3.
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3.2 Potential distribution of the investigated treespecies for recent and future climate

The result of the discrete classification is a nvdpere each tree composition object is
assigned to only one tree species. The currenhpaltelistribution map is in good agreement
with the current distributions of the tree speciagure 4).

A B C

Figure 4. Modeled current tree species distributiroaps (A-B-C: beech — blue,
sessile oak — green, Turkey oak — red, no foregtite) with the current distribution of
beech (A), sessile oak (B) and Turkey oak (C) (eothposition rate above 90%)

In case of beech the modeled current tree spetgg#hdtion pattern covers most of the
current pure beech stands. However, some underepord can be observed at lower
elevations. The lower distribution limit of sessdlak matches well with the forest stands in
the Transdanubian region, but there is some suidtdifference in the mountains of North-
East Hungary. Turkey oak could potentially occupgstnof the lowland areas in Hungary
except of the most arid places around the centémeoHungarian lowland. Both oak species
can be found not only in their dominant area bsb & more moist conditions.

The modeled future tree species distribution pagtehow large changes due to projected
climate changeHigure 5.

A B

Figure 5. Modeled future tree species distributioaps for 2036—2065 (A) and 2071-2100 (B),
beech — blue, sessile oak — green, Turkey oak,-netbrest — white

The distribution area of beech is expected to dseresubstantially till 2050 and will be
restricted to the higher mountain areas and albegsbuth-west border. By the end of the
century it could disappear totally except of someations in the highest mountains (e.g in
Bukk). Similarly, sessile oak is expected to dexland will be restricted and its occurrence
mainly to the south-west of Hungary and in gengewahigher elevation by 205@igure 5.
The present occurrences are expected to decreasbooy 25%. By the end of the century
sessile oak can only be found in higher mountants @obably along the border to Slovenia
(Table 2.
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Table 2. Percentage of occurrences relative tadte& occurrences found above the lower
limit of potential distribution area presently (1B&1990)

2036-2061 2071-2100
(%) (%)
Beech 35.3 1.7
Sessile oak 75.5 13.9
Turkey oak 99.8 96.9

The distribution area of Turkey oak will be abdug tsame by the middle of the century
since while it will lose some area in the Hungaiiaaland, it will occupy large tracts of area
from sessile oak in the Transdanubian regkigyre 5. Finally, by the end of the century the
optimum area of this species will also slightly ikese and relocated from the lowland to the
hilly and mountainous regions. The area where rairnthese tree species will find optimal
conditions will be significantly greater during tbeurse of the centuryigure 5.

The potential composition of the tree species atatll by the fuzzy membership
functions for present and future climates show IsinthangesKigure 6).

%
[_Jo

[ Jo-20
] 2040 1961-1990 2036-2065 2071-2100

I 050
-

Beech e

Turkey oak

Figure 6. Composition rates of tree species forsprd (1961-1990) and
future climates (2036—2065 and 2071-2100)

Beech is already expected to be a minor tree spdorethe middle of the century and
only some stands may preserve until the end of ddwatury particularly in sites with
appropriate microclimatic conditions. The mixturffesessile oak may also decline during the
century and the most dominant stands will be comatsd in the mountaingigure 6. The
large mixture of Turkey oak in large parts of Hungwill even increase and only by the end
of the century it is expected that the mixture nimgin to decline especially at lower
elevations.
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3.3 Comparison with other potential vegetation maps

We have compared our results with similar studiBglwwas not easy due to the wide variety
of the applied methods and climate scenarios.

Czlcz et al. (2010) focused on the analysis of aténchange impacts at the trailing
(xeric) limits of closed forests in Hungary explayi beech and sessile oak forests.
Conditional tree regression was applied which hessealed the significance of EQ in
distribution modeling. Their results for the HADCMA1B scenario showed similar
tendencies of decline of the investigated treeispeaturing this century.

The future distribution pattern of the main tree@ps of the Transdanubian region was
modelled by Fahrer et al. (2011, 2013). For desugilihe growth of the trees, the forest
aridity index was developed, based on phenologiesterns of growth. Two future climate
scenarios have been applied assuming 1 and 1.%@ase in summer temperature and
decrease of precipitation in summer by 8.2%. Thgelatemperature change implies that
beech may almost entirely disappear from this megitne area of the Turkey oak may remain
the same but shifts partly to the area of todagssse oak. Finally, the area of forest steppe
may expand and occupies some of the area fromrauftekey oak, similar as projected by
our approach.

Rasztovits et al. (2012) has evaluated the habu#ability of beech forests for three
terms in the 2% century in Hungary using different species disttitm models. Here a CLM
A1B simulation was used. The authors have found tthe neural networks (e.g. BP-ANN)
and classification tree methods (e.g. CTree) dedivebetter results than other approaches.
BP-ANN predicted a very slight shrinkage of thegmiial area (8.0%) during 2036-2065. A
considerable decrease of the potential area wasden only to the end of this century which
results that about 45% of the current stands welioht of the potential area. Regionally the
most serious decrease was predicted for the sulitdiesthean region in Southwest Hungary.
CTree predicted a more significant shrinkage ofchei@ all regions of Hungary by losing
67.5% of the area during 2036-2065 and 74.7% du2@dgl-2100 which was quite in
agreement with our results.

3.4 Uncertainties

Our approach is based on the assumption that tiested distribution of beech and common
oak are determined by climatic means. The relatipnisetween the potential distribution and
the climatic mean may not hold when weather exteeftike droughts) occur with a much
higher frequency than nowadays. These act as tiiggeffect on tree growth decline and
pests or diseases that attack populations of weakeitality and cause mortality (Bréda et al.
2006, McDowell et al. 2007, Lakatos and Molnar 2000 predictions based on climatic
means alone could overestimate the potential biigtan of species.

Predictive ecological modelling is usually based emuilibrium between climate and
species tolerance. This biotic uncertainty origesadrom the inadequate understanding of the
mainly ecological factors influencing the equiliom of the species distribution. The
genetically set tolerance limits of species areewithan realized ones and this is especially
valid for populations near their distribution limitClimate change may affect also consumes
and pathogens that cannot be predicted. The pmwsistof forest ecosystems is one of the
main sources of uncertainty of distribution modadhgli which is supported by the wide
phenotypic plasticity of trees proven by compastifreld tests (Matyas 2007). The
persistence of forests is further reinforced bynptd forest management and changing
species preferences, which may assist to mainta@sts in the future (Matyas et al. 2009).

Soil conditions (e.g. soil texture, water holdingpacity, groundwater depth) were not
considered, since fine-scale information for fsesbmpartments was not available, which
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could lead to over or underestimation of the pagérdistribution areas of tree species,
compared to the pure climatic based assessmelisaftudy.

A substantial proportion of forest stands are s#dan non-zonal sites, which were not
accounted by our modelling, but these sites maigtasspreserve optimal conditions for the
investigated species even if the climate will netsiitable for zonal occurrences.

4 CONCLUSIONS

The composition rate was used for describing thebaility of occurrence instead of the
presence/absence information of the species. We datined functions using the recent
composition rate and the Ellenberg quotient, bgipliad to model the present and future tree
species distribution and composition rate. We havg considered stands located at zonal
positions.

The projections based on the simulation resultshefregional climate model REMO
have shown a significant decline of beech and lgessik in Hungary during the century
which is in accordance with other study resultsrria xeric limit of these species. By the
middle of the century only about 35% of the predmrdch and 75% of the sessile oak stands
will remain above their current potential distrilout limit. By the end of the century beech
forest may almost disappear from Hungary and sessik will also be found only along the
Southwest border and in higher mountain regionsit@ncontrary the present occurrences of
Turkey oak will be almost entirely preserved duiing century however its distribution area will
be shifted to the Transdanubian region hence oauytarge areas of current sessile oak habitat.

This study also underlines the importance of futiarest management and conversion
strategies from the perspective of the speciestsahe regeneration and financial issues. The
results of the study will be in more detail invgated in an upcoming national project TAMOP
dealing with the preparation of a decision supggstem for forest management in Hungary.

Acknowledgements:The This research was financially supported byTAMOP 4.2.2-08/1-
2008-0020, the 4.2.2.B-10/1-2010-0018 “Talenturhg TAMOP-4.2.2.A-11/1/KONV-2012-
0004 and the 4.2.2.A-11/1/KONV-2012-0013 "Agréarkdimjoint EU-national research
projects.

REFERENCES

ALLEN, C.D.- MACALADY , A. — CHENCHOUNI, H. = BACHELET, D. - MCDOWELL, N. = VENNETIER,

M. — GONZALES, P.— HOGG, T. — RIGLING, A. = BRESHEARS D.D. — FENSHAM, R. — ZHANG, Z. -
KITZBERGER T. — LIM, J.-H. = CASTRO, J. — ALLARD, G. — RUNNING, S.W. - SEMERCI, A. -
CosBs, N. (2010): A global overview of drought and heattined tree mortality reveals emerging
climate change risks for forests. Forest Ecology lanagement 259: 660-684.

ARAUJO, M.B. — CABEZA, M. — THUILLER, W. — HANNAH, L. — WiLLIAMS, P.H. (2004): Would
climate change drive species out of reserves? Asesament of existing reserve-selection
methods. Global Change Biology 10: 1618-1626.

BARTHOLY, J.— PONGRACZ R. - GELYBO, GY. (2007): Regional climate change expected in Hanga
for 2071-2100. Applied Ecology and Environmentas&ech 5(1): 1-17.

BENISTON, M. — STEPHENSOND.B. — CHRISTENSEN O.B.- FERRQ C.A.T — FREI, C.— GOYETTE, S.-
HALSNAES, K. = HOLT, T. = JYLHA, K. = KOFFI, B. — PALUTIKOF, J.— SCHOLL, R. — SEMMLER, T.

— WOTH, K. (2007): Future extreme events in European climate:exploration of regional
climate model projections. Climatic Change 81: Ad8i: 10.1007/s10584-006-9226-z.

Acta Silv. Lign. Hung. 9, 2013



Modelling the potential distribution of three cliteazonal tree species 95

BERKI, |. — RASZTOVITS, E. — MORICZ, N. — MATYAS, Cs. (2009): Determination of the drought
tolerance limit of beech forests and forecastingirttiuture distribution in Hungary. Cereal
Research Communications 37: 613—616.

BREDA, N. — HUC, R. — GRANIER, A. — DREYER, E. (2006): Temperate forest trees and stands under
severe drought: a review of ecophysiological respsn adaptation processes and long-term
consequences. Annals of Forest Science 63: 625-644.

Czucz, B. — GALHIDY, L. — MATYAS, Cs. (2010): Limiting climating factors and potentititure
distribution of beech (Fagus sylvatica L.) and Bessak (Quercus petraea (Mattuscha) Liebl.)
forests near their low altitude - xeric limit in @gal Europe. Annals of Forest Science 68(1): 98-10

DEFINIENS (2005): eCognition Professional, Munich.

FUHRER, E. — HORVATH, L. — JAGODICS, A. — MACHON, A. — SZABADOS, |. (2011): Application of a
new aridity index in Hungarian forestry practicgsjaras 115 (3): 205-216.

FUHRER, E. — JAGoDICS, A. — JUHASZ, |. — MAROSI, GY. — HORVATH, L. (2011): Ecological and
economical impacts of climate change on Hungaaestry practice. kjaras 117 (2): 159-174.

GALOS B. — LORENZ P.H. - Jacos, D. (2007): Will dry events occur more often in Hang in the
future? Environmental Research Letters 2 03400 (P

GuUIsSAN, A. — ZIMMERMANN, N.E. (2000): Predictive habitat distribution modets ecology.
Ecological Modeling 135: 147-186.

HOGG, E.H. — BRANDT, J.P.— KOCHTUBAJDA, B. (2005): Factors affecting interannual variation
growth of western Canadian aspen forests duringld®300. Canadian Journal of Forest
Research 35: 610-622.

IPCC - Summary for Policymakers. — In: Climate Gi@ar(2007): The Physical Science Basis.
Contribution of Working Group 1. [Solomon, S. — Mang, Q.D. — Chen, M. — Marquis, Z. —
Averyt, M.K.B.— Miller, H.L. (eds.)]. Cambridge Uversity Press, Cambridge, New York.

JacoB, D. — ANDRAE, U. — ELGERED, G. — FORTELIUS, C. — GRAHAM, L.P. — JACKSON, S.D. —

KARSTENS U. —KOEPKEN C.—LINDAU, R.—PODZUN, R.—ROCKEL, B. —RUBEL, F.—SAsSS, H.B.
— SMITH, R.N.D. = VAN DEN HURK, B.J.J.M.— YANG, X. (2001): A comprehensive model
intercomparison study investigating the water buddering the BALTEX-PIDCAP Period.
Meteorology and Atmospheric Physics 77 (1-4): 19-43

JACOB, D. — BARRING, L. — CHRISTENSEN O.B. — CHRISTENSEN J.H.— DE CASTRO, M. — DEQUE,
M. — GIORGI, F.—HAGEMANN, S.—HIRSCHI, M. —JONES R.—KJELLSTROM E.— LENDERINK,
G. — ROCKEL, B. — SANCHEZ, E. — SCHAR, C. — SENEVIRATNE, S.l. — SOMMOT, S. — VAN
ULDEN, A. — VAN DEN HURK, B. (2007): An inter-comparison of regional climate retslfor
Europe: model performance in present-day climat@limatic Change 81:31-52.
doi:10.1007/s10584-006-9213-4.

KOSKELA, J. — BUck, A. — TEISSIER DUCROS E. (eds.) (2007): Climate change and forest genetic
diversity: Implications for sustainable forest mgement in Europe. Biodiversity International,
Rome, Italy.

KRAMER, K. — DEGEN, B. - BUSCHBOM, J.— HICKLER, T. = THUILLER, W. — SYKES, M. — DE WINTER,

W. (2010): Modeling exploration of the future of lBpean beech (Fagus sylvatica L.) under
climate change — Range, abundance, genetic diyensit adaptive response. Forest Ecology and
Management 259: 2213-2222.

LAKATOS, F.— MOLNAR, M. (2009): Mass mortality of beech on Southwest gtamy. Acta Silvatica&
Lignaria Hungarica 5: 75-82.

LINDNER, M. = MAROSCHEK M. — NETHERER S.— KREMER, A. — BARBATI, A. — GARCIA-GONZALO, J.—
SEIDL, R.— DELZON, S.— CORONA, P.— KOLSTROM, M. = LEXER, M.J.— MARCHETTI, M. (2010):
Climate change impacts adaptive capacity and vabilly of European forest ecosystems.
Forest Ecology Management 259 (4): 698-709.

LOEHLE, Cs. (1998): Height growth tradeoffs determine nonthand southern range limits for trees.
Journal of Biogeography 25: 735-742.

MATYAS, Cs. (2007): What do field trials tell about the fugunse of forest reproductive material? In:
Koskela, J, Buck A. and Teissier du Cros, E. (eddijnate change and forest genetic diversity:
Implications for sustainable forest management imoRe. Biodiversity International, Rome,
Italy. pp. 53-69.

Acta Silv. Lign. Hung. 9, 2013



96 Moricz, N. et al.

MATYAS, Cs. — NAGY, L. — UJVARI-JARMAY, E. (2008): Genetic background of response of trees to
aridification at the xeric forest limit and consegues for bioclimatic modeling. In: Strelcova K,
Matyas Cs, Kleidon A (eds.) Bioclimatology and matuhazards. Springer Verlag, Berlin pp.
179-196.

MATYAS, Cs. — VENDRAMIN, G.G. — FADY, B. (2009): Forests at the limit: evolutionary-genetic
consequences of environmental changes at the recéxeéric) edge of distribution. Annals of
Forest Science 66: 800-80.

MATYAS, Cs. (2010). Forecasts needed for retreating for&pénjon). Nature 464: 1271

OHLEMULLER, R. - GRITTI, E.S.— SYKES, M.T. - THOMAS, C.D. (2006): Quantifying components of
risk for European woody species under climate chaGdpbal Change Biology 12: 1788-1799.

PECZELY, GY. (1979): Eghajlattan. Climatology — in Hungarian nheeti Tankdnyvkiado, Budapest.

PEARSON R. G.—DAWSON, T. P. (2003): Predicting the impacts of climate chaogehe distribution
of species: are bioclimate envelope models usefel@bal Ecology and Biogeography 12 (5):
361-371.

PENUELAS, J. — OGAYA, R. — BOADA, M. — JumpP, A.S. (2007): Migration, invasion and decline:
changes in recruitment and forest structure in amivag-linked shift of European beech forest in
Catalonia (NE Spain). Ecography 30: 829-837.

RASzTOVITS, E.— MORICZ, N. — BERKI, |. — POTZELSBERGERE. — MATYAS Cs. (2012): Evaluating the
performance of stochastic distribution models fardpean beech at low-elevation xeric limits.
Id6jaras 116(3): 173-194.

REHFELDT, G.E. — TCHEBAKOVA, N.M. — MILYUTIN, L.I. — PARFENOVA, E.l. — WYKOFF, W.R. —
KouzMINA, N.A. (2003): Assessing population responses to clinmat@inus silvestris and Larix
spp. of Eurasia with climate transfer models. Baradournal of Forestry Research 6: 83-98.

RENNENBERG H. — SEILER, W. — MATYSSEK, R.— GESSLER A. — KREUZWIESER J. (2004): Die Buche
(Fagus sylvatica L.) — ein Waldbaum ohne Zukunft sirdlichen Mitteleuropa? Allgemeine
Forst- und Jagdzeitung 175: 210-224.

RICKEBUSCH, S. — GELLRICH, M. — LISCHKE, H. — GUISAN, A. — ZIMMERMANN, N.E. (2007):
Combining probabilistic land-use change and trepufaiion dynamics modeling to simulate
responses in mountain forests. Ecological Modeliog: 157—-168.

SCHAR, C. = VIDALE P.L.- LUTHI, D. - FREI, C. = HABERLI, C. - LINIGER, M.A. — APPENZELLER C.
(2004): The role of increasing temperature varighih European summer heatwaves. Nature
427: 332-336 doi: 10.1038/nature02300.

StoJANOVIC, D.B. = KRzIC, A. = MATOVIC, B. = ORLOVIC, S. - DUPUTIE, A. — DJURDJEVIG V. -
GALIC, Z. — STOJNIC, S.(2013): Prediction of the European beech (Fagussigh L.) xeric limit
using a regional climate model: An example fromtkeast Europe. Agricultural and Forest
Meteorology 176: 94-103.

THUILLER, W. — LAVOREL, S. - ARAUJO, M.B. — SYKES, M.T. — PRENTICE, I.C. (2005): Climate
change threats to plant diversity in Europe. Prdicegs of the National Academy of Sciences
102: 8245-8250.

Acta Silv. Lign. Hung. 9, 2013



*™ DOl 10.2478/aslh-2013-0008 Acta Silv. Lign. Hung., Vol. 9 (2013) 97-109

Measuring the Bearing Capacity of Forest Roads witlan
Improved Benkelman Beam Apparatus

Gergely MaRkO — Péter RIMuSz — J6zsef BTERFALVI

Department of Forest Opening Up, Institute of Ga@sand Civil Engineering,
Faculty of Forestry, University of West Hungary p&an, Hungary

Abstract — Bearing capacity measurements of roads wereitioadlly carried out using the
Benkelman beam. The Benkelman beam measurementgl@rine maximum vertical deflection
of the pavement under 50 kN of wheel load. Nowadings bearing capacity of public roads is
measured with falling weight deflectometers. Falimeight deflectometer measurements provide
the full deflection basin. It is convenient to ubese high precision instruments on forest roads,
but their application is inefficient and costly. &lDepartment of Forest Opening Up developed a
new method to measure the full deflection basinhwihe Benkelman beam. Besides the
instrument improvement the authors developed a method for the processing of the deflection
basin data. Results are presented through thestadg of a 2nd class opening up forest road.

Benkelman-beam / forest road / bearing capacity /gvement management system

Kivonat — Erdei utak teherbirAsdanak mérése a Benkehan-gerenda tovabbfejlesztett
valtozataval. Az erdészeti szdllitAsban mértékadonak tekibthethergépjarrh allomany az
elmult évtizedekben nagy tengelyterhdélégarmivekre cseréldott le; ez a folyamat a
szallitopalyak leromlasat felgyorsitotta. Mindezelatt az erdfeltaras témakdrében a hangsuily a
feltaréhalézatok bvitésésl athelyeddott a megléd utak fenntartdsara és fejlesztésére. Az
Erdéfeltarasi Tanszéken folyd kutatdsok — azégakzdasagok &ltal megrendelt kutatas-fejlesztési
megbizasokkal parhuzamosan — kovetik ezt a treredetkk az aszfalt kopéréteggel rendelkez
palyaszerkezetek teherbirdsdnak roncsoldsmenteshatdegzasa tertletén elért legujabb
eredményeket mutatja be.

Benkelman-gerenda / behajlasmérés/ erdészeti utakherbirdsa / Utfenntartasi rendszer

1 INTRODUCTION

One of the most important, objectively measuraldeameters of the road maintenance
systems is the bearing capacity of the roads. Tmealehe bearing capacity of the elastic
pavements is not an exact task, as we do not havieledly accepted theory to do this. In
addition, we can state, that the definition of blearing capacity of pavements is also difficult.
Unlike bearing capacity, stiffness — as the defadionacaused by a given weight — can be
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defined, and even measured. Instead of definingrigpaapacity directly, we usually look for
the answers to these questions:

* How long is the remaining lifetime of the pavement?

* Which recovering technology should be used basedhenbearing capacity and

surface condition of the pavement?

* How thick the stiffening layer covering the pavemeshould be, to endure the next

10-20 years of traffic?

The study describes development results achievdtedtorest Opening Up Department
of the University of West Hungary, through whicle tdeformation of elastic pavements
caused by weight can be measured. The advantape afethod is that the whole deflection
bowl can be measured applying a low cost equipment.

2 MEASURING THE DEFORMATION OF PAVEMENTS

During the last decades several procedures havedmeloped to measure the deformations
of elastic pavements. Each procedure simulatesetlagonship between the traffic and the
pavement differently. Because of this, the measueedlts vary slightly. We briefly present
the methods that have been used in forestry peasticfar. TheTable 1contains the main
features of the measurement tools (Kosztka e2@08).

Table 1. Comparison of deflectometers.

Lacroix

Features Benkelman beam deflectograph FWD

Tools needed loaded truck measuring vehicle measuring vehicle
2 pcs Benkelman beam

Staff 4 pers. 2 pers. 2 pers.

Stress static actually static dynamic

Simulated speed 0 km/h 3-4 km/h 60-80 km/h

Method of measurement  discrete permanent discrete

Frequency of measurementin. 25 m 4m 25 m

Daily performance 15 km 20 km 15 km

Measured parameter central deflection central ciefle  deflection bowl

Data recording manual automatic automatic

Repeatability satisfactory average excellent

Cost of tool cheap expensive expensive

The classic tool to measure deflections is tBenkelman beamDuring the
measurement a rod that stands against the paveandnspins round a horizontal axis is
placed between the rear dual tires of a loadedktraic the place of the maximum
deflection. The deflection of the pavement can hkefingéd from the displacement
measured at the other end of the rod. During thasmeng process the truck stands still,
so the weight is static (Boromissza 1959).

We can apply the Lacroix Deflectograph to autonslyc measure the deflections.
The principle of this measurement is the same agpthmciple of the manual method. The
difference is in the implementation. Here the detien meters are fixed to an automatic
measuring vehicle, which measures the pavementfead®n every 4 meters while
slowly (3-5 km/h) progresses. The deflection measwent technique made by the
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Lacroix Deflectograph has not spread in forestrgcpice because of its circumstantiality
and high cost. On the other hand, the former rebear at the Forest Opening Up
Department showed, that as to the renewal plarferektry roads, the manual deflection
measurement method, which needs simpler toolssléadhe same results (Boromissza
1959, Kosztka et al. 2008).

The public road practice uses the Falling Weightlé&ometer (FWD) to measure
the deformations of elastic pavements — that isdiféection bowl — caused by load. The
FWD devices, at several points at once, precisegasure the vertical displacement
caused by dynamic load with the help of acceleremsensors placed on the pavement
surface. The device measures the temperature ofaith@nd the pavement too. The
adaptation studies to establish the application tlké dynamic bearing capacity
measurement in Hungary began in 1991. Accordinghese, we can state, that the
measurement procedure is rapid and objective (200v). The measurement technique —
according to our experiences of the last years n-lm applied successfully in forestry
conditions (Kosztka et al. 2008).

3 THE POSSIBILITIES OF DEVELOPING THE MANUAL DEFLEC TION
MEASUREMENT METHOD

Using the FWD device we can measure the deformstwinthe pavement surface at

several points beside the central deflection, sostiape of the deflection line (deflection

bowl) can also be produced. Knowing the shape efd&flection bowl we can estimate

parameters that are the input data of pavemengugsiocedures based on mechanical
principles. We believe that we should prefer theasugement procedures that make the
whole deflection bowl be possible to record. Thécgprand maintenance cost of the
Falling Weight Deflectometers are very high, so bearing capacity measurements on
forestry roads can only be carried out by spedialisnpanies that own FWD devices. It

seems practical to develop a procedure that enablesalists dealing with forestry roads

to independently measure the deflection bowl.

4 THE GEOBEAM AND OTHERS

The Geobeam is an automated Benkelman beam, theogewent of which began in the
1980’s (Tonkin &Taylor). The main purpose of thevel®pment was to preserve the simple
principle of the manual deflection measurement wetivhile automatically recording the
whole deformation line, with little expense increaBuring the measurement the sensor of
the measuring beam automatically records the \&rdisplacement while assigns the load
position to the measurement. So the deflection lw@aml be reconstructed by the appropriate
processing software. The position of the load issneed and recorded with the measuring
wheel attached to the truck. The resolution ofrtteasuring wheel is 10 mm, which enables
very frequent sampling. Unlike the FWD device, tf=obeam records the vertical
displacement of a point at different times (Anders@008). The measurement system is
shown inFigure 1.

The Geobeam provides usable, representative measaoreesults even in cases when
because of the saturated foundation, the FWD tansiot be reliably applied (consolidation
issue) (Anderson, 2008).
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Figure 1. The Geobeam measuring equipment (Geaotechtd.)

Naturally, there are several other solutions to rowp the manual deflection
measurement method beside Geobeam. It is worthionérg the manual deflectometer
applied at the Faculty of Civil Engineering, Baugduniversitat in Weimar. This method
applies three more sensors beside the centralrsan26-50-80 cm from the axis of load. The
displacements recorded by the sensors are procemsgdstored automatically by the
electronic device fixed onto the measuring beanis Thethod, just like the FWD tools,
records the displacements at different discreettpg# measured points). With the help of the
function fitted to the measured values, differemivbparameters can be computed (Déhnert,
2005). This equipment is shownhingure 2.

Figure 2. Automated Benkelman beam (Dahnert, 2005)

5 THE IMPROVED BENKELMAN BEAM APPARATUS

The procedure developed at the Forest Opening Upailaent was the result of the
improvement of the manual deflection measure ntetfibe development included planning
the measurement process, choosing the necessaegsacg equipment, designing and
building the central data collecting unit, devefgpithe firmware running on the data
collecting hardware and the data collecting andyangy software running on PC-s.
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The development in respect of the equipment bdgilkas on three pillars:

1.

2.

3.

We substituted the traditional Benkelman beamslagnuee meters with meters having
digital output.

During the measurement we record the progressedftick with an ultrasonic
rangefinder.

The signal of the digital sensors is recorded tinensferred to the netbook that runs
the data collector software, using a self-develogadral control unit.

Figure 3. The principle of the improved manual éetiion measurement method

The measurement procedure consists of the follosiepgFigure 3)

1.
2.

3.
4,
5.
6.
7. While the truck slowly drives away, the data cditecsoftware records the data of the

8.

Driving a loaded truck with known rear axle loadite segment of the measurement.
Placing deflectometers between the dual tiresefdlar axle so the measure peak will
be in front of the contact line of the wheel.

Positioning the digital displacement meters.

Positioning the ultrasonic rangefinder placed @taad.

Preparing the data-collector touch-screen netbooketeive the measurement data,
checking the data connection with the external\vard.

Starting data collection with the data collectaditwsare.

digital meters and rangefinder sensor.
After progressing 5 m ahead, the data collectiopsautomatically.

The measuring device records the vertical displacgraf one point of the pavement by
assigning the loading distance to every “readinigthe displacement meters. After properly
pre-processing the data flow the shape of the ciéle bowl can be drawn.
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6 HARDWARE COMPONENTS

We took the following aspects into considerationewtwe chose the type of digital meter
fixed on the Benkelman beam:

* At least 0.01 mm resolution.

» At least 10 Hz measurement frequency.

* Atleast 25 mm measurement range.

* Open format digital data output.

* Robust design for outdoor measurements.

* The beam is the same diameter (8 mm) as our aralogters.

* Reasonable price.

After studying the market choice, we chose the t{ipeJ meter of the Mitutoyo
Company. Mitutoyo is one of the leader manufactwref precision measurement
equipment, and the ID-U meter completely meets m@mqguirements listed above. The
meter has digital data output, the enclosed datéesahave standard connectors by which
the equipment can be connected to data collectasufactured by the company or
developed in-house. The DIGIMATIC digital data-eaolge format developed by
Mitutoyo is well documented and simple. The hardwwegalization of the communication
— logical signal levels, timing, external contrdlility etc. — enables the sensor to fit in a
self-developed microcontroller environment. We recthe progress of the truck with a
type SRF-08 ultrasonic rangefinder sensor. The rfestures of the sensor:

* 1 cmresolution.

* 30 cm — 6 m measurement range.

» High sampling frequency (> 20 Hz).

» |,C standard communication.

* Low price.

The sensor was built in the central data collectindg’'s box mentioned later. The central
data collecting and control unit is built aroundype Microchip 18F2550 microcontroller.
The tasks of the instrument group’s “brain”:

» Connection through a USB HID standard communicgpiartocol, data exchange with

the data collecting software running on a PC.

» Synchronized start of the digital displacement me&nd rangefinder sensor’s

measurements with the frequency of 10 measurerpentsecond.

* Receiving and converting the measurements of theoss.

» Transferring the results to the data collectorvsafre.

The data collector control unit is powered from tiC’'s USB port. The
microcontroller and the components built aroundari¢ placed on a self-designed and
manufactured printed-circuit. We wrote the progrémmware) run on the microcontroller
with the education version of the Microchip MPLAR\kIloper tool, in C language. We
placed the control unit in a plastic box, which denfixed onto a camera stand by a fast
connector. The data collecting software is run aiype Vye touch screen netbook. The
data collector control unit is shown Kigure 4, while the assembled instrument group is
shown inFigure 5.
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Ultrasonic -
distance 1\
measurements {°

" Microcontroller
PIC18F2550
and control circuit

USB port Digital meter
= port

Figure 5. The instrument group in use.

7 SOFTWARE COMPONENTS

During fieldwork the software run on the netboolpports the control, pre-process of the
measured data and storage of the measured reButsoftware written to support the office
process of the measurement results provides tlenviolg functions:
» Equalization of the measured data series.
* Numerical definition of the function correspondinthe mechanical calculi,
appropriately describing the shape of the deflediowl.
» Defining the parameters (length of the deflectianvh the location of the inflexion
point, minimum curve radius, central deformatidmse factor) typical of the shape of
the deflection bowl and bearing capacity with tlegplof the fitted functions.
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8 PRE-PROCESS OF THE MEASUREMENT RESULTS

After the general description of the manual defiewtter developed at the Forest Opening Up
Department it is practical to review the featurdstlee recorded data series. During the
measurement the data collector software recorddigacementsd] read by the digital
meters, records the momentary distance of the whadl ), and the elapsed timé from

the start of the measurement. The shape of thetddteeflection bowl is clearly defined by
the functionf : x —» d (Figure 6).

Measured distance of the wheel load (mm)
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0,00

® L] @ @0 ® 0 0 oed
oo © © 66 of o
0,20 + =

0 ©)

o]

0,40

0,60

@ Corrected data
(distance-time)
© Raw data

0,80

1,00

Measured displacement (mm)
&
Q@
(2]
Maximal displacement

1,20 ]

4 © ®
e e
1,40 (f

Figure 6. Measured points of the deflection bowl.
Red dots represent corrected measurements

On the raw data series it can clearly be seen,dtnang the measurement the peak of
the deflectometer is placed 40-50 cm in front @& itheel contact point. During the first
stage of the measurement the pavement structufersud gradually increasing shape
deformation (0-1) then when it passes the measyeak, the deformation reaches its
maximum (1). As the wheel passes the measuring, ghakpavement structure gradually
gains its original shape (2-3). The deformatior loan be recorded by the measurement
equipment in 5 m length.

As to the raw data, we can also observe, that these or less vary along a definite
trend, so they are charged with noise. Both membgtise data pairsx(d) describing the
deflection bowl are charged with measurement entog, rate of which depends on the
features of the sensor that recorded the givennpetier. Out of the three recorded
parameters the most reliable one is the tithenext is the displacemend)( and the last
one is the position of the moving wheel loag. We practically start the noise reduction
with observing thex parameter. The distance-time diagram is the graphage of the
distance covered by the wheel load versus (iRigure 7).We can follow the acceleration
of the moving wheel load. The entire load time péris approx. 3 seconds, so the wheel-
speed is an average of 5 km/h. This value is simathe measurement speed of the
Lacroix Deflectometers that is why the measureniemot static, but static-like. We can
also observe, that the last 5-10 recorded valugBeotiltrasonic rangefinder (red bordered
area) are charged with errors, so they are wortingbsubstituted with a regression
function fitted onto the whole measured data-seoesvith a spline curve. Using this
method, we can relatively reliably reduce the numidfeerrors from distance measurement
(see the corrected valueskifure 6).
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Figure 7. The typical distance-time diagram of tproved Benkelman Beam Apparatus

In theory, the supporting legs of the manual dafleeter should be far enough from the
loaded tires so that they do not participate inrtievement of the pavement. Otherwise, the
measured values are charged with the so-called oot (e) (Figure 8) According to the
experiences confirmed in Hungary the foot error lmausignificant as to thin pavements (Kosztka
1978). Because of the outlined problem, the Ben&eliveams with measuring arm of 2:1 have
been spread worldwide. In the case of deviceghikse the distance between the measuring peak
(A) and the foot point (B) is twice as long as distance between the foot point (B) and the meter
(C). The extended length is usually enough to ptheelegs on deformationless area without
affecting the controllability of the device (Kosatk986). In spite of the developments we have to
take foot error into account, as its rate depemdthe value of the so-callemb-working length
typical of the pavements (Boromissza 1959). Thisevenay vary within broad limits.

|

d(x)

2400 ‘ 1200 |

d [mm]

2400 |

} T 1
o] t !

Figure 8. The foot error (e) coming from the suppadrthe measuring arm (B)

The improved manual deflectometer can record tlieration line evolved under load
up to 5 meters, so it is possible to estimate dlo¢ érror per measured points:

where:

e(x)=( (9~ & (§)Eor+ d( 3=304( k-204( k @

e(X) — The value of the foot error evolving from atdisce of x from the measuring
peak, [mm].

ds(x) — Displacement measured at the foot point, [mm]

dc(x) — Displacement measured at the meter, [mm].

3600 — The total length of the deflectometer, [mm].

1200 — Distance between the B and C points oflefilectometer, [mm].

Acta Silv. Lign. Hung. 9, 2013



106 Markd, G. — Primusz, P. — Péterfalvi, J.

We need to take the foot error into account ak¢osection of length.of the deflection
bowl charged with foot error. Taking the foot eritmto account we can compute the corrected
value of the x coordinate point of the deflectioel

d(x)=d.(X+ ¢ ¥ 2)
where:

d(xX) — The value of the deflection, if the axis of tteflection is placed at a distance of
x from the measuring peak, [mm].

dn(x) — The measured deflection at a distance of x frommtbasuring peak, [mm].

e(x) — The rate of foot error evolving at a distance @fom the measuring peak, [mm].

9 EVALUATING THE MEASUREMENT RESULTS

After the field measurements and pre-processingd#ia, the first step of the measurement
results’ evaluation is that we fit a function inmerical way on the measured values, well
representing the shape of the bowl:

2
(x)=—2u4"___ Dy

S cOC+4r® (sz @)
cl—1| +1

where:
Do — The maximum deflection under the loaded disc J[mm
r — The radius of the loaded disc [mrdi2r.
c — The shape factor typical of the deflection bowhsge.
X — The distance from the centre of the load [mm].

Advantageous feature of the applied function is$ thean be continuously differentiated.
The first as well as the second derivate can bepoted at an optional x place. With the help
of the function the complex measurement series dtéflection bowl) can be characterized
with two parametersD, c). The detailed description of the suggested foncts discussed
by Primusz and Téth (2009).

10 PARAMETERS DESCRIBING THE PAVEMENT’S STIFFNESS

The radius of the circle tangent to the functiosad#ing the shape of the deflection bowl at
x = 0 can be computed in a closed form:

2r?
Ry oD, (4)
where:
Ro — Curve radius, [mm].
Do — The maximum deflection measured at the place af,|pam].
r — The radius of the ideal, round load surface, [mm].

We set its value typically to 150 mm.

The minimal curve radius is, beside the centraled&bn, a value that describes the
pavement deformation in a simply interpretable waie can clearly see, if the pavement is
deflected by the repeated loads along a small-saalig, it will get damaged sooner (fatigue).
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Knowing the minimum deflection radius and the time&s of the asphalt layers we can
compute the strain of the asphalt layer’s bottara:li

h
E=— 5
R ®)
where:
e — The strain of the asphalt layers’ bottom line, [fi/m

h — The thickness of the bonded layers, [m].
R — Curve radius, [m].

We usually use pstrain (um/m) for strain; to do we, have to multiply the value
received in [m/m] dimension by 10The strain is one of the important parametershef
asphalt pavement layers’ lifetime, and it is esaéfdr computing the remaining lifetime of
the pavement. The distance of the inflexion pointhe function that describes the shape of
the deflection bowl measured from the place of I(siffness radius) is:

20

NEIT

L= (6)
where:

L — Stiffness radius [mm].

c — The shape factor typical of the deflection bowhsyse.

r — The radius of the ideal, round load surface, [mm].

The latest researches at the Forest Opening Up riDegat (Primusz—Markd, 2010)
showed, that the elastic moduli of the pavemendisded layers (asphalt) and the non-bonded
layers below (base layers + subgrade) can be cauptitve know the stiffness radius and
the thickness of the pavement layers (asphalt)taae cohesion.

11 APPLICATION OF THE METHOD ON A FOREST ROAD AT HA RMASTARJAN

The first application of the improved manual detibeceter in practice was realized on the
second-class forestry road of Ravazd Forestry ef Kisalfoldi Erdsgazdasag Zrt. in
Harmastarjan. We executed the deflection measureimdxoth tracks with sampling at every
50 meters. Both the prototype of the measuringageaind the measurement process proved
that they are appropriate for usage under normaladipg conditions. Studying the time
needed for the measurement, we can state, thag tisis procedure, in one hour, we can
measure a 1 km section with 50 m sampling.

After the field measurements we processed the aeffe measurements with the
software described above. At the measurement pamigefined the following parameters:

» Central deflection@o, mm).

» The shape factor of the deflection bow). (

e Minimum curve radiusi, m).

* The elastic moduli of the bonded layelEs, Mpa).

* The elastic moduli of the non-bonded laydts,(Mpa).

The individually defined values by measurement @laere displayed on a condition-
evaluation longitudinal profile with the “RR” softwe developed at the Department. Then we
defined the borders of the homogeneous sectionsmbaonsidered conditionally identical.
We computed the standard value of the above-merdigrarameters for the homogeneous
sections, and then we continued the further aremlysing these values. The standard values
of the indicator parameters are summarizetahle 2.
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Table 2. Calculated bearing capacity parameterthefstudied pavement

Border segment Moduli
of the Central Curve Asphalt Bonded Non-bonded
homogeneous  deflection radius strain pavement pavement +
sections layers subgrade
[hm] Do [mm] R[m] M [microstrain]  Ex [Mpa]  En [Mpa]
0+00
1,25 98 306 3620 84
2+25
1,85 61 492 2390 64
11+25
1,29 99 303 3660 99
21+75
1,26 64 469 1990 94
28+25
0,89 107 280 3490 106
31+75
11 72 417 2560 116
39+00

12 SUMMARY AND CONCLUSIONS

Researchers of the Institute of Geomatics and @Gwadjineering at the University of West
Hungary developed a new instrument to measure uthaléflection basin with Benkelman
beam. A new method for the analysis of the defbechasin is also developed.
Both the prototype of the measuring device andnlbasurement procedure proved that they
are appropriate for usage under normal operatinditons. Studying the time needed for the
measurement, we can state, that using this proegeduione hour, we can measure a 1 km
section with 50 m sampling. Measurements were niad®th wheel path simultaneously.
The next parameters were determined after the rinddsurements:

» Central vertical deflection.

» Shape coefficient of deflection basin.

» Strain of the bottom of the asphalt layer.

* Minimal radius of curvature.

* Young-modulus of the asphalt layer.

* Young-modulus of the granular subgrade.

New results are presented via the case study nfl&lass opening up forest road.
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The Thermal Insulation Capacity of Tree Bark

Zoltan RszTorY — Ildikd RONYECZ

University of West Hungary, Hungary

Abstract — Nowadays increasing emphasis is placed on impgothe quality of different insulation
materials, and on developing such from materialgatfiral origin. The present research focuses on
the thermal insulation capacity of the chipped bafldifferent broadleaved and coniferous wood
species. We examined the bark of five tree spetieek locust, a poplar clone, larch, spruce, and
Scotch pine and compared their insulation chariatites to the traditionally used insulation matksia
Results indicate that the thermal insulation cagaef chipped tree bark is comparable to that of
generally used insulation materials, such as glessl. Moisture content influences the thermal
insulation capacity of chipped bark of the five ewaed species. Since energy requirement of
producing chipped tree bark is very low, and ittdbotes also to storing carbon, therefore its,CO
balance is more advantageous compared to thaddifitmal fibrous or foamy insulation materials.

tree bark / insulation capacity / moisture content CO, footprint

Kivonat — A fakéreg hiszigetelési tulajdonsdgaManapség egyre nagyobb hangsulyt fektetnek a
kilbnb6ozd szigetebanyagok javitdsara. A tanulmany bemutatja a kilahdombos- és ileveli
fafajok kérgének #szigeted képességét. Ot fafajt vizsgaltunk meg: az ak&@annonia nyar klont,
az erdeifen§it, a vorosfengit és a lucfen§t. A tanulmany mind a ke#dnedvességtartalmi, mind a
12%-0s nedvességtartalomra széritott kérgeket &izsgA kutatds megmutatta, hogy a fakéreg
hasonlé Biszigetelési tulajdonsagokkal rendelkezik, mint nddislanosan hasznalt szigétanyagok.

A fakéreg feldolgozasa alacsony energiafelhaszsdllgér és C@meérlege is Iényegesen jobb, mint a
hagyomanyos szigetelnyagok.

fakéreg / hiszigeteb képesség / nedvességtartalom / GGbnyom

1 INTRODUCTION

Hungary produces about 500 thousand cubic meterygse of bark from forest harvests,
spread evenly across the areas of primary woodepsitg. The proportion of bark of the
harvested tree can be as much as 10-20%, dependitige species and diameter of the tree
(Sopp — Kolozs 2000). The bark of processed woadastly used for generation of energy
(Ragland et al. 1991), for mulching (Colorado MadgBardeners Program 2009), and for
extracting of chemical compounds (Hoong et al. 204inong other uses (Harkin — Rowe
1971, Pedieu et al. 2009). Since the bark doegpostess a mechanical stability similar to
wood, its use for insulation is mainly possiblghe form of chips or particles. Skogsberg and
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Lundberg (2005) have shown that processed barlplyiag proper treatment and technology
— can be used as loose-fill insulation material.

The insulation capacity of tree bark plays an ingratrrole in case of forest fire also. The
thick and well insulating bark protects the cambilayer of the tree and thus mitigates the
damaging effects of fire (Bauer et al. 2010, WangWangen 2011). Dimitri (1968)
investigated the thermal conductivity of beech wbadk and found that the most significant
and major factor is its moisture content. The affe€ moisture content on thermal
conductivity is well investigated as far as woodasicerned but much less for bark.

The CQ balance projected on the specific insulation éffegoresumably better when
using bark, compared to the use of other insulataterials (Buchanan — Levine 1999,
Bdrjesson — Gustavson 2000, Gustavsson — Sathi®).2Bark used for insulation purposes
has obviously a higher economic value than lowduesdunctions such as burning or as
mulching. The bark insulation can be recycled atehd of its service life for energy or other
purposes without polluting the environment. Duriitg) life as an insulation material, the
carbon accumulated in the bark does not burdenathsphere and helps reducing the
emission of C@Qwhich is an important greenhouse gas.

Finally, the bark contains protective materialcfsas tannin, suberin) in higher amounts
than wood, and thus the bark has natural proteefiements against decay. Thus, bark used
as insulation material will need less chemical @ctbon compared to other materials used for
insulation, contributing to possible lower costs.

We investigated the bark of five tree species (blacust, a poplar clone ‘Pannonia’,
larch, spruce, and Scotch pine) that are commonsacmost of Europe. We aimed to
investigate, determine and compare the specifimiakinsulation capacity of the bark of
these species, and to compare these capacitiesotiién customary insulation materials.
Developing new and more specific knowledge in threa will further expand the
possibilities of using natural and recyclable regses as alternatives for thermal
insulation. This also means potentially greaterrgnesavings and reduction of the €0
footprint, through storing carbon and avoiding teéease of C@from burning. Possible
use of bark for thermal insulation means new altwes to other customarily used
insulation materials that need more energy resesuteg@roduce and that also release;CO
in the production process.

2 MATERIALS AND METHODS

The chosen broadleaved timber species are blaakstigRobinia pseudoacacjaand the
poplar clone ‘PannoniaPopulus euramericana cv. Pannopi@8oth species have especially
big bark-to-wood proportion of about 12—-20 % basedhe diameter of the trunk; however,
their bark contains a lot of additional incrustatisubstances, and therefore are not suitable
for mulching. Nevertheless, the high content ofuistation substances provides an advantage
with respect to resistance to decay and therefmmeases the durability.

The three coniferous species chosen are ldrahix(decidug, spruce Picea abie¥ and
Scotch pinePRinus silvestris Scotch pine and spruce have scaly outer barkhwpeels off in
thin lamellas.

During timber processing, the bark that is remowsdally comes off in different broken
particles and has considerable moisture contemtcémparability purposes, the bark samples
from the five chosen species were chipped withséw®e chipping technology and device.
Hence, the resulting particle size of the barksost the same for all five species, with little
differences as summarizedTable 1.Figure 1shows the material prepared for testing.
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Figure 1. Chipped bark of black locust is placedhia measurement box for testing.

Table 1. Particle size of chipped bark samples

Dimension particle size (mm)
Thickness 1-26

Width 5-27

Length 10 — 48 (100)

The pine bark broke into flat, disc-like pieces dgse the bark layers are stronger
compared to the other species. However, the barkrofdleaved species is structurally
different, with ca. 100 mm long inner bark fibeggpaaring in black locust and poplar bark
chips due to the higher proportion of inner barkhe material compared to the conifers. The
inner bark content is different in amount and gt among wood species, with the
difference being more pronounced between broadteared conifer species. There are
differences in bark density also among species fddane — Luo 2009, Gryc et al. 2010).

According to Freire et al. (2002) and So et al0O@0there are more significant differences
between the outer bark and the inner bark in terhwructure and chemical components. The
inner bark fibers play a cross-linking role in tep; they also form further air layers between the
bark elements reducing the connecting surfacesudf iieces. Similar to the fibrous insulation
materials, such as rock and glass wool, the wodkl filzers have air layers or space between
them, so that they can improve the air-fillingoaif the system.

Another basic difference in the bark chips is dgndihe inner bark body of conifers has
sieve cells whereas broadleaved trees have sibes tuhich develop from the fusion of more
cells, so the bark of the latter has a more postugture and consequently lower density.
With respect to the firmness of the inner bark cdtrite, Scotch pine has stalk fibers only
while spruce and larch have sclereids, but the iveadleaved species examined have both
sclereids and stalk fibers (Molnar 2004).
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The heat flow through bark samples of the five species was measured. To help ensure
that the heat fluxes in the test samples are phtaleach other and perpendicular to the surface,
the width of the measuring surface should be greatapared to the thickness of the test sample.
Moreover, the lateral heat fluxes were reducedhtwral insulation of the samples.

The bark measurement box had the dimensions 500xn&fi0 mm x 50 mm, with
measurements on the middle 120 mm x 120 mm cragreas the transmitting area. No
bonding materials were used, the chips were loosebttered in the measuring box
(Figure 1) Density was not measured because the aim wab tgp the measurement box
at 50 mm height similarly for all species. The dméént of thermal conductivity\ was
determined in steady state heat flow condition. Tibat flow (or heat flux) Q in watts is
given by the equation

ACALCAT
d

whered is the thickness (50 mm) of the sample diids the temperature difference between
warm and cold sides in Kelvin. Thus, the unitsiadre W/mK which are obtained from the
equation above when the heat flow values are medsuBteady state conditions were
obtained by measuring heat flow to the cooler sidery minute, defining “steady state” as
the state when successive measurements per miawetige same results to three decimals
for a period of 30 minutes. The steady state theomadition measurement was repeated 100
times. Thel values were determined as the average value ofla@0points.

Using thez-test, the thermal conductivity data were examittedetermine if the sample
size was representative of the whole population.

Q:

3 RESULTS AND DISCUSSIONS

Wet bark has a higher coefficient of thermal conigity than bark with 12% moisture
content, as shown in Table 2. The results alsacatdithat the thermal insulation qualities of
the chipped bark of the five chosen species arepacable at 12% moisture content, with
values ranging between 0.06Y8/mK and 0.0765W/mK In contrast, the initial moisture
content of the bark samples varies significantisoas the five species, with poplar having a
higher value compared to the other four specieg. [dwest value (black locust) is almost
three times that of poplarigure 2clearly shows the influence of moisture contentlmrmal
conductivity across the five species.

Chipped wood and the air trapped within the badcgs created a composite system. The
heat is transmitted partly through the trappedlaw and through the linked thermal bridge
system created by the contacting chip elements.ndre the air flow and the size of contact
surfaces decline, the more efficient the evolvexrtial resistance is.

Static air of 0.025W/mK value improves the thermal conductivity of the posite
system. The basic thermal conductivity of brokerklaso influences the thermal insulation
capacity of the system. The thermal insulation @alaf chipped wood bark were comparable
to the generally used insulation materials. Thentiad insulation capacity of rock and glass
wool is between 0.035-0.08/mK for polystyrene this value is between 0.033-0.045K
depending on density.

The flat disc-like shape of the bark of the sprresults in high contact surfaces and less
blocked air ratio. In contrast, black locust haghhinner bark content, and this causes more
inner bark fibers to lower the contact surfacestltd bark elements and increase the
proportion of blocked air. Results indicate thag tinermal conductivity at 12% moisture
content of chipped wood barks of broadleaved speaie lower compared to the values for
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the coniferous species. Therefore the high inngr bantent of the broadleaved wood species
tends to positively affect the insulation capaoityhe system.

Y
IS 0,12
J 01
2
S 0,08 |
S 0,06 - |
©
5 0,04 - -
(&
'® 0,02
IS
2 0
= Robinia = Poplar Larch SC.OtCh Spruce
pine
‘lin 12% MC 0,0613 0,0649 | 0,0662 @ 0,0667 | 0,0765
‘ in wet condition | 0,0652 0,112 0,0842 0,104 0,0883
Wood species

Figure 2. Thermal conductivity of different chippgdod barks in different moisture content

The results clearly support the effect of moistamntent on the thermal insulation
capacity of chipped barkr@ble 2). The high specific heat and good thermal condiigtof
water influenced the thermal conductivity valuedaunrably. Water fills cell lumen and
provides better heat transfer in cell walls; ondbiger hand, the water vapor is able to transfer
high amount of heat because of its high specifitlatent heat. The heat difference can result
also in vapor flow and, consequently, the heatsfianis increased by the specific heat
amount of transferred vapor.

Table 2. Relationship between moisture content hedral conductivity

Change of heat

Heat Heat conductivity Difference of conductivity in
Wood - MC
species conductivity at unde( . difference heqt » percentage
12% MC wet condition conductivity~ relation in 1%
of MC changé€
(W/mK) (W/mK) MC (%) (%) (%) ((W/mK)/MC%)
Robinia 0.0613 0.0652 14.3 2.3 6.36 2.77
Poplar 0.0649 0.1120  40.2 28.2 72.57 2.57
Larch 0.0662 0.0842 24.2 12.2 27.19 2.23
Scots p 0.0667 0.1040 35.9 23.9 55.92 2.34
Spruce 0.0765 0.0883 22.8 10.8 15.42 1.43

! Difference of heat conductivity = (Heat conductmitnder wet conditios- Heat conductivity at 12%MC) /

Heat conductivity at 12%MC *100%
Change of heat conductivity in percentage relaitioi% of MC change = Difference of heat condutyivi
MC difference

2
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The coefficient of thermal conductivity measuredl@& moisture content indicates
little difference between species except for sprsivews in the Table 2. Black locust had
the highest value at 0.06M/mK followed by poplar at 0.064%/mK with only 5.5%
difference between these two species. The larch74%, and Scotch pine has 8.1%
higher coefficient of thermal conductivity than thaf the black locust. The second
column of Table 2shows that spruce has 19.8% higher thermal condycthan black
locust. The high thermal conductivity value of thkeipped spruce bark seems to be
influenced by the particle structure form. Notetthi@e data in column 2 consider one
degree Kelvin difference only, but at higher tengteres the value has to be multiplied by
the temperature; thus, a smaller difference camnaeauch higher thermal flux for higher
temperatures.

The effect of moisture is shown the last columnTable 2. In the case of black
locust, the 2.3% moisture content difference makés36% difference in the coefficient
of thermal conductivity, which translates to a 24 thange of heat conductivity per
moisture percentage. For poplar, the 28.20% mastontent difference resulted in
72.57% change of heat conductivity which shows ZB#@nge of coefficient of thermal
conductivity for each moisture content percentagee data for the larch and Scots pine
also show similar values.

The value of spruce (last column last row in TaB)eis lower than for other wood
species. The explanation is the disc-like shapesmfice bark and in its higher heat
conductivity values under 12% moisture content dook.

4 CONCLUSIONS

The results of the study have several significargtlications:

* Compared to the coniferous species, the barks efbtivadleaved species have
lower thermal conductivity, possibly due to theiigtnh inner bark content, that
positively affect their insulation quality. This ggests that bark of broadleaved
species may be better thermal insulators than thbsenifers.

* Thermal conductivity is better the lower the amvil and the smaller the contact
surfaces of the bark. The longer fibers from theer bark of broadleaved species
affects their thermal conductivity positively comed to the conifer species.

* Our study also shows that the thermal insulatigmacéy of bark is comparable to
generally used insulation materials such as glasd and rock wool.

» The water content strongly influences the heat ootidity of wood bark chips.
1% change in MC influences the thermal conductit3% to 2.77% for all
species except spruce. Of the five species examisygadice has also the lowest
value indicating it is not the best candidate feerimal insulation purposes.

The project results suggest that the use of wodkl floa thermal insulation material has a
significant potential. The use of bark for insuati needs further exploration of the
connection between moisture content and thermadwdivity. Modification/preservation
methods may lead to a product that will have a \ggd eco-balance. Further research is
needed to etablish optimal size and form of chgmants in detail and to compare and
determine optimal insulation capacity for bark frother species.
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Abstract — In the current study, aerial image analysis has la@glied to map vegetation communities
in a riparian wetland ecosystem, Szigetk6z (HungdRgmote sensing offers an objective and time-
effective method for the detection of detailed waten habitats with the use of high resolutionaer
photos combined with ancillary botanical and silNigral data. Three images of the same test site,
acquired in three different years have been andlysg sample-based semi-automated image
classification technique. Due to the heterogenematsire of the target vegetation classes, besides
using spectral features (e.g. vegetation indicextutal descriptors were also involved in the
classification procedure. Theost appropriate parameters have been chosen aisitagistical feature
selection method based on the Jeffries-Matusiteamite. The accuracy assessment proved for each
scene that the combined use of spectral and téXemtures gave the best classification results in
comparison to the exclusive use of spectral outekimeasures. The here-applied feature set can be
applied for the analysis of similar riparian sites.

remote sensing / high resolution imagery / ripariarwetland / texture analysis

Kivonat — Légifelvételek osztalyozasa vizesdelyek térképezése céljaboi tanulméany célja légi-
felvételek elemzésére szolgaldé médszer kidolgozims ébhelyek vegetaciotérképezéséhez, melyet
a szigetkozi folyébmenti mintatertleten vizsgaltumk.hagyomanyos terepi felméréssel szemben a
tavérzékelés lehété teszi vizes éhelyek megkozelden objektiv és gyors térképezését nagy
felbontasu légifelvételek és kiegéézitotanikai és erdészeti adatok felhasznalasavamimdavételen
alapul6 fél-automatikus képosztalyozds eredményedpigonyult a kivalasztott harom képre
alkalmazva (adott tesztteriilet haronépdntra). A vegetacids célosztalyok heterogén tezetésbl
adddik, hogy a spektrdlis jelleikz (vegetacidés index) vizsgalata mellett texturgidlemzok
bevonasara is szikség van az osztalyozasi algaatnukialakitaisahoz. A legjeldisebb
paramétereket a Jeffries-Matusita statisztikai kA6 modszer segitségével hataroztuk meg.
Megbizhat6sagi elemzés alapjan a spektrélis ésirtédig jellemdk egyuttes alkalmazasa adta a
legjobb osztalyozasi eredményeket a kizarélag s@kiktvagy texturdlis paraméterek felhasznalasaval
szemben. Hasonl6 artéri teriiletek névényzeti téképéhez a kivalasztott jellebhzalapértelmezett
alkalmazéasa javasolt.

tavérzékelés / nagy felbontésu felvétel / folyomentizes ééhely / texturalis elemzés

" Corresponding author: szilvia.kollar@tu-dortmured August-Schmidt-Str. 10, DE-44221, DORTMUND
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1 INTRODUCTION

Rapid and extensive change of ecosystems in th&0agears induced a significant decrease in
the variety of life forms (Millennium Ecosystem Agssment 2005). Since by the end of 2010 it
became clear that the loss of biodiversity couldl lb® stopped, a new strategy (EU 2020
biodiversity strategy) has been developed, linketi¢ European Habitats Directive and the Birds
Directive (Lang et al. 2013). Besides this poligniework, appropriate technology is needed for
observation, where satellite Earth Observation (E@grged as a powerful monitoring device.
Beyond satellite imagery, the use of archive agfatography is essential, for the historical
characterization of variability within ecosystemsdahereby for the development of strategies
related to the management of ecological integtign@ires et al. 1999). The analysis of high
resolution images with additional in-situ measunetsiecan compete with traditional field
surveying of complex vegetation communities consigecost- and time-effectiveness. The
visually-based, solely manual interpretation ofgery is inefficient due to its high subjectivity,
as well as due to the rapid development of digitelge analysis techniques and automated
information extraction methods which result in fblsinvestigation of larger areas with high
spatial resolution. Nevertheless, the image claasibn techniques of high resolution images for
vegetation habitats are not straightforward. Dutdécheterogeneous nature of these communities
at high geometric resolution, traditional pixeldsdigital image classifiers do not give
satisfactory results (Levick — Rogers 2008, Kanmagatl. 2008, Addink et al. 2007, Johansen et
al. 2010). Therefore, the application of objectdahalgorithms, after appropriate segmentation
approaches, emerged (Blaschke et al. 2011). Iti@udlh that, numerous studies have postulated
that a supplementary approach is needed to spelassification regarding vegetated areas and
forest structures from high resolution images (lsgue — King 2003, Zhang 2001), since target
features cannot be differentiated on the sole ludspectral reflectance. The characterization of
image texture became the backbone of various resmitsing related applications, e.g. the
analysis of landscape heterogeneity, biophysicahrpeters, forest structural characteristics,
prediction of species distribution and biodivergiigtterns (Morgan et al. 2010). Many texture
features can be added to a certain study, howswee classification cost increases with the
number of features, it is reasonable to reducentinisber and utilize only the necessary features
for performing a classification (Richards — Jia @00n other words, finding the best suited
characteristics is a prerequisite for an efficeassification approach, therefore, statisticaiuiesa
separability methods have been applied aiming &rging those parameters which have high
significance and could be best used in the diffexton of diverse vegetation habitats (Bindel et
al. 2011, Mahmoud et al. 2011).

The present study aims at finding an appropriatei-seitomated classification method
with the use of texture characteristics in ordemtap predefined vegetation habitats based on
high resolution aerial imagery. The analysis iseblasn a test site in a riparian wetland
ecosystem (Szigetkdz, Hungary) applied to thretemdint years. Image classifications are
carried out independently, however, their comparalde by transferring the descriptive
measures from the recent image into another istrgaged as well.

2 STUDY SITE

Wetlands in general are among the world’s most yctide ecosystems and reached a critical
vulnerable state recently, wherefore their cond@wmaand sustainable development strategy
has been formulated in the Ramsar Convention orawad (1971).

The Szigetk6z Danubian floodplain together with Slevakian Csallokdz is the most
extensive riparian wetland in the Upper-Danubeaegdisplaying a high species diversity of
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flora and fauna (lllés — Szabados 2008). The regqart of the FeftHansag National Park
(FHNP) with 37 500 ha area, of which 9157 ha bec#mescape protected in 1987 and
nowadays it is included in the list of NATURA 20@®PA (special protected area) and IBA
(important bird areas) (Szabé 2005).

Due to the diversion of the Danube into a side nbhim 1992, related to the construction
of the Gabikovo Hydroelectric Power Plant, severe changesiiwed in the discharge pattern
of the old riverbed of the Danube, with a decreafsihe average discharge approximately to
20% (ljjas et al. 2010). It has been reported m shme study of ljjas et al. (2010) that the
unique diverse pattern of habitat types have begmfisantly affected by the changed flow
and sediment regime, and an alteration has beeattddt from aquatic or aquatic-related
species to more terrestrial ones. Medium resolutiandsat satellite image analysis showed
negative changes of the normalized vegetation @wdic short-term (1992-1993) (Smith et al.
2000), caused by dropping groundwater levels, as wlecumented and modelled in the
region (Vekerdy — Meijerink 1998). Similarly to thahanges were detected in the wetness
values based on the Tasseled Cap transformatiohaanfisat, however, from 1997 a
continuous regeneration is experienced, excepilétar willow species (Kristof 2005).

Blaschke et al. (2011) listed numerous vegetatitudiss, where advanced remote
sensing techniques have been applied to the asalf/bigh resolution imagerx{0 m/pixel)
in the recent years, though, in the test site @& fpinesent research, vegetation habitat
classifications have been mainly based on traditidield survey. Available archive aerial
imagery has been often used as unprocessed baokgiaiormation for visualization
purposes as a basic layer for vector data reprsemt(Takacs — Molnar 2009). While land
use/land cover classification of such images hasnbmainly based on visual image
interpretation (Licsk6 2002), in the field of fomgslllés — Somogyi (2005) have given an
example for the application of a supervised digitadge processing algorithm for the detection
of different species and their state of healththey did not reach satisfactory results.

In our research, for detailed vegetation analysisygproximately 2.5 kfarea has been
chosen as a test site, near to the village Dundedfrigure 1)

3 DATA

Archive aerial photo series with high spatial resioh < 5 m/pixel) are available at more
Hungarian institutions about the chosen test dt@. our experiment we used the ones
summarized imable 1

As a pre-processing phase, imagery from 2008 aritb 2tas been resampled to the
coarser geometric resolution of the image 1999(in#ixel) in order to support comparable
image analysis techniques for all dates, sinceutaktparameters depend on the spatial
resolution of the imagery.

Any kinds of vegetation-related studies need thppett of in-situ measurements as
reference data. Therefore, botanical maps have pathered, where the field survey was
based on the framework of the National Biodiverditgnitoring System (Takacs — Molnar
2009) focusing on the mapping of A-NER types (A-NERhe Hungarian abbreviation of
General National Habitat Classifying SysteifigUre 1, Table 3. Besides the botanical view
of habitat complexes, it was also essential toliressilvicultural database&igure 1, Table 3,
in order to aid the selection of target vegetatitasses. Personal field inspection of a part of
the test site has been carried out in NovembelQ.2Q&vertheless, it has to be mentioned, that
the ancillary data have been acquired in diffeten¢ from the image dataset, and this brings
some additional uncertainties into the image inmtggiion procedure.
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Figure 1. Test site in the Szigetk6z Danubian fiaid

Table 1. Aerial imagery

Imagery Orthophoto 2008  Orthophoto 2005 Orthopli&@9

Institute of Geodesy, Cartography andhiversity of West Hungary,
Remote Sensing (FOMI), Budapest Phare CBC ProjedEUROSENSE*
Scale 1: 74 000** 1:30000 1:30000

Original Ground

Source

Spatial Resolution 0.5 m/pixel 0.5 m/pixel 1.25 m/pixel
Spectral Resolution NIR, G, B RGB NIR, R, G
Camera Type UltraCamX RC 20 Wild RC 20
Applied Film Type  Digital, Color IR  Color Color IR
Acquisition time 06.08.2008 29.07.2005 03.08.1999
Solar azimuth angle  125.6° 209.4° 111.6°

* CBC: Cross-Border-Cooperation; EUROSENSE: httpmweurosense.com
** However, because of the digital camera, the gigeale cannot be directly compared to the others.

Table 2. Ancillary data

Ancillary data Habitat map Silvicultural map

Thematic information A-NER habitat type First typleforest stand

Scale 1:12500 1:10 000

Acquisition year 2000, 2004 2003

Acquisition time period July-October Spring-somnagitumn

Source Directorate of FHNP Forestry Directorate,
Szombathely
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4 METHODS

4.1 Object-based image analysis

Object-based image analysis (OBIA) technique, @mtto pixel based approaches, offers an
efficient solution for high spatial resolution mapyp with a potential extension for larger

areas in a relatively rapid manner, due to thegnattgon of spatial complexity. OBIA consists

of (1) image segmentation: clustering of pixel®ihbmogeneous objects, (2) classification:
labeling of objects and (3) modeling based on tharacteristics of objects (Johansen et al.
2010b). As the first step, the segmentation appraaanainly based on the concept from
Tobler (1970), also known as the first law of gequty, saying that “everything is related to
everything else, but near things are more reldted tistant things”.

According to that, images of each year have beastlyfianalysed concentrating on the
separation of the spectrally differentiable ‘Walbedies’, like the first part of a hierarchical
classification. In that case, after quadtree andtismesolution segmentation approaches, the
classification was based on vegetation indidexble 3 and brightness values (average of the
three original bands). In addition, manual cormtdi were needed, especially concerning the
image from 2005.

Table 3. Vegetation indices applied to images witferent spectral resolutions

Orthophoto 2008 2005 1999
Spectral bands NIR, G, B R,G,B NIR, R, G
modified NDVI: (G-R)/(G+R) NDVI:

Vegetation Index  \p gy(NIR+B)  (Gitelson et al. 2002) (NIR-R)/(NIR+R)

4.2 Target vegetation classes

Further classes are related to vegetation habitdisre the selection of target classes was
based on a synoptic view of the aerial photos (2085, 1999) and additional information,
concentrating on the most occurring and charatiensegetation patterns which can be
“easily” identified by human eye in the visual inesigterpretation process. Reed (R), Hybrid
Poplar (HP), Domestic Poplar (DP), Willow (W) andlidiv & Poplar (WP) classed={gure 2
have been defined as target classes for the imagsifecation for each year, except for class
Domestic Poplar (in the Hungarian designation “hamgras”) which was only present in
2008. It has not been intended to identify eaclthefoccurring classes in the test site, but
those ones which cover an area with a significeet s

-.

Figure 2. Target vegetation classes representedi0oyn * 40 m square samples
(2008, PC1, GSR: 1.25 m/pixel)
1: Reed, 2: Hybrid Poplar, 3: Domestic Poplar, 4ilMiv, 5: Willow & Poplar
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4.3 Analysis of textures

In case of very high resolution (VHR) imagery tlpectral characteristics (radiometric values
in various bands) of a single pixel cannot descfdrest stands or even an individual tree,
therefore, information is needed on the local neaghood of each pixel, either by the
generalization for the stand (substand) or by theyais of the texture of larger spatial units,
like square-shaped windows/polygons. Local textwas be described by spatial statistical
measures, grouped into three types, (1) first-ostatistics, e. g. standard deviation, (2)
second-order statistics based on co-occurrenceg3nsemi-variances or autocorrelations
within a pixel neighborhood (Tuominen — Pekkarii2€05).

4.3.1 The grey-level co-occurrence matrix

Grey-level co-occurrence matrices (GLCM) belongéaond-order statistics and have been
successfully applied in numerous studies for laodkecd/vegetation analysis of remotely
sensed imagery (Berberoglu et al. 2007; Héjek 206/&)wing significant improvements in
the classification accuracies (Franklin et al. 20Darleer — Wolff 2006). Taking a grey-scale
image with a given brightness value range (in aset = 256 due to the8 bit data), the
GLCM is anL x L matrix, where the value for each cell is defined tbg number of
occurrences of a given grey-level-combination gpigels (a pixel pair, with a defineld
distance and direction which are given for a concrete matrig)ided by the total possible
number of grey level pairs (Richards — Jia 200@pé&nding on the variousandé chosen,
there are different GLCMs. Haralick et al. (197&fided 14 various metrics derived from
each matrix to use as texture measures.

In summary, variables which have to be definedGaCM calculations are (1) moving
window (object) size; (2) direction of the offseténtioned a® before); (3) distance of the
offset (); (4) image channel used; (5) specific metricslefined by Haralick et al. (1973).
Regarding the direction of the offset, the all direnal feature is often applied, meaning the
average of all the directions (0°, 45°, 90°, 138%pecially when the observed classes are not
directionally biased (Laliberte — Rango 2009). Tstance of pixels is normally set to 1, i.e.
for the comparison of direct neighbours (Trimblel2D We applied GLCM on the first
principal component (PC1) calculated from the thb@mds of each aerial photo to best
represent the texture of the photo (coefficientsHG1regarding 2008 0.659, 0.485, 0.575;
regarding 20050.579, 0.590, 0.563egarding 19990.685, 0.488, 0.541).

Similar to the case described above regardingntfagé analysis of VHR imagery, by the
application of object-based image analysis tectenitpe core of the analysis procedure is not
any more the pixel itself, but “an extended neighbod”, the image segments or objects,
which are typically the sets of spectrally similgixels coming from a multi-resolution
segmentation approach (Benz et al. 2004). Howedigg, to the fact that target vegetation
communities are spectrally heterogeneous, anotiper of segmentation (“chessboard”) is
privileged in our investigations, where the imagere is divided into unique-sized objects
(squares) with a predefined size. This means dgttlat the minimum mapping unit of the
classification has changed from 1.25 m/pixel ton2ixel, but with additional information
on the texture.

4.3.2 The semi-variogram

Moving window sizes or in our example, the squamage object sizes are critical for any
texture analyses. The internal spatial variabibfythe target class(es) will determine the
ground resolution element (here the grid size)pt@efunnecessary intra-parcel variability
would be detected (Curran 1988). In this regarthis@riogram analysis has been applied in
numerous studies to choose the most appropriatowirsize for GLCM computation (Carr —
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Miranda 1998; Treitz — Howarth 2000; Tsai — Chou0@&0 Szantoi et al. 2013). The
variogram (or semi-variogram) is frequently usec aseasure of spatial continuity, as well as
a multiscale directional measure of surface rougtnéTrevisani et al. 2009). The
mathematical structure model of the empirical seamiegram is defined as (Curran 1988):

m
p) =23 [206) - 206)]’ &)

2mia
where x is a geographic pointz(x) is its attribute value (in our case, the radioneetalue,
DN) and m is the number of point pairs separated by vettoFor the graphs of the semi-
variogramsy(h) is visualized for increasing). The larger(h) is, the less similar are the pixels
divided by a givenh vector (often named agg). Range is one of the most important
characteristics of the semi-variogram, which isoapon the h axis wherey(h) reaches its
maximum, or rather for sample data wheyéh) reaches approximately 95% of the sill -
which is the maximum level of(h) (Curran 1988).

In the current research, since target classes agetation habitats with repetitive
patterns, their semi-variograms are rather peradlout anisotropic. The visualization of the
semi-variogram graphs help to identify approximatahe period as the appropriate size for
further texture investigations. Semi-variograms4avindow sizesX0 x 10, 20x 20, 30x 30,
40 x 40 m) have been compared for the image 2008 calculanetthe PC1, choosing certain
samples from the predefined target vegetation etagsgure 2. Corresponding to the solar
azimuth angle of the image acquisition of 2008ectional variograms have been computed
along the direction of the supposed minimum corilyn{126°) in order to describe variability
and as well along the direction of maximum contyyperpendicular to 126°, thus 36°).
These analyse$-igure 3 proved that the use of aroug mx 20 m(16 x 16 pixels for the
1.25 m/pixel GSR) square-objects is reasonablasis lfor the texture analysis.
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Figure 3. Directional semi-variograms (regardingeteolar azimuth angle:
126° of the image acquisition 2008) for differeegetation classes
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This was supported by the findings of Tuominen «kaenen (2005) who applied
20 mx 20 m square-shaped windows, stating that thiswsadd lead to near-optimal results
regarding forest stand inventories based on thiysinaf aerial photography.

4.4 Statistical feature selection method

In a recent study (Kollar et al. 2013) related lie present research project GLCM entropy
(ENT), correlation (CORR) and standard deviatioT@&V) have been chosen from the
texture measures based on literature referencdsBelger 2007) and empirical observations
by the comparison of feature value ranges of acertdass-pairs. There, besides the all-
directional type, directional textures have beenlged as well, applied to those angles
which were the nearest to the solar azimuth anfjleaoh image acquisitionréable 1. For
2008 the use of the all-directional, for 2005 af89 the directional textures in the combined
feature set (together with vegetation index) predithe best classification accuracies (Kollar
et al. 2013).

The current attempt aimed at a statistically bdsatire selection method for the analysis
and the choice of the most appropriate texturaiufea from a larger number of measures,
which have been analysed as well in the study dibéde — Rango (2009) complemented
with two other measures. The issue of feature 8etebas been a general problem in image
analysis methods, more specifically in pattern gaton related applications in order to
minimize the classification error (Peng 2005, Rearet al. 2007, Laliberte et al. 2012, Silva et
al. 2012). Besides aiming at higher classificateecuracies, the application of feature
selection methods has been related to the redusticedundant information in order to speed
up the classification approach by an optimal desen the evaluated features (Mahmoud et
al. 2011, Bindel et al. 2011). Determination of thathematical separability of classes has
been a common procedure, where feature reductiparisrmed by checking how separable
various spectral classes remain when reduced $dtatres are applied (Richards - Jia
2006). From the group of probabilistic measuresBhattacharyya distanc8)is one of the
most popular measures (Mahmoud et al. 2011):

1o 2 1 |8P+%°
B—g(ml mp) W‘*z'”[m] 2)

which has been stated as a convenient equatiamofonal distributions, but not rejecting the
complete group of non-Gaussian cases and alsosdisddor a family of gamma distributions
(Fukunaga 1990). However, the infinite natureBofconcerning a range of a half-closed interval
[0, ) makes its interpretation difficult. Thereforesianilar measure, but with a finite dynamic
range has been introduced, called Jeffries-Matdgtance(JM) (Richards — Jia 2006).

IM =2(1-e™®) 3)

Silva et al. (2012) have summarized that generdl values above 1.8 are the indicators
for a good separability, the distance value bel®wiould mean the possibility of confusion
in the classification process between classes.

In our study 8-8 GLCM features (all-directional agidectional) and 4-4 GLDV (gray
level difference vector) statistics have been aelyfor the best separability measures, where
GLDV is a sum of the diagonals of the GLCM and aaswe of the absolute differences of
neighbors (Laliberte — Rango 2009). Target clagse® had a minimum of 20 grid samples
for each year. The basis for the texture calcutativas the first principal component layer.
As mentioned before, GLCM can be directional (edato the solar azimuth angle of each

Acta Silv. Lign. Hung. 9, 2013



Aerial image classification for the mapping of n@n vegetation habitats 127

image) and non-directional (the average of thectiveal features) and here both have been
applied. Ford (distance),l has been chosen as default, calculated in treciebased image
analysis software eCognition Developer 8.9. Bestgatures, vegetation indice3gble 3
and two other spectral descriptors (average of &tilaverage of the Green band) have been
added as well to the separability analysis.

JM measures for image 2008 are shown in detailahle 4 for the selected textures
(each one of them is all directiondlable § next to one spectral characteristislthough,
the separability value for GLCM Mean was only biggigan 1.8 for 2 class pairs, one of
them (HP-SP) represents a unique case since thasges have not been separable by any
other texture features. Besides this considerats@can also take into account, that there
might be class pairs which are not clearly separalnld the step concerning the selection
of target classes should be revis€dble 4indicates an example where the class pairs SP-
WP and W-WP are not separable without confusionitevfields, where JM is under
1.8). From the investigations regarding 2005, 1p8Bs of HP-WP and W-WP have been
inseparable.

Table 4. JM measures for vegetation class pairsgeming the selected textural and
spectral features

HP- HP- HP- HP- SP- SP- SP- W- W- WP- Number of pairs
SP W WP R W WP R WP R R where JM> 1.8

GLCMSTDEVY 00 19 16 18 20 1.7 18 05 20 20 6
GLDV ENT 07 16 04 0919 05 18 14 20 138 4
GLCMCONT 05 16 04 10 18 07 19 13 19 18 4
GLCMMEAN 19 14 04 20 04 10 10 04 11 14 2
mNDVI 19 20 19 20 11 06 19 02 10 13 5

Table 5. GLCM measures chosen after separabiligtyesis

Texture Measure Formula
N
GLCM Contrast (CONT) > Rli-])
i,j=0
N-1
2 j=oR.]
GLCM Mean (MEAN) &0=0 )
N2
GLCM Standard Deviation (STDEV) N i -
DRl 5)
i,j=0
M -1
GLDV Entropy (ENT) > Vi (=InVk)
k=0

P; is the normalized gray-level value in the cejll of the matrix, N is the number of rows or columns
4, are the mean of row and columnj, Vi is the normalized gray-level difference vector & = Ii—j1.
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4.5 Semi-automated classification algorithm

The complete image analysis with texture calcutstiovas performed using the object-based
image analysis software eCognition Developer 8.8e Bpplied supervised classification
algorithm is based on a membership value basedyfutass evaluation, where the
membership values concerning one specific featora the selected feature set are computed
from the training grid cells. The fuzzy nature bktalgorithm means that there are three
potential classes in the evaluation for a certdijed (here: grid cell), with the label of the
best class, calculated from the membership valsedalass descriptions for the selected
feature set (Trimble 2013). Semi-automated referghe general nature of classification
approaches as part of the digital image analysisnigues where pixels or grid cells are
classified in an almost automatic manner. Althotigg part of training sample selection is
still subjective, chosen by the analyst, the laizebf objects later on is based on the derived
characteristics and chosen algorithms.

In traditional supervised classifications, firstigining samples are chosen from a concrete
image where, based on their characteristics (ystradl statistical descriptions), the whole image
can be classified into the groups of predefinedsela. In case of aerial image time series
regarding a certain test site and short time petioel following question arises: whether it is
possible to classify different-year images basethertraining samples from a given year. In the
current study, training samples have been colletted the 2008 image and the derived class
descriptions have been tested for the 1999 imabiehvwhas a different spectral, but due to the
earlier resampling (regarding the 2008 image) #imesgeometric resolution.

5 RESULTS AND DISCUSSION

Due to the fact that the acquisition times of baahand forest inventories did not overlap
with the aerial images, reference data cannot teettly taken. Thus, just like for the training
stage of the classification, samples for accurasgssment were taken from the target classes
at locations different from the training aredsble 6summarizes the overall accuracies and
Kappa coefficient measures for the 9 classificajamgarding the 3 different feature sets
applied to each year.

Table 6. Accuracy assessment of the fuzzy clasgificesults concerning different feature sets

Year 2008 (CIR) Year 2005 (RGB) Year 1999 (CIR)
Features applied Overall acc.Kappa Overall acc. Kappa Overall acc. Kappa
Mean of PC1, VI 0.78 0.72 0.50 0.35 0.60 0.47
4 textures only 0.91 0.89 0.88 0.84 0.82 0.76
4 textures, VI 0.96 0.94 0.90 0.87 0.84 0.79

Accuracy measures have shown that the use of eextarameters leads to significant
improvements in comparison to solely spectral baoased classifications, however, best
classification results were reached with the apgibm of a combined set of spectral
(vegetation index) and textural descriptors.

The following three maps iRigure 4 present the best classification results for thé tes
site (2008, 2005, 1999).

Classification results for the different images@202005, 1999) come from independent
image analyses based on sample selection in eaah Yéevertheless, after visual
interpretation target vegetation classes regardimgcies composition remained nearly the
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same between 1999 and 2008 for the most of thetBd€s why it was reasonable to analyse
the classification algorithm based on the samesaascriptions for the former year 1999.

The identification of water bodies in image 1999 keal well with the application of the
“transferred” algorithm applied originally to imag2008 (a combination of the use of
vegetation index and brightness). Contrary to thatpredefined vegetation classes could not
be detected in the 1999 image. Because of temgiffatences “stable” vegetation classes are
changing (growth) as well and any change in theéutexpatterns is critical for the given
(transferred) membership functions in the clasaifon algorithm. In addition, the here-
applied classification scheme does not cover thmepbete test site (unclassified area covers
more than 30% in case of image 2008 and more t@&nfar images 2005, 1999) which leads
to difficulties regarding class transferability fdifferent years and sites, that's why the
reconsideration of target classes is vital. Howgaarextension of the classification scheme
without primary ground reference information (fieddrvey concerning the last image, 2008)
isn’t straightforward either. Complementary classesld partly come from habitat maps (in
the concrete example, Dunaremete, 2004: vegetatioedges and dams, other hardwood,
arable land), from silvicultural inventory (domestipoplar-acacia) and from visual
interpretation (bare soil mixed with grass, roaayg stand, shadow). The application of the
same supervised classification method describedréehowever, with additional samples,
resulted in 87% overall accuracy and showed afsgnit decrease in the unclassified area. It
has to be emphasized that although we have beearemiwated on a classification scheme
mainly based on species composition, one of thétiaddl classes: domestic poplar-acacia
has been classified into the same group as a rdndirid poplar stand with the same age
(referring to the silvicultural information), whicleads to the consideration of forest stand
classification based on age structure.

2008 (CIR) 2005 (RGB)

0 250 500 1.000
B F—Meters

1999 (CIR)
Classification scheme

E Water bodies

- Reed or grass

I:l Hybrid poplar

- Domestic poplar

B wilow

- Willow and poplar

I:I Unclassified area

m Masked area (no information)

OAA: 84 %

Figure 4. Classification results based on the fmzymbership value based) classification,
for three different years (2008, 2005, 1999) with tise of the combined (textural and
spectral) feature set
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Beyond these aspects, the lack of reliable angillaformation for the former years
makes it difficult to conduct a detailed analysighwappropriate accuracy. Monitoring
approaches often apply post-classification chargjeation, which is an essential tool for the
evaluation of quantitative and qualitative changesthe observed (vegetation) classes.
Nevertheless, this type of analysis requires higissification accuracies for each analysed
year. We have seen that overall classification @@yudecreases significantly from 2008 to
1999, however, for each scene it was higher th&a. 8Donsidering the accuracy calculation
procedure it is vital, that in the earlier-mentidmaeasuresTiable § misclassification of the
background (expected as unclassified area) hadeen involved. Experimental accuracy
calculations complemented with background referesemples, only applied to the 2008
image, have resulted in 9% decline (from 96% to Brégarding the overall accuracy and
0.10 decrease (from 0.94 to 0.84) concerning thepandex. These values emphasize the
significance of more detailed accuracy assessmewt the further improvement of
classification results, before the applicationedsonable change detection methods.

6 CONCLUSIONS AND FUTURE WORK

Generally speaking, aerial imagery based semi-aatiommage analysis aids vegetation

monitoring approaches, helps to understand theogwall structures (vegetation patches) in a
faster manner and has the potential to analyseepses (temporal changes) and hereby,
supports the work of botanical and silviculturaiayors with habitat maps.

Based on the findings of the current study, thelword set of spectral (vegetation index)
and textural (derived from GLCM/GLDV) features isggested to be analysed and further
involved in image classification algorithms for thepping of riparian vegetation habitats.
Based on the accuracy assessment the combinatgpeofral and textural features provided
the best classification results in comparison togble use of spectral or textural descriptors.
During the analysis of textural and spectral dgsors (features) the utilization of a statistical
feature selection method (e.g. Jeffries-Matusitasuee) has been proved to be essential in
order to find the best fitting descriptors and taken reliable estimates of class signatures,
especially in those cases where the selectioraofitig pixels/objects is restricted due to the
small size of the test site (Richards — Jia 20B®garding the remark (made in the previous
section) concerning the similarities between déférvegetation habitats (hybrid poplar and
domestic poplar-acacia), it should be further itigesed based on other test sites whether the
age structure of forest stands significantly infloes the vegetation habitat classification
mainly based on species composition and if texhaeed image analysis could help to
investigate forest stand ages.

Uncertainty originates from various sources in gst&n mapping, already in the
training phase of the supervised classificatiog, definition of classes, subjectivity of the
field surveying based reference data and the mpvesl (in our case: mixed object) problem
(Rocchini et al. 2013). In case of differing acdios times in image and reference data, a
significant difficulty is often present, since tidentification of a certain land cover type
cannot be precise. Accuracy assessment can orgyiméd account those objects for proof
where the identification of a given class is rdiab

The current study proved that the direct transferegture measures derived from one
image transferred to a former one, and therebylétection of the same or similar vegetation
habitats in the former year cannot be worked owgedaon an incomplete classification
scheme and the applied membership function basegifitation algorithm. For this reason
and for the improvement of recent results, a coteptever of vegetation classes and the use
of advanced classification algorithms have to bayesed in the further research.
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Abstract — Location, spread, abundance and density of foregemeration are key factors in
understanding forest dynamics as well as in opamati management of uneven-aged stands.
Simulation of forest growth, silviculture and plang of skid road networks require accurate and
objective methods for locating forest regeneratiberrestrial laser scanning has high potential for
tree mapping, however, the development of autom@aticessing methods has been focused on
mature trees so far. This study introduces an aat@nprocedure to locate individual trees with
3-6 meter height from terrestrial laser scannea.d@ahe method has been validated on three
sample quadrates representing different standtsires and it succeeded in detecting 79-90% of
trees extracted manually from the point cloud. @futhe investigated stand features, stem density
had the strongest impact on the performance, wbibnching intensity slightly affected the
detection rate. The results highlight that teriastiaser scanning has the ability for the
guantitative evaluation of regeneration, providiagprospective tool for surveying forests of
contiguous cover.

LIDAR / TLS / forestry / tree detection / regeneraton / voxel

Kivonat — Erdei Gjulat térképezése foldi 1ézeres mpogatds adataibol.Az erdei Gjulati foltok
helye, kiterjedése, boritottsaga és tdrzsszama staritossagu tényék az erddinamikai
folyamatok feltarasaban és a tobbkord faallomanyazelésében. A fatermési modellek
eléallitdsa, az lUzemi gyakorlatban végzettéentvelés valamint eréfeltaras pontos és objektiv
modszereket kivan az Ujulat helyének meghataroaasérfoldi 1ézeres letapogatas kivaléan
alkalmas torzstérképek é&dllitdsara, &m az adatok feldolgozasdhoz szukséljsisokat eddig
csak szalergkre fejlesztettek ki. A tanulmany olyan automatilalgrast mutat be, ami 3—6 méter
magassagu faegyedek lézeres letapogatas adataitbéht azonositasat teszi lelége. Harom,
azonositott torzsek 79-90%-at sikerult automatiliten felismerni. Az eljaras teljesitményét a
vizsgalt Aallomanyjellemék kozlil el$sorban a tdrzsszam befolydsolta, mig az agak
mennyiségének hatdsa eleny®szAz elért eredmények ramutatnak, hogy a foldi téze
letapogatas alkalmas az Ujulat mennyiségének féséde, igy a folyamatos boritasa déked
leirasanak igéretes eszkdze lehet.

LIDAR / foldi Iézerszkennelés / erdészet / Gjulat faegyed kimutatasa / voxel
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1 INTRODUCTION

The expansion of nature-based silviculture in Earbps been generating variability in age
and complexity in structure of forest stands. Irefts of contiguous cover, the development
of the regeneration strongly depends on the adjaoature trees through the allocation of
light and nutrients. Operational planning, treattraard administrative control of uneven-aged
stands require detailed geospatial informationreas with heterogeneous size. For instance,
the location of both mature trees and regenergieiohes must be taken into consideration at
marking trees for cutting or at decision supporfarest opening up e.g. planning the fine
network of transportation paths.

Moreover, a geospatial database including matwwestiand regeneration has apparent
value as input for scientific purposes to undeigtamest growth or to simulate the effects of
regeneration cuttings. To locate trees of hetereges size, a sensor is needed with (1)
effective range to record objects at a distanceatofeast 30 meter and (2) capacity of
identifying fine structures such as juvenile tresnss.

Terrestrial laser scanning (TLS) is an active ravsgnsing technology holding great
promise for supporting forestry applications. TL&ad capture results in 3D point cloud of
object surfaces that can be processed by visuaipirgtation (Hopkinson et al. 2004, Watt —
Donoghue 2005) or automatic procedures (Aschofpiecker 2004, Bienert et al. 2007). The
output involves the map of individual stem locaticend the related tree metrics; typically
diameter at breast height (DBH) and tree heighe [Bation and estimation accuracies of the
derived tree models are in accordance with theireapents of operational forestry, which
has been confirmed in studies of various geograpbgions over the temperate zone
(e.g. Kiraly — Brolly 2007). It is not surprisingat most of the investigations concluded that
TLS has high potential in supporting ground-baseddt inventories (Thies — Spiecker 2004,
Pueschel et al. 2013). Moreover, TLS-derived tittgbates can be combined with airborne
laser scans to extend the parameter retrievalanger area (Lindberg et al. 2012).

Algorithms on tree detection and DBH estimation lynghat stems can be approximated
by a cylinder in a given height interval, therefdineir horizontal cross-section has circular
shape (Simonse et al. 2003). Usefulness of thiangsson on stem geometry has been
verified in two and three-dimensional stem mappapgroaches (Brolly — Kiraly 2009a). In
comparison to mature trees, juvenile ones intertmpér point measurements at a constant
distance from the scanner because they cover snaa#a. In addition, point measurements
are frequently scattered on the rough surface erhst Since the amount of stem surface
points is low and their pattern introduces highrdegof irregularity, the existing tree mapping
methods have difficulties in detecting juvenileese However, the high sampling density of
TLS allows for the automatic detection of thin lmdeatures such as twigs suggesting the
possibility to detect juvenile trees from the poahud. For instance, Bucksch and Fleck
(2011) scanned trees from four directions at aadc of about four meters with angular step
width of 0.036 degrees. The automatic extractiofrainch structure resulted correlation of
up to 0.99 in comparison to manually measured lhrairmmeters.

The amount and spatial distribution of light traitsea through the upper canopy specify
the density, composition and growth of the regeir@ratherefore crown models are essential
for the investigation of the eco-physiological pFses of trees and the simulation of gap
dynamics. In addition to tree positions, 3D struatunodels including stem and crown can be
derived from the point cloud. Crown models accdontthe originating and end point of the
branches as well as their length, diameter andati®n. Branches have been modelled as a
set of cylinders in telescopic arrangement whosarpaters were specified by minimizing the
squared distance of the surface and the correspgnubint measurements (Pfeifer et al.
2004). Gorte and Pfeifer (2004) proposed a diregtagh structure to reveal branch hierarchy
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by storing the preceding and succeeding shootsaai éode. Bucksch and Fleck (2011)
demonstrated the capacity of high-density TLS dateeconstruct the fine structure of tree
crowns including twigs with diameter of 1-2 cm. Ban et al. (2007) developed a procedure
for the assessment of directional canopy gap tractvhich showed good agreement with the
estimates derived from hemispherical photos. Hap@ind Radtke (2006) estimated Plant
Area Index (PAI) by converting the TLS point clouda 3D grid structure and assessing the
presence of vegetable matter upon the number sepypassing through each cell and the
number of intercepted pulses. Coté et al. (20083ted architectural model of trees from TLS
data to provide basis for the computation of reéflace properties of the canopy in a radiation
transfer analysis.

Although TLS has been used extensively to investitiae upper canopy, there has been
little effort to take advantage of this technique studying the structure of understory.
Characteristics of the stand structure at the &ggaplings’ (achieving 3—6 meter height) are
similarly important from ecologic respect as tréssd to vary in height, form and quality at
this age thus the competition is especially stravigpping and structural reconstruction of
juvenile trees based on in-situ TLS data has b&brcisallenging, as present tree detection
methods are not suitable for the recognition oflbwgggetation components in the understory.

This study is focusing on the development of autadetection of trees with height of
3—-6 m from the point cloud to extend the use of Tv®r stands of contiguous forest cover
and in this way, widen its field of potential amalfions in forestry. The method presented in
this paper has been introduced in a PhD thesidlyBt013).

2 MATERIAL AND METHOD

Juvenile tree mapping has to meet some specifininagents. First, 3D approaches are
preferred because the horizontal slices of thetmdoud provide few stem surface points for
reliable detection. In regrowth patches, consideramount of data is returned from
irrelevant entities, such as branches and foliageosnding the stems, which must be
eliminated by filtering. Filtering of irrelevant téa can be regarded as a classification
according to ‘stem’ or ‘other vegetation componéenfdatural forest regeneration is
characterized by high density and heavy branchewylting in data gaps in stem point
measurements or even occlusion of trees espedatlyer from the scanner. Stem detection
algorithm must overcome data discontinuity by tlygragation of the corresponding tree
fragments.

Considering these expectations, the developed guveds composed of two modules,
i.e. filtering and objects detection addressingftilewing issues:

1. Conversion of the point cloud into regular 3D dsttaicture

2. Filtering of irrelevant data, including side braasland leaves

3. Reconstruction of stems by the aggregation of stagments.

2.1 Sample site

The algorithm was validated on a terrestrial l&s@amnner point cloud captured in the region of
Pilisszentkereszt (N47.722, E18.860), Hungaryhadltitude of 430-500 meters. The multi-
layered stand is composed of 55% beeEhg(s sylvaticg 23% sessile oakQuercus
petraeg and 12% hornbeantCarpinus betulusover 10.5 ha area. The mean age of trees
associated with the dominant and subdominant carlepgrs was 100 and 50 years
respectively at the data acquisition. The site basn subject to long-term regeneration
managed by the Pilisi Parkérdrt according to the Pro Silva directives sinc®94,9which
resulted in 2—10 meter high natural regeneratidohess.
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Three quadrates of 5 x 5 meters labelled with ‘AA2] and ‘P3’ were delineated within
three distinct regeneration patches. All the sampkdrates are located in a slope of 10° with
South-West aspect and characterized by differem stensity and branching frequency. Both
factors are expected to have influence on treectietebecause stem density is related to the
degree of occlusion while branches generate iragliepoint measurements being potential
error sources.

Stem positions were identified by visual interptieta of the point cloud and they were
used as reference trees for the assessment outbmatic stem detection. Stem positions
were located at 1.30 meter height above ground fellewing the manual filtering of stem
point measurements. Only the trees with height edicgy two meters were involved in the
reference data set. Branching frequency was asksstgectively for each quadrate during
the interpretation. Sample quadrate P1 is congidase the simplest case as stem counts
(. = 41 trees) and branching frequency are relatidely here. The quadrate P2 is
characterized by the highest stem density=(212). Trees @@= 58) within quadrate P3 have
wider crown relative to the trees within the twdert quadrates. The shrub-layer is of
0.5 meter height with low abundance; thereforbat little influence on the stem detection.

2.2 Data acquisition

The whole study site was scanned in leaf-less sitthe stand by combining the data
captured from 38 scanning positions using Riegl EE1820i instrument on April 2009. The
range finding unit of the instrument utilizes neafrared laser with beam divergence of
0.25 mrad (Riegl, 2010). The scanning was conduatéitted axis of +50° and —30° applying
angular stepwidth of 0.07° for horizontal and \eatidirection. The point cloud was recorded
and georeferenced by the piLine Ltd. The mean 3reof the georeferencing was
0.05 meter. The digital terrain model (DTM) of thidy site as well as the map of mature
trees (DBH>10 cm) were created in the course ofipus studies (Brolly — Kiraly 2009b).
The location of the three sample quadrates andatrengement of scanning positions are
depicted inFigure 1

Sample plot

A Scanning position

meters

0 250

Figure 1. Sample quadrates and scanning positionghe study site
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2.3 Data structure

Tree models created in this study are composedrofected cubic elements of equal size also
referred to as volumetric elements or brieflyxels(Kaufman et al. 1993). The associated
voxel space is a kind of grid data structure tlaat be considered as the extension of raster
data structure into the 3D domain. Owing to theautagconstruction, neighbourhood relations
are relatively simple to characterize; a singleelaan share six faces, twelve sides and eight
vertices with maximum 26 connected neighbours. Ydaga structure can be used effectively
in object detection by adapting the tools of digitaage processing so it has appeared
optimal for the extraction of juvenile trees.

The georeferenced point cloud was converted intbireary voxel space. Voxels
containing at least one point measurements wer® ddted’. The vertical extent of the voxel
space was limited to the elevation between 0.53aBaneters above the DTM as this interval
Is dominated by stem surface points.

The grid resolution was specified by visual evatratof voxel space subsets with
different voxel size. Voxel size of 5 cm deemed cadde for all the sample quadrates
considering point spacing within the quadratestaedsize of trees to be detected.

Adjacent filled voxels constitute connected regiohke smallest region consists of a
single voxel, i.e. each voxel belongs to exactlg oonnected region. Connected regions can
be delineated using region growing algorithms, #gng.Connected Component Labelling (Jain
et al. 1995). Connected voxel regions can be @éedltovoxel objectdy creating a spatial
database that allows identification and accesshefunique regions. Voxel objects can be
characterized by attributes concerning their gegmatd neighbourhood relations. Juvenile
trees are usually represented by multiple voxekeabj due to the obscuring effects of
neighbouring stems and the resulting data gapsrder to assess the stem number and locate
individual tree positions, the corresponding vombjects must be aggregated. The set of
coherent voxel objects can be regarded as diseonnected voxel objectepresenting a
complete tree model composed of isolated tree feagsn

2.4 Filtering

Juvenile tree stems can be visually perceived rasati patterns surrounded by irregularly
distributed data with altering density originatifrgm branches and dry leaves. In juvenile
age, stems and crowns are not separated into alistertical zones because the natural
pruning has just begun. The crown and lateral brasof juvenile trees generate considerable
amount of laser returns. These data are irrelefaarttee mapping; furthermore, they induce
false detections. To reduce irrelevant data, d fdtaring was developed.

The structuring element used in the filtering dedim 3D region of space around its central
voxel. The filtering value is defined as the couwitéilled voxels within the defined region. The
shape of the structuring element must ensure fighrfg values for vertically elongated features.
To design appropriate structural element, the ioflg guidelines should be taken into account:
(1) The filtering is anisotropic in vertical diremt hence the structuring element must be
elongated along its vertical axis. (2) The filtgrimas no preference in horizontal direction so the
structuring element is radially symmetric. (3) Tiiering must be tolerant of vertical direction
because of leaning stems thus the size of thetwting element widens out around the central
voxel. These considerations lead to the struclusdrated inFigure 2

The filtering value is computed for each filled ebxVoxels with filtering value below a
predefined threshold are assumed to be vegetatimpanents apart from stems so they can
be removed from the data set. The parameters diltbeng applied in this study were the
following: radius = 5, height = 11, threshold oltdiing value> 5. (Dimensions refer to
spacing between voxel midpoints.)
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c)

Figure 2. Filtering of irrelevant data. a) Strucing element with radius of three voxels and
height of six voxels, (b-c) the concept of the afi@n

2.5 Reconstruction of stems from fragments

Adjacent voxels in any of the 26 directions are amiged into objects by Connected
Component Labelling algorithm. Stems are usualipposed of multiple objects due to data
discontinuity resulting from the obscuring effeaté neighbouring trees. Voxel objects
representing stem fragments are the basic eleroktite subsequent reconstruction procedure. It
is practical to generalize the objects to one-\whil vertical axisrepresenting the horizontal
dimension and orientation of the fragmentsrtical axisof a contiguous object is defined as
the set of connected voxels with solely upper weloadjacency (lateral adjacency is forbidden).
In this way, the voxel count of a vertical axighe same as the vertical extent of the object.
However, since diagonal adjacency is also allowedshape is not necessarily vertical.
Vertical axes are extracted by finding the shorpegh between the lowest and the highest
voxel of the objects. To do so, objects are reprteskas graphs where the vertices correspond
to voxel positions and the edges denote adjaceelyians. The shortest path within the
resulting graph is obtained by using Dijkstra’soaithm (Cormen et al. 1990). Objects in which
no path without lateral adjacency between the lsighad lowest voxel exists, are considered
atypical for representing young trees. In this cs®region remains in the voxel space but it is
excluded from the subsequent processing so it ¢dn@osed in stem reconstruction.

Voxel objects (i.e. vertical axes) represent fragiweof either stems or branches;
however, they cannot be distinguished based om #igpe properties. In the next step,
objects that belong to each other are aggregatedlisconnected voxel objects representing
complete trees. High number of combinations amdegabjects is possible, so a rule set is
needed which favours to the aggregation of stemniemts and skip the branches. Three
assumptions have been formulated concerning thpesbfistems. (1) Stems are vertically
extensive features. (2) The shape of stems is appately straight. (3) Overlying fragments
are vertically close to each other; data gaps atipgrthem are short.

Considering these theories, three variables haes l@roduced to reveal the spatial
relationship of any two fragments within the vosplace. Knowing the coordinates of the
voxels constituting the vertical axes, the Euchdistance between the end voxels as well as
the path length between them is computed as iffhé.three variables stand for the extent
(E), shape ® and gap distanc&s] of the resulting disconnected vertical axis. Detaderivation
of the formulae can be found in Brolly (2013). Eawfhthe variables is normalized into the
interval of [0, 1] with the theoretically maximureturn value of the corresponding function.
The degree of conformity of the disconnected vaktaxis to the hypothetical stem shape is
quantified using the aggregation fackomwhich is yielded as the product of the threealads:

A=E-S-G
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Computation ofA can be extended over the aggregation of discoedeatrtical axes so a
stem can consist of any number of fragments.

The algorithm initiates by the computation Af for any possible object pairs. The
aggregation takes place in the order of descendahge ofA, so the assignment resulting in
highest degree of conformity to the assumed steapesks realized firstHigure 3. Following
each aggregation, the valuesfolith respect to its neighbouring objects are rgquat@d. As
vertical axes contain only vertical or diagonalaagéincy, the size of any object (regardless its
continuity) is limited to the vertical extent ofethvoxel space. The aggregation routine is
being iterated until the threshold of 0.01 on tggragation value of potential object pairs is
exceeded. This threshold prevents the aggregafioistant fragments that probably belong
to different trees. The majority of the resultingabnnected objects represent stem fragments
although some of them constitute branches or mghesa groups of voxels arranged
accidentally in linear pattern. Tree stems arerassuto be the largest vertical features within
regrowth patches, so voxel counts of disconnectgdcts can be used to distinguish stems
from other vegetation fragments. The optimal thoés$lof 20 voxels was specified by visual
evaluation of the classification in the three sangliadrates. Lower thresholds resulted in
misclassified branches, while higher ones leadhission of stems.
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Figure 3. Aggregation of tree fragments. a) Compisiespresented as voxel objects
labelled by 1-8, b) Assignment according to theimar of aggregation factor,
c¢) Resulting disconnected objects composed of a1, 5); (2, 4, 6, 8) and (3, 7)

3 RESULTS AND DISCUSSION

3.1 Filtering

Filtering is considered efficient if surface poinfsirrelevant vegetation are reduced but stem
point measurements are preserved. The proportioaliminated points indicates filtering
intensity, while the retained stem surface poirsale filtering reliability. Filtering is a pre-
processing step of tree mapping, so its actualevalaerges indirectly in the results of stem
detection.
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The performance of anisotropic filtering in sampleadrates P1, P2 and P3 is given in
Table 1 The majority of the total voxels has been elirtedafrom quadrates P1 and P3. The
relative low filtering intensity in quadrate P2dgplained with high stem density resulting in
elevated number of stem voxels. Although at P3,revitee stem density is 34% higher
relative to that of P1, the filtering intensityasly slightly different. Higher voxel counts per
individuals in P3 indicate larger crown size anar higher degree of branching frequency,
which has been only partially removed by the fitigr

The proposed anisotropic filtering is adequate dmave irrelevant data arranged in
random pattern(Figure 4) preserving stems even if their main orientationinslined.
According to this tolerance in orientation, acutgidad branches cannot be removed by this
filtering method.

Table 1. The effect of the filtering on data amowithin the sample quadrates

Quadrate  Tree counts Origixglxel Cl?zl;rr]r:f)ved %] Orig;{rc:glel Counésre/st;?\?ed
P1 41 11806 58.0 228 121
P2 212 38371 36.8 181 114
P3 58 22020 58.8 380 156

Figure 4. a) Perspective view of the voxel spacegded from the total measurement data of
sample quadrate P1. b) The result of filtering

3.2 Tree mapping

The tree detection algorithm provides tree pos#tiam a given reference height and the
vertical axis of stems. Knowing tree positions, tmundary of regrowth patches can be
delineated and stem density within the patchedeagstimated directly.

The validation of extracted tree positions for faenple quadrates are givenTiable 2
Correct detections refer to extracted stem postiwith matching reference trees within a
positional tolerance of 10 cm. The matching musub@mbiguous, i.e. exactly one reference
tree can be assigned to a given model positionveredversa. Omissions are undetected trees,
while misclassifications are false detections. Giois rate is normalized by the total number
of reference trees, thus it complements detectaie to 100%. Misclassification rate is
proportional to the number of correct detections.

The highest detection rate was achieved in quad®atewhere both stem density and
branching frequency are moderate. The highest aniseate as well as the highest
misclassification rate was found in quadrate P2rettiee stem density is the highest. Stem
density appears to have the main impact on theaflvperformance of stem detection.
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Although stem density in P2 is over three timesatgethan in the other two quadrates,
the corresponding reduction in detection rate latnee low. Due to the high branching

frequency in P3, the filtering was less effectiwetlse remaining tree fragments show high
diversity in shape. Detection rate of 87.9% onlglsly underperforms that of achieved in
quadrate P1 (90.2%), implying that branching freguyyehas minor relevance on stem
detection. This can be traced back to the genatadia of voxel regions to vertical axes,

as the latter represent the branch-free subseteaf fFagments. Generalization of objects
to their vertical axis can be regarded as a kinfll@ring as well that highlights the main

direction of the objects and eliminates the renmmggnparts irrespective of the degree of
structural complexity.

Table 2. Results of the automatic tree detection

Sample quadrate P1 P2 P3
Reference trees 41 212 58
Correct [%)] 90.2 79.3 87.9
Omission [%] 9.8 20.7 12.1
Misclassification [%0] 9.8 25.7 10.5
3.3 Modelling

The reconstructed stems are illustratedrigure 5. The individuals are represented in the
voxel space by their generalized vertical axes. Du#ata discontinuity, the vertical axes are
composed fragments resulting in disconnected modéls concept enables to reconstruct
standing juvenile trees including the slightly ineld ones.

Tree models at the three sample quadrates diffestrnctural properties, which are
attributed to the distinct stand characteris(itable 3) Although tree density is considerably
different in sample quadrates P1 and P2, the fratation degree (i.e. the number of objects
having been connected for each detected stentnissathe same. Undetected stems in P2 are
assumed to be fragmented more so that the resalgjgegated objects are too small and they
cannot be classified as stems.

Detection rate shows close agreement with meanl|waxants composing the vertical
axes. There is no difference in height among tbe tnodels because the vertical extent of the
voxel spaces is limited to the stem region, whkegual for the three sample areas. So the
reason for the variation in voxel counts of vettiages is not the diversity in height but the
ratio in size of fragments and data gaps. High stensity in P2 is assumed to result smaller
fragments separated by larger data gaps. Vertieal eomposed of fewer voxels explains the
higher omission rate.

One could expect that the heavy branching in P2mga higher degree of occlusion
consequently higher degree of fragmentation. Asntean object counts is the lowest in this
quadrate, it seems the leaf-less lateral branateetoa thin to cause data discontinuity at the
applied voxel resolution thus branching had snmafiact on stem detection.

Table 3. Fragmentation degree of tree models

Sample quadrate P1 P2 P3
Mean object counts / tree 3.8 3.8 2.9
Maximum object counts / tree 9 9 8
Mean voxel counts (vertical axis) / tree 454 38.8 47.7
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Figure 5. Reconstruction of juvenile tree stemsagrnents are distinct objects

without thematic coherence indicated by differeslbars. a) Perspective view of

the fragments over the sample quadrate P1, b) fweew of a magnified subset.

Following the aggregation, the corresponding fragiseconstitute stem models

represented by identical colours. c) Perspectiewof the disconnected stem
models in sample quadrate P1, d) front view ofagnified subset

The overall performance of tree mapping and mouigldepends on the method used
for the calculation of shape properties and on thke of object aggregation. The
advantage of the presented stem detecting algoiighhmat only two parameters (threshold
on the aggregation factor and threshold on the iowents) are needed to control the
aggregation of stem fragments and to classify diseoted voxel objects. It is assumed
that the optimal value of these two parameters lwarfound iteratively by refinement
either of the parameters and checking the resulpr@spective way for developing the
aggregation rule has been suggested where eactt ébjeepresented by a cylinder along
its axis and the pair-wise overlaps between théendgrs are checked. It is assumed that
the using of overlapping cylinders would especidlé/ powerful if they were representing
the variation in diameter, as two stem fragments rapre likely to be coherent if their
diameter is similar. Since the algorithm does aéktdiameter in account at present stage,
this is a potential way of development. However,asmging diameters of juvenile trees
requires voxel size of approximately one centimetdich is five-times smaller than
what was used in this study.
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4 CONCLUSION

The proposed algorithm allows for mapping of julerrees in regeneration patches with
comparable detection rate achieved by recent adiomaethods applied at mapping of
mature trees. This highlights the potential of higkolution TLS data to characterise
understory vegetation.

To detect juvenile trees with fine structure, thdemensional data structure is suggested.
In contrast, there is a wide range of methods fapmng mature trees by various,
computationally less demanding two-dimensional aaphhes. Detection of juvenile stems
requires considerably high data density. Spacinéasér point measurements successively
decreases afar from the scanner, putting limitattiathe effective detection range surrounding
a single scanning position. For operational mapgihgneven aged stands by TLS, a multi-
level approach seems to be practical, where mataes are extracted by using two-
dimensional methods followed by the detection ekjile trees within regeneration patches.
Regeneration patches could be delineated usingpnetation of the density map of the TLS
point cloud within the height interval of 1-4 metexbove the DTM. Limitation in mapping
range from a single scanning has economic isspeaatical surveying of large areas through
the increased number of station set-ups; therefioegproposed method is advisable rather for
plot-based sampling of regeneration. Despite tliectbe filtering of point measurements
being relevant for tree mapping purpose, the etitnaof seedlings smaller than a few meters
is still challenging because of their similaritystructure to shrubs and herbal vegetation. The
proposed algorithm was designed to detect and stwont broadleaved stems in leaf-less
state. Leaf-less state is highly recommended fanisicg regeneration to minimize obscuring
effects from leaves, however, it hinder the classaifon of tree species even using full-
waveform information. As the geometric propertidsconifers considerably different, the
mapping of conifer regeneration needs further itigatons.
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Depth and Areal Distribution of Cs-137 in the Soibf a
Small Water Catchment in the Sopron Mountains

Ervin Kiss’— Péter \WWLFORD

OSJER Laboratory, Institute of Wood and Paper Teclgyoldniversity of West Hungary, Sopron, Hungary

Abstract — The study presents the depth and areal distribuifd@s-137 activity concentration in
the forest soils of Farkas Trench, a small watéchoaent in the Sopron Mountains, in 2001 and
2010, moreover the possible reason of the alterdtiactivity concentration. The Cs-137 activity
values were measured in 30 plots in 2001, and in 8010. In 2001, the depth distribution of
Cs-137 activity concentration in the measuremertdtsplwas shaped in accordance with a
decreasing exponential function. It appeared in 2060 data that the highest Cs-137 activity
concentration had shifted lower from the top layensd the depth distribution changed along an
increasing or a stagnating function until a deptlhddo 6 cm (in function of slope inclination),
then along a decreasing function. In 2001, actigdpcentration in the surface soil layers (0 — 3 cm
altered between 15 and 609 Bg/kg, whereas in 2@i@den 26 and 72 Bg/kg. A correlation was
found between activity concentration in the surfaml layer and slope inclination. It was
concluded that one of the main reasons for diffeesnin distribution of Cs-137 activity
concentration was the differing extent of soil mment.

Cs-137 distribution / Cs-137 activity concentration forest soil

Kivonat — Cs-137 mélységi és terileti eloszlasa a Sopronigyeidék egy kis vizgyijt 6jének
talajaban. A tanulmany bemutatja a Farkas-arok, a Sopronibég egy kis vizg§jtdje, erdei
talajaban a Cs-137 aktivitaskoncentracio mélységitérileti eloszlasat 2001 és 2010-ben,
valamint az aktivitAskoncentracio valtozas lehe¢ségkat. A Cs-137 aktivitas értékek 2001-ben
mélységi eloszladsa a talajpan csok&keexponencidlis flggvény szerint alakult. A 2010-es
mérések adataiban lathaté volt, hogy a legmagadabti37 aktivitaskoncentraciéo a féls
rétegekidl lejjebb tolddott, és a mélységi eloszlas 4-6 clysegig egy novekly vagy stagnald
fuggvény (lejbszog fliggvényében), majd egy csok&dtiggvény szerint valtozott. 2001-ben a
felszini talajrétegek (0—2 cm) aktivitaskoncentéga@ia mintavételi pontokban 15 és 609 Bq/kg
kdzott, mig 2010-ben 26 és 72 Bg/kg kozott valtazatfelszini talajréteg aktivitAskoncentracioja
és a lejiszog kozott 6sszefliggést lehetett kimutatni. Altgiieloszlas lefiszog fliggéséh azt a
kovetkeztetést vontuk le, hogy a Cs-137 aktivitéslemtracioé terileti eltérésének egytkdka az
eltés mértéki talajvandorlas volt.

Cs-137 eloszlas / Cs-137 aktivitaskoncentracié /dai talaj
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1 INTRODUCTION

Fallout of caesium-137 (Cs-137) is associated wadd with the nuclear weapon tests
performed in the 1950s and 1960s (Du et al. 1998addition, the 1986 Chernobyl reactor
accident has also made its effect felt in our hamentry, as a result of which the Cs-137
activity concentration which had originated fronrlea atmospheric nuclear weapon tests
increased in the soil. Cs-137 arrived at the serfag dry and wet deposition, then, due to
natural processes in the environment, a signifigaortion of it migrated into the soil. Its
depth and areal distribution was set by how it masnd in the soil. Since Cs-137 is strongly
bound to clay minerals and to the organic mattéhénsoil, this radioisotope can even be used
to follow soil movement (Du et al. 1998).

In general, the depth distribution of Cs-137 in istutbed soils shows an exponential
decrement in function of soil depth. Even thougé @s-137 concentrations of undisturbed
sites show great spatial variation, still the deghitribution will chiefly depend on soil type
and on soil structure, on the differing distributiof clay minerals and of organic matter (Du
et al. 1998). Walling and Quine (1992) surveyeddbpth distribution of Cs-137 in several
soil species in the United Kingdom. They concludkdt activity concentration strongly
decreases by depth, more than 75 per cent of thkaictivity is to be found in the uppermost
15 cm layer, and the total Cs-137 accumulationhef 0il strictly correlates with the total
fallout amount. Berg and Shuman (1995) carried stutlies in coniferous forests, and the
results of their 3D model created on the basis @asnrements showed that in any
equilibrium state, up to 85 per cent of the acthagliocaesium is found in the soil.
Furthermore, Cs-137 migration, according to theljoteons, is rather slow, its most essential
part taking place within the uppermost 10 cm ofgbi profile.

The objective set in this study was to study thptldexnd areal distribution of Cs-137
activity concentrations in undisturbed forest sailsa small water catchment in the Sopron
Mountains, and to serve with data about Cs-137raatation to serve as a basis for surveys
to come, for estimating soil movement.

2 MATERIAL AND METHODS

2.1 Study area

The examination was carried out in one of the smadter catchments of the Sopron
Mountain Range, in the Farkas Trer{€iigure 1)

The Farkas Trench (0.63 sq. km) is a southweshiaast oriented trench along a branch
of Rak Brook. The altitude of the outlet is 401 boee the sea level and the highest point of
the catchment reaches 545 m. Terrestrial clastaksrodeposited at different siltation
conditions (conglomerate, gravel, sand, silt) oyst@lline shale bedrock. Average slope of
Farkas Creek exceeds 21%, valley-bottom has 7.¢%ation (Csafordi et al. 2010 p. 4). On
the basis of fluvial sediment, podzolic brown farssils, highly acidic non-podzolic brown
forest soils and lessivated brown forest soils hewaved (Gribovszki et al. 2006 p. 85). At
the lowermost third of the trench, even landslidas be traced. Mediterranean, continental
and also oceanic effects can be sensed in thedbicwte. Long-time average precipitation of
the area is 917 mm, but as an example, in the 288ination year there was only 607 mm
(Gribovszki et al. 2006). Farkas Trench is mosthyared by forests, with deciduous and
coniferous vegetation present alike (Cséfordi 20T0)e main conifer species is Norway
spruce Picea abie}y the main deciduous beedRagus sylvatica From 2001 on there have
been clear cuttings performed at several sitesgatoa trench, which have probably affected
precipitation intake and runoff (Gribovszki et 2006).
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Figure 1. Location of the studied water catchment

2.2 Cs-137 deposition values

Cs-137 accumulated in the examined area origirfad@s two sources. One of them is the
fallout originating from nuclear weapon tests, th#ner one being the Cs-137 amount
deposited during the 1986 Chernobyl reactor actid&ecording to the data in the literature
(Pellet 2006), in the examined area the extent egodition originating from Chernobyl
(Figure 2) was nearly one magnitude level higher than th&vigciconcentration of nuclear
weapon test origifFigure 3)present in the soil at the time of the accidehusl the activity
values determined during the examination give mfron primarily about the period which
has passed since 1986.
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Figure 2. Soil surface Cs-137 pollution in Hungamy1986, after the Chernobyl accident
(Pellet 2006)

Figure 3. Europe's Cs background pollution befdre €hernobyl accident (Pellet 2006)

2.3 Measurement method

When sampling an undisturbed area, acquiring thé samples without significantly
disturbing the area is an important considerati®ampling device and method have to be
such that they either do not disturb or mix up diféerent layers of the soil, or only to a
minimal extent.

Sampling took place within the examined area apl8® (numbered points from 1 to 3,
and L1/1 to L9/3) in 2001, then at 5 plots (numbgpeints from L1-2010/0 to L1-2010/4) in
2010(Table 1) (Figure 4)
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Table 1. EOV coordinates of the sampling plots, et measured slope inclination
EOV(Y) EOV(X) Slope EOV(Y) EOV(X)

Site (m) (m) (deg.) Site (m) (m) Slope (deg.)
1 455493 260122 <4 L5/1 455470 260536 38,8
2 455657 260371 <4 L5/2 455534 260495 17,7
3 455951 260909 <4 L6/1 455428 260415 18,8
L1/1 455899 260926 4,6 L6/2 455472 260398 16,1
L1/2 455905 260910 9,3 L7/1 455371 260333 25,1
L1/3 455911 260899 8,4 L7/2 455312 260336 26,3
L2/1 455891 260950 29,3 L8/1 455392 260329 22,7
L2/2 455890 260977 9,4 L8/2 455429 260318 16,7
L3/1 455874 260903 8,1 L8/3 455469 260311 15,6
L3/2 455880 260888 6,3 L8/4 455521 260295 19,1
L3/3 455886 260862 11,9 L9/1 455375 260267 32,8
L4/1 455727 260796 28,2 L9/2 455417 260230 17,3
L4/2 455736 260791 16,5 L9/3 455435 260207 26,2
L4/3 455745 260743 11,8 L1-2010/1 455932 260943 621,
L4/4 455762 260720 16,9 L1-2010/2 455939 260948 7,8
L4/5 455765 260680 13 L1-2010/3 455932 260940 13,3
L4/6 455778 260643 15,3 L1-2010/4 455923 260922 9,1
L1-2010/0 455919 260911 <4

Figure 4. Location of the sampling plots

Sampling was performed using a sampler made of glates, down to a depth of 10 to
12 cm, by 2-cm depth intervals. The sampler coedistf a one lateral side opened metal
frame (size: 20*25 cm, high: 20 cm) and a horizbmtatal plate (frame fitting). In some plots
trowel was used to the layers separation insteadhef metal plate (due to the roots).
Preliminary sampling demonstrated that a signifiqaortion of the Cs-137 amount is found
in the uppermost 10-cm layer, hence the samplipghdewere adjusted accordingly. In 2001,
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at the plots with minor (< 4 degrees) slope in¢lovaat a depth of 10 cm, measured Cs-137
activity concentrations were at least one magnitiedel lower than in the surface layer.
Samples collected in the area were measured afyargd pulverizing, sieving (< 2 mm).
By measuring, 0.5 or 1-liter Marinelli sample dislveere used, the weight of the samples was
determined on a certified Precisa 3100D scale.37sattivity of the samples was determined
by gamma spectrometry in the OSJER (Hungarian Radidonitoring Detection and
Verification System) laboratory at the University West Hungary. Cs-137 activity was
measured using a high-resolution ORTEC HPGe deté@em-10185), moreover by a PC-
attached multi-channel (8K) ORTEC analyser card. émluating the measurements, the
ORTEC Maestro software which belongs to the card used. Measurement duration was
1800 or 3600 s. Channel-energy calibration of thiéwsre programme was completed by
using Co-60, Cs-137 and Am-241 certified standatdees of known activity.

Activity referring to a given isotope of the sampln be calculated from the area under
the net gamma peak (661.62 keV in case of Cs-1&f¢rmhined using the Maestro
programme using the following formulgq. 1)(Bodizs 1997):

Mg Ky Hy
Where:
A —is activity referring to a given isotope of temple (BQ).
N - net area of the gamma peak generated by e ggotope (impulse).

Kyei — the Ei-energy gamma radiation yield by that giismiope, expressing the number
of gamma quanta at a certain energy referring ra@ioactive decaying atomic
nuclei.

ne — the efficiency value read from the energy-eéindy curve referring to a given

geometry of Ei-energy radiation. It expresses hamyrof all the gamma photons
emitted by the radiating source at a certain enargyregistered in the full energy
peak.

tn —measurement duration (live time) (s).

Knowing the activity values thus derived one caledate the activity concentratioA,
(Bg/kg), of the sample referring to one mass uag. (2, (A — being the activity referring to a
certain isotope in the sample (Bq)- the mass of the sample (kg)):

A, =A/m )

The activity concentrations can be converted toitiventory (Bg/m) according to the
following Eq. (3)(FANG et al. 2006):

n
CPI = C; xB xDj x10° 3)
where: i=1

CPI —is Cs-137 point inventory (Bgfn

i — is the No. of soil horizon,

Ci —is Cs-137 activity concentration of title soil horizon (Bg/kg),
Bi —is bulk density of thzh soil horizon (g/cr¥), and
Di  —is thickness of thigh soil horizon (m).

Even with properly set measurement devices, rarslatistical errors may occlEguation 4
which describes the time-dependence of radioadiaay, only gives a probability.
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N = Nige™ (4)

(A = decay constant,= time, Ny = number of initial radioactive nuclei)

The simple unweighted average of measured impulsebar (i) and the empirical
standard deviations)(of measurement points calculated from an aveaagelescribed by the
following formulas (Patzay 2008): Zn:

Ni

N=1t— ()

n
S:i\/ﬁ:\/ﬁi (6)

- ~ 2
Z[Ni_N)
o=+ )

- n-1

With the first standard deviation formulgd. 6 only the errors arising from the decay,
while with the second formuleE(y. 7) the errors arising from the decay as well aséhos
arising from measurement device fluctuation, canebmated. If the standard deviations
calculated in these two ways nearly match (diffeeeq 10 %), then the measurement device
error is negligible compared to the error arisirapt decay fluctuation.

3 RESULTS

Vertical distribution of Cs-137 in undisturbed s(ilagoeva — Zikovsky 1995, Perrin et al.
2006, Porto et al. 2001, Zhiyanski et al. 2008) Im@sn examined in several studies. For this
purpose, evenly decreasing two-parameter funciiaere fitted to the measured values of the
profile, by computer (Blagoeva — Zikovsky 1995):

C (X) = AxX® (8)
C (X) = Axexp(-Bx X) (9)
C(X)=A/(1+BxX) (10)

where thex is the depth in cm and the activity concentration in Bg/kg. The bestrfigt was
displayed by the second functidad. 9.

Based on worldwide published data, Cs-137 conceorradistribution by depth in
undisturbed soil profiles was classified into thggeups (Du et al. 1998). The three types of
regression functions are the following:

Cs = axe®™ (a>0, b>0)
Cs = ax (1-(k-z/H}) x (k-z/Hf* (a>0, b>1 and O<k<=1)
Cs = a*(1-z/HY (a>0, b>=0)

whereCsis the concentration of Cs-137 at a given deptffK®), z represents the given depth
in the soil profile (m)a, b andk are coefficients of the used function atds the thickness in
which Cs-137 can be detected.
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3.1 Depth distribution of Cs-137 at the sampling mits in 2001

The Cs-137 activity concentration and inventoryueal of the soil samples acquired at the
sampling plots as determined by measurement appéae following tablgTable 2)

Table 2. Cs-137 activity concentration by each kyiér at the sampling plots and Cs-137
inventories of the 1-3 sampling plots

Site Cs-137 concentration (Bg/kg)
Soil depth

0-2cm 2—-4cm 4-6Cm 6 —-8cm 8—-10cm 12 em
1 608.8 360.5 150.4 46.8 36.2
2 449.0 344.6 108.0 27.0 7.1
3 489.5 250.2 88.8 25.2 15.5
L1/1 572.1 326.6 199.8 169.2 88.3
L1/2 438.1 165.8 58.9 34.3 25.1
L1/3 493.0 208.8 106.8 36.2 19.6
L2/1 112.4 914 39.6 13.7 12.0
L2/2 255.7 157.2 98.2 43.5 17.5
L3/1 233.2 248.3 121.1 53.5 23.7
L3/2 408.9 229.0 103.0 48.5 26.2
L3/3 368.4 146.5 60.7 11.2 7.0
L4/1 70.2 62.2 27.9 155 104
L4/2 169.2 117.4 38.2 12.5 9.7
L4/3 156.9 129.4 100.8 42.5 19.4
L4/4 310.7 135.9 354 18.1 104
L4/5 331.0 141.2 27.0 20.2 11.9
L4/6 310.2 125.8 48.3 20.7 12.4
L5/1 104.0 107.1 67.5 38.4 18.1
L5/2 390.6 242.4 161.2 36.4 215
L6/1 155.1 93.6 43.3 26.9 14.2
L6/2 235.1 253.1 125.1 51.4 16.4
L7/1 155 8.4 3.3 3.6 2.6
L7/2 158.2 130.6 83.6 38.5 20.1
L8/1 165.0 131.2 92.2 41.2 21.7
L8/2 328.9 120.4 48.7 32.0 14.5
L8/3 397.4 227.4 53.6 19.7 10.1
L8/4 255.5 160.2 46.4 32.6 13.6 7.5
L9/1 38.8 68.4 35.2 12.4 8.2
L9/2 221.7 73.2 29.6 7.5 6.0
L9/3 202.1 103.6 7.9 0.9 2.0
Site Cs-137 inventory (Bg/h
1 10569.9
2 9137.0
3 8909.8

The values for some soil profiles from among thieles derived are shown in function of soll
depth in the following figures as examples. FiBsgample plots with lesser slope steepness
(Figure 5) then, a slope-directed sampling sefiegure 6) On fitting regression functions
onto the sampled values it was realised that byptbes with lesser steepness (< 4 degrees)
exponential functions provide the best match. Asdlope grade grows, this Cs-137 profile
alters, too. At the plots which have greater slomdination, a decrease in Cs-137 activity
concentration of the top layers appeared. Withcthvesideration that Cs-137 is strongly bound
to soil, this decrease in soil Cs-137 activity segjg soil movement.
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1 (Cs-137 concentration 2 (Cs-137 concentration 3 (s-137 concentration
(Ba/kg) (Ba/kg) (Ba/kg)
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Figure 5. Cs-137 activity concentration distributiby depth
in the soil of sampling plots 1 to 3 (slope < 4 aEgp)
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Figure 6. Along a slope (at the L4/1 — L4/6 meamert points) the Cs-137 activity
concentration distribution by depth in the soibfs > 4 degrees)
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3.2 Depth distribution of Cs-137 at the sampling @ts in 2010

The 2010 repetition of sampling was performed syraller number of samples in the lower
part of the area. The Cs-137 activity concentrataoma inventory values determined by
measurements of the soil samples taken at the sagibts appear iffable 3

Table 3. The Cs-137 activity concentrations ofgammpling plots in each soil layer and
Cs-137 inventory of the L1-2010/0 sampling plot

Site Cs-137 concentrations (Bg/kg)
Soil depth

0-2cm 2—-4cm 4—-6cCcm 6-8cm 8—-10cm 1@em
L1-2010/1  26.0 42.0 41.3 29.4 19.8
L1-2010/2  45.6 69.4 76.0 58.0 29.8
L1-2010/3  32.6 42.9 59.4 52.8 23.7
L1-2010/4  29.8 58.9 80.4 47.2 38.2 111
L1-2010/0 72.1 62.7 79.4 47.5 33.4 8.9
Site Cs-137 inventory (Bg/h
L1-2010/0 3887.6

The Cs-137 profile of the slightly sloped sampliptpt (< 4 degrees) altered showing
stagnating values to a depth of 4 to 6 cm, thereaptially decreasing onéSigure 7)

L1-2010/0 (Cs-137 concentration
(Ba/ke)
0,0 50,0 100,0 150,0

y = 150,01e0367x
R?=0,7096

Soil depth {cm)
(=]
co

Figure 7. Depth distribution of Cs-137 in the satiithe L1-2010/0 measurement point
(slope < 4 degrees)

During the recent period since 2001, at the samgppiot with small slope grade
(< 4 degrees) one of the factors shaping the profisides a slight extent of soil displacement
and the natural radioactive decay must have beenvdtical migration of Cs-137, as a
consequence of which the highest Cs-137 activityceatration shifted to the 4 to 6 cm deep
zone. A similar phenomenon was experienced atahmgpbng plots with greater slope grades,
but there, in addition to the aforementioned, aisib movement did shape the surface-close
Cs-137 distributiorfFigure 8)to a great extent.
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11-2010/1  Cs-137 concentration 11-2010/2  Cs-137 concentration 11-2010/3  Cs-137 concentration L1-2010/4  Cs-137 concentration
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Figure 8. Cs-137 activity concentration depth disition in the soil
at the L1-2010/1 - L1-2010/4 measurement pointgpésh 4 degrees)

From this soil profile alteration, one can deduw \tertical speed of movement, which can be
estimated based on the samples to be 4 to 6 cny@a® (0.44 to 0.66 cm/yr) in the soil of
the area. Arapis et al. (1997) estimate this vaduiee between 0.4 and 1.2 cm/yr. In order to
gain better understanding of the presumed phenoméduadher samplings will be needed in
the future, through which the presumed Cs-137 atioo can be traced.

3.3 The dependence of Cs-137 activity concentratian slope inclination

On creating a graphic representation of the Csak3ivity concentration of the surface-close
(0 to 2 cm) layer of sampling plots in function $ibpe inclination it became apparent that
there is a connection between Cs-137 activity coinagon at the surface and slope
inclination. The regression line fitting to the was derived is shown iRigure 9.Based on
the connection between the data it was concludedahe of the main reasons of differing
surface activity values was soil movement (consngethat Cs-137 is tightly bound to the
organic matter and the clay minerals of soils).

Cs-137 activity concentration in the surface sail layer in Cs-137 activity concentration in the surface soil layer in
2001 250 2010
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Figure 9. Slope inclination dependence of surfalmese (0 to 2 cm)
Cs-137 activity concentration of the measuremeimtpa 2001 and 2010
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4 SUMMARY AND CONCLUSIONS

Measurements on soil samples of a small water oanoh (Farkas Trench) of the Sopron
Mountains showed that there is Cs-137 isotope ptese the area in well measurable
quantities. In 2001, the depth distribution of (& Jactivity concentration in the soil of the
tested area took the shape of an exponential imcihen fitting regression functions to the
sampled values it was found that at the plots asser slope steepness (< 4 degrees)
exponential functions provided the best match. Bges inclination increased, so did this
Cs-137 profile. At sampling plots owning greateclimation a decrease in Cs-137 activity
concentration of the top layers appeared. In 2@Qlthe sampling points, the activity
concentration of the surface layers (0 to 2 cmbhefsoil varied between 15 and 609 Bqg/kg,
whereas in 2010 between 26 and 72 Bg/kg. An interection between activity concentration
in the surface soil layer and slope inclinationlddoe indicated. From the slope inclination
dependence of areal distribution it was concludeat bne of the main reasons of areal
alteration of Cs-137 activity concentration wadedihg extent of soil movement.

It appeared in the 2010 measurement data thatighedt Cs-137 activity concentration
had shifted lower from the top layers, and the kleglistribution was altering along an
increasing or a stagnating function to a depth td 8 cm (in function of slope inclination),
then along a decreasing function. From this saifiler alteration the vertical migration speed
could be deduced, which can be estimated to bet6.@466 cm/year in the soil in the area.
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Laboratory, for facilitating this research, moreowal the colleagues at the Institute of
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Assessment of Quality-related Risks by the
Use of Complex Networks
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Abstract — This study introduces the NTS network as a new wh analysing, verifying and
improving quality-related risk assessment. NTSasda on a network science approach that models
complex systems by graphs. By usMgl andS-Graphsas the elements of NTS, risk events that play
special role in the risk management system candbkatified. Based on their characteristics, the
strength of their potential causal connections lmamecalculated, providing more precise predictions
of the occurrence frequencies of events.

network science / risk assessment / optimizatiorFMEA / NTS graphs

Kivonat — Min 6ségi kockézatok elemzése komplex halézatok segitéégl. A tanulmany
bemutatja a mifiségligyi kockazatok kdzotti kapcsolatok elemzésaszmalhaté NTS haldzatot,
amelynek segitségével - a kockazati események welfferduldsa alapjan - értékellodt és
javithatok a midségi kockazatok elemzésének eredményei. Az NTS Imekaisa a
hal6ézattudomany Gjszémegkozelitésén alapul, amely grafok segitségéwalathezi a komplex
rendszereket. Az NTS elemeinek, az un. N-, T- gg&oknak a hasznalataval azonosithatok azok
a kockazati események, amelyek specialis szerepé$zgnak a kockadzatmenedzsment
rendszerben. Ismerve a jellegzetességeiket, azérgmk kozotti potencidlis okozati kapcsolatok
Ujraértékelhdtk, amelynek eredményeképpen megbizhatébbrepdlzés adhaté az egyes
esemeények éfordulasi gyakorisagara.

hél6zattudomany / kockazatelemzés / optimalizalasHMEA / NTS gréafok

1 INTRODUCTION

Quality-related risk assessment aims to identifyalgze and prioritize events that may
cause quality problems of products and processgserEs try to evaluate the probability
and effect of risks prior to the implementationaohew process and to the manufacturing
of a new product. There might be cause-effect cotioes among ‘risk events'.
Therefore, to ensure the proper performance of asdessment, we must handle them as
elements of a complex system, and take their cdrorecinto consideration as well.

There are many ways of modelling and analyzing dermpystems. One of the emerging
toolsets is coming from the field of network sciendt structures systems in graphs,
emphasizing the connectivity that forms the netwarkl influences its characteristics. By
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representing risk events with vertices and theirsahconnections with edges, we construct a
risk-network, with which a deeper insight into tegucture of potential problems can be
obtained, and more analyses can be conducted &r todzalidate and improve the output of
the risk assessment.

Since there may be many difficulties with the raatemnial and manufacturing conditions
in industrial technology, a new approach of riskessment can be relevant and useful for
researchers and engineers as well.

In the followings we briefly introduce network seee basics related to the topic of this
article, define and describe the NTS network agwa tool in risk assessment, and finally
demonstrate how this method can be utilized andt Wil of conclusions can be drawn
based upon it.

2 BRIEFLY ABOUT NETWORK SCIENCE

Network science deals with complex systems. It nfeoded analyzes these systems by
graphs. The main purposes are to identify and defiework models that are independent
from the entities of the system, describe the dttarstics of the networks, and give
predictions to the reaction of the system to déferinfluences, like modifying the number of
vertices or the weights of the edges.

Networks can be featured by certain attributes. dbgree of a node and the degree
distribution of a network show how many edges arkel to the vertices and whether there
are some nodes that are significantly ‘richer’ amrenimportant than others (Newman 2003).
By creating a graph, we can see whether it is an@cted network or there are separated
nodes or groups of nodes within the graph. This lmaruseful when we want to find the
shortest or fastest path between two differentspairthe system.

Vertices can have different roles according tortipeisition. Some of them function as
bridges, connecting two parts of the graph. Otlaeeshubs with high degrees and centrality,
and, as such, have huge effect on processes ruimitigg network. There can be isolated
nodes as well, with no links to others (Csermel@3)0

Networks are not static; many changes can be deteduring their lifetime. A
network starts when two or more entities create amemore connection among
themselves. When a new node is introduced to theark, it gets connected to one or
more original ones according to a network specifite. One of the widely accepted
theories defines this rule as the ‘power law’, whahe probability of forming a
connection is proportional to the degree of thgiaal node. This has been modified by
some other works implementing different variablé®orogovtsev 2000). The general
principle is that the probability of connectingpsoportional to the importance and some
‘individual characteristics’ of vertices.

Networks can be fragmented as well. When one oerioks are eliminated due to some
events, nodes or sub-graphs get separated frometierk. This process can make the whole
network unable to operate, i.e. to ensure the flofwinformation, material or other
exchangeable among vertices.

Knowing the structure, the attributes and the of@narules of the network, we can
deeply understand the given complex system. Thusameestablish a robust system that
would be more protected from intentional or acctdéproblems.

Acta Silv. Lign. Hung. 9, 2013



Assessment of quality-related risks by the usemftex networks 163

3 QUALITY-RELATED RISK ASSESSMENT

3.1 Traditional approaches

Several methods exist that provide tools for quakiated risk assessment. One of the most
widely spread ones is the Failure Modes and Efféatslysis (FMEA). This mainly
qualitative method can be used to analyse the pilityaand the effect of potential failures
associated with a process or a product.

The purpose of FMEA is to mitigate the risk by reidig either the severity, or the
probability of an incident. First of all, potenti@ilures need to be listed. For each one, three
factors should be calculated: 1) probability, tre likelihood of occurrence; 2) severity, i.e.
the worst case scenario of negative effect; 3)datiete i.e. how easy it is to detect the
problem during operation. The combination of fast® the risk level. Based on this level,
preventive, detective and corrective actions caddimed (Stamatis 2003).

Another method called Fault Tree Analysis (FTA) Itdsiia hierarchical structure of
undesired events and their potential causes. ihe®fiogical connections among causes by
Boolean operators and calculates the probabilitgroevent from the probabilities of causes
(Andrews 2012).

Both FMEA and FTA are aimed at identifying and gsalg potential problems and
trying to reduce their negative effects. While FMisAa deductive, top-down methodology,
focusing on the effects of an initial event, FTA am inductive, bottom-up method,
considering the potential causes of a failure asiresired effect. FMEA builds a cause-
effect tree from the root; FTA builds the same tireen the crown. If we apply FMEA and
FTA together, the result will be a complex systemthwnegative events and the causal
connections among them. This system could be nemlddy a network that can handle the
data of probabilities and logical relationships.drder to keep the risk assessment results
updated during the operation, information of reatwrences needs to be handled too. By
analysing this network regularly, the theoreticilusture of potential failures and the
performance of risk management can be improved.

3.2 Definition of the NTS network

NTS consists of failures or, in a broader senssk Bvents as vertices and common
occurrences or presumed causal connections ameng #s directed edges. Edges can be
weighted according to the strength of connectiotwben cause and effect. In the analysis
phase, the weight of an edge is

Sae.ac = P(A)P(A) (1)

where Sae ac the weight or strength of an edge betwéeras the cause, amd as the effect,
whilst P is the probability of the occurrence of an evéiihere are several causes, the value
of P(A) is the combination of the probabilities of theseisedAc1, Ac2... An). There are two
different cases:

1) events that can cause the effect only when theyrdogether;
Ac1 AND Az => P(A) = P(A)P(Ac);

2) events that can cause the effect separately;
Acz OR Acs => P(A) = P(A) + P(Aca).

Figure 1shows the graph representation of a simple systenandA.; are represented
together by one vertex in graphss, Acs andA. are separate vertices.
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Sacane = P(A3) P(A)
Sic1aczae= P(Ae) P(A) P(A)

AciAc2

Sicane = P(A4)P(A)

Figure 1: Graph representation of cause-effect @mtions of events

Since vertice®\:1Ac2, Az andAq4 are independent from each other,

P(Ae) = P(AciAc2) + P(Acg) + P(Aca) (2)
The weights of links can be calculated, as follows:
Saczre = P(A)(P(AciAc2) + P(Acs) + P(A)) (3)
Saciaczae = P(Ac)P(A)((P(AciAco) + P(Acs) + P(Aca)) (4)
Sacare = P(A)((P(AciAc2) + P(Ac) + P(A)) (5)

This means that without knowing the probabilitytteé occurrence of the final effect, we
can calculate the weights of the links among aeisnt and its potential causes.

3.3 The use of NTS

These weights are theoretical, since their caleadais based on prediction. If we want to
validate these values, we have to calculate thesedan data coming from the running
process. There are two indicators that can be ts@dtimate the strength of connection
(S in the operational phase. The first one is themlber of simultaneous occurrence$,(
the other one is the time difference between thmuwences of cause and effe®).(The
higher theN and the lower thd, the higher will beS. Consequently higheN/T ratios
result in higherSvalues.T can be calculated as the average number of ocmeseof
common detections.

3.3.1 N-Graph

Let's assume that, from the analysis phase, we hdig of risk events related to the quality
of a manufacturing process. When an evéd) (s detected, it has to be noted as a potential
root cause. If, within a certain time period aféel, another event is detected, we record the
time that passed between detections. Let this ¢y 4 seconds. The strength of the link
betweenmAl andA2is

Sa1a2 = N/T =1/4=0.25 (6)
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When a third event is detected e.g. 5 seconds A#tethe same calculation can be done.
So, the strength of the link betwe&2 andA3 is

SA2A3 =N/T=1/5=0.2 (7)

Now we have a small connected group with threacestand two edgeBigure 2shows
the graph that represents this triplet.

Figure 2: Graph representation of event connections
with the weights of connections indicated aboeesitiges

We do not know yet whethekl or A2 or both together causesB, we just know that
there is a chance that the common occurrence nilagtra causal connection.

Let us assume that, two minutes laf&?,is detected again. Two conclusions are possible:
1) A3 causedA2, or 2) this is an independent occurrence. Basetherelapsed time and on
professional experience, we can make a decisiortecning the existence of a causal
connection. If we think that there is no causaln=ation, or there can be, but the time is
much longer than the time has passed between tinefaletections, we can take as a first
event of a new cause-effect chain. Obviously, éir¢his no significant lag between them, and
a causal connection is possibd may causé\2, so the link between them is bi-directional.
Since 2 min is much longer than the previously ctetk durations, now2 starts a new graph.
Obviously, this does not mean ths could not have causesR, since we have no evidence
thatA2 is certainly the reason &3. Continuing this event monitoring and detectioagess,
we can get short event-chains consisting of comaegtoups of verticesigure 3.

[N]

Figure 3: Event-chains with the attributes of lirdsfollows: N (Nr. of common occurrences),
T (average time between the occurrences of evéh{s)eight of edge).
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In order to get a connected network from eventithaive should merge them by using
only one vertex for the same event. Since all efdtiributes of the linkd\, T, § can reflect
the strength of a causal connection, they can bd ts create separate networks WRhT
andSas the weights of edges.

The N-Graph (Figure 4 shows how frequently the events occurred togefhtee weight
of the edge is reflected by the thickness of thievarthe number on the arrow and the two-
dimensional distance between the linked vertices.

Figure 4: N-Graph

The degree parameters of vertices are listethisle 1 The weights and the in- and out-
connection ratios of edges are presentehinle 2

Table 1. Degree parameters of vertices of the NpBra

Vertex Weighted in-degree  Weighted out-degree Weighted degree
Al 2 7 9
A2 5 8 13
A3 13 6 19
A4 8 12 20
A5 3 3 6
A6 3 7 10
A7 4 4 8
A8 7 3 10
A9 5 0 5
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Table 2. The weights and the out- and in-conneatiins of edges of the N-Graph

Out-connection In-connection
Vertex 1 Vertex 2 Weight frequency ratid frequency ratid
(%) (%)

Al A2 5 71.4 100.0
A2 A3 4 50.0 30.8
A2 A4 4 50.0 50.0
A4 A5 3 25.0 100.0
A5 A3 3 100.0 23.1
A6 A4 4 57.1 50.0
Ad A7 4 33.3 100.0
A7 A3 4 100.0 30.8
A3 A8 4 66.7 57.1
A4 Al 2 16.7 100.0
Al A3 2 28.6 15.4
A3 A9 2 33.3 40.0
Ad A6 3 25.0 100.0
A6 A8 3 42.9 42.9
A8 A9 3 100.0 60.0

1 — Weight of the current edge / weighted out-degrfeVertex 1 as the start node
2 — Weight of the current edge / weighted in-degrfeéertex 2 as the end node

The following main conclusions can be drawn fridlrGraphand the associated tables:

1) Every event follows at least one other event (igrde is never zero);

2) A9is not followed by any other event (its out-degrseeero);

3) A3andA4play central roles, since their weighted degreegdlse highest;

4) The weighted in-degree &3 (13) is approx. twice as big as its out-degree, so
A3tends to occur as a successor, rather than aqaeste;

5) Contrary toA3, for instance,A4 tends to occur as a predecessor rather than a
successor, since its out-degree is 12 and itsgnegeis 8;

6) According to the out-degree frequency ratio of tAB-A3 connection, when
A5 occurs (three-times), it always cauges In contrast, according to the out-degree
frequency ratio of thé&5-A3connectionA3is caused byA5in 3 cases, which is only
23,1% of all occurrences &3 (13).

Applying theN-Graph we can come to the following general conclusions:

1) The higher the out- or in-degree frequency ratioaotonnection, the higher the
probability of their common occurrence;

2) If the in-degree of a vertex is higher than its-degree, the event tends to be a
successor of other events;

3) If the out-degree of a vertex is higher than itd@gree, the event tends to be a
predecessor of other events;

4) If the in-degree of a vertex is zero, it startseaent-chain or its predecessors are
unknown;

5) If the out-degree of a vertex is zero, it ends aenechain or their successors are
unknown;

6) Isolated vertices (both their in- and out-degrees zero) have no connections with
other events in the N-Graph.
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3.3.2T-Graph
The T-Graph (Figure 5)is created based on the time that passes betweescturrences of
vertices. The shorter the time, the stronger tmmeotion and the larger the weight of edge.

4 s
> f .
-
,,?ﬁ A
A 2 ‘:f‘
. 4 Gh A3 J
- (o)
(-5“.3 o 36
¥

Figure 5: T-Graph

In the T-Graph we can identify the possible seqasnaf events. For example, Afl
occurs,A2 and/orA3 are also likely to occur, approx. 6 seconds laténen A3 occurs, we
have to take appropriate measures in order to ptefie occurrence &8 andA9. From the
T-Graph we do not know what the probability of a succe€ssaccurrence is.

3.3.3 S-Graph

The S-Graph (Figure 6)shows the relative probability of an event's ocence after the
occurrence of its predecessor has been detectedelBtive probability is the weight of the edge
between the predecessor and the successor, didibe sum of the weights of the out-edges of
the predecessor. For example, if we detect thereste ofAl, the relative probability of the
occurrence ofA2 is 4.8/(3. + 4.8) = 0.558. The relative probapilitf the occurrence oA3 is
3.8/(3.8 + 4.8) = 0.442. This means that the oecge of A2 is more probable. Since A2 can
cause A3 too, the relative probability of the ocence after the detections of A1 and A2 is
(3.8/(3.8 + 4.8)) + ((4.8/(3.8 + 4.8))(5.6/(5.6 69)=0.442 + 0.55& 0.683 = 0.82.
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Figure 6: S-Graph
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By calculating the relative probability of everygsible event-chain, we can quantify the
strength of connections and the chance that aéadocurs.

3.4 Conclusions

The N, T andS-Graphs collectively named NTS, show the events that glpgcific roles in
risk assessment. Based on the analysis of conitgciive can verify and modify the results
of risk assessment and we can create new risk rear&g strategies and actions. Some of
the general conclusions based on the NTS analgesigsafollows:

1) The higher theS and the relative probability, the larger the pialty of the
existence of causal connection between vertices Mieans that if this connection
has not been identified formerly, preventive actioeed to be defined and applied.

2) The larger the out-degree of a vertex in Mw&raph the more important role the
associated event plays as a possible cause ofepnoblhis means that the risk
management activities have to be focused on theeption and detection of this
event.

3) The bigger the in-degree of a vertex in té&raph the more likely its occurrence
is. This means that we have to count on its freqoeaurrence, so the introduction
of risk mitigation measures is strongly advised.

4) The lower the average time between the occurreoiceso connected events in the
T-Graph the faster we have to react to prevent the oeaas of its successor. This
means that we have to define actions that can ih@éuoted in a very short time.

Finally, it is important to emphasise that NTS idyoan approximation of the existence
of a causal connection. In order to prove the daysaNTS and other professional
investigation tools need to be applied on the lamy
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Contents and Abstracts of the
Bulletin of Forest Science

Bulletin of Forest Science (Erdészettudomanyi Kag@ayek)is a new journal supported by
the Hungarian Forest Research Institute and byF#wilty of Forestry of the University of
West Hungary. The papers are in Hungarian, withliEimgummaries. The recent issue (Vol. 3,
Nr. 1, 2013) contains the following papers (witlgpanumbers in brackets), the full papers
can be found and downloaded in pdf format fromjtlenal’'s webpage (www.erdtudkoz)hu

Janos Attila DTH:
40 years in a forest ecological research: the Séiut project ... 7-19

Abstract — The Sikbkuat Project site was established in 1972 by Paldaks part of the Man
and the Biosphere (MAB) program for long term egadal research in a typical Hungarian
climazonal sessile oak - turkey oak forest. FordDeear jubilee, this paper gives a summary
and overview about its establishment, goals, teslj results, international connections, and
silvicultural importance.

Sandor BRDACS Laszld MGy, Beata RNTER, Istvan B\CH, Attila Borovics Péter
KOTTEK, Andras EPES| Zoltdn FEKETE, Karoly WisNOvszKy and Csaba MTYAS:

State of Hungary’s forest genetic resources, 201@21 ... 21-37

Abstract — The Food and Agriculture Organization of the Unitéations (FAO) Commission
on Genetic Resources for Food and Agriculture gkl their first reports on the state of
plant and animal genetic resources in 1996 and,2@8pectively. The third such report, The
State of World’s Forest Genetic Resources, is adeddfor publication in 2013. Although
Hungary takes part in monitoring of conservatiotivities on forest genetic resources at
international context, the country report for theowe mentioned initiative was the first
comprehensive assessment of management and cditeligaues in the last decades. This
paper gives a short summary of the country remamgcentrating primarily on the domestic
forest gene conservation strategy, measures anivitiast its legislation, financial
background and international aspects. Additionailgrview on the present state of genetic
investigations, breeding and forest reproductivetendd production, marketing and
deployment, based on data from 2010-11, is aldoded.

Balint CzUcz, Laszl6 G\LHIDY and Csaba MrYAS:
Present and forecasted distribution of beech and ssile oak at the xeric climatic
limits in Central Europe ... 39-53

Abstract —In order to project the effects of expected climathanges, distribution of
European beechFagus sylvatica) and sessile oakQercus petraea) were analysed at the
xeric limits in Hungary. A fine-scale analysis wasmbined with sophisticated screening for
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climate-dependent (zonal) occurrences. For botltiepe temperature and precipitation
conditions in late spring and summer appear asipahvariables determining the probability
of presence. For beech, the importance of Elleribetgnate quotient supports its sensitivity
to summer drought. The calculated range shiftdeastic, similar to other results of statistic
models. The applied approach allows a finer distincof climatic threats on local scale and
draws the attention to the urgency of preparativeasares and application of proper
silvicultural technologies.

Bence KOoVAcs, Kristéf KELEMEN, Janos RFF and Tibor SANDOVAR :

Experience of large-scale conversion from even-agetb continuous cover
forestry by gap-cutting in the Kiralyrét forest dir ectorate... 55—-70

Abstract — A transition system to continuous cover forestrg haen introduced at large scale
(over 5,000 hectares) by Kiralyrét Directorate loé ipoly Erd Ltd. Due to the short time
period since the start of the transition in 200, processes including natural regeneration are
not well known. Of the 6,000 gaps created, we idetl 124 using stratified sampling by
stand age, dominant tree species and time sincegapng. Position and size of the gaps as
well as cutting damage were noted. Sapling covertapwsing damage were estimated for
each tree species in three size categories.

Two thirds of the gaps exceeded the diameter ofdstieeight and more than half of them
have an oblong shape. Forestry operations caused damage in 51% of the gaps and
saplings were harmed in 21 cases. During the sag@B tree species were registered 30% of
which did not occur in the adjacent stand. Saptiager was highest in the 20-150 cm size
category reaching 3% for the dominant and 9% feratimixing tree species. Game pressure
was high and affected especially saplings betw8elbP cm, sprouts and admixing tree species.

Tamas KLLAR:
Determining gap size with the aid of hemisphericgbhotography ... 71-78

Abstract —One of the greatest challenge of the continuousrcéerest management is to
choose a suitable gap size in a given forest sthatl will help the regeneration of
economically significant woody species, but pogsitbntrol the competitors of the cutting
site and undesired woody species, hereby reduceeitessity of nursing. The hemispherical
photos (or fish-eye photos) taken of the gaps énsilirvey are about to reveal, that how little
information is obtained from a simply measured gape when determining the light
conditions of a gap. From the findings, it can lggested to forest researchers who are
working with the transformation system that theketaimple fish-eye photos alongside the
estimation of ground level gap size, from which umate canopy closure and real light
conditions can be evaluated.

Katalin Anita Zagyvainé Kiss, Péter Kalicz and AoltGribovszki:
Dry weight dependence of water capacity of the fost litter ... 79-88

Abstract —One station of the forest water cycle is the foligst, which can retain more water
from the precipitation than its own dry weight. $hstudy examined the litter water storage
depending on the dry weight for three species (srioeech, sessile oak). The results
obtained with the method of collecting litter shalwdat the leaves can be uptaken by the
maximum amount of water depends on especially thenmgight of the litter. According to
our measurement the maximum water content of ttier Iper kilogram dry weight is
2.1-2.2 litres.
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Kéaroly REDEI, Imre GSIHA, Zsolt KESERY, Janos Rso and Agnes KMANDINE VEGH

Evaluation of juvenile micropropagated black locust(Robinia pseudoacacia L.)
clones under sandy soil conditions.. 89—95

Abstract —In Hungary the black locusRgbinia pseudoacacia) is one of the most important
exotic stand-forming tree species. Its importarscencreasing in many other countries, too.
As a result of a partly new selection programméieidack locust clones have been improved
for setting up clone trials and seed orchardshingaper the juvenile growth and the stem
guality of micropropagated black locust clones waraluated under sandy soil conditions. At
age of 10 the clones ‘MB17D3/4’, 'MB17D3/10’ as Was$ ‘PV 201E2/4’ appeared to be the
most promising ones for quality wood productiorsslie culture method can be considered as
a suitable tool for clonal propagating superiorivittbals and offering new prospects for
rapid mass cloning of selected genotypes.

Attila Laszl6 HbrVATH, Katalin SAKALOSNE MATYAS and Béla KWRVATH:

Harvesting in hardwood stands with application of nulti-operational logging
machines... 97-110

Abstract —As a result of new developments in technology, ésters may no longer be

confined to conifer forests only. Several studiagied out in black locust, Turkey oak and
beech stands have justified the use of these mexhin hardwood stands. Evaluating the
results of the cost and time analyses we concltitEicharvesters are more efficient in several
cases compared to traditional wood cutting withrcheaws.

Péter GEPANYI

Economic analysis of the continuous cover forest magement in beech stands
in comparison to the traditional rotation system... 111-124

Abstract —This paper discusses the analysis of the compl@nauic models between
selection system based on “Dauerwald” principlen{iouous cover forestry) in the early
transformation period and in the traditional raiatsystem in beech stands. The analysis is
carried out both subcompartment level and forestkd (management) level and compares
the performances. From the results obtained it lmarfound, that in beech stands in the
selection system is able to reach at least the ssmmeomic efficiency in both levels such as
in the traditional rotation system.

Gyorgy Marosl, Marton DauNER and Istvan UHASZ:
Annuity of state owned forests as a basis for truseship fee... 125-135

Abstract — The most important requirement for forestry uni@niaging state owned forests is
to carry out sustainable forest management. Ambaegnany criteria of sustainable forest
management the maintenance of a stable financegbaund is essential. Providing the
financial background is almost solely based upan ititomes generated from marketable
forest based products and services, of which tinbgredominant. Studying the potential
incomes from timer is therefore of high importafeeboth the representative of the state as
the owner and the forest management units. Thisnieccan be considered as the basis of
calculating the trusteeship fee. This paper prasantapplicable method to calculate long
term profitability of forest management.
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Viktoria CSANADY:
A new function for analysis of datasets.. 137-145

Abstract —In this paper, we suggest a model of fitting a rgpe of saturation curve,
namely a sinus curve, which can extend the appmicatf saturation curves and life curves for
forest yield database. The greatest advantageeaitidel is its flexibility can be realized in
fitting either with or without inflection point. Thinitial values can easily be given for the
regression procedure implemented in computer. Titeub of the programme consists of five
parameters. Beside the usual graphical illustrat@nalgorithm makes possible to show the
differences between, for instance, black locust-meduction sites by exact calculation.

Gergely KRALY , Bohumil TRAVNiCEK and Vojéch ZILA:
Modern rubus taxonomy ... 147-156

Abstract — The genusRubus L. with over 700 European species belongs to tkenamically
most complicated groups of vascular plants. Theesgmtatives of the genus form a complex
of few sexual diploid species and a plenty of pldigd apomicts. New morphotypes
originated as result of occasional hybridizatiod aegregation can be stabilized by renewed
apomixis. Batological research was suffered fromthodological and taxonomical
inaccuracies for a long time, with the descriptminnumerable individual morphotypes,
which were mainly resolved by the new, modern ggcioncept developed in the last 40
years (“Weberian reform”). A scale of distributiextents was established and widely
accepted for taxonomic classification, and onlyfammh morphotypes with sufficiently large
distribution areas have been classified as spediés. authors give an overview on
development of taxonomical concepts and speciahoakst of moderfRubus research beside a
short summary of former and recent batologicavagtin Hungary.

Péter SUics and Andras BLO:

Comparison of bryophyte communities in Norway sprue (Picea abies) and
beech Fagus sylvatica) forest stands in sopron mountains (nw-hungary)...
157-166

Abstract —Coverage, richness and composition of bryophyte® wempared between spruce
and beech forest stands in the Sopron mountaireshighest coverage of bryophytes species
in beech forests hadypnum cupressiforme, which was followed by terricollous species like
Atrichum undulatum and Dicranella heteromalla. The most dominant species in the spruce
stands wa®rachythecium velutinum; Brachythecium rutabulum andFissidens taxifolius had
slightly lower cover. The cover of bryophytes irebk stands was twice as high as in spruce
stands. The total bryophyte coverage was very simddbth forest types. The proportion of
stands without bryophytes was the same in beeclspmate forest stands. Greater richness of
bryophyte was found in beech stands than in spstereds. The most frequent species were
Hypnum cupressiforme and Brachythecium velutinum in both forest stands. The bryophyte
flora was richer in native beech forests, thanpruse stands, which were planted on natural
beech forests sites. However, the bryophyte cortiposof beech and spruce stands show
considerable similarity. Generally, the older sprytantations had unfavorable effect on the
bryophyte diversity.
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Tivadar BALTAZAR, Ildik6 VARGA, MiloS PEJCHAL and Péter czAl:

The distribution and host plant range of European nistletoe (Viscum album) in
some Central European countries.. 167-177

Abstract —Our research focused on the distribution of Europeéstletoe Yiscum album) in

five Central European countries (Hungary, Slovakiaech Republic, Poland and Romania).
Regarding to the distribution of mistletoe in th&edent countries no accurate assessment
have been made yet, therefore our review was basdlde assessment of available literature
records. The host plants of mistletoe are veryediffit in the analyzed countries. It's notable,
that many species from the broadleaf trees, suchA@s pseudoplatanus, Robinia
pseudoacacia, Populus x euramericana, Sorbus aucuparia, or from conifers the silver fir
(Abies alba) are the most common hosts almost all countries.

Adam FoLcz, Zoltan BYRCcsoK Balint DMA and Norbert RANK:

Macrofungi (basidiomycota) investigations in the Spron mountains (Western
Hungary) from forestry point of view ... 179-194

Abstract —Mycology is a rapidly developing discipline, whitlas strong connections to the
forestry management. To discover these relatiossmyycological investigation was carried
out in the Sopron Mts (Western Hungary). The momtgpwas started in 2010, and it has not
been ended so far. Different sampling methods \apmied (e.g. random field work, small
and large sampling plots) in the past three frgifp@riods of macrofungi to understand their
applicability. Altogether 364 taxa were documentBdsed on our preliminary results, the
Sopron Mts is a species rich, diverse area fromatogical point of view. Ecologically as
well as economically, macrofungi play importanterah the life of the forests and forestry
managements (e.g. indicator function, nature ceasien, health condition, decay of litter
and dead wood, secondary source of income, etw) tlaeir knowledge has several future
possibilities in practical use.

Daniel ANDRESI

Ecological investigation of bird communities in the Tanulmanyi forest of
Asotthalom ... 195-204

Abstract —In two consecutive years (2011 and 2012), the bwthmunities of two pine
plantations, two pedunculate oak and one gray pbéands were studied in the Tanulmanyi
Forest of Asotthalom. For the survey the quadratthod was used. Altogether 735
individuals of 34 bird species were detected. Tin@eyed biocoenoses were compared with
various ecological parameters (diversity, the leskekonsistency, similarity measures and
hierarchical cluster analysis based on Jaccardthéntwo study years, species richness,
density and diversity were the highest in the dakds. The highest similarity was between
the two oak sites while it was the lowest betweba pine and the oak sites. In the
dendrogram of the hierarchical cluster analysisddeiduous and the coniferous quadrates
are well separated. At each level the breeding doclrrence was constant for the terricol
and the fruticicol species. The ratio of the deoalriand the arborical species was higher
in the oak sites.
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Déaniel Andras Winkler, Tamas Marton Németh and @yddandor Traser:

Comparative study of collembolan communities in dierent forest types of
Finland ... 205-214

Abstract — The Collembola fauna was studied in the region bfdA (Western Finland) in
five different habitats (coniferous, deciduous amaed forests). During the survey a total of
2007 specimens belonging to 32 species were cetlecthe most abundant species was
Folsomia fimetarioides occurring in high numbers in all sampled habit&gecies richness
and diversity were the highest in the pine foregtile total abundance peaked in the soil
samples of the birch forest. Despite of the difféng@ant composition of the sampled forests,
community similarity (Bray-Curtis) was relativelygh (41%<).

Szabolcs MRGA and Miklos MOLNAR:

The maybeetle and the forest cockchafer in Hungaryand possibilities for
protection against the species.. 215-227

Abstract —Two species of the family Melolonthidae have pattdc importance in forest
management in Hungary; the maybeeNelplontha melolontha) and the forest cockchafer
(Melolontha hippocastani). Present knowledge about the two species aremies in details
in this article. Earlier experiences with decregsitheir damage as well as newer
technological experiments are evaluated on theslmdidilungarian literature.

Balint HORVATH:

Comparing diversity of nocturnal macrolepidoptera mmmunities (Lepidoptera:
Macroheterocera) in different forest stands usingight traps ... 229-237

Abstract —Macrolepidoptera communities and their diversityswampared in three different
forest stands (sessile oak, beech and mixed sesdiléorests) in the Sopron Mountains. The
monitoring was carried out from May to November 200sing portable light traps and we
identified a total of 349 species and 8,046 indiaid in 12 families. The results suggest that
the mixed forest stand has higher diversity of rmopidoptera species. The diversity was
determined using Shannon and Simpson diversity lmod® compare diversity values,
Hutcheson’s t-test was used. Furthermore, the sityevalues were ranked by Rényi's
diversity ordering. The results show higher divgren the mixed oak forest stand, while the
beech forest stand had lower diversity of macronomimmunities. Ranking of the unmixed
oak forest stand was not possible.

Edit ANTERNE NAGY:

Effect of various sources of light on insects trapgd with Jermy-type light traps
... 239-249

Abstract — The light-trap method is based on the insects’sabielur to fly to artificial light,
therefore it can also be used to examine lightutiolh. Light pollution can lead to change in
insect behaviour and reproduction. The aim of stigly was to examine the effect of light
pollution on insect behaviour using three differgmte of light sources. The investigation was
done with Jermy-type light traps from June to Augasd the tests were done according to
the moon phases. The trap captures varied stroRlis Qiptera), cicadagHemiptera) and
moths (epidoptera ) were eudominant and dominant in the traps. Thera regionally
varied, significant relation between the light sms and trapped insect orders.
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Levente 86cs, George MLIKA and Gyorgy GOKA:
Data on the parasitoid complexes of leaf mining irects on oaks.. 251-259

Abstract —Leaf miners are good models to study multitropmtenactions, including the
regulating potential of their parasitoids. Onlyeavfstudies have been published concerning
the parasitoids of the Central European and Huagdeaf miners. In 2011 and 2012 we
studied the parasitoid complexes of 9 leaf minipgcses developing on 4 different species of
oaks. The samples were kept in individual rearigsthe two years we collected 1,936
samples. From these rearings 28 different pardsgipecies have emerged. After comparing
our rearing results with those in the scientifiedature, we have concluded that our results
include novel and unpublished host-parasitoid aatsoaos.

Andras NAHLIK , Gyula $\WDOR and Tamas ARI:

Birth rate and offspring survival in a free-ranging wild boar (Sus scrofa)
population ... 261-269

Abstract —We have estimated birth rate in wild bd&us scrofa by counting embryos in the
uterus of females killed in the course of individoadrive hunts. Counting corpora lutea in
the ovaries gave information, on embryo/corpus uliterate, which can be useful for
estimating birth rate in early stages of pregnahtyhe latter cases we multiplied the number
of corpus luteum by the embryo/corpus luteum ratestimate the birth rate. Birth rate was
estimated in different age groups, separately. Wgs estimated by means of teeth wear.
Survival was estimated by direct observations daagnthe piglet/female ratio in matrilineal
groups. The method is suitable for assessing sursmeival only, as 8-9 month after birth
matrilineal groups begin to disintegrate. Averagéneated birth rate was 6.7 (N=51). We
found positive linear relationship between conaaptiate and age of female, conception rate
and body mass, respectively. In late stages ofnamegy, embryo/corpus luteum rate proved
to be 0.83+0.15. Recruitment of piglets to the flem@opulation was low: more than half of
them perished by the end of September. The highedtlity rate occurred in the first weeks
of the piglets’ lives.
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