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Ecophysiological Investigation of UV-B Tolerance of
Beech SaplingsKagus sylvatica..)
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Abstract — Our work aimed to reveal UV-B sensitivity of beeblth in field, and in outdoor
conditions. We examined the role of UV-B radiatiaractivation of photoprotective mechanisms in
photoinhibition and photodamage of photosynthetipaasiatus under hight light intensity. Our results
indicate that under natural irradiances increaseambtenoid content - especially xantophyll cycle
pigments - and xantophyll cycle activity resulted riot only by visible light but also by UV-B
radiation. These pigments have important role irot@protective processes of photosynthetic
apparatus. Amount of these pigments decreased uddeB exclusion, increased under UV-B
exposure, similarly to the UV-B absorbing compounahkich responded susceptibly to changes of
UV-B level. These results may suggest that high B)Y6lerance of beech is due to the considerable
flavonoid accumulation, which may explain practigalunaltered physiological activity of
photosynthetic apparatus under UV-B expositiorthase compounds have antioxidant capacity, thus
they can reduce lipid peroxidation and damage otgdynthetic apparatus.

enhanced UV-B / UV-B exclusion / photosynthetic pigents / chlorophyll fluorescence /
UV-B absorbing compounds

Kivonat — A buikk (Fagus sylvatical.) UV-B érzékenységének okofizioldgiai vizsgalataunkank
soradn az UV-B sugéarzés (természetes és emelt phiatisait vizsgaltuk egy hazai eatkot6 fafaj, a
bikk Ujulatainak o©kofiziologiai valaszreakcidira rite helyi feltételek k6zott és szabadfoldi
kisérletben. Tanulmanyoztuk, hogy a levelekbenngféd mechanizmusok aktivalasaban, illetve az
intenziv napsugérzas alatt felléfotoszintézis gatlasban és a fotoszintetikus agparkadrosodasaban
a lathaté tartomany mellett milyen mértékben j&tsgzerepet a természetes UV-B sugarzas.
Vizsgaltuk azt is, hogy az emelt szinUV-B sugarzassal szemben milyen a bukk levelekaen
fotoszintetikus apparatus védelmét ellatdé mechansok hatékonysaga.

Eredményeink azt mutatjdk, hogy természetes fémguigok kdzott a fényvédkarotinoidok,
ezen belll a xantofill-ciklus pigmentjeinek menmge és a ciklus aktivitAsa nemcsak a lathaté fény,
hanem az UV-B sugarzds hatasara is valtozik. UV-Bgwonasnal a levelekben csokkent a
mennyiségik, emelt szintUV-B hatasara rit, ahogyan az megfigyelhetvolt a flavonoid tipusu
vegylletek esetében is, amelyek a legérzékenyebdmgaltak az UV-B szint megvaltozasara, és
mivel UV-B szr képességik mellett antioxidans tulajdonsaggal emdelkeznek igy a
fotoszintetizalé szdvetek aktivitdsa viszonylageZatlan maradt.

emelt szint UV-B sugérzéas / UV-B megvonas / fotoszintetikus gimentek / klorofill fluoreszcencia /
UV-B sz r pigmentek
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1 INTRODUCTION

Owing to the drastic decrease of stratospheric ®@Zager in the last two decades studies
rightly focused on examination of the potential tdedive and inhibiting effects of UV-B
radiation (Madronich et al. 1998). In spite of thigorts to restrict the production of ozone
depleting substances in the 1990s, thinning ofstinatospheric ozone layer and increased
penetration of UV-B radiation to the Earth surfagdl continue. The annually averaged
global ozone loss is approximately 3%, but it id eguable over the two hemisphere
(McKenzie et al. 2003). Severe declines will ocauryears 2010-2019 in the northern
hemisphere, that may result up to 50-60% incraa&f/i-B radiation in springtime (Schindell
et al. 1998). Beside ozone depletion UV-B radiateaching the Earth’s surface is influenced
by global climate change (clouds, snow-cover),paitutants, aerosols furthermore slowing
ozone recovery due to the warming of tropospherek@nzie et al. 2003).

UV-B radiation is an important stress factor foarlk, which can have direct and indirect
effects on the genetic system, the photosynthgimai@tus, and membrane lipids (Bjorn
1996). UV-B may also play an important ecologicalerin altering plant growth and
competitive ability, with a resultant impact on i@ommunity composition (Sullivan 2005).
These indirect effects include changes in the qigukty of plants to attack by insects and
pathogens in both agricultural and natural ecosysteand changes in nutrient cycling
(Caldwell et al. 1998).

Few studies have been carried out on temperatéospegm tree species under natural
conditions, in spite of that long lived trees maytbe most impacted by the changing present-
day levels of UV-B radiation owing to the permanerposure and the accumulation of the
effects (Johanson et al. 1995). Plants under fielttlitions have to cope with several stress
factors. Protective mechanisms of well adapted ispe¢to high light intensity, high
temperature, water deficit etc.) may be effectigaiast increasing UV-B radiation (Mészaros
et al. 2001). However plant species - moreover [ajouns - vary greatly in their response to
UV-B: negative, neutral as well as positive effeatsplant performance have been reported,
which suggest that some plant species may be wafptad to UV-B radiation while others
are not. Furthermore the plant response to UV-Bnse® depend on experimental set up,
treatment regimes and duration (Searles et al.)2001

Our work aimed to examine possible harmful effemtoresent and enhanced UV-B
radiation on ecophysiological responses of beé&@uyls sylvatica..) both in field, and in
outdoor conditions. European beech is one of thgormtree species in natural plant
associations in Central Europe, and it is charegdrby substantial capacity to acclimate to
high light intensities. We examined the role of WBV-radiation in activation of
photoprotective mechanisms (xantophyll cycle), Hartmore in photoinhibition and
photodamage of photosynthetic apparatus under hgftttintensity. We also studied under
enhanced UV-B the efficiency of photoprotective hadsms in beech leaves, which provide
defence for photosynthetic apparatus. In both exptal sites our attention was focused on
indicators of UV-B sensitivity and tolerance (Smi#t al. 2000), namely changes of
photosynthetic pigment composition (chlorophyllsl aarotenoids), chlorophyll fluorescence
parameters of dark and light adapted leaves, ardinadation of UV-B absorbing
compounds. We also examined activity of photoptotecxantofill cycle, furthermore
changes of water content in leaves, mesophyll dence index and specific leaf mass, which
indicate alterations in leaf anatomy.
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2 MATERIALS AND METHODS

2.1 UV-B exclusion in the forest site

Field studies were performed in a beech forest($Rejtek Research Site”, Bukk Mountains,
NE Hungary), where in 1981 a part of the 80 yeddsfarest has been clear-cut for research
purposes. In order to examine effects of ambientBJkadiation in the clear-cut area before
budding time beech branches were covered with pEgd polyester plastic film, which
manipulated the spectral balance of natural irrazkathat is UV-B/PAR ratio considerably
decreased. This treatment provided comparable ggpwonditions for shoots and leaves.
Effects of UV-B exclusion (90%<) were determined sedlings growing in the clear-cut
area, and in parallel with it comparative measurgmevere carried out in the southern
exposured forest edge and forest interior.

2.2 Outdoor UV-B manipulation in the Botanical Garden

The experiments on UV-B exposure and exclusion haeen performed in an outdoor
experimental site at the Botanical Garden of Detmetlniversity. Two year old beech
seedlings were planted into 4 | plastic contaimes were burried to 30 cm depth in the sandy
soil of 1.5x1.5 m plots. A set of the plants wexpased to enhanced UV-B radiation besides
the natural radiation using timer-controlled UV-8pplementation system (fluorescent tubes
type UV-B 313, Q-Panel, Cleveland, USA). The tubese wrapped with 0.1mm cellulose
acetate filter (Courtaulds, Chemicals, Derby, UK)eliminate UV-C radiation and it was
changed weekly. In the control plot plants recievety natural solar radiation. Plants were
exposed to UV-B radiation at three intensity leviglBowing daily fluctuation of natural
irradiance. Midday maximum of extra UV-B was appnoately 40% higher (+80 W cm-2)
than the ambient level. Concerning the experimergaditions in other UV-B studies it can
be regarded as a moderatly elevated UV-B dose (Btl1697).

For UV-B exclusion seedlings were placed under af-shaped tent covered with
polyester film. The northern part of the frame weaovered by foil and slits were left in
order to provide adequate air circulation. Duriing texperiments (2000-2002) the water
supply of the seedlings was equal in all plots. BVsupplementation and exclusion
treatments started before budding stage and tor&eptember.

2.3 Chlorophyll fluorescence measurements

In vivo chlorophyll a fluorescence was measured with a portable PAM Z08ffometer
(WALZ Germany) after 20 min dark adaptation peribdst (b, Fn, F/Fmn) and slow DF/Fy,
NPQ, RFD) chlorophyll fluorescence induction partane were calculated by the equations
of Schreiber et al1994). Slow chlorophyll fluorescence induction veamlysed by saturation
pulse method after 5 minutes illumination of thaves with two different actinic light
intensities (200 and 10G@mol m? s?).

2.4 Photosynthetic pigments and UV-B absorbing congunds

Photosynthetic pigments were extracted from thedeavith 80% acetone. Absorbances of
pigment extract were measured at 470; 646,8; 66&2with Shimadzu UV/VIS 1601
spectrophotometer. Equations of Wellburn (1994)ewmesed to calculate the chlorophgll
andb concentrations. Carotenoid composition was andlygereverse phase HPLC (UV/VIS
HPLC, Jasco, Japan; Eluenses: ethylacetate, acdtomvater 9:1; Column: Nucleosil C18pp
method (Mészaros et @l995) with application of zeaxanthin standard. @byl content
was expressed on dry weight (mg)gcarotenoids and xanthophyll cycle pigments were
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expressed on chlorophyll content (mmol thothl a+b). The de-epoxidation state of
xanthophyll cycle (Demmig-Adams - Adams 1992) walewlated as

DEEPS = (zeaxanthin+0.5xantheraxanthin)/violaxartantheraxanthin+zeaxanthin).

Accumulation of UV-B absorbing compounds in leavesas determined
spectrophotometrically from acidified methanol extr(Day 1993). Flavonoid accumulation
was expressed as cumulative absorbance of leadogxdt 280-300 nm related to leaf dry
weight (g), fresh weight (g) and leaf unit area{csuggested by Qi et 42003).

Actual water content of leaves was determined Brntilogravimetric method, after
drying at 85°C till weight ceaselessness. Water content of saggplwere expressed on fresh
leaf weight (WC%). Mesophyll succulence was detaadiby chlorophyll and water content
(gH.0 mg* chl).

2.5 Statistical analysis

Effects of UV-B exclusion and enhanced UV-B weralaated by one-way ANOVA.
Multiple range tests (95% confidence intervals radjhwere performed to assess differences
between the treatments and to indentify homogegomsps (LSD, Tukey-b rest). Significant
differences were determined at *®05, **P 0.01, ***P 0.001. Effects of different light
conditions on photosynthesis physiological paramseigere analysed using multivariate
statistical methods. Classification methods (discrant analysis) were used for
reconnaisance of the similarity using SPSS 11.0vs0é.

3 RESULTS

3.1 Effects of UV-B exclusion in field and in outdor experiment

In field it could be generally observed that unddy-B exclusion leaves had lower
chlorophyll a/b ratio, total carotenoid content, amount of phobtgetive xantophyll cycle
pigments, mesophyll succulence and accumulatids\eB absorbing compounds. Moreover
in young leaves activity of the xantophyll cycleE§BPS) was also lower than in leaves under
natural irradiances. We have shown that significaffects of UV-B exclusion was
considerable on young leaves in contrast to thelteesrom the whole growing season,
because during senescence differences betweersleader UV-B exclusion and ambient
UV-B might be reduced (L4posi et al. 2002). Besidedl-known daily changes of some
parameters (chlorophyll and water content, DEERS;JF we also obtained an increase in
VAZ/total carotenoid ratio parallel with a decreaseb-carotene/total carotenoid ratio in
beech leaves, moreover flavonoid content of leawees also higher at noon. Daily changes of
some parameters were different under UV-B exclusiod under ambient UV-B. In UV-B
excluded beech leaves midday decrease of chlorbahglwater content were less expressed,
but increase of flavonoid content and decrease.ff,Fwere larger extent than in leaves
under ambient UV-B. UV-B exclusion did not affechilg changes of other examined
physiological parameters in beech leaffégure 1)

From May to September we obtained less extent ofedse in chlorophyll and water
content (thus increase in mesophyll succulenc&awues under UV-B exclusion compared to
the leaves under ambient UV-B. Furthermore underBJ¥xclusion we have found that
midday maximum of DEEPS in beech leaves decreasaagdthe growing seasdfigure 2).
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Figure 1. Daily changes of measured parameterseeth leaves in the field experiment
(Rejtek Research Site, 08/07/2002) (n=61SD).
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Figure 2. Seasonal changes of midday values of unedgarameters in the field experiment
(Rejtek Research Site, 2000) (n=3-6+SD).

In outdoor experimenteffects of UV-B exclusion were non significant ohet
photosynthetic pigment composition and photochehactvity of beech leaves, but at noon
the amount of UV-B absorbing compounds was lowantm leaves under ambient UV-B
(Laposi et al. 2002). It was very hard to estabtibkious significant changes on basis of dark
adapted chlorophyll fluorescence parameters. Id heech leaves under UV-B exclusion had
higher basal (§§ and maximal fluorescencef furthermore higher maximal photochemical
efficiency of PSII (F/Fy) based on morning values, which probably causekidityer amount
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of chlorophyll in leaves. At noon under high lightensity differences decreased between
leaves under different light clima(&igure 1).In outdoor experiment differences between
morning and midday values of,Fand R/Fn, decreased during growing season especially
under UV-B exclusiorfFigure 3)
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Figure 3. Daily and seasonal changes of maximabghyll fluorescence (Fm) and
maximal photochemical efficiency of PSIl (Fv/Fmpe&ech leaves in the outdoor experiment
(Botanical Garden, 2002) (n=30-78+SE)

On basis of chlorophyll fluorescence parameterbgbt adapted leaves we have found
that beech leaves under UV-B exclusion had lowarahghotochemical efficiencyDE/Fy’)
and non photochemical fluorescence quenching (NR@pth experimental sites. NPQ and
DF/F, were significantly negatively correlated, demonst the competition of the
photochemical and non-photochemical proce@sSggire 4)
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Figure 4. Chlorophyll fluorescence parameters ghtiadapted leaves after 3 months of
treatments. (A-Rejtek Research Site, 2002; B-Baghi@arden, 2002) (n=7-131SD).
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3.2 Effects of enhanced UV-B radiation in outdoorgerimental conditions

Results of discriminant analysis on basis of phottdsetic pigment composition and
parameters of slow chlorophyll fluorescence induttshow clear difference between leaves
under ambient UV-B and UV-B exposition, while orsizaof parameters of fast chlorophyll
fluorescence induction leaves under different ligithate were widely similar (Laposi et al.
2005). Under UV-B exposition beech leaves had loetgorophyll and water content, higher
chlorophylla/b ratio, higher flavonoid and total carotenoid @mt(especially vaz-pool), and
at noon activity of xantofill cycle (DEEPS) was @lkigher than leaves in the control plot
(Laposi et al. 2001).

UV-B treatment did not influence significantly edth basal () and maximal
fluorescence (F), or maximal photochemical efficiency of PSILAR,) (Table 2).However
in beech leaves difference between morning and awyidélues were higher under UV-B
exposure, moreover in the end of the growing seasdday value of {F, was lower in the
treated leaves than in the control leaves (Lapoal. 2005). Actual photochemical efficiency
(DF/Ry) of UV-B treated beech leaves was lower, non pbbémical fluorescence quenching
(NPQ) was higher than in the control leaves, whitality index (RFD) was not affected by
enhanced UV-RTable 1).

Table 1. Effects of enhanced UV-B radiation on ¢hrophyll fluorescence parameters of
beech leaves in the outdoor experiment. Means+8M the three experiments are
given (n=13-399). Data were tested by one-way ANCYA 0.05, ** P 0.01,
*** P 0.001) (UV-Bms ambient UV-B; UV-B.» enhanced UV-B).

2000 2001 2002
UV-Benn  UV-Bamp UV-Benh  UV-Bamp UV-Benn  UV-Bamb
Fo ns 0,35+0,040,34+0,04 ns 0,32+0,020,32+0,03 ns 0,31+0,03,31+0,03
F/Fm ns 0,77+0,020,77+0,02 ns 0,76+0,040,76+0,04 ns 0,72+0,08,72+0,06
Fin ns 1,55+0,211,53+0,21 ns 1,38+0,211,37+0,24 * 1,16+0,231,11+0,21

RFD ns 3,32+0,8 3,24+0,76** 2,79+0,4 3,32+0,48 *** 2,68+0,523,20+0,76
DF/F, *** 0,26x0,17 0,29%+0,19 ns 0,32+0,190,34+0,19 ns 0,30+0,19,33+0,19
NPQ ** 2,25+1,08 2,08+1,2 ** 2,01+1,04 1,51+0,85 ns 1,87+1,121,55+0,8

Seasonal decrease of values of these parametersnaras considerable in the UV-B
treated leaves compared to the control leaves @idtoal. 2005). Results of discriminant
analysis based on measured physiological paramsiters that beech leaves under different
light climate (ambient UV-B and UV-B exclusion) veemore different from each other in
field - where other stress factors also occurédn in outdoor conditions.

In outdoor conditions discriminant analysis alstedied a clear difference between UV-B
exclusion and UV-B exposition, while leaves underbgent UV-B were more similar to
leaves under enhanced UV-B than to reduced UV-Bwbmphasize the effects of present-
day UV-B levelgTable 2).
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Table 2. Classification results of discriminant &ss (%) based on the measured
ecophysiological parameters of leaves developeceumlifferent light conditions
(UV-Bamp ambient UV-B; UV-B enhanced UV-B; UV-Bs; UV-B exclusion;
FE: forest edge; Fl: forest interior).

Beech forest site (2002) Outdoor experimental station (2002)

clear-cut area FE Fl UV-Benn UV-Bamy UV-Beyxe
UV-Bamp UV-Bexc
Photosynthetic UV-Bom,  88.9 0 11.1 0 UV-B, 83.3 16.7 0
E’r']gfggjg) UV-Bexe 11.1 88.9 0 0 UV-Bw  22.7 63.6 13.6
FE 0 0 88.9 11.1  UV-B. 0 16.7 83.3
Fl 0 0 0 100.0
UV-B UV-B.m, 83.3 5.6 11.1 0 UV-B, 83.3 16.7 0
absorbing UV-Bee 16.7 44.4 16.7 222  UV:R, 15.9 47.7 36.4
compounds 0 333 611 56 UV-B 125 125 750
(n=72-92)
Fl 0 0 0 100.0
Fast chlorophyll UV-B,,,  61.0 14.6 17.1 73 UV-R, 355 36.8 27.6

fluorescence  yy.g,.  20.0 25.9 22.4 31.8 UV:B, 222 42.2 35.6
parameters

(h=208.311) FE 296 141 352 211 UV 149 333 517
FI 0 6.8 82 849

Slow UV-Baw  83.3 5.6 11.1 0  UV-B, 750 208 4.2

fclﬂlc?rre(:)spcr:e)glce UV-B.. 18.8 50.0 31.3 0  UVB, 292 62.5 8.3

parameters FE 8.3 83 833 0 UV-B. 48 95 857

(n=58-69) FI 0 0 0 100.0

4 DISCUSSION

Some parameters, such as photosynthetic pigmenpamtion, chlorophyll fluorescence,
levels of UV-B absorbing compounds and specifi¢ leass are known as useful indicators of
UV-B tolerance or sensitivity, but display rapidspenses to UV-B (and PAR), and often
increase or decrease within hours (Smith et alORO our experiments photosynthetic
pigment composition, leaf water content and flavdnmntent altered parallel with diurnal
light cycle due to not only changes of intensity mifotoprotective processes, but also
photodamage and resynthesis of some pigmentsX&n@e chlorophylls). Due to the higher
sensitivity of chlorophylb, than chlorophylh (Tevini et al. 1981) increase of the chlorophyll
a/b ratio could be observed in UV-B radiation. Actyviif the xanthophyll cycle also alter in
close positive correlation with diurnal light inty, as it is an important protective
mechanism against photoinhibition and photodamadd&Sal (Long et al. 1994). Hader et al.
(2004) described that photoinhibition (decreaseF@F;,) at noon under high irradiances
caused by not only PAR but also UV-B radiation. Tl amount of VAZ pigments, as well
as the de-epoxidation index, is a good indicatastidss situations in trees as they increase in
response to several environmental stress fact@si(ilg-Adams - Adams, 1992). Our results
show that under enhanced UV-B photoinhibition oflP&ctivity of xantofill cycle (DEEPS)
was higher than in leaves under ambient UV-B. liordplasts of higher plants it was found
that the de-epoxidation of violaxanthin to zeaxamtls inhibited upon UV-B exposure
(Pfundel et al. 1992), but in field it has small@portance. In our experiments we observed
that enhanced UV-B did not inhibit the activity>anthophyll cycle in beech leaves, or rather
the activity and the pool size increased at nonrbdth experimental conditions increases of
the VAZ-pool resulted in increases of antheraxan#rid zeaxanthin. Beside the operation of
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xanthophyll cycle, protection against photoinhiniti can be increased by zeaxanthin
synthesis fronb-carotene vidydroxylation (Demmig-Adams - Adams, 2002).

The most frequent response to enhanced UV-B radias a production of UV-B
absorbing compounds (Searles et al. 2001), inquéati flavonoids. Flavonoids have been
shown to prevent UV-B induced DNA damage (Koost&®4), and to have free-radical
scavenging activity (Barabas et al. 1998), thugroffy additional protection to either the
photosynthetic apparatus, or membrane lipids. inexperiments these pigments responded
the most susceptibly to changes of UV-B level. Amtoof these pigments decreased under
UV-B exclusion, increased under UV-B exposure iadteleaves.

Our results reveal that beech seedlings are inadéfedted by UV-B, even under the
present radiation conditions, moreover UV-B exdusiaffected to the measured
ecophysiological parameters more considerably #raranced (+40%) UV-B. According to
discriminant analysis UV-B affected principally th@otective mechanisms, particularly
photosynthetic pigment composition and flavonoidteat. At the same time photochemical
activity of leaves - namely parameters of fast abpbyll fluorescence induction - were less
affected It indicates that beech may be enable to cope witheasing UV-B due to the
adaptation ability to the present-day levels of BVradiation. Changes in flavonoid
accumulation, as well as in carotenoid contentdeisly xanthophyll cycle pigments) after
UV-B exclusion or UV-B exposition show that beeatedlings have effective protective
mechanisms to aviod strong damage of the most impbmetabolism processes, thus
photochemical efficiency of photosynthetic appasatould remain relatively unaffected
under changing UV-B levels.
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Recent Trends of Tree Growth
in Relation to Climate Change in Hungary

Zoltan HMocy!’

Hungarian Forest Research Institute (ERTI), Budapétingary

Abstract — The paper addresses two related issues. One isievhand how, growth patterns of stand
mean height have changed in Hungary in the last desades, and the other is whether recently
observed increases in mean annual temperature imégietcaused changes in growth trends. Changes
in tree growth were investigated for beedfadus sylvatica sessile oak Quercus petragaand
Turkey oak Quercus cerriy by comparing stand mean heights over age usita fdam the forest
inventories of 1981 and 2001, and for sessile osikgustand mean height data from permanent
sample plots since 1961. Tree growth was foundht@ laccelerated for each species mentioned, with
Turkey oak showing the largest acceleration. Tdysthe second issue, stand mean height was related
to elevation, wich in turn was related to mean ahremperature and precipitation. For these
analyses, too, data of many thousands of stantieiforest inventory was used. Stand mean height
was found to increase with decreasing elevati@n,with increasing mean annual temperature, for
each of the three species. As the annual predgitatnd air humidity decreases with decreasing
elevation, it was concluded that increases of naaial temperature could positively have affected
tree growth in the last few decades. However, #fisct is expected to be soon limited by water
availability.

climate change / tree growth / beech / sessile oaKurkey oak

Kivonat — A fandvekedés és a klimavaltozas néhanygsrefliggése Magyarorszagow tanulmany
két, egymassal dsszefugeérdest elemez. Az egyik az, hogy vajon felgydrsuh fak magassagi
novekedése az elmult évtizedekben, a masik pedigayy e gyorsulast okozhatta-e artérséklet
ndvekedése? A fandvekedés-gyorsulast egyrészt s#a@us Erdallomany Adattar 1981-es, illetve
2001-es erdrészlet-adataibdl biikkre, kocsanytalan tolgyre s&sre levezetett kor-magassag gorbék
O0sszehasonlitasaval vizsgaltuk, masrészt pedigzhlessdratl fatermési kisérleti tertiletek adatainak
trendelemzésével kocsanytalan télgyre. Mindegyithen a névekedés gyorsulasa volt kimutathato;
leginkabb a cser ndévekedése gyorsult fel. E gyassakainak vizsgalatahoz 6sszefliggést kerestiink az
Orszagos Erdallomany Adattar taldlhaté sokezer emkszlet tengerszint feletti magassaga és a fak
atlagmagassaga ko6zott. Kimutattuk, hogy az atlagissitgy — minden egyéb tényezAllanddnak
tekintve — ntt a tengerszint feletti magassag csokkenésével, megfelel az atlaghmérséklet
novekedésének. Mivel a csapadék éves mennyiségkkersda tengerszint feletti magassag
csokkenésével, ezért azt a kdvetkeztetést vontutolgy az elmult évtizedek magasablmiérséklete
valéban intenzivebb névekedéssel parosult. Alhgn ah mérséklet-ndvekedés hatasat azonban
varhatdan korlatozni fogja a rendelkezésre allGabigzolut vagy relativ csokkenése.

klimavaltozas / ndvekedésgyorsulas / bukk / kocsatafan tolgy / cser
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1 INTRODUCTION

In its most recent assessment report, IPCC (200Fyested that a ,global assessment of
data since 1970 has shown it is likely that antbggmic warming has had a discernible
influence on many physical and biological systenigdsed on data, models and scientific
reasoning, the report also stressed that, ,globa@ibmmercial timber productivity rises
modestly with climate change in the short- to mediierm with large regional variability
around the global trend”.

For Europe, Nabuurs et al. (2002) suggested, basedodel simulation, that increment
could grow by 18% by 2030, and slow down on a lortgem. Solberg et al. (2003) suggested
increased wood production in Western Europe, liegaeased production in Eastern Europe.
Finally, Schroeter (2004) also suggested incredsesbt growth in most parts of Europe,
especially in Northern Europe.

With respect to tree growth, these findings coultmstimes be expected as a
consequence of the recent warming in Europe. Hokyevighout evidence that is based on
measured data it is not entirely clear how and hatvextent tree growth may change due to
climate change.

Since tree growth is not only a biological procdss, also affects the economic, social
and environmental aspects of forestry, and sin@ait be measured relatively cheaply and
accurately (as compared to most characteristiesa$ystems, such as food chain), one of the
first consequences of climate change to study imgduy was tree growth (Matyas 1994,
Somogyi 1998.a-c, Somogyi 2001, Makkonen-Spiecken&yyi 2000).

Another reason of the interest in tree growth iatths patterns seemed to have
changed throughout Europe over a decade ago, adiestwere conducted, even without
considering climate change, that were widely pubiid. Kuusela (1994) was among the
firsts to show, by analysing the forestry statistmf the European countries, that the
standing volume and current increment had considgriacreased during the previous 40
years, although the amount of harvest had alseasad. This study was followed by that
of Spiecker et al. (1996) who, in addition to studythe issue whether tree growth could
have increased or not, also attempted to addregsitvdould have happened. The studies
included analyses of forest inventory data, bub alata from scientific studies such as
permanent sample plots and tree ring analyses wdwmeracy is of high importance. The
synthesis of the results suggested a more or lxsdegated tree growth rate in most parts
of Europe.

In Hungary, tree growth was not suspected to haamged in the 1980’s (Kiraly 1986),
however, several case studies applied the hypethkat it might have changed (Somogyi
1998a-c, Makkonen-Spiecker-Somogyi 2000, Toth 1988abados 2007). The results
suggested that a large-scale study was necessary.

In this paper, which reports on the results of shigly, two main questions are focused on:

I. Is there any indication of a recent change sndlowth pattern at the country level?
[I. Could the recent climate change result in clesng tree growth?

These questions cannot directly be answered, tivexedperative questions, two for each
questions above, were formulated, also considaelirgvailable data. These are the
following:

I(a) What was the growth trend like of three impaotttree species, i.e. beech, sessile oak
and Turkey oak between 1981-2001 using forest iorgrdata of the National Forestry
Database (NFD)?

I(b) What was the growth trend of sessile oak likpermanent sample plots?
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lI(a) Could any relationships be found between gemnvth rate and site characteristics that
are strongly affected by mean annual temperature?

lI(b) In case there are such relationships, coh&lincrease of temperature between 1981-
2001 be shown to bring about the observed tree tyrohange (under | above) during
the same period?

2 METHODS AND DATA

The above questions required different methodsynagBons and data, therefore, they are
detailed in relation to the questions themselvée Jame applies later for the results.

I. Recent tree growth trends

Of all possible measures, tree height was analysatbtect trends as it was available in
each dataset, and it strongly correlates with sitee heights or height growths of the
same species were compared in different yearsnog periods with the assumption that,
within the limits of sample errors and the errofshee measurements, the same site brings
about the same height growth. It is the same totkay; if site has changed, it affected
height growth.

Another main element of our approach was that @adlyaes were done using all data
available in the country, i.e., using the largestgle size, by which the effects of local
differences of site, forest management etc. oktdmples, that could have affected the results,
could be minimized.

Question number I(a) was analysed using stand flata the NFD for sessile oak
(Quercus petraed.iebl., SO), common beech (Fagus sylvatica L., CB)d Turkey oak
(Quercus cerrid.., TO). Only those stands were included where theewavailable for
the roots only included water from precipitatiore(j stands under the influence of floods
were excluded). For all these stands and for acigs in the stands, and for both 1981
and 2001, age, species ratio (by crown projectioni)gin (seed, coppice), mean stand
height, mean stand diameter, standing volume, dsasgesite characteristics (see below)
were queried from the NFD. From the mean standhieagd age data, age-height curves
were developed for both 1981 and 2001, and theseswere compared using regression
and correlation techniques.

Question number I(b) was analysed using data fleenSO permanent sample plots of
the Hungarian Forest Research Institute. Here, tbe, mean stand height data were
plotted against age. In this analysis, differentnber of data per sample plot could be
used depending on when observations started osatimgle plot (the difference of the age
of the stand between two consecutive measuremdrttiecsame sample plots is usually
between 5-10 years). The sample plots includedicsilitural experiments where a range of
thinning intensities was experimented with. Inchgliall plots of the experiments, often
with different stand densities, was based on theuragtion that, within wide ranges,
thinning does not affect mean stand height. Intenghinnings, which might have
increased mean stand height causing mean standhthigtend lower, only occurred
during the 1960’-1970’s, and stands became muclsatetater. Thus, including these
experiments could not result in the increase ofdheerved mean stand height growth,
rather, it could only reduce any observed increddeeight growth.
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Il. Site - tree height and site change — tree groWwtrelationships

When studying the effects of climate change, twpartant climatic factors to analyse are
temperature and precipitation. Unfortunately, thdeta were not directly available as they are
not measured and stored in forestry databaseswand not available at an appropriate
density from other (e.g. meteorology) databaseiseeiOn the other hand, we suspected that
relationships may exist across large areas, i.theativerage of many stands, between these
climatic factors and two measures that are assdesea@dch stand in Hungary: elevation and
forest climate type. Elevation (EL) is measured] atored in the NFD, for each stand at the
nearest hundred m. Concerning forest climate t¢#is€3), four types are used in standard site
assessment based on the occurrence of main treespehich is thought to correlate well
with the joint effects of all climatic factors. Tée four types, named after the main indicator
tree species themselves, are Common Beech Type )(GBdrnbeam-Sessile oak Type
(HST), Turkey Oak Type (TOT), and Forest Steppe €TYpST). According to Matyas-
Czimber (2000), the difference between the meay winthly temperature of CBT and HST
is 0.9 degrees °C, whereas that of HST and TOT2i8@ and the difference between the mean
annual precipitation of CBT and HST is 32 mm, whserthat of HST and TOT is 86 mm.

In the present study, multiple regression techrsquere used to detect relationships
between mean stand height on one hand, and EL @nidoR the other, to address question
number ll(a). The regression analyses were made@ly so that, within each FCT, further
categories were created using other standard aiteneters available in the NFD: aspect, soil
type, rooting depth, as well as physical soil cbhemastics. However, due to limited data
availability, only those categories were considevdtere tree growth was limited by the
amount of precipitation, and where a number of dgawas available that could allow to
perform statistical tests. Of all possible comhbimag of the above site characteristics, 84 site
categories were studied. Based on the relationstupsd, simple relationships between
temperature and tree growth were developed, usisighple meta-analysis of the results by
all site categories, for the three tree speciapiettion number I.

Finally, in analysing question number II(b), théat®nships found under ll(a) were used
to estimate how much increase of tree growth cbeléttributed to the observed increase of
mean annual temperature between 1981-2001. Usingltbve relationships, predictions were
also made in several scenarios of possible fuhaeease of temperature.

3. RESULTS

I.  Recent growth trends

I(a) Several thousands of mean stand height data warkalale for all three tree species from
the NFD (not shown in the figures below). The seconder polinomial age-height curves
fitted for these data for 1981 and 2001, which showerlap, show significant differences for
a range of age classdsdure 1).

A more detailed analysis of differences by age sdas as well as FCT and origin
(Table ) shows more detailed tests of significance. Theenwategories we have, the less is
of course the number of stands in a category, thexethe less is the chance to find
significant differences, and indeed, less significalifferences were found, and non
significant catagories were found, too. There dse aategories where the mean height is
lower in 2001 than in 1981. However, overall, tf32 mean heights were generally larger
than the 1981 mean heights in the same speciesarsit origin categorieggble ). In the
latter, ,main” means stands where the given spégi@snain species, i.e. its species ratio is more
than 50%, whereas ,mixed” means stands where theespratio is less than 50%. Dark cells
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indicate significantly higher mean heights of thene age (in 2001), light gray colors indicate
non-significantly higher mean stand heights, wherealdle gray colors indicate non-significant
lower mean heights. There were no significant lomean stand heights in 2001 than in 1981.
White cells indicate classes with not enough nurobstands in the respective category.

mean stand height (m)

40 50 50 70 80 %0 100
age (yr)
Figure 1. Second-order polinomial age—mean starighteurves,
based on data (not shown in the figure) from thé®Nfer species SO, TO and CB

for 1981 (continuous line) and 2001 (continuou®Jin
together with the confidence bands of 95% prolgi{dtiashed lines).
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Table 1. The difference between the mean stanthtisdig2001 and 1981 by age class for
SO, TO and CB species by the origin (seed or ceppicd species ratio categories.

Age class (year)

Origin MXIng 41 50 5160 61-70 71-80 81-90 91-10MD1-110111-120

SO
seeq  Main 257 0,50 042 083 0,23
mixed 0,37  -024 -0,78 -0,36 BFIMIBGFEN 0,06 0,04
coppice MaN Xl 266 | 227 | 159 | 135 ] 133 |
mixed 204 PXrZl 198 | 1,27 1,68 JIFEE 3.30

CB
seeq  Main 1,23 0,25 1,28 0,65 0,00
mixed GNIQN 303 | 121 ] 230/ 009/ 119 | 235
coppice main BEEOIEEE 111 2,75
mixed 0,25 059 527

TO
seeq Main 0,99 0,10 IENZEE 059 IEWCRREEE
mixed 016 052 0,09 W2l 053 1,32
coppice AN VROl 112 | 200 [ 349]| 303 | 621
mixed XVl 245 | 1,83 243]] 1,76 AN

I(b) Data from SO permanent sample plots were groumedhat one group contained
measurements that were taken before 1990, andhke group contained measurements that
were taken after 1990. A second-order polinomiavewvas fitted to both datasetadure 2.

40
| | | | | | |

| | | | | | |
35

30

25

20

mean stand heght (m)

15

10

40 50 60 70 80 90 100 110 120

age (yr)

Figure 2. Second order polinomial fits to mean gtheight data of SO permanent sample plots for
pre-1990 measurements (thick continuous line) awd-p990 ones (thin continuous line),
together with confidence bands of 95% probab(litgshed lines).
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In general, the curve fitted to the post-1990 meaments goes higher than the one fitted to
the pre-1990 measurements. Significant differemese found between ages 75-95 years.

Il. Site-tree growth relationships

[I(a) The relationships between elevation and mean starght was modeled using linear
regression models with the data from the NFD. Tdmdassumption was thegteris paribus

l.e. everything else (species, FCT, soil type, e§peeing the same, mean stand height is
determined by the elevation. The linear model wagetbped for all possible species and site
combinations between 300-600 m a.s.| where we hadgh data. The regression coefficients
(i.e. the coefficients of the slope of the lineare) varied between -1.6 and 0.8 and
represented a normal distributidriqure 3. The full confidence interval of 95% probability
is found in the negative range for each tree spe@ad the mean value of the regression
coefficients is a negative number, i.e. -0.499C@@&, -0.57 for TO and -0.29 for SO. It thus
seems that generally, although with a high devmatelevation has a discernible effect on
mean stand height, and mean stand height decre@bebte decrease of the elevation.

_

.

%y

Figure 3. The distribution of the regression caméfnts (b) of the linear model:
mean stand height = a + b * elevation for all spectaken together and for all possible site catiegor
for elevations between 300-600 m (N = 84; meanerald0.454, and the confidence band is found
between -0.545 and -0.362). Similar distributioregevfound, with different mean values, by species
(see text).

Relationships between FCT and mean stand heightisasmodeled by species, as well
as main soil types, using second-order age-heiglmgmial curvesFigure 4 demonstrates
that, for SO and on typical brown forest soil typsignificant differences exist between the
age-height curves of the different FCTs. The défees by FCT are more expressed than
those by the elevation. However, standard deviasarsually high, and, although differences
are often found, the number of stands by a sitesdks usually not enough to find significant
differences. Generally, trees grow highest in tH&TCthey grow lower in the HOT, and
lowest in the TOT (there are very few occurrencethe three species studied in the FOS
forest climate type).
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We note here that it may seem paradoxical that nstamd height decreases with the
decrease of the elevation, but it increases wghRGT when moving from TOT towards CBT
(CBT is usually found at higher elevation than TOHpwever, elevation is only one factor that
determines FCT, thus, moving along elevation an@ EOnot equivalent to moving along the
same axis but in opposite directions, rather, élmvaand FCT are different dimensions of the
same niche. In any event, we do not have a cohérenty on how FCT affects tree growth, and
further studies are needed to identify the effetthe various factors in relation to FCT that may
affect tree growth.

30

m ean stand heght (m )

age (yr)

Figure 4. Age-height curves (continuous lines) ByTHor SO stands on typical brown forest soils
and in Southern aspects. Dashed lines represerfidence bands of 95% probability.
The upper lines are fitted to data of stands iITQBe data are not shown in the figure),
the lines in the middle are for HOT, and the lowees are for TOT.

lI(b) We have estimated what increase of height grovathidc occur, by applying the
relationships of the ll(a) analysis, assuming atréase of temperature of 1.0 °C that was
observed in Hungary between 1981 and 2001. WeesBmated what would happen in the
future in case of a further temperature increase.®fand 2.0 °C. (Note that these increases
are the same or higher than the differences betwlsemean annual temperatures of the
various forest climate types that were mentionemapsee Matyas-Czimber 2000.)
As a first step, it is necessary to define growttréase potential. It is
— along-term average increase of the tree heigivith
— if mean annual temperature increased in the tengy by X °C (i.e., if the mean
temperature stabilized after an X °C increase),
— and if all other factors that influence tree giowemained the same, including e.g. the
amount of precipitation.

! According to our current knowledge about the prtipn, it will decrease somewhat in Hungary. Hegreeven with
the same amount of annual precipitation, it canmit@at the precipitation becomes a growth limifaxgfor according to
Liebig's law of the minimum. This, however, does Inave any major effect on the conclusions of tudys
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In the second step, we must convert elevation tepézature. In Hungary, the mean
annual temperature changes by 0.5-0.6 °C by ev@@ym change of elevation, and this
change can be assumed linear. In the third stegheiflinear model under li(a) above is
applied to the mentioned temperature changes tleiget an average potential tree height
growth increase of 0.45 m for every 100 m increaké¢he elevation. Formulated in yet
another way, every 0.1 °C increase of mean tempergacross all age and site classes and
for all tree species studied) is equivalent to @litegrowth increase of 0.07 m. The species
specific values are the following: CB, 0.1 m/0.1 SO, 0.05 m/0.1 °C, and TO, 0.1 m/0.1 °C.
Finally, using these values and assuming threeasimsnof temperature increase, the potential
tree height growth increase values can be calalfateall tree specied @ble 3.

Table 2. Tree growth increase potentials (for iefiition see text above) in three scenarios of
temperature increase by tree species, calculatemh fthe linear model under li(a) and all
assumptions and calculations under ll(b) above.

Mean increase of tree height (m)

Tree species if the increase of mean temperature is (°K)
0.5 1 2
Common beech (CB) 0.5 1 2
Sessile oak (SO) 0.25 0.5 1
Turkey oak (TO) 0.5 1 2

4. DISCUSSION

The results of the study of recent growth trendsegtjons number la and b) suggest that tree
growth has recently increased in Hungary. The stumplved many data (and all data
available) that eliminated the errors of individtrgle height measurements. We also checked
whether there were any changes in the methodolbgyean stand and individual tree height
measurements during the forest inventories betvi®&1 and 2001, however, according to
information that we received from the National FRdré&ervice, which runs the forest
inventories, there were no such changes. Thus,omeluded that there is high confidence
that tree height growth has indeed increased.

Concerning site-growth relationships (question nemlia) it must be stressed that both
temperature and precipitation are very complexofactand neither any mean value (annual,
monthly, or for the ,vegetation season”), nor tetahinimum or maximum values (again for
a year, a month or for the vegetation season) moagh to fully predict tree growth, even if
any of these factors are Liebig-minimum valueseaist for a certain period of time. The
application of the elevation, a data that is awdéan the NFD, as a temperature-proxy has
the advantage that no such means, totals, minimmaxima were used but a complex,
although proxy, variable that integrates all ofsieboth for temperature, as well as for
precipitation.

With the decrease of elevation, the mean annugbeesiture increases and the amount of
precipitation decreases, which means that usingldneation as a proxy will only show the
effect of temperature in the increase of tree gnowhd the decrease of the precipitation may
only result in an underestimation of this tree gitowncrease (i.e., we get a conservative
estimate for the temperature — tree growth increalsgionship). It is, however, clear that we
only identified statistical (correlational) relatiships between temperature increase and tree
growth increase, and not causal relationships.

We applied theceteris paribusprinciple for each other tree growth limiting factthat
were available in the NFD. This means e.g. thaterwhktudying the possible effects of the
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elevation, we only involved data of those standd ttad the same other characteristics, such
as tree species, FCT and soil type. Again, mangrdtctors that could not be included in the

analysis, such as the amount of photosinteticaltiva radiation and the like, do cause tree

growth to change in directions opposite to tempeeafe.g., they decrease tree growth when
temperature increases), thus, ignoring them ordgddo an underestimation, or conservative
estimation, of the possible effects of warming.

As mentioned before, tree growth was modeled use®height which is age dependent.
The effects of age on the regression coefficient&igure 3 could sometimes be shown,
however, it could not be shown in other cases. @biss not mean that the elevation, or the
related mean annual temperature, do not affect thratvonly means that, in addition to the
elevation, age, aspect etc., there may be oth&r&athat affect growth, or we did not have
enough data in certain species-site categories.

Concerning the effects of the elevation and the F@WE latter showed stronger
correlation to growth than the elevation. This nbh&yexplained by the fact that the FCT is a
more complex indicator of all factors affecting @tb than the elevation. But because FCT is
not only defined by the temperature, and becausdimeat relationship is known between
FCT and temperature, we could not use it to pratietincrease of tree growth in relation to
the change of temperature. On the other hand, BGIEfined by the very occurrence of the
species themselves, however, the occurrence ofeaiespdoes not only depend on the
requirements of these species to the physical @mvient, but also on the competition of
these and other species with overlapping niche ei¢sn therefore, it can occur that a
characteristic species of a FCT grows better iriteard=CT (e.g. SO in the CBFjgure 4).

In any event, further analyses will be requiredngiggeographical information systems,
to better understand the relationships betweeelthation and tree height growth. Many site
type combinations could be defined using the sitaracteristics that are available in the
NFD. We did not analyse all these combinations, hot only because many of these
characteristics may not have strong relationshijis tkee growth, but because our intention
was to establish relationships at the country leVbEse relationships are most probably not
linear, and depend on age and many other factatstuld not be involved in the analyses.

When studying the possible effects of the tempeeatn tree growth in various scenarios
(question number li(b)), the estimated increasdreé growth corresponds well with the
observed changes between 1981-2001, thus, we cmtlthat the observed increase of
temperature in the country recently could give teséhe observed changes in the tree growth.
We, however, again stress that we only studiedsstatl correlations, not causal effects.

Finally, we note that the rate of increase of vatugnowth that may be a resultant of the
increase of tree height growth will probably nostjty a substantial increase of the annual
allowable cut. Also, as a consequence of Liebigig bf the minimum, a further increase of
tree growth due to a further increase of tempeeatnay not happen at all (Matyas—Nagy
2005, Métyas, 2006). According to IPCC (2007), glbh the wood production could only be
increased slightly in the short- and medium-terntaip further 1-3 °C temperature increase.
This is because the trees’ requirements to watkingrease at a speed that is higher than the
speed of the temperature increase, and, accorditiget current predictions, the amount of
summer precipitation is likely to decrease, andjogg to limit tree growth accross large
areas as the amount of precipitation is alreadsecto the limiting amount. It can be assumed
that both trees, as well as forest management migyhave a few more years, possibly a few
decades, to successfully adjust and adapt to tetgf climate change.
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Effects of Artificial Regeneration Methods on Mortdlity,
Growth and Shape of Oak Seedlings in a
Central — European Oak-Hornbeam Stand
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Abstract — This paper analyses the results of an artifi@generation experiment carried out in an
oak-hornbeam stand. The effects of initial seedtdegsity (10200, 14300, 35700 stems per hectare),
spacing geometry (140 cm x 70 cm, 240 cm x 40 athgmical (with Erunit and Nabu) and
mechanical weeding of pedunculat®uercus robuy and sessile oakQuercus petraga were
examined at the age of eight years. The mortafit®.orobur seedlings was independent of the initial
density but that ofQ. petraeaincreased with it. Height and diameter growth aithb species
significantly decreased with the density, and thi@s of the diameter-to-height ratios (DHR) became
smaller as the density increased. At approximatetysame seedling density the mortality was lower
but the seedlings were shorter, thinner and theegabf DHR were smaller if the distance between
stems was much lower than that between rows. Méchlanr chemical weeding did not affect
considerably seedling mortality, growth or shapang of the spacing types.

weeding /Quercus petraed Quercus robur/ seedling development / seedling survival / spag

Kivonat — Mesterséges felljitasi eljarasok hatdsa za Gjulat 6ngyérilésére, ndvekedésére és
alakjara egy kozép-eurOpai gyertyanos-tblgyesbenA tanulmany egy gyertyanos-tlgyesben
végrehajtott mesterséges felujitasi kisérlet ereywié mutatja be. KocsanyosQgercus robuy
valamint kocsanytalan tolgyQuercus petragaesetében a felljitds nyolcadik évében vizsgakam
kiindulasi csemeteszamnak (10200, 14300, 35700agibéhhalézat geometridjdnak (140 cm x 70 cm,
240 cm x 40 cm) valamint vegyszeres (Erunit és Nadgyszerekkel) és mechanikus 4polasoknak a
hatasat. A kocsanyos tolgy ongyérilése nem flgaokiindulasi csemeteszamtol, ugyanakkor a
kocsanytalan tolgyé a csemeteszammal emelkedettsefneteszam emelkedésével a magassagi
novekedés ill. a vastagodas mindkét fafaj esetétmikkent, és a csemeték nyurgabba valtak.
Megkozelitleg azonos kiindulasi csemeteszdm mellett tvblsag csokkentésével (és igy a
sortavolsag novelésével) az Ojulat 6ngyérilése kesiik ugyanakkor a csemeték magassaga és
vastagsaga is csokkent, valamint felnyurgultak. échanikus ill. a vegyszeres apolas egyik halozati
tipus esetében sem befolyasolta jelsah a csemeték ndvekedését ill. alakjat.

apolas /Quercus petraed Quercus robur/ tjulat fejl dése / Gjulat mortalitasa / Ultetési hal6zat

’ tobischt@erti.hu; H-1023 BUDAPEST, Frankel Le6 (4R
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1 INTRODUCTION

One of the most important periods in the life ofnaged forests is the regeneration. It
determines the subsequent development of the ggostand (Ovington — MacRae 1960).
Thus, the regeneration technique must be chosem special care from ecological and
economical points of view.

The costs of regeneration strongly correlate wité biological aspects of the applied
technique. Methods less suitable for seedling sahand development are more expensive
while planting must be repeated and the regenergigriod is longer. Costs of seeds or
seedlings are possibly high if regenerating aréfig. Thus, determining the optimal seed or
seedling number is of great importance. To do tlosr questions must be answered: How
does seedling density influence 1. the mortalitgg anthe growth of the developing stand as
well as in long-term 3.the shape and 4. the wongtgire of the individual trees?

In artificial oak regenerations, wide spacing withv number of seedlings was often
applied in Central Europe (Weaver — Spiecker 19B®wever, using high number of seeds
or seedlings with closer distance between stemseamore advantageous from three points
of view (Varga 1966, Savill and Spilsbury 1991):

1. the canopy of the growing stand closes faster slweempetition decreases sooner;

2. the shape of the seedlings may become better drikeng is inhibited due to the

shading of the neighbouring seedlings;

3. there is a greater supply for natural or artificielection.

Furthermore, smaller distances between stems céitafte height growth to some extent
in the case of some species (Fekete 1938, SzodBER). It is also clear that more seedlings
can utilize site productivity better as long ascépg is not too dense which leads to a greater
intraspecific competition and consequently to slovgeedling growth (Szodfridt 1959,
Harmath 1961, Solymos 1983, Harkai 1987, Kolb -ingte1990). Other disadvantages of
denser spacing are its obviously higher costs aetinical difficulties with silvicultural
treatments (weeding, cleaning; Varga 1966). Thectsfof spacing on oak seedling survival
and growth are still poorly known.

Costs of weeding can be high at both artificial aatural regeneration. At the beginning
of regeneration herbs can influence survival anowgn of seedlings in two main ways
(Magyar 1933): by shading (competition for light)daby root competition (competition for
water; Harmer et al. 2005, Harmer — Morgan 200Husl chemical or mechanical weeding
can facilitate seedling survival and growth of cak well as those of other tree species
(Ovington — MacRae 1960, Jarvis 1964, Csesznak,1R8D et al. 1990, Kolb — Steiner
1990, Collet — Frochot 1996, Collet et al. 1996a&rtet al. 1997, Collet et al. 1997, Collet et
al. 1998, Kelly 2002, Coll et al. 2003). There msimportant difference between the chemical
and mechanical protection. While in the former caseally the whole plant dies with its root
system, in the latter in most cases only the algyeend part is killed. In this way shading
effect decreases but root competition does nots&alling growth may remain inhibited
(Davies 1985, Lof 2000). On the other hand, weechpmtition does not hinder seedling
development by all means (Madsen 1995). Furthermiresome cases even the total
protection from root competition of herbs did nead to higher seedling growth intensity
(Szappanos 1969).

Weeding experiments of oak were usually quite stesrh analyzing data of 1-4 years
(Szappanos 1969, Collet and Frochot 1996, Collet.1996, Chaar et. al 1997, Collet et al.
1997, Lof 2000). Some studies (Collet et al. 19Q8lly 2002) were longer-term, but the
combined effects of different weeding treatmenits spacing types were not examined.

The aim of the present study is to determine tiectes of different spacing types and
weeding treatments on oak seedling survival anaviiresimultaneously in a sessile oak—

Acta Silv. Lign. Hung. 4, 2008



Effects of Artificial Regeneration Methods 31

hornbeam and a pedunculate oak—hornbeam standdd@pacing geometry, initial seedling
density, mechanical and chemical weeding influetice mortality, growth and shape
(lankiness) of the seedlings?

2 MATERIALs AND METHODS

2.1 Study area

The study stand (subcompartment Kald 46 B, apprateéip 11.1 ha, 47°09'N, 17°00’E) is
growing on rusty brown forest soil, 200 m above ls@&l. The climate is characterized by a
diagram Figure 1). The whole study area was fenced against garh894.

o0[ T30

60(

precepitation (mm)

temperature (°C)

=10
Figure 1. Climate diagram for characterizing thady standMonthly precipitation (solid line)
and temperature (broken line) were measured atrtearby meteorological stations,
Kald and Papa, respectively from 1901 to 1950. S8euKakas (1967).

The parent stand consisted of sessile oak (32%rd@iogoto the data of the Hungarian
National Forest Service), turkey oa®uercus cerris 24%), hornbeamQarpinus betulus
24%) and pedunculate oaRercus robuyr20%) before starting the regeneration. The cksur
of the parent stand was approximately 95%. Attilme the stand was nudum (i.e. the ground
vegetation was very sparse).

In the initial stage of regeneration high coverflebbane Erigeron canadensjswas
characteristic. Later on thistle speci€rgium sp) andErigeron annuugroliferated. From
the third year bushgras€#lamagrostis epigei¢occurred in high abundance. Finally, by the
fifth year the cover of blackberryRilbus spp. has reached high values in some spots
endangering seedling survival and growth.

2.2 Silvicultural treatments

The whole stand was divided into 12 blocks of agpnately identical size Higure 2.
Blocks No. 1-2, 5-8, 11-12 are included in the prestudy.
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No site preparation was applied on the study aeéaré planting. One year-old seedlings
of Quercus robur and Q. petraegere planted in different spacing types in therngpof 1995
(Table 1). One of the applied densities (14300 stems patahe) is that which is
recommended by Danszky (1963) for oak-hornbeamdstagrowing in this region of
Hungary.

f __________ m
N _____________ co

<
6 _______________ ch

100 m

Figure 2. Experiment design. The study stand wadedi into 12 blocks of approximately

identical size. Each block consists of three plotahich different weeding treatments
(mechanical weeding — m; control — co; chemical dveg — ch) were applied.

Seedlings were sampled along 50 m long transexikehb line) in the middle of each plot.

Table 1. Spacing types of artificial regeneratidist. — distance; Q. rob. — Quercus robur;
Q. pet. — Quercus petraea

Blocks Species Row dist. (cm) Stem dist. (cm) Nems per hectare
1. Q. rob. 140 70 10200
2. Q. pet. 140 70 10200
5. Q. rob. 240 40 10400
6. Q. pet. 240 40 10400
7. Q. rob. 140 50 14300
8. Q. pet. 140 50 14300
11. Q. rob. 140 20 35700
12. Q. pet. 140 20 35700

At the beginning of the regeneration all blocks Not 11 and No. 12 were sprayed with
Erunit. Afterwards, every block was divided intadé plots in accordance with the applied
weeding method (one control plot, one plot weedédntdcally and one plot weeded
mechanically). Seedlings of goat willoB4lix caprea and aspenRopulus tremulawere cut
in all plots in 1999. In the plots weeded mechdhicthe above-ground biomass of the
competing vegetation was removed in July 1997 anldily 1998.

Chemical weeding was carried out by chemicals Eamd Nabu in March 1997 and in June
1998, respectively. The second treatment was nébrpged in blocks No. 1 and No. 2 due to
unfavourable weather conditions. Because of thie bayer of bushgrass Nabu must have been
sprayed in blocks No. 11 and No. 12 in May 199nErinhibits the germination of mono- and
dicotyledons alike for three-four months. One liEenunit contains 300 g acetochlor, 200 g
atrazine and 30 g antidote AD-67. The applied cainaton was 7 I/ha. Nabu Kkills
monocotyledons selectively. The agent of Nabu tkosgdim (12.5%). Nabu was sprayed in
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concentration of 4 I/ha. Both chemicals can rednoecompetition. In 2000 woody species were
weeded out in all plots. Afterwards, further weedireatments were not necessary.

2.3 Sampling

Sampling was carried out in 2003 and started witlich sampling to analyze the effect of sample

size on the value of the mean of the dependerdbles (seedling height and diameter). That is,
much more seedlings were sampled in some chosen(piowhich the variance of seedling height

and that of seedling diameter were the highestrdicgpto visual estimation) than the estimated

required minimum. From the data the fluctuatiothefmean value with increasing sample size was
determined. The sampling size from which the flatitun was smaller than 5% was considered as
the required minimum sample size. Based on thanatadata heights and diameters at breast
height of all seedlings were measured along 50ng fansects in the middle of each plg(re

2) except for plots of blocks No. 6, No. 11 and 2. In the latter plots transects were divided into

10 m long sections due to the high number of segllHeights and diameters at breast height of all
seedlings were measured along the two end andidakersections.

Table 2a. Effects of initial seedling number on tality, growth and shape of Q. robur
seedlings at row distance of 140 cm. The age ofegeneration was 8 years.

Weeding No.stems n Mortality h d (d/h) x 10°
per hectare (%) (cm) (mm)

me 10200 53 26 380** (89) 34.5** (14.3) 8.8 (3.0
me 14300 78 22 330 (61) 27.1 (10.9) 8.0 (2.3
me 35700 112 25 243** (73) 16.6** (9.9) 6.2** (2.8)
co 10200 62 13 342 (73) 28.9 (11.5) 8.2 (2.1
co 14300 73 27 344 (75) 28.0 (11.2) 7.8 (2.3)
co 35700 121 19 262** (77) 16.3** (9.9) 5.6** (2.5)
ch 10200 48 33 350** (74) 31.2** (13.1) 8.6** (2.4)
ch 14300 74 26 291 (84) 21.8 (11.5) 6.9 (2.6)
ch 35700 120 20 279 (83) 16.5** (9.8) 5.4** (2.5)

Table 2b. Effects of initial seedling number on talkty, growth and shape of Q. petraea

seedlings at row distance of 140 cm. The age ofepeneration was 8 years.

Weeding No.stems n Mortality h d (d/h) x 10°
per hectare (%) (cm) (mm)

me 10200 53 26 345** (79) 31.0** (12.8) 8.6** (2.7)
me 14300 73 27 275 (81) 19.7 (11.3) 6.5 (2.9
me 35700 102 32 250* (76) 16.1* (10.4) 5.8 (2.7)
co 10200 53 26 346** (66) 30.1* (12.1) 84 (2.3
co 14300 72 28 303 (84) 24.7 (13.5) 75 (3.0
co 35700 95 37 269** (68) 17.4* (9.7) 5.9% (2.4)
ch 10200 59 17 352** (59) 31.2** (10.2) 8.7** (2.0)
ch 14300 83 17 269 (77) 19.7 (10.6) 6.8 (2.6)
ch 35700 80 47 247* (76) 14.9** (8.3) 5.7 (2.4)

Quotients in the last column are the averages ofiguis calculated for each seedling. Standardatievis are
showed in parentheses. Plots in which 14300 segtilirere planted were compared to the two othes jaothe
case of each weeding treatment. If the differenas wignificant it is indicated only at data of the latter
plots. h — average height of the seedlings; d +ameediameter at breast height of the seedlings+mibts
weeded mechanically; co — control plots; ch — pleeeded chemicallyQ. rob. — Quercus robur Q. pet.—

Quercus petraea - p<0.05; ** - p<0.01.
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2.4 Data analysis

The shape of the seedlings was characterized hatigaotient of the diameter and the height
(d/h). Since both diameter and height were expdesseneter the quotient has no dimension.
Data was evaluated with analysis of variance uBil@Mstat 3.3 program (2002). For checking
normality and homogeneity of variances the KolmogeBmirnov and F-max statistics (Hartley
1950) as well as log-anova tests (Martin — Game&3 1@ere used, respectively. For assumptions
of parametric ANOVA could not have been met Krudkélllis ANOVA was applied. The
effects of weeding were studied in each block (nethe case of each spacing typaple 1
separately. Otherwise the interaction between weeahd spacing would have been overlooked.

3 RESULTS

3.1 Effects of seedling density at the same row thsice

Considering all plots, the average mortality of peclilate and sessile oak was similar, 21.3%
and 26.4%, respectively. Mortality of pedunculatk aloesn’t correlate strongly with the
initial seedling number in any of the plotBaple2a, b. In contrast, mortality of sessile oak
seems to increase with it in every plot. Height diraimeter growths as well as DHR of the
seedlings decreases significantly as seedling numbeeasesTable2a, b. These effects are
similar in the cases of both oak species and atdivig types.

3.2 Effects of spacing geometry at the same seedjidensity

Seedling survival was higher in all but one platswhich the differences between the two
distance types (distances between rows and distéreteeen stemsyere greaterTable3a, b.
On the other hand, seedlings of both species wigrefisantly shorter, thinner and DHR
values were higher in these plots.

Table 3a. Effects of spacing geometry on mortagjtgpwth and shape of 8-year old Q. robur

seedlings
Weeding Spacing n Mortality h d (d/h) x 10°
(cm x cm) (%) (cm) (mm)
me 140 x 70 53 26 380 (89) 345 (14.3) 8.8 (3.0)
me 240 x 40 111 11 300** (70) 24.5* (12.1)  7.7* (2.8)
co 140 x 70 62 13 342 (73) 28.9 (11.5) 8.2 (2.1)
co 240 x 40 114 9 291**(75) 24.0** (11.8) 7.8 (2.8)
ch 140 x 70 48 33 350 (74) 31.2 (13.1) 8.6 (2.4)
ch 240 x 40 94 25 324 (77) 26.3* (12.3) 7.7* (2.4)

Table 3b. Effects of spacing geometry on mortalgypwth and shape of 8-year-old
Q. petraea seedlings

Weeding Spacing n Mortality h d (d/h) x 10°
(cm x cm) (%) (cm) (mm)

me 140 x 70 53 26 345 (79) 31.0 (12.8) 8.6 (2.7)
me 240 x 40 66 12 288** (70) 23.4** (11.5) 76 (R7
co 140 x 70 53 26 346 (66) 30.1 (12.1) 8.4 (2.3)
co 240 x 40 66 12 305** (73) 23.7** (11.4) 7.3* B2.

ch 140 x 70 59 17 352 (59) 31.2 (10.2) 8.7 (2.0
ch 240 x 40 48 36 299** (69) 23.9** (12.3) 7.5**M

Standard deviations are showed in parenthesesfiSagte level is indicated only at the data oftplof spacing
240 cm x 40 cm. For abbreviations Seble?2. * - p<0.05; ** - p<0.01.
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3.3 Effects of weeding

Weeding did not improve seedling survival of anytlbé two oak species in any of the
spacing typesT@able4). On the contrary, in some blocks survival of perdudate oak seemed
to decrease due to weeding. Seedling growth wasprmhoted considerably either by
mechanical or chemical weeding. In some blocks (NdJo. 8, No. 11 and No. 1Zable4)
seedlings, which were weeded (“w-seedlings”) arnesignificantly shorter and thinner than
seedlings, which were not weeded. In contrastpmesother blocks (No. 1, No. 2 and No. 5)
“w-seedlings” are significantly taller and thickdrough most of these differences are not
important from silvicultural point of view. Weedingidn't influence seedling shape
practically.

Table 4. Effects of weeding on mortality, growtll ahape of oak seedlings. The regeneration
was 8 years old

Blocks Weeding n Mortality h d (d/h) x 10°
(%0) (cm) (mm)

1. me 53 26 380* (89) 34.5* (14.3) 8.8 (3.0
1. co 62 13 342 (72) 28.9 (11.5) 8.2 (2.1)
1. ch 48 33 350 (74) 31.2 (13.1) 8.6 (2.4)
2. me 53 26 345 (79) 31.0 (12.8) 8.6 (2.7)
2. co 53 26 346 (66) 30.1 (12.1) 8.4 (2.3)
2. ch 59 17 352* (59) 31.2* (10.2) 8.7* (2.0)
5. me 111 11 300 (70) 245 (12.1) 7.7 (2.8)
5. co 114 9 291 (75) 24.0 (11.8) 7.8 (2.8)
5. ch 94 25 324** (77) 26.3 (12.3) 7.7 (2.4)
6. me 66 12 288 (70) 23.4 (11.5) 7.6 (2.7)
6. co 66 12 305 (73) 23.7 (11.4) 7.3 (2.5)
6. ch 48 36 299 (69) 23.9 (12.3) 75 (2.4) |
7. me 78 22 330* (61) 27.1 (10.9) 8.0 (2.3)
7. co 73 27 344 (75) 28.0 (11.2) 7.8 (2.3)
7. ch 74 26 291** (84) 21.8** (11.5) 6.9* (2.6)

8. me 73 27 275 (81) 19.7* (11.3) 6.5 (3.0)
8. co 72 28 303 (84) 247 (13.5) 7.5 (3.0
8. ch 83 17 269** (77) 19.7* (10.6) 6.8 (2.6)
11. me 112 25 243* (73) 16.6 (10.0) 6.2* (2.8)
11. co 121 19 262 (77) 16.3  (9.9) 56 (2.5)
11. ch 120 20 279 (83) 16.5 (9.8) 54 (2.5)
12. me 102 32 250* (76) 16.1 (10.4) 58 (2.7)
12. co 95 37 269 (68) 17.4 (10.0) 59 (2.4)
12. ch 80 47 247** (76) 149 (8.3) 57 (2.4)
All me 648 22.6 (7.4) 228 (128) 29.2 (8.5) 7.2 (2.9
All co 656 21.4 (9.7) 231 (122) 30.0 (8.0) 7.1 (2.7)
All ch 606 27.6 (10.5) 221 (122) 296 (8.3) 6.9 (2.7)

Plots, which were weeded were compared to the a@oplwts. Significance level is indicated at thdadaf the
former plots. Standard deviations are showed iarfheses. For abbreviations $eble2.* - p<0.05; ** - p<0.01.
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4 DISCUSSION

Higher seedling number increased mortality of smssak. The survival of pedunculate oak
during the first eight years of the regeneratios determined by other factors not investigated in
this study. On the other hand, intraspecific coitipetbetween the seedlings inhibited growth
and decreased DHR. The results are in accordartheewilier experiments studying other tree
species (e.g. Szodfridt 1959, Harmath 1961, Solyh@&3, Harkail987).Spacing geometry is
very important from silvicultural point of view (Vga 1966). If the distance between rows is
large enough (e.g. 240 cm) weeding can be motoreasily. According to the results,
however, larger distance between rows didn’'t corapnfor smaller distance between stems
at the same seedling density. Because of the stal distance competition between the
seedlings became more intense. This slowed seedinglopmet and decreased DHR. On the
other hand, survival of seedlings was much higherthis case. The reason for this
phenomenon is not clear. These results disprovehyfpothesis of Varga (1966) who
concluded that applying large row and small stestadice is just as appropriate for seedling
development as the application of equal distaneésden rows and stems.

Weeding did not improve seedling survival of anytleé two oak species. This does not
mean that th herb layer could not inhibit seedlit@yelopment because it is possible that
immediately after the weeding occasions “w-seedlingrew faster. The only thing that is
surely known is that in long-term the effects of tipplied weeding treatments are negligible
from silvicultural point of view. It must be takento consideration, however, that weather
conditions of 1997 were not favourable for sprayirgnit and this could have influenced the
results. Presumably, because of the low precipitadif that year only a small amount of this
chemical could infiltrate into the soil leadingltav effectiveness of protection. Furthermore,
decrease of the cover of bushgrass due to spraabg promoted indirectly the proliferation
of blackberry and dicotyledons of tall growth. Thugeed competition was not reduced
effectively enough by this chemical too.

Negative effects of weeding treatments observedoime blocks could be partly the
consequence f weeding mistakes (e.g. accidentabwanof oak seedlings in plots weeded
mechanically). On the other hand, the lower coviethe herb layer in the plots weeded
chemically let aspen and goat willow establish graiv.

5 CONCLUSIONS

According to the results, planting approximatelyODD seedlings per hectare seem to be
enough for the successful regeneration. Plantingereeedlings slows down the growth and is
more expensive. However, later on, effects of thial seedling number on wood structure
must be studied as well (Igbhoanugo 1990). Considethe same seedling density, from
biological point of view it is more advisable taduee the difference between row and stem
distances. It is unnecessary to carry out weedeaajrnents every year.

The conclusions are valid primarily for stands whitave similar stand structure and
occur under similar site conditions as the studyds$ of the present experiment. However,
even in these cases further research must beatautdo make the results more general.
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Changes of Frost Damage and Treeline Advance for
Swiss Stone Pine in the Calimani Mts.
(Eastern Carpathians, Romania)

Zoltan KErRN® — lonel PpaP

®Institute for Geochemical Research, Hungarian Aagdef Sciences, Budapest, Hungary
Forest Research and Management Institute, Res8gatibn for Norway Spruce Silviculture,
Campulung Moldovenesc, Romania

Abstract -— Checking the tree-ring structure of 39 living ancr@ssdated dead samples of Swiss
stone pine Rinus cembral.) collected from the upper timberline of the @ainiMts. we have
identified 59 frost rings over the past 250 ye#lVe found concentrated occurrence of frost events in
three decades: in the 1790s, 1810s and 1910s.ddbring was observed in two bidecadal periods:
1750-1770 and 1850-1870. Out of the analysed iatek963-2004 is the longest period without frost
ring occurrence. After 1920 both frequency and gbvef frost events seem to decrease compared to
the prior 170 years. We determined the altitudehighest growing stone pine individuals in the
Bradului Ciont—Pietrosu region in June, 2006. lidlials were sorted into tree-form or bush-like
morphological groups. Mean elevation data of threugs were corrected by an estimated constant bias
of GPS measurements (-30 m). Comparing the codedhkies to early 20th century inventory data
65 m and 95 m upward migration was determined regline and boundary of bush-like occurence,
respectively. The parallel results suggest that2@®ih century advance of the upper forest limit was
due to the decrease of frost stress at the zotimbérline.

Swiss stone pineRinus cembral.) / late frost / timberline / frost ring / climate change

Kivonat — Cirbolyafeny k fagykarosodasa és az erchatar valtozasai a Kelemen-havasokban
(Keleti-Karpatok, Romania). A Kelemen-havasok fels erd hatardn novekv cirbolyafeny k
évgy r szerkezetének vizsgalata soran 59 fagygyismertiink fel. Az 1750-2004 idzakban a
mintaszam elég magas, a vizsgélt egyedek atlagekoéh elég stabil ahhoz, hogy a fagygy
észlelések efordulasi gyakorisagai alapjan kijelentsik:

1) 1790-es, 1810-es és az 1910-es évtizedekbemiktvaltan fordultak elfagyesemények.

2) 1750-1770, 1850-1870 és 1963-2004 intervalluraakiem talaltunk fagygy t.

3) 1876-ban érintette az allomanyt a legdrasztidndagyesemény 1750 ota.

4) 1920 utan a kései fagyok esége és elordulasi gyakorisaga is csokkenni latszik a megel
170 évhez képest. Ezt nem magyarazhatjuk a vizeggitdek atlagos életkordnak emelkedésével,
mert az életkor szorasa is novekszik, jelezve, hemgyd s — fagytr bb - egyedek mellett fiatal
- fagyérzékeny - példanyok is vannak.

GPS segitségével 2006 juniusaban meghataroztulgraatgasabban ndévekvcirbolya példanyok

tengerszint feletti magassagat. A bemért példanyalké szerint két csoportba (fa alaka, bokor-sger

soroltuk. A mért magassagokat kontrol mérések atagprrigaltuk. A korrigalt magassagi adatokat a

" Corresponding author: kern@geochem.hu H-1112 BUBSP, Budadérsi Ut 45.
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XX. szazad els évtizedében készitett részletes felmérés adatdasanlitottuk. A 2006-0s fahatérra
65, az eltorpiilt, bokor-szepéldanyokra 95 méterrel magasabb értéket kaptuirk,amit szaz évvel
korabban kozoltek.

Az eredemények azt sugalljdk, hogy a felsrd hatar XX. sz-i elrenyomuldsa a fagy-stressz
mérsékl désének tulajdonithatd, melyet a fagyeseményehiittssdnak csokkenése igazol.

Cirbolyafeny (Pinus cembra/ kései fagy / erdhatar / fahatér / klimavaltozas

1 INTRODUCTION

High mountain zonation is a prominent indicatorcliimate change investigations (Gottfried
et al. 1994, Pauli et al. 2003). The clearestbleasboundary in mountain vegetation is the
transitional belt between forest and alpine mead®ighin a mature, natural forest/meadow
transition zone three further boundaries shouldnkationed (Korner 1998). The upper limit
of closed forest is the timberline. The discontmsitine following the altitudinal boundary of
tree-form individuals is the treeline, while thepepmost virtual line above treeline where
only seedlings and dwarfed individuals appear & ttiee species line. The same belts are
present in the taiga/tundra transition zone too.

Owing to its pronounced climatic determination ttiensitional zone is in the highlight
of tree-ring research (Fritts 1976).

Temporal fluctuations in treeline position have eescribed at many sites (Luckmann
— Kavanagh 1998, Esper — Schweingruber 2004, Kaochll. 2004, Nicolussi et al. 2005,
Matyas 2006).

Our investigations aim to detect the climate sentsitof stone pine in Calimani Mts. and
to evaluate its potential to reconstruct environtakhistory. The relationship of climate and
ringwidth fluctuation is assessed in separate [g@peth on interannual (Kern et al. 2007) and
decadal/centennial scale (Popa — Kern accepteds péper analyses the frequency of
anatomical deformations of wood related to tempeeatirops during the vegetation period
between 1750 and 2004. In addition we present itst fesults from the Carpathians
confirming the upward advance of upper treelineesithe first decade of the 20th century.

2 MATERIAL AND METHODS

2.1 Site description

The Calimani Mts. is the highest volcanic rangethe Carpathians. The central part is
characterized by a northward opened caldera. Siieges ascend from the inner depression
to the rim of the caldera, while gentle slopes deddowards the pediment. The highest peaks
are mounds on the rim. The range culminates ®Ritteosu peak (2102 m adhigure 1).

The elevated terrain at the central range hostsfezons forest. subalpine vegetation
zone grows above the timberline while patches afiystundra with blanket of lichens can be
found in the regions of the highest peaks (Nagyl.€2006). Natural timberline (~1700 m asl)
is well preserved at the steep north facing slopdsere anthropogenic influence
(e.g.: grazing, wood cutting) was negligible. Tirmlree is characterized by Norway spruce
(Picea abieqL.) Karst) and Swiss stone pinBifus cembra..). The local pine occurrence
represents the eastern boundary of European distnbarea of the species. Stone pine
individuals also appear on the southern side delsogrtoward the Mures Valley, but the
largest stands are are located on the northerreslop Rachitis Peak and Pietricele Peak
(H6hn 2001). The southern side population has Igeeetic variability compared to northern
side one (HOhn et al. 2005).
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Recent dendroecological investigations proved ttehperature exerts significant
positive influence on annual growth of the stoneepat the Eastern Carpathian timberline
(Popa 2005, Kern et al. 2007).

Piefrogu ’
2100 \\Negoiul Unguresc

/\/_ stream

‘ stone pine sampling site

Gt @arpathian's 4

60

Figure 1. Location of the Calimani Mts in the East€arpathians.
The sketch map shows the study site within the area
(MODIS image downloaded from: http://visibleeartsa.gov)

2.2 Sample collection and preparation

The research area is the upper timberline belowRthehitis Peak and Bradului Ciont Peak
(Figure 1). We have collected samples from living trees mmeherous dead trees lying on the
ground between 2003 and 2006. Samples’ surfaces weapared by abrasive belt and
polished, so the tree-ring boundaries became dishable under binocular microscope.
Beside classical dendroclimatological investigagiogcurrences of frost ringBigure 2)
were also recorded. Checking the tree-ring strectifr39 living and 9 reliably crossdated
dead stone pine samples collected from the uppebetiline of Calimani Mts. we have
identified numerous frost ring&igure 2.
Two characteristics were recorded for each idetifrost ring:
Calendar date of the tree ring displaying the frosg.
Cambial age of the tree when the frost ring hasldped.

Cambial age was precisely determined by ring cognivhen boring hit the pith. If an
extracted increment core or a hollow disk lackesl gith then the missing rings (pith-offset)
were estimated by pith locator (graphics of contewircles).

Number of trees and frost ring frequency were daeteed for each year. Frost ring
frequency was calculated in a given year as nummbiost damaged tree rings divided by the
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total number of tree rings. In addition, mean agé eorresponding standard deviation were
also calculated year-by-year from the sample set.

HETY

frost rmg

undamaged tree ring

Figure 2. Undamaged vs. frost-affected tree rirgseen on a polished surface in radial transect.
The characteristic deformation (frost ring) in tharrower ring is caused by collapse of cells.
Note that frost ring does not necessarily exteraiad the entire circumference!

2.3 Altimetry

We determined the altitude of occurrence of thénésgy growing stone pine individuals along
the Bradului Ciont—Pietrosu part of the caldera-iindune 2006. We applied Mobile Mapper
GPS reciever in mapping.

Specimens were sorted into tree-form or bush-likepinological groups in order to ease
comparison between actual and early 20th centwgnitory data (Fekete — Blattny 1913).

Our original plan for the correction of GPS-meadurelevation data by phase
measurement failed due to technical difficultiese Wad to apply a rather simple method to
estimate the difference between the GPS-derivedatbm, above ellipsoid, and the real
elevation above sea level. The altitude of the Rischmeteorological station (~2020 m asl)
was measured in the mornings and in the afternadrnthe work-days of mapping. The
resulted elevation data scattered in the 2047.2-30% range suggesting a roughly constant,
30 m overestimation for the GPS derived elevatiatadTo improve precision we reduced all
elevation data by 30 m in the final comparison (Ealgles 1land3).

3 RESULTS

3.1 Frostrings

The final chronology covers the 1664-2004 perioc Neve identified in total 59 frost rings
out of 6935 investigated tree rings. However fregqyepercentages are misleading at the low
replicated beginning part of the record. Therefoesults are discussed for the 1750-2004
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period only, where the number of samples exceedse&8 and where the major part of frost
ring occurrences (57) was observedy(re 3.

Mean age fluctuated between 50 and 165 yrs, stdratfaration changed from 33 up to
93 yrs in the studied period.

We found concentrated occurrences of frost ringthiee decades: in the 1790s, 1810s
and 1910s.

No any frost ring appeared in two bidecadal peridd&0-1770 and 1850-1870. The
longest period without frost ring occurrence wasween 1963 and 2004 in the analysed
interval. The maximum of frost ring frequency peariage was 53% for the year of 1876 when
10 samples had a frost ring out of the 19 treesesgmting that year. The second prominent
year was 1810 when 5 from 21 investigated treee Bhwwn a frost ring.

1750 1770 1730 1810 1830 1650 1870 1690 1910 1930 1950 1970 19390 2010
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Figure 3. Fluctuation of mean age and its standaediation (upper graph);
frost ring frequency and sample number (lower gjaprer the 1750-2004 period
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3.2 Treeline

Two tree-form and four bush-like stone pine induats were found in NW exposure being at
highest elevation in their broader area. Arithmetiean was calculated from individual
elevation data within both groupgable J.

Table 1. Results of altimetry of tree-form and blish individuals in NW exposition at the
highest elevations, uncorrected data (PDOP belamditates precise measurement)

Lat () Lon () Alt (m) PDOP

1 47.098 25.238 1964 2.65

2 47.098 25.238 1951 2.67

dwarf-shape 3 47.100 25.236 1933 3.24

4 47.104 25.259 1880 3.14
mean 1932

1 47.102 25.246 1865 2.09

tree-shape 2 47.101 25.245 1868 2.05
mean 1866

4 DISCUSSION

4.1 Frost rings

Severity of frost events occurring in the vegetateason is evaluated from two viewpoints.
The stronger the frost event, the higher the frogj frequency in the stand and the elder
specimens are affected (Popa et al. 2006).

The timberline in the Calimani Mts. has suffered thost drastic frost damage in 1876
since 1750. If our sample depth is representatoretlie stand, it means that frost rings
developed in more than half of the trees. The frogj containing tree ring with oldest
observed cambial age (176) coincide with this evBtadture individuals older than 80 years
of cambial age have been abundantly affected inytear.

Old diaries, newspapers and the meteorological bpedr reported late frost in the
Carpathian region for the 19-21st May 18Talfle 3. So the cold weather of those days must
have caused the frost rings of stone pines (Poph 2006).

The course of the pentad mean temperature anon(&igsre 4 shows significantly
different temporal evolution of meteorological ppaditions causing the 1876 frost ring as
Stahle (1991) (cited by Schweingruber 1996) fownrdpbst oak Quercus stellatdVangenh.)
from North America. Stahle (1991) reported aboverage temperature sustained for 2 days
at 10-12 days before the frost event. Our metegicdd data show the highest positive
anomalies one month before the frost event, whauth to span more than two days because
the vertex of the anomaly-curve existed for twotpds.

Except for the 1910s only single year frost evapgpear during the 20th century. The
recent four decades without frost ring is the latgeterval lacking evidence of frost lesion
over the studied period. These findings indicate #iter 1920 both frequency and severity of
frost events seem to decrease in the region comhgaréhe prior 170 years. The increasing
estimated mean age of samples cannot explain lEagmenon because the corresponding
standard deviation range widens indicating thatngou frost sensitive — specimens were
continuously represented in the period. It suggebts temperature drops during the
vegetation period tend to show lower amplitudesobeng less effective in causing
significant damage in the currently developing @ment at the timberline. This experience is
in agreement with the findings of Scheifinger et(2003). They found that the real risk of
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late frost damage for plants was lower in Centralolpe during the 1990s as compared to the
previous four decades. In addition, examining lorgjrumental temperature records Moberg
et al. (2000) found a progressive reduction of &b of inter-daily variability of daily
temperature index in all-seasons between 1880 898 4t four European stations.

Table 2. Reports about late frosts from 1876 inlteader Carpathian region

Late frost in Location Altitude above Observation Reference
May 1876 sea level (m)
19-20", May ?I-(I)Sr:ggry) 224 Grapes frozen
Ungvar
20", May (now Uzhgorod, 129 -1.6°C in the morning Réthly 1998
Ukraine) pp. 542-543.
215 May Taktabgj 95 Cereals, beans,
' (Hungary) potatoes frozen
21% May E]Siiz(;;? 100 Heavy frost
19-27", May (S':l:?]zg?;?k 126 Heavy frost
Csiksomly6
21" May (now umleu, 707 Flowering trees frozen Schenz| 1878
Romania) pp.105-111.
21" May ?ﬁbﬁgﬁy{;l 286 Flowering trees frozen
12

—4— Cluj (Kolozsvar)
—— Arad
Bistrita (Beszterce)

A
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Figure 4. Anomalies of pentad mean temperaturelat &rad and Bistria stations
between 01. April-30. May, 1876 (data from Schel&r§))
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4.2 Treeline

For the determination of the elevation change wa&uced the mean elevation data of
tree-form and bush-like boundaries, uniformly, b t30 m because of the overestimation
bias of GPS measurements. Comparison of treeliteefdam old forestry survey to present-
day corrected onegd éble 3 indicate significant upward migration. For thedline position
and bush-like occurrence boundary 65 m and 95 imgriwas determined, respectively. In a
similar study, Nicolussi et al. (2005) have obsdrnéb m upslope advance of stone pine
treeline in the Otztal Alps for the 1850-1980 pdri&och et al. (2004) found that treeline,
dominated by mountain hemlockquga mertensianaand subalpine firAbies lasiocarpg
has risen ~40 m over the last 100 years in Gaiibdidk, (Coast Range Mts., British
Columbia). Matyas (2006) reports a spruce treeditevational shift in the Southern Urals
between 60 and 80 m for the 1928-2000 period. @sults are in agreement with the trend
and with the order of magnitude of above-mentioteiz.

There are a few possible explanations for discreipan First, different species might
react with different dynamics. Second, we cautipasioided sample sites with visible human
disturbance (Kern — Popa, 2007) but we cannot eecthat the sites of old forest inventory
had anthropogenic influence. Another potential seurof error might come from
methodological differences between the 20th and @distury surveys. Elevation data of the
old forestry survey were barometrically determirzgal graphically corrected (Fekete 1902)
while GPS determines the elevation above an ellipgdiich we corrected by the above
described method.

The collected data support the hypothesis that gégnn the frost ring record and
migration of the treeline are closely related emimbs of vegetation response to a recent
regional environmental change. Decreasing frequemay severity of frost events indicate
decreasing frost stress accompanied with warmeetatign season for the timberline in the
subalpine zone of the Calimani Mts. The observeslage migration of altitudinal limit of
tree-form and bush-like morphological groups of &astone pine during the 20th century is
in agreement with decreasing frost intensity, simileler conditions above the actual forest
boundary provide an opportunity to colonize thehkigelevated long-time treeless terrain.

Table 3. Centennial shift in the upper limit ofetf#orm and bush-like occurrences of stone pine
in Calimani Mts. between 1910 and 2006 (in metres)

Altitude of upper limit for

tree-form bush-like
~ 1910
(Fekete, Blattny 1913) 1771 1807
2006
(corrected dath 1836 1902
~migration” +65 +95

5 CONCLUSIONS

Tree-ring structure of 48 (39 living, 9 dead) stqmee trees were analysed from a 340 years
long interval (1664-2004). Detailed discussioneistricted to the post-1750 period.

The timberline of Calimani Mts. has suffered thesindrastic frost event in 1876 since
1750. After 1920 both frequency and severity okfrevents seem to decrease compared to
the prior 170 years.
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Comparing treeline data from the old forest inveytof Fekete and Blattny to present-
day (2006) data indicates a significant upwardtskif difference of 65 m and 95 m was
established for treeline and boundary of bush-tikeurence, respectively. This value is a bit
higher than other published data but is in the sarder of magnitude.

The observed upslope advance of tree-form and likeslmorphological groups of stone
pine during the 20th century is probably relatedttte decreasing frost stress above the
timberline zone documented by the frost ring rec@&d, less severe conditions above the
forest boundary provide opportunities to colonize long-time treeless terrains.
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Pre- and Postfrontal Influences on Light Trapping d
Winter Moth ( Operophtera brumatd..)

Janos BskAs® — Laszlo NWINSZKY P
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b Department of Technology, Berzsenyi Daniel Colle&gmymbathely, Hungary

Abstract — Light trap catches of the winter mot®@gerophtera brumata ).getting from the data of
national light-trap network were analysed in conioec with weather fronts. It is concluded, that
weather fronts modify the catches of light trapsoading to their specific characters (main types) a
according to their successions. It is worthy oériibn, however, that even in those cases in witieh
front reduces the number of insects caught, pré-parst-frontal influences often manifest themselves
in an increase of the number of collected specimBesause of the frequency of weather fronts it
would be useful to take their effects into considien on the quantity of insects captured at light-
traps. It is necessary to improve the applied nwetbhothis purpose.

weather front / light-trap / insect

Kivonat — Pre- és posztfrontalis hatasok a kis téiraszolé QOperophtera brumatal.) fény-
csapdazaséaraA szerzk az orszagos fénycsapda halézat anyagabdl megitiakg kis téliaraszolo
(Operophtera brumatd..) gy jtési eredményeit. Megallapitottak, hogy az egykgarasi frontok
tipusuknak (kozelit és tartézkodd hideg, meleg, okkluzids, egyitdgj tartozkodd hideg, meleg és
okkluziés) megfelelen és attél fuggen is mindig azonosan moédositiak a fénycsapdazas
eredményességét, hogy milyen tipus utan kovetkezRigkelemre méltd, hogy a front hatdséara
csokken a befogott lepkék szdma, a pre- és poetfi® hatasok sok esetben a gyttt egyedek
szamanak emelkedésében nyilvanulnak meg. A@idsi frontok gyakorisaga miatt célszdenne
hatdsukat a fénycsapdazott rovarok mennyiségi éésk soran figyelembe venni, ehhez azonban az
alkalmazott médszer tovabbfejlesztése sziikséges.

id jarasi front / fénycsapda / rovar

1 INTRODUCTION

There were a few studies to examine the activitiemsects in relation to several types of
weather fronts. This contrasts the intensive resem in medical meteorology. Only some
publications can be found in the literature dealwith the relationship of weather fronts to
light-trap catches of insects. It would be very artpant to study this problem, because the
frontal passages cause sudden and significant ekanghe physical environment of living
creatures. The organisms of humans or animals refily front sensitivity symptoms to

" Corresponding author: pjanos@gmail.com; 9700 SZOMBELY, Kéarolyi Gaspar tér 4.
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simultaneous changes of all weather factors. Thactexalculation of insect population
densities is only possible, if the factors influegctheir flying activity are known. We can
use it for the purpose of plant protecting monitgrand forecasting. The flying activity can
significantly change very often, when different Wesa fronts come, so the number of caught
individuals represents the current mass of popnati different rates of their real numbers.

The connection of weather fronts and light-tragcleas of insects was studied by Wéber
(1959) in Hungary. According to him research onitifeiences of front changes is difficult
for many reasons (the fronts can come after edoéroh a few hours intervals, fronts can
pass through a country without changing the airsessthe intensity of the same types of
fronts can be different). In the course of his exation he did not try to draw general
regularities, but he elaborated a graphical metibocharacterise the modifying influence of
weather fronts on light-trap catches based on tiaysis of each concrete typical event.
Jarfas (1979) made studies on the influence oViddal weather factors instead of weather
fronts, because of the above-mentioned problemdakKand Szentkiralyi (1982, 1992) made
examinations on the flight activity of ground bestiColeoptera: Carabidaeusing the data
of monthly Calendar of Weather Phenomena issuethéational Meteorological Service.
They found significant differences between theuefices of cold and warm weather fronts.
We examined the flying activity of harmful insedts relation to macrosynoptic weather
situations - which have close connection with weatfionts - in one of our publications
(Kérossy et al., 1992). No fundamental publicatitase been found in foreign literature
dealing with the connection of weather fronts aghtltrap catches.

The data - produced by the national light-trap mekwin Hungary, which is
unprecedented even at world standards - are seitabéxamine the influences of weather
fronts with mathematical-statistical methods.

2 MATERIAL AND METHODS

Weather fronts can be typified according to morengsoof view. Berkes (1961) determined
21 types of fronts for the territory of Hungary artthracterised them. However their validity
IS questionable in space, and they do not exparidetavhole country (Csizsinszky, 1964).
That is why we revaluatetthe situations of weather fronts in Hungary. Weldagyet these
information from the synoptic maps of "Daily WeathReports" of Hungarian National
Meteorological Service (Puskas, 2001).

The light trap data of winter motlfDperophtera brumatd..) were analysed from the
database of the national light-trap network in Hamyg The food plants of these species
widespread in whole Europe are well known. The erinthoth attacks not only all the
deciduous trees in forests, but also the fruitsréhe most preferred food trees are oaks,
hornbeam, beech, horse chestnut, lime and Europezel (Szontagh and Toth, 1977). The
moths fly at sunset and in the evening from eadyoBer till mid-December.

Catches were collected at 18 light trap stationsvéen 1961-1976. Total number of
daily catches was 3712 representing 46290 specifnems 837 nights. Daily catches mean
the collecting result at one station at one nigbependently of the catch size.

The location of warm-, cold- and occluded frontgavdetermined for each day between
1% March and 3 November for the years 1961-1976 from Daily WeafReport issued by
the Hungarian National Meteorological Service. Vi&ssified the fronts on the basis of their
quality and location compared to the surface of gdum (Puskéas, 2001). The following front
groups were used:
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1. on-coming cold front OCF

2. cold front CF

3. on-coming warm front OWF

4. warm front WF

5. on-coming occluded front OOF

6. occluded front OF

7. on-coming warm and cold fronts OWCF

8. warm and cold fronts WCF

9. simultaneous warm, cold and occluded fronts WCOF
10. without fronts W

On-coming front means that the front comes clos¢h& border or just enters to the
territory of Hungary. The first 6 front types coimtanly one weather front, but in the last
three ones there can be found two or three frdmts. cold and warm front types are well-
known, therefore we should like to show the chanastics of the other weather front types.
In the case of occlusion the quick cold front willll up to warm front line, so the two
different air masses can be completely combineérdl’ls a previous situation in type 7 and 8,
because the cold front does not reach the warmamhgJater can form the occlusion. We can
see a complete cyclone when type 9 develops anthalldifferent three front types are
simultaneously in the Carpathian Basin.

In the course of processing we examined separatetiie 9 types of front situations for
those days which followed a day with no front effecluding those ones when the previous
silent day was proceeded a day with a front efft.could use these front types because the
fronts can pass the whole territory of the CarmathBasin in a few hours. That is why
prefrontal and postfrontal effects can follow eatiieo during the same night.

We calculated relative catch values (RC) from dhgit-trap catches for all stations, so
we could process the values of different localites dates simultaneously together. Relative
catch is the quotient of the number of individuadsight during the sampling interval (1 night),
and the mean catch of one generation or flight walfor the sample interval. In this way, in the
case of expected mean number of individuals, theevat relative catch is 1.

After this we summarised the values of relativechas coming from different
observing stations for each night. We made an @esfeom these values for all the types
of fronts. We made a comparison between the vatdaglative catch belonging to the
front types of each day and the average valueatahes on the days before and following
the front to demonstrate the possible increaseecrehse of collection results caused by
weather fronts. We examined the days before seglgrdtthere were no any front effect
and also if there were any other type of front we territory of Hungary. We made a
comparison between values of relative catches lgatgnto each type of weather fronts
and the catches on the previous and the followights to show the influence of fronts.
We separated those previous days when there wer@ydront effect and those ones
when fronts were in the territory of our countryeWxamined the differences of catches
belonging to the front types on those days, whieime after frontless days. These
differences were compared with the expectable walddthough we examined all the
effects of types and changes of weather frontsweudid not use the results, where we
did not find significant differences in catchingsvéts. We controlled the significance
level of differences with t-test after the analysisrariance.
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4 RESULTS

The catching success of light-traps for winter m@lperophtera brumata ).depending on
weather front changes is shownTiable 1.

Table 1. Light-trapping of winter moth (Operophtaebrumata L.) in connection with
weather fronts

Days before and after night of light trapping (§)da

-2 -1 0 +1 +2

RC N P RC N P RC N P RC N P RC N
Without OCF

1.13 115 142 120 *| 1.18 122 099 125 *r 1.34 133
CF OCF

1.24 33 * | 206 31 ** 1 0.78 34 *| 144 33 0.99 33
Without CF

1.08 141 1.14 180 **| 1.36 178 **| 1.07 176 0.87 174
OCF CF

1.28 56 ** |0.71 60 0.98 66 *| 0.46 60 * 098 58
WF CF

096 41 1.00 39 > 1.72 47 *1 0.89 44 1.16 44
OF CF

1.87 12 0.64 13 **| 239 13 *1 0.62 13 ** 159 13
Without OWF

0.71 63 *» 11.44 64 157 74 * 1.25 67 151 64
CF OWF

0.47 10 * 144 13 * 0.30 14 * 1.09 15 1.59 16
WF OWF

0.77 33 ** |0.35 33 ** 1153 33 1.22 32 1.02 28
Without WF

0.72 199 0.66 194 *| 0.88 228 ** 1.29 193 1.08 185
OWF WF

0.82 35 1.17 37 * 0.64 37 * 1.18 43 1.2 44
OCF WF

0.45 13 * | 171 12 1.3]1 24 * | 266 18 1.69 18
Without OF

1.22 75 1.04 76 **| 041 78 11,17 79 1.00 77
CWF OF

1.32 10 227 11 * 1 055 11 *1 084 11 0.71 13
Without OWCF

1.04 20 * | 1.72 21 1.92 22 1.34 21 092 22
Without WCF

1.00 21 1.19\ 19 ** 1054 22 069 20 **| 1.03 20
CF WCF

1.36 23 1.52 22 ** 1071 24 *| 1.35 23 1.32 22
Without WCOF

1.25 31 1.13 29 *x 1.83# 31 2.03 28 ** 1 0.95 25

Notes: RC =relative catches, N = number of data

Significance levels: * =P <0.05, * =P <Q.0
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5 DISCUSSION

The on-coming cold front (OCF) is unfavourable tbe catches, if it comes after a cold
front (CF) or a day without front effect. The catah increase on the following and
second day after it. The on-coming warm front (OW&-)also unfavourable if it comes
after cold front (CF). The warm front (WF) and sidly the occluded front (OC) are
unfavourable, but in both cases the number of cawggecimens increases on the
following days. The cold front (CF) is favourabler fcatching, if it comes after a warm
front (WF), an occluded front (OF) or a day exernpm any front effect, but the numbers
of specimens caught decreases on the followingtnififiee catching is strikingly high on
those nights, when simultaneous warm-, cold- amduged front (WCOF) effects arrive
at the Carpathian Basin. The favourable effectigced also at the following night at that
case. The number of moths caught increased, whene thas a cold front (CF) or a day
without front before the on-coming warm front (OWH) this last case the catching is
already high at the night before. The on-comingde@nd warm fronts (OCWF) cause
also a strong rise in the number of specimens daugh

Practical utilisation of our results seem to béidift at this moment, because the effect
of front types can not unified as favourable orusdavourable for the success of light
trapping, but they are variable according to tleatfitype on the day before. Our examinations
did not justify the Wéber's (1959) observation, ethiexperienced prefrontal effects in
connection with warm fronts and postfrontal effeictsconnection with cold fronts. As we
think the cold front hardly can mean favourable theasituation for moths. We can explain
the observed high flight activity with an idea weit in one of our earlier publications
(Nowinszky, 1994) the developing of flying activity cold front (CF) effects. According to
our hypothesis the low values of relative catchesaygs refer to those weather situations,
when the flying activity of insects is reduced. Wan not explain the high values so
unanimously. The important environmental changeseghysiological changes in the body
of insects. The life of adult is short that is wimg unfavourable weather endangers not only
the survival of the individual moth, but also thensval of the whole species. In our opinion
the moths can use two strategies to prevent thi#set®e which hinder their normal life
functions. One is an increased activity, whichxpressed in the rising intensity of the flying,
copulation and egg-laying. The other the opposiik the insects try to hide and to tide over
the unfavourable weather situations in an inactivede. So as we see the high catching
values equally can belong to favourable and unfealde weather situations. In those cases,
where we did not known the catching results beloggo the front changing in the Table 1,
we did not experience significant differences ia ttumber of caught moths. The reason of
this can be data belonging to specific front changad partly by the fact that some of front
changes do not cause significant differences infl{tieg activity of moths. On the basis of
the present results we can demonstrate that wefatimes and especially some types of them
modify the success of light trapping. It is wortbf attention, however, that even in those
cases in which the front reduces the number otisssught, pre- and post-frontal influences
often manifest themselves in an increase of thebeurof collected specimens. If we could
explore the effects of weather fronts on the fligbtivity of each species we would be able to
work out more exact plant protecting prognoses.tkigrreason we feel it very necessary to
continue our research.
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Correlation Between Hue-angle and Colour Lightnessf
Steamed Black Locust Wood
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% Institute of Physics, University of West Hunga®gpron, Hungary
b Institute of Chemistry and Forest Site Survey,vdrsity of West Hungary, Sopron, Hungary

Abstract — Black locust Robinia pseudoacacia.L.wood was steamed at wide range of temperature
(75-130°C) applying long (22 days) steaming timiee Tolour change was monitored by CIE L*a*b*
and L*h*c* colour co-ordinate systems. A wide rargfecolours from greenish yellow up to chocolate
brown were created by steaming in function of tleesiing time and temperature. In spite of this wide
colour range a good linear correlation was fountivben the lightness and the colour hue. This
linearity had little distortion only above 100°C atlong steaming time. Accordingly, this linear
correlation gives the possibility to follow the oal change during steaming by measuring only the
lightness.

black locust / steaming / lightness / colour hue

Kivonat — A szinezeti sz6g és a vilagossag kapcdalag zOlt akdc faanyag esetébenAkac
(Robinia pseudoacacia.) faanyagot gzoltink széles mérséklet tartomanyban (75-130°C), és
hosszu ideig (22 nap). A szinvaltozast CIE L*a*ls*l&h*c* szinkoordinata rendszerekkel hataroztuk
meg. A g zolési id t | és h mérséklettl fligg en a sargaszoldta csokoladé barnaig a szinek széles
skalajat allitottuk el. A szinek széles skalaja ellenére j6 linearisedaniot talaltunk a vilagossag és a
szinezeti sz6g koz6tt. Ez a linearitas csupan 100K, hosszu gzdlési id knél nem teljestilt. Ez a
linearis kapcsolat lehetéget ad a go6lés sordn bekovetkezszinvaltozas kovetésére csupan a
vilagossag mérésével.

akac / g zolés / vilagosséag / szinezeti szdg

1 INTRODUCTION

The texture of wood is one of the most marvelloatural colour harmonies (Kucera and
Katuscak 1992). Ranging between yellow and redctileur of wood creates the feeling of

warm (Masuda 2001), that is why wood is often usedecorative material in our milieu. The
reproduction of colour in wood industry is more andre important. Nowadays the colour
determination and selection occur visually in indgsbut in research and hopefully in

industry the future is the objective colour meamgst. Many articles have been published
using objective colour measurement technique inylaars (Németh — Faix 1988, Bekhta —
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Niemz 2003, Hapla — Militz 2004, Mitsui et al 20004, Mitsui 2004). Mostly the CIE
L*a*b* colour co-ordinate system is applied basead D65 light source. The colour co-
ordinates are calculated from the reflexion datatteé surface. This calculation is a
complicated mathematical process (Németh 1984)fdrutomputer supported colorimeters
this is more simple. Correlation could be estalklisbhetween the co-ordinates which simplify
the industrial colour measurement. It would not rexessary to calculate all tree co-
ordinatees. Németh (1982) found that light woodelowr is always accompanied with close
to yellow hue and dark colour usually has reddisé. h

In this study the correlation between colour hue #ghtness was examined during
steaming of black locust. A special attention wasdpto determine the influence of
temperature and steaming time because of the Rgipdrature sensitivity of the colour
change of black locust (Tolvaj et al 2004). On Hasis of the results an easy method is
proposed to monitor the colour change caused layrstey.

2 MATERIAL AND METHODS

For laboratory steaming black locudRabinia pseudoacacia.l wood specimens were
investigated. Specimens were prepared with the &iz200x60x20 (mm) and only those
without any wood defects were used for the tedhe ffeatment was carried out in a steam
chest at 100% relative humidity with temperaturkiea of 75-138C. Wood specimens were
placed in a large pot with distilled water for cdmhing the air to maintain maximum
relative humidity between 75-16G. The pot was heated in a drying chamber to thieated
temperatures. The steaming process started wiik hosirs heating. The temperature was
regulated automatically around the set values witiolerance oft 0.5°C. Specimens were
removed after 1; 2; 4; 6; 9; 12; 15; 18 and 22 dayse temperatures above 100°C were
generated in an autoclave because of the highyreesSpecimens were removed from here
after 0.5; 1; 2; 3; 4; 5 and 6 days of steamingvbet 105-115°C and after 0.25; 0.5; 1; 2; 3;
and 6 days of steaming at 120°C and at 130°C.

Before colour measurements, the steamed wood spesivmere conditioned for one month
at room temperature. The specimens were then ¢ttansharp circular saw through the centre
parallel to the longer side and the newly prepargtaces were used for colour measurements.
For the colour measurements a MINOLTA 2002 colorangas used. The reflection spectrum
was measured in the 400-700 nm regions. From tthatse the L*, h*, c* colour co-ordinates
were calculated based on the D65 light source. &h specimen, colour measurements were
taken at 10 randomly chosen spots and the reseftswsed for further analyses.

3 RESULTS AND DISCUSSION

The colour hue of wood is between 0° and 90°, wifreepresents the red colour and 90°
represents the yellow colour. The full intensityhga of lightness is 0-100 units, where 0
represents the total dark followed by grey up tmghir white (100 units). Németh (1982)
found linear relationship between lightness andwohue examining the colour co-ordinates
of different wood species. Tolvaj (1994) demonstiaihe same relation within one sample if
the colour change was created by steaming at 90°€ase of black locust, poplar, spruce,
Scots pine and larch, the only difference amongpezies consist of the slope of the line.
Based on these results the temperature and steaimmegdependence of the above
mentioned linear relationship was investigatedhi& tase of black locust. A wide range of
colours from greenish yellow up to chocolate bromere created by steaming varying the
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steaming time and temperature (Tolvaj et al 2004 correlation between lightness and
colour hue the results are presented in Fig. 12amidhere the linearity is well demonstrated.
The linear regression equations and the coeffii@ftdetermination are listed in Table 1.
(The curved end parts in Fig. 2 were ignored.) Tbefficients of determination shows high
correlation between the hue and the lightnesd teaks. The dots representing the nonsteamed
samples are located in the top-right corner folldwsg the colour dots of the steamed samples
towards left with growing steaming time listed iMdterials and methods”. In Fig. 1 the
colour parameters are presented for specimensstadming temperatures below 100°C. The
initial colour of black locust is one of the mogtilpw wooden colour, represented here by the
1.4 - 1.5 units of hue. With increasing temperatute change towards red (decreasing hue
values) is greater. At 75°C the decrease stop2airiits, but at 95°C it goes down to 1 unit
for the longest treatment time. In Fig. 2 the colparameters are presented for specimens
with steaming temperatures above 100°C. The lityehetween lightness and colour hue is
accentuated at short steaming times. Only exceptiom the end parts of the lines. The curves
have minimum values close to 0.96 of hue indepethdeh the steaming temperature, but
they are obtained at different time values. Witking temperature this time values are
decreasing rapidly, for example at 100°C this tirakie is 18 days but at 130°C this drops to
1 day. The chemical background of this phenomemraus further investigations.

Table 1. The linear regression equations and treffaments of determination (R2)

Temperature (°C) Fitted linear function ’R
75 y =0.0143x +0.4818 0.983
80 y=0,014x +0.47 0.997
85 y =0,0161x + 0,319 0.9954
90 y =0,0154x + 0,3726 0.9853
95 y =0,0146x + 0,400 0.9968

100 y = 0.0153x + 0.3708 0.9915
105 y =0.0144x + 0.3889 0.9986
110 y =0.013x + 0.4607 0.9938
115 y =0.0148x + 0.3999 0.9955
120 y =0.0158x + 0.3321 0.9998
130 y = 0.0165x + 0.2856 0.998

The above discussed linear correlation gives thesipdity to follow the colour change
during steaming by measuring only the lightnesss Tasult represents the main impact of
this study. Because the lightness depends onlp@rY tcolour component it can be measured
by a proper colour filter too, avoiding the useanf expensive colorimeter. This possibility
permits a fast and easy colour monitoring at stegnBut a special attention has to be paid
for high steaming temperatures and long treatmer@st where the linearity is distorted.

4 CONCLUSIONS

A wide range of colours for black locust wood, frgmeenish yellow up to chocolate brown
can be created by steaming using different steartimg and temperature. In spite of this
wide colour range a linear correlation was fountMeen the lightness and the colour hue.
This linearity had little distortion only above 1@ and just in the case of long steaming
time. The linear correlation makes possible to rthe colour change during steaming by
measuring only the lightness, which does not negérsive colorimeter, only using a colour
filter and a detector are sufficient.
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Figure 1. Correlation between lightness and hustedmed black locust (temp. below 100°C).
Colour dots of nonsteamed wood are in the righheor
followed by the dots of steamed wood with increaime
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Figure 2. Correlation between lightness and hustedmed black locust (temp. above 100°C).
Colour dots of nonsteamed wood are in the righteor
followed by the dots of steamed wood with incregsime
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Festigkeitstheorien von anisotropen Stoffen mit
sprodem Bruchverhalten

Teil 1: Vergleich und Beurteilung der anisotropestgkeitskriterien
auf Grund von theoretischen Uberlegungen

Jozsef SALAI

Institut fir Technische Mechanik und Tragwerke, Wegaische Universitéat, Sopron, Ungarn

Zusammenfassung- Um die Ttragfahigkeit von Konstruktionen aus atrigpen Werkstoffen
beurteilen zu kénnen, wird eine Festigkeitsthebadtigt. Von den Festigkeitshypothesen, die im
vorigen Jahrhundert aufgestellt wurden, kénnen, dilsiallgemeingltig betrachtet werden, das heisst
sie kdnnen fir alle Arten der Anisotropie des Wtkes und beliebige Spannungszustande
verwendet werden. Jede dieser Theorien kann duich Eestigkeitsoberfliche (das ist eine
Hyperoberflache im Raum der sechs Spannungskompmneweranschaulicht werden. Jeder Punkt
dieser Flache stellt einen Spannungszustand im zZZwstand des Versagens dar und soll im
Folgenden als Spannungspunkt bezeichnet werdenz&he Stoffe sind diese Oberflachen immer
konvex. Es ist zu beweisen, dass diese Oberflaéineistoffe mit sprodem Bruch auch konkave
Flachenteile — im Einklang mit der Praxis — beitdal kbnnen. Die Relationen der
Festigkeitshypothesen kénnen so umgestaltet werd#ess, auf einer Seite der Bestimmungsgleichung
ein Erganzungspotential, bzw. eine zu ihm propogie Grésse bleibt. So interpretiert, behaupten die
Theorien von Mises und Tsai-Wu, dass das bis zuoctBrangehaufte Ergdnzungspotential eine
Konstante und somit unabhéangig von der Orientieradtsy Hauptspannungen gegeniber der
Hauptachsen der Anisotropie ist. Diese unserer ipaljschen Vorstellung widersprechende
Schlussfolgerung wird allein von dem Kriterium véishkenasi nicht gefolgt, es sagt im Gegenteil
aus, dass das bis zum Bruch angehaufte Erganzuegsipbkeine Konstante, sondern eine Funktion
der Invarianten des Spannungszustandes und darditekh der Orientierung ist. Unsere
Feststellungen gelten in erster Linie fir das riatie Holz und fur die Holzwerkstoffe, kénnen aber
fur jeden anisotropen Stoff mit sprodem Bruchvadraku erweitert werden.

anisotrope Festigkeitstheorien / zusammengesetzt&pannungszustand / erganzungspotenzial
von anisotropen Stoffen / technische FestigkeiterHolz- und Holzwerkstoffe

Abstract — Strength-theories of anisotropic materi¢gs with brittle rupture. Part 1. Comparison
and adjudication of anisotropic strength-criterions by virtue of theoretical considerations.The
sizing of load-bearing anisotropic structures neeti®ngth-criterion theories. Three of these
hypothesises from the last century seem to be giyeaacceptable, so they are adaptable to all
anisotropic materials in optional tensional statustrength surface (a 6-dimensions hyper surface i
the place of the stress-components) meets all ifgedf they are tough materials, these surfaces ca
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be only convex. Demonstrable — according the tésésbunging surfaces with brittle rupture material
can content concave parts, too. The bunging relatioan be transformed having one site
supplementary potential or rather proportional egpions. In this interpretation the thesises of von
Mises and of Tsai-Wu affirm the supplementary pt&to bunging is constant and depends not on
the orientation. The not reconcilable to this apgtoconsequence is not followed by the Ashkenasi-
theory affirming the accumulated to the break sep@ntary potential is not constant, but depends on
invariants of the stress state, mediately on caitént. These statements apply first of all to waod
wood-based materials, but can be extended to slb&opic materials with brittle rupture.

combined stress state / brittle rupture / anisotrofr strength-theories / complementary energy /
engineering strengths / wood and wood based matelsa

Kivonat — Ridegen tor anizotrop anyagok tdnkremeneteli elméletei. 1. rg@s Az anizotrop
tonkremeneteli kritériumok 6sszehasonlitasa és meglése elméleti meggondolasok alapjamiz
anizotrop anyagu teherviselszerkezetek méretezéséhez szilkség van valamitygaretmeneteli
elméletre. Az elmult szdzadban megalkotott tonkrestedi hipotézisek kozil harom altalanos
érvény nek tekinthet jelenik meg a szakirodalomban. Ezek barmilyenegell anizotropia és
tetsz leges fesziltségi allapot esetén alkalmazhatokn Edlenéletek megalkotoi: von Mises, R.
(1928); Ashkenasi, E.K. (1966); Tsai, S.W. és WIME(1971). Mindharom elmélet szemléltethet
egy un. szilardsagi felllettel (ami egy hiperfetidefesziiltség-komponensek hatdimenzids terében).
Amennyiben egy kritikus pontban a fesziltségi dtapk megfelel képpont rajta van a
hiperfellleten, az anyag éppen a tonkremenetelrditgotdban van. Ha a fesziltségi képpont a
feluleten kivul helyezkedik el, az anyag tonkremekt tekintend. Szivés anyagoknél a
tonkremeneteli fellilet mindig konvex. Bizonyithatés a gyakorlatban is tapasztalhato - hogy rideg
anyagoknal a felllet konkav részeket is tartalmtzAaszilardsagi kritériumokat megfogalmazé
relaciok atalakithatok ugy, hogy az egyik oldaloegészit potencidl, ill. azzal aranyos mennyiség
szerepeljen. igy értelmezve a von Mises- és Tsaiglhéletek szerint az anyag ténkremenetelének
pillanataban, a torésig felhalmozott kiegészjtotencial a ffeszlltségek orientacios helyzetét
fuggetlendl konstans. Ezt a fizikai elképzeléstumkkakbentmondd megallapitast egyedil az Askenazi
elmélet nem feltételezi. Eppen ellenkeg, azt mondja ki, hogy a ténkremenetelig felhaloto
kiegészit potencial nem allando, hanem a fesziltségi allafgotkét invariansanak — s ezzel indirekt
modon az orientacibnak — fuggvénye. Megallapit&sals sorban a természetes faanyagra és a
faalapu anyagokra vonatkoznak, de minden ridegenratdizotrop anyagra kiterjeszthkt

anizotrop szilardsagelméletek / Osszetett fesziltiéallapot / anizotrop anyagok kiegészit
potencidlja / technikai szilardsagok / faanyag ésahlapu anyagok

1 EINLEITUNG

Die komplizierte innere Struktur und die sich dadiurergebende Inhomogenitat und
Anisotropie des Holzes koénnen bei der Bestimmungr dEragfahigkeit von
Holzkonstruktionen auf Grund der fir sie geltenddormen und Vorschriften nur in sehr
begrenztem Umfang berilcksichtigt werden. Besondsdeutung erhélt dieses Problem,
wenn Voraussagen Uber die Tragféahigkeit und Sigheirojektierter Holzkonstruktionen
gefallt werden sollen.

Ublicherweise herrscht in den kritischen Punktenzileuntersuchenden Konstruktionen
ein mehrachsiger Spannungszustand. Fir die Bebamgi des Materialverhaltens in
derartigen Fallen wurden auch fur isotrope Werkstéestigkeitshypothesen aufgestellt. Die
Aufgabe ist in zwei Fragestellungen zu teilen. Biste Frage: wie &ndert sich die Festigkeit
im Falle eines verhaltnismassig einfachen Spanraustgndes (wie z.B. bei reiner Zug-,
Druck- und Scherbeanspruchung) in Abhangigkeit @arentierung. Auf Grund der
Erfahrung fur die Beschreibung der Elastizitat lergsich automatisch der Gedanke, die
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Festigkeit hat selbst eine Tensorqualitdt und destigkeitstensor soll mindestens vierten
Ranges sein. Werden die Tensorkomponenten sogyfgiiwahlt, konnen die zu den
verschiedenen Richtungen gehdrenden Normal- unéristigkeiten mit Hilfe der Regel
der Tensortransformation leicht bestimmt werdens Dweite Problem heisst: wird der
Bruchspannungszustand in einem mechachsigen Spgsrustand gesucht, wird eine
geeignete sogenannte Festigkeits- oder Bruchhysetlyebraucht. In dem vergangenen
Jahrhundert haben Forscher als Ergebnis ihrer éliednen und praktischen Arbeit viele
Festigkeitshypothesen fur anisotrope Stoffe ergetin®ie Mehrzahl dieser sind nur fir
spezielle Spannungszustdnde zu verwenden. Zu Eeslelahrhunderts haben sich jedoch
einige Festigkeitshypothsen allgemeiner Gultigkemiskristallisiert, welche von den
Wissenschaftlern akzeptiert und untersucht wurdieese Festigkeitskriterien wurden nicht
ausgesprochen fur Holz, sondern fir beliebige #&mpe Stoffe, in erster Linie fir
faserverstarkte Kunststoffe aufgestellt. Bei deswahl eines Bruchkriteriums soll die Art
des Versagens bericksichtigt werden. Bei vielersadropen Stoffen wird eine grosse
Formanderung und ein plastisches und verfestigenderhalten zugrundegelegt. Das
Versagen von natirlichem Holz, Holzwerkstoffen udén meisten faserverstarkten
Kunststoffen ist sprode, der Bruch erfolgt schléigabei einer kleinen Deformation. Die
Festigkeitshypothesen sollen aus dieser Sicht ffepgiden, ob sie die zahe oder sprode Art
des Versagens widerspiegeln kénnen. Der anderel@gsunkt der Untersuchungen bedeutet
die Analyse, ob der physikalische Inhalt der Fésiigkriterien nicht zu irgendeinem
Widerspruch fuhrt.

Im Folgenden sollen drei Bruchhypothesen und zvieHypothese von Mises, die von
Tsai-Wu und die von Ashkenasi untersucht werdenisEbemerkenswert, dass obwohl die
Theorien fur das Intaktbleiben bzw. Versagen ihgeme Relation verwenden, in den fir die
Bestimmung der in den verschiedenen Kriterien lolithen Koeffizienten brauchen die
gleichen technischen Festigkeitswerte auftreten.

2 FESTIGKEITSTHEORIEN FUR ANISOTROPE STOFFE

Auf Grund der Fachliteratur gilt die folgende ahgeine Polynom-Gleichung als Festigkeit-
skriterium (Szalai, J. 1994):
t;s" +t,s's" +t,

ijklimn

STSHS™ + timnepS 'S s ™MS P+ EC, .1)
mit i,j,k,I,m,n,0,p,... =1,2,3,
wobei
s —den Tensor der wirkenden Spannungen, bzw. diergmgskomponenten bedeute,
und

G G o ijamn » Ljamnop reve Festigkeitstensoren 2-, 4-, 6-, 8-, ... -en Rangnd

c — ein beliebiges Skalar sind.

Wird die Relation erfillt, bleibt das Material stlabnd es tritt kein Versagen auf. Die
einzelnen Festigkeitstheorien unterscheiden siclemander eigentlich nur darin, welche und
wie viele Glieder der Gleichung (2.1) bertcksichtigrden.

T Hier und auch spater wird die Einstein’sche Sunwnatiegel verwendet.
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2.1 Die von Mises’sche Festigkeitstheorie

R. von Mises (1928) hat in seiner Theorie nur dasite Glied der Gleichung (2.1) behalten.
Sein Festigkeitskriterium lautet somit:

tus's“ £1, mit i,jkl=L R, T, (2.2)
L, R, T- sind die anatomischen Hauptrichtungen des Holzes

Nimmt man den Begriff des — von Mises vorgeschlagen plastisches Potentials an, ist
der Festigkeitstensor vierten Ranges symmetrisgh X tq;) und besitzt im Falle einer
allgemeinen Anisotropie 21 von einander unabhangigmponenten. Verfiugt das Material
Uber eine orthogonale Anisotropie, sinkt die Zadl dnabh&ngigen Komponenten auf 9. Die
neun Komponenten des Holzes (oder eines orthotréfmrwerkstoffes) kénnen durch die
experimentell bestimmbaren, sog. technischen Hesten ausgedrickt werden:

t. = L oder = ! mit i =L oder,RoderT, (2.3/a)

T Ty
wobei

f*und f°~ — Zug- bzw. Druckfestigkeiten in den anatomischewptrichtungen, und

(tijij 1

1 o
N LTI o g ): , mit i,j=L, R,oderL, T,oderR, T, (2.3/b)
iji jiij jiii 2
(t,)
wobei
t; — die Scherfestigkeiten in den anatomischen Haepien sind.

Die physikalische Interpretation der sog. intenadti Festigkeitskomponenten kann zwar
nicht anschaulich ausgedriickt werden, zu ihreriB@sting gibt es aber mehrere Ansatze.
Werden die Normalfestigkeiten in der Richtung deink®lhalbierenden zwischen den
anatomischen Hauptebenen gemessen, ergeben sich digir Komponenten des
Festigkeitstensors folgende Ausdriicke:

(tiijj i ): (fk(445)+)2 ) (f%)z ) (f];)z ) (t+1)z ’
i ! ) ! 2.3lc
(tiijj +1y; ): 4 N N S

(e f F () &F

mit i, j =L, R,oderL, T,oderR, T,
wobei
fijk(“f’)+ , £.<49 _ Zug- bzw. Druckfestigkeiten in Richtung der Wettkalbierenden

i
gegeniberden Achsen i-j sind.
Die ubrigen Komponenten des Festigkeitstensorshansden.

Gl. (2.1) kann als eine Hyperoberflache im Raum deun Spannungskomponenten
gedeutet werden. Diese kann im Falle eines ebepannmiingszustandes grafisch als Flache
leicht dargestellt werden. Im orthotropen Fall uebenen Spannungszustand kann die
Schubspannungskomponente aus der Gl. (2.2) ausggedvérden und ergibt:
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s =

. (2.4)

iii Iii
+t. +t

1-tys's"-t;s's? - (t,; +t;)s"s”
t; t+t

ijij ijji jiij jiji

mit i,j=L, R oderL, T oderR, T.

Theoretisch ist diese Flache ein Ellipsoid, dessklauptachsen mit den
Spannungskoordinaten zusammenfallen. Bifd 1 wurde die Festigkeitsoberflache von
Fichtenholz Picea abiesKarst.) in der Ebend.,-R dargestellt. Die dazu verwendeten
technischen Festigkeiten (Wittmann, Gy. et al. 20@lgtTabelle 1

Tabelle 1. Technische Festigkeiten von FichtenfRilzea abies Karst.) in der L-R Ebene.
Table 1.  Engineering strength in the plane L-Rpotise (Picea abies Karst).

Fichtenholz fr fo fRPT R fy fa tr
Grosse der Strichprobe  (Stick) 315 319 292 325 302 291 -
Mittelwert (MPa) 63,52 49,34 9,15 9,08 5,92 3,49 9,32
Absolute Streuung (MPa) 15,00 8,87 2,62 2,32 1,67 0,78 4,01
Relative Streuung (%) 23,62 17,98 2859 2554 &8,122,37 42,99

Bild 1. Die von Mises’sche FestigkeitsoberflacheenBbene L-R von Fichtenholz
Figure 1. Strength surface of von Mises in the plaite of spruce.
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2.2 Die Tsai-Wu’'sche Festigkeitstheorie

S.W. Tsai und E.M. Wu, (1971) haben das erste waxlzveite Glied der Gleichung (2.1)
beibehalten. Ihr Festigkeitskriterium hat somit Ba@m:

t;s” +t,s'sY £1, mit ijkl=L R, T. (2.5)

Die Komponenten des Tensors zweiten und vierterg&asind:

t, = f1+ - fi mit i=L oderR oderT, (2.6/a)

ti = f+1f_ : mit i=L oderR oderT, (2.6/b)
1 1 o

t; :t—+- t_': 0, mit i,j=L,R oderL, T oderR, T, (2.6/c)
ij ij

[, +t,, +t,, +t].m):t&_ . mit ij=L,R oderL, T oderR,T. (2.6/d)

ij i)
Eine Mdglichkeit fur die Bestimmung der interaktivkomponente:

f k(45)+

(t+t)_ 4 i 1_1+1_1_
iji jii / k(45)+ 2 2 ft f_ £ f_
fij i i j j
+\2
i (fijk(45) ) 1 N 1 + 1
A A N T
oder (2.6/e)
f“k(45)-
(t“.. +t“ii): 4 1+ I 1 - i+ 1 - i -
I} 1l ( IJk(45)_ )2 f|+ fl- fJ+ fJ_
- \2
i (fijk(45) ) 1 4 1 N 1

4 frf £ f it

i i ij ij
mit i,j=L, R oderL, T oderR, T

Auch dieses Kriterium kann durch eine Oberflachggestellt werden. Diese hat — im
allgemeinen Fall — die Form eines Ellipsoides. \Bilel 2 zeigt, sind die Hauptachsen des
Tsai-Wu’'schen Ellipsoides zu den Spannungskooreimaicht parallel.

Der Ausdruck der Oberflache fir einen ebenen Spagsrustand lautet:

i )S ‘s 27

iii i

t

sh =

+t

i Fl +t

Jii Jij

mit i,j=L, R oderL, T oderR, T.

1-t,.s" - tjjs” -t.s"s"-t.sls! - (ty; +t
ijij
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Bild 2. Die Tsai-Wu’sche Festigkeitsoberflache @&m Bbene L-R von Fichtenholz
Figure 2. Strength surface of Tsai-Wu in the plafR of spruce

2.3 Die Ashkenasi’sche Festigkeitstheorie

Ashkenasi (1966, 1967, 1976, 197&skenasi — Ganov 1972) hat zuerst einen
Festigkeitstensor vierten Ranges definiert, deSséarktur der des Nachgiebigkeitstensors der
Elastizitat vollig ahnlich ist. Sie hat das zweitad das vierte Glied von Relation (2.1)
behalten. Es ist ihr aber gelungen, die KomponendiEn Tensors achten Ranges mit den
Komponenten des von ihr definierten Festigkeitsitenyierten Ranges auszudriicken. Nach
einigen Umformungen (Szalai, J. 1994) ergibt siehmtue Form des Kriteriums zu:

tijklsijskl
2
‘ I1 - |2

worin 1; und I, — die erste und zweite Invariante des Spannungsmiss ist. Die
Komponenten des Festigkeitstensors sind nun:

t. = 1 oder :i mit i=L oderR oderT, (2.9/a)

iiii f + f R

£1 (2.8)

(6, +t, +t, +t,)=—, mit i,j=L,R oderL, T oderR, T, (2.9/b)

(tiijj +tijii): — 1 1ti
i

f__k(45)+ fr f*
ij i J
oder (2.9/c)
4 1 1 1
(tiijj i ): f k(s T T E

mit i,j=L, R oderL, T oderR, T.
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Gl. (2.8) reprasentiert eine Oberflache viertenddsa Fir den ebenen Spannungszustand
ergibt sich daraus folgender Ausdruck:

sh=x| > 'tmi( : )z'tjm( ! )2' (tiijj +tjjii) "

G 24
; . " ti Tt -
st by (erfL g (P BT g gisi | (210)
4qij qij qij qij
wobei
Oy =ty +ty Tttt mit i,j =L, R oderL, T oderR, T ist.

Wie amBild 3 zu sehen ist, die Festigkeitsoberflache von Asageim allgemeinen Fall
kein Ellipsoid, sondern eine allgemeinere FlacheS& muss naturlich ,higelartig® sein, da
die Festigkeit in keiner Richtung unendlich grossnsdarf. Sie kann jedoch konkave
Flachenteile besitzen, was im Falle der ersten Zvierien nicht vorzustellen ist. Einige
Versuchsergebnisse (Ashkenasi 1978) bestatigemictdish das Vorkommen konkaver
Flachenteile auch in der Praxis vorkommen kénnen.

Bild 3. Die Ashkenasi’sche Festigkeitsoberflachden Ebene L-R von Fichtenholz
Figure 3. Strength surface of Ashkenasi in the @la+R of spruce
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2.4 Allgemeine Bemerkungen zu den Festigkeitshypaten

Es ist noch zu bemerken, dass in der Literatuevigruchkriterien existieren. Die sind aber
meistens nur vereinfachte Formen der ersten bdt@stigkeitskriterien. Die Vereinfachung
besteht darin, dass einige Komponenten des Fe#tighesors a priori als Null betrachtet
wurden (zusammenfassende Arbeiten stammen von @évia und Edlund 1982). In diesem
Sinne bedeuten sie keine selbstandigen Kriterieth die Aussagen, die spater gemacht
werden, gelten auch fur sie.

Wenn die Relationen. (2.2), (2.5) und (2.8) erfglitd, bleibt das Material intakt und
zerstorungsfrei. Im ebenen Spannungszustand issesliegeometrisch sehr gut zu
veranschaulichen. Die Gleichheit der linken unchtec Seite von Gl. (2.2), (2.5) und (2.8)
bedeutet, dass der Spannungpunkt mit den Koordinate, s %, s'* =s™ imBild 1, 2

oder 3 genau auf der Oberflache liegt. Der untersuchteteNapunkt ist gerade im
Anfangszustand des Versagens oder im Endzustankhtaétheit. Beide Zustande haben die
gleiche Bedeutung, namlich den Grenzzustand. LaEgt Spannungspunkt unterhalb der
Festigkeitsoberflache, kann die Belastung noch hdrhi@erden. Befindet sich der
Spannungspunkt ausserhalb der Festigkeitsoberflétigas Versagen bereits erfolgt.

Von Mises hat sein Kriterium eigentlich fir plasties Fliessen von anisotropen Stoffen
entwickelt. Nach dem Postulat der Stabilitat vol€DDrucker und dem Normalitatsgesetz
muss diese Fliessoberflache uberall konvex seil. (#BP50) hat das von Mises’sche
Fliesskriterium durch ein lineares Glied, den sBguschinger-Tensor (das erste Glied von
Gl. (2.1)) erganzt. Dieser Tensor zweiten RangesiieaBerucksichtigung unterschiedlicher
Zug- und Druckfestigkeit erméglicht. Mit dem Bausaer-Tensor kénnen auch die eventuell
vorhandenen Eigenspannungen beriicksichtigt. Diessdberflache ist ein — auf der
Hauptebene i-j — schief stehendes Ellipsoid, alserail konvex Tsai und Wu haben zunachst
angenommen, dass das Kriterium (2.5) nicht nurpféastisches, sondern auch fiir sprédes
Material giltig und anwendbar ist. Das Ashkenakiés@ruchkriterium kann — da Gl. (2.8)
eine Gleichung vierten Grades ist — konkave Obendéateile aufweisen. Die Frage lautet,
wie ein solches Bruchverhalten zu erklaren und fglyisch zu begriinden ist?

3 BRUCHVERHALTEN VON WERKSTOFFEN

3.1 Bruchverhalten von zdhen Werkstoffen

Nach dem Postulat von D.C. Drucker verhalt sichrdaterial solange stabil, solange sich die
Relation
d ijd i (3.1)
erflllt. Hier bedeuten
de; — der elementare Zuwactlss Deformationszustandes (bei Halz=L, R, T),

ds' — der elementare Zuwacties Spannungszustandes (bei Holz= L, R, T).

Relation (3.1) ist physikalisch so zu interpretigrdass die von der elementaren Zunahme
des Spannungszustandes hervorgerufene elementsaibrdel des Deformationszustandes, bzw.
die ihnen entsprechenden Vektoren miteinander es@itzen Winkel einschliessen. Der
Zuwachs der Formanderung kann somit den ZuwachSmemungen folgen, es verhélt sich also
stabil. Der entgegengesetzte Fall bedeutet, dass \ktoren der Spannungs- und
Deformationszunahmen miteinander einen stumpfenk&Vieinschliessen, die Teilchen des
Materials bewegen sich in die entgegensetzte Rightgegeniuber dem Zuwachs der
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Spannungen. Das kann nur dann geschehen, wennodigiitat des Materials zu existieren
aufhort. Das bedeutet, dass das Material bere$sgehat.

Bei jedem Spannungszustand, bei dem die elastiggbstische, viskoelastische oder
plastisch-verfestigende Deformation beginnt, lidgt Spannungspunk im Spannugsraum auf
einer geschlossenen (Hyper)oberflache. Es isttl@ahbeweisen (Lippmann, 1981), dass die
Wirkungslinie des Deformationszuwachses mit der wéutsnormalen dieser Oberflachen
parallel ist (Normalitatsregel). Aus dem Normasitagel und dem Postulat von Drucker folgt
das Konvexitatgesetz, das aussagt, dass die (Hyeeflfaiche tberall konvex sein muss. Bei
jedem Materialverhalten, wo ein kleiner Deformasioumwachs noch zu keiner Zerstdrung fuhrt,
wie bei elastischen, plastischen, viskoelastisalmah plastisch-verfestigenden Stoffen, ist die
Oberflache konvex, unabhangig davon, ob das Métsith isotrop, anisotrop, linear oder
nichtlinear verhalt.

3.2 Bruchverhalten von sproden Werkstoffen

Das Spannungs-Dehnungs-Verhalten von elastiscldaprdstoffen ist meistens bis zum
Versagen linear oder weicht kaum davon ab. Dasagersvon Bauteilen erfolgt in der Art eines
sproden Bruches. Dabei tritt keine verhaltnismasgmsse Forméanderung entsprechend von
zédhen Materialien auf. Der Deformationsvorgang psaktisch bis zum Bruch elastisch
(manchmal fast vollkommen linear). Auch Holz undzieerkstoffe zeigen solches Verhalten.

Bei linear elastischen Stoffen liegt der zum Brdidghrende Spannungspunkt auf einer
Oberflache, das elastische Erganzungspotentiatifsgodne potentielld&Energie) heisst:

u = gds’ zleijsij :lsiikl sis¥ | mit ijkl=LR,T, (3.2)
o 2 2
wobei

sju — der Nachgiebigkeitstensor des anisotropen Stadte

Gl. (3.2) zeigt, dass das elastische Erganzungsiaitelie Quadratische Funktion der
Spannungskomponente isi. kann — infolge seiner Interpretierung — nur posgein. Der
Spannungspunkt befindet sich bei jedem Spannungsmls- auch noch vor Eintreten des
Bruches — auf einem Hyperellipsoid. Die Oberflachssr Unterrdume sind Ellipsoide,
Ellipsen usw.

Bei einem linear elastischem Werkstoff wird die @afation von dem Erganzungspotential
gemass der Gl. (3.2) bestimmt. Wenn die Spannungstwenten kontinuierlich wachsen, sind
die Gesetze der Normalitat und der Konvexitat bis1 Bruch giltig. Ist das Material isotrop,
liegt der Bruchspannungspunkt immer auf demselbgpet¢llipsoid, da die Orientierung hier
keine Rolle spielt. Bei einem anisotropen Mategihort zu jeder Orientierung ein anderer Wert
des Erganzungspotentials. Die zum Bruch fuhrengami@ingspunkte liegen auf verschiedenen
Hyperellipsoiden. Kommt nach der elastischen Ventorg eine plastische, Ubernimmt die
plastische Fliessoberflaiche die Rolle der Oberéaids erganzenden Potentials und die Gesetze
der Normalitat und der Konvexitat sind weiterhirltigll Folgt der elastischen Deformation ein
sproder Bruch, besteht die Stabilitatsrelation)(8itht mehr. Die Kontinuitat des Stoffes hort

auf, das Produktde”.dsij verliert also seinen Sinn. Die Gesetze der Notéwalnd der

Konvexitdt sind nicht mehr gulltig. Die zu den gtéss Hyperellipsoiden gehérenden
Spannungspunkte sind auch Punkte der FestigkeifiEaite. Diese Flache kann aber — wie es
Bild 4 im Falle eines zwei-dimensionalen Spannungszustazéigt — auch konkave Teile
aufweisen, die mit praktischen Erfahrungen im Eangl sind und auch theoretisch verstandlich
und zu beweisen sind.
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Bild 4. Die Entstehung der Festigkeitsoberflacheesielastischen Materials mit
sprodem Bruch bei zweidimensionalem Spannungszlstan
Figure 4. Evolution of strength surface of an alastaterial with brittle rupture
in plane stress state

4 ENERGIEBILANZ DES BRUCHVORGANGES

Die Relationen (2.2) und (2.5) umgeformt, indendeeSeiten mitf " multipliziert, ergibt:

uy = f't,s's“ £ f =const, mit ijkl=L R, T, (3.3)

und

Upy = ;5" +t,,s7s )£ " =const, mit ijklI=L,R,T. (3.4)

Die Relation (2.8) ist auf die folgende Form zwngen:

u, =t s's“ £ ‘wllf- I,

Auf der linken Seite der Relationen (3.3), (3.4 (8.5) befindet sich ein Grosse, welche —
auf Grund der Gl. (3.2) — eine Art Erganzungspaaémt. Verhalt sich das Material bis zum
Bruch linear, sind die linken Seiten von Gl. (3(3)4) und (3.5) den wahren Zusammenhang des
elastischen Erganzungspotentials proportional, @geim Anhang A bewiesen wird. Ist das
Material nicht linear, gilt weiterhin, dass dieKen Seiten die bis zum Bruch angehauften
Erganzungspotentiale, bzw. damit proportionale &missind. So betrachtet, durfen die von
Mises’'schen und Tsai-Wu'schen Festigkeitskriterielyendermassen formuliert werdein

, mit ijkl=L R, T. (3.5)
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anisotropes Material versagt, wenn das angehauftguizungspotential im Korper einen — fur
das Material charakteristischen - konstanten Wentieht. Das bedeutet, dass die angehauften
Erganzungspotentiale bei jedem SpannungszustangdedOrientierung im Grenzzustamd des
Versagens gleich gross sirdlas Festigkeitskriterium von E.K. Ashkenasi lauit anisotropes
Material versagt, wenn das angehaufte Erganzungsyiat im Korper einen bestimmten Wert
erreich. der keine Konstante, sondern eine Funktden ersten und zweiten Invariante des
Spannungszustandes ist. Das Ergdnzungspotentigit vm den ersten zwei Invarianten des
Spannungszustandes und damit indirekt vor der @eiemg ab.

Dass die erste Definition unseren physikalischensiétiungen widerspricht, ist aus
einem naturlichen technischen Sinn splrbar. Im AghB wird jedoch gezeigt, dass die
Gleichheit des Erganz8ungspotentials vorausgesetziyischen den elastischen
Materialkonstanten und den Festigkeiten theoretibelweisbare Beziehungen bestehen
mussen. Diese Zusammenhange erfillen sich aberiRrdxis niemals.

Im Anhang C wird gezeigt, dass das den verschieddreichspannungszustanden
entsprechende Potential in Kenntnis der Materiagdkamen (beziehungsweise der
Spannungs-Dehnungs-Diagramme) zu bestimmen ist.rAissen die elastische Konstanten
und die Festigkeiten keinerlei Verbindungen erfiille

5 SCHLUSSFOLGERUNGEN

Die Geschichte der Wissenschaft zeigt, dass einee n€heorie unter den fraher
angenommenen Theorien sehr schwer Fuss fassen Washnnoch schwerer in deren
praktischer Anwendung. Es wurde versucht zu beewmeisdass das Ashkenasi'sche
Bruchkriterium eine viel allgemeinere Gultigkeit ggmiber den wesentlich bekannteren
Kriterien hat. Das Ashkenasi’'sche Kriterium kanm deigenschaften der sprddbriichigen
Stoffe folgen, dass seine Festigkeitsoberflacheh akankave Teile verfugen darf. Seine
Anwendung fuihrt nicht zu Widersprichen.

Es ist natlrlich wichtig neben den theoretischest$tellungen auch der praktische
Beweis der Verwendbarkeit der Festigkeitstheoriem. Labor der West-Ungarischen
Universitat sind Untersuchungen begonnen wordericheedie praktische Prufung der
Festigkeitshypothesen nicht nur im ebenen, sondanch im raumlichen
Spannungszustand ermoglichen. Wir haben aber aiechVersuchsergebnisse ahnlicher
Art anderer Wissenschaftler verwendet. Dabei wurdegbeiten von Eberhardsteiner
Mitarbeitern verwendet. Die Ergebnisse der im LraBles Institutes fur Festigkeitslehre
der Technischen Universitat Wien durchgefihrtenedsuchungen auf dem Gebiet der
biaxialen Festigkeit sind in mehreren Artikeln uashem Buch (Eberhardsteiner 1995,
2002; Eberhardsteiner, J. et al. 1991, 1996) pidstizvorden. In diesen Versuchen wurde
das mechanische Verhalten, vor allem die Festigkmit FichtenholzRicea abieKarst.)
in der anatomischen Hauptebelndr geprift. Die Resultate seiner Untersuchungen sind
dem Verfasser freundlicherweise zur Verfugung disteorden. Im Teil 2 werden die
Auswertung und Vergleich der experimentellen Redaltmit denen der verschiedenen
Festigkeitshypothesen behandelt.
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Anhang A
Es soll ein bis zum Bruch anndhernd lineares SpagsuDehnungs-Verhalten — wie bei
vielen spréden Werkstoffen — angenommen werdgitd (Al). Es werde ein Holzstab

untersucht, dessenLangsachse in Faserrichtung dalit auf reinen Zug belastet ist. Die
einzige von Null verschiedenen Nomalspannung desanfmgszustandes im

Grenzzustand des Bruches sei". Das bis zum Bruch angehaufte elastische
Erganzungspotential ist dann:

-1 " 1 1 e+
u :ESjkIS lskl ZESLLLLS LLS . ZESLLLL fL fL : (Al)

Ddie linke Seite der Gl. (3.3) voll ausgeschrielengjbt:

Uy = fL+tijkI5ijSkl =f'ty,s Hstt = flt fOf0 . (A2)
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Bild Al. (Ehlbeck, J.-Hemmer, K. 1986)
a) Typische Last-Verformungslinie bei b) Typische Last-Verformungslinie bei
Zugbeanspruchung in Faserrichtung von HolDruckbeanspruchung in Faserrichtung von Holz

Figure A.1. (Ehlbeck, J.-Hemmer, K. 1986)
a) Typical load-deformation during tensile b) Load-deformation line during compression
stress parallel to the grain of wood stress parallel to the grain of wood

Gl. (A2) durch (A1) dividiert, ergibt weiter:

u, =/,u", (A3)

wobei

/ :2f+tLA:const (A4)
M L

SLLLL

ist. Gl. (A3) sagt aus, dass die linke Seite das Mises’schen Kriteriums (3.3) zu dem bis
zum Bruch angehauften elastischen Erganzungspatgmtportional ist undu,, — da/,,
eine dimensionslose Konstante ist —selbst ein&EAg&nzungspotential ist.

Ahnlicherweise kann bewiesen werden, dass die tir@iten von Gl. (3.4) und (3.5) die
bis zum Bruch angehaufte Erganzungspotentiale dliagh kurzer Rechnung ergeben sich
die folgenden Konstanten. Fur die Tsai-Wu’'sche Tigeo

+

= Zw = const (A5)

/TW
St

und fir das Ashkenasi’'sche Kriterium:

/= ZHA = const (AB)

SLLLL
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Anhang B

Ein Probekdrper aus Holz — der parallel zu denanetchen Hauptrichtungen in der Ebene
L-R ausgeschnitten wurd@i{d B1) — werde in radialer Richtung mit Normalspannun@®
bis zum Bruch belastet. Die grosste Normalspanraeigs "~ = f.. Da es sich um Holz

handelt, ist das Deformation- und Spannungsdiagréeineder Holzfeuchte praktisch linear
(Szalai, J. et al. 2004), das bis zum Bruch andgé&h&unganzungspotential lautet:

_ 1 . 1 1 s
u = Esﬁjkls 's N :ESRRRRS RRS "R ZESRRRRfR fR (Bl)
wobei

sik — der Nachgiebigkeitstenzor, zum Beisp&i;lelglei v Sooop = Ei ist,
L R
WO
E. undEgr — die Elastizitatsmoduli des Holzes in den anaton@achauptrichtungeh

undR sind.

—

A 4
S22

R

Bild B1. Belastung eines wiirfelformigen Probekosparradialer Richtung in der Ebene L-R
Figure B1. Loading of a prismatic specimen in thane L-R in radial direction

Der Probekérper werde nun in der anatomischen teaepe um 90gedreht. Die einzige
Spannung der linearen Spannungszustandes wird dann:
st=1fy
wodurch natirlich noch kein Bruch verursacht witd,beim Holzf" 3 f7 is,. f" und 3

die Zugfestigkeiten in den anatomischen HauptrichémlL undR sind. Es soll die Spannung

s solange, bis zum Versagen des Probekdrpers gasteigelen. Die grosste Spannung im
Grenzzustand des Bruches ist dann:

st =ks®R=f" .
Sie ist also das k-Fache der Spanngri§. (k — eine beliebige positive Grosse ist).

Acta Silv. Lign. Hung. 4, 2008



Festigkeitstheorien von anisotropen Stoffen mibdpm Bruchverhalten 77

Im Grenzzustand des Bruches entsteht das folgdasiésehe Ergadnzungspotential:
_ 1 i 1 1 -
u ZESJkIS 's “ :ESLLLLKZS RRS RR ZESLLLLKZ fR fR (BZ)

Wird angenommen, dass ein anisotropes Material desmeagt, wenn das elastische
Erganzungspotential einen bestimmten, konstantert ¥eesicht, mussen die Gl. (B1) und
(B2) gleich grossen Wert ergeben. (Ist das Matersaltrop, kann diese Vermutung
angenommen werden, da dort die Orientierung keirdleRspielt. Bei anisotropen
Werkstoffen kann diese Behauptung bezweifelt werdeBetrachtung von
Versuchsergebnissen weist darauf hin. Trotzdem exeden die von Mises’sche Theorie, die
Tsai-Wu’'sche Theorie und noch viele andere diesendaung.) Somit wird:

1 RR ~ RR 1 2~ RR. RR
~Srrr® S _ESLLLLks S )

2
woraus sich
k = f_SRRRR = fi B3
SLLLL ER

Zusammenhang (B3) bedeutet im allgemeinen: wirdeaagimen, dass das zu den
verschiedenen Spannungszustanden gehdrende Erg&potantial eines anisotropen Stoffes
gleich gross sind, existiert ein Spannungsfakkorder zeigt, in welchem Mass die
Komponenten des Spannungszustandes bis zum Brudteigern sind. Im mehrachsigen
Spannungszustand wird die Funktion des Falktaerwickelter als die von Gl. (B3), ist aber
immer irgendeine Funktion der elastischen Konstadts anisotropen Stoffes.

Es sollen nun die Festigkeitskriterien fur beidai@pingszustande angewendet werden.

ergibt.

B1 Schlussfolgerungen aus dem von Mises’schen Fggeitskriterium
Das Kriterium lautet:
ts's“ =1,
wo die Komponentety,, durch Gl. (2.3) bestimmt werden.
In unserem Falle:

trrees SR =1 t, kPssFR=1,

Aus dem Vergleich der beiden Zusammenhange engitt s

k = /tRRRR :L
tn fe

bzw. bei Verwendung der Gl. (B3):

Lo B B4
fR ER
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B2 Schlussfolgerungen aus dem Tsai-Wu’'schen Festigkskriterium
Aus der Gleichung
s +s's =1,
in der die Komponenten; und t,, durch Gl. (2.6) bestimmt werden, ergibt die gleich
Untersuchung entsprechend den zwei Belastungsfallen

tzzs RR + tzzzzs. RRS RR - 1 t11k5 RR + tllllk2$ RRS RR - 1 .

Mit Gl. (B3) bekommt man den folgenden Ausdruck:

E f (Bt 1 _1 85
ER fL+ fL ER fL+ fL fRjr

Die Gl. (B4) und (B5) weisen darauf hin, dass edwigser Zusammenhang zwischen
den elastischen Konstanten und technischen Fegegkbestehen soll, wenn das bis zum
Bruch angehéufte erganzende Potential im Kdrpeblu&iagig von der Orientierung einen
konstanten Wert hat. Diese Verhaltnisse treffenr dbie die in der Praxis gemessenen
Materialkennwerte nie zu. Fur Ubliche Holzmateraalktanten, ergibt sich mindestens ein
Unterschied in Grossenordnung der linken und recBeiten der Gl. (B5). Auch Gl. (B4)
wird niemals erfullt. Bei unseren Ableitungen wurg®ggenommen, dass sich das Material
bis zum Bruch linear verhélt. Dadurch werden dieeBanungen erleichtert, lineares
Materialverhalten ist aber nicht notwendig. Die t8&sdlungen sind allgemein gultig. Es
soll hingewiesen werden, dass sich die Gl. (B4) (B8) fur isotrope Werkstoffe erfullt
werden.

Anhang C

Wird die Gleichheit des Ergédnzungspotentials autpeg — entsprechen der Theorie von
Ashkensi — kann folgendes festgestellt werden. N@cladrieren der Gl. (3.5), dessen
Koeffizienten durch die Gl. (2.9) gegeben werderuqdl, — die erste und zweite Invariante
des Spannungszustandes sind) ergibt:

ltesis f=12-1, c1
Zu den beiden Belastungsfallen zurtickgekehrt, bekbman:
~R ~L
(tRRRRg RRS RR)2 = (5 RR)2 = Zu ! (tLLLLkzs RRS RR)Z = kz(s RR)2 = Zu !
SRRRR SLLLL
wobei (Al) und (A2) verwendet wurde. Daraus ergibh weiter:
R = lf_é , bzw. u“'— = lf_'-z ,
2 E; 2E,
Der Quotient der beiden Ausdriicke:
~|_ 2
u_ B B c2
u L R
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Den Quotient fur ein fiktives Nadelholz mit dengehden Materialkennwertei, (= 10000
MPa,Er = 1000 MPaf_ = 100 MPafgr = 5 MPa)berechnet, ergibt:

u™ _ 1000 100 * _
u® 10000 5

Das Ergéanzungspotential im Falle einer Belastusgzbim Bruch betragt in Faserrichtung das
40-Fache gegenuber der radialen Richtung.

Auf Grund der Ashkenasi'schen Festigkeitstheoried sdie zum Bruch fuhrenden
Spannungszustande zu ermitteln und ermoéglichendannkais der Materialkonstanten die
Bestimmung das den verschiedenen Bruchspannungedest entsprechende Potential oder
deren Verhdltnis. In der gezeigten Ableitung iskeér-elastisches Verhalten vorausgesetzt
worden. Diese Annahme vereinfacht die Berechnungen,ist aber nicht unbedingt
notwendig. In Kenntnis des Spannungs-Dehnungs-Bragrs kann das Ergdnzungspotential
theoretisch bestimmt werden.

40
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General Regularities of Wood Surface Roughness
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Abstract — The surface roughness of wood products is depenaiingnany factors related both to
wood properties and wood working operational patanse Probably this is the reason why there are
no generally valid correlation determining surfacaghness parameters as a function of influencing
factors. In particular, the account of wood struetin the surface roughness interpretation proeed t
be difficult.

In the last years an important progress was madedngnizing the role of the anatomical
structure of wood species in the attainable surfaaghness. The introduction of a structure number
made it possible to express and characterize ffereht wood species numerically.

The aim of these studies was the separation ofhwoegs components due to the anatomical
structure and the woodworking operation. Using &cip finishing technique, the roughness
component due to woodworking operations was natifsignt and could be separated. The same
specimens were also subjected to different woodingrkperations using cutting velocities between
10 and 50 m/s. The processing of experimental degalted in a chart showing the minimum
roughness component due to different woodworkingrajions. Special experimental investigation
was conducted to clear the influence of edge dsdinen the surface roughness, especially on its
Abbott-parameters. The measurements showed thaRtparameter is a good indicator to predict
edge dullness.

structure number/ anatomical structure / woodworking / edge dullness / cutting speed / Abbott-
parameters

Kivonat — Természetes faanyag fellleti érdességénehlapvet 0Osszefiiggései. A faanyagok
érdessége igen sok tényeegyilttes hatasaként jon létre, ezért az altaldabosenyszerségek
megtaldldsa sokaig varatott magara. Az utébbi édtigj elgondolasai és a modern méréstechnika
lehet vé tette az alapvettdrvényszerségek felismerését. A struktira szam bevezetése \&htette,
hogy segitségével a fafajok szamsséhet k a fellileti érdesség szempontjabdl, és leheteszik
altalanosabb érvénydsszefliggések felallitdsat.

A megmunkalas utan kialakul6 érdesség kétszetewre bonthaté: a megmunkalas okozta
érdesség és a belstruktira okozta érdesség. Specidlis fellleti meddalas alkalmazasaval a
megmunkalasi érdesség részaranya minimalizalhat&zéss/dlaszthatd a belsstruktira okozta
érdességl. Megallapitasra kerult tovabba a forgacsolasiesebg (10 m/s-50 m/s) és a szerszam €l
kopottsdganak hatdsa a fellileti érdességre. ApaRaméter valtozasa j6l mutatja szerszamkopas
folyamatat.

" magoss@fmk.nyme.hiH-9400 SOPRON, Bajcsy-Zs. u. 4.
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1 INTRODUCTION

Roughness characterises the fine irregularitiea orachined surface. These irregularities can
be determined by measuring the height, width aagalof the peaks and valleys produced by
woodworking operations or by anatomical structysebperties. The surface quality is a
complex definition and it is characterised today different parameters such as the more
common Ra, Rz and Rmax parameters. Further deilde established using the Abbott-
curve and its related parameters Rpk, Rk and Rules& parameters are standardised (EN
ISO 4287 and 13565-2) and for their determinatimuenn measuring units are commercially
available.

The surface quality is depending on many influemdexctors and can be related both to
wood properties and machining conditions. Among Waod properties the wood species,
density, moisture content, the structural properies to be mentioned. The structural properties
include the specific number and distribution ofdesdiameter of tracheids and vessels.

The machining process has also a significant infteeon the surface roughness. The
most important factors are the cutting velocity &meldullness of knives, but the knife cutting
angle, the cutting angle to the grains and theatitan amplitude of machine table and
workpiece have also proved to be an influence ersthiface roughness (Sitkei et al. 1990)

One of the main difficulties is the fact that theod is not a true solid material having
caves inside (vessels, cell lumens) and, furthesmbie wood as a brittle material is inclined
to brittle fracture. As a consequence, the cuttmgchanism is always associated with local
fracture of the material giving uneven surface. €hees cut during the machining give also
uneven surface. In this latter case, the surfaegutarities depend on the local position of the
cavities relatively to the surface. Wood speciethvlarge vessels in the early wood (ring
porous wood) may locally cause large surface ilagies which have nothing to do with the
machining process.

In the last decade an important progress was mectggnizing the role of anatomical
structure of wood species in the attainable surfameghness. The diameter of vessels,
tracheids and other cell lumens cut during the nmaadp process fundamentally determine the
depth of irregularities in the surface. In orderctwaracterize the effect of the anatomical
structure on the surface roughness, a structurdeum established and introduced (Magoss-
Sitkei 2001) Another possible method is the remasfaldeep valleys (vessels) from the
surface profile. Thus the surface roughness paemeill be more sensitive to the change of
a given influencing factor (Fujiwara et al. 2003).

A further important progress could have been thEussion of roughness components
due to the anatomical structure and woodworkingatmns. Some researchers assumed that
the parameters of Abbott-curve are suitable forassmg the above components. In fact,
these efforts were not fully successful and, theeeffurther research works are still needed.

2 THEORETICAL CONSIDERATIONS

The diameter of vessels, tracheids and other aelehs cut during the machining process
fundamentally determine the depth of irregularitielse specific number of vessels related to
the unit length in cutting direction is also an onjant factor. The diameter of vessels and
tracheids always show a given distribution. Howevfethe distribution is generally normal,
the use of the mean diameter will cause no greaters.

The local position of vessels to the cutting pléalways random therefore, it may be
treated as a probability variable. This means thatresultant effect of the vessels on the
surface roughness will be given as a mean value stéindard deviation.
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It is assumed that in the cutting plane differeegsels and tracheids will be c&igure
1) and these valleys contribute to the resultangihoess. The cross-section of valleys related
to the unit length can be given as

Figure 1. Definition of structure number

DF =%[a><(\/n_l><df +@>«d§)+b Jns xd? +ﬁ>«d§)] [cm?/cm] (1)

where

n;, n, — are the number of vessels and tracheids in dhlg ®ood, in the unit cross-
section,

ng, ny — are the number of vessels and tracheids indateevood, in the unit cross-
section,

di-d, — are the mean diameter of vessels and tracheidBei early and late wood,
respectively,

a,b — are the portions of early and late wood.

The use of structure number makes it unnecessargedhe wood species as a variable,
which can not be quantified. If the surface irregities due to machining are small, then the
surface roughness will mainly be determined byath@omical structural properties and it can
be regarded as the attainable optimum surface rasgh

The main problem of the roughness component separas the overlapping of
component sizes and, therefore, the filtering metlban not give accurate results. One
possible way to separate the above components seebesthe following method. Using a
special finishing technique, the irregularities dwewoodworking operation can be kept
minimal and these irregularities are rising fromagparently flat surfacd-{gure 2. In this
case, these irregularities are not higher than5L®r1 and can be measured and evaluated.

Figure 2. Roughness profiles for finished surfaces.

Acta Silv. Lign. Hung. 4, 2008



84 Magoss, E.

3 MATERIALS AND METHODS

In order to verify the usability of the new struawnumber, a wide variety of wood species
were selected having different density and instdecture. Five broad leaved (cottonwood,
ash, beech, black locust, oak) and five conifecstth pine, larch, fir, spruce, eastern white
cedar) were selected and air dried at 50-60 %ivelaumidity.

Three 20- by 5-cm samples were tangentially cuhfemch wood species and were equally
machined using sharp milling head on a CNC-comtmiathilling machine. On each specimen four
measuring surfaces were machined and displaced3lby® to each other. This method should
take into account the fact that the relative plgai cutting plane and vessels to each other is
random. The cutting speed was generally 50 m/sspetial measurements were conducted to
clear the effect of cutting speed on the differenighness parameters, especially on the Abbott-
parameters. The cutting speed varied between 18@&nds.

The Mahr Company stylus unit (Model S3P MFW 250%waed in this study. The pick-
up has a skid type diamond stylus with a tip radti um. The active tracing length is
12.5 mm. Each measurement was represented by tlaeesyrofile, the Abbott-curve and by
the calculated roughness parametees B, Rmnax Row R, Rk, M and M., On each
measuring surface a minimum of three tracing wesden

In order to calculate the structure number, the sind specific number of vessels and
tracheids are needed. From each specimen usedigbness measurements additional small
specimens were cut to determine the structuralgpties. While the structure number is sensitive
to the accuracy of experimental data, a combinedj@processing method and light microscope
method was used. The image processing method glemerally gave insufficiently accurate
results. The measured data are summarized in T@kjoss — Sitkei 1990).

Tablel. Structural properties of specimens

early wood late wood
wood species d, n, a d, n, b
[nm]  [piece/cnd] [nm]  [piece/cnd]
thuja 26.5 142 800 0.8482 14.0 316 600 0.1518
spruce 30.0 111 335 0.8478 19.0 160 400 0.1522
pine 28.0 125100 0.6694 20.0 135840 0.3306
larch 38.0 65490 0.6310 17.5 145 000 0.3690
beech (vessel) 66.0 15 740 48.0 14 020
beech (tracheid) 8.2 342 890 0.7000 6.4 490 290 0.3000
oak (vessel) 260.0 400 35.7 12 000
oak (tracheid) 22.5 120 000 0.5900 19.6 85 000 0.4100
b. locust (vessel) 230.0 546 120.4 1500
b. locust (tracheid) 15.0 270 000 0.5800 9.6 280 000 0.4200
cottonwood (vessel) 69.7 9 500 44.0 12 700
cottonwood (tracheid) 12.7 309 5000'6666 11.0 300 892 0.3333
ash (vessel) 177.0 670 52.0 750
ash (tracheid) 19.0 190 000 0.6100 14.0 230 000 03900

In order to separate the roughness components thdeddy 5 cm samples were
tangentially cut from each wood species and aftachiming they were subjected to finishing
using a special finishing machine. The finishingswapeated until the measured profile was
flat and thus suitable for evaluation.

Establishing the finished surfaces, the same samwpége subjected to milling operation
using various cutting speeds between 10 and 50Th&se surfaces were evaluated with the
common surface measuring methods.
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On the finished surfaces a hypothetical base liag fivst established and, taking only the
positive amplitudes into consideration, the coroegfing R’-value was calculated={gure 3.
This is the roughness component due to woodworBpegation. Knowing the overall Ralue
and the latter subtracted from it, we get to aivdkue due to the anatomical structure of wood.

Figure 3. To the calculation of roughness compormert to woodworking operation

For the evaluation of standard deviations large memof measurements was needed,
approx. 60-100.

4 EXPERIMENTAL RESULTS

4.1 The effect of cutting speed

It is generally well-known that increasing cuttimglocities will give better surface quality,
using the common roughness parameters such aséhega roughness,Rr mean peak-to-
valley height R At the same time, no experimental results wemsgmted to clear the
relationship between the overall roughness paraséR and R) and their components in
the Abbott distribution.

Figure 4. Surface roughness parameters as a fumafcutting speed. Scotch pine.
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Figure 5. Surface roughness parameters as a fumatfccutting speed. Beech.

Figures 4and5 depict R-values and their components as a function of royitSpeed
using sharp knives. The beech had an average \diasetter of 60 pum and the thick-walled
fibores among the vessels had cavities of 10-15 jameters. The scotch pine in the early
wood showed tracheid diameters of 25-30 um andeardte wood 13-18 um.

FromFigure 4and5 it can be concluded that in both cases theaRd R values remain
nearly constant or slightly decrease as a funatiboutting speed. On the other handy-R
values fundamentally depend on cutting speed. it atso be seen that, in the case of pine,
this dependence is stronger, especially at lownguttelocities. This result may be explained
by the fact that the pine wood had smaller locdfingtss around the cutting edge, therefore,
inertia forces play a more important role to ensum@ear cutting surface. At the same time,
beech had larger structural cavities giving greRigivalues even at high cutting velocities.

Further measurements were carried out at a cuidhaority of 50 m/s and the angle of
tracing to grains was 90°. Observations have shbanthis cutting speed can minimise the
roughness component due to machining (see the gppez inFigure 14.

4.2 The use of structure number

As outlined earlier, all wood species can be chiaeraed by the structure number given by
Eq.(1). Using the data summarized in Tablel, thecgire number can be calculated for each
specimen used in these investigations and it caimteerelated to the measured roughness
parameters.

The obtained results are depictedFigure 8 as a function of structure number. The
smallest structure numbers are of the coniferst@dbiggest of the oak species. Some results
obtained on African ebony specimens are also imdu€urve No. 3 shows the roughness of
specimens due to the anatomical structure andishtbe ultimately attainable minimum
surface roughness for a given anatomical structure.
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Figure 6. Peak-to-valley height as a function ofisture number
1. - cutting velocity is 10 m/s,
2. - cutting velocity is 50 m/s,
3. - roughness component due to anatomical structure.

The effect of cutting speed on the surface roughmegiven by the curves 1 and 2. It is
noticable that the differences between curves 12aae higher for conifers in comparison to
hard woods. This finding may explained by the highgidity (E modulus) of hard woods
allowing smaller local deformations during the mgtprocess. It may generally be stated that
conifers have higher roughness component due t@woxking operations in comparison to
hard woods. It appeared that the surface roughnésgrobably be determined by the
anatomical structure of wood, especially for haabds with big vessels. The effect of main
influencing factors on the surface roughness was détermined and the following general
relationship was obtained (Magoss —Sitkei 2000):

50- v, 01183
50 DF 083

R, = (1233F 075 + 35eZ°’6)>< 1+ 10m/s £ v, £50m/s (2)

Where
DF is the structure number, rizm
ez is the tooth feed, mm
vX is the cutting velocity, m/s

The use of the structure number allows findingHertnoteworthy relationships among
the different surface roughness parameters.

Choosing the RR ratio, a strong variation is obtained as a fumctd structure number
(Figure 7). This means that different wood species can eatdmpared to one another using
simply a given roughness parameter.
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Figure 7. Variation of the R ratio as a function of structure number

The reduced valley height related to the peak-teyaheight (R«/R, shows also
definite correlation with the structure number, ghis given inFigure & The height ratio for
hard woods means that most of the roughness is dgiyaleep valleys due to the anatomical
structure of wood.

Figure 8. Variation of the RR; ratio as a function of structure number
The RJ/R; ratio versus structure number is showrFigure 9 This relationship is also

uniquely defined and shows that the reduced mitigdakbbott-curve plays an important role
in the development of the resultant roughnessfinvgmod surfaces.
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Figure 9. R/R; ratio versus structure number

4.3 Interrelations among the roughness parameters

In the following the interrelation between the coamroughness parameters, @d R) and
Abbott-parameters was investigated. Strong relatignwas observed between the average
roughness and the sum of Abbott-parameters. Ihgia representation is givenkigure 1Q

Figure 10. Relationship between average roughnadsfbbott-parameters

It is well-known that betweenRand R only an insignificant interrelation exists (Sander
1993). As a consequence, no uniquely defined oeglahip between Rand the sum of Abbott-

parameters can be expected. Nevertheless, theimemtal results depicted iRigure 11
show an interesting picture.
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Figure 11. Peak-to-valley height versus Abbott-paeters

A large number of curves are obtained and, as aiitiaal for a more accurate
explanation, the measurement results on MDF-boafdglifferent volume density are
included (Devantier 1997). MDF has the most unif@natomical structure which gives the
lowest curve. The oak possesses large vesselsemadyha much less uniform structure and,
therefore, gives the uppermost curve. The curvestteer species are lying between the two
extremes according to their inhomogeneities. Theeziobeys the following general form

Rz :AX(Rpk +Rk +Rvk )0.65 (3)
The constant can be expressed as
A=7.45R, +R, /R, (4)

Using the Abbott-curve, the lack of material in tineeven surface can be determined. An
equivalent layer thickness may be calculated dsvisl

My Ry Ry {l- M)
Dh, =R, x1- — 4k 4 vk Tr2/ 5
ek 2 2 2 ©))

Where: M; and M, should be substituted as decimal values. Theviihig rough estimation
shows the weight of the parts in Eq. (5):

Dh, =0.95°R,, +0.5°R, +0.08°R,, (6)

In practical cases the,Rlayer can eventually be neglected due to the tfzat the few
peaks rising out from the surface can easily bseled by pressing.

The graphical representation of the lack of makenelated to the unit surface is seen in
Figure 12 The upper curve refers to the case including HisoRy-layer. The deviation of
measurement data is somewhat higher than in o#sersc
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Figure 12. Lack of material as a function of sudaoughness

4.4 Effect of blunt cutting edges

It is well-known that the use of blunt knives funaentally increases the surface roughness.
Our measurements have also shown that, in theafgsae and beech and using edge radius
between 10 and 53 um, the roughness with increahitigess nearly linearly increased. A
more detailed processing of experimental resuliswskd that the Rvalue may be an
important indicator characterising edge dullndsgure 13 shows experimental results for
four wood species using sharp and blunt edges.

Figure 13. R-values for four wood species using sharp and btutting edges

In this study, the oak has shown an unusual bebavigsing increasingly blunt edges,
the overall roughness,Rnly slightly increased or remained constant. & same time, the
Rk-value doubled quite similarly to the other speci@se surface machined with blunt edges
showed a wavy character which did not correlatetite large vesselsFigure 14.
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Furthermore, most of the vessels cut during thehmawy disappeared in the surface due to
the deformation of upper layers (Magoss - Sitkél0It may also be assumed that even the
deep cavities in the surface contribute to the meifogy action of the blunt edge.

sharp

dull

Figure 14. Surface profiles of oak wood using sheamgd blunt cutting edges

The deformed and fractured layers make surfacesstble and a subsequent surface
treating may cause further waviness and local detions. Consequently, the surface
roughness alone is not always sufficient to chares surface quality in every respect.

5 CONCLUSIONS

Based on theoretical considerations and experirhesgalts, the following conclusions may
be drawn:
an increasing cutting speed reduces the surfagghnass, primarily by diminishing
the Ryx-values,
the soft wood species are more sensitive to thagshaf cutting velocity concerning
surface roughness,
the proposed structure number shows strong cdoelatith the attainable surface
roughness,
different roughness parameter ratios show defioerelation with the structure
number. This finding further stresses the bendfiose of the structure number
uniquely characterizing the different wood species.
among the different roughness parameters inteiwaktare found,
the lack of material in the rough surface can bpressed as a function of surface
roughness,
the mid component of the total roughnessi®k a good indicator to predict edge
dullness.
using a special surface finishing technique, theasgtion of roughness components
due to anatomical structure and woodworking openatihas been carried out with
reasonable accuracy.
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Evapotranspiration Calculation
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Abstract — Riparian forests have a strong influence on mgawater levels and groundwater sustained
stream baseflow. An empirical and a hydraulic \e@rsif a new method were developed to calculate
evapotranspiration values from riparian zone growaidr levels. The new technique was tested on the
hydrometeorological data set of the Hidegviz Valllegated in Sopron Hills at the eastern foottulis

the Alps) experimental catchment. Evapotranspinatialues of this new method were compared to
the Penman-Monteith evapotranspiration values dmalé hourly scale and to the White method
evapotranspiration values on a daily scale. Seitgitinalysis showed that the more reliable hydcaul
version of our ET estimation technique is most #imes(i.e., linearly) to the values of the satect
hydraulic conductivity and specific yield takenrrdhe riparian zone.

evapotranspiration / riparian zone / water resourcs / alder forest

Kivonat — Evapotranszspiracié szamitasa a vizfoly&senti zona talajvizmérlegébl. A ligeterd
tarsulasok hatdsa jelest a vizfolyAsmenti zéna talajvizmérlegére és igy viafolyasok
talajvizutanpoétlasbol szarmazé alapvizhozamarA igzfolyas menti zona talajvizszint valtozasanak
vizsgalata alapjan egy hidraulikus és egy empirtdasodszerekl allo 0] eljarast fejlesztettiink ki az
ottani vegetacié csapadékmentes sikhkokban jellemz els sorban a talajvizh taplalkoz6
evapotranszspiraciéjanak szamitasara. Az Uj modszeBopron melletti Hidegviz-volgy kisérleti
vizgy jt jének adatain teszteltik. A mddszer altal szolg@dtttaevapotranszspiracios eértékeket
6sszehasonlitottuk a Penman-Monteith-féle egyatietimolt adatokkal féléras i@lbontasban, és a
White modszer Aaltal szolgaltatott adatokkal napi fetbontasban. A modszerre készitett
érzékenységvizsgalat szerint a talaj telitett hilkas vezetképességnek és fajlagos hozamanak a
pontos ismerete nagyon fontos a modell megfetelkddéséhez.

evapotranszspiracio / vizfolyadsmenti zéna / vizkéletek / égerliget

1 INTRODUCTION

Riparian vegetation (especially riparian forestsystems) typically has a great influence on
groundwater levels and groundwater-sustained strbaseflow, therefore calculation of

’ Corresponding author: zgribo@emk.nyme.hu; H-940@BON, Bajcsy-Zs. u. 4.
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correct evapotranspiration values is very importeorh the point of view of nature protection
and utilization of water resources. Numerical hygymamic models demand exact
groundwater evapotranspiration data also to caleuftagional or local water balances.
Therefore vegetation influence on the riparian gowater resources and on the baseflow
regime has been intensively investigated in alnadisparts of the world in the last decades
(e.g. Federer 1973, Goodrich et al. 2000 etc.Hungary at the Komldsi telep experimental
station of VITUKI, the evapotranspiration impactterihe groundwater investigated, and a
method developed to estimate groundwater evapgratisn based on the daily groundwater
level readings of piesometer nests (Major 1974).

In the summer season, there is a strong diurneiufition of groundwater level§igure
1 uppej and stream base flowrigure 1 lowe}j exists. As a rule, in the case of base flow, the
maximum discharge occurs around seven o’clock énntlorning and the minimum about in
the middle of the afternoon. A detailed descriptdrihis characteristic signal and vegetation
impact on riparian groundwater balance in case wf experimental catchment (Hidegviz
Valley) can be found in Gribovszki et al. (20063 dfalicz et al. (2005).

In early investigations the main driving force bétdiurnal signal was thought to be the
diurnal temperature change-induced successionagaation and condensation processes in
a shallow groundwater environment (Ubell 1961).ekatt was confirmed that this fluctuation
is mainly caused by the evapotranspiration of igmazone vegetation (Portge 1996).

Figure 1. Diurnal fluctuation of riparian groundwet levels and stream base flow
in 2005 in the Hidegviz Valley

Several authors have investigated the linkage lertweparian transpiration and
streamflow rates (Troxell 1936, Croft 1948, Tscleihik963, Reigner 1966, Poértge 1996,
Lundquist and Cayan 2002) but only a few attempoeglstimate the evapotranspiration (ET)
rate of the riparian zone (White 1932, Bond eR@0D2) by using the observed streamflow and
groundwater fluctuations, or to provide an anabjtdescription of these signals (Czikowsky
2003, Czikowsky - Fitzjarrald 2004).
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It can readily be established that the diurnalttiation of the riparian zone groundwater
table and stream base flowigure 1 and Figure Rare due to the transpiration needs of the
plant life (because evaporation is negligible ie tiparian forest in dry periods). The water to
supply these needs can be drawn from the inflothécarea or from groundwater storage, or
from both. For example, during highest groundwégeels, the water table remains constant
for a short period. This means that during thisquethe inflow to the groundwater table is
sufficient to supply all the transpiration demandssinking part of the groundwater levels
transpiration not only uses all the inflow but alsavily utilizes the groundwater supply. At
the minimum point the transpiration losses haveeased to a level where the inflow is again
sufficient to supply these needs. At the risingt pdrthe curve the transpiration needs are
much less than the inflow, and surplus water isestocausing a rise in the groundwater table.
It is thus apparent that the groundwater recordasely an accumulative curve of the rates of
inflow and the transpiration-use (Troxell 1936).

Figure 2. Schematic model of riparian zone

The maximum transpiration will occur at the poirftowing the maximum rate of
decrease in the groundwater table. This point ofimam use occurs at or near the time of
maximum temperature. Likewise the period of minimtranspiration begins when there is
the point showing the maximum rate of rise in theugdwater table. This point agrees fairly
well with the beginning of the night, and therefdmever temperature period, without
significant net radiationHjgure 1).

Walter N. White (1932) suggested that it was pdedibdetermine the daily transpiration
by means of groundwater records diurnal fluctuat(émgure 3). If the transpiration is
assumed to be practically zero during the earlyfofithe morning, about 2:00 to 4:00 a.m.,
then the rate of rise in the groundwater tablerduthat period would be the rate of recharge.
A tangent was then drawn to the curve at this pmiatkedr [L]. This represents the rate of
recharge of the groundwater table. If this rate veasontinue throughout the 24 hours and
there were no transpiration or other losses, themiable would rise an amount equivalent to
the distance marke@4r. Transpiration occurred, of course, and insteadrising, the
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groundwater table dropped the distasgk] during the day. Consequently, the transpinatio
loss would be the following equation (1).

ET=S,(24r 9 (1)

Where §is the readily available specific yield of a sail which the fluctuation takes
place. The readily available specific yield is takas 50% of its specific yield (Meyboom
1964). A reduction is certainly justified sincegakes some time for the drainage to adjust to
any new conditions introduced.

Figure 3. Basic principle of White method

2 MATERIAL AND METHODS

Although White method might provide a fairly goostimate, they are subject to a certain
error. This error is based on the assumption tmatrate of recharge continues as a straight
line throughout the 24 hours (Troxell 193B)gure 4 shows a typical daily fluctuation of the
riparian zone groundwater table. Late at nightayein the morning, when transpiration is
practically nothing, the height of the groundwdtdle and the static head are nearly the same
and the processes are similar to those in the darseason. In early morning, when the
groundwater table in the riparian zone is the reghthe difference between the static head
and the ground water level the smallest, so the ahrecharge will be the minimum at this
time. The increase of the transpiration drain angroundwater supply causes a depression in
the riparian zone. As the water table drops, tretadce between the static head and the
ground water increases. This increase in differexideeight causes an increase in the rate of
recharge, so that in the afternoon the rate of rechargkebeithe maximum.

Thus it is evident that the rate of recharge not a straight line but a curve which ranges
from zero at the height of the static head to aimam some distance below that point. In
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view of Figure 4 it is not unreasonable to expect that at thetpmfimaximum groundwater
levels, the rate of recharge will be a minimum atdhe point of minimum groundwater
levels, the rate will be a maximum.

Evapotranspiration rates were calculated from ibendl cycle of groundwater levels. A
simplified water balance equation (2) and Dupuitisory equation (3) (Kovacs 1972) were
used for the evapotranspiration calculation.

dS/dt=Q,

net -

ET )

—_ — k 2 2 k 2 2
Qnet - Qinﬂow - Qoutflow - m(H -h )- _(h - ho) (3)

WhereS[L?] is the stored volume of a unit area of the riparzone ET [L*T?] is the
evapotranspiration rate a@he: [L*T] is the net inflow rate (which represents the exgl
rate and is defined as the difference betweerQnano() and outflows (Q.) to the unit area of
the riparian zonek [LT™] is the average saturated hydraulic conductivitihe riparian zone
aquifer,H [L] is the groundwater levels far enough [L]) from the riparian zone where
diurnal fluctuation or its impact is close to zelq|L] is the position (distance from the
stream) andh [L] is the water levels of the riparian zone growader well,hg [L] is the water
levels in a streamHgure 2). dS/dtcalculated frondh Sy/dt. H, h andhg are taken relative to
an assumed horizontal impervious layéiigire 2), not necessarily at the stream-bed
elevation. The method is moderately sensitive ® dlevation of this impervious layer as
datum. With every 0.1 m lowering of the datum (uitlthe 0-0.5 m interval, which seems
realistic in our geomorphological situation), thelg ET estimates increased by only 3—-5%.

We assumed that in a small scale catchment thegbdt@ireamwater levels (only a few
cm) compared to riparian zone groundwater levetegigible (l»0). Therefore equation (3)
can be simplified to equation (3a).

_ (HP-h) n*

Qnetinflow - 2(L _ |) 2l (3a)

The method oET calculation has the following stefdsigure 4):

First derivatives of groundwater levels were mabdalf( hourly interval). This curve
represents the rate of change in the riparian gheater table, or the rate Qe minusthe
rate ofET are divided by§,.

Qnetvalues were calculated with two different methaglmgirical and hydraulic).

In the empirical method the maximum @fe: for each day was calculated by selecting
the largest positive time rate of change valudhedgroundwater level readings such Qs
S dh / dt while the minimum was obtained by calculating thean of the smallest time rate
of change inh taken in the predawn hours. The resulting valdeth® Qnet maximum and
minimum inFigure 4then were assigned to those temporal locationsemte groundwater
level minimum and maximum took place. It was folemhby a spline interpolation of tli@e:
values to derive intermediate values between thexipd extrema. Most probably the
resulting empirical maxima are somewhat smallen ttiee corresponding actual maximum
supply rates by virtue of tHeT term being unaccounted for in Eq. 6 in this engpirmethod.

At the same time, the estimated minima are somelahgeér than the actual minimum supply
rates, due to the necessary averaging and duesenaional evidence that groundwater
levels reach their maxima somewhat later, i.ewbeh 6 and 8 a.m. in the summer. However,
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thedh / dtvalues of this period (i.e., between 6 and 8 astmould not be used because by that
time ET may have already become significant, thus leattingcreasedih / dtrates.

In thehhydraulic methodve use Dupuit’'s assumption (3) to calcul@g; (Figure 4. The
values ofk, h, |, H, andL are required for calculating & The values ok, handl are
known from local measurements, bitandL must be estimated values can be determined
from the assumption, that in the late night hourdiemw ET is around zero,
dS /dt= Qet (4).

dS1  h?
H= | —=+— 2(L-1)+h? 4
\/dtk z 2D )

Only oneH value (between 2 and 4 am) can be calculated foh elay. We must
interpolate between thedd values so as to get as muéhdata as we need. (Spline
interpolation was used.)

If we have information about the exact directiortlod groundwater flow in the riparian
zone at the baseflow period, we can better desthibeeal situation if we lay down the cross
section in the main direction of the groundwateowil This is important when the
groundwater streamlines become parallel to strezem the steam channel.

Half hourly ET values were computed from the difference betw@gnvalues and the
stored volume changed® of the riparian zone Hgure 4) as rearranging Eq. 2.
ET=Q,, - dS/dt.

net

Figure 4. Groundwater levels, their derivative ahe transformed Q: (recharge)
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Before the application of the hydraulic theory, dres to decide about the location at
which the groundwater levels must be observed, iésdemporal derivatives must be
computed. As Bauer et al. (2004) and Loheide et28105) demonstrated, the middle part of
the riparian zone expresses the least spatialtiargaand represents average conditions as
long as the riparian-zone vegetation is fairly hgemeous. They also note that boundary
condition effects (such as a heavily damped sighaliurnal groundwater level fluctuations
near the channel) typically die out within a fewters from the stream.

It is important to note, that the exactness andstudbed state of the basic groundwater
level data set is very important, because diffeatioh of the groundwater level record may
invoke large errors in the resulting ET estimatiwhnenever the original groundwater level
measurements are inaccurate. Therefore in moss ¢asenecessary to smooth data with a
low pass filter. But you must care about the widftithe filter window and the type of the
filter, so not to loose too much information. Orfetlee solutions to get a better data set is to
collect as frequent data as possible, and aftenaasttonger filter can be used (e.g. if you
need hourhET data, you must sample groundwater data at leasy éen minutes).

3 RESULTS

We compared diurnal patterns of vegetation traatipm with riparian groundwater levels in
our study site (6 kimthe Hidegviz Valley watershed in Sopron Hills)Western Hungary
(Figure 5). A detailed description of the study catchmenarebteristics can be found in
Gribovszki et al. (2006).

Figure 5. The study catchment and the locatiormefgroup of groundwater wells

The geology of the catchment is crystalline bedrdekosited in the tertiary (Miocene)
period, and fluvial sediment, which is strongly lassified. The fluvial sediment was
deposited in five layers.
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Only the two upper layers appear on the surfaceth®rhilltop and hill slope a Felstddl
Gravel Formation is found. It is 2050 meters thick. This contains coarser gravelsfenedt
loam, and is therefore strongly unclassified. Oa v¥hlley bottom, the finer material of the
Magasbérc Sand Formation appears everywhere. Tlhgees are a good aquifer, so the
valleys have a perennial streamflow (Kishazi-lvace4981-85).

The riparian zone vegetation is an alder [Alnugigbsa (L.) Gaertn.] dominated forest
ecosystem. The mean height of the young to midgkel aiparian forest stand is 15 m and the
mean diameter of the trees is 13 cm.

The groundwater levels distance form the soil srfehanges between 0.6-0.9 m in the
riparian zone in dry periods. Therefore the roatezof the trees can reach groundwater levels
(or at least the zone of capillarity) every dayhs year.

Groundwater levels were measured close to thetquaiat of the main study catchment
(where a group of wells were bored some years bg®ensors functioning on the principle
of water pressureF{gure 5). We used the data of one groundwater well (dehbie2+ in
Figure 5), which is situated in the middle of an approxieta®20-m wide riparian zone of the
west bank of the stream.

The above mentioned parameters of our site, whiemacessary for thET calculation
can be found iTable 1 H values come from the computation. Thealues were measured in
the groundwater well of the riparian zone.

Table 1. Parameters for ET calculation

k (m/s) S | (m) L (m)
Used values 1.8 10 0.05 9.4 30
Range 1.118-2.910 0.01-0.1 - 20 - 110

k saturated hydraulic conductivjtgtetermined from several (16) slug tests (Thydle1 983, Schwartz-Zhang 2003).

S, readily available specific yield, computed frogi2n where gis the drainable porosity (we assumed that in
case of shallow groundwater table the drainablesityr and specific yield is nearly the same).

I, the position (distance from the stream) of tanian zone groundwater well

L, the distance from the stream, where diurnal flatton probably has no impact on the water table

Representative rainless periods in the year 200% Haeen chosen from hydro-
meteorological data sets for analysis. Some miceteorological models (Monin-Obukhov,
Svedrup, Thornthwaite-Holzmann, Penman-Monteithyewased to calculate the riparian
evapotranspiration and results were compared vetih @ther. The Penman-Monteith model
(Allen et al.,, 1998) was the best correlation wetapotranspiration values which were
determined from groundwater levels. Therefore is waed in the further analyses. Parameters
(which were used for the Penman-Montieth methodjewaeasured some hundred meters
from the group of groundwater wells.

Firstly three dry periods (a spring, a summer amaéwaumn) was chosen for the analysis
of the new method. Half hourlgT values were computed and these values were cothpare
with the Penman-MonteitET values Figure 6). This comparison showed that the Penman-
Monteith ET values are similar in daytime but lower at nigha&rt empirical and hydraulic
diurnal methodET values.

A problem can be seen around the time of the maxshenge of groundwater levelST
values of the new method go to zero or below zerthia time. This mistake was caused
because the calculatége rate is not able to follow the strong change of itb@ recharge
rate. The problem is most obvious on hot days ambst negligible in the first part of the
recession periods.
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Figure 6. Half hourly ET values for three charadstic periods

The White method was used for calculation of corapbe dailyET values (Eq. 4).
Daily ET values of new methods were computed from summimdnalf hourly ET data
and compared with the WhiteT values Figure 7). Both empirical and hydraulic diurnal
methods give higher dailgT values than the White method. These differencesectsom
the basis of the methods. The White method takesomstant recharge rate into
consideration for the whole day, and this rechaege comes from the minimum recharge
period (in the late night), when groundwater led#ferences between the riparian zone
and the background is minimal. Empirical and hytimamethods calculate a periodical
changing recharge rate, which is maximal in therathon and minimal in the late night or
early morning. Therefore they give higher dady rates Figure 6). Making a comparison
between the hydraulic and empirical methods, wenfotshat different methods give
different values in different seasons. Generally ca@ say that mistakes in water table
records influence empirical method values more.ré&toe the hydraulic method values
are more reliable.
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Figure 7. Daily ET values of White, empirical angdhaulic method
Sensitivity analysis Tabled of the above mentioned hydraulic method showeat th
changing of the hydraulic conductivitk)(values has a strong influence &1 values.
Changing oL cause only a slight modification BfT values

Table 2. Sensitivity analysis of the method fondt b (test period 29.08 to 09.09)

k (m/s) S ET value (mm/day)
k minimum 1.1 10° 0.01 1.32
k median 1.8 10° 0.05 8.51
k maximum 2.9 10* 0.1 55.10

L (m) ET value (mm/day)
L (side of the riparian zone) 20 9.43
L (proper distance) 40 8.51
L (a magnitude further) 110 7.93

Syis also changed, because it is strongly relatéd to

L (side of the riparian zone) means that distancd ffom the stream is exactly the same as the witlthe
riparian zone

L (proper distandemeans the distance, where the riparian diurnaltfation has no significant impact on
groundwater levels any more.

L (a magnitude further) means that | distance is one magnitude longer thafside of the riparian zone)
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4 CONCLUSIONS

The newET estimation method is a modified version of thegioal White method (1932).
This new method is based on the diurnal fluctuatbrgroundwater and can give daily or
more frequenET values. Thes&T values can be estimated from the record (in dessn
period) of one correctly situated groundwater wel.o sub methods were developed (called
an empirical and a hydraulic method). FSF determination using the hydraulic method we
need only high frequent groundwater levels data angéasonable value of riparian zone
saturated hydraulic conductivity. If you had nos@aable value of hydraulic conductivity,
you should use the empirical method Edr calculation.

The new hydraulic method is sensitive to the exdetermination ofk (hydraulic
conductivity) andS, (specific yield) values. If we want to use thistheo& for hourly or more
frequentET determination, we must note that the method (whiomes from the main
principle of the assumption) always giM€$ values around zero at late night.
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Profile Tests to Optimize the Utilization of Wind Energy

Andrea KRcsl — Karoly TAR

Department of Meteorology, University of DebrecBebrecen, Hungary

Abstract — We have to know the property of air movementhirb height of wind turbine on
understanding that we want to utilize of wind poweonomically. We can calculate wind speed from
near ground measurement to hub height but alwayes méstake in results depend on applied method.
In Hungary the Hungarian Meteorological Serviceriedr out expedition wind measurements with
SODAR equipment to study wind potential of the doynvithin a frame of a scientific competition.
We analysed SODAR data from Budapest, Paks ance8zeith statistical method looking for answer
to our following question: How can frequency distiiions of wind speed and wind direction in
different height change? Are there any differenicesorm of wind profiles and in wind power in
different wind direction sector? How can daily ceeiof wind speed and potential of wind energy in
different height change? At the same time, we ssppbat there is a so-called “inflection altitude,”
where the daily course of the wind speed and wiretgy is random. We try to determine this altitude
on the basis of tower measurements in Paks. Fimadlget an example to the distribution of specific
wind power according to parts of the day

power law exponent / daily course of wind speed DAR and tower measurements

Kivonat — Profilvizsgélatok a szél energetikai hasmsitdsanak optimalizalasahozlsmerniink kell

a légmozgas tulajdonsagait a széter tengelymagassagaban, amennyiben gazdasagosaméakre
hasznositani a szél energiajat. Talaj kozelébenategérésekld szamithaté a tengely magassagaban
a szél sebessége, azonban eredményeink az alk#éinmatszertl figg en mindig hibaval terheltek.
Magyarorszagon az Orszagos Meteoroldgiai Szolggdl@DAR berendezéssel végzett expedicidos
szélméréseket az orszag szélpotencialjat felmkutatds keretében. Ebben a tanulmanyban
Budapesten, Pakson és Szegeden végzett SODAR kédsteait statisztikai médszerekkel elemeztik
a kovetkez kérdésekre keresve a valaszt: Hogyan valtozikétsshesség és a szélirdny gyakorisagi
eloszldsa kulonb6z magassagban? Van-e kilonbség a szélprofil alakjabdilonbdz
irdnyszektorokban? Hogyan valtozik a szélsebesseq dajlagos szélteljesitmény napi menete
kilénbdz magassagban? Ugyanakkor feltételezzik, hogy kéeggi Un. ,inflexiés magassag”, ahol a
szélsebesség és szélenergia napi menete véletlendzgaksi toronymérések segitségével prébaltuk
meghatarozni ezt a magassagot. Végul bemutatunipélghit a fajlagos szélteljesitmény napszakok
szerinti eloszlasarol.

széler fuggvény kitev / szélsebesség napi menete / SODAR és torony mékés

’ Corresponding author: kircsia@delfin.unideb.hu4®1-0 DEBRECEN, Pf. 13.
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1 INTRODUCTION

The National Meteorological Service has bought D8R (Sonic Detection and Ranging)
appliance, which measures the horizontal comporensnd with sound waves, to prepare a
detailed study of changes in wind power vs altituda research aimed at measuring the solar
and wind energy potential of Hungary. It is corrdied by international tests and
experiences gained in Hungary that measurementSMPAR are very precise (Vogt —
Thomas 1995; Seibert 1998; Baumann-Piringer 20@bi Bt al. 2006). Several studies have
been written on testing the properties of the Hatirexponent used for a simple description
of the wind-profile (Tar 2007a; Dobi et al. 2006).

By analysing the expeditionary measurements matle S@DAR in Budapest, Paks and
Szeged between 2003 and 2004. We were trying tbtfie answer to the question of how
wind properties change at varying heights and whieil—known wind-profile context
approaches it more precisely. The properties ofdvgipeed and specific wind power were
studied at several heights during the day on tisésha data of tower measurements in Paks,
during the years 2000 and 2001 (Tar 2004, Tar 2007b

The new measuring device can measure the prop@fiesotion even at 20 different
heights, between 30 m and 315 m with a resolutfohSometres. One part of analyses was
carried out between height of 30 metres and 120ewmeh accordance with onshore wind
energy utilization on the basis of data of 7 aftés. The number of data that can be evaluated
above 120 metres, as is shown by experience in &yngan be decreased even below 60%,
which means significant statistical uncertainty. fBa other hand, the full height of onshore
wind turbines with rotor blades included cannotemda 150 metres by European law, so the
wind-data measured at an altitude of 120 metresiged information about wind motion
characteristic of the hub height of the highessjies wind turbines which can be deployed.

The distribution of wind direction frequency waslcedated on the basis of 12 30°
intervals. A specific feature of the representaiiofrigures 1, 2, and3 is that it shows the
distribution of wind speed with 1 m/s precision.ushnot only the more frequent, dominant
wind directions can be seen, but other ones tobishianportant in terms of strength and is
characterized by a higher average speed. In addifie frequency of wind direction as well
as the resulting wind direction calculated by meainthe average wind speeds measured by
directions as show in tHeyures1-3too.

The observations were of expeditionary nature hgodiata of Budapest extends froth 1
April of 2003 to 3¢' June, the beginning of summer. The observatioraiks were made
from 15 November of 2003 to 39February of 2004, mostly in winter, whereas theadaeom
Szeged processed are available for 4 months ffbdutie to 38 September of 2004. Wind
measurements carried out between 30 m and 315 Imlwiinute frequency. The averaging
period was 10 minutes.

Parts of the analyses were made with software dpedl by Mistaya Engineering Inc.,
calledWindographer 1.04while the others with that of Lakes Environme#RPLOT View
5.2.1representing a wind rose.

2 RESULTS

2.1 Changes in wind direction and wind speed at dérent altitudes

Measurements made in Budapdsig(re 1) show that in the spring and early summer
period North-Westerly winds were the most commoalbaltitudes in 2003. At higher and
higher altitudes, the dominance of North-Westerndadirection was even more pronounced
marked, while closer to the ground Northern wirehjfrency is significant. If we account for
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the distribution of wind speed by direction, it da@ seen that the generally dominant North-
Westerly wind has the highest average speed, andgh its volume, the biggest potential

energy content. Detailed tests showed that winddpelowest at early dawn, or sunrise at all
heights. During a day the highest average-spedddoat height of 120 metres was typical

between 5 and 10 p.m.

120 m 120 m

30m 30m

Figure 1 Relative frequency distribution of windedition and wind speed by wind direction
categories 30 m and 120 m above the surface froDAFOmeasurements in Budapest

The average wind speed increased at higher lewlish also leads to a change in the
shape of distribution. Ifigure 1the relative frequency distribution is shown in thwights.
In Budapest, the frequency of the calm period (¢8 wind speed) is more than 20% even at
a height of 120 m, which may reach 45% near grdemdl (30 m). The commonly used
Weibull distributionis applied Its scalar €) and shapekj parameters can be calculated in
different ways at all heights. Our study shows ttie shape parameter of the Weibull
distribution applied for the measured dat&+2 and it only changes to a hundredth value up
to 120 m. At the same time, scale parametbas a speed dimension (m/s), which changes
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within a wide range depending on the average sprddhe height (in a range of 3.9-5.96 m/s
at a height of 30-120 m). As a result, the potérsieecific wind power of the air is almost
tripled between 30-120 m (30 m: 47 W/emd 120 m: 162 W/f

With fluctuating wind, a wind turbine produces etexsty in a well-definable wind-speed
range. It reaches its nominal power at a given wgjpeked. It is determined by the distribution
of wind speed and the technical properties of thedwurbine as a function of the time
available for the wind turbine to produce electyidior a network. With the distribution of
wind speed known, the value of utilized capacittda (%) is a crucial parameter in assessing
how economical a wind turbine will be and as wedl ia testing the feasibility of an
investment. In Europe, it is 23-25%, which does @eoén rise above 40-45% in excellent
offshore seats (IEA 2005). If there had been a VESV90 1.8MW nominal capacity wind
turbine with an axis height of 105 m in the exardineeriod near the measuring site in
Budapest, its capacity factor would have remaineldv 20% (19.2%) based on local wind
measurements at an altitude of 105 m. Of course,fdctor does not only depend on the
technical parameters of the wind turbine, but @wtind conditions of the given year too.

The place of setting up SODAR in Budapest cannotelgarded as most optimal for a
wind turbine from the aspect of energy. Althougé thte of utilization is below the European
average, it is not the worst in Hungary. Anywaywé know exactly the distribution of wind-
speed, we can find a type of wind turbine, optiragis height, which exploits the local
conditions best.

In Figure 2 it can be observed that near ground level irsPagtween i November of
2003 and 29 February of 2004, both North-Western-Northern &uodithern-South-Eastern
winds were very frequent.

This local element of the terrain is of key-impoxta from the aspects of wind-motion,
and it can be explained with the location of thenlllze Valley. The North-Western wind is
dominant at an altitude of 120 m, but Southern wjreb much common elsewhere, are less
frequent here.

However, the dominant character of North-Westemmdwiis obvious based on the energy
content of fair motion. Southern air motions ar@omary importance mainly in the morning
period, while in the afternoon and in the eveniddgprth, North-Western winds of
considerable specific wind-power are common.

Average wind-speed at an altitude of 120 m appresw¢hm/s though near ground level,
the average values are around 3 m/s similarlygmtie measured in Budapest.

According to measurements made mainly in the wip&tod, wind speed changed less
during the day than in Budapest. The shape paranoét&Veibull distribution k) hardly
changed K=2), whereas the speed-dependent scale paran®@tdoijbled (3.09 m/s 30 m,
while 6.66 m/s at an altitude of 120 m). Accordingspecific wind power at 30 m above
ground level increased from 24 Wiio ten times higher at 120 m, to 224 \¥/m

The place of measurement in Paks seems a more r&bleulocation in terms of
available wind force compared to the one in Budgpes the energy content of the wind
exceeded 220 W/mat an altitude of 120 m. Vestas V90 wind turbirithvan axis height of
105 m, and with nominal power of 1,8 MW would haeached 25% capacity factor under
similar wind condition. North of Paks, in Kulcsas operating Enercon E-40 wind turbine
with nominal power of 600 kW since 2001. Accordittgexperiences between 2002 and
2006 the yearly capacity factor has not reach highan 25%, but the axis level is only
67 m (Stelczer, 2007).
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120 m 120 m

Figure 2. Relative frequency distribution of windedtion and wind speed by wind direction
categories between 30 m and 120 m above the suraneSODAR measurements in Paks

The data measured betweet June and 30 September of 2004 with SODAR at the
airport of Szeged is available to analyse. The INoréstern winds seem to be dominant on
the basis of wind direction frequency as is showirigure 3 As the height increases the
number of southern directions decrease, while Nonth North-Eastern winds are more
frequent, though Southern directions have stromgdvépeed at an altitude of 120 m. The
parameters of Weibull distribution in Szeged betw88 - 120 meters are between 2.1 - 2.2,
while the scale parametar) 30 m - 3.77, at 120 m — 6.09.

The average wind speed in Szeged at 120 m hardleels 5 m/s, which means that the
energy content of the summer months in 2004 at dliside was lower than the values
measured in Paks (140-160 W/mt altitudes 105 and 120 m, though they did néfedi
significantly from the data measured in Budapdss tommon knowledge that the summer
period is less windy in Hungary than winter or sgriwhich explains why Szeged seems
unfavourable place in terms of a wind supply in éxamined period for industrial-size wind
turbines producing electricity for the energy netkwo
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Taking into account the data of the measurementeeér month period, a Vestas V90
with 105 m hub heights with 90 m of rotor diamedad 1.8 MW nominal power could have
reached around 20% utility rate in Szeged.

120 m 120 m

30m 30m

Figure 3 Relative frequency distribution of windedition and wind speed by wind direction
categories between 30 m and 120 m above the surfameSODAR measurements in Szeged

2.2 Average and normalized wind profiles

Changes in wind speed at different altitudes carddscribed with well-known wind-
profile contexts: with logarithmic relation usednreteorology,

u@)=—In— (2)
Zy

(whereu- is friction velocity, k=0.4 is Karman’s constang, is roughness height) or in
engineers’ work with a simpler exponent variant,

Acta Silv. Lign. Hung. 4, 2008



Profile Tests to Optimize the Utilization of Winddggy 113

u z, °
2 _ 2
0z 2)

(whereu; is wind speed (m/s) im reference height); is wind speed in sougla height,
anda is Hellmann’s exponent).

Theoretical logarithmic wind profile (1) contextrcae easily used according to tests of
planetary border-layers above 100 m near the groamd at higher altitudes at 925-850 hPa
altitude in almost neutral unstable balance situnati that is mainly found during the day. The
fault-rate of assessment is highest near groural,l@vthe case of inversion, rather unstable
conditions, especially at night.

Owing to the simplicity of the context (2) it issal used in the case of wind
measurements aimed wind energy for the extrapolaifonind speeds for the height of the
wind turbine. However, based on data from metegjiold towers and wind measurements of
wind energy, the valua can be made more precise according to surfaceofricRadics
(2004) says that the values of the exponent ark @:ér a flat water surface, 0.2 over rough,
hilly surface, and 0.28 over settlements. Thougheaphasizes that the exponardepends
on wind speed (at higher wind speed its value @sa® beside the roughness of the surface
and from temperature layers of the air too.

The value of the exponent has a wide range not @@pending on the roughness of the
surface but also as the resultant of several athesgpfactors (Tar 2007a; Dobi et al. 2006).
All scenes of measurements found determinate dailyse of a power law exponent, which
reflects seasonal differences.

The shape of average wind profiles at the threatiogs is the resultant of local effects.
We examined with which theoretical relationships wind profiles defined from the SODAR
measurements can be approached more preciBgiyre 4 shows how the average wind
speed calculated for the complete period of measemé depends on a height between 30 and
120 m. Quite strangely, the values of Szeged amthpest parallel each other up to 60 m,
while from this height those of Paks and Szeged,l@iween 55 and 60 m the averages are
almost equal, about 4.2 m/s.

According to correlation indices it is the logantit function in Budapest, while in the
other two stations the exponent one that suit @st in this layer.

m/s average wind speed

——Budapest, March-June, 2003

3L - ____ 1 —O— Paks, October, 2003 - February2004 | - - _ _ _ _

C —/— Szeged, June - September, 2004

height (m)

30 45 60 75 90 105 120

Figure 4. Average wind speeds at different heifrtshe whole measurement periods

When accounting for all the data available for@@15 m, it can be pointed out that over
60 m the logarithmic context is excellent in Budstpevhile in Paks was unfavourable in
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concept Figure 5. Changes in wind speed are best described byexipenent context
basically at all heights, but especially above 120n Paks. We found a marked breakage
point in the shape of the wind profile in Szegelefe we judged the exponent formula more
precise up to 75 m near the ground, while betw&eB1% m the logarithmic description with
a 15 m range.

From another point of view we produced normalizedfies in the most frequent
dominant wind-directions (Mellinghoff et al. 2000)Vhen normalizing, we accounted for
wind motion stronger than 4 m/s, which is of keyaortance in terms of energy production.

Budapest Paks

Szeged

Figure 5 Average wind profile in Budapest, Paks an8zeged and its fit with log law and
power law function

Through this condition we managed to decreaseahger of our data, whereby smoother
profiles could be produced. Normalization was eafrout with the wind speed of the 75 m
height, so the relative profild-igure 6 depending on wind direction was defined from this
base point.

Introducing the wind speed value virtually emphedizhe defining character of north-
western 315-345° wind direction sector in all legas. This means that we can compare
different locations with identical wind directioriBhe typical wind direction in Paks is (180°)
Southern, while in Szeged sector 275-315°.

It can be seen ifrigure 6that the speed of north-western wind is 25% lowestam
above ground level than at 75, but it is only 10ighler at 120 m. There is an inflection
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point in the relative profile at about 60 m, an@ tind speed per unit height above it
hardly changes.

The gradient of wind speed was the highest in Paksiear-surface wind was even 40%
weaker, while at the seventh level it was more t@% bigger. The speed difference of the
two levels was almost twice as high as in Budapest.

On the whole, the experience gained in Szeged wagiye compared to Budapest,
though as effective as that obtained in Paks. Tierence in speed between 30-120 m was
almost 40%. The decrease in wind speed near grewetiwas more moderate, which may be
related to the kind of terrain found on the plain.

R T
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Budapest Paks Szeged

Figure 6. Frequency distribution of wind directicand normalised wind profile in
prevailing wind direction, where average wind spéehigher than 4 m/s, in
Budapest, Paks, and in Szeged

Szeged can owe its more favourable evaluation rimdeof commercial utilization of
wind energy to the fact that the dominant wind climn is westerly, and that winds higher
than 4 m/s arrive frequently from sector 285-31Bis local characteristic feature would
moderate energy quantity, which would be exhaubtethe wind turbine when turning into
the direction of the wind.

2.3 Factors influencing the shape of the wind prai

There is general agreement in the literature tipairtafrom the characteristics of the
surface (the relief, the cover of the surface, hmags and artificial obstacle) the shape of the
wind profile above ground level is regulated by espheric factors too. So, it is affected by
large area weather phenomena, stability of the sphmere, its temperature structure as well as
the distribution of humidity. During the researcBQDAR was only set up on a plain,
whereby we could disregard the complex effect efrilief. This made the roughness of the
surface a significant factor.

The roughness height n the logarithmic wind profile means the thearaliheight
where, wind speed becomes zero. If we know the&ypoughness height value of an area,
the speed of wind can be defined for other heightts a certain wind profile.
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If the wind profile is well-known, roughness heiglgtcan even be calculated for wind
direction sectors, or in the Hellman context (2 tralue of the exponent. This means that
SODAR measurements provide detailed informatiorthenclose vicinity of the measuring
place. Ideally, wind measurements of energeticreashhould take place in an environment
complying with the practice of synoptic statiorsai completely open flat, short-grassed area
with a roughness height area @£@.03 m. Very low g value should be calculated in all
directions. On Figure 7 shows calculatedvalue from SODAR measured wind profile in
synoptical station of Hungarian Meteorological $esvn Budapest, Paks and Szeged. It can
be seen irrigure 7that none of the locations seem ideal from all {soaf view.

Budapest Paks Szeged

Figure 7. Effect of roughness by wind direction8udapest, Paks and in Szeged

In the surroundings of the Budapest (Pestszend) measuring station we found effects of
buildings, or a higher roughness element in noastern north-western direction (Figure 7).
The main observatory of Hungarian Meteorologicalvige is suburb surroundings of SE part
of Budapest. The location is mostly flat, but olsgéory is on a small hill, so higher than
surroundings area. In Paks, the effects of locaimehts of roughness could be measured
virtually from all directions in the period of datallection. This location proved very rough
by all categorizations of roughness. This mete@icll station locates close to forest belt of
the nuclear power plant in Paks, so this forestdragnfluence on wind measurements. In
Szeged the meteorological station located in westete of city nears the airport. We can
observe clearly that the north-north eastern sastoharacterized by high roughness, while
from southern directions the measuring point is gietely open. In the north-eastern
direction we detected the effects of the industiad suburban area of Szeged approx. 500m
from measuring station.

Our former statements were also corroborated by videes ofa exponent in the
exponent context defined by wind direction sec{@yswhich is shown numerically biable 1.

By this table in the case of Szeged the average=s2, in Budapest it is nearly 0.3,
while in Paks it isa=0.4-0.5. If we consider that wind from the nortestern (330°) is
dominant, then Budapest and Szeged are very sjrai0.26 , while in Paks it i5=0.52.
The latter values reveal good correlation with i@sults calculated from tower measurements
in Paks (Tar 2004, Tar 2007b).

From the aspect of practical use it is worth cossig) that if the wind reaches our wind
turbine from a surface of low roughness in the dwmt wind direction, we can produce
electricity with a smaller turbine as wind speedstionger near the surface. In an area of
higher roughness, however, we had better choogggarbwind turbine.
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Table 1. Average power law exponent by wind dioastin Budapest, Paks and in Szeged

Medium value of Budapest Paks Szeged
wind direction sector (°)
0 0.260 0.504 0.244
30 0.235 0.447 0.268
60 0.324 0.427 0.287
90 0.321 0.355 0.238
120 0.252 0.339 0.159
150 0.245 0.501 0.152
180 0.342 0.495 0.168
210 0.256 0.513 0.193
240 0.434 0.539 0.155
270 0.256 0.561 0.222
300 0.239 0.512 0.204
330 0.267 0.526 0.269
a exponent value average 0.29 0.48 0.21

2.4 Determining the ,inflection altitude”

It is interesting both from an energy and a pratferspective that the wind speed changes in
various layers of the atmosphere according to fereiit daily course. Over ragged surfaces,
up to a supposed altitude of 60-80 m (Radics 200#)d speed increases at around sunrise,
and reaches its maximum by early afternoon. By reght at higher altitudes, it shows the
opposite course, i.e. it reaches its minimum les@und noon. Naturally, the same daily
courses can also be observed in both the potevitid energy and in terms of energy utilised
as electricity. According to our preliminary stusli€lar in press), the full-day and half-day
periods of the daily courses were only realistithia two layers in a negligible percentage of
the cases. At the same time, we suppose that dtoilnedary of the two layers there is a so-
called “inflection height,” where the daily coursé the wind speed and wind energy is
random. At this height, wind energy may be consideas constant over the entire day,
meaning that the operation of a wind power planulorequire fewer tasks from the
perspective of the electric control systems. Thewrhof wind energy that can be produced
here, is likely to be less than at higher heights.

The basis for the elaboration of the method useddtermining the inflection height and
the average energy content of the wind was the wpeed data measured every ten minutes
at height of 20 m, 50 m and 120 m on the meteorcdbgower of Paks in 200Eigure 8
shows the average daily course, calculated foetiiee year, at the three heights.

The average speeds for the entire year were 28add 5.9 m/s, while the standard
deviation was a 0.47, 0.25 and 0.49 m/s, respéygtifde fluctuation of the average annual
course at 50 m, therefore, is half of the value suezd at the other two heights, which
suggests that the inflection height should be sbagbund here. Further reinforcing this
hypothesis are the values of the variance ratan(i&trd deviation / average), which are 0.169,
0.063 and 0.082, respectively.
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m/s Paks, 2001
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Figure 8. The daily course of the annual averageiofd speed data
measured every 10 minutes at heights of 20, 50L.a0dn at Paks

The wind speeds measured at every 10 minutes athtee altitudes can be used to
determine the current values of theindex of (2), the so-called Hellmann's law, taking
various altitudes as the starting level. The ave@ghese will yield the daily average course
of the power law exponents, which is shownFigure 9. It is a(hl, h2) on the figure that
means the annual average of the current valueseopower law exponent calculated from
height hl to height h2 (where hl<h2). The dailyrages are, in all three cases, 0.45, the
standard deviations are 0.17, while the variantesare 0.37. The average values are higher
than the values found in the relevant literatureah also be seen in the figuFegure 9 that
the values 08(20,120) can be regarded as the average of the tathe herefore, this power
law exponent will be calculated with first.

a(hyhy) Paks, 2001
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Figure 9. The daily course of the annual averagthefHellman indexes
calculated every 10 minutes at Paks

First of all, the error in the estimate with thelues of the average daily course of
a(20,120) were determined. From the current wind dped 20 m, we calculated the speeds
at 50 m and 120 m, and with the measured valuband, we determined the relative error of
the estimates in%, and then took the average sethalues. The daily course of the average
values is shown ifrigure 1Q It can be seen that, as expected, the erroreokgtimate is
generally higher in case of speeds at 120 m aéjtedpecially in the daytime period. The
value of the daily average relative error was 4&88%0 m and 5.7% at 120 m.
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Figure 10. The daily course of the relative errditloe estimate with
a(20,120) the average power law exponent (20 rBOm ;20 m 120 m)

Next, using the 10-minute average valuesa(?20,120) we calculated the estimated
values of the wind speeds and wind speeds raisédetohird power for every 10 minutes
from the wind speed data measured at 20 m.

The average value of the latter for each pointnretis proportionate to the value of the
wind power, which means we thus also received #ilg dourse of the average wind power.

Figure 11 shows the annual average wind speed calculated thhe estimated values of

the wind speed, as well as the standard deviatimhthe variance ratio. The power law
function laid on the average values shows a fgidgd correspondence (the correlation index
is 0.9952) with a power law exponent (which is dlse value of the Hellmann index in this
case) of 0.34. The values of the standard deviaiahthe variance ratio take their minimum

values at 50 m, which suggests that the infledtieight should also be around this point.
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Figure 11. The annual average wind speed and thianee ratio at different altitudes,
calculated from 20 m with th®(20,120) average power law exponent

Figure 12 provides further basic statistics on the estimatddes. The fact that these are
fairly close at a height of 50-60 m also reinforoes earlier hypothesis.

In order to confirm this we carried out a time-ssranalysis of the average daily courses
of the wind speed values raised to the third paatesarious altitudes: we set a trigopnometric
polynomial consisting of two waves, and examinedréality of the amplitudes of these.
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m/s Paks, 2001:a (20,120)
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Figure 12. Further basic statistics at various altles, calculated from 20 m with the
a(20,120) average power law exponent

That level was considered as the inflection heighigre the period of either wave (24 or
12 hours) was random, and therefore, its amplihatesignificantly different from 0. This can
be determined with the #E ratio of the individual amplitudes (A m=1,2) and the
expectancy (E, the expected value of the amplifudiened by the formula

- Y
E =S/ (3)

If the A/E ratio is big enough, then there is a low prolighbip) for the period to be a
result of the random arrangement of the data, winieans that it can be regarded as realistic
from a statistical point of view. Generally a valokeA,/E>2 can be regarded as acceptable
(p=0.05), but in case of the period analysis oftiveladata, a given wave is also regarded as
realistic in case of /E>1.5 (p=0.17) values (Koppany 1978).Higure 13, the dependence
of the A/E and A/E ratios on height was depicted. It is seen theatffirst, 24-hour wave can
be regarded as realistic at all altitudes on a 8i@ificance level; however, at 40 m, thg A
proportion is 3, decreasing to the critical valadobnging to the 0.01 significance level. At 50
m, the second wave of 12-hour period becomes randbie means that the 12-hour period
from this point on will not characterise the dadgurse of the average wind speed values
raised to the third power. We therefore believe tha inflection height is around 40 m.

An/E Paks, 2001

—a AE [~~~
—n—A2/E

p=0.05
— — =017 -

20 30 40 50 60 70 80 90 100 110 120

Figure 13. Dependence of the/lB and A/E ratios on height in Paks
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This is also reinforced bifigure 14 where the averages calculated from the measured
(20 m) or estimated (30, 40 and 50 m) values, disagdheir approximations by 1 or 2 waves
were plotted at the 20, 30, 40 and 50 m altitudesan be seen that at 50 m, the two
approximation curves run together, which means tteking the second wave into
consideration does not alter the correctness ofaiygoximation. The same can also be
experienced at greater heights.

From the comparison dfigures 8 and 14 we can see that the daily course of the
estimated values of the measured wind speed valog@ghe wind speeds raised to the third
power are different, which partly results from ttasing to the third power, but primarily
from the error of the estimation. We can concluterefore, that the inflection height in the
period, year 2001, was around 40 to 50 m, andtttieatlaily course has its maximum value
below and its minimum value above this height atiad 1 p.m.
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Figure 14. The daily course of the measured onestied average wind speeds raised to the
third power, and their approximation by a trigoname polynomial consisting of one and
two waves

2.5 The distribution of specific wind power accordng to parts of the day

The specific wind power falling on a single dayaolonger time period can be defined as
follows: the area under the curve of the approximgatunction laid on the daily average
course of wind speed values raised to the third ggown our case, this function is a
trigonometric polynomial consisting of two wavedjieh has a primitive function, and so the
area under the curve can be determined by a defimigral.

In Table 2we provide the average specific wind power caleddor the daytime (9 a.m.
to 7 p.m.) and the night-time (7 p.m. to 9 a.m/jqus, expressed as a percentage of the total
daily average specific wind power.

According to the table, the potential daytime wpwlver is only higher or equal with the
night-time values up to an height of 30 m. Theelait already twice of the former at an
height of 60-70 m, and more than 3.5 times the &rat 120 m.
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Table 2. The average specific wind power calculdediaytime and night-time periods in
percentage of the total daily average specific wooaver in 2001 in Paks

Daytime  Night-time

(%0)
20m 58.2 41.8
30m 49.1 50.9
40 m 42.7 57.3
50 m 37.9 62.1
60 m 34.1 65.9
70m 31.0 69.0
80 m 28.5 71.5
90 m 26.5 73.5
100 m 24.7 75.3
110 m 23.1 76.9
120 m 21.8 78.2

3 CONCLUSION

From the analysis of the research data by SODARechout in Budapest, Paks and Szeged,

we can make the following statements:
From the point of view of energy utilisation, it tise north-western winds that have
more significant energy content. In case of Paks $zeged, southern winds are also
favourable.
The wind speed shows characteristic daily coursedifiarent heights. The minimum
levels are measured at sunrise and early mornirgl dteight levels. The maximum
daytime wind-speed is measured near ground leve. miaximum of the daily course
above 60-90 m was typical in the late afternooniartie evening hours. This indicates
that even though the construction of increasingghdér hub height wind turbines is
believed necessary in Hungary, these wind turbivikggenerate most electricity not in
the period of highest energy demand, this will ttute a system control problem.
In the measuring points without effects of thedary the logarithmic relationship for
the description of the average wind profile prowedbe better in Budapest and
Szeged. The high-gradient wind profile in Paks ddug better described with the use
of the power law exponent formula. We examined dady course of the average
power law exponent in this formula, and found thatPaks and Szeged, a fairly
definite daily course, depending on the stabilityh@ atmosphere, could be observed,
which also reflects the seasonal differences. \tighaverage wind profile known, we
determined the gzroughness altitude, as well as theexponent of the power law
exponent relationship, which proved the directcffef the roughness elements in the
vicinity on the shape of the wind profile.

From the data of the tower measurements in Paggptlowing could be determined:
In Paks, on the basis of the average of 2001 nitection height, i.e. the height where
the wind speed has no daily course, is locatedrakagl0-50 m. The daily course
around 1 p.m. has its maximum below this altitude s minimum above it.
The potential daytime wind power is only higheregual with the night-time values
up to an altitude of 30 m. The potential wind povgealready twice as high at night at
an altitude of 60-70 m, and more than 3.5 timed4261 m than the corresponding
daytime values.
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We also intend to carry out further measurementsediat determining the inflection
height and the daily courses of wind energy at rotbeations, with the use of the SODAR
equipment. According t&igure 4 the average speeds between 50 and 60 m are m@sso
the same at all three locations studied; therefaeeexpect results similar to that published
here. For this reason, the authors propose thensatration the concepts of utilisation of
wind energy in Hungary.

Acknowledgements: The research project was carried out in the framkewaf grant
programme NKTH 3a/0038/2002 “Investigation of thenewable atmospheric energy
resources in Hungary, mapping existing potentiald supporting their use with the help of
meteorological measurements and forecasts”.
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Black Locust (Robinia pseudoacacia .)
Improvement in Hungary: a Review

Kéaroly REDEI” — Zoltdn GVATH-BUJTAS— Irina VEPERDI

Hungarian Forest Research Institute, Budapest, &lyng

Abstract — Black locust Robinia pseudoacaci&.) was the first forest tree species introduced a
acclimated from North America to Europe at the begig of the 17th century. It is a fast growing,
nitrogen fixing, site tolerant, excellent coppiciggecies with frequent and abundant seed production
and relatively high yielding potential. It has aralle and high quality wood, which is used for many
purposes. Although native of North America, blackust is now naturalized and widely planted
throughout the world from temperate to subtrop&ahls. In Hungary, this species has played a fole o
great importance in the forest management, coveaipyyoximately 23% of the forested area and
providing about 19% of the annual timber outputhaf country. Due to the increasing interest in lblac
locust growing in many countries, this study hasrbeompiled with the aim of giving a summary on
the basis of research and improvement connectéutiétspecies over the past decades.

Black locust(Robinia pseudoacaid..) / clone selection / silviculture / yield / engy plantations

Kivonat — Attekintés a magyarorszagi akacnemesitést. A fehér akac Robinia pseudoacacia.)

az els észak-amerikai erdei fafaj volt, amely, alkalmabhk® a klimatikus feltételekhez, a XVII.
szazad elején meghonosodott Eurépaban. Gyorsan nivogén-megkot, term helyt r , kénnyen
sarjad6 fafaj, gyakori és béges magterméssel és viszonylag j6 fatképességgel. Tartds, jo
min ség faja szamos célra felhasznalhat6. Bar Eszak-Ardbeak shonos, mara elterjedt és
széleskoren telepithet az egész vilagon a mérsékelt éghajlatiutdl a sapibins teriletekig.
Magyarorszagon fontos szerepet jatszik az gmddalkodasban, az eslilt teriilet mintegy 23%-at
boritja, és az orszag éves fakitermelésének 19%sat ki. Tanulmanyunkat a fafaj termesztése iranti
megnovekedett érdeldés kapcsan, dsszefoglalas céljabdl allitottukedagzelmalt évtizedek kutatasi
eredményei alapjan.

Fehér akdc Robinia pseudoacacid..) / klonszelekcié / erdm velés / fatermés / energetikai
fallltetvények

1 INTRODUCTION

Black locust was introduced in Hungary between 1840 1720. The first large black locust
forests were established at the beginning of tHe cehtury on the Great Hungarian Plain
stabilizing the wind-blown sandy soil. In the cayntblack locust occupied 37.000 ha in

’ Corresponding author: fuhrere@erti.hu; H-1023 BUREST, Frankel Led u. 42—-44.



128 Rédei, K. — Osvéath-Butas, Z. — Veperdi, |.

1885, 109.000 ha in 1911, 186.000 ha in 1938 a®@04000 ha in 2005. At present, it is the
most widely planted species in Hungary, coveringo28 the country’s total forest area. One-
third of these stands are high forests and twalthirthem are of coppice origin. In the 1960s,
Hungary had more black locust forests than theaeBuropean countries together.

Black locust forests in Hungary have been estadtisin good as well as on medium and
poor quality sites. Establishment of black locusinds producing timber of good quality is
possible only on sites with adequate moisture aeltaerated and preferably light soils, rich
in nutrients and humus. Black locust forests oniomacand poor quality sites are utilized for
the production of fuel wood, fodder, poles and progs well as for honey production, soil
protection and environmental improvement.

The most important black locust growing regionglimgary are located in the south and
south-west Transdanubia (hill-ridges of Vas-Zalarty, hill-ridges Somogy county), the
plain between the rivers Danube and Tisza (Certahgary) and north-east Hungary
(Nyirség region).

2 IMPROVEMENT OF BLACK LOCUST STANDS IN HUNGARY

2.1 Clone and cultivar selection

In Hungary, the main goals of the first black ldcoieeding programme (in the 1960’s) were
to select new clones and cultivars providing goodlity and volume of industrial wood.
Superior tree groups have been identified in sose gyrown stands. Graft material was
taken from the plus trees and planted in test @bt&6doIl (experimental station of FRI).
Mono- and multiclonal cultivarsvere developed and a seed orchard was estabhisiradhe
selections. The Hungarian Forest Research Inst@datedinated this research programme.
With respect to the volume expected at felling ape,'Jaszkiséri', 'Kiscsalai', '‘Nyirségi',
'Ull i* and'Szajki'cultivars proved to be the best (Keresztesi 1988)

In Hungary, the range of sites optimal for blackust growing is rather limited.
Therefore, black locust growing is often exercisedsub-optimal sites. Possibilities for black
locust growing are highly influenced by climaticnclitions and extremes (temperature and
precipitation, water supply and unfavourable somditions). In the lowlands, which are the
most suitable regions for black locust growing, #renual precipitation is not more than
500-550 mm, most of which is outside the growingses. Thus drought is a frequent
phenomenon in the summer period coupled with veigh hatmospheric temperatures
(30-35°C). Relative air humidity in July is usually betwe20-50%. Due to the filling up of
basin-like lowlands in Hungary, site conditions wha mosaic pattern, which changes even
over small distances causing widely differentiatgbwth potential for black locust
plantations. For this reason, there are no largetiguous lands of homogenous site quality
for black locust, and their growth and productivityay be very different across a large field.
Therefore, the main aim of our new selection warkoi find and improve black locust clones
and cultivars, which perform good shape, providedyquality wood material for industrial
purposes, and which are able to tolerate the chgngcological conditions as well. As a
result of our new selection programme 12 black sv@lones ('KH 56A 2/5', 'KH 56A 2/6',
'MB 12D', 'MB 17D 4/1', 'CST 61A 3/1', 'MB 15A 2/3MB 17D 3/10', 'PV 201E 2/1''PV
201E 2/3', 'PV 201E 2/4', 'PV 35 B/2',and 'PV 232"Phave been recommended (Rédei et al.
2002, Rédei 2003).
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2.2 Propagation

In Hungary, black locust plants are commonly miikigh by two methods: by seed and by
root cuttings. Growing trees froseedis a relatively simple method for reliably produgin
seedlings on a large scale under a variety of gistances. There are two state approved seed
production stand-regions meeting the requirememtsfack locust seeds (one in the plain
between the rivers Danube and Tisza and the athtbiei Nyirség region). Seeds are collected
by sieving the top 20 cm of soil beneath the setbsked-producing stands. As the seeds of
black locust used to remain dormant in the soilsieveral years, the age of seeds within the
lots collected in this way is very variable. Thésthe reason of viability and germination are
so variable. Therefore, before sowing, an accusassl test is necessary. Seed production for
sowing and scarification is carried out by the ayeresponsible for collecting the seed. It is
advisable to treat the seeds against fungi, asdigidone in a small concrete mixer. 200-250
thousand seedlings of 40-90 cm high and 5-12 mbasge diameter are raised on one hectare.
Mechanization of the method is easy and the praalucosts are relatively low.

Propagation from root cuttings is suitable for oearction of superior individuals or
varieties (cultivars). By applying this method, stipr traits of the selected trees can be
preserved in the clones. Production of plants is Wiay demands more care than raising
seedlings from seeds. For this propagation metramd, pieces cut into 8-10 cm or chopped
to 3-5 cm in length are used. Plant spacing indles should be 5-8 cm.

Almost 25 new cultivars or selected clones wereroapropagated during the last few
years in the Micro-propagation Laboratory of Reskamstitute for Fruit growing and
Ornamentals, Erd in collaboration with the Hungarf@rest Research Institute. Plant tissue
culture methods provide us with new means to spgedegetative propagation of recently
selected clones and give us the opportunity tobéstanew clone trials and a seed orchard
with them.

2.3 Stand establishment, forest tending and yield

Climate, hydrology and genetic soil types are #drs that determine the site type, and this
in turn determines the choice of tree species. Whter regime of the soil is also highly
influenced by the texture of the soil, whethersithumus, coarse sand, loam or clay. Black
locust — because of its high requirement for bo#ttewwand aeration in the soil — cannot be
grown even on any soil composed of humus, coanseé saclay if the rooting depth is very
shallow.

Black locust requires well-drained soils with adaigu moisture until the associated
nitrogen-fixing Rhizobiumbacteria are able to thrive. That is why soil artion (total or
partial) to improve aeration and the water regirhthe soil and tilling of the inter-row space
may become necessary.

Black locust afforestation and artificial regengmatmay utilise seedlings. The most
popular spacing for black locust in Hungary is 214y 0.7 to 1.0 m, requiring at least 4000
seedlings/ha. Black locust stands are often regéby coppice (from root suckers) as well.
In young stands of coppice origin, a cleaning ofp@nashould be carried out to adjust spacing
when the stands are 3-6 years old and should reslacking to less than 5000 stems/ha.

The black locust is a fast-growing tree speciescinhup to the age of 10-15 years, is
able to close canopy openings caused by tendincatipes quickly, but the closure is much
slower in later years. Height growth peaks wittie first five years, while diameter growth
culminates in the first decade. The peak of curaemual increment is at about the age of 20,
whereas that of the mean annual increment is attabe age of 35-40 years.

To find the right cleaning and thinning intensitlge so-called growing space index is a
good method. This index expresses the mean distagteesen trees (in a triangular pattern)
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as a percentage of mean height after cleaningtanding. The mean value of the index for
black locust stands should be 23-24%. Pruning @b ¢trees should also be carried out. After
finishing selective thinning, stems must be frebrainches up to a height of 4-6 m.

The objective of tending is to produce a high praipa of good quality saw-logs from
stands of yield class | and II; some saw-logs ammigh proportion of poles and props from
stands of yield class Ill and 1V; and poles, prapsl other small-dimension industrial wood
from other yield stands.

According to our yield table (Rédei 1984) the votuaf main crop varies between 80 and
280 ni/ha in function of yield classes at the age of 8@arg, which is the average rotation age
for black locust stands in Hungary. The black leatiands of Yield Class |-l have a rotation
of 35-40 years and an annual increment of totalimel of 12-14 rfiha/yr. The stands of
Yield Class Ill-IV have a rotation of 30 years aad annual increment of 8-93alyr.
Finally, the poorest stands (Yield Class V-VI) haveotation of 20-25 years and an annual
increment of 4-6 rithalyr. In first generation coppice stands, growdtock, increment and
health are similar to those in high forests.

2.4 Black locust energy plantations

More and more agricultural land is being takenajuise for food crops, some of which can
be used for wood energy production plantationscBlacust is the very best tree species for
this purpose, since it has excellent energy proeoiigiroperties, such as:
- vigorous growing potential in juvenile phase,

excellent coppicing ability,

high density of the wood,

high dry matter production,

favourable combustibility of the wood,

relatively fast drying,

easy harvesting and wood processing.

In the last decade several energy producing piansthave been established in Hungary. In
these experiments, several spacing treatments tested and the common black locust as well as its
cultivars were compared.

In Helvécia (central Hungary, sand-soil region) earergy plantation was established
using common black locust and its cultivars. Theiotess spacings of the common black
locust were: 1.5x0.3 m, 1.5x0.5 m and 1.5x1.0 mth&t age of 5 years the closest spacing
(1.5x0.3 m) produced the greatest annual increnrerdgven-dry mass (6.5 t/halyr). This
exceeded the increments of the two wider spacigg33bo and 51%, respectively. According
to the results of the yield trial with black locustltivars planted at 1.5x1.0 m spacing, at
5 years the highest yield was produced by thewaultiUll i (8.0 t/halyr), followed by
‘Jaszkiséri’(7.3 t/halyr) and the common black locust (6.3a//h).

Black locust energy forests can also be establislyedoppicing. Advantages of energy
forests of coppice origin are that the cost of @shment is low compared to that of soil
preparation, plantation and cultivation. From tleeeloped root system of the previous stand,
a large dendromass can be produced within a shwtderiod. Disadvantages of these forests
are that the area distribution of trees in cop@tands is not as uniform as in plantations
optimized for energy production. In coppice statius quantity of the produced dendromass
is lower and the length of growing time is highhfluenced by the uneven distribution of
stems.

The first peak of the annual increment in volume bdfck locust energy forests
established from sprouts falls between the age afidB5 years. Then, the annual increment
declines and a new peak occurs between age of 912ngkars. A further maximum is
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expected later on, at about 15 years because oévean higher degree of mortality.
Approximately one-third of the stems are lost a¢ &gand 8. By the 12-13 years, the stem
numbers decreased to less than 50%.

The experiences from both the planted and the cedpenergy plantations and other
stands indicate that it is not reasonable to hainethe first three years, as the yield in oven-
dry weight in the fifth year is 2-3 times higheathit is in the fourth year. Harvesting too
early may also increase the population of biotistpe

3 CONCLUSION

Black locust was the first forest tree speciesonhiiced from North America to Europe.
Hungary has got much experience in black locusivgrg, as it has been grown for more than
250 years in the country. Being aware of the imgpare of black locust, forest research in
Hungary has been engaged in resolving various enoblof black locust management for a
long time, and a lot of research results have diréen implemented in the practice.

In the future there are two bigger regions, whéee fast spread of black locust can be
expected. In Europe the Mediterranean countriedy(IGreece, Spain and Turkey), while in
Asia China and Korea may become the most prominlank locust growers.
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