10.37045/as1h-2010-0003 Acta Silv. Lign. Hung., Vol. 6 (2010) 33-47

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

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

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

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

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

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

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

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

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

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

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

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

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

parent stand?

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

the edge of gaps?
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2 MATERIALS AND METHODS

2.1 Study area

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

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

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

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

January with a -4.1 °C mean.

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

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

2.2 Experimental design, and the regeneration teclues studied

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

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

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

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

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

the first one during the winter of 2006-2007.

2.3 Sampling

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

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

In contrast to 2002, height of all trees was measum 2007 since it was supposed that
trees surrounding the gaps had not grown at thee sgpeed. Furthermore, in GC plots, the
crown radii of only trees directly at the edge apg were measured because crown expansion
of trees inside the closed stands surrounding thes gvas assumed to be very low
(Longuetaud et al. 2008).
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Figure 1. Experimental design. On the right sideehematic map of the study stand is shown
with the six fenced (delineated by solid lines) #mel two unfenced plots (delineated by
broken lines) and a plot of gap cutting can be sdéme area of the gap is indicated by a
circle. On the left side the real topographical piom of the plots is indicated.

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

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

2.4 Data analysis

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

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

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

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

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

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

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

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

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

(100

\

_ (valuef +value )—valuq
- value

Data were evaluated by the BIOMSTAT 3.3 (2002) paoy

3 RESULTS

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

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

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

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

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

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

40 4 W

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

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

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

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

For abbreviations see Figure 2.

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

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

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

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

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

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

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

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

ce (m) n
N E S W

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

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

ce (m)

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

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

3.4 Value increment

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

4 DISCUSSION

4.1 Volume increment

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

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

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

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

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

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

4.2 Crown expansion of sessile oak

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

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

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

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

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

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

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

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

4.3 Value increment

Value increment of the parent GC stand was coraliderinfluenced by the associated tree
species. Although sessile oak trees grew signifigdaster and volume of the removed trees
was much higher in the SWC plots, increment ofassociated tree species was higher in the
stands nearby the gaps. The reason for this phemnrs not only the differences between
the initial tree stand structures of the plots mdinly the fact that fewer trees of the
associated species were cut from the GC plotsftioamthe evenly opened standsdure 3.
Therefore, growth of the associated tree speciakidmalance the value increment between

Acta Silv. Lign. Hung. 6, 2010



Parent stand growth following gap and shelterwoatting 45

the two regeneration methods. The unique soil pteseof plot No. 8 did not cause any
differences in value increment between the SWGsplot

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

4.4 Additional considerations

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

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