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Effects of Afforestation with Pines on Collembola Diversity
in the Limestone hills of Szarhalom (West Hungary)

Daniel WINKLERY — ViktériaTOTH?

!Institute of Wildlife Management and Vertebrate Zoolpbiversity of West Hungary, Sopron, Hungary
?|nstitute of Silviculture and Forest Protection, Unaisrof West Hungary, Sopron, Hungary

Abstract — We investigated the responses of collembolan communities to pine afforestation in an area
formerly characterized by a mosaic of autochthonous downy oak woodland and steppe meadows. Study
sites were selected in mixed stands of black pine and Scots pine and control samples were taken from
downy oak stands and open steppe meadows. A total of 1884 Collembola specimens belonging to 66
species were collected. Three species, naRwelaphorura pannonicéOnychiuridae)Tomocerus mixtus
(Tomoceridaegnd Isotoma caeruleglsotomidae) proved to be new to the Hungarian fauna. There are
typical Collembola communities which are specific to different habitat types where species of a given
composition can only or predominantly be found in that habitat, as well as some basic common species
which occur in every habitat. The highest species richness (41) was found in steppe meadows, considerably
lower (34) in downy oak forests, reaching the lowest value (25) in pine plantations. Although several forest
species present in the oak woodland were completely missing from the pine forests, there was no
significant difference between the Collembola diversities of the two forest habitats. The difference became
more prominent in collembolan abundance which resulted in less than half of individiialgime
plantations compared to the soils of downy oak forests, most likely due to the changed soil conditions,
especially of humus characteristics, caused by the pine needle litter. Jaccard similarity measure indicated
approximately equal similarity (0.24-0.28) for paired comparison, suggesting that a relatively constant
‘basic Collembola community' determined by the soil type typical for the area is present; while dissimilarity

in communities between sites are partly provided by spatial heterogeneity of open and forest habitats and
by the difference of the vegetation type.

soil fauna / Collembola communities / xerophil habitats / allochthonous pine forest

Kivonat — Fenyvesités hatdsa a Collembola diverzitasrea Szarhalmi-dombsag teriiletén.
Kutatasunkban a fenyvesités talajlaké ugrovillas-kozésségekre gyakorolt hatasat vizsgaltuk egy
meszes talaju, egykoron molyhos tdlgyes sztyeppi@teBimozaikkal jellemezhétteruleten. A
talajmintdkat vegyes erdeifenyves-feketefenyves allomanyokbdl, valamint kontrolfistranos
molyhos tolgyestl és sztyepprétidgyiijtéttiik. A vizsgalat soran 6sszesen 66 faj 1884 egyede kertiilt
els. Harom faj, aProtaphorura pannonicgOnychiuridae), & omocerus mixtu§Tomoceridaegs az
Isotoma caeruledlsotomidae) a hazai faunara nézve Gjnak bizonyult. A vizsddleBlek jellegzetes
ugrévillas-kozosségekkel jellemezblet amelyek az adott @&helyre specifikus fajok mellett néhany
kdzos, mindegyik habitatbanéébrdul6 fajt is tartalmaznak. A legnagyobb fajszamu (41) Collembola
kozbsséget a sztyeppréteken talaltuk, mig a molyhos tolgyesek fajgazdagsdga alacsonyabbnak (34)
bizonyult. A legkevesebb fajt (25) a telepitett fenyvesekbdijtdgtik. Bar tdbb, a télgyesekben
elékeriilt erdei faj hianyzott a fetgllomanyokbdl, a két erdei dely ugrovillas-kbzosségének
diverzitdsa k6zo6tt nem mutatkozott szignifikans eltérés. A kdzdsségek dsszabundanociéatrikat

" Corresponding author: dwinkler@emk.nyme.hu; H-9400 BOR, Bajcsy-Zs. u. 4.
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markansabb kilonbségek adddtak: a telepitett fenyvesekben a molyhos tdlgyeshez viszonyitva
kevesebb, mint a fele ugrovillas egyedet mutattunk ki-tenvetitve. Ez elssorban a fenjtiavar
lebomlast késleltéthatasanak koszonlietamely ezéltal eltérbumuszformakban is megmutatkozik.

A Jaccard-féle fajazonossagi index hozzélegt azonos (0,24-0,28) értéket mutatott mindegyik
éléhelypar esetében. A specifikus eltéréseket az ugrévillas-kdzdsségekben a nyilt &hebrkél
heterogenitasa, valamint a vegetacidbeli kildnbségek is okozhatjak.

talajfauna / Collembola kdzdsségek / xerofil habitat / telepitett fenyvesek

1 INTRODUCTION

The impact of tree introduction on soil Collembola has been studied less extensively (Arbea —
Jordana 1985, Sousa — Da Gama 1994, Sousa et al. 1997, Pinto et al. 1997); although, this
kind of conversion process often tends to reduce soil fauna community structure and
biodiversity (Elmarsdottir et al. 2008). In Hungary, major land-use changes have been
conversion from natural grassland and deciduous woodland to coniferous plantations, using
mainly Scots pineRinus sylvestris black pine Rinus nigrg and Norway sprucdP{cea abiek
The area covered by such coniferous plantations now represents about 12% of the total forest
area in Hungary (Kottek 2008).

The characteristic vegetation types for &eetllék Hills are oak forests and steppe meadows.
The scattered presence of pine species in thérireliek Hills was already documented from
the 1830’s, but afforestations with pines of larger tracts of land started only from the 1870’s
and peaked after World War 1l (Kiraly 2001). Pines are non-native, the autochthony of Scots
pine on schist is questionable (Kiraly 2001). The increasing coverage of pine stands therefore
induced considerable changes in landscape, and most presumably, on biodiversity.

The aim of this study was to determine the effects of pine plantations on soil condition and
Collembola community composition, species richness, diversity and abundance in a xerophile
area. As null hypothesis we considered that there is no difference between the Collembola
communities of the pine-forested area and the control forest and meadow areas. As alternative
hypothesis we supposed that Collembola community structure, species richness and abundance
are different in the pine plantations compared with the autochthonous forest and meadow sites.

2 MATERIAL AND METHODS

2.1 Study area

The Ferémellék Hills has a moderately cold — moderately dry climate, with a mean annual air

temperature of 9.5-9.8 °C and a mean annual precipitation of 640—-660 mm (D2YEDYi

The study sites are situatbeétween 47°01'39" and 47°02'43" N and 16°44' and 16°45'14"

near Fedrakos, Gyér-Moson-Sopron county, Hungary.

Sampling was conducted in mixed allochthonous black Bimeu$ nigrg and Scots pine
(Pinus sylvestris forests. Autochthonous control sites were selected in both open (steppe
meadows) and forest (downy oak stands) habitats.

The main characteristics of the surveyed habitats are given below.

* downy oak stands — closed thermophilous downy oak woodlands. The most dominant
canopy species iQuercus pubescensith someQu. cerris The well-developed shrub
layer is characterized b@ornus mas, C. sanguinea, Crataegus monogyna, Ligustrum
vulgare, Viburnum lantana. Melica nutans, Convallaria majalis, Hedera aetidCampanula
tracheliumare frequent in the herb layer. Thermophilous and light-demanding species are
sporadic.

Acta Silv. Lign. Hung. 8, 2012
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* pine plantations — middle-aged mixed stands of black pine and Scots pine, with scattered
trees of turkey oakQuercus cerrisand European hornbea@grpinus betulusand with
a well-developed schrub laye€dryllus avellana, Carpinus betulus, Quercus cerris,
Cornus mas, C. sanguinea).

» steppe meadow Bromus erectus—Brachypodium pinnatxero-mesic grasslands, dry
tall herb communities and forest steppe meadows. Most characteristic species are
Brachipodium pinnatum, Festuca rupicola, Carex michel@iolonization of the
grasslands by shrubs (witQuercus pubescens, Qu. petraea, Crataegus Monogyna,
Prunus spinosa) have already started.

2.2 Soil chemistry

Soil pH was determined by potentiometric methods i@ tdnd KCI. Organic carbon, total
nitrogen and calcium contents were also assayed. C/N ratio was calculated for each sampling
site to find connection between Collembolan abundance and soil conditions.

2.3 Sampling design, extraction and taxonomic identification

Sampling was carried out in April 2009. From each habitat, 4 intact soil cores of 00 cm
were taken with 3 replications from the 0 to 5 cm layer and stored in plastic bags. Collembola
were extracted from soil/litter using modified Berlese-Tullgren apparatus at room temperature
(Balogh 1958) and preserved in 96% ethyl alcohol until sorting and identification. Species
were counted and identified using a binocular microscope according to Gisin (1960), Stach
(1960, 1963), Massoud (1967), Deharveng (1982), Fjellberg (1980, 1998), Babenko et al.
(1994), Zimdars & Dunger (1994), Weiner (1996), Jordana et al. (1997), Pomorski (1998),
Bretfeld (1999), Potapov (2001), Thibaud et al. (2004) and Jordana (2012). Taxonomic
classification is primarily based on the most recent classification by Janssens — Christiansen
(2011) and on the annotated checklist of the Huagaollembola fauna (Danyi — Traser 2008).

2.4 Data analysis

In addition to the recorded species richness nonparametric richness estimators (abundance-
based estimator&CE and Chaol and incidence-based estimatit& and Chao2d were
evaluated using the Species Richness Estimators v2.1 module of www.eco-tools.net.
Singletons and doubletons (number of species represented by one or two individuals) were
also verified. On species level, the meashabitat amplitude(HA) has been used according

to the formula of Simpson (1949), which reflects the relative abundance of each Collembola
species in the sampled habitats. Rank abundance curves were used to examine general trends
in the Collembola dominance structure and abundance for each habitat type. Dominance
structure was quantified by using community dominance in@)( which reflects how

large a proportion of the total species present (in terms of numbers of individuals) is made up
of the two most abundant species. Two measures of spedieersity were calculated for

each habitat: the Shannon indék’ € - piIn p;) and equitability J =H’/In S — whereSis

species richness). To compare diversity values of two assemblagtstawas used to
determine whetheihey are significantly different (Hutcheson 1970). Rényi diversity profiles
(Téthmérész 1997) were used for partial ranking of the recorded collembolan communities
based on diversity. A community of higher diversity has a diversity profile consistently above
the profile of a less diverse community. In case the diversity profiles cross each other, the
communities are not comparable, and thus the diversity comparison carried out bytesing

gets overruledCommunity structure comparison between the different habitats was estimated
using single linkage cluster analysis based od#teard similarity index.

Acta Silv. Lign. Hung. 8, 2012
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3 RESULTS AND DISCUSSIONS

3.1 Soil chemistry

The basic physico-chemical parameters of the soil samples are summariabtit Although

usually acidification is experienced in the 0-5 cm layer of pine plantations (Halbritter et al. 2007),
our pine forest soil samples were close to neutral, and there was no significant differences in soil
pH compared with the oak stands or meadow soils (Kruskal-Wallis test). Total calcium content
was lower in the soil samples taken from the downy oak forests compared with the pine
plantations and steppe meadow area. Total organic carbon content was the highest in the pine
forests. The allelochemical inhibition of nitrification by monoterpenes occurring in the pine
needle litter is a known fact (Paavolairetral. 1998). Supposedly, it was one of the reaadrys

thetotal nitrogen content proved to be the lowestimdhame habitat. The calculated C/N ratio was,
hence, the highest in the pine forest soil, indicating a lower organic matter decomposition rate.

Table 1. Soil physico-chemical parameters of the study sites (freBi

steppe meadow downy oak forest pine plantation
pH H,O 753 = 0.12 737+ 0.15 7.27x 0.25 ns
pH KCI 7.30 £ 0.10 723+ 0.21 7.16+ 0.35 ns
Ca (g9/kg) 142.33 + 10.59 95.67+ 28.36 134.42+ 51.03 * meadow-oak
N (g/kg) 580 £ 1.45 6.17+ 1.99 577+ 1.22 ns
C (g/kg) 104.57 £ 20.32 102.23+ 36.28 124.23+ 19.15 ns
C/N ratio 18.21 + 1.48 16.51+ 1.04 21.92+ 4.02 ns

* p < 0.05; ns — non significant (Kruskal-Wallis test)

3.2 Faunistical results

A total of 1,884 specimens representing 12 families, 38 genera and 66 species of Collembola
were collected and identified@ble 2), 33 of them are new to the fauna of thesRexliek
Hills (Traser 2002, Traser et al. 2006). Because of the geographical nature and climate of the
area we recorded a number of typical xerothermophilic speéeas/fla maritima, Doutnacia
xerophila, Mesaphorura critica, Metaphorura affinis, Entomobrya handschini, Entomobrya
multifasciata, Orchesella albofasciata).

Three species, namelProtaphorura pannonica(Onychiuridae), Tomocerus mixtus
(Tomoceridaepnd Isotoma caerulea (Isotomidae) proved to be new to the Hungarian fauna:

Protaphorura pannonica (Haybach, 1960)

This Palearctic, euedaphic species typical for meadow habitats, was formerly known from
the neighbour countries Austria, Ukraine (Deharveng — Fjellberg 2011) and Romania (Fiera
2007). A total of 5 specimens were found in the samples from the steppe meadow soils.

Tomocerus mixtugsisin, 1961)

The possible occurrence of this species in the Central European area has already been
suggested by Gisin (1961). According to Arbea — Fjelllf2dd 1), this species is known from
Germany (type locality), Austria, Italy, Bosnia and Herzegovina and from the former
Yugoslavian countries while it is absent in the major part of Northern, Western and Eastern
Europe. We found 7 specimens in the soils samples taken from the pine plantations.

Isotoma caerulea Bourlet, 1839

Up to the present time, this species has probably been confoundeld aitjlicana, a
species undoubtedly present throughout the territory of Hungary. The revision of the 'Isotoma
viridis complex' (Fjellberg 2003) made clear the difference betweeanglicana and
I. caerulea,allowing us to identify the latter species for the first time in Hungary taken from
the soil samples of the steppe meadows in Szarhalom.

Acta Silv. Lign. Hung. 8, 2012
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3.3 Collembola community analysis

Average abundance and habitat amplitude of the species occurred are preséatdd i)
while Table 3 shows the most important structural characteristics of the Collembola
communities found in the three habitats.

Table 2  Average abundance (individuals/108)amh Collembola species in the habitats studied
and species habitat amplitude (HA) according to Simpson's formula

COLLEMBOLA steppe  downy pine HA
meadow oak forest plantation
Neanuridae
Deutonura conjunctgStach, 1926) 0.33 - 0.33 2.00
Neanurasp. - - 0.33 1.00
Pratanuridasp. 0.67 - - 1.00
Pseudachorutes dubilgausbauer, 1898 - - 0.33 1.00
Pseudachorutes parvuli&drner, 1901 - 1.00 1.67 1.88
Pseudachorutes prateng&usek, 1973 — 0.33 — 1.00
Odontellidae
Superodontella pseudolamellife(&tach, 1949) - - 1.00 1.00
Hypogastruridae
Ceratophysella armatéNicolet, 1841) 0.33 - - 1.00
Ceratophysella luteospingtach, 1920) 0.33 1.67 3.00 2.10
Choreutinula inermigTullberg, 1871) 18.00 1.67 - 1.18
Hypogastrura vernaligCarl, 1901) 1.67 - - 1.00
Schoettella ununguiculat@ullberg, 1869) - 1.33 - 1.00
Willemia anophthalm&drner, 1901 - 2.00 - 1.00
Xenylla maritimarullberg, 1869 8.33 0.67 - 1.16
Onychiuridae
Protaphorura armatgTullberg, 1869) 4.00 6.00 - 1.92
Protaphorura cancellatdGisin, 1956) 2.33 - - 1.00
Protaphorura gisiniHaybach, 1960) 5.67 - - 1.00
Protaphorura pannonicéHaybach, 1960) 1.67 - - 1.00
Protaphorura subarmatéGisin, 1957) 1.33 - - 1.00
Protaphorura subnemoratgGisin, 1957) - 16.33 7.67 1.77
Protaphorura tricampatdGisin, 1956) - 2.00 - 1.00
Tullbergiidae
Doutnacia xerophilaRusek, 1974 11.67 9.00 2.00 2.32
Jevania weinera®usek, 1978 - 0.33 0.33 2.00
Mesaphorura criticeEllis, 1976 4.67 - 7.00 1.92
Mesaphorura hylophil&Rusek, 1982 2.67 1.33 11.33 1.71
Mesaphorura italicadRusek, 1971) 1.33 - 3.33 1.69
Mesaphorura krausbaueBo6rner, 1901 2.67 - 5.00 1.83
Mesaphorura macrochaefRusek, 1976 2.00 - 5.00 1.69
Mesaphorura yosifRusek, 1967) 0.67 - - 1.00
Metaphorura affinigBorner, 1902) 1.33 - - 1.00
Paratullbergia callipygogBérner, 1902) — 1.33 — 1.00
Oncopoduridae
Oncopodura crassicorniSchoebotham, 1911 — 0.67 1.67 1.69
Tomoceridae
Pogonognathellus flavesceffTullberg, 1871) - 0.33 - 1.00
Tomocerus mixtugsisin, 1961) - - 2.33 1.00

Acta Silv. Lign. Hung. 8, 2012
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Table 2 cont. Average abundance (individuals/100 cm3) of Collembola species in the habitats
studied and species habitat amplitude (HA) according to Simpson's formula

steppe downy pine

COLLEMBOLA . HA
meadow oak forest plantation
Isotomidae
Anurophorus laricisNicolet, 1842 0.33 - - 1.00
Coloburellacf. zangherii(Denis, 1924) - 0.67 0.67 2.00
Cryptopygus bipunctatu#xelson, 1903) 100.67 37.00 - 1.65
Folsomia manolachdsagnall, 1939 13.33 4.00 - 1.55
Folsomia peniculdagnall, 1939 — 67.00 - 1.00
Folsomia quadrioculatgTullberg, 1871) — 24.00 - 1.00
Isotoma caerule&ourlet, 1839 0.33 - - 1.00
Isotominella minoSchéffer, 1896) 2.67 27.00 27.00 2.19
Isotomodes producty#xelson, 1906) 0.33 - - 1.00
Isotomodes sexsetostis Gama, 1963 0.67 - - 1.00
Parisotoma notabiligSchaffer, 1896) 1.33 23.00 30.00 2.06
Proisotoma minut#Tullberg, 1871) - 1.00 - 1.00
Entomobryidae
Entomobryasp. juv. 1.67 1.67 - 2.00
Entomobrya handschitach, 1922 1.33 - - 1.00
Entomobrya multifasciat@lullberg, 1871) - - 0.33 1.00
Entomobrya muscorum (Nicolet, 1842) - 0.33 - 1.00
Heteromurus nitidugTempleton, 1835) - 0.33 - 1.00
Lepidocyrtusct. flexicollis Gisin, 1965 0.33 - - 1.00
Lepidocyrtus lanuginosug&melin, 1788) 16.33 — — 1.00
Lepidocyrtus lignorum (Fabricius, 1793) 0.33 0.33 - 2.00
Lepidocyrtus paradoxugzel, 1890 0.33 - - 1.00
Lepidocyrtus violaceuseoffroy, 1762) - 1.00 - 1.00
Orchesellasp. juv. - - 0.33 1.00
Orchesella albofasciat&tach, 1960 0.67 - - 1.00
Orchesella cinctdLinnaeus, 1758) - - 0.33 1.00
Pseudosinella alb&ackard, 1873) 0.33 1.67 - 1.38
Pseudosinell&f. horaki Rusek, 1985 4.67 20.33 10.00 2.29
Willowsia nigromaculatgLubbock, 1873) 0.33 - - 1.00
Neelidae
Megalothorax minimusVillem, 1900 0.33 13.33 8.67 1.97
Katiannidae
Sminthurinus elegan@-irch, 1863) 7.33 1.33 0.33 1.46
Sminthuridae
Lipothrix lubbocki(Tullberg, 1822) — 0.67 — 1.00
Sminthurus maculatuBbmaosvary, 1883 2.00 — — 1.00

Only about the 35% of the collected species occurred in more than one habitat, which
means that most of the species are habitat specialists. Species with relatively high habitat
amplitude wereDoutnacia xerophila, Isotominella minoand Pseudosinellacf. horaki
occurring with high abundance in both meadow and forest habitats.
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Table 3. Estimated species richness and diversity indices of the habitats sampled

Richness Number
. Singletons/  estimates of
Habitat s N A" Doubletons ACE Chaol Presumed

ICE Chao2 SPecies

H’ J CDI

steppe 41 682 22733 12/4  51/81 53/55 10-40 2.353 0.633@7.86
meadow
]E’Oor‘(’e"snty 0ak 54 812 27067 6/4 36/69 36/47 2-35 2517 0.71399.48
PIN€ 55 390 13000 8/1 32/59 31/37 6-35 2446 0.75992.18
plantation

S — total number of species; N — number of individuals; A — total abundance (individyals/m
ACE, ICE, Chaol and Chao2 — nonparametric richness estimators; H' — Shannon’s diversity index;
J — equitability; CDI — community dominance index (%)

The highest overall species richness (41) was found in the steppe me&dnws {a),
while this parameter decreased in the forest habitats and reached the lowest value (25) in the
pine plantation. The highest number of singletons — species represented by single individuals
— also occurred in the meadow samples resulting in the highest values of non-parametric
species richness estimatiodhaol andChao2 which use the relative proportions of
singletons and doubletons for calculating the estimated value. In all three habitats, maximum
species richness was predicted by the incidence based esti@tatwhich takes into account
the frequency counts for rare species.
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Fig. la-d: Species richness, abundance, Shannon diversity and community dominance index

The abundance of collembolan communities varied from 13,000 Mdtbn
27,067 ind./rfi (Figure 1b). The most abundant communities were found in the downy oak
forests while abundance was less than half in the pine plantations. This phenomenon can
probably be explained by changed humus characteristics after the replacement of deciduous
oak stands by pine plantations which induced a shift from mull humus towards moder humus
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forms. In pine plantations, the decomposition efficiency of the soil-fauna is much lower than
in deciduous forests (Dunger — Voigtlander 2009). The decreased organic matter decomposition
rate, well predicted by the higher C/N ratio (Lorenz et al. 2004), can therefore be reflected in
low Collembola abundance, especially in early stages of pine stands.

Species diversity, measured by Shannon-Weaver index, showed the highest value in the
downy oak forestsHigure 19. While diversity profile of the Collembola community found in
the pine plantations clearly runs under the downy oak forest's préigaré 2), Hutheson's
modified t-test yielded no significant difference between the diversities. The diversity profile
of the steppe meadow crosses both forest community profiles meaning that the steppe
meadow habitat has a completely different community structure and cannot be ranked with
the forest communities based solely on diversity.

45 -
40 -
steppe meadow

35 | ——downy oak forest

=== pine plantation

diversity measure

0.04 0.52 1 1.48 1.96 2.44 2.92 3.40 3.88
alphe

Figure 2. Diversity profiles of Collembola communities in the different habitats

Values of the community dominance ind&xglre 1d) and the species rank abundance
curves Figure 3) emphasise well the differences between the dominance structures of
Collembola communities found in the sampled habitats.

Dominance index was lowest (~20%) in the downy oak forest which indicates a relatively
balanced dominance structure. The most dominant specieBolssnia penicula, a rather
silvicolous, mesophil species occurring with an average of 67 ind./160abondance.
Subdominant species were the Palaearctic, xerotol&@gygtopygus bipunctatuand the
ubiquist, euedaphic mesophilolsdtomiella minor While most of théProtaphoruraspecies
are characteristic for open habita®s,subnemorata, recorded also in the downy oak stands,
appeardo be a typical forest species (Danyi — Traser 2008).

Community dominance structure in the pine plantations shows a similar pattern. The
relatively low (~22%) value o€DI indicates that there were no species present in extreme
abundance. The most dominant species was Parisotoma nqtabdainted for about 12% of
the total number of individuals, one of the most ubiquist springtails of the Western
Palaearctic, reaching high abundance in both natural and disturbed sites, from forests to open
grasslands (Potapov 20013otomiella minorappeared in high abundance also in the soil of
the coniferous pine forests. While we found a number of common sp&@saphorura
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subnemorata, Pseudosineltd. horaki, Isotomiella minor, Parisotoma notabi)igor both
sampled forest types, it is noteworthy to mentibattseveral species (e.Gryptopygus
bipunctatus, Folsomia penicula, Folsomia quadri@tal occurred in high abundance in the
downy oak forests which on the other hand were ¢etaly missing in the pine plantations.
The very same phenomenon was observed by Trassedka@2001) in their comparative soil
fauna study of an autochton pedunculate oak andllachton pine plantation in South
Hungary. Members of the famifgminthuridaewvere also lacking from pine plantation, while
they were present in the other two habitats. Thene only very few species that were found
preferentially in pine plantation$$eudachorutes dubius, Superodontella pseudolderalli
Tomocerina mixtys

downy oak forest \ pine plantation
270] 90 Parisotoma notabilis
Asotomiella minor
240/ 80 \
4 70
210 Folsomia penicula \
1801 60
3 g
5 g
g 1501 g 50
= =
e E \
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A\CHyplopygus bipunctatus . \Mesaphorura hylophila
30 Pseudosinella cf. horaki
%0 \ Isotomiella minor \Megalothorax minimus
Folsomia quadrioculata Protaphorura subnemorata
* Parisotoma notabilis 5 « Mesaphorura critica
604 * Pseudosinella cf. horaki chi=44.08 20 chi*=29.73
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Figure 3. Rank abundance curves (log series) ofe@diola communities of the habitats studied

The highest dominance index was obtained in thenmamity found in steppe meadows.
The dominance structure is therefore somewhat anbatl and the equitability is lower
mainly because of the mass occurrence of the spdtigptopygus bipunctatusThe
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community is enriched with several rare species represented by few individuals, including
typical open area species suchHypogastrura vernalisProtaphorura gisinior Metaphorura
affinis.

The agglomerative cluster analysis based orRd#deceardmeasures of similarity={gure 4
shows the separation of meadow and forest habitatsJadeard similarity values computed
for every paired combination are, however, very close to each other (ranging from 0.24-0.28)
suggesting that there is a relatively constant 'basic community' as determined by the soil
typical type for the area; while dissimilarity in communities between sites is partly
provided by spatial heterogeneity of open and forest habitats and by the differences in the
vegetation type.

meadow

oak
pine

l_
0.9
0.84
0.7
0.6+
0.54
0.4
0.3
0.2

Jaccard similarity

Figure 4. Dendrogram based on cluster analysis using the Jaccard index of similarity

4 CONCLUSIONS

The study area is characterized by a rich Collembola fauna. There are typical Collembola
communities characteristic of the different habitat types studied, which contained specific
species that appeared only or predominantly in that habitat, as well as some basic common
species occurring in every habitat. Although species richness was lowest in the allochthonous
pine forest, species composition still maintained a part of the richness of the autochthonous
downy oak forest and even that of the steppe meadow habitat.

Notwithstanding that several forest species present in the oak woodland were completely
missing from the pine forests, there was no significant difference between the Collembola
diversities of the two forest habitats. The difference became more prominent in collembolan
abundance which proved to be less than half of individu&is/pine plantations compared to
the downy oak forest soil, and which was probably due to the changed humus characteristics
caused by the pine needle litter. The shift towards the moder humus forms, the inhibition of
nitrification by monoterpenes present in pine needles can lead to decreased microbial and
fungal organic matter decomposition and so thus to a lower Collembola abundance.

Our results suggested that soil conditions have not yet been altered fundamentally that
would have been manifested in substantially changed Collembola communities. As a
concluding remark it has to be mentioned, that a conversion of pine forests to woodland of
native tree species or to steppe meadows has its grounds, and would support the possibility of
a quick Collembola community recovery.

Acknowledgements:We would like to thank Gyérgy Nandor Traser for his precious help and
comments, Zsoéfia Varga and Bernadett Varga for their help in soil analysis.
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Springtime Leaf Development of Mature Sessile Oak Trees
as Based on Multi-Seasonal Monitoring Data

Viktor OLAH — Erzsébet SZOLLOSI — Agnes LAKATOS — Péter KANALAS —
Balazs NYITRAI — Ilona MESZAROS

Department of Botany, Faculty of Science and Technology, University of Debrecen, Debrecen, Hungary

Abstract — Based on a four year leaf growth data-set we modelled the thermal time-dependent leaf
ontogeny in upper and lower canopy layers of mature sessile oak trees, in a Quercetum petracae-cerris
forest stand (NE Hungary). Our regression models revealed no considerable differences between the
timing of leaf unfolding and leaf expansion of different canopy layers. On the other hand seasonal
course in leaf mass-to-area ratio (LMA) indicated that sun leaves needed considerably longer thermal
time to fully develop their anatomical structures compared to shade leaves. LMA of sun leaves was
higher during the whole leaf maturation process suggesting that ‘sun’ and ‘shade’ characteristics
develop in very early stage of leaf ontogeny. Functioning of photosynthetic apparatus (F,/F,) in shade
leaves have built up faster and performed better in all developmental stages which could be attributed
to two main factors: 1) very early determination of leaf traits as a function of light environment and 2)
evolving shading effect of upper canopy layer eliminates photoinhibition in lower leaves.

leaf ontogeny / leaf traits / leaf morphology / chlorophyll fluorescence / light environment /
Quercus petraea

Kivonat — Levélnovekedés és a fotokémiai hatékonysag tavaszi felépiilése kocsanytalan tolgyfak
lombkoronajaban, tobbéves monitoring adatok alapjan. Jelen munkank soran tébb levéljellemzo
valtozasa alapjan modelleztiik a levélfejlodés folyamatait a hdosszeg fliggvényében, egy mérsékelt 6vi
cseres-tolgyes erdballomany idés kocsanytalan tolgyfainak als6 és felsé lombkorona-rétegében. Az
eredményeink alapjan a levélteriilet kialakuldsa a lombkorona als6 és fels6 részében egyszerre
kezdddik és fejezodik be. A fénylevelek esetében a levéltomeg/teriilet arany (LMA) késobb érte el a
nyari értékét, és a levélfejlodés minden szakaszaban nagyobb vastagsagot €s/vagy nagyobb siirliséget
jelzett, ami a fény- és arnyéklevél-tulajdonsagok igen korai kialakulasat jelzi. A levelekben a PSII
kvantumhozam (F,/F,) szezonalis fejlodését szintén befolyasolja a lombkorona-helyzet. Az arnyék-
levelek a teljes fejlodési folyamat alatt magasabb F,/F, értékekkel rendelkeztek, és gyorsabban elérték
a szezonalis maximumukat, mint a fénylevelek, Az utébbi eredmények szintén a fény- €s arnyékjelleg
korai determinacidjara utalnak, tovabba jelzik azt is, hogy a levélteriilet-ndvekedéssel parhuzamosan
kialakul6 6narnyékolas sietteti a PSII kvantumhozam felépiilését.

levélfejlodés / levéltulajdonsagok / levélmorfologia / klorofill fluoreszcencia / fényklima /
Quercus petraea
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1 INTRODUCTION

Springtime evolution of morphological, anatomical and physiological leaf traits in deciduous
communities has fundamental impact on ecosystem functioning (Nizinski — Saugier 1988,
Bequet et al. 2011). Leaf area and photosynthetic efficiency as quantitative and qualitative
aspects determine carbon assimilating potential of any given plant in the community (Muraoka
et al. 2010). Expanding leaves of upper canopy layers affects the functioning of lower layers
including certain parts of the plant’s own canopy (Umeki et al. 2010, Bequet et al. 2011). In
deciduous forests mature trees with multi-layered crown architecture are especially exposed to
this shading effect (Valladares — Niinemets 2007, Mészaros et al. 2007, Sz6116si et al. 2010).

A possible strategy for minimizing the effects of self-shading is the proper spatial and
temporal distribution of leaves as for instance herbaceous dicots form their foliage (Poorter et
al. 2009). Plants applying this strategy of successive leaf phenology form their first leaves at
the proximal end of their shoots and the leaf expansion proceeds successively to distal regions
of the shoot system thus allowing the younger leaves to capture more light energy (Umeki et
al 2010.). Other plant species with nearly simultaneous leaf flushing, such as a number of
broad-leaved temperate woody species (Poorter et al. 2009, Szo6lldsi et al. 2010), optimize
their leaf traits in order to gain the best performance (Koike et al. 2001). A typical adaptive
mechanism for maximal utilization of the available light energy along the vertical profile of
the canopy is formation of sun and shade leaves, respectively (Jurik 1986, Givnish 1988,
Yano — Terashima 2001, Terashima et al. 2005, Poorter et al. 2009). Sun leaves are adapted to
intense, direct irradiation, higher temperature and higher water vapour deficit by evolving
xeromorphic traits (Terashima et al 2005, Mészaros et al. 2007, Poorter et al. 2009). Sun leaves
have smaller and thicker leaf lamina, higher leaf mass-to-area ratio (LMA) due to thicker
palisade parenchyma or/and larger density in the mesophyll, higher photosynthetic light
compensation point and more powerful electron transport system (Yano — Terashima 2001).

Ontogeny of leaves is regulated dynamically in order to properly conform to a given
microhabitat, involving e.g. duration of leaf cell division and expansion (Granier — Tardieu
2009). After leaf maturation, physical dimensions of leaves such as leaf area or leaf mass-to-
area ratio are irreversibly determined in contrast to e.g. the photosynthetic pigment content,
density and formation of chloroplasts (Poorter et al. 2009).

The present study deals with springtime development of leaf traits of mature sessile oak
trees with special emphasis on the following questions:

1) How does leaf maturation progress in the case of mature oak trees?
i1) How do various leaf traits develop as a function of thermal time? Is there any
difference between lower and upper canopy positions in this respect?
i) At what phase of leaf maturation do ‘sun’ and ‘shade’ characteristics in leaf traits
appear?
For studying the above questions we used leaf morphological traits and chlorophyll
fluorescence data obtained from multi-seasonal study of mature sessile oak trees (Quercus
petraea [Matt.] Liebl.).

2  MATERIALS AND METHODS

2.1 Study site

Leaf development of mature sessile oak trees (Quercus petraea [Matt.] Liebl. was monitored
in the forest stand of Sikfokut LTER Europe site (Biikk Mountains, NE Hungary; 47°90°N,
20°46’E, 320-340 m ASL). The site is covered by an approx. 100 years old coppice forest
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predominantly consisting of sessile oak (Quercus petraea) and Turkey oak (Quercus cerris)
in the canopy (Quercetum petraeae-cerris). The site was established for monitoring the forest
structure and functions in 1972 (Jakucs 1985). Meteorological records are collected by a
station set up on a 25 m high tower within the forest since 1973. The 30-year average (1973—
2002) of annual mean of air temperature and total rainfall was 10.2 °C and 560.5 mm,
respectively (Table 1). The growing season usually lasts from mid-April to mid-October at the
site (Jakucs 1985, Sz06l116si et al. 2010).

2.2 Meteorological background

In years of this study weather data were recorded automatically in every 30 min on the top of
meteorological tower erected above the canopy of forest. Temperature and relative humidity
were measured with Hobo ProSeries RH&Temp sensors, rainfall was measured with an
automatic rain gauge connected to Hobo Micro Station (both produced by Onset Computer
Corporation, Pocasset, USA).

2.3 Sampling and measurement

Leaf development was studied in four consequent growth seasons from 2006 to 2009. First
leaf samplings were timed shortly after bud-break (mid-April) and were repeated weekly
during springtime and later in every second or third week until fully matured state of leaves
(late July). Four healthy, approx. 100 years old sessile oak trees were selected for the study
(height: 17-20 m, DBH: 28-36 cm) growing close enough to the meteorological tower for
easy canopy access.

Leaf samples were harvested on sunny days, between 11:00 a.m. and 15:00 p.m. from the
upper (20 m, ‘sun leaves’) and lower (10 m ‘shade leaves’) canopy positions of each tree. As
a result 10-20 leaves represented each canopy position of each tree.

2.3.1 Measured parameter

Chlorophyll fluorescence: in vivo chlorophyll fluorescence measurements were made using
PAM-2000 fluorometer (Heinz Walz GmbH, Effeltrich, Germany). Harvested leaves were
previously dark-adapted for 30 min in order to fully relax PSII reaction centers and thus gain
maximal photochemical efficiency of samples. Minimal (F,) and maximal fluorescence yields
(F,;) of samples were measured in the middle region of adaxial leaf surfaces avoiding major
leaf veins. Variable fluorescence was calculated as F, = F,, — F,, and was used to characterize
the potential quantum yield of PSII photochemistry as the ratio of F,/F, (Babani —
Lichtenthaler 1996, Lichtenthaler et al. 2005).

Leaf area (LA): a commercial digital scanner was used for leaf area measurements.
Scanned images (300 dpi resolution) of leaves were processed with ImageJ image analysis
software (Abramoff et al. 2004).

Leaf dry mass (LM): leaves were measured with analytical balance (£0.0001 g accuracy)
after drying at 85 °C till constant weight. Based on LA and LM data leaf mass area
(LMA = LM/LA, g dm™) of each leaf was calculated.

2.4 Data processing

Weather data: as the process of leaf phenology and ontogeny is strongly temperature-
dependent (Nizinski — Saugier 1988, Bequet et al. 2011) thermal time — expressed in °C days —
was used to describe chronology in development of leaf traits instead of day of year (DOY)
basis. Thermal age of leaves was calculated as cumulative daily mean air temperature
summed from DOY 100 (10™ April) of each year, the date around the leaf unfolding usually
begins.
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Leaf parameters: respective data of sample trees were collected and merged on sampling
date and canopy position basis (2040 samples per sampling date and canopy position).
Medians of leaf traits were used for describing sun and shade canopy layers at a given
sampling date. The four-year leaf growth monitoring data base allowed us to utilize 28-28 leaf
morphological (LA and LMA) and 27-27 chlorophyll fluorescence (F,/F,) data points as a
total for sun and shade leaves, respectively.

Modeling of leaf maturation: merged leaf trait data series from all sampling years were
analyzed as a function of thermal time using non-linear regression function of Sigmaplot 10
(Systat Software, Inc.) in order to mathematically describe leaf expansion. Leaves were
considered fully mature from the aspect of a given leaf trait after reaching 95% of their
summer value (Cookson et al. 2007) calculated by the regression model. After defining the
characteristic phases of leaf maturation, the comparable medians of sun and shade data within
a given phase were analyzed by paired Wilcoxon test function of PAST 2.16 (Hammer et al.
2001). Differences were considered to be significant at two-tailed p < 0.05 level.

3 RESULTS

The annual mean air temperature was higher during the study years as compared to the
average of base period from 1973 to 2002 (7able I). In each year the annual mean
temperature was above 11.0 °C, and in 2007 it exceeded 12.0 °C. Total rainfall was slightly
lower than the 30-year average. Among the study years 2007 was the warmest and driest and
2006 was the most humid in the main period of leaf growth (1o April — 31% July) (Table 1).

Table 1. The annual mean air temperature and total rainfall at Sikfokut LTER forest site
during the study years (2006—-2009) compared to the period (1973-2002) and the
mean temperature and rainfall in the period of leaf growth (1 0" Apri - 31 th July)

Average Average

2006 2007 2008 2009 4.5 5002 20062009

5]
5 5 Yearly 113 122 114 113 10.2 11.6
=0
2 2~  Leaf growth period
=g DOY 100312 184 198 181 185 - 18.7
= Yearly 588 552 499 554 561 548
EEE
e = =
= '®s £  Leaf growth period

g DOY 100312 332 168 246 203 - 237

3.1 Expansion of leaf area

Seasonal development of leaf area showed sigmoid-shape trend with the thermal time
(Figure 1), that was described by the following function:

LA, = af(1 4 e~ *=%/B) (1)
Where:

LA, 1is the leaf area at a given thermal time x,

xo  1is the inflection point of the curve (the point of the maximal LA-growth rate),
a is the summer (maximal) LA,

b is the coefficient of inclination.
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Figure 1. Temporal course of leaf area (LA) expansion of mature sessile oak trees.
Each open and closed circle represents the median of 20-40 leaves collected from
the upper (sun) or lower (shade) canopy position of 4 mature sessile oak trees,
respectively, at each sampling date characterized by thermal time. Dashed and solid
trendlines are calculated seasonal courses of LA in the upper and lower canopy
positions, respectively. Vertical lines indicate the average thermal time for the first
day of months in the study period 2006—2009.

LA development begun with a short phase of slower increase (‘lag-phase’). After that leaf
area expanded rapidly and almost linearly as a function of cumulative temperature until
reaching its summer value (Cookson et al. 2007, Bequet et al. 2011) (Figure 1). Calculated LA
of sun and shade leaves at the start (0°C days) were similar, that is 0.4 and 0.5 cm’,
respectively. Sun and shade leaves reached the summer state of LA nearly at the same thermal
age (305 and 323 °C days for sun and shade leaves, respectively). Shade leaves had
significantly (p <0.001, n = 18) higher summer LA (33.7 cm’) than sun leaves (23.8 cm?),
similarly to other reported data on woody species (see e.g.: Koike et al. 2001, Poorter et al.
2009). Assuming that the two types of leaves become mature simultaneously, different rates of
leaf expansion could be expected for the two canopy positions (Figure 1). Based on regression
models, the maximal rates of leaf expansion were 0.136 and 0.185 cm” cm™ °C days™ for sun
and shade leaves, respectively. However, the pairwise comparison of medians did not indicate
significant difference (p = 0.105, n = 10).

3.2 Seasonal building up of leaf structure

Building up of leaf mass-to-area ratio (LMA) exhibits a seasonal course with three phases
(Figure 2) (Jurik 1986) and could be described by a peak function:
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LMA, = LMA, +a/(1+ ((x = x5)/B)*) 2)
Where:
LMA, 1is the specific leaf mass area at a given thermal time x,
X0 is the thermal time at the point of seasonal minimum,
LMA; 1is the summer (maximal) LMA,
a is the constant for the amplitude’ i.e. seasonal minimal LMA,
b is the constant of curvature.
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Figure 2. Temporal course of leaf mass-to-area ratio (LMA) of mature sessile oak
trees. Each open and closed circle represents the median of 20—40 leaves collected
from the upper (sun) or lower (shade) canopy position of 4 mature sessile oak trees,
respectively, at each sampling date characterized by thermal time. Dashed and solid
trendlines are calculated seasonal courses of LMA in the upper and lower canopy
positions, respectively. Vertical lines indicate the average thermal time for the first
day of months in the study period 2006—2009.

At the start (0 °C days) both sun and shade leaves exhibited relatively high LMA values
(0.872 and 0.589 g dm™ for sun and shade leaves, respectively). During leaf expansion LMA
fell rapidly till its seasonal minimum in both canopy positions (0.569 and 0.355 g dm™ for sun
and shade leaves, respectively) at approximately the same thermal age (284 and 291 °C days
for sun and shade leaves, respectively) (Figure 2). After that point, LMA increased first
rapidly and then moderately until leaves reached their mature state at 864 °C days (sun leaves,
LMA =1.037 g dm™) and 702 °C days (shade leaves, LMA = 0.648 g dm™), respectively
(Figure 2). The regression models show that LMA of sun leaves was higher in all three
developmental stages (0291 °C days; 291-864 °C days; > 864 °C days) than that of shade
leaves, and the pairwise comparisons of LMA medians confirmed these differences (for the
three phases p = 0.004, n =9; p =0.002, n = 10 and p = 0.004, n = 9, respectively).
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3.3 Building up of PSII potential quantum yield

Potential quantum yield of PSII photochemistry (F,/F,) changed during the leaf maturation
process and showed a saturating pattern (Babani — Lichtenthaler 1996, SzG6l16si et al. 2010)
(Figure I) characterized by eq. (3):

E/Fa =E[Fyo+a-(1 _Ec_b'x"l} (3)
Where:

FJ/F, is the potential photochemical quantum yield at a given thermal time x,
F./F,, is F\/F, at thermal time 0 °C day (start),
F/F,,+ a 1isthe summer (maximal) F,/F,,

b is the coefficient of saturation (curvature).
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Figure 3. Temporal course of potential quantum yield of PSII photochemistry
(F\/F,). Each open and closed circle represents median of 20—40 leaves collected
from the upper (sun) or lower (shade) canopy position of 4 mature sessile oak trees,
respectively, at each sampling date characterized as thermal time. Dashed and solid
trendlines are calculated seasonal courses of Fv/Fo in the upper and lower canopy

positions, respectively. Vertical lines indicate the average thermal time for the first
day of months in the study period 2006—-2009.

F\/F, of both sun and shade leaves showed continuous increase after leaf unfolding until
reaching their mature state (Figure 3). The regression line fitted to F,/F, values of shade
leaves is running slightly higher than thet of sun leave. At 0 °C days F,/F, was 0.45 in shade
leaves and 0.34 in sun leaves. The fitted regression curve reflected significantly (p < 0.001;
n=20) faster development of F,/F, in shade leaves (0.018 °C days™ as a maximum) that
reached their summer maximum after 724 °C days. F,/F, of sun leaves saturated slower
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(0.011 °C days™ as a maximum) and required 950 °C days to reach the maximal value. The
difference in potential photochemical performances between the two canopy positions did not
disappear. F\/F, was significantly (p = 0.015; n = 7) higher in shade leaves (4.867) than in sun
leaves (4.261) (Figure 3).

4 DISCUSSION

Proper timing of leaf unfolding and maturation is essential for deciduous forest trees in order
to avoid unfavourable periods and utilize efficiently favourable ones. Leaf phenology of
canopy trees and physiological changes during leaf maturation basically determine the
functioning of the whole forest ecosystem through their actual carbon balance and — as an
additional effect — by shading lower canopy layers.

Based on four-year leaf growth monitoring data set we analysed the leaf maturation
process in the upper and lower canopy layers of mature sessile oak trees in a North-east
Hungarian forest stand.

As the underlying processes in leaf phenology are strongly temperature-dependent
(Nizinski — Saugier 1988, Bequet et al. 2011) we applied thermal age of leaves as the
independent variable in our models instead of days of the year. Our models revealed no
considerable differences in the timing of leaf unfolding and leaf expansion between the two
different canopy layers. LA values at the starting point of our regression models (0 °C day)
confirm that both types of leaves unfold at the same time (Poorter et al. 2009, Szdlldsi et al.
2010), shortly before DOY 100 (the starting day used in our analysis). From that point leaves
required only 3 weeks (approx. 300 °C days) for reaching their fully expanded state,
irrespective of their canopy position and of their summer mature LA. Leaves in the lower part
of tree crown usually have larger LA than in the upper layers (Koike et al. 2001, Poorter et al.
2009). Our results indicated the similar vertical pattern of LA for sessile oak with 42% higher
value for shade leaves. Shade leaves expanded faster than sun leaves and required similar time
interval to reach their final LA.

Seasonal course in leaf mass-to-area ratio — which trait mainly refers to the anatomy of
leaf mesophyll (Terashima et al. 2005, Poorter et al. 2009) — was different from that of LA
(Jurik 1986). As leaf expansion began, LMA dropped sharply indicating the allocation of
organic compounds for enlargement of leaf blades and reached its seasonal minimum at
around 290 °C days, shortly before the end of leaf expansion (Jurik 1986, Poorter et al. 2009).
Sun leaves of sessile oak trees exhibited higher LMA that was comparable with those of other
species (Givnish 1988, Koike et al. 2001, Aranda et al. 2004). LMA of sun leaves was higher
during the whole leaf maturation process which suggests that ‘sun’ and ‘shade’ characteristics
develop in the very early stage of leaf maturation (Eschrich et al. 1989, Yano — Terashima
2001, Terashima et al. 2005). The thickening process of leaf blade was different in leaves
from upper and lower canopy positions. The former ones required considerably longer
thermal time for the full development of anatomical structures than the latter ones.

Characteristics of leaf development in dicotyledonous plants differ from that of
monocotyledonous species (Croxdale and Omasa 1990, Granier — Tardieu 2009). In contrast
to monocotyledonous species where assimilating tissues reach their mature state right after
leaving the growing zone of leaf, the dicotyledonous leaves undergo gradual maturation,
which is not uniform across the whole leaf blade but progresses from the leaf tip to the leaf
basis. This maturation process is reflected by the seasonal course of potential quantum yield
of PSII photochemistry (F,/F,) which shows a saturating pattern (Babani — Lichtenthaler
1996). Similar to LMA, photosynthetic apparatus of shade leaves matured faster and
performed better in all developmental periods as compared to sun leaves. This difference
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could be attributed to two factors: 1) very early determination of leaf traits as a function of
light environment (Yano — Terashima 2001), which results in anatomical specialization
(Eschrich et al. 1989) allowing a faster building up of summer F,/F, in shade leaves, and 2)
the chronic photoinhibition of sun leaves (Babani — Lichtenthaler 1996, Lichtenthaler et al.
2005). At the beginning of leaf development, both the structure of photosynthetic apparatus
and defence mechanisms against excess light are far from their maximal efficiency resulting
in considerable photoinhibition of photosystems (Croxdale — Omasa 1990, SzO6ll6si et al.
2010). When the tree canopy is approaching its summer state — from the aspect of LA and
LMA - photoinhibition gradually decreases in leaves of lower canopy layers as a result of
shading effect by upper layers. Sun leaves as an opposite have to cope with photoinhibition
during their entire lifespan which results in lower (Lichtenthaler et al. 2005) and slower
development of F\/F, due to the significant investment into defence against excess light.
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Effects of Climate Change on Litter Production in a
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Abstract — Climate change is a global problem. During the last century the increase of annual average
temperature was 0.68°C, while the decrease of annual average of precipitation was 83 mm in Hungary.
According to the long term meteorological data of Sikféforest ILTER site the annual average
temperature increased while average of yearly precipitation decreased, the forest climate became
warmer and dryer. These processes could considerably contribute to forest decline, not only in the
Quercetum petraeae-cerridand of Sikf&ut, but everywhere in the country. Species composition and
structure of the forest have changed considerably, as 68% of sessile oak (Quercu} qatraé&o of

Turkey oak (Quercus cerris) have died. Forest decline resulted in the breaking up of the formerly
closed canopy, and consequently, in the formation of gaps in the forest. In the gaps, a secondary
canopy developed with tree species of less forestry value. As a consequence, mass regeneration of
field maple (Acer campesjrappeard in the gaps. The formation of gaps accelerated the warming and
aridity of forests. In the article we answer the following question: how did climatic change and
changing forest structure influence the leaf-litter production in the last four decades?

oak forest / oak decline / Sikfokut Project / litter production / climate change

Kivonat — A klimavaltozas hatasa egy Magyarorszagi cses-tolgyes erd avarprodukcidjara.
Napjainkban a klimavaltozas egy globalis probléma. Magyarorszagon az elmult évszazad folyaman az
évi atlagos Bimérséklet 0,68 °C-ot emelkedett, az évi csapadék atlag 83 mm-t cstkkent. RISikf6
Project korabbi, kdzel 20 éves meteoroldgiai adatsorai is bizonyitjdk a klimavaltozast, kinedgh
melegebbé és szarazabba valt. Mindezen folyamatok is hozzajarulhattak ahhoz a fapusztulasi
folyamatokhoz, amely nem csak a Skiti tolgyes allomanyt, de az orszag szamos allomanyat
érintette. Az erd fafaj dsszetétele és struktlraja jetsnmértékben megvaltozott, a kocsanytalan
télgy 68%-a, a csertolgy 16%-a kipusztult. A fapusztulas kovetkeztében a korabbi zart lombkorona
felnyilt, az elpusztult fak helyén kisebb nagyobb Iékek alakultak ki, amelyekben erdészeti
szempontbol kevésbé értékes fafajaittek fel és hoztdk létre a masodik lombkoronaszintet. Ennek
koszonhet a mezei juhar tdmeges megjelenése és térhoditasa a lombkoronaszintben. A Iékek
kialakuldsa, a klimavaltozas hatdsat fokozva, felgyorsitotta @zfelmelegedését és szarazodasat.
Jelen dolgozatunkban arra kerestilk a valaszt, hogy a klimavaltozds, és ezen kereszifll az erd
struktdrajanak a valtozasa hogyan befolyasolta az avarprodukciét az elmult négy évtized folyaman.

télgyerdé / tolgypusztulas / Sikf&ut Project / avarprodukci6 / klimavaltozas
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1 INTRODUCTION

Litter fall exerts a great influence on physical, chemical and biological characteristics of
soil (Pande et al. 2002). Litter production in forest ecosystems is determined by climatic
condition, species composition and successional stage (Haase 1999). Factors like climate,
season, canopy architecture, timing of canopy gap formation and insect outbreaks govern
the dynamics of the forests in terms of its structure and function of this ecosystem
(Sukumar et al. 1992).

In Hungary, the annual average temperature increase was 0.68 °C, while the annual
average of precipitation decrease was 83 mm during the last century (Szalai 2004, Jolankai
et al. 2004). During the last few decades the long-term meteorological data of Gl@iSikf
Forest have followed the global climate change, the forest climate became dryer and
warmer. Due to the climate change the forest structure and species composition have been
changing dramatically. Since 1972 68% @tfiercus petraeand 16% ofQ. cerris trees
died and in the gaps new tree speci@sef campestreA. tataricum Cerasus avium
Carpinus betulushave grown up from the shrub layer into the canopy layer (Bowden et
al. 2006, Kotrocz6 et al. 2007). The new species created a second canopy layer. Forest
decline has been reported since the beginning of the 1970s in Central Europe as well as in
North America (Siccama et al. 1982, Klein — Perkins 1987, Bruck — Robarge 1988).
Subsequently, the extension of mortality became a chronic problem in the European oak
forests (Gaertig et al. 2002, Thomas et al. 2002, Matyas 2004, Helama et al. 2009, Matyas
2010). Extensive decay of sessile oak has been reported in numerous European countries
(Brasier et al. 1993, Chappelka — Freer-Smith 1995, Thomas — Blttner 1998).

At the Sikbkut site (Hungary), decline affected both forest stand components (sessile
oak — Quercus petraeaand Turkey oak -Q. cerrig however, it affected sessile oak
considerably stronger. In case of Turkey oak, higher vitality can be explained by its better
adaptability to warming and drying climate. The adaptability is presumably connected to
the higher water storage capacity which was pointed out inside the trunk of this
submediterranean oak species (Béres et al. 1998). As compared to the survey which was
carried out in 1973 (Jakucs 1985), no regeneration of oak appeared on the study area
during the last few decades, although it may be suspeced that game damage contributed to
this situation. Mass regeneration and spreading of common maple characterizes the
canopy level. Gaps in the canopy level accelerated the warming and aridification of the
forest.

How the litter production is influenced by climate change, is still relatively unknown.
Some authors (Toth et al. 2007) predicted that although warming may increase litter
production, aridity reduces litter production, and the combined effects of the two
processes will determine the result of changes and the direction of the trend. Other authors
explained these changes by shifts in species composition due to oak decay (Kotroczé et al.
2007). The litter production changes can also affect climate change due to drought-
induced forest boundary shift towards the poles (Matyas 2010). Clearly, litter production
is controlled by climate as well as edaphic factors (Meentemeyer et al. 1982).

This study was aimed at quantifying litter production @@w@ercetum petraeae-cerris
forest. Considering the local environmental factors, the aim of our research was to
examine the extent of changes in leaf litter production, under the effect of modifications in
the tree species composition of the forest comparing the surveys of 1972-1976 and of
2003-2010.
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2 METHODS

2.1 Area and project descriptions

Our research was carried out at the &kt site established in 1972 by Jakucs (1985) for

the long-term study of forest ecosystems. The experimental site of 27 ha is located in the
south part of the Biukk Mountains in North Eastern Hungary at 325 m altitude. GPS
coordinates are N 47°55’ E 20°28'. The forest has been protected since 1976, and it is part
of the BUkk National Park at present. Annual precipitation amounts to 550 mm. According
to the FAO Soil Classification, the type of soil is Cambisos (Fekete et al. 2011). The forest
iIs a semi-natural stand Q(ercetum petraeae-cerriscommunity) without forest
management. The Sikuat Project is the member of the Hungarian LTER (Long Term
Ecolgical Research) and the ILTER (International Long Term Ecological Research)
networks since 1995 (Kovacs-Lang et al. 2000).

2.2 Measuring of litter production

The litter production of Sikkat Forest was continuously measured from 1972 to 1976
(Toth et al. 1985). From 2003 to present we renewed these measurements to obtain
information about the effect of climate change on the litter production. Litter inputs were
measured by 30 plastic boxes of 55.5 x 36.5 cm (B)2sime. The total surface of these
boxes is 6 m The plastic boxes were placed randomly at the research site. The litter
production was collected monthly and separated into the following parts: leaf litter (every
species separately), branch litter and other debris. Fresh litter weights were converted to
oven-dry weights (85 °C for 48 hours).

We used one-way ANOVA with the Tukey’s HSD test as a post-hoc test if necessary
to determine the significant differences among litter production of tree species. All
statistical analysis were performed using PAST statistical software.

3 RESULTS AND DISCUSSION

3.1 Long-term changes of the litter production

Comparison of the earlier period (between 1972 and 1976) and the present term (between
2003 and 2010) showed that leaf-litter productionQafercus petraeas half of that
measured during the former survdsigure 1), and significantly higher between 1972 and
1976 than between 2003 and 2010 (F = 84.75, p < 0.001). This observation can be
explained by the considerable mortality (68%) of sessile oak observed during the past
forty years.

Despite of the 16% mortality @uercus cerrisits leaf-litter production did not decrease
in comparison with the survey between 1972 and 1976. Vigorous grov@oestus cerris
not only compensated but significantly surpassed its former leaf-litter production in years
2003-2010 (F = 11.29, p = 0.006)jdure 2).

Leaf-litter production ofAcer campestres nearly five times as much as it was in the
former period, and differences were significant (F = 18.06, p = 0.001).This can be explained
by the fact thafAcer campestréormerly occurred in the shrub layer, while presently it forms
a part of canopy-layer, where it has become the second most common tree species,
representing 28.17% of the total number of trégguie 3).

Acta Silv. Lign. Hung. 8, 2012



34 Kotroczo, Zs. et al.

3500
SLLUS 2846
- 2500 A
2 2000 -
S 1500 -
2 1305
1000 -
500 -
0 A
(] [ap] I [Tp] (o] [ap] I [Tp] (o] [~ (s 0] (e)] (]
[~ [~ [~ [~ [~ (] (] (] (] (] Q (] —
(8)] (8)] (8)] (8)] (8)] Q Q Q Q Q (] Q Q
-~ -~ -~ -~ -~ (o] (o] (o] (o] (o] (o] (o] (o]

years

Figure 1.Annual litter production of Quercus petraea (witkripdic averages)
between 1972 and 2010 (kg/halyr)
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Figure 2.Annual litter production of Quercus cerris (withrplic averages)
between 1972 and 2010 (kg/halyr)
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Figure 3.Litter production of Acer campestre (with the avges)
between 1972 and 2010 (kg/halyr)
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In Wisconsin, oaks have been more and more replaced by tree species (primarily maples)
which are less sensitive to disturbance (Rogers et al. 2008). Increasing abundance and spread
of the disturbance-tolerant sugar maphe gaccharum has been observed throughout the
American sclerophyllous forests (Galbraith — Martin 2005). If these trends continues,
disturbance-tolerating maples\.(rubrum and A. saccharumh may become the dominant
species of the aforementioned forest associations (Galbraith — Martin 2005, Nowacki —
Abrams 2008), because oaks cannot compete successfully against these species (McDonald et
al. 2002, Zaczek et al. 2002).

Total leaf-litter production of Sikkut Project site Kigure 4) decreased as compared to
the former period, differences between the two periods were less significant (F = 4.83,

p = 0.05). The average leaf-litter production was 3547 Kktyée' between 2003 and 2010
which is close to the average data (4063 Kdykar) of the years 1972—1976. Thus, a small
decrease can be observed in the total leaf-litter produc@Quercus cerrisand Acer
campestrecould partly compensate the deficiency of leaf-litter production which resulted
from the significant mortality of Quercus petraea.
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Figure 4.Total litter production of Sikkut Project (with the averages)
between 1972 and 2010 (kg/halyr)

4 CONCLUSIONS

In Hungary, temperature increase was in the average 0.68 °C, while decrease of
precipitation was 83 mm during the last century. As a consequence of climatic changes,
the changes in structure and composition of theé®ikfforest are followed by the long-

term changes of leaf-litter production. According to our examinations, leaf-litter
production ofQuercus petraedetween 2003 and 2010 became less than a half of the
amount which was measured in the earlier period (1972-1976). Leaf-litter production of
Quercus cerris slightly increased, while leaf-litter production odkcer campestre
multiplied. Total amount of leaf-litter production slightly decreased. In the long term, we
could not detect a drastic change in the amount of leaf litter, however the qualitative
composition changed. The question is whether the litter productivity will be maintained
against further climatic changes, leading to further warming and aridification.
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Soil Erosion Analysis in a Small Forested Catchment
Supported by ArcGIS Model Builder

PéterCsAFORDf — AndreaPopoRr® —JanBuc’ — ZoltanGRIBOVSZKI?

®Institute of Geomatics and Civil Engineering, Faculfyrorestry, University of West Hungary, Sopron
®Department of Geoinformation Science, Faculty of Geainétics, University of West Hungary, Székesfehérvar
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Leibniz University of Hannover

Abstract — To implement the analysis of soil erosion with the USLE in a GIS environment, a new
workflow has been developed with the ArcGIS Model Builder. The aim of this four-part framework is

to accelerate data processing and to ensure comparability of soil erosion risk maps. The first submodel
generates the stream network with connected catchments, computes slope conditions and the LS factor
in USLE based on the DEM. The second submodel integrates stream lines, roads, catchment
boundaries, land cover, land use, and soil maps. This combined dataset is the basis for the preparation
of other USLE-factors. The third submodel estimates soil loss, and creates zonal statistics of soll
erosion. The fourth submodel classifies soil loss into categories enabling the comparison of modelled
and observed soil erosion. The framework was applied in a small forested catchment in Hungary.
Although there is significant deviation between the erosion of different land covers, the predicted
specific soil loss does not increase above the tolerance limit in any area unit. The predicted surface soil
erosion in forest subcompartments mostly depends on the slope conditions.

GIS / forest cover / erosion modelling

Kivonat — Talajer6zios elemzések egy efidult kisvizgyijté n az ArcGIS Model Builder segitseé-

gével. A tanulmany egy Uj munkafolyamatot mutat be, amely az Altalanos Talajvesztési Egyenlet
(USLE) térinformatikai kdrnyezetben vald alkalmazasat konnyiti meg. Az ArcGIS Model Builder-ben
létrehozott négyrészes keretrendszer meggyorsitja az adatfeldolgozast és biztositja a talajer6zids tér-
képek dsszehasonlithatdsagat. A% et@dul — a digitalis domborzatmodailkiindulva — eballitjia a
lefolyashaldzatot és a kapcsolédé vidiggket, megadja a ldjadottsagokat és az USLE LS faktorat.

A méasodik modul egyesiti a lefolyashal6zatot, az utakat, a §jiétmatart, a felszinboritast, a terilet-
hasznélatot és a talajtérképet tartalmazé vektoros rétegeket. Ez az egyesitett adatbazis az alapja a tébbi
USLE-tényed elokészitésének. A harmadik modul kiszdmolja a talajveszteséget, és terlleti statiszti-
kakat képez a talajer6zibhoz tablazatos és térképi formaban. A negyedik modul vektoros talajveszte-
ségi térképeket konvertdl, ahol az egyes poligonok megegyeznek az egyes talajveszteségi osztalyok-
kal. igy lehetvé valik a modellezett és a terepen felmért talajer6zié dsszehasonlitasa. A keretrendszert
egy hazai erésilt kisvizgyijton alkalmaztuk. Habar jelefg eltérést tapasztaltunk a kulénbdalaj-

boritasu terlletek erézidja k6z6tt, a megengedett talajveszteségi értéket eqgyik tertleti egységben sem
haladta meg a modellezett fellileti talajpusztulas. A vizsgalati teriileten — az egyeszeteket

tekintve — a fellleti talajpusztulast legpp a domborzati adottsagok befolyasoltak.

GIS / erdéboritas / er6zibmodellezés
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1 INTRODUCTION

Water-driven erosion is a natural process which is responsible for landscape degradation.
Forest vegetation generally is good for soil protection, however, human disturbances may
accelerate erosion on territories with high relief energy. Climate change (e.g. including more
intensive storms) is also responsible for soil loss intensification. Several studies discuss how
forestry activities (Surfleet — Ziemer 1996, Lisle 1998) and land use change influence the
sediment transport (Sorriso — Valvo et al. 1995, Garcia — Ruiz et al. 2008). Removing trees
reduces evapotranspiration and rainfall interception leading to increased surface runoff.
Furthermore without vegetation, soils become vulnerable to surface erosion. Uprooting and
road cuts may decrease slope stability and cause mass movement erosion. Heavy equipment
can compact soils during roadwork, log skidding, construction. Roads and landings decrease
infiltration, increase and concentrate overland flow. Linear structures alter drainage paths and
redirect water to more erodible areas. The construction of stream crossings and roads are a
major source of erosion in forested catchments due to the low permeability of the road surface
(Lewis 1998, Chang 2006).

Soil loss leads to a decrease of the water holding capacity, nutrient availability and
organic matter content and to a reduction in the overall fertility of arable lands. Siltation of
streams and lakes is another consequence of soil erosion. Diminishing reservoir capacity and
flow cross-section of channels may cause a higher flood risk. Aquatic habitats may change if
the channel morphology changes (Shen — Julien 1993, Gordon et al. 2004, Gomi et al. 2005,
Chang 2006). The eroded and then suspended sediment increases turbidity, reducing the
visibility distance in the water body, and the depth at which photosynthesis takes place.
Suspended sediment can directly damage fish gills, diminish drinking water quality and
impair irrigation systems (Lewis 1998, Gomi et al. 2005).

1.1 Goals and motivations for the study

The need for multi-institutional collaboration motivated the development ofrém&work
The soil erosion risk of forested catchments in Hungary is being researched by the Hungarian
Forest Research Institute in the Matra Mountains (Banky 1959, Ujvari 1981), and by the
University of West Hungary in the Sopron Hills (Kucsara — Racz 1988, Gribovszki 2000,
Gribovszki — Kalicz 2003, Cséfordi et al. 2010, Csafordi 2010). Several studies from Leibniz
University of Hannover have analysed the effects of soil conservation activities on
agricultural plots in Lower Saxony, Germany (Mosimann et al. 2004, Sanders 2007, Bug
2011). A comparative study concerning potential soil ero®stimation with the USLE is
planned in cooperation with the University of Hannover. The scopes of the study are
» to develop a workflow in the ArcGIS Model Builder which predicts soil erosion with
the Universal Soil Loss Equation (USLE) in a uniform way, creates a similar type of
zonal statistics based on potential soil loss, and compares the results of different study
areas. This framework can be a new tool which simplifies and accelerates the soil
erosion prediction for different land use practices, land cover, and rainfall scenarios
related to expected climate change;
» to model the potential surface erosion in the Farkas Ditch (Sopron Hills);
» to reveal USLE-factors, which significantly influence surface erosion in the study
catchment, using correlation analysis.
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1.2 Spatially distributed physical soil erosion models and the USLE

Many models have been developed to predict areas that are susceptible to water erosion, to
predict soil loss, and to evaluate soil erosion-control practices. Physically based models like
WEPP (Nearing et al. 1989), EROSION-3D (von Werner 1995), or LISEM (De Roo et al.
1996) take the spatial variability of land use and hydrological processes into account and
estimate soil loss based on physical laws on a watershed scale. However they often can not be
used because of extensive data requirements. Many input parameters require further calibration,
complex laboratory analysis or expensive field data collection (Ma 2001, Beskow et al. 2009).
Lack of data may lead to unrealistic predictions (Fistikoglu — Harmancioglu 2002).

In contrast to physically based models, Martin et al. (2003) note that empirical models
such as the USLE require less site specific data. Therefore the USLE is more widely applied
for predicting of soil losses and for planning soil conservation measurements, especially in
developing countries (Jain — Kothyari 2000, Lu et al. 2004, Onyando et al. 2005, Erdogan et
al. 2007, Pandey et al. 2007). The USLE is an empirical equation originally developed by
Wischmeier — Smith (1978) in the USA, where the average specific soil loss pro unit area can
be computed by multiplying the following six factors:

A=R-K-L-S-C-P (1)

In Eg. (1) A is the mean annual soil loss (f'ha'); R is the rainfall-runoff erosivity
(kJ-m*mm-h"), which represents the erosion potential of locally expected rainfalls on
cultivated soil without vegetation cove. is the soil erodibility (t-Han?-kJ*-h-mmt). It

shows the rate of soil loss per unit of rainfall for a specific soil for a clean-tilled fdllasv.

the length of the slope (dimensionless), the rate of soil loss compared to the soil loss from a
slope 22.13 m longS represents the slope steepness (dimensionless), the rate of soil loss
compared to the soil loss of a slope with a 9% inclinat@ris the cover-management
(dimensionless), which shows the influence of plants in contrast to bare f8lasvihe
erosion-control practice (dimensionless). Control practices are usually contours, strip
cropping or terraces (Centeri 2001, Amore et al. 2004). The calculated soil loss can be
compared to the tolerable soil loss. The tolerable soil loss is the maximum level of soil
erosion that still allows a high level of crop productivity over the years (Stone — Hilborn
2000, Severin et al. 2003).

Many authors have discussed the applicability of the USLE in different study areas.
Originally, the USLE allows the long term prediction of soil loss only for standardised
agricultural plots (Wischmeier — Smith 1978, Schwertmann et al. 1987). The adaptation of the
equation to a wider scale and to different land uses, such as forests, is not recommended by
Wischmeyer — Smith (1978). However, several other authors have proven that the USLE is
capable of estimating soil loss on a wider scale (Jain — Kothyari 2000, Onyando et al. 2005,
Khosrowpanah et al. 2007, Beskow et al. 2009). Racz (1985) has suggested factor values for
the USLE adaptation in forest lands of Hungary. Bartsch et al. (2002) have applied the
empirical equation to determine the most erosion sensitive areas in a rangeland with complex
topography and varied land uses such as grazing and military actikitreajor problem is
the value of the predicted solil loss. It can exceed the actual values by one order of magnitude
in forested areas. Because the soil distribution is mostly irregular and surface runoff is often
prevented by organic debris (such as logs, twigs, and sometimes leaves), the USLE
overestimates the soil loss (Risse et al. 1993). The USLE was developed for the prediction of
sheet and rill erosion. However the results show no separate values for rill and inter-rill
erosion, but overall soil loss only. The USLE is also not feasible for estimating the amount of
deposition, and for calculation of sediment yield from gully, streambed and streambank
erosion (Wischmeier — Smith 1978, Fistikoglu — Harmancioglu 2002, Andersson 2010). The
equation was primarily designed for calculating long-term average annual rates of erosion
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(Stone — Hilborn 2000, Beskow et al. 2009). It is therefore necessary to develop techniques
to estimate soil loss for individual storm events (Jain — Kothyari 2000). Andersson (2010)
cites that interactions between USLE-factors are not taken into account.

1.3 Soil erosion models and Geographical Information Systems

Soil erosion risk differs spatially because of heterogeneous topography, geology,
geomorphology, soil types, land cover, and land use. Geographical Information Systems
(GIS) are able to handle these spatially variable data easily and efficiently. The estimation of
soil erosion with GIS techniques reduces costs and improves accuracy (Ma 2001, Erdogan et
al. 2007, Khosrowpanah et al. 2007). State-of-the-art GIS provides the necessary mapping and
interpolation methods to create a database, which includes all input datasets for erosion
modelling. The resolution should reflect the spatial variation of the hydrological and erosion
processes (Fistikoglu — Harmancioglu 2002, Beskow et al. 2009). Decreasing cell size and
increasing scale requires a large amount of data for accurate prediction. GIS is therefore most
appropriate for the management of a huge amount of data. It reduces time and costs for
accessing and handling a database (De Roo — Jetten 1999). De Roo et al. (1996), Fistikoglu —
Harmancioglu (2002), Khosrowpanah et al. (2007), and Pandey et al. (2007) describe even
more advantages of GIS, such as the production of complex input maps and the combination
of soil, land use and land cover information. With GIS techniques, the calculation of soil loss
rates for alternative land management scenarios becomes easier.

The required data for the prediction of soil loss (rainfall erosivity, soil data, digital
elevation model and land use) has to be converted into a GIS-format in order to implement
the USLE in GIS. Different authors have used GIS-based techniques to model USLE-factors
for predicting soil loss for larger watersheds on a grid cell basis (Erdogan et al. 2007,
Andersson 2010). According to Martin et al. (2003), a combined USLE/GIS approach is
able to identify discrete locations with precise spatial boundaries with a high erosion
potential. Beskow et al. (2009) validate that the combined USLE/GIS technique shows an
acceptable accuracy and allows mapping of the most susceptible areas. The studies by
Onyando et al. (2005) and Erdogan et al. (2007) contradict this. The upscaling of the USLE-
applications from plots to large watersheds is limited depending on the reliability and
availability of direct field measurements. As Fistikoglu — Harmancioglu (2002) cite, the
results of erosion risk assessment are more plausible for small grid sizes and smaller areas.
Therefore larger watersheds must be analysed as sub-basins. A comprehensive USLE/GIS
application was accomplished in Balaton Project in Hungary, where Kertész et al. (1992,
1997) have divided the Orvényesi watershed into “erotopes” which are “inclined parts of the
relief with an unconcentrated runoff in more or less the same direction” (Kertész et al. 1997
p. 22). This technique makes it possible to analyse the impact of unconcentrated runoff and
to model soil erosion in a larger catchment at quasi-plot scale or in slope segments.

The combined USLE/GIS approach is also limited by each input factor. Auerswald (1987)
states that the calculated soil loss is highly sensitive to the slope. Modern GIS-based procedures
support the calculation of other USLE-factors as well. Many studies applied remote sensing data
to develop values for th€ andP factors, to classify land cover categories and land use units
(Ma et al. 2003, Beskow et al. 2009). These studies confirm that the original spatial limitations of
the USLE can be avoided by using remote sensing data and GIS. Markus — Wojtaszek (1993a,b)
have conducted the USLE calculation in an Arcinfo environment and compared the density
differences of aerial photographs and satellite images with the erosion sensitive areas. The results
prove that remote sensing is a suitable method to check the modelled soil erosion categories and
to follow the actual stage of the erosion processes. The integration of GIS-based techniques into
the USLE is useful to describe areas that are vulnerable to soil erosion, enabling immediate
conservation planning (Lee 2004, Beskow et al. 2009).
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2 MATERIAL AND METHODS

The GlSframeworkwhich is introduced in this paper helps predict surface soil erosion. It has
been developed for a forested catchment (Farkas Ditch, G)Bikrthe Sopron Hills. Soil
erosion occurs here on cutting areas and unpaved forest roads. Landslides, streambank,
streambed and gully erosion are also observed in the study area.

The framework combines the pre-processing of digital data and different geoprocessing
tools in the ArcGIS/ArcMap 9.3 environment to generate the required factors to predict soll
erosion. In the Farkas Ditch, the input data consists of a 5x5 m raster resolution DEM (FOMI,
DDM-5), a 1:10000 scale digital topographic map (FOMI, DTA-10), aerial photographs
(FOMI, “Aerial Measurement of Hungary 2008”; resolution 0.5 m), forest management plans
(AESZ 1994, 2004), a soil map based on the analysis of soil samples from the Farkas Ditch,
and a survey of the eroded areas. The DEM is the input for modelling the catchment
boundary, the stream network, and t&factor. A specific threshold is needed to model the
stream network. A grid cell is considered to be a channel if the catchment above the point is
greater than the specific threshold (Jain — Kothyari 2000). Land cover types, land use units,
and roads of the catchment were digitalised on the basis of topographic maps, forest
management plans, and aerial photographs.

2.1 Factors of the USLE

Land units in the vector layers such as land cover and land use maps provide the spatial
distribution of the six USLE factors. To integrate the USLE in an ArcGIS/ArcMap
environment, each factor must be available as a thematic raster layer. Therefore vector
datasets must be converted into a grid format with the same raster resolution as the DEM. The
USLE-calculation is a raster-based function, where the model multiplies the unique value of
each spatially corresponding grid cell in the six thematic raster layers basedEum {i¢
The model output is the average annual soil loss (Andersson 201@.faber in this study
is determined on the basis of rainfall data recorded in the 2008—-2009 hydrological year in the
Hidegviz Valley rain gauge station (Sopron Hills). Fhéactor is estimated using a dataset of
grain size analysis, water content measurement, and organic substance analysis of 25 soil
samples collected from the upper 50 cm of the soil layer in the Farkas Ditck. fabeor is
derived from the literature according to Ma (2001) and US EPA (2009). Recommendations by
Racz (1985) based on the tree harvesting and planting techniques were applied to define the
P factor. TheC andP factors are locally modified on the basis of field experience, forestry
management plans, and visual interpretation of aerial photographs. Our previous papers
(Csafordi et al. 2010, Cséafordi 2010) describe the determination of the USLE factors in
more detail.

The LS factor is based on the DEM and the unit stream power theory of Moore — Burch
(1986). The following Eq. (2Wvas applied:

. m . n
Lsz(FlowAccumllationEpeusmej [ésmﬂj (2)
2213 00896

In Eq. (2) Flow Accumulation is a raster layer representing the upslope cell number
contributing to the surface runoff of a certain raster €l Sizerefers to the resolution of

the DEM; m andn are empirical exponents. Due to the lack of detailed digital elevation data
we applied the valuesy = 0.4 andn = 1.3, in correspondence to other international studies
such as Lee (2004) and Demirci — Karaburun (2011). Valuesasfdn have been suggested

by Moore — Burch (1986) for standard reference conditions of USLE, where the slope-length
is 22.13 m and slope is 9%.
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The tolerable soil loss values according to Racz (1985) enabled the determination of the
most sensitive areas to soil erosion. Limit values at different soil depths are: 1 t/halyr at
20 cm, 2.2 t/halyr at 40 cm, 4.1 t/halyr at 60 cm, 6.4 t/ha/yr at 80 cm, 9 t/ha/yr at 100 cm,
11.8 t/halyr at 120 cm, 15.0 t/ha/yr at 140 cm. According to the forestry management plan the
average soil depth in the Farkas Ditch is between 60 and 100 cm. However the field
assessment shows that the soil depth can be lower or higher if data with a higher spatial
resolution is available. Therefore each tolerance category is applied to enable the creation of
erosion risk maps for other catchments and local heterogeneities.

2.2 The Model Builder function of the ArcGIS/ArcMap 9.3

The ArcGIS/ArcMap Model Builder combines several GIS operations and runs these
modules with different datasets (Pfaff — Glennon 2004). A model consists of three
fundamental elements: input parameters, geoprocessing tools, and output data. Model
parameters are specific model inputs which need to be defined by the user. For example,
the user has to define the specific location of input data, or has the opportunity to specify
thresholds. Geoprocessing tools produce output data in a user-defined sequence using the
input datasets.

3 RESULTS

This chapter describes thameworkdeveloped for surface erosion analysis with the USLE in
the ArcGIS environment, the predicted surface erosion in the Farkas Ditch (Sopron Hills,
Hungary), and the results of correlation analysis which reveals the most important factors
influencing surface erosion in the study catchment.

3.1 Development of the workflow “Erosion analysis” in the ArcGIS Model Builder

The framework “Erosion analysis” consists of the four submodels: “Relief analysis”, “Soil
and land cover”, “Soil loss and statistics”, and “Regionalisation”.

3.1.1 The submodel “Relief analysis”

The submodel “Relief analysis” generates a flow accumulation grid, the channel network with
connected catchments, and computes slope features ah8 faetor.Figure 1 presents the
conceptual flow chart of the first submodel. The blue ellipses mark the input model
parameters, while green ellipses are the input layers.

In the first section of the model run, the “Flow Direction” raster is produced after
correcting gridding artefacts. The “Flow Direction” contains the preferred direction of
flow of each cell, and provides the basis of the “Flow Accumulation” raster, namely the
accumulated flow to each cell. The user must providethiheshold areafor channel
initiation in order to create an adequate “Channel Network”. The threshold area in our
study is based on a visual trial, a comparison between the results of testing different
values and the real channel network observed in the field. The modelled channel network
coincides with the real geographical conditions of the Farkas Ditch when the threshold
area is 12,500 m2. The model generates the “Catchment boundaries”, the selection basis of
the study catchment according to the “Channel network”. Catchment boundaries and
channel networks are available as raster layers at first, therefore the model converts them
from raster layers into features in order to support the work with separated polylines and
polygons during the following steps of erosion analysis. The modelled stream networks and
catchment boundaries are only usable if the DEM supplies reliable outputs, therefore they
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have to be checked by the user. In our case study these layers were generated inaccurately and
had to be digitized manually. The last steps of the first phase of the “Relief analysis”
submodel are the calculations of slope conditions in degrees and percent rise.

Figure 1. Conceptual flow chart of the first submodel “Relief analysis”

Eq. (2) describes the second part of the “Relief analysis”, whereL®efactor is
computed using the parameters “Slope &nd “Flow accumulation”, taken from the first part
of the submodelEg. (2) needs three other inputs, such as “Cell size”, “Expon&nand
“Exponentn”. The cell size is 5 m according to the raster resolution of the DEM, and the
exponent values are given in Chapter 2.1. For the calculatitu® dactor, the terrain was
simplified, and the slope-length modifying effect of artificial linear elements such as roads
and ditches was neglected.

3.1.2 The submodel “Soil and land cover”

The feature layersatchment boundary, channel network, roads, land cover types, land use,
and soil map are the result of pre-processing. The parameter “Land cover” includes the
digitized land cover/vegetation categories. The layer “Land use” consists of polygons of
different land use units, such as forest subcompartments and plots. “Soil types” shows the soil
map which is based on physical soil properties. Linear spatial elements are represented as
“Roads” and “Channel network”. “Catchment boundary” refers to the borders of the study
area. The submodel “Soil and land coveFigre 2) integrates these input layers and
generates a feature layer (“Full soil and land cover dataset”) containing all spatial information
for uploading the USLE factors which are manually calculated.

The unpaved roads are mostly damaged by gully erosion caused by concentrated runoff
in the experimental catchment. Since normally the impact of unconcentrated runoff is
modelled by the USLE (Kertész et al. 1997), erosion calculation has not been conducted
with the USLE on the surface of dirt roads and channels. Therefore all linear elements such
as roads and channel networks must be removed from the study area. In the ArcGIS
geoinformatical software, the vector layers “line type” do not have width. If linear elements
need to be handled as areas in order to be erasable from the combined layer (“Union of land
cover, land use, soil types, roads and channels,”) width has to be added to the lines.
Therefore the lines are buffered with a half cell size buffer distance (2.5 m in this study),
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consequently the lines can be rasterised and erased for subsequent USLE-calculations. After
this step, roads and channels were replaced as hollows (“Land cover, land use and soil
dataset without the area of linear elements.”) Surface erosion modelling is not interpreted in
these areas.

Figure 2. Conceptual flow chart of the second submodel “Soil and land cover”

The final section of the second submodel removes unnecessary attributes of the “Full soill
and land cover dataset”, as defined by the parameter “Drop Fields”. This step provides the
layer “Full soil and land cover”, which shows the complete spatial database combination and
the final structure of the attribute table for the soil erosion analysis. The attributes are: Object
ID, Soil type, K factor, Land use unit, Land use practice, P factor, Code number of land cover
category, Land cover category, C factor, Polygon area and R factor.

The R factor values are calculated with MS Excel. ThandP factors have to be filled
in manually in the attribute table based on visual interpretation of aerial photographs and
field experience. Because of this drawback the workflow is recommended principally for
catchments smaller than 1 knThe benefit of the submodel is that several small polygons
are produced with multiplied intersections, and different factor values can be given for each
small polygon. This leads to a higher spatial resolution and to a more precise prediction of
soil loss.

3.1.3 The submodel “Soil loss and statistics”

The submodel “Soil loss and statisticBigure 3) computes the potential soil loss, evaluates and
summarizes soil loss and elevation data in each land use unit and land cover category. The
parameter “Full soil and coverage” contains the attribute field® &f C andP factors. These
attributes are converted into separate thematic raster layers, using the cell size determined by the
“DEM”. The model multiplies the rasterised USLE factors on a cell-by-cell basis usitiythe

(1), resulting in the potential specific annual soil loss by surface erosion for each cell.
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Figure 3. Conceptual flow chart of the third submodel “Soil loss and statistics”

The “DEM”, “Slope (%)”, “Land use units” and “Land cover categories” generated by

the second submodel are the input layers for statistical analysis. The tool “Zonal Statistics
as Tables” summarizes the values of a raster, such as elevation data, percentage slope
conditions and soil loss, within the zones of another dataset (land use units and land
cover/vegetation types). Tables contain the area of the polygons in the zone dataset,
maximum, minimum, range, mean, standard deviation and sum. The tool “Zonal Statistics
as Maps” reports the average and total soil loss for each land use category and land cover
type as a raster map.

3.1.4 The fourth submodel “Regionalisation”

To enable an area-based comparison between predicted and measured soil erosion, the
calculated soil loss is converted from a raster into vector format. This allows:

» the comparison of the location of potential and real eroded surfaces,

» the comparison of the size of modelled and observed eroded surfaces.

The submodel “Regionalisation” converts a classified raster layer of soil loss into
polygons, keeping the soil loss categories of Racz (1985). The input soil loss raster has to be
multiplied by a given constant value 10 in the first section of model run, in order to avoid
conversion errors at raster values smaller than 1. Conditional if/else evaluation on each cell
of input raster is applied to select distinct soil loss classes, which are the basis of generating
separated polygons. The last steps integrate polygons of each soil loss category and
calculate their area in‘mFigure 4 shows the raster map of modelled soil erosion on the left
and the soil loss classes as polygons after conversion on the right.
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Figure 4. The raster map of modelled soil erosion and polygons after conversion

3.2 Soil erosion prediction in the Farkas Ditch

A surface soil erosion scenario was modelled with the ArcGIS Model Builder workflow for
the hydrologic year 2008—2009 in the Farkas Ditch using the USLE factors shown in Table 1.

Table 1. USLE factors and predicted soil loss

Factors of the USLE
K (thatm*kJ*

g -2- -1 . -1- -1
R (kIm™“mnmrh™) hmnY) LS C P A (tha™yr™)
Value /
108.4 (constant) 0.32-0.42 0-95.6 0.003-0.01 0.2-0.4 0-6.1
Interval
Mean - 0.36 6.9 0.006 0.24 0.5
SD - 0.09 0.002 0.08 0.5

Figure 4 presents a part of the soil erosion risk map with the most endangered zones.
Figure 5 shows the percent area of each soil loss category according Racz (1985) out of the
total catchment area, proving that the predicted surface erosion does not exceed the
6.4 tha’yr! (the limit value at 80 cm soil depth) in any grid cell. Moreover surface erosion
remains below 2.2-ha'yr! (82.89%) in the Farkas Ditch. The total predicted soil loss is
26.4 tons from the 0.56 ha area of the Farkas Ditch without roads and channels.

16.33%

0-1.0
75.45%

Figure 5. Percent area of the soil loss categories
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Figure 6. Mean and total surface soil loss with the mean LS factor for each land use unit

Mean and total surface erosion have been calculated for each land use unit and land cover
type as given irkFigures 6 and7. The predicted soil loss does not rise above the tolerance
limit in any area unit, but spatial variability of the erosion risk can be observed. The triangles
represent the mean LS factor in each area unit, revealing that surface erosion risk has a
significant correlation with the slope-length conditions in the forest subcompartments.
Nevertheless, théS factor does not account for the fluctuations of mean soil loss in the

different land cover types.

Mean and total surface soil loss with the mean LS factor at each land cover type
T80 T 16.00
Bhzan (USLE: tha-1} Sum (USLE: t} ALSfactor_mean
T 14.00
1.00
_— T+ 12.00
S
E’_ 0.80
= 0.0
-=
]
= 0.60 5,00
= G -
w S A A
g A
E A + 5,00
o 040
=
=
E T 4.00
=L
0.20
! n [
0.00 - t t + + + + - 0,00
Meadow/ Regrowth Young Coniferous Mixed Beechforest Deciduous Coniferous Riparian Coniferous
Meadow with deciducus forest!/Young deciduous mixedoaks/ forestmixed forestmixed deciduous forestwith
besch forestmixed coniferous torest- Beechforest  spruce deciduous forest clearances
seedlings spruce forest borderland trees
mixed spruce
Land cover

Average LS factor; Total soil loss ()

Figure 7. Mean and total surface soil loss with the mean LS factor at each land cover type
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The preliminary assumption was that the lowest erosion risk is in forested zones, however
the model results and field experience partly contradicted this hypothesis: e.g. “riparian
deciduous forest” and “beech forest mixed oaks / beech forest” show the highest mean soil
loss from steep slopes, the landslides next to the stream network, the sparse canopy closure,
undergrowth and litter layer. However the highest mean soil loss value is also six times lower
than the tolerance limit, emphasizing the solil protection role of forest vegetation.

3.3 USLE-factors influencing surface soil erosion in the Farkas Ditch

To assess the most determining factor for potential surface erosion in the Farkas Ditch, a site-
specific correlation analysis was conducted. The results are showabie 2. Marked
correlations lfold valueg are significant ap < 0.05. TheC factor is obviously the most
important factor for the mean specific soil loss at the land cover categories, and the size of
each unit has the most significant correlation with the total surface soilMoss. factors

show significant correlations with the soil erosion on the land use units, ah® tlaetor has

the strongest influence aside from the unit area.

Linear elements such as roads and channels were erased from the combined land use and
land cover map, so the surface erosion analysis with the USLE was not interpreted in the
areas of roads. To evaluate the soil detachment from dirt roads and skid trails, the physically
distributed model EROSION-3D was applied in our previous paper (Cséfordi 2010).
Calculations with EROSION-3D indicated that the mean soil loss from unpaved forest roads
is six times higher than the average soil loss per land use unit. Consequently linear erosion
has a higher importance as an erosion source in the Farkas Ditch than surface erosion.

Table 2. Correlation between soil loss and different factors influencing surface erosion

Area LS-meanLS-max K-mean K-max C-mean C-max P-mean P-max

Land cover categories

Soitloss- 555 gos  —018 004 -022 069 038 041 —0.49

mean

SOIl0%S 095 024 022 006 023 019 023 021 030
Land use units

Soilloss- 575 086 077 050 064 031 029 022 023

mean

SOIl0SS" 004 062 072 026 049 019 026 017 0.6

4 DISCUSSION

A number of international studies describe USLE/GIS implementation, and our ArcGIS
workflow provides evidence that erosion modelling with the USLE can be adapted to a GIS-
environment. Producing thematic raster layers of USLE-factors in GIS and calculation of soil
erosion using them is discussed among others by Kertész et al. (1992, 1997), Markus —
Wojtaszek (1993a,b), Jain — Kothyari (2000), Lu et al. (2004), Onyando et al. (2005),
Erdogan et al. (2007), Pandey et al. (2007) and Beskow et al. (2008). Khosrowpanah et al.
(2007), Andersson (2010) and Demirci — Karaburun (2011) have also performed their
analyses within an ArcGIS/ArcMap framework. The workflow of Khosrowpanah et al. (2007)
can achieve a more accurate prediction, because a C++ executable program (Van Remortel et
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al. 2004) computes tHeS factor for each grid cell of the DEM input. Our research is limited
to erosion prediction, but Jain et al. (2010) have calculated sediment yield and deposition
besides soil loss, using the spatially distributed sediment transport capacity.

Although we do not have direct field measurements of surface soil erosion, a total
sediment load has been applied to verify the reliability of the predicted soil loss. According to
our previous study (Csafordi et al. 2011) the total sediment yield is 95.1 tons in the hydrologic
year 2008-2009 in the stream of Farkas Ditch. The total surface soil loss reduced the
sediment delivery ratio by 50% (Cséfordi et al. 2010). There is a 13.9% portion (13.2 tons)
from the annual sediment load, and a depleting sediment deposit behind a log jam has a
16.6% (15.8 tons) contribution to the sediment load. Surface erosion does not represent the
major part of sediment resources in the Farkas Ditch in the reference period, therefore other
erosion phenomena, such as mass movement and channel erosion, have to be calculated. Lee
et al. (2004) have compared the surface erosion potential map with landslide location data and
found that many landslides occurred whereltBdactor is 0 and the soil loss value is 0. This
fact draws our attention to the possible errors oflLiBefactor calculating process, to the
requirement of DEM with a higher raster resolution, and that it is not sufficient to evaluate
surface and linear erosion in the Farkas Ditch where landslides are frequent.

Erdogan et al. (2007) have demonstrated the same results as our study in the Kazan
watershed, Turkey, that soil erosion potential of the poorly managed pastures was lower as in
the land of the dense forest due to relatively highealues. Furthermore, the topographical
properties of the watershed had a greater influence on the magnitude of soil loss than land
use/land cover types. The significance of slope conditions has also been confirmed by
Demirci — Karaburun (2011), where 73% of the mostly agricultural Buyukcekmece Lake
watershed had low and slight erosion risks with values undea3yr™. The majority of land
with low and slight soil erosion risks has slopes <5%. Nevertheless, predicted surface erosion
remains below 2.2ha™yr* on 82.9% of the Farkas Ditch, in the Sopron Hills, while this rate
was only about 60% in the Kazan watershed. There is a significant difference in the
judgement of erosion tolerance limits according to the soil depth, because Erdogan et al.
(2007) mark the >1ha’yr! soil loss as an irreversible change, whereas soil loss below
4.1 tha’yr* means tolerable risk in our catchment (Racz 1985).

5 CONCLUSION AND SUMMARY

This study describes a new implementation of the Universal Soil Loss Equation (USLE) in a
GIS-environment using the ArcGIS Model Builder. The four-part combination of
geoprocessing tools unifies the surface soil erosion prediction in small catchments and
accelerates the working process. Nevertheless further studies are required to ensure the
comparability of result structures (attribute tables, statistical values and maps) and the model
efficiency, when the workflow is applied to evaluate potential soil erosion in different
catchments with different land use and rainfall scenarios. Plans to apply the model in other
forested catchments in Hungary and agricultural catchments in Lower Saxony have been
made to further improve and to expand the model. With this application the spatial
transferability of the workflow will also be analysed.

This paper describes a new aspect of GIS-supported erosion analysis in the field of
forestry. Surface soil loss is computed with a cell-by-cell multiplication of six factors
derived from rainfall records, soil maps, DEM, land cover and land use data. The first
submodel “Relief analysis” delineates the catchments, produces the stream network, and
computes the slope conditions and the LS factor. The submodel “Soil and land cover”
combines land cover, land use and soil database into one layer generating an attribute table
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with R, K, C andP factors. The third submodel “Soil loss and statistics” calculates soil loss
using rasterised USLE-factors from the attribute table of the input layer. The submodel
aggregates and calculates a statistical analysis of elevation, slope and soil loss values as a
table or as a map for land use units and land cover/vegetation categories. The submodel
“Regionalisation” converts the raster layer of potential soil loss to polygon keeping the
erosion risk categories set in the raster theme. The submodel computes the area of erosion
classes enabling the comparison of predicted erosion to field data.

A surface erosion scenario for the hydrologic year 2008—-2009 was modelled in a small
forested catchment, Farkas Ditch in the Sopron Hills, using the developed ArcGIS model.
Although there is significant deviation between the erosion of different land cover, the
predicted soil loss does not rise above the tolerance limit in any area unit. Regenerated areas
with dense grass cover also have a significant soil protection function, because neither the
mean nor the maximum surface soil loss exceeds the limit value. The predicted soil erosion
mostly depends on the slope conditions in the forest subcompartments.

To confirm the results of USLE-evaluations, direct field measurements of surface soil
erosion are required. Some improvements are projected for the future in order to achieve more
reliable prediction results for smaller catchments and to extend the framework for larger
watersheds. More precise automatic delineation of stream networks and catchment boundaries
can be ensured by application of detailed DEM involving artificial linear elements, such as
roads and ditches, which modify the slope-length and rainfall runoff. To obtain an accurate
LS factor, real slope-length has to be considered, and different calculation techniques should
be used. Manual uploading of cover-management and erosion-control practice factors can be
automatized. But this operation may lead to a decrease of the spatial resolution of factor
values, because the user has no control over the setting@ftha: Pfactors.
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Climate Change and Conservation
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Abstract — Conserving forest genetic resources and, indeed, preventing species extinctions will be
complicated by the expected changes in climate projected for the next century and beyond. This paper
uses case examples from rare spruces (Pspepfrom North America to discuss the interplay of
conservation, genetics, and climate change. New models show how climate change will affect these
spruces, making it necessary to relocate them if they are to survive, a tool known as assisted migration
or, preferably, assisted colonization. The paper concludes with some speculation on the broader
implications of climate change, and the relevance of conservation to preserving the necessary
ecological services provided by forests.

conservation genetics / assisted colonization / extinctionPicea mexicana / Picea martinezi /
Picea chihuahuana/ Picea breweriana

Kivonat — Klimavéltozas és génmeiyzés Az erdészeti genetikai @&orrasok megrzése, és
kilondsen a fajkihalasok megakadalyozasa az évszazad végére (és azutamanedtitett
klimavaltozas fényében nehéz feladatnékik. A tanulmany ritka észak-amerikai lucfényajok

példajan targyalja a klimavaltozasbo6l ad6d6 genetikai é$nzéegj problémak egyuttesét. Modellek
mutatjak be klimavaltozas hatasat a luc fajok elterjedésére. Ezek szerint szikség lesz a fajok
megmentése érdekében a mesterséges attelepités, ill. kolonizacié megoldasara. A tanulmany kitér a
klimavéltozas tagabb kdvetkezményeire és a konzervacionakdalkend okoldgiai szolgaltatdsaiban
jatszott szerepére.

konzervacio-genetika / mesterséges kolonizacio / kihaldsPicea mexicana / Picea martinezi /
Picea chihuahuana/ Picea breweriana

1 INTRODUCTION: EX SITU AND IN SITU CONSERVATION

Conservation efforts can be placed into two categories: ex situ, meaning out of place, such as
in clone and seed banks, and in situ, meaning in place, as in natural reserves. In situ
conservation to most people meant natural forests in protected areas. In the last several
decades, most advocates for the conservation of forest genetic resources in North America
concluded that in situ conservation had significant advantages over ex situ conservation.
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Both ex situ and in situ conservation can provide for future economic values, such as
the discovery of new products, like taxol (Wheeler — Hehnen 1993). But, in situ
conservation has other values, such as ecologic: forests provide services through the
carbon cycle and many other geochemical and hydrologic cycles. Esthetic values: forests
enrich our world, both by their own beauty and because of the many creatures they shelter
which, by the way, it may be our moral duty to protect, according to most of the world’s
major religions. In situ conservation does all this with a minimum of input and expense.

However, in the future, probably no temperate forest will be truly natural and wild,
even in North America. They will not be natural because society will have to move species
and forests to prevent extinctions due to rapid climate change combined with limited seed
dispersal. Although forest species and genetic resources cannot be maintained solely in
seed banks, nevertheless, they will not be maintained without seed banks either, or at least
without some form of ex situ conservation. Assisted colonization will be necessary to
prevent the loss of genetic diversity and even species extinctions, but assisted colonization
(or reforestation or some other term), also will be necessary to restore forests and the
ecosystem services that they provide as current forests are reduced by climate change.

1.1 Gene Conservation and Conservation Genetics

To facilitate discussion of forest conservation, some terminology needs to be clarified; in
particular, the phrases ‘gene conservation’ versus ‘conservation genetics’. Gene conservation
is about the preservation of genes for their future utility to breeders. That can be
accomplished ex situ, in bottles and bags — seed banks.

Conservation genetics is about the genetic conditions for survival, reproduction, and
evolution in response to changing environments. This is about maintaining healthy forests,
which cannot be done in bottles. However, genetically healthy forests serve the purposes of
gene conservation just as well or better than seed banks. Conservationists have talked far too
much about gene conservation and far too little about conservation genetics.

1.2 Genetics and Extinction

External pressures threaten the survival of species, populations, and genetic resources, and
therefore, threaten the forests themselves. These threats are usually human-caused. Among
these external pressures, the most important may be habitat destruction, exploitation,
introduced pests and diseases, pollution, and climate change. What exactly do these
threats do? It is so simple, it is almost trivial. Their effect is to fragment large populations
and reduce them in size. When populations are small enough, they are classed as
threatened or endangered.

Whatever the external factors (development, over-harvest, etc.) that begin the march
toward extinction, genetic processes end it. The pioneering conservation biologists,
Michael Gilpin and Michael Soulé (1986), developed an analogy to a whirlpool or vortex
(Figure 1. The external threats reduce population size and fragment larger, more
extensive populations into smaller units. Small populations lose genetic diversity as a
result of random genetic drift. Loss of genetic diversity limits adaptation to changing
conditions, which leads to even smaller populations. The smaller population, the more
inbreeding, even if mating is completely at random, because the choice of mates is
reduced. Inbreeding results in loss of fitness in most organisms, and the population
becomes even smaller. Fragmentation increases separation among subpopulations, which
means less gene flow within the metapopulation, and genetic diversity can no longer be
maintained, contributing to the reduction in size. Demographic variation becomes more
likely in small populations, ratcheting them still lower in size. And so on in a feedback
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circle, until these stochastic processes drive the population to extinction.

Demographic
Variation

More,
Genetic

Drift

Figure 1. The genetic extinction vortex (Gilpin — Soulé 1986). External threats —
urban and agricultural development, climate change, invasive species and diseases,
overexploitation, and other factors — reduce available habitat and fragment species into
smaller population. The smaller the population, the more genetic drift, which
reduces diversity. Diversity cannot be replaced by gene flow because the fragments
are isolated by distance The reduction in genetic diversity limits adaptation to
environmental changes. The smaller the population, the more inbreeding and
inbreeding reduces fitness. All of these stochastic genetic processes operate along
with demographic stochasticity and tend to further reduce population size in a
positive feedback cycle until extinction is inevitable. All extinctions, with the exception
of catastrophic extinction, may be the result of genetic factors in the final analysis.

This is documented in the case of the greater prairie chickgmp@nuchus cupido)
where even habitat improvement could no longer save the subpopulation in lllinois, USA
(Westemeier et al. 1988), and in the Glanville fritillane(itaea cinxia), the first report of
extinction linked to lack of genetic diversity and inbreeding in natural populations in the
Aland Islands (Saccheri et al. 1998).

1.3 Genetics in Conservation

If genetics is the final factor in the destruction of forest species, genetic knowledge can also
help in conservation. Some of the ways are: clarifying taxonomy; guiding the choice of where
to place reserves; and diagnosing problems, such as lack of diversity, lack of gene flow, or
excessive inbreeding.

The most basic way genetics enters into the conservation decision is through taxonomy.
We must know what is out in the forest before we can even think about ways to save it. What
should be saved? For exampgRicea mexicana anBicea martineziwere not recognized as
species eight years ago. The foremost authority on conifers (Farjon 2001) Pezdad
mexicana as just a few, isolated, Mexican populations of a more common northern species,
Picea engelmanniiand Picea martineziiwas considered identical ®icea chihuahuana.
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Without taxonomic status, there can be no protection, neither under law nor through public
awareness.

We now know from genetic studies using markers, both isozymes and from DNA, that
Picea mexicana is very different froRicea engelmanni{Figure 2). The data indicate that
Picea martineziiandPicea chihuahuana have been separate species for 2 to 3 million years
(Ledig et al. 2004).

—— Sierra el Coahuiléon

68
100 L Sierra la Marta P. mexicana
100 L Cerro Mohinora
93 Dixie National Forest | P. engelmannii
Dixie National Forest ’ P. pungens
— LaTinaja
54
100 L Cafion el Butano (1 & 2) P. martinezii
100 Canon el Butano (3)
— Vinihueachi (3)
100 P. chihuahuana
—— Vinihueachi (1 & 2)
Shasta-Trinity Nat. Forest ‘ P. breweriana

Figure 2. Neighbor-joining phylogenetic tree based on dissimilarity distance (Nei — Li 1985)

Figure 2 demonstrates thaPicea chihuahuanaP. martinezij and P. mexicana are
separate species and that they are distinct fPorengelmanniiP. pungends sometimes
confused withP. engelmannibut the two are obviously distind®. breweriana was used as
an outgroup to anchor the tree. Numbers near nodes are percentage of 1000 bootstrap
replicates that justify the node (Ledig et al. 2004).

2. RESULT: CASE EXAMPLES — MEXICAN SPRUCES

The Mexican spruces are largely unknown to most foresters, even in Mexico. There are
three species of spruce in Méxicdeiqure 3a,b,3. They have highly fragmented ranges,
small populations, and are relicts of past glacial periods. Localized, fragmented species
are always more at risk of extinction than widespread species, such as Canada’s
transcontinental spruces.
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3a: Picea mexicana: 3b: Picea chihuahuana:
3 populations spread over 676 km, 39 populations spread over 687 km,
tallest peaks — 3350-3550 m, < 4,000 trees ravines at 2155-2990 m,

24,211 trees > 2 m tall

3c: Picea martinezii:
6 populations spread over 147 km,
at elevations 1820-2515 m < 2,000 trees

Figure 3.Photos and some data on the rare, little-known Mexican spruces,
which occur in remote areas of the Sierra Madre Oriental and Sierra Madre Occidental
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Studies of the Mexican spruces began because of the North American Forest Commission
and its Forest Genetic Resources Working Group (FGRWG), which includes three delegates
from each country in North America — Canada, México, and thePi¢8a chihuahuanérst
drew our attention. However, all the Mexican spruces are wonderful models to study the
effects of fragmentation and population size on genetic processes. The FGRWG undertook
studies of the Mexican spruces in a spirit of international cooperation.

A great deal of international cooperation was needed. Many colleagues and | worked
together and as a result learned a lot about these rare spruces. The project was begun largely
thanks to Teobaldo Eguiluz, the founding director of the Centro de Genética Forestal in
Chapingo. My late colleague, Basilio Bermejo, shouldered much of the burden when he
became director of the Centro de Genética Forestal. However, Celestino Flores deserves most
of the credit for carrying out extensive investigations in the mountains of Mexico.

Picea mexicanas the rarest of the Mexican spruces (Ledig et al. 2000). It occurs in only
three locations. Two locations are in the Sierra Madre Oriental, the eastern mountain range of
Mexico. One location is on Sierra la Marta, where most of the population was destroyed by
fire 30 years ago. Another population is on Sierra el Coahuilon, only 5 km from Sierra la
Marta. These two peaks are among the highest in the Sierra Madre Oriental. The third
location is on Cerro Mohinora, 676 km away in the Sierra Madre Occidental, the western
mountain range of Mexico. Cerro Mohinora is the highest peak in the State of Chihuahua.

Like Picea mexicanaPicea martineziialso occurs in the Sierra Madre Oriental. When |
began work on the Mexican spruces, we knew of only two populations. These were discovered in
1984 by Glafiro Alanis and a visiting German professor, Burkhardt Miuller-Using, at the
Universidad Autonoma Nuevo Leon in Linares (Muller-Using — Alanis 1984, Muller-Using —

Lassig 1986). One location was at a site called La Trinidad, a population of about 350 trees at

the foot of El Butano, a cliff that rises over 200 m above the spruce. Another, separated from
the first by 147 km, had about 68 trees. Both sites are in the State of Nuevo Leon. Later,
Celestino Flores discovered four other groups of trees near Aramberri, a village in the middle
of the desert at the base of a high sierra that provides refuge for remnants of the North
American Arcto-Tertiary forest (Ledig et al. 2000).

Picea chihuahuana more widespread than the other two Mexican spruces. We have
found 39 populations (Ledig et al. 2000). They are spaced over 687 km north-south in the
Sierra Madre Occidental — north and south of the famous Copper Canyon country, Cafon del
Cobre. Chihuahua spruce almost always occurs in steep arroyos where the sun may not reach
until noon.

The map Figure 4) gives some idea of how fragmented these three species are. All of
these species are considered endangered because of the small numbers of populations and the
small numbers of trees. Manuel Mapula and Celestino Flores counted and measured every
tree ofPicea chihuahuanand all saplings and seedlings above 0.3 m tall (Ledig et al. 2000).
There are less than 25,000 trees in the 39 stands.

Data on the other two species are not precisePlmga martineziicertainly has fewer
than 2000 trees, probably less than 1@I6ea mexican&as only three stands and probably
less than 4000 trees.

There are other demographic reasons to be worried about these species. Reproduction is
scarce. FoiPicea chihuahuana, on which we have good data, the ratio of seedlings and
saplings to trees is less than in northern spruces, slRikess rubengandPicea engelmannii
(Table 1).
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Figure 4. Map of Mexico and the extreme southwestern United States showing all the
present locations of Picea chihuahuan®),(P. martinezii (1), P. mexicanax),

and for comparison, locations of P. engelmanmi)(in the southwestern United
States. The areas predicted to be climatically suitable for the two mitotypes of P.
chihuahuana are in light blue (northern mitotype) and dark blue (southern mitotype).
The yellow is where the climate is predicted suitable for P. martinezii and the red is
predicted to be climatically suitable for P. mexicana. The insets magnify detail in
significant areas. See Ledig et al. (2010) for details on the modeling procedure.
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Table 1. The ratio of seedlings and saplings to trees ( >2 m height) in Picea chihuahuana,
P. rubens, and P. engelmannii. Data for the latter two species are from Burns and

Honkala (1990).
Species Mean Range
Picea chihuahuana 0.59 (+0.05) 0.09 — 1.4%7
P. rubens 13.02 1.87 — 26.85
P. engelmannii 2.34 0.24 — 7.33

! Omitting an outlier of 3.18, a stand which had beecently harvested, leaving predominantly seedlings and
saplings.

Why is reproduction scarce? Seed germination may be an explanation, but not the
ultimate explanation. The highest value we obtained for seed germination was 54% in seeds
from one of the largest stands Ricea chihuahuana, one which has over 2600 trees and is
only a few kilometers from a stand with over 3500 trees (Ledig, unpublished data); in other
words, a large, healthy population. Seeds from other, smaller populations had lower rates,
approaching zero in many small stands. In the Ric®a martineziistands of about 60 and
350 trees, germination averaged 7%. Much older seeds of the widespread U.S. Rpeaes,
engelmannii(about 20 years old when tested) had substantially higher germination rates,
about 85%. Therefore, some of the reason for the low seedling-sapling:tree rRiceaf
chihuahuana might be a result of low seed germinabilty.

2.1 Conservation Genetics and the Mexican spruces

We used molecular markers, mostly isozymes, to analyze genetic variation in all three spruces
(Ledig et al. 1997, 2000, 2002), providing extensive knowledge of their population genetic
structure. I've mentioned above that the data showed convincingly that the Mexican spruces
are phylogenetically distinct from each other and from thdid8a engelmanniiLedig et al.

2004).

We also know that genetic variation is lower than normal for conifers. What does this tell
managers? That they should concentrate protection on the populations with the greatest
genetic variation because those populations have the greatest potential for adaptive evolution.

We know that today chance — random genetic drift — is the most important genetic
process in these populations, overwhelming natural selection. In these situations, mutations
reach high frequency even as the population loses genetic variation. And these mutations
reduce fithess because the vast majority are deleterious. What does this tell managers?
Managers should help the populations increase in size through silvicultural methods and
enrichment plantings so that genetic drift is less important.

We know that exchange of genes among populations by pollen or by seed dispersal is
near zero, especially, iRicea chihuahuana. Therefore, much of the genetic variation is
among populations. What does this tell managers? Managers should encourage gene flow and
maintain as many populations as possible.

We have looked at the mating system — the proportion of self-fertilization and
outcrossing — and found that selfing is very high, sometimes 100%. This is completely unique
in conifers. The result is inbreeding and a great loss in fitness. This inbreeding is the cause of
low seed yields and low germination rates, which explains why regeneration is scarce. What
does this tell managers? Managers should encourage outcrossing.
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There is a common thread to these management suggestions. If we encouraged gene
flow among populations, it would increase their genetic variation and reduce inbreeding
and reduce genetic drift. There are several ways to do this. We could connect populations
with migration corridors to promote gene flow. However, the stands are separated by great
distances and intervening habitat is likely to be unsuitable for these specie®fiaeg.,
mexicanais restricted to only the highest peaks in the Sierra Madre Oriental and the Sierra
Madre Occidental and these ranges are very distant from one another. No migration
corridor is possible. Another method would be to pollinate one population with pollen
from another. However, anyone who has cross-pollinated trees knows that this is wildly
impractical. The most practical way of encouraging gene flow and increasing genetic
diversity is by enrichment plantings. That is, collect seeds from various populations,
germinate the seeds and grow seedlings from them in a forest nursery, and, finally,
interplant the seedlings among different stands. When these grow to tree size, they should
naturally intercross with the locals, restoring genetic diversity and eliminating the effects
of genetic drift and inbreeding.

2.2 Climate Change and the Mexican Spruces

The management suggestions outlined above would be sufficient to restore genetic health if
the Mexican spruces existed in a static world. However, the world is not static. Change,
climate change in the past, is the reason the Mexican spruces have highly fragmented ranges
and small populations. During the last glacial maximum, spruce in México extended at least
700 km further south to the Basin of México (Clisby — Sears 1955, Lozano-Garcia et al.
1983). Today, after Holocene warming, they are mere relicts.

Foresters and conservationists must consider the effects of climate change projected for
this century and beyond (Matyas 2006). Assisted colonization — relocation — will be
necessary to conserve genetic resources and prevent extinctions. Assisted colonization has
been hotly debated in the last decade (see the discussion in Ledig et al. 2012), and | will not
rehash that here. Assuming that assisted colonization is accepted, our first guess might be
that species must be moved up in elevation or northward. Howeiera mexicanafor
example, is already at the very top of the tallest peaks in the Sierra Madre Oriental and
Sierra Madre Occidental. Where could it go? To answer that question, one must know the
future distribution of climatic niches.

For projections of the effect of climate change, | am especially indebted to Jerry Rehfeldt
and Cuauhtémoc Saenz. Cuauhtémoc Séenz developed spline climatic models for all of
México (Sadenz-Romero et al. 2010) and Jerry Rehfeldt has calculated and modeled the future
climate for all these rare spruces (Ledig et al. 2010).

We modeled the present fundamental climatic niches for all three Mexican spruces and
for southwestern populations d¢ficea engelmanniiFigure 4). For this purposeRicea
chihuahuanawas divided into two genetically different groups — north and south — called
mitotypes because they differ in their mitochondrial DNA (Jaramillo-Correa et al. 2006).

The model correctly predicts wheRecea mexicanand Picea martinezinow grow in
the northern Mexican States of Coahuila and Nuevo Ledn. However, it also shows that many
other sites are climatically suitable, such as a peak called Cerro Potosi in southern Nuevo
Leon predicted suitable foPicea mexicana. The reason these species do not grow
everywhere the climate is suitable is because these projections show the fundamental climatic
niche, not the realized niche. The realized niche may be affected, in part, by soils or by
interactions with other species — competitors, insect pests, and pathogens.

The model correctly predicRicea mexicanan Cerro Mohinora in the western Mexican
State of Chihuahua, but indicates that conditions lower on the mountain might be right for
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Picea chihuahuanas well. However, it also shows suitable habitat Pacea mexicana
southward on some high ridges in the State of Durango, where it does not now occur.

For Picea martinezji the model predicts suitable habitat in many areas where it is not
actually found in the northern States of Mexico, Coahuila and Nuevo Ledn and on the border
of the States of Nuevo Ledn and Tamaulipas. Note that the present climate far south in the
northern part of the State of Puebla in central Mexico is also predicted to be suit&eéor
martinezij but it does not occur there.

We also projected the situation for 20@€gure 5) using Global or General Climate
Models (GCMs). GCMs predict future climates. By 2060, the suitable habitat for each species
shrinks. In fact, the fundamental niche Ricea chihuahuanaisappears in Chihuahua. The
model shows both mitotypes overlapping near the Chihuahua-Durango border — the northern
mitotype on the eastern side and the southern mitotype on the western side of the Sierra
Madre Occidental. On Cerro Mohinora, Picea chihuahuana replaces Picea mexicana.

Picea mexicanalso disappears near the Coahuila-Nuevo Ledn border on Sierra la Marta
and Sierra el Coahuilon. In fact, in 2060, its habitat is gone — completely! There is no
suitable habitat for Picea mexicana in just 50 years.

For Picea martinezji the climate niche shrinks in the States of Nuevo Leon, Coahuila,
and Tamaulipas. However, it expands to the south in the east-central Mexican States of
Veracruz, Puebla, and elsewhere in the Trans-Mexican Volcanic Belt (a belt of active
vulcanism and high volcanic peaks that runs east-west across central Mexico). Peaks in the
Volcanic Belt can reach 5636 m in elevation compared to only about 3500 in the Sierra
Madre Oriental. The climate niche fBicea martineziialso appears for the first time in the
State of México and in eastern Michoacan, both in central Mexico.

Notice that habitat does not open up in the north of México nor in the southwestern US
for any of the three spruces.

By 2090, the climate foPicea chihuahuan#s predicted to shrink even more drastically
to a small area in the border region of the States of Chihuahua and Durango (Ledig et al.
2010). The climate suitable f&icea martineziis almost gone in the area near the border of
the northern States of Coahuila and Nuevo Ledn, and has shrunk badly near the border of the
States of Nuevo Ledn and Tamaulipas. However, a climate nicliicies martinezistill is
predicted around the volcanic peak, Orizaba, the highest peak in Mexico, in other mountains
along the Puebla-Veracruz border, and on the eastern border of the central Mexican State of
Michoacan.

Furthermore, in 2090 a climatic niche is predictedR@mea mexicana for the first time
on the volcanic peaks Tlaloc, Iztaccihuatl, Popocatépetl, and La Malinche in the Trans-
Mexican Volcanic Belt (Ledig et al. 2010). Suitable climateMmea martineziis predicted
below Picea mexicana on La Malinche.

In conclusion, the situation in the northern States of Mexico (Coahuila, Nuevo Ledn, and
Tamaulipas) is grim. My suggestion to Mexican foresters has been to start test [Hasdgang
martinezii and Picea mexicana on the high volcanic peaks now. If seed banks are not
established for these species soon, it may be too late.

Picea chihuahuan& an even bigger problem because the models do not show a suitable
climatic niche developing, even in the Trans-Mexican Volcanic Belt. Where can it find
suitable habitat? From the projections, that is an unsolved question. Perhaps, no suitable
climate will develop in Mexico.
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Figure 5. Composite mapping of six projections made from output of three

General Circulation Models (GCMs) and two scenarios (pessimistic — business as
usual — and optimistic — some restraints on carbon emissions) for the decade
surrounding 2060 using the majority of votes cast by the Random Forests
classification tree to determine presence or absence of four taxa. Light blue for the
northern mitotype of P. chihuahuana and sky blue for the southern mitotype; yellow for
P. martinezii; and red for P. Mexicana. The insets magnify detail in significant areas.

See Ledig et al. (2010) for details on the modeling procedure.
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3 CASE EXAMPLE — PICEA BREWERIANA

Picea brewerianais my last examplePicea brewerianais native only to the Klamath-
Siskiyou Mountains of the West Coast of the UniBtdtes — in the States of California and
Oregon. The range is fragmentédgure 6. According to fossil evidenc®icea breweriana
was once a part of the Arcto-Tertiary forest (Wdf64, Axelrod 1987). The Arcto-Tertiary
forest spanned western North America.
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Figure 6. Map of northwestern coastal North Amarighowing the range of
Picea breweriana«) and areas of suitable climate as modeled by tiedBm Forests
classification tree. Yellow means the climate wasrded suitable by one General
Climate Model (GCM), blue by two GCMs, and red nsetine climate was deemed
suitable by all three GCMs used in the modelingrapph. See Ledig et al. (2012)
for details on the modeling procedure.
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Picea breweriana has moderate levels of genetic diversity for a conifer, except in its
northernmost outlying population in Oregon (Ledig et al. 2005). It is highly outcrossing — on
average 92%, despite low stand density in several of our samples. Even when highly isolated
trees are compared to those in dense clusters, there is no increase in the level of selfing. But,
there is fairly high differentiation and low gene flow among populations. The high
outcrossing rate is in striking contrast to that in the equally fragmented Mexican spruces.

The genetic analysis is mostly good news with regaRIdea brewerianaThat is, genetic
diversity is moderate — not high, but not low either. And the rate of outcrossing is high, which is
very promising. The bad news is that at least some populations may have suffered loss of genetic
variation because of genetic drift, and gene exchange among populations is low, which tends to
isolate them, particularly those in Oregon. However, compared to the Mexican spruces, genetic
analysis suggests that it should be quite simple to maintain viable populatidriseaf
brewerianain situ. Nevertheless, because of the high level of differentiation, | would again
suggest that managers encourage gene flow, probably by exchanging seedlings among stands.

But what about climate change? Certailtcea breweriana, like the Mexican spruces,
responded to past climate changesea breweriana occurred all over the western United
States 10 million years ago, before the climate became more arid in the post-Miocene. Its
present habitat is a small fraction of its former range.

As he did for the Mexican spruces, Jerry Rehfeldt also modeled the fundamental
climate niche ofPicea brewerianaFigure 6includes its predicted present climatic niche
(Ledig et al. 2012).

Figure 7is constructed with Global Climate Models (GCM) for the decade 2060. By
2060, there will be almost no suitable climatic niche in the lower United Stat@&scka
breweriana Only one GCM has it clinging to a few ridgetops. By 2090 (not shown; see
Ledig et al. 2012) even these small areas of projected habitat are predicted to disappear.

Conversely, climate in northern British Columbia, the Yukon Territory, and southern
coastal Alaska may be suitable feicea brewerianaln Figure 7, blue means the climate
was deemed suitable by two GCMs. And if the map could be seen in magnification, it
would reveal a few red pixels; i.e., habitat suitable according to three GCMs. Note that
Picea brewerianaloes seem to match our first notions of where to move species — north —
in contrast to the situation in the Mexican spruces. The lesson is that every species and
climate combination could be unique.

Without assisted colonizatiorRicea breweriana, like the three species of Mexican
spruces, may go extinct. Therefore, Barry Jaquish (British Columbia Ministry of Forests,
Lands and Resource Operations, personal communications, 2012) is planning provenance
plantings in the Prince Rupert area of British Columbia, using seed collections from
10 populations.Picea breweriana is an example in which international cooperation may
actually save a species from extinction.

3.1 Extinction, Genetics, Climate Change, and Assisted Colonization

To summarize to this point: A massive wave of extinction will be upon us in a short time
because of the many unique threats resulting from human activities (Pimm et al. 1995, Ward
1995). Both now and later we should work to maintain genetically healthy populations,
because beyond some point, small populations will find themselves in the genetic vortex from
which they cannot escape (Gilpin — Soulé 1986). Saving genetic resources in bottles is not the
final answer, but it may be a necessary interim tool because many climate models suggest
such extensive rearrangements (Williams — Jackson 2007) that assisted colonization will be
absolutely necessary to prevent extinctions. And assisted colonization requires some mixture
of in situ and ex situ conservation methods.
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| began my career 50 years ago by advocating cesitsen in situ in natural forests. But,
if forests are moved to exotic locales, this isfdat, ex situ conservation? In fact, forests of

the future may have no present analogue.
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Figure 7. Composite mapping of the climatic nicHePacea breweriana made
from the Random Forests bioclimate model for spjgmtions using output of three
GCMs and two scenarios (pessimistic — businesssaalu- and optimistic — some
restraints on carbon emissions) for the decadeaurding 2090. Climate suitability
uses the 50 % voting threshold. Insets show inilddia Yakutat Bay - Mt. St. Elias
region of Alaska (A), the Nass-Skeena region ofidriColumbia (B), and the
Klamath region of California and Oregon (C). Dots € locate sites inhabited by
Picea breweriana that were used for the presentlymi® Shades of color code
concurrence: lightest yellow, 1 projection; darkest, 6 projections.
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4 CONCLUSION

About 20 years ago, | wrote this (Ledig — Kitzmiller, 1992):

“Foresters ... must be ready to act if the signal for global warming becomes clearer.
To prepare, national governments should launch major programs of conservation to
save native gene pools in seed banks, clone banks, or ex situ plantations.”

The signal for global warming is now clear, but in the United States, we have not
prepared. The reason for inaction is that many politicians ask whether forest species like the
Mexican spruces andicea breweriana have any real value? Why should we save them? The
ancient Hindus and Buddhists had an answer, perhaps right, perhaps exaggerated. This story
from India, for example, about a great scholar and physician, Jivak, inscribed on the wall of
the National Botanic Institute, Lucknow, India.

“Jivak, the ancient physician, when asked by his teacher to bring a plant that was
quite useless, returned empty-handed, remarking that there was no such plant.”

However, the value of a species — the value of a forest — need not be solely economic —
a piece of wood or a log that we can sell, a medicine that we can market.

The greatest value is ecologic. Forests provide indispensable ecosystem services. They
sequester carbon from the atmosphere, and that kept the carbon dioxide level in balance at
roughly 280 ppm for millions of years. It is common knowledge that forests can offset the
emissions from burning fossil fuels, but in the short term, declining forests may contribute to
the problem of global warming. Today, much of the carbon added to the atmosphere comes
from forests (Bowman et al. 2009). Burning forests to clear land for pastures, or wildfires,
accounts for a significant share of the carbon added to the atmosphere (Zarin 2012), at least
10% to 20% of global emissions. And as forests decline directly or indirectly because of
global warming, they will add more carbon to the atmosphere and sequester less; in the
forests of northern California, carbon emissions from fire are predicted to more than double
by the year 2085 (Westerling et al. 2011). The climate projections presented in Figateg 5
carry an ominous message that is not just about the North American spruces. The Mexican
spruces are not the only species that will be endangered. México alone has, perhaps, more
than 3000 woody species, and about 40% of these may be endemic (Rzedowski 1986). And
beyond Mexico, species throughout the world are at risk. Assisted colonization is needed not
only for rare species, but also for common species. Furthermore, assisted colonization is
needed not just to prevent extinction of species and loss of genetic diversity; more
importantly, it will be needed to maintain forest cowveall it restoration ecology.

The world may be embarking on a positive feedback cycle — a dangerous runaway
situation Figure 8). The increase in carbon dioxide from burning fossil fuels has resulted in
global warming, which will lead to forest decline. Forest decline has two effects: less carbon
will be sequestered and the fuel load will increase. Higher fuel load and higher temperatures
lead to more and hotter fires, and that leads to still higher levels of carbon dioxide,
accelerating global warming.
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Figure 8. Hypothesized positive feedback loop leading to increased CO
through forest decline and wildfire

Global climate change confronts the world with a massive environmental crisis, and
conserving some semblance of forest cover is a critical problem for the survival of
civilization; for our survival, not just survival of the spruces. Although | realize this is
alarmist, | am sincerely frightened for the future of our world. It may not be an exaggeration
to liken the effects of global warming to the Four Horsemen of the Apocalypse. Coastal areas
will flood, displacing millions of people. Agricultural productivity will decline in many areas,
resulting in local famine. With the refugees displaced by flood and famine will come
pestilence, and many countries will believe that war is their only option to gain needed
resources — and they will have nothing to lose.

Jose Ortega y Gassett (1914) said it poetically in an essay he wrote about seeing the
forest through the trees:

“I am myself and what is around me, and if | do not save it, it shall not save me.”

Foresters have skills in planting and managing forests, and a vital role to play in
stabilizing our environment. This is a century when foresters, in their role as restoration
ecologists, will be urgently needed.
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Genetic Variability of two Fagus sylvatica (L.) Populations
in the South-Western Edge of the Panonnian Plain

Gregor Bzi¢” — Lado KUTNAR

Slovenian Forestry Institute, Ljubljana, Slovenia

Abstract — Two beech populations at altitudes of 273 m (Vrhovo) and 657 m (Kozarje), growing on
significantly different forest site, in different ecological conditions and with different forest-
management history were selected on Gorjanci Mountains and genetically investigated by means of
isoenzyme analysis. A cline from minor to major allelic polymorphism was revealed at gene loci Aco-
B, Idh-A and 6-Pgdh-A. At locus Skdh-A, allele was observed only at the lower altitude population
Vrhovo as a heterozygote genotype Skdh-A2%). The Kozarje population of beech had a slightly
higher genetic multiplicity, a slightly higher effective humber of alleles per locus, higher observed
heterozygosity and a higher level of intrapopulation differentiation. Statistically significant differences
in the occurrence of alleles between populations were found at 5 of 16 loci. The average genetic
distance of Gregorius (1974) was 6.1%. European beech populations analyzed from different altitudes
on Gorjanci Mountains appeared to be genetically differentiated. The results presented are also
discussed in the light of the climate change impact on forests.

European beech / isoenzyme / genetic polymorphism / genetic differentiation / forest site /
Slovenia

Kivonat — Két bikk populacioé genetikai valtozatossaga Karpat medence délnyugati peremén.

Két jelentsen eltérs termbhelyen tenyésy bikk populaciot izoenzim analizis segitségével
genetikailag elemeztiink (Vrhovo, 273 m és Kozarje 657 m). A Gorjand hegyekben tenyészé
populaciok okoldgiai feltételei és émitivelési multja kilonbdak. Az Aco-B, Idh-A and 6-Pgdh-A
lokuszokon az allél polimorfizmus klinje olt megfigyelhieBkdh-A lokuszon az Aallél csak az
alacsonyabb fekvésfpiopulacidéban (Vrhovo) volt kimutathatd, mint SkdksAeterozig6ta genotipus.

A Kozarje-i biikkds genetikai véaltozatossaga kissé nagyobb volt, magasabb effektiv lokuszonkénti
allélszammal, magasabb heterozigozissal és magasabb populacién belili differencidlédassal. Az
allélek Osszetétele a 16 génhely kdzll 5 esetében szignifikans eltérést mutatott. Az atlagos Gregorius-
féle genetikai tavolsag 6.1% volt. A kilonkédtengerszint feletti magassagban tenyégipulaciok
geretikailag eltéréiek bizonyultak. a tanulmany az eredményeket a klimavéltozassal 6sszefliggésben
is elemzi.

k6zbnséges bukk / izoenzimek / genetikai polimorfizmus / genetikai differencialtsag / Terhndlyi
kuldnbségek / Szlovénia
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1 INTRODUCTION

Slovenia is one of the most forested countries in Europe, with a total coverage of 1.184.369 ha or
58.45 of total area (SFS 2012). Forests are well preserved, and sustainable, semi-natural and
multifunctional management has been traditionally and legally incorporated into the forestry
practice. After the primary succession in the postglacial period, the larger part of the Slovenian
territory was overgrown by forests, above all by beech and fir-beech forests (Sercelj 1996).
According to Perko (2007), 70% of forests in Slovenia grow on potential beech (44%), fir-beech
(15%) or beech-oak (11%) sites. European beech is autochthonous, dominant and the most
economically and ecologically important tree species in Slovenia. It occurs on all terrain positions
and slope orientations on calcareous, silicate and mixed calcareous-silicate {ebtharks® et

al. 2005), from hills (150 m a.s.l.) to the subalpine belt (1650 m a.s.l.) (Dakskobler 2008).

In the 1990s, the genetic variation of beech populations in Slovenia and, in comparison,
with its variation in Central and Southeast Europe were studied using isoenzyme gene
markers (Paule et al. 1995, Brus 1999, Brual. 1999, Gomory et al. 1999). Results of these
studies have shown the existence of genetic differences between beech populations from the
north-western part and those from the eastern part of Balkan Peninsula. The obtained results
further supported the hypothesis that during the ice ages European beech was present in
microrefugia at the south-eastern periphery of Alps and on the territory of present-day
Slovenia (Brus et al. 2000, Brus 2010). Findings were confirmed by the study of Magri et al.
(2006), which analysed large palaeobotanical and genetical data of common beech in Europe.
The territory of present-day Slovenia was one of the main source areas for the post-glacial
development of beech and supposedly the most important glacial refugia for its re-
colonisation in Europe. The development of beech forests allowed a possibility that the
European beech in the territory of present-day in Slovenia went through a genotypic
specialisation that also resulted in locally adapted races or ecotypes.

As genetic diversity is a fundamental and critical part of biodiversity the results of the
genetic variation constituted a professional basis for the conservation of natural genetic
variability in-situ. The objective is to maintain continuous evolution of a tree population.
Natural regeneration of adult beech stands in Southeast Europe enables a sustainable
conservation of gene resources. The decision for the choice of gene resources and form of
their protection should be based on all available information, including that which can be
obtained from genetic inventories on isoenzymes. In general it has been found that it is more
worth to designate for conservation relatively large units than many smaller units within gene
conservation practices (Paule 1995). Such gene reserve forests should cover at least 100 ha in
order to contain sufficient genetic variability. But for small, locally adapted populations it
may be better to establish a large number of smaller reserves (von Wihlisch 2008). However,
in its natural distribution area, very little is known about the patterns of population genetic
variation in geographically smaller but heterogeneous areas.

Genetic study by Comps et al. (1991) based on beech populations from Croatia originated
from different climatic regions, soils and forest communities has shifferences between
highland and lowland populations within the Mediterranean region as well as between
populations belonging to the forest commur8gslerio-Fageturnon carbonate soils and other
forest communities. The results from beech provenance trails represent great phenotypic and
phenological differences among Slovenian provenances from various elevations, expositions,
climatic conditions (Brinar 1971, Sittler 1981, Robson et al. 2011).

In order to look for a possible pattern of beech population genetic variation in
geographically smaller and heterogeneous areas, two autochthBagus sylvatica L.
populations were selected on Gorjanci Mountains (southeast Slovenia) to avoid any difference
in population history and genetically analysed by isoenzymes gene markers.
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2 STUDY AREA

Gorjanci Mountains are 45-50 km long and 18-22 km wide mountain massive at the south-
western edge of the Panonnian plains. The massive is characterized by a dynamic relief under
influence of two major European geographical and climate units: the Panonnian basin on the
north-east and the Dinaric Mountains on the west to south-west (Kutnar et al. 2002). At the
bottom of Gorjanci Mountains, beechagus sylvatica L.) forests with mixtures of different

tree species, includinQuercus petraea (Matt.) LieblCarpinus betulud.., Picea abieqL.)

H. Karst.,Acer pseudoplatanus., Acer campestré. and others, cover the major part of the
forested area in the transition from the submontane belt to the lowlands. Due to their vicinity
to human settlements, they have always sustained heavy anthropogenic impacts. In particular,
there are many coppiced forests close to farms. Some of these sites were converted to
coniferous monocultures, and many of them were even transformed into agricultural use. In
contrast, the human impact is not so pronounced at higher zone of Gorjanci Mountains, and
more or less pure beech stands extend over a larger area. In this area, the share of the coppice
and spruce monoculture forests are very low, and forest land-use is prevailing éafring
Carni 2002).

Research plots were selected at different autochthonous beech sites of Gorjanci
Mountains, both belonging to Natura 2000 habitat type of 91KO lllyfagus sylvatica
forests (Kutnar et al. 2011) in the hilly and the mountainous vegetation zone. Two populations
of beech at Vrhovo and Kozarje were sampled in “selected” category of forest reproductive
material in beech seed stands of provenance Ustraski borst/Cerov Log at altitude of 273 m
(ident. number GSO 5.0222) and provenance of Gorjanci/Kozarje at altitude of 657 m (ident.
number GSO 5.0216), respectively (Kraigher et al. 2012). The Vrhovo population belongs to
forest of beech and sessile oak with ive@ero-Fagetunvar. geogrEpimedium alpinum,
syn.Querco petraeae-Fagetynirhe Kozarje population belongs to the Praedinaric mountain
beech forest with dead nettldsa(nio orvalae-Fagetunaar. geogr. Dentaria polyphyllps

Table 1. Survey of site characteristics of sampled beech populations on Gorjanci Mountains

Average Average

Population  Altitude Lat:;ude Longitude ~hhual annual Domt)llnaér;t soil
precipitation *temperature * P
(m) (mm) {9
Vrhovo 273 45°48'25"15°18'11" 1300-1400 10-12 Distric Cambisol
Kozarje 657  45°48'22"15°27'33" 1400-1500 g-10 Eutric Cambisol

Rendzic Leposol

* Reference period: 1971-2000 (ARSO 2010)

The research site at Vrhovo is overgrownHagus sylvaticd.. (84%), Quercus petraea
(Matt.) Liebl. (9%), Picea abies(L.) H. Karst. (3%),Acer pseudoplatanug. (3%) and
Carpinus betulusL. (1%) with an estimated stand growing stock of 20% ha and
incremenent of 5.6 Mmha yr, and at Kozarje byFagus sylvatica L.(90%), Acer
pseudoplatanud.. (4%), Prunus aviumL. (4%), Carpinus betulusL. (1%) and other
broadleaves (1%) with a stand growing stock of 3Zthanand incremenent of 9,7%imayr
(Simondc¢ et al. 2007). The distance between sampled beech populations was 13 km with
384 m in altitude.
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3 MATERIAL AND METHODS

3.1 Sampling

At the research sites Vrhovo and Kozarje on Gorjanci Mountains, randomly were sampled
100 beech trees for genetic testing over an area of 3.5 ha. In the winter period of 2005/2006,
we took a branch with dormant buds from each of the sampled trees, which were used for the
extraction of enzymes. The buds were preserved until analysis in test tubes at a temperature of
-20 °C. The sample size was 50 adult trees at each site.

3.2 Analysis of isoenzymes

The genetic variability of the two sampled beech populations was analyzed by means of
isoenzyme gene markers using starch electrophoresis as the separation method. Enzyme
extraction from dormant buds, electrophoresis conditions and staining, and enzyme
visualization was performed according to Konnert et al. (2004). Ten isozyme systems coded
by sixteen gene loci were surveyed (Aat syn. Got, Aco, Idh, Mdh, Mnr, Per, Pgi, Pgm, Skdh,
6-Pgdh). The genetic interpretation of banding patterns followed Mdller-Starck et al. (2001).
The laboratory analyses were performed in the framework of the research tasks of the project
Carbon dynamics in natural beech forests (L4-6232) in February 2006. The laboratory work
was done at the Bayerische Amt fur forstliche Saat - und Pflanzenzucht in Teisendorf,
Germany.

The results of the isoenzyme analyses were evaluated by the relative allele frequencies,
calculated on different gene loci after diploid tree genotypes. Allelic structures in each gene
loci were estimated by four allelic profiles according to Finkeldey (1993). Genetic
multiplicity was measured by the highest possible number of different allelgs) @hd the
average number of alleles per polymorphic locus (A/L). Genetic diversity was quantified
using parameters of the observed level of heterozygosity édd the conditional
heterozygosity (&l Gregorius et al. 1986), effective number of alleles per loguSiegorius
1978, 1987), hypothetical gametic multilocus diversityaf) and the level of genetic
differentiation among individuals within a populatid;(Gregorius 1987) which, with larger
samples, is the same as the share of expected heterozygosity, created by random mating or
panmixia (H; Nei 1973). For each polymorphic locug, tests of deviation from the
corresponding Hardy-Weinberg expected genotypic structures as well as Hardy-Weinberg
heterozygosity at the level = 0.05 were carried out to test whether the observed genotypic
structure deviates from panmixia and whether there was a significant excess or deficiency of
heterozygotes in a population. The degree of differentiation between populations was
measured with? tests of homogeneity among allele frequencies for particular gene loci at the
levela = 0.05 and genetic distances)(droposed by Gregorius (1974). All computation was
performed with GSED software (Gillet 1998) for analyzing genetic structures from
electrophoresis data.

4 RESULTS

The results of genetic comparison of sampled beech populations at Vrhovo and Kozarje are
shown in Tables 2 and 3 for 16 isozyme gene loci. Minor polymorphism in both populations
was observed at eight loci: Aat-A, Aco-A, Mdh-A, Mnr-A, Pgi-B, Skdh-A, 6-Pgdh-B,
6-Pgdh-C with the frequency of the major allele always higher than 80%. Four loci (Aat-B,
Mdh-C, Per-B, Pgm-A) showed a clear major polymorphism with the same predominant allele
in both populations. On locus Mdh-B the frequencies of the major allele were from 75% to 77%,
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with frequencies of the second predominant allele from 10% to 17%. A distinct transition
between low and high levels of polymorphism in the test populations were found at three loci.
In the Vrhovo population (from a lower altitude), minor polymorphism was expressed at loci
Aco-B and Idh-A and major polymorphism at locus 6-Pgdh-A. In the Kozarje population
(from a higher altitude), a clear minor polymorphism was expressed at locus 6-Pgdh-A and
clear major polymorphism at loci Aco-B and Idh-A. For example: alleles ActdB-A, and
6-Pgdh-A in the Vrhovo population reached 8%, 12%, 28%, respectively, in the Kozarje
population 20%, 25% and 11%, respectively. A clear differentiation between the two
populations was also observed at locus 6-Pgdh-B, where the population from higher altitude
of the mountain ridge revealed much higher frequency of the second dominant allele B
(16%) in comparison to the 6% frequency at the lower altitude population.

Table 2. Relative allele frequencies in sampled beech populations Vrhovo and Kozarje on
Gorjanci Mountains presented per gene loci

Vrhovo Kozarje Vrhovo Kozarje
Locus Allele N = 50 N= 56 Locus Allele N = 50 N = 510
Aat-A 1 0.030 0.050 Mnr-A 2 0.010 0.010
2 0.970 0.950 3 0.930 0.900
Aat-B 2 0.350 0.320 4 - 0.030
3 0.650 0.680 5 0.060 0.060
Aco-A 2 0.970 0.990 Per-B 1 0.260 0.260
3 0.030 0.010 2 0.670 0.650
Aco-B 1 - 0.010 3 0.070 0.090
2 0.080 0.200 Pgi-B 2 0.990 0.990
3 0.900 0.790 3 0.010 0.010
4 0.020 - Pgm-A 2 0.200 0.240
Idh-A 2 0.120 0.250 3 0.800 0.760
3 0.880 0.750 Skdh-A 3 0.930 0.960
Mdh-A 1 0.020 0.040 4 0.060 -
3 0.980 0.960 5 0.010 0.040
Mdh-B 1 0.080 0.060 6-Pgdh-A 2 0.720 0.880
2 0.050 0.020 3 - 0.010
3 0.770 0.750 4 0.280 0.110
4 0.100 0.170 6-Pgdh-B 1 0.060 0.160
Mdh-C 1 0.310 0.270 2 0.940 0.840
2 0.690 0.730 6-Pgdh-C 1 0.820 0.790
3 0.020 0.010
4 0.100 0.190
5 0.060 0.010

As enzyme genotypes represent the enzymes that catalyse the metabolism of plants, the
genotypes of trees in sampled populations were also studied. Homozygous and heterozygous
types that are much more frequent in the Vrhovo sample than in the Kozarje sample are: Idh-
A3z (80% vs. 56%), Aco-B (80% vs. 60%), 6-Pgdh-B(90% vs. 72%), Pghd-A (44% vs.

18%), Pgdh-@ (34% vs. 20%) and Mdh+€(50% vs. 38%). Heterozygous or homozygous
types much more frequent in the Kozarje sample than in the Vrhovo sample arejs Idh-A
(38% vs. 16%), Aco-£s (36% vs. 16%), 6-PgdhiB(24% vs. 8%), Mdh-B (26% vs. 12%),
6-Pgdh-Gs (12% vs. 2%) and 6-Pghd.A(78% vs. 50%). Remarkable differences in allelic
and genotypic frequencies were observed at gene locus Skdh-A. The alledmdA
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heterozygous genotype;fare stand-dependent. It was found at frequencies of 6% and 125 in
the lower elevated Vrhovo population, respectively, but not in the higher elevated Kozarje
population.

On the study area, we observed 43 different alleleg,JMvhich correspond to 2.69
alleles per polymorphic locus in both sampled populations (Table 2). The mean numbers of
alleles per locus (A/L) were 2.50 at Vrhovo and 2.56 at Kozarje population (Table 3), which
is equivalent to a ratio of 1:1.02 The mean values of the effective number of alleles per locus
(v) range from 1.31 (Vrhovo) to 1.34 (Kozarje) and correspond to a ratio of 1:1.05. The
numbers of genetic variants of the 16 loci gametic types that the group of 50 sample trees in
the populations\yam) could have produced ranges from 104 (Vrhovo) to 157 (Kozarje) and
corresponds to a ratio of 1:1.51. Although the calculated valygg bave only an indicative
character, this comparison suggests greater potential of the group of beech trees at the Kozarje
site than that of the group of beech trees at the Vrhovo site for the production of genetically
different gametes, which will be subject to genetic variation in new generations.

Table 3. Genetic variability parameters for 16 polymorphic loci in the sampled beech
populations, Vrhovo “Vrh” and Kozarje “Koz” on Gorjanci Mountains. Average
number of alleles per locus (A/L), allelic diversity),( intrapopulational
differentiation @), observed and conditional heterozygosity,,(Hc), allelic
genetic distance @land value of? test of the homogeneity of genetic structures by
loci and significance levat = 0.05 (*), a = 0.01 (**)

Locus AL Y Or (%) . Ho (%) e (%) do (%) «° value
Vrh Koz Vrh Koz Vrh Koz Vrh Koz Vrh Koz

Aat-A 2 2 106 1.11 59 96 6.0 6.0 10060.0 2.0 n.s.
Aat-B 2 2 1.84 1.77 46.044.0 42.0 44.0 60.0 68.8 3.0 n.s.
Aco-A 2 2 106 102 59 20 6.0 2.0 100100 2.0 n.s.
Aco-B 3 3 122 151 18533.9 20.0 38.0 100 90.5 13.0 8.859 *
Idh-A 2 2 127 160 21.337.9 16.0 38.0 66.7 76.0 13.0 4.775*
Mdh-A 2 2 104 1.08 40 7.8 4.0 8.0 100100 2.0 n.s.
Mdh-B 4 4 1.64 1.68 39.240.9 34.0 42.0 73.9 84.0 7.0 n.s.
Mdh-C 2 2 175165 43.239.8 50.0 38.0 80.6 70.4 4.0 n.s.
Mnr-A 3 4 1.15 1.23 13.318.7 14.0 16.0 100 80.0 3.0 n.s.
Per-B 3 3 192201 48.350.7 46.0 48.0 69.7 68.6 2.0 n.s.
Pgi-B 2 2 102102 20 20 2.0 2.0 100100 0.0 n.s.
Pgm-A 2 2 147 157 32.336.8 32.0 32.0 80.0 66.7 4.0 n.s.
Skdh-A 3 2 115108 13.37.8 14.0 8.0 100 100 6.0 7.848 *
6-Pgdh-A 2 3 1.681.27 40.721.6 44.0 20.0 78.6 83.3 17.0 10.010**
6-Pgdh-B 2 2 1.131.37 11.427.2 8.0 24.066.7 750 10.0 4.137*
6-Pgdh-C 4 4 151146 34.331.7 38.0 36.0 90.5 100 9.0 n.s.

Gene pool2.50 2.56 1.31 1.34 23.725.8 23.5 25.1 85.5 82.7 6.1

The average values of observed heterozygositigs f(id the 16 loci gene pool varied
between 23.55 in Vrhovo sampled population to 25.1% in the Kozarje sampled population,
which corresponds to a ratio of 1:1.06. As shown in Table 3, thealdes are not uniform.

The level of observed heterozygosity explicitly differs between the test populations from
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Vrhovo and Kozarje at 5 loci namely at Aco-B (20% vs. 38%), Idh-A (16% vs. 38%), Mdh-C
(50% vs. 38%), 6-Pgdh-A (44% vs. 20%) and 6-Pgdh-B (8% vs. 24%). The meanaitiél
for two populations is 84.1%. As cHvalues are independent of the underlying allele
frequencies, the calculated mean indicated to a slightly lack of heterozygotes as compared to
the maximum attainable value which is equal to 100%. The average levels of genetic (allele)
differentiationdr in the sampled populations of beech range from 23.7% (Vrhovo) to 25.8%
(Kozarje), which corresponds to a ratio of 1:1.09 and indicates larger genetic differentiation
among individuals at the higher elevated site than among individuals at the lower elevated
site. No significant deviations of observed genotypes from expected genotypes were found at
15 of the total of 16 analysed gene loci when applyfigst ¢ = 0.05). The only exception
was detected at the locus 6-Pgdh-B at Vrhovo population where no statistically significant
excess of homozygotes over Hardy-Weinberg expectations was confirmed. The observed
frequencies of genotypes in both populations of beech agree with Hardy-Weinberg
expectations under random mating at the level of risk.@5.

The degree of genetic differentiation between populations was analyseg’ wetts of
homogeneity among allele frequencies for particular gene loci at thexlev@l05 andx = 0.01.
The results have shown significant differences in allelic (genetic) structures between sampled
populations of beech at 5 out of 16 analysed gene loci (Table 3). The sampled populations of
beech did not share 17% of their alleles at locus 6-Pgdh-A and 13% of their alleles at loci
Aco-B and Idh-A as well as 30% of their genotypes at locus 6-Pgdh-A, 24% of their
genotypes at locus Idh-A and 12% of their genotypes at locus Skdh-A (genotypes values not
introduced in Table 3). The mean value of Gregorius (1974) allelic and genotypic genetic
distances (g amounts to 6.1% and 11.4%, respectively, shows that the genetic differences of
two local sampled beech populations from different sites on Gorjanci Mountains are
comparatively high.

5 DISCUSSION AND CONCLUSIONS

Two very specific beech populations on Gorjanci Mountains, growing on significantly
different forest sites, in different ecological conditions and with different forest-management
history were selected. The Vrhovo population was sampled in the hilly area and belongs to
site of Hedero-FagetumThe Kozarje population was sampled in the mountainous zone and
belongs to sité.amio orvalae-FagetumWe have analyzed 50 trees per sample to capture the
most of the genetic variation present at the different sites. If population history is corrected for
(as we can guess it is here as they are from the same Mountain range), the difference in allele
frequencies obtained in two sampled populations from different altitudes may better be
explained by selection and adaptation rather than by population structure.

The observed genotypes of the two beech populations on Gorjanci Mountains were
consistent with the expectations under random mating, and indicated that both sampled
populations are randomly mating. At 16 polymorphic enzyme gene loci, 43 allelic variants
were found in total, which correspond to 2.69 alleles per locus. Beech from the sampled local
populations on Gorjanci Mountains seems to have a similar number of alleles per locus as the
overall value for beech in Europe, according to Miller-Starck et al. (1992). This value also
corresponds well with A/L = 2.8 obtained for Slovenia (Brus et al. 1999) and was higher than
was reported for north-western Italy A/L = 2.12 (Belelianteri 1996) and Germany A/L = 2.51
(Konnert 1995). The average A/L values observed in the sampled beech populations on
Gorjanci Mountains (2.50 and 2.56) show higher values than was determined for 13 beech
populations in Slovenia (Brus et al. 1999) where A/L values varied in range from 2.08 to 2.42
and were close to the highest value obtained in the population of Luknja frénaftese to
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Novo mesto. Beech from Luknja originated from mainly southern-orientated steep limestone
walls close to the Palaeolithic site from which beech charcoal from the late Pleistocene has
been excavated (Osole 1990); it may represent a relict population that persisted in a sheltered
micro-refugium where it was able to survive the last glaciations (Brus et al. 1999). Therefore
it seems that no restriction in genetic multiplicity was determined in beech populations at
Gorjanci Mountains.

The populations of European beech at Vrhovo and Kozarje which belong to sites of
Hedero-Fagetumn the hilly area and.amio orvalae-Fagetumn the mountainous zone,
respectivetly are autochthonous. The higher altitude population at Kozarje showed higher
genetic diversity than the lower altitude population at Vrhovo. Differences are evident in the
frequencies of some alleles and genotypes, observed heterogosity and particularly in the
hypothetical gametic multilocus diversities. The frequency of the allels 6-PgdheB-B,
and Idh-A at the higher elevated Kozarje population were more than twice as high as of the
lower elevated stand. The frequency of the allele 6-Pgdiwvas about three times higher in
the (lower elevated) Vrhovo population than in the (higher elevated) Kozarje population. At
locus Skdh-A, allele (4 was observed only in the Vrhovo population as a heterozygote
genotype Skdh-& (12%). The frequency of the genotype Skdf2-8ignificantly changed
with altitude.

Our findings confirm findings from comparable studies of beech populations in Germany,
related to climatic adaptation with an altitudinal transect from the base of the mountain to its
top. In an inventory study on the isozyme genetic variation of beech stands growing at
elevations between 350 m and 1250 m a.s.l. in the Black Forest (Mountain Schauinsland,
southwest Germany), allele frequencies of different enzyme systems at gene loci Aco-B, Idh-
A, Pgm-A were found to be changed (Lo6chelt — Franke 1995). Climate adaptation and
manmade selection were considered to be causes. A detailed investigation of six
autochthonous beech stands growing at elevations between 150 m and 660 m a.s.l. in the same
mountain slope on Vogelsberg in central Germany showed that some genotypes are more
frequent at the higher elevated stands than in lower elevated stands and vice versa (Sander et
al. 2000).

Beech populations sampled from different sites on Gorjanci Mountains appeared to be
genetically different. Genetic differentiation, as expressed by the proportion of alleles not
shared between lower and higher elevated population was relatively high for the small
geographical region studied o(&E 6.1%). For example, the genetic distances of beech
populations in Germany (Bavaria) studied using the same analyzing method were reported to
range betweenyd= 2.6% and ¢gl= 10.9% (Konnert — Henkel 1997). The observed clines at
gene loci Aco-B, Idh-A, 6-Pgdh-A and the allelic distances from 13% to 17% between
sampled populations on Gorjanci Mountains could indicate that gene flow between sampled
populations is limited or that specific site conditions in sampled locations demonstrate a
possible effect of environmental adaptation to this gene loci.

Althought the obtained results do not allow us to infer any certain conclusions on
possible adaptive role of the enzyme systems under analysis, also because of only two
populations studied (one in each ecological conditions) and possible samplings mistakes on
account of the large size of analysed samples, they verify the existence of genetic
differentiation between two local beech populations on Gorjanci Mountains associated with
variation of significantly different forest sites, different ecological conditions and different
forest-management history. As the obtained results also confirm the similar patterns or
correlations of the types mentioned in German studies focused in different ecological
conditions in altitude gradient and in different parts of the beech distribution range (Léchelt —
Franke 1995, Sander et al. 2000), the unknown selective pressure would have been considered
as the causal agent for differentiation between European beech populations. However, to

Acta Silv. Lign. Hung. 8, 2012



Genetic Variability of two Fagus sylvatica (L.) Populations 83

prove the hypothesis of the interaction between disruptive natural selection and gene flow in
development of among population genetic differentiation of beech further studies should be
preformed.

The structure of the obtained genetic information may be the result of the sampled stands’
high adaptations and specializations to specific homogenous environmental conditions in the
investigated ecosystems and historical influences of anthropogenic inipgades. constant
environmental conditions, the higher genetic variability within populations means a higher
fitness of the population. This situation remains optimal as long as the site conditions are not
affected by climate changes and manmade selection to that extent that a process of adaptation
to new site conditions is interrupted. Regarding the climate change impact on forests, the
different studies predict the decrease of beech based on climate change scenarios in the future
in Europe (Brzeziecki et al. 1995, Fotelli et al. 2002, Gel3ler et al. 2007, Mgtghs2010,

Kutnar — Kobler 2011).

For the Slovenian territory, the reduction of European beech sites was forecasted (Kutnar
— Kobler 2011). In Central Europe (including Slovenia), beech forests are likely to be
threatened because of beech's sensitivity to low water availability (Ellenberg 1996) and longer
drought periods (Fotelli et al. 2002); and physiological performance, growth and the
competitive ability of beech may be adversely affected by such changing climate conditions
(Peuke et al. 2002, Geller et al. 2007). Moreover, in Slovenia, the situation may be
aggravated by the fact that the area of distribution of beech forests includes many sites with
shallow limestone- and dolomite-derived soils with low water storage capacity. Beside
different abiotic factors, the existence of beech is threatened by harmful pests and new tree
diseases caused by different pathogen organisms (Ogris et al. 2008).

For Slovenia, the GIS models showed that under warmer conditions the shift of
vegetation belts upwards could be expected (Kutnar — Kobler 2011). This meadragimst
dominated communities in the submontane belt might eventually be replaced by oak-
hornbeam communities, and the shift of tree-line to a higher elevation is predicted. As
reported Matyaet al. (2010) for the beech forests at the xeric limit in Southeast Europe (case
Hungary), the very similar pattern might be expected at Gorjanci area where low-elevation
beech forestsHedero-Fagetumforests) might be threatened by the warming more than
higher-elevation beech forestsa(nio orvalae-Fagetunforests). In more preserved, less
degraded sites dfledero-Fagetunforest, beech is well developed and has high competitive
potential against other tree species. However, at more degraded sites of this forest community,
where intensive human influence took place in the past, beech is not so competitive and its
growth is less intensive, and the quality of beech stems is not so high. In such degraded sites
of Hedero-Fagetumsome species of earlier forest development stageQlikecus petraea,

Q. cerris and Carpinus betulusare more competitive and more frequent. In such human-
degraded forms of this forest community, the coppice forest is more common. In such forest
conditions, the lability of forest sites with the dominate Luvisol to moderately dystric
Cambisol might have been aggravated by inappropriate forest management in the past, such
as litter-raking, and intensive use without any management concept. Due to old settlements at
the bottom of Gorjanci Mountains, the forests in the hilly zone have been under human
impact. Thus, the relative high share of coppice, litter-raking forest sites planted by non-
native tree species and other degraded forests in this area reflect the negative human impacts
in the past. The mountain beech forestsahio orvalae-Fagetumat Gorjanci, compared to

more degraded sites bliedero-Fagetunforest, have a stable biocenotic structure. Even after
larger clearings, all development stages of the forests can be renewed by beech trees. Due to
their more remote and isolated location, the sites of these forests were not transformed into
agricultural land.
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As the ability of forest ecosystems is strongly related to the existence of intrapopulation
genetic diversity, even in mixed natural stands, the stability is threatened as soon as the
genetic diversity of one of the involved species is threatened; there is a great need for
investigations of the genetic basis of forest ecosystems in geographically smaller but
heterogeneous areas. Although the results of our study have to be confirmed by further
genetic studies, attention to the transfer of beech reproductive material from higher to lower
elevations of Gorjanci Mountains is recommended.
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The Role of Forests in Mitigating Climate Change —
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Abstract — A regional-scale case study has been carried out to assess the possible climatic benefits of
forest cover increase in Europe. For the end of the 21st century (2071-2090) it has been investigated,
whether the projected climate change could be reduced assuming potential afforestation of the
continent. The magnitude of the biogeophysical effects of enhanced forest cover on temperature and
precipitation means and extremes have been analyzed relative to the magnitude of the climate change
signal applying the regional climate model REMO. The simulation results indicate that in the largest
part of the temperate zone potential afforestation may reduce the projected climate change through
cooler and moister conditions, thus could contribute to the mitigation of the projected climate change
for the entire summer period. The largest relative effect of forest cover increase can be expected in
northern Germany, Poland and Ukraine. Here, the projected precipitation decrease could be fully
compensated, the temperature increase could be relieved by up to 0.5 °C, and the probability of
extremely warm and dry days could be reduced. Results can help to identify the areas, where forest
cover increase could be the most effective from climatic point of view. Thus they can build an
important basis of the future adaptation strategies and forest policy.

afforestation / biogeophysical feedbacks / climatic extremes / climate change mitigation

Kivonat — Esettanulméany az erdk klimavédelmi szerepének vizsgélatara Eur6pabanAz
esettanulmany célja az étdrilet névekedés éghajlati hatasainak, a klimavaltozas mérsékelésében
betoltétt szerepének szamdmdtése Eurdépaban. A REMO regionalis klimamodell segitségével
vizsgaltuk, hogy a feltételezett potencidlis dedepitéssel milyen iranyban és mértékben
befolyasolhaték a 2071-2090-esésdakra direvetitett ldmérséklet- és csapadéktendenciak. A
modellszimulaciék eredményei alapjan, potencidlisitetdpités feltételezésével nyaron a mérsékelt

Ovi terlletek dorit része kvosebb, csapadékosabb lehet. A legnagyobb hatas Németorszag és
Lengyelorszdg északi részén, valamint az ukran-belorusz-orosz hatarvidéken véarhat6. Ezeken a
terlileteken az efdelepités hatasa ammérsékletre egy nagysagrenddel kisebb, mint az tGveghazgaz
koncentracio valtozasaé. A klimavaltozassal jar6 csapadékmennyiség-csokkenés azonban szinte teljes
egészében kiegyenlitlielenne, és a szélségesen meleg és szaraz napok gyakorisaga csokkenhet. Az
erds-klima kdlcsdnhatasok szamszgitése nem csak az ékdklimavédelmi szerepéréd informaciat,

hanem az éghajlatvaltozas kdvetkezmeényeinek raegeét, enyhitését célzo6 stratégidk alapja is lehet.

erdételepités / felszin—légkor kolcsdnhatas / klimavaltozas mérsékéiatas / idijarasi széléiségek
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1 INTRODUCTION

Human activity influences climate through changes of the chemical composition of the
atmosphere as well as through land cover and land use change. Climate conditions in the 21st
century driven by emission change and its impacts on different spatial and temporal scales
and sectors have been addressed by several national and international research projects in the
last decade (Christensen et al. 2007, Jacob et al. 2008, van den Linden — Mitchell 2009).
Regional climate projections for Europe agree in a robust warming tendency in all seasons
towards the end of this century. The largest temperature increase is expected in the
Mediterranean region, Southern France and over the Iberian Peninsula (Christensen —
Christensen 2007). Here, the probability of extreme high temperatures, heat waves can also
increase compared to the present day conditions (Beniston et al. 2007, Vidale et al. 2007,
Beniston 2009, Fischer et al. 2010). The spatial patterns of the precipitation changes show an
increase in northern Europe (especially in winter) and decrease in the southern regions
(especially in the Mediterranean area in summer; Christensen — Christensen T2@07).
Mediterranean and th®outh-East European regions are thaest prone to higher risks of
prolonged dry spells by 2100 (Beniston et al. 2007, Bartholy et al. 2007, Mishra — Singh
2010) Whereas inNorthern to North-Eastern Europgbe number of days with intense
precipitation is very likely to increase, which can result in a rise in flood frequencies (Pal et
al. 2004, Beniston et al. 2007, Buonomo et al. 2007). Changes of the climatic means and
extremes already show impacts on the key sectors such as hydrological systems,
infrastructure, human health, agriculture and forestry, which are expected to be more severe
under future climate conditions.

Climate change can induce a shift of the spatial distribution of the major ecosystem types.
For forests, this phenomenon occurs not only in the boreal zone (through the northern shift of
the taiga-tundra limit) but also on the lower limit of the forest distribution (Berki et al. 2009,
Matyés et al. 2010, Czucz et al. 2011, Fuhrer et al. 2011). Here, ecological models of forest
distribution expect growth decline and mass mortality of many zonal tree species whose
distributions are limited primarily by recurrent droughts (Méatyas et al. 2010, Czlcz et al.
2011, Bredemeier 2011, Rasztovits et al. 2012). Land cover is also influenced by land
management and land use policy. Land cover and land use and their changes are important
drivers of weather and climate (Pielke et al. 1998, Driszler et al. 2010), they can have a
determining role in climate regulation. They affect the physical properties of the surface
(biogeophysical processes and feedbacks) that control the water and energy exchange between
land and atmosphere. Through chemical reactions (biogeochemical processes and feedbacks)
they influence the terrestrial carbon exchange and the fluxes of other trace gases and aerosols
(Pielke et al. 1998, Feddema et al. 2005, Pitman 2003). There are climate forcings that have
basically a warming (e.g. greenhouse gases) or cooling effect (e.g. sulphate aerosols; Pielke et
al. 2011). In contrast to them the sign of the temperature response to land cover and land use
change are determined by various contrasting feedbacks. They can also depend on the type of
the change as well as on the climatic, soil and vegetation characteristics of a region and the
length of the analyzed time scale (Sanchez et al. 2007, Anav et al. 2010, Teuling et al. 2010,
Wramneby et al. 2010).

Historical land cover and land use changes and their observed impacts on local and
regional climate have been documented or reviewed by several studies for different
countries (e.g. Feddema et al. 20B%lke et al. 2011, Pongratz et al. 2011). One of the
major conclusions was that on regional scale, climate response of land cover and land use
change has similar magnitude but opposite sign compared to the impact of elevated
greenhouse gases and resulting changes of sea surface temperature and sea ice extent (de
Noblet-Ducoudre et al. 2012).
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For future time periods, changes of the land coaed land use can lead to the
enhancement or reduction of the projected climai@nge signals expected from increased
atmospheric greenhouse gas concentration (Feddealaz905, Bonan 2008, Wramneby et
al. 2010). Therefore understanding and assessmémio feedbacks on climate are essential
for the adaptation and mitigation strategies.

Europe (with Russia) is the only continent withigngicant increase of forest cover in
recent times. In the last two decades the anneal afr natural forestation and forest planting
amounted to an average of 0.78 million hectares/(f/@aO 2011). The climatic influence of
these land cover changes is still poorly understadte role of temperate forests in the
climate change mitigation is considered smallearmcertain compared to boreal and tropical
forests (Bala et al. 2007, Bonan 2008, Jacksoh €088). Model results show contradictory
results regarding to their net climate forcing domhefit (e.g. Anav et al. 2010, Galos et al.
2011a,b).

One of the scientific goals of the EC-FP7 projec-CAME (Climate Change -
Terrestrial Adaptation and Mitigation in Europe) sv prepare fine-scale studies for the
assessment of the climate protecting effects af lmover and land use change (e.g. Galos —
Jacob 2012). In order to contribute to this aim pvepared a regional scale case study to
assess

» the biogeophysical effects of a potential afforestain summer, for the end of the

21st century and its regional differences withindpe,

» the magnitude of the biogeophysical feedbacks adstocover increase compared to

the projected climate change signal with specialigoon the probability and severity
of temperature and precipitation extremes.

2 MODEL AND METHODS

2.1 The regional climate model REMO

The climate change driven by emission change and &over change have been studied
applying the REgional climate MOdel, REMO (Jacolale2001, Jacob et al. 2007). This is a
regional three-dimensional numerical model of ttracsphere. The prognostic variables are
calculated based on the hydrostatic approximati@md cover is described by its physical
properties in REMO: leaf area index and fractiomegetation cover for the growing and
dormancy season, background albedo, surface roagheegth of the vegetation, forest ratio,
plant-available soil water holding capacity anduwoétric wilting point. These properties are
allocated in the global dataset of land surfacapaters (Hagemann et al. 1999, Hagemann
2002) for each land cover type. Vegetation phenplegepresented by the mean climatology
of the annual cycle of leaf area index, vegetatatio and background albedo (Rechid and
Jacob 2006, Rechid et al. 2008a,b). The valuekesfet vegetation characteristics are varying
monthly throughout the year, the other land surfam@meters remain constant in time. In the
current model version biogeochemical processevagetation dynamics are not considered.
For Europe, REMO has been validated against obisengaand the simulation results have
been compared to an ensemble of regional climatkehpyojections (Déqué et al. 2005).

2.2 Experimental setup

The simulations have been carried out for Europigue 1), with 0.22° horizontal grid
resolution. REMO was driven with lateral boundaopditions from the coupled atmosphere—
ocean GCM ECHAMS5/MPI-OM (Roeckner et al. 2006, Ztlags et al. 2006).
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Figure 1. Simulation domain with the present (unchanged) forest cover in the model.
Horizontal resolution: 0.22 °

||| NFR
NGP
[1I[] UBR

[ 70 -
I 80 -
I 90 - 100

Figure 2. Increase of the forest cover in the potential afforestation simulation compared to the
present (unchanged) forested area in the model. The three sub-regions are marked
(NFR: Northern France; NGP: Northern Germany and Poland;
UBR: border region of Ukraine, Belarus and Russia)

The following experiments have been performed and analysdudie(1):

» Reference simulation for the past (1971-1990) with present (unchanged) forest cover.

» Emission scenario simulations for the future (2071-2090) with unchanged forest cover
applying the A2 IPCC-SRES emission scenario (continuously increasing global
population and regionally oriented economic growth that is more fragmented and
slower than in other storylines; Nakicenovic et al. 2000). This served as reference
simulation for the land cover change experiments.

Emission scenario simulation with potential afforestation for 2071-2090. The
potential afforestation ma-igure 2 is based on the net primary production map for
Europe derived from remotely sensed MODIS (Moderate-Resolution Imaging
Spectroradiometer) products, precipitation and temperature conditions from the
Wordclim database and soil conditions from the International Institute for Applied
Systems Analysis. In our study additional forested areas were assumed to be
deciduous, because for the end of the 21st century, projected climate conditions will
not be sufficient for larger continuous coniferous forest blocks in the temperate and
Mediterranean regions.

The new potential forest cover map has been included into REMO by modification of
all characteristic land surface parameters (i.e. leaf area index and fractional vegetation
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cover for the growing and dormancy season, backgi@lbedo, surface roughness length
due to vegetation, forest ratio, plant-availablé s@ter holding capacity and volumetric
wilting point).

Table 1. Analyzed data and time periods (CC-GH@nate change driven by change of the
greenhouse gas concentration, CC-FOR: climate chadgven by potential
afforestation CC-GHG+FOR: climate change drivendiange of the greenhouse
gas concentration and potential afforestation)

Experiment Reference simulation Emission scenario simulation
Time period 1971-1990 2071-2090
Greenhouse gas

IPCC-SRES emission scenario A2

forcing
. . Deciduous forests cover
Land cover Present forest cover Present forest cover o gis .
el all additional vegetated
characteristics unchanged unchanged —

g F
! ey T o
CC-GHG+FOR

2.3 Method of analyses

The analyses of the simulation results focusedhensummer months (June, July, August),
because of the high radiation input, intense hedtnaass exchange.

Climate change driven by change of the greenhoas€ @HG) concentratio(CC-GHG,;
Table ) has been investigated comparing the summer pt&ogm sums and 2m-temperature
means for the period 2071-2090 (without any landecahanges) to 1971-199Climate
change driven by potential afforestati@C-FOR;Table ) has been analyzed comparing the
simulation results with- and without forest covercrease for the future time period
(2071-2090).Climate change driven by change of the greenhowse apncentratiorand
potential afforestatiofCC-GHG+FOR;Table ) has been assessed comparing the results of
the potential afforestation experiment (2071-209®)the reference study in the past
(1971-1990). The sign and the magnitude of climeffects of potential afforestation have
been analyzed relative to the climate change sigmal the regional differences have been
determined within Europe.

Three sub-regions have been selected, where a fargst cover increase has been
assumed in the case study and based on the siomutasults forests can play a major role in
altering the climate change signal. Here, biogesjulay effects of potential afforestation on
temperature and precipitation means and extremes been analyzed more in detail. The
sub-regions are the following: Northern France (INA®orthern Germany and Poland (NGP)
and the border region of Ukraine, Belarus and Rud$BR;Figure 2).

3 RESULTS

3.1 Effects of change of the greenhouse gas concentmatiand potential afforestation on
the summer temperature mean

First, change of the summer temperature withoutfargst cover change has been analyzed
for the end of the 21st century (2071-2090) witlenence to the 20-year period in the 20th
century (1971-1990). Corresponding to the resdltstler regional climate simulations for
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Europe, REMO projects a significant increase of the summer temperature mean, which is
expected to be the largest in the southern part of the continent and in the north-eastern areas of
the simulation domainFigure 3a). In the case of potential afforestation, the higher leaf area
index and roughness lengths of forests support the enhanced ability of evapotranspiration
(as long as there is enough moisture available in the soil), which leads to cooler conditions in
most parts of the temperate zone. In the northern part of Central Europe and in North Ukraine,
summer temperature mean can be 0.5 °C lower compared to the reference sirkidatier8().

Portugal, the Mediterranean coasts and the southern part of the boreal zone show a shift into
the warmer direction. For the Mediterranean region a possible reason for it can be that in this
dry area vegetation has deeper roots in the reference simulation than forests in the potential
afforestation experiment. It means in the model that less water is available for cooling through
evapotranspiration.

Figure 3crepresents the combined effect of the GHG concentration change and potential
afforestation on the summer temperature mean. In the temperate zone afforestation can reduce
the projected warming. However, the temperature change signal for potential afforestation is
smaller than for GHG concentration change in the whole contiféguaré 39 thus cannot
offset the robust warming. Increase of the forest cover may enhance the climate change signal
in the boreal and in the Mediterranean regions but its magnitude is relatively small compared
to the effect of the GHG concentration changes.

3.2 Effects of change of the greenhouse gas concentration and potential afforestation on
the summer precipitation sum

For the end of the 21st century, an increase of temperature is projected to occur with a
decrease of precipitation in South and Central Europe and in the southern part of Scandinavia,
whereas Northeast Europe can be characterized by warmer and wetter corfeigianes4a).
Assuming potential afforestation, higher amount of summer precipitation is expected in the
largest part of the temperate zone, especially in the northern areas. Here, precipitation
increase can reach 50—-75 mm in summer mEauie 4b). Enhanced forested area resulted

in less precipitation in the northern part of Scandinavia and Russia as well as in smaller areas
in Spain and in Central and Southeast Eurdfigufe 48. In contrast with temperature,
precipitation change cannot be directly correlated with the local forest cover change, because
its formation is influenced also by large-scale circulation.

Increase of forest cover can amplify the projected precipitation change in Sweden,
Belarus and Southwest Russkidure 49. Whereas in the northern part of central Europe,
Ukraine and eastern Finland the precipitation change driven by GHG concentration change
has the opposite sign than due to potential afforestafigures 4a-p. Thus depending on
their magnitude, afforestation can reduce or fully compensate the effects of the GHG
concentration change-igure 4c shows the areas, where precipitation change driven by
afforestation is the same or even larger in magnitude than the climate change signal.

Summing up the results for summer in the period 2071-2090, the cooling and moistening
effects of potential afforestation are dominant in most parts of the temperate zone. For
temperature, approximately 15-20% of the climate change signal can be relieved by forest
cover increase. Whereas for precipitation, climatic effects of potential afforestation and GHG
concentration change have the same order of magnitude but opposite sign. The south-western
part of Europe is the most affected by warming and drying driven by GHG concentration
change. Here, climatic benefits of forests are simulated to be weaker.
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Figure 3. Change of mean summer temperature (dVgdiby (a) change of the GHG
concentration (2071-2090 vs. 1971-1990) (b) padkafforestation (2071-2090) and
(c) GHG concentration change + potential afforestat(2071-2090 vs. 1971-1990).
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Figure 4. Change of summer precipitation sum (dP) driven by (a) change of the GHG
concentration (2071-2090 vs. 1971-1990) (b) potential afforestation (2071-2090) and
(c) GHG concentration change + potential afforestation (2071-2090 vs. 1971-1990).
The regions are marked, where precipitation change driven by afforestation is the same
or larger in magnitude than the climate change signal (only effects over land are shown)
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3.3 Sign and magnitude of the climate change altering effects of forest cover increase in
selected regions

3.3.1 Temperature and precipitation means

In Sect. 3.2 it has been shown that in the northern part of central Europe and Ukraine forests
can play a major role in altering the climate change signal. Three sub-regions have been
selected within these areas to analyse the temperature and precipitation conditions more in
detail (NFR: Northern France, NGP: Northern Germany and Poland, UBR: the border region
of Ukraine, Belarus and Russia; Figure 2).

Figure 4a-b shows that for both investigated climatic variables the effects of GHG
concentration change can be reduced by the forest cover increase. The temperature change
signals for potential afforestation (—0.3 — —0.4 °C) are weaker than for GHG concentration
change (+2.1 — +2.4 °(Eigure 5. In smaller areas, climate change mitigating effect of
potential afforestation can be stronger (Galos — Jacob, 2012). Based on the A2 emission
scenario, 28 % precipitation decrease (=66 mm) is expected in the Northern French area. One
third of this amount (22 mm) could be reduced by forest cover increase. In the region of
Northern Germany and Poland, the projected drying is smaller (-13 %; —35 mm). If GHG
concentration change occurred together with potential afforestation, 80 % of the original
climate change signal could be relievét(re 5. In the Ukrainian border region, increase of
summer precipitation sum driven by potential afforestation (+14 %; +34 mm) can exceed the
very small drying of the area due to the enhanced GHG concentr&igurg 5). Thus
afforestation would fully compensate the projected climate change signal, as long as there is
enough soil moisture available. The combined effect of forest cover and GHG concentration
changes for 2071-2090 would result in a net precipitation increase compared to the reference
simulation for the past (1971-1990) without any land cover change.

For the analyzed variables, the magnitude of impacts of forest cover increase is similar in
the tree sub-regions. Consequently, the regional differences in the relative climatic effects of
potential afforestation can be explained by the differences in the temperature and precipitation
signal driven by GHG concentration change.

3.3.2 Temperature and precipitation extremes

Distribution of the daily temperature means are shifted towards the warmer direction under
future climate conditions for the NGP regioRigure 6). Figure 6 illustrates that in the
potential afforestation case study the value of the 95th percentile is 0.5 °C lower than in the
emission scenario simulation with unchanged land cover. Consequently, increase of the forest
cover may contribute to the decrease of the probability and severity of extreme high
temperatures, thereby to the reduction of the projected climate change signal. (The NFR and
UBR regions show similar effects; not shown).

In each of the selected regions the probability of summer days (Tmax > 25 °C), hot days
(Tmax > 30 °C) and extremely hot days (Tmax>35 °C) are projected to increase
significantly towards the end of the 21st century. Changes driven by potential afforestation
have the opposite sign but they are relatively small compared to the effect of the GHG
concentration changes (not shown).

Under future GHG concentrations the total number of dry days (daily precipitation sum < 1 mm)
is projected to be significantly larger. In case of potential afforestation around half of this
signal could be relieved in the NGP and UBR regidrable 2). The probability of extremely
large daily precipitation amounts (larger than 95th percentile) is simulated to become higher
assuming forest cover increase for all of the three regions. In the UBR area, potential
afforestation may enhance the effects of GHG concentration change, resulting in almost twice
as much severe precipitation events than with unchanged vegetatiza 2).
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Figure 5. Change of the summer temperature mean (dT; top) and precipitation sum (dP; bottom)
driven by change of the GHG concentration (CC-GHG; 2071-2100 vs. 1971-1990), potential
afforestation (CC-FOR; 2071-2090) and GHG concentration change + potential afforestation
(CC-GHG+FOR; 2071-2090 vs. 1971-1990) in the three investigated regions
(NFR: Northern France; NGP: Northern Germany and Poland;
UBR: border region of Ukraine, Belarus and Russia)
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Figure 6. Daily mean temperatures (T) in the summer months within the investigated 20-year
time periods for the region Northern Germany and Poland (NGP). The bottom and the top of
the boxes are representing the 25th and 75th percentile values. The end of the bars corresponds
to the minimum and maximum of the data. The change of the 5th and 95th percentile values
driven by GHG concentration change and potential afforestation is visualized by dashed lines

Table 2. Total number of daily precipitation extremes for summer in the investigated
20-year time periods. (CC-GHG: climate change driven by change of the
greenhouse gas concentration, CC-FOR: climate change driven by potential
afforestation, CC-GHG+FOR: climate change driven by change of the greenhouse
gas concentration and potential afforestation; Rday: daily precipitation sum;
R95%: 95th percentile of the daily precipitation in the period 1971-1990; NFR:
Northern France; NGP: Northern Germany and Poland; UBR: border region of
Ukraine, Belarus and Russia.)

Extreme index Definition Region Number of days Change of the number of days
[unit] 9 (1971-1990) CC-GHG CC-FOR CC-GHG+FOR
¢ NFR 909 +234 -55 +179

Number o Rday <1mm | -, 564 +178 _88 +90
dry days [day]

UBR 712 +73 —42 +31

NFR 47 -11 +13 +2

0,

Number of Rday > R95% NGP 64 _5 +15 +10
very wet days [day]

UBR 57 +29 +26 +55
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4 CONCLUSIONS

A regional scale case study has been carried out to investigate the role of the forest cover
increase in adapting to climate change in Europe. For the end of the 21st century, simulation
results of the regional climate model REMO have been analyzed in order to quantify the
magnitude of the climatic effects of afforestation relative to the climatic impacts of GHG
concentration change. The regions have been determined, in which forests can play a major
role in altering the precipitation and temperature projections for summer. Here, the
biogeophysical feedbacks of afforestation on the climatic means and extremes have been
investigated more in detalil.

Results of the sensitivity study can be summarized as follows:

* In the largest part of the temperate zone potential afforestation may reduce the
projected climate change through cooler and moister conditions, thus could contribute
to the mitigation of the projected climate change for the entire summer period, as long
as there is enough soil moisture available.

» The largest relative effect of forest cover increase can be expected in northern
Germany, Poland and Ukraine. Here, for temperature, approximately 15-20% (up to
0.4-0.5 °C) of the climate change signal can be relieved. For precipitation, climatic
effects of potential afforestation and GHG concentration change have the same order
of magnitude but opposite sign, which means, that projected precipitation decrease
could be strongly reduced or fully compensated.

* In each of the analyzed sub-regions the strong increase of the total number of warm
extremes can be slightly reduced by potential afforestation. Increase of forest cover
would result in more severe heavy precipitation events. The probability of dry days
would decrease.

The simulation results indicate that large, continuous forest blocks have robust
biogeophysical effects on the regional climate. The magnitude of the climatic effects of
afforestation relative to the climatic impact of GHG concentration change shows large spatial
differences within Europe. Similarly to the conclusions of a Hungarian case study (Galos et
al. 2011a,b) there are regions, where increase of forest cover can play an important role in
reducing the probability and severity of climatic extremes. Thus from a practical point of
view, our assessment concerning to the climate change altering effects of forest cover change
contributes to the future adaptation strategies in the European agriculture, forestry and water
management. Our results also underline that in the mostly climate change affected part of the
continent, vegetation feedbacks have weaker influence on the atmospheric circulation in
comparison to the greenhouse-gas forcing (Betts 2007, Wramneby et al. 2010) and
afforestation is not a substitute for reduced greenhouse-gas emissions (Arora — Montenegro,
2011). On local scale the benefits and ecological services of forest cover are highly valued.

For the introduced sensitivity study, one regional climate model has been applied driven
by one emission scenario. The simulated impacts can also depend on the representation of the
land surface properties and land cover related processes in the model (Boisier et al. 2012).
There are differences among regional climate models in the parameters describing the land
surface types and the role of these parameters in the vegetation-climate interactions that
determines the sensitivity of the model to land cover changes. As example, in the land cover
change experiment of Anav et al. (2010) the simulated total evapotranspiration shows large
sensitivity to the modification of the stomatal resistance, which had a significant impact on
the final conclusion of their study. In contrast to this, in the feedback-chain of the present
study with REMO, the simulated transpiration reacts to the variation of the stomatal
resistance, however the sensitivity of the total evapotranspiration is smaller because of the
important role of the atmospheric demand. This can give an explanation to the contradictory
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results of Anav et al. (2010) regarding to the impact of afforestation on temperature extremes
for the same region. Further difference among regional climate models can be the number of the
soil layers. The distribution of water in the soil and the water movement between the layers can
also play an important role in the evapotranspiration through the available amount of soil
moisture. The current bucket scheme in REMO is under improvement (Hagemann pers. comm.).

Further challenge is the elimination of the model-depending effects and reduction of the
related uncertainties. To achieve this, multimodel ensembles of climate model simulations
and intercomparison studies are essential, which is the aim of recent EU-projects
(e.g. LUCID; de Noblet-Ducoudre et al. 2012). Land cover and land use changes directly
affect regional climate. Increase of spatial resolution makes the correct description of land
cover and the simulation of land — atmosphere feedbacks even more important. The land
cover parameterization and land surface schemes of climate models should be validated and
improved based on appropriate observational and satellite database, which is one of the
research questions of the on-going EU project FLUXNET.

In our simulations, projected forest cover and forest composition shifts triggered by
climate change (i.e. the expected reduction of the forested area and mass mortality in the
drought threatened areas; Matyas et al. 2010, Czucz et al. 2011) have not been taken into
account. There is no information available about the climate change effects on the distribution
of forests as well as about the land use change due to land management and policy in Europe
beyond limited case studies, so far. Vegetation dynamics and phenology were not considered,
however, they can influence the simulated water and energy exchange between vegetation and
atmosphere through the temporal change of the vegetation properties (e.g. albedo, leaf area
index, surface roughness).

In these analyses we focused on the biogeophysical processes. But it is important to
recognize that they can be intensified or dampened by the biogeochemical effects (e.g. carbon
sequestration of forests and soil, which is one of the large unknowns under future climate
conditions; Barcza et al. 2009, Booth et al. 2012). Higher €@@centrations can also lead to
the increase of the stomatal resistance thereby to the inhibition of the transpiration, which can
amplify the global warming (Cao et al. 2010, Gopalakrishnan et al. 2011). Therefore to draw
appropriate conclusions for decision makers about the role of the forests in the climate change
mitigation and adaptation, the combined effects should be analyzed.

The accurate representation of land use and land cover change in past, present and future
climate simulations is crucial to understand and quantify the interactions and feedbacks with the
climate and socio-economic systems, respectively (Hibbard et al 2010, Mahmood et al. 2010,
Pielke et al. 2011), as well as the ecosystem services of the land cover types and the role of
humans in the climate system. These can be reached only by improved international and
interdisciplinary collaboration across modelling, observing and measurement communities.
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Influence of Regeneration Method on the Yield and Stem
Quality of Black Locust (Robinia pseudoacacia L.) Stands:
a Case Study
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Abstract — Black locust Rdoinia pseudoacacid..) is one of the most important forest tree species in
Hungary, covering approximately 23% of the forested land and providing 25% of the annual timber
output of the country. One third of these black locust stands are high forests (planted with seedlings)
and the remainder coppices. According to the forestry regulations black locust stands can be
regenerated both by root suckers and with seedlings in Hungary. This study investigates the influence
of different regeneration methods on wood production, stem quality and health. Properly managed
regeneration from root suckers produced a higher yield than regeneration from seedlings at a harvest
age of 35-37 years. The results show that regeneration of black locust stands from root suckers can be
recommended on good and medium quality sites without a decrease in yield or stem quality.

Robinia pseudoacacia L. / regeneration methods / yield / health condition

Kivonat — Kilonbozé felljitdsi modok hatasa akacosok hozaméra: esettanulményAz akéac
(Robinia pseudoacacia.) az egyik legfontosabb allomanyalkot6 fafaj Magyarorszagon, éreeiitbt

mintegy 23%-at boritja és az orszag éves faanyag-termelésének 25%-at adja. Ezen akacallomanyok
egyharmada szalefd(magereddf), a maradék pedig sarj ereletMagyarorszagon a szakmai
eldirasok értelmében az akacosok magrol és gyokérsarjrél Gjithatok fel. A dolgozat kdlonboz
feltjitasi médoknak a fatermésre, a torzstaigre, illetve a fak egészségi allapotara gyakorolt hatasat
vizsgalja. A szamitott adatok szerint a gyokérsarjrol térsaakszeriés gondos felljitas a 35-37 éves
véghaszndlati korban magasabb hozamot eredményezett, mint a magrélfeidigas. A vizsgélati
eredmények alapjan az akacosok gyoOkérsarjrol tdrtiaddjitasa els$orban a j6 és kbzepes
termshelyeken ajanlott a fatermés csokkenése nélkul.

Fehér akac / feltjitasi modok / fatermés / egészségi allapot

1 INTRODUTION

Robinia pseudoacaciaas the first forest tree species brought from North America to Europe
(to France) sometime after 1601. Its rapid spread all over the world may be attributed to its
adaptability to a wide range of conditions, favorable breeding properties, frequent and
abundant seed production, excellent coppicing, fast growth and high yield (Keresztesi 1988).
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Black locust was introduced in Hungary between 1710 and 1720. The first large black
locust stands were established at the beginning of tfecd®tury on the Great Hungarian
Plain stabilizing the wind-blown sandy soil. In Hungary black locust occupied 37.000 ha in
1885, 109.000 ha in 1911, 186.000 ha in 1938 and 420.000 ha in 2010. At present, it is the
most widely planted tree species in Hungary, covering 23% of the country's total forest area.
One-third of these stands are high forests and two-thirds are of coppice. In the 1960s,
Hungary had more black locust forests than all the rest of Europe.

The average per hectare volumeall black locust forests is 125%ha, with an average
volume of 190 rfha at harvest at an average harvest age of 31. Black locust forests in
Hungary have been established on a range of sites; however only sites with adequate moisture
supply and well aerated and loose structured soil, rich in nutrients and humus can produce
good quality timber. On medium and poor sites, black locust produces fuel wood, fodder,
poles and mine props as well as honey while protecting the soil and the environment (Boring
et al. 1984, Keresztesi 1988, Bongarten et al. 1992, Rédei 1996).

Black locust produces abundant seed crops of long-lived viable seeds which however
need treatment before they can germinate. At the same time, roots produce vigorous suckers.

The most important black locust growing regions in Hungary are in the south and
southwest Transdanubia (hill-ridges of Vas-Zala county, hill-ridges Somogy county), the
plain between the Danube and Tisza rivers (Central Hungary) and north-east Hungary
(Nyirség region)Kigure 1).

A

4

9]
4
< Hill-ridges of Vas-Zala
/,r\n.\} -

interfluve

Figure 1. The main growing regions of black locust (Robinia pseudoacgcstalnds
in Hungary

In the future there are two regions in the world where black locust is likely to be grown in
larger areas: the Mediterranean countries in Europe and China and Korea in Asia.

1.1 Stand establishment, tending and yield

Black locust requires well-drained soils with adequate moisture where the associated
nitrogen-fixingRhizobiumbacteria are able to thrive. That is why soil preparation (total or
partial) to improve aeration and the water regime of the soil and tilling between rows may

Acta Silv. Lign. Hung. 8, 2012



Influence of regeneration method on black locustds 105

become necessary. It can grow on a wide range ibfyges, except on very dry or very
heavy soils. The aeration and water regime of thiessil have a major influence on
growth. In general, it prefers loose, structuredssaespecially silty and sandy loams.
Growth is very slow where the subsoil is compad amterlogged, especially if the root
zone is less than 35 cm; excessively dry sitesalm®@ very unfavorable (Eigel et al. 1980,
Keresztesi 1988).

The most popular planting spacing for black logogtiungary is 2.4 m by 0.7 to 1.0 m,
requiring at least 4000 seedlings/ha. Black lomiahds are often regenerated by coppice
(from root suckers). In young stands of coppiceiaria cleaning operation should be done to
adjust spacing when the stands are 3—6 years aldslaould reduce the stock below 5000
stems/ha.

Black locust is a fast-growing tree, and is ableqtackly close canopy openings
created by tending operations up to the age of A@ehrs; such closure is much slower in
later years. Height growth peaks within the fisefyears, and diameter growth peaks in
the first decade. The maximum current annual inemms near age 20; while mean
annual increment culminates between age 35-37 \based on the yield table Rédei —
Gal 1985).

A growing space index is used to determine tendind thinning intensity. This index
expresses the mean distance between trees (asstrraimgular pattern) as a percentage of
mean height after tending and thinning. The mednevaf this index should be 23-24% for
black locust stands. Crop trees should be prurea@fter selective thinning, stems must be
free of branches up to a height of 4-6 m.

The objective of tending is to produce a high prtipa of good quality saw-logs from
stands on good sites; some saw-logs and a higlogirap of poles and props from stands on
medium quality sites and poles, props and otheidlsiimaension industrial wood from the
rest of the stands (Rédei 1992).

2 STUDY OBJECTIVE

Several experimental plots were established in ldono orderto investigate the influence of
different regenerationmethods on wood production and quality in blackukic stands
(Keresztesi 1965, 1987, Rédei 1997). The purposetwdind the best regeneration method
for these stands. Unfortunately most of the plagsenestablished without replication; yet they
still provide us with valuable and long term infation about the growth and yield of black
locust under different regeneration circumstances.

3 MATERIAL AND METHODS

3.1 The study area

In the area between the Danube and Tisza riveed-{gare 1), three experimental plots were
established in the spring of 1968, each 0.24 hectAccording to the Hungarian site
classification, the main ecological characteristitthe study area are as follows:
» forest steppe climate zone (humidity is less th@&%5n July at 2 pm, annual
precipitation is less than 550 mm);
» hydrology: water loosing site (with lack of grounaker influence);
* genetic soil type: sand with humus content.

The latitude and longitude coordinates of the expental site aré&l 47.11, E 19.30.
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3.2 Treatments

Three different regeneration methods were used after harvest with stump extraction
(Keresztesi 1987):
» Treatment |: Regeneration from suckers developed from thick roots (root diameter
between 3 and 6 cm);
» Treatment Il: Regeneration from suckers developed from thin roots (root diameter
between 1 and 3 cm) with removal of thick roots;
» Treatment Ill: Regeneration with seedlings planted into deep-ploughed soil.

Harvest and tending operations have been done in accordathcetensive silviculture
prescriptions of the time. Two cleanings were done at age of 5 and 10, a selective thinning at
age of 15 and a late thinning at age 20. The trees on the plots were harvested at age of 34 and
regeneratedith the three different methods described above

The yieldclassof the stand is Il on a relative scale of | to VI, where | is the best (Rédei —
Gal 1985).

3.3 Calculation of the stand parameters

DBH and height were measured for each tree on each plot at the age of 6, 17, 24, 29 and 34;
then stem numberbasal area, stand volume per hectare aawdragetree volume were
calculated. Tregolume was calculated using the volume function based on the volume table
for black locust (Sopp 1974):

d? h#ot
V=3P e [ pOdih+ p Cd+ p,Ch+ p,) (1)

where d is d.b.h.(cm),
h is tree height (m),
Po=4
p=—0.6326
P2= 20.23
pz=0.00
ps= 3034

3.4 Tree/stem quality classification
Four stem quality classes (depending on utilization) were identified in this study:

Class 1: Trees providing high quality industrial wood: straight, cylindrical, healthy stems,
reaching to the top of the crown. Crooks are tolerated in one dimension only, not more
than twice the stem diameter. The lower two-thirds of the tree must be suitable for saw
logs and free of live branches.

Class 2: Trees providing lower quality industrial wood: the stem is straight, forks are
tolerated, but only if they are in the uppermost third of the tree. Crooks are tolerated in
one dimension only, not more than four times the stem diameter.

Class 3: Trees suitable for short logs of poor quality: the stem is crooked and leaning. Crooks
may reach six times the stem diameter in one dimension and minor crookedness in a
second dimension is tolerated. Only short logs of poor quality and firewood can be
produced from these trees.

Class 4: Trees suitable for firewood only: very crooked in more than one dimension, low
branching, forked trees with stem defects, broken crown or stem rot.
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For the investigation of butt rot caused by the fungbsmes fraxineusCOOKE),
30 sample trees were selected in each plot. Rot on cut surface and upwards in the trunk was
measured by cutting the stem along the vertical axis.

The stand value index showing the stem quality of the stands (SVI) was determined base
on the following formula:

S| = XN+ xnt xn+xn, )
rH+ r-]2+ n3+n4

where X, X,, X;, X, =tree quality classes,
n, n,,n;,n, =tree numbers belonging to the single tree quality classes

4 RESULTS

Table 1shows a considerable difference in initial stocking after regenerations. The best stocking
was from regeneration from large roots. The lowest density was in treatment I, i.e. regeneration
from fine roots. This difference also shows up in per hectare volume at harvest. There is
virtually no difference in average heights and diameters between treatments | and Il i.e.
regeneration from suckers, and this also applies to mean tree volumes. The lowest values for
these parameters are in treatment lll, i.e. regeneration with seedlings. There is no difference in
terms of stand value index, meaning that the method of regeneration does not have any effect on
the quality of the trees. In all treatments a tendency toward increasing SVI indices with age.

Table 1. Stand structure and quality parameters of the experimental plots

Stem Mean Stand-
Age Mean Mean Basal value
number hei Volume tree .
eight DBH area index
per ha volume (SVI)
Y ear m cm nf/ha m/ha dn?
Treatment | Regeneration from suckers developed from thick roots
6 5060 6.2 4.2 7.1 35.2 7.0 -
17 1283 16.8 13.7 19.0 165.8 129.2 1.7
24 607 21.6 19.0 17.2 182.6 300.8 1.8
29 601 23.1 21.5 21.8 248.5 413.5 1.9
34 601 24.2 23.2 23.6 297.1 494.3 1.9
Treatment Il Regeneration from suckers developed from thin roots
6 3872 6.6 4.9 7.2 37.2 9.6 -
17 896 17.4 154 16.7 153.3 171.1 1.6
24 395 22.6 19.8 12.1 135.7 343.5 1.7
29 395 23.3 22.4 15.6 178.0 450.6 1.8
34 395 23.9 23.8 15.7 200.0 506.3 1.8
Treatment Il Regeneration with seedlings
6 4004 6.2 4.2 55 27.6 6.9 -
17 1225 16.5 13.7 18.0 155.6 127.0 1.7
24 607 21.6 18.6 16.6 177.0 291.6 1.7
29 596 22.4 20.9 20.5 228.0 382.5 1.8
34 596 22.8 21.5 22.9 258.9 434.4 1.8
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Figure 2 shows similar tendencies of height growth curves of seed and coppice origin. At
the age of harvest, the mean height of the stand regenerated from suckers (treatment | and II)
developed from thick roots is just as large as that of the stand regenerated from suckers
developed from thin roots. The height growth of the stand regenerated with seedlings
(treatment IIl) is somewhat lower than that of the stand regenerated from suckers.

30

25 -
—~ - - +P|0t|
g 20 -
= ——Plot Il.
S
o 15 ——Plot IlI.
ey
§ 10 --=-921
= - = =3|22

5

0

6 17 24 29 34
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Figure 2. Mean height values of stands along with site index curves
(Plot I: regenerated from thick roots, Plot Il regenerated from thin roots,
Plot Ill: regenerated with seedlings, Sl 21 and 22 are site index curves)

To investigate possible differences in curve shapes and asymptotic values of height
growth a growth function, the modified Chapman—Richards function was fitted to the height
over age data. The function has the following form:

h=pL-e™)™ 3)

where h is the height
tis the age
p1, P2 and p are the parameters

Parametep; is the asymptotic (maximum) value of the height growth; parampieasdps
are responsible for the shape of the curve.

Table 2. Parameter estimates for the height growth curves of the three different plots using
the modified Chapman—Richards function

Plot | Plot II Plot III
P1 27.10 25.89 24.83
p2 —-0.07968 —-0.09681 -0.09624
P3 1.5384 1.6927 1.7136
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Parameter estimates irable 2 show that the height growth of plots Il and Il are similar in
shape (nearly identic@hb andps parameters) at a slightly different asymptotic level, and the
curve of plot | is different both in terms of asymptotic value and curve shape.

Figure 2 also compares experimental plot height growth with site index curves (Rédei —
Gal 1985) for site indices 21 and 22 (height at the age 25; dotted black lines in the graph). The
growth pattern is very similar, so these long term observations also support the patterns of the
site index curves.

Figure 3 indicates that in spite of a difference in number of stems per ha between the
plots regenerated from suckers sprouted from thick and thin roots there is no considerable
difference in DBH of their crops. The DBH values of crops regenerated with seedlings are
somewhat lower than that of crops regenerated from suckers but the deviation is negligible
from a practical point of view.
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Figure 3. DBH values of the stands
(Plot I: regenerated from thick roots, Plot Il regenerated from thin roots,
Plot Ill: regenerated with seedlings)

The parameters of the Chapman—Richards function were also estimated for the DBH over
age data. The parameters are in Table 3.

Table 3. Parameter estimates for the DBH growth curves of the three different plots using
the modified Chapman—Richards function

Plot | Plot II Plot III
P1 29.75 28.28 25.21
P2 —0.05827 —0.06772 —0.07659
Ps 1.6260 1.5995 1.8320
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According to these data, stands raised from suckers produced higher average tree
volumes in both cases than stands of seed origin.
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Figure 4. Mean tree volume of the crops at age of 34 years in the treatments

Investigations of stem quality of these experimental stands at harvest age 34 showed a
stand value index 1.9 in treatment | (thick roots) and 1.8 in treatment Il (thin roots) and llI
(seedlings). This suggests that differences in regeneration methods do not result in meaningful
differences in the stand value index.

After harvesting, the degree of butt rot caused Hpmes fraxineusCOOKE was
investigated on 30 trees in each plot by determining the surface area of rot per cross
section along the stem. 72% of the sample trees had rot extending up to 50 cm from the
butt and 29% had rot between 50 and 100 cm up the stem. No trees had rot above 1 meter
height. Overall 46% of the trees had butt rot on plot I, 43% on plot II, and 40% on plot IlI.
This data would suggest that but rot is only slightly influenced by the regeneration
method.

5 CONCLUSIONS

The results indicate that there is only a slight difference in stem quality and health status of
stands regenerated by different methods. The differences that arose from treatments were
mainly related to different initial stand densities.

Mean tree volumes of stands established by various coppicing methods and by planting
have shown only minor differences at harvest. The stand of seed origin did not produce better
stem quality than stands of coppice origin. The coppice stands did not produce less valuable
assortments than stands of seed origin, therefore coppicing remains to be a viable
management option under similar site conditions.
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Poroid Fungi of Hungary in the Collection of
Zoltan Igmandy

llona SABO

Institute of Silviculture and Forest Protection, University of West-Hungary, Sopron, Hungary

Abstract — Zoltan Igmandy (1925-2000), prominent Hungarian mycologist, worked as professor of
forest protection at the University of West-Hungary Sopron. His main research area was the
investigation of wood-inhabiting poroid fungi of Hungary, their occurrence and importance in forest
pathology and wood protection. During his 40 years of scientific activity Igmandy created a rich
fungal collection (herbarium Z. Igméandy) which includes the complete polypore mycota known to
occur in Hungary until 1990. The paper provides a brief compendium of the collection, a list of
species characterised by the number of specimens, number of sampling locations and enumeration of
the hosts and substrata of the specimens.

forest pathology / mycology / wood decay

Kivonat —Magyarorszag csoévestapléi Igmandy Zoltan dijteményében.lgmandy Zoltan (1925-2000)
neves magyar mikologus az évédelemtan professzora volt a soproni Nyugat-magyarorszagi
Egyetemen (1950-1990). 6Fkutatasi tertlete a csovestaplok magyarorszagforelulasa és
novénykortani, faanyagvédelmi jeléaége volt. 40 éves tudomanyos tevékenysége soran gazdag
taplégomba gfjjteményt hozott Iétre, amely a Magyarorszagasfoetiul6, 1990-ig ismert, fan &l
poroid taplégomba fajokat a teljesség igényével tartalmazza. A tanulmanyjtangny rovid
O0sszegzése, a hazai csdvestaplo fajok listajdipegyényi darabszammal, aigiési helyek szamaval

és a gyijteménydarabok gazdandvényeinek, aljzatainak felsorolasaval jellemezve.

erdészeti névénykortan / mikolédgia / korhadas

1 INTRODUCTION

Zoltan Igmandy (1925-2000), researcher and professor of forest protection at the University
of West-Hungaryinvestigated the polypore fungi from the beginning of his scientific career
(1950) until his retirement in 1990. His research activity initiated the modern investigation
and detailed inventory of polypores in Hungary. He studied the former data and reports in the
literature and revised the previously existing specimens and collections of poroid fungi from
Hungary and the Carpathian-Basin (Igméandy 1956, 1957a, 1981, 1987). Igmandy collected
and documented some thousand fungal specimens, often with the contribution of the
university and forestry colleagues, from all forest areas and most of the localities in Hungary.
During his scientific activity of 40 years Igmandy created a vast collection. Although he also
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collected several samples of corticoid and steroid fungi, only the specimens of poroid fungi
were processed and identified. The data of the collection were partially published by Igmandy
(1956, 1957, 1965, 1968a, 1968b, 1970) and were synthesised in his academic dissertation
(Ilgméandy 1981). The most common polypore species were described in detail for the larger
public in his book issued in 1991 (Igmandy 1991). The occurrence and phytopathological
significance of the polypores for each of forest tree species important in Hungary also were
described (Igmandy 1982). The polypore collection is kept at the Institute of Silviculture and
Forest Protection of the University of West-Hungary Sopron. Several specimens and
duplicates of selected species are deposited in the herbarium of the Hungarian Natural History
Museum Budapest.

2 MATERIAL STUDIED

Igméandy kept a record of specimens in register books. He documented the collected fungi and
characterised them in detail: collecting time and location, forest type and age, host or
substrate, condition of the host, etc., name of collectors, species name, and identifier. The
samples were recorded in separate registers for polypores from Hungary, polypores from
other regions of the Carpathian-Basin, and for non-poroid fungal specimens. We processed
the complete database from the register of the poroid fungi collected in Hungary. At the same
time we checked the specimens in the herbarium created by Igmandy. The data were
summarised elaborating the checklist of species published here.

3 RESULTS

The register of poroid fungi collected in Hungary contains 3219 entities from which Igméandy
determined 2621 specimens belonging to 148 species. The specimens were collected from
1950 until 1989, except for a few collected earlier by other mycologists and determined or
revised by Igmandy. For example the samples of some rare speéidgsaoria vaillantii,
Flaviporus brownij Polyporus rhizophilusand Rigidoporus moeszirom former Hungarian
collections revised by Igmandy were included in this collection in order to complete the
species range of poroid fungi known to occur in Hungary (Igméandy 1981).

For this paper we prepared a summary of the database of poroid fungi collected in
Hungary. Species are listed alphabetically and accompanied by the following data: current
name according the MycoBank and Index Fungorum databases, other synonym names used
by Igméndy in the collection, number of specimens, number of locations, host genera and
other substrata.

1.1 The list of poroid fungi of Hungary in the collection of Z. Igméandy

Abortiporus biennis(Bull.) Singer 1944 Albatrellus cristatus(Schaeff.) Kotl. et Pouzar
syn.Heteroporus bienniBull.) Lazaro Ibiza 1957
20 specimens, 11 locations, on desxkr, syn. Caloporus cristatué€Schaeff.) Quél.
Quercus, Robinia, Salix, Tilia, and on soil. 3 specimens, 1 location, on dead Picea, and
Abortiporus fractipes(Berk. et. M.A. Curtis) on soil.
Bondartsev 1959 Albatrellus pes-capra¢Pers.) Pouzar 1966
1 specimen, 1 location, on dead Picea. syn. Caloporus pes-caprdPers.) Pilat
1 specimen, 1 location, on soil.
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Antrodia albida (Fr.) Donk 1966 Aurantiporus fissilis (Berk. et M.A. Curtis)
syn.:Trametes albiddFr.) Bourdot et Galzin H. Jahn ex Ryvarden 1978
syn. Coriolellus albidus(Fr.) Bondartsev syn.Leptoporus fissiligBerk. et M.A. Curtis)
syn. Coriolellus serpend-r.) Bondartsev Pilat
6 specimens, 4 locations, on defaagus, syn. Tyromyces fissiligBerk. et M.A. Curtis)
Quercus Donk

Antrodia gossypiun(Speg.) Ryvarden 1973 15 specimens, 8 locations, on living and
syn. Fibroporia gossypia (Speg.) Parmastodead Aesculus, Carpinus, Fagus, Malus,
1 specimen, 1 location, on bult-in conifer Pinus, Populus, Salix, Sorhus

wood. Bjerkandera adusta (Willd.) P. Karst. 1879
Antrodia lenis(P. Karst.) Ryvarden 1973 syn. Gloeoporus adustigvilld.) Pilat
syn. Poria lenigP. Karst.) Sacc. 53 specimens, 28 locations, on déesldus,
2 specimens, 2 locations, on deBttea, Betula, Carpinus, Crataegus, Fagus, Picea,
Quercus Pinus, Platanus, Populus, Prunus, Quercus,
Antrodia malicola(Berk. et M.A. Curtis) Donk  Tilia, Ulmus
1966 Bjerkandera fumosa (Pers.) P. Karst. 1879
syn. Coriolellus malicola (Berk. et M.A. syn. Gloeoporus fumosyBers.) Pilat
Curtis) Murrill 35 specimens, 27 locations, on dead and
5 specimens, 5 locations, on def@agus, rarely living Acer, Carpinus, Celtis, Fagus,
Populus, Quercus Juglans, Populus, Quercus, Robinia, Salix,
Antrodia ramentacegBerk. et Broome) Donk Ulmus
1966 Ceriporia excelsa (S. Lundell) Parmasto 1959
syn. Coriolellus ramentaceugBerk. et 2 specimens, 2 locations, on dead Quercus
Broome) Domanski Ceriporia mellita (Bourdot) Bondartsev et
12 specimens, 8 locations, on dead Pinus Singer 1941
Antrodia serialis(Fr.) Donk 1966 1 specimen, 1 location, on dead Fagus
syn. Trametes serialisr. Ceriporia viridans (Berk. et Broome) Donk
syn. Coriolellus serialigFr.) Murrill 1933

20 specimens, 7 locations, on dedoies, 8 specimens, 4 locations, on dekdgus,
Picea, Pinusand on built-in conifer wood. Populus

Antrodia sinuosa (Fr.) P. Karst. 1881 Ceriporiopsis gilvescens(Bres.) Domanski
syn.Coriolellus sinuosugFr.) A.K. Sarkar, 1963
syn.Coriolellus vaporariugPers.) Domanski 3 specimens, 1 location, on dead Fagus.

8 specimens, 3 locations, on built-in conifeteriporiopsis mucidaPers.) Gilb. et Ryvarden

wood. 1985
Antrodia xantha (Fr.) Ryvarden 1973 Syn. Fibuloporia donkiDomanski
syn.Amyloporia xantha (Fr.) Bondartsev et 3 specimens, 3 locations, on dead Quercus
Singer _ . Ceriporiopsis resinascengRomell) Domanski
4 specimens, 1 location, on dead Larix, Piceajgg3
Prunus _ _ _ 2 specimens, 2 locations, on dekegus,
Antrodiella foliaceodentata (Nikol.) Gilb. et Eraxinus
Ryvarden 1993 _ Cerrena unicolor(Bull.) Murrill 1903
syn. Trametes fOIlaceOdentathlkOL) syn. Trametes unic0|c(Bu||.) Pilat
Domanski 41 specimens, 25 locations, on de&cer,

1 specimen, 1 location, on dead Fagus  Aesculus, Carpinus, Fagus, Juglans, Prunus,
Antrodiella hoehnelii(Bres.) Niemela 1982 Quercus, Robinia, Tilia.

syn. Trametes hoehne(Bres.) Pilat Climacocystis borealigFr.) Kotl. et Pouzar

9 specimens, 3 locations, on deaagus, 1958

Carpinus 3 specimens, 3 locations, on deBihus,
Picea
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Coltricia perennis(L.) Murrill 1908 Fibroporia destructor (Schrad.) Parmasto
syn. Polystictus perenni&.) Fr. 1968
9 specimens, 6 locations, on soil. 1 specimen, 1 location, on built-in conifer
Coriolopsis gallica (Fr.) Ryvarden 1973 wood.
Syn. Trametes gallica Fr. Fibroporia vaillantii (DC.) Parmasto 1968

24 specimens, 18 locations, on desxkr, 1 specimen, 1 location, in building.
Fagus, Fraxinus, Populus, Prunus, Quercugistulina hepatica (Schaef.) With. 1821

Sambucus, Ulmus _ 9 specimens, 7 locations, on living and dead
Coriolopsis trogii(Berk.) Domanski 1968 Castanea, Quercus

syn. Trametes gallica Fr, f. trogerk. Flaviporus brownii (Humb.) Donk 1960

syn. Trametes trogir. syn. Leptoporus rufoflavugBerk. et M.A.

51 specimens, 39 locations, on dead Betulagyrtis) Pilat

Liliodendron, Populus, Quercus, Salix.  syn. Flaviporus rufoflavus (Berk. et M.A.
Daedalea quercina (L.) Pers. 1821 Curtis) Murrill

syn. Trametes quercina (L.) Pilat 1 specimen, 1 location, on conifer mine-wood.

20 specimens, 16 locations, on degtomes fomentariugL.) Fr. 1867

Castanea, Fraxinus, Quercus _ 37 specimens, 23 locations, on living and
Daedaleopsis confragosa (Bolton) J. Schrét.dead Aesculus, Betula, Carpinus, Fagus,

1888 Fraxinus, Populus, Prunus, Quercus, Salix,

syn. Trametes confragosa (Bolton) Jorstadyimus

54 specimens, 28 locations, on déddus, Fomitopsis pinicola (Sw.) P. Karst. 1881
Betula, Fagus, Fraxinus, Populus, Prunus,syn. Fomes marginatu§r.) Gillet

Quercus, Salix, Ulmus syn. Fomitopsis marginata (Pers. ex Fr.) P.
Daedaleopsis tricolor(Bull.) Bondartsev et kgrst.

Singer 1941 37 specimens, 25 locations, on deies,

syn. Trametes confragosa (Bolton) Jorstadpesculus, Ailanthus, Alnus, Betula, Carpinus,

var. Lenzites tricoloBull. . Fagus, Larix, Malus, Picea, Pinus, Populus,

syn. Daedaleopsis confragosa vdricolor  prynys, Quercus, Tilia.

(Bull.) Bondartsev et Singer Fomitopsis rosea (Alb. et Schwein.) P. Karst.

10 specimens, 10 locations, on d&tula, 1889

Prunus, Salix, Tilia. syn. Fomes rosey#@lb. et Schwein.) Cooke
Datronia mollis (Sommerf.) Donk 1966 8 specimens, 2 locations, on deRidea and

syn. Trametes molli&Sommertf.) Fr. on built-in conifer wood.

|1:2 spe(gmenls, 9 Iocatlonss, cl)_n deacer, Ganoderma adspersuigschulzer) Donk 1969
.agus: Opulus, Qu.ercus,, alix . syn. Ganoderma europaeuUateyaert
Dichomitus campestrigQuél.) Domanski et syn. Ganoderma linhartii (Kalchbr.) Z.
Orlicz 1966 Igmandy

syn. Trametes campest@uel. 53 specimens, 40 locations, on living and
2 specimens, 2 locations, on dead Quercusgeadabies, Acer, Aesculus, Betula, Carpinus,
Dichomitus squalengP. Karst.) D.A. Reid. cgjtis. Fagus, Fraxinus, Gleditsia,
1965 . _ ) Gymnocladus, Morus, Picea, Platanus,
2 specimens, 2 locations, on dead Pinus  popylus, Prunus, Quercus, Robinia, Salix,
Diplomitoporus flavescengBres.) Domanski  Tijjia.

1970 ) . . Ganoderma applanatunfPers.) Pat. 1889

18 specimens, 11 locations, on dead Pinusyg specimens, 37 locations, on deAder
Donkioporia expansa (Desm.) Kotl. et (yseudoplatanus), Aesculus, Alnus, Betula,

Pouzar 1973 , o Carpinus, Fagus, Quercus, Picea, Populus,
2 specimens, 2 locations, on built-in hard-py;nus. Robinia. Salix. Tilia. Ulmus

wood.
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Ganoderma carnosuniat. 1889 Hapalopilus rutilans(Pers.) P. Karst. 1881
1 specimen, 1 location, on Taxus syn. Phaeolus rutilanfPers.) Pat.
Ganoderma cupreolaccatun{Kalchbr.) Z. 79 specimens, 56 locations, on deackr,
Igmandy 1968 Betula, Carpinus, Fagus, Pinus, Prunus,
8 specimens, 7 locations, on living andQuercus, Salix, Tilia.
dead Acer, Fagus Heterobasidion annosunfFr.) Bref. 1888

Ganoderma lucidum(Curtis) P. Karst. 1881 syn. Fomes annosiisr.) Cooke

27 specimens, 19 locations, on living and80 specimens, 49 locations, on desuies
dead Acer, Carpinus, Platanus, Quercus, Alnus, Betula, Chaenomeles, Corylus, Cydonia,
Salix, Taxusand on soil. Larix, Picea, Pinus, Prunus, Pseudotsuga,
Ganoderma resinaceurB8oud. 1889 Ribes, Tilia.

syn. Ganoderma lucidum(Leys.) Karst. Inonotus cuticularis(Bull.) P. Karst. 1879
subsp. resinaceum (Boud.) Bourdot et syn. Xanthochrous cuticular(®ull.) Pat.
Galzin 74 specimens, 44 locations, on living and
26 specimens, 11 locations, on livingdead Acer, Aesculus, Fagus, Quercus,
Mahonia, Pyrus, Quercus, Robinia, Salix Morus, Populus
Gloeophyllum abietinum (Bull.) P. Karst. Inonotus dryadeugPers.) Murrill 1908

1879 syn. Xanthochrous dryadeus(Pers.) Z.
11 specimens, 3 locations, on deRidea Igmandy

and on built-in conifer wood. 17 specimens, 10 locations, on living and
Gloeophyllum odoratum(Wulfen) Imazeki dead Quercus

1943 Inonotus dryophilus(Berk.) Murrill 1904

syn. Anisomyces odorat({é/ulfen) Pilat syn. Xanthochrous dryophylugBerk.) Z.
syn. Osmoporus odoratgv/ulfen) Singer  Igmandy
26 specimens, 14 locations, on dead Picedl 1 specimens, 5 locations, on liviQgercus

Pinus Inonotus hispidus(Bull.) P. Karst. 1889
Gloeophyllum sepiarium(Wulfen) P. Karst. syn. Xanthochrous hispidyBull.) Pat.
1879 22 specimens, 15 locations, on living and

18 specimens, 9 locations, dead Larix, dead Aesculus, Fraxinus, Juglans, Malus,
Picea, Pinusand on built-in conifer wood. Morus, Platanus, Quercus
Gloeophyllum trabeun{Pers.) Murrill 1908 Inonotus nidus-piciPilat ex Pilat 1942
24 specimens, 14 locations, on desxkr, syn. Xanthochrous nidus-pici(Pilat) Z.
Betula, Fagus, Juniperus, Picea, Pinus,lgmandy
Populus, Quercus, Saliand on built-in 31 specimens, 19 locations, on lividger,
conifer and hardwood. Aesculus, Fagus, Juglans, Quercus
Gloeoporus dichrougFr.) Bres. 1916 Inonotus nodulosugqFr.) P. Karst. 1882
33 specimens, 25 locations, on deadsyn. Xanthochrous radiatugSow.) Pat. var.
Ailanthus, Carpinus, Fagus, Populus, nodulosuqFr.) Quél.

Pyrus, Quercus, Tilia. 25 specimens, 14 locations, on ddaus,
Gloeoporus pannocinctugRomell) J. Erikss. Prunus, Quercus
1958 Inonotus obliquus(Ach. ex Pers.) Pilat 1942
16 specimens, 7 locations, on déaldnthus, syn. Xanthochrous obliquugPers.) B. et G.
Carpinus, Fagus, Populus 26 specimens, 8 locations, on deAder,
Grifola frondosa (Dicks.) Gray 1821 Carpinus, Fagus, Quercus, Ulmwmd on
5 specimens, 4 locations, on living living and dead Betula (f. asexualis).
Quercus Inonotus radiatus(Sowerby) P. Karst. 1881
Hapalopilus croceus(Pers.) Bondartsev et syn. Xanthochrous radiatySow.) Pat.
Singer 1941 29 specimens, 15 locations, on désldus,
syn. Phaeolus croceyPers.) Pat. Carpinus, Fagus

6 specimens, 1 location, on living Quercus
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Inonotus rheades (Pers.) Bondartsev etMeruliopsis taxicola (Pers.) Bondartsev 1959

Singer 1941 syn. Poria taxicola (Pers.) Bres.

syn. Xanthochrous rheadéBers.) Pat. syn. Caloporus taxicola (Pers.) Ryvarden

6 specimens, 3 locations, on deRapulus 17 specimens, 12 locations, on d€aaus

tremula. Onnia tomentosa (Fr.) P. Karst. 1889
Irpex lacteus(Fr.) Fr. 1828 1 specimen, 1 location, on soil.

syn. Trametes lactea (Fr.) Pilat Osteina obducta (Berk.) Donk 1966.

15 specimens, 8 locations, on deadsyn. Grifola ossea (Kalchbr.) Pilat
Ailanthus, Fagus, Pinus, Populus, Prunus,1 specimen, 1 location, on dead Larix

Quercus, Robinia. Oxyporus latemarginatus(Durieu et Mont.)
Ischnoderma benzoinum (Wahlenb.) P. Donk 1966

Karst. 1881 syn.Chaetoporus ambiguy8res.) Bondartsev

8 specimens, 6 locations, on deBohus, et Singer

Picea. 20 specimens, 15 locations, on dead
Ischnoderma resinosun{Schrad.) P. Karst. Carpinus, Fagus, Fraxinus, Populus, Quercus,

1879 Robinia, Salix, Ulmusnd on livingRobinia.

14 specimens, 7 locations, on ddabus, Oxyporus populinugSchumach.) Donk 1933

Quercus 11 specimens, 5 locations, on deAder,
Junghuhnia lacera (P. Karst.) Niemela et Fagus, Fraxinus, Sambucus

Kinnunen 2001 Oxyporus ravidus(Fr.) Bondartsev et Singer
syn. Chaetoporus radulugPers. ex Fr.) 1941

Bondartsev et Singer 1 specimen, 1 location, on dead Picea.

syn. Junghuhnia separabillima (PouzarPachykytospora tuberculosa (Fr.) Kotl. et

Ryvarden Pouzar 1963.

2 specimens, 2 locations, on dead Populus14 specimens, 5 locations, on d€gercus,
Junghuhnia nitida (Pers.) Ryvarden 1972  Ulmus
syn. Chaetoporus euporugP. Karst.) Perenniporia fraxinea (Bull.) Ryvarden 1978

Bondartsev et Singer syn. Fomes fraxineu®ull.) Cooke

3 specimens, 3 locations, on de&dlix, syn. Haploporus cytisinudBerk.) Domanski

Populus, Quercus syn. Perenniporia cytisina (Berk.) n. c.
Laetiporus sulphureugBull.) Murrill 1920 56 specimens, 43 locations, on living and

syn. Grifola sulphurea (Bull.) Pilat dead Platanus, Populus, Quercus, Robinia.

19 specimens, 15 locations, on living anerenniporia medulla-panis (Jack.) Donk
deadCastanea, Populus, Prunus, Quercus,1967

Robinia, Salix 19 specimens, 12 locations, on built-in
Lenzites betulina (L.) Fr. 1838 hardwood Quercus, Robinia).
syn. Trametes betulina (L.) Pilat Phaeolus schweinitzi{Fr.) Pat. 1900

33 specimens, 18 locations, on déddus, 23 specimens, 9 locations, on living and
Betula, Carpinus, Cornus, Fagus, Picea,dead Larix, Picea, Pinus, Prunu@nd on

Populus, Quercus soil.
Lenzites warnieriDurieu et Mont. 1860 Phellinus conchatugPers.) Quél. 1886
syn. Lenzites reichardtichulzer 17 specimens, 12 locations, on deacer,
7 specimens, 5 locations, dead Fraxinus, Fagus, Picea?, Prunus, Salix
Quercus, Populus, Ulmus Phellinus contiguus(Pers.) Pat. 1928.
Meripilus giganteus(Pers.) P. Karst. 1882 93 specimens, 48 locations, on déddnthus,
syn. Grifola gigantea (Pers.) Pilat Carpinus, Fagus, Fraxinus, Picea, Populus,
31 specimens, 20 locations, on living andPrunus, Quercus, Robinia and on built-in
dead Fagus, Quercus, Robinia. wood.
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Phellinus ferruginosus(Schrad.) Pat. 1900 Phellinus tuberculosus (Baumg.) Niemela
9 specimens, 7 locations, on de2arpinus, 1982

Fagus, Quercus, Robinia syn. Phellinus igniarius subsp. pomaceus
Phellinus hartigii (Allesch. et Schnabl) Pat. (Pers.) Quél.

1903 syn. Phellinus pomacei{Bers.) Maire 1933

syn.Phellinus robustus$. hartigii (Allesch. 20 specimens, 16 locations, on living and

et Schnabl) Bourdot et Galzin dead Prunus

14 specimens, 3 locations, on de&loies, Phellinus viticola (Schwein.) Donk 1966

Picea, Thuja syn. Phellinus isabellinus(Fr.) Bourdot et
Phellinus igniarius (L.) Quél. 1886 Galzin

30 specimens, 22 locations, on living and2 specimens, 2 locations, on dead Pinus
dead Alnus, Populus, Robinia, Salix Piptoporus betulinugBull.) P. Karst. 1881
Phellinus laevigatug(Fr.) Bourdot et Galzin syn. Placodes betuliny8ull.) Quél.

1928 14 specimens, 12 locations, on living and
1 specimen, 1 location, on dead Betula. = dead Betula.

Phellinus pilatii Cerny 1968 Piptoporus quercinus (Schrad.) P. Karst.
5 specimens, 2 locations, on living and1881

dead Populus alba. syn. Placodes quercingSchrad.) Quél.

Phellinus punctatus(P. Karst.) Pilat 1942 4 specimens, 2 locations, on living Quercus
21 specimens, 12 locations, on living andolyporus alveolaris (DC.) Bondartsev et
deadCarpinus, Corylus, Gleditsia, Juniperus, Singer 1941
Lonicera, Morus, Populus, Salix, Syringa. syn. Polyporus morfPollini) ex Fr.

Phellinus rhamni (Bondartseva) H. Jahn 9 specimens, 8 locations, on de@drnus,

1967 Crataegus, Fagus, Maclura, Populus, Robinia,

2 specimens, 2 locations, on deadSyringa.

Rhamnus Polyporus arcularius(Batsch) Fr. 1821
Phellinus ribis (Schumach.) Quél. 1886 41 specimens, 30 locations, on déesculus,

24 specimens, 11 locations, on liviBgrnus, Alnus, Carpinus, Fagus, Populus, Prunus,
Crataegus, Euonymus, Ligustrum, Ribes Quercus, Robinia, Salix

Phellinus robustus (P. Karst.) Bourdot et Polyporus badiugPers.) Schwein. 1832
Galzin 1928. syn. Polyporellus picipe@-r.) Karst.
40 specimens, 25 locations, on living andl5 specimens, 8 locations, on deAder,
deadAmorpha, Castanea, Carpinus, QuercusFagus, Populus, Quercus, Salix

Robinia, Syringa, Viburnum Polyporus brumaligPers.) Fr. 1818
Phellinus torulosus (Pers.) Bourdot et 9 specimens, 7 locations, on dédidus, Betula,
Galzin 1925 Carpinus, Prunus, Quercus

51 specimens, 28 locations, on living andolyporus ciliatusFr. 1815.
deadAcer, Castanea, Cornus, Crataegus,2 specimens, 2 locations, on dead Fagus
Euonymus, Fraxinus, Larix, Picea, Prunusolyporus melanopugPers.) Fr. 1821

Pyrus, Quercus, Robinia, Salix 2 specimens, 2 locations, on ddeabus on
Phellinus tremulae (Bondartsev) soil.

Bondartsev et P.N. Borisov 1953 Polyporus rhizophilusPat. 1894

syn. Phellinus igniarius (L. ex Fr.) f 3 specimens, 3 locations, on soil.

tremulaeBondartsev Polyporus squamosu@uds.) Fr. 1821

18 specimens, 12 locations, on living andsyn.Polyporellusus squamos(iduds.) Karst.

dead Populus 15 specimens, 9 locations, on living and

dead Acer, Aesculus, Fagus, Juglans,
Populus, Quercus, Sambucus, Ulmus
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Polyporus tuberaste(Jack. ex Pers.) Fr. Rigidoporus moeszii(Pilat ex Pilat) Pouzar

1815 1966
3 specimens, 2 locations, on dead syn. Leptoporus moesHilat
Carpinus, Fagus 2 specimens, 1 location, on dead Robinia.
Polyporus umbellatugPers.) Fr. 1821 Rigidoporus sanguinolentugAlb. et Schwein.)
syn. Grifola umbellata (Pers.) Pilat Donk 1966
5 specimens, 3 locations, on deetula, 4 specimens, 1 location, on deslales, Picea
Quercus Rigidoporus vitreugPers.) Donk 1966
Polyporus variug(Pers.) Fr. 1821 syn. Rigidoporus vitreus (Pers. ex Fr.) Donk
syn. Polyporellus elegar(8ull.) Karst. 1 specimen, 1 location, in cellar.
11 specimens, 5 locations, on dead FagusSchizopora carneolutegRodway et Cleland)
Porodaedalea pin{Brot.) Murrill 1905 Kotl. et Pouzar 1979
syn. Phellinus pin{Thore) Pilat syn. Schizopora phellinoides (Pilat)
9 specimens, 4 locations, on living Pinus Domanski
Postia balsamea (Peck) Julich 1982 56 specimens, 30 locations, on deacer,
syn. Leptoporus kymatodéRostr.) Pilat Alnus, Carpinus, Fagus, Populus, Quercus,
syn. Tyromyces balsame(i¥eck) Murrill Salix, Ulmus
9 specimens, 2 locations, on delnhiperus, Schizopora paradoxa (Schrad.) Donk 1967
Picea, Pinus syn. Xylodon versiporud’ers.) Bondartsev
Postia caesia (Schrad.) P. Karst. 1881 syn. Poria versipora (Pers.) Baxter
syn. Leptoporus caesiSchrad.) Quél. 92 specimens, 38 locations, on de¥uies,
syn. Tyromyces caesi{Schrad.) Murrill Acer, Betula, Carpinus, Fagus, Picea, Pinus,
16 specimens, 6 locations, on deSies, Populus, Prunus, Quercus, Robinia, Salix,
Fagus, Picea, Pinus, Quercus, Tilia. Tilia.
Postia fragilis(Fr.) Julich 1982 Skeletocutis alutacea (J. Lowe) Jean Keller
syn. Tyromyces fragili@=r.) Donk 1979
4 specimens, 4 locations, on deRBitea, syn. Fibuloporia alutacea (Lowe) Christ.
Pinus. 1 specimen, 1 location, on dead Picea.
Postia p|acenta (Fr) M.J. Larsen e{SkeletOCUtiS amorpha (Fr) Kotl. et Pouzar
Lombard 1986 1958

syn. Ceriporia placenta (Fr.) Domanski  Syn. Gloeoporus amorphus (Fr.) Killerm.

1 specimen, 1 location, on deRirius on soil. 22 specimens, 13 locations, on ddaatix,
Postia simanii(Pilat ex Pilat) Jilich 1982  Picea, Pinus

syn. Tyromyces simar(iPilat) Parmasto Skeletocutis nivea (Jungh.) Jean Keller 1979

1 specimen, 1 location, on dead Populus SYN. Leptoporus semipileat(@eck) Pilat

Postia stiptica (Pers.) Jilich 1982 syn. Incrustoporia nive@ungh.) Ryvarden
syn. Leptoporus stipticu®ers.) Quél. 7 specimens, 4 locations, on deader,
syn. Tyromyces stipticus(Pers. ex Fr.) Carpinus, Quercus, Salix

Kotl. et Pouzar Skeletocutis tschulymica (Pilat) Jean Keller

30 specimens, 12 locations, on dédmes, 1979
Alnus, Betula, Carpinus, Fagus, Picea, Pinus syn. Incrustoporia tschulymica (Pilat)
Postia subcaesia (A. David) Jilich 1982 Domanski

syn. Tyromyces subcesi(i3avid) 5 specimens, 1 locations, on dead Populus

4 specimens, 2 locations, on de2arpinus, Spongipellis delectan@eck) Murrill 1907

Populus, Salix 2 specimens, 1 location, on dead Fagus
Pycnoporus cinnabarinug(Jack.) P. Karst. Spongipellis litschauerLohwag 1931

1881 syn. Leptoporus irpegSchulzer) n. c.

syn. Trametes cinnabarina (Jack.) Fr. syn. Spongipellis irpe¢Schulzer) n. c.

18 specimens, 8 locations, on ddaabus, 39 specimens, 26 locations, on living and

Prunus, Quercus dead Acer, Ailanthus, Populus, Quercus
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Spongipellis pachyodoPers.) Kotl. et Trametopsis cervina (Schwein.) Tomsowski
Pouzar 1965 2008
syn. Trametes pachyodon (Pers.) Pilat syn. Trametes cervina (Schwein.) Bres.
1 specimen, 1 location, on living Platanus 25 specimens, 11 locations, on déafjus,
Spongipellis spumeugSowerby) Pat. 1900  Quercus
syn. Leptoporus spume(Sowerby) Pilat  Trichaptum abietinum (Dicks.) Ryvarden
23 specimens, 10 locations, on living and1972
deadAcer, Aesculus, Juglans, Quercus,syn. Trametes abietina (Dicks.) Pilat
Populus, Ulmus syn. Hirschioporus abietinu®icks.) Donk
Trametes gibbosa (Pers.) Fr. 1838 16 specimens, 7 locations, on deabies,
25 specimens, 15 locations, on dédies, Picea, Pinus
Aesculus, Alnus, Carpinus, Fagus, Picedrichaptum biforme(Fr.) Ryvarden 1972
Platanus, Populus, Quercus, Salix, Tilia.  syn. Trametes biformig-r.) Pilat
Trametes hirsuta (Wulfen) Pilat 1939 syn. Hirschioporus pergamenus(Fr.)
35 specimens, 23 locations, on dead AesculuBondartsev et Singer
Betula, Carpinus, Fagus, Fraxinus, Malus, 24 specimens, 12 locations, on ddajus,
Pinus, Populus, Prunus, Quercus, Uimus Quercus, Tilia.
Trametes ochracedPers.) Gilb. et RyvardenTrichaptum fuscoviolaceunfEhrenb.) Ryvarden
1987 1972
syn. Trametes zonata (Nees. ex Fr.) Pilat syn. Trametes abietinavar. fusco-violacea
4 specimens, 3 locations, on deétula, Ehrenb.
Populus syn. Hirschioporus fusco-violaceug&hrenb.
Trametes pubescern($&chumach.) Pilat 1939 ex Fr.) Donk
14 specimens, 9 locations, on déxetula, 24 specimens, 18 locations, on dd?idea,

Fagus, Populus, Prunus, Salix Pinus

Trametes suaveolen@..) Fr. 1838 Tyromyces chioneugFr.) P. Karst. 1881
32 specimens, 22 locations, on living and2 Specimens, 2 locations, on deBegus,
dead Populus, Salix Quercus

Trametes versicolo(L.) Lloyd 1921 Tyromyces lacteugrr.) Murrill 1907

29 specimens, 15 locations, on deddus, ~ SYN. Leptoporus lacteu§r.) Quel.
Betula, Carpinus, Fagus, Fraxinus, Picea, 16 specimens, 11 locations, on d€apinus,
Pinus, Populus, Prunus, Quercus, Salix,Fagus, Malus, Populus, Quercus, Salix
Syringa

Acknowledgements:The author thanks R. Dankéné and J. Kovacs for their invaluable help
with the processing of the data and checking the specimens in the collection.
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Storage Problems of Poplar Chips from Short Rotation
Plantations with Special Emphasis on Fungal Development
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& University of West Hungary, Sopron, Hungary
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Abstract — There are several problems atoring wood chips freshly harvested from short rotation
plantations, which result in quality losses as well as in dry matter and energy losses. The factors
influencing the degradation of raw material are examined in this paper with special focus on fungal
development. An excessive growth of fungi is connected to dry matter losses and also to an increased
health risk during raw material handling.

The following factors were measured during 6 months storage of poplar wood chips depending on
particle size: box temperature, moisture content, pH-value, appearance of fungi in the storage and the
concentration of fungal particles in the air. The results show a close connection between patrticle size,
temperature and attack of fungi. During the storage mesophilic and termophilic species of the genera
Alternaria, Aspergillus, Cladosporium, Mucand Penicilliumappeared. The concentration of fungal
particles is the highest for fine chips and decreases in bigger particles. There was a special focus on
the investigation of the properties of coarse chips (G 50), which represent a good compromise between
handling, storage losses and health risk due to fungal development.

wood chips / poplar / storage / temperature / fungi

Kivonat — ROvid vagéasforduléju nyar apriték tarolasi problémai, kilonds tekintettel a kifejlodé
gombakra. Frissen kitermelt révid vagasforduldju fafajokbdébalitott apriték tarolasa soran szamos
probléma mertl fel, melyek eredménye @#ség-, szarazanyag- €s energiaveszteség. Ebben a
tanulmanyban a nyersanyag-degradaciot befolyasolo tékyeziltek vizsgalatra, kilonos tekintettel

a kifejlodé gombakra. Ezek rendkivili elszaporodasanak kdszérhezarazanyag-veszteség mellett

a nyersanyag kezelése soran fdlépegnodvekedett egészségugyi kockazat is.

Nyar faapriték hat honapos tarolasa folyaman az apritékméret fliggvényében a kovetkez
tényedk mérése zajlott: a taroldn belllbmérséklet, nedvességtartalom, pH, a taroléban megjelen
gombak és azok szdma a leflegn. Az eredmények szoros 6sszefliggést mutatnak, kilondésen az
apritékméret, a dmérséklet és a gombak szama kozt. A tarolas soran mezofil és termofil gombak
fejlédtek. A kovetke#t nemzetségekhez tartozo fajok voltak megfigyélkelternaria, Aspergillus,
Cladosporium, Mucor, PenicilliumA gombak szama a finom apritéknal volt a legmagasabb, ami az
apritékméret novekedésével csokkent. A kutatds folyaman kulonos szerepet kapott a kdzépfinom
apriték tulajdonsagainak vizsgalata (G 50), mely kompromisszumos megoldast jelent a kezelés,
tarolasi veszteségek és a kibejp gombaknak készonhieegészségligyi kockazatok kozott.

faapriték / nyar / tarolas / himérséklet / gomba
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1 INTRODUCTION

The demand for wood chips from short rotation crops (SRC) such as poplar and willow
for bioenergy has increased in recent years due to annually increasing total energy
consumption and high prices for fossil resources. SRC chips have several advantages such
as harvesting in winter, low fertilisation and maintenance needs, but some disadvantages
as well (Jirjis 1995, Scholz et al. 2004, 2009). Storage at high moisture content influences
the quality and storage losses of wood. Several factors have effects on storage processes.
Many studies have shown that the biggest influencing factors are particle size, height of
pile, air permeability and rain protection (Jirjis 2005, Scholz et al. 2005, Scholz - Idler
2005). Temperature development and moisture content in the storage pile, dry matter loss,
quantity of fungal particlésin the air vary depending on the layout of the storage (Scholz

— Idler 2001, Idler et al. 2004). The aim of this work was to determine the influence of the
particle size on storage of poplar chips, to identify optimal forms of raw material
preparation and storage design for minimum energy loss and health risks for operators.
We also wanted to find an optimal length of chips, where the quality and mass losses are
not as high as in common fine chips (G 30), but which are still easy usable for medium
sized heating systems. Earlier studies have shown that the minimum energy loss and the
lowest health risks for operators were reached by storing wood as chunks instead of chips
(Scholz-Idler 2005, 2007). But chunks have to be comminuted before they can be burned
and they are difficult to handle. Therefore, this study was done with special focus on
coarse chips, which are still easy to handle and probably ensure lower mass losses during
storage and reduced health risks than fine chips.

2 MATERIALS AND METHODS

The raw material used for this investigation was harvested from an 18 year old SRC plantation of
poplar (Japan 105, 2 year rotation cycle) at the Leibniz Institute for Agricultural Engineering
Potsdam-Bornim (ATB, Germany) in January 2012. The harvested material was chopped to
different lengths immediately after they were felled and before storage. Three different particle
sizes were produced and classified according to ONORM M 7133 for storage tests: fine chips G
30 (tractor mounted disk chipper FARMI CH150), coarse chips G 50 (tractor mounted ATB
mower-chipper), and chunks G 100 (Chunk chopper DIEMER). The chips and chunks where
stored immediately after harvest and prepared in separate rectangular boxes 2.5 m high and 2.0 m
wide (V=10 nT) with thermally insulated sides and rain-protection at the Afigufe 1).

Figure 1. Storage boxes for poplar chips and chunks of different length (G 100, G 30 and G 50)

! hyphae, infested wood particles, spores
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During the storage, the temperature (outside and inside of the boxes), humidity, moisture
content, pH, wind speed, fungi on the wood and concentration of fungal particles in the air were
measured and analysed for a storage period of 6 monthdgadaary 2012 — $uly 2012).

The temperature inside of the box was measured at different heliagdpse( 2) by an
electronic pick thermometer. Ambient temperature and data outside the box were provided by
the weather station of ATB.

The temperature measurements untif' March showed a bigger fluctuation because of
manual measuring. After this date an automatic measuring system was installed and air
ventilation influences on the measurements have been avoided.

The moisture content, pH and the concentration of fungal particles were measured on
sampling days. At the beginning of the experiments, samples were taken every two weeks
after the second month of storage samples were taken only every month because many studies
show that after two months the values do not change rapidly (Scholz — Idler 2001, Idler —
Scholz 2001). Due to the weather conditions, measuring was not always possible. Therefore,
in some cases fungi were not countable in the samples.

2,3m

2,0m

25 m+

1,7m

1,4m

1,1m

0.8 m

0,5m

@ Temperature measurement [ | Place of sampling
Figure 2. Design of boxes for measuring and sampling

Samples for the determination of moisture contewt quality of the wood chips were
taken from six different places per bdxdure 2). They were measured on a digital scale for
moisture analysis immediately after sampling and were dried at 105 °C to constant weight.
The moisture content was calculated from measured dry matter content. Wind speed was
measured by a cup anemometer (Ahlborn, Germany).

Samples were processed to analyse pH and fungi. The pH was measured by a pH-
electrode Sen Tix 41 with temperature compensation (WTW, Weilheim, Germany). The
concentration of fungal particles was determined using the spread plate method. 20 g samples
were shaken for 30 minutes with a rotary shaker at 180 rpm in 180 ml of Ringer solution
(Merck, Darmstadt, Germany), which then was made into a decadic dilution series. An aliquot
was put on special nutrient plate. Mesophilic fungi were measured by using substrate DG 18
(Oxoid, Darmstadt, Germany) and thermophilic fungi by using Malt Extract Agar (Merck,
Darmstadt, Germany) with 0.01% chloramphenicol. Plates were incubated for five days at 20 °C
and for two days at 37 °C. Then the number of the colonies that developed was counted and the
concentration of fungal particles in a log colony forming units per g fresh lgad$a/§g FM was
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calculated. The identification was made microscopically (Pitt 1991, Samson et al. 2000, Klich
2002). The concentration of fungal particles in the air was measured directly on the top of the
boxes using the Airport sampler MD8 (Sartorius, Géttingen, Germany) and the MAS 100 eco
(Merck, Darmstadt, Germany). The Airport sampler MD8 (sample volume: 1000 liters,
flow rate: 50 I/min), using the gelatine membrane filter method, was applied at air relative
humidity under 80%. Above this value MAS 100 eco was used (sample volume: 1000 liters,
flow rate: 100 I/min) which is based on the impaction principle. The control samples were taken
at a height of 1.50 m. The samples of Airport MD8 were dissolved in 10 ml warm (30 °C) sterile
saline solution (0.9% NaCl + 0.01% Tween 80) and were shaken for 30 minutes with a rotary
shaker at 180 rpm at 30 °C. Then a decadic dilution series was made. The identification and the
counting of mesophilic and thermophilic fungi were done in the same way as for the examination
of fungi on the wood samples. The measurement with MAS 100 eco is a direct method. For every
sampling four nutrient plates were used, two DG 18 substrates for examination of mesophilic
fungi and two malt extract agar ones with 0.01% chloramphenicol for identification of
thermophilic fungi. Plates were incubated for five days at 20 °C and for two days at 37 °C.

3 RESULTS

3.1 Temperature

During the examination the air temperature and the temperature in the boxes were measured
at four different levels because this factor shows a close connection with development of
fungi. The measurements show characteristic differences in relation to the length of the wood
chips Figure 3). The temperatures are given as averages of all heights from T1RigUi4 @).
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Temperature, °C
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Storage duration, month
——ambient temperature G 100 =—G 50 G 30

Figure 3. Development of average temperature (°C) in the storage boxes of
wood chips of different size

Average temperatures in the box of chunks (G 100) showed a very close connection with
ambient temperature. However average temperature in the box of fine (G 30) and coarse chips
(G 50) rapidly increased in the first two weeks and reached their peaks at about 55 °C. Data
started to drop off in the box of fine chips after storage two months and in the box of coarse
chips after 10 weeks. The temperature decreased then to near to ambient temperature.

Temperatures in the box of chunks showed almost similar values at all levels. In the box
of fine chips. the highest temperature was measured at the second level (T2) similar to coarse
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chips(Figure 4). In the box of coarse chips, the temperature increased rapidly in the first of
two weeks of storage and reached its temperature peaks of about 60 °C. This began to
decrease after 11 weeks. Approximately 4 weeks later, the temperature started to approach the
ambient temperature.
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——ambient temperature Tl -T2 —T3 —T4
Figure 4. Development of temperature (°C) at different heights in coarse chip piles (G 50)

3.2 Moisture content, pH, fungi

In every box the same genera of fungi were found: mesoiidosporium ssp., Mucor
ssp., Penicillium ssp. and thermophilic Aspergillus ssp.

In the box of chunks (G 100), the number of mesophilic and thermophilic fungal particles
rose after one montlrigure 5).
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Figure 5. Average values of moisture content (%, fresh mass), pH, temperature (°C) and
development of fungi (log colony forming units per g fresh mass)
during the storage of chunks (G 100)

The quantity of mesophilic fungal particles in coarse chips (G 50) increased in one month
and the order of magnitude did not change till the sixth month, while the concentration of
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particles with thermophilic fungi rose rapidllyigure 6). This was the tendency until the third
month and then it started to sink. The moisture content decreased after the second month.
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Figure 6. Average values of moisture content (%, fresh mass), pH, temperature (°C) and
development of fungi (log colony forming units per g fresh mass)
during the storage of coarse chips (G 50)

The number of mesophilic and thermophilic fungaltipbas in the fine chips (G 30) rose
for half of a month and the order of magnitude did not change until the third month, when it
started to dropHigure 7). The moisture content was almost constant over the whole storage
period of 6 months.
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Figure 7. Average values of moisture content (%, fresh mass), pH, temperature (°C) and
development of fungi (log colony forming units per g fresh mass)
during the storage of fine chips (G 30)
In the storage box of chunks and coarse chips, the pH showed little fluctuation, but in fine
chips the pH increased from 6.58 to 7.91 due to the excessive growth of fungi.
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3.3 The concentration of fungal patrticles in the air

The number of mesophilic fungal particles in the air was always higher than that of thermophilic
fungal particles, except in the fine chipsgure 8.
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Figure 8. Concentration of mesophilic and thermophilic fungal particles
(log colony forming units per #in the air over the storage boxes of
a) poplar chunks (G 100), b) coarse (G 50) and c) fine poplar chips (G 30)

Acta Silv. Lign. Hung. 8, 2012



130 Horvath, Zs. et al.

The concentration of fungal particles in the air decreased with increasing distance. The
number of mesophilic fungi was slightly higher on the top of the boxes than in the control samples
and the order of magnitude was the same for all lengths of the wood chips. The number of
thermophilic fungi increased until the second month of storage, and then it started to sink.
Numbers grew with decreasing length of the wood chips.

The following genera of fungi were founéliternaria, Aspergillus, Cladosporium, Mucor
and Penicillium

4 DISCUSSION AND CONCLUSIONS

Particle size is one of the most important influence factors in the storage of freshly harvested
short rotation poplar in unventilated boxes. Temperatures in piles of coarse and fine chips can
increase to nearly 60 °C during storage. The highest temperature was measured in fine chips.
In every pile, the highest temperatures were recorded in the first period of storage; then the
values start to decrease. The heating was due to the activity of microbes, residual respiration
of wood cells and the restricted air flow within G 30 wood chip piles because of their lower
bulk porosity. The temperatures in the box of chunks were lowest and corresponded to the
ambient temperatures. This was due to the good air flow because of the coarse bulk structure.

The moisture content of chopped wood depends on the relative humidity and the
temperature in the boxes. It does not fall below 45% for coarse and fine chips and reaches
approximately 30% for chunks after storage for 6 months.

The pH runs from 6 to 8 and chunks have the lowest values. There is a close connection
between values of pH and growth of fungi.

During storage, mesophilic and termophilic fungi develop of the geAkeanaria,
Aspergillus, Cladosporium, Mucor and Penicillium

The growing of fungi corresponds to the temperature in the box and the outside air
temperature, but it does not depend on the moisture content of the wood as long as it is
between 30 and 60%. The number of mesophilic fungi does not show a relationship to the
length of the wood chips, but there is a close connection between the number of particles of
thermophilic fungi and the length of the chigsgure 9).

10,0 100

2 n=3

=

= 8.0 80 2=
E =
= I3
2 60 . 60 &
.Eb *2
g | S
S 40 40 o
=]

S 2
2 2
o 20 20 §
(@)

0 ; 0
G 100 G50 G 30

Length of wood by storage

=orientation value of thermopilic fungi content O final moisture content of wood chips
O mesophilic fungi in box B thermophilic fungi in box
O mesophilic fungi particles in the air on top of box @ thermophilic fungi particles in the air on top of box

Figure 1. Average of fungi in the box and the concentration of fungal particles in the air of
chunks (G 100), coarse (G 50) and fine chips (G 30) after storage for six month
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During the examination a special focus was put on the development of thermophilic
fungi, because they may be allergen, toxic and fungus pathogenic. The most important
thermophilic fungusAspergillus fumigatusbecause it is one of the most pathogenic, can
cause allergy reactions and cancer. The highest values were found in fine chips (8.4l fu/g
which is one order of magnitude higher than in coarse chips, and five orders of magnitude
higher than in chunks.

The development of the concentration of fungal particles in the air has a very close
connection to the concentration of fungal particles in the boxes, and to the temperature in box.
The number of mesophilic fungal particles in the air is related to the relative humidity of the
air in the box, but this is not the case with thermophilic fungal particles in the air. The highest
value ofAspergillus sspin the air was measured for fine chips (4.6 Ig cfu/g)FWhich is
one order of magnitude higher than for coarse chips, and two orders of magnitude higher than
for chunks. At present, there is no regulation for the limit of fungi content in the air of wood
chips storages neither in Germany nor in Hungary. Therefore, the orientation value limit
according to TRBA 430 (compost processing) of 4.0 Ig cfu/g should be used.

Storage of coarse chips of poplar from short rotation has several advantages compared to
fine chips. During the 6 months of storage the temperature in coarse chips was similar to fine
chips, but the moisture content after the second month of storage is less than in fine chips, and
after 6 months it reaches approximately 30%. The amount of mesophilic fungal particles in a
box of coarse chips is similar to fine chips, but the number of thermophilic fungal particles is
one order of magnitude less than in fine chips. This tendency was also found in fungi content
in the air above the top of boxes. Storage of chunks has the most advantages, but this length
of wood is not easy to handle. Compared to general form of storage fine chips, coarse chips
have a better quality and are still convenient to handle. Further improvements are needed to
reduce the concentration of fungal particles in the box of coarse chips as well as fungi content
in the air and to speed up the drying of stored wood. Aeration with ambient or heated air
could be solutions but this would increase production costs.

Acknowledgements:We thank Katrin Busse, Peter Kaulful and Werner Daries for technical
assistance.
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Investigation of the Applicability of
Multi-Operational Logging Machines in Hardwood Stands

Attila LAszl6 HORVATH — Katalin SAKALOS-MATYAS — BélaHORVATH

Institute of Forestry and Environmental Techniques, University of West Hungary, Sopron, Hungary

Abstract — As a result of new developments in technology, harvesters may no longer be confined to
softwood forests only. Several studies carried out in black locust, Turkey oak and beech stands have
justified the use of these machines in hardwood stands. Evaluating the results of the cost and time
analyses we concluded that harvesters are more efficient in several cases compared to traditional
felling with chainsaws.

harvester / logging / performance / operating cost / working day structure

Kivonat — Tobbmiiveletes fakitermeb gépek alkalmazhatésaganak vizsgalata magyarorszagi
lombos allomanyokban. A gépfejlesztéseknek koszonbenh a harveszterek, ma mar nem csak
kizarélag a fenyvesekben alkalmazhatéak hatékonyan. Szamos terepi méréssel sikerilt
Magyarorszagon (akac, cser, bukk allomanyokban) is igazolni a ,gépcsodak” létjogosultsagét. Az id

és koltségelemzések soran kapott eredmények tudatdban biztonsdggal allithatjuk, hogy a lombos
allomanyokban is alkalmazhat6ak harveszterek, sok esetben hatékonyabb munkavégzés valdsithatd
meg, mint a hagyomanyos motaégzes fakitermelés soran.

harveszter / fakitermelés / teljesitmény / lzemorakoltség / munkaldzerkezet

1 INTRODUCTION: LOGGING WITH HARVESTERS IN HARDWOOD STANDS

Highly mechanized tree utilization, applying the harvester-forwarder combination has very
rapidly become common and almost exclusive in developed West Europe (primarily in
Scandinavia) and in North America where the logging of vast areas of softwood stands is
common. As a result of the excellent performance and spread of these softwood harvesters,
research and development began to focus on the adaptation of these machines in hardwood
forests.

The operations of a harvester are identical for both hardwood and softwood stands apart
from a few steps. There are no significant differences in the workflow in spite of the fact that
the growth character of the trees and the structure of the forests are markedly different.

The most fundamental difference between harvesting hardwood and softwood stands is in
the separation of the thick branches from the trunk which is no longer done with the pivotable
gripping arms which also function as arc knives. Using the manipulator arm, the machine
operator places the felling head onto the branch to be cut off. As the operator fixes the head,
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the limb is removed using the hydraulic chain saw equipment. After this the debranching,
assorting and cross-cutting of the limbs can be carried out and the further processing of the
log can be continued (Kryzanowski 2004, MacDonald — Clow 2@igufe 1).

Already in the 1970s the use of multi-purpose and multi-operational logging machines
was regarded as one of the most important possibilities for increasing productivity in logging.
Besides the need to increase productivity foresters recommended buying these machines in
response to the increasing shortage of labour (Szepesi 1967, Csontos 1977, Horvath 2003).
However, in Hungary the use of multi-purpose machines has not spead to the expected extent
and rate, for the following reasons:

* As the machines were obtained from various vendors, it turned out to be extremely
difficult to achieve optimal coordination of this equipment when they were assembled
into machine lines

* In the earlier economic and organisational environment a 4-5-fold cost increase
appeared compared to traditional logging with chain saws.

2 ANALYSIS AND EVALUATION OF THE WORK WITH HARVESTERS

Nowadays multi-operational logging machines work in both hardwood and softwood stands
(Figues 2-5). Depending on conditions of terrain, some of this equipment is primarily used in
hardwood stands, while other types are almost exclusively used in softwood forests. Based on
the foreign results in efficiency and productivity of harvesters, there is no doubt that these
machines should be the first choice for domestic softwood forests too. However, their use in
domestic hardwood stands raises many questions. In the past few years multi-operational
logging machines have already been used for logging domestic forests (in black locust, alder,
hybrid poplar, Turkey oak, hornbeam-oak, beech, hornbeam-Scots pine, spruce, Scots pine
and black pine stands). Clearcutting, thinning, preparatory cutting and sanitary cutting were
all done with these machines.

Cutting of thick branches Arranging branch material Skidding tmi

Figure 1. Harvester logging of a Turkey oak stand
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In order to analyze and evaluate the structure of the work day and performance of the

harvesters, field surveys were done with continuous time measurement. Besides recording the
duration of individual actions, the total volume of the timber processed in each cycle and the
distances of changeovers were also recorded. During the survey, the following types of
actions were distinguished:

Grabbing the treeQT): equals the time required for the machine operator to place the
harvester head onto the base of the tree, using the manipulator arm.

Felling and processing the lod~)( involves the time for felling, preassembly,
debranching of the log as well as the conversion into assortments and piling by
assortments.

ChangeoverQ@): is the duration of machine displacement.

Felling only FO): time spent on logging very thin or poor quality (e.g. completely
rotten) logs, which do not yield valuable assortments.

Arranging branch materiaBJ: transfer and rearrangement of branches obstructing the
path of logging.

Arranging timber T): transfer and arrangement of timber stacks obstructing the path of
logging.

Rest periodR): time for meeting personal needs.

TroubleshootingTH): time for fixing technical defects in the machinery.

Waiting (W): other time losses (e.g. phone calls)

"

Figure 2. Valmet 911.3 harvester, Figure 3. Ponsse HS16 Ergo harvester,

Szentgal Balinka

v e e ﬁ‘: ...’)q\ it «-u-_..h - 7 v £
Figure 4. Timberjack 1270B harvester, = Figure 5. Ponsse Buffalo Dual harwarder,
Horvatzsidany Kecskemét
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2.1 Clearcutting in a black locust stand using Valmet 911.3 and Silvatec 896 TH-H
harvesters

A field survey was made in a black locust stand, group-mixed with 25% black pine, with a
total area of 23.6 hectares. 4.3 hectares of the stand with pure black locust forest were
clearcut. The average age was 42 years, average stem height was 17 m, average diameter
at breast height measured 20 cm. With a canopy closure of 96%, there was an average of
640 stems/hectare, with a standing volume of 13®ectare. This row-planted seedling
stand was classified into yield class IV. The shrub layer was moderate (30-70%) but even.
The logging and processing of the trees was done with the Valmet 911.3 and Silvatec 896 TH-H
harvesters. During clearcutting, the machines all worked in 15 m wide tracts, moving
periodically (logging changeover). The distance of changeovers ranged between 2-10 m,
depending on the location of the trees within the tracts. The branches of the shrub layer,
(which had been previously cut with chain saw), and the tree branches were continuously
moved to the right side of the tract by the machine operator. The branchwood was
collected at the right side of the skidding trail (located in the middle of the tract) while
different groups of roundwood assortments were collected at the left side. Two types of
assortments were produced: firewood and pole wood. Pole wood was converted from the
logs with a length of 3 m and a top diameter of 15-25 cm. The rest of the roundwood was
sorted for fire wood, also with a length of 3 m. The forwarding of the timber was done
with a Valmet 860.3 machine.

The field survey and data recording of the Valmet harvester lasted 698.47 minutes
(2 days). During the period of the measureméigure 6 41.3% of the operating time
was spent on felling trees, 3.9% was for changeovers, and around 22.9% of the time was
spent arranging the branch material. Altogether 3%imber was harvested. The shift
performance and performance per hour was determined on the basis of the work day
structure and the volume of logged timber. Using the country specific machine utilization
factor P =60% for Hungary) expected performances were calculafeablé ).
The productive timeR) of the harvester during the investigation was 80.1%.

Balatonfékajar 1D, 2010.05.06., 2010.05.10.

O Grabbing the tree (GT)

m 0 ) .
0 5,4% 41,3% m Felling and processing the stem (F)

I Changeover (C)
W4,7%—
H Felling only (FO)

[ 5,0%

O Arranging branch material (B)
m3,9%

O Arranging timber (T)

W 3,4% @ Restperiod

/

010,2% @3,4% 022,9%

I Troubleshooting

B Waiting

Figure 6. Operating time structure of the Valmet 911.3 harvester

Acta Silv. Lign. Hung. 8, 2012



Investigation of multi-operational logging machines 137

Table 1. Performance of the Valmet 911.3 harvester

Performance m*/h n/shift
Logging (GT+F+C) 6.3 50.3
Logging + site clearing (GT+F+FO+C+B+T) 4.0 31.7
During the whole measurement time (S) 3.2 25.4
Expected performance(P=60%)

Logging (GT+F+C) 3.8 30.2
Logging + site clearing (GT+F+FO+C+B+T) 2.4 19.0

The field survey and data recording of the Silvatacvester took 263.87 minutes, and
12.4 n? of timber was harvested. During the period of theasurement 43.0% of the
operating time was spent on tree felling and prsiogs and 29.5% was used for arranging the
branch materialKigure 7). The achieved and expected performance datauanenarized in
Table 2.

Balatonfékajar 1D, 2010.05.11.

O Grabbing the tree (GT)

W Felling and processing the stem (F)
@ Changeover (C)

® Felling only (FO)

O Arranging branch material (B)

@ Arranging timber (T)

O Rest period

O Troubleshooting

029,5% m3,4%

B Waiting
Figure 7. Working time structure of the Silvate® 8H-H harvester
The low performance of the machines (3%tmand 2.8 rith) can be primarily attributed
to the weak yield class of the stand and to thetfet the heads of the harvesters had sizes at
the lower application limit of the economical randdoreover, efficient work was also
hindered by the fact that machine operators wetsurf@iciently experienced.

Table 2. Performance of the Silvatec 896 TH-H hster

Performance m*h nm/shift
Logging (GT+F+C) 4.7 37.3
Logging + site clearing (GT+F+FO+C+B+T) 3.0 23.9
During the whole measurement time (S) 2.8 22.6
Expected performance(P=60%)

Logging (GT+F+C) 2.8 22.4
Logging + site clearing (GT+F+FO+C+B+T) 1.8 14.3
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2.2 Thinning in a mixed hornbeam — Turkey oak — beech stand using the Ponsse HS16
Ergo harvester

The increment thinning in a 72-year-old, 14.7 hectare total area of hornbeam — Turkey oak —
beech mixed stand was done using a Ponsse HS16 Ergo multi-operational logging machine.
According to the data of the management plan, the average diameter of the stand was 21 m,
and average diameter at breast height was 26 cm. Before the thinning, workers of the forest
management unit had marked the trees intended for cutting with paint. The machine operator
converted the logs into assortments as follows: from a top diameter of 25 cm, 3 m logs, from a
top diameter of 15 cm, 2.5 m industrial firewood, and 4 m household firewood. The timber
was forwarded using a Timberjack 1110 forwarder. The cross-cutting of the 4 m household
firewood assortment into 1 m chunks was done at the landing site using chain saws.

During the study (nearly 4 hours) 48.4 trmber were produced. About 60.0% of the
working time was spent on grabbing, felling and debranching, conversion into assortments,
cross-cutting, and stackingrigure 8). This type of harvesting involves a relatively high
frequency of changeovers. During the experiments, 91 changeovers were made, with an
average distance of 13 m. The time loss of over 20% (46.3 minutes) could be attributed to the
malfunctioning of a sensor in the cutting unit of the harvester head.

Balinka 8A, 2010.05.03.

m 505y [ Grabbingthe tree (GT)
y /0

B Felling and processing the stem (F)
050% —— =@ Changeover (C)

E Felling only (FO)

W22%— O Arranging branch material (B)

= 19,5% O Arranging timber (T)

®19,0% o Rest period

] Troubleshooting
[13,2% E0,0% —00,4%—mH0,2% ® Waiting
Figure 8. Working time structure of thinning operation
Despite the relatively high proportion of time losses, 75.2% of the total working period
was productive. The performance per hour calculated for the whole time was’/t2(Bable 3.
The performance of the shift during the productive periods exceeded 88ifmUnder
similar conditions, the expected performance of the machines was calculated ¥h9.8 m

Table 3. Measured and expected performance values

Performance m*h nm/shift
Logging (GT+F+C) 16.5 132.0
Logging + site clearing (GT+F+FO+C+B+T) 16.4 130.9
During the whole measurement time (S) 12.3 98.4

Expected performance (P=60%)

Logging (GT+F+C) 9.9 79.2

Logging + site clearing (GT+F+FO+C+B+T) 9.8 78.5
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2.3 Selective regeneration cutting in a Turkey oak andbeech stand using the Valmet 911.3
harvester

The whole of the 8.5 hectare Turkey oak — beechdstaas subject to the selective
regeneration cutting. The average age of the steass77 years, average tree height was
19 m and the average diameter at breast heighWasn. With a canopy closure of 70%,
there was an average of 410 stems/hectare, wittarading volume of 231 Fhectare.
During the logging the rubber-tyred Valmet 911.3Vester had to cope with a shrub layer
of over 70% and with the large amount of Turkey oadgrowth. The machine
discontinuously moved forward in a 15-20 m widectrawhile forming a winding
skidding trail in front of itself driving around meaining trees. The stacking of the
3-meter-long assortments was done beside the macthe branch material, thin twigs
and the limbs of the crown (diameter under 5 cmjenadllected at the right and left sides
of the skidding trail. The shrubs, which were adnance to the logging process and had
been previously cut by chain saws, were collectethe machine operator to the near side
of the skidding trail using the manipulator arm tfe harvester. The roundwood
assortment was forwarded with a Valmet 860.3 maehim order to protect the tender tree
regrowth and to ensure undisturbed development) batvester and forwarder machines
moved along the skidding trails and the branch natas well as the previously chain-
sawed shrubs were both collected next to the thadevays.

Szentgal 23C, 2010.11.15- 17.

O Grabbing the tree (GT)
W46,7% H Felling and processing the stem (F)
= Changeover (C)
O 5,2% — H Felling only (FO)
m1,2% O Arranging branch material (B)
T Arranging timber (T)

B124% g Restperiod
O Troubleshooting

[115,1% [ 0,4% £ 11,2%m 0,0% B Waiting

O 7,8%

Figure 9. Work time structure of regeneration auti

The field survey and data collection were done ird&/s (1130 minutes). The
percentage of the actions during the working tim@epicted inFigure 9.75.9% of the
overall working hours were productive. The propamtiof troubleshooting, waiting and
rest periods is quite low.

The volumes of harvested and processed timber {¥8%.and the duration of the single
actions were considered to estimate performancaesalThe hourly performance of the
Valmet 911.3 multi-operational logging machine dtetl on the whole measurement time)
was 10.4 rith. The expected shift performance — under similacumstances and stand
conditions — was calculated as 65.8shift (Table 4. The average changeover distance was
10 m, and the average time needed for changeo&@ssiin.
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Table 4. Measured and expected performance values in the preparatory cutting

Performance m*/h n/shift
Logging (GT+F+C) 16.2 129.2
Logging + site clearing (GT+F+FO+C+B+T) 13.7 109.4
During the whole measurement time (S) 104 83.0

Expected performance (P=60%)

Logging (GT+F+C) 9.7 77.5

Logging + site clearing (GT+F+FO+C+B+T) 8.2 65.6

The performance data indicate that harvesters can be used efficiently for logging Turkey
oak stands, despite their strong branch system and the great number of warped and twisted
logs. Optimal workflow and proper machine design led to minimum site disturbance and
damage to the remaining stand and regrowth caused by the machine-assisted logging.

3.4 Sanitary cutting in a beech stand struck by windthrow using a Valmet 911.3
harvester

Investigations were carried out in a 60-year-old storm damaged stand. The tree species were
beech, common ash, hornbeam and Turkey oak with an average height of 12—-14 m, and with
an average diameter at breast height of 13—17 cm. Storm damage affected primarily trees with
large crowns and large diameters £d25-40 cm). Windthrow hit the trees in groups,
uprooting them as a result of heavy and intense spring rain. In most cases, trees fell onto each
other or got stuck on remaining standing trees. Following the rules applied to the exploitation
of storm-damaged stands, the logging of the thrown trees was carried out moving from the
outside inwards and from the top downwards. In some cases the special position of the trees
required an alternate processing to commence at the crown and moving towards the stump of
the tree. The 3 m long assortments were forwarded with the Valmet 860.3 machine.

Data recording of the field survey took place in Szentgal 63B forest subcompartment for
312 minutes. Most of the working time was used for felling and processing, changeovers and
arranging the branch materi&igure 10).

Szentgal 63B, 2010.05.31.

W 56,3% O Grabbing the tree (GT)

B Felling and processing the stem (F)
]

B3,7% = Changeover (C)

m0,5% H Felling only (FO)

m1,9%

O Arranging branch material (B)

O Arranging timber (T)
0 Rest period

m7,5% /
O Troubleshooting

B1,7% 0O88% mo0,0% E19,5% H Waiting

Figure 10. Working time structure of sanitary cutting in a storm-damaged stand
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Changeovers were done in two different ways. One type of changeover was done by
moving between the storm-damaged spots (long distance changeovers); the other type of
movement (short distance changeovers) was done when timber processing was finished
(Figure 11). The relatively high scatter of data was due to field conditions, the start time
acceleration and the stop time deceleration.
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Distance of changeover (m)

Duration of changeover (min, min/100)

Figure 11. Relation between the distance and the duration of changeovers

Logging storm-damaged stands is always about saving valuable timber. This also
involves an above average number of dangerous and risky situations. Following the rules of
dangerous logging is recommended for both motor-manual, and mechanized harvesting.
Machine operators are safer compared to their colleagues doing the same jobs with a chain
saw. Nevertheless careless work can cause dangerous accidents as well as severe and costly
technical breakdowns. The effect of additional care required by the special circumstances on
performance is negligibléer@ble 5), because the machine operator can manage the processing,
moving and cross-cutting of the logs from a safe distance using a crane. The minor decrease
in performance can be attributed to the frequent, long distance changeovers.

Table 5. Measured and expected performances

Performance m*h n/shift
Logging (GT+F+C) 10.0 79.8

Logging + site clearing (GT+F+FO+C+B+T) 8.8 70.4

During the whole measurement time (S) 7.9 63.4

Expected performance (P=60%)

Logging (GT+F+C) 6.0 42.3

Logging + site clearing (GT+F+FO+C+B+T) 5.3 63.4

3 ECONOMIC ASPECTS OF THE USE OF HARVESTERS

When considering the utilization of machines with high investment costs, the operating costs
and the specific costs of logging are always key factors. The operating costs were estimated
using the following formula (the meaning of the characters is shown in Table 6):

(0]
u* A * L+ )*P
AT 10
100

* *
5 = A*a *(1+r)+—A P
J *100 2*J *100

+Bf*bj+KE+

(1)
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Based on this formula the operating costs of a Valmet 911.3 harvester, which logged a
black locust stand, have been determirieable 6).

Table 6. Operating costs of a Valmet 911.3 harvester (2010)

Valmet

Tag 911 3 unit

A Acquisition cost (w/o VAT) 60 MFt

n  Machine life (amortization time) 7 yr

J  Operating hours per annum 2000 hiyr

a Amortization factor (100/n) 1429 %

r  Reparation proportion 1.20

p Rate of interest 525 %

u Fuel consumption 10.00 I/h

Ay Fuel cost 320 Ft/l

0 Lubricant cost proportion 45 %

P Utilization (Productive hours / Operating hours) 60 %

e Other costs / operating costs with wage ratio 040 %

B Paid wages 800 Ft/work. h
bj  Multiplier for wage expenses 1.29

Ka Amortization costs Al(n*J)=A*a/(J*100) 4286 Ft/work. h
Kr Maintenance and repair costs r*K, 5143 Ft/work. h
K, Cost of interest (A*p)/(2*J*100) 788 Ft/work. h
g Operational costs per U*A*(1+0/100) 4640 Ftiwork. h

productive hour
Kr Operational costs F*P/100 2784 Ft/work. h
Ks Wage cost Br*b; 1032 Ft/work. h
O: Altogether KatK+KptKe+Kg 14 033 Ft/work. h
ke Othercosts (tax, storage, 5 .o/q0q 56  Ft/work. h
insurance)

ks Operating costs with wage K+K +Kp+Ke+Ke+KEe 14 089 Ft/work. h

The specific costs of the investigated loggings are summariZeabie 7. According to
the data obtained from the surveyed forest management units, the costs of traditional logging
(felling with chain saws and using cable skidders) were also evalubabde(§ for the
same forest stand3he calculations demonstrate that the cost of logging with harvesters is
between 2,000-3,000 Ftimforwarding costs 2,500-3,500 FfiniThus the total costs of
logging using whole process mechanization in the investigated hardwood stands are between
4,500—6,500 Ft/fh Although traditional logging is more cost-effective than mechanized
logging, work with harvesters is much more productive, and includes site clearing. Felling site
harvesting losses can easily be utilized (e.g. with chipping), therefore the cost difference
might be even smaller. Another advantage of using the combination of a harvester and a
forwarder is less site disturbance which means also less impact on the environment and the
ecosystem.
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Table 7. Logging with harvesters Table 8. Traditional logging
Perfor- Operating Specific . Perfor- .
Harvester mance cost cost Chﬁln SI?ZiVC’i ' mance Specific cost
m%¥h Fth  Fund 30 SMOCCT o Ft/n?
Clearcutting 3.2 14089 4403 Clearcutting 2.1 4000 4500

Increment thinning 12.3 13031 1059 Increment thin3.1 3200 3700
Regeneration cutting 10.4 14395 1384 Regeneration ¢.3.3 2800 3200

Windthrow 7.9 14351 1817 Windthrow 29 3500 3700
Average of logging with a harvester 2166

Forwarding 2500

Average 4,666  Average 3,575
4 SUMMARY

Regarding optimal technological developments, logging done with harvesters can also be
introduced to hardwood stands. This however requires higher level professional attention and
control.

The 3-year "forstINNO” project starting in 2006 — in which the Institute of Forest and
Environmental Technigues has also participated — primarily targeted the ecologic, economic
and technical evaluation of the workflow of a harvester, specially designed for hardwood
stands in 9 European countries (ranging from England to Lithuania). Based on the data
measured in five countries and according to their own research, it was concluded that with
trees averaging 0.07-0.413mthe productivity related to productive time ranges between
4.9-16.4 r¥h, also taking into account the different levels of difficulty during working
operations and the number of pieces in an assortment (Erler 2007). Based on the operating
costs and performance data of a harvester, costs could be calculated, which did not differ
significantly from the charges of a small logging business operating at the motor-manual
level.

The results of the international project are in accordance with the conclusions of the
present study. These findings are also confirmed by the performance data of the harvesters
operating in Hungarian hardwood stands, even if some of professionals still look with mistrust
at the utilization of multi-operational logging machines in hardwood stands.
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Photodegradation of Timber of Three Hardwood Species
Caused by Different Light Sources

Laszlo ToLvAl. — Dénes ¥RGA

Institute of Physics and Electrotechnics, University of West Hungary, Sopron, Hungary

Abstract — In this study, resistance of black locust, beech and poplar wood to photodegradation was

tested, applying sunlight, a xenon lamp and a mercury vapour lamp. The irradiation time was 200

hours for sunlight and the xenon light and 20 hours for the mercury light. The changes were monitored
by colour measurements and infrared spectroscopy. The colour change of black locust was more
intensive at the beginning of the irradiation than that of the beech and poplar. The degradation of
aromatic structure of lignin (absorbing at 1510 and 1596) émblack locust was minor compared to

the same changes of beech and poplar during the first 10 hours. The mercury lamp induced more
intensive changes both in colour and in infrared spectrum than the other two light sources. The results
show that the high extractive content of black locust absorbs a considerable amount of light radiation
protecting the main chemical components of wood.

colour change / infrared spectrum / mercury lamp / photodegradation / xenon lamp / wood

Kivonat — Harom lombos fafaj faanyaga fotodegradaciéstulajdonsagainak 6sszehasonlitasa
kilbnbdzé fényforrasok alkalmazasa eseténAkac, bikk és nyar faanyagok fotodegradaciéval
szembeni ellendllé képességét vizsgaltuk napsugérzas, xenon lampas éhiganggs besugarzas
esetén. A kezelési @200 6ra volt a napsugarzasos és a xenon lampéas besugarzasnal, és 20 6ra a
higanydiz ldmpés besugéarzasndl. A valtozasokat szinméréssel és az infravords spektrum felvételével
kovettik nyomon. A kezelés kezdetén az akac szinvaltozasa sokkal intenzivebb volt, mint a biikké és a
nyaré. Az el§ 10 6raban a lignin aromasimiijének degradacioja (abszorpcios helyei: 1510 és 1596 cm

1) akac esetében sokkal kisebb volt, mint biikk és nyar esetében. A Kigdaypas kezelés sokkal
intenzivebb véltozast produkalt (a szinvaltozasban és az infravords spektrumban is), mint a mésik két
fényforras. Az eredmények azt mutatjdk, hogy az akadc magas extraktanyag tartalma elnyeli a
fénysugarak jeles részét, ezzel megvédve a faanyaigéihiai 6sszetdiit.

szinvaltozas / infravorés szinkép / higanyiz lampa /fotodegradacié /xenon lampa / faanyag

1 INTRODUCTION

The colour inhomogeneity of wood is one of the most beautiful creations of nature. The
colour hue of wood varies between red and yellow ensuring a warm and pleasant effect. This
colour harmony of wood is however sensitive to light and heat. The combination of light and
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heat treatment results in an even more intensive discoloration than separately (Mitsui et al.
2001, Mitsui 2004, Mitsui et al. 2004, Mitsui — Tsutchikawa 2005, Mitsui et al. 2005). The
colour change of wood is the most sensitive indicator for the degradation caused by sunlight.
The colour alteration of black locust wood can be seen after 2—3 hours of irradiation by the
naked eye. The objective colour monitoring of photodegradation has been applied in wood
science only for the last twenty years (Tolvaj — Faix 1995, Kawamura et al. 1996, Pastore et
al. 2004, Pandey 2005, Oltean et al. 2009). For this purpose, the*GIE b* colour co-
ordinate system has been used in most cases.

Sunlight is the main factor that causes the greatest changes in the surface properties of
wood during outdoor exposure. Careful investigation of this type of degradation of wood is
difficult with outdoor exposure because weather conditions are neither controllable nor
repeatable. Therefore the light-induced degradation of wood is usually investigated under
artificial conditions. The most frequently used artificial light source is a xenon lamp. As the
ozone layer in the Earth’s stratosphere is constantly dwindling, nowadays more ultraviolet
(UV) radiation reaches the Earth’'s surface than before. Therefore the UV B wavelength
region (280-315 nm) has to be taken into consideration. Xenon lamps have no emission in the
UV B region while the emission spectrum of a mercury lamp has wider range of UV light
(Tolvaj — Mitsui 2005).

Comparative studies on the effect of sunlight and artificial light sources in the weathering
of wood can hardly be found in the literature. Ota et al. (1997) tested the colour stability of
acetylated veneers of kirP&ulownia tomentosa Steud.) irradiated by sunlight and light
generated by mercury lamp. Podgorski et al. (1996) measured the effect of outdoor and
artificial weathering of coated wood by glass transition temperature. The maximum value of
glass transition temperature was found to be about 24°C. The cycles of treatment consisted of
plunging samples into distilled water, drying and light irradiation with UV lamps. Pandey and
Vuorinen (2008) carried out a detailed study of photodegradation of wood surfaces using a
xenon lamp and a UV laser emitting at 244 nm. The UV resonance Raman spectra of laser
irradiated wood showed similar behaviour as the wood irradiated by xenon light, i.e. overall
broadening and a rapid reduction in the intensity of the lignin aromatic structure. The
degradation rate caused by laser was very high. However, the extent of band broadening was
higher in wood irradiated by xenon light indicating the generation of several different types of
structures as compared to laser irradiation which produced only one type of structure.

Black locust wood has a high extractive content. This feature determines its high
resistance to fungal attacks (Molnar — Bariska 2002), Pandey (2005) compared to the photo-
discoloration of natural and extractive free wood samples. The extractive free specimens
exhibited a monotonous increase in colour change with increasing irradiation time.
Unextracted wood surfaces showed a rapid colour change during the initial period of exposure
which decreased after a prolonged exposure time. Analysis of colour changes and FTIR
spectra measured on irradiated wood surfaces indicate that the presence of extractives
increases the rate of photo-discoloration and results in an apparent increase of the
delignification rate of wood surfaces in the initial period of exposure. The apparently
increased rate of delignification in unextracted wood has been explained on the basis of
photo-degradation of polyphenolic extractives.

In our experiments, the samples were exposed to sunlight only on sunny days to
determine the effect of sunlight alone. The objective of this work was to compare the
photodegradation effects of black locust, beech and poplar wood caused by natural and two
different artificial light sources. Another aim of this study was to find a test method which can
simulate the changes in wood surface discolouration caused by sunlight.
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2 MATERIALS AND METHODS

The investigated hardwood species were: black locRsbifiia pseudoacacja beech
(Fagus crenataand poplar Populus canescehsThe species were chosen because of the
differences in extractive content. Black locust has a high extractive content (4—-9%) while
poplar has hardly any extractiveBlack locust is often used in outdoor applications.
Poplar species are sometimes used as structural .wBeech has medium extractive
content and it often shows unwanted discolouration in furniture due to sunlight, even in
indoor use. Planed surfaces with a tangential orientation were prepared. The tangential
surface was chosen to reduce the colour inhomogeneity of the surface. The sample size
was 50x10x2 mrh The samples of different series were prepared from the same board.
All species were represented by a series of 2 samples, and 5 points of fixed location were
measured. The data presented in this work are the average of 10 measur@ments.
absolute value of the data is not important for these investigations. Since only the
tendency of change is important, no statistical analysis was made. No deviations were
found in tendencies of changes for the two samplé® number of replicates is not
relevant because the aim was to find whether the artificial light sources can imitate the
effect of sunlight. The measurement of 5 independent points is enough to represent the
colour data of a wood sample (Németh 1981).

One natural and two artificial irradiation types were chosen to be able to compare the
effect of sunlight to the effect of the regularly applied artificial light sources. The natural
sunlight irradiation was carried out between 5th of May and 19th of August, 2003 (air temp.
varied 1641 °C, max. r.h. 80% and the daily average of total solar power density was
between 436-459 W/th in Takayama (Gifu Prefecture, Japan). Geographical data for
Takayama are: 36 degrees 9.3 minutes latitude and the altitude was 560 meters. The samples
were exposed outside only on sunny days to determine the effect of the sunlight alone. After
exposure the samples were stored in total darkness in the laboratory. The other series of
specimens were irradiated withsoft irradiation source, a xenon lamp at 180 %Wimthe
range of 300—400 nm, at 63 °C (black panel) and 50% r.h., in a commercial chamber (SX-75:
Suga Test Instruments Co. Ltd., Tokyo). There was a quartz glass filter around the lamp.
Unfortunately, the xenon lamp emits less UV radiation than sunlight. That is why a strong UV
light emitter, a mercury vapour lamp also was used to irradiate specimens (HAL 800NL,
installed into a KBP.659 Nippon Denchi Co. Ltd. chamber). The total light emission of the
mercury lamp was 320 W, and the samples were located 64 cm from the lamp. The air
temperature in the chamber was 26 °C. The emission spectrum of the mercury lamp contains
31% UV-A (380-315 nm), 24% UV-B (315-280 nm) and 25% UV-C (>280 nm) radiation.
The total irradiation time was 200 hours for sunlight and the xenon light, and 20 hours for the
mercury light. The irradiation with a mercury lamp produces much greater changes than the
other two types of irradiation. That is why the irradiation was stopped after 20 hours.

The colour of the wood specimens was measured before and after irradiation. The
exposures were interrupted after 5; 10; 20; 30; 60 and 120 hours (for the mercury lamp these
data were ten times smaller) to measure the colour data. The colour measurements were
carried out with a colorimeter (SE-2000 Nippon Denshoku Industries Co. Ltd., Tokyo). The
L*, a*, b* colour co-ordinates were calculated based on the D65 light source. The infrared
(IR) spectra measurements were made with a JASCO FTIR double beam spectrometer
equipped with a diffuse reflectance unit (JASCO: DR-81). The resolution was'4acth
64 scans were obtained and averaged. The background spectrum was obtained against an
aluminium plate. The spectral intensities were calculated in Kubelka-Munk (K-M) units. The
spectra were normalised to the band between 135D amd 1405 ci, and a two point
baseline correction at 3800 ¢rand 1900 ci was carried out.
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3 RESULT AND DISCUSSION

The colour of wood is mainly determined by its extractives. Thus the colour change originates
mostly in the chemical changes of the extractives. The degradation of the main components
(cellulose, hemicelluloses and lignin) of wood can be monitored by IR spectroscopy. However the
chemical changes of extractives cannot be followed by IR spectroscopy because they are present
in a relatively low concentration. The IR spectrum of wood is rather complex because of its
complicated chemical structure. The calculation of the difference spectrum (the spectrum after
irradiation minus the bulk spectrum) is often used for presenting the changes. In this case only
those bands are visible which showed alteratiBiggire 1 presents the difference IR spectrum
“fingerprint region” of black locust created by 200 hours of irradiation by sunlight. After
irradiation, the carbonyl band between 1680 and 185bioneased and the peak of the aromatic
skeletal vibration originating from lignin at 1596 and 1510"adecreased together with the
guaiacyl vibrations at 1275 émas noted in previous studies (Horn et al. 1994, Pandey —
Theagarayan 1997, Kosikova — Tolvaj 1998, Ohkoshi 2002, Miiller et al. 2003, Sudiyani et al.
2003, Mitsui — Tsuchikawa 2005). Usually, two peaks develop in the 1680—185@egion

during the exposure of wood to UV radiation. It was strengthened by 2D IR correlation
spectroscopy (Popescu et al. 2011). The splitting of the ether bands is also visible at 1171 and
1138 cnt wavenumber.
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Figure 1. Difference IR spectrum of black locust after 200 hours irradiation by sunlight

The degradation of lignin is demonstrated by the decrease of IR bands at 1596 and1510 cm
This is presented in Figure 2. These data were created by sunlight irradiation.

The trend lines irFigure 2 are parallel. The only difference is that lignin molecules of
black locust which absorb at 1510 ¢mdid not undergo changes during the first 10 hours of
irradiation. This phenomenon shows the protecting effect of extractives at the beginning of
the irradiation. This period was shorter than 10 hours for the artificial light sources. If the
extractives have already degraded, the protection of lignin breaks down. This is presented by
the parallel trend lines. The lignin of unprotected poplar suffered the greatest degradation in
all cases. The greatest absorption decrease of poplar was 0.34 units at 75160 was
generated by a mercury lamp during 20 hours of irradiation. The decrease of the absorption at
1596 cnt was similar but smaller than the decrease of the absorption at 1510 cm
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Figure 2. IR absorption change of aromatic ring for lignin at 1510 jsraduced
by sunlight irradiation (for abbreviations see Fig. 7)

The natural colour of wood is beautiful but at the same time it is extremely sensitive
to light radiation. UV light in particular causes remarkable colour changes. Colour change
IS more pronounced initially during exposure than the other indicators. In some species,
this colour change is notable and visible to the unaided eye after only a few hours of
radiation. During the first 20 hours of light irradiation by sun or a xenon lamp, the
lightness change was rapid as shownFigure 3 and Figure 4 The rapid period of
bleaching caused by sunlight contributed 76% to the total change in black locust, 58% in
beech and 39% in poplar. The extraordinary behaviour of black locust can be explained by
its high extractive content. The UV light degrades the extractives followed by the rapid
oxidation of the degradation products. This is presented by the rapid lightness decrease.
The modified chromophores act as a kind of energy trap which slow down the
photodegradation of the main wood components (Németh et al. 1992).
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Figure 3. Lightness change of black locust (A), beech (B) and poplar (P) samples
caused by sunlight (S)
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Figure 4. Lightness change of black locust (A), beech (B) and poplar (P) samples
caused by a xenon lamp (X)
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Figure 5. Lightness change of black locust (A), beech (B) and poplar (P) samples
caused by a mercury lamp (M)

This effect is thought to be the main reason for the slower lightness change of black
locust after 20 hours of irradiation compared to other examined species. It is well visible in
Figures 3-5The xenon lamp created a slightly greater change than sunlight. The effect of the
mercury lamp irradiationHjgure 5) differs from that caused by a xenon lamp or natural
exposure. The decrease of lightness was intensive in the whole examined time period. The
mercury light irradiation was applied for up to 20 hours. This is 10 times shorter than for the
other two light sources. Considering this period, the tendencies of changes were similar as it
Is visible comparingrigures 3, 4and 5. The mercury lamp caused more intensive colour
changes than the other two light sources because the emission spectrum of the mercury lamp
is mainly in the UV region (80%).

Comparing the decreasing tendency of lightness caused by the three light sources
(Figures 3-5), we conclude that the behaviour of black locust is different to that of the other
two species irrespective of the light source. Poplar samples produced the smallest lightness
change. The rapid decrease in the first 10% of irradiation time is missing because poplar
wood hardly has any extractives. Therefore poplar is a good reference to determine the effect
of extractives. Beech has high extractive content; however the main extractives of beech and
black locust are chemically different. Extractives of beech provide less protection against
photodegradation compared to the extractives of black locust.

Acta Silv. Lign. Hung. 8, 2012



Photodegradation of hardwood species 151

The change of red hua¥) presents even more deviation of black locust compared to
the other two wood specie§igures 6-8. Only the strong UV light emitting mercury
lamp produced similar changeBigure 8 in all cases. The red hue shift of black locust
was extremely fast during the first 5 hours of treatment. This increase represents 59% of
the total increase ad* during the xenon lamp irradiation. At the same time, the red hue
shift of poplar and beech was slight. In the second period of the treatment (after 60 hours),
the red hue of black locust hardly changed, while that of the other two species increased
continuously. The xenon lamp induced a greater red hue shift than sunlight during the first
80 hours of exposure. The tendency of the changes was highly different at the beginning
of the irradiation. The most intensive change of red colour was created by the mercury

lamp irradiation.
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Figure 6. Red hue shift of black locust (A), beech (B) and poplar (P) samples
caused by sunlight (S)
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Figure 7. Red hue shift of black locust (A), beech (B) and poplar (P) samples
caused by a xenon lamp (X)
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Figure 8. Red hue shift of black locust (A), beech (B) and poplar (P) samples
caused by a mercury lamp (M)

The yellow hue of the samples increased continuously during the irradfigomes 9—1)1
As the initial yellow colour l§*) of black locust is higher than that of the other two species,
the trend line of black locust is located above the others. The only exceptioRigsiia 11
where the low extractive content of poplar was unable to protect the lignin against the strong
UV radiation of the mercury lamp. The degradation products of lignin created the increase of
yellow colour. This observation is verified by the IR d&tmre 2). The xenon lamp induced
a greater yellow shift than sunlight during the first 40 hours of exposure. The tendency of the
changes was highly different at the beginning of the irradiation.

All three colour co-ordinates demonstrate that the photodegradation properties of black
locust are more accentuated compared to the same properties of poplar. The extractives of
black locust samples suffered rapid degradation at the beginning of the light irradiation. The
degradation products partly protected the surface of the samples during further light
irradiation. In contrast, poplar suffers continuous degradation during irradiation since it has no
extractives to protect the surface.
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Figure 9. Yellow hue shift of black locust (A), beech (B) and poplar (P) samples
caused by sunlight (S)
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Figure 10. Yellow hue shift of black locust (A), beech (B) and poplar (P) samples
caused by a xenon lamp (X)
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Figure 11. Yellow hue shift of black locust (A), beech (B) and poplar (P) samples
caused by a mercury lamp (M)

4 CONCLUSIONS

The colour change of black locust was more intensive at the beginning of the irradiation than
that of the beech and poplar. The degradation of the aromatic structure of lignin (absorbing at
1510 and 1596 cil) in black locust was minor compared to the same changes of beech and
poplar during the first 10 hours. These results show that the extractives of black locust are
highly sensitive to light irradiation. These extractives suffered rapid degradation at the first
period of the light irradiation. Lightness change, red and yellow hue shifts of black locust
revealed that the degradation products protect other extractives and partly protect the lignin.
This protection was confirmed by the changes of the IR spectra. The IR spectra of the
investigated species showed that poplar is the most exposed because of its lack of extractives.
Xenon light is able to simulate the effect of sunlight during weathering only after long
exposure times. In the short term, the changes of red and yellow hues are faster and greater
from xenon light irradiation compared to sunlight. The mercury lamp as a strong UV emitter

is suitable to study photodegradation but unable to simulate the effect of sunlight.
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Comparison of Chloroplast Genomes of
English Yew (Taxus baccata L.) and
Japanese Black Pine (PinusthunbergiParl.)
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| nstitute of Silviculture and Forest Protection, Fgoof Forestry, University of West Hungary, Sopron, Hungary
® Department of Genetics, Federal Research Centrerfests, Natural Hazards and Landscape (BFW), Vienna, Austria

Abstract — Previous studies based on of allozyme polymorphismBakus baccata(English yew)

have been concerned mainly with inheritance analysis and genetic differentiation within and among
yew stands. Our primary goal was to find chloroplast primer restriction enzyme combinations which
reveal genetic polymorphisms in the chloroplast genome of samples from Central Europe but no
polymorphisms were detected. However, we were able to map location of successful primer
combinations on the published chloroplast genome of Japaiede pine (Pinus thunbergiand to

compare the primer positions with those of two other completely sequenced conifer genomes. Yew
sequences in GenBank were also placed onto our map. As we were able to amplify a number of
hitherto unexplored spacers between genes, the map of chloroplast structure shows that gene order is
likely to be identical betweehaxusandPinusover large parts of the chloroplast.

similarity / chloroplast/ English yew/ genetic polymorphism

Kivonat — Az eur0pai tiszafa és a japan feketeferlycpDNS 6sszehasonlitd vizsgélat&orabbi
tanulmanyok az eurdpai tiszafa (Taxus baccaeenzim polimorfizmus 6rokdésének elemzésével,

az allomanyokon belldli és allomanyok kozotti genetikai differencialédasaval foglalkoztak.
Vizsgélataink elédleges célja olyan kloroplasztisz restrikciés enzimek azonositasa, amelyekkel a
kbzép-eurdpai mintak genomjanak polimorfizmusa detektalhatd. Sajnos e polimorfizmust nem tudtuk
egyértelntien igazolni, azonbankddé primerkombinacidk alapjan megrajzoltuk a japan feketdfeny
(Pinus thunberg)i kordbban publikalt kloroplasztisz genomjara illesztett genomtérképet, amelyhez a
GenBank-ban talalhaté eurdpai tiszafa szekvencidkat is felhasznaltuk. Szadmos, eddig még fel nem
deritett, nematir6dé szekvenciat tudtunk amplifikalni. Az igy elkészitett géntérkép azt velibiszin

hogy a vizsgalt két faj kloroplasztiszdban a gének sorrendje nagymértékben hasonlo.

hasonlésag / kloroplasztisz / Eurépai tiszafa/ genetikai polimorfizmus

1 INTRODUCTION

English yew Taxus baccata L.) has a disjunct distribution in Europe, Asia Minor, the
Caucasus and North Africa, extending northward up to 61° N latitude in Scandinavia and
southward to the Mediterranean, the Crimea and the Caucasus, eastward to the Baltic Sea and

" Corresponding author: frank@emk.nyme.hu; H-9400 SORRBAjcsy Zs. u. 4.
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the Carpathians and westward to England and Ireland. Its altitudinal range reaches up to 2000
m elevation in Spain and 1200 m in the Alps (Atlas Florae Europeae 2008).

In Hungary, the largest natural occurrence of yew is found in the beech forest of the
Bakony Mountains, near Szentgal (Majer 1980).

Previous studies based on allozyme polymorphisms have mainly been concerned with
inheritance analysis and genetic differentiation within and among stands on local or regional
scale (Lewandowski et al. 1992, Thoma 1992, Hertel 1996, Rajewski — Large 1997, Rajewski
et al. 1999, Rajewski et al. 2000, Collins et al. 2003, Frank 2006). The levels of
polymorphism were comparable to many European forest trees.

Our primary goal was to find chloroplast primer and restriction enzyme combinations to
detect genetic polymorphisms in the samples from Central Europe. Additionally, we wanted
to compare the results of our amplification trials with chloroplast structures of three fully
sequenced conifer chloroplasts.

2 METHODS

Approximately 125 trees located in the natural yew stand in (Bakony Mts.) Szentgal in
Hungary (Latitude: 47°6'31.59” N, Longitude: 17°46'59.32” E), on the territory of the
Balaton Upland National Park, plus another three specimens (one male, one female, and one
fastigiate "Irish yew") were sampled in the arboretum at Mariabrunn of the Federal Research
Centre for Forests (BFW) in Vienna. The selection of primer pairs was based on the
chloroplast PCR primer database (http://bfw.ac.at/rz/bfwcms.web?dok=977, Heinze 2007),
with Pinusas a reference (see Table 1 for primers).

The PCR reaction mix containedill DNA, 1x PCR buffer, 2.0 mM MgG| 200 nM dNTPs
(Invitrogen), 0.2uM of each primer, Taq Polymerase (Invitrogen) in a total volume @fL15
PCR amplification comprised 10 cycles pre-amplification (94°C — 70°C), and 35 cycles of
amplification at annealing temperatures of 50°C or 55°C. klveof PCR products were
separated by electrophoresis in a 1.5% agarose gel, in 0.5% TBE buffer using a 100 base pair
(bp) ladder (Invitrogen) as a size standard, and visualized by UV fluorescence with ethidium
bromide staining.

PCR products were digested with the following restriction enzy/les; BamH)|, Dral,

EcoRl| Haelll, Hhal, Hinfl, Mspl, Rsal TenuL of the total PCR products were digested in a
total volume of 14 L. The digested cpDNA fragments were separated on 2.5% agarose gels.

For drawing the chloroplast map in comparisofitous thunbergi{GenBank Acc. No.
NC_001631), we used the Circular Genome Viewer (CGView, Stothard and Wishart 2004).
Fragments, that we amplified ourselves, are described as amplified in the literature, and
appear in GenBank were drawn onto the map with their approximate positions.

Positions of the primer pairs that sucessfully amplified fragmentsxns baccata were
compared toP. thunbergij Cryptomeria japonica(GenBank Acc. No. NC_010548) and
Keteleeria davidiangNC_011930) with the help of the segmatclthcedure implemented
on the mobyle@pasteur web site (http://mobyle.pasteur.fr/cgi-bin/portal.py?).

3 RESULTS

In common with previous studies, we were unable to detect any cpDNA polymorphisms in
English yew samples from Central Europe. The map of chloroplast genome structure of yew

! GenBank is a genetic sequence database, an amhetéieetion of all publicly available DNA sequences.
Available online: http://www.ncbi.nlm.nih.gov/genbank/
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shows that we were able to amplify new fragments that were neither in NCBI (National Center
for Biotechnology Information, available online: http://www.ncbi.nim.nih.gov/), nor studied
by other groupsHigure 1). For the spacers that we amplified, gene order is conserved between
Taxus and PinusVhen comparing with the two other completely sequenced conifer chloroplasts,
we were often unable to find sufficient match of the primers to the DNA sequences, or primer
binding sites were so far apart or in such orientation so that amplification from these conifers (or
from Taxus if it had similarly arranged genes) seems unlikely. In the long run, sequencing of the
total chloroplast of yew is necessary to confirm this observatiaiol€ J.
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Figure 1. Structure comparison between the chloroplast of Pinus thunbergii and fragments in
the Taxus baccata chloroplast
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Table 1: Primers selected for PCR amplification (Heinze 2007), and their binding sites in
fully sequenced conifer chloroplasts

Pinusthunbergii

Cryptomeriajaponica Keteleeriadavidiana Taxus baccata

Primer pairs i i i _
forward- amplific- , amplific- , amplific- , approx. size
(reverse) ation S'Te ation S'Te ation S'Te (PCR

range (calc.) range (calc.) range (calc.) product)

atpF1fl- 12821- no match- 53704-

atpHr 13516 % 78913 nomatch 650

NTCPOf- 9616- no match- 50507-

tmR Doyle 9904 288 g23g9 nomatch 300

trnG2f- 8854- no match- 49685-

tmR Doyle 9904  10%0 go3gg nomatch 1000

NTCPOf- 9616- no match- 50507-

trnRr 0953 337 goaae = nomatch 225

trnG2f- 8854- no match- 49685-

NTCP8F 9547 693 82692 = no match 625

trnG2f- 8854- no match- 49685-

trnG1r 9635 81 82617 " no match 225

psbB60F-  52424- 4013- 91794-

DSbBr 52774 29 no match 89390 2407 375

psbB60F-  52424- 4013- 91794-

psbBM1 53262 S0 103343 99330 15 match 750

psbB63F-  53105- 826 4709- 92490- 825

psbBB68R 53931 no match no match

psbB67F-  53850- 635 5439- 93220- 750

psbHB71R 54535 no match no match

CCSSR12F- 53908- 627 MO match- 93288- 650

psbHB71R 54535 no match no match

psbKP1- 7173- no match- _ 47942-

trnSOr 7980 807 84247 91092 43150 225

psbKP1- 7173- 240 MO match- _ no match- 875

trnSM 7913 58779 773/91144**

rps2f- 15781- 127423- 76110- _

rpoC2rl 16472 691 128053 630 no match* 350

rpoC2f4- 18443- g3 MO match- no match- 950

rpoC2r5 19366 73345 no match

rpoC2bf- 18445- gp1 MO match- no match- B 305

rpoC2r5 19366 no match no match

rpl2-21F- 64912- no match- no match-

pl2r 65050 147 19466 nomatch 350

rpll6R1516- 61262- 64264- 110807- B

mpl16F71 62284 1922 65444 1180 5 match 600

trnY(GUA)- 28734- 32781- 69749-

tmE-R 28015 181 g2060 39180 omatch T >75

0 no matches at the positions of the corresponding genes

**  two matches
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4 DISCUSSION

Up to now, cpDNA polymorphisms of yew were only detected in populations from the
Mediterranean region (S. Gonzalez—Martinez and G.G. Vendramin, personal communication).
This is in contrast to allozyme and RAPD investigations across Europe. Like many other
forest tree specieg,axusshows typical high genetic variation within stands. Interestingly,
English yew is in this respect similar to e.g. European befeabué sylvaticg one of its
strongest competitors, dominating many yew plant communities (Majer 1980, Magri et al.
2006). The absence of cpDNA polymorphism might be the consequence of a bottleneck
effect. A genetic bottleneck in the past may support the vielasfis baccata as a living
fossil that is on the brink of extinction. The timing of such a bottleneck, however, remains
highly speculative, as fossil pollen data have shown that this species was highly abundant in
Central Europe in the last interglacial (Krupinski 2000, Adams 2002). Gao et al. (2007) have
reported high levels of cpDNA variation axus wallichiana in Asia; however, in a small
study with material from one of these Chinese provinces, we were unable to detect variation,
nor to detect differences with our Central European samples (Yafeng Wen and B. Heinze,
unpublished).

Our comparison of positions of primers and amplified fragments showB.tHainbergii
is the best model for th&@axuschloroplast, among the three tested. While the taxonomic
position of Taxusis still debated, our preliminary analysis shows that there are possibly not
many gene order rearrangements in comparison to Pinus
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Target Diameter Models for Leuce Poplar Stands
Growing on Sandy Soils

Kéaroly REDEI”— Zsolt KESERU

Hungarian Forest Research Institute, Sarvar, Hungary

Abstract — The fact that certain ecological factors fundamentally influencing tree growth have
become unfavourable in Hungary in recent years, has led to the more extensive use of white poplar
(and its hybrids) in afforestation and forest regeneration. An intensive integrated research and
development work has been carried out on the growth of Leuce poplars on sandy soils, including
primarily the white poplar (Populus alpand its natural hybrid the grey poplar (Populus x canegcens

The research revealed several factors influencing stand growth. The study presents a new, simplified
tending operation model for Leuce poplar stands, as well as age, growing space and target diameter
models suitable for qualitaty log production and for mass assortments. The simplicity of these
practice-oriented models may foster the qualitative development of Leuce poplar management in
Hungary.

Leuce poplars/ tending operation models growing space regulation

Kivonat — Homoki Leuce-nyar allomanyok célatmérdémodelljei. A homoki Leuce-nyarakkal, don-
téen a fehér nyarral (Populus albé@s természetes hibridjével, a szlirke nyarral (Populus x cangscens
kapcsolatos kutatbmunka intenzivebbé tételét tébb téripelpkolja. A fatermesztést alapgen be-
folyasol6 6kologiai ténydik egy részének kedvéttenebbé valadsa &@krbe helyezte e fafaj (és hibrid-
jeinek) egyre kiterjedtebb alkalmazasat azttiépitések, illetve efdeldjitasok soran. A tanulmany a
nemzetkozi szakirodalomban is hézagpotlonak tekihitimétdon kozli a fehérnyarasok Uj, egysisftett
erdnevelési modelljét, illetve a miségi ronktermesztésre, valamint a tdmeg-valasztékidtlitdsara
alkalmas fehérnyarasok kor-ritigr-célatmés modelljeit. A kdzolt gyakorlatorientalt modellek egysze-
riségiknél fogva nagyban segithetik a Leuce- nyar termesztéségiifejlesztését Magyarorszagon.

Leuce-nyarak / erdsnevelési modellek / ntétér szabalyozéas

1 INTRODUCTION

Leuce poplars, primarily white poplaPd@pulus alba) and its most important natural hybrid

the grey poplarRopulusx canescens are tree species native to Hungary (Kopecky 1962,
Szodfridt— Palotas1973, Kopecky 1978, Rédei 1991). Due to their favourable silvicultural
and growth characteristics, as well as the possibilities for the utilisation of their wood, the
area they occupy is increasing continuously. The most important task facing Hungarian poplar

" Corresponding author: redei.karoly@t-online.hu, H-9600 SARVAR, Varkeriilet 30/A.
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growers is improving the quality and increasing the quantity of poplar stands for wood
production (Réde2000)

The area occupied by the two species in 2006 was 65 000 ha (3.2% of the total forest
area), with a standing volume of 9.8 millior? 163 ni ha') (Fiihrer et al. 2009). Their
importance will continue to increase across the large areas of marginal land not suitable for
the cultivation of hybrid poplars but able to accommodate these native species (Rédei 1991,
1994, 2000).

Other species that may be used for plantation forestry in addition to these poplar species
are black locust, red oak and black walnut. Common walnut plantations may also play a role,
but the silvicultural significance of this tree species is negligible.

From among the above listed tree species, the models for tending operations and the
tables for age-growth space-target diameter models are suitable for production of large,
quality wood material as well as mass assortments produced in white and grey poplar stands.

2 MATERIALS AND METHODS

The models we developed are based on a yield table for white and grey poplars. It was
constructed from data gathered from 50 permanent and 40 temporary forest inventory sample
plots (500—1000 A). The stands sampled were located in the vicinity of \84610” and E
19°26’ 46”. The age of the stands varied between 5 and 45 years.

During the stand surveys, the key stand characteristics were measured. Stem volume was
estimated using the following volume function (Sopkotozs 2000):

v=10"%d?h(lY h- 1.3)°[- 04236dh+ 12431+ 46n+329 1)

wherev is stem volume (f), d is diameter at breast height (cm) amds tree height (m).

The regression analyses were calculated using a computer-based statistics programme.
The expected height values of the stands at the reference age (25 years) according to the yield
classes are: 24.2 m, 21.6 m, 19.0 m, 16.4 m, 13.8 m and 11.2 m. On the basis of the guide
curve and the reference age (100%), a percentage value was calculated at any age and for any
yield class. The yield table was constructed using the following formulae and coefficients;

(a detailed dataset is available from the authors):

1. Age of stand4)

2. Hpn= average height of stand (height of dominant and co-dominant trees) in m:
Hm=1.21592 x (1-809236/41.8337

3. Dm=average DBH of stand in cm:
Dm = 1.58356 + 0.73502 x4 0.01571 x B,
with R = 0.886

4. Vpm=volume of stand in iha®
Vm = BAn x H x Fy, where
H x F,= form-height quotient
H x Fy,=1.96791 + 0.40778 %

with R? = 0.923
5. BA,= basal area of stand irf mal:
D2 x T N
- M " X
BAn=4x1000C "
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6. Np = stocking density of stand in trees’ha
Nm: e8.75483-0.83879Ian

with R?=0.826

3 SIMPLIFIED TENDING OPERATION MODEL FOR LEUCE POPLAR STANDS

Leuce poplars are fast-growing species. Seedlings quickly emerge from competition with
weeds. In-line and inter-row weeding is required in the first years after plantation
establishment by means of seeding, as is the removal of failed plants. During tending
operations, it is important to take into consideration the fact that plantations consist of trees of
varied genetic make-up (genotype). In terms of the demand for light, it is worth remembering
that Leuce poplar reacts extremely strongly to light availability. It also tolerates shade very
well (Téth 1996, Fuhrer et al. 2009).

Table 1contains a simplified tending operation model for Leuce poplar (white and grey
poplar) stands. The table was compiled using data obtained from 70 long-term yield and

experimental tending operation plots. The choice of the most suitable spacing depends on
the quality of the planting material and the particular site conditions. In this table, all of the
data are presented in six yield classes. The mean tree height is the most important model
factor because it determines the timing of the particular tending operation. Thinnings
(to expand the available growing space) must be carried out when the stocking density
approaches the stem number quoted in the table.

In plantations planted at spacings of either 3x3 m or 3x2 m, there is no need for
thinning, except where the sapling growth is unstable. With initial spacings narrower than
3x1mor2.5x1m, one or two thinnings are recommended for plantations established with
white poplar clones.

Table 1. Simplified tending operation model for Leuce poplars (white and grey popla) stands

Tending operation Stocking density (stems fa
To be carried To be carried out at Tending operation
Number out in vear Hm (M) and
year-- vield class... before after
. 1 5-10 6 VI >3000 3000
Cleaning
2 11-14 8-11 VI 3000 1300-1800
o 1 15-20 12-17 -V 1300-1800 650-1200
Thinning
2 21-25 16-23 -V 650-1200 350-600
40 - 350400
Final cuttin 30-35 -1V 500-600
g 25-30 Vv 800900
20-25 VI 1000-1100

Remarks for the use of the tending operation model:
—When planning the thinning operation, the better the estimated yield class, the lower the stem number value
after thinning to be applied.
—White poplar stands in yield classes V-VI are not suitable for quality wood production.
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4 AGE, GROWING SPACE AND TARGET DIAMETER MODELS FOR LEUCE
POPLAR STANDS

In plantation forestrythe timing of the expansion of the availagtewing spaces significant

for reaching the target assortments by maintaining the near optimal stocking density per
hectare (growth space). The ecological factors of the site essentially define the target
assortments; for example, whether the opportunity for the production of sizeable, quality
wood material (panel log, saw-log) exists or merely thinner wood assortments (cutting, pallet
and box basic material), pulp, fibre, chippings and basic wooden board materials.

The data in table 2 show that an opportunity for the production of qusligable logs is
possible in white and grey poplar stands classified yield class I-lll. For white and grey poplar
stands in yield class IV — assuming an average harvesting age of 30 years — a target diameter
of 18 to 20 cm can be planned with great certainty. The sustainable stocking density per
hectare depending on the yield class varies from 320 to 560 stems.

Table 3 shows that stands of yield classes IV and V are suitable for the production of
mass assortments, and possibly even white and grey poplar stands of yield class VI with a
target diameter of 10 to 12 cHowever, the management of stands characterised by these
two lowest yield classes are usually loss producing and so are unsuitable for plantation
forestry.

White and grey poplar stands growing under unfavourable ecological conditions also
have an earlier harvesting age (generally between 25-30 years). The sustainable stocking
density varies between 620-920 stem$ tiapending on the yield class. In these stands, the
reduction in stem number (thinning) carried out at age 15-17 does not lead to a significant
increase in diameter growth.

Table 2. Age-target diameter model for Leuce poplars (white and grey poplar) stands
targeted for quality log production

Planned target Years required to reach Stocking density

Yield class

diameter (DBH) (cm) target diameter (stems hd)
18 I 14
18 I 17
18 1 21 560£5%
18 \Y, 28
20 I 16
20 Il 18
20 I 23 S1585%
20 \Y, 32
25 I 21
25 I 25 42545%
25 11l 37
30 I 28
30 I 42 3655%
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Table 3. Age-target diameter model for Leuce poplars (white and grey poplar) stands targeed
for the production of mass assortments

Planned target Years required to reachStocking density

diameter (DBH) (cm) Yield class target diameter (stems ha)
10 \Y, 11
10 V 14 920+5%
10 VI 19
12 v 13
12 \Y 17 790+5%
12 VI 25
14 v 15
14 \Y 24 690+5%
14 VI —
16 \Y, 20
16 \Y 31 620+5%
16 VI —

5 CONCLUSIONS

White and grey poplar plantation management for improved growth is becoming ever more
significant in lowland forestry. This fact was taken into account in the conception of this
study, and fed into the novel planning tools developed to help increase the value of the
material produced in Leuce poplar stands. In recent decades, growth models based on stand
level data have gradually been replaced by stand growth models predicated on stem number
frequencies and individual tree growth models. Nevertheless, traditional tending operation
models will remain very useful tools for forest management and forest inventory. The published
models can be widely used in Leuce poplar management and forest inventory, such as:

* harvest scheduling for Leuce poplar stands,

» volume estimations,

 further development of silvicultural (tending operation) models for Leuce poplar
stands,

» development of guidelines for local policies promoting native species, and

» growth analysis of Leuce poplar stands.

Acknowledgements:Research on the improvement of Leuce poplar was supported in part by
the Kiskunségi Forest and Wood Processing Company (KEFAG ZRt., Kecskemét).
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Bulletin of Forest Science (Erdészettudomanyi Kdzleménigek)new journal supported by

the Hungarian Forest Research Institute and by the Faculty of Forestry of the University of
West Hungary. The recent issue (Vol. 2, Nr. 1, 2012) contains the following papers (with
page numbers in brackets), the full papers can be found and downloaded in pdf format from
the journal's webpage (www.erdtudko?.hu

Endre $HIBERNA, BélaLETT andlstvanJuHASZ:

Theoretical considerations of evaluating economics of continuous cover
forestry ... 7-19

Abstract — This paper discusses the theoretical aspects of evaluating the economics of continuous
cover forestry identifying continuous cover forestry as a result of selection silvicultural system. A
special emphasis is being put on the comparison of cash flows occurring with different timing and
scale in case of selection forest and rotation forest; their effects on the economic conditions of
forestry is also investigated. The analysis is using a numeric silvicultural model of a beech stand
of medium productivity and quality.

Comparison is based on the annuity of cash flows of rotation forest and selection forest. At a
discount rate of 0.75% annuities are on the same level, while at discount rate of 3.5% annuity of
selection forest is four times larger than that of the annuity of rotation forest. However, selection
system cannot be regarded as being unambiguously economically preferable, as its advantages
resulted from the frequent and stable cash flows can be balanced by the same cash flows from
rotation system with a suitable great area and an even distribution of age classes.

Laszl6 KoLozs and Gabor ¥PERDI

Determination of the volume and increment of selection and transformation
forests with one-variable volume functions.. 21-34

Abstract —Recently the selection and transformation systems became more and more important
due to the close-to-nature forest management in Hungary. The application of these systems
requires a more accurate estimation of the increment by diameter classes. In order to improve the
accuracy and the speed of the inventory work the authors elaborated a new volume estimation
method based on the data of the Growth Monitoring Network gathered for the past 15 years.

Borbala GiLos, Csaba MTYAs and DanielaAcoB:
The role of afforestation in mitigating climate change... 35-45

Abstract — For the 21st century warming and drying of summers in Hungary are projected to
be more extreme than the hemispheric average. Climate change impact studies in the region
show that recurrent droughts cause growth decline and mortality of zonal forests at their lower
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(xeric) limit of distribution. Forests affect the climate through their influence on surface
energy fluxes and on water cycle that alter the climate change signal. Biogeophysical
feedbacks of forest cover changes on the climate have been investigated for two forest cover
scenarios in the 21st century, using the regional climate model REMO. For 2021-2025 the
model has been driven by the potential afforestation concept (Jaré and Fuhrer 2005) assuming
7% increase of forest cover in country meanthe same time period as well as at the end of

the 21st century (2071-2100), effects of maximal afforestation (forests over all vegetated
area) have been studied.

The potential afforestation has no significant influence on the climate of Hungary. For the
maximal afforestation case study (2071-2100), the expected tendency of drying may be
mitigated. The largest increase of precipitation has been projected to the northeastern region,
where 50% of the climate change signal can be compensated, if there is enough available
water in the soil. Regarding to surface temperature, the evaporative cooling effect of forests
seems to dominate.

Analysing the results it has to be taken into account that in the simulations forest cover
change was performed on a limited area, and the effects appear partly in adjacent regions.
Also, because of the uncertainty of certain temperate forest cover parameters, results of future
field measurements are needed to improve model precision, especially at higher spatial
resolution.

Gabor KovAcs, Gabor LLEs, Diana MeszArRos Orsolya 8ABO, Andrea MGH and
Balint HeIL:

Evaluation of changes of site parameters in the Ndsp forest district ... 47-60

Abstract — A new forestmanagemenplanning period isiearfor the foreststandsof the 400
ha sized Noszlop foredfistrict. During planning futurdorest standswe haveto take into
accountthe ongoing changem site conditions. Speeding changaee forcing usto develop
current site evaluation methods. In ourstudy field observationsvere evaluated using
advanced GIS tools.

The assessmentf climate data for the past 50 yearsrevealed thatthe amount of
precipitationhas dropped by 20%while the averagetemperaturenasincreased by 1.2 °C
within the study area. On theasisof newly surveyed soiprofiles and coresampleswe
derived more detailed soil and site maps than it was currently available in forest management
plans. By theapplication ofdigital elevation modelnd connected spatidbtasetshe site
characteristics can be visualised in a more detailed extent and their changes can be assessed. It
makesus capableto describethe projected futureconditionsfor areasof interest, spatial
pattern of forest climate categories and forest site parameters can be refined within the forest
management data.

Zsolt KESeRJ and Karoly REDE!:
Tending operation models for leuce-poplars under sandy soil conditions ... 61-71

Abstract — The role of the Leuce-poplars, first of all of the white poplar (Populus alba) and its
natural hybrid, the grey poplar (Populusx canescensjs increasing continuouslyn new
afforestationsand artificial regenerationsnainly on calcareousandy sitesn the Danube-

Tisza region. The study presents a simplified tending operation model as well as age — target
diametermodelsfor Leuce-poplaistandswhich aresuitablefor qualitativelog production or

for the productionof masssortiments. Theublished practice-oriented modetsay help to

improve the quality of Leuce - poplars growing technology in Hungary.
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Roland J6zsefiszLEN and Gabor ¥PERDI
Modification of the silver lime yield table ... 73—-80

Abstract — Approximately 1.2-1.9% of the Hungarian forests is covered by lime stands,
almost half of these forests consists of silver lime (Tilia tomentosa Mdnch.). First lime
tree yield table was published by Gabor Hajdu as previously lime stand growth data had
not been available. During the preparation of the graphical yield tables (called
nomograms) there were some indications that the original yield data had not been
realistic. Within this study possible explanations were produced and suggestions are given
to modify the values of volume data.

Kéaroly REDEI, Imre GsIHA, Agnes KAMANDINE VEGH and Janos RsO:

The effect of intermediate cuttings on the yield and value changes in black locust
(Robinia pseudoacacia L.) stands.. 81-88

Abstract — The investigation of the effects of intermediate cuttings on the growth of stands
and theirs yield change is based on maintaining of long term experimental plots and theirs
systematic estimates. On the basis of the majority of the international and inland literature the
total yield of stands can not be increased by intermediate cuttings in general. From the
reported case studies we can draw as a conclusion, that the investigated black locust stands'
total yield can not be increased by intermediate cuttings but theirs stand-quality index can be
increased by 11-24% too.

Baldzs KsFALuUDI, Péter RiIMusz, Jozsef BTERFALVI and Gergely MRKO:
Subjective condition surveying and rating of forest roads.. 89—105

Abstract — Maintenance is required on forest roads after their construction. To maintain the
good serviceability on the road network, its condition and the expected scale of heavy traffic
must be known. In view of these two parameters, maintenance works must be and can be)
done in proper time and way. Using informatics and digital technology, an efficient tool can
be developed, that allows fast assessment of forest road network condition. The digital
subjective condition surveying and assessment system developed in our institute makes
possible the logging and evaluation of the condition of 20-25 km forest roads daily. If a
forestry company possesses a digital road inventory, the condition of its road network can be
displayed in a GIS. By combining the condition and expected traffic data, the necessary
maintenance treatments, and their expenses can be estimated. The system has been tested on
more than 1000 kilometres of forest roads. On the basis of this database, deductions can be
done regarding the condition of the whole cca. 3000 kilometres of Hungarian paved forest
road network.

Gergely MARKO, Péter RIMUsz and JOzsef PrERFALVI:

Measuring bearing capacity of forest roads with the Advanced Benkelman Beam
Apparatus ... 107-121

Abstract — Forest roads covered with asphalt pavement represent the basis of the forest
opening up networks in Hungary. If properly maintained, asphalt pavements offer a high level
of service. While traffic load of forest road networks have grown, expenses on their
maintenance remained lower then required in the last three decades. As a result, this roads are
in poor condition, generally. Renovation projects demand the knowledge of the roads’ bearing
capacity. Bearing capacity measurements of roads traditionally were carried out using the
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Benkelmann beam. The Benkelman beam measurements provide the maximum vertical
deflection of the pavement under 50 kN of wheel load. Nowadays the bearing capacity of
public roads are measured with falling weight deflectometers. Falling weight deflectometer
measurements provide the full deflection basin. It is convenient to use these high precision
instruments on forest roads, but their application is inefficient and costly. Researchers of the
Department of Forest Opening Up developed a new method to measure the full deflection
basin with the Benkelman beam. Besides the instrument improvement the authors developed a
new method for the processing of the deflection basin data. New results are presented via the
case study of a 2nd class opening up forest road.

Tamas MJOR, Katalin SAKALOSNE MATYAS and Attila Laszl6 RVATH:

Determination of the mechanization-affecting soil resistance at forested sites using
the ,3T System” electronic soil layer indicator... 123-134

Abstract — Recently the selection and transformation systems became more and more
important due to the close-to-nature forest management in Hungary. The application of these
systems requires a more accurate estimation of the increment by diameter classes. In order to
improve the accuracy and the speed of the inventory work the authors elaborated a new
volume estimation method based on the data of the Growth Monitoring Network gathered for
the past 15 years.

Katalin SZAKALOSNE MATYAS, Attila Laszl6 FORVATH and Tamas MIOR
Tree utilization systems in the XXI. Century... 135-149

Abstract — The development and improvement of suitable soil cultivation machines is
unfeasible without knowing the proper characteristics of the soils. After a detailed review of
the applying scientific literature we have concluded that the physical-mechanical properties of
forest soils with extensive root systems have hitherto been unidentified.

The goal of our research was to study the mechanical properties of forest soils, and to
investigate the effect of the tree root system on these physical-mechanical characteristics,
especially on the soil resistance. In order to reveal the interdependences we have performed
several soil resistance measurements.

Using mechanical and statistical methods, we have fitted a surface to the measured data
points, which can predict the changes of soil resistance as a function of the diameter of the
trees and of the distance from the trees. According to our measurements it can be established
that around the stems in a radius of 1-1,5 meters the higher soil resistance is caused by the
presence of roots.

Norbert RANK and Viktor TAKACS:

Windbreaks and shelterbelts examination by their effect on decreasing the
windspeed... 151-162

Abstract — Analysis of shelterbelts gives evidence for their eligibility and their
multifunctionality haspositive effectson environment, landscaad habitats. Nobnly asa
system, but its elements must be considered.

Getting back to the main purpose(wind speedreduction) of belts, the numerical
classificationis essentialfor maintainingthe porosity and to justify the structure.The
structure has always been changing by the environmentalconditions. Not only the
distribution of the network, but the trees and shrubs edges also require modification of the
structure for the desired effect: reduce wind speed and creating snow dumping zone in a
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proper distance. Modelling provides details of the flow system: including a number of
factors, local conditions and the meteorological conditions cause differences. A few
degrees difference in wind direction causes "structural change" and change in wind speed,
as well as the surface. Our research aims to develop methods and metrics to objectively
assist the forest belt, for a long-term maintenance and development of protection effects.
We have found, if the rate of wind protected and wind effected porosity is between 1.6-5
it is a well structured windbreak. Instead of the breakthrough factor this is more simple
and preciously measurable value for description. While the breakthrough factor use the
wind measurements and does not examine the inner spacing, the porosity consider the
changes of density.

Andras MHLIK , Laszl6 REMMEL, Gyula S\NDOR and Tamas ARI:
Long term effects of browsing of seedlings as examined in pole stagel63—-172

Abstract — According to our hypothesis browsing of seedlings and saplings by large
herbivores causes long term negative changes in quantity and quality of forest stands, trees
and timber.

Data were collected in the Bukk mountains, North Hungary. Sample territory was marked
out in sessile oak (Quercus petraea, Mattuschka — Lieblein) pole stand previously having been
browsed on seedling’s stage by large herbivores. Similarly to the sample area control territory
was marked out in an unbrowsed forest stand. The number of sample and control territory in
oak stands was 10-10, with a 10x10 m size. We recorded the number of trees, measured the
diameter at breast height (1.3 m) of the stems, the height of the trees and the malformations of
the stems which occurred lower than 2 m, such as tortuosity and fork growth. The data were
evaluated by Student’s t-test and Mann-Whitney U test.

1. Browsing caused slight but significant, 50 cm decrease in the height of trees and a

high ratio of fork growth.

2. We concluded that despite of heavy browsing activity which lasted several years,

timber quality at harvesting will not decrease.

3. At the same time a slight decrease in timber output will occur.

4. Browsing will raise costs of regeneration due to the expenses of increased number of

weeding.

Andras KOLTAY, Tamas lakaTos, Timea DTH and Zoltan ADRE:

Biological control technology against Heterobasidion annosum root rot in Scots
pine stands... 173-185

Abstract — In forest-ecosystems it is very important to apply selective and biological control
technologies against pests and pathogens. Such method in forestry is the usage of antagonistic
fungi or other micro-organisms. One of the most dangerous pathogens of conifers in Hungary
is the Heterobasidion annosum root rot. Formerly Dr. Hubert Pagony applied successfully a
biological control agent against it in Scots pine (Pinus sylvestris) forests. However, these
research achievements fell into oblivion, although the pathogen is still present in our forests.
In the past few years we re-developed this method, by the usage of Phlebiopsis gigantea, and
rearranged it according to present-day requirements. We were able to produce an inoculatum,
which is suitable for industrial-scale usage and manufacturing. Our experiments so far
evidently claimed that this method can open new perspectives in root rot control in Scots pine
and Austrian pine forests. However, the unsuccessful inoculation experiments in Norway
spruce stands show that the technology in its current form is not suitable for the prevention of
root rot in spruce forests.
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Gyorgy GOkaA, Aniké HRKA and Levente jcs.
Insect globalization in the Hungarian forests... 187-198

Abstract — 108 alien insect species with real or potential importance for forestry have been
recorded in Hungary between 1881 and 2010. The colonization rate steeply increased in the
last 2-3 decades. More new species were recorded in the last 30 years (1981-2010) than in the
previous 100 years (1881-1980). Order Hemiptera (particularly aphids) represent the 2/3 of
the species. 46% of the species have Asian, 31% North American, 21% European, 2% African
origin. 2/3 of the alien species have non native woody plants (35% conifers, 31%
broadleaves) as host plant. It is quite evident that accidental introductions, spread and
colonization will continue in the future. Only early recognition, increasing and disseminating
the knowledge concerning them may help to slow their spread and decrease the damage
caused by them.

Acta Slv. Lign. Hung. 8, 2012
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