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The forest tree breeding strategies used in Scandinavian and Baltic countries are discussed as regards breeding intensity
and breeding systems, methods used for mating, testing, selection, and creation of propagule populations. Types of selection
strategies and possible use of genetic estimates for evaluation of gain in tree breeding are discussed. Depending on species,
the concepts and methods of tree improvement vary from country to country. First breeding cycle in most countries
started with selection of plus trees, generating open pollinated or polycrossed progenies, long-term testing and backward
selection. The subsequent breeding cycles or recurrent breeding are based mostly on recombination via open pollination
or double-pair mating and on mixed forward selection model under Multiple Breeding Population System or Conventional
unstructured system. Implications and options for Lithuanian forest tree breeding activity are presented in the light of
this overview. Recurrent long-term breeding combined with gene conservation and based on Multiple Population Breeding
System with open pollinated progeny testing would best suit breeding of most forest tree species in Lithuania. More
intensive breeding options with double-pair mating can be used for Scots pine and silver birch and in combination with
clone tests for Norway spruce. Number of subpopulations, the size of initial material, and intensity of forward selection
will be chosen based on the economic importance of each species.
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Introduction

At present new strategies and programs on breed-
ing and gene conservation of coniferous and broad-
leaved forest tree species are under preparation, adop-
tion or launched in Lithuania. These programs are of
particular importance, as the Program for afforestation
of former agricultural lands starting in Lithuania would
benefit much from improved plant material. Much can
be gained from the analysis from recent development
in population and conservation genetics. As funds for
forest tree breeding are very limited in Lithuania,
sound considerations have to be made as regards strat-
egies, and thereby intensity and methods to be used.

The tree breeding strategies in neighbouring
Nordic and Baltic countries are worthwhile to ana-
lyse before a strategy for tree breeding is decided
upon for Lithuania. Recently such strategies were
presented (“Integrating tree breeding and forestry”,
Proc. of SNS meeting 2001, eds. Haapanen & Miko-
la). However, the way of presenting the programs
varied much among the countries, which complicates
a comparison of advantages and disadvantages of the

individual programs. To enable such a comparison it
may be useful to try to describe the programs in one
uniform way as is done in Figure 1. Four functional-
ly different populations have to be clearly distin-
guished: breeding population propagule population,
production population, and gene resource population.
According to Eriksson and Ekberg (2001), breeding
population is defined as the collection of trees that
will carry the advancement of breeding into future
populations, propagule population is the plants or
trees utilized in sexual or vegetative propagation,
production population is a population intended to
produce human utilities, gene resource population
is the seeds, acorns, nuts, plants, or trees that are
included in the gene conservation. The demand for
genetic variability is highest in breeding and gene
resource populations.

The management of the breeding population cov-
ers three main fields of activities: mating, testing and
selection. Each of these activities can be carried out
using one out of many alternative methods and that
gives a multitude of possible combinations of meth-
ods for management of the breeding population.
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Intensity of breeding

The intensity of tree breeding varies depending
upon the economic importance of each species. The area
of forest artificial regeneration in the Scandinavian and
Baltic countries varies from 30 to 70 % in general. Co-
niferous species normally are being regenerated artifi-
cially at larger extent than broadleaved trees and main-
ly with improved seedling material, though the needs
for it rarely can be fulfilled at more than 70 percent. As
coniferous predominate in forest economy of Scandi-
navian and Baltic countries, the funds allocated for
breeding of coniferous are much larger than the funds
allocated for breeding of broadleaved tree species. Tree
breeding of coniferous species was traditionally run for
many decades, however during the recent decade broad-
leaved species received more attention.

It is complicated to delimit high and low intensity
breeding from each other. Lindgren (2000) described
high-intensity breeding as one incorporating full pedi-
gree control (controlled crossings) and genetic testing.
Low-intensity breeding is operating with phenotypic

selection within progenies raised from background
pollination. In breeding there is always a conflict be-
tween the demand for gene diversity versus genetic
gain. In addition, funding puts a limit to the possibili-
ties of implementation of a desired breeding programme.
This conflict was discussed in detail by Lindgren &
Karlsson (1993) for Norway spruce breeding in Sweden.
The level of genetic variation should be high in pro-
duction population if natural regeneration of wood pro-
ducing forest is planned. With short rotation times high
genetic gain will be achieved at cost of lesser genetic
variation and this restricts the possibility of using nat-
ural regeneration, because it could result in inbreeding
and decreased sustainability of newly regenerated for-
ests. Implementation of both long- and short- term strat-
egies require educated staff (Lindgren 2000).

Breeding systems
The overview of breeding strategies elaborated in

different countries is mainly based on the proceedings
from SNS meeting in Finland 2001 (see Fig. 1). At
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Fig. 1. The principal scheme of forest tree breeding illustrating functionally different populations
(modified after Eriksson 2003) and methods of breeding, mating, progeny testing, selection and creat-
ing of propagule and production populations used in Scandinavian and Baltic countries. All countries
have been listed using international country codes except Scotland, which is indicated by Sc.
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present four main breeding systems can be distin-
guished: Conventional unstructured (C), Open nucle-
us (ON), Hierarchical OPen Ended (HOPE) and Multi-
ple Population Breeding System (MPBS). Open nucle-
us breeding means that the breeding population is split
into one small and one large population. The selec-
tion intensity is higher in the small population than
in the large population, which causes a divergence
between the two over time. HOPE means that genes
are transferred stepwise via crosses from populations
with a low level of improvement to higher levels of
improvement. MPBS was first developed by Namkoong
(1976). It means that the breeding population is split
into approximately 20 subpopulations, each with some
50 genetic entries. Multiple small populations can give
greater gains than single populations by selecting and
intercrossing among subpopulations. Separate sub-
populations can have different breeding goals and
traits. Moreover, artificial selection progress rate can
vary among subpopulations. The difference from the
sublining strategy is that MPBS is aimed at an increase
in the among-population additive variance (see Eriks-
son & Ekberg 2001). It is also advantageous in case
of unpredictable global climate warming and chang-
ing trait market values (Eriksson et al. 1993; Koski &
Tigerstedt 1996). If MPBS is planned for long-term
breeding it takes care of gene conservation of the
species included in the breeding (cf Eriksson et al.
1993). Thus, MPBS combines the capture of the exist-
ing adaptedness while keeping satisfactory additive
variance in each subpopulation.

The actual advantageous and disadvantageous
aspects of the breeding systems mentioned are also
presented in Table 1. One main difference of MPBS
from the open nucleus system is that there is no infu-
sion of newly selected material into the breeding pop-
ulation. Such an infusion usually results in reduction
of genetic gain. A comparison of the two breeding
strategies, MPBS and HOPE reveals that the last one
has lower level of genetic diversity (Williams & Ham-
rick 1995). MPBS prevails in Nordic countries. For a
long period a conventional breeding system was dom-
inating in Baltic countries. However, recently in Lithua-
nia, the conventional breeding system is under reor-
ganization into MPBS (Anonymous 2003). Some coun-
tries use combinations of different breeding system,
eg the Pinus radiata breeding in New Zealand has
elements of MPBS, nucleus breeding and sublining (cf.
Eriksson & Ekberg 2001).

Mating

Depending on species, the concepts and methods
of tree improvement vary from country to country.
Although, in the first breeding cycle most countries

Table 1. The main advantages and disadvantages of most
common breeding systems used in forest tree breeding. For
the explanations of used abbreviations see text above. C=
conventional breeding, ON= Open Nucleus system, HOPE=
Hierarchial OPen Ended system, MPBS= Multiple Popula-
tion Breeding System

Breeding
Advantages Disadvantages
systems
C Simple to apply in practice ~ Low level of improvement
ON Appropriate level of genetic Difficult to maintain a large
diversity and improvement.  breeding population; possibility to
combine with gene conservation
is mainly limited to a few forest
tree species. At later generations
it is less likely that material will
be transferred from the large
population to the nucleus
population owing to the loss in
gain connected with such a
transfer.
HOPE High improvement level in  Comparatively lower  genetic
elite breeding population. diversity and difficult to combine
with gene conservation.
Impossible to use for long-
generation time species.
MPBS High  overall genetic Many breeding populations have
variation and possibility to to be created.
combine with gene
conservation in efficient
way.

started with selection of plus trees and open-pollinated
or polycrossed progeny in long-term testing followed
by mixed forward selection model. This was mainly
dependent on the economic importance of the species
in the country, geographic peculiarities of the coun-
try and national socio-historical heritage. Thus Iceland
has the main objective to increase forest area by us-
ing proper genetic material. Denmark has very little of
indigenous conifer forests and so the efforts are more
strengthened on proper choice of seed sources. Open-
pollinated mating model is being used in most coun-
tries except for Sweden and Finland. In Sweden, with-
in each of the unrelated breeding populations, cross-
es are carried out by means of double-pair mating
among 50 members thus securing high genetic varia-
tion in next generation.

Progeny testing
Long-term testing is usually applied, which in

many cases is combined with medium- or short-term
testing since genetic gain per time depends very much

I 2004, Vol. 10, No. 1 (18) NN (SSN 1392-1355

97



BALTIC FORESTRY

I FOREST TREE BREEDING STRATEGIES IN NORDIC AND BALTIC COUNTRIES /.../ I V. BALIUCKAS ET AL I

on the length of the testing period. For most broad-
leaved tree species the period of 7-15 years facilitates
obtaining efficient breeding with satisfactory juvenile-
mature correlations. The choice of single or multiple
tree plot testing design is much dependent on testing
period and on the number of genetic entries used.
Long-term tests and different types of conversions of
test trials to other breeding system units would favour
multiple plot design. Usually a large number of geno-
types and many test localities is associated with sin-
gle tree plot design, as it is more cost-effective (Oso-
rio et al. 2003).

Testing of generative progenies is often combined
with testing of cuttings as clonal testing significantly
improves the precision of estimates and generate high-
er genetic gain (e.g. Burdon 1986, Danusevicius &
Lindgren 2001, Danusevicius & Lindgren 2002). How-
ever it is suitable only for species that are easy to
propagate vegetatively, unless economic interest is
very great. Vegetative propagation requires addition-
al funds therefore it can be applied for species that
are under high intensity breeding and commonly used
in Scandinavian countries. A decade ago an extensive
breeding program based on clone testing was run for
Norway spruce in Latvia.

Clone testing should be economically well justi-
fied, as it requires more resources to be allocated to
get final results. It is also assumed that growth per-
formance of clones results in more pronounced G x E
interaction compared to half-sib families, so there nat-
urally would be a need to have more testing localities
for clone selection. Intuitively, it is logic that proge-
ny testing should be carried out at several test local-
ities to estimate the importance of genotype x envi-
ronment (G x E) interaction. However, most studies of
conifers showed limited importance of G x E (cf. Zhelev
et al. 2003), which suggests that the number of test
localities could be reduced to what is required from a
safety point of view such as loss owing to fire or road
constructions or other calamities. McKeand et al.
(1990) reported low economic importance of G x E in-
teraction in the test of loblolly pine half-sib families.
However, the majority of estimates of G x E refers to
individual traits and not to composite traits. Namkoong
(1985) and McKeand et al. (1997) reported that a com-
posite trait might show G x E interaction even if the
individual components did not show any G x E inter-
action. These observations call for progeny trials at
several localities.

Selection strategies

Forward selection means that the best individu-
als in a progeny test are selected for seed orchards

and/or subsequent generations of breeding. Backward
selection is based on selection of parent trees accord-
ing to the results from progeny testing. Among-fami-
ly forward selection followed by within-family selec-
tion is mostly used in Scandinavian countries. Domi-
nance of forward selection in breeding programs is
reasonable, because it was shown in numerous stud-
ies that in most cases forward selection is superior to
backward (e.g. Routsalainen & Lindgren 1998). Simu-
lations under considerations of costs, time, genetic
parameters and annual budget showed (Danusevicius
& Lindgren 2001) that backward selection (“progeny
strategy”’) would yield higher group merit gain per year
than forward selection (“phenotype strategy”) pre-
sumed that sexual maturity is less than 12 years. Group
merit gain is expressed as a function (weighed aver-
age or index) of its breeding value and gene diversi-
ty. There are several strategies of multitrait selection
applicable with some modifications if needed which can
be recognised as most commonly used for artificial
selection on multiple traits. Their main advantages and
disadvantages are presented in Table 2. The choice of
selection strategy depends on the nature of trait or
traits of interest and on the final aim of selection.
Study of selection and mating principles by computer
simulation (Rosvall and Mullin 2003) revealed that
positive assortative mating with selection restrictions
on group coancestry enhances gain and also enables
to conserve genetic diversity in long-term forest tree

Table 2. The main advantages and disadvantages of most
common multitrait selection strategies of forest tree breeding

Selection strategy

Advantages

Disadvantages

index selection - the
technique involving the
integration of information
from multiple sources into

one index value

tandem selection - only a
single trait is selected each
generation and selection
intensity is assumed to be

constant

independent culling
when any individual not
exceeding the preset
threshold values in all

traits being culled

higher efficiency, compared
with the other strategies;
gain in all selected traits in

one generation

selection on very different
traits (e.g. disease resistance
and growth rate);

a need to measure only one

trait at a time

- itcan be applied at any time

in one generation

to get reliable results under
this strategy, estimates of
genetic  parameters  are
required (also true for the

remaining strategies)

long period is needed for
improvement of several
traits;

long-term selection in one
trait can restrict success in

another trait

large breeding population
size is needed to reach the
goal; difficult to set
appropriate culling levels
for each trait, especially
when many traits have

been selected
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breeding. Fernandez and Toro (2001) have shown that
the method of restricted coancestry selection can be
effective in cases of strong need to balance expected
gain and genetic diversity. The application of this
method also does not restrict the larger contribution
of the best performing families to the selected group
(Lindgren et al. 1989).

Expected genetic gain

The gains that may be obtained from different
selection models explicitly discussed by Stern and
Hattemer (1964) are summarized in Table 3. The larger
the case No, the larger genetic gain would be expect-
ed with the largest gains in cases No 5 and 6.

Table 3. Expected genetic gain under different models of
selection in forest tree breeding (after Eriksson 1971)

Mass selection Type of mating Type of seed orchard
Case Seed Thinning Plus OP' Crossesin  Seedling  Clonal o
Genetic gain
No  tree trees seed
stand orchards
1 + + + hzo'”i/
1,, .
2 + + + —h?o,i,
2
Lyeg @ +i)
3 + + + + 2 pye
1,, .
4 + + + —h’c i,
2
5. + + + o,
6. + + + hoi,

! OP - open pollinated progeny;
h? =heritability; o, =phenotypic standard deviation; i/ =selection intensity at thinning (female

tree selection); i,, =plus tree selection intensity.

The perspectives for tree breeding, especially for
long-term breeding, can be evaluated by using CV, and
h? estimates. Plotting of narrow sense heritability (h )
against additive genetic coefficient of variation (CV )
estimates in different traits, as shown in Figure 2, can
help us indicate the possible selection efficiency, op-
timise the test period and determine the best traits for
selection. This figure is largely based on the data
compiled by Hannrup (1999). CV, is a property of
population and is recommended to use as an indica-
tor of long-term potential in any trait of interest (Houle
1992). Large estimate gives an indication of high po-
tential and possibility of high efficiency by breeding.
The comparison of CV, estimates also helps us iden-
tify the most diverse populations. High estimate of
heritability indicates that short-term testing would be
appropriate.

Propagule population

Most breeding programs are closely connected to
seed orchard establishment. This synchronization leads
to faster use of genetically improved material. Scien-
tifically sound breeding strategy should to some ex-
tent guarantee the use of improved genetic resources
available in practical forestry and at the same time a
guarantee for satisfactory gene conservation. The
production population in most countries is formed
from material harvested in propagule populations as
seed harvested in grafted seed orchards or as cuttings
from vegetative propagation, and clonal archives are
not used for that purpose, because of larger inbreed-
ing and non-randomised clone distribution in them.
Selection strategies for selecting genotypes for crea-
tion of propagule populations differ slightly from the
selection used in creating breeding populations be-
cause usually higher gains are targeted at the cost of
lower genetic diversity of reproductive material ob-
tained from seed orchards. An enhanced genetic gain
is achieved via increasing intensity of within family
selection by means of selecting a smaller number of
genotypes and via use of linear deployment strategy
(e.g., Wei & Lindgren 1993). Linear deployment means
that more selections are being made in families hav-
ing larger breeding value.

CVa, % .
trait 4=bud burst
30 T
trait 1=height
20
trait 3=wood density
1 <t

10 trait 2=f0rking

0 0.5 b2

Figure 2. Plotting of theoretically possible population esti-
mates (indicated by stars) of heritability (h?) against addi-
tive genetic coefficient of variation (CV,) in different traits
of interest for tree breeding in forest tree species

Considerations for forest tree breeding
in Lithuania

Before options for a breeding strategy for Lithua-
nia is discussed, it is important to mention that it would
be economically advantageous if the breeding meth-
ods suggested incorporate gene conservation. In
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agreement with Eriksson (2001) we have safeguarding
of the potential for adaptation as the prime objective
of gene conservation. The main choice is to select
among the breeding systems presented in Table 1. To
identify the breeding strategy that matches the breed-
ing objectives we need to know the background in-
formation on species and traits of interest, that is:
genetic variation within- and among- populations,
species life history characteristics, evolutionary path-
ways, life-history tradeoffs, and perspectives of ad-
aptation and performance under global climatic change.
The evidence of differences in species characteristics
indicates that breeding strategies may differ as well
for separate species or group of species. The decision
needs to be taken on breeding objectives, founder
population(s) size, selection intensity, breeding cycles
planned, selection strategies and their modes.

Pliura and Eriksson (1997) argued that Scots pine
breeding in Lithuania might have the same breeding
strategy as Scots pine in Sweden. This strategy is based
on high-intensity Multiple Population Breeding System,
which integrates ex-situ conservation of forest genetic
resources. It also matches the prime objective of gene
conservation. We consider that the intensity of selec-
tion in Swedish breeding programs is optimal as regards
the balance between genetic gain and genetic variation
in comparison to aggressive tree breeding carried out
in US or to mild selection intensity of extensive tree
breeding program in Finland. Up to now, the running
breeding program for conifers in Lithuania has interme-
diate intensity with genetic tests of open pollinated
families at several locations and forward selection be-
tween and within families. It is closely connected to the
establishment of the second-generation seed orchards.
This breeding strategy seems to fulfil the requirements
of long-term breeding and can be efficiently connected
to dynamic gene conservation for most broadleaved
species in Lithuania (Baliuckas & Pliura 1998). The lin-
ear deployment strategy was already applied in Lithua-
nia for Scots pine and Norway spruce for selection of
material for establishment of the second-generation seed
orchards based on open-pollinated progeny trial infor-
mation (project “Selection of open-pollinated families
and female trees of Scots pine and Norway spruce by
forest natural regions for the second cycle seed or-
chards”, leader A. Pliura). The mixed forward and back-
ward (for the part of the top ranking families) selection
scheme was used in order to obtain as much genetic
improvement as possible while keeping relatively high
genetic variation.

At present the MPBS concept with establishment
of at least one progeny trial - ex-situ breeding popu-
lation with 50 genetic entries in each of the adaptive
environments (breeding zones/provenance regions) is

widely accepted in Lithuania (Baliuckas & Pliura 1998,
Gabrilavi¢ius & Danusevicius 2003). Nevertheless, it
is still sometimes argued in favour (Gabrilavicius,
Danusevicius 2003) to use provenance trials for breed-
ing of conifers in Lithuania. According to Eriksson and
Ekberg (2001) provenance trials have two main objec-
tives (1) to identify the best seed source, (2) to give
information on the past evolution of the species. Prov-
enance information can be used to identify the prov-
enance to use for selection of material for the found-
er population in breeding. If the breeding program is
based initially on provenance experimental trials only,
it restricts the application of MPBS in breeding pro-
grams. It is not able to generate significant genetic
gain and does not contribute to dynamic gene con-
servation (cf Varela and Eriksson 1995 for a discus-
sion of merits of different genetic entries in gene con-
servation). Koski (1997) in his paper on national strat-
egy of gene conservation stressed that in terms of
long time breeding populations the concurrent prov-
enance trials and clonal collections are a blind end.
In conclusion the existing provenance trials and clonal
archives can be used in breeding programs, but to a
very limited extent, e.g. for generating data which can
be used as initial information for further use of seed
sources and for yielding a complementary reproduc-
tive material for forest regeneration in case there is a
lack of reproductive material from seed orchards.
Most published experimental results on forest tree
breeding show that full-sib tests are reliable and pre-
dictable by giving similar estimates of age-age correla-
tion or genetic correlations of the same traits across
sites (Dieters et al. 1995). However, the cost of full-sib
tests is too high to allow an application of them under
current economic situation in Lithuania. The estab-
lished open-pollinated progeny trials with sufficient
number of families per population serve as a good com-
promise between genetic information and economic in-
put. Moreover, such an approach satisfies future breed-
ing needs and dynamic gene conservation. As related-
ness and gain are the major outcomes of breeding the
first one could be successfully solved by using half-
sib families, simply assuming that half-sib families have
four times the effective size or status number as clones
from the same plus tree (Lindgren et al. 1996, Lindgren
2000). Recurrent long-term breeding combined with
gene conservation and based on Multiple Population
Breeding System with recurrent cycles of recombination
and generating open-pollinated progeny within each
breeding subpopulation, medium-term testing in network
of progeny trials in different provenance regions and
within-family forward selection would best suit most
forest tree species in Lithuania. More intensive breed-
ing options with double-pair mating can be used for
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Scots pine and silver birch and in combination with
clone tests for Norway spruce. Number of subpopula-
tions, the size of the initial material, and the intensity
of forward selection would be chosen based on the
economic importance of each species. The economic
importance of native forest tree species is presented in
Table 4. Pinus sylvestris and Picea abies, up to 12 (2
in each provenance region) ex situ breeding populations
would be reasonable to create, for Betula pendula,
Quercus robur, Alnus glutinosa, Populus tremula and
Fraxinus excelsior up to 5-6 (1-2 in each provenance
region), for Acer platanoides and Tilia cordata up to
3-4 populations, and for each of the rarely occurring
species 1 collection/gene conservation population
would be sufficient. The national program for forest tree
gene conservation and breeding development for 10-
year period (2004-2013) was adopted at Ministry level
in 2003 (Anonymous 2003). Tree breeding measures,
methods, intensity, and funds allocated were assigned
separately to conifers and deciduous tree species. This
policy was based on already achieved improvement in
conifer breeding and the urgent needs to speed up a

Table 4. The occurrence, population size and economic im-
portance of native forest tree species (which could be re-
garded as suitable for breeding) arranged by their stands area.
The more ‘plus’ signs the greater the economic importance.

Species Occurrence Population size i%p%?anrice
Pinus sylvestris widely occurring average tolarge  +++
Picea abies widely occurring average tolarge  +++
Betula pendula widely occurring large +++
Alnus incana widely occurring average tolarge  +-

(C-N Lithuania)
Alnus glutinosa widely occurring average tolarge  ++
Populus tremula widely occurring average tolarge  +
Betula pubescens ~ widely occurring average to large
Fraxinus excelsior ~ widely occurring small to average  +
Quercus robur widely occurring small to average  ++
Carpinus betulus  scattered occurrence  small to average -
(S-SW Lithuania)
Tilia cordata scattered occurrence  small +
Ulmus glabra scattered occurrence  small +-
Ulmus laevis scattered occurrence  small +-
Acer platanoides  scattered occurrence  small +-
Larix decidua scattered occurrence  small +-
Fagus sylvatica rarely occurring small -
(SW Lithuania)
Quercus petraea rarely occurring small +
(S Lithuania)
Pyrus communis rarely occurring small -
Prunus avium rarely occurring small -
(W-SW Lithuania)

I 2004, Vol

tree breeding of deciduous tree species. Gene conser-
vation and long-term tree breeding are jointly incorpo-
rated into this program. There are no native forest tree
species in Lithuania that should be preserved at spe-
cies level, so long-term breeding and gene conserva-
tion can be successfully applied as a joint action.

Based on the discussion above, the existing and
planned breeding methods for the breeding of differ-
ent forest tree species in Lithuania are summarised in
Figure 3 (see page 102).
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CTPATEI'NM CEJIEKIIMH JIECHBIX JPEBECHBIX ITOPO/J B CKAHIMHABCKUX U
BAJITUMCKUX CTPAHAX U UX 3HAUEHUE JIJISI CTPATEIT'MM CEJEKIAW B JINTBE

B. baawukac, A. Ilnopa, I. Epukccon

Pesiome

CymecTBytomue B CkaHIMHABCKUX U banTuiickux cTpaHaxX CTPAaTeTHM CENEKIUU JIECHBIX JPEBECHBIX MOPOJX
MPE/ICTaBJICHBI B ACIIEKTaX HHTEHCUBHOCTH U CHCTEMBI CEJIEKIINH, METO/IOB CKPEIMBAHNS, TECTUPOBAHHMsI, 0TOOpA U CO3aHHs
HOIYJISILHMU pa3MHOXKEHHs. B cTarbe 00CYKAaloTCsI THIIBI CTPATeruil BbIOOpa W BO3MOKHOTO HCITOJIB30BAHMSI TEHETHYECKUX
OLICHOK JUIsl OIPE/EICHUH BBITOJbl B CEICKIIMU JPEBECHBIX IOPOA. B 3aBHCHMOCTU OT pa3HOBUAHOCTEH, MOHATHS U METObL
CEJICKIIUH JPEBECHBIX TOPOA PA3IMYAIOTCSA B Pa3HBIX cTpaHax. [IepBbIif MUK ceneKiuy B OOJBIIMHCTBE CTpaH Hadajcs C
BBIOOpA TITIOCOBBIX JI€PEBHEB, MPOU3BOJIA MOTOMCTBO MYTEM OTKPBITOTO OMBIIEHHS WU TOJUKPOCA, UCIOIB3YS
JIOJITOCPOYHBIC MCIBITAHUS M Ha3aJ oOpaméHHblid oT60p. [Tocneayromue MUKIBI CEISKIUN WM TEKyIas CeIeKIUs
MPOBOJUTCS [NIAaBHBIM 00pa3oM 4epe3 peKOMOMHAIMU MyTEM OTKPBITOrO OINBUICHHS MJIM CKPEILIMBAHUs JABOWHOM Iaphbl ¥ Ha
CMeIIaHHOM BIIepE T HaNpaBJIeHHOH Monenn oT6opa o Muorokparsoit [Tomymsironnoii Cucremoii Cenexunn i OObraHON

HECTPYKTYpPUPOBAHHON CUCTEMO.

B cBete sTOrO0 Kparkoro 0630pa npeacTaBIeHO 3HAUCHUE U BO3MOXKHBIE BAPUAHTBHI CENIEKIUH JTECHBIX APEBECHBIX TTOPOL
B JlutBe. Tekyupsist JonrocpoyuHas ceiaekius, o0beJUHEeHHass ¢ COXPaHEHHEM I'C€HEeTHYECKHX PecypcoB W OCHOBAaHHA Ha
MHoroxkparsoii [Tonynsauuonnoit Cucreme CeneKIUy ¢ UCIBITAaHUEM IIOTOMCTBA MOJIYYEHHOI'O IIyTEM OTKPBITOrO ONBLICHUS
JIydIIIe BCETo MOJOIUIO OBl JUISt CEEKIMU OONBIINHCTBA JIECHBIX JPeBECHBIX opox B JIutee. bonee MHTCHCHBHBIC BapHaHTHI
CEJIEKIIH CO CKPEIIMBAHNEM JBOIHON Maphl MOTYT HCIIOIB30BATHCS AJISI COCHBI OOBIKHOBEHHON M Oepe3sl O0poaBuaToi U, B
KOMOMHAIINK C MCTBITAHUAMHU KIOHOB, €1 OObIKHOBeHHOW. Uncno cyOmomynsaiuii, 00b€M HadanbHOTO MaTepHana, U
MHTEHCUBHOCTh BIEPE]] HANPaBICHHOW CelieKIuu OyneT moJo0paHo Ul KaJoH MOpOoJbl Ha OCHOBE €€ YKOHOMHYECKOM

Ba)XHOCTH.

KaroueBble cj10Ba: CEICKINS TECHBIX JAPEBECHBIX TOPOJA, MHTECHCUBHOCTD 0T60pa, CHUCTEMaA CCJICKINH, CTPATCT U 0T60pa,

TCHETUYCCKasA BbIroJia
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