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Introduction

Significant part of the Hungarian forests is close to the
lower (xeric) forest border. Drought-induced pest outbreaks
causing mass mortality in Norway spruce and beech during the
last decades forecast serious challenges for the forestry sector.
Investigations on the macroclimatic adaptability of forest tree
species offer valuable tools and possibilities to assess the

effects of climate change to the local forest cover.

Aims
The primary aims of the research were:

e to investigate the adaptive variability of Scots pine
populations;

e to describe geographic and ecological patterns of adaptive
variability;

e to specify the role of macroclimatic parameters on
quantitative traits;

e to model adaptive responses to local climatic scenarios
based on common garden test data sets;

e to specify populations of high phenotypic plasticity that

might tolerate increasing drought stress.



Materials and methods

Analysis of common garden test data sets is a relatively
affordable and direct method to quantify climate change
responses. In common garden tests, the test conditions are
often very different from the original climatic environments
that the tested populations are adapted to. Adaptive responses
of transferred populations might be interpreted as a simulation
of the effects caused by climate change equalling the ecological
distance of the original site and the test site.

A provenance trial series covering the major part of the
species distribution area has been established by the VNIILM
in the former Soviet Union and by the ERTI in Hungary during
the late seventies. Data sets of these 37 tests and 145
provenances have been analyzed.

Climatic data have been interpolated from the global
surface models of the Worldclim public database to the
provenance and test locations.

Simple regression models have been set up using growth
and climate data to describe the ecological and geographic
pattern of climatic adaptability and the plasticity of the studied

populations.



Results and conclusions

Justifying the results of early assessments, notable between
population variation has been found in adaptive traits. Best
performance in Hungarian trials was reported in case of Central
and East-European populations representing moderate
continental climates of Poland, the steppe and forest steppe belt
of The Ukraine and Western Russia. Growth of these
populations often matches to the local population’s growth and

exceeds the site mean by 10-15 percent.

Between population variation of growth characteristics
shows strong and deterministic correlation to climatic factors.
The clear clinal pattern is dominated by thermal parameters,
while the effect of precipitation seems to remain secondary.
Macroclimatic effect on within population variation remains

undetected in local test data sets.

Adaptive response to population transfer — and to simulated
climate change — is strongly linked to changes is thermal
environment. Changes in precipitation show also significant
effects, but to a less extent. Latitudinal effects are strongly
correlated to temperature change, temperature independent

photoperiodic effect was not found.



The response of populations from different zones of the
species distribution is divergent, as different climatic factors

dominate the selection pressure.

Data subset from six Russian trials of moderate continental
climate has been analysed in order to quantify the effects of the
projected local climate change. An increase of average annual
temperature of 2 °C might result in 15 percent decrease in
height growth along the xeric forest limit. Due to the absence
of detailed and reliable mortality data, the analysis did not

cover exact delineation of drought tolerance limits.

The results proved that the southern populations are under
significant drought stress even if they are assumedly adapted to
warmer and drier environments. Escaping the stress by
transferring to humid climates, these populations have limited
capacity to take advantage of the higher site potential and of

the less restraining environment.

Joint regression analysis of common garden test data sets
shows remarkable variability in phenotypic plasticity. Special
adaptedness to arid sites has been reported in majority of the
continental Central and East-European provenances. The
production of these populations are above average, but even a

minor change towards the tolerance limits might exhaust their



adaptability and lead to serious losses in fitness. Special
adaptedness to harsh climates, coupling usually with low
production and adaptability, has been found mainly in boreal

and Asian provenances.

Although populations showing favourable general
adaptability are scattered throughout the whole distribution
range, the momentum of their occurrence lies in Western
Russia. Regions of provenances of high performance and of
good general adaptability did not match but overlap along the

border of Russia and The Ukraine.

In accordance with the recent research on macroclimatic
adaptability of Norway spruce and beech, the results underline
that domestic forest tree populations grow under strong
environmental stress along their lower limit of distribution.
Even a minor increase in temperature that strengthens the
drought stress may lead to loss of fitness, to higher
susceptibility to pests and diseases and increases the risk of
mass mortality. Therefore legal principles and practical
recommendations on forest propagation material transfer and
use should be drawn more strictly and cautiously in order to

maintain the stability of the forest cover.



Theses

I. The Eurasian Scots pine show remarkable eco-geographic
variability in regard of adaptedness and adaptability. The
between population variation shows a clear cline determined
primarily by temperature factors. The effect of precipitation

and light climate is inferior.

Il. The existence and deterministical nature of the relations
between adaptive traits and environmental factors enables
modelling projected climate change effects based on empirical

data.

I11. An increase of average annual temperature of 2 °C might
result in 15 percent decrease in height growth of Scots pine

populations along the xeric forest limit.

IV. High phenotypic plasticity might buffer fast climatic
changes as long as they are not exceeding tolerance limits. The
variability in phenotypic plasticity shows correlation to
climatic, primarily thermal, parameters. The proposed model

was suitable for describing the ecological and geographical



variation in plasticity. Favourable width of plasticity, good
general adaptability has been reported in case of Western
Russian populations. Regions of provenances of high
performance and of good general adaptability overlap along the

border of Russia and The Ukraine.

V. Facing a climate change that might affect the majority of the
domestic forest cover, special emphasis should be given on
capitalizing on plasticity (adaptability) instead of current
production (local and temporal adaptedness) during evaluation,

selection and future use of forest reproduction material sources.
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