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PREFACE AND ACKNOWLEDGEMENT

Group of research scientists from Sweden visited the Czech Republic in April 27 — May 1, 2001.
Their main special involvement was concerning in coniferous tree breeding and improvement in the northern
part of Sweden. In cooperation with the Czech University of Agriculture in Prague, field excursion was
realized as first, during April 28 — 29, 2001. Day after this field excursion, special international workshop
aimed at information about problems connected with forest tree breeding and improvement both in Sweden
and the Czech Republic, was held in the Forestry and Game Management Research Institute (FGMRI)
Jilovisté—Strnady, in April 30, 2001. Themes of Swedish colleagues reports have been aimed to information
about sustainability in the long-term Swedish breeding programs, enhancing gain from long-term forest
tree breeding while conserving genetic diversity, genetic gain in current and future seed orchards and
clone mixes in Sweden, hardiness breeding of Scots pine, etc. Czech participants from both FGMRI
Jilovisté—Strnady and the Czech University of Agriculture in Prague presented information about
current stay of forest tree breeding and improvement in the Czech Republic both in general and within
the framework of current selected specific breeding programs and some important results obtained during
solution of these programs. Various other problems have been subject of discussion after presentation
of main reports, too. At the end of this common workshop of Swedish and Czech specialists, there have
been agreed plan of continuation of such common events in the future, as very important and useful method
of common information and experiences exchange, in the frame of common cooperation.

Participants of the International Workshop ,,Breeding and improvement of forest tree species both
in Sweden and the Czech Republic“organized by the FGMRI Jilovisté—Strnady, Department of Forest
Tree Species Biology and Breeding, in April 30, 2001, are

from Sweden:

Dr. Dag LINDGREN, Professor of Forest Genetics, Swedish University of Agricultural Sciences, Umea
Scientific interests: Quantitative genetics, forest tree breeding, breeding theory

Dr. Per STAHL, Research Director — Tree Improvement, SkogForsk, Uppsala

Scientific interests: Research with breeding of forestry trees, forest renewal, forest management,
nature and environmental conservation together with general development work in Sweden
and abroad

Dr. Bengt ANDERsSSON, Programme leader for conifer breeding in Northern Sweden, SkogForsk, Sévar;
Professor in Forest Genetics, Swedish University of Agricultural Sciences, Umea

Dr. Johan WEsTIN

Scientific interests: Research in Conifer Breeding Program in Northern Sweden, SkogForsk, Sévar
Dr. Jorgen HaJex

Scientific interests: Research in Conifer Breeding Program in Northern Sweden, SkogForsk, Sévar

from the Czech Republic:

Dr. Jiii SINDELAR, Forestry and Game Management Research Institute (FGMRI) Jilovi§ts—Strnady,
Department of Forest Tree Species Biology and Breeding, Division of Forest Tree Species Breeding
and Improvement, research scientist

Scientific interests: Research with breeding and improvement of forest trees, forest genetics,
preservation and reproduction of forest tree gene resources

Dr. Jana MALA, Forestry and Game Management Research Institute (FGMRI) Jilovisté—Strnady,
Department of Forest Tree Species Biology and Breeding, Division of Biotechnology, research scientist
Scientific interests: Research with use of biotechnology methods in forest tree breeding and gene pool
preservation and reproduction

Dr. Josef FrYDL, Forestry and Game Management Research Institute (FGMRI) Jilovisté—Strnady,
Department of Forest Tree Species Biology and Breeding, Division of Forest Tree Species Breeding
and Improvement, research scientist



Scientificinterests: Researchwithbreedingandimprovementofforesttrees, forest genetics, preservation
and reproduction of forest tree gene resources
Dr. Ondfej Ivanek, Forestry and Game Management Research Institute (FGMRI) Jilovisté—Strnady,
Department of Forest Tree Species Biology and Breeding, Division of Molecular Biology, research
scientist
Scientific interests: Research with forest tree species verification and identification within the
framework of isozyme analyses application, including study of site conditions influence to genetic
selection of forest tree species
Milan LsTiBUREK, MSc., Forestry and Game Management Research Institute (FGMRI) Jilovisté—
Strnady, Department of Forest Tree Species Biology and Breeding, Division of Forest Tree Species
Breeding and Improvement
Scientific interests: Breeding theory, provenance research
Dr. Jaroslav KoBLIHA, Associated Professor, Czech University of Agriculture in Prague, Faculty of
Forestry
Scientific interests: Forest tree new variety breeding and improvement, breeding theory, forest genetics,
preservation and reproduction of forest tree gene resources

We want to thank the Forestry and Game Management Research Institute (FGMRI) Jilovisté—
Strnady management, in particular to Dr. Petr ZAHRADNIK (Director of FGMRI), Dr. Bohumir LomMsky
(Vice-Director of FGMRI), for possibility to realize workshop in FGMRI Jilovisté—Strnady. Our
thanks also belong to Dr. Jaroslav KoBriHAa (Czech University of Agriculture in Prague, Faculty of
Forestry), Milan LstiBUrREK, MSc. (FGMRI) and Mr. Jifi Tomec (FGMRI) for all their help during
workshop.

Dr. Josef Frydl, Ing. Petr Novotny (Editors)



CONCEPTS AND PROBLEMS OF FOREST TREE BREEDING
AND IMPROVEMENT HAVING BEEN SOLVED BY THE FORESTRY
AND GAME MANAGEMENT RESEARCH INSTITUTE (FGMRI)
JILOVISTE-STRNADY, BRIEF SURVEY OF CURRENT RESULTS

INTRODUCTORY NOTES

Joser FRYDLY, JANA MALAY, Jiki SINDELAR"), ONDREJ IVANEK"), VACLAV BURIANEK?,
Jan KanAkY, ZpeNka PrRocHAZKovA?), MARIE BENEDIKoVA?), Lubka CizkovA?

UFGMRI Jilovisté—Strnady, Department of Forest Tree Biology and Breeding
JFGMRI Jilovisté-Strnady, Research Station Uherské Hradisté

INTRODUCTION

The FGMRI Department of forest tree species biology and breeding works according to the new
tendencies of state forestry politics that correspond with the international settlements connected with
resolutions of the world ecological and forest conferences (10th World Forestry Congress, Paris 1991,
Conference about forest regeneration in Europe, Strasbourg 1991, Conference about environment,
Rio de Janeiro 1992 and Helsinki 1993). These settlements, fulfilment of which was recommended
to the governments of the individual countries, involved programmes of cooperation on international
level especially in breeding research and in research and solution of complex problems of preservation
of gene resources of forest tree species. On the base of these programmes the original tree species
biodiversity could be restored and stabilized in the vast biocenology regions and above all in the areas
damaged by industrialization or large exploitation (e. g. EUFORGEN programme, etc.).

The complex programme of forest tree species breeding is the principal research activity
of this Department in the frame of which forest trees species variability is studied in relationship
to geographical variability, adaptation abilities to the site and anthropogenic load. At studying the variability,
except the classical methods (provenance trials, hybridisation projects, verification of progeny of certified
reproduction material), the new methods of molecular biology (isozyme analyses, DNA analyses)
are used that enable to get more reliable information about the genome of forest tree species in any stage
of forest tree species development. The breeding programmes elaborated for the particular woody species
are focused not only on necessity to preserve genetic variability of populations (declaration of gene bases,
establishment of seed orchards and clonal archives) but also on solution of projects aimed at increase
of quality, production and resistance of woody species. For the breeding also the long-term international
plots are used. The breeding processes usable for biodiversity preservation are studied in details and new
biotechnological methods for micropropagation of forest tree species are searched. The research of genetic
manipulations is oriented to the use of transgenic forest tree species in forest breeding. This complex
breeding programme includes also the partial programmes solving optimisation of using the generative and
vegetative reproductions of gene resources of deciduous and coniferous tree species. Finally the conception
of the Department involves the complex programme of preservation of forest diversity and prognosing
of forest development.

The FGMRI is the main working place of the branch forestry research in the CR, in a long-term
perspective it continuously guarantees the complex development of the research and expert activities in
above mentioned forestry fields. It ensures also the information on the level of knowledge abroad, and
their application in conditions of the CR. The results of the FGMRI work can be used in forming and
realization of the goals of forestry policy in CR, and fulfilling of the international resolutions signed in
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forestry branch. In accordance with the Pan-European process, the main attention in the FGMRI is focused
on improvement of the state of forest ecosystems, and biodiversity increase in the forests, maintenance of
productive forest function, and development of the non-productive forest functions. The problems mentioned
are successfully solved in the FGMRI for several decades, in frame of the research projects and consultation
and expert activity (the research institute was established in 1921). During the time close cooperation
to other similarly oriented institutions abroad was bound.

GENETICS AND FOREST TREE BREEDING AND IMPROVEMENT

Workload and main orientation of Forest Tree Species Biology and Breeding Department have primarily
been devoted to collection of basic information about economically important forest tree species, including
solution of other specific problems connected with study of genetic variability, gene pool preservation
and reproduction treatments, intensive breeding programmes realization with support and use of modern
progressive methods of biotechnology and molecular biology. In the frame of increasing the stability
and productivity of forest ecosystems, the genetic variability of forest trees species (mainly Norway spruce
— Picea abies (L.) KarsT., Scots pine - Pinus sylvestris L., European larch - Larix decidua MiLL.,
European beech — Fagus sylvatica L., oaks — Quercus sp., ashes — Fraxinus sp., including some
of introduced species, as e.g. Douglas fir - Pseudotsuga menziesii /MIRBEL/ FRANCO), Japanese larch - Larix
leptolepis /SiEB. et Lucc./ Gorb., etc.), is studied in relationship to their geographic variability,
adaptation abilities to site and civilisation load. Besides the classical methods (provenance trials,
hybridisation projects), new methods of molecular biology (e.g. isozyme and DNA analyses) are used
for the study of genetic variability, which enables to acquire information about the genome of forest tree
species much faster. In the Czech Republic, breeding programmes elaborated for individual coniferous and
broad-leaved forest tree species are focused above all on preservation of genetic variability of populations
(declaration of gene bases, establishment of seed orchards and clone archives). Breeding processes that
can be used for biodiversity preservation are studied in details as well as new biotechnological methods
for micropropagation of forest trees species are searched. The target of breeding, as the practical application
of knowledge from forest genetics in forestry practice, is to form and recommend the suitable populations
and verified improved assortments of forest tree species for practical use.

To be breeding and improvement activities continuity assured, it is necessary to get on with another
research of genetic variability of forest tree species (testing of progeny, provenance research), including
use of modern diagnostic methods (biochemical and genetic analyses of isozymes, including DNA
analyses). As well, it is necessary to get on with realisation of other hybridisation programmes
being aimed mainly to heterosis effect achievement (i.e. better both qualitative and quantitative
properties of hybrid progeny as compared with characteristics of parental partners). Also, another
research of vegetative ways of forest tree species propagation should be realized having been aimed
especially at improved and verified populations and cultivars propagation, beside other methods also
within the framework of biotechnology methods use. With aim to abridge procedures of breeding material
verification, it is necessary to maintain research of early diagnostics (early tests), too. As for methods
to be used for evaluation of results from both measurement and assessment of tested material, including
new methods of research and experimental plots establishment, more effective ways and methods
will be used, commensurate beside other methods also with new applications of mathematical statistics.

Realization of projects pertinent to actual assignments of forest tree species breeding and improvement
contributes for acquirement of further findings concerning genetically conditional variability of examined
species, with respect to fact, that in case of some of those species first findings of this type will be achieved
by this way, what so ever. In practical terms, achieved findings can be used within the framework
of refinement of reproductive material zoning, e.g. it will be possible to use an information about genetically
conditional traits and properties of partial populations (sources of reproductive material as seed orchards,
forest stands certified for seed collection, etc.) for their selection and enlistment of the best of them
to the category of tested sources of reproductive material (category T according to EU classification).
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As for another practical utilisation of results achieved, there is necessary to mention proposals
for using of both genetically valuable populations and verified improved varieties in forest practice,
proposals of treatments aimed both at increasing of forest ecosystems stability and improvement of forest
stands volume production, including proposals of treatments aimed at salvation and preservation
of valuable and threatened populations in the course of maintenance of desirable level of biodiversity.
Results of both current and other research activities have contributed to solution of problems connected
with alterations and renewals of forest tree species composition within the framework of expected
potential climatic changes.

FOREST TREE BIOTECHNOLOGY

The research tasks in relation to forest tree biotechnology are solved in the Department of Tree Species
Biology and Breeding of FGMRI. Traditionally, the research in the Department is focused on establishment,
verification, and standardization of explant cultivation technologies of almost all forest tree species growing
in the CR including introduced ones that are important from the point of view of forest breeding. The tasks
tightly connected with the endangered forest tree species micropropagation form the priority in research
projects: the explant representatives are inventoried in the Bank of Explants, which was established under
the subvention of the World Bank in 1996. Actually, there are 30 forest tree species and 5 endangered
species important for forest biodiversity such as Adenophora liliifolia and Daphne cneorum preserved
and stored in the Bank. Moreover, the Bank is utilized for international gene resources exchanges
and comparative research studies.

The application of in vitro autovegetative propagation and cutting in special breeding programmes
represents the further research of the Department. The individuals expressing suitable properties are widely
or individually selected, propagated, and transferred in synthetic multiclonal mixed populations directly
determined for forestry practice. Simultaneously they also represent a source of plant material required on the
base of European international agreements by forest renewal and maintenance programmes. Establishment
of synthetic populations needs steady monitoring of ontogenetic development of micropropagated material
and its capability to adapt onto different natural environments. The high efficacy in the production of genetic
stable populations is possible to ascertain only by the above mentioned strategies.

Micropropagation technologies elaborated on the base of research activities of the Department
are utilized for reproduction of improved and selected plant material such as for late budding oaks
and for genetic manipulations aimed at creation of required genotypes (the Department possesses the valid
license for GMO).

MOLECULAR BIOLOGY

Genetic variability of organisms is studied in different ways. Among the most important objects
of these studies in the field of forest trees are molecular genetic markers, especially isozymes and DNA.
Isozyme laboratory in FGMRI (founded with benefit of the World Bank in 1997) has started its activity
with investigation of Pica abides population from the Ore Mts. and Giant Mts. Populations of different
geographic origin and tolerance to environmental stress were studied and significant differences
in molecular genetic characteristics were found here. The results obtained were then utilized in further
research of the Pinus sylvestris and Pinus mugo populations. Molecular genetics of broadleaves
was also studied for Alums and Tulia sp.

Isozyme laboratory in FGMRI is also engaged in standardization of methodology. Genetic
structure of forest trees populations in relationships to various geological, soil and climatic factors
is also intensively studied and genetic identification of native trees, orchards and nurseries is pursued.
In future, these research activities will continue more extensively and attention will be paid to the
comparison of autochthonous and allochthonous populations in different stand conditions using
isozyme analysis.
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At the same time, DNA laboratory in the FGMRI is starting its activities, enabling further molecular
genetic research, especially the identification and comparison of individuals and populations.

FOREST TREE SEED MANAGEMENT

The forest tree seed management research is closely related to the genetics and breeding of forest
tree species. In last 10 years the research has been focused mainly on methods for the pre-sowing
treatment (stratification with and without substrate) of seeds of both conifers (4bies, Picea, Pinus
and Larix) and broadleaves (Fagus, Acer and Fraxinus) to improve seedling emergence in forest
nurseries. Other studies dealt with seed-borne diseases and integrated pest management research
and methods for quality testing of dormant seed (beech and fir). Since 2000 the research has
concentrated on quality of seeds from seed orchards and factors influencing the quality of acorns
and beechnuts during their storage. The results of the forest seed management research have been
widely used in forest nurseries and at the Czech Tree Seed Plant at Tynisté nad Orlici.

There was set up a place of work at Research station at Uherské Hradiste, which dealt with broadleaved
trees breeding and improvement, particularly with poplars and willows. Activities focused on testing
of imported cultivars from European assortment and also on hybridisation of perspective parents,
as far as balsam and black poplars are concerned. There were evaluated different characteristics in clonal
test in relation to the stand, and breeding regionalization was developed including recommended breeding
technology. The final test results ended in creation of Recommended clone assortment for the Czech
Republic. Another next testing of new clones produced in Europe has been running now. There were put
together a method of clone identification in stage of young plant and a method of generative production and
rules for handling seeds. A huge breeding programme started with white poplars focused on producing
and testing hybrids both suitable as ameliorating trees and good in stands under air pollution stress.
The excellent clones are selected and used in reproduction in vitro.

Promising phenotypes and genotypes to be tested have been collected in the unique clonal archives
at Research station Uherské Hradisté. The archives include also a gene pool of both European and extra-
European willows. Number of clones is evaluated in clonal tests designed like short rotation woody
crops plantations for biomass production. The extraordinary value of the archives lies in conservation
of endangered native poplars.

Representative draft of results achieved and applied within the framework
of Genetics and Forest Tree Species Breeding and Improvement

- The first information were gathered for classifying the selected partial populations of Norway
spruce (category A stands) into the set of units certified for seed crop in accordance with the
EU legislative.

- For further verifying the method of incomplete diallel hybridisation seems to be perspective according
to the methodological experiences acquired from foundation and evaluation of the research plots
with larch progeny from hybridisation programmes incl. the plots with the progeny from diallel
hybridisation assessed in 2001. The method is of concern when a set of trees (clones) is verified by
hybridisation with several, for example four testing trees (clones).

- Both high economical value and considerable adaptation ability have been certified and approved in
case of both autochthonous and allochthonous populations of European larch (Sudeten ecotype).

- On the base of DBH and height growth evaluation, together with results of volume production
evaluation, there have been achieved new findings concerning silver fir genetic variability in
relation to selected natural forest regions. As outputs are proposals for use of silver fir reproductive
material in forest practice, especially in the frame of silver fir reproductive material sources
zoning.
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On the base of first results connected with European larch seed orchards progeny evaluation,
it has been achieved first information available for preparation of proposals to enlist selected seed
orchards among tested sources of reproductive material, in accordance with the EU legislative.
Positive prospects of Douglas fir, grand fir and partially also noble fir have been certified and approved
for the Czech Republic forest management. On the base of provenance plots evaluation, proposals
to eventual import of these forest tree introduced species have been presented.

Considerable economical value of European beech and silver fir from the Carpathian regions of the
Slovak Republic, comparable with material from Hercynian—Sudeten regions of the Czech Republic,
have been certified and approved by provenance tests. On the base of results achieved, it was possible
to propose to import reproductive material of mentioned species from the Slovak Republic, in case
of Czech local reproductive material deficiency.

New findings about growth of both pedunculate oak (Quercus robur L.) and sessile oak (Q. petraea /
Mart./ LieBL.) provenances. New findings about fructification of Slavonian ecotype of sessile oak in seed
orchards. First phases of this species reproductive sources (seed orchards) verification. Further phases
of another species of oaks inventory have started.

List of recommended well-adapted clones of black and balsam poplars was published after
evaluation of yield in different site conditions in the Czech Republic.

Clones of Populus tremula and Populus tremuloides were tested in general and specific combining
ability and the best parents were selected to gain high-performed progenies for reforestation.
Principles of forest tree species reproductive material zoning have been drafted and applied
as follow-up application in the Czech Republic forest management legislation.

Conceptions for treatments of forest tree species preservation and reproduction (selection, establishment
and management of gene bases, certified seed stands, elite trees, seed orchards, clonal archives) have
been drafted and applied in the Czech Republic forest management legislation.

Practical and continuous realization of treatments oriented to preservation of local autochthonous
populations well-adapted to local site conditions, especially by selection, establishment and management
of gene bases. In current time, there is registered almost 80,000 ha of gene bases for all important forest
tree species, in the Czech Republic, in accordance with forest management legislation.

Drafting of conception principles for treatments aimed at suitable forest tree species distribution
in the Czech Republic

Proposal of general conceptions for ensuring of suitable and valuable forest tree species reproductive
material for the Czech Republic forest management

Within the framework of molecular biology research, first results were obtained in the field of research
of relationships between the genetic structure of forest trees populations and stand (environmental)
conditions.

Forest trees populations were studied using isozyme analysis. Genetic variability of several
tens of Picea abies populations from 15 Natural Forest Areas in Czech Republic was investigated.
Populations of other forest trees (Pinus, Ulmus, Tilia sp.) were also studied. Results from isozyme
analyses of populations with forest stands damaged by industrial immissions (Ore Mts., Jizerské
Mts., Giant Mts.) or pathogens (Orlické Mts.) were evaluated. Genetic stability of Ulmus sp. explants
was measured and reproductive material from orchards and nurseries was identified using isozyme
analysis.

Realized forest seed management research results include especially improved methods for determining
seed quality and health testing, determination of methods for short and long-term seed storage,
determination methods for seed pre-sowing treatment (e.g. chilling without substrate), etc.
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TREE BREEDING TOOLS (TBT)

“Arker” assisted selection

DAG LINDGREN
SwEeDISH UNIVERSITY OF AGRICULTURAL SCIENCES,
DepPT. oF FOREST GENETICS AND PLANT PHYSIOLOGY

SUMMARY

The web site “Tree Breeding Tools” is a service to make programs and other tools available
for downloading. Most “tools” are related to Forest Tree Improvement and Forest Tree Seed Orchards,
and in particular applications in quantitative genetic theory for tactic and strategic decisions I have
been involved in. Collaborators or me (or both) have constructed most of the programs offered. It is my
hope that this service will improve forest tree improvement and result in improved future forests,
which hopefully will contribute to a better future World!

Programs on TBT aim at domestication of matters like:

— Group coancestry

—  Group merit

— Status number

— Gene diversity

— Group merit selection

— Number of experimental sites

— Adaptation versus range (zone size)

— Effective population number (status number) of seed orchard crops

— Genetic management of seed orchards

— Linear deployment

— Selection intensity and other features related to normal distribution

— Copies of genes dropped through a genealogy

— Night-length

— Prediction of temperature and heat sums

— Gene diversity and gain as function of breeding strategy, genetic parameters, cost and time in short-term
and long-term breeding, etc.

The programs together address key problems in forest tree breeding: how to combine information
on environment, breeding value, genetic parameters, gene diversity, time, cost and technique into efficient
tactic and strategic breeding decisions. There are tutorial examples and programs in the site (sometimes
within the programs) to help understanding and learning the programs and concepts at TBT.

The web structure can be found via http://www.genfys.slu.se/staff/dagl. Tree Breeding Tools is the most
important part of this structure, which can also be approached directly at http://www.genfys.slu.se/staff/
dagl/Breed Home Page/
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GENETIC GAIN FROM EXISTING AND FUTURE SEED ORCHARDS
AND CLONE MIXES IN SWEDEN

BeENGT ANDERSSON, OLA ROSVALL
SkocFoRrsk, Box 3, SE-918 21 SAVAR, SWEDEN

SUMMARY

Genetic gain in production per hectare was predicted to support decisions on the establishment
of third-round seed orchards of Pinus sylvestris, Pinus contorta, Picea abies and Betula pendula in Sweden.
Initially, genetic gain was calculated for existing seed orchards and clone mixes, together with the additional
improvement possible by genetic thinning. Thereafter, calculations were made of the potential additional
gain for the two coming rounds of seed orchards and clone mixes, and the time at which the gain could be
realized for each seed zone. The predictions were based on genetic parameters summarized from hundreds
of genetic field tests throughout Sweden.

The gain refers to the genetic level of the unimproved base populations (natural stands). Further, ideal
functioning of seed orchards and clone mixes were assumed, e.g. panmixia, equal contributions from clones
and no background pollination. As a simplification, gain is presented for only one character, i.e. production
per hectare. In reality, an index of many traits is used, including, e.g. survival and stem quality. The gain
in survival was also predicted for Scots pine orchards intended for localities with a harsh climate. All gain
predictions took into account a sufficient genetic variability in the production populations.

In general, the genetic gain of current seed orchards is 10 — 25 %, and can reach 20 — 25 % in all new
third-round orchards. The possible gain from thinning is 2 — 3 %, which is half of the theoretical level, and
can be attained only in the most closely spaced orchards. The next step of improvement will yield a 35%
gain for orchards established in 2015 — 2020, or as early as 2010 in some cases. Clone mix gains are of the
same magnitude as for seed orchards, but can be realized sooner in commercial planting stock.

REFERENCE

RosvaLL, O., Jansson, G., ANDERSSON, B., Ericsson, T., KarLssoN, B., SONEssoN, J., STENER, L. G.:
Predicted genetic gain from existing and future seed orchards and clone mixes in Sweden. In:
Proceedings from the meeting of the Nordic Group for Management of Genetic Resources of
TRrEES, 23—27 MaRcH 2001, FINLAND.
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DO THE HIGH GROWTH PERFORMANCES IN SOUTHERN AND SELECTED
POPULATIONS HAVE SIMILAR PHYSIOLOGICAL BASES?

JoHAN WESTIN
FORESTRY RESEARCH INSTITUTE OF SWEDEN

INTRODUCTION

Seed sources, growth rhythm and frost hardiness

Growth rhythm and frost hardiness dynamics are important traits, with a strong influence on growth
performance in boreal climates. Through the on-going process of adaptation, many tree species have
developed natural populations that show enhanced fitness under specific environmental conditions.
In Norway spruce (Picea abies (L.) KarsT.) the origin of the seed source is known to influence various
aspects of growth rhythm and development of frost hardiness. Therefore, in artificial reforestation the origin
of the seed source may influence growth.

There are three types of seed source origin for Norway spruce. They may be: 1. local seed sources
collected from trees with similar origins to the planting site, 2. transferred seed sources collected from
trees of a different origin than the site (i.e. differing in latitude or altitude), 3. seed sources from clonal seed
orchards composed of plus-trees, selected for superior height performance. The third alternative
may be subdivided into specific seed sources produced on trees that have been transferred to environments
more or less different from the original environment.

Transferred natural stand seed of Norway spruce and seed produced in seed orchards are commonly
used in Swedish forestry. In Sweden transferred natural stand seed has been used on a large scale since
the 1950s and seed orchard seed from the 1960s. The use of seed from non-local sources is motivated
not just by seed quality considerations, but also by its potential to establish highly productive stands
(Anon. 1993).

The migration history of Norway spruce after the latest glaciation involves a northward migration
of spruce, from refuges in Central and Eastern Europe, to northern Fennoscandia (Scamipt-VoaGTt 1977).
Further migration in Scandinavia occurred mainly from north to south. It is commonly stated that the
migration pattern of spruce in Fennoscandia has affected growth rhythm and hardiness and that the
present clones in these characters are remnants of the migration history.

When natural Norway spruce populations with different seed origins are evaluated at a set location, seed
sources transferred northward show increased height growth (WorrALL 1975, SKrR@PPA, MAGNUSSEN 1993),
and later flushing (WorraLL 1975) with similar survival rates (RosvaLL, Eriksson 1981) compared with
populations of local origin. Similarly, progeny of selected plus-trees tend to show higher growth potential
(Jonnsen 1989, Skr@ppa, JOHNSEN 1999, KarLssoN 1999) with the same survival rates as compared
with local seed sources.

The main objective with this study of seasonal rhythm of growth and hardiness was to characterise
the dynamics of growth and hardiness in local, transferred and selected seed sources.

Shoot growth in conifers

Shoot anatomy and bud morphology of most genera, and many species within the Pinaceae,
have been thoroughly described and show strong similarities. A common zonation pattern exists within
the apex although differences occur in the absolute size of the apex and the relative size of the cytological
zones between individuals and species (BURLEY 1966). In the genera Picea and Abies a crown
exists in the anatomy of the buds (PARKE 1959, RoMBERGER 1963 ), which appears to be a feature of some
importance in the process of extra-organ freezing.

The initiation and development of primordia in the apical meristem have previously been described
in Pseudotsuga menziesii by OWENs (1968), in Picea glauca by OWENs et al. (1977) and in Picea abies by
Hejnowicz, Obarska (1995). Generally, budscales and needle primordia are initiated in the peripheral zone
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of the apical meristem. A change from bud-scale initiation to needle initiation occurs at the completion of
shoot elongation. The initiated primordia enlarge, after an initial period of division in all planes, through
divisions in an intercalary meristem and by cell enlargements throughout the primordia. The number and
shape of all foliar organs initiated in buds of mature trees can generally be determined before dormancy.

After dormancy the bud scales generally undergo no noticeable enlargement, but the needle
primordia begin to mature at different times and at different rates. Maturation occurs basipetally
and starts before the needles are fully elongated, simultaneously with divisions in the intercalary
meristem. Maturation of needles continues throughout the entire growing season and is promoted
by warm temperatures. The degree of maturation of needles affects various features, for example,
the thickness of the needle cuticle, which may increase the ability of the needle to withstand drought
stress in winter (Tranquillini 1979, Vanhinsberg, Colombo 1989).

The developmental stages as indicated by the morphological development before and after dormancy,
are not definite. For instance, in mature trees of Picea abies, bud scales may be initiated both in late autumn
and in spring (HEmwowicz, OBARsKA 1995). In one-year old seedlings of Picea sitchensis, with delayed bud
development in autumn, a small number of needle primordia may also be initiated during the first part
of the elongation phase in spring (BURLEY 1966).

Furthermore, developed organs may be transformed, as bud scale primordia may elongate from broad
and flat needle-like structures during the change from sylleptic to proleptic free growth with increasing
age (WueHLISH, Muns 1986).

All initiated needle primordia are attached to the pith rib-meristem, through the peripheral zone, along
the axis of the embryonic shoot. The role of cell division and cell elongation in lateral shoot elongation
have previously been described in Pseudotsuga menziesii (OWens et al.1985) and in Picea engelmannii
(Owens, SmvpsoN 1988). Generally, the preformed undifferentiated pith cells in the pith rib-meristem start
to divide and elongate after dormancy. Early shoot elongation before flushing results from a rapid increase
in mitotic activity in the pith rib-meristem, whereas late shoot elongation after flushing results from cell
elongation. Shoot elongation as a whole results in increased mean stem-unit length. In Picea engelmannii,
elongation of the original pith cells has been found to account for less than 15 % of the final lateral shoot
length. The remaining increase in shoot length was due to cell divisions and similar elongation in the length
of the resulting daughter cells. Considering the overall similarities in shoot anatomy within the Pinaceae,
the original pith cells and daughter cells seem likely to make similar relative contributions to final shoot
length in Picea abies.

Cell division in plants takes place in meristems, where cells pass through and between the different
stages of the mitotic cell cycle. After cytokinesis, the cell passes through G1 and at a specific point late
in G1, the fate of the cell is decided from one of four fates; to divide, arrest, differentiate, or senesce
(JacoBs 1995). In addition to the decision point, checkpoints exist between the different phases where
the conditions are checked before the cell cycle proceeds. Specific regulators control the checkpoints
and the presence of these regulators in non-dividing plant cells may confer upon them mitotic
competence. The developmental plasticity of plants suggests that an intermediate, developmentally
metastable phase (GO0), between proliferation and terminal differentiation, may exist in vegetative
plant cells (JacoBs 1995).

The number of cells produced in a meristem during a year is dependent on four cell cycle
parameters: the frequency of cells undergoing mitosis, the rate of cell division, the size of the meristem,
and the duration of cell cycle activity.

The frequency of cells undergoing mitosis, as expressed by the Mitotic Index (MI), is the most frequently
and readily used cell cycle parameter (GroB, OWENs 1994). In mature trees, MI has been related to the
developmental stage of vegetative buds (Owens. MoLper 1973) and water relations (OWeNs et al. 1985,
Owens, Sivpson 1988). Based on these relationships, and similar relationships occurring in seedlings, MI
represents a powerful tool that can be used to describe cellular conditions in apical meristems throughout
the seasonal growth cycle.
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Fig. 1.

Embryonic lateral shoot of Picea abies (origin 60° 35’ N) collected in a field test at Savar
(63° 54’N, 20° 33’E, alt. 10 m) on June 2, 1997. Atthe top is the apex, in the middle are elongating
preformed needles and the pith rib-meristem, and below these is the crown. The vertical line
indicates 1 mm. (Courtesy P. HorsTeDT, Dept. of Pathology, Univ. of Umea, Sweden)

Fig. 2.

Apex of a terminal lateral shoot in Picea abies (Clone 115, origin 63° N) collected in a field test
at Savar (63° 54’ N, 20° 33’ E, alt. 10 m) in November 1995 (Courtesy P. HorsTeDT, Dept.
of Pathology, Univ. of Umed, Sweden)

The relationships between MI and other cell cycle parameters are not consistent, and a change
in MI does not necessarily indicate changes in factors such as the rate of cell division. For instance, in
roots of Zea mays the length of the mitosis phase is not extended in proportion to the length of the
cell cycle (CLowes 1960), whereas in roots of Vicia faba all stages of the cell cycle are reduced
proportionally with lowered temperature (MurIN 1981). In addition, cells in different zones of a
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Embryonic leader shoots of Picea
abies (origin 63 oN) collected in a fi-
eld test at Savar (63°54°N, 20°33°E,
alt. 10 m) on August 28 (top), Sep-
tember 30 (middle) and October 23
(below) in 1998. The horizontal
lines indicate 1 mm. (Courtesy P.
HorsTeDT, Dept. of Pathology, Univ.
of Umea, Sweden)

meristem may show varying and independent rates of
cell division and MI (Crowes 1960). Furthermore, it
is obvious that large meristems tend to produce more
cells than small meristems, but meristem size is in turn
dependent on the rate of cell division and the frequency
of cells undergoing mitosis.

The duration of cell cycle activity is species-dependent
and varies between organs and tissues. In conifers with
a distinct dormancy phase during winter, cell division
resumes in the apical meristem in spring. In the embryonic
shoot, cell division starts first in the needle primordia
(Hemowicz, OBARSKA 1995) then spreads to the peripheral
zone, the pith rib-meristem and, lastly, the apex. In autumn,
mitotic activity ceases first at the apex, then in needle
primordia and internodal tissues, and finally in the
youngest needle and bud scale primordia (Owens 1968,
Hemowicz, OBarskA 1995). In the meristem of elongating
organs, e.g. in needles and the pith rib-meristem of shoots,
cell division occurs as long as the organ elongates (OWENs
1968, HEmowicz, OBARSKA 1995).

MATERIAL AND METHODS

The studies were performed in two non-juvenile Norway
spruce field tests at Sdvar (63° 54’ N, 20° 33’ E, altitude
10 m) in northern Sweden. In one field test seasonal changes
in photochemical activity, mitotic index and cold hardiness
of three clones of Picea abies were investigated. In the
other field test seasonal changes in photochemical activity,
mitotic index and cold hardiness were studied on natural and
selected populations (progenies from selected plus trees). In
both field tests the actual number of stem units (needles)
produced by the apical meristem were studied by counting
the number of needles on shoots the following year. The
importance of duration of mitotic activity for production of
stem-units (needles) was evaluated.

RESULTS AND DISCUSSION

Initiation of growth in spring

In early spring (April) the levels of apical mitotic
activity, as expressed by the mitotic index (MI), increased
rapidly in all populations. The high levels of mitotic activity
appeared not to be influenced solely by temperature,
as previous periods with relatively warm temperatures had

no apparent effect on MI levels. The results indicate a synchronous release of a cell cycle blockage.
Previous studies of MI in Pseudotsuga menziesii (MirB.) FRanco (OWENS, MOLDER 1973), Fraxinus
excelsior (CotTIGNIES 1979) and Abies balsamea (MELLEROWICZ et al.1989) indicate that the cell cycle
is blocked during autumn in the G1/S boundary.

After the short characteristic period in early spring, with high levels of apical mitotic activity
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in all populations, the activity levels decreased in all populations. In mid spring, mitotic activity levels
tended to increase again, following a gradual increase in temperature. The mitotic activity levels appeared
to be mainly dependent on temperature. However, an effect of population origin was also seen, as northern
populations showed higher MI levels than southern populations, indicating an earlier start of growth
in the northern population. Furthermore, differences in MI levels indicated that growth started later in
one of three clones of similar origin studied, than in the other two. The MI levels in spring appeared
to reflect variation in temperature and population origins, but no effect of selection was detected.
The results are in accordance with those of CANNELL, WILLETT (1975) who showed that between both
P. sitchensis and P. contorta populations, northern populations initiated apical meristematic activity before
more southerly ones.

Overall, the results from spring indicate a genetic variation in initiation of growth, both among
populations and among clones of similar origin. Initiation of growth tended to start later in populations
of southern origins than in those of northern origins, and differences in initiation of growth were observed
among clones of similar origin. After growth had been initiated, further development of growth in spring
was influenced by an increase in temperature. Variation among populations in initiation of growth could
not be explained solely by different temperature requirements for initiation and, therefore, other factors
appeared to be involved. Generally, the different parameters that were used to show different aspects
of the dynamics of growth in spring appeared to give similar results, which indicate that they may be used
interchangeably.

Dehardening in spring

The results on dehardening in spring indicate a genetic variation in dehardening, both among
populations and among clones of similar origin. In all populations dehardening tended to progress from
very high hardiness levels in mid-April down to low summer hardiness levels in late May or early
June. Populations of northern origins dehardened slightly earlier than populations of southern
origins and a difference in dehardening between clones of similar origin was evident. Selection resulted
in a slightly later dehardening in selected populations than in comparable natural populations. Variation
among populations in initiation of dehardening could not be explained solely by differences in temperature
requirements for dehardening. Thus, other factors appear to be involved. After dehardening had been
initiated, further dehardening was promoted by increasing temperatures.

Conclusions regarding spring events

Taken together, the results on growth and dehardening in spring indicated genetic variation both among
populations and among clones of similar origin. Initiation of growth and dehardening tended to start later
in populations with southern origins than in populations with northern origins. Early initiation of growth
appeared to be related to early dehardening among clones of similar origin. Furthermore, selection appeared
to result in a later start of growth and a slightly later dehardening than in natural populations of similar
origin. Variation among populations in initiation of growth and dehardening could not be explained solely
by differences in temperature requirements, so other factors are likely involved. However, after growth and
dehardening had been initiated, both processes were promoted by increases in temperature.

Cessation of growth in autumn

Apical mitotic activity in autumn, as expressed by MI, ceased earlier and declined more sharply in
populations of northern origins than in populations of southern origin. Cessation of diameter growth
showed no relation to the duration and level of apical MI. Among the studied clones no consistent
difference in mitotic index (MI), either in period or in general levels was observed. Cessation of apical
mitotic activity occurred later in selected populations than in natural populations of similar latitudinal
origin, indicating there was either an effect of plus-tree selection or a long-lasting effect of the seed
orchard environment (JOHNSEN 1989a, b) on the timing of growth cessation. Cessation of mitotic activity
appeared to be influenced by population origin, whereas the effect of temperature was unclear as the
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response of mitotic activity to temperature differed in spring and autumn. The results are consistent
with results presented by CanneLL, WILLETT (1975) showing that the point at which apical growth
slowed down in autumn was closely correlated with latitude of seed origin. Altogether, the results on
growth cessation in autumn indicated genetic variation in cessation of growth both among and within
populations. Cessation of growth occurred later in populations of southern origins and then in those
of northern origins, and a selection effect on cessation of growth was observed. Generally, the
level of mitotic activity in autumn was influenced by temperature, as both the production of NSU and
MI levels appeared to decrease with decreasing temperature. However, the influence of temperature on
cessation of mitotic activity turned out as small.

Hardening

In autumn, the frost hardiness levels of needles, as expressed by the Fv/Fm-ratio after freezing,
gradually increased from early September to late October. Northern populations hardened earlier than
southern populations but no selection effects were observed. Furthermore, a difference in frost hardiness
levels was observed among clones of similar origins, as frost hardiness developed 1 - 2 weeks later
in one of the three studied clones. The rate of hardening appeared to be most rapid when the daily
mean temperature fell to near or below +5 °C but was not related to the occurrence of frost. Northern
populations were more frost resistant than southern populations, indicating a response to photoperiod.

Conclusions regarding autumn events

Altogether, the results on growth and frost hardiness development in autumn indicated genetic
variation in cessation of growth and frost hardiness development, both among populations and among
clones of similar origin. Generally, cessation of growth and frost hardiness development tended to start
later in populations of southern origins than in populations of northern origins. In non-juvenile trees both
the level of mitotic activity and the level of frost hardiness in autumn appeared to be influenced
by temperature. However, the level of frost hardiness in needles appeared to be affected by both
temperature and day length, whereas cessation of growth in buds appeared to be mostly affected by day
length. Prolonged MI activity in autumn may be associated with a higher risk of frost damage to buds.
In contrast, in juvenile seedlings strong correlations appeared to exist, at the population level, among
growth cessation traits and frost hardiness levels.

CONCLUDING REMARKS

The results indicated genetic variation in initiation and cessation of growth, as well as in initiation
of dehardening and hardening, both among populations and among clones of similar origins.

Natural populations of southern origins tended to initiate growth and dehardening later in spring
and to start growth cessation and hardening later in autumn, than populations of northern origins. Natural
populations transferred more than approximately 3° in latitude showed poor growth performances mainly
because they had lower numbers stem-units. Based on these findings, the prolonged mitotic activity
observed in southern populations seems to be of ambiguous value, since it may increase the risk
of frost-related bud injuries rather than increase of the amount of stem-units produced.

Progenies of selected plus-trees showed a later start of growth and slightly later dehardening
in spring. Growth cessation occurred later in juvenile seedlings of selected populations. Furthermore,
in non-juvenile trees of selected populations MI activity was prolonged, compared with natural
populations of similar origin. Needle frost hardiness levels in selected populations were similar to those
of natural populations of similar origin. Selected populations of northern origins tended to produce
more stem-units than natural populations of similar origin. Growth and hardiness performances
of southern populations and of selected populations of local origin appeared, at least in part, to have
a similar physiological basis.

In spring, initiation of growth and dehardening appeared to be correlated with the later occurring

22



bud burst both among populations and among clones, indicating that the present use of bud burst is valid
and practical indicator of growth initiation. Initiation of growth and dehardening could not be solely
explained by temperature.

In autumn, juvenile traits on juvenile seedling such as bud set, height growth cessation, degree of shoot
lignification or frost hardiness level appeared to be possible indicators of growth cessation, at least at the
population level. In non-juvenile populations, the amount of shoot growth appeared not to be correlated
with duration of mitotic activity. Therefore, in non-juvenile populations, traits related to cessation of shoot
growth appear to have less potential for use as indicators of growth cessation. However, it may be possible
to use traits related to the duration of apical mitotic activity, e.g. bud frost hardiness, as prolonged mitotic
activity could imply increased risk of bud injuries in late autumn. Initiation of growth cessation
appeared to be influenced by photoperiod, and needle hardening by photoperiod and temperature.
Generally, the development of needle hardiness in autumn appeared not to be fully correlated to levels
of mitotic activity either among populations or among clones of similar origins.
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Fig. 4.
Schematic presentation of the seasonal variation in mitotic frequency and needle hardiness.
Day numbers are indicated.

PRACTICAL IMPLICATIONS

= The effects of the test environment on the effects of seed transfer and selection of individual trees need
to be studied. For example, prolonged mitotic activity may represent a growth potential that is mainly
expressed as high numbers of stem units in favourable environments, e.g. on south facing slopes,
in contrast to less favourable environments, such as flat abandoned farmland, where it may lead to low
numbers of stem units.

=  Breeding of Norway spruce may benefit from more distinctly defined growth traits than those
traditionally used, like accumulated height growth. For instance, it may be useful to separate growth
traits related to growth rhythm, e.g. duration of mitotic activity, from traits which are not, or only
moderately, related to growth rhythm.

= To improve early testing, genetic correlations between similar traits in juvenile and non-juvenile trees
must be identified. For example, the correlations among traits observed in juvenile seedlings,
e.g. bud set and frost hardiness, with growth traits found in non-juvenile trees that are related to apical
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mitotic activity e.g. duration of such activity.

= The internal factors and regulating substances involved in the seasonal development of growth and
frost hardiness levels need to be characterised more fully, as the seasonal development of growth
and frost hardiness levels is important for high growth performance.

= The relationship between rate of cell division and production of stem-units needs to be studied, as high
growth performance and high numbers of stem-units appeared not to be correlated with prolonged
mitotic activity. New tools in cell molecular biology are now available that makes it possible to measure
the rate of cell division, which should help in this task.

= The relationship between needle and bud hardiness levels in non-juvenile trees and mitotic activity,
e.g. duration of apical mitotic activity also needs to be investigated. This includes development of new
methods for non-destructive bud hardiness measurements.
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STUDY OF SELECTION CRITERIA - LONG-TERM AND EARLY TESTS
OF EUROPEAN LARCH SEED ORCHARDS
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JiLoVISTE-STRNADY DEPARTMENT OF FOREST TREE SPECIES BioLoGY
AND BREEDING DivisioN oF FOREST TREE SPECIES BREEDING
AND IMPROVEMENT

ABSTRACT

The report presents results from evaluation of three verification plots of the long-term character
and two testing plots of early tests character. These plots were established for comparison and classification
of the European larch progeny from seed orchards. The experiment should result in verification of genetic
value of seed orchards and classification of the most valuable units into the category of certified
reproduction material resources. The experiment was established according to standard methodology,
and 37 progeny planted from seed that originated from 19 seed orchards were used for comparative
plantings. The two-year old non-replanted seedlings were planted in three repetitions on seven verifying
plots with 50 individuals for one lot of the size 10 x 10 m. The progeny of the stand for the certified crop
(provenance Opocno) was taken as the comparative standard. For the purposes of EU Project ”Towards
a European Larch Wood Chain”, three long-term plots have been included, together with two early
tests established at a very narrow spacing 0,50 x 0,50 cm, with 16 seedlings for one progeny planted
in four repetitions. The number of growing individuals was recorded and height growth and stem
form of the tested progeny were evaluated at 6 years after planting. Using standard mathematical and
statistical methods (basic characteristics, analysis of variance (ANOVA), correlation coefficients /just for
parallel plots 133, 134/), we assessed the progeny value by comparing them to the standard population.
Another goal of this study was to compare and judge results received both from long-term and early tests.
Based on the investigations realized on long-term plots, two seed orchards (Znojmo-Tvotihraz,
Bucovice-Mouiinov) were classified like the units the progeny parameters of which are much better
compared to the comparative population. The results of evaluating height growth in the early tests were
not so comparable to results from long-term tests. Survival results were more or less comparable in both
long-term and early tests. Given that the study trees are still quite young, our results must be considered
preliminary. These initial results will be the foundation for further investigation of plantings tested
on long-term plots.

INTRODUCTION

In the early 1950s, when Dr. Rubner began extensive research in the species, European larch (Larix
decidua Mill.) forests in the Jeseniky Mts. and neighbouring areas of North Moravia and Silesia covered
3,771.94 ha. Although Dr. Rubner’s report did not break out the forestland by ownership size, it is possible
to conclude that smaller forest ownerships comprised 80 % of the autochthonous European larch stands
of Sudeten origin and artificially planted Sudeten larch stands, with the remainder being on larger forest
units (those owned and managed by larger ownerships, especially by manorial owners).

Our latest information (provided by the Institute for Forest Management at Brandys nad Labem in
1992) states that current composition of European larch of Sudeten origin covers 8,991 ha, including
both autochthonous areas (Sudeten Mountains) and cultural distribution (the remaining area of the Czech
Republic). This area represents an 138% increase over the last 40 or so years. This increase corresponds
with larch composition changes through the entire Czech Republic. In the 1940s, larch represented 1.6 %
of the area of Czech forests, while larch comprised 3.3 % in 1992 and 3,5 % of a reduced forested area
(ca 90,000 ha) today. Efforts to increase the composition of European larch continue in the Czech Republic.
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Based on calculations and projections (SINDELAR 1994), we expect larch to become 5 % of the total
forested land.

European larch is a component in forest stands above 800 m mostly as an admixture with Norway
spruce, silver fir, European beech, and in lower areas with Scots pine, sessile oak and small-leaved linden.
Since European larch is a very valuable tree species growing well on sites outside of its original locations,
our agency has focused on preservation and reproduction of this tree species’ gene sources. In particular,
we established four national nature preserves of totalling 108.03 ha, gene bases with a total area
of 1,915.79 ha, forest stands certified as seed sources, registered reproductive plantings and elite
trees. To prevent contamination of local populations, we do not permit the use of reproductive material from
other areas, within the framework of the autochthonous area of the Sudeten ecotype of European larch.

European larch (Sudeten ecotype) is valued for its fast growth, considerable biomass production
and especially for the adaptability to various environment conditions. As part of mixed stands, larch
increases the forest ecosystem’s stability. Although natural regeneration of larch is usually quite successful
in the Czech Republic, it is necessary to employ artificial regeneration in localities where larch is not
represented, or in those cases where natural regeneration is not fully successful. To satisfy these
needs, there are sources of larch reproductive material, in the framework of the Czech Republic forest
management. First of all, we have seed stands certified as seed sources totalling approximately 3,000 ha.
Seed crop is produced not only in autochthonous areas, but also in valuable stands of artificial origin.
Results of our research have documented that a considerable part of these cultural larch stands is of Sudeten
origin. The characteristics of tested progeny of the planted populations were comparable with
characteristics of Sudeten autochthonous progeny, especially growth intensity, total volume production
and wood quality.

Seed orchards represent another measure for preservation and reproduction of gene resources of European
larch (Sudeten ecotype). The total area of larch seed orchards established since the late fifties is 89.62 ha.
European larch (Sudeten ecotype) seed orchards established in the area of its natural origin encompass
3.60 ha. Furthermore, there were other Sudeten larch seed orchards and clonal archives established in other
areas of the Czech Republic.

As the Czech Republic joins European political and economical organizations, regulations concerning
the trading of forest reproduction material must be adjusted. Reproduction material resources must
be classified into four categories, and these categories must be incorporated into the present classification
system, one with the long tradition in the Czech Republic. The resources marked as identified, selected
and qualified according to the OECD regulations are similar to systems used in CR although "verified
- tested resource” is a category, which is not considered in the Act on Forests and the connected
decree no. 82/1996.

The testing of larch seed orchards’ progeny and individual elite trees is subject of current research
in the Czech Republic. Our goal is to verify genetically conditioned characteristics both in the larch
seed orchards and in elite trees. Especially in the case of verification (testing) of larch seed orchards,
it will be possible to assess the value of the larch seed orchards by comparison with standards from
certificated larch forest seed stands. We are testing elite trees in order to identify which ones to use
for establishment of second-generation seed orchards. Such seed orchards should gradually replace
seed orchards established on the basis of phenotype selection.

MATERIAL AND METHODS

We established seven verification plots of long-term character (no. 130 — 136) established in 1994.
Three of them (no. 133 A, 134 A, 136) are included together with two early tests in EU Project "Towards
a European Larch Wood Chain”. Two plots (no. 133 B, 134 B) also established in 1994 as early
tests is represented by 37 progeny planted from the seed gathered in seed orchards and by one standard
provenance — stand progeny certified for seed crop. Seed orchards, which were the sources for progeny
evaluated in this study, are listed in table 1. Nineteen seed orchards were established between 1958
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and 1984 in various areas of the Czech Republic. The age of seed orchards ranged between 5 and 11 years
at the time of seed gathering for establishment of verification plots. Seed was gathered for 8 years
(1982 to 1989) and stored in the forest seed bank in the Seed enterprise of the Forests of CR at Tynisté nad
Orlici. Seed was collected in 8 seed orchards only once, in 6 seed orchards twice in various years, in 3 seed
orchards three times and in 2 seed orchards four times. Except for items no. 24 and 25, the different parts
of seed were investigated in all cases. The experiment included material from the repeated crop and from
new progeny for assessing to what degree various proportions of seeds from the particular clones influence
the growth, health state and the total value of progeny, probable various combination of hybridisation
or even ecological conditions during fructification that can affect pollination, i.e. ratio of full seeds
and their vitality.

As mentioned, the whole investigated material, i.e. 37 progeny of seed orchards, was planted onto three
long-term verification plots which varied by the area of available plots and number of planted seedlings.
Two-year old, non-transplanted (2-0”) seedlings were planted in three repetitions on seven verification
plots with 50 individuals for one lot at spacing of 10 x 10 m. Two of these sites had a modified methodology,
consisting of smaller spacing, lower number of plants for progeny at representing all the tested
variants and smaller plots for early tests (very narrow spacing 0,50 x 0,50 cm, with 16 seedlings for one
progeny planted in four repetitions). These early tests were planted in the corner of two long-term plots.
The remaining four long-term verification plots were planted only with progeny from seed orchards;
with 17 to 28 progeny on each plot.

Clone composition of seed orchards differs regarding the origin of plus trees; only two seed orchards
(Vlasim, Mlada Vozice; Tabor, Bechyné) contain plus trees from the area of Sudeten larch. In three
cases the seed orchards were established only with non-original allochthonous material (Broumov,
Hvézda; Kitiny at Brno; Nové Hrady, Stropnice). In all other cases clone progeny in seed orchards
were represented by plus trees from the Sudeten larch area and from other different areas outside
the original area. The certified stand of category B (B-MD-514-17-2-RK) Opo¢no is the standard
comparative population.

In autumn 1994 and 1995 the first inventories were done on all 7 verification plots (9 actually, when
you consider plots no. 133 and 134 were split into A and B). From 1994 to 1998, height growth
was measured on two plots destined for early testing. In 1998 we also measured stem form on these plots.
We measured heights on the long-term investigation plots in autumn 1995 and 1997. In 1998, we measured
stem form, too. The proportion of growing individuals is one of the criteria for the progeny adaptive ability.
We calculated basic statistics, arithmetical averages and standard error of the mean, for height growth.
We analysed height growth in an ANOVA based on progeny repetition. We compared our results based
on the particular progeny with the coefficients of the standard progeny.

The results presented below evaluate three of the seven long-term verification plots. Evaluation
of plantings for early diagnosis is also included. The validity of the early tests’ predictive ability will be
judged more effectively in the future, when we have results from additional ages and development stages.

RESULTS

Brief summary of evaluation and measurements of long-term plots

We examined survival and height growth in three long-term plots at the age of 6 years. Percentage
of survival is very variable compared to the control, as well as in relation to the study mean. It ranges
from 87 to 146 % of the mean, or from 85 to 143 % compared to the control. There was less variability
in the case of height growth, which varied around the mean of 2,35 m at age 6 years. Expressed
as a percentage, variability of height growth ranges from 90 to 115 % compared to control, 89 to 111 %
compared to the study mean. The differences in height growth between categories were statistically
significant, mostly at the 0,01 level.

Our preliminary results suggest that it is possible to approve some tested units (or seed orchards
themselves) for addition to the category of tested sources of reproductive material. The criteria were the
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percentage of survival and mean height growth compared to both the control and study mean. For now,
our conclusions are concerned with only three progeny (three seed orchards), where we have the best
results. Two of the progeny from this "best group” are from the same seed orchards, planted in two crops.
In height growth, these progeny exceeded the control by 11 — 17 %; in survival percentage by 7 — 10 %.

Brief summary of evaluation and measurements of early tests

We also analysed results from measurements of early tests. Height growth was measured every year
since age 2 years. At the age of 6 years, evaluation of stem form was added. Stem form, which is known
to be very variable in larch, was categorized using the following classification scale: 1 —absolutely straight,
2 —slightly curved, 3 - middle curved, 4 — heavy curved, 5 — shrubby stem.

In plot no. 133 B (Milevsko, Olesna), at the age of 6 years, percentage of survival presents 54 %
(1,323 surviving individuals from 2,432 seedlings planted in 1994). Number of growing individuals
in relation to progeny ranged from 17 to 48 trees, compared to the survival in the control of 58 % of original
number (37 trees from 64 seedlings planted in 1994). We found higher survival in plot no. 134 B (Pfestice,
Nyfany), where 1,819 growing individuals (75 %) survived from 2,432 originally planted seedlings.
There was a great deal of variation in the survival numbers, ranging from 34 to 56 growing individuals
(i.e. 53 — 89 % of the originally planted seedlings). Survival percentage in the control was 77 %. If we
created group of five best progeny for every of two plots with early tests, there is only one progeny
(no. 15 — Bugovice, Moutinov) possible to involve to both of these two groups.

As mentioned above, we also examined selected progeny in two plots with early tests at the age
of 6 years. In plot no. 133 B (Milevsko, Olesna), at the age of 6 years, average heights of all progeny ranged
from 185,68 cm to 331,58 cm, with a mean of 254,99 cm. In plot no. 134 B (Pfestice, Ole$na), at the
age of 6 years, average mean heights ranged from 197,50 cm to 384,00 cm, with a mean 0f 270,33 cm. The
mean heights of the control progeny were 185,68 cm in plot no. 133 B and 227,65 c¢m in plot no. 134 B.
In both cases, these average values were below the study mean. Results of ANOVA calculated for height
growth are statistically highly significant for both plots with early tests, on the 0.01 level. If we created
group of five best progeny for each of the two plots with early tests, various and different progeny would
be involved in both of these two groups.

In the two plots with early tests, we also evaluated stem form. The category of trees with a very slightly
curved stem form was the dominant category in both plots with early tests. This “sinuosity” is connected
with relatively fast growth at a young age. In plot no. 133 B, average value of stem form was 2,07
and varied from 1,58 to 2,47. Results in plot no. 134 B, were slightly better; the average value of stem
form was 1,50 and ranged from 1,36 to 1,78. Values from plot no. 133 B corresponded to the average
value of the study. In the case of plot no. 134 B, the results were considerably below the average value
of the study. Results from our ANOVA of stem form indicate that differences among individual
progeny in both plots with early tests were statistically significant at the (p < 0,01) level. Based on these
results, it was possible to choose five best progeny from each plot based on stem form characteristics.
Two progeny judged as well stem formed were found in both plot no. 133 B and in plot no. 134 B. The other
three progeny in each of these two groups were different each other.

As result of this preliminary selection, we identified the following four progeny (no. 1, 2, 8, 15).
Progeny no. 1 and 8 were from three seed orchards established during 1969 — 1975 (units no. 2, 15 were
progeny of the same seed orchard, but from different seed years).

CONCLUSIONS

Comparison of results from early tests and from parallel long-term plots

Generally, the reason why we established early tests at the possible youngest age, is our presumption
that results of progeny evaluation and measurement as early tests will be indicative for information about
growth and development at later stages of development. To test this presumption, we conduct early tests
and long-term tests and then compare the results. Examining European larch genetics in this manner,
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No. of progeny of seed Origin of progeny - seed orchard having been tested
orchard Seed orchard no. | Forest Enterprise, Forest district | Local name
1 SS-MD-45-38-4-ZN Znojmo, Znojmo Tvoftihraz
2 SS-MD-42-38-4-VY Bucovice, Moutinov Vrcava

3 SS-MD-27-38-3-NA Broumov, Hvézda Siégl

4 SS-MD-2-16-5-HB Lede¢ nad S., Ceriték Certiak

5 SS-MD-33-38-4-KM Bystrice p. H., Lukov Ulehla

6 SS-MD-10-16-5-BN Vlasim, Mlada Vozice 97B 1

7 SS-MD-53-17-2-PZ Zbraslav nad Vlt., Slapy Pabozek

8 SS-MD-18-16-4-LT Litom&fice, Budyné Sebin

9 SS-MD-87-30-3-BO SLP Kitiny, Bilovice Olomucany
10 SS-MD-45-38-4-ZN Znojmo, Znojmo Tvoftihraz
11 SS-MD-73-29-4-ZN Znojmo, Znojmo Kucharovice
12 SS-MD-29-38-4-UH Buchlovice, Kory¢any Vriava
13 SS-MD-24-16-5-CK Nové Hrady, H. Stropnice Konratice
14 SS-MD-0-10-5-PZ VULHM Jilovi§té-Strnady Bang

15 SS-MD-42-38-4-VY Bucovice, Moufinov Vréava
16 SS-MD-23-6-4-PJ Spalené Porfici, Polanka Silov

17 SS-MD-49-28-4-NJ Vitkov, Odry Kletna
18 SS-MD-32-10-4-TA Tébor, Bechyné ,,U obrazku*
19 SS-MD-73-29-4-ZN Znojmo, Znojmo Kucharovice
20 SS-MD-73-29-4-ZN Znojmo, Znojmo Kucharovice
21 SS-MD-27-38-3-NA Broumov, Hvézda Siégl

22 SS-MD-3-10-5-HB Lede¢ nad S., Ceriték Certiak
23 SS-MD-1-28-5-OL Sternberk, H. Zleb Svétlov
24 SS-MD-2-16-5-HB Lede¢ nad S., Cerfidk Ceridk
25 SS-MD-2-16-5-HB Lede¢ nad S., Certidk Ceridk
26 SS-MD-49-28-4-NJ Vitkov, Odry Kletna
27 SS-MD-29-38-4-UH Buchlovice, Koryc¢any VrSava
28 SS-MD-42-38-4-VY Bucovice, Moufinov Vréava
29 SS-MD-18-16-4-LT Litomé&fice, Budyng Sebin

30 SS-MD-42-38-4-VY Bucovice, Mouiinov Vrcava
31 SS-MD-18-16-4-LT Litométice, Budyné Sebin

32 SS-MD-33-38-4-KM Bystrice p. H., Lukov Ulehla
33 SS-MD-73-29-4-ZN Znojmo, Znojmo Kucharovice
34 SS-MD-45-38-4-ZN Znojmo, Znojmo Tvotihraz
35 SS-MD-23-6-4-PJ Spalené Poric¢i, Polanka Silov

36 SS-MD-24-16-5-CK Nové Hrady, H. Stropnice Konratice
37 SS-MD-58-15-4-P1 Pisek, pl. 58 Stekeit
38 B-MD-514-17-2-RK Opocno
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Origin of progeny - seed orchard having been tested
Altitude (m a. s. 1.) | Year of establishment | Area (ha) | Number of clones | Spacing (m)
300 1975 3.25 70 6x6
350 1974 5.70 118 6x6
1973 1.15 38 6x6
450 1960 1.03 45 4x4
350 1973 1.05 29 6x6
600 1962 1.23 37 5x5
1976 1.13 36 6x6
165 1969 2.70 97 6x6
330 1984 2.11 76 6x6
300 1975 3.25 70 6x6
300 1978 2.94 36 6x6
490 1973 2.00 74 6x6
650 1973 1.04 37 6x6
380 1962 1.8 145 6x6
350 1974 5.70 118 6x6
485 1973 4.23 135 6x6
320 1976 7.00 72 6x6
490 1973 1.60 36 6x6
300 1978 2.94 36 6x6
300 1978 2.94 36 6x6
420-430 1973 1.15 38 6x6
450 1962 1.20 29 5x4
300 1958 1.20 39 8x 8
450 1960 1.03 45 4x4
450 1960 1.03 45 4x4
320 1976 7.00 72 6x6
490 1973 2.00 74 6x6
350 1974 5.70 118 6x6
165 1969 2.70 97 6x6
350 1974 5.70 118 6x6
165 1969 2.70 97 6x6
350 1973 1.05 29 6x6
300 1978 2.94 36 6x6
300 1975 3.25 70 6x6
485 1973 4.23 135 6x6
650 1973 1.04 37 6x6
1977 1.88 40
Control standard - progeny of certified seed stand of cat. B

Tab. 1.

Characteristics of tested European larch seed orchards
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we intend to continue our study with the addition of additional information on the advanced stages of their
development as soon as they will be available.

At present, we can only evaluate results of height growth of “early-test” progeny at the age of 2, 3, 4, 5
and 6 years and ’long-term test” progeny at the age of 5 and 6 years. We calculated correlation coefficients
for these relationships. In earlier measurements, we compared results of early tests progeny height growth
at the ages of 2, 3, 4 and 5 years and results of long-term tests progeny height growth at the age
of 5 years. As it is indicated in tab. 6, correlation coefficients of comparisons were statistically
non-significant. For now, these results indicate a different character of height growth and development
of progeny tested both as early tests and long-term tests. We must remember that these results are limited
to progeny having been tested both as early and long-term tests established in the same localities using
the same lots of seedlings. In attempting to explain the cause(s) of height growth dissimilarity, we might
assume that there were different methodologies in the establishment of both types of research plots,
considerable phenotypic variation in response to varying levels of competition and mortality, both during
and after the young plantations’ closing. For now, we cannot estimate if the results of evaluation
and measurement of long-term tests obtained at the advanced stages of their development will have
a higher predictive ability.

Given these conditions, there are some surprising results of model selection made on parallel plots
of both categories. We found the best progeny (no. 1, 2, 8, 15) on research plots no. 133 and 134.
These progenies’ height growth, survival and stem form characteristics notably exceeded the characteristics
both of the control progeny and study mean. Based on this preliminary selection, we identified these progeny
as candidates for the category of tested sources of reproductive material. As we mentioned in chapter
on results of long-term plots evaluation, these progeny came from three seed orchards established during
1969 — 1975 (units no. 2, 15 were progeny of the same seed orchard, but from various years of seed crop).

This report presents just the first, basic and orientation communication about our study. Findings
available for practical use of early tests will be accessible by further systematic evaluation of research plots
with European larch seed orchards progeny established within the framework of reproductive material
testing and within the process of testing genetically conditional value of seed sources.

Based on our results, we conclude that European larch seed orchards in the Czech Republic are effective
from the point of view of practically oriented selection as well as from the point of view of technical
character and management of seed crop. Along with testing of seed orchards with the aim selecting
and designating the best units as the category of tested source of reproductive material, the seed orchards
support other research programs oriented toward investigation and evaluation of individual elite trees
progeny from controlled crossings and opened pollination. The aim of these tests is the subsequent selection
of the best elite trees (clones) to establish second-generation seed orchards. These new seed orchards will,
in turn, foster further breeding progress and should gradually replace seed orchards and clones having been
selected based on phenotypic selection.
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SUMMARY (IN CZECH)

V prispévku jsou prezentovany vysledky hodnoceni vyzkumnych ploch s potomstvy semennych sada
modiinu opadavého. Pfedmétem hodnoceni byla potomstva na tiech dlouhodobych plochach a na dvou
plochach s ¢asnymi testy. Vyzkumné plochy byly zalozeny s cilem porovnani vlastnosti a charakteristik
potomstev semennych sadt a jejich nasledné klasifikace. Experiment by mél ovéfit genetickou hodnotu
semennych sadti a na zaklad¢ ziskanych vysledkd by mél umoznit navrzeni nejhodnotnéjsich jednotek
do kategorie ovéfenych zdrojti reprodukéniho materialu. Zalozeni série sedmi dlouhodobych ploch a dvou
ploch s ¢asnymi testy s 37 potomstvy vypestovanymi z osiva sklizeného v riznych letech z 19 semennych
sadl bylo realizovano podle bézné pouzivanych metodickych principti. Dlouhodobé srovnavaci plochy
byly zalozeny systémem nahodného blokového usporadani, pticemz byly dvouleté neskolkované sazenice
vysazeny ve tfech opakovanich od kazdého potomstva na parcely o rozmérech 10 x 10 m pii sponu
2 x 1 m. Na jedné parcele tak bylo vysazeno 50 sazenic, pro jedno potomstvo tak bylo pouzito 150 sazenic.
Jako srovnavaci standard bylo pouZito potomstvo uznaného porostu pro sbér osiva kategorie B (provenience
Opo¢no). Do hodnoceni realizovaného v ramci programu projektu EU “Towards a European Larch Wood
Chain” byly zahrnuty tfi vyzkumné plochy dlouhodobého charakteru s kompletnim poctem vsech 37
testovanych potomstev, spolu s obéma plochami charakteru ¢asnych testu, které byly zalozeny na stejnych
lokalitach jako dvé plochy dlouhodobého charakteru. Vysadby Casnych testii byly realizovany rovnéz
systémem nahodného blokového usporadani, se ¢tyfmi opakovanimi, pti velmi hustém sponu 0,50
x 0,50 m, s poftem 16 sazenic na parcele o rozmérech 2 x 2 m. Pro jedno potomstvo tak bylo vysazeno
64 sazenic. V ramci hodnoceni byl na tfech dlouhodobych plochach a na dvou plochach s ¢asnymi testy
v roce 1998 ve véku 6 let evidovan pocet rostoucich jedincii a byl méten vyskovy rist spolu s hodnocenim
tvarnosti kmene. Vysledky hodnoceni a méteni vSech péti ploch byly zpracovany zakladnimi matematicko-
statistickymi postupy (zakladni charakteristiky, analyza variance), pro paralelni plochy ¢. 133 A-Ba 134 A-B
byly navic kalkulovany i korela¢ni koeficienty zahrnujici vysledky hodnoceni vztahu vysledki hodnoceni
na plochach s ¢asnymi testy ve véku 2 az 6 rokli a vysledkl na paralelnich dlouhodobych plochach
ziskanymi ve véku 5 a 6 let. Ziskané hodnoty charakteristik potomstev semennych sadt byly porovnavany
s hodnotami primérych charakteristik srovnavaciho standardniho potomstva. Dal§im cilem hodnoceni
potomstev na obou typech vyzkumnych ploch bylo porovnani charakteristik zjisténych u potomstev
testovanych na dlouhodobych plochach s vlastnostmi potomstev hodnocenych na plochach s ¢asnymi
testy. Na zaklad¢ vysledkd zjisténych na plochach dlouhodobého charakteru byly klasifikovany
dva semenné sady (Znojmo-Tvotihraz, Bu¢ovice-Moufinov) jako jednotky, které by ptichazely
v uvahu k navrzeni zafazeni do kategorie testovanych zdrojii reprodukéniho materialu. V piipadé
hodnoceni vyskového ristu potomstev na plochach s ¢asnymi testy bylo zjisténo, Ze ziskané vysledky
nejsou srovnatelné s vysledky z dlouhodobych ploch, ackoliv pokud jde o dalsi hodnocené charakteristiky,
jsou ziskané vysledky viceméné srovnatelné. Vysledky hodnoceni je vSak tfeba, s ptihlédnutim k véku
testovanych potomstev, posuzovat pouze jako predbézné. Zjisténé poznatky v soucasné dob¢ predstavuji
zaklad pro dalsi Setfeni, piic¢emz je bude tfeba konfrontovat s vysledky hodnoceni v pozdgjsich vyvojovych
stadiich testovanych potomstev.
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Testing of European larch seed orchards - early tests - research plots no.:
133 B Milevsko, Olesna 134 B PreStice, Nyrany

Principles of establishment Randomized block system
Number of progeny 38 38
Number of repetitions 4 4
Number of blocks 152 152
Size of blocks (m) 2x2 2x2
Spacing (m) 0.50 x 0.50 0.50x 0.50
Number of seedlings per block (pcs) 16 16
Number of seedlings per progeny (pcs) 64 64
Total number of seedlings to be planted (pcs) 2432 2432
Border lines (pcs)
Totally planted (pcs) 2432 2432
Totally planted area (ha) 608 608

Tab. 3.

Basic methodological principles for establishment of research plots for testing of European larch

seed orchards (early tests)

In relation to 5

years of 133-4 A

Plot no. 133 A-B correlation coefficients

Plot no. 134 A-B correlation coefficients

A-X 0.2112 A-X 0.2283
B-X 0.0621 B-X 0.2284
C-X -0.0723 C-X 0.2054
D-X -0.0395 D-X 0.1697
E-X -0.0371 E-X 0.1796
A-E 0.3066 A-E 0.5256
B-E 0.7328 B-E 0.7604
C-E 0.9477 C-E 0.9353
D-E 0.9748 D-E 0.9725

In relation to 6

years of 133-4 A

Plot no. 133 A-B correlation coefficients

Plot no. 134 A-B correlation coefficients

A-Y 0.2272 A-Y 0.1856
B-Y 0.1027 B-Y 0.1941
C-Y -0.0159 C-Y 0.1919
D-Y 0.0115 D-Y 0.1622
E-Y 0.0286 E-Y 0.1809

A, B, C, D, E - average heights of early tests progeny at 2 - 6 years,; X - average heights of paralell long-term
tests at 5 years; Y - average heights of parallel long-term tests at 6 years

Tab. 4.
Correlation coefficients of relation among average heights. Critical value of F: 0,05 = 0,32;
0,01 =0,42
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Research Character | Source of Critical F Statistical
. Stat. F N
plot no. of test variation 0.05 0.01 significance
Repetition | 91.122 [ 2.99 4.60 ++
133A Long-term
Progeny 7.345 1.42 1.63 ++
Repetition 0.658 2.99 4.60 NS
134 A Long-term
Progeny 20.032 1.42 1.63 ++
Repetition 3.953 2.99 4.60 +
136 Long-term
Progeny 9.289 1.42 1.62 ++
Repetition | 76.962 2.60 3.78 ++
133 B Long-term
Progeny 6.333 1.41 1.60 ++
Repetition [ 105912 2.60 3.78 ++
134 B Long-term
Progeny 597 1.41 1.60 ++
Tab. 5.
Analysis of variance - average heights in 1998 - age 6 years
Research Character | Source of Critical F Statistical
L. Stat. F o
plot no. of test variation 0.05 0.01 significance
Repetition 2.447 2.99 4.60 NS
133A Long-term
Progeny 4.181 1.42 1.63 ++
Repetition | 14.316 | 2.99 4.60 ++
134 A Long-term
Progeny 3.695 1.42 1.63 ++
Repetition | 20.786 [ 2.99 4.60 ++
136 Long-term
Progeny 4.888 1.42 1.62 ++
Repetition 7.262 2.60 3.78 ++
133 B Long-term
Progeny 2.310 1.41 1.60 ++
Repetition 7.923 2.60 3.78 ++
134 B Long-term
Progeny 1.563 1.41 1.60 +
Tab. 6.

Analysis of variance - average stem form in 1998 - age 6 years
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LS Milevsko, Olesna, plots no. 133 A, 133 B
Pro- Seed orchard no., /locality/, (year of crop) Pro- Seed orchard no., /locality/, (year of crop)
geny - /s (y P geny - Vs (y p
1 SS-MD-45-33-4 / Znojmo, Znojmo 45 (1982) 21 SS-MD-27-24-3 / Broumov, Broumov 27 (1987)
2 SS-MD-42-36-4 / Bucovice, Moutinov (1984) 22 SS-MD- 3-10-5 / Lede¢ n. Sazavou,Ceriiak (1988)
3 SS-MD-27-24-3 / Broumov, Broumov 27 (1985) 23 SS-MD- 1-29-4 / Sternberk, Sternberk (1988)
4 SS-MD -2-16-5 / Lede¢ n.S., Ceriak (1985) 24 SS-MD- 2-16-5 /Lede¢ n. Sazavou,Ceriiak (1988)
5 SS-MD-33-41-4 / Bystiice p.H., Lukov (1985) 25 SS-MD- 2-16-5 /Ledet n. Sazavou,Ceriiak (1988)
6 SS-MD-10-16-5 / Vlasim, Ml. Vozice 10 (1985) 26 SS-MD-49-29-5 / Vitkov, Kletna (1988)
7 SS-MD-53-17-2 / Zbraslav nad Vlt., Slapy (1985) | 27 SS-MD-29-36-4 / Buchlovice, Koryc¢any (1988)
8 SS-MD-18- 5-4 / Litoméfice, Budyné nad.O. (1985) | 28 SS-MD-42-36-4 / Bu¢ovice, Moutinov (1988)
9 SS-MD-87-30-3 / SLP Kfiny, Olomucany (1985) | 29 SS-MD-18- 5-4 / Litomé&fice, Budyné (1988)
10 SS-MD-45-33-4 / Znojmo, pl. 16 (1985) 30 SS-MD-42-36-4 / Buc¢ovice, Moutinov (1988)
1 SS-MD-73-33-4 / Znojmo, pl. 7, 17 (1985) 31 SS-MD-18- 5-5 / Litoméfice, Budyné (1988)
12 SS-MD-29-36-4 / Buchlovice, Kory¢any (1985) 32 SS-MD-33-41-4 / Bysttice p. H., Lukov (1988)
13 SS-MD-24-15-4 / Nové Hrady, H.Stropnice (1985) | 33 SS-MD-73-33-4 / Znojmo, Znojmo (1988)
14 SS-MD- 0-10-5 / Jilovisté (klon.archiv MD)(1985) | 34 SS-MD-45-33-4 / Znojmo, Znojmo 45 (1988)
15 SS-MD-42-36-4 / Bu¢ovice, Moutinov (1985) 35 SS-MD-23- 6- 4 / Sp. Pofi¢i, Nepomuk (1988)
16 SS-MD-23- 6-4 / Sp. Pofi¢i, Nepomuk (1985) 36 SS-MD-24-15-5 / Nové Hrady, H.Stropnice (1989)
17 SS-MD-49-29-4 / Vitkov 49 (1986) 37 SS-MD-58-15- 4 / Pisek, pl. 58 (1989)
18 SS-MD-32-10-4 / Tabor, Bechyné 32 (1986) 38 B-MD-514-17- 2-RK /Control.-seed stand of cat. B
19 SS-MD-45-33-4 / Znojmo, Kuchatovice (1987)
- - Opocno (1988)
20 SS-MD-73-33-4 / Znojmo, Kuchatovice (1987)
100
80 |
60 -
N
40 -
20 -
I e e o et e L e s s PIOtnO.133A-IOngterm
1 3 5 7 91113151719 21 23 25 27 29 31 33 35 37 tests - % of survival 1998
90
80 +
70 +
60
X 50
40 |
30 -
20 +
10 -
0 L L L N N N S B A B Plot no. 133 B _ Iong term
13 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 tests - % of survival 1998
Fig. 2.

Plot no. 133 A,B survival in 1998 - age 6 years
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LS Milevsko, Olesna, plots No. 133 A, 133 B
Pro- LS Milevsko, Olesn4, plots no.133 A, 133 B Pro- LS Milevsko, Olesna, plots no.133 A, 133 B
geny Seed orchard no., /locality/, (year of crop) geny Seed orchard no., /locality/, (year of crop)
1 SS-MD-45-33-4 / Znojmo, Znojmo 45 (1982) 21 SS-MD-27-24-3 / Broumov, Broumov 27 (1987)
2 SS-MD-42-36-4 / Bucovice, Mouiinov (1984) 22 SS-MD- 3-10-5 / Ledeé n. Sazavou,Ceriiak (1988)
3 SS-MD-27-24-3 / Broumov, Broumov 27 (1985) 23 SS-MD- 1-29-4 / Sternberk, Sternberk (1988)
4 SS-MD -2-16-5 / Lede¢ n.S., Cerniak (1985) 24 SS-MD- 2-16-5 /Lede¢ n. Sazavou,Ceriiak (1988)
5 SS-MD-33-41-4 / Bysttice p.H., Lukov (1985) 25 SS-MD- 2-16-5 /Ledeg n. Sazavou,Ceriidk (1988)
6 SS-MD-10-16-5 / Vlasim, ML. Vozice 10 (1985) 26 SS-MD-49-29-5 / Vitkov, Kletna (1988)
7 SS-MD-53-17-2 / Zbraslav nad Vlt., Slapy (1985) | 27 SS-MD-29-36-4 / Buchlovice, Kory¢any (1988)
8 SS-MD-18- 5-4 / Litoméfice, Budyné nad.O. (1985) | 28 SS-MD-42-36-4 / Bu¢ovice, Moufinov (1988)
9 SS-MD-87-30-3 / SLP Kiiny, Olomucany (1985) 29 SS-MD-18- 5-4 / Litoméfice, Budyné (1988)
10 SS-MD-45-33-4 / Znojmo, pl. 16 (1985) 30 SS-MD-42-36-4 / Bu¢ovice, Moufinov (1988)
1 SS-MD-73-33-4 / Znojmo, pl. 7, 17 (1985) 31 SS-MD-18- 5-5 / Litoméfice, Budyné (1988)
12 SS-MD-29-36-4 / Buchlovice, Kory¢any (1985) 32 SS-MD-33-41-4 / Bystiice p. H., Lukov (1988)
13 SS-MD-24-15-4 / Nové Hrady, H.Stropnice (1985) | 33 SS-MD-73-33-4 / Znojmo, Znojmo (1988)
14 SS-MD- 0-10-5 / Jilovisté (klon.archiv MD)(1985) | 34 SS-MD-45-33-4 / Znojmo, Znojmo 45 (1988)
15 SS-MD-42-36-4 / Bucovice, Moufinov (1985) 35 SS-MD-23- 6- 4/ Sp. Pofi¢i, Nepomuk (1988)
16 SS-MD-23- 6-4 / Sp. Potic¢i, Nepomuk (1985) 36 SS-MD-24-15-5 / Nové Hrady, H.Stropnice (1989)
17 SS-MD-49-29-4 / Vitkov 49 (1986) 37 SS-MD-58-15- 4 / Pisek, pl. 58 (1989)
18 SS-MD-32-10-4 / Tabor, Bechyné 32 (1986) 38 B-MD-514-17- 2-RK /Control.-seed stand of cat. B
19 SS-MD-45-33-4 / Znojmo, Kucharovice (1987)
- - Opocno (1988)
20 SS-MD-73-33-4 / Znojmo, Kuchatovice (1987)
400
300 -
£ 200 |
100 - Plot no. 133 A - long
term tests - average
0 height
135 7 91113151719 21 23 25 27 29 31 33 35 37
Progeny
400
300 -
g 200 -
100 - Plot no. 133 B - early
tests - average height
0
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37
Fig. 3. Progeny

Plots no. 133 A, B - average height in 1998 - age 6 years
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LS Piestice, NyFany, plot no. 134 A
Pro- Seed orchard no., /locality/, (year of crop) Pro- Seed orchard no., /locality/, (year of crop)
geny - ¥ (y p geny - ty/, (y p
1 SS-MD-45-33-4 / Znojmo, Znojmo 45 (1982) 21 SS-MD-27-24-3 / Broumov, Broumov 27 (1987)
2 SS-MD-42-36-4 / Bu¢ovice, Moufinov (1984) 22 SS-MD- 3-10-5 / Lede¢ n. Sazavou,Ceriidk (1988)
3 SS-MD-27-24-3 / Broumov, Broumov 27 (1985) 23 SS-MD- 1-29-4 / Sternberk, Sternberk (1988)
4 SS-MD -2-16-5 / Lede¢ n.S., Ceriiak (1985) 24 SS-MD- 2-16-5 /Lede¢ n. Sazavou,Ceriiak (1988)
5 SS-MD-33-41-4 / Bystiice p.H., Lukov (1985) 25 SS-MD- 2-16-5 /Ledet n. Sazavou,Ceriiak (1988)
6 SS-MD-10-16-5 / Vlasim, M. Vozice 10 (1985) 26 SS-MD-49-29-5 / Vitkov, Kletna (1988)
7 SS-MD-53-17-2 / Zbraslav nad Vlt., Slapy (1985) | 27 SS-MD-29-36-4 / Buchlovice, Kory¢any (1988)
8 SS-MD-18- 5-4 / Litométice, Budyné nad.O. (1985) | 28 SS-MD-42-36-4 / Bucovice, Moufinov (1988)
9 SS-MD-87-30-3 / SLP Kfiny, Olomucany (1985) 29 SS-MD-18- 5-4 / Litoméfice, Budyné (1988)
10 SS-MD-45-33-4 / Znojmo, pl. 16 (1985) 30 SS-MD-42-36-4 / Bucovice, Moufinov (1988)
1 SS-MD-73-33-4 / Znojmo, pl. 7, 17 (1985) 31 SS-MD-18- 5-5 / Litométice, Budyné (1988)
12 SS-MD-29-36-4 / Buchlovice, Kory¢any (1985) 32 SS-MD-33-41-4 / Bysttice p. H., Lukov (1988)
13 SS-MD-24-15-4 / Nové Hrady, H.Stropnice (1985) | 33 SS-MD-73-33-4 / Znojmo, Znojmo (1988)
14 SS-MD- 0-10-5 / Jilovisté (klon.archiv MD)(1985) | 34 SS-MD-45-33-4 / Znojmo, Znojmo 45 (1988)
15 SS-MD-42-36-4 / Bu¢ovice, Moufinov (1985) 35 SS-MD-23- 6- 4 / Sp. Poti¢i, Nepomuk (1988)
16 SS-MD-23- 6-4 / Sp. Pofi¢i, Nepomuk (1985) 36 SS-MD-24-15-5 / Nové Hrady, H.Stropnice (1989)
17 SS-MD-49-29-4 / Vitkov 49 (1986) 37 SS-MD-58-15- 4 / Pisek, pl. 58 (1989)
18 SS-MD-32-10-4 / Tabor, Bechyné 32 (1986) 38 B-MD-514-17- 2-RK /Control.-seed stand of cat. B
19 SS-MD-45-33-4 / Znojmo, Kuchatovice (1987)
- - Opocno (1988)
20 SS-MD-73-33-4 / Znojmo, Kuchatovice (1987)
100
90 +
80 -
70 -
60 -
R 50
40 -
30 -
20 -
10 | Plot no. 134 A - long term
0 L L I I B I B B B B teStS - % Of Suwlval 1998
- M LU N~NO T MO OB N~NO T MO LN T O LN
- - Y - v N N N N N O 0 6o o
400
300 +
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‘ Plot no. 134 A - long term
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- < ~ =3 o« ©o [=2] N ['e] -] - < ~
-— - - - o~ o~ o~ ™ o el
. Progeny
Fig. 4.

Plot no. 134 A - average survival and height in 1998 - age 6 years

41



%4 ) N\
Sudeten larch (Sudeten /Jeseniky/ Mts., Zabfeh, Czech Republic)
Photo Ing. Eduard Priisa
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Testing of European larch seed orchards - plot no. 134 A (LS Prestice,
Nyfany) September 1997 - 5 years

el s A & I’ o Tzt A Wb “}Qu‘-'iﬁf- ah . i Bawasue
Testing of European larch seed orchards. Testing of European larch seed orchards. Re-
Research plot no. 134 A (left), 134 B (right) search plot no. 134 A (LS Prestice, Nyfany)
(LS Prestice, Nyfany) January 2003 - 11 years January 003 - 11 years
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Testing of E. larch seed orchards plotno. 136  Testing of E. larch seed orchards - plot no.
Senov March 1994 - establishment of plot - 136 Senov - Oct. 1994 - 2 years

seedlings 2 years

: ; NG A A
Testing of E. larch seed

orchards - It no. 136 Testing of E. larch seed orchards - plot no.
Senov - Oct. 1995 - 3 years 136 Senov - Oct. 1997 - 5 years
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MICROPROPAGATION OF ENDANGERED SPECIES OF DAPHNE
CNEORUM

JANA MALAY, HELENA CvRCKoOVA", PavLA MAcHOVA", VLADIMIR BYLINSKY?)

DFORESTRY AND GAME MANAGEMENT RESEARCH INsTITUTE (FGMRI),
JiLoviSTE-STRNADY PAGENCY FOR NATURE CONSERVATION AND LANDSCAPE
ProTecTION OF THE CzECH REPUBLIC, PRAGUE

ABSTRACT

A protocol for micropropagation of endangered Daphne cneorum is reported. The modified agar
medium WPM (0.2 mg I BAP; 0.1 mg I IBA; 200 mg I'' glutamine; 200 mg 1! casein hydrolysate)
was used for induction of organogenesis. WPM medium with the third concentrations of nutrients and
trace elements in which the IBA was replaced with 7.1 mg I! of NAA was used for rooting. Both media
concentrations were proved competent in in vitro successful multiplication of three Ulmus species
(MaLA 2000). Organogenesis was induced in plant material (dormant apical buds and young seedlings
cultured from seeds) collected in two different localities where D. cneorum survived up to the
present. In total 344 multi-apex cultures (20.2 & 5.3 shoots per culture) from first locality, and 236 multi-
apex cultures (38.3 £ 12.2 shoots per culture) from the second locality were obtained after five months
of cultivation. Germination capacity of Daphne seeds was very low. One multi-apex culture bearing
12 shoots sprouted out only in one of 10 Daphne seeds available, of which 26.7 + 8.2 of shoots per culture
(35 multi-apex cultures) were obtained after five months of cultivation. The plantlets were acclimatized in
diluted MS medium (1 : 10) for three weeks and then were transferred into external conditions where they
successfully survived the winter period and started to flower.

Abbreviations: BAP — benzylaminopurine; IBA — B-indolebutyric acid; NAA — a-naphthalene acetic
acid; WPM — woody plant medium (1981); MS — Murashige and Skoog plant medium (1962)

INTRODUCTION

The Daphne cneorum is an evergreen low shrub originally occurring in thermophyte and in the warm
parts of mesophyte regions of the Czech Republic. It gradually disappeared during the last few decades
and nowadays occurs only rarely in two localities in Central Bohemia. Daphne propagation by means
of cuttings could be carried out but the collecting of plant material decreases the viability of donor plants
and threatens the survival of remnant individuals of Daphne in their natural stand. The micropropagation
of different species or varieties of Daphne is mentioned only sporadically (Conen 1975, CoHeN, LE GaL
1976, MaRks, MYERS 1992, 1994). Conen (1977) considered D. cneorum as irresponsible to induction
of organogenesis and consequently not really appropriate for micropropagation by that way. Later CHRISTIE
and Brascamp (1989) and WEr et al. (1992) described the successful micropropagation of D. cneorum.

Following is a report of Daphne multiplication on the basis of the micropropagation technology, which
was successfully applied for Ulmus glabra, U. minor, and U. laevis regeneration (MALA 2000). We refer
an efficient protocol for induction of organogenesis on the dormant apical buds and seed-derived young
seedlings and for ensuring rhizogenesis, acclimatization, and conversion of in vitro cultured plantlets
to complete viable plants that could be utilized both for successful preservation and reintroduction
of D. cneorum into its original stand.
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MATERIAL AND METHODS

Plant material

Twenty shoots 3 cm long bearing an apical dormant bud from the locality A (25 km west of Prague),
10 shoots of the same form from the locality B (45 km north of Prague), all collected in February
1995, and 10 seeds (about 4 mm in size) collected at the end of May 1995 in the locality A were used
for the formation of primary cultures. The shoots and seeds were surface-sterilized in 0.1% w/v HgCl,
by vigorous shaking for 20 min. After three rinsing in sterile distilled water, the shoots and seeds were
placed into agar medium in 100 ml Erlenmeyer flasks.

Induction of organogenesis and multiplication of shoots

Organogenesis in both the shoots and the seeds was induced in 6% agar medium (Sevetin Co.,
the Czech Republic) containing WPM (LLoyp, McCown 1981), which was enriched with 200 mg 1!
of glutamine and 200 mg I"! of casein-hydrolysate, 30 g I'' of sucrose, 0.2 mg 1! of BAP, and 0.1 mg I"' of
IBA. Multiplication of shoots and growth of multi-apex cultures were achieved on the agar medium with
WPM of the same composition.

All cultures were kept at 25 °C under white fluorescent light (36W/33 Philips Tubes, the Netherlands)
at an intensity of 30 pmol.m?.s™! with a 16-h photoperiod for 90 days. Cultures were transferred onto fresh
medium every 3 - 4 weeks. The number of shoots per culture was counted at the end of cultivation.

Rooting

Multi-apex cultures (2 - 5 shoots 2 - 3 cm long) were transferred onto WPM medium with 1/3
concentration of macro- and micronutrients, 2.83 mg I'' of IBA, and placed in the dark for 7 days. After this
period they were transferred to light and replanted to the same medium without IBA. Simultaneously,
the influence of NAA on rooting process was compared. The IBA in the 1/3 strong WPM medium was
replaced with 7.1 mg I'' of NAA. There were used 25 shoots from localities A, B, and from the cultures
propagated from seeds in each rooting series.

Aclimatization

The rooted plantlets were replanted to the perlite and kept in constant cultivation conditions under
continuous light (30 pmol m? s™) at 20 °C for 2 weeks. Cultures were watered once a day with the medium
MS (MURASHIGE, SkooG 1962) diluted 1 : 10 with the distilled water. Then the plantlets were transplanted into
the peat substrate and grown in the greenhouse, where they were acclimatized to 70% relative humidity.

Statistical analysis
One-way analysis of variance was used for the statistical evaluation of results.

RESULTS

Induction of organogenesis and multiplication of shoots

Sixteen primary explants of 20 shoots collected in the locality A and 6 explants of 10 shoots of locality
B remained after 30 days of cultivation. Each of dormant buds had grown into new shoot 2.5 + 0.6 cm
long. These shoots were used for further multiplication. In 4 weeks after the first passage there had grown
on the shoots originating from the locality A in average 2.8 = 1.2 of adventitious shoots and on the shoots from
the locality B in average 4.5 + 2.6 of adventitious shoots. These newly grown shoots were used for further
multiplication. After the subsequent 3 passages over the period of 3 months we had been successful
in growing of multi-apex cultures with a remarkably higher number of shoots: of the cultures from
locality A in average 20.2 £ 5.3 of shoots per one multi-apex culture and 38.3 = 12.2 of shoots per one
multi-apex culture from locality B. We have also observed on the cultures from these localities phenotypic
differences. The cultures from locality A were characterized by light green color and by more feeble
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and shorter shoots (in average 3.2 = 0.8 cm), while those from the locality B were mainly dark green with
strong and longer shoots (4.8 + 0.6 cm). After five months” cultivation we had obtained from 16 shoots
from the locality A in total 344 multi-apex cultures and of 6 shoots from the locality B in total 236 multi-
apex cultures.

Induction of organogenesis on young seedlings

Of 10 seeds there had come in one seed after 3 weeks. After the first passage within 3 weeks there
had grown from the young seedling 12 shoots, which were kept as an individual clone. After further 6
passages within 6 months the number of new shoots had reached the average of 26.7 & 8.2 per one
multi-apex culture and in total there had been obtained 35 multi-apex cultures.

Rooting

In the modified WPM medium with IBA 13 cultures from the locality A had rooted within two weeks
(52 %) and 17 cultures from the locality B (68 %). Of the cultures cultivated from the young seedlings
8 plants had rooted (32 %). In the medium with NAA there was no stimulation of rooting.

Aclimatization

After replanting to non-sterile peat substrate there had been lost 3 plantlets from the locality A during
the process of acclimatization, one plant from locality B and one of the cultures cultivated from young
seedlings. The losses were caused by the gray mold (Botrytis cinerea) and were not larger than 13 %
from the total number of 38 acclimatized plantlets. After three weeks the acclimatized plants had been
planted into the outdoor beds, where they had survived the winter period without any losses and had
blossomed (Fig. 1).

Fig. 1.
Flowering plants in outdoor beds
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DISCUSSION

Daphne cneorum belongs to the group of endangered species in the CR. Due to low fertility
and decreased seed germination, the plants do not propagate generatively in natural conditions. MARKS
and Myers (1992, 1994) used for the micropropagation the induction of shoots on proximal and distal
segments of stem of nanoid cultivar of D. cneorum, propagated in greenhouse. They had obtained
of the cultures derived from the distal parts of stem after the first passage in average 3.8 of shoots and after
two subsequent passages 2.2 of shoots, while the numbers of shoots from the proximal parts were lower.
The micropropagation technology used in this study (induction of organogenesis from winter dormant buds
and induction of organogenesis from young seedlings) had succeeded in inducing multi-apex cultures with
the average higher than tenfold number of shoots per culture. There had been recorded on the clones from
the different localities and from the explant cultures from young seedlings some differences in creation
of shoots and its growth habit during the multiplication that can be presumably determined genetically,
eventually epigenetically (differences in pH and the composition of soils analyzed for individual localities,
data not published). During the process of rooting the clone differences had also approved in the number
of rooted plants. For the induction of rhizogenesis in agar substrate during our experiments there had also
be proven the necessity of auxin IBA in the rooting medium, although the study of Conen (1977) and
Marks and Myers (1994) describe the rooting with auxin NAA. The problems during the induction of
rhizogenesis of explants of D. cneorum in agar were described by CHrisTIE and Brascamp (1989) and they
recommend to stimulate the rooting by combination of auxins IBA and NAA in peat substrate.

The method of multiplication (including time schedules of individual passages and conditions
of cultivation during the induction of organogenesis, rooting and acclimatization) that we have elaborated
for the micropropagation of D. cneorum can be recommended for the preservation of this endangered
shrub.
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IDENTIFICATION OF FOREST TREE GENE RESOURCES
IN THE FGMRI ISOENZYME LABORATORY

ONDREJ IVANEK

FORESTRY AND GAME MANAGEMENT RESEARCH INsTITUTE (FGMRI),
JILOVISTE-STRNADY

ABSTRACT

Isoenzyme laboratory of the FGMRI, the activity of which started in 1998, is dealing with the wide
spectrum of problems. In the frame of the projects solved in the Department of Forest Tree Species Biology
and Breeding isoenzyme analyses have been used for comparing for instance spruce stands from the
different localities of the Krkonose Mts. (project FACE for the Krkonose National Park: Genetic verification
of spruce stands certified for seed collection in the Krkonose Mts., 1997 - 1998). Isoenzymes as markers
for mitoring the valuable tree species populations and for verifying the genotypes of valuable populations
of mountain spruce, fir and dwarf pine were used; they also served as bioindicators of forest tree species
adaptivness to atmospheric immissions (Grant of the Ministry of Environment: Causes of forest ecosystems
damage and prognosis of its further development including proposals of subsequent measurements
in the areas under the long-term immission load, solved in 1999 — 2000). Connected with this project
is the finding of significant differences by means of isoenzyme analyses among the sets of Norway spruce
with different degree of immission damage in the Krusné Mts.

INTRODUCTION

In the frame of the Ministry of Agriculture assignation the populations of forest tree species, mainly
Norway spruce and Scotch pine in various natural forest areas, are continuously monitored in the
FGMRI isoenzyme laboratory, the methodology of isoenzyme analyses and their statistical processing
is developed with the emphasis on standardization at selection of investigated populations, sampling,
analyses and evaluation. These activities are used in the expert and consultative work for forest owners.
Several original themes are solved within the projects of the National Agency for Agricultural Research.
The projects are following:

1. Influence of forest management on forming the run-off and water quality in the forested catchments
in the context of complex landscape protection against flood (Isoenzyme analyses of spruce
populations in small catchments of the natural forest areas in the Moravskoslezské Beskydy Mts.)

2. Physiological and genetic quality of seed of European larch and Scotch pine from the seed orchards
(Identification of clone of seed orchards with Scotch pine by means of isoenzyme analyses)

3. Stress-tolerant clone mixtures of Norway spruce for mountainous areas (Comparison of genetic
properties of chosen Norway spruce clones by means of isoenzyme analyses)

4. Micropropagation of endangered populations of important woody species and determination of genetic
variability of donor populations and derived explant clone by isoenzyme analyses (Isoenzyme analyses
of sets and populations of Scotch elm, European white elm, smooth elm, small-leaved linden and large-
leaved linden from different localities and explant cultures derived from them)

5. Genetic identification of forest tree species in various site conditions by means of isoenzyme analyses
(Investigation of populations of Norway spruce, Scotch pine and European larch in various localities
in CR in connection with the monitoring plots observed in the frame of the ICP Forests Programme
monitoring sites. Project comprises also the investigation outside the CR, especially in Germany
and Sweden)
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METHODOLOGY

Verification of origin of gene resources is focused especially on the isoenzyme analyses of forest tree
species stands from the comparative standards. In 1992 the comparative standards were proposed
in the frame of “Methodical instruction for verification and testing of reproduction material of forest tree
species® as the partial population from the certified units of forest tree species, that respond in growth,
quality, resistance and in other properties and signs to the requirements for the certified resources
of reproduction material. These resources, ordinary from the viewpoint of signs and properties, included
in the certified unit category B, correspond to reproduction material the most represented and thus used
in forest management. Moreover, the comparative standards include the stands relatively homogenous,
sufficient extensive, with reproducible properties, they are characteristic for the natural forest area or its
substantial part and can be taken for the standard populations. The sets of these standards (populations)
involved the units of the whole extension of elevations, or forest vegetation zones, where the relevant
unit is the part of the original forest ecosystems or has, if not original, suitable conditions for the needed
growth and development (Set of comparative standards for economically important woody species in CR
was originally proposed in the frame of “Methodical instruction for verification and testing of reproduction
material of forest tree species™ for 9 species of economically important woody species).

Natural Site comparative | Forest administration — forest Number of Age
forest area | plots, elevation m district certified unit (years)
16a 1. Kacov, Lounovice B-SM-156-16-5-BN 96
10a up to 600 2. Milevsko, Milevsko B-SM-159-10-3-PI 91
16b 3. Baron J.N.Nadherny, Prose¢ | B-SM-25-31-3-SY 105
29 4. Vitkov, Janské Koupele B-SM-104-29-4-OP 95
16a 1. Pelhtimov, Cernovice B-SM-5-16-5-PE 70-90
11a 2. Kolowratovy lesy, Rozvadov | B-SM-300-11-5-TC 99
27 601-900 3. HanuSovice, Staré Mésto B-SM-045-27-6-SU 97
27 4. Lou¢na, Kouty nad Desnou a) | B-SM-168-27-8-SU 105
10a 5. Vodnany, Buzice B-SM-013-10-3-ST 76
13 1. NP Sumava, Ceské Zleby | B-SM-652-13-6-PT 81
13 901+ 2. Zelezna Ruda, Hojsova Straz | B-SM-416-13-8-KT 100
22 3. KRNAP, Cerna Hora B-SM-10-22-7-TU 94
27 4. Lou¢na, Kouty nad Desnou b) | B-SM-027-27-8-SU 148

List of comparative standards observed by means of isoenzyme analyses Norway spruce Picea abies L.
a) Cervenohorské saddle
b) Pradéd saddle

RESULTS

The comparative standards of Norway spruce were the first to be investigated in the frame
of identification of standard populations by means of isoenzyme analyses. Until now totally 11
populations were measured by means of isoenzyme analyses, each of them is represented by one stand,
i. e. by 45 individuals. The enzymatic systems glutamate dehydrogenase (GDH), glucose-6-phosphate
dehydrogenase (G-6PDH), shikimic acid dehydrogenase (SDH) and 6-phosphoglutamate dehydrogenase
(6-PGDH) were investigated at each from these populations, diaphorase (DIA), hexokinase (HK) etc. at
several selected populations. From these enzymes the results of three enzymatic systems GDH, G-6PDH
and SDH were quantitatively evaluated and statistically processed in the 1* stage (examples of graphical
processing for forest administrations Kacov and Pelhiimov).
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Isoenzyme analyses of Norway spruce populations from the comparative standards for verification
of forest tree species reproduction material inform about further important signs of these standards which
can be identified in any stage of woody species development, stand age, unlike for instance morphological
ones. The results of analyses present the significant differences among these standards from the viewpoint
of allelic representation, genetic diversity, etc. The results of isoenzyme analyses of standard population
corresponding to comparative standards can be taken for average coefficients (next to coefficients like
quality of wood, volume production, stability of forest ecosystem, etc.) that can be used for “measuring”
and for comparing the great part of other stands and populations. This comparison can be applied
for instance for stands in the comparable elevation differing distinctly in quality in comparison with
the comparative standards, or generally in stands in the same natural forest area. This method can be also
used for observing the results of cultivation measures on the molecular-genetic level and at least for
controlling the origin of reproduction material.
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DEVELOPMENT OF PROGENIES FROM SPONTANEOUS HYBRIDS
WITHIN GENUS ABIES

JAROSLAV KOBLIHA, VLADIMIR JANEGEK
FacuLty oF ForesTRy, CzecH UNIVERSITY OF AGRICULTURE, PRAGUE, CzECH
REpPuBLIC

INTRODUCTION

Silver fir (Abies alba MiLL.) was one of our most important forest trees. Its occurrence extremely
decreased owing to its long-termed retreat under influence of changing ecological conditions.
That is same with viability of recently living local populations. Silver fir is counted among domestic
tree species maintenance of which is mainly connected with increasing of its resistance. It is important
independently on implications of silver fir stands regeneration in Europe. Breeding of silver fir for
specific resistance is not possible as in case of elms. Research has to be directed to general increasing
of its viability.

Hybridization, especially interspecific hybridization, is a verified way of increasing fir general
resistance and viability because hybrids within the Abies genus from both spontaneous or artificial
hybridization distinguish themselves by heterosis not only in growth but also in increased viability
against parental species. Higher tolerance to changing ecological conditions is connected with it.
We can expect higher tolerance in fir hybrids in this relation not only to various obligatory stress
factors including air pollution pressure but also to eventual consequences of changing in ecological
conditions caused by climate warming.

We cannot rely only on gradual adaptation of domestic forest tree populations from a population genetics
viewpoint with respect to great rapidity of ecological conditions changes. Genetic adaptation of domestic
forest tree populations on the basis of selection and mutation processes lasts minimally ten or much more
generations with sudden changes. Introduction of foreign tree species adapted to similar conditions and tree
breeding using the domestic and foreign tree gene pool especially for their interspecific hybridization with
consequent selection can play important role in this case.

RonmEDER and ScHonBAcH (1959) observed that interspecific hybrids of Abies alba, Abies veitchii,
Abies concolor, Abies procera, Abies nordmanniana grew more rapidly than intraspecific hybrids.
KanTor and CHira (1971) were interested in hybridization of fir in former Czechoslovakia with using
of Abies alba, Abies cephalonica, Abies nordmanniana, Abies pinsapo, Abies cilicica, Abies concolor,
Abies grandis for interspecific and intraspecific hybridization.

KosLra (1988, 1989) was interested in testing of some these hybrids. Progenies of Abies cephalonica
from intraspecific hybridization were of excellent results. Every interspecific and intraspecific hybrid
combination with genetic representation of Abies alba was better than Abies alba from free pollination.
KoBrina and Pokorny (1990), KosLina et al. (1991), KoBrLina and KrALik (1991) were interested in various
methods of propagation of these hybrids.

Grecuss (1986, 1988, 1992) and KormuTiak (1985, 1986, 1992) investigated hybridization
of fir in Slovakia. GreGuss (1986) mentioned that silver fir grew slower in comparison with
hybrids and differentiation between hybrid progenies and progenies of individual species
from free pollination increased. KormuTiak (1986) obtained similar results. He recommended
primarily combinations: Abies alba x Abies cephalonica, Abies cephalonica x Abies numidica,
Abies nordmanniana x Abies alba, Abies pinsapo x Abies cephalonica, Abies pinsapo x Abies
alba, Abies numidica x Abies nordmanniana, Abies numidica X Abies cephalonica, Abies concolor
x Abies grandis for growing in conditions of Slovakia Abies cephalonica. He recommended with
exception of Abies concolor and Abies grandis mainly using of Abies alba and Mediterranean
tree species. The same species already played the most important role in experiments of KANTOR,
CHIrA and GREGUSS.
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The French research (ARBEZ et al. 1990) is interested in problems of Mediterranean fir species and their
hybridization. French researchers also recommend using of fir progenies from self-pollination regarding
to their tolerance in framework of inbreeding.

KoBLiHA (1994) obtained F2 generation hybrids in combination Abies cilicica x Abies cephalonica.
He alsorealized crossings (Abies cilicicax Abies cephalonica) x Abies alba, Abies pinsapo, Abies homolepis,
Abies concolor and Abies pinsapo, Abies koreana, Abies grandis, Abies lowiana x (Abies cilicica x Abies
cephalonica).

MATERIAL AND METHODS

In September 1990 seeds were collected in Arboretum Kysihybel in Slovakia from 21 trees —spontaneous
hybrids within genus Abies by colleague GrREGUsS. Trees no. 1 - 3 and 6 - 21 incline in phenotype
to Abies cephalonica, tree no. 4 to Abies cilicica and no. 5 to Abies numidica. These seeds were sown
in Tree Breeding Station Truba in Kostelec n. C. 1. as individual progenies in spring 1991. Two-year old
seedlings were planted in the nursery of the tree breeding station and then 5-year old plants were used
for establishment of comparative plantation near the tree breeding station.

This plantation for progeny testing compared these progenies with Abies alba, Abies nordmanniane,
Abies balsamea, Abies grandis, Abies procera, Abies concolor, Abies gracilis and complicated hybrid
progeny Abies koreana x (Abies cilicica x Abies cephalonica). These 21 progenies and Abies gracilis were
planted to the plantation always on 3 plots, Abies alba on 9 plots, Abies balsamea on 4 plots, Abies grandis
and Abies koreana x (Abies cilicica x Abies cephalonica) on 2 plots, Abies nordmanniana, Abies procera
and Abies concolor on 1 plot. Twenty-five plants were planted to the square plots (5 x 5 plants) in spacing
1.20x 1.20 m.

Flushing of plants from progenies was observed during spring 1998 and 1999. Flushing plants were
counted on control days: Apr. 24, 30, May 6, 13, 22, in 1998 and Apr. 21, 28, May 5, 13, 20, in 1999.
On the beginning of 1999 height of 8-year old trees was measured.

RESULTS

Results of flushing observation in progenies from 4 control days in both years are showed in table 1
and figures 1, 2, 3, 4; 100% of plants were flushing in the 5th control day in both years. Table and
figures show slower beginning of flushing in 1999, which was influenced by colder weather, but there
is possible to observe similar trend of progeny flushing in both years. Fast flushing was observed in Abies
nordmanniana and slow flushing in Abies procera, Abies concolor and Abies koreana x (Abies cilicica x
Abies cephalonica).

Table 2 and figure 5 show results of height measurement. Mean height of plantation was 34 cm.
Mean height of progenies from spontaneous hybrids moved from 22 cm to 45 cm. Abies alba reached
27 cm, Abies nordmanniana 104 cm, Abies balsamea 62 cm, Abies grandis 36 cm, Abies procera
53 cm, Abies concolor 60 cm, Abies gracilis 13 cm and Abies koreana x (Abies cilicica x Abies
cephalonica) 28 cm.

Analysis of variance (table 3) showed that height of plant is very significantly influenced by its
appurtenance to progeny. Duncan’s test (table 4) showed 12 homogenous subgroups with similar
mean height.

Results show that Abies gracilis with mean height 13 cm (48% of Abies alba mean height) and low
viability (absence of flushing in 1999) is not acceptable for our conditions. It is necessary to mention
that some higher progenies: no - 23 (Abies nordmanniana), no. 26 (Abies procera) and no. 27 (Abies
concolor) . are represented only by one plot.

54



REFFERENCES

ArBEzZ, M., Fapv, B., FERrRANDES, P. 1990. Variabilite et amelioration genetique des sapins
mediterranneens — Cas du sapin de Céphalonie (Abies cephalonica Loup.). In: International
workshop: Mediterranean firs — Adaptation, selection and silviculture. Avignon, France, 11. — 15.
6. 1990, p. 43 — 57.

GRrEGUSs, L. 1986. Slachtitelsky program zvysenia odolnosti jedle hybridizaciou. (Breeding programme
of fir resistance increasing by hybridisation.) In: Proceedings of the 7% state seed management and
breeding conference, Spisska Nova Ves, 1986, p. 34 —41.

Greauss, L. 1988. Medzidruhova hybridizacia — nahrada za ustupujtcu jedlu bielu (Hybridization of fir
— Replacement of the fading silver fir.) Lesnictvi, 34, no. 9, p. 797 — 808.

GreGuss, L. 1992. Hodnotenie za¢iatoéneho rastu medzidruhovych jedlovych hybridov na prikladé
trvalej vyzkumnej plochy Drietiova. (Valuation of initial growth of interspecific fir hybrids on
example of permanent experimental plot Driefiova.) Lesnicky Casopis — Forestry Journal, 38,
no. 3, p. 223 — 238.

Kantor, J., CHRA, E. 1971. On the possibility of crossing certain species of the genus Abies. Acta
Universitatis agriculturae, Series C.

KoBLIHA, J. 1988. Proménlivost hybridnich potomstev v ramci rodu Abies. (The variability of hybrid
progenies within the Abies genus.) Lesnictvi, 34, no. 9, p. 769 — 780.

KoBLHA, J. 1989. Some results of hybridization and conservation of the genofund of Abies alba. In:
Proceedings of the International Symposium: Forest Genetics, Breeding and Physiology of Woody
Plants. Voronezh, September 24 — 30, 1989, p. 59 — 63.

KoBLIHA, J., PokorRNY, P. 1990. Vysledky autovegetativniho mnozeni riznych hybridd v ramci rodu Abies.
(The results of autovegetative propagation of various hybrids within the genus Abies.) Lesnictvi, 36,
no.7,p. 617 —624.

KoBLIHA, J., SNASELOVA, V., HAVEL, L. 1991. Explantatové kultury — perspektivni moznost masového
mnozeni cennych hybridii z rodu Abies. (Explant cultures — a promising possibility of mass
propagation of valuable hybrids within the Abies genus). Lesnictvi, 37, no. 4 — 5, p. 295 — 302.

KoBLHA, J., KRALIK, J. 1992. Vliv ristové latky paclobutrazol na piezivani a zakofeniovani fizkd hybridni
jedle. (The effect of growth substance Paclobutrazol on survival and rooting of cuttings of hybrid fir.)
Lesnictvi — Forestry, 38, no. 11, p. 889 — 897.

KoBLiHA, J. 1994. Hybridizace v ramci rodu Abies se zaméfenim na ziskani hybridd generace
F 2. (Hybridization within the Abies genus aimed to obtaining of F 2 generation hybrids.)
Lesnictvi — Forestry, 40, no. 12, p. 513 — 518.

KorMuTIAK, A. 1985. Study on species hybridization within the genus Abies. Acta Dendrobiol., 127 p.

KormuTiak, A. 1986. Vyskovy rast vybranych druhov cudzokrajnych jedli a ich hybridov. (Height
growth of selected species of foreign firs and their hybrids.) In: Proceedings from the 7™ state seed
management and breeding conference, Spisska Nova Ves, p. 123 — 131.

KormuTiak, A. 1992. Hybridizacia druhov Abies concolor (Gorp. et GLEND./LINDL.) a Abies grandis
(DoucL./LinpL.) na Slovensku. (Artificial hybridization between the white fir (4bies concolor /Gorp.
et GLEND./LINDL./) and grand fir (Abies grandis /DoucL./LINDL.) in Slovakia). Lesnictvi — Forestry, 38,
no. 9—10, p. 759 — 769.

RonMEDER, M., ScHONBACH, H. 1959. Genetik und Ziichtung der Waldbdume. Parey Hamburg —
Berlin.

55



LIST OF PROGENIES:

Number Progeny
21-21 spontaneous hybrids

22 Abies alba

23 Abies nordmanniana

24 Abies balsamea

25 Abies grandis

26 Abies procera

27 Abies concolor

28 Abies gracilis

30 Abies koreana x /Abies cilicica x Abies cephalonical
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Control days Control days
Pro- | Year 1. 2. 3. 4. |Pro- | Year | 1. 2. 3. 4.
geny geny
1998 | 4.92 | 37.54 | 60.43 | 81.20 | 16 1998 | 1.96 | 36.59 | 61.82 | 92.66
1999 | 0.15 | 18.19 | 52.31 | 89.99 1999 | 0.00 | 14.88 [ 49.41 | 86.31
1 1998 [ 12.8 [ 61.67 | 66.83 | 78.58 1999 | 0.00 | 14.88 [ 49.41 | 86.31
1999 | 0.00 | 33.02 | 60.64 | 91.65 | 17 1998 | 2.78 | 40.08 [ 72.9 | 97.22
2 1998 | 6.35 | 36.75 | 55.08 | 64.31 1999 | 0.00 | 8.28 [ 31.75 | 88.64
1999 | 0.00 | 23.45| 51.78 1 90.91 | 18 1998 | 0.00 | 11.92 [ 60.41 | 89.50
3 1998 | 9.90 | 48.83 | 60.95 | 88.49 1999 | 0.00 | 7.01 [ 39.07 | 94.20
1999 | 1.52 | 43.99| 75.01 | 98.15]19 1998 | 16.39 | 62.78 | 71.11 | 91.94
4 1998 | 5.80 | 49.28 | 74.64 | 96.47 1999 | 0.00 | 16.89 | 44.00 | 94.22
1999 | 1.33 | 22.50 | 61.00 | 95.83 120 1998 | 6.83 | 58.67 [ 69.67 | 98.61
5 1998 | 0.00 | 47.22 | 67.67 | 95.94 1999 | 0.00 | 16.39 | 48.06 | 91.72
1999 ([ 0.00 | 18.42 | 63.34 [ 92.93 |21 1998 | 3.17 [ 69.42 | 77.94 | 100
6 1998 | 0.00 | 32.08 | 61.81 | 85.42 1999 | 0.00 [ 36.57 | 47.69 | 79.63
1999 | 0.00 | 5.39 | 49.06 | 96.30 | 22 1998 | 2.31 | 40.32 | 69.20 | 88.24
7 1998 | 6.72 | 50.89 | 75.56 | 90.44 1999 | 0.00 | 23.84 | 51.25 [ 96.13
1999 | 0.00 | 8.06 | 51.83190.33 |23 1998 | 20.00 | 92.00 | 92.00 | 100
8 1998 | 2.90 | 33.61 | 69.54 | 100 1999 | 0.00 [ 56.00 [ 100 100
1999 | 0.00 | 11.25 | 47.53 191.29 | 24 1998 | 14.08 | 70.33 | 83.58 | 100
9 1998 | 0.00 | 57.14 | 77.18 | 98.41 1999 | 0.00 | 45.25 | 89.75 | 97.96
1999 | 0.00 | 15.87 | 53.18 | 88.29 | 25 1998 | 0.00 | 8.695 [ 49.87 | 78.54
10 1998 [ 1.75 [ 26.03 | 65.95 | 98.67 1999 | 0.00 | 8.88 [43.92] 94.74
1999 | 0.00 | 2.78 | 43.44 1 87.00 | 26 1998 | 0.00 [ 4.00 [ 56.00 | 96.00
11 1998 | 5.50 | 65.00 | 77.06 | 94.50 1999 | 0.00 | 0.00 [ 16.00 | 60.00
1999 | 0.00 | 18.89 | 59.50 | 100 |27 1998 | 0.00 | 0.00 [ 65.22| 100
12 1998 | 4.17 | 36.51 | 59.57 | 67.63 1999 | 0.00 | 0.00 [ 72.00 | 96.00
1999 | 0.00 | 12.00 | 47.13 190.20 | 28 1998 | 30.48 | 82.42 | 87.54 | 94.87
13 1998 | 8.39 | 46.10 | 73.66 | 100 1999
1999 | 1.39 | 17.26 | 47.63 | 83.75 130 1998 | 0.00 | 6.00 [ 37.91 | 58.19
14 1998 | 4.76 | 19.86 | 51.97 | 78.61 1999 | 0.00 | 0.00 [ 30.55 [ 65.55
1999 [ 0.00 | 13.09 | 36.48 | 82.00
15 1998 | 3.14 | 55.23 | 79.00 | 98.61
1999 | 0.00 | 29.30 | 53.69 | 96.02
Tab. 1.

Flushing of progenies in 1998 and 1999 (percentage of flushing individuals)

57



Progeny | Number of individuals | Mean height (cm)
1 72 30
2 67 22
3 61 28
4 69 31
5 71 39
6 67 28
7 61 34
8 71 42
9 62 45
10 70 31
11 74 39
12 73 33
13 61 32
14 69 28
15 56 31
16 69 27
17 72 32
18 71 27
19 65 34
20 73 33
21 54 32
22 190 27
23 25 104
24 99 62
25 35 36
26 25 53
27 25 60
28 47 13
30 47 28
Tab. 2.

Mean height of progenies (progeny 22 = Abies alba)

Source of | Sum of squares | Degrees of freedom | Mean square | F-stat- Significance

variability a=0,05 | 0=001

Repetition- 28,115.842 8 3,514.480 19.166++ 1.95 2.52

Progeny 286,794.314 28 10,242.654 | 55.859++ 1.50 1.75
Tab. 3.

Analysis of variance - dependent variable: HEIGHT 1999
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Homogenous groups: Mean height

Group 1 28 13.4255
Group 2 2,16, 18, 22,30 26.3941
Group 3 16, 18, 22, 30, 6, 3, 14, 1, 4, 10, 15, 13, 21 28.8546
Group 4 18,22, 30,6, 3, 14, 1,4, 10, 15, 13, 21, 17 29.2888
Group 5 30,6,3,14,1,4,10, 15, 13,21, 17, 12, 20, 19, 7 30.9814
Group 6 1,4, 10,15, 13,21, 17, 12, 20, 19, 7, 25 32.2247
Group 7 25,5,11 38.3500
Group 8 5,11,8 40.0463
Group 9 8,9 43.7068
Group 10 26,27 56.5800
Group 11 27,24 61.7016
Group 12 23 104.0800

Tab. 4.

Duncan's test, classifying by homogenous subgroups
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Fig. 1. progeny

Flushing of progenies (1st control day)
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Flushing of progenies (2nd control day)
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Flushing of progenies (4th control day)
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Flushing of progenies (3rd control day)
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Mean height of progenies in 1999 (progeny 22 = Abies alba)

60



THEORETICAL ANALYSES OF THE POSSIBLE BENEFIT
OF VEGETATIVE PROPAGATION IN QUALITY BIRCH

MiLaN LSTIBUREK

ForesTRY AND GAME MANAGEMENT RESEARCH INSTITUTE
(FGMRI) JiLoviSTE — STRNADY,

(Examination work supervised by Dr. D. Lindgren, SLU)

ABSTRACT

Much effort goes into the development of vegetative propagation using micropropagation and other
methods. This work analyses the profitability of vegetative propagation in forest tree breeding exemplified
by birch. Such analysis was done by comparisons built on published formulas, compiled in an Excel
worksheet. The worksheet enables calculations in major breeding alternatives. Inputs used in this study
are genetic variance components, cost components as well as number of parents, number and size
of families, size of clones, number of selected families and genotypes within a family. Outputs are gain,
status number and total cost. Total investment, cost components (related to the additional genotypes and
experimental plants) and heritability were found to be the most important factors affecting the efficiency of
cloning in genetic testing. Cheap additional plants, high cost per additional genotype and low narrow-sense
heritability make clonal option in testing more beneficial. Presence of dominance variance lowers
the benefit marginally. Founders are crossed pairwise in one breeding alternative to test their full-sib
families for forward selection of the best genotypes out of the best families. An option exists to vegetatively
propagate each genotype before the test is planted; thus each of them is represented by number of clonal
copies in a test. This is highly beneficial for testing birch. Clonal test (for backward selection of the best
founders) is better compared to half-sib progeny test in a wide range of conditions provided an efficient
propagation technique is available. Micropropagation is mentioned as a possibility to establish birch clonal
tests. One can use this work as an introductory manual for an analysis more in depth.
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