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Abstract

Even-aged forest stands transformation to uneven-aged irregular standsirshifig
tendency in last decades. Efforts are being done on practical wa@keich Republic and
another countries like Canada and U.S.A., Finland, Sweden, Germanyharglajtcentral

Europe.

This paper deals with the transformation process which is takauog ph the forest
complex of Hetlin. Forest Range Hetlin (Forest District Oyat) started the
transformation process to a mixed uneven-aged forest with the gumodipsingle-tree
selection silvicultural system on January 1st 1938. Since that m@magressive thinnings
have been done and new species have been introduced. The positive consegfuences
harvestings can be observed in current volume increment but somerafadeced species
find problems for their well development due to the natural charstaterof the stand,

specially because of soil conditions.

For successful achievement of transformation process goalsofitdgerventions are

necessary to be made. It will take lot of time so we will have to wait fdrrésalts.
Keywords: uneven-aged forest stands; close-to-nature silviculture; conversion

process; transformation process; stand structure; selectionppesjcsilviculture; forest

management.
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1. INTRODUCTION

The concept of close-to-nature silviculture was developed by®ayer at the end of
the last century, and has been applied for more than a hundred yealg im&entral
Europe (Gayer 1886, Schiitz, 1999). The combination of the development of tbe tract
yarding, which technology became available in the 1930s, the economissieprél928-
1929), and the public and professional sentiment against clear cutling learvesting
treatments that removed only the largest trees in the s{&eysolds et al., 1984). The
history of uneven-aged silviculture reveals that the popularitytheSe practices has

flourished among managers and researchers.

The natural state of the different forest ecosystems is linkddissimilar temporal
and spatial scales of irregularity. This can either be understoodd purely temporal or
structural point of view, or from a more complete sense as a genuine and umgu#.sil
system. The well known silvicultural concept of plenter (or selegtsystem, the most
closely associated with the uneven-aged forésis been applied successfully for more than
120 years (e.g. Franche-Comté in France, the Black Forest in-B&@stiern Germany and
the Val-de-Travers and Emmenta valleys in Switzerland (ScR0G2)). However large
differences rose on Central Europe about getting to uneven-agedurgiyuats other
approaches which focus more on natural processes or structuaahcteristics of
irregularity were proposed (Schutz, 2002). Nevertheless, emerging pt®nedout
succession and climax plant communities also contribute to both ¢ive dé an uneven-
aged forestry and the view that selection silviculture was thet matsiral means of

managing forests.

Transformation from a regular forest to an irregular one is @ & difficult task
which needs time and frequent intervention. The countries where fheagtdeen over the
centuries managed with an even-aged silviculture face serious diffignltiesir attempts to
turn to uneven-aged forests. Large monospecific extensions, witloflaaded bank make
really difficult the natural regeneration. In addition, the fact that mostegplantations were

done with coniferous species led to an acidification of soil which ptioate the



establishment of new species. Also to treat the forest likeh@le system, taking into

account the soil, climate, water cycle, biodiversity and mankind is needed

Transformation from even-aged forests to uneven-aged forest psybfaoed by
several regions (e.g. a Great Britain, Finland and Central Euyrape extensible to the
Czech Republic due to the similar geoclimatic conditions, specmapasition of forest and
same historical land exploitation. Economy, policy and forest ecaloggepts are related
with silviculture and forest management. Actually all the kasicand reports about
transformation studies are strongly focused on achieving environnegpiéibrium and the
use of forest products in the most sustainable way according with Forest Act.



2. OBJETIVES

The aim of this thesis is to compare the particular silvicalltsystems from different
points of view: production, economical, ecological as well as envirommdrite growing
interest about biodiversity preservation, avoidment of pollution and resilon (According
to scientists, the simplification of forest stands in the CEeggpublic was one of the reasons
for the dramatic flood situations in 1999 and 2002) and the conservation bélitats

favored the emergence of studies related with this topic.

The research is carried out in Central Bohemia (Czech Repuhblisjte conditions
representing large areas of Central Europe. The study is dondlin fdeest range at the
Municipal Forest of Kutna Hora Town. In different plots with a whole area of 1,754réecta
various parameters were measured. Based on Dbh and height measumgnowtit and
production values were obtained, both currently and retrospectively. Adsospecies
composition was taken into account with the aim of evaluate thegscallsituation of the
stand in terms of study if the transformation process is reathengoal of forming mixed

stands.

This thesis will be focused on the evaluation and analyses of staotuse, growth
and increment of the selected forest stands under transformatioreven-aged systems

(selective forest).

By comparing the current stand structure, growth and incremerdiexftesd forest
stands under transformation to uneven-aged forest stands withfrdata2000. The
following specific objectives will be pursued:

l. To see if volume stock experiments an increment after the interventions.

II. To get some conclusions about wood production potential (basal area, volume

stock).
lll. To find out what advantages for the stands are given by the adnuthre

other species.



IV. To check which of those species are better fitted to the natiuashcteristics
of the stand.

V. To study the static stability of the stands, taking into acctumtdifferent
species which compose them.

Some results about the development of the stand will be found. In Hiasthis
results will lead to some recommendations dealing with the pogyeiopment and based

on human intervention.



3.LITERATURE REVIEW

3.1 GENERAL FRAME OF FORESTS IN CZECH REPUBLIC

3.1.1 Geographical situation

The Czech Republic is located in the “heart” of Europe. The bondéhe northern
part and in the western part on the mountains of Bohemia, iteddog the Ore Mountains
rising in the northwest from the Paleozoic rock hill ranges wihidewooded hills of the
Bohemian forest lie to the southwest. The basin of Bohemia andghlars of Bohemia
and Moravia include the central part of the country. Towards d¢heast the gentle
uplands of the Moravian Hills separate Bohemia from the plains obWwr The low
Moravian lands spread in the east part. Moravia which is the edstdand area that lies
southeast of Czech Republic. The lowland plains of Moravia separaBoitigenian region
from the Carpathian Mountains of Slovakia and have formed a narrowlarobetween the
plains of Poland and the Danube Valley. The rivers Moldava (in Czdakia)] Olie, Elba
(in CzechLabe), Orava, LuZnice, Jihlava, Sazava, Svratka, Beca, Odra, Opava and Morava

are among the principal ones of the country.

Figure 1. Situation of Czech Republic in the World.
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Figure 2. Topographic map of Czech Republic. Saurbe Times Atlas of the WorldPhilippe Rekacewicz,
Emmanuelle Bournay, UNEP/GRID-Arendally 97

3.1.2 Climate

Due to the geographical localization of this country the clinmat€zech Republic
ranges from oceanic climate in the West to continental climate in the East.

Moderating oceanic influences diminish from west to east, soameconsider the
west part closer to the temperate climate. The humid contirefimate that concerns most
of the territory is the responsible of the gentle summers with intenngtakers, of the cold
covered with snow winters and, in general, of the changeable iocmsditClimatic
conditions are mainly connected with changes of elevation abovev&ditethe Czech
Republic 115-1602 m a.s.l.). July is the hottest month in the whole countriheandldest
is January. Average temperature isange from 10°C to 0°C, relief of terrain is from plane
to severe slopes. From December to February, the temperatureaddbstow 0°C even in
the low lands, and are chill in the mountains. In fact, a dry lgcdbes not exist. Mean
annual precipitation is fluctuating between 33600 mm/year. The long, sunny and calm

periods tend to be alternated in summer with strong and sudden stormsintdremakes



possible that the snow remains in the soil from 40 to 100 days (aptekmni30 in the

mountains) and provokes in addition the appearance of fog in the low lands.
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Figure 3. Climatic diagram from Prague (West of @eRep.) Source: CHMI Climatology section. J6rg M.
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Climatic conditions are also modified by vertical surface ditsersesulting in
vertical zonality of the climate that shows in the varied attareand abundance of biota.
Three climatic altitudinal regions can be distinguished in Czech Republitt EQul971):

- The warm region (T) at the lowest and driest levels, with two subunits:

T4 with a very long, warm and dry summer, warm spring and autumn, sholra
moderately warm and very dry winter with a very short period of snow cover.

T2 with a shorter, less warm and less dry summer and with a atelyewarm
spring and autumn.

- The moderate warm region (MT), occupying most of the Czech Repibli
forms a transition between the warm and cold climatic regiondjag no marked
characteristics

- The cold climatic regions (CH), to which belong mostly mountainigme
zones of the mountains. This region is characterized by a verly sfuerately cold and
humid summer, and moderately cold spring and autumn. The winter isongryand cold,

humid and with a very long lasting snow cover.

Table 1. Selected meteorological data. Average fdama Czech Republic. Source Remes J. & Podrazsky V

Average temperature °C  Average precipitation mim  Lang’s rain factpr
Normality | 7.3 673 88.9
2000 9.3 691 72.74
2001 7.9 812 97.83
2002 8.9 829 90.11

The normality data come from a normal curve distiin, these are the most frequent observatiorthén

measuring stations, in this table data from 2000,2and 2002 can be compared with those.

3.1.3 Soill

The soils change very much from one place to another. The chemarogbsition
and the physical structure of the soil in a given place arendes by the type of
geological material from which it is originated, for the agée cover, for how long the
meteorization has been taking place, for the topography and for tifieigarresultant
changes of the human activities.

The geological structure of the Czech Republic is characterizé@dobasic units:
the Bohemian Massif, which forms the whole of Bohemia and the -m@skern part of

Moravia and Silesia, and the Western Carpathians in the remaining part eidora



The Bohemian Massif is formed from crystalline Proterozoic adérdPaleozoic
rocks. The crystalline rocks are mostly acidic metamorphic substrprincipally various
types of gneiss, phyllites, mica-slates and granulites. whde it represents an area with
poor, mostly acidic substrates and as a result it has avedyalow diversity of flora and
vegetation.

During the Tertiary period the poor, sandy and clay sediments dérdper basins
were formed, and vulcanites were deposited in northern and northawBsieemia. These
areas now form centers of a rich flora and diverse vegetation.Mdnavian Western
Carpathians are mostly formed by Tertiary flysh, which is charaetéby alternating bands
of sandstones, slates and clay stones, rarely of marls.

The most frequent soil types from the mountain to the planar laxelsrown forest
soils. In the warmest areas of the country various typesnalbisals prevail, depending on
the mineral content of the substrates. On the basaltic volcariitee northern and north-
western Bohemian mountains eutrophic cambisols are typical. GQudsrand sand dunes in
the lowlands arenic cambisols occur and at lower, warmer andleleds, cambisols are
replaced by leptosols and luvisols on eolic loesses. At higheateles acidic cambisols
prevail. Haplic (mountain) podzolsccur in the highest supramontane to sub alpine tiers.
Arenic podzols can be found on sandy substrates at lower levels. The chernezpsar
in dry lowland areas to colline levels (Neuhauslova, 1998).

Gleys are frequent in the South Bohemian basins, on heavy, waterloggedesibstra

The overview of highest taxa at the reference classes andypes levels is
displayed in the Table 2 . The overview comes frotomitek J. & Kozék J. (2001) and is
based on previous approaches: the WRB (1998), Soil Taxonomy (1999), ridéfére
pédologique (1998) and Systematik der Béden Deutschlands (1998).



Table 2 Néemesek J. & Kozéak J. (2001): The Czech taxonomic saissification system and the

harmonization of soil maps.

Reference classes Soil types
Litozem (LI)

Ranker (RN)
Renzina (R2)
Pararenzina (PR
REGOSOLS Regozem (RG)
Fluvizem (FL)
Koluvizem (KO)
VERTISOLS Smonice (SM)

ANDOSOLS Andozem (AD)
cernozem (CE)

LEPTOSOLS

FLUVISOLS

CHERNOSOLS
cernice (CC)
Sedozem (SE)
LUVISOLS hnédozem (HN)
luvizem(LU)
CAMBISOLS kambizem (KA)
pelozem (PE)
kryptopodzol (KP
PODZOLS
podzol (PZ)
pseudoglej (PG)
STAGNOSOLS stagnoglej (SG)
GLEYSOLS glej (GL)
ORGANOSOLS | organozem (OR)
SALISOLS solortak (SK)
SODISOLS solonec (SC)
kultizem (KT)
ANTHROPOSOLS

anthrozem (AN)

Taking into account both Reference Classes and Solil types, Syb¥gresies, Sub
varieties, ecological and degradation phases and soil forms 1lsgieadgions have been

defined in the Czech Republic{Meiek J. & Kozak J.,2001).
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3.1.4 Vegetation and Tree Species Compaosition

Most of the fertile lands of the country are in the low plains anthe wavy hills of
the central basin and of the north of Bohemia, and in the low lands @ivioin spite of
centuries and centuries of shelter and clear cuttings of faiegisactice the agriculture
(42,5 % of the Czech territory is cultivated), these continue covappgoximately a third
part of the Czech territory, around 34% of the national terri®igovered by forests, this
means about 2.640 million hectares. Many of the wooded virgin areels adve survived
are situated in uncultivable zones of mountain.

Although this change in the land use for cultivation and for timber, \@oddl remain
a characteristic feature of the Czech landscape. Altitude grel df terrain are very
important factors, which have dominant role in the forest vegetatroning.

Most of Czech forests are coniferous forests, though some broadleaves speaiss ar
present (Fig.7). Oak species, European beech, and Norway sprucatdotne forest zones
in ascending order of elevation. In the highest reaches can be faigadand tundra
vegetation characteristic of more-northerly or more-elevated regiemsletre in Europe.

The present anthrophic activities are main reasons of the tdtaéy species

compositions change.

Species composition of forests

Table 3.Coniferous species. Source Remes J. & Psidfd/.

Natural | Current | Recommendgd
Spruce Picea abiegL.) Karst.) 11,2 53,9 36,5
Fir (Abies albaMill.) 19,8 0,9 4,4
Pine Pinus sylvestris..) 3,4 17,5 16,8
Larch (arix deciduaMill.) 0 3,8 4,5
Other coniferous 0,3 0,2 2,2
Total coniferous 34,7 76,3 64,4

11
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Graph 1. Coniferous species in Czech forests (daa Table 3)

Table 4. Broadleaved species. Source Remes J. &aPgiq/ V.

Natural Current Recommended
Oak Quercus petraeéMatt.) Liebl;

Suercus robuﬂ_.fM ) 194 o4 >0
Beech Fagus sylvaticd..) 40.2 6.1 18.0
Hornbean Carpinus betulus..) 1.6 1.2 0.9
Ash (Fraxinus angustifolidvahl.) 0.6 1.1 0.7
Maple (Acer pseudoplatanus;

p @Ace:)platansidds) 07 09 LS
EIm (Ulmus glabraHuds.;

Ulmus laevi®all.; 0.3 0 0.3

Ulmus carpinifoligGled.)

Birch (Betula penduldoth.) 0.8 2.9 0.8
Linden (Tilia cordataMill.;

Tilia platyphylosScop.) 08 ! 32
Alder (Alnus glutinosd..) 0.6 15 0.6
Other broadleaves 0.3 15 0.6
Total broasleaves 65.3 22.5 35.6

12
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3.1.4.1 Vegetation tiers in forests of Czech Republic

The timberline runs at about 1,400 meters above sea level. At tigbse bievations,
as in the Giant Mountains, the tree cover over the timberline comdidittle more than
dwarf pine. The Alpine zone supports grasses and low-growing bushes

The plant communities have a kind of natural order according to a chatglugical
factor, like temperature, moisture, topography... The tier deasdn refers to the
distribution of vegetation in zones in order to the changing temyserat relation with the
altitude.

Vegetation tiers in forests in Czech Republic, named according prevailingspec

1st.- Oak Vegetation Tier.

It is located in the warmest and driest regions in the Czeghulfe. It occurs in
lowlands, hilly lands and in the warmest parts of articulatehléngls usually at the altitude
of 300 m a.s.l. with some exceptions being found at about 500 m a.s..

Climate character is sub-continentally warm, with largeplaode of temperatures
and frequent incidence of dry periods. Mean annual temperature raingas8 °C. Mean
annual precipitation total is very low, usually under 600mm. Growimigpghés very long,
longer than 165 days.

Tree species leaders are oaks, most frequently sessil@uwakus petraeas the
dominant climax specie. Indicator of the tier are the pubesc&noarcus pubescerand
Quercus cerrisFraxinus angustifolias often abundant arfeagus sylvaticas absent or rare
in wet habitats. This zone includes warm and water-deficiées, sivith the exception of
deep sands soil localities dominated Pyus sylvestrisand floodplains. The Oak zone

covers 8.3 % of the forested area in Czech Repubilic.

2nd.- Beech-Oak vegetation tier

This vegetation tier occurs continually in warm dry up to slightlynid regions and it
is characterized by a common representation of some thermophilous species.

Lowlands, uplands and hilly lands of this vegetation tier are lyss#@lated at
altitudes ranging from 350 to 400 m a.s.l.

This tier is linked to warm climatic regions with mean anneahgeratures around
7,5-8 °C. Mean annual precipitation is 600 to 650 mm. Growing period is abotd 166
days.

14



Dominating tree species are sessile o@kegrcus petraéawith European beech
(Fagus sylvaticaadmixed in segments of normal hydric range. Other importamspecies
are European hornbear€drpinus betulusin coppice stand, wheréagus sylvaticaand
Quercus petraeavere eliminated by coppicing.

The Beach-Oak zone covers 14.9 % of the forested area in Czech Republic.

3rd.- Oak-Beech vegetation tier

This vegetation tier show a clear predominance of the speci€grdfal-European
deciduous forest with the last traces of thermophillous species of lower veged#tudinal
zones and with an exceptional occurrence of some sub-montane species.

It develops in hilly lands and uplands, most usually at altitudeseleetw00 and 550
m a.s.l., on warm expositions (SW and S dominantly) even beyond 600 m

Mean annual temperatures range about 6,5 to 7,5 °C, growing pergitl Is 150 -
160 days. Mean annual precipitation is 650 - 700 mm.

Fagus sylvaticadominates grassy-like communities. The co-dominatingercus
petraeaand Carpinus betulushave a production optimum in this zone. Under a coppice
silvicultural system,Fagus sylvaticaand Quercus petraeaare repressed bgarpinus
betulus Quercus roburandAbies albaare common on permanent water influenced nutrient
medium or poor soil2inus sylvestriss associated with nutrient-poor sites. The Oak-Beech

zone covers 18.4 % of the forested area in Czech Republic.

4th.-Beech Vegetation Tier

It occurs at altitudes between 550 - 600m, reaching above 800 m a.die in t
Carpathian part of Moravia.

Mean annual temperature is about 6 to 6,5 °C, mean annual preaipéatounts to
about 700 to 800 mm, growing season lasts 140 - 150 days.

This zone, representing the climatic optimumFagus sylvaticafeatured a large area
of pure beech stands, which occur now in the Carpathian @uesicus petraeandAbies
alba may be minor associates in the lower tree layer. In theydeum area, localities with
stagnic soils (sites with a strongly fluctuating waterdglaind wet (gley) soils within the
Beech zone, are substituted by the Oak-Coniferous zone. As thesecedaphtions are
not tolerated byagus sylvaticaAbies albaandQuercus roburdominate on such sites. The

Beech zone covers 5.7 % of the forested area in Czech Repubilic.

15



This tier is the most extensive altitudinal zone and takes up 3& #e Czech
territory.

Forest stands of this vegetation tier can be generally rdfésras the most altered
ones. The majority of remaining beech stands is reserved iicybently protected areas.
More extensive beech stands have survived in the Carpathian part afidMespecially in
the northern part of White Carpathians where European beech Hasnitisl-European

optimum.

5th.-Fir-Beech Vegetation tier

It can be considered the first montane altitudinal vegetation (coldtatizone) tier. It
takes an altitude of 600 - 700 m a.s.l.

Mean annual temperature is about 5,5 to 6 °C, mean annual precipibddlomanges
from 800 to 900 mm. Growing period length does not exceed 140 days.

Main stand-forming tree species are European bdeéatué sylvaticaand Silver fir
(Abies alba with Norway spruceRicea abiey while Quercus petraess absentAbies alba
occurs more frequently on fine-textured soils and ridges wheeehbétter does not
accumulatePicea abiess also present, albeit to a much greater extent than in theigpast
Picea abieswhich reaches a production optimum in the Fir-Beech zone. Throughout the
zone, Fagus sylvaticais accompanied by several understory species considered to be
diagnostic of the zone and faithful companions of the tree spcess.species of water-
influenced sites from the lower zones ascend to this zone; symdame sub alpine plant
species descend to cool sites. The Fir-Beech zone covers 30 %faktted area in Czech

Republic.

6th.- Space-Beech vegetation tier

This vegetation tier already starts to be dominated by montane species.

Its presence concentrates in higher altitudes of hilly lands, lysatlelevations
ranging from 700 - 900m.

In climatic terms, this vegetation tier can be found in mournt@gmons with mean
annual temperature about 4,5 to 5,5 °C and mean annual total precipita®0d ofL. 050
mm. Climate humidity is considerably contributed to by horizontalipitaton originated
from fog and icing. Growing period is relatively short (115 - 130 days).

Natural tree species composition of sites with normal hydrcdbgegime shows a
common occurrence of European bee€laglus sylvaticg Silver fir (Abies alba and
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Norway spruceRicea abieylike the main stand forming tree species and are ref¢oras

a 'hercynian mixture'. Several understory species considered tonfjgamions ofPicea
abiesoccur sporadically the in herb layer, suchPasnanthes purpure&. (ascended from
relatively wetter sites in the Fir-Beech zone and yet watt¢he Beech zone to relatively
drier sites in this zoneRolygonatum verticillatur(L.) All., and Festuca altissimall..
Calamagrostis villosgChaix ex Vill.) is the understory dominant aRthus sylvestriss a

co dominant on nutrient-poor sitd3oronicum austriacurdacq. (the Carpathian geoelement
ranging eastwards to Orlické and Sumava Mtdgmogyne alpingL.) Cass., and.uzula
sylvatica(Huds.) Gaudin are additional species. The Spruce-Beech zone co%éreflhe

forested area in Czech Republic.

7.- Spruce vegetation tier

The vegetation of this tier is concentrated in the highesti@dtst of hilly lands at 900-
1050 m a.s.l. The climate is cold with mean annual temperatore & to 4,5 °C,
precipitation is high and its mean annual is about 1050 to 1200 mm. Snowpeower is
quite long this is why the growing period is very short (100-115 days).

Fagus sylvaticaretreats to lower tree layer in the 'Hercynian' treecisgemixture,
however, as krummbholz; it forms occasionally the upper timberlinghenCarpathians.
Haplic Podzols (mountain) are the typical soils throughout the zonesigAificant
proportion of the understory species considered being companidtiseaf abiessuch as
Homogyne alpind.., Doronicum austriacundacq, Luzula sylvaticaHuds., and?oa chaixii
Vill., are present in the herb layer. The Beech-Spruce zone covers 5 % of thedfarest in

Czech Repubilic.

8th.- Spruce vegetation tier
This vegetation zone is characterized by a mean annual tempéiratur 2.5 to 4.0
°C; mean annual precipitation 1200 to 1500 mm and growing season around 60 to 100 days.
Spruce vegetation tier occurs at an altitude of 1050 to 1350 m a.s.l.
Picea abiegs nearly an absolute dominant, whidagus sylvaticaand Abies albaare
either absent or growing as scrub. A mid-si2eer pseudoplatanus restricted to nutrient-
rich soils. At the relatively narrow, upper timberline the $vrgrades into discontinuous
clumps (cohorts, tree islands) Bicea abiesmixed with the clumps oPinus mugorurra.
The same understory species as in the Beech-Spruce zone saet pnethe herb layer,
however, Calamagrostis villosaand Avenella flexuosgL.) Parl. often dominate on acid
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habitats and nutrient-poor soils. The Spruce zone covers 1.7 % ofektetbarea in Czech

Republic.

9th.- Dwarf pine tier

It occurs at an altitude over 1350 m. The mean annual tempeisafliteto 4.0 °C and
the mean annual precipitation exceed 1500 mm. The growing seaseallysshort not
overriding 60 days.

This zone, occupying localities above the timberline, is chenaed by shrub
communities ofPinus mugp scattered krummholz d?icea abies and the shrub growth
form of other species such 8srbus aucuparia spp. glabraf@/immer & Grab.) Cajander,
Salix silesiacalilld., Betula pubescenis., andBetula carpaticaWaldst. & Kit. ex Willd..

The Dwarf pine zone occupies a small area of Krokono3e and Jeseniky Mts.

0.- Pine zongwith a minor exception, including only Pinus sylvestris)

This special zone combines natural stands of pine (predomirintlg sylvestriand
in some areas also witRinus rotundatalLink.) which occurrence is limited not by
altitudinal but soil conditionQuercus petraeandFagus sylvaticgrarely Picea abiey are
the principal associate8bies alba, Betula pubescens, B. penduldPicea abiesassociate
pine on water-influenced habitatBinus sylvestrisdominates or it is one of the major
species only in special edaphic conditions, e.g., deep sands, serpangse&ne rocks,
peats, and acidic (base-poor) rock outcrops (relict pine stanks$eTedaphic conditions

override the climatic influence and make the zone apparently climate-independe

Table 5. The survey of the forest vegetation t{ERT) & characteristics. Source Remes J. Podra¥sky
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n. |Name % Altitude |Average Annual Growing
m a. s.|l. [temperature|precipitation |season
0 |Pine 3,73
1 | Oak 8,31 <350m >8°C < 600 mm > 165 days
2 |Beech-Oak 14,89 | 350-400] 7,5-8°C 600-650 mm  168-1
3 | Oak-Beech 18,41 400-550 6,5-7,5 °C 650-700 mm -160
4 | Beech 5,69 550-600| 6,0-6,5°C 700-800 mm  140-150
5 | Fir-Beech 30,04 | 600-700| 5,5-6,0°C 800-900 mm -130
6 |Spruce- 11,95 | 700-900 | 4,5-5,5°C 900-1050 mrb15-130
Beech
7 |Beech- 5,00 900-1050( 4,0-4,5°C 1050-1200 |100-115
Spruce mm
8 | Spruce 1,69 1050- 2,5-4,0 °C 1200-1500 60-100
1350
9 | Mountain 0,29 > 1350 <25°C > 1500 mm < 60
Pine



3.1.4.2  Conversion from broadleaved to secondary conifers forest

In the European forests the proportion of fast growing coniferowestris much
higher than expected from natural conditions. The reason is thabtiversion of sites
covered with pure or mixed broadleaved forests into coniferous f¢meatsly spruce and
pine) was based on results of plots focusing on optimizing timber groduche findings
suggested that on such sites coniferous trees grow much fastebrbadleaves and they
also reach a higher total merchantable timber volume (Prd€36r Honlinger 1909). Most
foresters of the period were convinced that forest managementhelpsto increase the
volume production regardless of the natural species distrib{iiasenauer H., 2004).

Effects of conversion (Johann E. et all, 2004):

. Increase of forest area due to monoculture plantations (N@srage
and Scots pine mainly).

. Decline of yield. A remarkable reduction of growth became noticeable
in those forest stands with a second and third generation of monocultiggsice
growing in the site. The disadvantages of the wide spread afespacame obvious
when soil degraded and the rare broadleaved trees disappeared. lpastsnef
Europe such as in Denmark, Austria and Germany Norway spruce dwas signs
of a declining yield and health. In some cases this may also b diae origin of
seeds (Hauch and Oppermann 1898-1902).

. Lack of stability, high risk. When plantations were created by
showing and planting of species of foreign origin such as in the Dangtsouth
Bohemian cases, forest stands suffered extremely from wind, dabwges and
diseases. Lack of stability implies a high risk of losing mamege control of the
forest. Because of the increasing risk caused by wind-throw, bneak and bark
beetle diseases in some European countries, in Switzerland wutgagcwas
stopped at the beginning of R0century, and the so called “near to nature
silviculture” became more important. It entails an increaseciddeus trees species
used in artificial regeneration (Blrgi and Schuler in press).

. Alteration of the natural composition of tree species. (Johann E. et all.,
2004) The tree species composition prior to intense forest management were:

- In South Bohemian forest; mixed forest of spruce, fir, beechjkatalpine
altitude: beech and spruce with some fir at the end of Middle Ages.
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- In central part of the Bohemian-Moravian Upland; mixed foresirtieech
and beech/fir at the fi‘a:entury.

The conversion started on“18entury and the result were:

- In South Bohemian forest; the proportion of beech is 40% less étisal
occurrence, fir 10% less of its potential proportion. Spruce is ovegepied to
40%.

- In central part of the Bohemian-Moravian Upland; Norway spruce, 80%
other species occur in the following order: Scts pine 11%, Europecm 386,
beech, alder and birch 2%, silver fir 1%.

B Alluvial woodlands (Mapping units 1-8)

I Cak-hornbean oak-lime woodlands (MU 7-12)

I Herb-rich beech and silver fir and calcicolous heech woodlands (MU 14-21)
[ ] Acidophilous heech and fir woodlands (MU 24-27)

Bl Thermophilous oak woodlands (ML 28-35)

[ ] Acidophilous cak woodlands (MU 36-39)

B Climax, waterlogged and forme-rich spruce forest (MU 43-45)

[ ] Mires (ML 47-50)

Figure 6. Map of the potential vegetation in CzB&public. Claire Englander, University of Califaani
Library, Berkeley and Phil Hoehn, Map LibrariamnS~rancisco

20



3.1.5 Forest evolution during the last 10.000 ges. The Norway

spruce

3.151 Occurrence, origin and distribution of Norway spruce forests.

The total natural distribution dPicea abiescovers 31 degrees of latitude from the
Balkan Peninsula (latitude 41°27°N) to its northernmost extensiontmeahatanga River,
Siberia (latitude 72°15’N). Longitudinal range is from 5°27’E in thenEh Alps to 154°E
at the Sea of Okhotsk in Eastern Siberia. The vertical digtibig from sea level and to

altitudes above 2300 m in the Italian Alps.

Picea abies

i) o | :.
o {

The distribution map was compiled by members of the EUFORGEN Conifers Network based on an earlier map published by H. Schmidt-Vogt in 1977
(Die Fichte, Verlag Paul Parey, Hamburg and Berlin, p.647).

and was published in:

Skreppa, T.. 2003. EUFORGEN Technical Guidelines for genetic conservation and use for Norway spruce (Picea abies).

International Plant Genetic Resources Institute, Rome, Italy. 6 pages

Figure 7. European distribution Bfcea abiesSource: EUFORGEN Conifers Network.

Outside the natural distribution the species has been widely plamtpdrticular in
Central Europe and in Scandinavia.

The natural European range of Picea abies can be divided intarthjeeregions as
the result of postglacial re-colonization: the Nordic-Baltic-Rarssthe Hercyno-Carpathian

and Alpine regions.
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During the Pleistocene-Late glacial (12.000-8.300 BC) the climat® Sub artic,
characterized by really low temperatures and low precipitatiims dominating vegetation
formations were mainly composed by tundra forest and cold steppeastithvastelands.
Around 10000 BC the warmer stage took place. Nevertheless, the vegetadiont able to
react so quickly and its character did not change very muche Tvere a retreat of steppe
and successive changes of forest steppe and forest tundra formaitiensnd birch species
started to be distributed, more closed stands were located inti@anpeegion. The pine
expansion is not accompanied by other indicators of climatic waramagtherefore is
considered to be caused by lagged immigration (Gaillard, 1984, 1988).early pine
expansion can be ascribed to the rapid responBao$populations expanding from locally
present glacial refugium shortly after climatic amelioration (Poka2002).

Norway spruce initiated its expansion through the East Carpatggon with Pinus
cembra and Pinus mugo In continental parts of Central EuropRinus sylvestrisand
possibly some other demanding species might have persisted Iduallgh the entire
glacial maximum. Pine is known to tolerate and even reproduce emntiemely severe
climatic conditions (usually in dwarf forms), either dry, windy,cotd (Pokorny, 2002).
Pinus expansion may indicate increasingly severe conditions, particutawinter, i.e. an
increase in continentality (Walker, 1995).

Norway spruce probably spread in Czech territory in two mainmsfre@€arpathian-
Sudeten and Hercynian. The contact of both streams occurred in tihéoGnéains region
in the Atlantic period (7500- 4500 BC) and in the Sub boreal (4500- 2500 BC) the
maximum extent of spruce occurred. The areas of montane deciduouswibheglms,
maples, and ash were invadedRigea abieswhich became a dominant tree over much of
the uplands. European beech and Silver fir started to invade Nepvage forests at the
end of this period, leading to the named Hercynian mixfieeé abies, Abies alba, Fagus
sylvaticg.

The human impact on the natural vegetation is evident from the beginocal
deforestation, cultivation and grazing were the major types of human impadyiagss.

The extensive selection-felling of European beech, even at theshiglti#udes,
together with the climatic deterioration during the Little Agge (1680-1850), contributed to
the conversion of mixed mountain forest into Norway spruce standsegérirthese spruce
communities are considered to be the natural climax vegetation atnthe highest

elevations.
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Secondary distribution began in thé"i&ntury, as a result of the Czech Directive for
Forest and Timber (1754) which recommended cultivation of conifers mainly.

Fast growing tree species such as Norway spruce and Scotwgr@eromoted in
large areas both within and beyond their natural range in order easgcthe growth of
commercial timber (Gude 1960). These secondary coniferous stands dutrtedbe easily
damaged by environmental stress factors such as air pollution lendtic change
(Hasenauer H., 2004).

Forest ecosystems have a certain buffer to resist environnstress factors. If we
reduce this buffer as a result of management (e.g. planteg lieyyond their natural range),
we increase the risk of damage. We have to enhance the nasih@nce of the forest
ecosystems, particularly of those forests which are growingnigeyhe natural potential
vegetation range such as secondary coniferous forests growingas tgpecally covered
with broadleaved forests (FlUhrer 1994).

Residues of natural forests were preserved only in inaccesstal@ies. Planting of
Norway spruce monocultures outside its natural range resultechcireasing wood
production, but forest calamities of various origins became more awé fmequent.
Unsuitable spruce ecotypes, repeated planting of the samesspesailting in deprivation of
forest soil (mainly by changing of humus layer), and spruce stands on labileffemted by

underground water are the main reasons for considerable problems.

3.1.5.2 Threats to Norway spruce genetic resources, their managemeand
protection

The genetic variability irPicea abieshas been studied in provenarared progeny
trials, often plantedat several sites, and by genetmarkers such as isozymes abDtlA
markers. The neutral markersveal a great genetic variabilityithin populations.Some
differentiation occursbetween populations derivefdom different glacial refugiumand
appears to reflect thepost-glacial evolutionary historyCentral Europearprovenances
appear tohave somewhat reducegenetic diversity comparedith those from Eastern
Europe and Scandinavia.

The most pronounceddaptive patterns that have besmonstrated in provenance
trials relate the populatiomesponses to the climatic conditions. northern Europe these
patterns of variability often cahe related to latitude and longitucend with degree of
continentality,and will sometimesvary clinally. They are expressdxy variation in the
timing and duration of the annual growtperiod and the correspondinglease and
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development ofrost-hardiness in spring areutumn, respectively. Thessmnual growth
patterns havanplications for frost-hardinesgyrowth potential and wood qualityaits, and
are important foproper choice of reforestationaterials.

Mainly around developing industrial agglomerations the symptoms esamiimpact
are visible. Usually higher elevations have been damaged heandylocal spruce
populations in some regions are seriously threatened. The areaaffeo®d by industrial
pollution are in the northern part of the country, in the Ore Mountains.

In some areas where maladapted provenances of Norway $@wedeen planted,
damage and reduced yield have occurred. During the last two detedspecies has
suffered severely with the forest decline in Central Europeltigg in stands with high
percentages of trees with needle loss, or completely dedtstgrds. The health problems
of the Central European spruce forest and the reduced possibditiescfeation in young
spruce stands have reduced its popularity in reforestation, in partmuiside its natural
range. Fragmentation of former continuous forest areas is anbtieat for the genetic
diversity of the species.

Weakened forest stands and changing climatic conditions (wintt#rsut frosts, dry
and hot springs and summers) are serious causes of the increasing treralisfdaanaging
insects. The most serious biotic threats to Picea abiesareot Heterobasidion annosum
and bark beetlesgstypographus

As reintroduction of the Norway spruce local populations is possiblg after a
substantial change in the current ecological conditions, ant@Xeding program was
started 10 years ago. Where seed collection was still possible, cultigatdthgs were used
as hortet for the next cutting propagation. From so-called “mesistees’, grafts were
prepared; about 150 clones are available. Considering the insufficdérspruce seeds in

the highest areas, part of the planting stock is grown vegetatively, usualigh cuttings.

3.1.5.3 The most urgent needs in Norway spruce conservation

Genetic conservation d?icea abieds done by proper use of reforestatimaterials
and by specific in situ and ex situ conservagativities:

Ex-situ conservation means literally, "off-site conservation”. It is the process of
protecting endangered specie by removing part of the populationdrthreatened habitat
and placing it in a new location.

In-situ conservation means "on-site conservation". It is the process of protecting

endangered specie in its natural habitat. The benefit to in-siteration is that it
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maintains recovering populations in the surrounding where they have deldloge
distinctive properties.

In reforestation, theminimum requirement should bé&at the origin of the
reproductivematerial is known, and its adaptiyeoperties should be appropridte the
ecological conditionsat the regeneration site. gystem for the control of reproductive
materials should bestablished and recommendatidas proper use of differennhaterials
should be developed.

TheP. abiesseed samples of recommended seed lots for practical refamestiaould
be harvested in years with abundant flowering and seed production andrée ist
sufficient amounts in seed banks. Experiences by others suggdstr tNarway spruce the
storage period should be 30-40 year. A seed bank with deep freezevbablprthe best
method.

In situ conservation oP. abiesis often successfully done in protected areas. In
several countries, however, protected areas alone do not fulfilacheal needs and
requirements for the conservation of genetic resources of foeest fThere may therefore
be a need for gene reserve forests, established in natural standaraagkd according to
silvicultural practice, such as thinning and harvesting, ensuring tleat@btfor successful
regeneration. The objective is to maintain the potential for continuous future evolution of the
population. It has been suggested that gene reserve forests sharldreas of at least 100
ha, but smaller areas can also serve the purpose. Such forestermaey of a mixture of
different species, if that is their natural species compositioareas wher®. abiesis not a
native species, it may be desirable to conserve the genaatioraof well-adapted ones in
gene reserve forests. Establishment of ex situ conservatioatmast ofP. abiesmay be
necessary in order to conserve the genetic variabilithreitened populations that cannot
be maintained at the original site. The objective will be taldish a new population that
maintains as much as possible of the original genetic variahitityallows for long-term
adaptation to the local conditions at the planting site. It can thblisbed by planting of
seedlings, but also by direct sowing or vegetative propaguless 8i2-5 ha are generally
recommended. Specific genotypes Bf abies are conserved ex situ as vegetative
propagules, in most cases as grafts, in clone banks or clonal archexesal replicates
should be made of each clone to reduce the risk of loss due to fire and other diSkstats
archives are static gene conservation units, with no natural regenerdended in the
plantation. They often contain members of breeding populations thatharacterized

genetically and are used to provide scions to be grafted in sebdrds or to make
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controlled crosses. All populations belonging to a breeding programasusted orchards
and progeny tests, are important gene conservation units as theyncowiterials with
known genetic properties that can be used to generate new populatioksaviin adaptive
and wood-production characteristics. Breeding populations organized iystams of
multiple populations at different sites have particular value for conserving@eaeability
both within and between populations.

The preservation of gene resources and the use of proper geystidalble seedlings

by the new forest owners have to be ensured by continuing education programs.

3.2 HISTORY OF FOREST MANAGEMENT IN THE CZECH
REPUBLIC

The forests of Czech Republic have been influenced and transformedgolasting
and changing human interventions. Of particular importance was tiievakcolonization
with land clearings peaked during the twelfth and thirteenth destuforests in the vicinity
of villages were intensively used for local wood supply, food and otinestf products, and
as part of agricultural production systems. The consequence of thegement was the
reduction in growing stock volume, forest productivity and genetic foase. The forest
area decreased, on many localities forests were devastate@. fBtea were initiated
through regulations, which laid the base of Forest Management. Sfarie eh improve of
forest constitution, (f.e.: Maiestas Carolina — the code of thelCkeng and Roman
emperor Charles IV. in the 14th century) were evoked response on this state.

There were two options for remedy and appropriate forest management:

1) Safeguarding of sustainability while keeping present selecsiygtem of
management through suitable control method based on supervising of gstoakgolume
and its increment.

2) The replacement oSilvicultural system for clear-cutting system ensuring
sustainability of forest and its yields based on area and age of forest stands

During the 18th century, especially second half, the silviculturatesys were
replaced by the clear-cutting system, which came the magiently management system
in the Czech Republic.
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Clear-cutting system of forest management is responsibleotaliyt tree species
composition change of forest stands and change of their structure middee Europe
region.

Czech First forestry act that was good for all territorythed Czech Republic, was
adopted in 1754 (for the Czech part) and in 1756 (for the Moravian part).tRiotime, we
can speak about modern systematic sustainable forest management in thR&fxdatic.

These fundamental changes in forests by extensive cuttings draught some
positive and some negative effects. The positive effects aré gravided sustainability of
management on the basis of the age and the area, deforestatioorestddévastation
stopped by using of Norway spruce and Scots pine plantations. Chartigee afpecies
composition provided desired wood raw material for building and chemidasiry. Forest
area and forest productivity (growing stock volume) increased andtilf growing at the
present time.

On the other hand the negative impacts became manifested narttedylast century
mostly due to the effects of salvage felling. There is an itapbidecrease of static and
ecological stability of pure even age forest opposite to thetfarith more complex stand
structure; damages consequence of snow, wind and biotic agents incre@say Spruce
and Scots pine also have some negative influences on the fore§iostzblization, soil
acidification) and nutrient cycles.

After Second World War (1945) the new possibilities for silviculappeared. With
Shelterwood system along with the aim of the ecological and ecoaomeached
optimization of forest. It was very popular and it became then redwicultural system.
Shelter wood system was very often used but this period took orthetiddarly 70’s when it
was another time changed by clear-cutting system. In afpikes the trend in the forest area
is favourable — tharea enlarged by 439 thousand hectares over last 120 years.

Around 90's resulting of the new role of the forest for societyva ineerest about
close-to-nature forest management and about non-wood-producing functionesbfwWas
born. It's been trying to change even-aged forests into uneven-agstsfanixing species

too. Even it is mainly developed in Europe is a world-wide movement.
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3.3 ACTUAL SITUATION OF THE FORESTS AND FOREST
POLICY IN CZECH REPUBLIC

3.3.1 The present forest management in the Czech Republic. ‘iRciples of state

policy in the Czech Republic”

Fundamental changes in forestry of the Czech Republic weretaditlay “Velvet
revolution” in 1989.

The State Forest enterprises transformed their organization, shwmerelations
changed and also, and more important state of forest in the Czech Republidevede al

These facts all together led to the proposal of a renewal in the forest policy.

Ministry of Agriculture of the Czech Republic has submittedgineernment

“Principles of state forest policy in the Czech Republi¢cthat have been discussed

and accepted at the government session of 25 August, 1993.

The principles are as follows:

* Forests are a natural resourc&he basic objective of the forest policy is to preserve
the forest, in all its expressions. To get this goal is indispigle to arrange the proper
strategies for a good development and protection for the benefit of futuretgersera

« Sustainable management of forestdis concept is based in the idea that the
stewardship and use of forests should be in a way and at ahatendintains their biodiversity,
productivity, regeneration capacity, vitality and their potentialfulfill now and in the future,
relevant ecological, economic and social functions, at locabnztand global levels and does not

cause damage to other ecosystems.

* New ecological and social forest functions in the socigtys new view borns like
the consequence of the growing social interest about the environmental protetii@stst

* Forest is a renewable resourcBorest biomass is a renewable source of energy.
Efficient combustion of biomass is a cleaner energy solution than burningffessillt also
reduces demand for coal, oil and natural gas and prevents additional trarnohbeing
released into the atmosphere, reducing green house gases emission.

* Restore and stabilize forest ecosystems afflicted by air pollitidhe 1980’s the air

quality in the Czech Republic was one of the worst in Europe.
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Democratic changes in the beginning of 90’s led to adoption of an enandathy
friendly legislation and enforced substantial improvement of envirobnie Czech
Republic. This betterment was caused mostly by decreasing cptmsanof brown coal
with high content of sulphur dioxide. This was used mainly in large p@keats. The
current situation is comparable with other European countries.

» Adapt forest tree species composition to the expected develofishard! climate
change is finally a real fact and the forest policy shouldcbacerned about the
consequences on the ecosyst&farious hypotheses for human-induced climate change
have been debated for many years. The biggest factor of preseett is the increase in
CO; levels due to emissions from fossil fuel combustion, followed bysaés (particulate
matter in the atmosphere), which exert a cooling effect, aneétrdemanufacture. Other
factors, including land use, ozone depletion, animal agriculture ancedettoon, also affect
climate. A lot of present tree species will likely disappear from digaint part of forests
being destabilized, predominantly broadleaved species. Thereftsenetessary to make
the adaptation of tree species composition in order to reduce thaf essablishment in the
future and for the biodiversity conservation.

» Support of researches focused on a long-term development of forestst
management in the regions under impact of air pollution does raiecsafficient sources
for necessary reproduction of forests, the support of forest functl@suppression of the
consequences of harmful agents and the support of research focusedoog-ternh
development of these forests. Enhancement of forest conservationtihheexsgablishment
of purposeful fund. It will create the prerequisites for funding of thesataediv

A change of ownership relations and the state of forest in theh(Republic require
new forest legislation. The forest Act n. 289/1995 respects thditggofathe rights in
ownership relationgp ensure the balance between interest of the public and the rights of the
owners, to protect forests frodevastation and to safeguard their multiple functions.

* Forest management in harmony with forest management pldhbe guaranteed
both to the owners and the state through forest professionals with prescribedajiatifi

* The right of common use of forests by citizerensured in the Forest Act, in a spirit
of traditions of this country in democracy. Possibility of the useofeational and hygienic
forest functions and pick up of forest crop, is ensured for eiickrts, unless the right is
being reserved by the owner, on condition that forest protectionbwillespect and the

forest environment will not be disturbed.
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* It is necessary tkeep numbers of game on the level not endangering the existence of
forestand enabling its natural regeneration so that nature bateteeen forest and game

management could be restored.

Market economy as management system enables privatization plathef state
forest property. Termination of restitution process is the prerégudiprivatization. With
respect to the implementation of principles of state forest palclother requirements of
state, the government will decide the extent and the way\aitiation of state forests and
the regions where forests should not be privatized.

The importance of forest and forestry development will be suppdni@iligh an
access of forestry to use of finances from the programs and funds of internat@stahas.

On account of building up the ecologically sound landscape and the tiatiiz af
poorly productive agricultural lands, Ministry of Agriculture welhforce appropriate forest
utilization of these areas in agreement with other participadelies and in harmony with
the plans of systems of ecological landscape stability.

3.3.2 Forest management under state supervision. The Forest Act.

Forest management is relatively strict determined by lascpp, namely The Forest
Act from 1995 and the Nature and landscape conservation Act from 1992 are dominant role.

The Forest Act, dated on Novembé&t 895, is creating the base framework of forest
management in the CzeBepublic.

Chapter 289 coll. on forest is valid in Czech Republic. This adfestee as from
January 1" 1996. It contains ten sections:

1) Initial Provisions

2) Preservations of Forest

3) General Use of the Forest

4) Preconditions of Sustainable Forest Management

5) Forest Management

6) Licensing

7) Promotion of Forest Management

8) State Forest Administration

9) Sanctions

10) Transitory and Common Provisions
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The main principles of forest management according to the Forest Aotlavest

- Sustainable management of forests as a base of forest utilization

- Forests are divided according to the consideration of forestdmsatito the 3 forest

categories: protection forests, special purpose forests ancheraml forests. Protection

forests mean forests growing on unfavorable sites, thosedavlkgth are protecting lower

stands, forests in dwarf-pine vegetation zone.

Special purpose forests are forests not belonging to protectiotsfares they are at

water reservoirs protection zones, in national parks and nationaveesé&orests where

social or another interest is more important than wood production@dveléd in this group.

There can be seen a detriment in the area of special purpests fior 2000. The reason is

that currently the areas affected by inmission are not included.

Commercial forests are the rest.

Table 6. Forest categories an their proportioni®zech Republic. Source: Remes J. & Podrazsky V.

Commercial forest| Protective forest  Special purpose forest
1980 78.2 4 17.8
1985 68.2 3.1 28.7
1990 58.4 2.5 39.1
1995 57.2 2.7 40.1
2000 76.7 35 19.8
2005 76 3.5 20.5
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60% -
50% -
40%
30% -
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Forest categories
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year

O Special purpose fore
H Protective forest
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Graph 3. Forest categories in Czech Republic (data Table 6).
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- Forest management plans are instruments of the owner of the forest prepared,
as a rule, for a period of 10 years. It is obligatory for owndre Wvave more than 50
hectares of forest with a maximum of 20000 hectares, from thisasier plan will be
needed. Who owns less than 50 hectares has to prepare Forest manggatakmes, also
valid for ten years. The preparation of guidelines is commisditnyethe relevant state
forest administration body.

Management plans should be paid by the owner of the forest but expEnses
guidelines are born by state.

All individuals and legal entities involved in planned management ae8vitire
obliged to meet several binding provisions:

* total cut volume

* minimum portion of soil-improving and reinforcing tree species instostand
regeneration

« minimum area of tending felling in forest stand below 40 yearsgef (this
appointment is obligatory only in the state and communal forests).

Owners are obliged to keep records of the origin of seeds and pldrds species in
each stand.

- There are four equivalent silvicultural systems in the Czech forest ntaeagje

» Clear-cutting system.

* Regeneration by border felling

« Shelterwood system

« Selection system

Some observations about clear cuttings are compiled: Maximunofacézar cut is 1
ha with maximum width up double of mean stand height. Exemption ofsrplessible on
natural flood plain forests, natural pine forests and on mountain slopkedgmgth over 250
m) without transportation system. Clear cut is accepted there up to 2 ha.

- About regeneration. The owner is obliged to regenerate the &teesl of each site
using suitable forest tree species and to tend them in propearithni@ a systematic manner
to improve its state, increase their resistance and improve the fulfillmérest functions.

Start of forest stand regeneration is possible from min. 80 péding stand age. It is
not allowed to drive down stand density under 0,70 before this standageg forest
regeneration, it is prohibited to add another clear-cutting to young unestabteshesl i§ the
total resulting area of unestablished stands exceeds the area and widtadspboie.
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- Collection, transport, cultivation and use of reproductive material afsfoiree
species are under strict appointments. Collection of forestfestes reproduction material
are possible from:

1. Identified sources - forest stands genetic category C (mgeality). Selected
sources forests stands genetic category A, B (plus seed stands).

2. Qualified sources - plus trees, seed orchards, intentionabylissted set of
trees specially grown for taking of cuttings, seed stands.

3. Tested sources.

The seedling for planting must to come from the same foréstahaiegion and from
the same forest vegetation zone.

In addition, seeds or plants of Norway spruce, Scots pine and Europeamiast
come from plus trees or forest stands approved for seed collection or seed orchard.

- Specific measures for management activities in protectovasts and special
purpose forests may be determined by the state admimstkaidy or proposed in the plan
or guideline.

- Each forest must be managed under expert control of professioestl fivanager.
Forest manager has to have license and must be present in all stands.

- All the activities which take place in forest, including develgpiplans and
guidelines as well as any commercial activities with seedsseedlings are granted by the
Ministry of Agriculture.

- To transgress the legal provisions for general use of the foyastizens, the state
forest administration body may impose fines of up to 5000 Czech cravegenh more
than15000 crowns. The Act designates specific cases in which tédéosest administration
body may impose fines on entrepreneurs and forest owners af €6@00 or 1000000
crowns.

- State forest administration. There are three administrdaeals: cities with
administration power, districts offices and Ministry of Agricultuxénistry of Agriculture
is the central body of state forest administration. Ministr{Ep¥ironmental is the central
body for national parks.
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3.3.3 The most important common needs to solve in Czech fongstand
recommended measures.

There are some serious problems of the Czech forests and forest management.

Long term affecting of forests ecosystems by anthropic (humetijities is bringing
some serious negative effects. Forests are continually dokg not only due to human
activities, but also as consequence of fungal diseases, windfall and bark beetk aarge
areas of the forests in the Czech Republic were destroyedoda#& pollution. These
damages were caused by extensive industrial development in ritval deurope region.
Surplur and nitrogen are deposited in forest soils mainly from indusind transport
emissions. Production of nitrogen oxides has even increased in thenasdrs, in contrast
to emissions of sulphur which were damaging the forests the imdke past. Sulphur
emissions declined in the 1990s due to the desulphurisation of power plargeNis in
excess in forest ecosystems and leads to overgrowth and, as ta spsue is easily
splintered and a higher relative amount of nitrogen in woody tissa&esrthe trees more
susceptible to various insect pests and fungi. Although air inmissiesssby SO2 was
important declined, regeneration processes of forest ecosystémesain pollution areas are

running very slow.

Figure 8. Air pollution damage zones in the Czeepiblic. Source UHUL, Forest Management Institute.

In addition the issue of pollution is complicated by other unfavourabters such as

climate variations.
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Expected impacts of climate change in forests in the Czech Repuoblude a
significant reduction in the forest area. For those nativesjpeeies growing outside their
ecologically optimal areas, changing climate conditions wdlease their susceptibility to
damage and insect infestations. Spruce will be one of the speédigghest risk. Further
impacts of climate change are predicted to include a higherreoce of extreme weather
conditions (storms, tornadoes, wet snow avalanches, frost) with mgsuttegative
consequences for forests.

The increment of the population of ungulates, specially game, is anogner
significant negative factor. The aim of keeping these animalsrastf is the hunting, in
many regions the numbers are several times higher than thel deuwalawould be and
which forest would be able to sustain. Damage caused by animadibgoand bark-peeling
significantly affects to the tree health. Artificially pted samplings are protected by fences,
plastic tubes and other mechanical protections. The pressure malkes regeneration
difficult or even impossible.

Big predators are important to the natural balance of the folegtx (Lynx lyny,
bear Ursus arctoy and wolf Canis lupu} are part of the native fauna and were present
throughout the Czech Republic in the past. Settlements, exploitatiooresit,f etcetera
provoked their extinction in the area. During the last few decdmg$predators have been

migrating back to the Czech Repubilic.

Damages by game in million CZK

70 61,1 65,3

million CzK

y 1995 y 1996 y 1997 y 1998 y 1999 y 2000 y 2001 y 2002

year

Graph 4. Damage caused by game (in mill. CZK). 8@uRemes J. and Podrazsky V.
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Insufficient attention paid to soil protection in forest conservadioth management is
a major problem. Clear-cuttings are especially harmful.

The uncovered layer of humus is quickly mineralized and is washay lay the rain.
At the same time particular soil bacteria, fungi and soil fqangial for forest ecosystems
and soil functions) die off, indigenous soil fauna facilitate the ti@mspf symbiotic
mycorrhizal fungi to the roots of planted trees, the disappearaneffeict makes forest
regeneration more difficult. The change disrupts important decotigpoprocesses within
the soil and leads to a change in soil microstructure. Soil gggmgecological processes are
interrupted. Soil compaction due to heavy machinery causes soiktpdossity and thus its
capacity to retain water.

Soil is crucial not only for wood production, but also for all life ongbgh’s surface.
Soil life must be protected to the same extent as the above-gréemenés of the
ecosystem. Soil organisms, some soil animals in particuldrpetiimove to a new suitable
area because they lack the ability to migrate. This faittt lead to the complete
destabilization of the ecosystem.

Accession to the European Union and the implementation of Natura 2000 aedb Cz
legislation may improve the protection and management of some nature-proteated he

introduction of compensation for the owners of land under nature protection is needed.

Labské piskovce
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Figure 9. Protected regions in Czech Republic.SoUidUL, Forest Management Institute.
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The fact that some areas in the Czech Republic are nominalgcmdtnature areas
does not guarantee real protection for them. Logging, huntingatadterof riverbanks and
the construction of other technical solutions to flood control have beenarkgul
documented by environmental organisations; even in the nature ressvaeded the
highest level of protection. Many nature-protected areas sweesatlangered by construction
of roads, highways and ski lifts.

The government and lawmakers should implement the necessary £hanggrove

this situation.

Recommended measures

Systematic change of management system is necessary @n tordmprove the
condition of Czech forests. It is essential to abandon the maeagenodel of even-aged
forests and clear cutting and move towards sustainable, closaite-f@test management,
which ensures a constant wood supply as well as continued functionetéralnts of the
forest ecosystem. Small area shelterwood felling and seléaivesting methods should be
preferred. At the same time, regulations should ensure thatccieareas which were
created in the past will be reforested with pioneer species.

It is crucial to gradually restore the species composition iddiests to one close to
the natural corresponding to the given habitat. The change in citiopegll certainly take
hundreds of years, taking into account the duration of rotation periods.tiNdess it is
necessary.

A portion of the trees in managed forests should be ensured to be H# &aind
decompose, at least several trees per hectare. This eskmpe the important habitats of
numerous species and maintain a portion of the nutrients in the forest.

Liming and fertilization need to be significantly limited if reddbandoned completely.
They lead to the creation of artificial ecosystems with thesequence of symptoms of

damage, mostly the yellowing of needles.
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Figure 10. Recorded occurrence of Norway sprucelageellowing. Source UHUL, Forest Management

Institute.

This measure cause lack of biodiversity in soil fauna, followeddsgabilization of
decomposition processes and changes in the nutrient cycle whichauwhisequilibrium in
forest ecosystems, especially mountain ecosystems.

About game overpopulation, it is necessary to be adjusted to aUst@hsble for the
forest. The authorities responsible for game management must reyatdolthe
overpopulation by hunting associations and legal sanctions should be impoksedters
both sponsoring overpopulation and hunting above a given limit.

All of the measures mentioned above have to be applied in Czecls forestlways
regulated by the current forest policy and Forest Act looking imeating point between

production and protection.

3.3.4 Main forest regeneration systems in Czech Republic

Forest is a dynamic entity. Every time that a disturbance aparea new seedlings
appear in the gap. They will take the advantage of the increased light, water aasutri

Different tree species have developed big range of regemesitategies. Each specie
has its own climax conditions, if these circumstances arerriesthe area the target specie
will be dominant.

Regeneration of natural (virgin) forests is automatic procesghws taking place in
disintegration stage of forests. The trees are mostly old ®hegnortality increase because
they are more susceptible of disturbances like wind storms octimsébreak. The

consequence is that gaps are opened and seeds stored in soil start its development.
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If there are seedlings of desirable species already isstadblwhen a forest is cut or
otherwise disturbed, a new, high quality forest can develop immediaiethe opposite is
more often the case. Good quality seed sources weren't availaliléhey were, the seeds
didn't germinate and grow.

In order to control and optimize regeneration, foresters haveapecklsilvicultural
systems to regenerate forests. These systems are designed aroegedrtémation strategies
of the desired species.

Two basic forms of regeneration can be distinguished:

« Natural regeneration. Foresters take the advantage of the growergiglodf the
stand. The main requirements for a successful regeneration are:

1. adequate supply of viable seeds

2. favorable seedbed for germination

3. suitable microenvironment for subsequent survival and growth of the
seedlings.

Successful regeneration takes place when these three factoestegether at the
same time and in the same place.

» Atrtificial regeneration includes planting and sowing.

At present, combined regeneration (artificial and natural) g eé#ien used in the
Czech Republic.

According to duration of regeneration period:

e Short term regeneration. Below 20-30 years.

« Long term regeneration. Above 30 years.

According to spatial arrangement we can differentiate 3 fundineegeneration
technologies:

e regeneration under shelterwood

e regeneration by clear-cutting and

e regeneration by border felling

It is often necessary to use in the same forest stand sesgealeration technologies
to achieve the regeneration target.

There are 4 equivalent silvicultural systems in the Czech Republic:

» clear cutting system, generally connected with artifi@gleneration. Quite large
gaps are opened, no more than 1 hectare is allowed (2 hdctathe exceptions). Light

demanding species like Scots pine, European larch and oak are favbiedshade trees
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like beech and fir are unflavored. Is the responsible of the spammegosition change in
Czech Republic, due to the wide use of this system during the last two centuries.

»  Shelterwood system, predominantly based on natural regeneration. Tlse&andw
generation grows under canopy of mature stand. Currently this ragenesystem is very
popular in Czech Republic.

e Border felling system, represents the link between clear cuatidgshelterwood
system. Specific ecological conditions are created under canopysbtawards the cleared
area.

» Selection system. This silvicultural system is not common irCttexh Republic
due to historical development, site conditions and stands species caoompoRiere are
only some stand conversion forests managed under systems involving coufies to
selection forests in this country (Qfmm, Kutna Hora, i&iny). Some features are: time and
spatial arrangement of regeneration is not necessary, basial sferision is choice of
regeneration cutting method (clear cutting, shelterwood cutting, sombined felling) and
concurrently choice of starting point of regeneration and progressiefingjs with respect
to stand state, terrain configuration, climatic conditions. Beginrohgforest stand
regeneration is possible from min. 80 years of stand age. It iallooted to drive down
stand density under 0,70 before this stand age. Number, size and locatkgeradration
components are also important parameters of spatial arrangefwegeneration. Selection
forest allows us, to remove lumber of all diameters.

Criterions of felling maturity are very important tools of tiesection to cutting in
forests regeneration management. Main used criteria of felling maduoeity

1. age of trees and stand
2. diameter of trees

3. tree quality

4. tree increment

Despite of distinct increase of natural regeneration, artificégleneration is left
important regeneration form. Combination of nature and artifici@generation is
considerable especially in connection with necessary changeeo$pecies composition of

forests towards to increasing of their biodiversity.
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3.4  Uneven-aged management.

Even-aged monoculture forest stands with a dominant position of Norwagesgnd
Scotch pine constitute the main part of forests in the Czech Republic. The propohbixth of
species is still distinctly different from the natural statel it amounts to more than 70%.
The originally mainly broadleaved and mixed forests were regpldmg coniferous
plantations since the late i&entury. This change was a response to the results of an
uncontrolled system of selective management which was praatidearope till the second
half of 18" century. This selective system was missing any critdrisustainability and it
frequently led to the devastation of forests (Poleno 2000).

The transformation of even-aged pure spruce or pine forest staod®rest stands
with more complex stand structure is a key topic of forest neanagt in many countries,
not only in Central Europe but also in North America and the countries in the boreal zone.

The first practical forester, who realized close-to-nature foreahagement in the
territory of Czech Republic was Hugo Konias.

The other protagonists and successors of selection forest mamagemeézech
Republic were Zakopal, Polansky and Kratochvil. The knowledge of coonéosselection
forest could be applied to other management systems, especialghtdtearwood system.
Thanks to its variability this management system can be usedamgeascale in the forest
conditions of the Czech Republic. After 1945, the shelterwood systenappdied on a
large area of Czech forests (Remes J., 2006). This systenrasteiaed by elimination of
clear cuttings, natural regeneration, relatively long-tezgeneration period and sequential
conversion of coniferous monocultures into mixed stands.

The clear cutting, seed-tree, and shelterwood methods produce evestaagis] the
selection method (single tree or group selection) creates amtiamaiuneven-aged stands
(Matthews, 1989; Smith et al., 1997)

Stands managed under uneven-aged systems are normally comprised of thaze
age classes. An uneven-aged silvicultural system maintainsegaderates a stand with
three or more age classes (Helms, 1998).

These cover types are adapted to regenerate under partial caiotipwemsg minor
disturbances like individual tree mortality, or a moderate diahwb such as a wind storm
that would damage up to one third of the stand. Uneven-aged systetiesigreed to mimic
such disturbances. Uneven-aged silviculture can be used toeirfdtat stages of forest

succession, particularly the transition phase (Bormann and Likens, 1979)
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As a result, regeneration and most vigorous growth typically occumatl-sto
medium-sized gaps (small openings). The number and size of gafesidteaugh uneven-
aged management are dependent upon species composition, and tree rotatiosizge
Normally, these systems are used to manage stands contaired) tneéies of all ages, from
seedlings to mature trees.

Uneven-aged silviculture maintains a continuous forest cover, thus prgtagainst
soil erosion, offering improved aesthetics, and potentially reducirgative impacts
associated with forest fragmentation (Williston, 1978; Chang, 199@mBed and
Greenhalgh, 1990)

Moreover, Williston (1978) suggest that uneven-aged silviculture isr lzetegpted to
steep slopes, fragile soils, very dry sites, and high watégstaand that it maintains genetic

variability better than even-aged silviculture.

3.4.1 Uneven-aged Harvest and Regeneration Methods

Stand regeneration is achieved by periodically manipulating therstovy and
understory to create conditions favorable for the establishment andasf desirable tree
species. Thinning, regeneration and harvesting usually occurs sieadtly. The harvested
trees are essentially replaced by growth on the younges et in the stand. These
silvicultural systems are designed to maintain an uneven-aged ectanattion, while
manipulating the multi-age and multi-size structure of the overstofacilitate continual
recruitment and development of quality growing stock.

With the uneven-aged silvicultural system, the tree selectiorsidec{to cut or to
leave) considers a number of factors as tree quality, splesasbility and desired age and
size class distribution.

The following are generally accepted uneven-aged natural regeneratemsyst

» Single-tree Selection: Individual trees of various size and age classes are
periodically removed to provide space for regeneration, and prorhetegrowth of
remaining trees. Each regeneration opening (gap) covers arguialent to the crown
spread of a single large tree that has been removed. Individeskire selected for removal
from all size classes (to achieve desired residual demsigysl) following recognized order
of removal criteria based on tree risk, vigor, quality, and spacing.

The goal is to achieve an optimum distribution of size and age classes so eaals conta

a sufficient number of quality trees to replace those harvested in the nexslaegeass.
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e Group Selection: Trees are periodically removed in small groups to create
conditions favorable for the regeneration and establishment of rewlagses. In general,
the openings created may range in size from fairly sB8@lm2 up to 2000 m2. Smaller
openings favor regeneration of more-tolerant species, while larg@ingpefavor mid-
tolerant species. In general, stands dominated by large crawleednt species (such as
beech) do not require the creation of large openings to provide suwnligkgEneration, and
individual trees are harvested as they mature using the siaglestlection method.
However, some of the less-tolerant species benefit from theofuiee group selection
method to enhance recruitment and growth of new seedlings. One-doaotez-half acre
gaps may also have potential application in the management of urgaeistands of mid-
tolerant like red oak and white pine on some sites. Potentially;tolesant to mid-tolerant
species can be managed by applying variations of the selectiomeraggen method, if
appropriate steps are taken to control competition.

In general, stands managed under uneven-aged systems regeseaatesalt of
manipulation of light levels during the harvest process. In somesca®n-commercial
removal of additional cull trees or poorly formed saplings may bdetto further enhance
regeneration in specific areas which are not opened up through the normadrisgiextess.

3.4.2Uneven-Aged Tending Methods

In uneven-aged silvicultural systems, tending operations are not leaslyc
distinguished from harvest and regeneration operations as in gednsgstems. Harvest
and regeneration are perpetual operations, rather than occurringdoneg a stand’s
rotation, so tending must also be integrated and not temporally szbaha addition,
uneven-aged stands often have a spatially patchy age structumaapatequire patchy
applications or variations of intermediate treatments.

Release treatments are designed to free young trees from rahtesiompeting
vegetation to improve stand composition, growth and quality. These tinted s
improvement (TSI) treatments can be applied to regeneration opetriegted by single-
tree or group selection systems, although costs associated witicatien and treatment of
scattered regeneration patches may be prohibitive. They are prababt needed and
feasible where the objective is to facilitate the survivagwgin, and development of
seedlings and saplings of mid-tolerant species growing inrlagenings created through
application of the group selection system. In addition, as canopysrexpand over time,
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previously created regeneration gaps may need to be re-opengzhnded to maintain the
vigorous growth of young trees; this release operation can be condoctearently with
other periodic cutting operations.

Thinningis an intermediate treatment that entails the removal e$ ti@ temporarily
reduce stocking to concentrate growth on the more desirable tt@asings are applied
primarily to improve diameter growth, manipulate structure, erdhémest health, recover
potential mortality, and increase economic yields. Under the uregyenh silvicultural
system, thinnings are implemented concurrently with periodic braed regeneration
operations. Stands are normally re-entered on an eight- to 20utéag cycle depending
on landowner objectives, economic constraints and opportunities, site quabtygrowth
rates and stand development. Specific target stand stocking ldgristy management) by
size and age class are very important to tree growth andygdelielopment. Often, small
groups or patches of essentially even-aged trees can be mmbgmd treated. Tree
selection is based on a recognized order of removal that consekerssk, tree vigor, crop
tree release, species composition, and spacing. Additional cagerialso be employed to
enhance wildlife habitat, biodiversity, water quality, and aesthetic values

Temporary improvement cuttingay be needed to improve composition or quality in

stands that have been previously unmanaged, neglected or poorly managed.

3.4.3 Management rules for transformation

The first rule is to allow enough time without productivity lass&ransformation
follows a set sequence of stages which must occur in thectorder. No single stage can
be omitted. The following four stages are used to distinguistitfezent characteristics of
regular forest transformation:

* The stage of differentiation, the main aim is to promote eacHirexisaluable
element, which ensures structural development.

* The stage of regeneration promotion, the principal focus is on favoring new
decentralized regeneration groups.

* The stage of structural development, the focus is to achieve good halriaodt
vertical distribution of structural elements.

» The stage of structure achievement, the focus is to achieve vertinadualization

of the remaining groups.
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Figure 11. The four stages of transformation ofitagforest into irregular ones. Source: Schi200.1:

Opportunities and strategies of transforming regigdeests to irregular forests.

The second rule is to decide whether to attempt transformatiorherpresent
generation of trees or on the subsequent one. There must be envagbulding trees
with potentially long life-spans or this must be achievable usiogit thinning; if this is
not the case, transformation by differentiating the present stand should noti@eadtdt is
important to achieve a new, better structured heterogeneous amdl geixeration first, as
this will support transformation in later stages. Otherwisegtiethe risk of opening the
cover when mature trees die, before transformation has been achvevieh leads to
homogenization of the second growth.

To achieve effective transformation, one must be able to arigctpa successional

development and to apply different hierarchical silviculture decisions accocdihg stage.

3.4.4 Differences between broad-leaved trees and conifers the selection forest
system

The likelihood of creating an irregular structure varies betweeifesrs and broad-
leaved species. Conifers maintain a spindle shaped crown, even wireeistiiee space to
be occupied. This contrast with broad-leaved tree species whose gmwmnkaterally when
more space is given. This means that conifers are betteedsto a system of

individualization within the whole stand of the selection forest. Baeeds three or four
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times more crown space to produce the same amount of timber imtrasngr (Bardoux,
1949). The main reason for this is that the individual growth of broagdetrees leads to
the development of inadequate stem form. Because broadleaved gpewew® fill out
stand openings, they close up the cover more effectively than sonlfeerefore, light
conditions need to be controlled much more rigorously than when deatm{rwer spruce.
Another reason why shade-tolerating conifers are more suitedrtioalestructure is that
they can maintain very slow growth even in limited light conditions, @an stay in quasi-
stationary stage over a long period (Schiitz, 1969). They manage thsitwising their
acrotonic stem form. In contrast after being exposed to shadéoogeperiod, broad-leaves

like beech lose the ability to produce an upright excurrent stem. (Schiitz, 2001)

3.4.5 Biodiversity & Ecological stability

The growing recognition of the importance of biological divgrsias sparked an
interest not only in enhancing structural diversity through umaged management, but
also in managing for mixed-species stands (Phillips and Abeboeorh987; Lentz et al.,
1989).

Maintaining biological diversity, the variations in life forms,ngéc makeup,
ecological niches and biological processes in a given area (Q1R@2), is an increasingly
important goal of forest management. This interest reflegtew@ing understanding among
ecologists and the general public of the importance of maintagiwegse assemblages of
species. Diverse systems are less susceptible to disedspssas. IN addition, wild species
provide an array of valuable products and genetic material, andsémeg as ecological
indicators (Burton et al., 1992).

Obviously, no single index can fully capture all the variables tbastdute the
diversity of a stand of trees. Nevertheless, Shannon’s and Simpsdei®es are the most
widely used. Shannon’s index has the most established history inyorestmg been used
to measure tree species, tree size and foliage profile dwarsiorest stands (MacArthur
and MacArthur, 1961; Ambuel and Temple, 1983; Niese and Strong, 1992; Lu and
Buongiorno, 1993; Buongiorno et al., 1994; Buongiorno et al., 1995; Lin et al., 1996).

Shannon’s index is not perfect. Perhaps its greatest weakness i rifiects the
proportional distribution of individuals, not their absolute numbers (Schultand
Buongiorno J., 1998).

Shannon’s index for tree species diversity:
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H specie= " (y, /y)In(y, /)

i=1
Were y, is the basal area of trees of species grpapdy the basal area of all trees.

Shannon’s index of size diversity:

H size= Zm:(yi /'y)In(y; /'y) withi standing for the size of trees.

i=1

They only measure the diversity of trees being useful indeiketand level density.
They do not recognize other flora or fauna (Schulte J. and Buongiorno J., 1998).

There are often strong correlations between forest strucameé community
composition (Urban and Smith, 1989). For example, Hansen et al. (1991 tiegtothe
total abundance of birds is 50% higher in natural stands than in pastatvhile that of
amphibians is 130% higher. Similarly MacArthur and MacArthur (1961) foundfdla-
fifths of the within habitat diversity of bird species could beilaited to the variation in
vertical distribution and diversity of vegetation. Given the high cdroslathat exists
between tree diameter and height, a stand with a high diverditgeo$ize can be expected
to have a high level of vegetative stratification (Violin and Buamgp, 1996). High species
group diversity would only act to further enhance this stratific, and thereby increase the

number of potential niches for species to occupy.

3.4.6 Economical features

Timber production is often the major incentive for landowners. Therefoselecting
a management regime, it is useful to predict its impact on timber productiornvandes.

While many forest landowners and managers will be primarilgrésted in the
economic returns they might expect under a given uneven-aged redners, will be more
concerned with the volume production. For example, national forests tme lefss
concerned with making a profit from timber sales than meetitadpleshed “allowable cuts”
(Schulte B., 1998).

Several studies (Baker and Murphy, 1982; Baker, 1987; Guldin and Baker, 1988;
Baker et al., 1991) have compared the yields from even-aged and unetseiofaghy-
shortleaf pine stands under various management regimes for 36 t@rfs0 Ve results
showed that saw timber volume production was highest for intensivelggad even-aged

plantations and for uneven-aged selection stands with high stocking levels.
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Uneven-aged management can also be financially superior to esenvegagement
under certain conditions. The infrequent though large revenues frorragednstands lead
to lower net present values at high interest rates than tHiesmg more frequent revenues
from uneven-aged stands. Chang (1990) further suggested that unevenaagagement
can be more profitable when the fixed costs associated with the selecti@meciaw. Baker
et al. (1991) and Guldin and Gulgin (1990) found that, when the initial grostoulx was
not considered a cost, the uneven-aged stands gave superior net present values.

Similarly, harvesting uneven-aged stands is more profitable dotractors than
harvesting even-aged stands. In a study examining the effecmoval intensity and tree
size on harvesting costs and profitability, Kluender et al. (1998)dfdbat single tree
selection in uneven-aged stands was more profitable than selbatwests in even-aged
stands, clear cutting or shelterwood harvests.

Baker (1989) concludes that uneven-aged stands having as little asabB%gsbut
at least 1.1 m? ha of basal area can be rehabilitated within 15 years by uneven-age
silviculture, and that this will likely cost considerably lessntl@nverting the stand to
plantation.

Within the past few decades and particularly since the “Brundembrt” (World
Commission on Environment and Development 1987), sustainability has badayderm

in emphasizing the relationship between economic progress and nature (Hasenauer H
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4. MATERIALS. DESCRIPTION OF HETLIN FOREST

4.1 Location

It is situated in the surroundings of Hetlin, its geographical imtas given by
coordinates of 49° 50’ northern altitude and 15° 11’ eastern longituderddefahe forest
is 307 ha and it is composed of 3 parts: the first part (¥ri&ah) is the largest one with
149 hectares and it is surrounded by agricultural fields. It lideiee® Hetlin and
Stipoklasy. Second and third part is connected. Both situated on the ISE H¥éttin forest
complex. Second part has 83 ha and is composed of two localitieskdlze Sand V
Lipinach. Third part has an area of 75 ha and is composed just for one locality, U jezera

The forest complex is included into a forest region which ied¢&Ceskomoravska
vrchovina” at the Municipal Forest of Kutnd Hora Town.

The Hetlin complex is situated on North border of this forest region.

4.2 Natural conditions

4.2.1 Geological and soil conditions

The forest complex of Hetlin is a wavy plateaubedrock of gneisses which has been
overlapped by Pleistocene sediments. Over them pseudogleys and poddobfese have
developed. Both are characterized by changing water conditions.

Podzol soils occur under spruce and pine monocultures. Physical condittbessofl
are affected by granulity. There is a compact middle lagethe soil profile which
constitutes a mechanical border for the tree roots. There ardigapeoots developed
because they can’t cross over this layer, the consequencetiedisadre not as stable as that
can be under another soil conditions.

Soils are mainly acid with a pH=3,1 - 3,2 (natural conditions for Nypmsygauce) but

according to depth pH increases until 5,1 — 5,3.

4.2.2  Climate conditions

The Elba River goes through Hetlin forest this is the reasontie forest is affected
by a warm middle climate. It is located on an undulated plaim aftaude of 445-493 m.
The mean annual temperature is about 7 °C and the average atiecipg 650 mm/year

distributed along the year.
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There is a special role of underground water. In the cases df atntudinal
differences there is underground water accumulated and thisng/rafiecting the growing
conditions and soil forming processes.

As it is been said the soil of the majority of the area isugsgley which
characteristics entail a typical water regime: longnterver wetting after snow melting and

rainfalls and high drying processes during the dry season.

4.2.3 Tree species composition

The main species in the area are, in order to percentage: Wspnee, Scots pine,
European larch, Birch, European beech, Silver fir and Oak.

There have not been high differences in tree species composition dstied years.
Norway spruce percentage has been without changes but the pgecgindéher species has
changed. The highest losses are in the case of Scots pineebgaaersds to be cut earlier
than other species. The percentage of European larch has increased two timendthed
in all ages and when the representation increases, it doesthaoredynamically. The

spectrum of broadleaves has enlarged.

4.3 Forest management

4.3.1 The beginning of transformation process

Forest Range Hetlin (Forest District Opatovice) startedrémsformation process to a
mixed uneven-aged forest with the group and single-tree selecticulsilral system on
January 1st 1938. Since that day when clear-cutting management syateabandoned (F.
Kratochvil, 1970).

In the beginning of transformation to selection forest Franti§&iochvil was the
forest manager in Forest District Opatovice. He decided totheseselection system of
management on the basis of following facts:

- calamity ofLymantria monachan 1921

-windstorm in 1929

- quite considerable extent of worsening forest soils in almo&ialities due to the
total changes of original species composition

- big damage of other non-forest landscape by medieval silvengnamd agriculture.

Due to the effort to extend areas with cereals and sweet beet the ponds wesd.empti
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-these forests are situated on the edge of a glen under thehtnaueffect” of
south-eastern drying winds, which is very dry place.

Because of these reasons it was necessary to repairatbealnconditions by
establishing such a management system, which would make thef lbedtiral conditions,
particularly for the moisture.

In the management plans the following facts were declared as a spgetl ta

-to establish the group single single-tree selection management system

-to extend the forest stands in less favorable climatic positcmsected with
recreation and landscape aims

-to extend the area of ponds, especially of forest ponds.

4.3.2 Felling

Emphasis was placed on felling methods. Each tree was evalndidually and the
forest manager marked personally the maturity felling a$ agethe advanced felling. He
considered the method of regeneration, its volume and urgency, intensiterbérence,
other forest operations, such as forest amelioration and isswsdretith irrigation,
drainage, founding of reservoirs, selection of the best felling metinadging and transport
depending on the condition of forest-road network.

Due to severe fellings were abandoned the distance between skidadéasgware
therefore reduced from 80- 100 m to 40- 50 m, with a width of 3 m suifabb®th animal

carriage and tractor.

4.3.3 Planting
In comparison with spruce or pine monoculture even an admixture of conifers between
themselves shows better humification. For that reason even ualjtavorst individuals
of pine are saved in homogeneous spruce stands. In particular bveadtean of the worst
quality, which create rare broadleaved admixtures are preserveareasl are opened for
them to have some advantage above their competitors with the ainprofving nutritive
humus amount and root drainage. At first it was the case of oak &gl lbut also rowan,

alder and aspen.
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Decomposition of raw humus and its transformation into the nutritive hocusred
due to thinning from above (opening canopy) connected with sanitation andatiuelit
selection.

In the beginning some broadleaves (hornbeam, lime, beech) didw&lfjtalthough
they were recommended as the most suitable soil-improving treesp€his phenomenon
was the result of soil hyperacidity. Therefore it was nesgde start with broadleaves with

are resistant to a lower pH factor (alder, birch, aspen), eventually witinsa).
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5. METHODS

5.1  The experimental plots
The experimental plots are distributed among the surface ofhHetklst. There are
eight plots; six circle plots and two rectangular plots. The sfizach rectangular plot is 50
X 100 meters being the area half hectare. The circle plotsaheadius of 20 meters, being
the area of each circle plot of 0,1256 hectares. The total area sampled is 1,7548.hectar
The localization of the plots was chosen in preceding work management inventories.
The rectangular plots are both in the stand number 781 and circléelotg) to the

stand number 770.

5.2 Measurements: Position, H, DBH, G, Volume

The measurement of diameters was done in the eight plots iRectahgular plot 1,
Rectangular plot 2, Circle plot 2, Circle plot 3, Circle plot 4¢cf@iplot 5, Circle plot 7 and
Circle plot 8. In previous measurements also Circle plot 1 and 6 were taken into &etount
they have been cut recently.

In each plot the DBH (Diameter at the Breast Height) waasured at the height of
1,30 meters of each tree with DBH superior to 10,00 cm. with atFpidiper. Precision
of dbh measurements is Imm.

Each tree was localized from the tree reference in theercemtthe circular plots
measuring degrees with Silva Clinometer device and distance with a ¢éasena

In the rectangular plots the trees were marked with a number in order toddhatlia.

The localization of the trees is necessary in order to contladaefrom preceding and
future measurements.

The height was also measured in all the plots but not in all éks trecause it's not
necessary. The height was measured with a Vertex devicaliftances and height
measurements. The Vertex calculates the height of the treerigntiné distance from the
point of measurement to the tree with a reflector of a sigmaltaking the measure of the
angle from the same point to the top of the crown. Precision ofitheigasurements is 10
cm. The not measured heights were calculated with the segn&sequation obtained for

each plot.
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The volume was computed with volume equations from Petrds & Rajtik, 1991
according to height and DBH of tree species. It has been dalduta every tree using the
specific equation for the corresponding specie.

Basal area (G) was calculated for each plot and for eashiespof tree. First of all
with the DBH of each tree the sectional area of each trealgéslated, with the addition of
this data the total section of the trees is found. If we réiersection to one hectare we
already have the basal area.

The equivalent mean diameter (dg) is also calculated for each plot andif@peaes
from the data of mean of the sections of the trees. Dg is the diameter of theautean.

5.3 Evaluation. Statistical processes

The statistical analysis is made for each tree speciemnkists in a fundamental
description including: Mean, Median, Standard deviation and Variance v&luethe
following parameters: DBH, Height, Basal area and Volume c é@e species in all plots
together. The parameters DBH and Height are used in order tlb thdf Correlation
analysis. The Correlation analysis is used to choose thajy@staching equation (lineal or
not lineal) of DBH — Height values, in order to guess the heighteofrees not measured.
The trees which were not measured belong to Rectangular plot Rextdngular plot II.
The graphics and corresponding regression equation and R? coefficiehbasedsn the
Annex 4.

All the calculation process has been fulfilled with the Excel program.
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6. RESULT AND DISCUSSION

6.1 Global evaluation (all plots together)

Taking the data from all the plots global evaluation can be carried out.

6.1.1 Species percentage
The following table compiles all the species found in the study plots. All of them are

named by a code and the Latin name.

- BK Fagus sylvatica L. IM Ulmus glabra Huds.
BO Pinus sylvestris L. JR Sorbus aucuparia L.
BR Betula pendula Roth. N\Y Acer pseudoplatanus L.
DB Quercus robur L. LP Tilia cordata Mill.
DG Pseudotsuga menziesii Mirb. MD Larix decidua Mill.
HB Carpinus betulus L. oL Alnus glutinosa L.
JD Abies alba Mill. SM Picea abies L.

The next two graphs show the percentage of species in aluthebts together in
2000 and 2008.
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Graph 5. Percentage of species in all plots togéth2000
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Graph 6. Percentage of species in all plots togéth2008
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It is easy to detect from the graphs that there are some domgispecies. Norway
spruce is the main one in the tree species composition both in 2000 andpé8;aentage
is equal in the measurements, the population is stBes sylvestrimand Larix decidua
have almost the same representation and the proportion is stablEhese three species
cover the 85% of the forest area. The 15% left is distributezhgrthe other tree species
which are mostly broadleaves. The increment and detriment iprésence of them is not
appraisable.

Even if there are not appreciable changes in the presenoenfagye of species is
necessary to point out the high biodiversity of species. The reagsbe isansformation
process. Although Norway spruce, Scots pine and European larch anaithepecies the
other ones have maintained their representation during the lastr8 jtecan be deduced
that they are enought stable because the more competitivgpi@esshave not occupied
their space.

Comparing with the species composition of Czech forests Norwage@and Scots
pine have almost the same representation in the plots thanrnttieirest of forests.
Something interesting happen with European larch, the present perdenCzggeh forest is
3,8% but in the plots it is around 13%. This high present@ikx deciduais probably due
to the seed spread of European larch made in Hetlin at the beg'mirijﬁb century. Beech
and Oak, quite important species in the forests of this countinyaniépresentation of about
6%, have a presence of only 1%. Probably the reason lies on thgigexlnditions of the
stand which is not appropriate for the development of such species.

In this area and until 1Bto 19" centuries Silver fir was one of the main species in
the forest complex but currently the percentage is about 2%. The populations haaseatkcre
because they are highly vulnerable to the air pollution (moreRltaa abies Nevertheless
the representation has doubled in last 8 years probably due to the ntitersefor

transformation in the forest of Hetlin.

6.1.2 Statistical analysis and results for the main species.

Basic statistical variables were calculated for each spedhe totality of the plots
with the measurements from 2008: mean, median, standard deviation amtezafiaey
were obtained for diameter at breast high, height, basal area and volumtheOmrisults for
the main species (Table 7, 8 and 9) are shown in this chapteesthean be found in the

Annex 4.
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Table 7. Statistical analysis foarix decidua

Larix decidua N (n° trees/ha)= 76,4

n° trees all plots= 134
Parameters analyzed flbh (cm) Height (m) Bpasalarea (m2) |Volume (m?3)
Mean 34,13 27,90 0,1004 1,2922
Median 35,95 29,10 0,1015 1,3202
Standard deviation 10,68 4,44 0,0559 0,7422
Variance 114,11 19,70 0,0031 0,5508
dg 35,72

Table 8. Statistical analysis fBicea abies

Picea abies N (n° trees/ha)= 348,3

n° trees all plots= 611
Parameters analyzed |[dbh (cm) Height (m) Basal area (m 2) | Volume (m 3)
Mean 21,45 20,14 0,0430 0,4849
Median 19,45 20,10 0,0134 0,2790
Standard deviation 9,34 5,94 0,0461 0,6711
Variance 87,27 35,31 0,0021 0,4504
dg 23,44

Table 9. Statistical analysis fBinus sylvestris.

Pinus sylvestris [N (n° trees/ha)= 75,8

n° trees all plots= 133
Parameters analyzed |dbh (cm) Height (m) Basal area (m 2) | Volume (m 3)
Mean 37,11 28,93 0,1147 1,5208
Median 36,25 28,65 0,1032 1,3100
Standard deviation 9,13 4,16 0,0562 0,9388
Variance 83,38 17,31 0,0032 0,8642
dg 38,35

The mean value represents the mean tree bgyex deciduaandPinus sylvestrihave
quite similar results, high values of dbh, height, basal area and védach¢éo the outcome
that both populations are mature one. The result®imea abiesshow that this specie is
better represented in low dbh classes. As consequence of theseionsales can deduce

that regeneration for Norway spruce is higher than for the other species.

Standard deviation and variance are intimately related. Theysesyiréhe distance
between the values of the serie and the mean. The highestfoaliee variance of dbh
corresponds ta.arix decidua,the reason is that diameters are well distributed among the
different dbh classes. In case of Norway spruce and Scots pirteedfseare in bigger

percentage in some dbh classes (low classes for Norway spidiogiddle classes for Scots

pine) because the results for variance and standard deviation are lower.
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6.1.3 Dbh distribution for the totality of species

The DBH structure in the years 2000 and 2008 for all the spegeth&s is presented
in the Graphic number 7. DBH structure is the number of treesabf BBH class per
hectare. Dbh classes are numbered from 1 to 15 being the first onkasbhiZ and last one

68, in an interval of 4 units.

Dbh distribution for the totality of species
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Graphic 7. Dbh distribution for the totality of tepecies.

The graphic 7 shows how the DBH structure is still in transdtion process. It also
indicates that uneven-aged equilibrium structure can be reached gatfd t® number of
trees of each diameter, because there are a high number of trees inltbBshwasses.

It can be seen that the number of trees per hectare in the lowladislescis much
higher than in the other classes. In order to understand how thisistrbas been formed,
in the Graphics number 8, 9 and 10 the DBH distribution for the main specshowed.
The rest of species are showed in the Annex 5.

As it's been said befor®icea abiesis a very important specie in this forest. The
representation that it has in dbh classes from 16 to 24 is about TBe%emaining
percentage (30%) correspond to the broadleaves. Most of them havenbeenced
recently due to the transformation process.

Norway spruce has a big natural regeneration in the area, this ieason why there
are so many young trees. Nevertheless in the dbh class 12 the mafnidividuals has

decreased from 2000, probably some have jumped to the next dbh classéoig timtran
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increment in tree number in dbh class 16 and 20 so in this period therdda@vesome
thinnings to favor the better fitted trees and also, and even moretampdo favor the
development of rare species lilircus robur, Fagus sylvatica, Carpinus betuarsl so
on.

The European larch dbh distribution is sensibly different from Idgrapruce one.
The trees are not concentrated in the lower classes, actualgy dre more individuals in
middle and big classes. The number of young trees is very lowdreatis a light
demanding specie that needs open areas for a good development. Ptobablhé reason
why the number of trees per hectare in low and middle classes has decreased.

About Pinus sylvestrist can be observed that some trees around 20-44 cm have been
cut down. Continuing this logging in the future will allow in the sgsean of species to
increase the presence of more shade-tolerant species, suchway Npruce and Silver fir.
The problem of Silver fir is that, although being good shade-tolepaties the number of

trees is too low and regeneration is being grazed by game.

Dbh distribution for Picea abies in 2000 & 2008
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Graph 8. Dbh distribution for Norway spruce in 2@@008.
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Dbh distribution for Larixdecidua in 2000 & 2008
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Graph 9. Dbh distribution for European larch in @@2008

Dbh distribution for  Pinus sylvestris in 2000 & 2008
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Graph 10. Dbh distribution for Scots pine in 200@@08

6.1.4 Volume, basal area, mean dbh (dg), number of trees per haet values

and increment values.
Number of trees/ha, Volume, G (basal area) and Dg values found in 2000 and 2008 for

each tree species and for the totality of trees are pegsaniTable 10. With these data the
increment of these values is also calculated. This allow wguess the Total Current

Increment for Volume, number of trees per hectare and G.
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Table 10. Volume, G, dg and Total Current increnmier000 and 2008.

Volume

2000 | n° tree/ha (m3/ha) G (m2/ha) dg
Fagus sylvatica 3,0 2,81 0,176 28,75
Pinus sylvestris 82,7 103,60 8,763 35,14
Betula pendula 14,3 7,15 0,736 26.01
Quercus robur 3,0 0,41 0,059 16,17
Pseudotsuga menziesii 1,0 2,03 0,150 40,20
Carpinus betulus 2,0 0,36 0,051 16,25
Abies alba 3,0 1,50 0,141 22,86
Ulmus glabra 0,6 0,08 0,010 16,00
Sorbus aucuparia 6,0 0,52 0,096 15,63
Acer pseudoplatanus 17,0 4,77 0,506 19,69
Tilia cordata 10,0 4,16 0,575 15,32
Larix decidua 80,0 84,93 6,863 33,23
Alnus glutinosa 7,0 1,47 0,158 19,18
Picea abies 384,0 251,05 14,200 22,80
Total 613,5 464,83 32,482
Mean 23,17

2008
Fagus sylvatica 50 3,07 0,288 27,68
Pinus sylvestris 47,0 166,82 12,958 38,35
Betula pendula 11,0 12,15 1,154 26,63
Quercus robur 1,0 1,20 0,160 17,74
Pseudotsuga menziesii 1,0 3,16 0,196 48,17
Carpinus betulus 1,1 0,61 0,060 20,26
Abies alba 10,0 2,82 0,297 18,18
Ulmus glabra 0,0 0,00 0,000 0,00
Sorbus aucuparia 6,3 0,93 0,154 17,56
Acer pseudoplatanus 15,0 0,53 0,056 22,05
Tilia cordata 30,0 6,76 0,735 18,00
Larix decidua 76,0 98,71 15,216 35,72
Alnus glutinosa 57 2,03 0,194 21,24
Picea abies 348,0 268,47 24,361 23,44
Total 557,1 567,26 55,829
Mean 23,64
Ingrowth 45,6 8,95 23,347 0,47
Cut+missing 77,7 41,85 2,505
Total current increment -24,3 135,33 2,505
Total annual current 3 16,92 0313
Increment
% annual current increment -0,5 3,64 0,964

The total number of trees/ha has decreased in 0,5%. This happensebieae were
more trees in 2000 than in 2008. There have been more trees harvestadgbawvhich had
reached the minimum diamet@&inus sylvestrigandPicea abieshave been the species more
affected by this logging. On the other hand the number of teeesited per year is 6, most

of the Norway spruce trees.
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Comparing the volume stock in 2000 and 2008. There can be observed and increment
every year around 17 m3/ha (which means 4% ), which is a very high Fdeaeason of
this phenomenon is that some trees were considered in the meassrem2008 like new
recruitments with diameters from 30 to almost 60 centimeterssk@ these trees were
already there in 2000 but they were not measured then. The mentiomtcbemared in
circular plots. Trees from rectangular plots are numbered bun tio¢ circular plots, maybe
these big trees are in the border and it was confusing thaisimic in the plot in previous
measurements. The result is a great increment in volume stheke Trees represent a
volume stock of 60,8 m3/ha. If we don’t cosider named trees for measuot the volume
stock for 2008 is 506,5 m3ha and the current volume increment per yean3tz2(2%)
which is a normal value.

All the species have experienced this phenomenotloois glabrathat has already
disappeared from the plots.

The volume harvested and felled during the last 8 years iis*/ih, which represents
82% of the grown volume for the same time.

Picea abiegakes in the 44% of the totality of the basal area in 208@x deciduathe
27% andPinus sylvestrishe 23%. The three species together represent the 94% of the basal
area for this year, it means that these are dominant spécieslly the tallest trees are
pines, larches and spruces so these species regulate the light conditions ntithe sta

While Scots pine has 300 trees/ha less than Norway spruce, the vislomig 100
m3/ha lower, which represents quite more than half of the volume(62%). The meanatg is th
Scots pine trees have wider diameters and bigger height.

In the Annex 6 the graphics showing the Volume in the DBH distribubo all the
trees and for each species can be consulted. Only the graphiles foain tree species are
showed here. Graphics 11, 12 and 13.
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Volume on dbh distribution for  Larixdecidua in 2000 &
2008
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Graph 11. Volume on dbh distribution for Europeanth in 2000 & 2008
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Graph 12. Volume on dbh distribution for Norwaysg® in 2000 & 2008
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Graph 13. Volume on dbh distribution for Scots gm@000 & 2008
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6.2  Evaluation according to each plot
Separate plot analysis is carried out by sing independently the dataaftbrplet.

6.2.1 Percentage of species for each plot

The percentage is calculated according to the number of toeesefich specie in the
different plots. Only the graphs from Circle plot 3 percentaggpeties evolution is shown
in this chapter like an example. The graphs from other plots can be seen in Annex 7.

i BK Fagus sylvatica L. JM Ulmus glabra Huds.
BO Pinus sylvestris L. JR Sorbus aucuparia L.
BR Betula pendula Roth. N\Y Acer pseudoplatanus L.
DB Quercus robur L. LP Tilia cordata Mill.
DG Pseudotsuga menziessi Mirb. MD Larix decidua Mill.
HB Carpinus betulus L. oL Alnus glutinosa L.
JD Abies alba Mill. SM Picea abies L.

Percentage of species 2000. Circle plot 3

BK BO
1% 13% g

5%

SM 3
33% IR

5%

MD
1%

13%

Graph 14. Percentage of species in 2000 for Cpicle3.

Percentage of species 2008. Circle plot 3

BK BO

13%

Graph 15. Percentage of species in 2008 for Cpicle3.
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6.2.2 Volume, basal area, mean dbh (dg), number of trees per haa values
and increment values

In the Table 11, we can find the results of Stock Volume in eachimgrgal plot in
the years 2000 and 2008. The table also contains some basic dtairsigais and the
difference between maximum and minimum volume values of all the plots (in Eayeent

The values Stock Volume in both years are also presented in the Graphic 16.

Table 11. Stock Volume ad statistical results faeteplot in 2000 & 2008

Plot Volume 2000 (m3/ha) Volume 2008 (m3/ha)
Rectangular plot | 411,4 456,0
Rectangular plot Il 368,2 446,1
Circle plot 2 428,0 591,7
Circle plot 3 289,7 388,4
Circle plot 4 266,4 58,7
Circle plot 5 414,1 477,5
Circle plot 7 320,3 265,7
Circle plot 8 324,7 411,9
Mean 352,8 387,0
Standard deviation 61,4 161,0
Maximum 428,0 591,7
Minimum 266,4 58,7
Difference 161,7 533,0
Percentage of difference 37,8 90,1

The variability of Stock Volume between plots was higher in the 28Q8. This
means that the distribution of Stock Volume in Hetlin forest wasmaqual in 2000. The
cause of this fact is the change of volume in Circle plot 4: in 200peteentage of Norway
spruce in this plot was 58%, in 2008 the percentage is only 21%. Mordndif of Norway
spruce has been cut and new gaps resulted from this cuttinge Aaithe time there have
been registered some new Silver fir trees with small diemseThis is the result from a
plantation ofAbies albain the gaps which were opened. Final result from cutting big tree
and the ingrowth of new ones is an appraisable detriment of volume stock.

Stock Volume also decreased in Circle plot 7. There d8imes sylvestrisvere cut

leading to the regeneration of Norway spruce.
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The rest of the plots have suffered an increment of volume stock.rtighment has
taken place in Circle plot 2. Some trees have been recruited lyuathesuch big trees,
diameters from 30 to 57 cm and heights from 27 to 38 m, everything toothat they
weren’t taken into account on previous measurements. Their volume aipaows 10% of
Circle plot 2 volume stock.

The percentage of difference between maximum and minimum svaltieStock

Volume in all the plots has increased.

Volume for each plot in 2000 and 2008

400,0 - = ] @ Volume 2000 (m3/ha)
300,0 ] @ Volume 2008 (m3/ha)

Volume m3/ha

n° of the plot

Graphic 16. Volume Stock in each experimental pild&2000 and 2008. Data from Table 11

Values of Basal area (G) and Mean diameter (Dg) in 2000 and 20@8easnted in
the Table 12. Some basic statistical analysis has been done Gteralard deviation). The
difference of maximum and minimum values between plots hadakmo calculated. These
values are presented in the Graphic 17. The variability of mearetia between plots has
decreased lightly but the variability of basal area has isetkalmost double, again due to

the loggings in Circle plot 4.
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Table 12. Dg & G increment for the period 2000-2@98ach plot

Plot dg (cm) 2000 dg (cm) 2008 G (m2/ha) 2000 G (m2 /ha) 2008
Rectangular plot | 26,19 28,19 36,5 38,1
Rectangular plot Il 23,44 24,85 33,8 39,3
Circle plot 2 29,25 31,1 36,7 42,8
Circle plot 3 24,1 25,07 28,6 32,9
Circle plot 4 40,55 18,49 17,5 59
Circle plot 5 32,6 35,42 34,6 36,3
Circle plot 7 29,34 28,24 28,5 24,6
Circle plot 8 27,68 29,49 28,1 32,5
Mean 29,14 27,61 30,5 31,5
Standard deviation 55 50 6,4 11,7
Maximum 40,6 354 36,7 42,8
Minimum 23,4 18,5 17,5 59
Difference 17,1 16,9 19,1 36,9
Percentage of difference 42,2 47,8 52,2 86,2

0O dg (cm) 2000
Dg and G in each plot in 2000 and 2008 @ dg (cm) 2008

Dg(cm) and G(m2/ha)

45

@ G (m2/ha) 2000 |
@ G (m2/ha) 2008

40

35

30

25 A
20 +
15
10 A

Square Square  Circle
plot | plot Il plot 2

Circle Circle
plot 3 plot 4

n° of the plot

Circle
plot 5

Circle Circle
plot 7 plot 8

Graphic 17. Dg increment and G increment for edehip 2000 and 2008
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/. RECOMMENDATIONS

How it is showed in Table 13 current increment of Scots pine lisn8/ha-year
(approx. 29% of Total Current Increment) and Norway spruce has Curresrmirat of 9,35
m*ha-year (approx 54% of Total Current Increment). Proportionally Stulmerement of
Norway spruce is two times the Scots pine one. Again thisigto volume increment for

Norway spruce is the consequence of taking new trees with big diameters.

Table 13. Current Volume Increment & Percentag€.df.l.

: . Ingrowth Cut & missed Curreqt annual

Main species volume increment | Percentage of CVl/year
Vol. (m¥/ha) | Vol. (m3ha) .
(m3/ha*year)
Picea abies 10,93 68,33 9,35 2,01
Larix decidua 0 5,8 2,90 0,62
Pinus 217 25,69 5,11 1,10
sylvestris

In order to reach an irregular stand distribution along the titmeéeitommendable to
continue cutting down Scots pine trees mainly from 44, 48, 52 DBH cla&tss an
increment of the harvested volume of Norway spruce is recohedebecause, even cutted
volume is very high there is an elevate number of trees retr@tiner tree species will
result favored from this action, they will have more space available fordinaatopment.

Inclusively for well represented species like Norway spr&cets pine and European
larch this intervention will be positive for the diameter growing and natugahexation.
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The dbh distribution of the number of trees in dbh classes is compatiedhe
model curve of selection forest according to Meyer. It's a fundgshé&ool for the uneven-
aged management.

y=ke**

y —tree frequency; x — DBH (0,06), k (56,5) — constants which are characteristic for
selection forests (B) according to Meyer ( Korf 1955).

Dbh distribution for the totality of species in all plots together 2000
& 2008

140

32000 mmmm 2008 —— Meyer

120

100 -

80 +

60

n° trees/ha

40 -

20 +

DBH classes

Graph 17. Dbh distribution for the totality of thpecies in all plots together in 2000 & 2008 and/dftks

curve.

Basing the recommendations on the comparison of the forest sitwaitionthe
expected one gave by Meyer’'s curve some general suggestions adamebdhe amount of
trees in diameter class 12 has decreased, so thinnings shouldelbeeimed. The trees that
should be selected for cutting must belong to diameter classesl&dm 48 and in short
from 16, 20 and 24. But natural selection has to be taken into acbecatjse probably
due to the competence some of these trees will be eliminated naturally.

The majority of the trees are included in Rectangular plot |Rectangular plot I
(30% in Rectangular plot I, 39% in Rectangular plot II). A morei$ipegproposal for these
two plots could be useful. The dbh distribution of the number of trees in dbbesl for

these two plots is compared with the model curve of selection forest accordingdn Me
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Dbh distribution for the totality of the species in Square
plot | 2000 & 2008

140

[ 2000 /3 2008

Meyer

120 -

100 A
ha
n? tregé |

60

40

20 A

12 16 20 24 28 32 36 40 44 48 52 56

DBH classes

Graph 18, Dbh distribution for the totality of thpecies in Rectangular plot | in 2000 & 2008 and/éfts

curve

Dbh distribution foer the totality of the species i n
Square plot 11 2000 & 2008

200
180
160
140 -
120 -
100 H
80
60
40
20

n2 trees/ha

12 16 20 24 28 32 36 40 44 48 52 56

DBH classes

Graph 19, Dbh distribution for the totality of thpecies in Rectangular plot Il in 2000 & 2008 anelykt’s

curve

From the graphics for percentage of species in each plot (Annéxar) be noticed
that in Rectangular plot | Norway spruce, Scots pine and Europezn dae the most
important species with a very similar percentage but in Redal@nplot Il Norway spruce
represents the 86% and European larch 13%. Dbh distribution for tinesespecies in both

rectangular plots can be consulted in Annex 8.
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In both plots the number of trees in dbh class 12 has decreased somemngthare
recommended. In Square plot | the cuttings should be done in dbh dlasse23 to 44.
The trees to be cut should be European larch and Scots pine becaustth®sees in this
plot for mentioned dbh classes belong to these species. Fétetttangular plot Il the
further values from suggested ones by Meyer’s curve come fromladdes from 16 to 28.
As it is been said the percentage of Norway spruce in this plot is very high anilbs e
classes 16 to 24 (70% of total number of Norway spruce treesctafyular plot I1). To cut
down trees from named dbh classes will favor the increment on dbiyemknt for all
species, phenomenon that will lead to new recruitments. Also theedpgaps can be
occupied for new trees of less represented species. EspatiBectangular plot 1l where
Picea abiess clearly dominant the introduction of new species should be afforded.

From the point of view of stability, Slenderness ratio indicabesdt good stability
for values bigger than 1-1,20 for coniferous and around 1,80 for broadleaveslalioa re
dbh-slenderness has been calculated for all the species with an enough anreasttofget
useful information.

The specie with better stability is Scots pine with only fexes over 1 (see Graphic
20), corresponding to some trees with dbh around 20 to 30 cm.

Effects of high competition for Norway spruce and European lareb &ree reflected
in Graphic 21 and 22. It indicates that trees with diameter ldveer 25-30 are too slim and

probably it's already required thinnings where the trees are too close.

Relation dbh-slenderness for Pinus sylvestris

1,4

1,2

¢ 3

o 14 03
g 0,8 - N ‘0o
o O * o o 0‘ .
£ 061 & * i
g O 9
c 04
g
[

0,2

0 :

0 10 20 30 40 50 60 70

dbh

Graphic 20. Relation between dbh and slendernéissfoa Scots pine.
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Relation dbh-slenderness for Picea abies

18

slenderness ratio

0,2

dbh

Graphic 21. Relation between dbh and slenderndéissfoa Norway spruce.

For Norway spruce there are some trees with a very low ¥atigenderness ratio.
The reason of this fact is that this specie is the most sentsnow breaks so some trees
with big diameter have short height due to the crown is broken.

Relation dbh-slenderness for Larix decidua
1,8
1,6 4 * .
14 .
212/ N &
[ *
2 1 cnle 07 08 :”
o S v L
5 06 COR? o,
T 04
“ 02
0 . . . . .
0 10 20 30 40 50 60
dbh

Graphic 22. Relation between dbh and slendernéissfoa European larch.
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Relation dbh-slenderness for Acer pseudoplatanus

1,8 1 *
16

14 | 4
1,2 * .6.
*

0,8
0,6 q
0,4
0,2 1

slenderness ratio

dbh

Graphic 23. Relation between dbh and slendernéissfoa Acer pseudoplatanus

Relation dbh-slenderness for Tilia cordata
18
1,6 *
14 ¢
" &
<
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g o302 ¥ o
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dbh

Graphic 24. Relation between dbh and slendern¢issfoa Tilia cordata

Non depending on the specie the trees which are so close, witklémnglerness ratio

or which present breaks or infections should be cut down along the transformation process.
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8. CONCLUSIONS

Uneven-aged forest management is becoming more important between erseamdh
forest managers. This trend is highly supported by many logiaabns that are reflected in
this report. Unfavorable changes of the environment are our lefgacy the past and
actually the fragile ecosystems are loosing their resiée The conversion of the clear
cutting management system to the selection system is thampastant objective of forest

management in Hetlin forest complex.

From the economical point of view while many forest landowners amageas will
be primarily interested in the economic returns they might expeadé¢r a given uneven-
aged regime, others will be more concerned with the volume production. There have been an
enlargement in the volume stock in the measured plots. The Curresmbrd Volume in
selection forests is higher because effects of competitiohigftr and nutrients are lower

because of the different age of the trees.

Much more effort is needed but on the other hand it is a flexibterayallowing to
drive the evolution of the forest in order to approach it to the econbamdasocial needs
along the time. It is necessary to consider that prevention froragésty windstorms and
snow is one of the goals of the uneven-aged management. To avoid this kindagieda
also means an economical reward. The broadleaves which were intrddweed higher
resistance to snow breaks and windstorms. The success in thblisésnent will mean and
increment in the stability of the stands. It is been also founthatitrees belonging to plots

with better dbh structure suffer less from crown breaks.

To mix different tree species combined with periodical human iméorehave been
demonstrated to lead to a better development of the stands. Soones dpeeve a very
important role in soil amelioration or in creating new growing coowigtiwhich will favor

another species.
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The forest complex of Hetlin is on the beginning of the transféomatrocess as it
can be seen by number of trees and dbh distribution for the differeméspalthough the
interventions that have taken place till the moment have modifieditiion more are
needed to reach the target distribution. Specially in those stdrete wne specie is clearly
dominant severer thinnings should be done and adequate species have toeldeirplduat

gaps.

The introduction of new species , mainly broadleaves, in the stands wgorking as
well as it was expected. There is a high competition and theahaharacteristics are not
optimal for the development of these species, especially sail light conditions.
Pseudogley soil and its typical water regime mean a proldetimé achievement of mixed
stands.Fagus sylvaticds a shade tolerant specie which is suitable for the vegetaiioan
were Hetlin forest is situated but the soil conditions curb ksldpment. Another example
is Abies albalt was a very important specie in the study area in the péash® population
of Silver fir was very damaged in 60’s and almost disappear due higiheoncentration of
sulphur dioxide in air, currently and since 1990 its concentration lasaded until non
toxic levels. Nowadays recuperation Abies albais taking place by plantings but the
achievement is very difficult because of the grazing by ganeashtes for prevention are

being used but probably only few of the planted trees will survive.

Nevertheless we don’t have still as much information about this™sévicultural
system as we had about even-aged management system. But sonaegbelag reached
and time by time the techniques will be improved. Hopefully thisegyswill be wider use

in next decades and the knowledgement about uneven-aged forests will increase.
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10. ANNEXES
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ANNEX 1 Maps and Pictures of Hetlin complex
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In Figures from 12 to 15 maps of Hetlin and surroundings can be found:

* Figure 12. Situation of Hetlin in relation with Kutna Hora.
» Figure 13. Historical map of Hetlin complex 1838-1852.
» Figure 14. Aereal picture of Hetlin complex 2003.

* Figure 15. Map of Hetlin complex.
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Figure 12. Situation of Hetlin in relation with Kutna Hora
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Figure 13. Historical map of Hetlin complex 1838-1852.
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Figure 14. Aereal picture of Hetlin complex 2003.
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Figure 15. Map of Hetlin complex
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ANNEX 2 Location maps for the plots
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Figure 16. Stand Map of the area of Hetlin forest where plots are contained
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Figure 17. Location map of rectangular plots.
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ANNEX 3 Tables for Total Percentage of speae
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Total plots

n° trees/plot

Tree species composition

n° trees/all plols n&thee

Percentage %

Rectang. pldtl Rectang pIIDt IFcleCplot 2| Circle plot 3] Circle plotAl Circle fl6 | Circle plot 7| Circle plot §

2000

BK (Fagus sylvatich 6 3 0,5 0 0 0 1 1 0 2 2
BO (Pinus sylvestris 156 89 14,3 100 4 19 10 0 0 8 15
BR (Betula pendula 25 14 2,3 20 1 1 0 0 3 0 0
DB (Quercus robuy 6 3 0,5 6 0 0 0 0 0 0 0
DG (Pseudotsuga sp 2 1 0,2 0 0 0 0 0 2 0 0
HB (Carpinus betulus 4 2 0,4 0 0 0 4 0 0 0 0
JD (Abies alba 6 3 0,5 2 0 1 0 0 3 0 0
JM (Ulmus sp). 1 1 0,1 0 0 0 0 0 0 1 0
JR (Sorbus aucuparig 12 7 1,1 2 0 0 4 2 1 1 2
JV (Acer pseudoplataniis 30 17 2,7 0 0 4 23 0 0 1 2
LP (Tilia cordata) 50 29 4,6 0 0 4 10 4 0 0 32
MD (Larix decidug 142 81 13,0 90 51 0 1 0 0 0 0
OL (Alnus sp. 10 6 0,9 0 0 0 0 0 7 3 0
SM (Picea abiep 641 365 58,8 130 352 43 27 10 36 37 6
Total 1091 622 100 350 408 72 80 17 52 53 59
2008
BK (Fagus sylvatich 8 5 0,8 0 0 0 1 3 0 2 2
BO (Pinus sylvestris 132 75 12,7 84 4 16 9 0 0 4 15
BR (Betula pendula 19 11 1,8 15 1 1 0 0 2 0 0
DB (Quercus robuy 6 3 0,6 5 1 0 0 0 0 0 0
DG (Pseudotsuga sp 2 1 0,2 0 0 0 0 0 2 0 0
HB (Carpinus betulus 3 2 0,3 0 0 0 3 0 0 0 0
JD (Abies alba 18 10 1,7 4 0 1 0 10 3 0 0
JR (Sorbus a ucuparia 10 6 1,0 1 0 0 4 3 1 1 0
JV (Acer pseudoplataniis 30 17 29 0 0 4 23 0 0 0 3
LP (Tilia cordata) 52 30 5,0 0 0 4 10 5 0 0 33
MD (Larix decidug 135 77 13,0 83 51 0 1 0 0 0 0
OL (Alnus sp. 10 6 1,0 0 0 0 0 0 7 3 0
SM (Picea abiep 611 348 59,0 114 344 43 27 6 31 39 7
Total 1036 591 100 306 401 69 78 27 46 49 60
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ANNEX 4

Graphics of Correlation analysis & Tables for statstical analysis

for the totality of the species in all plots togetér
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Square plot I. Correlation dbh-height 2000

height

y = 13,982Ln(x) - 21,667
R? = 0,8819

dbh

Graphic 25. Correlation DBH — H, R sqg. Value & Equation regression for Rectaptptla
I in 2000

Square plot 1. Correlation dbh-height 2008

height

y = 16,186Ln(x) - 28,766
R? = 0,8786

0 10 20 30 40 50 60

dbh classes

Graphic 26. Correlation DBH — H, R sq. Value & Equation regression for Rectaptptla
in 2008
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Square plot II. Correlation dbh-height 2000

height

y = 12,121Ln(x) - 15,546
R?=0,7313

dbh

Graphic 27. Correlation DBH — H, R sqg. Value & Equation regression for Rectaptptla
II'in 2000

Square plot Il. Correlation dbh-height 2008

height

y = 12,484Ln(x) - 16,624
R?=0,8343

dbh

Graphic 28. Correlation DBH — H, R sq. Value & Equation regression for Rectaptptla
II'in 2008
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Fagus sylvatica N (n° trees/ha)= 4,6

n° trees all plots= 8
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 27,11 19,89 0,0632 0,6728
Median 29,58 20,15 0,0687 0,7593
Standard deviation 8,89 5,69 0,0364 0,4452
Variance 78,99 32,36 0,0013 0,1982
dg 27,68

Table 15. Statistical analysis fBagus sylvatica
Betula pendula N (n° trees/ha)= 10,8

n° trees all plots= 19
Parameters analized ibh (cm) Height (m) Basalarea (m?) |Volume (m3)
Mean 26,42 25,19 0,0571 0,6045
Median 25,60 25,40 0,0515 0,5485
Standard deviation 5,58 3,17 0,0241 0,2916
Variance 30,67 10,06 0,0006 0,0851
dg 26,63

Table 16. Statistical analysis fBetula pendula
Quercus robur N (n° trees/ha)= 34

n° trees all plots= 6
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 16,91 14,38 0,0234 0,1753
Median 15,65 14,15 0,0192 0,1317
Standard deviation 3,83 2,53 0,0110 0,1136
Variance 14,68 6,42 0,0001 0,0129
dg 17,74

Table 17. Statistical analysis fQuecus robur

Pseudotsuga
menziesii N (n° trees/ha)= 1,1

n° trees all plots= 2
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 46,53 34,35 0,1716 2,7751
Median 46,53 34,35 0,1716 2,7751
Standard deviation 6,33 2,47 0,0463 0,8889
Variance 40,05 6,13 0,0021 0,7902
dg 48,17

Table 18. Statistical analysis fBseudotsuga menziesii
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Carpinus betulus |N (n° trees/ha)= 1,7

n° trees all plots= 3
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 20,78 20,57 0,0350 0,3595
Median 20,15 20,10 0,0319 0,3077
Standard deviation 4,43 1,94 0,0148 0,1987
Variance 19,66 3,77 0,0002 0,0395
dg 20,26

Table 19. Statistical analysis f@arpinus betulus
Abies alba N (n° trees/ha)= 9,7|

n° trees all plots= 17
Parameters analized ibh (cm) Height (m) Basalarea (m?) |Volume (m3)
Mean 17,04 14,92 0,0269 0,2666
Median 15,40 14,00 0,0186 0,1363
Standard deviation 7,40 5,29 0,0290 0,4359
Variance 54,82 27,98 0,0008 0,1900
dg 18,18

Table 20. Statistical analysis fAbies alba

Sorbus aucuparia |N (n° trees/ha)= 6,3

n° trees all plots= 11
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 16,00 14,92 0,0208 0,1251
Median 15,60 16,50 0,0191 0,1156
Standard deviation 3,01 3,75 0,0077 0,0668
Variance 9,38 15,24 | too low value 0,0048
dg 17,56

Table 21. Statistical analysis fBorbus aucuparia
Acer
pseudoplatanus N (n° trees/ha)= 15,4

n° trees all plots= 27
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 17,05 17,85 0,0244 0,2314
Median 15,83 18,40 0,0201 0,1810
Standard deviation 5,08 3,97 0,0146 0,1803
Variance 25,80 15,79 0,0002 0,0325
dg 22,05

Table 22. Statistical analysis fAcer pseudoplatanus
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Tilia cordata N (n° trees/ha)= 29,6

n° trees all plots= 52
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 17,37 17,77 0,0248 0,2282
Median 16,98 17,80 0,0226 0,1916
Standard deviation 3,75 3,62 0,0116 0,1456
Variance 14,09 13,11 0,0001 0,0212
dg 18

Table 23. Statistical analysis foilia cordata

Alnus glutinosa N (n° trees/ha)= 5,7

n° trees all plots= 10
Parameters analized bh (cm) Height (m) Basalarea (m?2) |Volume (m 3)
Mean 20,40 22,42 0,0341 0,3564
Median 20,48 24,50 0,0333 0,3131
Standard deviation 4,49 5,10 0,0144 0,1941
Variance 20,18 25,97 0,0002 0,0377
dg 21,24

Table 24. Statistical analysis fAfnus glutinosa
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ANNEX 5.

Graphics for dbh distribution of the totality of species in all

plots together
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Graph 29-34. Dbh distribution for each specie in all plots together.
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Graph 35-37. Dbh distribution for each specie in all plots together.
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ANNEX 6.

Graphics of volume on Dbh distribution for the btality of

the species in all plots together
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ANNEX 7.

Graphics of Percentage of Species in each plot
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Graphs 47-60. Graphics of percentage of species in each plot
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ANNEX 8
Dbh distribution for Norway spruce, European larch and Scots

pine in Rectangular plot I and I
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Dbh distribution Picea abies. Plot |
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Graph 61 and 62 Dbh distributidhicea abiesn Rectangular plot | & II.
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Graph 65 and 66 Dbh distributiéhinus sylvestrign rectangular plot | & II.
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