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Abstract: The aims of the study were to determine the effect of temperatures and precipitation on the ring
width and to compare the results with the results of previous studies conducted in other mountain ranges of
the Czech Republic. The research was performed in the central part of the Ceskomoravská Upland in the vi-
cinity of Herálec municipality in selected 70- up to 110-year-old spruce stands at altitudes from 680 m a.s.l. to
779 m a.s.l. Measuring of tree-ring widths and synchronization of individual ring series were conducted in
PAST4. The age trend was removed by ARSTAN and climatic effects were modelled in DendroClim2002. The
correlation of tree-ring width with monthly precipitation is positive and statistically significant for July of the
previous year and for the entire summer period from June to September of the current year. The correlation of
tree-ring width with mean monthly temperatures is negative and statistically significant for July and Septem-
ber and positive and statistically significant for October of the previous year. Negative correlation was also
found for temperatures of the entire summer period from June to September of the previous year. The re-
gional tree-ring chronology mainly shows two periods of highly reduced increment: from 1992 to 1996 and
from 2003 to the end of the analysed period. The results thus confirm the hypothesis that the tree-ring width
is in positive correlation with summer precipitation and negative correlation with summer temperatures.
Also the results of the habitual diagnostics have shown a relatively low degree of crown transformation which
indicates a weak or short-term stress load.
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Introduction
Factors of the environment are permanently de-

posited in the structure of the biomass created – in
tree rings (Fritts 1976). The record consisting of
tree-ring widths is a continuous temporal series of up
to several hundred years providing us with a
long-term view of tree growth variability. As the cli-

matic signal is considered one of the main factors for
the tree growth (Spiecker 2002), we can search for a
relationship between tree rings and climatic records
(Fritts 1976). The main usually meteorological moni-
tored factors limiting growth of woody plants are
temperature and precipitation. Temperature is limit-
ing mainly in mountainous areas; precipitation is the
main factor at lower altitudes (Larcher 1988). Radial
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growth of a tree is affected by temperatures and pre-
cipitation in the year of the growth as well as in the
year preceding the formation of the tree ring (Cermák
2007). A direct influence of temperature on growth
mainly occurs at the beginning of the growing season
when a low temperature can postpone the beginning
of cambial activity (Fritts 1976). Temperatures both
above and below average may be significance. For ex-
ample, an increase in average monthly temperature
during the growing season by more than 3°C over the
long-term average is considered highly risky (Gra-
barová, Martinková, 2000, 2001). Water affects cam-
bium activity directly although at some development
stages cambium is more sensitive to its lack than in
others (Cermák 2007). The cornerstone of dendro-
chronological applications is the finding that trees
growing in the same area, i.e. in the same conditions,
display the same response expressed by the amount
of formed wood. Therefore, the changes in tree-ring
widths within a stand are parallel, especially concern-
ing minimum and maximum values (Schweingruber
1996). Based on this, we can date favourable or unfa-
vourable periods, not only recent but also those from
distant past. Based on previous studies performed in
the other mountain ranges of the Czech Republic
(Rybnícek et al. 2009, 2010, 2012a, b), we hypothe-
sized that the ring width will be affected by summer
precipitation and temperatures mainly. Especially the
expected high temperatures and low precipitation in
the second half of the growing season could nega-
tively affect the ring width.

As has been stated, radial growth is a suitable in-
dicator of tree vitality, mainly for longer periods, but
the analysis of the radial growth is dependent on
semi-destructive testing of the analysed trees. How-
ever, tree vitality can be observed by means of other,
non-destructive, methods, one of which is for exam-
ple habitual diagnostics (Cudlín et al. 2001). Habit-
ual diagnostics combine tree condition assessment
with evaluation of realized ability of regeneration
(percentage of secondary shoots). The combination
makes possible description of response history of
trees and forest stands to multiple stress. The re-
sponse of radial growth and defoliation (as one of
main parameters of habitual diagnostics) may occur
with different delays: in some cases, the first observ-
able reaction to a factor is defoliation (e.g. when in-
sects feed on the tree), while the response in the
form of increment is delayed; in other cases (e.g. ex-
treme drought) the reduction in growth is immedi-
ate whereas the reduction in foliage can be observed
several months later (Rybnícek et al. 2012a). There-
fore, a combination of these two procedures is highly
suitable.

The dominant tree species in the Ceskomoravská
Upland (in Czech Ceskomoravská vrchovina) is Nor-
way spruce (Picea abies (L.) Karst.), which is one of the

most significant European woody plants and also a
tree with the highest amount of various health and
growth problems appearing in the past decades. It is
relatively demanding concerning precipitation and
also generally it is a relatively sensitive species (Ryb-
nícek et al. 2010). Recently, a number of publications
have appeared dealing with the effect of climate on ra-
dial increment of spruce in various parts of Europe,
e.g. Mäkinen et al. (2001), Vitas (2004), Koprowski
and Zielski (2006), Savva et al. (2006), Bouriaud and
Popa (2009), Affolter et al. (2010), Aakala and Kuu-
luvainen (2011), and in the Czech Republic Cejková
and Kolár (2009), Kroupová (2002), Rybnícek et al.
(2009, 20010, 2012a, 2012b).

The aims of this study were to analyse the dynam-
ics of radial growth of Norway spruce in the central
part of the Ceskomoravská Upland mainly in the last
fifty years, for which there are relevant climatic re-
cords available, and to identify the growth response
to climate; also, to find connections between the re-
sults of the dendrochronological analysis and para-
llelly obtained results of the habitual diagnostics.

Methods
The research was conducted in ten selected forest

stands with predominance of Norway spruce in the
central part of the Ceskomoravská Upland near He-
rálec municipality in 2011

The stands were aged from 73 to 116 and were lo-
cated at altitudes from 680 m a.s.l. to 779 m a.s.l.
(Table 1). The region is relatively moist – the average
annual precipitation is 785 mm (for the monitoring
period 1961–2010). The average annual temperature
is 6.2°C.

The cores were taken and processed in correspon-
dence with the standard dendrochronological meth-
odology (Cook and Kairiukstis 1990). The cores were
taken using the Pressler borer at 1.3 m above ground.
The cores were taken along the contour line so that
increment was not influenced by the presence of com-
pression wood. At each of the plots, 20 trees had se-
lected and one core from each tree was taken for
dendrochronological analyses (in total 200 trees and
200 cores). The cores were fixed into wooden slats
and their surface was polished. The wood cores were
then measured using a specialized measuring table
equipped with an adjustable screw device and an
impulsemeter recording the interval of table top shift-
ing and in this way also the tree-ring width. Mea-
suring and synchronizing of tree-ring sequences were
carried out using the PAST4 (©Sciem) application.
The annual wood increments were measured with
0.01 mm accuracy.

After measuring, a comparison (cross-dating) of
individual measured curves was made. Cross-dating
is finding the synchronous positions of two tree-ring
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series. Both series are compared in all possible mu-
tual positions. The objective is to identify the tree
rings in each sample created in the same year. If
there is a synchronous position, it is demonstrated
by a sufficiently high similarity in the area where
they overlap (Cook and Kairiukstis 1990). The excel-
lently correlating series were used to create the aver-
age tree-ring curves. The curve sets off the common
extremes related to climatic changes and reduces all
the other oscillations caused by other factors. The
degree of similarity between the tree-ring series was

evaluated using the correlation coefficient and the
coefficient of agreement (Gleichläufigkeit). These
calculations facilitate the optical comparison of both
curves, which is crucial for the final dating
(Rybnícek et al. 2010).

Individual tree-ring series were exported from
PAST4 to ARSTAN (Grissino-Mayer et al. 1992),
where they were detrended, autocorrelation was re-
moved and the regional tree-ring chronology and the
regional residual tree-ring chronology were created.
The removal of the age trend was carried out using a

Table 1. A detailed overview of all areas

Title of plot GPS Altitude
(m a.s.l.)

Slope
orientation

Slope
gradient

Forest
vegetation

zone
Edaphic category Age

(2011)
% of

P. abies

V2 N49 40.719

E15 57.384

685 SW 3 5 variohumida acidophila 83 100

V7 N49 40.506

E15 57.530

692 SW 6 5 variohumida mesotrophica 111 100

V9 N49 40.198

E15 57.886

692 W 8 5 variohumida acidophila 111 100

V12 N49 40.471

E15 58.509

706 E 7 5 variohumida acidophila 73 96

V30 N49 40.247

E16 00.112

705 NW 7 5 variohumida mesotrophica 95 99

V36 N49 39.968

E16 01.581

779 S 8 5 lapidosa acidophila 116 99

V41 N49 39.610

E16 02.079

760 W 5 5 lapidosa acidophila 109 95

V34 N49 40.387

E16 01.068

768 NW 4 5 variohumida acidophila 90 99

V25 N49 40.893

E16 01.196

703 N 4 5 variohumida acidophila 77 97

V23 N49 41.766

E16 01.933

680 SE 2 5 acidophila 96 88

Fig. 1. Location of the study area
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two-step detrending method (Holmes et al. 1986).
First, a negative exponential function or a linear re-
gression curve which best express the change of the
growth trend with age were used (Fritts et al. 1969).
Other potentially non-climatically conditioned fluc-
tuations of values of diameter increments, brought
about by e.g. competition or forester’s interference,
were balanced using the cubic spline function (Cook
and Peters 1981). The chosen length of the spline
function was 67% of the detrended tree-ring curve
length (Cook and Kairiukstis 1990).

From the tree-ring series standardized in this way
the regional index residual tree-ring chronology was
created in the ARSTAN application. Also the regional
tree-ring chronology was established. The range of
the created regional tree-ring chronologies is from
1882 to 2010.

We used DendroClim2002 to model the tree-ring
widths in dependence on the climatic characteristics
(Biondi and Waikul 2004). Before the modelling itself
it was necessary to convert the output data from
ARSTAN to the input format of DendroClim2002. To
convert the data the YUX application (web.utk.edu/
~grissino/) was used.

The regional index residual tree-ring chronology
and the climatic time series of monthly average tem-
peratures and monthly precipitation for 1961–2010
were used to calculate the correlations of tree-ring
widths with climatic factors. They were always calcu-
lated from April of the previous year till October of
the year of tree ring formation, i.e. for the period of 19
months. It is the period that should be of the highest
influence on the radial increment in each particular
year.

Climatic data were derived for the location defined
by geographic coordinates 49°40'22.522"N,
16°00'45.330"E and an altitude of 715 m a.s.l. based
on spot monitoring and application of regression de-
pendence of the quantity on the altitude. We used
technical series of stations (268 meteorological and
787 precipitation stations in the area of the CR) for
the calculation; the original station series were sub-
jected to quality control and homogenization using
ProClimDB (Štìpánek 2007) and the missing values
of measurement were added. The calculated values
were interpolated in area by the method of universal
linear kriging (or linear kriging with possible selec-
tion of parameters of the method), while the depend-
ence of a specific meteorological element on the alti-
tude was respected (we applied local linear regres-
sion, radius of the circular surroundings of the spot
was 20 km for precipitation and 40 km for tempera-
ture characteristics). The resulting grid of each clima-
tologic feature was calculated as a weighted average
where the weight coefficient was the value of the coef-
ficient of determination R2 in each grid cell. The size
of the grid was 500 m.

The statistical comparison of time series of
tree-ring widths and the time series of climatic factors
will enable us to find out what the average influence
of the studied climatic parameters on the increments
has been in the long term. The influences that occur
with a low frequency and that also have a fundamen-
tal effect on the tree growth do not have to be demon-
strated in the correlation analysis to a statistically sig-
nificant degree (Kienast et al. 1987). To establish
these effects the analysis of negative pointer years is
used. The negative pointer year is defined as an ex-
tremely narrow tree ring with the growth reduction
exceeding –40% in comparison with the average
tree-ring width in the previous four years; strong in-
crement reduction is found in at least 20% of the trees
from the area (Kroupová 2002).

In the habitual diagnostics the following were es-
pecially evaluated: the total defoliation, the defolia-
tion of the primary structure, the percentage of sec-
ondary shoots, the presence and extent of yellowing
and browning, and the stem damage (Cudlín et al.
2001). The same trees as for dendrochronological
analyses were used. Basic habitual characteristics ac-
cording to Cudlín et al. (2001) were evaluated in a
representative number of trees by means of binocu-
lars. First, the growth habit of a tree was described,
namely social position, type of branching, type of the
tree top, crown form, the presence of stem, crown and
top breaks. Crowns were visually divided into three
parts: the upper juvenile part, the central production
part and the lower saturation part. Then we evaluated
the form of the juvenile part (according to a modified
method by Lesinski and Landman 1995), and the to-
tal defoliation, the defoliation of the primary struc-
ture, the percentage of secondary shoots and the
types of damage in the production part (Cudlín et al.
2001). Subsequently, discoloration was assessed, i.e.
yellowing and browning of needles – the percentage
of the total volume of an assimilatory apparatus with
the presence of needles discoloration (in an interval
of 5%) was estimated.

The final parameter of habitual diagnostics analyse
was degree of crown structure transformation. Trans-
formation of the tree crown is a process when the
gradual substitution of original primary (proleptic)
shoots by secondary shoots occurs. Transformation of
the crown structure is a result of the tree response to
changes in the spectrum or intensity of the effect of
stress factors. This reaction can be manifested as a
short-term physiological response or as long-term
physiological, morphological and structural changes.
Five degrees of crown structure transformation were
distinguished (Cudlín et al. 2001) – from degree 1
with small defoliation and percentage of secondary
shoots less than 20% to degree 5 with peripheral in-
jury occurring by most of branches and percentage of
secondary shoots 100%.
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Results
The correlation of tree-ring width with monthly

precipitation is positive and statistically significant
for July of the previous year and for the entire summer
period from June to September of the current year
(Fig. 2). The correlation of tree-ring width with mean
monthly temperatures is negative and statistically
significant for July and September of the previous year
and positive and statistically significant for October
of the previous year. Negative correlation was also
found for temperatures of the entire summer period
from June to September of the previous year (Fig. 3).

When comparing the average tree-ring curves of
the individual plot, the statistical indicators show
high values. When the curves overlap by at least sixty
rings, the critical value of Student’s t-distribution

with 0.1% level of significance is 3.46 (Šmelko and
Wolf 1977). The values of our t-tests are much higher
than 3.46 which shows high reliability of the synchro-
nization (minimum value of t-test was higher than 5).
The correctness of the synchronization is also proved
by the agreement of the average tree-ring curves in
most of the extreme values. Thanks to this, only one
average tree-ring curve representing the radial incre-
ment of all plots together could be created (the mean
tree ring width is 2.268 mm, the first-order
autocorrelation is 0.798, the mean sensitivity is 0.135
and the standard deviation is 0.652). The regional
tree-ring chronology shows two periods of strongly
reduced increment: from 1992 to 1996 and from 2003
to the end of the analysed period. The lowest incre-
ments were found for years 1965, 1976, 1980, 1992,
1996, 2004, and 2006 (Fig. 4). These years with low

Fig. 2. The values of correlation coefficients of the regional residual index tree-ring chronology with the monthly precipita-
tion from April of the previous year (P) to October of the current year; the period June-September (6–9) of both the previ-
ous (P) year and the current year for the period of 1961–2010. Values highlighted in black are statistically significant (�
= 0.05)

Fig. 3. The values of correlation coefficients of the regional residual index tree-ring chronology with the average monthly
temperatures from April of the previous year (P) to October of the current year; moreover, the period June-September
(6–9) of both the previous (P) year and the current year for the period of 1961–2010. Values highlighted in black are sta-
tistically significant (� = 0.05)
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increments were also confirmed by the analysis of
negative pointer years. During the most extreme
years: 1992 and 2004, 71% and 63%, respectively, of
trees forming the tree-ring chronology responded
negatively (Table 2).

The results of the habitual diagnostics are pre-
sented in Table 3. The average defoliation of spruce
was 34.8%. The values of the defoliation of the pri-
mary structure reached an average of 63.4% and the
percentage of secondary shoots was 44.3% on aver-
age. Discolouration of needles was found to an insig-
nificant degree only. The trees in the research plots
were classified into categories based on their stress
response to synergistic stress exposure (according
Cudlín et al. 2001). The degree of crown structure
transformation was 1 (148 trees), 2 (46 trees), 3 (5
trees) or 4 (1 tree), the average plots degrees were
from 1.1 to 2.1 (Table 3), i. e. most of trees were only

slightly damaged and slightly transformed. The find-
ings indicate that stress exposure isn’t heavy.

Discussion and conclusions
The radial increment manifested a positive and sta-

tistically significant correlation with precipitation in
July of the previous year and also from June to Sep-
tember of the current year (Fig. 1). These correlations
were also found through our previous studies in the
Orlické Mts. (in Czech Orlické hory) (Rybnícek et al.
2009) and the Silesian Beskids (Slezské Beskydy)
(Rybnícek et al. 2010), the same correlation has also
been reported from the submontane and montane al-
titudes of the Swiss Alps (Affolter et al. 2010) and
north-western Russia, the Archangelsk area (Aakala
and Kuuluvainen 2011). A positive effect of precipita-
tion from the growing season (April–September) of
the year preceding tree ring formation in spruce was

Fig. 4. Regional tree-ring chronology from the central part of the Ceskomoravská Upland

Table 2. Negative pointer years and climatic characteristics which may be their interpretation

Negative
pointer

year
Abnormal climatic characteristics

Percent
of trees
sampled

1965 fluctuating precipitation in summer of previous year, subnormal precipitation in March 20–40

1971 subnormal precipitation from July to October, supernormal temperature in August 20–40

1972 subnormal precipitation in previous year, subnormal precipitation from January to March 20–40

1974 very low precipitation from February to April, supernormal temperature in March 20–40

1976 very low precipitation from February to April, subnormal precipitation from June to August, supernormal tempera-
ture in July

40–60

1980 very low precipitation in March and May, subnormal temperature from March to May 20–40

1991 subnormal precipitation in previous year, very low precipitation from January to March, very cold May, supernor-
mal temperature in July

20–40

1992 very low precipitation in April and May, subnormal precipitation from July to September, hot July and August 60–80

1993 subnormal precipitation in previous year, very low precipitation in April 20–40

1995 hot July 20–40

1996 subnormal precipitation in January, cold January, February and March 20–40

2003 very low precipitation in February, March, June and August, hot summer (June–August) 40–60

2004 subnormal precipitation in previous year, subnormal precipitation in May 60–80

2005 subnormal precipitation in June 40–60

2006 subnormal precipitation in previous autumn, very low precipitation in July, hot July 40–60

2009 very low precipitation in January and April, very warm April, supernormal temperature in summer (July–September) 20–40
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documented in Poland, forest district Bukowiec
(Feliksik 1993); a positive effect of precipitation in
June–July in the Alps (Pichler and Oberhuber 2007).
Significant positive correlations with precipitation in
August and September of the previous year were
found in the Romanian Carpathians (Bouriaud and
Popa 2009); and significant positive correlations with
precipitation in May of the previous year were ascer-
tained for the Drahanská Upland (Drahanská vrchovi-
na) (Rybnícek et al. 2012a).

Lack of precipitation in the growing season leads to
a physiological stress determining the radial growth
in the following year (Kozlowski and Pallardy 1997).
On the contrary, sufficient precipitation has a positive
effect on the overall tree vitality and nutrients which
are used for the growth at the initial stage of ring for-
mation. Precipitation in the growing season of the
previous year may influence the distribution, biomass
and vitality of roots and thus also production capacity
of the plant in the following year; the volume of pre-
cipitation at the end of the season especially affects
the volume of water available in the soil in spring of
the following year. The reasons why July precipitation
of the previous year was significant in this study
whereas the precipitation from June to September
was not significant (Fig. 2) are not clear. A possible
(but highly speculative) explanation might be that
July precipitation initiates the second period of root
growth which takes place from August to September
(Xu et al. 1997) and can considerably affect the pro-
duction capacity of the tree in the following growing
season.

A positive effect of summer precipitation
(June–September) of the current year (Fig. 2) is one
of the most frequently found correlation relationships
concerning growth of spruce. Precipitation during the
growing season is a limiting factor for spruce growth
especially at lower and middle altitudes. Significant
positive correlations with summer precipitation were

also found for the Silesian Beskids (Rybnícek et al.
2010), the Drahanská Upland (Rybnícek et al.
2012a), the lowest altitudes of the south-eastern part
of the Ceskomoravská Upland (hereinafter SE Cesko-
moravská Upland) (Rybnícek et al. 2012b) and a
number of other European territories (Feliksik et al.
1994; Desplanque et al. 1999; Mäkinen et al. 2001;
Vitas 2004; Andreassen et al. 2006; Koprowski and
Zielski 2006; Bouriaud and Popa 2009; Affolter et al.
2010).

Temperatures during growing season were more
often in a negative relationship to radial growth,
mainly temperatures in the year preceding the ring
formation. The negative correlations for July and Sep-
tember of the previous year and the entire summer
period June–September of the previous year were sig-
nificant (Fig. 2). July correlations were also found in
our previous studies in the Drahanská Upland
(Rybnícek et al. 2012a) – together with August tem-
perature – and in the SE Ceskomoravská Upland
(Rybnícek et al. 2012b) – together with June tempera-
ture. Negative correlations of temperatures with in-
crements have also been observed at middle altitudes
of the Swiss Alps for temperatures in August and Sep-
tember (Affolter et al. 2010), in Norway (Andreassen
et al. 2006), Archangelsk (Aakala and Kuuluvainen
2011) and the Romanian Carpathians (Bouriaud and
Popa 2009) for temperatures in July, August and Sep-
tember; also in southern Finland for temperatures
during the entire summer period (Mäkinen et al.
2001). High summer temperatures negatively affect
the availability of soil moisture through increased
evapotranspiration (Miyamoto et al. 2010; Aakala
and Kuuluvainen 2011). Such temperatures for some
of the summer months were recorded in Herálec in
1983, 1992, 1994, 1995, 2003, 2006, and 2010. The
negative relationship of summer temperatures in the
previous year and growth is generally found at lower
altitudes and in less cold middle locations. No signifi-

Table 3. The results of habitual diagnostics

Title of plot
Total

defoliation
(%)

Defoliation
of primary

structure (%)

% secondary
shoots

Average degree of
crown structure
transformation

Yellowing
of needles (%)

Browning
of needles (%) Stem damage

V2 33.0 60.0 40.0 1.2 0.1 0.0 0.2

V7 33.8 65.3 47.8 1.6 0.4 0.0 0.5

V9 33.3 62.0 42.3 1.1 0.0 0.0 0.3

V12 33.5 57.8 36.0 1.1 0.3 0.0 0.2

V30 33.8 59.0 38.3 1.2 0.8 0.5 0.6

V36 39.3 70.8 52.3 1.5 0.0 0.3 0.2

V41 41.8 78.3 65.8 2.1 4.0 0.3 0.5

V34 33.0 61.8 42.3 1.1 2.0 0.0 0.4

V25 33.0 59.5 38.8 1.1 1.8 0.0 0.7

V23 34.0 59.5 39.8 1.2 0.9 0.0 0.7

Mean 34.8 63.4 44.3 1.3 1.0 0.1 0.4
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cant or even a positive relationship is most often
found in colder areas (Frank and Esper 2005).

The correlation of the tree-ring width with mean
monthly temperatures is positive and statistically sig-
nificant for October of the previous year (Fig. 3). The
same finding was observed in the Silesian Beskids
(Rybnícek et al. 2010), the Drahanská Upland (Ryb-
nícek et al. 2012a) and the Polish Tatras (Savva et al.
2006). The transition from negative temperature cor-
relations in September of the previous year to positive
correlations in October of the previous year has been
identified in all the studies we have conducted so far –
although they were significant correlations in the
above listed study areas only (Rybnícek et al. 2009,
2010, 2012a, 2012b). The same transition was ob-
served in Czech plots of the ICP Forests network
(MZe CR, VÚLHM 2004), Norwegian monitoring
plots (Andreassen et al. 2006) and at lower and mid-
dle altitudes of the Eastern Tatras (Büntgen et al.
2007). While higher mean temperatures in Septem-
ber (mean temperature for Herálec 1961–2010
11.5°C) are related to quite high maximum tempera-
tures and lead to soil drying, higher mean tempera-
tures in October (mean temperature 1961–2010
6.8°C) enable a more gradual transition of spruce to
dormancy and provide better conditions for allocation
of assimilates and thus also cambium formation in
the following year.

The results of the analysis of negative pointer years
show two most marked drops of growth curves – in
1992 and 2004. The same drop in 1992, which was a
very warm and dry year, has been observed in all our
previous studies (Rybnícek et al. 2010, 2012a,
2012b). However, the second most significant nega-
tive pointer year in the other analysed areas was 2003,
which was very dry and hot (Rybnícek et al. 2009,
2010, 2012a, 2012b). The fact that the second signifi-
cant negative pointer year in the central part of the
Ceskomoravská Upland was 2004, i.e. a year later,
can be explained by the prevailing presence of wa-
ter-affected sites and the fact that in 2002 the sum of
precipitation was above average. The precipitation in
July 2002 was 209 mm, the following months were
average until the end of winter in 2003. Thus in 2003
spruces to a large extent profited from the water
stored in the soil (especially in the first half of the
growing season) and the water content probably de-
creased only in the second half of summer.

The results of tree condition assessment show a
prevailing proportion of resistant trees (Table 3).
This shows that mainly the static component of resis-
tance – strain avoidance – is used in over a half of the
trees (Levitt 1972). The total defoliation, the defolia-
tion of the primary structure and the degree of trans-
formation were average in the context of the Czech
Republic (Table 3). The values ascertained were sur-
prisingly similar to the values from a considerably

warmer and drier part of the SE Ceskomoravská Up-
land investigated earlier (Rybnícek et al. 2012b). The
average total defoliation was the same; the defoliation
of the primary structure (63%) and the percentage of
secondary shoots (44%) were slightly higher in the
central part compared to 58% defoliation of the pri-
mary structure and 37% of secondary shoots in the SE
Ceskomoravská Upland. When comparing the habit-
ual diagnostics with dendrochronological analysis,
the difference between the two areas in the recent
years (which tree condition assessment mainly re-
flects) was the dynamics of the development of the ra-
dial increment. The tree-ring width dropped to values
between 1 mm and 1.5 mm in both areas after the ex-
tremely dry year 2003, but with considerably larger
interannual fluctuations in the SE Ceskomoravská
Upland dependent on the amount of summer precipi-
tation. Spruces in the SE Ceskomoravská Upland face
interannual precipitation fluctuation repeatedly –
their assimilatory apparatus is adapted to a large ex-
tent and the defoliation (in contrast to drops in the ra-
dial increment) therefore occurs only when a longer
or stronger precipitation deficit occurs.

The results have confirmed our hypotheses: we
found mainly positive correlations of summer sums of
precipitation with the ring width and negative correla-
tions of summer temperatures with the ring width.
Also the results of the habitual diagnostics have shown
a relatively low degree of crown transformation which
indicates a weak or short-term stress load.
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