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Abstract

The article considers the issue of establishment and formation of new plantations in forest
areas, passing continuous sanitary logging. The evaluation of the reaction of European spruce
in stands of various species composition to the different climatic factors impact by analyzing
dendroclimatic information has been carried out. It was found out that the least meteosensitivity
of spruce is observed in lime stands. Predicting the conditions of Norway spruce trees (Picea
abies (L.) Karst.) and spruce stands in general after catastrophic drought of 2010 followed by
eight-toothed bark beetle (Ips typographus L.) invasion is of immediate interest now. On the
practical side optimization of stand composition according to the reaction to climatic factors is

advantageous.

Key words: Norway spruce, Moscow region, drought resistance, tree rings, stand composi-

tion.

Introduction

Probably the first fundamental work
about regularities of radial growth varia-
tion of Norway spruce trees was that of
Norwegian dendrochronologist B. Eklund
(Eklund 1957). Patterns, identified in it are
of immediate interest now; for example
the strong correlation between early wood
width and late wood width oscillation re-
quires further ecophysiological interpre-
tation. In recent times the possibilities for
research work in this domain have be-
come much wider thanks to the introduc-
tion of new modern specialized equipment
and software. Among the works of recent

years many contain promising results (Dit-
mar and Elling 2004, Koprowski and Ziel-
ski 2006, Ribnicek et al. 2010, Hartl-Meier
et al. 2014, Rumyantsev et al. 2016, Solo-
mina et al. 2017).

For forestry practice in Norway spruce
forests the main problem is the periodi-
cal death of the stands triggered by the
effects of droughts. Drought resistance
of spruce and predicting the conditions of
Norway spruce trees and stands in gener-
al after catastrophic droughts followed by
bark beetle (Ips typographus L.) invasion
has been of particular interest then and
now (Sukachev 1928, Tkachenko 1939,
Pravdin 1975, Vorontsov 1978, Ditmar
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and Elling 2004, Rybnicek et al. 2010).
On the practical side optimization of stand
composition according to their reaction to
climatic factors is advantageous. Dendro-
climatological investigations can help in
achieving this goal.

Radial increment can be an indica-
tor of a tree condition to some extent. It
should be expected that short-time varia-
tion of radial increment will differ depend-
ing on forest stand composition where the
recorded trees of a certain species grow
(Ellenberg 1952). It is interesting to ana-
lyze the specific character of the influence
of climate factors on the radial growth of
spruce depending on the composition of
the plant community. Stand-forming spe-
cies have different ecological require-
ments. In the process of interspecific com-
petition in Spruce stands, fluctuations in
radial growth should take place differently
depending on which species is the main
competitor of spruce in the plant commu-
nity. Competition for abiotic resources of
the environment, as shown above, mod-
ifies the nature of fluctuations in radial
growth from year to year.

The aim of this work was to assess the
reaction of Norway spruce in stands of dif-
ferent species composition to the impact
of different climatic factors.

Materials and Methods

To check the hypothesis about difference
of Norway spruce radial growth fluctua-
tions in stands differing in species compo-
sition, as initial objects we chose 13 forest
stands with various species composition
of Shcholkovsky Training and Experimen-

tal Forest Range (TEFR) belonging to My-
tishchi branch of BMSTU.

The Scholkovsky TEFR is situated
in the Moscow region, not far from Mos-
cow (less than 50 km) (55.948165 °N,
38.127995 °E). The climate of the region
is moderately continental and typical for
the southern taiga zone of the Russian
plain.

A core sampling was organized in the
stands selected for investigation. One
core was taken from each tree at a height
of 1.3 m. The number of cores taken from
each permanent sample area (PPP) var-
ied from 7 to 13. The Inventory character-
istics of experimental plots are presented
in Table 1.

Lintab 5 equipment was used for tree
ring measuring and Tsap-Win program
was used to control the accuracy of
measurement by the cross-date proce-
dure (Palchikov and Rumyantsev 2009,
Matveev and Rumyantsev 2013). Individ-
ual tree-ring chronologies were indexed
by rationing radial annual increment to
average radial increment over the past 5
years. On the basis of the indexed chro-
nologies average chronologies for each
sample plot were built.

To conduct the first part of our re-
search we have selected forest stands
with the following species composition:
pure spruce (10 units), stands with spruce
predominance (7 units), stands with aspen
predominance (5 units), stands with birch
predominance (7 units), stands with pine
predominance (5 units), stands with lime
predominance (7 units). We have con-
ducted the analysis of the climatic factors
impact on radial increment of spruce de-
pending on plant community composition.
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Table 1. Inventory characteristics of experimental plots.
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Note: * — age of individual trees. Legend: S — Norway spruce (Picea abies (L.) Karst.); L —
Small-leaved linden (Tilia cordata Mill.); As — Common aspen (Populus tremula L.); O — Common
oak (Quercus robur L.); B — Silver birch (Betula pendula Roth.); P — Scots pine (Pinus sylvestris
L.); Al — Grey alder (Alnus incana (L.) Moench.); M — Norway maple (Acer platanoides L.). Num-
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Results and Discussion

The example of radial growth dynamic in
spruce stands are shown in Fig. 1. Visu-
al analysis of graphs says that the radial
growth has significant variability from year
to year and between different plots.
Tables 2 and 3 show the results of
correlation analysis of the conjugacy of
radial growth fluctuations and fluctuations

in meteorological parameters of the cur-
rent and previous year. Reliable values of
correlation coefficients are shown in bold
in the tables. At degrees of freedom = 53
and a = 0.05, the correlation coefficient
values from 0.27 and higher are signifi-
cantly different from zero. The example
chronologies from stands with spruce pre-
dominance more than 7 units are shown
in Figure 1.
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Fig. 1. Example chronologies from stands with spruce predominance more than 7 units.

Table 2. Correlation coefficients between increment indices and meteorological
parameters of the current year.

Chronology
Meteorological Pure _Stands _Stands ._?»tanfis S_tam?s S_tan_ds
parameter spruce with spruce with aspen with birch with pine with lime
stands p_redo- p_redo- p_redo- p_redo- p_redo-
minance minance minance minance minance
W in January -0.01 0.15 -0.02 -0.08 0.31 -0.10
W in February -0.05 -0.06 0.21 0.30 -0.13 -0.05
W in March -0.19 -0.18 0.05 0.08 -0.06 0.05
W in April 0.03 0.20 -0.19 -0.18 -0.02 -0.17
Win May 0.17 0.18 0.22 0.32 -0.20 0.09
Win June 0.22 -0.05 0.08 0.22 0.29 0.00
Win July 0.16 0.10 0.19 0.21 -0.01 0.11
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Chronology
. Stands Stands Stands Stands Stands
Mer:::)arr(:]l:g::al sg:‘t:(e:e with spruce with aspen with birch with pine  with lime
stands p_redo- p_redo- p_redo- p_redo- p_redo-
minance minance minance minance minance
W in August -0.14 -0.14 -0.09 -0.01 0.15 -0.18
W in September -0.12 -0.15 -0.34 -0.25 0.16 -0.30
W in October -0.15 0.01 -0.02 0.04 -0.18 -0.11
W in November 0.21 0.00 0.01 -0.07 -0.13 0.09
W in December 0.16 -0.03 0.07 0.01 0.19 0.03
T,, in January -0.14 0.06 0.12 0.13 0.19 -0.11
T,, in February -0.01 -0.20 0.37 0.37 0.03 0.02
T,, in March -0.14 -0.17 0.32 0.29 -0.03 0.03
T, in April -0.22 -0.10 0.06 0.15 0.09 0.01
T,, in May 0.06 0.03 -0.22 -0.36 -0.10 0.02
T, inJune -0.24 -0.22 -0.07 -0.13 0.10 -0.28
T, inJuly -0.18 -0.31 -0.09 -0.14 0.08 -0.17
T,, in August -0.22 -0.08 -0.21 -0.32 -0.04 -0.19
T, in September 0.02 0.26 0.19 0.02 -0.07 0.07
T,, in October -0.30 0.07 -0.05 -0.16 0.29 -0.04
T, in November 0.18 0.16 -0.17 -0.06 -0.19 0.19
T, in December -0.09 0.24 0.17 0.03 -0.01 -0.14

Note: the correlation coefficients in bold are significantly different from zero; W — rainfall,
T,, — average temperature.

Table 3. Correlation coefficients between increment indices and meteorological
parameters of the previous year.

Chronology
. Stands Stands Stands Stands Stands
Meteorological  Pure with spruce with aspen with birch with pine  with lime
parameter spruce
stands ;?redo p_redo- p_redo- p_redo- p_redo-
minance minance minance minance minance
W in January 0.01 0.18 -0.03 -0.03 0.36 -0.08
W in February -0.07 -0.11 0.01 0.18 -0.16 0.22
W in March -0.06 -0.07 -0.12 -0.03 -0.04 0.06
W in April 0.08 0.15 0.05 -0.07 -0.08 0.09
Win May 0.32 0.27 0.27 0.24 -0.13 0.24
Win June 0.15 0.01 0.05 0.01 0.18 0.00
Win July 0.26 0.28 0.10 0.17 0.15 0.34
W in August -0.04 -0.16 0.16 0.16 0.03 0.15
W in September 0.02 0.02 -0.14 -0.25 0.26 -0.04
W in October -0.02 -0.15 -0.16 -0.06 -0.21 -0.05
W in November 0.10 -0.16 -0.24 -0.08 -0.13 0.21
W in December 0.13 0.09 0.10 0.00 0.07 0.19
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Chronology
Meteorological Pure _Stands _Stands ._?atanfis S_tanc_js S_tan_ds
parameter spruce with spruce with aspen with birch with pine  with lime
stands predo p_redo- p_redo- p_redo- p_redo-
minance minance minance minance minance
T, in January -0.10 0.03 0.12 0.21 0.12 0.03
T, in February 0.29 0.06 0.21 0.45 -0.08 0.16
T, in March 0.14 -0.09 0.03 0.25 -0.07 0.08
T, in April -0.10 -0.01 -0.05 0.19 -0.11 0.15
T,, in May -0.16 -0.04 -0.18 -0.20 -0.06 -0.07
T,, in June -0.33 -0.31 -0.06 0.07 0.06 -0.18
T, in July -0.18 -0.07 -0.10 -0.11 -0.14 -0.23
T,, in August -0.25 0.04 -0.29 -0.24 -0.13 -0.41
T, in September  -0.15 0.25 -0.09 -0.10 -0.12 -0.22
T,, in October -0.37 0.04 -0.05 0.05 0.05 -0.16
T,,in November 0.17 0.14 -0.14 -0.17 -0.30 0.06
T, in December 0.03 0.31 0.30 0.25 0.00 -0.12

Note: the correlation coefficients in bold are significantly different from zero. W — rainfall, T,

— average temperature.

Based on the data in tables 2 and 3,
it should be concluded that a specific set
of reliable correlation coefficients was ob-
served in chronologies or from stands of
different species composition. However,
the values of correlation coefficients were
small and indicated only the presence of
weak links. The maximum value of the cor-
relation coefficient was observed for aver-
age temperature of February of the previ-
ous year (0.45) and spruce radial growth
in stands with birch predominance. There
was a relatively high correlation between
spruce radial growth in stands with birch
predominance and aspen predominance
and average temperature of February of
current year, too. The temperatures above
average have positive effect for spruce ra-
dial growth. It may explain their influence
on snowmelt and more rapid onset of the
growing season. As a whole, even the
particular ecophysiological mechanisms
of the significant correlations are not un-
derstood, they are a biological fact, which

was established by scientific methods and
need further investigations. For example,
the negative effect of high temperatures
in May for radial growth of Spruce in the
stands with birch predominance (corre-
lation coefficient -0.36) may be related
to the high reflective properties of birch
bark for sun light, high light transmission
capacity of the birch canopy in this peri-
od, and intensive cambial activity of the
Spruce at that time, because the cambium
of spruce is considered very sensitive for
thermal damage (Tkachenko 1939, Vo-
rontsov 1978, Hacura et al. 2011).

The results of correlation analysis of
radial increment fluctuations and mete-
orological parameters (precipitation and
monthly temperature) fluctuations for the
current and previous year show that in the
Spruce stands chronologies of various
species composition revealed a specific
set of significant correlation coefficients
(scaling factors) (Table 4). Drought signal
is the author’s term introduced by D. E.
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Table 4. Numbers of the significant correlation coefficients of the relationships between
radial increment and meteorological parameters of current and previous year.

Pure Stands Stands Stands Stands Stands
spruce with spruce with aspen with birch with pine  with lime
Chronology stands predomina- predo- predo- predo- predo-
(10 nce minance minance minance minance
units) (7 units) (5 units) (7 units) (5 units) (7 units)
Drought signal 5 5 6 7 5 4

Note: Drought signal — the number of sound correlation coefficients values of radial increment

and meteorological parameters (Solomina et al.

Rumyantsev (Solomina et al. 2017). It is
defined as the sum of reliable correlation
coefficients during the current and previ-
ous growing season. Each reliable value
is assigned a score of ‘1°, but only positive
correlation coefficients with precipitation
and negative correlation coefficients with
temperatures were taken into account.
The results of our research show that
the highest sensitivity to climatic factors
(meteosensitivity) of spruce was in small-
leaved species stands (the majority of sig-
nificant correlation coefficient values with
meteorological parameters were observed
at stands with birch predominance). Me-
teosensitivity of spruce in pure spruce

2017).

stands and stands with spruce predomi-
nance was the same, that makes it pos-
sible to combine them into a generalized
chronology (Fig. 2). In contrast, the lowest
meteosensitivity of spruce was observed
in lime stands. Based on the obtained re-
sults, for the next stage of our research
we have chosen sample plots including 6
or more units of spruce and minimum 6
or more units of lime in species compo-
sition of a stand. The dynamics of radial
increment indices for the last 15 years (in
the considered chronology) is presented
in Fig. 2.

During the studied period a well-de-
fined drought was present in 2010. The
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analysis of its impact on spruce increment
in stands with totally different species
composition is of some interest. Precipita-
tion in July 2010 were significantly below
the average (86.1 % less than long-term
average annual rate). Moreover, July tem-
peratures exceeded long-term average
rates by 37.5 %. Analyzing the variation of
radial increment indices for two selected
groups of trees (Fig. 1), we should em-
phasize that in 2010 this indicator for the
groups was the same, while in the follow-
ing 2011 it went down dramatically for the
group ‘stand with spruce predominance’
in comparison with the group ‘spruce in
stands with lime predominance’. In 2012,
2013, 2014 there was still an excess of
‘spruce in stands with lime predominance’
over the group ‘stands with spruce pre-
dominance’ in terms of radial increment in-
dex. Thus, the 2010 drought probably has
had more negative effect on the spruce
growth in pure stands than in stands with
lime predominance.

Conclusion

The increment value of spruce in stands
with lime predominance turned to be less
dependent on the climatic factors, which
could be the evidence of higher spruce
resistance in mixed lime-spruce stands
in comparison to monocultures. Lower
stability of homogeneous ecosystems is
noted, and therefore, the establishment
of pure spruce plantations, especially in
protective forests, seems to be imprac-
tical. In the formation of mixed stands, it
is necessary to select species that would
be complementary to each other and
compensate for the impact of certain en-
vironmental factors. As a secondary and
satellite species, or in the zone of mixed
coniferous-broad-leaved forests, the lime

is proposed because of possessing nat-
ural mechanisms to withstand the dry pe-
riods, to which the spruce is vulnerable.
Consequently, establishment of mixed
lime-spruce plantations in Moscow Re-
gion could be recommended in order to
increase spruce resistance to drought.
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