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Abstract
The spreading dieback of European ash (Fraxinus excelsior L.) that is a serious threat to the existence of the species in
Europe, has been related to climatic changes. Still, not all trees in stands are damaged equally, suggesting that sensitivity to
weather conditions might have affected the susceptibility to the disease. Climate-growth sensitivity of ash with visually healthy
and damaged crowns growing in four stands in the central and eastern part of Latvia was assessed by dendrochronological techniques. The patterns of tree-ring width variation showed high diversity amongst trees, stands and regions; differences were observed between the damaged and healthy trees. Tree-ring patterns showed higher diversity amongst the healthy trees in the central part of Latvia, but, in the eastern part of Latvia, amongst the damaged ones. Mainly, the damaged trees were ca. 10–15 years
older than the healthy ones suggesting age related differences in susceptibility, which might be related to vigour. The damaged
and healthy trees differed also by growth trends, suggesting affiliation to different crown class, particularly at younger age. The
sets of the significant climatic factors differed between the central and eastern part of Latvia. In the central part of Latvia, ash
was mainly affected by the precipitation and daily temperature difference in the summer preceding formation of the tree-ring.
Although the damaged trees were more sensitive to daily temperature difference and precipitation in the preceding August, the
healthy trees were also additionally affected by maximum temperature in the preceding August. In the eastern part of Latvia, the
sets of the significant factors were site specific, however, trees were mainly affected by temperature in the preceding autumn and
current spring. In one site, the damaged ashes were more sensitive to temperature in July and September, while in other site the
damaged trees were more affected by precipitation in July; the healthy trees were additionally affected by precipitation in September and temperature in April. Hence, the susceptibility to the disease appears partially related to the climatic sensitivity of
trees.
Keywords: Fraxinus excelsior; ash dieback; dendroclimatology; climate-growth relationships; tree-ring width; radial
growth patterns.

Introduction
The dieback of ash, which has been spreading across
the Europe (Kowalski et al. 2010, Timmermann et al.
2011), is considered as a serious threat to the existence of
the species (Kowalski 2006, Bakys et al. 2009a). The dieback is a rapid process, as the infected tree might die within
a few years after the first symptoms, such as reduction of
crown, appear or, in some cases, symptoms might not be
even visible (Bakys et al. 2009b, Timmermann et al. 2011,
Enderle et al. 2013). Although the mechanisms of ash dieback are not completely understood, it is considered to be
caused by a complex of factors including climate and path-

ogens (Pautasso et al. 2010, Skovsgaard et al. 2010). The
fungus Hymenoscyphus fraxineus, has been considered as a
initiator of the dieback process (Kowalski 2006), which
promotes further infestation and damage by the secondary
agents (Kowalski et al. 2010, Skovsgaard et al. 2010, Bakys
et al. 2011). The fungus, which attacks root system of ash
(Bakys et al. 2008) affecting physical stability (susceptibility to uprooting) and water relations (increasing risk of
water deficit) (Tulik et al. 2010), is considered to infest
stressed trees, e.g. by unfavourable weather conditions
(Thomsen and Skovsgaard 2006, Pautasso et al. 2010).
Still, not all trees within a stand are damaged equally
(Kirisits and Freinschlag 2011, Pliūra et al. 2011), suggest-
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ing different resistance to the disease (McKinney et al.
2011, Stener 2012). Hence, the sensitivity to climate might
be one of the factors affecting the susceptibility of ash to
the dieback. Similar has been observed for the declining
pedunculate oak (Quercus robur) in Southern Finland,
which showed different climate-growth sensitivity also
before the decline (Helama et al. 2009).
Climate is one of the main factors affecting vigour
and growth of trees, which are archived in the variation of
wood increment (Fritts 2001). Hence, detailed information
about the sensitivity of tree growth to climatic factors can
be obtained from a retrospective analysis of the variation of
tree-ring width (TRW) (Speer 2010). As tree growth has an
explicit biological i.e., age trends (Fritts 2001), the effect of
climatic factors is commonly assessed from the highfrequency variation of TRW (Cook et al. 1992). Considering that a tree-ring forms during a certain period of the
vegetation period, combined effects of several factors might
be recorded in TRW (Cook 1992, Schweingruber 1996).
The aim of this study was to assess the variation of
TRW of ash with different crown condition and its relationship to climatic factors at the inter-annual scale. We hypothesized that the damaged trees had different growth
patterns and were more sensitive to climatic factors than the
healthy ones, and that the sets of the significant factors
differed.

Material and methods
Studied sites, sampling and measurements
Four mature stands dominated or co-dominated by
ash with different crown condition located in the central
and eastern part of Latvia near Ukri (UKR), Rundāle
(RND), Gulbene (GBN) and Barkava (BAR) (Figure 1)
were studied. Sites in these regions were selected, as differences in growth have been observed for other species
(Matisons et al. 2012, Baumanis et al. 2001). All of the
stands were situated on a flat terrain in a normal moisture
conditions on loamy soil. According to the national classification by Bušs (1976), site type in all stands was Aegopodiosa. The elevation of stands was ca. 35 and 110 m above
the mean sea level in sites in the central (UKR and RND)
and eastern (GNB and BAR) part of Latvia, respectively.
The maximum age of ash in the BAR, GBN, RND and
UKR sites, as determined from the obtained wood samples,
was ca. 70, 190, 110 and 100 years, respectively. Advanced
regeneration occurred in all stands.
The climate in the studied sites is determined by the
dominant western winds, which bring cool and moist air
masses from the Baltic Sea and the Atlantic. The weather
conditions are harsher in the eastern part of Latvia. The
mean annual temperature is ca. +6.4 and +5.5 °C; the mean
monthly temperature ranges from -4.3 to +17.5 °C and from
-6.2 to +17.4 °C in January and July in the central and east-
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ern part of Latvia, respectively. The vegetation period,
when the mean diurnal temperature is above +5°C, extends
from mid-April to mid-October; it is usually 10–15 days
longer in the central part of Latvia. The mean annual precipitation is about 610 mm in all sites. The highest monthly
precipitation sums occur in the summer months, usually
resulting in a positive water balance (Klavins and Rodinov
2010). Climatic changes are reflected as an increase of
temperature in the autumn-spring period, which is extending the vegetation period (Lizuma et al. 2007). In the same
time, summer precipitation regime is becoming more variable (Avotniece et al. 2010).

Figure 1. Location of studied sites near Barkava (BAR), Gulbene
(GBN), Rundāle (RND) and Ukri (UKR)

In each stand, 10 dominant ashes with visually
healthy crowns (crown reduction, i.e. dry branches, ≤ 15%)
and 10 ashes with damaged crowns (crown reduction 30–
60%) were selected. From each tree, two increment cores
from the opposite sides of stem were collected with a Pressler increment corer at ca. 1.4 m height, avoiding reaction
wood if trees were tilt. The sampling was done at the end of
May 2015, when leaves had fully flushed. In the laboratory,
increment cores were air dried and mounted on fixation
planks for grinding. Sandpaper of four roughness grits (120,
140, 320 and 400 grains per inch) was applied, using hand
sanding machine. The polished surface of samples was
rubber with chalk to increase the contrast between early and
latewood and to aid the recognition of tree-rings. The TRW
was measured by a Lintab 5 measurement system
(RinnTECH, Heidelberg, Germany) with the precision of
0.01 mm.
Data analysis
All of the measured chronologically ordered series
of TRW were crossdated (i.e. their dating and synchronicity
compared against each other) and their quality was checked
by graphical inspection and statistically, by the program
COFECHA (Grissino-Mayer 2001). Series showing low
agreement with the rest of the dataset (r < 0.35) were omit-
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ted from further analysis. The TRW series of the healthy
trees were used as a reference for crossdating of the damaged trees. The crossdated series were then averaged for
trees and their quality was verified. For description of the
datasets, expressed population signal, signal to noise ratio
(Wigley et al. 1984), Gleichläufigkeit, interseries correlation (based on detrended series) and the first order autocorrelation coefficients were calculated.
For assessment of high-frequency variation of TRW,
residual chronologies based on the crossdated datasets were
produced by the program ARSTAN (Cook and Holmes
1986) for each site and group of trees (damaged and
healthy). Double detrending, firstly by a negative exponential curve and secondly by the cubic spline with rigidity of
64 years and 50% frequency cut-off level, was applied. The
relationships between climatic factors and high-frequency
variation of TRW was assessed by a bootstrapped Pearson
correlation analysis (Johnson 2001) conducted for the
common period from 1934 (1948 for the healthy trees in the
RND site) to 2010. The significance of correlations was
determined at D = 0.05, performing 10000 iterations. The
climatic factors showing significant correlations with TRW
were tested for collinearity. The tested climatic factors were
the minimum, maximum and mean temperature, potential
evapotranspiration (PET), precipitation sums and mean
daily temperature difference for months. The climatic window from January in the year preceding formation of treering to September in the year of tree-ring formation (21
months) was used. Climatic data were obtained from the
high-resolution gridded datasets provided by the Climatic
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Research Unit of UEA for the closest to the sites grid entries (Harris et al. 2014). The statistical analysis were conducted in the program R (R Core Team 2014) using the
library “dplR” (Bunn 2008).

Results
After the crossdating and quality checking, from 75
to 100% of the series per group/site were maintained for
further analysis. The crossdated datasets covered the periods beginning from 1824 to 1948 in GBN and RND sites,
respectively (Table 1). Generally, TRW series showed
better agreement in the central part of Latvia, as shown by
higher values of interseries correlation and expressed population signal. The agreement of TRW of the healthy trees
was better in sites in the eastern part of Latvia, where values of interseries correlation (0.35 vs. 0.15),
Gleichläufigkeit (0.62 vs. 0.58) and expressed population
signal (0.75 vs. 0.55) were higher. The opposite was observed in sites in the central part of Latvia, where the environmental signal was stronger, as shown by a higher signal
to noise ratio (4.8 and 2.3, respectively). The agreement of
TRW was considerably weaker, hence the noise was considerably stronger for the damaged trees in the BAR site,
compared to the rest of the datasets. The value of expressed
population signal exceeded 0.85 only for the damaged trees
in the UKR site. Nevertheless, common tendencies, such as
the decreased TRW in 1940, 1963, 1984, 1990 and 2006
were observed in all chronologies (Figure 2).

D, cm

Min.
TRW, mm

Max.
TRW, mm

Mean
TRW, mm

St. dev.
TRW, mm

S

IC

AC

GLK

EPS

SNR

Barkava (BAR)
Healthy
8
1933–2014
Damaged
10 1928–2014
Gulbene (GBN)
Healthy
10 1824–2014
Damaged
10 1831–2014
Rundāle (RND)*
Healthy
9
1948–2014
Damaged
10 1916–2014
Ukri (UKR)
Healthy
7
1933–2014
Damaged
8
1925–2014
* – uneven aged stand.

91
91

32.9
28.9

0.68
0.10

5.69
10.00

2.53
1.99

0.90
0.99

0.20
0.22

0.39
0.09

0.70
0.80

0.63
0.58

0.79
0.42

3.67
0.71

195
195

48.6
43.9

0.17
0.12

5.39
4.77

1.48
1.38

0.61
0.56

0.18
0.19

0.31
0.23

0.77
0.79

0.60
0.58

0.72
0.69

2.53
2.20

68
112

27.2
34.2

0.46
0.16

6.24
6.35

2.05
1.79

0.81
0.88

0.21
0.19

0.36
0.36

0.73
0.83

0.60
0.60

0.82
0.83

4.49
4.90

106
106

33.2
29.5

0.53
0.20

5.28
5.80

1.99
1.65

0.99
0.89

0.19
0.17

0.40
0.44

0.86
0.87

0.60
0.64

0.81
0.86

4.32
5.73

A, years

Period

N

Table 1. Statistics of the crossdated datasets of tree-ring width (TRW) of ask with the damaged and healthy crowns in sites near Barkava,
Gulbene, Rundāle and Ukri. A – stand age, D– mean diameter of trees, S – mean sensitivity, N – number of crossdated trees, IC – mean
interseries correlation, AC – autocorrelation, GLK – Gleichläufigkeit, EPS – expressed population signal (Wigley et al. 1984), SNR –
signal to noise ratio
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TRW, mm

5
4
3
2
1
0

TRW index

1.8
1.4
1.0
0.6
0.2

TRW, mm

5
4
3
2
1
0

TRW index

1.8
1.4
1.0
0.6
0.2

TRW, mm

5
4
3
2
1
0

RND, mean TRW

E

TRW index

1.8
1.4
1.0
0.6
0.2

RND, chronology

F

TRW, mm

5
4
3
2
1
0

UKR, mean TRW

TRW index
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1.8
1.4
1.0
0.6
0.2

UKR, chronology

BAR, mean TRW

A

BAR, chronology

B

10
5

N, trees
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0

C

GBN, chronology

D

10
5

N, trees

GBN, mean TRW

0

5

N, trees

10

0
Healthy

G

H

10
5

N, trees

Damaged

0
1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

Year
Figure 2. Mean series (A, C, E, G), residual chronologies (thick lines) and sample depth (thin line) of tree-ring width (TRW) (B, D, F,
H) of ash with damaged (black lines) and healthy (grey lines) crowns for sites near Barkava (BAR), Gulbene (GBN), Rundāle (RND)
and Ukri (UKR), respectively. Curves are based on crossdated datasets. For GBN site, only data for period from 1910 to 2014 are shown

/LWKXDQLDQ5HVHDUFK&HQWUHIRU$JULFXOWXUHDQG)RUHVWU\
/LWKXDQLDQ5HVHDUFK&HQWUHIRU$JULFXOWXUHDQG)RUHVWU\

, 3XãSXUHHWDO%DOWLF)RUHVWU\YRO 

In most of the cases, the healthy trees were younger,
had higher mean TRW and contained less autocorrelation
(0.77 vs. 0.82) than the damaged ones (Table 1). The damaged trees showed growth suppression during a few recent
decades, although in some sites, they have been growing
faster than the healthy trees at younger age (Figure 2).
The indices of chronologies generally ranged from
ca. 0.60 to ca. 1.40, but the range tended to become narrower during a few recent decades (Figure 2). The agreement among the chronologies was weak, as the mean values
of correlation calculated between them was 0.26, although
Gleichläufigkeit was 0.63. The correlation between chronologies of the healthy and damaged trees ranged from 0.36
to 0.70 in the BAR and GBN sites, respectively. Nevertheless, the agreement between the chronologies of trees with
different crown condition increased with age, particularly
during the recent decades, as shown by the mean values of
correlation coefficients of 0.50 and 0.65 at the beginning
and at the end of the 20th century, respectively (not shown).
From the tested 132 climatic factors, 18 significantly
correlation with TRW of ash (Figure 3). The number of
significant correlations was higher in sites in the central
than in the eastern part of Latvia (23 and 13, respectively).
The values of correlation coefficients were generally low
and did not exceed 0.32, except for precipitation in March
(r = 0.48). The climate-growth relationships were quite
individual, particularly in the eastern part of Latvia, as the
sets of the significant correlations differed amongst the
sites. In the central part of Latvia, TRW was affected by
climatic factors (precipitation and daily temperature difference) related to the previous vegetation season (May–
August), as well as some correlations with precipitation in
February and March of the current year were observed. In
the eastern part of Latvia, TRW of ash appeared mainly
sensitive to weather conditions (maximum and mean
monthly temperature) in the previous autumn (September
and October) and in the current vegetation season (April–
September). Generally, temperature and its mean daily
difference had a negative effect on TRW, as shown by the
prevailing negative correlations, while precipitation had a
positive effect.
Only a few pronounced and systematic differences
in the sets of the significant climatic factors were observed
between the healthy and damaged trees (Figure 3). The
damaged trees in the central part of Latvia displayed
stronger correlation to the mean daily temperature difference and precipitation in August of the preceding year. The
healthy trees showed additional sensitivity to the maximum
temperature in previous August. In the RND site, TRW of
the healthy trees showed the strongest of the observed correlations with precipitation in March. In the UKR site, the
healthy trees showed stronger correlation with PET in May
of the preceding year. In the eastern part of Latvia in the
BAR site, the damaged trees were more affected by tem-
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perature in July and September of the current year, while
the healthy trees were additionally affected by temperature
in September and October of the preceding year. In the
GNB site, the healthy trees were affected by precipitation in
previous September and temperature in April of the current
year, but they were less sensitive to precipitation in previous July.

Figure 3. Bootstrapped Pearson’s correlation coefficients calculated between climatic factors and residual chronologies of treering width of ash with healthy (A, C, E, G) and damaged crowns
(B, D, F, H) for sites near Barkava (BAR), Gulbene (GBN),
Rundāle (RND) and Ukri (UKR), respectively. The period from
1934 (1948 for healthy trees in RND site) to 2010 was analysed.
The significant correlations (at α = 0.05) are shown in black. Only
the significant factors are plotted. PET – potential evapotranspiration
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Discussion and conclusions
Most of the TRW series were sufficiently crossdated, as they had common signature years (narrow tree-rings
in certain years). Yet the individuality of growth was rather
pronounced (Table 1), as the values of expressed population
signal were mainly below 0.85 (Wigley et al. 1984). Such
individual growth patterns apparently caused the noise in
the datasets, hence the values of signal to noise ratio were
below 5.8 (Table 1). Pronounced site-specifics in the
growth patterns were also evidenced by weak correlation
amongst the established chronologies (Figure 2), despite the
fact that, in Latvia, ash occurs near its northern distribution
limit (EUFORGEN 2009), where distinct effect of a common climatic factor(s) is expected (Fritts 2001). The observed regional differences in agreement of TRW series
(Table 1) matched with the current knowledge on the diversity of tree growth patterns between the central (western)
and eastern part of Latvia (Baumanis et al. 2001, Matisons
et al. 2012). Nevertheless, weaker agreement of the TRW
series was observed in the eastern part of Latvia that might
be explained by stressed growth under harsher climate,
when the effect of competition diversifies growth patterns
(Speer 2010). In contrary, individuality of growth has been
observed also for trees growing in optimum conditions,
where a strict limiting factor is lacking (Fritts 2001). In the
central part of Latvia, where climate is milder, ash, apparently, was less suppressed, hence the common signatures in
TRW were clearer (Table 1). This is supported by the differences in agreement between the healthy and damaged
trees. In the central part of Latvia, trees, which had stronger
crown damage, showed better agreement of TRW likely
due to higher sensitivity to environmental variability, suggesting the role of climatic factors in the dieback process
(Thomsen and Skovsgaard 2006, La Porta et al. 2008). In
the eastern part, crown damage, apparently, additionally
stressed the trees, diversifying their growth patterns (Speer
2010).
The susceptibility of ash to fungal infection (Enderle
et al. 2013) appeared to be age-related, as the healthy trees
were mainly younger than the damaged ones (Table 1).
With age, maintenance costs increases (Ryan 1990) and less
resources might be allocated for production of defence
substances (Pallardy 2008). This is supported by higher
autocorrelation in TRW of the damaged trees (Table 1),
suggesting stronger dependence on nutrient reserves (Fritts
2001). Nevertheless, the differences in growth rates between the tree groups (Figure 2) suggested that the susceptibility to disease might be also related to the social status
(i.e., crown classes) of trees (Martin-Bento et al. 2008). The
damaged trees, apparently, had a higher social status at the
young age, as shown by faster growth (wider tree-rings)
during a few earliest decades of their life. In contrast, trees,
which grew slower, were less susceptible to crown damage
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at the older age. In all sites, the damaged trees showed
reduction of TRW for ca. three recent decades compared to
the healthy ones (Figure 2) suggesting that previously suppressed trees have been infected (Timmermann et al. 2011).
Similarly, stronger symptoms of decline has been observed
for the suppressed oaks (Helama et al. 2009). Simultaneous
reduction of TRW in all sites during the recent decades
(Figure 2) might be explained by the effect of weather conditions, such as the extreme drop of temperature in the
winter of 1978/1979, striking the insufficient hardened trees
and causing shifts in their growth trends (Matisons et al.
2013). The reduction of TRW decreased its annual variation
particularly for the damaged trees (Figure 2) due to the
suppression of growth (Speer 2010), but the patterns became more similar for both tree groups (Figure 2) suggesting clearer effect of common limiting factor(s).
High-frequency variation of TRW was significantly
affected by the tested climatic factors (Figure 3). Still, the
rather low values of correlation coefficients might be explained by the individuality of TRW variation within a site
due to stresses, when the common response is reduced
(Speer 2010). Similarly, the diversity of the significant
factors amongst the sites and tree groups, particularly in the
eastern part of Latvia (Figure 3), might be explained by the
individuality of growth rhythms (Table 1). This apparently
explains the number of observed significant correlations. In
the sites in the central part of Latvia, the sets of significant
climatic factors were similar (Figure 3), suggesting that
trees have been able to show clearer reaction to weather
conditions. The TRW mainly correlated with climatic conditions in the preceding summer, suggesting effect of nutrient reserves on wood increment (Barbaroux and Breda
2002). In the ring porous species, including ash (Carlquist
2001), nutrient reserves are mainly deployed for early
growth (Barbaroux and Breda 2002) that affects water relations of tree in the following vegetation period (Tyree and
Zimmermann 2002) and hence the increment. The amount
of precipitation in summer showed positive correlation with
TRW for all groups (Figure 3), suggesting that in the central part of Latvia ash has suffered water deficit. Shifting
temperature conditions can burden assimilation and physiological processes (Pallardy 2008), as certain time is needed
for the adjustment of photosynthetic apparatus to current
conditions (Berry and Downton 1982), explaining the observed negative correlations between mean difference in
daily temperature and TRW (Figure 3). The effect of precipitation and temperature in the preceding August was
significant in all sites (Figure 3), as it is the time when the
formation of nutrient reserves initiates (Barbaroux and
Breda 2002).
In the sites in the eastern part of Latvia, TRW of ash
was mainly negatively affected by temperature (Figure 3),
but the mechanisms of influence shifted during the season.
In autumn, raised temperature can increase respiration,
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causing losses of stored nutrients (Ögren et al. 1997). In
September, increased temperature, apparently, might also
increase evapotranspiration (Traykovic 2005) causing water
deficient, as positive correlation with precipitation was
observed (Figure 3). This applies to current and previous
September temperature. The negative effect of temperature
in current spring might be explained by earlier onset of the
active period or earlier leaf flush, subjecting trees to damage from late frosts (Gu et al. 2008), which are quite common in the eastern part of Latvia (Avotniece et al. 2010).
In the context of regional and local diversity, the sets
of the significant factors between the healthy and damaged
trees differed slightly (Figure 3), suggesting that climatic
sensitivity had non-drastic effect on susceptibility to the
disease and crown reduction (Figure 2), although the effect
of weather extremes might not be visible in the residual
chronology (Schweingruber 1992). Still, some regional or
stand differences were observed (Figure 3). In the central
part of Latvia, the damaged trees were more affected by
water deficit and temperature regime in the preceding August, as shown by higher values of correlation (Figure 3).
Stronger relationships with climatic factors suggested that
under unfavourable conditions, i.e. warm and dry summers,
which are becoming more frequent (Avotniece et al. 2010),
trees are more stressed hence predisposed to the infection
and damage. Nevertheless, negative effect of the maximum
temperature in the preceding August was observed for the
healthy trees (Figure 3), which apparently have been able to
react to additional factor, probably due lower stress (Speer
2010). On the other hand, the negative effect of maximum
temperature in August, which is the second warmest month
(Lizuma et al. 2007), might be related to slower growth of
the healthy trees before 1970s (Figure 2). In the RND site,
only the healthy trees showed positive relationship with
precipitation in March, which had the highest value of correlation coefficients (Figure 3). Precipitation in March is
usually in the form of snow, and its effect might be explained by the insulating properties of snow layer, which
influences soil temperature, decreases soil freeze (Hardy et
al. 2001) and hence winter mortality of fine roots (Tierney
et al. 2001), affecting water relations of a tree later in spring
(Tyree and Zimmermann 2002). The absence of such relationship might suggest that the damaged trees have had less
sensitive root system before the infection. The effect of
potential evapotranspiration in the previous May in the
UKR site (Figure 3) might be related to excess of soil water
at the beginning of vegetation season, which influence root
respiration (Pallardy 2008). Still, the differences in reaction
to this factor between the healthy and damaged trees is
difficult to explain. Probably, it might be related to slower
growth of the health trees at younger age, when they have
been more influenced by this factor. In the eastern part of
Latvia in the GBN site, where trees were the oldest, TRW
was influenced by precipitation (Figure 3) that might be
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explained by the age-related sensitivity to water deficit
(Carrer and Urbinati 2004). The damaged trees showed
stronger correlation to precipitation (Figure 3), suggesting
increased susceptibility to water deficit, hence they were
more stressed in the dry years that, presumably, led to the
infection by fungus and reduction of crown (Kowalski et al.
2010). In the BAR site, the differences in sets of the significant factors are difficult to explain and might be caused by
the district individuality of growth patterns (Table 1).
Although located near its northern distribution limit,
in Latvia, ash showed site-specific growth patterns and
climatic sensitivity, probably due to the stresses caused by
the pathogen(s). This also approves the complexity of ash
dieback process. In all sites, ash of different crown conditions was affected by the climatic factors related to water
deficit in summer, suggesting that under the changing climate, growth of ash might become even more stressed. The
sensitivity of growth was higher under more continental
conditions. Trees with different crown condition, apparently differed by social status, as the damaged trees grew faster
at young age, but the TRW of the healthy trees was the
highest at medium age. Still, the damaged trees showed
growth reduction during recent three decades. The susceptibility to disease also appeared age-related, as the damaged
trees were older than the healthy ones, likely due to the
increasing maintenance costs. Still, some differences in
climatic sensitivity were observed. In general, trees with the
damaged crowns were more affected by the climatic factors, suggesting that climatic stresses have been at least
partially involved in the development of the disease. Nevertheless, the healthy trees also showed effect of some climatic factors not observed for the damaged ones, suggesting
influence of e.g. microclimate and microtopography on the
susceptibility to the disease. For better understanding of the
role of tree water relations in ash dieback, analysis of wood
vessels might be useful.
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