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SOME EXPERIENCES WITH SILVER FIR (ABIES ALBA MiLL.) VARI-
ABILITY WITH REGARD TO THE CONDITIONS
OF THE NATURAL FOREST AREA 16 -
BOHEMIAN-MORAVIAN HIGHLAND

JIRi SINDELAR — JosEF FRYDL
ForesTRY AND GAME MANAGEMENT RESEARCH INSTITUTE,
156 04 JiLovISTE-STRNADY

ABSTRACT

This contribution presents an evaluation of the silver fir experimental plot no. 67 — Pelhfimov,
established in forest area 16 — in the Bohemian-Moravian Highlands. The plot is at the elevation
of 680 metres above see level and the trees are 28 years old. The progeny of 56 provenances are present
coming from the Czech Republic, Slovakia, Poland, Romania, Bulgaria, Croatia, Austria, Germany, France
and Italy. Based on evaluations of height and diameter increment, and volume production, conclusions
are based on genetically conditioned values of the investigated provenances, for the locality and simi-
lar ecological conditions. The use of silver fir reproductive material is proposed for forestry practice,
due mainly to its zoning. Five partial populations (stands or sets of stands) from the Czech Republic,
the progeny of which proved to be successful, are suggested for classification into the category of certi-
fied units.

INTRODUCTION

Silver fir is considered as the most productive original tree species for conditions in central and western
Europe. Silver fir is a high volume producer of biomass, and has many other positive properties within
forest ecosystems. At present this species is irreplaceable particularly on heavy, settled gleyed soils, at mid
and higher altitudes. Firs admixed in forest stands create both by volume production and also needle fall
humus types, suitable for root system penetration into the deeper soil layers. This is an important factor
in stand stability.

During the last decades, the decline of fir within Europe has reached an appalling level. This long-
lasting phenomenon is due to many reasons, e. g. fir decline in the Kfivoklatsky region documented
in 1810 (SvoBopa 1943), in the northern Moravia since the latter half of the 19th century (BEDNAR,
Hosek, Raynoch 1963). Fir decline is caused, according to the majority of authors, by a complex set
of factors. Clear-felling management, and the mass use of Norway spruce and Scots pine are usually
considered as the two most significant causes of this decline, as well as the ever present threat to forest
stands by harmful climatic conditions (e. g. frost, drought), changes in soil chemistry, insect pests, fungal
diseases, and last but not least damage by game, which prefers natural regeneration. During the last two
decades, this worsening state of health of fir has slowed down, and in some cases even stopped on
many localities in the Czech Republic. One can say that fir is making a slow recovery as can be observed
on some localities.

In the past silver fir was a commonly distributed tree species in the forests of central Europe,
thus in the Czech Republic as well. Fir was growing mainly in highlands and mountainous areas up to
the degree of subalpine spruce stands which is well documented, for example in SAMEK's (1967)
work which considers fir distribution in postglacial times, and also by results from historical in-
vestigations of forests and their management, e. g. Nozicka (1957), MrAz (1959) etc. The original
distribution of silver fir in the CR forests is estimated at cca 16 % (SINDELAR 1994, Vokoun 1996).
As already mentioned, fir prevailed to a greater or smaller amount in mixed stands, but appeared
as an exception in the unmixed stands of the oak-beech and beech-spruce vegetation forest zones.
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Natural Forest

Provenance no. Country Name of Provenance Region 1 Zone Altitude (m)
1-15 Czech Republic Kamenice nad Lipou, Losy 3130 16 780 - 820
16-30 Czech Republic Jihlava, Hen¢ov 3130 16 600
32 Czech Republic Nyrsko, Desenice 3054 12 500
34 Czech Republic VLS Horni Plana, Zelnava 3054 12 820
35 Czech Republic Petrohrad, Oracov 3054 09 400
37 Czech Republic Rychnov nad Kn., Skuhrov nad B¢l 3051 26 400 - 600
39 Czech Republic Cervené Pofi¢i, Dolce 3060 06 500
40 Czech Republic Frydlant v Cechach, N. Mésto pod Sm. 3051 21 580 - 620
49 Czech Republic Pribyslav, Hamry 3130 16 580 - 590
50 Czech Republic Vlasim, Smilkov 3120 16 570 - 580
51 Czech Republic VLS Lipnik nad Be¢vou, Podhoti 3051 39 550 - 600
53 Czech Republic Opocno, Bolehost’ 3110 26 385
58 Czech Republic Vimperk 3054 13 800

61 Czech Republic Velké Karlovice, Dinotice 6070 40 600
63 Czech Republic Cesky Krumlov, Chval3iny 3054 12 740 - 940
66 Czech Republic Nyrsko, Lis¢i 3054 12 600
68 Czech Republic Vyssi Brod, Bélen 3054 13 680
70 Czech Republic Nasavrky, Male¢ 3130 16 390 - 400
71 Czech Republic VLS Plumlov, Ruprechtov 3140 30 450 - 510
74 Czech Republic Milevsko, Klucenice 3120 10 380
75 Czech Republic Réjec-Jestiebi, Cerna Hora 3140 30 360
81 Czech Republic Vyssi Brod, Vitkiv Kamen 3054 13 800 - 900
82 Czech Republic Vizovice, Bratiejov 6070 38 550
83 Czech Republic Kasp. Hory, Rejstejn 3054 13 860
86 Czech Republic VLS Hoftovice, StraSice 3070 07 650
88 Czech Republic VLS Hoftovice, MiroSov 3070 07 620
93 Austria Worschachwald, Steiermark 5043 1100 - 1200
94 Austria Schneegattern, Kobernausser Wald 5013 550 - 750
95 Austria Grébming 5043 850
102 Czech Republic Velké Karlovice, M. Karlovice 6070 40 600 - 700
103 France Longemer-Gerardmer 4050 840 - 890
130 Czech Republic Nasavrky, Podhtira 3130 16 370
131 Bulgaria Razlog, Pirin 6260 1600
132 Bulgaria Boroveg¢, Rila 6260 1600
143 Austria Laterns, Vararlberg 5013 1000
146 Germany Schwarzwald, Schénmiinzach 3320 530 - 650
147 Germany Schwiib. Frink. Wald, Geschwend 3210 400 - 530
151 Germany Ostbayer, Zwiesel West 3054 900




190 Czech Republic Frenstat pod Radh., Moikov 6063 40 500
194 Czech Republic Karlovice, Karlovice - sever 3051 27 720
200 Czech Republic Zabieh, Brnicko 3051 31 410 - 477
203 Poland Stary Sacz 6063 300
204 Poland Susiec 6050 260
210 Czech Republic Nové Mésto na Mor., Cikh4j 3130 16 690
212 Polsko Nieskurzow 6050 480
215 Romania Vilcea 6190 800
221 Czech Republic Janovice u Rym., Mala Moravka 3051 27 720 -730
224 Croatia Sokolac, Kalj. Biostica 6220 1060
228 Italy Vallombrosa 9120 900 - 1120
230 Italy Arch. e Boscarel. 9140 1150
231 Poland Baligrod, 41-49 6061 580
S-1 Slovakia B. Bystrica, Badin 6070 800
S-5 Slovakia Ruzomberok, Korytnica 6064 750
S-7 Slovakia TANAP, Kezm. Zleby 6064 900
S-9 Slovakia Krivat, Snohy 6070 630
S-14 Slovakia Svidnik, Komarnik 6061 480
Tab. 1.

List of represented provenances




Vegetation forest zone 6 — fir-beech showed to provide optimal site conditions, especially on those sites
with heavier loamy soils, gleyed and partly waterlogged soils. Forest management methods employed
during the years 1950 — 1991 resulted in a heavy decrease of the fir proportion from 2.8 to 1.0 % of for-
est area.

Until the 1990s increment of the present (and critical) fir representation within CR forests was not
included into forest management plans. According to the 1991 complex forest management plan, fir
regeneration was to be realized annually only on several hundred hectares within the whole CR, approxi-
mately 0.4 % of the total regenerated land area. In the late 1990s reports commenting on the desirable
perspective structure of species composition in the Czech Republic were produced by both the FGMRI
Jilovists-Strnady (SINDELAR 1994) and the Institute of Forest Management (VOKOUN 1996). The
conclusion of these reports was that the proportion of fir should be increased to 4 or 5 %. Based
on the findings of these reports, the Ministry of Agriculture regulation no. 83 (from 1996 on processing
regional plans for forest development and on destination of management sets) fir is planned as the ameliora-
tive and reinforced tree species in all the management sets, except sets 19 — management of floodplain sites
and 29 — management of alder sites. Silver fir is not involved as the basic tree species in any of the
target management sets. The principal area for using silver fir should be principally in the sets of the 5th fir
vegetation forest and the 6th spruce-beech zones, partly in the oak-beech and beech zones, mainly in the
coniferous variants of these types (fir with oak and other woody species on the heavier settled soils, e. g.
in the natural forest area no. 15 — South Bohemian basins, etc.). However, these proposals which provide
for a marked increase of fir in the species composition of forests stands have not yet been realized, and
annual regeneration by this tree species has not yet exceeded 500 ha, which amounts to less than 2 %
of the total regenerated area. To accomplish the gradual increase in silver fir to a proportion of 4 - 5 %
over the next 100 years would require an annual regeneration programme of 1,000 - 1,500 ha, assum-
ing that the existing average annual regeneration area is maintained. To achieve the required proportion
during the next 50 years, an area of 2,000 - 3,000 ha would need to be regenerated annually. Due to the
relatively low representation of fir in the stands suitable for natural regeneration, a substantial part of that
area would need to be regenerated artificially, in our conditions mostly by planting.

There remains the danger of further fir decline, the loss of gene resources and a complete decline
of this tree species in a number of areas, even in those where fir was commonly growing in the past
(Krusné Mts., Jizerské Mts., etc.). In the last two or three decades, measurements for the preservation
and reproduction of gene resources have been carried out. This quantification has shown that silver fir,
admixed, (but mostly interspersed), is growing in 70 natural forest reserves (MARSAKOVA et al. 1977).
Until now the greater number of those stand remnants having a related natural species composition
is only occurring in the beech-fir vegetation zone. Fir is also appearing, as small admixture, in 56 gene bas-
es in various CR areas (RAMBOUSEK et al. 1999). At present a relatively large stand area of 1,651.25 ha
is certified for seed crop, of which 193.78 ha is of category A. These stands are mixed, so the total area
(given areas relate to fir only) of classified stands runs into several thousand hectares. Relatively small
areas are registered for other categories of reproductive plantings, i. e. for seed orchards 1.60 ha and for
seed stands 11.43 ha. In general, the basis for possible fir reproduction — certified stands — is quite large,
and is suitable for cone collecting. Those large areas of stands certified for seed crop are mainly in the
natural forest area 13 — Sumava Mts. and Novohradské Mts. (e. g. former forest management unit Prach-
atice 60 ha, Kasperské Hory 77 ha, Horni Plana 70 ha) and in the area 40 - Moravian-Silesian Beskydy
Mts. (Frenstat 64 ha, Ostravice 42 ha, etc.).

The provenance experimental plot, evaluated in this work, was established in the natural forest area
no. 16 — Bohemian-Moravian Highland. Basic data on fir representation in this area are briefly presented.
The average fir proportion in the area is currently 1 % (PLiVA, ZLABEK 1986) and corresponds with
the national average; according to the individual management units it ranges from 0.4 % (forest manage-
ment unit Nové Mésto na Moravé) to 1.3 % (forest management unit Kacov). Fir proportion in forest
stands having regeneration within this natural forest zone should be 1.4 % of the total regenerated plot
according to the complex forest management plan. Research results based on the evaluation of the



experimental plot established in the area of the former forest management unit Pelhiimov (at present
the Forests of CR, forest enterprise Pelhiimov) should be usable especially for local conditions, but also
in the broader sense of the whole natural forest zone. Specific attention is given to assessing growth
properties of partial populations progeny with silver fir from the natural forest zone no. 16, represented
in the experiment.

At present silver fir is poorly represented in the species composition and does not belong to the eco-
nomically significant woody species. Despite this, fir as a species is permanently the subject of interest
of forest research and forestry practice, which is reflected, in numerous references. Published works have
mostly dealt with the problems of dieback and decline, while issues concerning the further existence
of this tree species are being considered. Measures for preserving silver fir as the species and the gene
sources of individual regional populations are of concern, as well as the complexities of breeding
fir of suitable character that should ensure these goals and make possible the effective use of fir in forest
management for the future.

RESEARCH OF VARIABILITY OF SILVER FIR AND SOME OTHER SPECIES OF ABIES
GENUS

In 1971 the Czechoslovak Academy of Sciences and the former Ministry of Forest and Water
Management began the research project studying the variability and breeding of silver fir for Czech
Republic use in forest management. Research in the FGMRI Jilovisté-Strnady was based on establish-
ing comparative plots with progeny of silver fir and other species of Abies genus. The research was
aimed at:

- the preservation of this species for CR forest management as a result of mass selection within the spe-

cies Abies alba MiLL.

- gaining information on the genetically conditioned variability of partial populations (the economi-
cally important characters and properties of individual provenances)

- proposing partial populations (provenances) for use in forestry

- deepening of theoretical experiences about silver fir variability and information on breeding as the base
for further stages of breeding work

- explore the possibilities of using another of the fir species to provide a viable alternative to silver
fir in the CR

During 1970 and 1971 seed samples from 153 silver fir provenances were gathered from all parts of this
species original area of distribution. The efforts to gain material from the subcontinental fir area in Swit-
zerland were however not successful. Nearly all the individual provenances were documented in detail
and stored in the archive for evaluation as part of the experiment. The Czech Republic is represented by
83 items in the assortment, Slovakia by 14, while further material was collected from 10 foreign countries.
This assortment can therefore be described as representative. Material from 20 natural forest zones origi-
nates from the Czech Republic, and the entire set of 153 samples includes material from 5 regions and 32
areas, with elevations ranging from 150 to 1,600 m (RuBNER, REmHOLD 1951). Also crops samples from
individual trees were acquired in 16 partial populations, always by 15 trees, i. e. 240 items. In addition
to the above, 72 provenances of 21 species of spontaneous hybrids were collected for the experimental
series from many countries including Spain, Lebanon, Syria, Turkey, Greece, Caucasian republics of the
former USSR, Italy, Japan, Canada, and the U. S. A.

The seed was sown in the nursery, and was mostly successful producing a yield of some 200,000
viable seedlings. The plant breeding was completed in nurseries of forest enterprises where the experi-
mental plots were planned to be established. A total of 19 experimental plots were established from 1973
to 1977, 13 with progeny of silver fir populations, 1 plot with progeny of individual trees and 5 plots
with exotic species of Abies genus. The planting of a specified common provenance (standard) ensured
comparability between plots. All plots were wire-fenced to eliminate damage caused by game.



Central Bohemian region with beech-oak forests

3051 Hercynian-Sudeten area of mixed mountainous forest — Sudeten subarea

3054 Hercynian-Sudeten area of mixed mountainous forest — Hercynian subarea

3060 Plzeii basin

3070 Central Bohemian Highland

3110 Czech Elbe area

3120 Interior Bohemian Highland

3130 Czech-Moravian Highland with southern foothills

3140 Drahanska Highland with northern edge

3210 Swabia-Frankish Jura

3320 | Cerny Forest (Schwarzwald) with foothills and Baar

Western European region with deciduous forests

4050 Vosges

4070 French-Swiss Jura

4092 Northern French area with mixed oak forests — Norman subarea

4120 Area of Central Massif (France)

4140 Pyrenees

Alpine region

5013 Beech-fir-spruce area of western and northern Alps — subarea of northern edges of Alps

5030 Eastern Alpine Foothills

5043 Alpine Interior — eastern subareas

5063 Southern Alpine area with beech-fir-spruce forests with larch — Venetian subarea

Eastern European and south-eastern European region with oak-beech forests

6050 Oak-beech-fir area of Polish Foothills of Carpathians

6061 Beech-spruce-fir area of northern Carpathians — eastern subarea

6063 Beech-spruce-fir area of northern Carpathians — western Beskydy

6064 Beech-spruce-fir area of northern Carpathians — Tatra’s area

6070 Slovakian Carpathians

6100 Eastern Austrian-Burgenland Highland

6130 Southern Foothills of Slovakia Carpathians

6190 Beech-spruce-fir area of Romanian Carpathians incl. Bihar Mts.

6220 Mixed mountainous forest of Dinaric Alps

6260 Central Bulgarian Mts.

Southern European region with hard deciduous and chestnut tree species

9120 Mountainous forest of northern Apennines

9130 Mountainous forest of central Apennines

9140 Mountainous forest of southern Apennines

Tab. 2.
Numerical list (key) of forest regions according to RuBNER, REINHOLD

10



Experimental plots with silver fir were evaluated at the age of 9 and 15 years (Hynek 1983, 1985,
1987, 1988, 1989, 1991). Investigation results of exotic fir species planted on the plot 38 — Jilovisté were
processed for the age of 9 years (SINDELAR 1986).

RESEARCH GOALS

This paper presents an evaluation of one of the 19 plantings on the plot no. 67 established within
the Forests of CR, forest administration Pelhifimov (former forest enterprise Kamenice nad Lipou, later
forest enterprise Pelhfimov). Based on the provenance assortment of silver fir and method of establish-
ment two principal research goals are defined:

- research of silver fir population variability related to its distribution within the wider area and espe-
cially within the Czech Republic. A base for assessment of variability was (considering the entire
area with the species) the regions and areas of European forests (RUBNER, REINHOLD 1953). In the Czech
Republic the natural forest areas (e. g. PLiva, ZLABEK 1986, et al.) were taken as the fundamental
phytogeographical units. Evaluation of the represented partial populations according to these criteria,
will give a general assessment of fir variability, and is focused on forestry practice as far as the partial
populations from the Czech Republic are concerned. Information can contribute to the targeting of ac-
tivities connected with silver fir seed provision and can be used for solving regionalization problem
of reproductive material for this woody species.

- Results from verification of silver fir partial populations from CR can also be incorporated into the
partial material for assessment of proposals for regionalization of reproductive material that has been
already processed.

Height and D.B.H., i. e. elements of biomass production, are used as an evaluation criterion in this
work. However, it must be remembered that these quantifiers are not always fundamental for the evalu-
ation of fir. Fir in its natural environment regenerates only under parent stand shelterwood, its growth
is reduced due to shading often for several decades. When released, fir reacts very markedly by intensive
height and D.B.H. growth, often after long periods of existence in “below” and “interlevel” position
within the forest structure. For this reason fir is a basic for selection forests in the classical conditions,
for instance those of Switzerland, Schwarzwald, the Vosges, etc. Evaluation results based on height
and D.B.H. measured on relatively young plants — i. e. 28 years - must be considered critically
bearing in mind the changing growth patterns that may often be met in the later developmental stages.
In contrast, the state of health should be the most significant criterion used when evaluating partial popu-
lations of silver fir, particularly in relation to vitality and species decline. In this case however, using
the state of health as a prime indicator is severely limited due to the vitality and total lack of damage
to the represented provenances, regardless their origin. Therefore the suitable criterion for health state
classification cannot be used at present.

MATERIAL AND METHODS

Material

Regarding the available area for planting, only a limited number of silver fir provenances are rep-
resented from the locality no. 67 Pelhiimov. A survey of 65 partial populations growing on the plot
is in tab. 1. Thirty three provenances originate from the Czech Republic, of which 29 are from the
Hercynian-Sudeten and Carpathian natural forest zones. Five partial provenances originate from
Slovakia, 4 from Austria, 3 from Germany, 1 from France, 2 from Italy, 1 from Croatia, 1 from Romania,
2 from Bulgaria and 4 from Poland. If sorted according to European regions and areas, the material
is seen to originate from 5 regions and 23 areas. The majority of trees had grown on unit no. 3051 compris-
ing the area of Hercynian-Sudeten mixed mountainous forest and Sudeten subarea, and on unit
no. 3054 in the Hercynian subarea in the marginal mountains of Bohemia and north-western Moravia.
Many provenances represent area no. 3130 — Czech-Moravian Highland with its southern foothills.
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It can be stated that this assortment contains the partial populations from the predominant part of the
silver fir area.

The origin of those partial populations from the Czech Republic is comprised of an assortment from
15 natural forest zones, i. e. from the majority of units with fir representation where fir is the original
part of forest ecosystems. Seed from some of the natural forest zones was unavailable, mainly in the
Krkonose Mts. and Krusné Mts. where fir occurs sporadically and in few localities.

Provenances represented on the research plot come from various environmental conditions. Local
elevation of parent stands ranges from 260 to 1,600 m (Balkans provenances no. 131 and 132 from Rila
and Pirin Mts.). Partial populations from the Czech Republic are growing in the elevation range
of 358 m (provenance no. 75 — Réjec Jestiebi) to 940 m (Cesky Krumlov, Chvalginy).

When assessing the variability of silver fir partial populations from the Czech Republic, the classi-
fication of origin is significant when considering the sets of Hercynian-Sudeten and Carpathian natural
forest zones having different historical origins (different refugees in the glacial period — SAMEK 1967).

Planting material was bred in the nursery at Hofepnik of the former forest enterprise Kamenice
nad Lipou. Two-year-old seedlings were transplanted and prepared for planting in the same way
as four-year-old transplanted plants.

Methodology

In 1976 an experimental plot was established on the locality of the former forest enterprise Kamenice
nad Lipou, forest district Cernovice at Tabor, on locality Hut& - Lhotka in the stand 5¢c,. At an elevation
of 690 m this plot is situated on a mild southern slope of a terrain wave, the top of which overlaps
the elevation level of 700 m. The underlying geological base is formed by gneiss, the soil is heavy,
of sandy clay loam, acidic (exchange acidity 3.50), and with an average supply of basic nutrients
(analysed in FGMRI Jilovis§té-Strnady in 1982). The set of forest types is classified as 5S — medium rich,
fresh fir-beech stand. According to the data of the nearest meteorological station situated at Pelhiimov,
the average annual temperature for the locality ranged from 6 to 7 °C, and the annual sum of precipitation
was 600 — 700 mm. Planting was completed in 3 strips having been felled in a mature spruce stand
of good growth and production. Each individual strip was approximately 45 to 50 m wide and ca 200 m
long.

The basic planting with 49 provenances was carried out on all three clearcuts using double grid
in 4 repetitions. There are 196 lots, within double grid 28 blocks, lot sizes are 10 x 10 m. Basic spac-
ing of planting is 2 x 1 m, i. e. 50 plants per each lot, thus each provenance on the plot is represented
by 200 plants. Strips 5m wide are planned which will form the plot margins. During establishment
the plots were also invaded by spontaneous seeding, which was expected and afterwards confirmed
(spruce, birch).

Another small available plot, connected to the basic plot, was incorporated and planted with seven
available provenances in random blocks with 4 repetitions. All techniques used within this small plot
(lot size, planting spacing, number of plants per provenance) were identical to the basic plot, therefore
allowing both plots to be evaluated together.

The whole plot was fenced after planting and the individual lots marked off with stakes. The transplants
were treated uniformly by weed inhibitors when needed. Plot development was satisfactory, mortality
losses were low and did not go over 15 %. Natural seeding, above all of birch, was removed several
times until the canopy became closed. A respacing operation at the age of 15 years focused on a reduc-
tion of individuals to achieve a spacing of 2 x 2 m. The cut trees were mostly used as Christmas trees.

The first measurement on the plot was carried out at the age of 9 years, and subsequently at 15 years.
In both cases total height growth and height growth in the last year were measured (HyNek 1983).
The third measurement (the results of which are evaluated in this contribution) was carried out in au-
tumn 1999, i. e. at the age of 28 years. Mortality was not recorded in this developmental stage due
to the respacing operation previously mentioned.
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Fig. 1.
Localities with silver fir provenances comprised in the experimental series 1973 — 1977

Basic mathematical and statistical characteristics were calculated for heights and D.B.H. (tab. 4).
Variability was investigated by variance analysis for two causes of variability

Iij:l’l+pi+0j+eija

where L is value of i-provenance in j-repetition, p average of experiment, p. effect of i-provenance,
0, effect of j-repetition, e, experimental error. Average effects of provenances and repetitions as well
as proportions related to uncontrolled factors were solved by normal equations based on variance
analysis (WEBER 1961). Repetition value — heritability — was calculated from the equation.

Differences among particular provenances were examined by the Duncan’s multiple sequence test
both for height growth and D.B.H.

RESULTS

An evaluation of silver fir should not omit its significant characteristics and consideration given
to the species state of health and vitality of plantings. Investigation and prescribed controls during
the lifetime of the plot proved that all provenances represented on the plot are fully vital. This assessment
was based on the amount of foliage and needle colour on individual trees. The differences are how-
ever minimal, and therefore could not be adequately distinguished by any suitable classification scale.
For this reason the health state, or vitality, of individual provenances was not evaluated.

Height growth
The results of height growth analysis of silver fir provenances on the locality no. 67 Pelhfimov

at the age of 28 years can be summarized as follows:
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Growth of silver fir provenances on the experimental plot is satisfactory. Its total average cor-
responds with absolute yield class value of average height 26 to 28 m at the age of 100 years
and is in accordance with the growth tables introduced by the appropriate Ministry of Agriculture
instruction (no. 84/1996 on forest management planning).

Average height values of provenances on the plot range widely from ca 5 to 10 m. These differ-
ences among heights are statistically significant.

Statistical coefficients (proportions of variance belonging to particular variability factors, repeat-
ability) document the required reliability of the experiment.

Height growth assessment of partial populations within regions and areas of European forests
shows that provenances sets from central European region of beech-oak forest grow relatively faster
(values mostly above average of the experiment), while provenances from the other regions are mostly
retarded to some degree in growth. The slower growing provenances are formed mainly by the partial
populations from south-eastern and southern European regions of hard deciduous tree species
and chestnut forest areas.

Average heights of silver fir partial populations from the Czech Republic, assessed according
to the natural forest zones, are variable, being (with exceptions) above experimental average. Those
provenances from natural forest zone no. 16 — Czech-Moravian Highland, i. e. from similar condi-
tions where the plot had been established, are growing well. This local population is characterized
by above-average growth.

Average values of the provenance sets having a different historical origin from the CR territory,
i. e. from Hercynian-Sudeten region and Carpathian region, do not differ in average height growth.
Altitudinal influence of parent stand locality on progeny height growth represented on the plot was
not statistically proven.

The order of provenances average heights remains in the main, the same at the age of 28 years as was
found at the age of 9 years. This fact is documented by the correlation of height coefficient at the age
of 9 and 28 years. The value being 0.76, is positive, and as such is statistically, highly important.
This result indicates that the height growth of provenances may justifiably, be considered at the age
of 9 years as the standard coefficient for further growth until 28 years of age, which is important from
the viewpoint of early diagnostics in the field of silver fir breeding.

The statistical significance of differences, either within local partial population or, from an average
of the experiment was not possible to use as the criterion for classification of partial populations
for the categorization of certified units. If the 10% positive difference from the average of the ex-
periment is taken as the criterion, then the following units could be proposed as the certified partial
populations: 16-30 Jihlava, Hen¢ov, 102 — Velké Karlovice, 36 — Horni Plana, Plesny, 75 — Rajec
Jestebi, 36 — Cervené Poti¢i, Dolce, 37 — Rychnov nad Knéznou, Skuhrov.

D.B.H.

14

Results of D.B.H. analysis can be briefly summarized as follows:

Average diameter growth of partial populations (11.46 cm) approximately corresponds with absolute
yield class 28 m of height at the age of 100 years.

Differences in diameter growth are statistically significant among provenances, as is the marked
variational width (6.33 to 14.23 cm).

Variance proportions related to provenances — being the variability factor and repeatability value
- document a sufficient reliability of the experimental planting.

Provenances from Hercynian-Sudeten natural forest zones are mostly characterized by an above-
average increment in diameter. The average values of those partial populations from northern
Carpathian zones and Carpathian Foothills range in general within the experimental average. In-
crement of partial populations from the Alps and south-western European chains is however lower,
except for provenance no. 230 Spadola from the southern Apennines (Calabria).



- Provenances from the Sumava Mts., Czech-Moravian Highland and Moravian-Silesian Beskydy
are excellent within the sets of provenances from the Czech Republic natural forest zones.

- Mathematical and statistical analysis proved a negative correlation relationship between diameter
growth of silver fir progeny from CR (set of Hercynian-Sudeten natural forest zones) and the altitude
of the parent stand site. The relationship is statistically significant.

- Based on 10% positive difference of average D.B.H. from the experimental average, partial popula-
tions no. 16-30 Jihlava, Hencov and no. 75 Réajec can be classified into category of certified units.

SYNTHETICAL EVALUATION AND INFORMATIVE OUTLOOK ON VOLUME PRO-
DUCTION

Two quantitative coefficients, height and D.B.H., were investigated on the experimental plot.
The variability of these coefficients has been evaluated in the preceding chapters, and partial conclusions
were formed on the base of each of these items. In both cases they represent the basic elements of volume
production. Synthetic evaluation therefore reflects itself in volume production which is represented
by the average coefficients of individual provenances, and by volume production per plot that includes
the mentioned basic coefficients, i. e. height and D.B.H, as well as a number of individuals growing
on the plot.

Besides health state and quality, volume production is both the principal production target in forest
management and the basic criterion for evaluation of efficiency of compared units in comparable
plantings. The majority of partial populations within the plot reaches Derbholz limit, i. e. D.B.H. higher
than 7 cm, at the age of 28 years. However, some of provenances, mainly from the southern and south-
eastern Europe did not reach Derbholz limit at the age of 28 years. For this reason biomass in Derbholz is
not a base for evaluation, whereas total tree biomass, i. €. all vital material even below 7 ¢cm in diameter
can be used.

Based on the volume tables (GRUNDNER, ScHwAPPACH 1942) the presented data giving volume
of ”average — medium trees and supplies recounted per ha must be considered as tentative, and can be
used only for forming preliminary conclusions. The main reason is, however, that the particular average
quantities had to be rounded due to the table construction. Biomass per unit was calculated by the method
of the so-called average or medium stem. The reliability of this method requires the basic coefficients,
in particular D.B.H within the provenance set, to be regularly distributed. In the opposite case the distri-
bution is asymmetric and those results gained can be negatively influenced in their reliability when this
method is used.

Data on basic statistical coefficients - elements of production - can be derived from the data in tab. 3;
and in particular, the number of individuals per plot unit according to the particular provenances can be
assessed. Numerical data shown in the table are related to the plot of 0.04 ha because planting for each
provenance was realized on 4 plots of 10 x 10 m.

Average stem volume for all provenances planted on the plot is 0.065 m? ranging from 0.01 to
0.097 m®. The lowest value is a sporadic extreme and is represented by the slowest growing provenance
no. 228 — Vallombrosa, Italy. The highest volume value is characteristic for provenance no. 16-30 Jihlava
Hencov, then for no. 230 Spadola, Italy, followed by provenances with average volume of mean stem
0.090 m® (no. 102, 37, 75, etc.).

Variability tendencies in mean stem volume within region and areas of European forests follow the
variability of basic production elements in as much that these differences are more distinctly due to D.B.H.
used within the volume coefficient being in the square power. Therefore the provenances from central
European region of beech-oak forest excel, whereas provenances sets from the western and northern
Carpathians and its foothills are around the experimental average, and partial populations from the Al-
pine and south-European regions are distinctly below-average, except for one set.

The analogous character of variability, compared with height and diameter, occurs at provenanc-
es from the Czech Republic according to the individual natural forest zones. Existing differences
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Provenance Number Average DBH Volume Growing-stock
No. Name of Provenance of trees height (m) (cm) (m%) per 1 ha (m’)
1-15 | Kamenice nad Lipou, Losy 87 8.6 12.1 0.077 167
16-30 | Jihlava, Hencov 88 9.6 13 0.097 213
32 Nyrsko, Desenice 75 8.9 12.2 0.077 144
34 VLS Horni Plané, Zelnava 73 9 12.3 0.077 141
35 Petrohrad, Oracov 68 7.8 12.3 0.071 121
37 Rychnov nad Kn., Skuhrov nad Bél. 85 9 12.6 0.09 191
39 Cervené Pofici, Dolce 85 9 115 0.077 164
40 Frydlant v Cechéch, Nové Mésto pod Sm. 87 7.7 11 0.06 131
49 Pfibyslav, Hamry 82 8.9 12.4 0.077 158
50 Vlasim, Smilkov 90 8.2 11.7 0.071 160
51 VLS Lipnik nad Be¢vou, Podhoii 90 7.9 10.9 0.06 135
53 Opo¢no, Bolehost’ 80 8.3 12.2 0.06 90
58 Vimperk 78 8.9 12.2 0.077 150
61 Velké Karlovice, Dinotice 85 8.6 12.4 0.077 164
63 Cesky Krumlov, ChvalSiny 82 8.5 12.4 0.077 158
66 Nyrsko, Lis¢i 86 7.9 11.1 0.06 129
68 Vy38i Brod, Bélent 89 7.3 10.4 0.046 102
70 Nasavrky, Male¢ 93 8.4 12.2 0.071 165
71 VLS Plumlov, Ruprechtov 80 8.4 11.5 0.071 142
74 Milevsko, Klugenice 67 7.9 12.1 0.071 119
75 Réjec-Jestiebi, Cerna Hora 68 9 13.2 0.09 153
81 Vy33i Brod, Vitkiv Kamen 75 7.8 10.5 0.06 113
82 Vizovice, Bratiejov 81 8.5 12.8 0.09 182
83 Kasp. Hory, Rejstejn 67 72 10.3 0.046 77
86 VLS Hofovice, Strasice 90 8.2 13.6 0.083 187
88 VLS Hofovice, MiroSov 86 8.6 11.6 0.071 153
93 Woérschachwald, Steiermark, Austria 75 6.7 8.4 0.029 54
94 Schneegattern, Kobernausser Wald, Austria 78 8.3 11.9 0.071 138
95 Grobming, Austria 68 83 10.3 0.05 85
102 Velké Karlovice, M. Karlovice 91 9.2 13 0.09 205
103 Longemer-Gerardmer, France 94 7.9 11.4 0.06 141
130 Nasavrky, Podhira 93 8.3 12 0.071 165
131 Razlog, Pirin, Bulgaria 92 8 11.3 0.06 138
132 Boroveg, Rila, Bulgaria 105 8.4 114 0.06 158
143 Laterns, Vorarlberg, Austria 93 7.7 10.6 0.06 140
146 Schwarzwald, Schénmiinzach, Germany 80 8.7 12.5 0.09 180
147 Schwiib. Frink. Wald, Geschwend, Germ. 86 9.3 12.1 0.077 166
151 Ostbayer, Zwiesel West, Germany 97 8 10.3 0.05 121
190 Frenstat pod Radh., Moikov 90 8.3 11.7 0.071 160
194 Karlovice, Karlovice - sever 72 7.8 10.4 0.05 90
200 Zabteh, Brni¢ko 73 7.4 10.4 0.046 84
203 Stary Sacz, Poland 84 7.5 11.1 0.06 126
204 Susiec, Poland 86 8.3 11 0.06 129
210 Nové Mésto na Mor., Cikh4j 46 7.1 10.2 0.046 53
212 Nieskurzow, Poland 73 8.1 10.8 0.06 110
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215 Vilcea, Romania 78 7.3 10.3 0.046 90
221 Janovice u Rym., Mala Moravka 73 7.1 9.7 0.046 84
224 Sokolac, Kalj. Biostica, Croatia 72 6.9 9.6 0.046 83
228 Vallombrosa, Italy 57 4.7 6.3 0.012 17
230 Arch. e Boscarel., Italy 48 8.3 14.2 0.096 115
231 Baligrod, 41-49, Poland 60 7.5 10.3 0.05 75
S1 B. Bystrica, Badin, Slovakia 81 8.9 12.7 0.09 182
S5 Ruzomberok, Korytnica, Slovakia 85 8.1 12 0.071 151
S7 TANAP, Kezm. Zleby, Slovakia 94 8.2 11.1 0.06 141
S9 Krivan, Snohy, Slovakia 89 7.3 10.3 0.046 102
S14 Svidnik, Komarnik, Slovakia 94 8.3 12.5 0.083 195
Tab. 3.

Volume production and its elements (plot Pelhfimov at the age of 28 years)

17



are more distinct, with a tendency to lower production from those partial populations originating from
higher elevations.

Volume production variability per plot unit (tab. 3) is, besides the values for volume of average
(medium) stems, distinctly influenced by the number of trees growing on the plot unit. Their numbers
keep around the experimental average (80 trees on 0.04 ha or 2,000 trees on 1 ha) with a large range
from 46 or 1,150 up to 105, or 2,625 on 0.04 or 1.00 ha. It can be seen that those plots with a lower
number of trees per plot unit have some individuals with above-average growth, but nevertheless these
provenances still have a relatively low, below-average biomass volume per hectare (e. g. no. 230 - Spa-
dola, Italy, no. 75 - Rajec, Jestiebi etc.). The tendency of volume production variability of tree biomass
per 1 ha therefore differs from the other partial coefficients which is caused by the variable number
of trees on the lots. This reality involves both variability within regions and areas of European forests,
and the provenances from the Czech Republic categorized according to the natural forest areas.

Based on the evaluation of height and diameter growth, partial populations no. 16-30, 102, 37,
34, 75, 35, 82 were selected and classified as the most efficient partial populations from the Czech
Republic. If the partial populations are assessed according to the further criteria, i. e. volume production
of average stem and production per plot, then partial plots no. 16-30 Jihlava Hencov, no. 102 - Velké
Karlovice, no. 37 - Rychnov nad Knéznou are in accordance with these criteria. All these partial popula-
tions surpass the experimental average at least by 30 % in volume production both individually and per
plot unit. Volume production of partial populations no. 82 — Vizovice Bratiejov and no. 86 — Hofovice
StraSice is also excellent. Provenance no. 34 — Horni Plana shows a rather lower volume production ow-
ing to a lower number of individuals growing on the plot, as well as partial population no. 75 — Rajec,
Jestrebi.

Based on the presented data and regarding all available criteria and their synthesis the following par-
tial populations can be classified into certified units: 16-30 Jihlava Hencov, 37 - Rychnov nad Knéznou
Skuhrov, 82 - Vizovice Bratiejov, 102 - Velké Karlovice, 86 - Hofovice Strasice can also be added. This
proposal must be assessed, based on additional experimental verification plots (of the same series)
from the perspective of the efficiency of these partial populations.

® Partial population locality
A Research plot locality

Fig. 2.
Localities with silver fir provenances from the CR comprised in the experimental series 1973 — 1977
and localities of experimental plots
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PRELIMINARY CONCLUSIONS FOR FORESTRY CONCERNING REGIONALIZATION
OF SILVER FIR REPRODUCTIVE RESOURCES

The proportion of silver fir should markedly increase in species composition to a level of 4 - 5 %
(SINDELAR, VOKOUN 1996). Owing to the present low silver fir representation natural regeneration has
been very limited. A substantial part of the existing regeneration has been achieved artificially, in CR
conditions mostly by planting which requires a great amount of reproductive material. If silver fir was
to be planted annually on 4 to 5 % of regenerated plot, some 4 to 6 million plants would be required each
year, supposing an annual regenerated area of 20 to 25 thous. ha. To breed such numbers would require
1,500 to 2,000 kg of seed, i. e. 12 to 15 tonnes of cones (SINDELAR 1996).

Despite the present small proportion of fir in the composition of forest stands, there are a relatively
adequate number and area of certified stands for seed cropping (1,457.47 ha) within the Czech Re-
public which are, however, very irregularly distributed as at December 31, 1999. The largest plots
of stands certified for seed crop are recorded in the Moravian-Silesian Beskydy, Javorniky
Mts. and Hostynsko-Vsetinské Hills. Certified silver fir stands are almost entirely absent in northern
Bohemia and only several tens of hectares are available in eastern Bohemia, and 100 ha in central
Bohemia. Some larger areas are in the former management units Kitiny, Tel¢, Tisnov, Plumlov in the
South-Moravian region.

Forming principles of regionalization for silver fir reproductive material is very important in this situ-
ation. According to current standards, fir does not belong to the ”selected” species, i. e. to those which
only seed originating from certified stands may be used. However, amendment of the Act on Forests
and connected decrees are going to make using fir seed gained from stands certified for crop obligatory
just as for the other economically important tree species. Conditions for this intention are feasible bear-
ing in mind the considerable area of stands certified for seed crop.

Using the widely available seed from the Carpathian areas of the Czech Republic which has a relatively
great supply of stands suitable for producing seed crops for the central and western areas of the
Czech Republic creates an important problem for regionalization principles that must be solved. A fur-
ther problem is the current shortage of reproductive material from our own resources being solved by the
importation of seed or plants from Slovakia and Poland. In past years these imports have been authorized
by the central office.

These problems are ameliorated when we consider results from the comparative plantings, particu-
larly from the plot of 1973/77 series where some partial populations including those countries mentioned
are growing. Evaluation from the plot no. 67 shows that partial populations from the Carpathians natural
forest zones CR, from Slovakia, Carpathians, and the Polish localities close to the Carpathians type
are growing satisfactory until the age of 28 years. On the plot established within the Hercynian natural
forest area no. 16 — Czech-Moravian Highland, they and some of the provenances originating from Ger-
many lag behind the set of Hercynian-Sudeten partial population in growth and production. Results from
plot no. 67 to a certain degree, confirm the results from the other three plots at the age of 28 years (57
— Jiloviste, 59 — Domazlice Pivon, 77 — Nové Hrady).

The proposal of Hynek (2000) presents an attempt to solve the problems of fir regionalization.
The CR territory has been divided into 6 seed areas: 1 — Krusné Mts., 2 —Sumava Mts., 3 — Hercynian
area, 4 — North Bohemian area, 5 — Sudeten area, 6 — Carpathians.

The proposed principles are as follows:

e That transfer of reproductive material is not limited within the natural forest zones

e That transfer among natural forest zones is not limited within seed areas to the extent that the permit-
ted transfer + one vegetation forest zone is respected

e That fir transfer into seed areas 2, 6 should not be permitted

e That reproductive material from the seed area 6 can be used for all the CR territory with exception
of seed area 2
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This regionalization problem of silver fir reproductive material has also occurred in the proposals
of the Ministry of Agriculture decree no. 77/1996, which in the main reiterates the proposal processed
by Hynek (2000). Problem is that this proposal has not considered sufficiently the existing very lim-
ited or even unreal conditions for seed collection in some proposed seed areas.

When reviewing the state of partial population progeny on the plot no. 67, and further available
information from other resources, we can regard the following recommendations as forming the basic
regionalization principles of silver fir reproductive resource.

- The present poor representation of silver fir within forest stands as a percentage of species composi-
tion, and taking into consideration the associated threats to regional populations and by the tree species
itself, requires systematic measures for preserving and expanding the reproduction of gene resources.
In particular the preservation of existing stands vitality in order to conserve and enhance the potential
resource for seed crop. In all stands considered, experiments are recommended for natural regenera-
tion whilst recognising the expense of increased input and incurred costs. The single most critical
necessity is fencing of regenerated stands against game damage to the natural seeding and advanced
growth. Where natural regeneration of the existing stand or its remnants is not possible, the establish-
ment of registered reproductive plantings (seed stands) is recommended in those areas having suitable
ecological conditions, for example among other with underplantings in suitably released stands.

- If local sources of silver fir seed are available, i. e. certified or other stands, of a suitable health
state, this seed is to be preferred for use. In the future seed from other stands of appropriate natural
forest and adequate vegetation forest zones can also be used.

- This technique must be kept rigorously adhered to those areas with specific management regimes
from the viewpoint of natural protection, e. g. in national parks, protected landscape areas, forest
reserves of both categories and in gene bases.

- In case that seed complying with the criteria mentioned above is not available, sources from other
natural forest zones and adequate vegetation forest zones can be used. For natural forest zones in Her-
cynian-Sudeten and Carpathian areas material is preferred to be used differentially from these
regions if possible.

Research documents that differentiations occur in the growth and development of silver fir partial
populations at higher altitudes in comparison to the material from lower elevations. For this reason
it is recommended that regionalization principles are strictly observed with regard to the vegetation
forest zones.

Research results also document satisfactory growth and vitality of silver fir partial populations
from Slovakia and from Polish areas that are close to Carpathian areas. Therefore seed, or silver
fir plants from Slovakia and the Carpathian areas of Poland can be used if required during years of seed
shortage from native sources. This method should however be excluded for forest areas with spe-
cific conservation management regimes.

These stands and their sets are classified into a category of certified stands on the base of re-
search results:

The progeny of units in the preceding table show good volume production and are growing well,
being in good health. Values of basic production elements are over the experimental average by more
than 10 %, and volume production outruns the experimental average by at least 30 %. The following
measures are therefore recommended:

- to verify whether these populations still exist, and to assess their silvicultural condition, concen-
trating on state of health, fructification conditions, possible cone collection, and the conditions
for natural regeneration;

- to assess the state of those forest stands with fir in their vicinity;

- to propose classification into categories of certified units, according to the new directives, if the stands,
or other neighbouring stands capable of forming unified partial populations, are in good health.
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Fig. 3.
Orientation information about height growth of silver fir provenances according to European forest regions
(RuBNER, ReINHOLD, 1953). Average values of provenances sets.
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Prispévek k poznani proménlivosti jedle bélokoré (Abies alba MiLL.)
se zvlastnim zietelem k podminkam pfirodni lesni oblasti
16 - Ceskomoravska vrchovina

Souhrn

V predkladaném piispévku jsou shrnuty vysledky pozorovani na vyzkumné plose ¢. 67 - Pelhfimov
(diive Kamenice nad Lipou) s 56 proveniencemi jedle bélokoré, zalozené v r. 1976. V sortimentu je
zastoupeno 33 provenienci z Ceské republiky, ze Slovenské republiky 5 dilich populaci, déle 4 prove-
nience z Rakouska, 3 z Némecka, 1 z Francie, 2 z Italie, 1 z Chorvatska, 1 z Rumunska, 2 z Bulharska
a 4 dil¢i populace z Polské republiky. Material pochazi ze 23 oblasti vyliSenych na zakladé regiont
evropskych lesti (RUBNER, REINHOLD 1953) a 22 pifrodnich lesnich oblasti v Ceské republice. Sazenice
pro vysadbu byly vypéstovany v lesni $kolce Hofepnik lesniho zdvodu Kamenice nad Lipou (pozdé&ji
Pelhfimov). Vyzkumna plocha byla zaloZena na lokalité tehdejsiho LZ Kamenice n. L. (Pelhfimov)
polesi Cernovice u Tébora v porostu 5 ¢, na lokalité v nadmotské vySce 690 m. Typologicky je lokalita
charakterizovana jako soubor 58S, stfedné bohata svézi jedlova bucina. Zakladni vysadba se 49 prove-
niencemi se uskutec¢nila metodou dvojité miize ve 4 opakovanich, na parcelach 10 x 10 m s vysadbou
50 sazenic na parcelu (spon 2 x 1 m). Plocha akcesoricka se 7 proveniencemi byla zaloZzena formou
znahodnénych bloki ve 4 opakovanich. Plocha byla oplocena, ztraty po vysadbé nepiekrocily 15 %.
Ve véku 15 let se na plose uskutecnil mirny vychovny zasah. V ramci praci na jae 1999 se méfily vysky
a vycetni tloustky vsech jedincid. Data byla zpracovana obvyklymi matematicko-statistickymi po-
stupy (zakladni charakteristika, analyza variance, Duncantiv mnohonasobny pofadovy test). Vysledky
pozorovani lze shrnout v tato konstatovani:

- Vyskovy a tloustkovy rust provenienci na plose zastoupenych je uspokojivy a v celkovém prumeé-
ru odpovida ptiblizné absolutni bonité 26 az 28 m, tj. kategorii charakterizujici uvedenymi Cisly
hodnoty pro stiedni vysky hlavniho porostu ve véku 100 let.

- Hodnoty primérnych vysek provenienci na plose zastoupenych se pohybuji v mezich 5 az témét
10 m. Primérné vycetni tloustky kolisaji v intervalu 6,3 az 14,2 cm. Rozdily mezi primérnymi
vyskami 1 mezi pramérnymi vycetnimi tloustkami jsou statisticky vysoce vyznamné. Statistické
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ukazatele, tj. podily variance piipadajici na vySku a dale i pro vycetni tloustky, jako faktory pro-
ménlivosti, a opakovatelnosti — heritability - naznacuji dostate¢nou spolehlivost pokusu.

Pro celkovou orientaci byla na zakladé praimérnych ukazateli (elementtt) kalkulovana i objemova
produkce. V piepoétu na 1 ha kolisa biomasa stromova podle provenienci v intervalu od 17 (pro-
venience ¢. 228 - Vallombrosa, Italie) po 213 m3/ha (¢. 16-30 Jihlava Hencov).

Posouzeni rustu vyskového, tloustkového i objemové produkce na zakladé regiond evropskych lest
a prislusnych oblasti naznacuje, Ze relativné rychly rist a vysokou objemovou produkci (hodno-
ty zfetelné nad primérem pokusu) vykazuji soubory provenienci ze stiedoevropského regionu bu-
kodubovych lesi. Primémé hodnoty sledovanych veli¢in jsou charakteristické pro diléi populace
z vychodoevropského regionu bukodubovych lest, zatimco provenience z ostatnich regioni v ristu
a produkei oproti piedchozim vétSinou zaostavaji. Tato skute¢nost plati zejména pro populace z alp-
skych oblasti a z regionu jihovychodoevropskych lest a z jihoevropského regionu tvrdych listnacia
a kastanovych lest.

Primé&rné hodnoty elementi produkce, jakoZ i objemova produkee jedle b&lokoré z Ceské republiky,
posuzovana podle ptirodnich lesnich oblasti, je zna¢né proménliva, pohybuje se vSak az na vyjimky,
nad primérem celého pokusu. Osvéd&uji se mimo jiné provenience z pfirodni lesni oblasti & 16 - Ces-
komoravska vrchovina, tj. z obdobnych podminek, kde je vyzkumna plocha zaloZena.

Vliv nadmoftské vysky lokalit matef'skych porostti na vyskovy, tloustkovy rtist a objemovou produk-
ci je naznacen zapornymi korelaénimi koeficienty pro vysky i vycetni tloustky. Koeficient je vSak
statisticky vyznamny pouze pro tloustky.

Jako kritérium pro klasifikaci dil¢ich populaci z Ceské republiky k zatazeni do kategorie jednotek
(porostil) ovétenych nebylo mozno pro vysky a vycetni tloustky pouzit statistické vyznamnosti
diferenci od mistni dil¢i populace (uvazovana jako ,,standard*), ani od priméru pokusu. Proto byl jako
kritérium zvolen rozdil od priméru pokusu. Jako jednotky, které pfichdzeji v Givahu pro zafazeni do
kategorie ,,ovéfenych®, jsou uvazovany porosty nebo jejich soubory, jejichZ potomstva se v pozitivnim
smyslu odlisuji od priméru nejméné 10 % (praimérna vyska, primérna vycetni tloustka) a v objemové
produkeci na jednotku plochy nejméné 30 %. Jde o tyto jednotky: 16-30 Jihlava Hencov, 37 - Rychnov
nad Knéznou Skuhrov, 82 - Vizovice Bratiejov, 86 - Hofovice Strasice, 106 - Velké Karlovice,
M. Karlovice.

Source Sum Degrees Average Stat. Critical Fforp=1-a
of variability of squares of freedom square F o=0.05 a=0.01
Provenance 26777365.970 55 447875.563 | 11.95++ 1.35 1.50
Repetition 2144210.024 3 714736.675 | 19.15++ 2.60 3.70
Residual 166795295.024 4445 37524.251
Total 193572660.990 4503 42987.489

Tab. 4.

ANOVA, average heights, plot no. 67 (Pelhfimov) 1999 - age 28 years

Source Sum Degrees Average Stat. Critical Fforp=1-a
of variability of squares of freedom square F o= 0.05 a=0.01
Provenance 606470.166 55 11026.730 6.88++ 1.33 1.50
Repetition 86787.903 3 28929.300 | 18.06++ 2.60 3.70
Residual 7089031.741 4425 1602.041
Total 7782289.810 4483 1735.956

Tab. 5.

ANOVA, average D.B.H., plot no. 67 (Pelhfimov) 1999 - age 28 years
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- Na zéklad¢ vysledkt pozorovani a hodnoceni vyzkumné plochy ¢. 67 Pelhiimov ve véku 28 let
je mozné formulovat nekteré predbézné zaveéry pro lesnickou praxi, zejména pro rajonizaci repro-
dukéniho materialu. Jde pifedné o vyuzivani zdrojd mistniho ptivodu a dale moznost, v ptipadé,
ze kryti potieby osiva z mistnich zdrojti neni mozné, uvazovat i material z jinych podminek. S ohle-
dem na kriticky nizké zastoupeni jedle v druhové skladbé lesnich porost bude tento postup v fadé
ptipadd nutny. Nevylucuje se pfenos mezi jednotlivymi piirodnimi lesnimi oblastmi a to z karpatské-
ho regionu do regionu hercynsko-sudetského, i naopak. V piipad¢ kritického nedostatku reproduke-
niho materialu domaciho pivodu nevylucuje se, jako vyjimka vazana na zvlastni povoleni, moznost
dovozu osiva, event. sazenic z karpatskych a ptikarpatskych oblasti Slovenské a Polské republiky.

- Presuny reprodukéniho materialu by mély byt vylouc¢eny nebo maximalné omezeny v lesich pod-
1éhajicich specifickému rezimu hospodateni (narodni parky, chranéné krajinné oblasti, rezerva-
ce a genové zakladny).

-V souvislosti se zajiStovanim reprodukéniho materialu, specificky osiva, pro rozsifenou repro-
dukci jedle bélokoré, jsou vysoce aktualni opatieni k zachrané a reprodukci genovych zdroji jedle
bélokoré nejen jako druhu, ale i vSech dosud ve zbytcich existujicich regionalnich populaci.

- Je zadouci, aby predbézné zavéry piedkladaného sdéleni byly ovéfovany dal$im pozorovanim
v naslednych etapach vyvoje s vyuzitim celého souboru disponibilnich ploch.

Some experiences with silver fir (Abies alba MiLL.) variability with regard
to the conditions of the natural forest area 16 - Bohemian-Moravian Highland

Summary

This contribution presents the investigation results from the experimental plot no. 67 Pelhfimov
(former Kamenice nad Lipou) planted with 56 silver fir provenances established in 1976. Thirty three
provenances are from the Czech Republic, of which 29 are from Hercynian-Sudeten and Carpathian
natural forest zones. Five partial provenances originate from Slovakia, 4 from Austria, 3 from Germany,
1 from France, 2 from Italy, 1 from Croatia, 1 from Romania, 2 from Bulgaria and 4 provenances are from
Poland. The material originating from 23 areas and from 22 natural forest zones within the Czech Repub-
lic differed according to the regions of European forests (RUBNER, RENHOLD 1953). Planting material
was bred in the nursery Hofepnik of the forest enterprise Kamenice nad Lipou (later Pelhfimov). The
experimental plot was established on the locality of the former forest enterprise Kamenice nad Lipou
(Pelhiimov), forest district Cernovice at Tabor in stand 5S¢, having an elevation of 690 m. The local-
ity is situated on a mild southern slope of a terrain wave, the top of which overlaps the elevation level
of 700 m. The set of forest types is classified as 5S — medium rich, fresh fir-beech stand. The basic
planting with 49 provenances was carried out by the method of double grid in 4 repetitions on lots
of 10 x 10 m with 50 plants per each lot (spacing 2 x 1 m). To complete the experiment another plot was
populated with seven provenances and established by a method of random blocks with 4 repetitions.
The plot was fenced, and losses after planting did not exceed 15 %. A mild tending operation was carried
out at the age of 15 years. In spring 1999 heights and D.B.H. were measured for all individuals. The data were
processed by the common mathematical and statistical methods (basic characteristic, variance analysis,
Duncan’s multiple sequence test). Research results can be summarized as follows:

- Height and diameter growth of provenances within the plot are satisfactory and are in approximate
accordance with absolute yield class of 26 to 28 m in average, i. e. with the category of values de-
fined for mean heights of the main 100 years old stand.

- Provenance values of average heights represented on the plot range between 5 to nearly 10 m. Aver-
age D.B.H. are in intervals 6.3 to 14.2 cm. Differences between average heights and average D.B.H.
are statistically highly significant. Statistical coefficients, i. e. variance proportions related to height
and D.B.H. similarly to factors of variability and repeatability — heritability indicate sufficient
experimental reliability.
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Average heights of silver fir provenances from the Czech Republic according to natural forest zones

Vegetation

No. | Forest administration, forest district | Stand, certified unit | Natural forest zone
forest zone

- 16 — h-M ian Highl
;g Jihlava, Popice 38b,, ¢ 6 — Czech-Moravian Highland/ 5

Ceskomoravska vrchovina

26 — Orlické Mts. Foothills/
37 Rychnov n. K. Sk. 1IB-JD-83-II-RK Predhii Orlickych hor 5

38 — White Carpathians/

82 Vizovice, Bratiejov 1IB-JD-28-IV-G Bilé Karpaty 4
. . 07 — Brdy Upland/

86 Hoftovice, StraSice 30g Brdska vrehovina 5

102 | Velké Karlovice, M. Karlovice [B-JD-13-vIb-ys | 41~ Hostynske Hills Javomniky Mis./ )

Hostynskovsetinské vrchy a Javorniky

Based on average coefficients (elements) volume production was also calculated. Recounted tree
biomass per 1 ha has intervals from 17 (provenance no. 228 — Vallombrosa, Italy) to 213 m?/ha
(no. 16-30 Jihlava Hen¢ov) according to provenances.

Height and D.B.H. growths and volume production based on regions of European forests and appro-
priate areas show that relatively fast growth and high volume production (having values distinctly
above-average) occurred in those sets of provenances from the central European regions of beech-oak
forests. Average investigated coefficients are characteristic for partial populations from the eastern
European region of beech-oak forests whereas provenances from the other regions mostly lag behind
in growth and production, compared to the previous provenances. This fact is seen mainly in popula-
tions from the Alpine regions and regions of southern European forests, as well as in deciduous tree
species and chestnut forests in the southern Europe.

Average values of production elements, and volume production of silver fir from the Czech Republic
are also variable if originating from natural forest areas, nevertheless they are keeping mostly above
the experimental average. Also, other provenances from natural forest area no. 16 — Czech-Moravian
Highland, having the similar conditions as the established experimental plot, proved to be suitable,
Altitudinal influence of parent stands localities on height, diameter and volume production is indi-
cated by the correlation coefficients for heights and D.B.H. This coefficient is statistically significant
only for diameters.
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For heights and D.B.H., statistical significance of differences from local partial populations (taken
as “standard) or from experimental average was not possible to use as a criterion for categoriza-
tion of partial populations from the Czech Republic into certified units (stands). For this reason
the difference from the experimental average was taken as a criterion. For units that can be clas-
sified as certified units* such stands or their sets are considered as the progeny that differ in the
positive sense from the average by at least 10 % (average height, average D.B.H.) and in volume
production per unit at least by 30 %. These units are considered: 16-30 Jihlava Hen¢ov, 37 - Rych-
nov nad Knéznou Skuhrov, 82 - Vizovice Bratiejov, 86 - Hofovice Strasice 106 - Velké Karlovice,
M. Karlovice.

Based on investigation results and the evaluation of experimental plot no. 67 Pelhfimov at the age
of 28 years the preliminary conclusions for practice, particularly for regionalization of reproductive
material, can be presented. Resources of local origin are to be used preferably. In cases that seed
is unavailable from local sources, material from other localities could be taken. This technique will
often be necessary when considering the critically low fir representation in forest stands composition.
Transfer among individual natural forest zones, from the Carpathians into Hercynian-Sudeten
and vice versa, is not excluded. The critical shortage of native reproductive material may give rise for
the importation of seed or plants from the Carpathians and close-to Carpathian areas of the Slovakian
and Polish Republics as on a special case basis, requiring special permission.

Transfers of reproductive material should be excluded or severely limited to forests under specific
management regime (national parks, protected landscape areas, reserves and gene bases).
Ensuring reproductive material, principally seed, for enhanced silver fir reproduction, requires
a significant updating of measures for gene resource preservation and reproduction of silver fir,
not only as a species but also for all remaining remnants existing in regional populations.

The preliminary conclusions presented in this paper must be verified and investigated in the next
developmental stages using the entire set of available plots.
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Photo 1, 2.
Provenance plot with silver fir on the plot no. 67 — Pelhfimov (Photo J. Frydl)
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PROVENANCE PLOT WITH EUROPEAN BEECH =
(FAGUS SYLVATICA L.) No. 50 — PELHRIMOV, KREMESNIK
25 YEARS AFTER PLANTING

JIRi SINDELAR
ForesTRY AND GAME MANAGEMENT RESEARCH INSTITUTE,
156 04 JiLOVISTE-STRNADY

ABSTRACT

This paper presents an evaluation of the experimental plot “European beech no. 50” Pelhiimov,
Kiemesnik established in the natural forest area no. 16 — Czech-Moravian Highland at an elevation
of 700 m. Progeny of partial populations from the Hercynian-Sudeten, Carpathian, Slovakian and Roma-
nian natural forest areas are assessed at the age of 28 years. Height and diameter increment are evaluated
and used in the classification of stem quality; conclusions in the form of an economic appraisal of suit-
ability for each investigated provenance are stated, (for the given locality and similar ecological condi-
tions), and the regional use of reproductive material in forestry is proposed.

INTRODUCTION, RESEARCH GOALS

In recent decades forestry research in genetics, tree breeding and forest seed management has been
focused on coniferous tree species. Since the 1930s, many experimental provenance plots with Norway
spruce, Scots pine and European larch have been established in many countries including the Czech
Republic and Slovakia. Some projects have been organized on an international level, mainly within
the framework of IUFRO activities. Since the 1950s however, the importance of deciduous tree
species for forest stand species composition has been appreciated, culminating in the development
of experimental plots, established principally for the conditions of central and western Europe.
In Germany, Krahl-Urban was an initiator of research concerning oaks and European beech (e. g. KrRAHL-
Ursan 1972). These early investigations were focused on gathering basic information on tree species
variability, diagnostic signs, and properties of the particular oak species — English and sessile oaks
— were also verified.

The first provenance plot with European beech was established in the Czech Republic in 1972.
Observations presented basic information on properties of the population progeny and were aimed
in particular at assessing the suitability of seed or plants imported from Slovakia into the Czech lands.
In autumn 1971 the former Forestry Faculty of the University of Forestry and Wood-Processing Technol-
ogy at Zvolen offered the FGMRI Jilovisté-Strnady several European beech provenances from different
areas of Slovakia for research plantings. This material was complemented by plants from other locations
in Bohemia and Moravia. Suitable material was obtained from the state enterprises of that time. In total,
16 provenances from different areas of Bohemia and one beech provenance from Romania (plants were
bred in the forest nursery of the Moravian former forest enterprise Zatec from seed imported from Ro-
mania) were used. These plants were mostly three years old, whilst a small number of two-year old,
and one-year old material was also used. This age difference was not in accordance with establishment
principles for comparable experimental plots and would negatively influence later evaluation (this exper-
imental plot with 23 provenances was established in 1972). The already mentioned age difference was
observed at the first evaluation in 1981, when average annual height growth was added to the heights
of younger provenances and the total value reached approximately the comparable age of 13 years.

At the same time, more experimental plots were established by Balkovi¢ in Slovakia using a wider
assortment of Slovakian provenances, their remnants were imported into the Czech Republic. Since
then, vitality height growth, diameter increment and seasonal dynamics of diameter increment have been
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Photo 1.
Provenance experimental plot with European beech no. 50 — Pelhfimov, Kfemesnik

evaluated several times on the experimental plots in Slovakia (BALkovic 1974, 1978, CERVENKA, PAULE
1978, 1980, PauLE 1983), by Barkovic (1974, 1978) growth rhythm of provenances from flushing
to colour changes and defoliation in autumn have been analysed. The results acquired from Slovakia
and the Czech Republic are not comparable due to the varying number of provenances and evalua-
tion at different ages.

Investigation at the age of 28 years has been aimed at comparing height and diameter increment
in addition to preliminary assessment of stem and crown properties. Mortality was not observed or record-
ed as only one relatively mild thinning has been carried out to date. This involved removing self-seeded
natural tree species, and only in small part, some beech plants. Consideration is given to the variability
among investigated partial populations and within populations aimed at assessing the possibilities
of collective and individual selection. Growth and further properties of a set from the Hercynian-Sudeten
natural forest areas of the Czech Republic, and from the Carpathian areas are characterized and evaluated.
Assessing the possibilities of using seed and beech plants from the Carpathian area of eastern Moravia
and Slovakia, in the western parts of the Czech Republic is important for forestry.

MATERIAL AND METHODOLOGY

The survey of experimental provenances is shown in table 1. In this survey there are 10 mentioned
provenances from the Hercynian-Sudeten part of the Czech Republic, 13 from the Carpathian region,
of which 7 are from Slovakia, 1 from Romania, the rest originating from the Moravian-Carpathian
areas. Material from the Czech Republic originated from 8 units, collected from different localities
within the Czech Republic e. g. 4 from the natural forest area no. 10 — Central Bohemian Highland,
2 from the Sumava Mts., etc. The mountain natural forest area no. of northern and western Slovakia are
represented by 2 provenances, central Slovakia is characterized by 4 partial populations, while eastern
Slovakia with its majority of deciduous forests is represented only by one provenance.

The experimental plot was established in two parts of the former forestry nursery within the former
forest enterprise Kamenice nad Lipou (later Pelhiimov), forest district Horni Cerekev in the stand 38b.
The site is at an elevation of 660 m within the Kfemesnik Foothills (765 m), is level and at time of estab-
lishment was characterized as a spruce-beech stand with Carex pilulifera. Based on the currently used
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method the site is classified as 6 K (acid spruce-beech stand), and 6 L (loamy acid spruce-beech stand).
Long-term average annual temperatures of 5.8 °C and annual precipitation sum of 760 mm are derived
from the climatic map of the former CSSR. Both parts of the experimental plot are in close proximity
to each other (at a distance of less than 50 m).

The plot was established by the complete randomized block method, in three repetitions com-
prising 72 lots. Lot size was 7.5 m x 7.5 m, while plant spacing was 1.5 m x 1.5 m. Each lot was planted
with 25 plants, 75 individuals of each particular provenance. Strips around the plot margins were oc-
cupied by birch, spruce and pine self-seeding. The entire area of the experimental plot excluding
the marginal strips stands at 0.42 ha. Most planting was carried out in the spring of 1972. Growth
and development of the culture were satisfactory. In 1976 the plot was fertilized by combined NPK
fertilizer. Natural regeneration, mainly of birch and spruce, but also of pine and larch to a lesser
degree, was reduced in the first years after planting. Cutting and extracting of this natural regeneration
was carried out several times until the canopy had formed. Grasses, in particular Calamagrostis epigeios
was controlled by mowing.

First measurement and further investigation were carried out in late 1981, and the results were subse-
quently processed and published (SINDELAR 1985). The second measurement and classification occurred
during the autumn of 1997, i. e. 25 years after planting. The majority of provenances planted on the plot
was 28 years old at that time. All represented provenances on the plot were measured with the presup-
position that a one-year age difference involving a small number of individuals could, to a certain
degree be accepted during the period of more than two decades, and that the possible differences would
fall within a satisfactory experimental error. Height and diameter increment were therefore measured,
and stem quality classified. Growth, averaging heights of more than 10 m for the majority of prov-
enances, did not allow detailed classification of stem and crown qualitative features as in 1981. For this
reason only stem quality was evaluated according to the scale: 1 — continuous stem up to the top (direct);
2 — fork within crown; 3 — fork under crown; 4 — fork in the lower stem part. Stem form is satisfactory
within a wide average. Individuals with direct or mildly
curved stems prevail, individuals with markedly curved
stem occurred very rarely.

Basic mathematical and statistical characteristics
for quantitative features, height and D.B.H. were calculat-
ed, stem quality is represented by spectrum (representa-
tion) of the particular categories. Variability of quantita-
tive features was investigated by variance analysis with
two causes of variability

Iij=;,t+Pi+Oj+eij!

where I is value of j-repetition, p experimental aver-
age, P, effect of i-provenance, 0, effect of j-repetition,
e, experimental error. Average effects of provenances
and repetitions as well as variance proportion related to
uncontrolled factors were solved by standard equations
based on variance analysis (e. g. WEBER 1961). Repeat-
ability — heritability - value was calculated according
to the formula

2 2
Photo 2. o, T S
Provenance plot with European beech no. 50 o
— plot interior

30



The interpretation of results considered certain methodical specifics of the experimental plot aris-
ing from the planting of reproductive material bred in non-homogeneous conditions. For these reasons
investigation results must only be considered as basic orientation, requiring completion, employing data
from other, later established plots, principally the extensive series from 1984.

RESULTS

Height growth

Average height of the provenance within the plot is 10.87 m. The data of growth tables (ScHOBER 1995)
present an average height of 8.70 m for the first yield class and mild thinning only for 30 years old.
The average height of the entire plot already exceeds the table value at the age of 28 years by more than
2m, i. e. over one yield class. If the medium height for the fastest growing provenance S, is 12.45 m, this
surpassing of table data is very important. This fact is surprising because a visual estimation of neigh-
bouring stands suggests a small above-average growth rate. While the significantly increased height
growth could be a result of plot fertilizing in 1976, it should also be remembered that the growth tables,
used for comparison, are based on data investigated in Germany and may not therefore correspond with
local conditions.

Average height variation of compared provenances ranges from 8.19 m (provenance 19 — Prachatice,
Boubin) to 12.45 m (S3 — Zvolen). Table 2 shows average heights and characteristics of height variability
for the particular provenances. The most suitable coefficient — (variation coefficient) ranges from 12.82
to 23.72 %. These coefficients approximately correspond with values of height growth variability for
other tree species of a comparable age within the experimental plots. The values of variation coefficients
indicate that possible individual selection can be made from within the population for use in further breed-
ing for example on the basis of individual selection and autovegetative reproduction.

Variance analysis (tab. 3) demonstrates that differences among average heights of the investigated
provenances are statistically highly important, whereas differences among repetitions are not statisti-
cally signife. From the viewpoint of height growth this result indicates the required site plot homogene-
ity and thus also the relative reliability of evaluation. Provenances with the variability factor contribute
to variance by 54 %, in repetition by 7 %, the rest, i. e. 39 %, falls to uncontrolled factors or residual
variance. Repeatability (heritability) value is h?> = 0.81. This coefficient confirms, compared with usual
minimal value 0.70 % for comparative plantings, the sufficient methodological reliability of the
experiment.

The regional origin of beech provenances in the experimental growth of units from the Hercy-
nian-Sudeten natural forest areas, from the Moravian Carpathians, Slovakia and Romania is assessed
and presented in fig. 1. The set of four provenances from the Moravian Carpathians shows the fastest
growth, followed by the Romanian provenance, then by the set of provenances from Slovakia, and in aver-
age the most slowly grows material originated from the Hercynian-Sudeten area. These results may
be influenced, among others, by the actual site of origin (site of parent stand), especially by altitude.
Of the Slovakian set provenances S, — Klastor pod Znievom, S, — Vigla$ and S, — Zarnovica originate
from higher elevations. Only these partial populations from higher elevations are growing slower than
the Slovakian provenances from lower elevation localities.

This is clearly evident for the provenances set from the Hercynian-Sudeten areas where elevation
of parent stands is quite variable. Greater number of provenances represented in this set could enable
statistical analysis by calculating height growth correlation coefficient to elevation of the basic parent
stands origin site. Provenance adaptation from higher altitudes to shorter vegetation period supposes
a negative correlation coefficient. Within the set of Hercynian-Sudeten areas the lowest average heights
show four provenances: 19 — Prachatice, Boubin; 20 — Rozmital, Huté; 21 — Horni Plana, Nova Pec
and 23 — Kamenice nad Lipou, Novy Rychnov, from elevations ranging from 700 to 1,000 m, whereas
the other provenances with the faster height growth originate from altitudes of 400 to 500 m. Depend-
ence was verified by calculating the correlation coefficient between average progeny heights from
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Fig. 1.
Results of height growth evaluation

the Hercynian-Sudeten areas and site elevations of parent stands. Value of calculated correlation coef-
ficient r = - 0.60. The negative value affirms that height progeny growth theoretically increases with
increasing elevation of parent stands localities. Partial beech populations from higher altitudes are there-
fore thought to be adapted to the shorter vegetation period and demonstrate slower growth rates.
This phenomenon is known from many experiments and experiences also for other tree species,
for example for Norway spruce in the Alpine areas (HoLzer 1986).

Diameter at breast height (D.B.H.)

The variability within the D.B.H. range was investigated in a similar manner to height growth.
The variability within this coefficient showed average values of particular provenances, ranging from
5.48 cm (provenance no. 23 — Hofovice, Strasice) to 9.96 ¢cm (S, — Zvolen). The average d.b.h. of the en-
tire set in the experimental plot is 8.11 c¢cm that corresponds with the 2nd yield class in the growth tables
(ScuoBer 1995). D.B.H. of the most intensively growing provenance achieved the 1st yield class of the
“Schober” growth tables, which is appropriate for crops under a mild thinning regime. The variability
of diameter increment is markedly higher than for the heights, as is usual for many species; intervals
from 31 to 49 % according to the provenances are recorded, and can be to a certain degree, dependent
on density and spacing of individuals growing on the lot. The dependence of the variation coefficient
value of diameter increment upon the number of individuals growing on the lots is not evident. Varia-
tion coefficient for provenances with a relatively high population can be below-average; occasionally
however, the coefficient is high for the same number of individuals (e. g. provenance no. 23 Kamenice
nad Lipou).

Results of variance analysis for diameter increment are shown in tab. 3. Differences among
the investigated provenances are statistically significant, i. e. at a level lower than probability of error 0.01.
Differences among repetitions are not statistically significant. Variance proportion for specific causes
of variability was also analyzed, the provenances being represented by 37 %, repetitions by 2 %,
and uncontrolled factors by 61 %. The certain proportion of variability included into the coefficient
for uncontrolled factors may be influenced by a higher or lower imbalance of individuals on the lots
caused by mortality after planting and during further development. So far, no prescribed removal of planted
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Results of D.B.H. evaluation

individuals within the plots has been carried out. During removal of natural seeding only dead beech indi-
viduals were removed. The repeatability (heritability) figure of 0.65 for diameter increment is somewhat
lower than for heights, being caused by the higher variance proportion of uncontrolled factors — 61 %
- whereas for heights it is 39 %.

Based on Duncan'’s test results of variance analysis for particular provenances, the diameters classify
provenances S, — Zvolen, 9 — Romania, S, — Pruské into the category of provenances with distinctly
above-average D.B.H, whereas progeny 23 — Kamenice nad Lipou, 19 — Prachatice, Boubin, 26 — Kostelec
nad Cernymi lesy diameter increment is the slowest.

If the diameter increment is assessed according to classified sets from geographical areas, a set
of partial populations from the Moravian Carpathians shows the highest average D.B.H. — 9.75 cm,
followed by the provenance from the Romanian Carpathians — 9.61 cm and a set of Slovakian prov-
enances — 8.16 cm. Diameter increment — 7.57 cm — of partial populations from the Hercynian-Sudeten
natural forest zones is relatively the lowest. This sequence analogous to height growth is explainable by
the known common and non-linear positive correlation between D.B.H. and heights, universal for
all tree species.

As with heights, the relationship of diameter increment vigour to elevations of the parent stand sites
can be most clearly demonstrated by the provenances from the Hercynian-Sudeten areas. Here also
the correlation is negative. Value of correlation coefficient is —0.71; this value is statistically significant
on the level of probability of error 0.05 > p > 0.01. Coefficient of determination r* = 0.51 indicates that
diameter increment is conditioned by altitudinal change of the parent stand site in ca 50 %. The similar
tendency in diameter increment variability related to elevations of the original localities can be observed
for the provenances from Slovakia.

Stem and crown quality

In addition to volume production and D.B.H. the most significant feature - stem form - (straightness)
defines the value of produced wood, in particular the proportion and assortment of timber within the
total biomass. The genetic influence upon stem quality (form) variability has not been clearly defined.
KraHL-URBAN (1972) observed a relationship between stem quality and crowns of parent trees from
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llzz(l)-:setn:llrlli:rl:)(:is-e Forest District Ele(vrz;ion Natural Forest Area

1 - Klastor p. Z. Slovanov 1000 Mala Fatra Mts.

2 - Viglas Kalinka 850 Javorie Mts.

3 - Zvolen Kovacova 500 Kremnické Mts.

4 - Pruské Ilava 420 Strazovska Highland/Strazovska pahorkatina

5- Zarnovica Hrabicov 800 | Vtacnik

6 - Banska Stiavnica | Skl. Teplice 700 Stiavnické Mts./Stiavnické pohoti

7 - Sobrance R. Hamre 450 Vihorlat Mts.

8 - Vsetin Kychova 680 41 - Hostynskovset. Hills and Javorniky Mts.

9 - Romania Romania Carpathian

10 - V. Karlovice Halenkov 700 41 - Hostynskovset. Hills and Javorniky Mts.

13 - Bucovice Haluzice 400 36. Mediterran. Carpathians/Stifedomor. Karpaty

14 - Vizovice Bratfejov 450 ifcil;?vhite Carp. and Viz. Hills/Bilé Karpaty a Vizovivké
15 - Brumov 400 38 - White Carp. and Viz. Hills/Bilé Karpaty a Vizovivké vrchy
16 - Protivin Rébinka 460 10 - Stiedoceska pahorkatina/Central Bohemian Highland
17 - Hluboka . VIt. Nova obora 400 10 - Stfedoceska pahorkatina/Central Bohemian Highland
18 - Nizbor Drevic 420 8a - Kfivoklatsko region

19 - Prachatice Zaton - Boubin 1000 13 - Sumava Mits.

20 - Rozmital Huté 720 7 - Brdska Highland/Brdska vrchovina

21 - Horni Plana Nova Pec 900 13 - Sumava Mts.

22 - VLS Hofrovice Strasice 650 7 - Brdska Higland/Brdska vrchovina

23 - Kamenice n. L. | Novy Rychnov 700 16 - Czech-Moravian Highland/Ceskomor. vrhovina

25 - Mor. Tiebova Hartinkov 500 31 - Czech-Moravian Highland/Ceskomor. mezihoii

26 - Kostelec n. C. 1. il)c;\;zrﬁyst-a:lfggéradské 480 10 - Central Bohemian Higland/Stfedoceska pahorkatina

Tab. 1.

Characteristics of provenances

natural seedings and advanced regeneration that could be mostly considered as the progeny of these
trees. His investigations showed that stem form (straightness) conjoined in particular with axial forked-
ness may be properties that are genetically conditioned.

Beech stem form is often characterized by forking, frequently resulting in multi-stemmed trees. Dou-
ble-stemmed trees occur in various forms within beech and many other deciduous species. Forking often
appears in unmanaged or neglected stands affecting even mature trees within the height of a few metres
but mostly appearing within or just under the crowns. Repeated stem forking is also present, but
is most commonly restricted to the crown. Stem forking is the greatest single technical defect, consid-
erably lowering timber value; usually, the lower down the stem the fork appears, the greater decrease
in timber value.

The evaluation of stem form together with forking at the age of 30 years, i. e. in a relatively early
stage of evaluation, reveals further qualitative development. As no operations reducing the number
of individuals (except for removal of dry individuals) have been carried out on the experimental
plot, those results gained characterize the genetically conditioned variability of the investigated prov-
enances.

Evaluation of stem quality was related mainly to axial continuality, and to occurrence and position
of forks on the axis. Those individuals with continuous stems and those with forking restricted
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to the higher parts of the crown have a mostly straight axis. Trees susceptible to fork forming mainly
on stem and under crown are often of poor axial shaping.

Investigation results are following. On average only 12 % of individuals show continuous stem with-
out forks, whereas nearly one half (42 %) is forked within the crown. A significant number of individuals
have forks under crown (27 %) and one fifth of the total amount is characterized by forking within
the medium to lower stem section. From the economic point of view, trees having continuous stems can
be classified as an optimal category, and individuals with forks in crown can also be included in this
category. The remaining two categories can be described as less suitable or unsuitable. In accordance
with these criteria, provenances S, — Zarovnica, S, — Klastor pod Znievom, 8 — Vsetin can be optimal.
Of those provenances originating from the Hercynian areas, provenance no. 22 — Hotovice from natural
forest zone 7 — Brdska Highland shows optimal stem and crown quality. When the sets of provenances
are categorized from a geographical viewpoint, the provenances from Slovakia (59 %) and Moravian
Carpathians (58 %) comprise approximately the same proportion of individuals with straight stem and
forks in crown. Suboptimal values were recorded for Romanian provenances (54 %) and for the set
of populations from the Hercynian-Sudeten area (51 %).

Variability of stem form does not appear to depend on the elevation of the parent stand. Similarly,
as for heights and D.B.H. this relationship was arithmetically verified for a set of populations from the
Hercynian-Sudeten natural forest areas. Resulted correlation coefficient 0.57 is positive, and not statisti-
cally significant, but its value approaches the limiting coefficient for probability of error 0.05>p>0.01.
Coefficient of determination 1> = 0.32 documents that stem quality of beech is improving with increasing
elevation of parent stand locality and this trend is conditioned in one third just by altitudinal changes.

Planting development during the last 15 years

The first assessment was carried out at the age of 13 years, looking in particular at the overall height
growth of all planting, and of individual provenances within the experimental plot. Total height incre-
ment is 9.93 m for the whole plot in the fifteen-year period, average annual periodical increment
is 0.60 m. The highest average values of average periodical height increment show the fastest growing
provenances: S, — Zvolen (0.62 m) and 8 — Vsetin (0.64 m). The lowest increment values are observed
for provenances 23 — Kamenice nad Lipou and 19 — Prachatice, Boubin, 0.47 and 0.49 m resp.

The sequence of individual provenances based on height growth is important for assessing height
growth and production of partial populations from the viewpoint of breeding. This coefficient is known
to be in correlation with diameter increment and to a certain degree with incremental D.B.H. and volume
within circular plots. To maximise the value of the forest tree species breeding programme, the total pro-
duction of individual provenances needs to be assessed as early as possible allowing selection of the most
productive populations, appropriate to their use in forestry.

The sequence of changes in height increment during the last 15 years has been defined by the
calculation of correlation coefficient according to sequence (e. g. MysLivec 1952). The value of this
correlation coefficient is 0.82. Height dependence at the mentioned age intervals is statistically highly
significant. Mainly fast growing provenances at the age of 13 years have maintained growth rates at
the age of 28 years. The same or similar tendencies are obvious within the slowest growing provenances.
Partial transitional populations differ a little in sequence but differences in absolute values are very low.

Investigation results based on height increment indicate that provenances have held the same sequence
during the last 15 years. The conclusion can therefore be derived that on this experimental plot the total
trend of height growth of investigated provenances as well as other economically important coeffi-
cients can be assessed as early as 13 years. Further verification on other experimental plots, in particular,
on those established later in the Czech Republic, is needed to confirm if this trend for European beech
can be generalized. Diameter increment was not recorded at the age of 13 years, and this coefficient
was not evaluated.

Because of the different classification methodologies employed, qualitative features were characterized
only by the proportion of individuals with stem forking. Stem was characterized at the age of 28 years
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Category of stem forming

according to four categories: 1 — those having a continuous stem to the top; 2 — those having a fork
(or forks) in crown; 3 — those having a fork (or forks) below the crown; 4 — those having a fork (or forks)
in the lower part of the stem. A similar classification was used at the age of 13 years. The proportion
of individuals within the first and second categories was used as an assessment criterion of these char-
acteristics. Individuals of this type are suitable from an economic viewpoint when compared with those
from the other two categories. Correlation coefficient for this criterions r = 0.18 is positive. This co-
efficient is at a level of 5 % and 1 %, and is statistically insignificant when commonly chosen er-
rors of probability are taken as criterion. These results document that morphological properties of stem
— branching — have markedly changed during the last 15 years. For this reason the condition found
at the age of 13 years cannot be taken as the decisive criterion for stem quality development, especially
for forkedness of partial populations within the plot.

Synthetic evaluation

For the estimation of total economical value of those investigated provenances, all quantitative char-
acteristics, 1. e. heights and D.B.H., must be considered in a similar way, to those used for the investiga-
tions at the age of 28 years. Objectivity is ensured by the chosen sequence of investigated provenances
based on measured or classified coefficients. The survey of provenances with sequence definition
for heights, D.B.H. and stem quality would seem to be practical for this evaluation. Conclusions based
on these results assume that all the mentioned characteristics are of the same importance.

The category of the most valuable provenances comprises no. 8 — Vsetin, 17 — Hluboka, S, —Zvolen, S,
— Pruské, 13 — Bucovice. The group of the least valuable is represented by provenances no. 23 — Kamenice
nad Lipou, 19 — Prachatice, Boubin, 26 — Kostelec nad Cern}'lmi lesy, 20 — Horni Plana, 19 — RoZmital.
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Classified according to the geographical areas (Slovakia, Romania, Carpathians part of CR, Hercy-
nian-Sudeten areas of CR) the species from Slovakia can be estimated to be like a valuable set of prov-
enances, followed by the provenance from the Moravian Carpathians; the least valuable group in this
developmental stage is a group of provenances from the Hercynian-Sudeten natural forest areas. Also the
Romanian provenance is growing relatively fast being of good quality.

The resulting investigation can be considered with evaluation results at the age of 13 years. In this de-
velopmental stage the most valuable provenances in growth, stem and crown quality were no. 17 — Hluboka,
8 — Vsetin, the least valuable ones no. 23 — Kamenice nad Lipou, 19 — Prachatice, Boubin. Investigation
results at the age of 28 years are similar to those at the age of 13 years.

Good production and quality are documented for the set of provenances from the Moravian Car-
pathian areas within those provenance sets from the Czech Republic. But, as already mentioned,
fast-growing provenances of good quality are also occurring among partial populations from the Hercy-
nian-Sudeten areas. These partial populations should be investigated particularly from the viewpoint
of crop and seed use, or should become a subject for further breeding research in their own right.

Stem quality characterized by the proportion of trees with continuous stem and fork in crown is quite
variable within particular provenances. In individual provenances, proportions of these categories
range from 29, up to 64 % of the total number of individuals growing on a lot. Having an average
number of individuals higher than 2,000 per ha is proportionally sufficient, when suitable tending op-
erations are employed, to produce productive stands of good quality for all the represented stands.

DISCUSSION

Experimental plot no. 50 from 1972 was established in parallel with plantings on several localities
in Slovakia. Slovakian provenances growing in the Czech Republic are also bred on the Slovakian plots.
The results from these plantings can therefore be considered. Slovakian plots were evaluated by BaLkovic
(1974, 1978) a few years after planting. Observations were focused on mortality, flushing phenology,
leaf-colouring and foliage loss. Results from evaluations of the Slovakian plots at the age of 12 years
(PAuLE 1982) document an extraordinary fast growth of provenance S, — Zvolen which was in accord-
ance with observation on the CR plot.

Specific attention must be given to the local provenances no. 23 — Kamenice nad Lipou and to two
partial populations from the state natural reserves, namely no. 19 — Prachatice, Boubin and no. 26 — Ko-
stelec nad Cernymi lesy — Vod&radské beech stands. Here, height growth, and other coefficients of the
local provenance are below-average. Progeny from the previously mentioned state natural reserves can
also be classified as slower-growing, and similar trends are observed for diameter increment. Based
on the proportion of individuals with continuous stem and fork in crown the three mentioned populations
are classified as below-average.

Investigations, particularly the characteristics of the local population (parent stands of provenance
no. 23 is a few kilometres from the planting site), promote the known fact that local original prov-
enances are not always excellent in growth and biomass production in comparison with populations from
other areas.

CONCLUSIONS FOR REGIONALIZATION OF EUROPEAN BEECH REPRODUCTIVE
MATERIAL

European beech has not yet belonged to the listed tree species, the seed of which is allowed only
from certified stands. Promotion to this list however, is expected. The conditions for implementing this
intention are due to the mentioned area of stands certified for seed crop and the possibility of certifying
mature stands (stands over 60 years of age).

In some natural forest areas beech is almost absent, (and therefore any viable seed source is also
absent) and so beech material from other areas must be used for regeneration. A problem exists in obtain-
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ing regional beech reproductive material, from the Carpathian areas of CR whilst a relatively sufficient

supply of suitable seed crop exists in central and western parts of the Czech Republic, i. e. in Bohemia

and western parts of Moravia. The problem of a native reproductive material shortage is exacerbated
by seed imported from Slovakia. In the past a great volume of beech seed and plants was imported from

Slovakia into the Czech lands, including plantings from natural seeding.

Just as for the results from the experimental comparative plantings, data from experimental plot
no. 50 from 1972, also add to our understanding. As mentioned in previous chapters, partial populations
from the Carpathian natural forest areas of Moravia and Silesia and from Slovakia are satisfactorily
growing on the plots established in the natural forest area 16 — Czech-Moravian Highland, where they
are largely outperforming those provenances from the Hercynian-Sudeten areas in diameter increment,
and show no significant reduction in stem quality.

Research results gathered from the experimental plots with beech partial populations and from
other sources (mainly from the 1984 evaluation), are the base for proposals and recommendations
for forestry. The following principles can be argued for the regionalization of European beech reproduc-
tive material:

- Local resources of beech seed, from certified or other suitable stands, should be preferred, i. e. seed
from an appropriate natural forest area and corresponding vegetation zone. In any case where local
seed is not available, the seed from the nearest suitable neighbouring forest area can be used.

- This method must be strictly observed in the areas under a specific regime of natural preservation
(national parks, protected landscape areas, forest reserves of both categories) and in gene bases.

- Resources from other forest areas can be used where seed mentioned in the two preceding recom-
mendations is unavailable. However material from the Hercynian-Sudeten and Carpathian natural
forest areas, should be treated (and used) separately.

- Ifthere is no material from natural forest areas of the Hercynian-Sudeten areas, seed and plants from
the Carpathian areas of the Czech Republic can be used, however, due to the relatively large amount
of reproductive resource available in the Carpathian area of the CR, using reproductive material from
the Hercynian-Sudeten region is not recommended within the Carpathian area.

- Research results document good growth and vitality of beech partial populations from Slovakia
on the CR sites, particularly in the western parts of the territory. For these reasons reproductive
material from Slovakia can be used where there is a shortage of seed or plant material from native
resources, with exception of those forest areas with specific regime.

- Research shows some differences in growth of European beech partial populations on the higher
elevations in comparison with material from lower sites. Populations from higher vegetation zones
are adapted to the specific ecological conditions of these sites, especially to a shorter vegetation pe-
riod, and to other specific characteristics, e. g. lower temperatures in the early vegetation period,
etc. These features can cause a little slower height and diameter increment in youth. Due to some
results indicating (SINDELAR 1985, 1989) an enhanced resistance to late frosts it is recommended to
follow the directive about strict use of reproductive material in the given range of forest vegetation
zones (£ 1 forest vegetation zone).

- Exclusion of beech reproductive material use from natural forest areas of the Carpathians region
of Moravia and Silesia, or of Slovakia in some Hercynian-Sudeten natural forest areas of CR seems
to be unrealistic. This would markedly restrict, in some areas, and even exclude the possibilities of
applying beech in forest stands of a corresponding site type. This tree species in the required propor-
tion is central to ensuring the stability of future forest ecosystems.
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= by ¢. 50 — Pelhfimov, Kfemesnik 25 let po vysadbé
:g z E § E’ Souhrn
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R S & SE? vyzkumnych ploch s bukem lesnim, mimo jiné i vysadby realizované
. w [ ] v ramci mezinarodni spoluprace (IUFRO). V ramci tohoto piispévku
E jsou shrnuty vysledky pozorovani, které se uskutecnilo na plose ¢. 50
:g:“ tlsglsle f - Pelhfimov:Kfemeénik z 1. 1972. Plocha byla zalozena v ptirodni lesni
z glel-|-= 2 oblasti 16 — Ceskomoravska vrchovina na stanovisti v nadmotské vysce
= 700 m. Jde o lokalitu typologicky klasifikovanou jako kysela smrkova
g E‘i bucina. Na plose bylo vysazeno celkem 23 provenierlci z hercynsko-
$2|.. ol = 3 -sudetskych i karpatskych ptirodnich lesnich oblasti Ceské republiky,
o |||~ 9 , . , . . . .
gs S dale pak sedm provenienci ze Slovenska. Sortiment je doplnén jednou
° 5 provenienci z Rumunské republiky. Lokality pivodu jsou v praci cha-
. 2‘_ rakterizovany, mimo jiné podle nadmoiské vysky stanovist matei'skych
£ § Slelz]2 < porostt, ktera se pohybuje v intervalu 400 az 1 000 m. Plocha byla za-
7 z S = E 2 loZena standardnim zptisobem kompletnim blokovym uspotfadanim ve
° o} tiech opakovanich, na parcelach 7,5 x 7,5 m. Prvni méfeni a hodnoceni
= g plochy se uskute¢nilo ve véku 13 let, predmétem tohoto ptispévku jsou
2 % HpE 5 vysledky zjisténé na ploSe ve veéku 28 let. V ramci Setieni byly registro-
8 % g £ _§ Z| < vany a hodnoceny vysky jedinci, dale vyéetni tloustky a hodnocena ja-
ER B E R RS g kost kmene, zejména se zietelem na vidli¢natost a polohu vidlic na ose.
#n o |Aa|M|¥]|= & Z
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Hodnoceni se uskutecnilo s vyuzitim standardnich metod matematické statistiky. Vysledky pozorovani
1ze stru¢né shrnout v tato konstatovani:
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Vyskovy a tloustkovy rast provenienci na ploSe zastoupenych je uspokojivy a v celkovém primeéru
dosahuje prvni bonity ristovych tabulek pro ptislusny vék (ScHOBER 1995).

Do kategorie nejrychleji rostoucich provenienci se zatadily, pokud jde o jednotlivé dil¢i populace,
pfedevsim provenience z moravskych karpatskych pfirodnich lesnich oblasti a ze Slovenska. Do
této skupiny se vSak fadi i nékteré provenience ze zapadni ¢asti republiky, napt. ¢. 17 — Hluboka.
Analyza vyskového ristu, stejné tak 1 vycetnich tlousték, naznaCuje, Ze existuje negativni, statisticky
vysoce vyznamny korela¢ni vztah mezi naméfenymi veli¢inami zkoumanych provenienci a nadmot-
skou vyskou stanovisté matefského porostu. Tato skute¢nost naznacuje pravdépodobnou adaptaci
jednotlivych dil¢ich populaci buku zejména na délku vegetacni doby na lokalité pavodu.

Pokud jde o jakost kmene, povazuje se, z hlediska praxe lesniho hospodafstvi, za vyhovujici sou-
bor typt s prub&éznym kmenem a typt s vidlici v koruné. Podil jedinct téchto typt souborné kolisa
znaéné v ramci pokusu, pokud jde o jednotlivé provenience, v mezich 29 — 74 %, v pruméru jde
0 hodnotu 55 %. Tento podil by mél umoziovat vhodnou porostni vychovou dopéstovat do véku
zralosti lesni porosty zadouci hospodarské hodnoty. Do kategorie nejhodnotnéjsich dil¢ich populaci
podle jakosti kmene se fadi nékteré populace z karpatskych oblasti Moravy a Slezska, ze Slovenské
republiky, i z pfirodniclg lesnich oblasti hercynsko-sudetskych. Jde zejména o provenience S, —Klas-
tor nad Znievom, S, — Zarnovica, 15 — Brumov nad Vlérou aj.

Vzhledem k tomu, Ze jsou k dispozici nékteré vysledky méfeni a hodnoceni ve véku 13 let, bylo mozno
tyto tidaje konfrontovat s poznatky ziskanymi ve véku 28 let. Pokud jde o poradi vyskového ristu,
jsou vysledky z obou ¢asovych tfad analogické, coz dokumentuje piislusna hodnota korela¢niho
koeficientu podle poradi r = 0,88. Poznatek Ize interpretovat tak, ze hodnoceni jiz ve véku 13 let
naznacuje smérodatné ristovy vyvoj provenienci. Tato informace pfispiva k objasnéni problému
casné diagnostiky u provenienci buku. Bude tfeba v§ak poznatek ovéfit i v dalsich sériich srovnava-
cich ploch.

Syntetické hodnoceni dil¢ich populaci zkoumanych na plose s vyuzitim vySkového a tloustkového
ristu a jakosti kmene naznacuje, Zze do kategorie nejhodnotnéjSich provenienci se fadi nékteré dil¢i
populace z moravskych karpatskych oblasti (8 — Vsetin, 15 — Brumov nad Vlarou), ze Slovenska
(napt. S, — Zvolen), i jednotlivé provenience z hercynsko-sudetskych oblasti Ceské republiky (nap.
15 — Hluboka, 16 — Protivin). Vysledky nelze ovSem interpretovat tak, ze by z dalsi reprodukce
v lesnické praxi mély byt vylu¢ovany dil¢i populace dosud pomaleji rostouci. Ristovy pribéh
je patrné do urcité miry podminén nadmoiskou vyskou ptivodniho matetského porostu, adaptaci
na kratsi vegetacni dobu. Vedle toho lze u téchto provenienci z klimaticky drsnéjSich lokalit pfedpo-
kladat n&které velmi pozitivni vlastnosti, napt. vétsi odolnost k pozdnim mraziim (SINDELAR 1989).
Na zakladé¢ vysledkt pozorovani a hodnoceni vyzkumné plochy ve véku 28 let je mozno formulovat
nékteré zavery pro lesnickou praxi, zejména pokud jde o rajonizaci reprodukéniho materialu. Jde pte-
devsim o vyuzivani zdroji mistniho ptivodu a dale moznost v oblastech, kde kryti z téchto zdroji
neni mozné, vyuzivat vhodné i material z jinych podminek. Jde zejména o mozné piesuny
ze souboru piirodnich lesnich karpatskych oblasti Moravy a Slezska, ptipadné ze Slovenska do les-
nich oblasti hercynsko-sudetskych. Zdtraziiuje se v této souvislosti obecné zachovani intervalu pte-
nosu podle vyskové polohy lokality pouziti (+ 1 vegetacni lesni stupeti). Pfenosy reprodukéniho ma-
terialu by mély byt vylouceny nebo v maximalni mife omezeny v lesich podléhajicich specifickému
rezimu hospodafeni (genové zakladny, objekty, na nichZ maji specificky zajem instituce ochrany
ptirody a krajiny). Je zadouci, aby formulované zavéry byly ovétovany na zakladé dalSich poznatka
hodnocenim vyzkumné plochy v dalsich etapach vyvoje, jakoz i sledovanim dalSich disponibilnich
ploch.



Provenance plot with European beech (Fagus sylvatica L.)
no. 50 — Pelhfimov, Kiemesnik 25 years after planting

Summary

In the Czech Republic several series of experimental plots with European beech have been established,
along with plantings undertaken within the international collaboration (IUFRO). This paper summarizes
the evaluation results from the 1972 plot no. 50 — Pelhfimov, Kfemes$nik. The plot was established
in the natural forest area 16 — Czech-Moravian Highland at a local elevation of 700 m, and classified
as an acid spruce-beech stand. The plot was planted by 23 provenances from the Hercynian-Sudeten
and Carpathian natural forest areas of the Czech Republic, and by 7 provenances from Slovakia.
This assortment was completed by one Romanian provenance. The localities of origin are characterized
according to the parent stands’ altitude that range between 400 to 1,000 m. The plot was established
as a standard complete block arrangement in three repetitions on the lots 7.5 x 7.5 m. The first measure-
ment and plot evaluation were provided at the age of 13 years. This paper presents results from those
measurements taken at the age of 28 years, and include heights of individuals, D.B.H., stem quality
related to forkedness, and fork position on axis. Standard methods of mathematical statistics were used,
and the results can be briefly summarized as follows:

- Height and diameter increment of provenances on the plot are satisfactory, and on average, of first
yield class according to the growth tables for the appropriate age (ScCHOBER 1995).

- Individual partial populations of the provenance from the Moravian Carpathian natural forest areas
and from Slovakia are classified into the fastest-growing category. In addition, some provenances
from the western part of the Czech Republic, e. g. no. 17 — Hluboka, also belong to this category.

- Analysis of height growth and D.B.H. indicates “negative” statistically, and therefore a highly sig-
nificant correlation relationship between the measured coefficients of tested provenances and the
altitudes of parent standsites. This indicates a probable adaptation of particular beech populations
in particular to vegetation period at the locality of origin.

- Evaluating stem quality of the set of types with continuous stem and fork in crown is expedient.
The proportion of individuals within particular provenances has a wide range of 29 — 74 %, the aver-
age being 55 %. This proportion should enable the breeding of mature forest stands to the required
economical value by suitable stand tending. The most valuable partial populations when described by
stem quality comprises a number of those populations from the Carpathian areas of Moravia and Si-
lesia, from Slovakia and from the Hercynian-Sudeten natural forest areas: S, — Klastor nad Znievom,
S, —Zarnovica, 15 — Brumov nad Vlarou.

- Acquired results from measurement and evaluation at the age of 13 years could be compared with
the results taken at the age of 28 years. The results of height growth sequence from both time series
are analogous, which is documented by the sequence coefficient of r = 0.88. This experience proves
that evaluation at the age of 13 years indicates the growth development of provenances, and explains
the problem of early diagnostics for beech provenances. This conclusion must be verified in further
series of comparative plots.

- Synthetic evaluation of partial populations based on research of height, diameter increment and stem
quality, classifies some partial populations from the Moravian Carpathians areas (8 — Vsetin, 15 — Bru-
mov nad Vldrou), from Slovakia (e. g. S, — Zvolen), and particular provenances from the Hercynian-
Sudeten area of the Czech Republic (e. g. 15 — Hluboka, 16 — Protivin) into the category of the most
valuable. These results do not exclude slower growing partial populations from the further reproduc-
tion. Growth may be influenced, by the original altitude of the parent stand, and its adaptation
to a shorter vegetation period. Provenances from the climatically harsher localities are understood to
have very positive properties, for instance higher resistance to late frosts (SINDELAR 1989).

- Based on results from this investigation and the evaluation of the experimental plot at the age
of 28 years, some conclusions for forestry can be presented, particularly for the regionalization

41



Stat. Critical Fforp=1-a

Source of variability | Suma of squares | Degrees of freedom | Average square
F a=0.05 a=0,01
Provenance 103.92 23 4.52 3.72++ 1.77 2.24
Repetition 4.17 2 2.09 1.72- 3.20 5.10
Residual 55.8 46 1.21
Total 163.89 71
Tab. 3.

ANOVA, DBH, plot no. 50 (Pelhfimov, Kfemesnik) 1997 - age 28 years

of reproductive material. Above all, resources of local origin are required for planting, while mate-
rial from other conditions should only be used where no suitable resource exists in the area. Transfer
is however possible from the natural forest areas of Carpathian Moravia and Silesia or Slovakia into
the Hercynian-Sudeten forest areas. A transfer interval in altitude (+ 1 vegetation forest degree) must
be observed. The transfer of reproductive material should be excluded or to a large extent restricted
in forests under specific management regimes (gene resources, and those objects in which the insti-
tutions of environmental protection are interested). The presented conclusions must also be verified

by further investigation of development on the experimental plot and other available plots.
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GROWTH OF SPRUCE YOUNG PLANTATIONS ESTABLISHED
AT MOUNTAIN LOCATIONS BY VARIOUS PLANTING STOCK AFTER
THE APPLICATION OF FINE-GROUND AMPHIBOLITE

HoRrsT KRIEGEL
REseARCH INSTITUTE OF FORESTRY AND GAME MANAGEMENT — RESEARCH STATION,
NA Ourive 550, 517 73 OpocéNo, CzecH RepPuBLIC

ABSTRACT

In the permanent research plot Plan established at an altitude of 980 — 1,080 m, development
and health conditions were monitored of spruce young plantations planted by bare-rooted 1.5/1.5
and 2/2 transplanted plants raised in forest nurseries situated at various altitudes (260, 350 and 700 m)
and 2/1.5/0.5 container-grown plants raised in peat pots. Growth parameters were compared with values
obtained in plantations ameliorated by fine-ground amphibolite. Some meteorological and air-pollution
characteristics were also recorded in the plot. Results of the study did not prove significant differences
between particular types of bare-rooted plants, however, as compared with container-grown plants
and plants ameliorated by amphibolite flour they did not achieve comparable parameters.

INTRODUCTION

Forest regeneration on extensive clear-felled areas in mountain air-polluted locations is consider-
ably difficult (Lokvenc et al. 1992). Growth processes of young plantations are limited to a great extent
by the quality of planting stock, methods of its raising, carefulness of workers carrying out particular
partial operations, climatic and ecological factors occurring on forested localities (KRIEGEL 1991, VACEK,
Lokvenc 1992) etc. One of the well-tried technologies supporting survival and growth of established
plantations in mountain locations is the use of container-grown plants (KRIEGEL 1974, LokVENC, SKOUPY
1967, Lokvenc 1990, LirtAk 1970 etc.). The development of plantations is also favourably affected
by the application of soil-improving materials, viz. through the acid environment modification by liming
(BaLcar 1998, PobrAzsky 1994, 1997, PobrAZSKY, BALCAR 1996) or through the enrichment of soil
by nutrients (BALCAR, PODRAZSKY 1995, NAROVEC, SacH 1994, PoprAZSKY 1999).

The objective of the paper is to study the survival and growth of spruce young plantations estab-
lished by various planting stock and to verify possibilities of improving the quality of plantations
by the application of soil-improving materials at exposed mountain locations of the Krkonose Mts.
(Giant Mts.) under conditions of simultaneous recording some meteorological and air-pollution pa-
rameters at the locality.

METHODS

The problem was studied in the Vrchlabi Forest Enterprise, Forest District Spindlerav Mlyn, forest
type 8K, — acid spruce forest situated on a slope, management group of stands 73 — natural spruce man-
agement of acid sites, altitude 980 — 1,080 m, slightly cold climatic district C1 and pollution damage
zone B. The long-term research plot Plan (LTRP Plan) is situated on an extensive steep (15 — 30%)
30 ha clear-felled area of northern aspect where the forest stand occurs only in the uppermost part.
Humus podzol is a predominating soil type. The experiment is part of an extensive study of acclimation
and specific growth of mountain spruce established by Dr. A. JURASEK in 1994.

The following planting stock of Norway spruce coming from seed of the 8th forest vegetation zone
of the Krkonose Mts. was used for planting:
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¢ three-year-old 1.5/1.5 bare-rooted plants — seedlings raised for 1.5 year under a polythene cover
in the Research Station (RS) Opocno (altitude 260 m) and then transplanted into mineral soil;

¢ four-year-old 2/2 bare-rooted plants — seedlings raised for two years in open beds in the Veliny
forest nursery (altitude 270 m) sorted out to a height of 8 — 14 cm and transported for transplanting

to forest nurseries at Hostinné (altitude 350 m) and Vysoké (altitude 700 m);
¢ four-year-old 2/1.5/0.5 container-grown plants — seedlings raised for two years in the Veliny forest

nursery (altitude 270 m) sorted out to a height of 8 — 14 cm and transported for transplanting to a forest

nursery at Vysoké (altitude 700 m). After 1.5-year raising on beds the plants were transplanted into
peat pots.
More detailed information on methods of raising the planting stock is given in a paper of JURASEK,
MaRTINCOVA (1996).

In the course of manual planting in 1994, fine-ground amphibolite flour was added to some plants
into pits at an amount of 0.5 litre/plant. The amphibolite flour dispatched by Krosil Co. contained
on average 11% Ca0O, 8% MgO, 1% K,0 and 0.3% P,O,.

After finishing the growth, in particular types of plants and comparative groups (untreated plants,
control and plants treated by fine-ground amphibolite) growth parameters were determined such as height
of above-ground parts, stem diameter and losses due to death and differences were evaluated by means
of mathematical-statistical methods (t-test) and in percentages. The health condition of plantations was
evaluated by damage to plants and assimilatory organs, percentage of foliage, number of needle year-
classes, content of nutrients (N, P, K, Ca, Mg) and sulphur in one-year assimilatory organs. Since in par-
ticular trees multiple damage can occur, the sum of particular types of damage with the proportion
of undamaged trees needs not give a value of 100% but can exceed it substantially. Foliage gives
the proportion of an actual amount of needles per plant to a theoretical amount in percentage.

For soil analyses, mixed soil samples were taken from pits from the immediate vicinity of plants
at a depth of 0 — 20 c¢cm to determine the following characteristics: active and exchangeable acidity,
the content of total nitrogen by Springer Klee method, the content of available nutrients of nitrogen,
phosphorus, potassium, calcium and magnesium in an extract of 1% citric acid (Smipova 1990).

In the plot under study, some climatic characteristics were determined such as minimum and maxi-
mum air temperature, snow depth, depth of soil freezing and further air pollution load (the content
of sulphur in the atmosphere) by a contact summation method. Data obtained were compared with
values measured in the KrkonoSe Mts. in the permanent research plot Lesni bouda (altitude 1.080 m)
at a distance of 7 km.

RESULTS

Growth of young plantations

The height development of spruce plantations showed certain differences caused particularly by us-
ing container-grown plants; plants set out in peat pots reached significantly higher values as compared
with other tested bare-rooted plants. On the other hand, insignificant differences in the height growth
were noticed between 7-year-old plantations established by bare-rooted plants of different age (three- or
four-year-old), way of raising (polythene cover, open bed) and plants raised at various altitudes of forest
nurseries (Opo¢no 260 m, Hostinné 350 m and Vysoké 700 m). After the application of fine-ground
amphibolite into pits, all plantations showed significantly higher growth as compared with untreated
control the highest parameters being reached by plantations established using container-grown planting
stock (Fig. 1, Tab. 1).

Similar situation was recorded in evaluating the diameter growth when significant differences were
not found between plantations established by bare-rooted plants of different age, method and place
of raising in the 7th year after planting. Plantations established by container-grown plants reached
substantially higher values. Application of even relatively small amounts of amphibolite flour to plants
(0.5 litre/pit) positively affected the diameter development of tested plantations (Tab. 1).
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Planting | Place of cultiva- Height | Stem diameter | Foliage | Number of | Mortality
. . Treatment
stock tion Elevation cm mm % needle years %
1.5/15 P Opocno control — untreated 63 12.0 64 2.9 11
(N 260 m amphibolite meal 85 ++ 17.8 ++ 83 ++ 3.7 ++ 7
22 P Hostinné control — untreated 70 12.9 69 2.9 11
350 m amphibolite meal 88 ++ 16.0 + 81 ++ 34 ++ 8
22 P Vysoké control — untreated 69 12.8 78 3.0 10
700 m amphibolite meal 88 ++ 16.8 ++ 89 ++ 3.5++ 8
Average Bare-rooted control — untreated 67 12.6 70 29 11
g plants amphibolite meal | 87 ++ 16.9 ++ 84 ++ 3.5++ 7
2/1,5/0,5 Vysoké control — untreated 81 16.2 80 3.6 7
RCK 700 m amphibolite meal 104 ++ 19.9 ++ 88 ++ 3.6- 7
Tab.1.

Characteristics of spruce plantations 7 years after planting to experimental plot Plan
Note: ++ -values statistically high significant; + - values statistically significant

After the planting to an extreme locality (see below), relatively low losses due to dying off were
found in all tested types of planting stock and methods of treatment. Although differences in the survival
rate are not too significant (4 — 11%), it is possible to notice lower losses in container-grown plants
and in plants ameliorated by amphibolite flour (Tab. 1) as compared with bare-rooted plants.

Health conditions of young plantations

When analysing the damage to spruce plantations established by particular types of bare-rooted plants
—1.5/1.5 from Opocno, 2/2 from Hostinné and Vysoké — significant differences were not found. There-
fore, all tested bare-rooted plants were evaluated together and results obtained were then compared with
plantations established by container-grown plants. Results of the study showed impaired health condi-
tions of those spruce plantations which were planted without adding a soil-improving material (Tab. 2).
Unfavourable health conditions were manifested by the lower proportion of trees showing any type
of damage, increased occurrence of trees with terminal shoots lacking assimilatory organs (it has not
been positively proved if the cause consists in a physiological damage or a fungus Ascocalyx abietina)
but particularly by the higher occurrence of chlorotic and necrotic damage to assimilatory organs. Planta-
tions established using a soil-improving material demonstrated significantly improved health conditions
irrespective if they were established by bare-rooted or container-grown plants.

The amount of assimilatory organs is an important factor participating in the health condition
of young plantations. Although the percentage of foliage and the number of needle year-classes slightly
changed in particular years in relation to climatic, ecological, soil and other site conditions, it is possible
to notice lower values in plantations established by bare-rooted plants (Fig. 2, Tab. 1). Total increase
in the assimilatory organs occurred in plantations where fine-ground amphibolite was applied into pits
or after planting the container-grown seedlings.

Nutrient content

Health conditions and the development of plantations are best characterized by the amount of nutrients
in assimilatory organs. A carried out analysis proved findings mentioned above that control untreated
bare-rooted plants showed usually the lower content of nutrients than plants ameliorated by amphibolite
flour (Tab. 3). Particularly the deficit of nitrogen and magnesium - according to criteria of BERGMANN
(1998) - was then the cause of high chlorotic and necrotic damage to assimilatory organs and slow de-
velopment of plantations.

Improved growth conditions of plants ameliorated by fine-ground amphibolite are also demon-
strated by soil analyses of mixed samples taken from the place of former pits (Tab. 4). Although the soil
did not always contain the ideal amount of nutrients for the growth of young plantations (Lesprojekt
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Fig. 1.

Height growth of various stock types of Norway spruce planted in spring 1994

A — control, bare-rooted, 1,5/1,5, Opo¢no, B — amphibolite, bare-rooted 1,5/1,5 Opo¢&no, C — control,
bare-rooted 2/2, Hostinné, D — amphibolite, bare-rooted, 2/2, Hostinné, E — control, bare-rooted,
2/2, Vysoké, F — amphibolite, bare-rooted, 2/2 Vysoké, G — control, containerized, 2/1,5/0,5,
Vysoké, H — amphibolite, containerized, 2/1,5/0,5, Vysoké

1983), the content of nutrients is higher in the absolute majority of cases as compared with places
without the application. Positive effects of the soil-improving material are significant and demonstrable
even after seven years.

Meteorological and air pollution investigations

In the course of measuring the air temperature in the LTRP Plan in the winter/spring period 1999
- 2000, more or less standard course of weather was recorded. A minimum temperature (-18 °C) was
recorded at the beginning of February (Fig. 3) while maximum temperatures were found at the begin-
ning (8.3 “C) and at the end of measurement (9 °C). This course of temperatures quite corresponded with
values measured in the parallel LTRP Lesni bouda (Fig. 4) at a distance of 7 km.

Placing the permanent research plot on the part of an extensive clear-cut area (30 ha) results
in the marked disturbance of air circulation and deposition of solid precipitation. Considerably steep
ground (15 — 30%) of a northern aspect without the lateral protection of forest stands did not reduce
the speed of prevailing west winds so that the transported snow was deposited on more leeward sites
(stands, terrain depressions etc.) and moreover, it was partly blown away from the plot. The snow cover
depth measured in the winter period 1999 — 2000 ranged only from 17 to 30 cm (Fig. 3) while on the flat
area of the Lesni bouda LTRP protected by a stand the values ranged from 73 to 220 cm.

The snow cover atypical depth in the Plan LTRP fundamentally affected a temperature in the surface
soil layer where the main mass of tree roots was concentrated. The low snow cover layer does not show
sufficient insulating capability and, therefore, at high mountain locations upper soil layers are frozen
through down to a depth of 23 cm. The dynamics of soil freezing in the Plan LTRP and insulating effects
of a thicker snow cover in the Lesni bouda LTRP are evident from Figs. 3 and 4. (In the period from
1 March to 1 April 2000, it was not possible to determine the frozen soil depth in the Lesni bouda LTRP
due to the permanent overlaying the measuring device by snow cover).

In studying the air pollution load (sulphur content) by the contact summation method extraordinary
situations were not noticed in the course of last two years. The condition of air pollution by sulphur
is relatively low and stabilized and does not significantly differ from long-term monitoring carried out
in the other part of the Krkono§e Mts., viz. the Lesni bouda LTRP (Fig. 5).
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Fig. 2.

Percentage of foliage (crosshatched) and number of needle year-classes (black) in spruce plantations
on experimental plot Plan

A — control, bare-rooted, 1,5/1,5, Opocno, B — amphibolite, bare-rooted 1,5/1,5 Opoc¢no, C — control,
bare-rooted 2/2, Hostinné, D — amphibolite, bare-rooted, 2/2, Hostinné, E — control, bare-rooted, 2/2, Vlysoké,
F —amphibolite, bare-rooted, 2/2 Vlysoké, G — control, containerized, 2/1,5/0,5, Vysoké, H — amphibolite, con-
tainerized, 2/1,5/0,5, Vysoké

CONCLUSION

Based on the study carried out in the permanent research plot Plan it is possible to give the follow-

ing findings:

¢ climatic conditions, particularly strong air circulation on an extensive (circa 30 ha) steep unprotected
area, small depth of snow cover and frozen soil surface are not typical of mountain sites planned
for reforestation;

¢ height and diameter increment of spruce young plantations as well as losses caused by dying off were
partly affected by the planting stock used. Favourable growth parameters were achieved after 7-year
monitoring in young plantations established by 4-year-old container-grown plant. Significant dif-
ferences were not noticed between bare-rooted transplanted plants of different age (3- or 4-year-
old), method of raising (polythene cover, open bed) and altitude (260, 350 and 700 m); meas-
ured values were, however, significantly lower as compared with container-grown plants;

¢ to increase parameters of young spruce plantations established by bare-rooted and container-grown
plants it is recommended to add soil-improving amphibolite flour into particular planting pits at an
amount of at least 0.5 litre/pit;

¢ application of the ameliorating material resulted in the significant improvement of health conditions
of spruce young plantations established both by bare-rooted and container-grown plants. The higher
content of nitrogen and magnesium showed favourably in the reduction of chlorotic and necrotic
damage to assimilatory organs.
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Years after planting

Treatment Coefficient 2 3 4 5 6 7 Average
P o P (0] P o P o P o P (o) P (0]
% Yo | % | % | % | % | % | % | % | % | % ]| %] % ]| % | %
undamaged 23 1 30 | 14 |16 | 25 | 64 | 31 41 64 | 69 | 44 | 49 | 34 | 45
dry top 3 3 5 4 4 9 1 9 7 5 6 3
damaged terminal 11 8 5 9 9 4 7 9 3 4 3 1 6 6
stem deformace 2 1 8 13 4 5 17 11 5 15 12 9 8
untreated
- stem rupture 1 4 2 1
control . -
pine weevil 1

Lammas shoot

chloroses 67 | 65 | 84 |53 | 60 | 23 | 39 | 37 | 32 | 26 | 41 | 36 | 54 | 40
necroses 2 11 | 55| 59
undamaged 54 1 45 | 59 | 65| 55 | 6l 711 62| 79 | 88 | 71 | 76 | 65 | 66
dry top 1 1 2 2 1 0
damaged terminal 5 4 4 4 7 14 6 7 4 7 3 7 5 7
stem deformace 2 1 8 1 5 1 6 8 2 1 11 5 6 3
amphibolite stem rupture 1 4 2 1
flour
pine weevil 2
Lammas shoot 1 1
chloroses 41 | 54 | 35 |30 25| 20| 16 | 16 | 15 4 11 11 | 24 | 23
necroses 1 1 29 7 5 5 6 2
Tab. 2.

Mean state of health of spruce plantations established on experimental plot Plan by bare-rooted (P) and con-
tainerized (O) plants with and without finely ground amphibolite application

Note: Used planting stock comprised bare-rooted plants 1.5/1.5 bred at Opoéno, 2/2 grown at Hostinné and Vysoké and
containerized plants in RCK 2/1, 5/0.5 bred at Viysoké.
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Year of Nutrient (%) S
. Treatment

sampling N P K | Ca | Mg %
__ 0.83 | 0.14 | 0.31 | 0.22 | 0.083 | 0.077

1995 untreated — control - amphibolite 079 | 017 | 042 | 033 | 0.103 | 0.100
. 0.89 | 0.19 | 0.46 | 0.14 | 0.093 | 0.201

1996 untreated — control - amphibolite 106 | 025 | 030 | 028 | 0.100 | 0.141
o 1.28 | 0.19 | 0.29 | 0.33 | 0.089 | 0.104

1997 untreated — control - amphibolite 173 1025 1037 | 043 | 0.106 | 0119
o 1.14 | 0.15 | 0.26 | 0.26 | 0.064 | 0.110

1998 untreated — control - amphibolite 147 1 020 1 030 | 029 | 0.076 | 0.134
o 1.26 | 0.22 | 0.31 | 0.18 | 0.061 | 0.098

1999 untreated — control - amphibolite 155 1 0311 036 | 0.18 | 0069 | 0.084
o 1.33 1 0.19 | 0.29 | 0.13 | 0.036 | 0.131

2000 untreated — control - amphibolite 144 | 021 1033 1013 | 0071 | 0.124

Tab. 3.

Nutrient and sulphur content in one year old spruce needles on experimental plot Plan

Fig. 5.
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Mixed soil sample into depth of 20 cm
Year O.f Treatment pH pH | P,O, | K,O | CaO [ MgO Hu- Nt
sampling 1S 2 mus
H,0 | KCl
mg.kg! % %

1994 untreated - control 4.4 2.8 130 41 104 17 8,2 | 0,32
1997 untreated - control 33 57 101 76 353 | 0.73

amphibolite 3.6 48 149 73 352 | 0.79
1998 untreated - control 3.8 2.4 117 58 273 47 15.1 | 0.54

amphibolite 4.5 2.4 161 166 | 373 93 41.1 | 1.37
1999 untreated - control 5.0 2.6 34 37 133 21 7.8 0.25

amphibolite 5.4 32 278 127 153 61 19.7 | 0.62
2000 untreated - control 4.2 2.3 210 147 213 57 11.8 | 0.42

amphibolite 4.9 3.1 379 | 200 | 213 68 22.4 | 0.92

Tab. 4.

Soil acidity (pH) and nutrient content in soil on experimental plot Plan
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Rust smrkovych kultur zalozenych v horskych polohach rozdilnym sadebnim
materialem po aplikaci amfibolitové moucky

Souhrn

V horské oblasti Krkono§ byla na rozlehlé nechranéné odtézené plose (cca 30 ha) zalozena vy-
zkumna plocha, kde se sledoval rist a zdravotni stav smrkovych kultur vysazenych rtiznym sadebnim
materialem z 8. lvs meliorovanym amfibolitovou mouckou.

K vysadbé byly pouzity:

- trileté prostokotfenné sazenice péstované 1,5 roku pod polyetylenovym krytem v nadmotské vysce

260 m a pteskolkované do mineralni zeminy,

- Ctytleté prostokofenné sazenice péstované dva roky v nadmoiské vysce 270 m, na volnych zaho-
nech skolky, vytfidéné na vysku 8 — 14 cm a pievezené k dopéstovani ve Skolkach v nadmoiskych

vySkach 350 m a 700 m,
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- Ctyfleté obalené sazenice v raselinocelul6zovych kelimcich (RCK) péstované dva roky v nadmoi-
ské vysce 270 m, na volnych zéhonech skolky, vytiidéné na vysku 8 — 14 cm, pfevezené k 1,5ro¢ni-
mu péstovani na volnych zahonech $kolky v nadmoiské vysce 700 m a potom piesazeny do RCK.
Pti ruéni vysadbé v roce 1994 byla k nékterym sazenicim zapracovana do jamek drcena amfiboli-

tova moucka v mnozstvi 0,5 1. Latka obsahovala v priiméru 11 % CaO, 8 % MgO, 1 % K0 a 0,3 %

P,O.. Po ukoncent riistu byly u testovanych druhli sazenic zjistovany ristové parametry a zdravotni

stav, obsah zivin v asimila¢nich organech a v pidnich vzorcich. Soucasné byly na plose evidovany

nékteré klimatické charakteristiky jako minimalni a maximalni teplota vzduchu, vyska snéhové po-
kryvky, hloubka promrzani pidy a dale i imisni zatéz (obsah siry v ovzdusi).
Na zakladé provedeného Setfeni je mozné uvést nasledujici:

1. klimatické podminky — zejména silné proudéni vzduchu na rozlehlé (cca 30 ha), svazité, nechranéné
plose, dale mala vyska snéhové pokryvky a promrznuti pidniho povrchu — nejsou typické pro horska
stanovisté urcena k zalesnéni;

2. vyskovy a tloustkovy vyvoj smrkovych kultur, stejné jako i ztraty uhynutim byly ¢aste¢né ovlivnény
pouzitym sadebnim materialem. Ptiznivych ristovych parametri bylo po 7letém sledovani dosazeno
u kultur zalozenych 4letymi obalenymi sazenicemi. Mezi pouzitymi prostokofennymi $kolkovanymi
sazenicemi rozdilného véku (3 nebo 4leté), zplsobu péstovani (polyetylenovy kryt, volny zahon)
i nadmotské vysky péstovani (260 m, 350 m a 700 m) nebyly zaznamenany podstatné;jsi rozdily;
namétené hodnoty vsak byly v porovnani s obalenymi sazenicemi prokazatelné nizsi;

3. ke zvySeni parametrti smrkovych kultur zakladanych prostokofennymi a obalenymi sazenicemi je vy-
hodné pti vysadbé zapravit do jamek meliora¢ni amfibolitovou moucku v mnozstvi alespon 0,5 [;

4. aplikaci melioracni latky doslo k podstatnému zlepseni zdravotniho stavu smrkovych kultur zakla-
danych jak prostokofennymi, tak i obalenymi sazenicemi. Vyssi obsah dusiku a hoi¢iku se ptiznivé
projevil na omezeni chlorotického a nekrotického poskozeni asimila¢nich organd.

Growth of spruce young plantations established at mountain locations by various
planting stock after the application of fine-ground amphibolite

Summary

Experimental plot was set up on large clear cut (about 30 ha) in the Krkonose Mts. Growth and
health state of plantations established by various kind of planting stock originated from high altitudes
and ameliorated by finely ground amphibolite were investigated on the plot.

Used stock types:

e Three years old transplants 1.5+1.5 P grown under plastic cover in altitude 260 m a. s. 1. during
1,5 years and then transplanted into mineral soil;

e Four years old bare rooted transplants 2+2 P grown during first two years in open beds in altitude
270 m a. s. l. and sorted to height 8 to 14 cm before transplanting. Seedlings were transplanted
in several nurseries in altitudes from 350 to 700 m a. s. 1.

e Four years old transplants in peat pots (Jiffy pots) grown during first two years in open beds in alti-
tude 270 m a. s. 1. and after sorting to height 8 to 14 ¢cm transplanted in altitude 700 m a. s. 1. After
next 1.5 year they were transplanted into peat pots.

Finely ground rock — amphibolite — (0.5 1) was added into holes to some plants during hand planting.
This material contained on average 11 % CaO, 8 % MgO, 1 % K, 0 and 0,3 % P O.. At the end of growth
season some growth characteristics, state of health and mineral nutrients content in plants and in soil
were evaluated. Some climatic characteristics as minimal and maximal air temperature, depth of snow
cover, depth of frozen soil layer and moreover sulphur content in the airflow were monitored on the same
plot.
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Results suggest:

1. Climatic conditions — namely strong air flow on large (30 ha) unprotected slope, low snow cover
and freezing of soil surface — are not typical conditions in mountain localities destined for refor-
estation.

2. Growth in height and diameter and mortality were partly influenced by stock types. Favourable
growth after 7 years occurred in plantations founded by four-year old plants in peat pots. No con-
siderable differences occurred among bare-rooted plants of various age (3 or 4 years), different way
of cultivation (with or without plastic cover) or various altitude of nursery (260, 360, 700 m a. s. L.).
Bare-rooted plants however, grew worse than containerized ones.

3. Application of amelioration finely ground amphibolite (minimal 0,5 1) is recommended for growth
enhancement both containerized and bare rooted plants.

4. Application of amelioration material caused considerable improvement of health state of spruce plan-
tations established by bare rooted or containerized planting stock. Higher nitrogen and magnesium
content favourably influenced depression of needle chlorosis or necrosis.

Note:

The experiment is funded as a part of MZe CR research project no. 00 207 0201: “Stabilization
of the forest functions in biotopes disturbed by anthropogenic activity under changing ecological condi-
tions”.
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WATER CHEMISTRY DEVELOPMENT OF SURFACE SOURCES
IN THE ZELIVKA AREA WITH REGARD TO POLLUTION LOAD
AND MANAGEMENT IN THE CATCHMENT

VAcLav LocHMmAN, VERA FADRHONSOVA, MiLAN BiBa
ForesTRY AND GAME MANAGEMENT RESEARCH INSTITUTE,
JILOVISTE-STRNADY

ABSTRACT

Since 1973 the amount of dissolved substances in bulk water, in throughfall and stream water
at the weir and at spring has been investigated in the forest catchment Pekelsky stream, right-handed
tributary of the Zelivka river at KoZli, and spring water analysed in the fields at village Brzotice. Sam-
pling and analyses of stream water in meadows at village Kozli were finished in 1984. Despite high
annual fallout of H ions, N (30 — 40 kg . ha') and S/SO,* (60 — 70 kg) compounds in mature stands
stream water contained low concentrations of these elements. In the 1990s deposition of H ions and S/
SO, markedly decreased, as well as mildly N/NO, + NH," deposition. For years pH values in the stream
remained approximately on the same level. Average concentrations of nitrates increased from 1 mg. 1!
to more than 2 mg . I'! and concentrations of sulphates were still increasing to 15 and 20 mg . I''. Contents of
nitrates and sulphates were substantially higher in spring water of the catchment formed by richer forest
types and agricultural soil. The most nitrates and sulphates were found in spring water of fields, and
their values did not drop in the 1990s (NO, >80 mg . I, SO,* 20 — 35 mg . I'"). Great retention abil-
ity for mentioned ions occurs on the catchments with prevailing spruce stands on oligotrophic soils.

INTRODUCTION

Since 1973 bulk chemistry, deposition of elements, chemistry of soil water and surface source wa-
ter in the stream and a spring have been investigated on the experimental catchment Pekelsky stream
(Zelivka area). Until 1990 this investigation, aimed at recognizing interconnection of hydrological and
production functions of forest, had been involved into complex research of influence of spruce stands
and regeneration methods on hydrological and ecological effects of forests. Increment of air pollution
and deposition of pollutants in the catchment of the Zelivka river dam for drinking water increased also
importance of results assessing the level of forest ecosystems load by pollutants and their impact on
changes in forest soils and in water compounds running off into drinking water resources. Until
the early 1980s (1983) samples taken from the stream draining water from the catchment with agri-
cultural forest stands at Kozli and from the spring in the catchment completely agriculturally managed
were analysed and compared. Investigation of spring water has been continuing till now. After 1990
hydrological research gradually focused on operating the hydrometeorological station and measuring
run-off at the weir. This paper presents results from investigation of forest stands (mostly spruce
ones) influence on running-off water chemistry during development of pollution load since 1973 until
the end of the 1990s and comparison of water chemistry of agriculturally managed catchment.

RESEARCH SURVEY

Establishment of the FGMRI experimental plot Zelivka was motivated by the enhanced interest
in production of larger volume of qualitative water running off from forest catchments into water
resources. This intention became still more actual at the turn of 1960s and 1970s; during this period
concentrations of unhygienic substances increased in water resources from agriculturally managed
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catchments due to chemization of agricultural production. Research was focused on determination of water
balance in forest stands, microclimatic and hydropedologic conditions of forest growth, volume, way
and distribution of water run-off and influence of running-off precipitation water chemistry by forest stands
and management methods.

Research results were presented in the final report of Locuman et al. (1990), partly in other final
reports from 1994 and 1998 (Locaman et al. 1994, 1998). Regarding content of investigated substances
during their run-off into water resource LocHmAN et al. (1983) and (LocamAN 1989, 1997) evaluate
influence of forest ecosystems and husbandry in them in chronical order like positive from the viewpoint
of water management demands for drinking water. Compared with water resources from agriculturally
managed catchments water from forest ecosystems contains less nitrates. Different influence of for-
est stands and of agricultural soil management on element concentration was observed by BALEK et al.
(1978) and PacEs, MoLpan (1981) in surface water of the Trnavka catchment.

Hydrological effectiveness of ecosystems in forest catchments and elements circulation were investi-
gated in the other objects built within the Zelivka catchment. Since 1990 substances deposition, chemical
composition of surface water and element cycling in the catchment of Anensky and Lesni streams
at Kosetice village are investigated as a part of the international programme GEMS (Global Environ-
ment Monitoring System). Results of measurement are presented in VANa et al. (1995).

Since 1994 deposition of substances in the wooded part of catchment (Lesni stream) and their losses
with running-off water have been investigated as a part of GEOMON programme of the Czech Geologi-
cal Institute (FotTovA, SKOREPOVA 1998). The authors present also results from small wooded catchments
in the Bohemian-Moravian Highland, from Salacova Lhota and Loukov.

Also some authors abroad deal with influence of soil management on nutrient content in running-off
water of surface sources, for instance LENHART et al. (1983) in the Hesse catchment (FGR). Regarding
the U. S. A. conditions SwansoN et al. (2000) completely evaluated influence of substances deposition,
forest stands characteristics and management in forests on water cycling and substances transport
as well as influence of substances on forests growth and water resources quality.

Based on interest in water supply of the dam - drinking water resource for Prague - Czech Hydrologi-
cal and Meteorological Institute issued complete information on evaluation of long-term measurement in
the Zelivka catchment (BouM et al. 1993).

Importance of forests for producing “pure® water for hydrologically important streams continued
in the Czech Republic in the late 1990s when unfavourable state was found out for concentrations
of nitrate and nitrite nitrogen and in coefficients of microbial pollution (Report of the Ministry of Agricul-
ture and Ministry of Environment CR 1999). High water pollution with nitrogen compounds in streams
managed by the State Ameliorative Administration is also documented in the Report of the Ministry
of Agriculture CR (1998).

METHODOLOGY

Description of catchment and partial plots

Experimental catchment plot Pekelsky stream (Zelivka) has an area of 119 ha, of which 117 ha
are forests in possession of forest cooperative Zah4j at Lede¢ nad Sazavou, and 2 ha are arable land.
Catchment elevation ranges between 360 and 471 m. The 1970s inventory documents that spruce
prevails (85 %) in stands species composition, the rest involves pine, fir, larch and beech. This species
composition had not substantially changed during research. Until the 1980s only accidental logging
was realized, in recent years annual principal felling has not overstepped the area of 1 ha. The majority
of stands is now over 60 years of age.

Soil conditions incl. forest floors were evaluated by MrAz (1973) based on “Evaluation of hydro-
geological works™ (1972). Soils of the experimental catchment are of variable texture composition. Par-
ent rock is created by deeply weathered biotitic paragneiss with might overlapping of older (tertiary) clay
layer in the northern part. Eastern part lies on loamy pit-run gravel, central part is formed by loess loam.
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Only in the southern part of catchment overlayers eroded and soil substrate was formed by weathered
parent rock. Fluvisol occurs on alluvia in the close vicinity of the stream. Cambisol developed on nearly
the whole catchment, stagnic and dystric cambisols in the northern part. Terrain depressions are fulfilled
with gleyic cambisols and luvisols on loess loam overlayers. Haplic and dystric cambisols formed on the
weathered parent rock in the southern part of catchment (WRB Soil Taxonomy 1998).

Mor moder is prevailing forest floor in spruce stands, on the poorest soils also mor with Leucobryum
glaucum Hampe. Typical moder covers cambisols in the lower part of the catchment in fresh fir stands
with Oxalis acetosella. According to MrAZ (1973) most of the catchment’s forest types belongs to typi-
cal fir stands with Luzula luzuloides sp. (Luzulo-Abietum typicum) and blueberry fir stands (Myrtillo abi-
etum), acid types of hornbeam-fir beech stands are growing in the lower part of the catchment.

Groundwater level appears in tertiary sediments and weathered parent rock of moldanubic rock
(Evaluation of hydrogeological works 1972) mainly of biotitic paragneiss. According to hydrogeological
investigation seeping precipitation water fluently flows into the stream. Accumulated groundwater flows
away in springs — in the spring in the valley part and the spring (spring area) of the Pekelsky stream in
the upper part of the catchment. Investigation of water composition at the weir was completed by water
analysis of mentioned spring rising in the lower part of the catchment (ca 150 m upwards from the weir),
whose catchment comprises about 2 ha of arable soil.

In the period 1973 — 1983 water samples were taken from meadow stream flowing from Kozli. Ex-
cept for meadows and arable soil this catchment comprises also forest stands and is crossed by a road.
Housing estate of the village Kozli may influence the water, too.

Water chemistry in the field spring at Brzotice has been investigated since 1973. In the late 1980s the
well was covered during technical improvement of plots, and water has been drained by cement pipe into
dig along the road. This catchment is completely formed by agricultural arable soil.

Chemistry of precipitation and soil water, and deposition of substances have been observed on
the partial plots (I - IV) since 1973, as well as in nature spruce stand and the clearcut (plot I and III). Trees
at shelterwood felling (plot II) were felled in 1989, and measurement at newly established clearcut and
young spruce stand (plot IV) was finished in 1998. In 1989 sampling of precipitation and soil water began
in a young beech stand (plot V). Detailed data are in table 3.

Description of work and laboratory methods

Precipitations on the plots were caught into troughs and snowmeters, running-off soil water
was measured by lysimeters placed under forest floor into the depth of 30 and 100 cm. Water samples
were taken in the months” intervals, and since 1995 in two weeks” intervals and processed in the FGMRI
laboratory, Jilovisté-Strnady. Since October 1997 deposition has been observed also in mature spruce
stand (99 years) at the monitoring plot of Level II (plot I 140) within the international ICP Forests pro-
gramme. Sampling methodology is the same, but samples are collected in 10-day intervals into the
intercepting cups rather different (larger intercepting plot) than on the other plots.

Following description of laboratory methodology is aimed at ions assessed in this contribution.
Concentration of H ions (pH) was determined by glass electrode. lons NH," and NO," were initially
found out colorimetrically, since 1985 Technicon Auto-Analyzer II has been used. Since 1994 NO
is defined on the ion liquid chromatograph Thermoseparation Products and NH," on the colorimeter
SAN Plus Analyzer of the firm Skalar. Sulphates were determined gravimetrically until 1984, since
1985 on the device Technicon and since 1994 on the liquid chromatograph. Concentration of fluorines
(F-) was detected by ion selective electrodes until 1993, since 1994 on liquid chromatograph.

RESULTS
Chemistry of precipitation water and total fallout of substances into forest ecosystems are the
decisive factors affecting both production of hygienic water running off into water resources and soil

properties. Also for the Zelivka area direct fallout of protons (H"), nitrogen compounds and fallout
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Gauss-Krieger coordinates
Sampling place Elevation (m)
X y
Pekelsky stream - weir 351710 550405 360
forest spring 351700 550415 370
spring in fields at Brzotice 351045 550470 410
stream in meadow at KoZli 351840 550510 435
Tab. 1.

Data on observed source

Year mm Year mm Year mm
1973 509 1983 671 1992 482
1974 765 1984 576 1993 651
1975 670 1985 580 1994 605
1976 549 1986 679 1995 718
1977 869 1987 827 1996 559
1978 615 1988 663 1997 669
1979 644 1989 696 1998 735
1980 619 1990 469 1999 584
1981 805 1991 514 2000 619
1982 611
Tab. 2.

Annual precipitation sums at the meteorological station of FGMRI Myslivna, Pekelsko (for annual
period 1 - 12)

Plot Species composition | Age to Jan. 1,1997 | Yield class Forest type Soil type Elevation
1 spruce 100 93 4 4P1 Epidystric Luvisols 440
1) spruce 10, beech 10 8 4 4P1 Epidystric Luvisols 440
11 non-forested - - 4P1 Epidystric Luvisols 440
v spruce 100 55 1 4P1 Epidystric Cambisols 440
v beech 100 31 2 3K1 Haplic Cambisols 420

*in 1972 shelterwood felling in spruce stand by removing 50% of stands mass, remained trees were cut down
in 1989, and beech planting

Tab. 3.
Characteristics of partial plots until 1989

of sulphates (SO,?), i. e. potentially acid substances, are of principal importance.

Tab. 4 to 8 present concentrations of theses substances in precipitation for felling (plot III), for adult
spruce stand (plot I), shelterwood felling (plot II), for younger spruce stand (plot IV), for young beech
stand (plot V), and for the plot I 140 in time intervals. Concentrations of H ions in bulk (water) on the
clearcut (plot I1I) were dropping since the late 1980s and in the early 1990s. Content of sulphates has
been decreasing since 1970s. The highest concentrations of N(NO,” + NH," occurred at the turn
of the 1980/1990s. At the end of 1990s (1998 — 1999) pH rather decreased and contents of nitrates
and ammonium ions increased in bulk caught on open space (tab. 4).

Time course similar to precipitation from open space was found for oscillation of concentrations
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of mentioned ions in throughfall of mature (I) and young spruce stands (IV) — tab. 5, 7. For the shel-
terwood felling (II) concentrations of SO,?, H",NO,  and NH, " were increasing in throughfall until the
remained trees were felled at the end of 1989 (tab. 6). Measurement on this plot (already on the clearcut)
and on the plot IV was finished in 1998. Investigation of throughfall chemistry in beech stand (plot V)
began in 1989, and until 1999 average SO,* concentrations had been decreasing here. For protons (H")
and nitrogen compounds the changes were not unambiguous (tab. 8).

The greatest growth of average concentrations of pollutants in throughfall, compared with bulk
precipitation on the open space, occurred in mature spruce stand. Also throughfall in thinned spruce
stand on shelterwood felling was heavy contaminated, and in the late 1980s values were even equal
on both plots. Distinctly lower enrichment of throughfall with SO,?, H*, NO, and NH," was observed
under crowns of young spruce stand (IV), and the lowest average concentrations of these substances,
especially of sulphates, were in throughfall of beech stands.

pH development of soil water caught under humus horizon O on the clearcut (plot III) is the
same like for precipitation water, since the 1980s concentrations of H ions (tab. 4) have decreased.
Amount of nitrogen compounds decreased after decomposition of forest floor and did not increase either in
the 1990s. Decrease of SO,* has been observed since 1994. Concentrations of ammonium nitrate and
sulphate ions in water caught in the depth of 30 cm develop differently - the highest values were found

Sampling place Period H* NH/* NO; N SO» S

bulk 1973-79 0.088 1.01 3.05 223 6.39 2.13
1980-83 0.226 0.81 3.48 1.93 5.78 1.93
1984-89 0.054 1.36 5.04 2.35 5.71 1.91
1990-93 0.029 1.55 4.72 2.36 5.11 1.71
1994-97 0.010 0.62 297 1.41 4.11 1.37
1998-99 0.016 0.95 4.01 1.53 3.50 1.17

2000 0.017 1.04 4.04 1.42 2.73 0.91

gravitation water beneath O horizon 1973-79 0.044 1.99 7.10 4.30 12.20 4.07
1980-83 0.070 1.57 4.36 3.84 11.60 3.87
1984-89 0.042 0.66 1.99 3.65 13.90 4.64
1990-93 0.017 0.93 0.96 343 12.00 4.01

1994-97 0.010 0.51 1.29 1.77 6.07 2.03

1998-99 0.030 0.26 1.53 1.25 4.66 1.56

2000 0.028 1.66 3,00 2.30 4.49 1.50

gravitation water in depth of 30 cm 1973-79 0.015 0.21 8.51 6.47 27.90 9.31
1980-83 0.028 0.19 0.60 4.37 18.70 6.24

1984-89 0.008 0.70 1.64 391 14.90 4.97
1990-93 0.006 1.10 2.05 4.99 18.30 6.11
1994-97 0.010 0.69 293 5.14 20.40 6.81
1998-99 0.005 0.43 14.35 6.95 29.27 9.71

gravitation water in depth of 100 cm 1973-79 0.009 0.05 4.70 5.08 22.30 7.44
1980-83 0.018 0.05 0.37 4.04 17.70 5.91
1984-89 0.035 1.05 1.72 5.44 20.47 6.83
1990-93 0.004 0.82 0.74 6.46 25.80 8.61
1994-97 0.003 1.08 0.68 5.47 20.52 6.85

1998-99 0.010 0.23 10.25 5.98 25.68 8.57

Tab. 4.
Zelivka - plot |1l - clear cutting - average concentrations (mg . I'")
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out on the newly arisen clearcut in the 1970s and then again in the late 1990s. Also in water collected
in the depth of 100 cm nitrates reached the highest concentration first at the end of 1990s.

The highest annual concentrations of protons were measured in water running off from forest floor
in spruce stand (I) in 1984 to 1989, sulphates reached their maximum in 1990 to 1993, nitrates in
1998 and 1999 (tab. 5). In the same time maxima of mentioned ions appeared also in water taken in
the depth of 30 cm. The last sampling from the depth of 100 cm was provided in 1989; until that time
concentrations of observed ions developed similarly like in water of surface soil horizons. Water pH
increased and nitrogen compounds decreased with profile depth. The highest concentrations of sulphates
gradually transferred from surface humus horizon into lower layer. Similar transfer of maximal SO,?
occurrence into water caught in the depth of 100 cm was also in the clearcut soil but average values
were rather lower than in water from soil profile under spruce stand. Also water enrichment with ions
H*,NO, and NH," was here lower. In decade 1990 — 1999 concentrations of sulphates under the beech
stand (plot V) decreased in precipitation and soil water, concentrations of H',NO,  and NH," did not show
any certain trend of development in soil water (under horizon O and in the depth of 20 cm) decreased
(tab. 8).

Sampling place Period H* NH," | NO, N SO S
1973-79 | 0212 | 3.16 | 7.78 | 421 | 53.90 | 17.99
1980-83 | 0.460 | 3.18 | 8.89 | 4.48 | 58.80 | 19.63
1984-89 | 0.260 | 5.99 | 1546 | 8.14 | 55.00 | 18.36
throughfall 1990-93 | 0.177 | 7.46 | 1842 | 9.95 | 54.50 | 18.19
1994-97 | 0.048 | 4.07 | 11.64 | 5.79 | 30.50 | 10.18
1998-99 | 0.038 | 4.18 | 23.94 | 8.65 | 24.40 | 8.14
2000 | 0.041 | 497 | 2676 | 9.90 | 19.20 | 6.41
1973-79 | 0.131 | 324 | 10.83 | 4.96 | 53.40 | 17.82
1980-83 | 0.230 | 2.01 7.84 | 333 | 58.60 | 19.56
1984-89 | 0.274 | 2.85 | 13.39 | 524 | 73.40 | 24.50
1990-93 | 0.140 | 7.10 | 18.16 | 9.62 | 78.10 | 26.07
1994-97 | 0.151 | 2.41 | 11.92 | 4.56 | 48.70 | 16.26
1998-99 | 0.125 | 4.93 | 2023 | 840 | 30.20 | 10.08
2000 | 0.068 | 6.67 | 34.65 | 13.01 | 18.90 | 6.31
1973-79 | 0.042 | 094 | 206 | 120 | 3690 | 12.32
1980-83 | 0.244 | 0.80 | 3.57 | 143 | 46.50 | 15.52
1984-89 | 0.076 | 4.79 | 10.11 | 6.00 | 67.40 | 22.50
1990-93 | 0.065 | 432 | 1747 | 7.30 | 87.30 | 29.14
1994-97 | 0.039 | 125 | 570 | 226 |113.30 | 37.82
1998-99 | 0.022 | 325 | 1791 | 6.57 | 50.19 | 16.75
2000 | 0.030 | 1.44 | 792 | 291 | 2830 | 9.45
1973-79 | 0.017 | 0.05 | 023 | 009 | 920 | 3.07
gravitation water in depth of | 1980-83 | 0.058 | 033 [ 0.56 | 038 | 12.80 [ 4.27
100 cm 1984-89 [ 0.024 | 092 | 5.27 1.90 | 5230 | 17.46
1990-93 | 0.009 | 1.23 197 | 1.40 | 74.40 | 24.83

gravitation water beneath O
horizon

gravitation water in depth of
30 cm

Tab. 5.
Zelivka plot | - spruce stand - average concentrations (mg . I'")
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Sampling place Period H" NH,” | NO; N SO> S
1973-79 | 0.009 2.28 6.81 3.31 30.98 | 10.34
1980-83 | 0.213 2.73 8.93 4.14 35.21 11.75
throughfall 1984-89 | 0.243 5.93 15.19 8.04 47.05 | 15.71
1990-93 [ 0.024 1.49 3.70 1.99 7.54 2.52
1994-97 | 0.011 0.93 4.69 1.78 5.40 1.80
1973-79 | 0.215 1.89 3.18 2.19 25.44 8.49
1980-83 | 0.320 1.66 3.58 2.10 27.80 9.28
gravitation water beneath O horizon 1984-89 [ 0.306 1.25 2.85 1.61 51.44 17.17
1990-93 | 0.062 1.94 2.29 2.02 18.96 6.33
1994-97 | 0.023 0.05 1.24 0.32 7.10 2.37
1973-79 | 0.030 0.21 0.60 0.30 57.60 | 19.23
1980-83 | 0.055 0.24 0.72 0.35 69.30 | 23.13

gravitation water in depth of 30 cm 1984-89 | 0.197 0.92 323 1.44 62.20 | 20.76
1990-93 | 0.013 1.38 0.61 1.21 83.40 | 27.84
1994-97 | 0.004 1.01 1.76 1.18 22.20 7.41

1973-79 | 0.040 0.01 2.06 0.47 46.12 15.39
1980-83 | 0.067 0.00 0.56 0.13 4223 14.10
gravitation water in depth of 100 cm 1984-89 | 0.006 1.57 3.27 1.96 44.07 14.71
1990-93 | 0.005 1.54 1.40 1.51 44.11 14.72
1994-97 | 0.003 2.23 4.29 2.70 35.57 11.87

Tab. 6.
Zelivka - plot Il - shelterwood felling until 1989, since 1990 on clearcut - average concentrations (mg . I'")

TOTAL DEPOSITION OF SUBSTANCES

Total deposition of SO, H*, N(NO, + NH,") and F- with bulk and throughfall water is presented
in graphs 1 to 4. Its development roughly corresponds with concentration of these ions. In the 1970s
total fallout of H ions increased up to 1 kmol . ha . year! on the clearcut (plot IIT), since the half of 1980s
H ions fallout had gradually decreased and after 1995 reached neither 0.1 kmol . ha . year!. Deposition
of protons in the spruce stand on the plot I developed similarly dropping from high annual values
(up to 2 kmol . ha) in the early 1980s to 0.1 kmol . ha at the end of 1990s.

High fallout of protons was observed also in precipitation of shelterwood felling (plot II) before
cutting down spruce with low stand density. The lowest amount of H ions was caught with throughfall
in young beech stand (plot V), less than on the clearcut.

Bulk deposition of sulphates on clearcut shows rather balanced annual values with minimum
of 13.0 kg in 2000 and maximum of 80.00 kg in 1988. High SO,* deposition occurred in mature spruce
stand (I) overstepping 200 kg . ha'!. year'in 1978 to 1988. Its significant decrease is obvious until 1995
(<100 kg . ha). Fallout of sulphates was high on the shelterwood felling as well, and in the late 1980s
deposition was higher than in closed spruce stand. Deposition values of SO, in young closed spruce
stand reached half of fallout found in mature stand. Fallout of sulphates with throughfall was lowest
in young beech stand in comparison with the other investigated stands and after 1995 dropped to values
about 20 kg . ha''. year!.

Annual deposition of nitrogen compounds (N/NO,” + NH,") was mostly lower than 10 kg . ha' on
the clearcut (IIT). Their growth was found out first in the half of 1980s and continued until the beginning
of 1990s. Since 1993 deposition has been balancing round 10 kg . ha!. Within the same time intervals
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Sampling place | Period H* NH,* | NO; N SO S
1973-79 | 0.191 1.95 4.47 2.52 28.20 9.41
1980-83 | 0.209 1.62 5.81 2.57 23.40 7.81
throughfall 1984-89 | 0.205 3.17 9.24 4.55 29.78 9.94
1990-93 | 0.088 3.78 8.24 4.80 25.72 8.59

1994-97 | 0.034 | 2.07 6.93 3.17 18.15 6.06

Tab. 7.
Zelivka - plot IV - young spruce stand - average concentrations (mg . I)

Period | pH | H* [ NH; [ NOo; [ sox [ N s

1997%) | 503 | 0009 [ 275 | 928 | 2438 | 423 | 8.14
1998 | 504 [ 0009 [ 206 | 782 | 27.04 [ 336 | 9.03
1999 | 482 [ 0015 [ 3.04 | 759 [ 1076 | 407 | 359
2000 | 491 | 0012 | 242 | 918 | 9.00 | 395 | 3.01

* October - December 1997
Tab. 7a.
Average concentrations of substances on the plot | 140 (ICP Level Il) (mg . I'")

annual N deposition with precipitation caught under spruce stand (I) had changed from values lower
than 20 kg to more than 30 kg . ha' and since 1993 to the value a little higher than 20 kg . ha''.
In the shelterwood felling (IT) total N deposition overstepped values from closed stand (I). Substantially
lower fallout of N was in young closed spruce stand (IV), and the lowest fallout was observed under
young beech stand (round 10 kg). During the investigation period development of total annual fallout of
fluoride (F) was roughly the same like sulphur fallout overstepping 1 and 2 kg . ha' on plots with mature
spruces (I and II) until 1994; at the same time the annual depositions were pretty balancing on these
plots.

Deposition of mineral nitrogen (N/NO,” + NH,") presented in table 9 (in years 1998 to 2000)
and losses in running-off water (1998 - 1999) document that nitrogen consumption in forest ecosystems
overreached 10 kg . year! in the late 1990s.

WATER CHEMISTRY IN SOURCES

Forest ecosystems and agricultural management in catchments influence different concentrations
of investigated substances in water of assessed surface sources. Graphs 5 - 7 illustrate course of aver-
age annual pH values. This graph shows that the highest pH was found out in water of the Pekelsky
stream at the weir, close values were in water of meadow stream at Kozli (observed until 1983),
followed by values of pH water from forest spring, and the lowest pH values were measured for water
of field spring at Brzotice. This order had not changed both during the whole investigation and at a drop
of pH values occurring in the forest stream between years 1979 and 1984, in forest spring during 1978
and 1985 and for a short period 1982 to 1985 in spring water in fields. Also in meadow brook water
acidity increased in years 1982 and 1983. The highest annual values of pH water were measured
in the observed sources in the 1990s.

Nitrate concentration is increasing. Annual NO, values balancing round 1 mg . I have increased
since 1985 and overstepped 2 mg . I''in the Pekelsky brook. Substantially higher average concentrations
of nitrates were in water from forest spring, 3.0 to 5.8 mg . I"' until 1984. In the next period their values
distinctly enhanced and overstepped 15 mg . I'' in some years. In meadow stream annual NO, averages
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Sampling place Period H* [ NH,;* | NO; N SO S
throughfall 1990-93 | 0.021 | 1.84 | 577 | 2.73 | 11.74 | 3.92
1994-97 | 0.017 | 1.38 | 520 | 2.25 | 9.16 | 3.06
1998-99 | 0.017 | 1.33 | 5.77 | 2.34 | 499 | 1.67

2000 0.039 | 093 | 6.60 | 2,21 | 349 | 1.16
gravitation water beneath O horizon 1990-93 | 0.040 | 2.22 [ 27.71 | 7.98 | 20.71 | 6.91
1994-97 | 0.014 | 1.13 | 22.26 [ 591 | 994 | 3.32
1998-99 | 0.016 | 1.67 | 2885 | 7.81 | 8.79 | 2.93

2000 0.028 | 1.87 | 21.40 | 6.29 | 6.00 | 2.00
gravitation water in depth of 20 cm 1990-93 | 0.021 | 1.84 | 16.59 | 5.18 | 23.18 | 7.74
1994-97 | 0.010 | 1.73 | 12.02 | 4.06 | 13.70 | 4.57
1998-99 | 0.044 | 0.61 | 1295 | 3.40 | 8.78 | 2.93

2000 0.041 | 0.63 | 940 | 2.61 | 7.37 | 2.46

Tab. 8.
Zelivka - plot V - young beech stand - average concentrations (mg . ')

ranged between 19.7 to 30.8 mg . I''in 1973 to 1983. In the spring arisen in fields at Brzotice annual aver-
age concentrations of nitrates were between 30.4 to 60.1 mg . I until 1984, since 1985 they had increased
and had not dropped under 70 mg . I"'even at the end of 1990s (in 2000 annual average reached 100.8 mg
. I'"). During investigation concentrations higher than 6 mg . I'' (1985, 1994) were found out twice
in individual water samples from forest stream, in a sample from 1992 it was 8.5 mg . 1.

Since the beginning of research in 1973 water in forest stream has the lowest SO,*concentration.
During the 1990s annual SO,* concentrations increase in water of the three investigated surface sourc-
es; they did not yet overstep 20 mg . I"'in forest stream, but annual average in forest spring was over
77 mg . I''in 2000. At the same time concentrations of sulphates in water of forest well in the upper part
of the Pekelsky stream catchment do not reach either 10 mg . I'! for individual sampling.

The highest annual concentrations of fluorides were observed in water of forest stream (0.04 to
0.19 mg . I'") and the lowest in the spring in fields (0.03 to 0.15 mg . I'"). It may be caused by water run-
off through the mantle rock in the Kozli surroundings that contains higher amount of fluorine.

DISCUSSION AND SUMMARY

Until 1990 the level of forest ecosystems load by compounds of sulphur, nitrogen and other pol-
lutants in the Zelivka was lower than on experimental plots in the northern Bohemia and Moravia
(LocaMAN 1993). Also in the 1990s deposition of pollutants was here lower than in the Krusné Mts.
or Orlické Mts. Nevertheless, it is higher than forest ecosystems load in the southern Bohemia, incl.
the Sumava Mts. (LocumaN, SEBKOVA 1998, LocHMaN et al. 1998, 2000, 2001).

Immission conditions of the Zelivka catchment are relatively balanced affected by many local
sources in the district Pelhfimov and in the neighbouring districts as well as by remote transfer
of pollutants. The observatory of the Czech Hydrometeorological Institute, distant 15 km south-east
of the experimental catchment, measures climatological characteristics, air chemistry, deposition of sub-
stances, substances composition of surface water and observes other parts of environment (VANa et al.
1995). Results presented by these authors document that in years 1990 to 1993 the average annual pH
values of bulk precipitation on forest-free area (4.34 — 4.41) was very close to average values found on
the clearcut (plot IIT) within the Zelivka area (4.30 — 4.85). In the same period average annual sulphur
deposition (S/SO,*) was 8.81 kg . ha™ at Kosetice and 9.18 kg . ha™' on Zvelivka, nitrogen deposition
(N/NO, +NH,") was 10.38 kg . ha' at KoSetice and 11.93 kg . ha' on the Zelivka clearcut. Also in the
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next years (1994; 1998) annual fallout 7.44 kg SO,>. ha™ at Kosetice (FortovA 1999) was lower than
9.69 kg . ha' on Zelivka.

In 1990 — 1993 greater differences occurred in fallout of substances caught with throughfall
in spruce stands. Deposition of S and N (61.40 and 38.37 kg . ha!, resp.) was higher in the older spruce
stand (5th age class) on the plot I than under spruce stand of the 4th age class (27.39 and 14.42 kg . ha™',
resp.) at KoSetice. In contradiction, fallout of S and N was lower (23.34 and 12.92 kg . ha’!, resp.)
in the younger spruce stand on the plot IV (3rd age class). Average pH values for throughfall were not
significant for older stands — 3.68 to 3.97 at Kogetice, 3.65 and 3.90 on the Zelivka plot I. Average annual
pH 3.95 to 4.20 throughfall was higher on the plot Zelivka IV (VAxa et al. 1995, LocuMaN 1997).
For next years (1994} —1998) annual fallout of 37.69 kg . ha'' S and 11.23 kg . ha' N/NO, was higher in
the spruce stand on Zelivka than that of 19.40 and 5.92 kg . ha’!, resp., at KoSetice (FOTTOVA, SKOREPOVA
1998, Fortova 1999). These authors evaluate the Zelivka area (Bohemian-Moravian Highland) like
mildly polluted, yet deposition of S and N oversteps critical loads for oscillation of these elements in the
Anensky stream catchment (KoSetice) and can endanger forest ecosystems by acidification. Based
on evaluation of environment in the KoSetice area VANA et al. (1995) determine that S/SO,* deposition
is here lower than on other stations of the Czech Geological Survey.

Concentrations of SO,*, NO,"and NH, " reached lower values in soil water caught on the clearcut
(plot III) than in soil water under spruce stand due to lower load of ecosystems by S and N com-
pounds. More intensive decomposition of forest floor enhanced concentration of nitrogen compound
on the clearcut in the first years after cutting of spruce stand. Until 1998 N compounds were separated
from soil water in deeper horizons by vegetation roots (rhizosphere) and their concentrations in depth
of 100 cm approached to concentrations found in the Pekelsky stream (1 - 3 mg. 1)

During research NO, content increased in water of this source sampled at the weir in average
of 1 to 2 mg . I'" which is negligible growth in absolute values but relatively great growth in relation
to low average value until 1985 (1 mg . I'). In water of spring arisen in the lower part of the catchment
nitrates concentrations enhanced twice or three times in the 1990s compared to the 1970s. In 2000
the highest average values were calculated for the spring in forest (16.95 mg . I'!) and for the spring
in the fields at Brzotice (100.8 mg . I'").

Water chemistry in the investigated sources is influenced by complex of factors. In forest eco-
systems it is mainly deposition of substances with precipitation (wet deposition) enriched with sub-
stances caught by above-ground biomass. Another factor is elements oscillation between phytoce-
nose and soil which is influenced both by amount, composition and velocity of litterfall decomposi-
tion (incl. underground biomass) and consumption of elements (and their compounds) by vegetation
roots. Sorption properties of soil are presented above all by cations content as well as chemism
and texture of mantle rock.

Pollutants highly concentrated in mature spruce stands are washed down the crowns. Their volume
is enhanced by nearly 50% interception of precipitation water (evaporation from crown surface)
(Foirt 1987, KrRECMER, ForT 1988), which results in enhanced proportion of observed substances
in throughfall. Clay and loamy soils of the experimental catchment Zelivka (Pekelsky stream) and mild
washing regime cause only slow water run-off with nutrients from rhizosphere in the vegetation period
(MRrAz 1987, MRrAz et al. 1990) enabling effective draining of nitrogen compounds from soil solution
by roots. Nitrogen uptake is positively influenced by oligotrophic character of sites and good health state
of spruce stands.

During selective uptake of ions by roots from solution SO,* ions are discriminated (ULricH et al. 1981)
and therefore their concentrations are increasing with profile depth in soil water. Unlike the nitrates ions
sulphate ions can be transformed with oxides of Al and Fe into insoluble colloid compounds, so that
water running off into underground water and water resources have significantly lower concentrations
of these ions. During pH changes of soil environment reversible compounds decompose and release into
soil environment which reflects in growth of sulphates in water resources even during reduction of their
deposition (MANDERSCHEID et al. 1995).
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Sampling place Obdobi NOy Nl\gs' NOS | NHY Nl:'/i N

kg kg k mol kg kg k mol
plot I - spruce stand 1998-2000 | 60.59 | 13.33 | 0.952 10.79 8.42 0.601
clear cutting plot 111 1998-2000 | 26.77 5.89 0.421 5.69 4.44 0.317
plot V - beech stand 1999 32.33 7.11 0.521 6.3 491 0.346
run-off at the weir for Ho =107 mm | 1998-1999 2.59 0.57 0.042 | 0.105 | 0.082 | 0.006

*Ho = annual run-off
Tab. 9.

Balance of nitrogen compounds in the Pekelsky stream catchment - annual fallout with precipitation
and annual output at the weir

Deep soils with large aquifer layers of weathered parent rock enable also neutralization of acid pre-
cipitation water. Fluorides concentrations in run-off water are also influenced by their bond to oxides
Al and Fe like SO,* (HERRNSTADT 1995) and by probable F occurrence in biotite of parent rock or in other
minerals mined in the catchment’s neighbourhood like the F source. Since the very beginning of research
(since 1973) water from the spring arisen above the weir has been mildly more acid than the stream water
and contained more nitrates, sulphates and fluorides. Differences in concentrations enhanced above all
in the late 1990s, and could not be explained by the different deposition of these substances but
by soil and geological conditions and agricultural management of the catchment’s part (2 ha). Soils
in the catchment are more granular, more permeable, do not lic on the large layers of weathered rock and
sediments (Evaluation of hydrogeological investigation 1972) and form richer forest types (MrAz 1973).
Conditions for draining nitrates from soil water are not here so favourable neither for greater bond
of sulphates in soil. Water chemistry is affected by fertilizing of agricultural land and maybe by reduced
felling in recent years.

On the contrary, concentrations of NO," and SO,* are still lower in water samples of the spring
(Pekelsky stream spring) in the upper part of the catchment with oligotrophic soils lying on the large
layers of clay sediments than in the stream water at the weir.

High concentrations of nitrates, sulphates and other herein non-evaluated substances (Cl- and cat-
ions) in spring water in fields at Brzotice are caused by agricultural soil management based on fertilizing.
Similarly influenced was water composition in the brook in meadows at Kozli agriculturally managed
in its substantial part of catchment.

Still continuing high NO, concentrations in spring water at Brzotice in the last years are not explainable
because nearly for 10 years lower doses of mineral fertilizers are used in the fields. In 2000 nitrates
content even increased in forest well in the Zelivka catchment as well as in the spring in fields at Brzo-
tice. This may be caused by enhanced mineralization of organic soil mass, incl. humus substances,
and by nitrification of ammonium ions during extremely warm weather (according to Sramek average
annual temperature at the FGMRI station — Myslivna Pekelsko was 9.14 °C). In 2000 nitrates concen-
trations grew also on the clearcut (plot I1I) in the Pekelsky stream catchment in water running through
surface soil horizons (in depth 0 — 30 cm).

As mentioned above, nitrogen deposition reached comparable values both in forest-free area
and in forest ecosystems within the forest contributory catchment of the Anensky stream at Kosetice
and Pekelsky stream which documents similar level of air pollution by N compounds in the whole area.
Higher fallout of S/SO,* was observed in the Pekelsky stream catchment.

In 1987 to 1993 average NO, concentration was 8.72 mg . I''in forest stream at KoSetice (VANA et al.
1995), 2.20 mg . I'! in the Pekelsky stream at the weir and 8.26 mg . I'! in the forest spring in the same
catchment. At the same time average SO, content was 48.93 mg . 1" in forest stream water at KoSetice,
13.91 mg . I'" in the Pekelsky stream water and 21.51 mg . I'! in forest spring water. This proves that forest
ecosystems influence on retention of nitrogen and sulphur compounds from fallout in the forest spring
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catchment in the Zelivka area is closer to influence of ecosystems in forest stream at Kosetice than total
influence of the Pekelsky stream catchment ecosystems that have higher retention ability for N
and S compounds.

Annual losses of N(NO,” + NH,") with running-off water from the Zelivka (Pekelsky stream)
catchment do not overstep 1 kg . ha' (0.65 kg N . ha''in 1998 - 2000) and most of N deposition remains
bound in biomass and in soil or disappears in the air (tab. 9, graph 2). When consumption of deposited
N is calculated, then consumption of NO," prevails and more protons (H") are accepted with nitrate
ions than released during uptake of ammonium ions. Consumption and changes of N forms in forest
ecosystems of the Pekelsky stream catchment as a whole would not contribute to acidification of soil
environment (KHANNA, ULRIcH 1984) unlike the conditions in mountainous spruce forests loaded by high
fallout of nitrogen and intensive leaching of NO,” from ecosystems by running off water.

Significant management influence in the catchment on water chemistry in surface sources was
investigated in the Zelivka river catchment in the 1970s. Higher concentrations of cations S, N and
Cl in streams water with agricultural production in the Trnavka catchment (contributory of the
Zelivka) than those in a source in forested catchment are described by PacEs, MoLDAN (1981). BALEK
et al. (1978) found that nitrogen from fallout is at most bound in forest ecosystems mass of investi-
gated catchments. Also LENHARDT et al. (1983) describes positive influence of forest ecosystems
on running-off water quality, especially on decrease of N compounds concentrations in the Hesse
(FRG) catchments.

Results of long-term research of forests in the Pekelsky stream catchment comparing water chemistry
in their sources with agriculturally managed areas can be generalized even when nitrate concentrations
are higher in source water than on the assessed catchment in the areas with higher nitrogen deposition
and with draining water regime.

CONCLUSION

Mild pollution of bulk precipitation occurs on the open space of the Pekelsky stream catchment. How-
ever, deposition of pollutants is significantly higher under older spruce stands enhanced of substances
caught in tree crowns. During the long-term evaluation in the 1990s protons deposition of (H") and sulphur
(S/SO,*) markedly decreased, as well as fallout of nitrogen compounds (N/NO,” + NH,") in recent years
(in the late 1990s).

Since the 1980s concentrations of NO," and SO,* have been mildly growing in the stream water.
Concentrations of these ions and of other investigated substances correspond with standard requirements
for drinking water. Decrease of protons concentration of (H*) and S and N compounds in running-off
water is caused by their effective retention and consumption in ecosystems. This is due to oligotrophic,
but deep clay soils on the might mantle rock, low washing regime and relatively healthy growing stands
and soil vegetation that enable N consumption and S binding in soil and in mantle rock; mantle rock
causes also pH increase of running-off water. Fertilization of agricultural soils very markedly influences
concentrations of NO, as well as of other substances.
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Vyvoj chemismu vody v povrchovych zdrojich v oblasti Zelivky s ohledem
na imisni zatizeni a hospodareni v povodi

Souhrn

Na lesnim povodi Pekelského potoka (objektu Zelivka), pravostranném piitoku prehradni nadrze na
pitnou vodu, probiha od roku 1973 na vyzkumnych plochach nepterusené sledovani chemismu srazkové
vody, depozice latek, chemismu pidni vody a chemismu vody v potoce na piepadu a v prameni. Povodi
vytvati 117 ha lesni pudy (s pfevahou smrku) a 2 ha zeméd¢lsky obhospodatfovanych pozemkii.
Od roku 1973 je také odebirana a analyzovana voda z pramene v zemédé€lsky obhospodafovaném povo-
di u Brzotic. Do roku 1983 byl sledovan i chemismus vody pottii¢ku tekouciho loukami u obce Kozli.

V roce 1973 zapocalo systematické méfeni depozice latek se srazkovou vodou a sledovani chemismu
pudni vody v dospélém porostu smrku (plocha I), na clonné seci (se snizenim zasoby hmoty na 50 %
) (plocha II), na holé seci (plocha IIT) a v mlad$im porostu smrku (plocha IV). V roce 1989 zapocaly
odbéry a rozbory srazkové a pidni vody v mladém porostu buku (plocha V). V roce 1989 byly domy-
ceny stromy na clonné seci. Na této plose a v mladém porostu smrku (plocha IV) bylo ukonéeno méfeni
v roce 1998.

V tomto prisp&vku je vénovéana pozornost hlavnim slozkam imisniho zatizeni v CR, tj. spadu a dy-
namice vodikovych iontti (H"), siraniim (SO,*), mineralnimu dusiku (N/NO," + NH,") a fluoridiim (F").
Je zde hodnocen dlouhodobéjsi vyvoj depozice a chemismu vody v odlisnych lesnich ekosystémech.

Na holé seéi jsou zachycovany srazky do otevienych nadob (bulk). Nejvyssi koncentrace a de-
pozice vodikovych iontli ve srazkach na holé seci (plocha III) se projevily od konce 70. let do po-
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loviny 80. let (az 1 kmol . ha™. rok™), v dalsich letech se postupné spad sniZzoval na méné nez 0,1 kmol
. ha'. rok! na konci 90. let. Obdobny vyvoj méla depozice protont (H") ve smrkovém porostu na plose
I, ktera z vysokych ro¢nich hodnot v prvni poloviné 80. let (az 2 kmol . ha . rok™") poklesla na hodnoty
blizké depozici na holé se¢i (0,1 kmol . ha'. rok™). Vysoky spad protont (H") byl zjistovan i na clonné
seci (plocha II), ktery se v obdobi pifed domycenim porostu vyrovnaval spadu v zapojeném porostu (I).

Celkova depozice siranti se srazkami na seci (bulk) mirn¢ kolisala a od poloviny 90. let klesala
na hodnoty mezi 10 a 20 kg . ha''. rok™'. V dospélém porostu smrku (I) probihala nejvyssi depozice SO,*
v letech 1979 az 1988; tehdy piekracovala i 200 kg . ha''. rok™'. Jeji podstatné sniZovani je patrné
od poloviny 90. let, na < 50 kg . ha™'. rok™' na konci 90. let minulého stoleti. Na clonné seci (plocha
II) byl spad siranti také vysoky a na konci 80. let dokonce piekracoval depozici v zapojeném smrkovém
porostu (I). V mladém porostu smrku (IV) dosahovala ro¢ni depozice SO,* pfiblizné poloviny spadu
zjistovaného v dosp€lém porostu. V mladém porostu buku (V) byl spad siranti s podkorunovymi srazkami

Ro¢ni depozice minerdlniho dusiku (N/NO, + NH,") na holé seci (III) nedosahovala od pocatku
méfeni az do poloviny 80. let 10 kg . ha'. V dal§im obdobi az do poc¢atku 90. let se projevilo zvySeni
depozice mineralniho dusiku, ale od roku 1993 se roéni hodnoty snizily pod 10 kg . ha™.

Ve stejnych ¢asovych obdobich probihaly zmény roéni depozice N s podkorunovymi srazkami v po-
rostu dospélého smrku, z hodnot nizsich nez 20 kg na vyssi nez 30 kg . ha' a od roku 1993 na mnozstvi
o malo vys8i nez 20 kg . ha''. rok. Na clonné seci (II) celkové depozice N/NO, + NH," piekracovala
hodnoty zjisténé v zapojeném dospélém porostu (I). Podstatné nizsi spad mineralniho dusiku byl
v mladém porostu smrku (IV) a jeho nejnizsi depozice byla stanovena pod mladym porostem buku
(okolo 10 kg . ha').

Vyvoj celkového roéniho spadu fluorida (F) mé&l na plochach objektu Zelivka zhruba stejny
pribéh jako spad siry (SO,*). V dospélych porostech smrku (plochy I a II) piekraCoval 1 (i 2) kg . ha
az do roku 1994,

Pfi hodnoceni pidni vody na seéi (II) je ziejmé, Ze ve vodé zachycované pod horizontem
pokryvného humusu (O) v hloubce 30 a 100 cm se pH vyvijelo v asové fadé obdobné jako ve srazkové
vodé. Obecné lze fici, ze s hloubkou ptidniho profilu jeji pH stoupa. Mnozstvi nitratovych a amonnych
iontd (N/NO, + NH,") v ni pokleslo po ukonceni zvySeného rozkladu materialu pokryvného humusu
na nové vzniklé holé se¢i. Pokles SO,* Ize pozorovat az od roku 1994. Jiny vyvoj koncentrace nitra-
tovych a siranovych iontl probihal ve vodé zachycované v hloubce 30 cm, kde byly nejvyssi hodnoty
zjistény nejen v 70. letech, ale opét na konci 90. let. Také ve vodé jimané v hloubce 100 cm dosahly
nitraty nejvétsich koncentraci az na konci 90. let.

V porostu smrku (I) byly v pidni vodé odtékajici z pokryvného humusu stanoveny nejvyssi
primérné koncentrace protonti v letech 1984 az 1989. Maximalni mnoZstvi sulfatii (SO,*) se projevilo
v obdobi 1990 az 1993 a nitratii (NO,) v letech 1998 a 1999. Ve vod¢ zachycované v hloubce
30 cm byly ve srovnavanych obdobich zjistény niz$i koncentrace nitrati nez ve vodé odtékajici
z pokryvného humusu, stejné tak i koncentrace sirant az do konce 80. let, a v 90. letech byly naopak
vys$§i koncentrace téchto iontli ve vodé odebirané v hloubce 30 cm. Ve vodé¢ ziskané v hloubce
100 c¢cm probihal vyvoj koncentraci hodnocenych iontd obdobné jako ve vodé z povrchovych
horizontt.

Obecné Ize fici, ze v odtékajici vodé se s hloubkou ptidniho profilu zvysovalo pH (klesajici kon-
centrace H") a sniZzovaly se obsahy NO,  + NH,". Nejvyssi koncentrace SO,* se postupné piesouvaly
z povrchového humusového horizontu do vody v ptidni spodiné. Podobny posun nejvétsich koncen-
traci SO, do vody zachycované v hloubce 100 cm probihal béhem sledovaného obdobi i v piidé
na seci, ale primérné hodnoty byly podstatné niz§i nez ve vod¢ z pidniho profilu pod smrkovym
porostem. Rovné€Z obohacovéni vody ionty H', NH," a NO, zde bylo nizsi.

V porostu buku (V) byl v obdobi 1990 az 2000 zjistén pokles koncentraci sirant (SO,*) ve srazkové
a pudni vod¢.
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Pfi hodnoceni chemismu vody sledovanych zdrojt je ziejmé, ze nejvyssi primérné hodnoty pH méla
voda odebirana z Pekelského potoka na piepadu. Podobné hodnoty byly zjistovany ve vodé z lu¢niho
poticku u Kozli. Nizsi pH bylo stanoveno ve vod¢ z lesniho pramene a nejniz$i hodnoty vykazovala
voda z pramene v polich u Brzotic.V obdobi od konce 70. let do poloviny 80. let se v riizné mife ve vodé
vSech sledovanych zdroji projevil pokles pH. Pudy a zvétralinovy plast’ v povodi Pekelského potoka
pusobi ve vodé ze srazek pii odtoku do zdrojt snizeni koncentraci vodikovych iontl vice nez o dva rady
(zvySeni pH o dva stupng).
trace téchto iontli ve vod¢ sledovanych tii zdroji zvySovaly, zejména v lesnim prameni, kde v roce
2000 piekro¢il ro¢ni primér 77 mg . I''. Ve vodé lesniho potoka nedosahovaly primérné koncen-
trace SO,> 20 mg . I, i kdyz v piidni vodé ve stejném obdobi byly tyto koncentrace piekracovany.
Na prevdzné Casti povodi tedy stile probihala retence S/SO,* v plidni spodiné a ve zvétralinovém
plasti vazbou na oxidy Fe a Al. Prudké zvySeni koncentraci SO,* ve vodé¢ lesniho pramene naznacuje
vyCerpani této kapacity v ptidach jeho povodi nebo uvoliiovani siranovych ionti z reversibilnich (nes-
talych) sloucenin do odtékajici vody.
okolo 1 mg . 1", od roku 1985 se zvysily na vice nez 2 mg . I'. Voda v lesni studance méla do roku 1984
pramérné ro¢ni koncentrace nitratt 3,0 az 5,8 mg . 1!, v dalich letech se projevilo jejich zvyseni a nékteré
ro¢ni prameéry piekracuji 15 mg . I''. V lu¢nim poticku se do roku 1983 pohybovaly ro¢ni primérné
koncentrace NO,"mezi 19,7 az 30,8 mg . I''. Ve vodé pramene v polich u Brzotic do roku 1984 kolisaly
ro¢ni praméry nitratd mezi 30,4 az 60,1 mg . I'! a po tomto roce se jesté zvysily a ani na konci 90. let
neklesly pod 70 mg . I'".

Nizké koncentrace nitratovych iontli ve vod¢ lesniho potoka zapfiinuje spotieba cca 10 kg N
ptichazejiciho se srazkami v lesnich ekosystémech povodi. Tento proces usnadiiuje mald promyvnost
pud ve vegetacnim obdobi. Na povodi lesniho pramene jsou pudy zrnitéj§i a méné hluboké a na
Casti (2 ha) jsou i zemé&d€lsky obhospodatrované. ZvySovani koncentraci NO, i NH," v pidni vod¢ sle-
dovanych ploch koncem 90. let (véetné roku 2000), pti poklesu depozice dusiku, lze vysvétlit jejich
uvolfiovanim z pudni organické hmoty pfi zvySenych letnich teplotach vzduchu poslednich let.
To by vysvétlovalo nejen nartisty obsahu nitrati (NO,” ve vod¢ lesni studdnky, ale i ve vodé pramene
v polich u Brzotic.

Na od¢erpavani slou¢enin dusiku z ptidni vody a na tvorbu a vymyvani nitrati ma vliv i trofnost pud
(stanovist). Zatimco vétSinu tizemi povodi vytvaieji bordvkové jedliny (Myrtillo-Abietum) a bikové
jedliny (Luzulo-Abietum), povodi pramene zaujimaji bohatsi typy (jedlobuciny).

Porovnani primérnych hodnot pvarflmérné ro¢ni depozice S/SO,* a N/ NO,” + NH," v 90. letech
ve srazkové vodé na seCi v objektu Zelivka (plocha III) a na bezlesi v objektu observatore CHMU
v Koseticich ukazuje velmi podobné hodnoty, coz svéd¢i o pomérné vyrovnané intenzité (mife) znecisténi
ovzdusi v povodi Zelivky. Rozdilna velikost depozice hodnocenych iontd s podkorunovymi srazkami
v porostech smrku je zptsobena piedevsim rozdilnymi taxacnimi parametry porostu.

Water chemistry development of surface sources in the Zelivka area with regard
to pollution load and management in the catchment

Summary

Since 1973 chemistry of bulk water, deposition of substances, chemistry of soil water and of water
at the weir and in the spring have been investigated in the forest catchment Pekelsky stream (Zelivka
object), the right-handed dam tributary for drinking water. The catchment involves 117 ha of forest soil
(with spruce prevalence) and 2 ha of agricultural land. Since 1973 water from the spring in agriculturally
managed catchment at Brzotice is collected and analyzed. Until 1983 water chemistry in the brook flow-
ing through meadows at Kozli village were also investigated.
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In 1973 systematic measurement of substances deposition began as well as investigation of soil
water chemistry in mature spruce stand (plot I), on shelterwood felling (with decrease of supply mass
to 50 %) (plot II), on clear cutting (plot III) and in the young spruce stand (plot IV). In 1989 bulk and soil
water was sampled and analyzed in the young beech stand (plot V). In 1989 the trees on shelterwood cut-
ting were removed. Measurement on this plot and in young spruce stand (plot IV) was finished in 1998.

This contribution is focused on the main components of pollution load in the Czech Republic,
i. e. on fallout and dynamics of hydrogen ions (H"), sulphates (SO,*), mineral nitrogen (N/NO, + NH,")
and fluorides (F-). The long-term development of deposition and water chemistry in different forest eco-
systems is assessed, too.

On the clear cut bulk water is captured in the open containers. The highest concentrations and depo-
sitions of hydrogen ions in bulk precipitation on the clear cutting (plot III) had occurred from the late
1970s until the mid-1998s (up to 1 kmol . ha''. year'), in the next years the fallout was gradually drop-
ping to less than 0.1 kmol . ha'!. year! at the end of the 1990s. Similarly was developing proton (H")
deposition in spruce stand of the plot I dropping from the high annual values in the early 1980s
(up to 2 kmol . ha™. year™) to values close to deposition on the clear cutting (0.1 kmol . ha™. year'). High
fallout of protons (H"), equal to fallout in closed stand (I) during period before stand felling, was found
also on the shelterwood felling (plot II). The lowest deposition of protons was determined in the young
beech stand.

The total sulphates deposition with bulk precipitation on the clearcut slightly balanced and since
the mid-1990s has been dropping to values between 10 to 20 kg . ha™'. year'. In the mature spruce
stand (I) the highest SO,* deposition was in years 1979 to 1988; then it was even over 200 kg . ha''. year.
Since the mid-1990s important reduction can be observed, being < 50 kg . ha!. year' at the end of the
1990s. Sulphates fallout was also high on the shelterwood felling (plot II) overstepping even deposi-
tion in closed spruce stand (I) in the late 1980s. Annual SO,* deposition in the young spruce stand (IV)
reached nearly half of the fallout found in the mature stand. Sulphates fallout with throughfall was
the lowest in the young beech stand (V) when compared with spruce stands and decreases to values
about 20 kg . ha'!. year! after 1995.

Annual deposition of mineral nitrogen (N/NO, + NH,") on the clear cutting (III) did not reach
10 kg . ha'!. year! from the beginning of measurement until the mid-1980s. Deposition of mineral nitro-
gen was increasing in the next period until the early 1990s, but since 1993 annual values have dropped
below 10 kg . ha.

Annual N deposition with throughfall in mature spruce stand changed during the same time intervals,
from values a little lower than 20 kg to higher than 30 kg . ha''. year' and since 1993 the N deposition
was a little higher than 20 kg . N/NO, + NH,". year". On the shelterwood felling (II) deposition
of N/NO,” + NH," overstepped values found in closed mature stand (I). Substantially lower fallout
of mineral nitrogen was in the young spruce stand (IV) and its lowest deposition was detected under
the young beech stand (around 10 kg . ha™).

Within the Zelivka plots total annual fallout of fluorides (F-) was developing roughly in the same
way like sulphur fallout (SO,*). Until 1994 this fallout was over 1 (or 2) kg . ha" in mature spruce stand
(plot I and II).

Evaluation of soil water on the cutting (III) reveals that in time series pH developed similarly
in water caught beneath forest floor horizon (O) in depth of 30 and 100 cm like in bulk water. Gener-
ally speaking, water pH increases with the depth of soil profile. Amount of nitrate and ammonium ions
(N/NO, + NH,") decreased after enhanced decomposition of forest floor on newly arisen clear cutting.
Decrease of SO, was observed until 1994. In water caught in the depth of 30 cm concentrations of ni-
trate and sulphate ions developed differently; the highest values were observed not only in the 1970s but
also in the late 1990s. As well, in water caught in the depth of 100 cm concentrations of nitrates were the
highest at the end of the 1990s.

The highest average concentrations of protons were determined in soil water of spruce stand (I) run-
ning-off the forest floor in 1984 to 1989. Maximal amount of sulphates (SO,*) occurred in the period
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1990 to 1993 and of nitrates (NO,") in years 1998 to 1999. Until the late 1980 lower concentrations
of nitrates and sulphates were observed in water caught in the depth of 30 cm than in water running-off
the forest floor during the reference periods; on the contrary, in the 1990s concentrations of these ions
were higher in water sampled in the depth of 30 cm. In water from the depth of 100 cm concentrations
of assessed ions were of similar development like in water from surface horizons.

It can be generalized that pH increased (decreasing H' concentrations) in running-off water and con-
tents of NO,” + NH," decreased in dependence on soil profile depth. The highest SO,* concentrations
gradually shifted from surface humus horizon into underground water. During the investigation similarly
highest SO, concentrations appeared in water caught in the depth of 100 cm also in the cutting soil but
average values were principally lower than in water from soil profile under the spruce stand. Also water
enrichment by H" ions, NH,"and NO," was here lower.

In 1990 to 2000 sulphate concentrations (SO,*) dropped in bulk and soil water of the beech stand (V).

Evaluation of water chemistry of investigated sources showed, that the highest average pH values
were in water taken from the Pekelsky stream at the weir. The similar values were found in water from
the meadow brook at Kozli. Lower pH was determined in water from the forest spring and the lowest
values were in water from the field spring at Brzotice. In the period late 1970 to mid-1980s pH decrease
of different volume appeared in water of all the investigated sources. Due to soils and mantle rock in the
catchment Pekelsky stream hydrogen ions concentrations in bulk precipitation are reduced of more than
two orders (pH increment of two degrees) during run-off into water sources.

The lowest SO,* concentrations were in forest brook water already in 1973. In the 1990s concentra-
tions of these ions had increased in water of the investigated three sources, mainly in forest spring, where
in 2000 annual average was over 77 mg . I''. Average SO,*concentrations did not reach 20 mg . I'' in forest
brook water though in the same period these concentrations were overstepped in soil water. So within
the prevailing part of the catchment retention was still going on in soil underground and mantle rock
by fixing to oxides Fe and Al. Steep increment of SO, *concentrations in forest spring water indi-
cates exhaustion of this capacity in soils of spring catchment or release of sulphate ions from reversible
(unsteady) compounds into running-off water.

Water in forest brook had also the lowest NO, concentrations. Until 1984 annual averages balanced
around 1 mg . I, since 1985 they have increased onto more than 2 mg . I'. Until 1984 average annual
concentrations of nitrates in forest well water were 3.0 to 5.8 mg . I'!, increasing in next years, some annual
averages being over 15 mg . I". Until 1983 annual average NO, concentration in meadow brook ranged
between 19.7 mg . I''to 30.8 mg . I'". Until 1984 nitrates averages were between 30.4 to 60.1 mg . 1!
in spring water at Brzotice, and either in the late 1990s they did not drop below 70 mg . I'".

Concentrations of nitrate ions in forest stream water are low due to consumption of ca 10 kg N fall-
ing with precipitation in forest ecosystems of the catchment. This process is enabled by low soil leach-
ing during vegetation period. Soils in the catchment of forest spring are more textural and not so deep
and a part (2 ha) is managed agriculturally. Enhancement of NO, and NH," concentrations in soil water
together with nitrogen deposition in the late 1990s (including the year 2000) can be explained by their
release from soil organic mass during increased summer air temperatures in recent years. This could
be explanation not only for growth of nitrates contents (NO,) in forest well water but also in spring water
in fields at Brzotice.

Draining of nitrogen compounds from soil water and nitrates creation and their leaching are influ-
enced by soil (site) trophy. Whereas majority of the catchment area is formed by Myrtillo-Abietum and
Luzulo-Abietum species, spring catchment is covered by richer types (fir-beech stands). Comparison of
the 1990s average pH values of average annual S/ SO,* and N/NO,” + NH," depositions in the bulk water of
the cutting in the Zelivka object (plot III) and in the forest-free area of the Czech Hydrometeorological
Institute observatory at Kosetice shows very similar values which documents relatively balanced intensity
(measure) of air pollution within the Zelivka catchment. Different deposition volume of assessed ions with
throughfall in spruce stands is caused mainly by different mensurational stands parameters.
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Note: This contribution was elaborated in the frame of research intention MZE no. 0002070201
“Stabilization of forest functions in biotopes disturbed by human activities under changing environ-
mental conditions”.
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STUDY OF GENETIC VARIABILITY OF ELMS USING ISOENZYME
ANALYSIS

ONDREJ IVANEK, JANA MALA, JARMILA CIKANKOVA
ForesTRY AND GAME MANAGEMENT RESEARCH INSTITUTE,
156 04 JiLovISTE-STRNADY

ABSTRACT

Autochthonous stands of wych elms, European white elm and smooth-leaved elm from 10 locali-
ties in CR were sampled, and polymorphism of malate dehydrogenase (MDH), phosphoglucomutase
(PGM), leucine aminopeptidase (LAP) and phosphogluconate dehydrogenase (6-PGDH) enzymes were
investigated with isoenzyme analysis. Genetic stability of selected samples during in vitro cultivation
was also studied with this method. The results of isozyme analysis enable distinguishing among indi-
vidual elm species. No genetic changes during the in vitro cultivation were observed.

INTRODUCTION

Evaluation of natural populations depends on existence of genetic variability and its distribution
within a population. Studies dealing with plant isoenzymes and their diversity proved that endemic
and scarcely distributed species are of lower genetic diversity than those generally spread (HaMRICK,
Gorr 1989). Analogically, species geographically isolated form less polymorphic loci and lower number
of allels in locus (KarRrRON 1987). Subsequent works (HaMrIck 1992) have confirmed the assumption
that isolated populations have lower genetic diversity within the species when compared with the other
populations of the same species.

The method of isoenzyme analysis is successfully used for clone identification. This method is based
on assumption that isoenzyme patterns on zymogram of any enzymatic system can be used for unambigu-
ous characterization of a clone even without identification of corresponding genotype (CHELIAK 1993).

The oldest works dealing with elm isoenzymes (FErRET, STAIRS 1971) describe analyses of isoperoxi-
dase of Ulmus pumila species introduced into the North America. The first analyses of elms in Europe
were done by PEarcE and Richens (1977, 1984) with investigated elms naturally occurring on the British
Islands. These works affirmed polymorphism of particular enzymatic systems of some European elms
species.

MacHoN et al. (1995) used isoenzyme analysis for determination (estimation) of genetic variability
of three elms - Ulmus laevis PaLL., U. minor MiLL. and U. glabra Hups. The author presented three main
findings:

a)  Elms are partly (in certain segments of chromosomes) tetraploid.

b)  Some enzymatic systems of U. laevis form zymograms that unambiguously differ this species

from the others within the Ulmus sp. genus.

¢) Isoenzymes of elms are highly polymorphic.

Another study of MacHON et al. (1997) investigated geographical structure of the Ulmus sp. genus.
Repeated sample analyses proved high genetic diversity, high degree of polymorphism with high num-
ber of allels per locus. Interesting was low number of heterozygotes for all the enzymatic systems.
The study proved that genetic variability is determined by the variability inside regions. In contradiction,
trees from different regions are genetically very alike. Assumption that Dutch elm disease significantly
decreased their genetic diversity was not proved.

CoGoLLUDO-AUGUSTIN et al. (2000) used isoenzyme analysis for identification of natural and hybrid
elm species on the Iberian Island. Based on results of analyses the authors supported the hypothesis
that the investigated elm species (U. minor and U. pumila) were diploid and isoenzymes were of co-
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dominant heredity. The study also supports the hypothesis that each species has its own specific allels
and their characteristic distribution.

Reproducibility of the isoenzyme analysis was tested for three elms species (Ulmus glabra Hups.,
Ulmus minor GLED. and Ulmus laevis PaLL.) in this work and species identification and possible differ-
ences between isoenzymes of plant individuals and rejuvenated material in explant cultures were inves-
tigated. To further research, representative populations with characteristic morphological features were
sampled. Concerning the explant cultures, a spectrum of isoenzymes for explants and donor individuals
was compared. Isoenzyme analysis was also used for studying sets of in vitro, for longer period culti-
vated elms from viewpoint of representation of isoenzyme systems.

SELECTION AND PREPARATION OF MATERIAL

During years 1999, 2000 and 2001 plant material (dormant buds) was sampled for studying inter-
species variability by means of isoenzyme analysis. In 1999 U. laevis was sampled in the Prihonicky
park, in village Méchenice and in the Botanical garden Na Slupi. In 2000 isoenzyme analyses were
done on the sets of U. laevis taken from other localities - Kiivoklat and Biezanské valley, of U. gla-
bra from the same localities and from the seed orchard Tel¢ in the Ore Mts., and of U. minor sets
from the Drahanska ravine. In 2001 U. glabra from locality Zlin-Lukov (tab. 1) completed the study.

Clonal homogeneity or genetic stability of explant cultures was studied using clone samples of ex-
plants U. laevis and U. minor gained by induction of organogenesis on full-grown winter bud tops of do-
nor individuals after long-term cultivation. Isoenzyme analysis of these cultures was carried out in 1999
and 2001. In 1999, preliminary analysis of several clones of U. laevis and U. minor was performed.
In 2001, two clones of U. glabra from the Ore Mts. and one from the Biezanské valley, and two clones
of U. minor from the locality Litoméftice-Terezin were analysed.

Sampling 1999
Species Locality Number of samples Sampling
Prihonicky park 28
Ulmus laevis Meéchenice 6 IX 1999
Botanical garden 2
Sampling 2000
Species Locality Number of samples Sampling
Ulmus laevis Biezanské valley 6
Ore Mts:
Janov 6 X/2000
Ulnus glabra Litvinov 4 X/2000
Klasterec 16 X/2000
Kfivoklat 16 X/2000
Btezanské valley 16 X/2000
Ulmus minor Drahanska ravine 20 X/2000
Sampling 2001
Species Locality Number of samples Sampling
Ulmus glabra Zlin - Lukov 13 111/2001
Tab. 1.

Sampling of elm dormant buds
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METHODOLOGY OF ISOENZYMES ANALYSIS

Samples were homogenized with extract buffer according to WENDEL and WEEDEN (1989): tris-HCI,
saccharose, mercaptoethanol, sodium ascorbate, diethyldithiocarbamate, beef albumin BSA and PVP-40.
The isoenzymes were separated by horizontal one-dimensional electrophoresis on starch gel using his-
tidin-citrate buffer, pH 5,7. Malate dehydrogenase (MDH), phosphate glucose mutase (PGM), leucine
amino peptidase (LAP) and glucose phosphate dehydrogenase (6-PGDH) enzyme systems were stained
according to PASTEUR et al. (1988). According to increasing mobility in electrical field during electro-
phoresis the isoenzyme allels were marked as A, B, ... reflecting mobility of isoenzyme patterns, i.
e. allels and their combination, i. e. genotypes. Within chosen sets of elm samples, genotype and allelic
frequencies were evaluated for MDH, PGM and 6-PGDH enzymes. These enzymes were chosen ac-
cording to MAcHON et al. (1995, 1997). Zymograms were evaluated both by visual interpretation and in
digital manner using Pharmacia Biotech software ImageMaster.

Significance of differences among molecular-genetic characteristics of elms was tested by means
of y2-test for absolute allelic frequency on significance level o= 5 %. Calculation was done by meth-
ods of contingency tables using statistical software STATGRAPHICS.

RESULTS

In the year 1999, first orientation analyses of Ulmus laevis PALL. from Prihonicky park, Méchenice
and from Botanical garden were carried out, and uniformism of zymograms was found for these localities.
On the contrary zymograms of Ulmus minor GLED. from Botanical garden showed differences within
individual clones, especially for enzymatic system PGM.

Further measurement of Ulmus sp. sets was carried out in the 2000 and 2001 years. Due to relative
low number of samples, individual localities were not compared during evaluation of results, only indi-
vidual elm species were. At interpreting results tetrasomy was supposed for enzymes PGM and MDH
that is presented by MacHoN et al. (1995) for Ulmus sp. Results for enzymes 6-PGDH, MDH and PGM
are in tables 2 to 7 like absolute genotype and allelic frequencies. These characteristics are related to en-
zymatic systems 6-PGDH of Ulmus sp. samples from localities Biezanské valley (U. glabra, U. laevis),
Drahanska ravine (U. minor) and Kitivoklat (U. laevis) and from the Ore Mts. localities Janov, Litvinov
and Klasterec and locality Zlin-Lukov (U. glabra) (tab. 2). Genotype and allelic frequencies of MDH
from the same localities and also from Zablatska basin (U. glabra) and Prtihonice are described in tab. 3.
Tab. 4 shows genotype and allelic frequencies of PGM system from localities Drahanska ravine
(U. minor), Zablatska basin (U. glabra) and Prihonice, Podébrady and Kiivoklat (U. laevis).

Results presented in table 2 and 3 show that the low allel is always more distributed in enzymes
6-PGDH and MDH: in system 6-PGDH it is allel A, in MDH allel B. For system PGM (tab. 4) similar
conclusion cannot be unambiguously presented, but it can be stated that allels B and C are always repre-
sented more than allels A and D.

Calculation of absolute allelic frequencies onto relative from table 2 shows that allelic frequencies
of minority allel of enzyme 6-PGDH is 0 % for U. glabra for investigated sets, approximately 4 %
for U. laevis (from Biezanské valley) and 25 % for U. minor (from locality Drahanska ravine). Allelic
frequencies of minority allel MDH is 17 % for U. glabra, 17 % for U. laevis and 25 % for U. minor
(tab. 3.). Tab. 4 shows that frequencies of minority allels are approximately 4 % for U. glabra, 23 %
for U. laevis and about 25 % for U. minor.

Results of isoenzyme analysis of chosen explant clones comprised in tables 5 to 7 show genotype
difference of individual clones for enzymatic systems 6-PGDH, MDH and PGM. Similar conclusion can
be formed for enzyme MDH of investigated U. glabra sets. On the other side there is documented allelic
uniformity of each of clones, 1. e. their mutual genetic identity for observed enzymes. In this context genetic
identity of all donor trees and their explants within investigated explants can be confirmed. Genetic identity
of donor individuals and explants has proved also orientation observation of isoenzymes of LAP system.
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DISCUSSION

Calculations of relative allelic frequencies for enzymes 6-PGDH, MDH and PGM, based on data
from tables 2, 3 and 4 show that representation of minority allel (B) for 6-PGDH increases in order
U. glabra — U. laevis — U. minor, and for U. glabra allel B is not represented at all. Investigated enzy-
matic system is quite monomorphic for U. glabra, and this result can be considered as representative
regarding relatively high number of the samples. Representation of minority allel (A) increases in order
U. laevis — U. glabra — U. minor for system MDH, the less frequent allels A, D in order U. glabra— U.
laevis — U. minor are represented for PGM.

y>-test for absolute frequencies corresponding with representation of particular allels showed statisti-
cally significant differences (on level o =5 %) between U. glabra and U. minor for enzyme 6-PGDH (a
=107), between U. laevis and other two species Ulmus sp. for MDH (a = 0.008 and 0.0035) and
between U. glabra and U. laevis for PGM (a. = 0.005).

These results confirm that all quantitatively studied enzymes are suitable genetic markers for inves-
tigation of interspecies elm variability at using isoenzyme analysis.

Investigating genetic stability of explant elm clones, tables 5 — 7 show that no molecular-genetic
changes were found for selected Ulmus sp. clones within investigated enzymatic systems 6-PGDH,
MDH and PGM that would be caused by induction of organogenesis on full-grown winter buds of donor
individuals (and their subsequent, long-term in vitro cultivation).

Species Locality (number of sam- Genotype Frequen- Allele Frequen-
ples) cy cy
AA 16 A 32
Btezanské valley (16)
AB 0 B 0
AA 6 A 12
Ore Mts. — Janov (6)
AB 0 B 0
. AA 4 A
Ulmus glabra Ore Mts. - Litvinov (4)
AB 0 B 0
AA 16 A 32
Ore Mts. — Klasterec (16)
AB 0 B 0
AA 13 A 26
Zlin - Lukov (13)
AB 0 B 0
. AA 6 A 12
Kiivoklat (6)
AB 0 B 0
Ulmus laevis
AA 5 A 11
Btezanské valley (6)
AB 1 B 1
. AA 12 A 32
Ulmus minor Drahanska ravine (20)
AB 8 B 8

Tab. 2.
Genotype and allelic frequencies of 6-PGDH enzymatic system of Umus sp. sets and populations
(rare alleles are in italics)
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Species Locality (number of sam- Genotype Frequen- Allele Frequen-
ples) cy cy
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(BBBB) 4 - -
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Ulmus laevis Biezanské valley (6)
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. ABBB A 3
Prtihonice (19)
BBBB 16 B 73
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Ulmus minor Drahanska ravine (20) B 0

Tab. 3.
Genotype and allelic frequencies of MDH enzymatic system of Ulmus sp. sets and populations
(rare alleles are in italics)
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Studium genetické variability jilmi pomoci izoenzymovych analyz
Souhrn

Byla studovana geneticka variabilita autochtonnich porosti jilmu horského, jilmu vazu a jilmu hab-
rolistého. Byly odebrany vzorky z 10 lokalit CR a m&feny 4 enzymatické systémy malatdehydrogendza
(MDH), fosfoglukomutaza (PGM), leucinaminopeptidaza (LAP) a fosfoglukonatdehydrogenaza
(6-PGDH) s vyuzitim horizontalni elektroforézy na skrobovém gelu. Pro enzymatické systémy MDH,
PGM a 6-PGDH, u kterych byl zjis§tén vysoky stupein polymorfismu, byly vypoéteny genoty-
pové a alelické frekvence. Tyto vysledky umoziuji rozliSeni jednotlivych druhti jilmu. U vybranych
vzorku byla sledovana geneticka stabilita béhem kultivace in vitro, pticemz nebyly zjistény Zadné genet-
ické zmény.

Study of genetic variability of elms using isoenzyme analysis
Summary

Genetic variability of autochthonous stands of wych elm, European white elm and smooth-leaved
elm was studied. Samples were taken from 10 localities in CR and 4 enzymatic systems malate dehy-
drogenase (MDH), phosphoglucomutase (PGM), leucine aminopeptidase (LAP) and phosphogluconate
dehydrogenase (6-PGDH) were measured using horizontal electrophoresis on starch gel. Genotype
and allelic frequencies were calculated for MDH, PGM and 6-PGDH systems for which high degree
of polymorphism was found. These results enable distinguishing among individual elm species.

Genetic stability during in vitro cultivation of selected samples from 4 localities was studied
and no genetic changes were observed.
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Species Locality (number of sam- Genotype Frequen- Allele Fre-
ples) cy quency
AABB 1 A 2
BBCC 5 B 19
Ulimus Zablatska hole (14)
glabra BCCC 7 C 35
ccce 1 D
BBCC 11 A
) BBDD B 34
Prithonice (19)
BDDD 4 C 22
- - D 20
AACC 2 A 4
BBCC 3 B 16
BBDD 1 C 35
Ulmus laevis Podébrady - Huslik (15)
BCCC 7 D 5
BDDD 1 - -
CCcCC 1 - -
ABCC 4 A 5
) ABDD 1 B 5
Kfivoklat (6)
CCcCC 1 C 12
- - D
BBCC 7 A 0
BBDD 1 B 16
Ul.mus Drahanska ravine - b (8)
minor C 14
D 2
Tab. 4.

Genotype and allelic frequencies of PGM enzymatic system of Ulmus sp. sets and populations
(rare alleles are in italics)

Species Locality - clone number | Genotype Frequen- Allele Fre-
cy quency
Btezanské valley — 1 AA 10 A 20
Ulmus Ore Mts. — 3 AA 10 A 20
glabra
Ore Mts. — 5 AA 10 A 20
Litoméfice, Terezin - 33 AB 10 AB 10,10
Litométice, Terezin - 34 ) 10 - -
Ulmus Litoméfice, Terezin — 35 AB 10 AB 10, 10
minor Litoméfice, Terezin — 36 AB 10 AB 10, 10
Litoméfice, Terezin — 37 AB 10 AB 10, 10
Litoméfice, Kersko - 38 AB 10 AB 10, 10

Tab. 5.
Genotype and allelic frequencies of 6-PGDH enzymatic system of various clones of Ulmus sp.,
for 10 individuals (rare alleles are in italics) (U) - uniform zymogram
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Species Locality - clone number | Genotype | Frequency | Allele | Frequency
Brezanské valley — 1 AAAA 10 A 40
Ulmus glabra Ore Mts. — 3 AAAA 10 A 40
Ore Mts. — 5 ABBB 10 AB 10, 30
Litoméfice, Terezin - 33 AAAB 10 AB 30, 10
Litoméfice, Terezin - 34 BBBB 10 B 40
Ulmus minor Litoméftice, Terezin — 35 - 10 B --
Litoméfice, Terezin — 36 BBBB 10 B 40
Litoméfice, Terezin — 37 BBBB 10 B 40
Litoméfice, Kersko — 38 BBBB 10 B 40

Tab. 6.
Genotype and allelic frequencies of MDH enzymatic system of various clones of Ulmus sp., for 10
individuals (rare alleles are in italics)

Species Locality - clone number | Genotype | Frequency | Allele | Frequency
Biezanské valley — 1 AABB 10 AB 20, 20
Ulmus glabra Ore Mts. — 3 AABB 10 AB 20, 20
Ore Mts. — 5 AABB 10 AB 20, 20
Litoméfice, Terezin - 33 AABB 10 AB 20, 20
Litom¢fice, Terezin - 34 AABB 10 AB 20, 20
Ulmus minor Lftoméf‘%ce, Terezin — 35 AABB 10 AB 20, 20
Litom¢fice, Terezin — 36 ABBB 10 AB 10, 30
Litoméfice, Terezin — 37 ABBB 10 AB 10, 30
Litoméfice, Kersko - 38 ABBB 10 AB 10, 30

Tab. 7.
Genotype and allelic frequencies of PGM enzymatic system of various clones of Ulmus sp., for 10
individuals (rare alleles are in italics)
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