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Early Evaluation of Promising
White Poplar (Populusalba L.) Clones in Hungary

Karoly REDEP — Zsolt KESER(? — Gabor SULCSAN®

#Hungarian Forest Research Institute, Sarvar, Hungary
® Kiskunsagi Forestry Joint Stock Company, Kecskerténgary

Abstract —White poplar (Populus albk.) and its natural hybrid, grey popld?dqpulusx canescers

are native stand-forming tree species in Hungary, covering 3.4 per cent of the forested area (64 000 ha).
More than 70 per cent of their stands and plantations can be found on calcareous sandy sites in the
Danube-Tisza region, so they play a significant role in the poplar grawings part of the country.

One of the most important tasks ahead of Hungarian poplar growers is to improve the quality of poplar
stands and plantations for wood production based on selecting relatively drought-tolerant clones and
cultivars. In the paper the juvenile growth and the morphological characteristics of four
micropropagated white poplar clones have been evaluated on a marginal site in central Hungary. The
clones'H-337" (P. albax P. grandidentatapnd ‘H-384" (P. alba x_P. grandidentatapppear to be
especially promising for quality wood production under arid hydrological conditions.

White poplar (Populusalba L.) / clone selection / early growth evaluation

Kivonat — Igéretes fehér nyar klénok korai értékelése MagyarorszagorA fehér nyar (Populus
albal.) és természetes hibridje a szlurke n@apulusx canescensjshonos, allomanyalkotd fafajok
Magyarorszagon. Az edgtel boritott teriilet 3,4%-at (64000 ha) foglaljak el. &itbmanyaik és
Ultetvényeik tébb, mint 70%-a a Duna-Tisza k6ézi meszes homokon talalhaté, igygedeatepet
jatszanak az orszag ezen részének nyargazdalkodasaban. A magyar nyasteriidsZlé egyik
legfontosabb feladat a nyarallomanyokban és lltetvényekben a fatermeszigsganek fejlesztése
relative szérazsagt klonok és fajtak szelektdlasa révén. A dolgozat négy, mikroszaporitassal
eléallitott fehér nyar klon korai stadiuma ndvekedési és morfoldgiai értékelését mutatja be kdzép-
magyarorszagi marginalis teftrelyen. Széraz hidroldgiai viszonyok melle®.aalbax P. grandidentata
‘H-337’ és'H-384" jelii klonok lehetnek a miiségi fatermesztés szempontjabol leginkabb igéretesek.

Fehér nyéar (Populusalbal.) / klonszelekcio / korai nbvekedés-értékelés

1 INTRODUCTION

White poplar Populus albal.) and its most important natural hybrid, the grey poplar
(Populusx canescensnative to Hungary. The area of poplar stands and plantations in the
country was 61400 ha in 2006 (3.4 per cent of the total forested land), with a standing volume
of 10.2 million n? (166 nt ha?).

" Corresponding author: redei.karoly@t-online.hu, M®GARVAR, Varkerilet 30/A.
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More than 70% of the white and grey poplar starats lee found on calcareous sandy
sites in the Danube-Tisza region. Native poplarseHzeen regarded for several decades as
weed tree species without any value for the timbarket. In spite of this fact about 35% of
the new afforestation and artificial regeneratieearried out presently with white poplar in
the mentioned region. White poplar has a rich gew in the sand dune region in the middle
of the Great Hungarian Plain and in the bottomlahdig rivers (Szodfridt — Palotas 1973).
In the near future, due to the establishment oinat parks in these regions, considerable
increases can be expected in the area of natidangopt the same time their importance will
be increasing in the large areas of marginal sit@sh are not suitable for hybrid poplars but
can accommodate native or{€ggure 1)

In Hungary the range of sites optimal for poplaovgng is rather limited. In the Danube—
Tisza region some very important ecological factease become unfavourable for poplar
growing in the last two decades. There is insudfitiprecipitation during the growing season
(appr.200—-300 mm), and control of the rivers anthtiaation have caused a drastic lowering
of the ground-water table in many places. In symtssthe water supply for poplars depends
on the moisture content of soils, accumulating vg&ate the surface and on the water-storing
capacity of soils. Therefore, the main aim of tlestion work is to find and improve
relatively drought-tolerant white poplar clones aadltivars that have good stem form
providing good-quality wood material for industrialirposes (without false heartwood) and
that can adapt to the changed ecological conditiBéslei 1994).

Doanube-Tisza
sandy ridges

Dﬂni;.b(- Bywiland

Figure 1.The main growing regions of white popBopulus alba L.) stands in Hungary

2 TAXONOMY AND DISTRIBUTION OF POPLARS

This section of the genus Populus (Dicmann, KuzewkR008) is a complex grouping
comprising the white poplars and aspens. MemberedionPopulusare distributed over
temperate, boreal, and montane reaches of the &arthemisphere, and several are of great
economic importance. As a group they are ecologiahbtinctive because of their clonal
physiognomy and — in the case of aspens — by to®mmon occurrence in upland habitats
(Dickmann — Kuzovkina 2008).

Acta Silv. Lign. Hung. 6, 2010
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Species crosses have yielded up to now the bastsek has to be mentioned, that the
direction of crossing has importance in poplars, reciprocal crosses are genetically
different. Hybrid vigour was observed in the cras$e alba x P. grandidentataand
P. tremulax P. tremuloideswhich means that genetically close species, atgig from
different continents (usually Europe — N. Americaje the most suitable partners. Such
crosses may happen in nature, when the specigdared by accident close to each other
(Matyas 1983, Guzina 1986).

3 BRIEF SUMMARY ON BREEDING AND IMPROVEMENT OF POPL ARS IN
HUNGARY

The basis for the breeding and improvement progranvas a series of clones obtained in the
frame of co-operation, during the 1950’s by the IRoResearch Institute of Italy, Belgium,
the Netherlands, France, Germany and Yugoslavimboted with the genetic heritance of
Hungarian forestsRopulus nigraandPopulus alba This research programme was started by
the prominent scientists of the Hungarian ForestelRech Institute (ERTI), Gy. Koltay and F.
Kopecky. In Hungary ERTI is the most important aa#l institution for poplar breeding and
improvement. It took part in provenance testingegikpents ofPopulus trichocarpaPopulus
deltoidesandPopulus nigrawhich were launched by FAO and IUFRO.

The number of clones selected out of progenies atsoto more than 1000. These
clones, screened by early testing methods, maka cgnsiderable part of the collection of
ERTI and at the same time primary materials fomalatesting experiments. This poplar
cross-breeding resulted in several excellently gngwopulusx canadensigpoplar clones, of
which Populusx canadensis Moench 'Pannonia’, 'Kopedkyd 'Koltay' have been admitted
to the official national poplar recommendation and integral parts of the state approved and
tested varieties.

Selection breeding was mostly directed to nativeplgrs (Kopecky 1962, 1978).
According to his research on native poplar hybrideP. albax P. grandidentatdH 422-1’,
the ‘H 422-6, theP. albax P. alba‘H 425-4’ and the'H 325-10’ clones could have some
growing-importance. Th®. alba cv. ‘Bolleana’ ‘H 427-3'the P. albax P. grandidentata
‘H 422-1"and the H 422-6’ clones can be planted in roadside plantations anksgdor their
decorative value on the whole range of suitabksgiRédei 2000). On the calcareous sites of
the Great Plain only thB. canesceng cv. ‘Bolleana’, the'H 372-1" and the'H 372-2’ can
be planted.

Selection investigations on marked individuals aogulations of native poplars laid the
foundation for their possibl@ situ andex situconservation. Marked gene-reserves extend to
roughly 100 ha and the number of registered plesstris about 200in situ gene
preservation). In Hungary the area of native andridypoplar experiments amounts to
800 ha. Geographically they are dispersed in th@aparowing regions, and therefore are
suitable for drawing conclusions on clone-siteratéions under the typical conditions of the
country (Toth 1996).

4 METHODS OF VEGETATIVE PROPAGATION USED FOR WHITE POPLAR
CLONES

Clonal selection is a variant of individual seleatia very effective one, as both additive and

non additive genetic components are utilized. Aaéxpropagation is very important for
archivation and conservation of selected genotypés. ease of vegetative sustenance of

Acta Silv. Lign. Hung. 6, 2010
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individuals is maybe the greatest advantage offdree breeding as compared with perennial
plant breeding.

The vegetative reproduction of white poplar cloras be implemented by auto-
vegetative propagation. Cutting propagation has)lgacticed for centuries in horticulture
and to some extent in forestry as well. Root cg#ihave been proved to be the best method.
Root cuttings are detached portions of root systgaserally 0.5 cm in diameter and about
5-10 cm in length. They are planted horizontallyaatepth of 2 to 3 cm in a well-watered
rooting medium. Good results can be archived withpge sowing of root cuttings in the
nursery.

Greenwood cuttings are much more difficult to handk they are sensitive to drying-out.
Greenwood cuttings of white poplar clones are mboiteder shaded foil cover, they have to be
carefully watered. The time required for root fotioa varies from two weeks to twelve
weeks. Clones which root the best in early summewaually over-wintered in a greenhouse
because their root systems are not adequate t@odupp young ramets under outdoor winter
conditions.

Four white poplar selected clones were micro-prafedyduring the last few years in the
Micro-propagation Laboratory of Research Institéve Fruit growing and Ornamentals,
Budapest—Erd in collaboration with the HungariameSo Research Institute. Plant tissue
culture methods provide us with new means to spged/egetative propagation of the
selected clones and give us the opportunity tobkskanew clone trials and seed orchards
with them (Rédei — Balla 2007). In spite of the mwous advantages of this method it has to
be underlined that tissue culture plants must mobtought into cultivation before risks and
costs are carefully considered.

5 EARLY EVALUATION OF WHITE POPLAR CLONES

Suitable observation techniques make it possibleb®erve some characteristics important
for breeding already at an early stage of develaproktrees, while other characteristics are
manifested at a later age. In our selection woekntiain selection criteria were:

» growth rate,

» adaptation to site conditions,

» stem form,

* branching habit,

* rootability of cuttings,

* resistance to pests and diseases and

* wood properties.

The trial demonstrated in this paper is allocatedhe most important white poplar
growing district in Hungary (in sandy ridges betwelee rivers Danube and Tisza).

5.1 Description of the study area

The trial discussed in this paper was allocategubhcompartment Kecskemét 40A in the
Danube - Tisza interflow region (in central Hungaig spring 2004. According to the
Hungarian classification of forest site types, ti&n ecological characteristics of the studied
area are the following: forest steppe climate zdweidity of the air is less than 50% in July
at 2 pm; during the period at the test area the@amrecipitation is between 263.8-560.3 mm,
hydrology: free draining; genetic soil type: hunsdndy soil with very shallow rootable
depth. The latitude and longitude coordinates & é¢xperimental area afé 46.883547,

E 19.588868.
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5.2 White poplar clones found in the trial

In the clone trial the clon# 325" (P. albax P. albg, ‘H 337’ (P. albax P. grandidentaty

‘H 384" (P. albax_P. grandidentaty and‘H 425-4’ (P. albax P. albg as well as white
poplar P. albal.) as control can be found. The experiment wasupetvith one-year-old
micropropagated plants (in case of the clones) @malyear-old seedlings (in case of the
control) in the spring of 2004. A randomised blaglstem with three replications was used.
The initial spacing was 2.5 x 2.0 m. 30 plants welented in every replication. The total
experimental area was 0,43 ha. The one-yeafoldulusx canescenseedlings — as the
control plants — were produced by the Kiskunsage&ioy Joint Stock Company.

5.3 Assessment of stand characteristics

The following stand parameters were measured aludilated at the age of 6 years: stem
number (surviving stems), dbh.(diameter at breagght), tree height and mean tree volume.
Stem volume was estimated according to the voluabée tfor white poplar (Sopp, Kolozs
2000). According to the measurement of stem numthersurvival rate was the following:
Control: 92%, 'H 425-4": 90%, 'H 337": 86%, 'H 38482%, 'H 325": 74%.

The collected data were analyzed by STATISTICA @l&a analysis software system -
StatSoft, Inc. 2008) programme including correlagiand regression analysis. Analysis of
variance was done for height (H) and diameter easirheight (DBH) since these parameters
(particularly diameter) are highly correlated witle mean tree volume.

5.4 Tree classification

Characterization of stem quality, including thesalth condition was defined by using the

following stem quality classes:

Class 1 -The stem is straight, cylindrical, healthy and reag the top of the crown. Crooks
are tolerated in one dimension only, up to a behdess than twice the stem
diameter. The lower two-third of the bole is frddive branches.

Class 2- The stem is straight and healthy, forks are abéet, but only if they are in the
uppermost third of the tree. Crooks are toleratedne dimension only, up to less
than four times the stem diameter.

Class 3- The stem is crooked, leaning and more or lessadath Crooks may reach six
times the stem diameter in one dimension and mamookedness in a second
dimension is tolerated.

Class 4- The stem is very crooked in more than one dinoenand heavy damaged. Low
branching, forked trees sometimes with broken crown

The stem quality index (see Trable ) was estimated by the arithmetic average of the
stem quality classes.

5.5 Results

Table lillustrates the most important stand structureapesters. On the basis of the data,
considering the growth in height, the clories337’ and‘H 384’ provided the best results.
They surpassed the control by 29 and 23 per cespectively. As regards the growth in
DBH the above-mentioned clones surpassed the ¢dwrd4 and 23 per cent; the tendency
was also the same with regard to the mean treensmhalues. The effect of differences in
DBH on the mean tree values seems to be very cenadikk (an additional 50 and 40 per cent
for the above-mentioned clones). As the stem quaddex is concerned, the succession from
best to worst is:H 337, ‘H 384’, ‘H 425-4’and H 325. According to the significance test
at P =5% level, significant differences were foundheight (SR =1.31 m), in DBH
(SDsy = 1.22 cm) and in the mean tree volume values4S2.90 dm).

Acta Silv. Lign. Hung. 6, 2010
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Table 1. Stand characteristics of white poplar esmt age of 6 years.

Name of Mean H Mean DBH Mean tree volumeStem quality
clone m % cm % dm % index (1-4)
‘H 325’ 51 106 6.0 97 9 90 1.7
‘H 337 6.2 129 7.7 124 15 150 1.1
‘H 384" 5.9 123 7.6 123 14 140 1.4
‘H 425-4’ 5.6 117 6.7 108 12 120 15
Control 4.8 100 6.2 100 10 100 1.9

6 CONCLUSIONS

The trees in the clone trial demonstrated in thpep#hrive under site conditions that are only
partly favourable for poplar growing. Considerihgstfact, the early evaluation showed that
mostly the clonefH-337’and‘H-384' seem to be suitable for poplar growing, while the
clone H 425-4’could be considered an alternative one for woodyxction.

The experiments have also demonstrated that migpagated plants can be successfully
transplanted into soil, hardened and grown in ik&l.f Micropropagated trees have been
exhibiting normal growth and appearance since therse planted. Hungary has got relatively
much experience in white poplar growing. As theulsssuggest, systematic testing is
essential in poplar breeding. However, results wittmaller probability of error can only be
achieved after a longer period of research. Théesyic evaluations of comparative trials
set up in the past decades in Hungary will makmgsible to select more reliably the white
poplar clones which can meet all the requiremerafiet in the introduction to this paper.

Acknowledgments: Research on white poplar improvement in Hungarypagly supported
by the Kiskunsagi Forestry Joint Stock Company @kemét) through fruitful field work
cooperation.
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Genetic Variability of Service Tree (Sorbus domestica L.)
in the Hungarian Middle Mountains —
Based on cpDNA Analysis in Two Regions

Laszlo NYARIE

Chair of Ecology and Genetics, Institute of Environmental and Earth Sciences,
University of West Hungary, Sopron, Hungary

Abstract — A genetic inventory was conducted at maternally inherited chloroplast DNA
(cpDNA) gene loci of 196 adulséervice treesS domestich The sampled trees represent
autochthonous collectives/populations originating from 2 distant regions, from contrasting
habitats, a forested area (eastern part of the Dunazug Mountains) and cultured habitats (Zemplén
Mountains), respectively.

Strong intrapopulation variation was observed; percentages of molecular variance were: between
regions 27%, among populations/regions 6%, within populations 67%. Considering all samples, the
major part of total diversity (i 0.752) was contributed by intrapopulation diversity=0.583).

Species diversity was represented differently in individual populations. E.g. the population
Kacsard contains only one haplotype: the doubtless sign of local human cultivation. The population
Buda Hills has an average differentiation considering the whole sampled material but the highest when
evaluating the region north from Budapest separately. That points to the dispersion after an
introduction event, probably parallel to adaptive radiation under selection influence.

In the study genetically polymorphic populations containing unique haplotypes were
detected, providing important information for forest management, gene conservation and
nature protection activities. The described work is pagixdfitu gene conservation projects of
the species in Hungary.

cpDNA diversity / PCR-RFLP / differentiation / representativity / genetic distances

Kivonat — K6zéphegységi hazi berkenye Sprbus domestical.) populaciék genetikai
variabilithAsa — két régid cpDNS vizsgalata alapjan.196 hazi berkenye egyed vizsgalatat
végeztik el cpDNS-markerekkel. Azl fak kollektivumait két tajegységben mintaztunk: a
Dunazug-hegység keleti felének ébdritotta részétl, illetve a Zempléni-hegység &bhegyi
kultar-élbhelyeil. Az élshelyek ugyan kilonbdek, viszont a mintadzott populaciok
6shonosaknak tekinthik.

A molekularis variancia 27%-a régiok kozotti, a régidkon bellli populaciok kdzott ez 6%, mig a
populaciékon bellli érték 67%. A mintdk Osszességét tekintve az 0Osszdiverzitas O(fi52)
meghatarozo részét a populacion bellli diverzitas teszi ki (0,583). Az elkllonitett populaciok
dtéré reprezentativitasi avagy differencialédasi értékeket mutattak a mintdk 0Osszességéhez
viszonyitva. A kacsardi populacio pl. csak egyetlen haplotifwist mely a helyi kultivacidé biztos
jele. A Budai-hegyek populécioja kulénlegesnek bizonyult: a teljes névényanyaghoz viszonyitva
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atlagos differencialédast mutatott, viszont a Buddfil északra le§ populacidk kézott a legjobban
differencialt. Mindez a behurcolast ké§etzétaramlasra utal, amely egyiitt jarhatott szedddfolyas
alatti adaptiv radiacioval is.

cpDNS-diverzitas / PCR-RFLP / differencidlédas forezentativitds / genetikai tavolsagok

1 INTRODUCTION

Forest species, particularly wind pollinated spgcexhibit a very effective gene flow. Unlike
the patterns of nuclear DNA encoded alleles, matemmheritance of the DNA of cell
organelles maintain local patterns of allelic stuwe for long time periods (Matyas 2002).
Intraspecific chloroplast DNA (cpDNA) diversity igery effective in characterisation of
population structures and in phylogeographic sad@emesure et al 1996; Fineschi et al
2000). Organelle DNA markers are suitable for tnagkof postglacial species migration
routes (Petit et al 2002/b), for introgression gbridisation testing, for kinship relations or
descent analysis (Heinze 1998 in: Matyas 2002).

Service treeorbus domesticag an insect pollinated and animal dispersed, speeies,
and is of high interest both from silvicultural awgll as from nature and gene conservation
aspects. The natural distribution area of the ggeisi concentrated on Southern Europe. Core
areas are the Balkans and Appenines, eastern Spdisouthern France (Rotach 2003). The
easternmost occurrences are found on the Crima@nguga and in Asia Minor. The northern
boundary of natural occurrence is uncertain, bexaige the Roman period this species was
repeatedly cultivated and dispersed for its frfksusch Blecken von Schmeling 2000,
Gyulai 2001). A contiguous distribution is presansouthern Germany (Kausch Blecken von
Schmeling 2000), Lower Austria (Klumpp — Kirisit€d®) and in southern Slovakia (Karpati
1959/60, Paganova 2008).

In Hungary, the species is distributed mostly alding Hungarian Middle Mountains
range and in South and West Transdanybigure 1). The habitats are in mountainous
regions, usually dry oak or scrub forests, rockyero woodlands, but also forest margins,
abandoned vineyards and fruit orchards.

Dunazug Mountains
Danube Bend

Figure 1. Natural distribution range of Sorbus d@tiea in Hungary
(after Bartha— Matyas 1995) and the location of the study areas
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The occurrences in the last two habitat types c¢eflee human influence on distribution
of the species. Gyulai (2001) states that archgezdbfindings (seeds, fruit residuals) prove
that Roman Villa-farms had a highly developed fraiid winery culture in the Roman
province of Pannonia (in present-day HungaBged finds from the Migration Period, and
finally the study of medieval wells in Buda castienfirm the historically continuous
consumption of service tree fruits and the cultovatof the tree species. Rapaid940)
considers the service tres. (domesticdaas indigenous in Hungary.

S. domesticdhas acertain economic potential glant material of excellengenetic
quality is used (Rotach 2003). However, in megions of Central Europe, service tree is
threatened, and is regarded as a valuable biolbgimhplant genetic resource worth to be
conserved.

2 MATERIAL AND METHODS

2.1 Plant material

SamplegTable 1.)were collected in the Zemplén Mountains (Northt&asHungary), and in the
eastern part of the Dunazug Mountains (Danube Beodh of Budapest). Fresh leaves were
collected from trees, afterwards frozen and stateéB0°C. 196 individuals were sampled and
analysed. In the Zemplén Mts. the service treesrargly located in cultured or semi-cultured
habitats: vineyards and extensively used villagegma (Nyari 2002). In the Danube Bend
S. domesticappears in some close-to-nature forest asso@aiidrile in the Buda Hills (western
limits of Budapest) the species is considered bspantaneous (Karpéati 1959/60, Nyari 2003).

Table 1. Sampled service tree populations in the@én Mountains (codes 1-5), and in the
eastern part of Dunazug Mountains (codes 6-9). ¢berdinates of populations
represent the means of individual tree coordinates

Code Populations _ Coordinates _ Number of
Longitude Latitude trees
1. Hegykdz 481’ 6” 21°30'38” 28
2. Kacsard 483'26” 21°35 57 17
3. Hegyalja 4315'54” 21°23'35” 43
4, Tokaj 48 9'51” 21°19'54” 15
5. Mezdilé 48°27'39” 21°18'12” 9
6. Buda Hills 4734'12” 1857'33” 11
7. Szentendre 4723'53” 19 3'45” 30
8. Visegrad 4°%5 7 1856’19” 29
9. Pilismarot 4746'31” 1851’ 5" 14

When defining the dividing borders of sampled pagiohs in the two regions, first of all
the reproduction biology of the species was comsileTherefore, the occurrences in larger
groups or significant presence in contiguous laagss (convergent valleys, coherent vine
yards, basins) were defined as populations beaafuserourable geographical circumstances
for gene flow.

2.2 DNA extraction, amplification and digestion

For extracting total DNA from frozen leaf samples DNeas§ 96 Plant Kit (6) (QIAGEN,
Hidden, Germany) was applied. The concentrationthadjuality of the extracted DNA was
checked by 1.5% agarose gel electrophoresis wittAExas running buffer (Sambrook et al.
1989).
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The fragment length polymorphisms obtained by pripaars, combined with restriction
enzymes, allow the detailed study of intraspecifaiability and investigation of putative
relationships between sampled genotyp€ke details of amplification and restriction
digestion conditions are described in Dumolin —égye et al. (1997) and Demesure (1999).
Seven cpDNA primer pairs HK, KQ, DT, ST, VL, CS aB&M, described originally for
Sorbus torminaliby Demesure (1999) were tested. Amplifed prodatthese primers were
digested with the restriction enzymes Alu |, Dd&¢pR I, Hae lll, Hinf I, Mse | and ScrF 1.
The restriction fragments were separated by ovetaliours of electrophoresis on 8%
polyacrylamide gel (Dumolin — Lapégue et al. 1998)e analysed samples revealed at KQ
digested by Mse | seven, and at KQ digested by Hiafir polymorphic bands, enabling the
description of different cpDNA haplotypes.

2.3 Data evaluation

Genetic structures were characterized by populajemetic parameters derived with GSED
(Gillet 1998-2010) and GenAlEx (Peakal and Smou3@5® Distances among haplotypes
were calculated with NTSYS 4.0 beta (SinaAemotiation 1998) represented by TreeView
(Page2001). For diversity analysis the programs HAPLOKW$Tand HAPERMUT were
utilised (Pons — Petit 1996).

The diversity parameter - which is usually applied for haplotype genetiterpretation
and analysis - is defined as follows (Pons - A&&6):

V:Zni'j XX XY,
ij

where 7; is the distance between haplotypesidj andx; andy; are observed frequencieh: ’

is calculated by ignoring the genetic distancenaf haplotypes. The resulting coefficients of
differentiation are defined assiN(based on), or Gs (utilising h diversity).

The Nst and Gt values are directly comparable by using permutagioalysis, and their
difference can be tested against O (Burban et®9)l Accordingly, after 1000 repetitions,
the Nsr value is recalculated. Afterwards it is assesshdtier the new value after certain
repetitions is larger thandgs(one-tailed test).

The differentiation parametdd; of a subpopulation was obtained according to Gregorius
and Roberds (1986):

D, =dy(p(1), (i) =5 2P (1)~ P ()

Here Ei(j) describes the relative frequency of ttteallele among the pooled material of all

included samples except tfth. Thus,D; indicates whether sampjeepresents the complete
set of samples (= relatively low value) or has ec&d genetic setup as compared to the other
samples (= relatively high value).

The o gives the mean of the differentiation parame®rsveighted with the proportions
¢ of the different samples (Gregorius 1984):

0= Zn:cj D,
j=1

The total population differentiatiosir (Gregorius, 1987, 1988) quantifies the amount of
genetic variation within a single sample:
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The genetic distancel, between subpopulations was calculated inter albowviing
Gregorius (1974) and Prevosti et al. (1975). Itrgifi@s the proportion of genetic elements
which the two subpopulations do not share.

.. 18
do(i, J) :§Z|pik - pjk‘
k=1

Herei andj denote the subpopulations angd the relative frequency of the” type (allele,
genotype) in subpopulationThe genetic distances following Nei (1972) weakewalated as well.

The value of smallest genetic differendés) is based on the consideration that it
guantifies the change to be made in the frequehdtyeotrait states in one population in order
to match the frequency distribution of the secoodypation, under the requirement that trait
states be shifted to the most similar trait statespple. The minimum change in the sense of
linear programming is relevant, taking into accotiré characteristics of the place of traits
during optimization (smallest difference) throudje application of the principle (Gillet et al.
2004). Therefore:

A(s) =Y s(a,b)d(a,b)

a,b

A =min  A(S)

3 RESULTS

Polymorphisms were observed by means of PCR-RFLRs.primer pair KQ was used to
amplify the non-coding region between trnK and tro@Qthe chloroplast genome. The
amplified fragment was digested with the restrictemzymesvisel andHinf | and visualised
on polyacrylamid (PAA) gel. Eleven polymorphic medion fragments were observed,
classifying the 196 studied trees into 16 diffedeaplotypesKigure 2, 3 and Table)2

e T TN || P

Figure 2. The RFLP restriction patterns of primeznzyme combinations KQ - Mse | (1-7)
and KQ — Hinf I (8-11) on PAA-gel. Arrows indicdke detected polymorphic
bands/products.
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The distances between haplotypes were calculatksing the PAUP 4.0 beta program
(Swofford 2002). From the resulting haplotype distance ma#ritree-stucture grouping
without roots was constructed (Structural groupingooted option, program: TreeView,
Page 2001). The resulting UPGMA diagram is showrigure 3.

Table 2. Presence (1) or absence (0) of the coomedimg bands 1 to 11 of S. domestica
cpDNA-haplotypes (I - XVI)

=

I

Il

i
v
\%
VI
Vi
VIl
IX
X
Xl
Xl
X
XV
XV
XVI

alclolejoNoNoNoleoNoNeNoleoNoNo] ™
PRPRRPPRPRRRPRPRPRPRROO0COOIN
PRRPRPRRPRRRPFPOOCORREROW
OCO0OO0OO0CO0OO0ODODOCOOCORRERR|IA
OrRPPRPOO0O0O0ODO9ORrRrRRLPOOOOlu
cNeleol _NoNoNofoleloNoNoloNoReNa]fe))
PRPRPFPPRROORRRRPRPRER|N
CoOoOOFRPRFRPRLRPROFRPROFRPROOFRrOOO|
O0OO0OO0O0O0COOROROREFOR|O
OrPrOPOROOOCOROORONR
e YolleNooNololeloNoNoloNoNo Nl oy

3.1 Spatial distribution of cpDNA haplotypes

Haplotype “XI — Green” on the left upper arm Bfgure 3 is the generally distributed
haplotype, prevalent in the Zemplén Mts. The hgpletwas represented in 47% of the
analysed samples. The “lll — Blue” haplotype (o thlpper right branch ifrigure 3
represents 15% of the samples. The "V — Gray” lgp&®on the lower right arm is present in
12% of the sampled specimens. The “lll - Blue, Gray, XI — Green”, and “XIV — Pink”
haplotypes were observed in both of the geografidestant regions.

Table 3. S. domestica cpDNA haplotypes in the atlugliopulations (see Figure 3).

Population code

Haplotypes 1 2 3 4 5 6 7 8 9
I Hatched light blue 0 0 0 0 0 0 0 2 0
Il Light blue 0 0 0 0 0 0 0 1 1
Il Blue 2 0 0 0 0 1 15 9 2
\% Dark blue 0 0 0 0 0 0 2 0 0
\% Gray 2 0 0 0 0 0 8 7 6
VI Yellow 0 0 0 0 0 0 0 0 1
VIl Orange 0 0 0 0 0 0 1 1 0
VIII  Black 0 0 0 0 0 0 0 1 0
IX Hatched brown 0 0 0 0 0 0 0 1 0
X Hatched pink 0 0 0 0 0 0 0 0 1
Xl Green 21 17 27 8 6 4 3 7 0
Xl Claret 0 0 1 0 0 0 0 0 0
Xl Light green 2 0 3 3 1 0 0 0 0
XV Pink 0 0 3 0 0 4 1 0 3
XV  Red 1 0 9 4 2 0 0 0 0
XVI Brown 0 0 0 0 0 2 0 0 0
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Most populations include several (from 3 to 8) cpDNaplotypes. The population of the
vineyards of Kacsard was fixed for a single hapetwhich was common in other populations of
the Zemplén mountains (“XI — Green”). The reasory rha sought in the cultivation effect
supporting the propagation of a single local hgpletfFigure 4. Comparing the regions, the
characteristic “main” haplotypes are different &gp‘lll — Blue” and “XI — Green” have an
alternating dominance by region), or are typicaldialy one population. The Hegyalja, Tokaj and
Mezodilé populations, as well as Hegyk6z contain exclubaglotypes which occur only in the
eastern, Zemplén region (“XV — Red, XIll — Lightean”).

A large number of otherwise rare haplotypes (“l atdthed light blue; 1l — Light blue;
IV — Dark blue; VI — Yellow; VII — Orange; VIII — Bck; IX — Hatched brown; X — Hatched
pink™) were observed in three populations from hanube Bend (Pilismarét, Visegrad,
SzentendreTable 3 Figure 4). The population Nr. 6 of Buda Hills contains happes which
are typical and dominant haplotypes for both regi¢fil — Blue, XI — Green, XIV — Pink”)
and has a private haplotype (“XVI — Brown”) as well

Figure 3. Unrooted UPGMA diagram of the serviceetopDNA-haplotypes
(after Page 2001). The colours are correspondingiture 4.

8. Visegrad

7. Szentendre

6.Buda Hills

'

Figure 4. The spatial distribution of S. domestpdNA-haplotypes in the Dunazug (left)
and Zemplén (right) Mountains. The circle diametmes relative to sample sizes
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Considering the cpDNA-haplotype composition of stadied populations, it may be
deduced that the populations dominantly indicateni#ed origin, containing numerous
cpDNA haplotypes. Among these haplotypes, domirsartt codominant or accompanying
types are distinguishable within populations origag. Typically, the main or dominant
haplotype within a region could occupy the roleoflominant haplotype in the other region.

Observed patterns of cpDNA diversity confirm theyortance of endozoochorous seed
dispersal and typical extinction/recolonisation ayncs. Results indicate considerable gene
flow by seeds among populations within regions ltesy in a high diversity within
populations and sharing of haplotypes within thgiae, but very limited gene flow between
the two regions.

An analysis of molecular variance revealed that 2f%he total variation is distributed
between the two regions, 6% among populations witieigions, and the remaining 67%
within populations. Strong differentiation was oh&el between the two regions, with only 4
common haplotypes.

3.2 The cpDNA haplotype diversity and differentiaton among populations

A major proportion of the total diversity (= 0.752) is contributed by intrapopulation
diversity (h = 0.583;Table 4. Total diversity (k) values are similar in the two regions
(0.838 for Zemplén and 0.852 for Dunazug), howeter intrapopulation differentiation is
remarkably higher in the Dunazug than in the Zempiépulations (h= 0.761 vs. 0.678) due
to other, private and rare haplotypes. The higtapdpulation differentiation indicates that a
large number of mother plants participated in fongdhe populations.

The level of population subdivision using unorderadd ordered alleles resulted
Gst=0.225 and Ny = 0.245, respectively, for the whole material. Asang the two regions
separately the values of population subdivision ewksss pronouncedTéble 4. In the
Zemplén region the & value (0.191) was higher tharsN0.146) which is exceptional. The
differences betweendY and Gt were not significant neither separately for the n®gions,
nor for all samples (U-test).

Table 4. Diversity and differentiation of S. don@spopulations. Standard deviations are in

parenthesis
c~ _0 = = = = = =
&S ESRE °Q o o o o o o =
-5 O >0 = [2)
. as 2535 L2 " o = = n 2 o 2 = O3
Region 8_-8 858‘8% s < O > > 8 z8 2379
— .= E‘B © S c c [ c c c zZ
Om 595 Zc 8 8 g g b g
) n (°2) (°2) (°2) (°2) o
Zemplén 5 2111 9 0.678 0.838 0.191 0.709 0830 0.146 -1.23
Mountains ' (0.0763) (0.0879) (0.0135) (0.0748) (0.0345) (0.1046) NS
Dunazug 4 1738 13 0.761 0.852 0.106 0.738 0.858 0.140 0.43
Mountains ' (0.0269) (0.0272) (0.0303) (0.0657) (0.0472) (0.0723) NS
overal 9 1712 16 0.583 0.752 0.225 0569 0.754 0.245 0.25

(0.0835) (0.0831) (0.0577) (0.0932) (0.1121) (0.0497) NS

NS: not significant
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3.3 Genetic differentiation comparing the represerdtivity of populations

If each service tree population is compared withdbmplementary material, representativity
or presence of special types can be evaluateddTlagerage differentiation) value is quite
high (0.51), which might be explained by the ma&érmheritance, the geographical
segregation, and the significant number of polyrhamms. The most representative
population — including the largest number of hapes — is the Hegyk®dz population,
followed by Me#diil6 and by Hegyalja as well as Tok&jgure 5.

Table 5. Genetic differentiation among the S. ddicespopulations (Program: GSED,
author: Gillet 1998-2010)

1. 2. 3. 4., 5. 6. 7. 8. 9.
Hegyktz Kacsard Hegyalia Tokaj Mezodilé Buda Hills Szentendre Visegrad Pilismarét

G 0.143 0.087 0.219 0.077 0.046 0.056 0.153 0.148 710.0
D, 0351 0.575 0.431 0.431 0.417 0.508 0.686 0.531 140.7

C;: differentiaton proportionally to sample sizeg, differentiation versus the complementangterial

9. Pilismarat

- O.F

5. Mezodils| O

- 04

- 03

- 0.2

- 0.1

3. Hegyalja

8. Vigegrad {1

4. Tokaj

6. Buda Hillz

Figure 5. Genetic differentiation among populations
based on cpDNA haplotypes after Gregorius and RisbEr986).
The circle displays the mean differentiation ampogulations § = 0.51)

According to the differentiation values, populasan Zemplén are more representative.
Kécsard, containing just one haplotype, is the ptiop. This locally cultivated cpDNA type
is an autochthonous and well distributed haploippgbe Zemplén Mountains.

The differentiation of the Buda Hills populatioD;(= 0.508) corresponds to the mean
value among populations. It contains haplotypesmonty found in both regions and has a
private haplotype: this is also reflected by theteérmediate’ position in the dendrogram
(Figure 8.

The other populations in the Danube Bend (Viseg&mkntendre, Pilismarot) north of
Budapest, show only a lower representatidp> mearny) caused by the appearance of ‘new’
and rare haplotypesgigure 5.
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8=023  5=0054 _o2

5. Mezddild
- 03

- 02

4. Tokaj o
- o1 Aiixeed 9. Pilismarot

” /3. Hegyalja

8. Visegrad

1. Hegykoz

Figure 6. Genetic differentiation among the Figure 7. Genetic differentiation among the
Zemplén Mts. populations Dunazug Mts. populations.
(see Figure 5 for explanations)

When evaluating the Zemplén and Dunazug regionsratgly, the calculated mean
differentiation values are lowep (= 0.23 andd = 0.054 respectivelyFigures 6 and Y
compared to the pooled analysis. The reason isefj@nal separation regarding the main
haplotypes (seé&igure 4, which determines a relatively higher homogenaeiithin both
regions. In the Zemplén Mountains the populatiorthaf vineyards of Kacsard is the least
representative due of its single haplotype. Theufamns of Hegykdz and Hegyalja with a
large number of sampled trees and haplotypes hage to average differentiatiofrigure
6). The Tokaj and Me&xil6 display the same haplotypes but their proportiarnes. This fact
has a remarkable influence on the differentatidoutation.

In the Dunazug region, the Buda Hills populatiordéviant and considerably increases
the value of the average differentiation. The offegsulations have high representativity.

The mean differentiation valuesd)( are analogous to the sN and Gyt population
differentiation(Table 4).

3.4 Genetic distances among populations

Genetic distances among the 9 subpopulations vedcalated according to Nei (1972), Gillet
et al. (2004, smallest genetic difference), andgGries (1974) (software: GeneAlex /Peakall
— Smouse 2006/ and GSED /Gillet 1998-2010/). Whemparing the geographic and genetic
distances, the Buda Hills population shows dewahies (underlined iffable §.

The distances (after Gregorius 1974) are lessanetistern Zemplén region than in the
Danube Bend regioTéble §.

The intermediate situation of the Buda Hills popola was previously described: it
includes main or typical haplotypes from both regi@nd is remarkably differentiated from
the other, Danube Bend populations within the nediigure 7). Based on the distancds
after Gregorius (1974), a cluster analysis of thealysed populations was executed
(Figure 8. Within the SAHN (Sequential, Agglomerative, Hiechical, Non-overlapping)
classification the ’single linkage’ method sepasatbased on the principle of minimum
differences. The clustering using the single lirkagethod is clearly taking into consideration
the geographic differentiation as well.
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Table 6. Matrix of genetic distances (after Gregeril974) (left lower triangle) and
geographic distances (right upper triangle) of gamnpled populations

Geographic distance (km)

Hegykoz Kacsard Hegyalja Tokaj Mezdilé Buda HillsSzentendreVisegrad Pilismarot

— 15.227 29.488 41572 16.573 217.011 201.681 209.026 213.904Hegykdz
0.250 — 19.893 31.398 22.184 215.666 201.259 209.035 214.263Kacsard
0.267 0.372 — 12,119 22.761 197.153 183.283 191.298 196.733Hegyalja
0.360 0.467 0.188 — 33.063 188.885 175.710 183.983 189.638Tokaj
0.226 0.333 0.093 0.133 — 200.520 185.121 192.454 197.334Mezddiilé
0.565 0.636 0.567 0.636 0.636 — 19.551 20.291 24.208Buda Hills
0.757 0.900 0.867 0.900 0.900 0.776 — 9.534 16.516 Szentendre
0.616 0.759 0.759 0.759 0.759 0.668 0.315 — 7.020 Visegrad
0.857 1.000 0.930 1.000 1.000 0.695 0.557 0.581 — Pilismarot

Genetic distance

1_Hegykéz
3_Hegyalja
5_Mezadiilo

4_Tokaj

2_Kacsard

6_Buda_Hills

7_Szentendre

8_Visegrad

9_Pilismarét

r T T T T T T T T T T T T T T T T T T T 1
008 022 0.35 0.4 062

Coefficient

Figure 8. Single linkage dendrogram of nine S. dsiioa populations,
based on the genetic distanggadter Gregorius (1974)

In our clustering, using the distancesTiable § the Buda Hills was always grouped to
the eastern region. It seems, that the Danube Bepdlations constitute a distinctly different
region regarding their haplotype composition.

4 DISCUSSION

The cpDNA analysis of this insect-pollinated, sestl species is well suited for gene flow
analysis based on seed dispersal. The fruit hagmuws consumers (especially thrush species)
which transport the seed over greater distanceshaodgh the digestion process neutralise the
effects of germination inhibitors which are in theit flesh (Yagihashi et al.998).

Oddou-Muratorio et al. (2001/c) distinguished 19dwservice tree §. torminali$
haplotypes through Europe based on 7 cpDNS and SSRpprimer pairs. Two main
haplotypes were commonly occurring. In every popaiaalso minor or rare haplotypes were
found.
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In our study, regionally different major haplotyesd minor types occur as well in every
analyseds. domesticpopulation.

The Gst values ofS. domesticare extremely low: 0.106 (for the Dunazug regiorGsr
< 0.225 (for the two regions). Results #rtorminalisare similar: 0.13 < & < 0.35 (Oddou-
Muratorioet al.2001/b,Oddou-Muratorio et ak001/c).

Wild service tree §. torminali$ populations sampled over the eastern and soustier®a
part of its range were studied with seven, presiynadutral nuclear microsatellite markers
(Kucerova et al2010). The differentiation level was relatively higFst = 0.228), which
comes close to our cpDNA results for a species wittagmented occurrence at its limits.
Mohanty et al. (2002) found &&= 0.29 for the similarly insect pollinated and sesdd
Prunus aviumamong 23 European populations based on 16 deddrédg@otypes.

These values appear to be lower than those forlyvidistributed social broadleaved
species such &3. petraea Gst= 0,82 (Dumolin-Lapegue et al. 1997);@sr = 0.835 (Petit et
al. 2002); and-. sylvatica Gst= 0,83 (Demesure et al. 1996). The cpDNA markemsnsh
strong differentiation among social broadleaved ypaons and low levels of within
population diversity. Conventional cpDNA primersosls for insect pollinated wild fruit
species, that these populations are regularly fimediumerous haplotypes. The presence of
more — main and minor — haplotypes suggests nuradomnders also through long distance
seed dispersal.

The spatial distance between the two regions esc@80 km, therefore the structural
differences between the Danube Bend area and Zenapk remarkably high. The lack of
additional or ‘bridge’ data between the two regionfluences the evaluation and the
interpretation as well. The reasons for the exttiaary structure of Buda Hill population could
not be clarified undoubtedly, whether it is of matwrigin or a product of human impact or
cultivation. The influence of cultivation on thenpdistance dispersal is so far also not clear.

S. torminaliscpDNA results reveal, that a significant but stigieographical haplotype
pattern was observable approximately up to a distasf 100 km (Oddou-Muratoriet al.
2001/a). The described cpDNA pattern was comparedstzyme-based (biparentally
inherited and codominant) results, analysing thmeesplant material. Neither pollen nor seed
dominated gene flow was clearly observable in thgupation structure of that species

There are, however, countless examples for antigeapmus dispersal or cultivation
effects onSorbus species (Karpati 1959/60, Grater 1996, 1997, GyR@01). Karpati
(1959/60) refers to Holuby’s (1888) vascular fldescription of Trencsén County. Trencsén
County is situated over the northern limit of seevitree distribution. Holuby reported on
centuries-old service trees. He explained: in e@lsen accidentally detected seedlings were
found in forests, which originated from seeds sgrég birds, these were removed and
planted at the edges of arable land. At the sifembandoned orchards or vineyards, often
established on forest clearings, these trees c#in bst found, putative remnants of
transplanted specimens.

A very convincing example for local anthropogenalispersal is the occurrence in the
vineyards of Kacsard, which belongs to the histdiikaj-Hegyalja vine region. Here only
the major and generally distributed (“XI — Greehgplotype was found.

Based on the communications of Boros (1944 in: E&rpO59/60) the service tree in the
Buda Hills is subspontaneous and distributed bgisbirom nearby forests. Our sampled trees
in the Buda Hills are situated in private gardendprmer vineyards and in forested areas as
well. Cultured habitats are in any case more fragjirethe Buda Hills, than at other locations
of the Danube Bend. On the other hand, occurreimcgemplén are predominantly cultured
habitats, but no exceptional or unique cpDNA hages were found there.

! Presently Tretin, N-W Slovakia
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5 CONCLUSIONS FOR CONSERVATION AND FORESTRY PRACTICE

Among the main species of the gensisrbus S. domesticaequires more ex situ gene
preservation, while for wild service tre8.(torminali$ in situ conservation methods seem
sufficient for gene conservation, because thisispds less endangered (Demesure 1997). In
the present study genetically polymorphic populai@ontaining unique haplotypes were
detected, providing important information for faremanagement, gene conservation and
nature protection activities &. domestica

The service tree remains rare in closed forestd, slnould be planted in forest edges,
hedges or clearings for game food (Vancsura 1992 the aspect of nature protection, it is
important to monitor the seedling recruitment amyedopment in regenerated stands, and
where necessary, to plant artificially.

The described genetic inventory was the prepardtioryene conservation breeding of
S. domestican both regions. Ex situ conservation measures.the planting of two grafted
seed orchards for gene conservation is in preparaifhe gene conservation units will
represent all identified genotypes of the respectegions. Minimum 3 grafted ramets per
genotype will be outplanted. The frequency of ggpes will vary according to phenotypic
trait differences, following the principles of gemenservation breeding for different traits
such as fruit, seed or trunk quality. The varyiegresentation of different genotypes in the
seed orchards will be based on the rating of repibek contribution which was first applied
in Hungary, in Scots pine breeding (Bano et al.897
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Parent Stand Growth Following Gap and Shelterwood
Cutting in a Sessile Oak-Hornbeam Forest

TamasToBISCH"

Department of Ecology and Silviculture, Forest Research Institute, Sarvar, Hungary

Abstract — In this paper, effects of uniform shelterwood cutting (SWC) and gap cutting (GC) on
total volume and value increment of the parent stand, volume increment of individual sessile oak
trees, as well as, on crown expansion of sessile oak are compared for the first five years of the
regeneration period of an oak-hornbeam forest. The gaps were circular and of one tree height in
diameter. During SWC, there were two harvesting occasions, on each of which 30% of the
standing volume was removed. Total volume increment of the remaining sessile oak trees relative
to the initial standing volume of sessile oak was approximately identical between the two
methods. However, individual trees grew faster if applying SWC. Volume increment of sessile
oak decreased with the distance from gap centres. Crowns expanded mostly southwards and
westwards both in the cases of GC and SWC. Value increment of the parent stand did not differ
considerably between the two methods.

crown expansion / gap cutting Quercus petraea / shelterwood cutting / value increment / volume
increment

Kivonat — Az anyaallomany novekedése errys felljitbvagas ill. Iékvagas sordn gyertyanos-
kocsanytalan tdlgyesbenJelen tanulmanyban gyertyanos—tdlgyesben végrehajtott |ékvagasnak
ill. egyenletes bontason alapulé felldjitovagasnak az anyaallomany térfogat- és értékndévedékére, a
kocsanytalan tolgy faegyedek térfogatnévedékére valamint a kocsanytalan télgyek korondinak
novekedésére gyakorolt hatasat hasonlitom 6ssze a felljitastetsére vonatkozélag. A Iékek

kor alakuak, egy fahossznyi atmifirek voltak. Az ernys felljitbvagas soran az anyaallomanyt

két alkalommal bontottdk meg, mindkét esetben aifakészlet 30%-at termelték ki. A
kocsanytalan tolgy 6sszesitett térfogatndvedéke a kocsanytalan tdlgy kiindafakéstletéhez
viszonyitva kdzel megegyezett a két feldjitasi médszer esetében. Egyenletes bontasnal azonban a
kocsénytalan tolgy faegyedek gyorsabban ndvekedtek. All&tolodva a kocsanytalan tolgyfak
térfogatndvedéke csokkent. Mindkét technolégia alkalmazasakor a koronak leginkabb déli ill.
nyugati iranyban nyultak meg. Az anyaallomany értékntvedékét tekintve a kétféle eljards nem
kilonbdz6tt szamottéen.

ernyés feltjitovagas / értékndvedék / koronak novekedése / lékvagasQuercus petraea /
térfogatnévedék
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1 INTRODUCTION

One main tool of close-to-nature forestry is minmgk natural processes (Somogyi 2000,
Gamborg — Larsen 2003). As temperate deciduoustior@ten regenerate themselves by
spontaneous gap formation (Runkle 1989), it seaggdl that gap cutting is one of the
regeneration methods of close-to-nature forestonii& 2002). However, the ecological and
the economical advantages of gap cutting overrtditional uniform shelterwood system are
not obvious and should be demonstrated in appitepiied trials.

Whereas shelterwood cutting of peduncula@udrcus robuy and sessile oak
(Q. petraea stands has been practiced for a long time (egp@nos 1967a, 1969a, 1969b,
Kelly 2002, Harmer et al. 2005, Harmer — Morgan 200obisch 2008), very little is known
in such oak stands about spontaneous gap formatithre effects of gap cutting (Lipke 1998,
Nicolini et al. 2000, Bobiec 2007, Collet et al08) Diaci et al. 2008).

Canopy closure plays a key role during natural megation. It influences the
intensity and spatial pattern of light reaching threlerstory and affects soil water content
(Szappanos 1967a, Bréda et al. 1995, Emborg 196pkd. 1998, Ostrom 2005). For
sessile oak seedlings, both light and soil moisttwaditions are especially important.
Although sessile oak is normally regarded as atddgmanding species (Krahl-Urban
1959 cit. Lupke, 1998), its shade tolerance ina@saBom northwest to southeast in
Europe (Krahl-Urban 1959 cit. Kelly 2002). Therefporunder the Hungarian site
conditions, survival of young seedlings is oftemited by soil moisture (Magyar, 1933).
It is also well-known that decreasing the canopwysity during shelterwood cutting
promotes weed proliferation in many sites and &aulto serious problems of sessile or
pedunculate oak regeneration (Humphrey — Swain& 1Rélly 2002, Harmer et al. 2005,
Harmer — Morgan 2007).

Although the structure of the canopy greatly infloes the regeneration processes, as
well as, crown size correlates with volume growklthe parent stand (Drobyshev et al. 2007),
growth rate of sessile oak crowns has been rataljies] (Longuetaud et al. 2008). Sessile
oak is known as a species the crown plasticity lottvis very low at the age of regeneration
(Szappanos 1967b) but no data is widely availablerown expansion during shelterwood or
gap cutting.

Volume and value increment of sessile oak treeshbmaconsiderable even during the
quite short regeneration period (lasting for maximi0-15 years on Hungarian mesic sites)
of shelterwood cutting (Szappanos 1967a, Gotma@®pPBy contrast, effects of gap cutting
on parent stand growth are not well-known. Basecsa@me evidence (mainly from North
America), it can be assumed that trees at the etigaps grow faster than those inside the
closed stand (Poage — Peart 1993, Pedersen — H2@@4)l However, hardly any information is
available about sessile oak in this context.

In this paper, some preliminary results of a corapae study of a sessile oak-hornbeam
forest are presented. The following questions ddeessed based on the first five years of the
regeneration period:

1. How do shelterwood and gap cutting affect the vauamd value increment of the

parent stand?

2. How do size and shape of sessile oak crowns chiante shelterwood stand and at

the edge of gaps?
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2 MATERIALS AND METHODS

2.1 Study area

The study stand (47°42’N, 18°52’E) occurs at 47@.81l. on a slight south-southwest-facing

slope in Visegradi Mountains, North-Hungaiigure 1). The mean annual precipitation at

the nearest meteorological station (Dobagd@99 m a.s.l.) is 790 mm of which 239 mm falls

during the main growing period (i.e. from 1 May3b July). The mean annual temperature is
7.1 °C. The mean temperature of the warmest maily)(is 17.5 °C while the coldest one is

January with a -4.1 °C mean.

The soil of the study stand was examined at samppfifot level (Tobisch 2009).
According to these investigations, the soil is rhaof a transitional type between ranker and
some brown forest soil (i.e. clay migration wasicedble but to a lower extent than in the
case of brown forest soils) which is loamy and dgwed on andesite bedrock. The rootable
depth varies between 60 cm and 75 cm. Howeveménad the sampling plots, pseudogleyic
brown forest soil with a rootable depth of 35 cncws (see the description of the sampling
design). Although soil properties of this plot diféd from those of the others, it was not
excluded from the experiment because some usefoiniation would have been lost if
omitting this plot. Furthermore, it was possibledietect possible effects of differences in site
conditions since data were evaluated at plot level.

The study stand was a sessile oak-hornbeam fordstsessile and turkey oakercus
cerris) in the upper layer and hornbea@a(pinus betulus as well as, European beech
(Fagus sylvaticain the lower layer. The stand was 82 years old062, i.e. at the beginning
of the experiment. The stand of the plots is desdriin details in the results section. The
shrub layer was patchy and consisted mainlZ@Etaegus monogynand Carpinus betulus
Characteristic type indicator species of the hayel (sensu Majer 1963) we@Garex pilosa
Galium odoratumMelica uniflora Poa nemoralis

2.2 Experimental design, and the regeneration teclues studied

The study forest subcompartment was divided into parts along a natural border (a little

stream) and an artificial ond-igure 1). Five more or less circular gaps of 25-30 m in
diameter (i.e. approximately one tree height) weerein one part (hereinafter abbreviated as
GC stand where GC refers to ‘gap cutting’) durimg twinter of 2002-2003. Distances

between margins of neighbouring gaps were at leasttree height. The other part of the
study area (hereinafter abbreviated as SWC stamdes®WC refers to 'shelterwood cutting’)

was evenly opened at the same time. Around oné diithe trees (in respect of volume) of

the SWC stand was removed. Here, a second cut avaed out with the same intensity as

the first one during the winter of 2006-2007.

2.3 Sampling

Eight sampling plots of 55 m x 45 m in N-S and Edikéction, respectively, were distributed
in the study areaH{gure 1). Five of them were regenerated by gap cuttingefhafter called
GC plots), three of them were regenerated by shedted cutting (hereinafter called SWC
plots). In the former case, gap centres were |dcafgroximately 5 m south to the plot
centres. In this way stands at the north edge efgtips in which sunlight penetrates most
deeply and for the longest time (Mihdk et al. 20B&ter et al. 2005) can be studied more
thoroughly. All plots but No. 4 and 7 were fenced study the effects of browsing on
regeneration (data not published in this paper).

All trees of the parent stand of the eight plotseveampled on two occasions, after the
vegetation period of 2002 and after that of 20072002, separate point maps of all trees of
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the sample plots were created by theodolite (Zei$3AHLTA 010A) and sonic distance
measurer (SONIN Combo PRO). Furthermore, the ldngaszontal crown radii of all trees
were measured in direction of N, W, E and S. Moezptwo perpendicular diameters (dbh)
of each tree were recorded. Height of one avenagedf each 1 cm-wide diameter class was
measured by standard hypsometer (Vertex Ill) irhgdot to generate diameter-height curves
for each species (if it was necessary due to tije tmumber of trees).

In contrast to 2002, height of all trees was measum 2007 since it was supposed that
trees surrounding the gaps had not grown at thee sgpeed. Furthermore, in GC plots, the
crown radii of only trees directly at the edge apg were measured because crown expansion
of trees inside the closed stands surrounding thes gvas assumed to be very low
(Longuetaud et al. 2008).

7

S

A
N
@ <> @ X3
©>
EPN

@ N

45 m

55m

Figure 1. Experimental design. On the right sideehematic map of the study stand is shown
with the six fenced (delineated by solid lines) #mel two unfenced plots (delineated by
broken lines) and a plot of gap cutting can be sdéme area of the gap is indicated by a
circle. On the left side the real topographical piom of the plots is indicated.

G — plots of gap cutting; S — plots of shelterwaodting; dotted lines — border-lines of
the two regeneration methods. The numbers refepltd numbers. Source of the
topographical map: Hungarian Institute of GeodeSgstography and Remote Sensing.

Beside the two sampling occasions of the complaters stands (i.e. all living trees),
diameters of those trees which were cut in theewinf 2006-2007 (i.e. at the second cut of
shelterwood cutting) had been measured after thetagon period of 2006. Height of these
trees was calculated from the diameter-height curve

2.4 Data analysis

Data of each plot (except for those on crown exipais$ were analyzed separately. Thus, the
applied significance tests were performed pairwisdghich means that every SWC plot was
compared with every GC plot. In this way, possibliects of small-scale differences in site
conditions or tree stand structure between thes mintparent stand growth could be revealed.

Diameter-height curves were created from diameter leeight data of 2002 by natural
logarithmic regression (Veperdi 2008) for each species per plot. These curves were then
used to estimate the height of those individualEwivere not measured directly.

Total above-ground volume of each tree was caledldbr 2002 and 2007 using the
Hungary-specific Kirdly volume function (Kiraly 18Y. Volume of those trees which were
cut in the winter of 2006-2007 was calculated by same method for 2006. Total increment
of the remaining trees of each species was exanainpbbt level for the first five years of the
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regeneration. Total increment of the remainingdreta given species was divided by the
total initial volume of all trees of that specigsdanultiplied by 100. Thus, total increment of
the remaining trees was expressed on a percewt igative to the initial standing volume of
the given species. Furthermore, total volume ofrdraoved trees was studied by the same
method.

Increment of the remaining sessile oak trees iolabs as well as, in relative value was
analyzed also for the first five years of the regration (individual-level analyses). The
differences occurred in these types of incrementewsmpared by single classification
ANOVA-s. However, increment distributions were batlon-normal and heteroscedastic
therefore the classical F test of ANOVA cannot seds Furthermore, it has been shown
recently that even the non-parametric Kruskal-Watiist assumes the equality of variances
(Fagerland — Sandvik 2009). Thus, significancehafR statistic was checked by sampled
randomization tests with 1000 resamplings (SokaRehlf 2003, McDonald 2009). The
randomization tests were performed by randomly péng the assignment of observations to
the groups (i.e. to the plots). The sizes of tloags were fixed.

Kendall's rank correlation coefficient was applitx analyze the relation between the
distance from the gap centre in the four cardimaations and the increment of sessile oak
trees. If the correlation proved significant Kerdatobust line fit method was used to fit a
regression line on the data.

Crown expansion of sessile oak trees was exammasla ways. On the one hand, SWC
and GC plots were compared according to the expasgf crown quarters (N, E etc.). The
applied method was the Kruskal-Wallis test becalisteibutions of the expansions were non-
normal but homoscedastic as indicated by Leveris.t€n the other hand, trees of all plots
were grouped according to the regeneration typ&yedisas, in the case of GC, according to
the location (N, S, E, W) relative to the gaps. §,Hive groups (one group of SWC and four
groups of GC) were distinguished. The expansions@ivrn quarters were then compared by
groups using Wilcoxon’s signed ranks tests. Theststwere carried out as unplanned
comparisons (every possible comparison was dondfig way, expansion of a crown quarter
of a given tree was compared to that of the oteet crown quarters of the same tree (paired
comparisons, Sokal — Rohlf 2003). Due to the unmancharacter of the tests, significance
levels were modified according to the BonferronilHomethod (Sokal — Rohlf 2003). It
should be noted that by the Bonferroni-Holm methsignificance tests become conservative
which means that the power (the probability of ey the null hypothesis when it is false)
of the tests decrease. Thus, the null hypothesisdepted too often. However, there were no
reasons to maka priori decided (planned) comparisons.

Value increment of the parent stand was analyzedjuke mean market values (without
VAT) of the local forestry practice in 2008 dble 1. Harvesting costs and selling revenues
apply to net volume which was calculated as 80%hefotal above-ground volume following
the local forestry practice. 30% of the harvestsbse oak wood was considered as industrial
wood while the remaining 70% was regarded as fimaMollowing the local practice again.
100% of the harvested wood of other species wasidered as firewood.

Table 1. Costs and revenues by forestry operatisadufor economical calculations.
The applied exchange rate (as of November 2008Y1vEa3SR to 260 HUF.

Forestry operation Costs/revenues
(EUR/nT)
harvesting 11.54
revenue from selling industrial timber 84.62
revenue from selling firewood 50.00
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Value of all living trees was calculated for thdtial stage of the regenerationajue)
and for the fifth year of thatv@lug) from the revenues and costs of wood harvestirg an
selling (Table ). Furthermore, value of the removed treedge) was calculated by the same
method. Value increment,)f of the parent stand referring to the first fiveays of the
regeneration was then expressed as interest freriolllowing equation:

(100

\

_ (valuef +value )—valuq
- value

Data were evaluated by the BIOMSTAT 3.3 (2002) paoy

3 RESULTS

3.1 Standing volume at the initial stage and volumef the removed trees

Tree stand structure of the plots was diverseairtitial stage of the experimeriigure 2).
Volume of the removed sessile oak trees varied é®tm20% to 56% in the SWC plots
whereas almost all trees of the associated speees cut from here during the first five
years of the regeneration (note that some beeds tnere removed only on the second
harvesting occasion, thus due to their incremerdkime of the removed trees was higher
than 100% in plot No. JFigure 3. 20-30% of sessile oak and the same amount kéyurak
were cut in most GC plots. In plots No. 2 and 364&f hornbeam while in plots No. 4 and 7
20% of that was removed.

7.:@ 400 #“SWC 1
«E NSWC6
< 350 ESWC 8
7 _ [@GCU 4
S00 1PN i EGCU 7
250 | EBGCF 2
EHGCF 3
200 4 = BGCF5
150 H =
100 H
50
0 < \% =
Q. pet. Car. bet. Q. cer. Fag. syl. Other

Figure 2. Initial standing volume of tree speci€se numbers refer to plot numbers.
SWC - plots of shelterwood cutting; GCU — unferglets of gap cutting;
GCF —fenced plots of gap cutting; Q. pet. — Quepetraea; Car. bet. — Carpinus betulus;
Q. cer. — Quercus cerris. Fag. syl. — Fagus sybaati
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3.2 Volume increment

Total increment of the remaining sessile oak tredative to the initial standing volume of
sessile oak was approximately identical, 7-9% irstmaf the plots (plot-level analyses,
Figure 4). The only exception is plot No. 8 in which it wdmsgher, 12%. However,
considering the absolute, as well as, the relatreeement values, sessile oak trees grew
significantly faster (p< 0.01 and px 0.05, respectively, in all the 15 possible cage§WC
plots according to the pairwise randomization tésidividual-level analysesigure 5).

< 120 #ZSWC 1
S S SWC 6
100 - ESWC 8
HGCU 4
BGCU7
80 1 B GCF 2
Z HGCF 3
60 - B GCF 5

40 4 W

20
0
Q. pet. Car. bet. Q. cer. Fag. syl. Other

Figure 3. Volume of the removed trees by speciesive to the initial
standing volume of the given species during tkeffire years of the regeneration.
For abbreviations see Figure 2.

S 16 _ #ESWC 1
g 7 NSWC 6
14 ESWC 8
[HGCU 4
12 BGCU 7
10 F1GCF 2
HGCF 3
8 = B GCF 5
6 A1t
4 !
2 |
0 S “ T %
Q. pet. Car. bet. Q. cer. Other

Figure 4. Total increment of the remaining treesspgcies relative to the initial
standing volume of the given species during tisé five years of the regeneration
(plot-level analyses). For abbreviations see FigRre
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Figure 5. Increment (i) of the remaining sessil& trass in absolute (a) and in relative value (b)
during the first five years of the regeneratiord{indual-level analyses). Standard deviations
are indicated by whiskers above which observatiomipers are shown on Figure 5a.

For abbreviations see Figure 2.

In GC plots, significant negative correlations wéoend between distance from gap-
centre and growth of sessile oak trees mainly matts (in three out of the five possible
cases;Table 2. In addition, the correlation was significant tagsds (in two cases) and
westwards (in one case). Increment of those trebg;h were located farther away than
30-35 m from the centre of the gaps was usuallyetawan 0.1 rh(Figure 6). Increment of
turkey oak was similar to (or, in plot No. 5, sonmat higher than) that of sessile oak in
GC plots Figure 4). Growth of hornbeam and the other associated dpseies was very
diverse, no regularity could be found in that issue

Table 2. Kendall's rank correlation coefficienty petween increment of sessile oak trees
and distance from the gap centres in the four caabdirections.

N E S W
T n T n T n T n
GCF 2 —0.35* 16 - 3 0.17 9 -0.33 6
GCF 3 —0.49* 15 0.02 11 0 4 -0.29 8
GCF 5 -0.02 20 -0.62* 7 -0.6 5 -0.32* 20
GCU 4 -0.16 23 0.07 10 -0.07 6 —0.06 12
GCU 7 —0.35* 15 -0.87* 6 0.71 7 -0.2 5

Kendall's robust lines corresponding to the siguaifit correlations (*; p< 0.05) are shown oifrigure 6
Abbreviations are given &ligure 2
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Figure 6. Kendall's robust lines for the signifitgnnegative correlations between distance
from the gap centres (d) and increment of sesslle teees (i) northwards (Figure 6a),

eastwards (Figure 6b) and westwards (Figure 6c)e Tlegative increment values are
consequences of crown breaks or measurement effgugations of the robust lines are
shown on the diagrams with the corresponding plobipers. For abbreviations see Figure 2.
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3.3 Crown expansion of sessile oak trees

Results of the Kruskal-Wallis test$gble 33 do not prove that SWC and GC affect crown
growth differently. The differences are often nagngficant and no clear trend can be
recognized even in the significant differences.

Sessile oak crowns expanded mainly southwards asstwards in the SWC plots.
The expansion was often considerable (even seveetdrs as indicated by the standard
deviations;Table 3b. Effects of the gaps on crown expansions areah@ays obvious if
considering the location of the oak trees relatvéhe gapsTable 3. The expansion of
many crowns was the highest not towards the gapsduthwards again (even by up to
5.5 m) though the differences between the expassidrcrown quarters were not always
significant.

Table 3a. Crown expansions (ce) of sessile oals irethe four cardinal directions.

ce (m) n
N E S W

SwcC 1 0.0 (0.9) 0.4 (1.0) 2.2 (1.0) 1.7 (0.7) 32
SWC 6 0.1 (0.8) 0.7 (1.3) 2.3(0.8) 1.1 (0.8) 36
SwcC 8 0.4 (0.9) 1.0 (0.8) 1.8 (1.6) 0.9 (0.6) 23
GCU 4 0.5 (0.9) 1.0 (0.8) 1.9 (1.1) 1.2 (0.9) 16
GCU 7 0.5 (1.0) 1.3(1.1) 2.2 (2.3) -0.3(0.9f% 9
GCF 2 0.2 (1.0) 0.3(0.7) 1.3 (0.9§°% 1.5 (0.8§ 14
GCF 3 0.4 (1.0 0.8 (0.9) 1.5 (1°5) 0.3 (1.3} 10
GCF 5 1.0 (0.5°%  -0.3 (1.45® 1.3 (1.0}°8 1.5 (0.6 12

Table 3b. Crown expansions (ce) of sessile oals @meéifferent positions relative to the gaps
and in the SWC plots in the four cardinal direcgon

ce (m)

Position N E S W n
N 0.6 (1.0§ 0.9 (1.2% 1.8 (1.3% 1.0 (1.3§° 24
E 0.3 (0.9) 0.4 (1.3} 1.7 (1.0% 1.0 (1.0§* 14
S 0.3 (0.6) 0.4 (0.8) 1.3 (1.4) 0.8 (1.0) 10
W 0.9 (0.9) 0.4 (0.8) 1.5(1.7) 1.1 (0.9) 13
SWC 0.2 (0.9 0.7 (1.1% 2.1 (1.1§ 1.2 (0.8f 91

Standard deviations are shown in parentheses. Thbers in the upper index of cell valuesTable 3aindicate
the numbers of those SWC plots from which the gi@hplot is significantly different (g 0.05). InTable 3h
mean values of significantly different crown expans are marked with different letters in the upjpetex
(comparisons were carried out by positions). Féwratiations se€igure 2.

3.4 Value increment

There were no substantial differences in valueeimamt of the parent stand between the plots
of the two regeneration methodsiqure 7). Value increment of plots No. 4, 5 and 6 was
slightly higher than that of the other plots.
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Figure 7. Relative value incremeny)(bf the tree stand. For abbreviations see Figure 2

4 DISCUSSION

4.1 Volume increment

Although total increment of the remaining sessiék drees relative to the initial standing
volume of sessile oak was approximately identicalmost plots, the same amount of
increment was produced by relatively much feweegren two SWC plots (No. 1 and 6;

Figure 3. Furthermore, volume of the removed sessile oadstin plot No. 8 was similar to

that in the GC plots but relative total incrememtsessile oak was higher in the former
(Figure 4. These results indicate that in the SWC plotsviddal trees had larger increments
in absolute value than those surrounding the gapsjt was proved by the pairwise
randomization tests. The explanation of the higilet-level increment of sessile oak in plot
No. 8 compared to the other SWC plots is the taat telatively more trees remained (volume
of the removed trees was smaller) in plot No. &timathe other SWC plots.

The higher absolute increment of sessile oak falgwSWC could be explained by two
distinct reasons. On the one hand, it would beiplesthat trees grew really relatively faster
due to the reduced competition occurred in the staed. On the other hand, it could also be
assumed that the differences between SWC and GE€ aie only results of artificial selection
of the larger trees in the former case. That I4yeds were removed from gap areas and all of
them remained in the stand nearby the gaps irréspicof their size when applying GC,
whereas with SWC, trees were selected accordirigdio attributes, including size as well.
Therefore, even if the larger trees of the eveplgned plots had grown relatively similarly to
trees surrounding the gaps, their increments wdwdde been larger in absolute value.
However, the results of pairwise tests on relatnoeement values disprove this assumption.
Moreover, it can be stated that differences in gmberties did not influence the character of
differences in effects of the regeneration methddhmt is, the contrasts between SWC and
GC plots were of the same nature independently fr@wnique site conditions of plot No. 8.

Presumably, the significant decreases of increroésessile oak trees northwards and
eastwards from the gaps are related to crown eigangDrobyshev et al. 2007). The crown
of these trees grew southwards to a significanttgagr extent than eastwards and
northwards. The southwards growth of crowns seentetthe most advantageous for sessile
oak trees (see below).

Apart from the asymmetric expansions, differenceslumination of crowns could also
influence the spatial pattern of volume incremeinsessile oak trees surrounding the gaps.
Crowns of trees north to the gaps were illumindigdirect sunshine for the longest time,
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whereas those of trees south to the gaps were ¢madstly by the closed stand nearby (see
Mihok et al. 2005 and Ritter et al 2005). That banthe reason for the phenomenon that the
most frequent direction in which increment of skessiak trees significantly decreased was
north, whereas the opposite was true for souths€qurently, the results indicate that growth
of the assimilating surface of sessile oak can ndst facilitated by cutting elliptical gaps
with the long axis oriented E-W (on south-facingppsls). However, increase of the
assimilating surface is obviously not the primapalgof regeneration. Several other factors
must be taken into consideration (e.g. seedlingatty, seedling growth, wood quality of the
parent trees etc.).

4.2 Crown expansion of sessile oak

Crown expansions in the SWC plots show that souttisvgrowth of crowns was the most

advantageous for sessile oak trees. Again, thdtsesare independent from soil differences

between the plots. The asymmetric crown expansambe caused by the extra high solar
energy which the south part of the crowns gainettZBly 1998). This effect was further

facilitated by the S-SW aspect of the slope on Wwithe stand can be found since the intensity
of light received by the south part of the crowesdme even higher.

It is not so clear, however, why west crown paragsignificantly faster (horizontally)
than east parts following SWC. One possible expianas that the angle of incidence of west
light on west crown parts is smaller (i.e. the amtoof solar energy per unit surface area is
higher) than that of east light on east crown pawis to the southwest aspect. Another reason
can be that light of warm afternoons may be moreaathgeous to the photosynthesis of
sessile oak than that of cooler mornings. Howetles, assumption is very difficult to verify
since photosynthesis is influenced by many facsinsultaneously (Kramer — Kozlowski
1979 cit. Collet et al. 1998).

The results show that SWC and GC do not affect nrgmwth differently if considering
trees at the edge of gaps and if overlooking tlvation of those trees relative to the gaps.
However, in the case of GC, crowns are expectezkpand towards (over) the gaps to gain
more light (Muth — Bazzaz 2002). The present suaidgroves this assumption.

Although expansion of crown quarters of trees wasti south to the gaps was not
significantly different, growth rate of these craswvas highest southwards, similarly to that
of crowns of trees at the two other locations. @iering also the fact that by the Bonferroni-
Holm method significance tests become rather ceoafige, it can be supposed that
irrespectively of the position of the trees relatte the gaps, crowns grew more or less alike.
Thus, effects of angle of incidence of sunlight #imose of Sun moving on crown expansion
of sessile oak seem to be stronger than gap effects

Despite the stand age, sessile oak crowns wererrgilstic. Therefore, the results
contradict the widespread theory that, after the @fgselective thinnings, crown plasticity of
sessile oak decreases greatly (Szappanos 1967b).

4.3 Value increment

Value increment of the parent GC stand was coraliderinfluenced by the associated tree
species. Although sessile oak trees grew signifigdaster and volume of the removed trees
was much higher in the SWC plots, increment ofassociated tree species was higher in the
stands nearby the gaps. The reason for this phemnrs not only the differences between
the initial tree stand structures of the plots mdinly the fact that fewer trees of the
associated species were cut from the GC plotsftioamthe evenly opened standsdure 3.
Therefore, growth of the associated tree speciakidmalance the value increment between
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the two regeneration methods. The unique soil pteseof plot No. 8 did not cause any
differences in value increment between the SWGsplot

The reason for the phenomenon that the value irememf plots No. 4, 5 and 6 was
higher than the average is the tree stand struciuteese plots. That is, initial sessile oak
volume in these plots was higher than the averagesassile oak was the only species in the
study forest which produced industrial wood. Despite high initial sessile oak volume of
plot No. 1, the value increment of this plot waado than that of the three other plots rich in
sessile oak. The difference between plot No. 1 #ad others is that individuals of the
associated tree species were cut to a great eixtantthe former plot while in two of the
latter plots (No. 5 and 6) hardly any individuafste associated tree species could be found
at the beginning of the experiment or in the tipiot (No. 4) they were not removed to such a
great extent. These results suggest that thelisttiacture of the tree layers modified slightly
the value increment both in the cases of SWC and Kefvever, these modification effects
did not cause any substantial differences betweetvwo regeneration methods.

4.4 Additional considerations

Gap cutting should also be examined in long-terecabse wood quality of sessile oak trees
located directly at gap edges can be greatly retlbgeepicormic branches since their stems
are exposed to direct sunshine. This question lEgéf importance since these are the trees,
the volume increment of which is the largest. Withiform SWC, epicormic branch
development is a less serious problem becauseodsteatling by the neighbouring trees and
to the short regeneration period, it does not desgavood quality considerably (Szappanos
1967a, Papp 1983 see also Johnson et al. 1998).

Another important issue in connection with gapiogtis the spatial distribution of gaps.
The present study shows that increment of treeaviay from the gaps can be much lower
than that of trees at gap edges. Thus, incremestaatd level strongly depends on gap
distribution. The results point out that if betwegap distances are larger than one tree height
(~ 30 m), volume and value increment at stand lewelsmaller with the applied GC than
with the applied SWC until the third (final) cut dfe latter one. However, regeneration
period of the stand is longer in the former caskictv means that trees have more time to
grow. Further long-term research is needed to etalthe effects of the gap cutting system
on parent stand growth at stand level.
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Water Balance Study of a
Groundwater-dependent Oak Forest

Norbert MORICZ

Institute of Environmental and Earth Sciences, University of West Hungary, Sopron, Hungary

Abstract — The objectives of this study were (1) to estimate the water balance components of an oak stand
by calibrating a Hydrus 1-D model, (2) to determine the groundwater consumption by the water table
fluctuation method and (3) to compare the results of the modelling with a remote-sensing based estimation.

Model simulation described the observed soil moisture and groundwater level relatively well, the
root mean square errors varied between 12.0 and 14.9% for the soil moisture measurements and 5.0%
for the groundwater level. Groundwater consumption was estimated also by the water table fluctuation
method, which provided slightly different groundwater consumption rates than estimated by the
Hydrus model simulation. The simulated evapotranspiration was compared with results of a remote-
sensing based estimation using the surface temperature database of MODIS.

According to the Hydrus model, the estimated evapotranspiration resulted from transpiration
(73%), interception loss (23%) and soil surface evaporation (4%) in the two-year study period. The
proportion of groundwater consumption was 58% of the total transpiration. During the dry growing
season of 2007 the groundwater consumption was significant with 66% of the total transpiration.
Water supply from groundwater was found to be less important in the wet growing season of 2008
with 50%. The remote-sensing based estimation of evapotranspiration was about 4% lower than the
model based results of nearby comparable sites.

groundwater / evapotranspiration / hydrus 1-D

Kivonat — Egy tblgyes vizforgalmi vizsgalataA jelen tanulmany célja (1) egy kocsanyos tdlgyes allo-

many vizforgalmi komponenseinek becslése egy numerikus modell (Hydrus 1-D) alkalmazaséaval (2) a két
felszin talajvizfogyasztasanak becslése a talajviz fluktuacio mddszerének segitségével és (3) a modellezett
evapotranszspiracié 6sszehasonlitdsa egy tavérzékelési médszeren alapuld parolgas eredményével.

A modell szimul&cio jol kovette a medfigyelt talajnedvesség- és talajvizszint értékeket. A talajnedves-
ség atlagos négyzetes gyok eltérése (RMSE) 12.0 és 14.9% kozott valtozott, mig a talajvizszint esetén 5.0%
koruli érték volt jellemd. A talajviz-fluktuacié modszerével becsult talajviz-fogyasztas kissé éltiéke-
ket szolgaltatott a Hydrus modell eredményénél. A vegetacidsadapotranszspiracidé dsszegeket dssze-
hasonlitottam a MODIS felsziimérsékleti adatbazis felhasznaladsaval becsilt parolgas értékeivel.

A modell eredmények szerint a teljes vizsgalisthkban (2007.04.01-2009.03.31.) az evapo-
transzspiracio mintegy 73%-a szarmazott névényi parologtatasboél, 23%-a intercepcios parolgasbél és
minddssze 4%-a talajfelszin parolgasbdl. A talajviz-fogyasztas a teljes transzspiraciéo 58%-a volt. A
2008-as vegetacidosddzakban a talajviz-fogyasztas ardnya (50%) lényegesen kisebb volt a 2007-ben
becsiltnek (66%), mivel a csapadékoésithkokban az intercepciés veszteség és a telitetlen zéna
parolgasa dominalt. A modell &ltal becsllt evapotranszspiracié 4%-kal volt kisebb a hasonl6
mintaterileteken — MODIS felszitimérséklet alapjan — becsiilt értéknél.

talajviz / parolgas / hydrus 1-D

" calvus17@gmail.com, H-9401 SOPRON, POB 132, Hungary
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1 INTRODUCTION

In recent years, knowledge about the amount ofargghto the groundwater has become an
important issue because groundwater has becons@sesource in some areas. Changes of
the vegetation cover, e.g. afforestation may be afnihe factors, influencing the long-term
changes of groundwater levels e.g. in the Hungdsigaat Plain.

The vegetation cover influences significantly theerception loss, the transpiration and
consequently the groundwater recharge. Interceptiss is considerably higher at forested
sites, compared to herbaceous vegetation due twehigaf area index and much higher
atmospheric conductance over forests (McMillan fgguL960).

Evapotranspiration from forest is considerably ¢éarghan from any other crop or
grassland and the amount of water left for grouridwaecharge is relatively low. GAacsi
(2000) found that deep recharge was significantbater under bare soil than under a scotch
pine forest on sandy soil in Hungarian Great Plaotal studies of water balance of forests
and other vegetation covers have found mainlytti&forests have higher water consumption
(Major 1990, Ladekarl et al. 2005, Nachabe et @052 Schilling 2007), whilst some studies
have demonstrated little difference in water constion of different vegetation covers
(Jard — Sitkey 1995, Roberts — Rosier 2005).

The present study intends to determine the watanba components of an oak stand on
sandy soil in North-East Hungary to obtain actuahpmtranspiration, calibrated with a
Hydrus 1-D model by soil moisture and groundwawrel measurements. Groundwater
consumption was estimated also by the water tabietufation method. The simulated
evapotranspiration was compared with results @naote-sensing based estimation using the
surface temperature database of MODIS.

2 MATERIALS AND METHODS

2.1 Study area

The study area is located in the North-East parthef Hungarian Great Plaiffrigure 1),
characterized by sand dunes, built up from rivepodés during the early Pleistocene

(Borsy et al. 1981).
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Figure 1. Location of the study site
The climate is continental, the mean annual pretipn (19532000) is approximately

520 mm and mean monthly temperature (1951-2000jesarirom —2.4°C in January to
20.5°C in July. The original vegetation was domaglaby pedunculate oak)(iercus robuy.
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Much of these forests have been cleared and tnamstbinto pasture and agricultural fields.
The stand has a slope of less than 2%. with nodigarface runoff.

The stand is located at the discharge part ofoited groundwater flow system, characterized
by shallow groundwater depth and groundwater infldlae groundwater level apparently did not
responded to the water table changes of the nédidigince: 300 m) ditches.

The stand is situated in the northern part of avedbrested area, which was naturally
regenerated in the 50s of the last century. Thestols a mixed stand of pedunculate oak
(Quercus robuy, sycamore maple ACer pseudoplatanlisand black locust Robinia
pseudoacacip The trees are 20—25 m high and the stand dessaiyout 270 trees/ha.

The vertical distribution of the root density wastatmined by taking three replicate
volumetric soil core samples from six different the(0-0.2 m, 0.2—-0.4 m, 0.4—0.6 m, 0.6-0.8 m,
0.8-1.0 m and 1.0-1.2 m). Fine roots (diameter mnd), responsible for most of the water
uptake, were separated by sieving the soil corglesnFine root length decreased approximately
linearly with depth and below 1 m of soil depthyolittle amount of fine roots were found. Root
depth was estimated approximately 1.5 m, consigel@&eper penetrating roots below the trunks.

The particle size distribution of the soil profilesas determined by sieving and
hydrometer analyses of samples, taken at 0.2 mvise down to 3 meter depth. The soil
texture is dominated by compacted fine sand (0.32+0m) near the surface and varies
between 85-99%. The clay and silt fractions incedasignificantly with depth and reach
35 and 20% respectively, which corresponded to shedy clay loam texture class
(Dingman 2001). Three replicate samples for therd@nation of water retention were taken
at 0.1, 0.3, 0.5, 0.7, 0.9 and 1.2 m by cylindérs0® cnf.

The saturated hydraulic conductivity was not meagun the upper soil horizon, but it
was obtained from measured water retention curadssail texture data by the Rosetta lite
1.1 pedotransfer software (Schaap et al. 2001)ovBehe deepest measured horizon the
saturated hydraulic conductivities were estimated d#ug tests. Saturated hydraulic
conductivity was used for model calibrati@irable 1).

Table 1. Main parameter values

Field measured parameters

Maximum LAl (m?/ m?) 3.9
Free throughfall coefficient (%) 14
Root depth (m) 1.5
Estimated parameters from literature and database
Reference height (m) 20.1
Albedo (%) 10-16
Maximum leaf conductance (mm/s) 6.3
Roughness length (m) 0.9
Displacement height (m) 15.12
Light coefficient of extinction (=) 0.5
Stem flow ratio of precipitation (%) 3
Calibrated parameters
Canopy storage capacity (mm)
Vegetation season 1.17
Dormant season 0.5
Litter storage capacity (mm) 0.5
Saturated hydraulic conductivity (mm/day)
Root-zone 0.% 10°-2.9% 10’
Below the root zone 1.4 107
Specific yield 0.032
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Maximum Leaf Area Index (LAI) was estimated fronafiditter and the seasonal change
of LAl was described using remote sensing images.

During late autumn 2007 leaves were collected frime (1 mX 1 m) plots. The
decomposition of leaves did not begin at the tiniecallection and the old leaves from
previous years has already decomposed to an ekiaintt was easy to separate from new
leaves by careful collection. The leaves were dire@n oven (105°C for 24 hours), then
some of the leaves were scanned and the ratio ighwio leaf area was determined for this
subset of leaves and subsequently for the wholeplgamccording to average of the five
samples, the maximum LAI was 3.9/m?.

The seasonal change of LAl was estimated using @héay Enhanced Vegetation Index
(EVI) product of MODIS (Moderate Resolution Imagii@pectroradiometer). The 250 m
resolution EVI was transformed to LAl by an emmtiagelationship (Wang et al. 2005).
According to the satellite images, the maximum lwds 4.2 rm? in 2007, which was a
about 8% higher than the results of the leaf litt@itection. During the dormant season the
images showed approximately 1.5/m’ LAI, which may be accounted for the herbaceous

vegetation below the forest canoffyigure 2).
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Figure 2. Seasonal change of LAI
(dashed line - MODIS data, solid line - appliedie model).

The seasonal change of albedo was estimated usan¢bQ0 m resolution images of
MODIS. Daily albedo values were interpolated frdma L.6-day estimates and missing values
were considered as snow cover. During these peviedssed an albedo of 45% (Kondratiev
1969). During the vegetation period albedo had mevaf 14-16%, while it decreased
considerably in the dormant season.

2.2 Monitoring at the field site

2.2.1 Meteorological measurements

Meteorological variables (air temperature, relativenidity, solar radiation, wind speed) were
measured hourly at 2 meter height by an automatather station (IMETOS, Pessl
Instruments, Austria), about 3 km distance from dla& standFigure 3). Additionally, an

automatic rain-gauge (Rainlog Data Logger, Rainwid8A) was installed in 2007 at a
distance of 500 m from the forest stand. Air terapge and relative humidity data, as
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measured were applied above the forest canopy,hwbiobably influenced the potential
transpiration estimate to some extent. Intercedbes was not measured.
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Figure 3. Meteorological conditions during the syyaeriod

The vegetation period (April to September) of tleary2007 was unusually dry with only
260.9 mm precipitation while 2008 was relatively twaith 401.4 mm rainfall. Air
temperature was above average during almost théevghady period.

2.2.2 Soil water content in the root zone

The volumetric water content was measured by FDRglfency Domain Reflectometers)
with Decagon EC-5 probes (Decagon Devices, Pullrhik8h). The probes were inserted at
0.1, 0.3, 0.5, 0.7 m depth, respectively.

FDR measurements were verified by the gravimetrethod using bulk density to
convert gravimetric water content to volumetriceTdccuracy of the FDR measurement was
+3.7%, which did not differ significantly from +3%given by the manufacturer (Decagon
Devices, Pullman, USA).

2.2.3 Groundwater level

Shallow monitoring well was installed in spring Z0@Groundwater level was monitored by
Datagua DA-S-LRB 118 pressure transducer with @aracy of 1 mm.

Besides the continuous monitoring, occasionallpugdwater level was measured also
manually to check the reliability of the automagroundwater monitoring.

2.3 Water balance modelling using Hydrus 1-D model

The Hydrus 1-D model (Simunek et al. 2005) was Usedstimation of the water balance
componentg(Figure 4). Hydrus 1-D 3.0 is a Windows-based modelling enwinent for
analysis of water flow and solute transport in &bly saturated porous media. Details can
also be found at http://www.pc-progress.com/en/Dieiaspx?HYDRUS-1D.

The base of the Hydrus 1-D model is the variabtaraged vertical soil domain, where
water flow is simulated.
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The upper boundary condition (BC) was set to atiesp BC with surface layer. The
lower BC was set to variable flux, according to ¢meundwater supply (Gr), computed by
the daily diurnal groundwater fluctuation methodif@vszki et al. 2008b).

Input meteorological variables on the upper boupdéthe 1-D model included the daily
potential transpiration @), the potential evaporation §Eand the effective precipitation
(Perp).

P

Groundwater level A4

T

QNET

Figure 4. Water balance components of the numencadel
(P: gross precipitation, B-r: effective precipitation, I: interception loss,
Ic: canopy interception loss;: llitter interception loss, & potential transpiration,
T: actual transpiration, i potential soil surface evaporation,
E: actual soil surface evaporationng: net groundwater supply.)

Potential transpiration and evaporation were cated using the Penman-Monteith
equation (Monteith 1965). The infiltrated rainfaito the mineral soil (effective precipitation)
required the estimation of interception loss fraamapy (k) and litter (1) from gross rainfall
measurements (P).

The model simulated the presence of vegetationoby water uptake. Actual value of
transpiration (T) was computed by the Hydrus 1-Ddeldy water uptake reduction function.
The S-shaped model for water uptake reduction wsed,uproposed by van Genuchten
(1987). The actual value of soil surface evaporat{g) was estimated by the model,
according to the moisture conditions at the topsoil

Water retention variables and the saturated hyracnductivity functions were
required to be specified for each soil horizonse Man Genuchten (1980) function was
applied to describe the water retention of soietay The RETC software (van Genuchten et
al. 1991) was used to fit the soil water retentiarves.

Acta Silv. Lign. Hung. 6, 2010



Water balance study of an oak forest 55

2.3.1 Input data

The input data of the model is discussed separatelyhe upper and the lower boundary
condition. Potential transpiration, potential evagion and effective precipitation are discussed as
the upper while variable bottom flux is analysedha@slower boundary condition.

Upper boundary condition

Potential transpiration was determined after Jad456) by estimating the leaf conductance
Ciear (MmM/s).

CIeaf =Oimin t fT fD fR fW fC(gl max — 9| min) (1)

where gmax (Mm/s) andgmin (MmM/s) are the maximum and minimum leaf conductance
respectively andy, fp, fr, fw, fc are reduction factors, varying between 0 and 4t, élscount

for effects of temperature, vapour pressure defiadiation, leaf water stress and atmospheric
carbon dioxide concentration respectively, on stamapening. Canopy conductance was
computed by multiplying the leaf conductance with leaf area index.

Potential evaporation from soil surface was alstimeded by the Penman-Monteith
equation, based on estimates of net radiationdgasmnic and surface resistances applicable
at the soil surface. Net radiation at the soil acefwas computed using Beer’s low, leaf area
index and extinction coefficient.

Effective precipitation was calculated by the estion of the interception loss. For
herbaceous vegetation evaporation from canopy duaird after rainfall events plays little
importance (McMillan — Burgy 1960), thus solely tlséorage capacity can be used for
estimation of interception loss. Conversely, du¢hi high atmospheric conductance above
the forest canopy, the evaporation of intercepa@u cannot be neglected.

Canopy interception was estimated by the Gash m(@@ath 1979). This model was
chosen, because it yields accurate estimation ahdreeds a few parameters to describe
interception (Dolman 1987). Gash considered rditdabccur as a series of discrete events,
each comprising of a period wetting up, a periodatfiration and a period of drying out after
the rainfall. The canopy has sufficient time to dwt between rainfall events. Canopy
parameters (free throughfall coefficient, storagpacity of canopy, stem flow proportion)
were based on literature values and field obsemati

The value of storage capacity of canofy(mm) was estimated by a logarithmic
saturation curve (Wattenbach et al. 2005):

S= fllog+ LAI)] )

wheref is a species-specific parameter, which was sktiothus the value @was 1.17 mm
at the LAI of 3.9. During the dormant season tioeagje capacity of stems and branches were
assumed to be 0.5 mm (Larcher 1994).

Rainfall and evaporation intensities were compuisdmonthly averages from hourly
meteorological variables, where the rainfall rateemded 0.5 mm/h (Gash 1979). The rainfall
interception was calculated on a daily basis. Thaperation rate was computed by the
Penman equation.

Beyond the vegetation period we used the daily@etgtion method to estimate the daily
interception los$ (mm), proposed by Menzel (1997):

| =sfi-e ™) (3)

where p(mm) is the daily precipitation amount and ¢ (—$pecies-specific parameter, which
was set to 0.7 (Wattenbach et al. 2005).
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Litter storage capacity was estimated to be 0.5 aduming the model calibration. The
total storage capacity (canopy + litter) was 1. 647 + 0.5) mm during the vegetation period
and 1.0 (0.5 + 0.5) mm in the dormant season.

Lower boundary condition

The lower boundary condition was set to variable,flaccording to the groundwater inflow,
calculated by the water table fluctuation methodil{@/szki et al. 2008b). Beyond the
vegetation period the groundwater level respondgzhi@ently to significant rainfall events,
however these responses were slow and gradual aldket relatively deep (1.5-2.3 m)
groundwater level.

In general, the lower boundary variable flux was teezero for the period without
observable daily groundwater fluctuation.

2.3.2 Result variables

Reduction of potential to actual transpiration wakculated by the model for all soil layers,
where the normalized root density was above zemmySek et al. 2005). The S-shaped
function (van Genuchten 1987) was applied with nec@nded parameters to describe the
water uptake stress response function.

Actual evaporation was estimated internally by thedel from the prevailing soil
moisture conditions near the soil surface.

2.4 Estimation of groundwater consumption by the wier-table fluctuation method

Significant diurnal fluctuation of groundwater lévand streamflow rate can be seen at
shallow groundwater areas during periods with mofa#l (Bond et al. 2002, Gribovszki et al.
2008a). This fluctuation is caused mainly by thermial variation of transpiration, originated
by the vegetation cover.

Groundwater consumptiofs (mm/day) was estimated from groundwater level regsli
An empirical version of the technique, developed@nbovszki et al. (2008b), was applied.
Gribovszki et al. (2008b) upgraded the White-metfidthite 1932) based on the fundamental
assumption that groundwater supply per unit a@a,(mm/day), exhibits a significant daily
variation due to hydraulic gradient changes overdhy. Groundwater consumption values
were calculated as the difference between the miéaw rate and the storage change
(Gribovszki et al. 2008b).

dh
T, = -S, 4
G Qnet y dt ( )

where § (-) is the readily available specific yield wasireated from soil sediment texture
data. According to the trilinear diagram of Loheidleet al. (2005), $varied from 0.03 to
0.10. Low specific yield values are further justtfiby the shape of the water retention curves
of the lowest measured horizons and the low hydragtadient of the adjacent areas
(Maidment 1993).

Days with less than 5 mm precipitation did not présany problem for the ET
estimation, because these light rainfall eventsicaproduce any measureable groundwater
recharge due to interception loss. Larger rairgfadints (> 5 mm) can affect the estimation for
up to 2 days, so those periods were excluded flemanalyses (Gribovszki et al. 2008b).
During the excluded periods the groundwater consiaman be considered negligible due
to interception and evaporation loss from topsoil.

While this method aims to describe storage chamngésn the saturated zone only,
implicitly it accounts (at least partially) for nsure withdrawal from the vadose zone as
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well, depending on the depth of the water tablengeéquently, this method shows water
extraction amounts from variable soil profile heigiccording to the groundwater depth and
capillary fringe.

2.5 Comparison of the simulated local evapotranspation data with ET results based on
remote-sensing

Recently several remote-sensing based estimatibrmgeal actual evapotranspiration (ET)
were developed (Gowda et al. 2008). Szilagyi — Ksv&010) recently presented an ET
estimation method based on the daytime land surfacgperature of MODIS. Areal
evapotranspiration rates were achieved by a litraasformation of the MODIS daytime land
surface temperature employing the complementaafiogiship of evaporation.

The method was validated in the USA (Szilagyi s3)2009) and also in Hungary. The
spatially distributed ET rates corresponded wethvgioil/aquifer properties and the resulting
land use type. Validation of the ET rates has bgenfiormed at three sites in Hungary by
Eddy-covariance measurements.

Monthly actual ET rates for 2000-2008 were mappedHungary at a spatial scale of
about 1 km. Various meteorological data (sunshingation, air temperature and
humidity) and the daytime land surface temperatafeMODIS was used for the
estimation of ET.

A comparison of the model estimated ET of the odak with the remote-sensing based
estimation has been carried out. Since the homardverage of the oak plot (where the
estimated ET values were valid) is smaller tham] the direct, pixel-based comparison was
not possible. For the comparison we have chosealdeisites, (shallow groundwater table
and similar leaf area index) in the vicinity.

2.6 Testing of the model performance

To test the performance of the model, time seriesimulated soil water contents and
groundwater levels were compared with observedegldhree performance criteria were
used to quantitatively examine model performanke:doefficient of determinatiorRf), the
root mean square errdRiMSH and the Nash—Sutcliffe modelling efficiendy ).

3 RESULTS AND DISCUSSION

3.1 Calibration of the Hydrus model

Measured soil moisture and groundwater level weexluo calibrate the Hydrus model. Soil
water measurements showed a cyclic variation sedlgpnirying began in April, wetting
started usually in September. Very dry conditiorsvpiled during late summer in 2007, soil
water content dropped close to wilting point in thgper layers. Soil frost caused significant
drop in soil water content during January of 2008 2009.

In Figure 5the soil moisture measurements and model predstoe shown.

Soil moisture measurements and model simulatioreigegly compare well both in the
dry (2007) and wet year (2008). However, there wasdight overprediction of the water
contents in summer 2008. Unfortunately, the modpplied for daily time-resolution was
not able to simulate accurately the transpirationdays with short and high-intensity
rainfalls.

Acta Silv. Lign. Hung. 6, 2010



58 Moricz, N.

=
o

0.5
0.45 @ 0.45 (b)

0.4
0.35

0.3
0.25

o

S v 2 w2
N oW oa b

Water content [vol.%]
Water content [vol.%]
o

(N Ry r\ ;\ K
3 . h e
0.2 _ I
0.15 A 0.15 Sy ! N L
e - f‘y\_/,'/*v—( = *\—/—J
s 0.1 =
0.0 0.05
0 ——— —— ; 0 o . ‘
~ ~ ~ ~ ~ ~ «© @ @® @® @ «© 3 D ~ ~ ~ ~ ~ ~ =23 @ @ © @ © D (=23
& 8§ 8 8§ 8 § g & g & 5 § & o & 8 5 8 & 5 8 & g & & g & 3
- © [7e] ~ (=} - - © [7e] ~ =} - - el - © w ~ o0 - - @0 0 ~ -} - - (]
& 8 = 8 & £ & & 8 3 3 % & 8 & 8 2 8 & T § &8 ¢ 5 & % & 3
S £ 2 £ 2 £ £ £ £ £ 2 £ £ 2 T £ £ £ £ £ £ 2 2 £ £ £ £ £
o o o o o o o o o o o o o o o o o o o o o o o o o o o o
[~ Model simulation - 10cm —— FDR measured - 10cm | | Model simulation - 50cm —— FDR measured - 50cm |

Figure 5. Comparison of measured and simulated maigtent for 10 cm (a) and 50 cm (b)

Groundwater levels showed also a cyclic seasorr@tian during the study period and
dropped deeper in the growing season of 2007 th&008 due to dry weather conditions in
2007. During the growing season groundwater lesktsved a diurnal fluctuation, which is

caused mainly by the diurnal variation of transpara(Figure 6)
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-1.86 -
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Figure 6. Diurnal fluctuations in groundwater levattween 27.06.2007 and 29.06.2007.

Model simulations of groundwater levels comparedlyfawell with observations
(Figure 7) We observed a significant divergence during eatljumn, namely simulated
groundwater level was lower than the measured deveéércolating rainwater could not
explain the abrupt rise of groundwater, becauseok months for the wetting front to reach
groundwater at 2 meter depth. Macropores might edased similar effect, but water level
rose from 4 to 24" September 2007, while precipitation event alreatiged on 1%
September. This behaviour was not typical for peefgal flow. The estimated groundwater
consumption was only 19 mm in September and 11 m@atober 2007, therefore it could
not be the cause of the divergence.

Possible explanation of the divergence is that ndudiate summer, groundwater is
significantly lowered under the forest stand, coragdo the neighbouring landcovers. At late
summer evaporation forcing and transpiration uguedlase abruptly and the groundwater
depression disappears quite quickly due to groutetveaupply from background. During this
early autumn period the background groundwater Igupps estimated from the mean of the
smallest time-rate of change in the predawn holings time-rate of change was decreased
linearly by the time of equilibrium groundwater é&v
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Table 2gives an overview of the obtained performance et
Table 2. Various model performance criteria

Oak site R RMSE% ME

Soil moisture (10cm) 0.73 14.91 0.69
Soil moisture (30cm) 0.83 11.95 0.80
Soil moisture (50cm) 0.79 13.52 0.77
Groundwater 0.92 5.03 0.88

Day-by-day comparison was used to analyse the tievsabetween the observed and
simulated soil moistures and groundwater levels. fdiend no systematic deviation of the
simulation from the observed values. The averageatien was —0.008 vol% for the soll
water content and 0.009 m for the groundwater level

Model calibration was accomplished primarily byakand-error adjustment of the
storage capacity of vegetation and soil hydraubcameters to minimize the root mean-
squared error and optimize graphical fit betweemugated and observed soil moisture content
of each layer and groundwater level.

The storage capacity determined interception lossdonsiderable extent. The valud of
(Equation 6)was changed between 1.0 and 3.0 and finally wasos&.5, opposed to the
suggested 2.0 (Wattenbach et al. 2005). The staragacity of canopy was 1.17 mmLaAl
of 3.9, which was in good agreement with other wtugbults. In Andre et al. (2008) the
interception capacity of an oak dominated stand Wwa8 mm withLAI of 3.8. Rutter et al.
(1975) and Dolman (1987) suggested 0.8 mm for dakds. In the dormant season the
storage capacity of stems and branches were nogebafrom the initial value of 0.5 mm,
suggested by Larcher (1994). The value of the geompacity of litter has been decreased
during the calibration from 1.1 mm to 0.5 mm.

The o and n shape parameters of the soil water retectioves were slightly adjusted
during the calibration.

Initially, the saturated hydraulic conductivity K estimated by the Rosetta Lite 1.1
software, was used for the root-zone (< 1.5 m)hef $oil profile. Below the root-zone the
mean of the results of the slug tests was used.
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The calibrated K values varied between 2:910° mm/day in the upper most horizon
and 0.9x 10> mm/day at about 1 m depth. In the saturated zbeecalibrated K value
differed only slightly from the measured value.

Specific yield was used for estimating the bottamrxary flux in the Hydrus models via
the water table fluctuation method. It was usedniodel calibration, since the magnitude of
the bottom boundary flux was quite sensitive togpecific yield. The diagram of Loheide II.
et al. (2005) suggested specific yield in the ranf®.03-0.10, based on the soil texture.
During the calibration process the best fit witlowrdwater levels were achieved by lower
values of specific yield. Finally, the calibrateslive was 0.032.

3.2 Water balance components
3.2.1 Interception loss

According to the model, canopy interception was/2y and litter interception 7.6% of the
rainfall amount during the study period, which vimgiood agreement with other study results
(Fuhrer 1994). The effect of evaporation during aaiter rainfall events raised the
interception loss rapidlgFigure 8).
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Figure 8. Relationship between gross rainfall ameiiception loss in the growing season of 2008

Although the amount of interception loss was largethe growing season of 2008
(128 mm), than in 2007 (98 mm), the relative intgteon loss (% of precipitation) was
slightly larger in 2007 (37.6%) than in 2008 (33)38lue to occurrence of more frequent
rainfall events in 2007 with low amount.

3.2.2 Actual transpiration and groundwater consumption

Actual transpiration was similar to the potentialue in our experiment. This is not
surprising, since the root system of the vegetatias in connection with the saturated zone
via the capillary fringe throughout the year. Gagthbl. (2006) found the transpiration of a
cottonwood forest was not limited at groundwatebldadepth of 1.5-1.8 m. Hence,
transpiration of riparian vegetation responds tesshanges in soil moisture because of their
direct access to the groundwater table (Oren «kP20@1).

Groundwater consumption was determined by the sitedlsoil water content changes
and capillary fringe dynamics of the Hydrus moddlse depth of separation was the field
capacity of the soil layer, containing the capyldringe. According to the Hydrus model
simulation, the groundwater consumption of vegetatvas approximately 66% of the total
simulated transpiration in the growing season @728nd 50% in 2008.

Acta Silv. Lign. Hung. 6, 2010



Water balance study of an oak forest 61

Relative extractable water (REW) was calculatedtiier upper 60 cm of the soil profile
from soil hydraulic properties (Granier et al. 1398amely water content at field capacity
(Wko), the actual water conterf and permanent wilting point\wy):

W W]
REW= ™™ (5)

fc pwp

During the growing season of 2007 the REW decliakedost continuously at the upper
60 cm of the soil profile, because of severe drougtsummer. Accordingly, the proportion
of groundwater consumption increased up to 90%p#&rtods during late summer. In 2008
several rainfall events increased considerablywthter content of the unsaturated zone, thus
the groundwater consumption was less than in ZB@jure 9).
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Figure 9. Proportion of the modelled water uptakani the saturated and unsaturated zone
and the relative extractable water (0-60 cm) durihg growing season of 2007 and 2008

The groundwater fluctuation method showed that mplaater consumption was 69% of the
total simulated transpiration in the growing seas®dn2007 and 44% in 2008. The daily
groundwater consumption showed large fluctuationinduthe growing season and exceeded
sometimes considerably even the daily potentiakpamation(Figure 10).Despite of the deeper
groundwater level, groundwater consumption wasdrigh 2007 than in 2008. In 2008 large
rainfall events interrupted often the continuousugdwater consumption of vegetation. The gaps
in the groundwater consumption denoted the dayslanger rainfall events.
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Figure 10. Ratio of the groundwater consumptioth® potential transpiration (solid line)
and groundwater level (dotted line) in 2007 (a) am@008 (b)
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The estimated groundwater consumptions of the ghwater fluctuation method were
slightly different than the results of the Hydrumslations. The differences between the
approaches may be attributed to the slightly suiveaetermination of the minimum and
maximum rate of groundwater supply in the groun@wdiuctuation method. Namely, the
values of Qe are quite sensitive to atmospheric changes (éogds), which may have
confounded the determination of the amount of gdovater supply. Besides, the water
table daily net variation reflects the net variatiof several fluxes (recharge, baseflow,
evapotranspiration, subsurface flow), as a resh#, estimated groundwater consumption
probably includes some subsurface redistributionwatter (Healy — Cook 2002). The
determination of the daily groundwater consumptitros the soil water content profile of
the Hydrus model simulations had also several dargies (e.g. position of the capillary
fringe, root depth).

The estimated groundwater consumptions of the gheater fluctuation method were
slightly different than the results of the Hydrusglations. The differences between the
approaches may be attributed to the slightly subgdaetermination of the minimum and
maximum rate of groundwater supply in the grounéwdiuctuation method. Namely, the
values of Qe are quite sensitive to atmospheric changes (dogids), which may have
confounded the determination of the amount of gdeater supply. Besides, the water table
daily net variation reflects the net variation oéveral fluxes (recharge, baseflow,
evapotranspiration, subsurface flow), as a resh#, estimated groundwater consumption
probably includes some subsurface redistribution waiter (Healy-Cook 2002). The
determination of the daily groundwater consumptifrosn the soil water content profile of
the Hydrus model simulations had also several waicgies (e.g. position of the capillary
fringe, root depth).

According to the groundwater fluctuation methods thaily groundwater consumption
varied between 0.8 and 5.8 mm, which is in goo@eaent with other study results. Bauer et
al. (2004) obtained riparian ET rates of 0.06-418/day (potential ET was between
150-200 mm) for different vegetation cover (treskrub, grass) and soil characteristics,
where continuous groundwater level readings wered usr the estimates (groundwater
depths varied around 2 m from the surface). Sail{2007) obtained transpiration rates in
lowa (USA) between 5.0 and 6.3 mm/day at a foresing mid July at groundwater depths
between 0.9-1.2 m under the forest.

3.2.3 Actual soil surface evaporation

Model results showed that actual soil surface emsjmm was only 3.7% of the
evapotranspiration during the study period. The sdirthe actual evaporation and the litter
interception was 11.6% in our experiment. Foresiorfl evaporation, including litter
interception, varied between 8 and 11% of the tetapotranspiration in deciduous forests
during the growing season (Moore et al. 1996, Wilsbal. 2000).

During summer of 2007 actual evaporation was o@%4f the potential value due to
the low water content of the upper soil layer,i@éd by drought periods. During summer of
2008 the rainy weather allowed actual soil suriagaporation close to potential value.

3.2.4 Summary of the water balance analyses

The simulated water balance components for thetadge periods between 2007.04.01—
2007.09.30 and 2008.04.01-2008.09.30 are showralie 3 The intervals of uncertainties
were determined by the root mean square errorgessed in % of the mean observed
variable.
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Table 3. Estimated water balance components (mmvefgetation periods of 2007 and 2008

Vegetation period P Tp ET, I Ta Ea Qrnet A4S
2007 261 659 730+83 98+11 60969 23+3 289+33 -1680+2
2008 383 551 67877 128115 513158 3714 184+21 -131+
P: precipitation, T potential transpiration, ETactual evapotranspiration,
I: interception, T: actual transpiration, £actual soil surface evaporation,

Qnet Net groundwater inflow,  AS: soil water storage change

3.2.5 Comparison of theresults of the modelled and remote-sensing based evapotranspiration

Two large forest areas (E1 and E2) along the fivsza were chosen for comparison with ET
results of Hydrus simulatiofrigure 11).

8o

TisZ@

Oak stand /E}

5km
P

Figure 11: Location of the study plot and the chosies for comparison (E1, E2)

The E1 and E2 forest areas are located close towheTisza, characterized by shallow
(1—2 meter deep) and fluctuating groundwater level. N&ee selected the pixels, where the
leaf area index was closest to the maximal valub@bak stand. ET of the vegetation period
was compared with 4 and 5 pixels, respectiyéhble 4).

Table 4. The evapotranspiration and the averageimaixleaf area index of chosen pixels of
the two sample areas, compared to the model

Area El E2
ET LAI ET LAI

Growing season 2007 2008 2007 2008
Pixell 717 684 5.0 673 657 3.9
Pixel2 727 688 5.1 682 662 4.0
Pixel3 681 667 4.1 699 657 4.5
Pixel4 713 685 4.5 688 667 3.7
Pixel5 709 676 4.7 — - —
Average of pixels 709 686 4.7 680 661 4.0
Hydrus model 730 678 3.9 730 678 3.9
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Evapotranspiration results of the Hydrus simulaticere closer to the higher values of
the remote-sensing based ET estimation. The demi&étom the results of the remote-sensed
based estimation was not larger than 4% from thennoé the sample area.

4 CONCLUSIONS

In this study, the water balance components of @n stand was estimated for a two-year
period (Spring 2007 — Spring 2009). The study wiés located at the discharge part of the
local groundwater flow system, characterized bylehvagroundwater depth and groundwater
inflow.

Water balance components were estimated by catigrahe Hydrus 1-D model to fit
measured soil moisture and groundwater level. Gisater supply from background —
estimated by the water table fluctuation method as vapplied as the lower boundary
condition in the Hydrus models. Model simulatiorscigbed the observed soil moisture and
groundwater level relatively well, the root meamiag errors RMSE varied between 11.95%
and 14.91% for the soil moisture measurements @86 for the groundwater level.

According to the Hydrus model, the estimated evamspiration resulted from
transpiration (73%), interception loss (23%) anidl sarface evaporation (4%) in the two-year
study period. Canopy interception loss was 27.7%lewitter interception loss reached 7.6%
of the precipitation. Actual transpiration was danito the potential values, which was not
surprising, since the root system of the vegetatias in connection with the saturated zone
via the capillary fringe throughout the year. Snitface evaporation was not significant.

The proportion of groundwater consumption was 58%he total transpiration. During
the dry growing season of 2007 the groundwater wopsions were significant with 66% of
the total transpiration. Water supply from grountevavas found to be less important in the
wet growing season of 2008 with 50%. Climate chapggections predict that summer
temperature may increase by up to four degreeshbyend of this century in Hungary
(Gélos et al. 2007). Increasing temperatures mege e evapotranspiration demand, thus
groundwater consumption of forests can be expegtedter due to increased ET as long as
the groundwater is available for roots for watetaldp.

Groundwater consumption was computed also by thentable fluctuation method. We
found that the groundwater fluctuation method pded slightly different groundwater
consumption rates by 8,5%, than estimated fromHy@rus model simulations. The cause of
the difference may be originated from the uncerestimation of the groundwater supply
from background, but probably also from the Hydmusdel simulations (e.g. position of the
capillary fringe, root depth). The remote-sensiagdal estimation of evapotranspiration was
approximately 4% lower than the model based reduiearby similar sites.
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Abstract —We examined how the movement of red dé€&ergus elaphyswas modified in an area

that had a new fenced off highway built across it. The first step was the collection of data from the
track marked for construction. We continued collecting data on wildlife crossings after the
construction of the highway and the completion of the fences. After the completion of the highway, it
was observed that only 5.9% of the original deer track counts remained, spread across the crossings.
After the construction was finished, the wider crossing structures were used more often by deer for
crossing to the other side of the highway than the smaller ones. During construction of the highway, a
number of animals chose to walk tens of kilometres to get around the construction site instead of using
the crossings. An existing highway, or a highway under construction not only changes the frequency
of deer crossings, but affects their distribution as well.

Wildlife crossing structure / red deer /Cervus elaphus / linear constructions / fragmentation /
barrier effect

Kivonat — Az autopalya épités és a vadatjarok hatasa a gimszarvas terllethasznalatara.
Vizsgaltuk, hogyan véltozik a szarvasok mozgasa egy olyan terlleten, melyen megépult egy
keritésekkel kisért autépalya. Eldépésben adatfelvételezést végeztiink az 6épiitépalya egy
szakaszanak nyomvonalan, majd folytattuk a felvételezést a megéplilt autopalya vadatjaréin, még az
Uttestet kisdr kerités felallitasa utan is. Az autopalya épitkezést kéned kezdetekben tapasztalhatéd
.Szarvas-forgalomnak” csupan a toredéke (annak 5,9%-a) maradt meg és oszlott el a megépitett
vadatjarékon. Az, hogy melyik atjarét hasznaljdk szivesebben, mar rogtén a megépitéstnkovet
latszik, mint ahogy az is, hogy az egyedek nem hasznaljak az atjarékat, amig akar tobb tiz kilométer
aran is, de meg tudjak kerllni az épiiltszakaszt. Az épdilill. megépllt autépalya nem csak a
szarvasok gyakorisagat valtoztatja meg az egyes szakaszokon, hanem azok eloszlasi aranyait is.

vadatjard / gimszarvas Cervus elaphus / vonalas létesitmények / fragmentacio / barrier hatas

1 INTRODUCTION

Linear constructions have significant impact on the density of various wildlife species and
diversity of the communities (Bissonette 2002). The impact can be direct (loss of habitat,
population decline, etc.) and indirect (isolated population, deteriorating gene pool) (Bellis et
al. 2007). These constructions (e.g. roads, railroads, waterways, forest fences, etc.) form a
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border line in both the ecological and the vis@gise. The result is the “barrier-effect,” which

is the root cause of habitat fragmentation, andniost serious problem caused by linear
constructions (Spellerberg 1998). The fragmentatitbect is greatly affected by the width of

the linear construction, its permeability, amount espeed of traffic and the existence of
fences. Roads split up evenly distributed poputatidorming smaller, sometimes completely
isolated sub-populations (Forman — Alexander 198&)gmentation may inhibit species from

spreading, reaching adequate food, mating and eah to declining gene diversity due to
smaller population size. These adverse effectdezmhto further shrinking of the population,

can cause serious depression of viability and feityirand increase the risk of extinction

(Standovar — Primack 2001).

The “border-effect” is another serious consequesfdaeabitat fragmentation. Conditions
along the borders of a fragmented habitat arereifiefrom those deep within the habitat. The
micro-climate can change (light, temperature, hutyiavind speed) that can seriously affect
community composition of the area, or the survishthe species. For example, the dense
vegetation that grows along the borders of fores&y lead to increased density of large
herbivores. This may result in over-grazing of salveensitive plant species in a belt possibly
several kilometers wide, reaching into the depfith@forest (Alverson et al. 1994).

Building fenced highways or similar structures ¢esaa barrier that makes it difficult for
wildlife to move from one side of the road to théher. Installing wildlife overpasses and
underpasses allow animals to pass safely overderihe highway, mitigating these effects.

Building wildlife crossings requires a considerahlaount of funds, so it is essential to
know their effectiveness and to monitor how oftbeyt are used by different species. A
number of methods are used to monitor the use wildlife crossing structure in wildlife
management investigations — for example countiragks, video recordings, and GPS-
telemetry (Hardy et al. 2003; Cuperus et al. 1998dd et al. 2004; Ford et al. 2009;
Trombulac — Frissel 2000). These methods are usetubnly for the examination of the use
of wildlife crossings, but also for the study okthehaviour of wild animals when they are
forced to approach artificial barriers that couldeswise be avoided or overcome.

In this study we collected data along the line ofiighway before, during and after
construction. According to earlier observationse ttheer spotted the 2.4 m high fences
protecting the highway from several kilometers awapd walked around them when
possible (Alexander — Waters 2000; Mata et al. 200&hen deer could not find a by-pass,
the animals were presumably “forced” to use the Ipegonstructed overpasses and/or
underpasses. Because of the increasing numbenodéddahat fragment and limit the sizes of
habitats, it is becoming more and more importaniriderstand how these fences affect deer
movements in these areas, and which type and s@essings are more efficient.

Our main objective in this study was to examingh@ animals were presumably ,forced”
to use the new highway crossings and in which degren they could not find another way.
In addition, we examined whether there is a debdetdrop in population size along the
highway, when we compare track counts before atet #ie construction of the highway.
Finally, we suggest methods to increase the usieeatrossings

2 STUDY AREA

The study was conducted on the Hungarian M7 highwafomogy County (south of Lake
Balaton) between the overpass north-east of thel B8acrossing and the underpass with a
water canal near to Balatonujlak. There were faetd$ on both side of the highway, mostly
corn and canola.
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3 MATHERIAL AND METHODS

After marking the highway on the ground, but befooenmencing construction, the number
of deer tracks that crossed the entire width of plenned highway was systematically
recorded. The first recording took place in Febyuar2006, about one year before crossings
were built with fences (January — February of 2007 last recording was in November of
2008. We divided the planned trace into two sestidkfter the highway construction each
section had two crossings built on it. After thengbetion of the crossings, we continued
counting the tracks that crossed the entire leafjthe overpass and the underpasses.

Professional hunters employed by Somogyi Hunor(tfie association authorized to hunt
in the area) helped us collect these data. There foair crossings constructed in the study
area, one overpass (at the west end of this s¢ctiod three underpasses. The overpass
(bridge S67 in highway segment 169 + 770) was 6fradong and 27 m wide. The next
underpass in the direction of Budapest was the iB@6ghway segment 168 + 755. It was
25 m long and 16.3 m wide. There was a very simitaderpass (called S64) in the same di-
rection, in highway segment 166 + 996, 25 m long) 6 m wide. The last underpass is wider
than the other underpasses, since there is a yadwd a canal (“Nyugati-dvcsatorna.”) This
was 25 m long and 132 m wide, located in highwagnsnt 166 + 430. We calculated
monthly averages from data collected on a weekbysbd o avoid duplicate counts, after each
count, the tracks were covered by brushing ovestilewith a tree branch. During, and right
after construction, the ground where we countedtitheks was soft and tracks were clear,
visible and easy to count.

The data did not match the normal distribution eueven after any transformation. For
this reason, we decided to use the non-parametannMVhitney test, the Kruskall-Wallis
test, and the Spearmann rank-correlation.

4 RESULTS

According to the Mann-Whitney test which was appli® the data recorded before the
construction between the two parts of the seleseadion, there was no difference in track
density(Z = —0.558; p = 0.577)However, when we compared the results based oddtse
from two crossings in each of these two sections, faund a significant difference
(Z =—-4.514; p < 0.001)This definitely differs from the results before ttonstructiorfFigure 1)

é

track count averege f month

TR

H= 52 52

section 1 section 2

Figure 1. Comparison of two sections of the highway
based on deer track counts recorded on two wildlitessings at each section
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This indicates that the number of red deer tracks altered after the construction of the
crossings. The section further away from the paftisighway still under construction had a
higher frequency of use compared to the other@ecti

Comparing the conditions before and after the coesibn, the significant difference
is evident not only in the altered proportion, lalgo in the entire recorded track density
(Figure 2).
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Figure 2. Comparison of deer track counts
before and after the construction of wildlife criogs

Looking at monthly averages, before constructi@rtetl, we observed more than 300
deer tracks for both sections each month. Aftercibrestruction, this value at all crossings
summarized was below 10, and often 0. The numbedeafr tracks was dramatically
reduced after the highway constructidnann-Whitney U tesZ = —1.755; p = 0.79)

From the beginning of December, 2006, until endJafuary, 2007, the number of
track counts of crossing deer was zero. This istithhe period when the entire length of
the road was closed off with a fence, with the @tiom of the uncompleted crossings.
The second part oFigure 2 shows that after this time, the presence of deethe
crossings was detectable again. Using Spearmank-ca@melation, we looked for a
connection between the time and the track denBiased on the statistical analysis and
the trend-line fitted on the scatter-type figurbere is an unambiguous correlation
between the number of days that passed and thle dixtsity, so as time passes the track
density in the crossings increag€ggure 3)
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after the deflecting fences of the given sectierevget up

The number of tracks of deer using each of the ¢oossings is differenEigure 4shows
how the use was divided between each of the crgssimthe period when they were built.
The non-parametric Kruskall-Wallis test proved tivatthe same time period, the widest
crossing (marked as Nr. 1 drigure 4 experienced a significantly larger traffic thdret
others(Chi-square = 23.509; p < 0.001).
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Figure 4. Comparison of monthly averages of deackrfrequency
recorded in each of the crossings
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We compared the only overpass with the underpasthensame section to have a
comparison of two main types of crossings. As tesih Mann-Whitney U test, there is no
significant difference shown between the frequenicthe use of overpass (Nr. 4 Brgure 4
and underpass (Nr. 3 éiigure 4 in section two by deer. (Z = -0.041; p = 0.967)

5 DISCUSSION

A number of other investigations have examined éoelogical implications of linear
structures using track counts, just like our cursgady. Among their findings, they agree that
the impact on wildlife is determined by the densifyroads (Mech et al., 1988), and the size
and speed of traffic (GagnenDodd2007;Clevenger et al. 2001).

Our results showed that shortly after the conswoaf the crossings, the animals did not
use them, since they could still get around theddroff section in the near distance. This
~.getting around” behaviour was also observed winenfénces were built in two parts. After
the first section was built, the number of vehisliédlife collisions along the second unfenced
section increased significantly.

Red deer used the “getting around” strategy as &mthe energy invested was worth it.
After that they were compelled to use the crossihfyavever, the construction work likely
influenced their use. Servheen (2003) and Kusakl.e{2009) found positive correlation
between disturbance and the use of wildlife cragssiin our study the crossings that were the
furthest away from the construction site were theesothat were used first. As the
construction moved away, and the disturbance afigthe animals decreased, the use of the
crossing increased.

The above observations explain why the crossingtherfirst part of the section were
used sooner. If the assumption is right, the diffiee should disappear with time after the
completion of the entire M7 highway. If the phenaomoe is caused by preference for one or
two crossing types or locations, then the diffeeewdl remain detectable.

If a wildlife crossing has a low use, it does net@ssarily mean that the location or its
construction was wrong. Sometimes a few yearnacessary for wildlife to get used to the
crossing structures, and a few years with low wsele followed by sudden and significant
increase (Clevenger — Waltho 2003). However, wetnstrive to decrease the “getting-
around” behaviour due to the changed environmantesotherwise the number of car
collisions with wildlife will increase. An animal en't consider a crossing that is 8-10 meters
wide, since the animal won't even approach it, tmethe presence of fences and the
environment that was changed during the constnuctiegetation helps animals get used to it
and increases the chances of it being used. Vegeiatespecially important for an overpass
because it makes the overpass more natural, amil ilecrease the noise and light of the
traffic as well, eliminating most of the disturbasc

To increase the effects of vegetation, it is adlis&o equip the overpass edges with peg
or noise reducing walls (Bekker — Vastenhout 198%5addition to the vegetation, making the
deflector fences cone-shaped can also help theagsiim get used to the crossing. This form
will not only lead the animals towards the crossitrgicture, but will make it more noticeable
for the animals as well. This is important, as ardeight approach the fence at a given
section, but won't see a 6-10 meter wide “holet as a crossing point. Making these ,holes”
wider with deflector fences in a coned shape wileghe animals a chance to carefully try
and explore it before getting used to the new dans.
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Abstract — This study introduces the furniture purchasing behaviour model. The study describes the
behaviour model and characteristics of decision making and the environmental factors affecting the
individuals besides emphasising the family character of furniture purchase. We introduce a chapter
from the primary research verifying the model that analyses the validity of customer behaviour trends
defined as elements of the impersonal environment on the furniture market. We touch on our lifestyle
based segmentation model which is elaborated in our work in detail. The method of primary research
is quantitative, personal interview. While working out our research model we applied a method that
enables multi-level cross-section and cohort analyses. Our work has verified the need for trend
researches on the furniture market so we suggest the construction and the near-future launch of a trend
research system consisting of several modules that reveals the specific factors on the furniture market
besides verifying the validity of general behaviour trends.

consumer behaviour model / trend research / lifestyle

Kivonat — Vaséarloi magatartdsmodell a buatorpiacon A tanulmany bemutatja a szesk Aaltal
kidolgozott butorvasarldi magatartdsmodellt, amely a batorvasarlas csaladi jellegének hangsulyozasa
mellett fordit figyelmet a dontésben résztbkevszemélyes adottsagaira, az individuumra hat6
kornyezeti tényaik vizsgalatara. Bemutatjuk a modellt igazol6 primer kutatas egy fejezetét, amely a
személytelen kdrnyezet elemekeént értelmezett vasarl6i magatartastrendek érvényességét vizsgélja a
batorpiacon. Ennek mentén érintjik a munka soran részletesen is kidolgozott életstilus alapu
szegmentacios modellinket. A primer kutatds mddszere kvantitativ, személyes megkérdezés. A
kutatdsi modszer kidolgozasanal olyan eljardst alkalmaztunk, amely tébbszords keresztmetszeti
vizsgalatok, kohorsz-elemzéseket tesz k@heet Munkank igazolta a butorpiaci trendkutatasok
szlkségességét, ezért javaslatot tesziink egy olyan tdbb modulbdl allé trendkutatasi rendszer
feldllitasara, és a kozeljoen tortéh bevezetésére, amely az altalanos magatartastrendek
érvényességének igazolasan tul a butorpiaci specifikumokat is feltarja.

vasarl6i magatartasmodell/ trendkutatas / életstilus

1 INTRODUCTION

The aim of customer behaviour researches is on the one hand the analysis of preceding
reasons of mass phenomena, on the other hand, the prognosis of the future. One criterion of
this is the analysis of psychic phenomena. Customers with individual personalities show
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various behaviours when affected by different emvinental stimuli. The researchers of
customer and consumer behaviour attempt to typifijvidual decisions and, as a result of
this, several customer behaviour models have besaied since the 1960s. In the majority of
these models the process of decision making camtbepreted by the chain of problem
recognition — information search — evaluation —chase — use — follow-up evaluation, these
are then determined by factors the different agticonsider important.

Our innovative customer behaviour model, create2i0d9,(Figure 1) can be applied on
the market of durable goods, is based on the rbladividuals in making family decisions
and is verified by the analyses of the mechanidnfigroiture acquisitions.

International environment

Macro-environment
— Impersorjal environment
Problem recognition [ ———— -
| Personal environment
|
v | Limits ofindividuals
Information search |[¢——— —L Male
I : Impersonal environment
\ 4 I b "
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Figure 1. Customer behaviour model on the duraloleds market

The behaviour models of Hoffmanné (1977), Pakal$®7) and Tdcsik (2007) have
been considered in our work.

This model designed for the durable goods markgpsses that complex environmental
stimuli affect members of families (men, women, ahddren) asndividual decision making
elements In accordance with behaviour trenddjildren are also involved in purchase
decisions in our model since they affect them. Titade, female members and children in a
family are directed into each period of purchaseigiens by an optional type of relation,
which signals that certain members take part insttat making to a different degree in line
with the male-female-child roles characteristithie given society. The relationship between
the individuals determines the family character d&cision making and the roles of
individuals in decision making are unravelled.sltan important part of our model to analyse
which periods of decision making do individual fynmembers take part in and with what
intensity. Theexperience effecimpacts each family member, the results appeath@
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consumer habit of the next decision making. We ddikle to emphasize thamternational
environmenglso affects the process of decision making.

We verified this theoretical customer behaviour elah theHungarian furniture market
in accordance with an aspect-system determineché\ptimary research. We analysed the
impacts of impersonal environment on furniture pases by researching the validity of
general customer behaviour trends on the furniuaeket. We found it necessary to analyse
the family character of furniture purchase decisjdo survey family roles in each period of
the decision process (problem recognition, inforamatsearch, decision, purchase) based on
the model. The primary research enabled us to ghaugiture uses and purchassscording
to theoretical categorieand tosegment the market based on lifestwibich is of outstanding
importance for small ventures and medium-sizedriass enterprises of the branch (Hetesi et
al. 2007, Veres et al. 2006, Hradil 1995, Lazer1}97

2 METHODS

The method of research is a descriptive, quantéapersonal interview based on a structured
questionnaire. Our aim was to obtain statisticalglid, quantifiable data on a sample
representing Hungarian furniture purchasers, thmuladion of the research. In keeping with
the aims of the research, we considered those mefsoniture purchasers who are planning
to buy furniture in the next two years, who taketpa the decision making process in the
family and who do not work in the branches woodustdy, furniture manufacturing, furniture
trade, furniture design or inner architecture.

While elaborating the research method we aimedss¢mbling a questionnaire that is
appropriate for conducting multi-level cross-settandcohort analysesMulti-level cross-
section researches enables to make comparisonsngpextus levels but they do not make it
possible to measure changes in the opinions oYiohakl respondents since our samples are
made up of different persons each time. That is why advisory to use these multi-level
cross-section researches as cohort analyses, va@nécmulti-level cross-section researches
consisting of research series conducted at apatteptime periods. We propose researches in
a time period of two years in the case of the tureiindustry so as to dissociate the affects of
environmental trends and to acquire an impressidheotempo of development and changes.
Thus cohort is a group of respondents who expegiéme same event at the same time period.
With its help we can establish what attitudes gsowb the population with identical
characteristics maintain to aspects of the analgesision making in proportion to time. In
addition, it was our aim to elaborate a lifestydséd segmentation model while constructing
the questionnaire that enables grouping accordinvgliue orientation and family life cycle.

We used quota sampling. Sample size was 1300 gerdssembling the quota was done
based on a preliminary omnibus survey of 1054 peapl which we used the basic
demographical data — significant for the topic -pebple planning to buy furniture in the next
two years as the basis of the quota. These weave:df/settlement, gender, and age group. In
keeping with the regional quota (Budapest, westdumgary, and eastern Hungary) the
distribution of respondents followed national ratd&cording to the omnibus survey of
1054 people 18.8% of the Hungarian population wasrpng to buy furniture at the time of
the interview. The interviews were conducted ineJAA09 on neutral spots (streets).

As for the demographical characteristics of thepoeslents, according to the
preliminarily given quota, there were slightly moneen (55%) in the sample. The age
distribution of the respondents was: 18—-25 yedl%b,26—-30 years: 17%, 31-40 years: 23%,
41-50 years: 18% 51 years or older: 21%. Two thafdhe respondents came from towns,
one third of them from villages.
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3 RESULTS

During primary research we examined if general bieha trends (Tdfcsik 2007) — defined
as elements of impersonal customer environmerttennodel — are valid on the Hungarian
furniture market. All these, besides verifying ttieoretical model, strongly support the
marketing strategy planning of business enterprid&sanalysed the validity of the following
trends (we signal the marketing area of practipglieation in brackets):

1. Furniture purchasers nepdrsonally tailoredoroducts as a result of ego trends derived
from modern values. (product policy, communication)

2. Price is still a very important factor in decisioraking. However, the trend of social
responsibility, environmental protection and apgrey human health may also be
apprehended that is why the needdbeap eco-productsan be expected to appear on
the furniture market as well. (product policy, prg policy, communication)

3. Besides price sensitivity characteristic for funné purchase decisions, we can observe
the trend of cheap design and cheap chim the furniture market.(product policy,
pricing policy, communication)

4. The impact of personal information sourcesre greater on furniture purchase
decisions, which comes along with the entry ofadrindicating increase interest in
origin of product (product policy, communication)

5. Counselling, personal relationare equally important for both sexes at the point
information obtaining when making furniture purchaslecisions. The general
behaviour trend that men rely more on written doents than the expertise of shop
assistants does not work during furniture purch@senmunication)

6. Nowadays the 'middle-class — individualistic' vattend has spread among flat users,
which puts the individual into the foreground begiatme basic functionality of the
‘conventional-traditional' value trend. (produclipg communication)

According to the customer behaviour trend verifiggt, furniture purchasers need
productstailored to individual needsas a result of ego trends derived from moderneglu
The trend found by the Trend Inspiration reseancdug in 2008 suggests that the need for
personally tailored products have become commogplilce determinant factor of this trend
Is exhibitionism since everything can become a tdalelf expression. This refers back to ego
trend (ToBcsik 2006) which means putting the individual i@ foreground and the need
for personally tailored product (tailored to persdn the approaching social era, knowledge-
economy, individualism will become the centre elatn@lorx 2000). Although the trend of
'the limit in infinity' (Trend Inspiration 2009) suggesting that because of overflowing credits
prior to the economic crisis people got used todlea that there is no limit to their ambitions
— has occurred in Hungarian trend research, in 20@®nnection with the economic crisis,
people face limitations in purchasing due to creditfinements. Along with our hypothesis,
all these do not affect the need for personallgtad products on the furniture market.

During lifestyle based segmentation we groupedornsts according to modern and
traditional values. We analysed the following staats characteristic for modern values and
backing up the ego trend: flexibility is typicalrfony lifestyle, I like buying furniture, | look
for pleasure in shopping, | often entertain gudstdten rearrange my furniture, and | would
like to renew my home décor more often.
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Table 1. The need for personally tailored productge group indicating ego trehd

How important is personally tailoredness, unique>r‘fesyou when choosing furniture?
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Flexibility is typical for 470 74.3 14.3 11.4 4.04 1.19 1.39
my lifestyle.
| like buying furniture, 623 73.7 15.9 104 4.05 1.14 1.31
| look for pleasure in
shopping.
| often entertain guests. 533 70 18.4 11.6 3.98 1.18 1.39
| often rearrange my 255 73.7 14.9 114 4.01 1.17 1.37
furniture.
| would like to 604 75 13.1 11.9 4.05 1.18 1.39
renew my home décor
more often.

In line with the next trend, we can expect the nf@dheap-ecoproducts to enter the
furniture market as well. Eco means the commitnientthe protection of both people and
their environment. One of the values of the ' indinalistic — middle-class' value trend is that
the need for individual integrity and thus dehurzation seemed to be one of the key
questions at the turn of the century (Kapitany pikny 2000). Furthermore, our hypothesis
is built on the previous research result that precéhe first and most important aspect of
choice in most furniture categories (Pakainé et 24l07). Eco products will become
characteristically cheaper along with future imgments, cheap-eco products will appear,
resulting in the appearance of the cheaper versibpsevious products and of eco products
designed with the aim of cheapness. (Trend Inspita2010). Our hypothesis dealt with
‘conscientious purchasgTrend Inspiration 2010), which means that prasluwill be
expected to have ato- and charitableharacterEco chictrend will mean not only an eco-
conscious purchase but its communication towardsoauers. The booming 'CSR' activities
of companies back up this trend as well. Accordingthis trend affecting furniture
manufacturers, customers would like to see tramsparompanies; this means that customers
would like to be able to have an overview on th@Mlproduction process.

In accordance with the results of the whole samaplyses, environmental protection is
not a characteristic aspect among the populatiannphg to buy furniture in the next two
years. However, being detrimental to health vergimis.(Table 2)

1 1.5 scale of importance where 1 means 'absolutdlymmportant’ and 5 means 'very important'
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Table 2. Environment- and health conscioushess

N Min Max Average Deviation Variance

People do not pay attention 1095 1 5 4 1.09 1.18
if the furniture purchased is
recyclable or not.

Most people cannot identify 1115 1 5 3.83 1.13 1.27
if a given piece of furniture is
environmentally friendly.

People do not take into account 1113 1 5 3.96 1.04 1.09
the effects of a product on the

environment while making a

purchase decision.

It should be harmless to health. 1115 1 5 4 55 0.8 0.64

We examined the raisorctie of the need fotheap-ecqroductsfirst of all among those
who think that people take into consideration tfieats of products on the environment. The
average importance of low price was 3.69, its denavas 1.14, and its variance was 1.29 in
this group. The average agreement with the statetBenellent quality is more important
than price when buying furniture' was 3.47 in thisup. The deviation was 1.061 while the
variance was 1.126. (N=355)

The estimation of price-quality ratio of furnituppirchase among respondents keeping
environmental aspects in mind was similar to thel@tsample: on the valid frequency range
(N=340) 58.8% of the respondents usually buys gpedity but pays attention to the price as
well and 31.2% of them generally buys average tyuphoducts for moderate prices. 2.6% of
the people typically buy good quality even forheg prices and 0.9% of them look for the
cheapest solutions even at the cost of quality.

The average agreement with the statement 'peopleotipay attention if the furniture
purchased is recyclable or not' was 4.00 in theleveample, the deviation was 1.09 while the
variance was 1.18. Price was also an importantcagpd.3%) for those respondents who
keep recycling factors in mind when buying furnguiN=308). The result of the question
analysing the costs of furniture purchase accortbngrice-quality ratio in the group: on the
valid frequency range 58.4% of the respondentsliysbays good quality but pays attention
to the price as well and 30.5% of them generallysbaverage quality products for moderate
prices. 3.2% of the people typically buy good gyadiven for higher prices and 1.3% of them
look for the cheapest solutions even at the coguafity.

The number of respondents considering health pioteat least moderately important
was 1082 persons in the sample. 63.3% of them fdand prices important or highly
important. The result of the question analysing ¢bsts of furniture purchase according to
price-quality ratio in the group: on the valid fusocy range 62.7% of the respondents
usually buys good quality but pays attention toghee as well and 27.3% of them generally
buys average quality products for moderate priees% of the people typically buy good
quality even for higher prices and 0.9% of thenmkléar the cheapest solutions even at the
cost of quality.

In summarywe can say that the role of price is outstandingiportant when making
decisions about furniture purchase even among @mvient- and health-conscious groups.

2 1.5 scale of importance where 1 means 'absolutd#lymmportant’ and 5 means ‘'very important'
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The research has proved that, besides price, guado occurs to modulate the situation to
some extent.

According to the next analysed trend, besides passitivity — which is so typical for
decisions about furniture purchase — the needcfmap design and cheap chis also
characteristic for furniture markets. Cheap desngans the democratization of design (Trend
Inspiration 2010). Along with this trend, customewsuld like more imaginative, more
beautiful products for lower prices. Cheap chicefid Inspiration 2010) is about products that
become cheaper through innovativeness. A needekihatics occurs besides convenience in
the ' individualistic — middle-class' value trertat, on the one hand, serves the needs of a
society that turns outwards and seeks the ackngetadnt of others to prove their own
successfulness but, on the other hand, it sereesdlds of the individual as well. One of the
values of aesthetics is conveyed by the sociefgrigsg the greatest value to joy, attractivity
(Kapitany— Kapitany 2000).

To verify our hypothesis we analysed the importanficeorm/design, aesthetics, fashion,
functionality and durability among price-sensitirespondents. 504 respondents were price-
sensitive in the sample from the aspect of the thgxis. They did not agree with or were not
certain about the attitude statement that 'thellexdequality of the product is more important
than its price when buying furniture' (agree anshdree as well). According to the results
summarised iMables 3 and Adurability and functionality are outstandinglyportant even
in the case of price-sensitive customers. In pro@orto importance averages, they are
closely followed by aesthetics and design. Fastulemess is a moderately important factor.

Table 3. Design and functionality among price-sévesicustomers 1

N Min Max Average  Deviation  Variance
Durability 491 1 5 4,71 0.523 0.274
Functionality 490 1 5 4.64 0.616 0.379
Aesthetics 488 1 5 4.48 0.696 0.484
Design 481 1 5 4.20 0.899 0.808
Fashion 481 1 5 3.31 1.202 1.446

Table 4. Design and functionality among price-sévesicustomers®

N Important Not so important Not important
valid frequency valid frequency valid frequency
(%) (%) (%)
Durability 491 96.5 3.5 0
Functionality 491 94.5 4.9 0.6
Aesthetics 488 92.0 6.8 1.2
Design 481 81.9 13.5 4.6
Fashion 481 45.6 33.7 20.7

3 1-5 scale of importance where 1 means 'absolutglynmportant’ and 5 means 'very important’, intdide:
important: categories 4-5, not important: categotie?
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According to the next analysed trengersonal information sourceshave greater
influence on decisions about furniture purchase targlcomes along with the occurrence of
the trend indicating thencrease in the interest of product origiihe question dealt with
authenticityas well and it examined the role of informatiomiiog from given sources in the
decision making process. The searchdothenticityoccurs as the counter-trend of pleasure
search in connection with customer expectationsd@ik 2006) where credibility is in the
foreground and finding a trustworthy manufactuned #&s store requires great awareness and
commitment from the customer. The need for trargactompanies originates from the fact
that customers are more likely to believe their @sathan companies. According to our
verified hypothesis, personal information sources abservably higher rated on the
Hungarian furniture market.

In case of personal information sources, friend$ acguaintances turned out to be the
most creditable sources from the aspect of purctiasisions, followed by furniture retailers,
joiners, interior designers and building contrast@valuation on a scale of importance where
1 means 'absolutely not important’, 5 means 'venyortant/How important are the given
information sources for you when making decisionsu furniture purchase?). The situation
was modulated when we analysed the role of infotsnanfurther detail by correlating the
opinions of people working in furniture trad€aple 5. When contradictious opinions occur,
manufacturers and designers become more creditRglspondents take into account the
opinion of retailers less than that of others.

Table 5. The role of advisérs

Adviser Valid frequency N
Lrgienr(iac;r designer 622;2 1169
Retater 1616 1176

When we tookimpersonal information sourcesinto consideration during our analysis,
we found that friends and acquaintances were atilthe top of the list. According to the
importance average, besides personal acquaintanetslers and joiners preceded any
impersonal information source. The role of inter@signers and building contractors were
moderate, many impersonal information sources pettethem (catalogue, Internet
magazine, exhibition).

In case of impersonal information sourasgalogues are the most important sources
followed by the Internet, magazines, exhibition &nen by flyers Television, local daily
newspapers, women's magazines, weekly or monthigpegpers, radio stations and national
daily newspapers did not turn out to be creditafiermation sources.

Whose opinion is determinant in case of contraajchotions?

Acta Silv. Lign. Hung. 6, 2010



Consumer behaviour model on the furniture market 83

While analsing thénterest in origin of product, we found that the place of origin is
less important when we are choosing furniture. Thportance average of the place of
origin (a 1-5 scale where 5 means 'very importands 2.9, deviation was 1.28 and
variance was 1.62. If we take a closer look we finalt: 31.1% of the respondents found
this aspect important or very important, 31.6%am found it moderately important and
37.3% of them thought it was not important (or dbsay not important). The difference
between 'important’ and 'not important' categoigenly 6.2% in favour of the 'not
important' category.

The situation was modulated when we asked a comayeestion: do you prefer
buying Hungarian furniture? 59% of customers prdf@ingarian furniture. This rate of
preference was independent of age, region and gdde square test, 0.05 significance
level).

Among people preferring Hungarian furniture we aska open question about the type
of criteria they require Hungarian furniture to me@uality was mentioned most often (69%)
followed by price (51%), guarantee (31%), repanvises (21%), complementary services
(5%) and reliability in 2% of spontaneous remarks.

We examined in our research the need for furnipuechase ajoiners. 61% of the
respondents would not have his/her furniture mada joiner but 10% of them were sure to
order furniture from a joiner, and this is reassgriwhile analysing significant differences
in opinions (Chi square test, 0.05 significanceelpwe found that younger people were
more open to order from joiners and people livingeastern and western Hungary also
prefer ordering from joiners while those living Budapest do not. The spontaneously
mentioned and most important reasons for orderimgnf joiners: meeting unique
requirements (53%), personal acquaintanceship (Ldeédlibility, reliability (13%), quality
(8%), low price (8-8%), precision of joiners (4%)dathe statement 'Hungarian joiners are
good' (4%). Spontaneously mentioned reasons otthos planning to order from joiners:
higher price of joiners (25%), longer time (8%)e thimplicity of shopping in a department
store (8%), 'preferring to see what they buy' (7&GYler choice in department stores (6%),
not reliable, not creditable (5%), longer acquasitiime (5%), joiner cannot make it (3%)
and 'do not know any joiners' (3%).

Reliability/credibility occurred among spontanegushentioned reasons for buying
from close, local members. It was also confirmedt tthe role of personal connections,
informants is significant in connection with furnié purchases.

The trend thatounselling personal relations are more important for wonmenesmen
rely more on written documents during purchasesneasonfirmed on the furniture market.
The need forcounsellingis a general behaviour trend characteristic far toue (To6csik
2006), which signals that customers entrust cedansions they have little knowledge about
to experts. The role of shop assistant is domimarhaking furniture purchase decisions
(Pakainé 1997), appropriately trained people caerdene the decision making process since
consumers need tangible help and counselling whekimg decisions about furniture
purchase.

We examined the differences in opinions betweesqral and impersonal information
sources — analysed in connection with the previoymthesis — in proportion to gender to
examine this hypothesis. We did not find any sigaiiit difference in the opinions in personal
aspects (One Way ANOVA, 0.05 significance level).
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Table 6. Opinions about personal information sosragnong meh

Categories 4-5 Categories 1-2

Moderate

valid frequency valid frequency
(%) (%)
Friend, acquaintance, relative 530 68.3 21.5 10.2
Joiner 512 62.1 27.7 10.2
Retailer 526 59.5 29.3 11.2
Interior decorator 506 40.1 20.6 39.3
Building contractor 500 28.4 27.6 44.0

We verified the assumption that thendividualistic — middle-class ' value trenthas
spread among flat users which puts the individual inte #oreground beyond the basic
functionality of the 'conventional-traditional' wa trend. The motto of this new value trend is
to feel oneself comfortable; self-expression haobe typical in furnishing. This, on the one
hand, serves the needs of a society that turnsandsénand seeks the acknowledgement of
others to prove their own successfulness but, enother hand, it serves the needs of the
individual as well. The shift between the two vattends became multitudinous in the 1960s
in Hungary and in a certain way that resulted irediforms. The two value trends mixed and
gradually shifted towards the individualistic valuend (Kapitany — Kapitany 2000).

The lifestyle based segmentation carried out duttregresearch confirmed that there are
two groups among Hungarian furniture purchasers tven the modern values of the
‘individualistic — middle-class' value trend chdesised by Kapitany — Kapitany (2000).
These two groups are the 'modern, innovative' (2a#@ the ‘demanding, modern' (19%)
amounting to 40% of furniture purchasers. Eviderafanodern values can be detected in the
additional three groups (escapist 10%, style-1&8 Xrustrated 21%) but they more or less
stick to traditions. The practice of segmentatioooading to values is widespread in lifestyle
based models. The Gallup model identifies groups ispace determined by traditional-
modern or individualistic-social values. The Lifdst Inspirational model segments groups
according to pace of life and value orientatione TRINUS milieu model creates groups
according to basic value orientation, everyday védas, general attitudes and everyday
aesthetics. The analysis of the role of values weedirmed by Lazer (1971) who stated that
lifestyle is the result of factors such as resosirailture, values, rules, punishments and
symbols.

In our work we aimed at developing a model — inr@tion with the customer behaviour
model dealt with in the introduction — that enahlssto segment furniture purchasers based
on lifestyle. That is why segmentation was doneading to the following variables:

1. Socio-demographic: taking into consideration agmgian, qualification, subjective
living standard, character of flat/house, and esflgclife cycle: the age of oldest
child, marital status (single, couple), age ancheaac activity.

2. According to questions of attitude: they served #malysis of attitudes towards
traditional-modern values, furniture purchase anthé décor and that of factors of
furniture choice. According to value orientation determined modern and traditional
furniture purchasing and using values in accordavitteTable 6

®1-5 scale of importance where 1 means ‘absolutglynmportant’ and 5 means 'very important', intdide:
important: categories 4-5, not important: categotie?
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Table 7. Modern and traditional values in lifesthi@sed segmentation

Modernity Tradition

Self-expression, the individual is in the centFeinctionality in furniture use (long enduran
(colour, form, design, fashion, brand produatsgnufacturing precision, cleanness and order
tailored to person). Flat as the source of joyas basic value).

Furnishing principle: 'feel comfortable’, Functionality in home décor.
sacrifices time, and goes into details.

Provoking positive reaction from the social Provoking positive reaction from the social
environment by self-expression. This meangnvironment by correspondence, adjustment
fear/risk at decision making. Mutual present¢e others.

of confidence and fear.

Chosen relationships are higher valued, mdress guests.
frequent guests; accessible spaces are created
in accordance with this.

Changes, rearrangements are typical. Continuiyraegements are not typical.

Eclectic home décor (memorabilia from the Respect tradition in home décor, influenced
past together with modern objects in one by average standards, mediocre principle,

space). follows uniform style determined by tradition.
The role of the Internet, virtual objects, Written text, personal communication.
pictures.

Flexible pace of life (workplaces mixed into Considerate, slow pace of life.
each other).

Self-expression penetrates working areas. Stricttianality (kitchen, pantry,
workshop).

Search for experiences is characteristic for Aspiring safety in lifestyle.
lifestyle.

Critical approach, need for authenticity.

Basic value: Basic value:
joy, self-centred, measures own success belonging somewhere, rules, norms, authority
through acknowledgement of others.

We used the k-mean cluster statistic method foerdghing groupsFigure 2 shows the
segments according to family life cycle and valderdation.
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,Lonely, survivor” Escaping
Style-less

+LEmMpty nest” 29 %

Frustrated
21 %

Complete family IIl.
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Demanding
Modern
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Modern

c

Yy  Young couple, no child
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Figure 2. Home décor style groups in Hungary

4 DISCUSSION

The result of our research confirms the necesdityremd analysis on the furniture market
verifying the validity of several general behaviowends on the furniture market. We
recommend aesearch system of multi-level modufesusing on the furniture market that
could reveal special characteristics of this matkesides monitoring and testing general
trends. It is our aim to explore greater correlai@bout the living standards of customers,
consumers, about the changes in values, the featdirifestyle so as to help companies to
adapt to the market. Qualitative research methads paimarily needed to reveal new
phenomena but we cannot neglect quantifiable ie®ilber. An interdisciplinary approach
will be further needed in future researches takiig account mainly the research results and
methods of sociology and psychology. It is essemtiagive exact frames and systems of
criteria before starting researches. The researthadology we sugge¢figure 3)refers to
the furniture market and undertakes exclusivelyrineelation of the trends in furniture use
and purchase. Besides these, it constantly mongengral behaviour trends, analyses their
interpretability and validity from the aspect oktfurniture market. We need to examine the
results of trend researches from time to time; \@meehto monitor changes, the spreading
process, time and pace of the phenomena.

We are planning to further research certain elesnehthecustomer behaviour mode
outlined in the introduction: the effects of markgtactivities as elements of the impersonal
environment and the role of reference groups, opiteaders given as elements of the closer
social environment in decision making. Our aim w@greate a customer behaviour model
that is valid on the market of durable goods beeafists cogency on the furniture market but
which has to be further confirmed on additional ke#s. Figure 3 demonstrates the trend
research system suggested for the furniture market.
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Modules of trend research system on the furnituaieket

> Basic hypotheses

¥

v

¥

Content analysis
from newspapers and
electric media —
reports every 6 month

Monitoring

innovative
companies —
reports every 6 month

Interviews with
opinion leaders —
reports every 6 month

Monitoring
participants —
reports every 6 monf

: I

————— » Feedback

Recomposing hypotheses

Y

Quantitative research |-
every 2 years

Statistic reports, .
analysing data — Composing hypotheses . Deﬁxﬁie;itlh.od
reports every 6 month P
A
\ 4
! Mid-time
Every 6 months research report
_______________ Expert groups
Every 2 years Y
Experts 2:
i1l Delphi method —

report every yeal

Research aim revealing trends on the furniture stadonstant monitoring,
analysing the validity of general behaviour trends

Figure 3. Trend research system on the furnitureketa
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Introduction to the
FAGUS 2010 Symposium papers on European beech

European beech~@gus sylvatica L.) is an important species of Central and Soutlimope
where it holds dominant position according to its share in growing stock and overall economic
value. Although adaptable by its genetic system, due to climate change the future status of
this species remains uncertain. By strengthening the perception of vital problems which affect
beech at present and by emphasizing the necessity of their further analysis, it is possible to
diminish potential risks and provide adequate answers. Implementation of results will support
future management of this valuable broadleaf species

In the series of similar symposia, the international scientific symposium on beech
FAGUS 2010 “Is There Future for Beech — Changes, Impacts and Answers” was jointly
organized by the Croatian Forest Research Institute CFl and the Hungarian Forest Research
Institute ERTI, with the cooperation of the Institute of Environment and Earth Sciences,
Faculty of Forestry, University of West Hungary in Sopron. Under the support of IUFRO WP
1.01.07 on Ecology and Silviculture of Beech and the European Forestry Institute, altogether
190 participants from 14 countries (Bosnia and Herzegovina, Czech Republic, Croatia,
France, Germany, Hungary, Iran, Japan, Poland, Serbia, Slovakia, Slovenia, Sweden, and
Turkey) participated in a 2-days conference in Varazdin, Croatia. 28 papers and 16 posters
were presented, covering the field of forest ecology, silviculture, genetics and reproduction,
modeling, forest protection, phytopatology, physiology and management. A field trip to Zala
county, Hungary followed the conference. The presented paper's abstracts have been
published as trilingual FAGUS 2010 Book of Abstracts, while the complete Summary of the
FAGUS 2010 Symposium is available as a separate doctiment

In cooperation with the editorial board of ASLH, conference participants were invited to
submit manuscripts. The papers were selected and reviewed through the FAGUS 2010
reviewing process based on scientific excellence and actuality of the problem investigated.
The reviewers were all members of the international scientific community with confirmed
expertise in forest science. It is the expectation of the organizers that these papers will
contribute to the better understanding of the challenges facing beech in the upcoming era of
predicted climate change.

Igor Kolar
guest editor

! Summary of the FAGUS 2010 International Scientific Symposium, OctoBer 28" 2010,VaraZdin, Croatia
and Zala county, Hungary. Croatian Forest Research Institute, Jastrebarsko, Croatia
2 Croatian Forest Research Institute, Jastrebarsko, Croatia igork@sumins.hr
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Future of Beech in Southeast Europe
from the Perspective of Evolutionary Ecology

CsabaVATYAS® — ImreBERKI? — BalintCzucz® — BorbalaGALOS? —
Norbert MORrICZ — ErvinRAsSZzTOVITS?

Y nstitute of Environmental and Earth Sciences, RacfilEorestry, University of West Hungary, Sopron, Hungary
PInstitute of Ecology and Botany, Hung. Ac. Sci., Va6taHungary

Abstract — The aim of this study is to provide quantitative information on the effect of climatic
change on the growth and vitality of European beech: although the species is considered in its
optimum highly plastic and adaptable, it becomes climate-sensitive closer to its xeric (lower)
distribution limits. The future of beech in Southeast Europe requires special attention because this
region harbours significant populations living at or near their xeric distribution boundary. Even though
the low elevation occurrences are uniquely vulnerable to climatic shifts, observations and modelling
studies pertaining to this region are particularly scarce.

Out of climatic factors determining the xeric distributional limits for beech, Ellenberg’s drought
index (EQ) appeared as the most influential. Growth response analyses in comparative tests have
confirmed the existence of macroclimatic adaptation of beech and have proven that warming and more
arid conditions lead to decline of growth and vitality, while no decline was obserZ€ciianged in
the opposite direction. The response to weather extremes was investigated in field plots. Recurrent
summer droughts of 3 to 4 consecutive years, above E@amlue 40-42 resulted in pest and disease
attacks and mass mortality.

The discussed approaches indicate consistently a high level of uncertainty regarding the future of
beech at the xeric limit in Southeast Europe. According to field observations and bioclimatic data in
Hungary, a large part of low-elevation beech forests presently in the z&t@ ioidex>20 might be
threatened by the warming in the second half of the century, while higher-elevation occurrences may
remain stable.

The interpretation of the results bears some stipulations, such as the consequence of ecological
and human interactions in influencing present distribution patterns, the unclear role of persistence,
natural selection and plasticity and uncertainties of climate projections. Grim projections may
probably be partly overwritten by the mentioned stipulations and by careful and prudent human
support.

genetic adaptation / climate change / drought tolerance / range retraction / xeric limits
1 INTRODUCTION
Adaptation strategy of forest trees is receiving growing attention in view of expected climatic

changes. Scarcity of reliable information on responses to macroclimatic changes is a central
problem and obstacle of planning for the future. In order to formulate realistic predictions, both

“Corresponding author: cm@emk.nyme.hu, H-9400 SOPRBaNsy-Zs. u. 4.
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the nature of adaptation to past and current oimahd the level of sensitivity to sudden
environmental changes have to be understood apeénbyanterpreted.

Conflicting approaches and unclear role of differfaictors determining adaptability keep
adaptation to macroclimate still unresolved, intespf its importance for practical forest
management, for response prediction and risk mamagle Species-level (genetic) adaptation
pattern is the basis for setting the rules of répctive material use, for concepts to conserve
genetic resources and for strategies to adapipeceed effects of environmental changes (Matyas
et al. 2009a).

The distribution of European beech extends acroskgically and climatically variable
regions. Compared to other wide-spread tree spe€i&sirope, it is still the one which was
left in a relatively natural condition as — althbug a distributional range reduced by man — it
was seldom regenerated artificially and its repotide material was not subject to large-scale
commercial relocations such as oaks or Scots fdihas, present populations of European
beech are still close to a "wild state". Therefoeech is a well suited model species to study
adaptation strategy of long-living, deciduous chmrspecies to climate and to changes of
climate. The species is considered climate-semrsdivd vulnerable to changes. Therefore its
response to predicted large-scale changes of dimat critical issue.

In this study an attempt is presented to tracentijiyaand project the impacts of
macroclimatic change on the distribution and viyabf beech, with results interpretable
for the practice, as such information is urgentbeded to develop adaptation strategies
for both forestry and conservation. Investigatiamse concentrated to the xeric limits in SE
Europe. This region, where the retreat of the gl imminent, has been largely neglected
by European studies (Jump et al. 2009, Matyas 20i@iner et al. 2010). The authors
consider the detailed, practice-oriented investigabf climate impacts at the xeric limits of
primary importance because especially the low élewabccurrences of beech in the region
are uniquely vulnerable to climatic shifts.

Although climatic selection acts on the local, romimatic level, macroclimate is
generally considered as an appropriate surrogagealdd follow this convention in this study
mainly for two reasons: available climatic scensudefine changes on macro-level only, and
on the other hand, in forestry, local data on miamd meso-climate are in most cases lacking
or unreliable.

1.1 Hypotheses of adaptation strategy and patternfdeech — ecotypes, random effects
vs. macroclimatic clines

Hypotheses in contemporary silviculture on the tatagn strategy of K-strategist or climax tree
species are originating from ecology. Considermgdirong and lasting effects of local selection,
a close (“ecotypic”) adaptation has been implicthsumed for K-strategist tree species’ such as
beech. This view has been further supported by raumefield experiments with perennials,
starting with Clausen et al. (1940). Studies orasgecific genetic variation patterns of beech also
explain spatial differentiation mostly as ecotypie.g. Wihlisch et al. 1995, Kleinschmidt —
Svolba 1995, Jazbec et al. 2007), i.e. as resultlase adaptation to local ecological
conditions. As a corollary, beech is generally admed to be a climate-sensitive species
throughout its entire European distribution area.

Recent developments of phylogeography and moleaydauetics provide arguments
pointing towards the role of random effects in dewacting close adaptation. First, the
postglacial return of beech from various refugiaQentral, and especially to Northern
Europe is relatively recent, and its migration spé® follow climatic shifts is low (Davis
1981). Its genetic structure seems to have beeradted by random separations and
mergers of lineages (Magri et al. 2006, Gomory 4l®2010). This renders a very close
adaptation to local conditions less probable. Loamgge gene flow and genetic interaction
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between distant populations, although less intémse in the case of widespread conifers, is
also acting against well differentiated ecotypes. €&xample, a recent study identified beech
pollen transport — depending on wind trajectoriess- distant as from NE France to
Catalonia (Belmonte et al. 2008). There are a nunudfeother biotic reasons why the
genetic system of tree species may robustly coaatestrict local adaptation (Matyas 2007).

Annual growth and development cycle of beech isegmed besides the photoperiod by the
amount of physiologically effective heat sum (Krari®94, Chuine et al. 2003) and of course
precipitation. As the latter two are unevenly distied across the range of the species, it may be
assumed that diverging direction and intensity lohatic selection leaves also traces in the
adaptive genetic variation pattern within the spciProofs of macroclimatic selection are
however surprisingly seldom found in beech. Foramse, the range-wide analysis of metabolic
allozyme gene loci has established correlationsllefic frequencies with climate-dependent
factors such as altitude and continentality (Compllatyas et al. 1998). Traces of genetic
similarity among geographically distant populatiagr®wing on climatically similar sites
point in the same direction (A. Borovics pers. cammhe patterns of phenological behaviour
observed in early phase of beech provenance atsdssuggest a clear effect of macroclimate on
genetic differentiation within the species. Forrapée, bud break of beech shows a clinal East-
West pattern: Atlantic coast provenaricaee late, while Alpine and SE-European continental
ones are early flushing (Wihlisch et al. 1995, Eiibt al. 2009, Gomoéry 2009).

Considering the pace of expected changes as codnjoattee generation length of beech, it is
obvious that adaptation to rapid changes and t@rmet events can function only if a strong
component of plasticity (and, possibly, not yetniifeed epigenetic effects) is augmenting the
inefficiency of selection and gene flow to adjushetically set responses (Matyas et al. 2010a,
Finkeldey — Hattemer 2010). Surprisingly this aspsclargely missing from the agenda of
ecological and genetic research in beech, buggserally in forest tree species.

1.2 The threat to xeric limits in SE Europe

Xeric (or rear, trailing) limits at the low latitedand low altitude end of distribution ranges
are determined by climatic aridity (Matyas et @02b). Xeric limits of beech are apparent
along lower elevations of Mediterranean mountainges, however on the temperate-
continental plains and hills of SE Europe they arere difficult to follow due to more
complex ecology and human disturbance. These liangéshandled by contemporary statistic
and process-oriented models with considerable taiogy (Kramer et al. 2010).

At the xeric limit ecosystems are dependent on lat® minimum of rainfall and are
therefore sensitive to prolonged droughts. What esathis zone especially vulnerable to
climatic shifts is the magnitude of tHatitudinal lapse ratein flat terrain. It is generally
known that the altitudinal lapse rate (gradient) temperature (i.e. the rate of change with
increasing elevation) amounts to 5 °C/1000 m. At the same time, the latitudinglsia
rate is less recognized: in the temperate zonméan value is around 6.9 °C/1000 kna
difference of three magnitudes (Jump et al. 2009 degree of temperature increase causes
a shift upwards along a mountain slope of approtelyal 70 m: the same change on a plain
triggers a shift of close to 150 km northward. Asequence is that obviously even minor
changes of temperaturafect disproportionately larger tracts on plainas compared to
mountainous regions. Presuming a spontaneous migrapeed for beech of approx.
20 km/century (Davis 1981, Matyas 2007) an incredgemperature of just 1°C would imply
for beech a horizontal migration time of 750 ydarfollow the change. This fact explains the
much larger vulnerability of low elevation occurces in Southeast Europe.

! The term "provenance" is used in the paper synongipdaor "transferred population of known origin”.
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According to calculations of the IPCC (Christengtral. 2007), predicted temperature
changes of the critical summer climate at the einthe century are much milder in North
Europe between latitude 50° and 70° N, as comgar8duth Europe between 50° and 30° N.
Table 1shows that changes are more extreme in summerthose of annual averages.
Drought projections for Southern Europe are alsmss, while none are predicted for North
Europe.

Table 1. Predicted annual and summer climate charfge the period 2080-2099 vs. the
reference period of 1980-1999, according to the At8nario (data from the IPCC,
Christensen et al. 2007)

Change of
mean annual mean summer mean annual mean summer percentage of
temperature temperature precipitation precipitation dry summers

dT (°C) dT (°C) dP (%) dP (%) (%)
South Europe, 3 5 +4.1 -12 - 24 42
Mediterranean
North Europe +3.2 +2.7 +9 +2 0

The expected drought frequency was separately nealdey us for the Carpathian Basin
due to the importance of this climate factor (Gabsl. 2007). The results of the projection,
using the regional climate model REMO developed tbg Max Planck Institute for
Meteorology (Hamburg) indicate a very similar oute in the second half of the 21
century every second year could bring major sumdneught eventgTable 2).Projected
summer precipitation change is of special signifteaat the xeric limits which may affect
profoundly the available climatic niche of domindotest species, such as beech. This
justifies the separate treatment of the Southeasigean region.

Table 2. Frequency of recent and projected droughénts for Hungary, according to
scenario AlB, calculated with MPI's REMO regiondin@ate model. Reference
period: 1961-1990 (Gélos et al. 2007)

Drought summers

Period number of years mean of precipitation mean of temperature
(out of 50 years) anomalies (%) anomalies {C)
1951-2000 15 -28.0 +0.9
2001-2050 17 -19.8 +1.5
2051-2100 26 -37.6 +4.2

1.3 Climatic factors of the xeric distributional limits for beech in SE Europe

The actual climatic envelope (niche) of beech hasnbrepeatedly modelled (e.g. Kélling
2007, Fang — Lechowitz 2006, Bolte et al. 2007,nk@a et al. 2010). However, the studies
focus on continental-scale effects of climate cleanging low resolution climatic and species
distribution data.

To identify the limiting macroclimatic factors ate xeric distributional limits of beech
forests a regional modelling analysis was carrietlio Hungary (Czucz et al. 2010). Only
data of occurrences were analysed which fulfilleé triteria of zonality (i.e. primarily
determined by macroclimate). The stands have bemipgd by the inventory grid system of
the Forest Service (~1.5%1.9 km cells). The respmasiable was the percentage of presence
of beech in the respective cell.
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The probability of presence of beech was modeliethb variables seasonal and monthly
temperature and precipitation means, interpolabedte grid cells. In addition Ellenberg’s

climate quotientEEQ, Ellenberg, 1988) was also applied, defined asrikan temperature of
the warmest month (Julyfy;) divided by annual precipitatiory):

EQ =1000(To7/ P2

Ellenberg’s climate quotient is a simple index e@gsing the joint effect of temperature and
precipitation, and it has been generally used pyesss humidity conditions in Central Europe.
As the main modelling tool we used conditional refece-based regression trees
(Hothorn et al. 2006). This technique identifieseaery branching only the most influential
variable. We fitted several regression tree motielsubsets of the data in a bootstrap-like
framework, using different calibration and evaloatidata sets each time (for details see
Czucz et al. 2010). Examples of regression treeetsaate presented Figure 1.
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Figure 1. Examples of regression tree models fendtric limits of zonal beech forests,

determined by (a) basic climatic predictors onlggab) with EQ included. In the terminal

nodes bar diagrams visualize the probability ofgamece. (n: number of cells in the node).
See text for variable names (Czucz et al. 2010)
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Out of the basic set of climatic variables latargp(May) temperaturel(s) appeared as
the most influential predictor. In addition, annpaécipitation P,) also played a significant
role in determining the presence of beech neaeite limit (Figure 1a).Grid cells with high
late spring temperatures I > 13.5-14 °C) contained relatively few beech ssand
Alternatively, cells with the highest probabilityf gresence had relatively cool May
temperaturesljs <14 °C), and received a higher amount of rair(fall40 mm) per year.
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Figure 2. The climate envelope of beech in Eurapegulong term (1950-2000) climatic
average of annual precipitation and mean July terajpee. Climate data were extracted
from the WoldClim high resolution interpolated dita database. (Compiled for

EUFORGEN beech distribution data by E. Rasztovits)

If Ellenberg’s climate quotientEQ) was included among the predictor variables, it
almost always appeared as the most distinguishiedigior. In the example dfigure 1b its
maximum (limiting) value was 28.9. Apart frorBEQ, May temperature and annual
temperature appeared again in other runs of bapistd decision tree models (Czucz et al.
2010). The obtained results for limiting climatenddions for beech at low latitude/low
altitude were compared with other, published diiedble 3).

Table 3. Comparison of results of the present aialwith literature data on xeric limits of
beech occurrence (Czucz et al. 2010)

Temperature limit Precipitation limit EQ index limit

Source °C) (mm) (°C/mm)
Fang and Lechowicz 2006 ann. mean < 13.5ann. mean > 900 29.0
July mean < 23.0

Kdlling 2007, cool-dry limit ann. mean < 9.5 anrean > 500 -
Kolling 2007, warm-humid limit ~ ann. mean < 13.5 anrean > 850 -
Goetz in: Bolte et al. 2007 - ann. mean > 500 -
Hoffman in: Bolte et al. 2007 July mean <19.0 - -
Czulcz et al. 2010, "xeric limit" ann. mean < 9.3 n.amean > 680 28.9

* warmest month: 23.6C
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The climate envelope of beedrigure 2) indicates practically no presence below
500 mm annual precipitation and the bulk of ocawes stay below 20°C July mean. Most of
the marginal points around the “main cloud” mayppesumed to be non-zonal occurrences
utilising surplus humidity (e.g. seeping water ¢opss etc.). Data ofable 3show that the
precipitation conditions at the continental xefmit in Hungary are much drier than at the
warm-humid limit in SW Europe, where the higher @@mnhmean temperature requires
significantly more rainfall. The study of Fang drethowicz (2006) analysed a large number
of climate factors and indices, among them Ellegiseindex. Their “xeric limit” values refer
to the hottest sites beech might tolerate. Deshiee limited scope of their dataset, the
closeness of the estimate@ limit of 29.0 to ours is surprising.

It is obvious that when modelling the probability presence of beech, neither
temperature nor precipitation can be considerea sisgle factor. This is illustrated also on
the example of the two climate factors determinB@ (Figure 2). EQ index seems to
characterise the climate conditions for beech i tégion reliably and will be used for
analysing responses to changing conditions inahewings.

2 GROWTH RESPONSE TO CHANGING CLIMATIC CONDITIONS ( TRANSFER
ANALYSIS)

The response of populations to changed climaticr@mwient is analysed on the basis of the
genetic tolerance limit hypothesis. According te thypothesis, the fitness of a population
adapted to a certain environment declines rapidlly worsening conditions. Natural selection
intensifies simultaneously and adjusts the gemetikeup to the changed environment, depending
on available genetic variability. At the genetitetance limit climatic selection ends up in mass
mortality, where the genetic and ecological poltds of adaptation are exhausted (Matyas
2010a,Figure 3. Due to competitive or trophic interactions i thcosystem, fitness is usually
sooner lost than the genetically set critical tohee, through pest and disease attacks or
competition by other tree species. In ecology, thiexpressed as the difference between
“physiological” (in reality: genetic) and ecologid¢alerance.

— — | fitness mass
selection mortality
w o :
genetic
tolerance
N limits
\
ecological
interaction
Worsenina climate>>>>
| ‘ v
_ — P ——
Natural distribution Ve

Figure 3. Ecological-genetic hypothesis of fitnless along a climatic cline:
tolerance decline and mortality triggered by wanisegy of climatic conditions. The genotypic
variance of limits of tolerance @Y represents the basis of natural selection. Trehdd line

marks the ecological limitations of the speciest{Ma et al. 2010a)
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Quantitative, adaptive genetic differentiation aggmovenances (in growth, phenology,
and health) measured in common garden tests matilized to model the result of climatic
selection and to forecast the effects of climatiarge, as the response of populations at the
test site can be interpreted as a simulation ofrenmental changes. Climate change as
experienced by tested populations in the commodegais expressed asodistancd"space
for time substitution” Matyas et al. 2009a, 2010a).

For beech, growth response projections have nat baledated thus far by field tests. The
all-European beech provenance trials initiated whMand collaborators (Muhs — Wihlisch
1993,Wiihlisch 2007) are likewise suitable for modellgy@wth response to climatic changes
through transfer analysis. For this purpose, erpemis of the 1998 test series have been
selected in SE Europe (Matyas et al. 2009a).  shidy results of two sites are introduced.
For ecodistance calculation, Ellenberg’s climatetmnt EQ) was applied. 1D year heights,
measured in winter 2005/2006, have been used &atalysis.

The mid-elevation site in Straza, Slovenia provid@satically optimal conditions, while
the Hungarian one (Bucsuta) is continental andivelly close to the xeric (trailing) limits of
the distribution of beech, as shown by the Elleghedices(Table 4).

Table 4. Geographic, climatic data of two beechvertance trials (from Matyas et al. 2009a)

Altitude July mean Annual mean Ellenberg
Reg. Country Location a.s.l. temperature precipitation index
Nr. (m) (°C) (mm) (EQ
2012 Slovenia Straza 545 19.3 1260 15.3
2015 Hungary Bucsuta 200 19.7 147 26.3

In Figure 4, data of 10 populations are shown which are repres in both testShe
ecodistance between tl) at origin andEQ at the test site4EQ) expresses the change
of climate, where positive values indicate trandi@rwarmer/drier, and negative ones
transfer to cooler/more humid conditions.

At the warm-continental site in Hungariz@ = 26.3), all the 10 provenances have
been transferred into an environment with increasmsuhtinentality, higher mean
temperatures and higher drought stress. On the b#rel, in the Slovenian te€@ = 15.3)
the majority of the selected populations has beeaudht into an environment
cooler/wetter (i.e. less stressful) than their imrdd) climate.

Response regressions were calculated between meightsh of provenances and
ecodistances expressedEq values. The polynomial@~igure 4) express that response of
provenances depends on the difference of climatditions at the origin and the test sites,
i.e. ecological distance is a valid concept for laxpng responses and substantiate the
existence of macroclimatic adaptation. At the waite in Bucsuta, Hungary, the calculated
polynomial shows a clear decline of height growglginning fromdEQ value 4. Such a clear
effect of changed climate is not visible at thelcboamid site in Slovenia. In this case most
provenances were brought into a cooler, wetterrenment than they were adapted A&Q
reached nearly the same values as in Hungary, reawewopposite direction); therefore no
growth depression was detectable with growing estadce. This illustrates that negative
response to changing environment is triggered drilye shift happens toward warmer/drier
climate. The presented results for beech are stggptwy data of other species such as pine,
larch and spruce species (for review, see Matyas €010a) where very similar trends have
been found.
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Figure 4. Regression of 1o-year height (H’) of d6ritical provenances with ecodistance,

at two sites with strongly differing EQ values. Baguence of provenances is the same.

Compare the two provenances marked waitfor interaction: Tarnawa (POL, left) and

Plateaux (FRA, right). Both mountain populationsf@en much better at higher elevation
in Slovenia than in Hungary (Matyas et al. 2009a)

The individual response of a population to changingironmental conditions along an
ecological gradient is described by the tgshenotypic plasticityln general, plasticity has
been found much more significant than expected feofglosely adapted” species. This is
illustrated by the data of the Slovenian test @figure 4). Even relatively distant transfers
(with high EQ values) do not show growth depression. Similaga$f could be observed in
other trials across Europe. However, close to #ecximit, in Hungary, the buffering of
plasticity does not function, as described befbistinct interactions could be identified only
in individual caseg¢Figure 4).

The growth response (or transfer) analysis of tBeE®ropean beech trials yielded the
following main conclusions:
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* a climate-dependent component of adaptive genesponse could be identified
across populations of different origin, i.e. adéiptato (and consequently, selection
effect of) macroclimate exists in beech in spitecofinteracting evolutionary and
ecological effects;

» the change of climatic conditions toward warmingl anore arid conditions lead to
decreasing height growth and vitality, while vitalis not affected if changes happen
in the opposite direction.

» phenotypic plasticity of all populations is conswlgle, but near the xeric limit its
effect ceases.

2.1 Response to weather extremes

Effects of climatic change are described as shiftsvegetation zones, realised through
“migration” of species. In case of forest treesjgration” means loss of competitive potential
and subsequent decline of vitality followed by pmstl disease attack. However, the response
of forests to drought contrary to grass or crop vegetatiors not immediate. Forest stands,
even drought-sensitive beech, survive single exdéreuommers and recover merely with yield
loss. This is the result of deep rooting of tregtdjzing deeper soil water resources. The
situation is different if drought years happen @amsively.

In the literature “mortality syndrome” (Worrall etl. 2008) cases hawmostly been
treated as isolated, transient problems relatexkti@me events, rather than as a consequence
of a long-term climate shift. This is because thadgal, relatively slow change olimatic
means does not express the current effect of eggenthe xeric limits. Spontaneous climatic
selection is driven by recurrent drought evemtsl the symptoms of change appear usually
quite abruptly Climatic means in models should be regarded thereather as surrogates for
extreme eventsThe long-term, gradual shift of climatic factorashmerely gredisposing
role. Besides climate, the site conditions, age sinatture of stand play also a predisposing
role. Inciting factors aremainly connected to climatic anomalies especiatlyhe xeric limits.
Pests or diseases attacking populations of weaketady are then thelirect or proximate
causef mortality.

Health and vitality loss due to climatic extremes: case study of beech in SW Hungary

The gradually growing moisture deficit in Hungargshled to health problems in Hungarian
beech forests since the 1990s, first of all in Swthwest of the country where climatic
changes were the strongest, and where the staads# &w elevation and close to the xeric
limits. The weakened trees became more sensitiveetondary pests and pathogens and
showed symptoms of health deterioration (early #&sicission, sparser crowns, etc.).

The extent of climate damages of the drought y2886-2004 has been investigated in
two West Hungarian state forest companies. In 460@atjed forest compartments (total area:
3900 ha) 87.7 thousand cu.m. of damaged timberhaagested. The damaged stands were
mostly above 60 years (T. Szép, unpubl. data).

The area most damaged was the Zalaegerszeg fosesttdZala county), where mass
mortality was triggered in mature beech standsr attgeneration cuts, when the canopy
closure was opened up. This led to the outbreathefotherwise harmless beech buprestid
(Agrilus viridis). Damage oBiscogniauxia nummularidisease and of the beech bark beetle
(Taphrorychus bicolorpccurred together with the buprestid damage. Asrs@guence close
to 70,000 cu.m. of sanitary felling had to be exedun 2005 in that forestry district alone
(Figure 5, Lakatos — MolnaR009). The type of damage supports the observatidorest
protection experts that disturbance of the closetwpy increases the risk of climate damage.
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Figure 5. Symptoms of beech decline in 2004 in Zalmty,
following the damage of Taphrorychus bicolor on tiumk (Molnar — Lakatos 2009)
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Figure 6. Percentage of compartments in West Huagdorest companies
damaged by drought events 2000-2004 (vertical axi®lation to their climatic position
(climate worsens toward lower tolerance index vajuerizontal axis). Compare with

hypothetic graph in Figure 3. Explanation in thettéT. Szép, unpublished data)

A close correlation was found between the climdésses and the percentage of stands
damaged to various degre€BSigure 6). Berki's tolerance index was used for climate
classification which considers in addition to summteenperature and precipitation also spring
rainfall (Berki et al. 2009).

Extrapolating the correlation onto the nationakg&irarea, 23% of the 104 thousand ha of
beech forests may be assumed as threatened witli@nou.m. of total standing volume.
For 2065, a tripling of these figures was extrapaa(76%, 29 million cu.m.). To avoid
further increase of damages, a faster rotation €iowg of rotation age) is proposed by
silviculturists (T. Szép, unpubl. data).
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Analysis of drought events

For the closer definition of extreme weather eBdeiading to the “mortality syndrome” in
beech, threatened stands have been selected @rediffparts of the country. Criteria of
selection were: at least medium-age, zonal sitengily climate dependent site, at least
medium deep soil with no defects, no hydrologicdluence) and position as close to the
xeric limit as possible. Weather conditions and taddy events in the stand in the recent past
were reconstructed.

For the analysis on annual badtQ had to be modified to be suitable to characterise
individual years’ weather. Mean temperature of3rimmer months was used for the annual
EQ index instead of just July’s, to avoid random efffeof individual months (in case of
30-year climate averages, this is not a problemyedtigation of mortality frequency has
shown that single drought events did not threabenstability of populations. The recurrent
drought period lasting up to five years in someasydias however resulted in very serious
mortality in the investigated beech stands, in cae the population went extir(€tigure 7)

As an example, effects of consecutive drought evarg shown for a South Hungarian beech
forest at the xeric limits of distribution. The sthhas been selected at the edge of the xeric
limit which is indicated by the frequency of drowghyears. Years with EQ indices
significantly above 30 have been considered asgitoavents. Mass mortality started in
2003, in the fourth year of consecutive droughtradn extremely dry summgfigure 8).

Observations at other locations have confirmed ithatase of beech, recurrent drought
events of 3 to 4 consecutive years (depending werisg) lead in general to irreversible mass
mortality and local extinction (Berki et al. 200%) was also found that not only the number
of consecutive years, but the severity of drougdrigal has an influence on the decline. Data
of selected observation plots near the xeric li(Rigure 7) confirm a direct, causal link
between health and drought. Mean summer drouglerisgaboveEQ value 4042 seem to
trigger a mass mortality syndrome.
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Figure 7. Average EQ value of the drought years®@004 (vertical axis) and the
health condition of selected mature beech ploteakeric limit, at the end of the period
(percentage of healthy individuals, horizontal aisipublished data of Berki and Moricz)
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Figure 8. Drought frequency and the initiation aisa mortality of beech at the location Fiad

(South Transdanubia). Years with EQ indices (varaxis) significantly above 30 have been

drought events. Mass mortality started in Fiad 003, in the fourth year of consecutive
drought (arrow) (after Berki et al. 2009)

3 PROJECTIONS INTO THE FUTURE

How exactly xeric limits of beech will shift in thieiture is poorly explained by currently
available models. Predictions about the role oéc@n and adaptation are ambiguous, as
judgements of genetic adaptive potential rely fosall on model results with neutral traits,
and neither statistical nor process oriented modelsdle conditions at the xeric limits
properly (Kramer et al. 2010). Although the podgibiof selection sweep as a consequence
of adaptation is acknowledged but no studies etighe trailing limits of distribution, where
extreme selection for fithess comes into effece Tdliability of existing models is first of all
hampered by not considering the main limiting faebthe xeric limit, i.e. the occurrence of
droughts. In addition, human effects (forestrydlaise) have to be considered not only for the
past, but also for the future. It is also importanteiterate that present projections and models
practically ignore the region, and this is suppibtiy a detailed European study by Lindner et
al. (2010). In the followings, projections for SkrBpe are discussed according to the three
approaches presented before.

3.1 Bioclimatic models

For predicting future distribution of beech on thasis of bioclimatic models, climatic
projections of the Intergovernmental Panel on Clen@hange (IPCC, Christensen et al.
2007) were applie@able 5).
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Table 5. Expected changes of climatic condition®20§0 and estimated climatic space of
zonal beechAbeech) forest stands in Hungary. Projected changesummer half
year temperatureATs °C) and precipitation4Ps, percents) are shown for six IPCC
ARA4 climatic scenarios (extracted from Czlcz e2@1.0)

HADCM3 A2 HADCM3 A1B HADCM3 B1 CNCM3 A2 CSMK3 A2 GFCM21 A2

ATs +2.9 +3.3 +2.6 +2.4 +1.8 +2.1
APs (%) -13.4 ~10.9 ~12.4 9.6 +0.4 ~11.4
Abeech (%) 97-99 94-99 97-99 97-99 56—96 92-99

Table 5Sreveals surprisingly high levels of range reductielatively independently from
applied scenario projections. The projected paknistributions indicate a drastic reduction
in macroclimatically suitable sites for beech, &s3% of present-day zonal beech forests
might be outside their optimal bioclimatic niche B®50. However, the projections of
analysis only pertain to zonal beech forests ichpda position and other uncertainties of the
projections are also high (Czucz et al. 2010).

3.2 Responses predicted from transfer analysis

Predictions in the literature based on the hypashet close local adaptation envisage a
general decline across the whole range of the epdtilecoupling”: Jump, Penuelas 2005).
As it was shown irrigure 4 plasticity of populations is significant, andrgay be anticipated
that except for regions in the vicinity of xerimits, productivity of beech will not decline (in
sufficiently humid areas, even increase) ua@ values do not reach the critical maximum.

With worsening climatic conditions, vitality decinmeaches 20% of height loss according
to Figure 43 around +131EQ in the Bucsuta test site. Based on field experi¢hissamount
of decline may be judged as a limit for competitaigrvival and a vitality decline where
attack of pests and diseases may lead to masslityorta

For the sake of a simple exploratory calculatidruke assume that climatic changes will
result in relatively homogeneous shifts in EQ valutroughout the SE European
distributional range of beech. Using the projecstatistics of IPCC for Southern Europe
(partly presented iffable 1, the climatic shift until 2080 was calculated+glsl AEQ. This
suggests that — using the distribution limit vabfe29 EQ — at locations with presefQ
values below 29 — 1% 18~20EQ, beech may survive, even if under stress. The lgrge of
the distributional range, especially Atlantic NW rgpe as well as the higher elevation
occurrences of the continental mountains (e.gCiwgathians or the Balkan Range), fall into
this group.

On the contrary, at the low-elevation xeric limi® would rise in 2080 from 29 to 40
EQ. Theoretically, part of these populations couldviue as well, assuming that mass
mortality starts only if the difference from thegnally adapted climate surpasses +EQ
as stated above — if no extreme events and subsepasts, epidemics occur in this time
period. This assumption seems rather unrealidtidias to be emphasized that all modelled
responses were measured within the present distnibrtange of beech; there is no test site
outside the xeric limits (which is a deplorable, but urstandable drawback of the
provenance test series). It is therefore impossbfermulate a more realistic estimate based
on transfer analysis for the locations close tdithés.

3.3 Responses validated by field observations

The future frequency of drought events has beelysed for the territory of Hungary. The
projected frequency of drought summers (preciitatecline exceeding 15% of the seasonal
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mean) were calculated with MPI's REMO regional @bie model(Figure 9). It is highly
remarkable that from 2050 onward, the model prejatteast one occasion per decade when
3 or more consecutive years with drought summelthappen, while only three such periods
are projected for the first half of the centurythslugh droughts hit usually regionally, the
predicted drought frequency may have an impacthenntost part of the investigated beech
area at least once during the century. The clase hietween extreme events and pest
outbreaks exacerbate the expected dam@gsres 6-8).Drought will have its effect also on
natural regeneration of stands as well (Czajkowslkl. 2005). These results support the grim
outcome of the bioclimatic forecast for the sechatl of the century.

L ¢ 404 o0 4 4 04 & +¢ & bbde e ¢ 004 & bk d & 444 4o

T
2000 2005 2010 2015 2020 1025 2030 2035 1040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2000 2095 2100

Figure 9. Frequency of consecutive drought evemtsitingary, according to scenario A1B,
based on results of the REMO model. Symbols dggées of droughty summers
(Gélos et al. 2007)

Concluding, the outcome of the projections indisatéigh level of uncertainty regarding
the future of beech in Southeast Europe. Accordinthe bioclimate approach 56-99% of
present-day zonal beech forests might be outsielie tptimal climatic niche by 2050. The
extrapolations of field observations on “droughdtp! at the xeric limit also point toward a
nearly complete loss of all beech stands in coafdbe century. Both analyses were carried
out predominantly in mature, grown-up stands. Hwe transfer analysis performed on
common garden populations only juvenile, 10 yedrsalplings were available. This approach
confirmed the stability of mountain populationsS# Europe but provided no clues for the
low-elevation zone close to the xeric limit. Altlghu plasticity may support adaptation
potential to a certain limithe part of the SE European continental range @chevhere EQ
values are currently above 20, has to be considased potential mass mortality zoaad
respective precautionary measures should be taken.

4 CAVEATS OF INTERPRETATION OF THE RESULTS

Numerous studies (Gessler et al. 2007, Hlasny ¢anu2009, Kremer et al. 2010, Lindner et
al. 2010) and also IPCC’s 2007 report forecastdire in growth and production of forest
stands for East Europe. This projection is not mesdse yet as a general trend (e.g. Somogyi
2008) although significant warming of the climataswvalready taking place. It should be
noted that one reason for the missing evidencefadually worsening vitality of beech in
Southeast Europe has to be sought probably inripeoper contents of datasets. Analyses are
usually based on large-scale forest inventory dataide-mesh monitoring points which are
not precise enough to trace complex effects of simgotrends of environmental effects
acting simultaneously across climatic gradients: &mample,an international monitoring
program (ICP Forestshas gathered in Europe an immense body of inféomabout the
decline of tree health, including beech. The datzetbeen of limited use for modelling trends
because of low representation of threatened repithrese are too few sample points and
insufficient ecological and genetic background ddtatyas 2010).

2 International Co-operative Programme on AssessamhMonitoring of Air Pollution Effects on Forests

Acta Silv. Lign. Hung. 6, 2010



106 Matyas,Cs.—Berki,l. — Czlicz B. — Galos,B. — Méricz, N. -Rasztovits, E.

A general bias of both statistical and processdbasedelling is caused by assuming
actual limits of beech being in equilibrium withetlecological niche. This may imply an
instant breakdown if climate conditions change ¢algling™) which is obviously not the
case. For example, the xeric limit described=y29 follows fairly exactly the distribution of
beech at the beginning of the last century in Handgé limits would have been in ecological
equilibrium, the present area of beech should Isawvenk to its half during the Zentury,
following the observed climate shift, a mean terapee increase of approx. 0.6¢(Eigure 10).
This extent of area contraction did not happeimoaigh the mass mortality events in the SW
part of the range were located in this zone.

Figure 10. Shrinking of the climatic xeric limitleéech (EQ = 29) in Hungary between the
beginning of the 20century (1900-1930, green) and for the period 12084 (red).
(design: E. Rasztovits)

Projection of limits of genetically and ecologigaet climatic tolerance has numerous
additional constraints. For better interpretatidrihe results of this study the following four
are highlighted: the consequence of ecological ancthan interactions in determining
distribution patterns, the role of persistencesfitgly and natural selection, and uncertainties
of climate projections, especially of precipitaticonditions.

Genetically set (potential) tolerance limits @erx definitionenwider than realized actual
ones. It is a well known ecological rule that attiatributions of species are regulated by
complex, often hidden interactions between hosmp=titors and consumers which may
modify tolerance limits. The change of climatic @omment affects also consuming and
pathogenic organisms; the selection pressure byurnars may be rearranged. Forecasts are
unreliable in this respect, because previously onkn pests and diseases may appear or
harmless ones may change their virulence any time.

Modelling of adaptive response fails to regard owlly biotic interactions and migration
limitations (Jeschke — Strayer 2008, Jump et @920®ut especially human interference such
as planned forest management. Planned forestrygrieanthe structure, species composition
and demography conditions of forests are determiogdcurrent management concepts,
strategies and laws. Spontaneous processes anessggh or tolerated only as far as they fit
into the accepted strategies (Matyas et al. 201U0hgrefore the predictive power of
bioclimatic models has its limitations; nevertheléss still the common projection method.
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Accordingly, models based on bioclimate data docooisider the intrinsic persistence of
tree species, which is mostly linked to longevityhe actual absence of seeding and
reproduction may also mislead locally, as repradacimay happen anytime during the
century-long lifetime of a tree, if suitable weatltenditions favour it. In addition the extent
of plasticity forest trees can rely on is still ufiisciently known (see in detail in: Matyas et al
2010a).

At the same time the results of the common garemsts tsupport the opinion that
predicted climatic changes may lead to productimmaase in the central-northern part of the
range and at higher elevations due to the plagtifithe species (Matyas et al. 2010a). It is
strongly cautioned however from overestimatinglassticity potential in regions close to the
lower (xeric) limit of the range.

Present ecological models of phenotypic behavicaually treat temperate tree species,
including beech as monolithic, genetically unifoemtities (e.g. Kramer 1994, Chuine et al.
2003, Czucz et al. 2010) and necessarily disregaitthin-species adaptive genetic
differentiation. It is a general problem of bioditit models that consequences of genetic
selection and adaptation is still not properly hamidJeschke — Strayer 2008, Matyas 2010,
Lindner et al. 2010). The expectation that popafeti under extreme climatic stress may
acclimate and genetically adapt infinitely is deoen as resources for adaptation and
plasticity cannot be extended beyond the limitatieat by the genetic system of spe¢see
Figure 3 and 6)and this is valid for beech as well.

Bioclimatic models usually do not count with thdeets of extreme weather events,
which have shaped also the past distribution ran§is®, the limited precision of predicted
precipitation changes are not stressed enough.ilaE special significance in particular at
low elevation plains and hills which are extremsbnsitive to relatively minor humidity
variations. For example, Hungary lies very clos¢h® climatic division line separating areas
of increasing (N. Europe) and decreasing (S. Eyrppeipitation both in summer and winter
(Christensen et al. 2007). Close to the xeric Bmielatively slight deviations in the climate
pattern may seriously affect summer precipitatiepehdent beech. This is illustrated by the
projections calculated from the different climasicenariogTable 5). The CSMKS3 scenario
predicts no decrease in summer rainfall, whichcagféhe projection significantly. The effect
of relatively minor changes visualises the uncetyadf projections generated by potential
reversion of precipitation trends (Czucz et al. @0lFurther details on uncertainties of
projections may be found in Méatyas (2009), Czucal e2010), and Matyas et al. (2010a).

5 FINAL CONCLUSIONS

Summing it up, projections into the far future may biased by a number of uncertainties,
first of all by the uncertainty of climate projemtis themselves. This part lies however beyond
the expertise of a forester. Taking the ensembléeafuctions of current, fairly deviating
projections for granted, the comparison of veryedént approaches confirm the probability
of serious climate impacts on distribution, healtid productivity of beech. These effects will
appear nonetheless differentiated, according tetidogical and genetic status of local beech
occurrences. It is also important to note that @gtto mortality events and health decline
along the xeric limits of the species, “compensdtaolonisation at the thermic (or front)
limits, as projected by ecological models, will f@tppen spontaneously because of human
obstacles to colonisation and due to the fairly foigration speed of beech compared to other
deciduous species (Davis 1981, Matyas 2009, Jurap 2009).

The verification of the existence of macroclimataaptation patterns justifies genetically
based regulations for use of reproductive mateRagarding the sensitivity of beech to
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macroclimatic changes, the results show that agapiattern and plasticity of the species is
fairly comparable to better explored conifer spe@each as pines, spruces. Observations of
mortality events close to the lower (xeric) limit the species indicate that stability and
vitality of populations depend not only on shiftsdlimatic means. Extreme weather events
(droughts) may weaken physiological condition ogpplations relatively fast and may lead to
insect and disease outbreaks also in regions dbnsustable for the species. Differences in
growth performance and plasticity of provenancdéisueexplained by macroclimatic factors
sustain earlier assumptions that local genetic tatiap also exists (“ecotypes”) and maybe
also epigenetic effects (Matyas et al. 2010a)eénss that in beech, local differentiation co-
exists with macroclimatic adaptation and with wieleloped plasticity.

The shrinking of future distribution of beech ag@ested by various bioclimatic models
(e.g. Thuiller et al. 2005, Czucz et al. 2010) esent probably pessimistic scenarios which
may be alleviated not only by the mentioned featimat also by prudent human support (e.qg.
artificial regeneration and other silvicultural reaees, see Matyas 2010a). In the major part
of the range the predicted changes will not triggey decline due to the plasticity of the
species: the predicted “decoupling” is improbableinip, Penuelas 2005). It would be
however misleading to expect the same level ofigtersce and plasticity at the threatened
xeric limits as across the rest of the range.

Therefore the forecasts have to be taken seri@mse ¢b the xeric limits, and especially at
low elevations. Field observations near the remgctistributional limits confirm that the
decline process is ongoing in many locations (Pessuet al. 2007, Berki et al. 2009).
Considering the rapid shrinking of suitable bio@im space and the increasing selection
pressure of abiotic and biotic stressors at thes Xenits, the results underline the importance
of adaptive strategies both for management andeceaton of forest resources. This calls
also for relevant, well designed field studies &mther development of prediction methods
and modelling (Méatyas 2010).

The results of this study may contribute to theustipent of adaptation and mitigation
policy in forestry and nature conservation, to tieision of rules for deployment of
reproductive material and also to validating evioliry and ecological hypotheses related to
climate change effects
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Is there a Future for the Isolated Oriental Beech
(Fagus orientalis Lipsky) Forests in Southern Turkey?

Mustafa YLMAZ®

KSU Orman Fakiiltesi, Kahramanmgraurkey,

Abstract — Oriental beech Kagus orientalis Lipsky) is mainly found in the northern region of Turkey.

There is also an approximate 40,000 ha of isolated relict oriental beech forest in southern Turkey. This
relict population differs somewhat from the northern distribution in terms of average altitudinal
distribution, health conditions, and reactions to climate change. Beech forest distribution in southern
Turkey starts at about 1000 m, contrary to the northern distribution, which begins at about 150-200 m. In
southern Turkey, the average temperature is higher, and summer drought occurs due to irregular rainfall.
Beech trees in the south decay at earlier ages due to their sprout origins and higher temperatures than in the
north. In recent decades, some part of the beech forests have shed leaves during the summer in response to
severe drought. Therefore, these relict populations are on the verge of extinction under unfavorable
conditions.

Fagusorientalis/ Eastern Mediterranean / relict distribution / in situ conservation

1 INTRODUCTION

Oriental beechKagus orientalis Lipsky) is one of the major tree species in Turkey. Most of
the beech forests are distributed in the northern region of Turkey. In contrast, relict oriental
beech forests are distributed in the Eastern Mediterranean region of Turkey, including the
Adana, Osmaniye, Hatay, and Kahramanmagreovinces. Beech trees in this region are
coppiced and, therefore, are susceptible to decay at the stump.

It is well known that global climate change strongly impacts plant distribution and
survival. It has been determined thia ability of seeds to regenerate is weakened because of
the high percentage of empty seeds in the southernmost regiorcr@hata distribution in
Japan,and diameter increment has decreased over the last 50 years due to global warming
(Mizunaga et al. 2005). Therefore, it has been postulated that these populations may be
replaced by other species. Similarly, some unprecedented features have been observed in the
beech forests in southern Anatolia in response to the summer droughts. The vulnerability of
these beech forests is significantly different from the remaining distribution.

In the present study, some information is provided about the relict beech forests in the
Eastern Mediterennan region, the present conditions and future problems faced by these
forests. In addition, the precautions that might be taken against these anticipated negative
effects of climate change are discussed in the scope of this study.
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2 BEECH FORESTS IN SOUTHERN TURKEY

There is an approximate 40,000 ha of beech foresbuthern TurkeyTable 1; Figure 1),
which is about 2.28% of the total beech forest aveahe country. The most southerly
distribution is found in Hatay region.

Table 1. Beech forests in Southern Turkey (OGM 2006)

Province Kahramanmaya  Osmaniye Hatay Adana Total

Area (ha) 5323.6 10256.5 24255.1 165.0 40.000.2

Different from the northern distribution, the bedohests in southern Turkey are located
at higher altitudes, which are between 1000-2000rnmorthern Turkey, the levels of the
beech forest distribution are at an altitude betwEg0-200 m.

Figure 1. Distribution of the oriental beech and Southern Anatolia populations (Browicz 1982)

3 CHARACTERISTICS OF BEECH FORESTS IN SOUTHERN TURKEY

Relict: The beech forests in southern Turkey are locateal significant distance from the
main distribution and are characterized as retict$ts and isolated populations. They are
very important relict gene sources.

Southern edge distribution: The southernmost distribution of oriental beechTurkey is
found in this region. It represents the southemgegobpulation of the specieSimilar to
the edge distribution of every plant, these treesaffected by various stress factors.

High altitude: The beech forests in southern Turkey are locateligiter altitudes. The
distribution of the species in this region is foubetween 1000 and 2000 m. Lower
altitudes in the region are too warm for the beech.

Sprout origin: The beech forests in this region primarily origsn&tom sprouts. They were
managed as coppice forests until the 1970s and usd as fuel or industrial wood.
These coppice forests were composed of trees B0LOm diameter, with some larger
individuals with 50 cm diameter. For many plantggetative regeneration provides
persistence under extreme conditions (Held 1983aH887). Similar to the relict beech
forests in the Eastern Mediterranean region, ca@ppiegeneration in these edge
distributions has contributed to the sustenandbebriental beech.

Acta Slv. Lign. Hung. 6, 2010



Isthere a future for the isolated Oriental beech forest in Southern Turkey? 113

4 THE THREATS AND PROBLEMS FACING SOUTHERN OCCURREN CES

Climate change: In this region, a distinctive increase in tempemtand evaporation during
the last 30 years has been recorded (KarabulutCaxdn 2009; Ceun and Karabulut
2009). These significant increases threaten thee atigtribution of oriental beech.
Summer droughts in the years 2000 and 2008 in tiecDregion caused beech trees to
shed leaves during the drought. In September, #ve leaves flushed in response to
rainfall. In Hungary, mortality of beech trees wiaand in the edge distributions due to
droughts as well (Lakatos — Molnar 2009). Similaretits to the beech forests in whole
southern Turkey are expected.

Genetic stability: Since the beech forests in this area regeneraspimuts, they have been
genetically identical for centuries. The genetisouces of the populations remain
unchanged in terms of time and location. The lemgttime period of coppice culture in
the beech forests of the Eastern Mediterranearomeg not known. Vegetatively
regenerated forests cannot renew their abilitiesdpt to changing conditions (Smith et
al. 1997). Regeneration of the forests from sesdbfierefore important for the genetic
improvement of these valuable beech forests intfontTurkey.

Core decay: The beech forests originating from sprouts begimdocay from the stump at
early ages. Stump decay spreads to the bottom pértsther stump sprouts. The
individuals arising from root suckers are unaffdctey the decay of the mother tree
(Nyland 1996).

Irregular stems: The beech individuals arising from sprouts usulaflye crooked trunks and
are susceptible to wind damage (Cao and Peterg a8@ghave low wood quality. On the
other hand, the root suckers have straighter ssemitar to individuals of seed origin.

Thinning operations. In this region, dense stands composed of youngicegpndividuals
are often found due to a lack of thinning cuttimgghe area. It is sometimes observed
that 15-20 sprout-origin trees are found togethethe same stump and the individuals
with small diameters compete with each other. Beeanf strong competition for light,
long unbalanced trees have small diameters. Thasditons weaken the stability of the
stand. The thinning operations should not be négfe@nd the excess competition in the
stands must be prevented to provide suitable dondifor each individual’'s growth.

Conversion to high forest: Coppicing has not been applied to the beech fonestarkey in
recent decades. The beech forests in both Italcdhtini 2009) and France have been
converted to high forests since the middle of tB® @ntury (Bock 2006) and they are
expected to regenerate naturally. However, thesst® are in need of thinning and seed
tree selection before the conversion. Both genedigability and clonal reproduction
should be considered while converting the copparests to high forests (Valbuena-
Carabana et al. 2008). The seed-originated indatgdshould be maintained as seed trees.
To provide information about seed regeneration,rtairal regeneration studies should
be started in beech forests between 50-60 yeargeo{Odaba et al. 2004).

5 RESULTS AND SUGGESTIONS

The relict oriental beech forests found in SouthBunkey are important gene resources that
represent the marginal distribution of the speciEse performance of these local beech
forests under the effects of climate change pravigeportant insights into the general
behavior of the beech forests. Therefore, changései beech forests of this study area should
be precisely examined.

The marginal distributions of this species are iigaso environmental conditions. Today,
the impacts of global warming is well known. lteispected that the forests are better adapted to
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environmental conditions with improved genetic ¢itumgon when they are regenerated from
seeds. It is urgent that the marginal distributbr=. orientalis must be naturally regenerated
using local seed sources to improve its adaptionel@ environmetal conditions. To begin,
natural regeneration should be applied in seleateds in the region. Planting of seedlings
produced from local seeds would be worth tryingcdloseeds should also be collected and
stored for natural regeneration and nursery studies

Seed production of beech forests is usually lowhigir marginal distributions (Peters
1997). The number of empty seeds is high in thelbéarests of the studied region. After the
empty seeds are removed, about 90% of the remasgads germinate (Yilmaz 2005). The
seeds of this relict population should be colledtethe mast year and should be stored under
the appropriate conditions (Yilmaz 2008) to be usedurseries and natural regeneration
studies.
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Genetic and Ecotypic Characterization of
European Beech (Fagussylvatica L.) in Poland
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Abstract — European beech (Fagus sylvaticg is one of the most important forest tree species in
Poland and it covers 5.2% of forest area. Present genetic structure of beech populations has been
formed within the last few thousand years and influenced by many different factors, not only of
environmental (postglacial) and genetic origin, but also by anthropogenic ones. In Poland, beech
attains its north-eastern limit of natural range, and is limited by continental climate, winter
temperatures, air humidity and soil conditions. The growth of beech stands outside the natural beech
limit indicates that the species possesses a potentially wider range.

Based on their phytosociological characteristics, nine beech experimental plots of one hectare area
were established in selected seed stands, representing the typical plant associations and the most important
beech provenance (seed) regions. The genetic analyses were performed using isoenzyme
electrophoresis for seven loci (GOT, LAP, MDH, MNR, PGM, PGI, SKDH) and DNA markers using
RAPD primers. The following genetic parameters were calculated: average number of alleles per
locus, percentage of polymorphic loci and heterozygosity (on the basis of isoenzyme analysis).
Dendrograms based on genetic distances were constructed.

There is a slight decrease of genetic variation of beech populations towards the north of Poland,
which can be explained by migration paths and selection after the glacial period. The genetic
differentiation of beech in Poland does not allow distinguishing provenance regions. The data show a
mosaic character of species differentiation and an ecotypic variation.

isoenzyme analysis / DNA-RAPD markers / genetic variation / genetic differentiation / progeny
differentiation

1 INTRODUCTION

Beech stands cover 5.2% of the forest area in Poland (Lasstweave, 2009). They
dominate the typical forest associations at the lower forest belt in the Carpathians and Sudety
Mountains in South of Poland and in the moraine landscape of the Pomeranian Lake District
of North Poland (Wojterski, 1990).

In Poland beech attains its north-eastern limit of the natural range (Boratynska —
Boratynski 1990). The geographic range of beech is limited by the continental climate, winter
temperatures, air humidity and soil conditions (Js#lii 1953, Boratynska — Boratynski
1990). The growth of beech stands outside the natural beech limit indicates that the species
possesses potentially a wider range (Brzeziecki 1995, Tarasiuk 1999).

" M.Sulkowska@ibles.waw.pl,cBodn Stary, Braci Lénej, st. 3, 05-090 RASZYN, Poland
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Present genetic structure of beech populations orarfdl was formed by many
different factors, among them not only environméatad genetic but also anthropogenic
ones. Basic factors affecting the gene pool weeedlacial epoch, the location of beech
refugia, and postglacial migration paths of thecggme(Szafer W. 1935, Huntley — Birks 1983,
Ralska — Jasiewiczowa 1983, Haz¢al. 1997).

Variability of environmental conditions resulted great number of ecotypes and
populations (Dzwonko 1990), resulting in a diffeiation of ecological requirements,
which was confirmed by provenance experiments (@obr 1990). Some genotypes are
favourable in specific environmental conditionsisas certain peroxidase enzyme alleles
in relation to climate continentality (Cugen et 2885), while non-tolerant organisms are
eliminated during natural selection process (MUHe3tarck 1985, Starke et al. 1996). The
occurrence of beech soil ecotypes was confirmedsimman and Romanian provenances
where survival was found correlated with LAP A2etdl frequency in seedlings planted in
open-air and in green-house conditions (Kim 1985).

Recent investigations in Poland (Sutkowska 2002,mG§ et al. 2003) have
confirmed high genetic diversity of beech, similaxr other neighbouring European
populations, with a slight decrease of average rarndd alleles per locus and level of
differentiation towards the North of the naturahga limit, which generally confirms the
migration paths after glaciations but does not meva basis to distinguish geographic
regions. The differentiation of selected stands @adr progenies for genetic parameters
and on the basis of soil characteristics of thaivitats were also studied (Sutkowskaal.
2008).

2 METHODS

Based on their phytosociological characteristio® beech experimental plots of one hectare area
were established in selected seed stands, repnestre following plant associatiori$able 1)
Galio-odorati-Fagetum(Gryfino and Kartuzy)Dentario glandulosae-Fagetuif.utowiska and
tosie), Luzulo-luzuloides-Fagetun{Miechéw, Suchedniow, Tomaszow, Zwierzyniec) and
Dentario enneaphyllidis-Fagetu(gdroje). The stands are located in compact faress mainly

in the most important beech provenance (seed)nmedfigure 1). A data base was established
covering climate, geology and plant associatiora ddtthe stands. The selected stands were
practically homogenous related to site conditiovtgch were classified ecologically according to
Zarzycki et al. (2002) as shownTable 1.The largest differences were in moisture and godi
soils. Most stands were characterised by good gtedity and crown shape.

The genetic analyses of the plant material wertbpeed using isoenzyme electrophoresis
for the following loci: glutamate-oxaloacetate saminase (GOT — EC 2.6.1.1Get-2), leucine
amino peptidase (LAP — EC 3.4.11.1ap-1), malate dehydrogenase (MDH — EC 1.1.1.37 —
Mdh-1, Mdh-2 Mdh-3, menadione reductase (MNR — EC 1.6.99.2), phagpbomutase (PGM
— EC 2.7.5.1), phosphoglucose isomerase (PGl —.BC.% —Pgi-2), shikimate dehydrogenase
(SKDH — EC 1.1.1.25) and DNA markers using RAPDneris HO2, H12, P06, W09, W11.
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Table 1. Localization and characteristics of invgasted European beech populations in

Poland
F‘?r.e?t Forest Association Soill Average Ecological Index*
Division L T W Tr R D H
Gryfino Galio-odorati-Fagetum Brown acid 2.60 3.05 3.07 3.31 3.56 3.82 3.01
Kartuzy Galio-odorati-Fagetum Typical brown 2.85 2.88 2.97 2.83 3.02 3.58 2.80
Lutowiska Dentario glandulosae-Fagetum Brown acid  2.54 3.10 3.04 3.28 3.65 3.84 2.94
Losie Dentario glandulosae-Fagetum Brown acid  2.52 3.29 3.23 3.72 4.08 4.06 2.91

Miechow  Luzulo-luzuloides-Fagetum Rendzina 2.77 3.32 3.33 3.82 4.07 3.82 3.02
Suchedniow Luzulo-luzuloides-Fagetum Brown acid 2.68 3.03 3.50 3.23 3.48 4.23 3.23
Tomaszow Luzulo-luzuloides-Fagetum Typical brown 2.83 3.18 3.29 3.53 3.98 3.79 2.96
Zdroje Dentario enneaphyllidis-Fagetuifypical brown 2.53 3.26 3.28 3.65 3.96 3.79 3.04
Zwierzyniec Luzulo-luzuloides-Fagetum Grey brown 2.54 3.22 3.14 3.52 3.79 3.83 2.93

*Ecological Index (Zarzycket al. 2002): Climate indices: L —light, T —thermal;
Edaphic indices: W — wet, Tr — trophic, R — acid,
D — mechanical soil components, H —humus

The natural limit of beech range

Figure 1. Location of studied populations in Poland
on the map of beech seed regions

Proteins from buds were extracted with 0.1 M TriStHbuffer pH 7.0. Based on the
results of starch gel electrophoresis, genetic rditye and differentiation were estimated
following Thiebautet al. (1982), Merzeaet al. (1989) and Muller — Starck & Starke (1993).
Gene diversity (expected heterozygosity) was catedl according to Nei (1978) using
BIOSYS 1 program (Swoford — Selander 1981). Dendnmg were constructed based on
Nei's (1972) genetic distances.

Total genomic DNA from buds was extracted using wation DNeasy Plant Kits
(QIAGEN). After DNA electrophoresis the qualitatie@d quantitative analysis of DNA was
performed. On the basis of RAPD primers differdidrawas estimated for chosen genetic
parameters similar to isoenzyme loci (percentag@atymorphic loci, average number of
alleles per locus and observed heterozygosity) demirograms of genetic distances were
constructed using average frequencies of alleles.
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3 RESULTS

Localization and description of the selected stanelsresenting the typical plant associations
and the most important beech provenance (seednggrre presented in Table 1.

The genetic diversity estimated on the basis ofnzgme and DNA analysis revealed a
high variation of investigated populationisples 2, 3

Table 2. Genetic diversity of populations on thei®af isoenzyme analysis

Average number ¢ Percentage of Heterozygosity
Provenenc alleles per locus polymorphic loci  Opserved Expected
M P M P M P M P
Gryfino 2.0 2.7 77.8 88.9 0.245 0.237 0.209 0.221
Kartuzy 1.9 2.4 66.7 88.9 0.201 0.229 0.194 0.197
Lutowiska 2.2 2.6 77.8 88.9 0.226 0.223 0.212 0.204
Losie 2.0 2.3 66.7 66.7 0.195 0.240 0.216 0.221
Miechow 2.3 2.6 77.8 88.9 0.208 0.241 0.221 0.207
Suchednié 2.0 2.6 66.7 88.9 0.236 0.225 0.213 0.202
Tomaszow Lut 2.1 2.4 77.8 88.9 0.233 0.223 0.205 0.213
Zdroje 2.1 2.4 77.8 88.9 0.216 0.238 0.202 0.208
Zwierzyniec 1.9 2.3 66.7 66.7 0.238 0.219 0.178 0.200

M — mother stands, P — progeny

Table 3. Genetic diversity of populations on theibaf DNA analysis

Average number Effective number Percentage of Heterozygosity

Provenance . .
of alleles per locusof alleles per locuspolymorphic loci observed

Gryfino 2.000 1.549 100.00 0.334
Kartuzy 1.818 1.469 81.82 0.268
Lutowiska 1.954 1.528 95.45 0.314
tosie 2.000 1.503 100.00 0.305
Miechow 1.818 1.455 81.82 0.269
Suchedniéw 1.909 1.541 90.91 0.317
Tomaszow Lub. 1.954 1.484 95.45 0.300
Zdroje 2.000 1.559 100.00 0.329
Zwierzyniec 1.954 1.514 95.45 0.309

The dendrogram@-igure 2 constructed on the basis of Nei’'s (1972) gerdistances do
not offer possibilities to distinguish beech regosimilar to the European beech
differentiation pattern. The provenances origirgatirom fertile sites were characterised by
higher differentiation value of genetic parametasse.g. Miechow provenance. For the mother
stand of provenance Miechéw (South Poland) avenageber of alleles per locus (isoenzyme
markers) was estimated at 2.3, while percentaggolyfmorphic loci was 77.8% and for its
progeny 2.6 and 88.9% respectively. The lowestameenumber of alleles per locus (1.9) was
found for the Zwierzyniec mother stand (South-Bdand, at the natural range border), with
66.7% polymorphic loci and for its progeny the esuvere 2.3 and 66.7% respectively. The
mother stand of provenance Kartuzy (North Poland} waiso characterised by low values of
analysed genetic parameters: average number d¢ésaler locus 1.9, with a percentage of
polymorphism 66.7%, but for the progeny the valueee higher: 2.4 and 88.9% respectively.
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Mother stands Progenies
0.0z 0.0z 0.0C 0.0¢ 0.0z 0.0C
<+ <+ < + + +
Zwierzyniec tosie
4|: Gryfino { Suchedniéw
Tomaszéw | Miechéw
tosie | Kartuzy
Kartuzy Lutowiska
sucheaniow Zdroje
Lutowiska Gryfino
Miechéw Zwierzyniec
Zdroje L Tomaszow
+ + <+ + - <+
0,03 0,02 0,00 0,03 0,02 0,00

Figure 2. Genetic differentiation of mother stamahsl their progeny on the basis of average
frequency of alleles

4 DISCUSSION

Geographical locations are not in accordance wahegjc diversity patterns of investigated
beech populations. This result corresponds witlenmemvestigations of beech diversity in
Poland (Sutkowska 2002, GoOmoey al. 2003, Sutkowskat al. 2008). Low range of values
of genetic differentiation of investigated beechpyations point toward homogenous
characteristics of ecological conditions as exmeds/ indices (Zarzyclet al. 2002).

The slight decrease in the average number of allpkr locus and in the level of
differentiation towards the natural range limitsiions the effect of migration after the last
glaciation. The Kartuzy and Zwierzyniec provenandesated close to the border of natural
beech range were characterized by the lowest vadtiggenetic variation for isoenzyme
markers.

On the basis of isoenzyme markers, estimated vabfiehe expected and observed
heterozygosity do not show differences. This isdabfor genetically stable populations with
a random mating system (Hartl 1988) — except thmujadions Gryfino and Zwierzyniec. The
high value of observed heterozygosity of Gryfinofedile Pomeranian beech site, can be
explained by the origin of the stand (stand of ph¥ artificial origin). The difference
between observed and expected heterozygosity inlgign Gryfino and Zwierzyniec (the
latter located close to the natural border of tege) can be caused by selection processes
occurring in the stands.

On the basis of DNA-RAPD markers, slight decredssaverage number of alleles per locus
and level of differentiation towards the North ajl#&d was observed, but the trend was not
clear. The results indicate the ecotypic characfegenetic variation of European beech in
Poland which may be related to site differentiati®a, using of local European beech ecotypes
and taking into account its plasticity seems tothe best advice for success in forest
management.
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Response of Internal Conductance to Soil Drought
in Sun and Shade Leaves of Adult Fagus crenata
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Abstract — The internal conductance to @) is an important constraint of photosynthesis, and its
acclimation to environmental factors varies widely within plant functional groups, genera and even
species. We measured photosynthesis and chlorophyll fluorescence response curves to intercellular
CO, concentrations simultaneously in attached sun and shade leaves of 90-yeagtsdcreneta

Blume trees to determine (1) hayvvaries within the crown and (2) whether soil drought affgcts
Internal conductance to G@vas foundo be 0.058 and 0.185 molns® in lower and upper crowns,
regectively, resulting in a decrease of about 70 pmol*riCO;, concentration from the intercellular

space ) to the site of carboxylation inside the chloroplast stroma {@e results suggest thatis
asimportant as stomatal conductance for photosynthetic efficierieydrenata If this large decrease

from C; to C. was not accounted for, the maximum rate of carboxylatiGfs) in sun and shade
leaves was underestimated ca 36% and 24%, respectively. When soil water supply was sufficient, leaf
water potential dropped to a daily minimum in early morning, facilitating €énsfer and thus
photosynthesis. When soil water potential at 25 cm depth fell to —0.015 §Rmd stomatal
conductance decreased by 20-40% in comparison with their respective values under sufficient soil
water supply. In contrasy/.max decreased by 7% in sun leaves, but there was no change in this
parameter in shade leaves. Ignoring the effed; oih C. under stressed conditions would lead to up to

22% underestimates &;ma and consequently overestimates of biochemical limitations. These results
suwggest that C@diffusional limitations have more significant effects than biochemical limitations on

the rate of photosynthesis i crenataduring soil drought.

light acclimation / Japanese beech / maximum rate of carboxylation / mesophyll conductance /
photosynthesis / stomatal conductance

1 INTRODUCTION

Ongoing increases in the atmospheric,€@ncentration and associated climate changes have
promoted a growing interest in the function of forest ecosystems as potential carbon sinks
(Baldocchi — Harley 1995). In order to evaluate these effects a number of models have been
developed to aid the study of physiological processes affecting forest carbon fixation. Many
investigations of carbon fixation have employed the biochemical model of Farquhar et al.
(1980) at the leaf level. This model uses two key parameters: the maximum rate of
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carboxylation ¥Ycmay and the maximum rate of electron transpdst,{. Variations inVemax
andJnax Within canopies are strongly correlated with thiggimwth irradiance via the allocation
of leaf nitrogen (Wilson et al. 2000a; Meir et 2002; Han et al. 2003). These associations
between irradiance, nitrogen a¥ighax within canopies are widely used in scaling estenatf
leaf photosynthesis to canopy level (Baldocchi +lé4a1995). The models that use these
parameters have typically assumed an infinite malerconductance to GO(g), which
describes the draw-down in @@oncentration between intercellular spadé$ &nd the site

of carboxylation inside the chloroplast stron@)((Harley et al. 1992b). However, it is
becoming apparent from recent studies that figitelone are sufficient to limit the rate of
photosynthesis (Harley et al. 1992a; Flexas eR@D8). Recent studies have demonstrated
that g; also acclimates and responds both in the long {(ereeks and days) and short term
(hours and minutes) to environmental factors, idiclg light, temperature, water and €O
concentrations (Flexas et al. 2008). For examgpléas been found to be two-fold lower in
shade leaves than in sun leavesFafyus sylvaticaL. crowns (Warren — Adams 2006;
Montpied et al. 2009). One consequence of figite thatV.max values calculated froi@; are
not influenced solely by biochemical factors, bisbabyg;. Therefore, these changes may be
important in regulating photosynthesis in respoisechanges in environmental factors.
Further, recent studies have indicated that vanating; are associated with variations in leaf
forms and plant functional groups, hence therdaage variations im; within groups, genera
and even species (Hanba et al. 2002; Terashima2Q@6; Flexas et al. 2008). This suggests
that g is a rapidly adapting trait thahay contribute to the differences in photosynthetic
efficiency found among different species. Therefdigther studies are needed to fully
characterize the responses gfto environmental factors, especially singeand related
processes are likely to be heavily influenced biy