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Abstract 
Ash dieback (Hymenoscyphus fraxineus) is a fungal disease which affects ash throughout Sweden. Monitoring to study 

of the impact of ash dieback on veteran trees was undertaken in southwest Sweden in 2009, 2011, 2013, 2015, and 2020. The 
study found that 94.5% of the ash trees observed were affected by ash dieback disease in 2020 compared with 62% in 2009. 70 
of the studied ash trees have died (21%) since the monitoring began. In 2009 there was no relationship between girth and ash 
dieback, but in 2020 the correlation between girth and the impact of ash dieback was statistically significant. In 2020, also for 
the first time during monitoring, the ash trees in the shade were significantly more affected by ash dieback, compared with trees 
standing in the open. This difference was not detected in 2013 or 2015. The effect of ash dieback on pollarded trees has varied 
between the years studied, but in 2020 there is no longer any significant difference between the pollarded and the non-pollarded 
ash trees. There was however a significant difference in the mortality rates between the groups of trees, with ash trees pollarded 
in more recent times having the highest mortality. Therefore, the recommendation in relation to veteran trees with ash dieback 
is that all pruning on veteran ash trees should be avoided. Pollarding should only be done on ash pollards that are in a regular 
cutting cycle and are not showing any symptoms of ash dieback. If possible, clear around old ash trees if they are in shaded 
conditions. Given that there are relatively few studies on the impact of ash dieback on veteran ash trees, the results of this study 
should also be relevant outside of Sweden and for the management of ash trees in non-woodland situations.
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Introduction 
Ash dieback is a wind-borne fungal disease caused by 

Hymenoscyphus fraxineus which affects ash (Fraxinus ex-
celsior) throughout Sweden and was first recorded in 2001 
(Barklund 2005). More detailed background information 
on the impact of H. fraxineus in Sweden can be found 
in Cleary et al. (2017). According to a national study of 
random plots in Götaland, which was carried out by SLU 
in 2009 and 2010, some 25% of all ash trees larger than 
10 cm in diameter were heavily affected or dead (Wulff 
and Hansson 2011). In Sweden, a great deal of money is 
invested in pollarding ash trees (Rural Development Pro-
gramme) and in restoring old, lapsed pollards because of 
their biological and cultural importance in the landscape. 
Pollarding is a technique whereby branches are pruned on 
a regular basis at a specific point for a product, usually fod-

der or firewood. When pollards become lapsed (not pol-
larded for more than 30–40 years), they can become top 
heavy and break apart, thus efforts are being made to avoid 
such losses through careful pruning (Lonsdale 2013). His-
torically in Sweden, ash was an important tree in grazed 
landscapes (agro-forestry) such as wooded meadows and 
wood pastures in southern Sweden. Ash was a favoured 
tree to pollard on a three to five-year rotation for winter 
fodder (Slotte 1999). Some studies have suggested that the 
restoration of old pollarded ash trees is riskier when ash 
dieback is present, because epicormic shoots may be more 
easily infected (Eklund 2009) and others have seen posi-
tive results following pruning affected branches (Stenlid 
2013, Marciulyniene et al. 2017). There are, however, rel-
atively few studies regarding the impact of ash dieback in 
relation to pollarding and veteran ash trees.
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In addition, veteran ash trees are important cultural his-
tory elements in the Swedish landscape and bearers of a wide 
range of biodiversity. Ash was put on the Swedish Red List 
in 2010 ranked as VU (Gärdenfors 2010) and then raised to 
EN in 2015, where it remained in 2020 (Artdatabanken 2015, 
Artdatabanken 2020). It is recognised that 483 species use 
ash in Sweden; 11% of which are obligate to ash and another 
23% are strongly associated with ash (Sundberg et al. 2019, 
Hultberg et al. 2020). These include the Red Listed species 
Agrilus convexicollis (saproxylic beetle), Pyrenula nitidel-
la (lichen), Perenniporia fraxinea (wood decay fungus) and 
Euphydryas maturna (butterfly). Hultberg et al. (2020) show 
that 115 species are at high risk of extinction in Sweden be-
cause of ash dieback, where lichen species represent 40% 
of this group. Prognoses from research from Roberge et al. 
(2011) have shown that the moss Neckera pennata is likely 
to reduce significantly because of ash dieback. There is also a 
risk that the tree species that will replace ash, when they die, 
will not have the same bark characteristics as ash. This will 
lead to a further reduction in the habitat for species associat-
ed with trees with a high bark pH (Jönsson and Thor 2012). 
Even if some ash trees appear to have a greater level of re-
sistance to ash dieback, the disease remains a great threat to 
the ash population in Sweden. This is not only because it can 
kill trees itself, but also because landowners have expressed 
that they fell ash trees due to a lack of information, perceived 
safety risk or because they believe that they then reduce the 
risk of spread of the disease as was the advice in relation to, 
e.g., Dutch Elm Disease (personal communication between a 

relevant to collect information relating to these factors and 
analyse their potential impact. This paper describes the re-
sults from 2020 and compares with the results of previous 
years (Bengtsson and Stenström 2017).

Methods
In 2009, around half of the County of Västra Götaland 

had been surveyed to record veteran trees and the national 
database contained information on more than 25,000 trees, 
of which 17% were ash. A random sample of 330 of these 
trees (just over 7.5% of the total ash trees), both pollards and 
maidens (trees that have never been pollarded), was exam-
ined in the summer of 2009 and re-visited during the sum-
mer seasons of 2011, 2013, 2015 and 2020, which was when 
funding was available (Figure 1), (Bengtsson and Stenström 
2009, Bengtsson et al. 2012, Bengtsson et al. 2013, Bengts-
son 2014, Bengtsson and Stenström 2014, Bengtsson 2016, 
Bengtsson and Stenström 2017).

Among the group of trees that were recorded as pol-
lards (226 of the 330), there was an even spread between 
those which had been recently pollarded (within the last ten 
years in 2009) and lapsed pollards (more than thirty years 
since they were last pollarded in 2009). The recently pol-
larded groups of trees were cut on a relatively regular basis, 
although the exact dates of cutting were not available. The 
lapsed pollards have not been cut throughout the period of 
the study. The ash trees were located with the help of a GPS 
and map. The trees were assessed from the ground with the 
help of binoculars, using field symptoms of ash dieback such 

Figure 1. Map showing the location of the ash trees that have been monitored and the 
location of the County of Västra Götaland in Sweden (inset). The number in brackets 
refers to the number of trees within the respective category

number of landowners and the research 
team).

There is still relatively little sci-
entific evidence relating to ash dieback 
and pollarding, or indeed the impact of 
ash dieback on veteran ash trees in gen-
eral. Due to the lack of data, relating to 
pollards and veteran ash trees, a mon-
itoring programme was established in 
2009 by the County Administrative 
Board of Västra Götaland (Bengtsson 
and Stenström 2009). Västra Götaland 
contains a fifth of the ash trees in Swe-
den (Skogsdata 2012) and therefore it 
is a useful study area. The aims of the 
monitoring were to obtain an overview 
of how ash dieback was affecting the 
veteran ash trees in the County of Väs-
tra Götaland and to be able to follow 
the development of the disease over 
the coming years. The degree of open-
ness has been shown by Drenkhen et 
al. (2017) and Grosdidier et al. (2020) 
to have an impact on the severity of the 
disease. Given that many of the veter-
an ash trees in Sweden have grown up 
in open, grazed landscapes, it seemed 
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as red/brown shoots and necroses as indicators. No labora-
tory analyses were carried out. Health assessed in the field, 
i.e., level of damage in the crown, has been shown by McK-
inney et al. (2011) to strongly correlate with the abundance 
of necroses and has thus been judged as a reliable method to 
assess the impact of H. fraxineus on ash trees. In this method 
the crowns of the trees were scored according to a five-point 
scale:
0 – completely healthy;
1 – lightly affected (c. < 10% of the crown affected);
2 – affected (c. 10–30% of the crown affected);
3 – significantly affected (c. > 30% of the crown affected);
4 – dead.

The degree of openness in which the trees were grow-
ing was also recorded (open – no other trees shading, semi-
open – part of the tree shaded by other trees, shaded – tree 
shaded on all sides) and whether the site was grazed or not.

The differences in condition between the years were 
analysed using chi-squared tests. Relationships between 
girth and ash dieback score were assessed using Spear-
man’s correlation tests. The impact of pollarding was ana-
lysed using ANOVA.

Mortality between the years was analysed using 
Friedman’s matched group test for ranked data (matching 
data for each date by type of pollarding, i.e. comparing 
mortality by date). Mortality between the different groups 
of trees was analysed using Friedman’s matched group test 
for ranked data (matching by year, i.e. comparing differ-
ent pollarding types). The statistical analyses were car-
ried out using SPSS Statistics 26™ (IBM 2019) and Stat-
View V.5.0.1 (SAS 1998) software packages.

Results
More veteran ash trees have been infected in 2020 

compared with all previous years (comparing infection 
score across the years: X2

0.05;16 = 244.9, P < 0.001). There 
were more significantly affected (130) and dead trees (70) in 
2020 than would be expected according to a random distri-
bution. The number of dead trees were more than double the 
expected number (calculated as part of the chi-squared test).

The mean ash dieback score has increased from 1.22 
in 2009 to 2.53 in 2020, where 0 are completely without 
symptoms and 4 are dead. This is a significant increase be-
tween the years (ANOVA F4,325 = 69.22, P = 0.001) (Fig-
ure 2). In 2020, 94.5 % of the veteran ash trees had some 
symptoms of ash dieback, compared with 62% in 2009 
when the monitoring began (Figure 3).

In 2020, the analysis of the whole population found 
there was a significant correlation (Spearman’s rs = –0.114, 
n = 289, P = 0.04) in that larger trees were less affected. 
No ash tree under 136 cm in girth (equivalent to 45 cm di-
ameter) was healthy in 2020. This trend explains only a 
small amount of the variation in the disease and only 10% 
of the population had a girth of less than 136 cm. This was 
similar to the results reported for 2013 and 2015 (Bengts-

son and Stenström 2017). To examine whether pollarding 
was a possible explanatory factor, the analysis was carried 
out on each type of tree (unpollarded, pollarded under 
10 years ago, pollarded over 30 years ago). There were no 
significant correlations between girth and infection score 
for either trees pollarded over 30 years ago (Spearman’s 
rs = –0.038, n = 117, P = 0.664) or for unpollarded trees 
(Spearman’s rs = –0.082, n = 102, P = 0.408). There was 
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Figure 2. Mean scores for ash dieback class have increased 
between the years where 0 is healthy, 1 is lightly affected, 2 is 
affected, 3 is significantly affected and 4 is dead

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

2009 2011 2013 2015 2020

Figure 3. 94.5% of the veteran ash trees had symptoms of ash 
dieback in 2020 compared with 63%, 77%, 84% and 90% in 
2009, 2011, 2013 and 2015, respectively
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Figure 4. Mean scores for ash dieback class regarding the 
degree of openness, where 0 is healthy, 1 is lightly affected, 2 is 
affected, 3 is significantly affected and 4 is dead
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back class (Figure 6), which appears to show more recently 
pollarded trees in class 4 and less in class 3 compared with 
the other two groups. Indeed, analysis of the frequencies of 
each class across the period shows significant differences 
(X2 = 23.452, df = 8, P = 0.0028). There were fewer of the 
trees pollarded under 10 years ago in class 3 (significantly 
affected), and more in both classes 0 and 4 than would be 
expected by chance. The trees that had been pollarded over 
30 years ago, have fewer in class 4, whilst the trees that 
have never been pollarded, have more in class 3.

Pollarding and mortality
In total 70 ash trees have died since the monitoring 

began in 2009 (see Table 1). A comparison of the mortality 
rate between years and between the three groups of trees 
was carried out to see if pollarding could result in a higher 
mortality rate (see Table 2).

Examining the mortality during the early six years 
(three time periods of two years each), using Friedman’s 
matched group test for ranked data (matching data for each 
date by type of pollarding, i.e. simply comparing mortality 
by date) there was a significant difference (the test statistic 
X2 = 6.0, df = 2, P = 0.0498). Although there were too few 
data to use a multiple comparison test to investigate further 
into where the differences lay, the rank means for the years 
indicated that most (annual) mortality seemed to occur be-
tween 2013 and 2015. Figure 7 shows that the mortality is 
very similar across all time periods in the controls (never 
pollarded) and, to a slightly lesser extent, in the trees pol-
larded over 30 years ago. However, mortality is elevated in 
the trees pollarded less than 10 years ago (especially after 
2011).

In comparisons between the different pollarding 
types, using Friedman’s matched group test for ranked 
data (matching by year, i.e., comparing between the differ-
ent types of trees), there was a significant difference found 
(X2 = 6.0, df = 2, P = 0.0498). Again, multiple comparison 
tests were not feasible because of the low sample sizes but 

however a significant correlation between girth and infec-
tion score for trees pollarded under 10 years ago (Spear-
man’s rs = –0.217, n = 70, P = 0.039).

In 2020 data were also collected regarding the degree 
of openness and whether the ash trees were in a grazed 
area. In 2013 and 2015 no statistical significance was 
found for either openness or grazing (Bengtsson and Sten-
ström 2017). In 2020 however, there was a significant dif-
ference in the degree of openness; trees that were shaded 
were more affected by ash dieback than those standing in 
the open or semi-open (ANOVA F2,327 = 4.08, P = 0.018), 
see Figure 4. There was however still no significant result 
regarding grazing (F1,328 = 0.03, P = 0.86).

Pollarding and ash dieback
In 2020, there was no significant difference in severity 

of ash dieback symptoms in the crown between the three 
groups of trees (F2,327 = 1.72, P = 0.18), see Figure 5. This 
is a change from the results in 2015, where trees that had 
not been pollarded were more affected by ash dieback than 
old pollards (see Bengtsson and Stenström 2017).

There is an interesting pattern which emerges when 
looking at the spread of each type of tree in each ash die-
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class in 2020
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Figure 5. The impact of ash dieback between the different 
groups of trees studied, where 0 = healthy, 1 = lightly affected, 
2 = affected, 3 = significantly affected, and 4 = dead. The results 
from 2020 showed that there was no significant difference 
between the different groups of trees studied (ANOVA 
F2,327 = 1.72, P = 0.18) Pollarded 

> 30 yrs ago
Pollarded 

< 10 yrs ago
Never 

pollarded
2009 133 89 102
2011 131 85 99
2013 127 79 96
2015 122 73 93
2020 114 61 85

Table 1. Number of living trees per year and type of ash tree

Period
2009–
2011

2011–
2013

2013–
2015

2015–
2020

Pollarded 
> 30 yrs ago

0.008 0.015 0.020 0.013

Pollarded 
< 10 yrs ago

0.023 0.036 0.039 0.035

Never pollarded 0.015 0.015 0.016 0.018

Table 2. Mortality rate per year and period (%)
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trees cope better than smaller trees, have been published 
by Enderle et al. (2018) from Germany and Timmermann 
et al. (2017) in Norway. The reasons why ash trees with 
a larger girth seem to have fewer symptoms is still un-
clear. It may be as simple as it takes longer for the fun-
gus to spread in larger trees and that older trees may have 
more complex branch architecture (Lonsdale 2013). It 
could also be that larger and older trees may be growing 
in more optimal conditions (Coker et al. 2019) and they 
thus have a greater tolerance. This effect may be particu-
larly relevant to regularly pollarded trees, where the girth 
may be smaller because pollarding can slow the growth 
rates, additional stress has been imposed and the poten-
tially smaller girth is perhaps less resilient. Further work 
on tree size and pollarding could be useful here, where 
a trial could be set up with specific sizes of ash trees 
and regular frequency of pollarding, to help understand  
these factors.

Given that many studies (McKinney et al. 2014, 
Enderle et al. 2019) suggest that only a low proportion of 
the ash population is resistant, it was expected that more 
veteran ash trees would become more affected over the 
years. In 2020, only 5.5% of the population were free of 
ash dieback symptoms. It was hoped that the proportion 
of the population that showed symptoms would begin 
to level out, given that ash dieback has been in Sweden 
since at least 2001 (Barklund 2005), but there appears to 
be little sign of this. 5.5% with no symptoms is however 
a greater proportion than many researchers have predict-
ed, given that the disease has been in Sweden for at least 
20 years (Barklund 2005) and that only 1–2% of ash trees 
have adequate genetic resistance to be useful for a breed-
ing programme (McKinney et al. 2014, Cleary et al. 2017). 
Enderle et al. (2019) report from various studies across 
Europe that typically only 1% of trees show no or only 
insignificant symptoms. Studies from Denmark (Madsen 
et al. 2021) highlight the fact that older ash trees seem to 
be less affected by ash dieback and the trees in their study 
were less than a hundred years old, likely much younger 
than those in our study.

The ash trees in our study showed less symptoms of 
ash dieback if they were situated in more open conditions 
and this differs from the results in 2015 when there was 
no statistical difference in the degree of openness (Bengts-
son and Stenström 2017). The result from 2020, showing 
there has been a change over time, is in line with a study 
from France, where Grosdidier et al. (2020) showed that 
the environment, in which the ash grew, had little impact 
in the early phases of disease establishment, but had a 
strong impact on the development of the disease over time. 
They showed that impact of ash dieback was less severe 
when ash trees were growing in the open. Drenkhan et al. 
(2017) from work in Estonia found a similar pattern; trees 
that were growing in more open conditions were healthier. 
Veteran ash trees in Sweden are more common in the rural 
landscape and thus are often found in more open condi-
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ranked means for the different pollard types indicated that 
the mortality was higher in the trees that were pollarded 
under 10 years ago than in either of the other two groups of 
trees. Figure 8 shows that although the annual percentage 
mortality changes over time for all treatments, this is rela-
tively minor in the trees that have never been pollarded and 
the lapsed pollards (pollarded over 30 years ago).

Discussion

Our study showed that trees with a larger girth were 
showing fewer symptoms of ash dieback, which concurs 
with other studies. Marcais et al. (2017) showed that from 
sites in France and Belgium, mortality rates of small trees 
(under 5 cm dbh) were 35% per year compared with trees 
larger than 25 cm in diameter at breast height, where mor-
tality was 3.2% per year. Similar results, where larger 
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tions, which could potentially limit the total impact of ash 
dieback over time. This may also be a reason why only 
21% of our study trees have died and may also support 
work to clear around veteran ash trees that may be becom-
ing overgrown by secondary woodland. Grosdidier et al. 
(2020) suggested that this pattern may be because the trees 
in the open are subjected to microclimates which are less 
favourable for pathogen development, particularly during 
hot summers. They also suggest that fewer trees and thus 
leaves may result in lower quantities of spores at a local 
level. Grazing animals, if present, may also damage and 
push the leaf rachises into the soil.

Our results show there was no statistical difference 
in the degree of ash dieback symptoms in the crown, be-
tween the different types of trees we have studied in 2020. 
This result has varied over the years we have studied these 
trees (Bengtsson and Stenström 2017). The groups of trees 
that have been pollarded more recently (under 10 years 
ago in 2009) are generally a more variable group than ei-
ther the lapsed pollards or maiden trees (which have not 
been cut during our study period). For example, some of 
the group of trees pollarded more recently, are still in a 
regular cutting cycle, and have been cut every fifth year, 
whilst others have been cut more sporadically, but all 
of this group have been pollarded in recent times. Thus, 
the exact date of pollarding for each tree and the time at 
which the disease arrived at the tree’s location are how-
ever unknown, and this may explain why the results have 
varied between years. Marciulyniene et al. (2017) showed 
that the presence of H. fraxineus declined with increasing 
distance from visible lesions, and at 30 cm, the ash die-
back fungus was missing completely from the samples, 
confirming that pruning may remove the fungus, at least  
temporarily.

Even if the statistical power of our calculations makes 
it difficult to identify where the differences lie, it does seem 
that trees that have been pollarded more recently have had 

a higher mortality rate throughout the study period. This 
group of trees has however also had the greatest proportion 
of trees with fewer symptoms. This may appear to be a 
contradiction, but it is possible that pollarding removes the 
affected shoots and thus the fungus, providing temporary 
respite from the disease as per the study by Marciulyniene 
et al. (2017). Pollarding, however, stimulates the produc-
tion of epicormic shoots, often directly from the main 
stem, which may result in a shorter route for the fungus to 
reach the main stem and thus a quicker death (Bengtsson et 
al. 2014, Cleary et al. 2017). This means that it is a tricky 
balance to know how to deal with pollards; on the one hand 
it may be possible to lengthen their lives by removing ash 
dieback infected branches, but on the other hand, it may 
also shorten their lives because the live growth will be 
made up of young shoots with a shorter infection route into 
the main stem. More research is required in this area, and it 
would be interesting to undertake a study pollarding young 
trees under controlled conditions. It would also be inter-
esting to undertake more studies on veteran trees, which 
might help to gain a greater understanding of the poten-
tial tolerance they may have to ash dieback. Old trees, and 
especially old pollards, very often have a more complex 
trunk and crown structure compared with younger trees. 
Old trees exhibit more often the feature of having separate 
functional units, which are relatively independent of one 
another. This is a survival strategy where different parts of 
the same tree can behave to some extent like separate in-
dividuals. Each of these functional units can cater for their 
own energy requirements and take up water and nutrients 
from the closest part of the root system. Even if there may 
be a connection between these units, they can respond, for 
example, differently to the same type and amount of prun-
ing (Lonsdale 2013a). This may be an advantage in terms 
of ash dieback because the fungus has difficulties in mov-
ing through a more complex branch structure (Gross et al. 
2014) and it can thus not as easily girdle the entire stem. 
The lapsed pollards (those pollarded over 30 years ago) 
may also have a more complex crown structure because 
of the historic pollarding and this may also explain why 
fewer of this group have died than would be expected. The 
trees that have never been pollarded have more in class 3 
than would be expected, which suggests that the disease 
is developing but has not yet resulted in death. This may 
just be a factor of time, in that it may take longer for the 
pathogen to kill some trees (Coker et al. 2019). It should 
also be noted however, that class 3 in our study covers a 
large range from 30–99% defoliation. This includes trees 
which may be expected to survive (less than 50% defolia-
tion) and trees which are less likely to survive (more than 
60% defoliation). In future studies it would be useful to di-
vide up this class when assessing the impact of the disease  
on the crown.

On a positive note, only 21% (70 trees) of the vet-
eran ash trees studied have died since 2009, and this is 
much lower than that reported in other studies. Coker et 

Figure 9. A few old pollards which were last cut in 2012 and 
which show different levels of ash dieback. The tree in the 
middle was alive in 2013 but had died by 2015. The tree furthest 
to the right has no symptoms of ash dieback
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al. (2019), who have analysed many studies across Europe, 
have seen that there are few ash trees completely free of 
symptoms, even if many of these studies are from forest 
situations, with much younger trees than in our study and 
where the impact of honey fungus may be greater (Madsen 
et al. 2021). There are however few sites where all the ash 
trees have died. They have also seen that the mortality rates 
of ash trees growing in more natural conditions (rather than 
plantations) are lower. Coker et al. (2019) discuss that this 
may be due to a wide range of factors such as the trees pos-
sibly being better adapted to the place where they are grow-
ing and that there may be more microorganisms that can 
compete with the ash dieback fungus. They also suggest 
that there may be greater variation in the tree species result-
ing in lower infection rates or that the age and size of the 
trees may mean it takes longer for these trees to die. Which 
of these factors are the most significant is as yet unknown.

Conclusions
Despite the lack of statistical power in our data, it 

seems sensible, as a precautionary measure, to avoid pol-
larding veteran ash trees that have symptoms of ash die-
back. These old trees often host a great deal of biodiversity, 
and it is far from desirable to speed up their decline, even 
if they still have biodiversity value after death (Hultberg et 
al. 2020). Another management action, which may benefit 
old ash trees, would be to clear around them if they have 
become overgrown, since openness seems to limit the se-
verity and development of the disease.

Cutting old ash trees can have significant consequenc-
es even if they are not affected by ash dieback (Lonsdale 
2013b). Other studies have shown that old ash pollards 
that have been cut hard to restore them back into a pol-
larding cycle after a long period of lapse are weakened and 
thus may be more at risk from ash dieback (Eklund 2009, 
Skovsgaard et al. 2010, Bakys et al. 2011, Skogsstyrelsen 
2013, Cleary et al. 2017, Skovsgaard et al. 2017). There-
fore, we recommend avoiding all types of cutting on old 
lapsed and maiden ash trees if there is no acute risk of the 
crown failing. It is also possible that after cutting, the new 
shoots (where infection primarily occurs) develop closer to 
the main stem, thus shortening the distance and potential-
ly speeding up the rate at which the fungus may enter the 
main stem of the tree (Stenlid 2013, Marciulyniene et al. 
2017). However, if management needs to be carried out, 
then avoid cutting all the trees in the same year and spread 
the cutting out (and thus any risks) over a longer period 
(Lonsdale 2013b, Bengtsson and Stenström 2017).

There is currently no treatment for ash dieback. 
As the fungus is spread by the wind it can spread a long 
way and there is little benefit in felling individual trees 
that are affected to reduce the risk of the disease spread-
ing. Indeed, there may even be a risk in removing trees 
as a preventative measure because those trees could hold 
the key to the future conservation of ash and the associ-

ated species. The most important current focus should 
be to collect as much information as possible regarding 
ash trees which appear to have an increased tolerance 
to the disease and retaining veteran ash trees for as long  
as possible.

References 
Barklund, P. 2005. Askdod grasserar over Syd-och Mellans-

verige [Ash dieback sweeps across southern and central 
Sweden]. SkogsEko 3: 11–13 (in Swedish).

Bakys, R., Vasiliauskas, A., Ihrmark, K., Stenlid, J., Menk-
is, A. and Vasaitis, R. 2011. Root rot, associated fungi and 
their impact on health condition of declining Fraxinus ex-
celsior stands in Lithuania. Scandinavian Journal of Forest 
Research 26(2): 128–135. https://doi.org/10.1080/0282758
1.2010.536569.

Bengtsson, S.B.K., Barklund, P., Brömssen, C.V. and Sten-
lid, J. 2014. Seasonal pattern of lesion development in 
diseased Fraxinus excelsior infected by Hymenoscyphus 
pseudoalbidus. PLoS One 9(4): p. e76429. https://doi.
org/10.1371/journal.pone.0076429.

Bengtsson, V. and Stenström, A. 2009. Inventering av askskotts-
juka i Västra Götalands län 2009 [Survey of Ash dieback 
in the County of Västra Götaland in 2009]. Länsstyrelsen i 
Västra Götalands län, Naturvårdsenheten, rapport 2009: 80, 
14 pp. (in Swedish with English summary).

Bengtsson, V., Stenström, A. and Finsberg, C. 2012. Ask-
skottsjuka – ett nytt hot mot våra skyddsvärda träd? [Ash 
dieback – a new threat to our veteran trees?]. Naturvård-
senheten, rapport 2012: 29, 21 pp. (in Swedish with English 
summary).

Bengtsson, V., Stenström, A. and Finsberg, C. 2013. The im-
pact of ash dieback on veteran and pollarded trees in Swe-
den. Quarterly Journal of Forestry 107(1): 27–33.

Bengtsson, V. 2014. Askskottsjuka – ett fortsatt hot mot våra 
skyddsvärda träd? [Ash dieback – a continued threat to our 
veteran trees?]. Naturvårdsenheten, rapport 2014: 17, 29 pp. 
(in Swedish with English summary).

Bengtsson, V. 2016. Askskottsjuka – hur mår våra skyddsvär-
da ask träd? [Ash dieback – how healthy are our veteran 
trees?]. Naturvårdsenheten, rapport 2016: 28, 34 pp. (in 
Swedish with English summary).

Bengtsson, V. and Stenström, A. 2017. Ash dieback – a continu-
ing threat to veteran ash trees? In: Vasaitis, R. and Ender-
le, R. (Eds.) Dieback of European ash (Fraxinus spp.) – 
consequences and guidelines for sustainable management. 
Uppsala, Sweden: Swedish University of Agricultural Sci-
ences, p. 262–72.

Cleary, M., Nguyen, D., Stener, L.G., Stenlid, J. and Skovs-
gaard, J.-P. 2017. Ash and ash dieback in Sweden: a re-
view of disease history, current status, pathogen and host 
dynamics, host tolerance and management options in forests 
and landscapes. In: Vasaitis, R. and Enderle, R. (Eds.) Die-
back of European ash (Fraxinus spp.) – consequences and 
guidelines for sustainable management. Uppsala, Sweden: 
Swedish University of Agricultural Sciences, p. 195–208.

Coker, T.L.R., Rozsypálek, J., Edwards, A., Harwood, T.P., 
Butfoy, L. and Buggs, R.J.A. 2019. Estimating mortality 
rates of European ash (Fraxinus excelsior) under the ash 
dieback (Hymenoscyphus fraxineus) epidemic. Plants, Peo-
ple, Planet 1(1): 48–58. https://doi.org/10.1002/ppp3.11. 

Drenkhan, R., Agan, A., Palm, K., Rosenvald, R., Jürisoo, L., 
Maaten, T., Padari, A. and Drenkhan, T. 2017. Over-
view of ash and ash dieback in Estonia. In: Vasaitis, R. 
and Enderle, R. (Eds.) Dieback of European ash (Fraxinus 

https://doi.org/10.1080/02827581.2010.536569
https://doi.org/10.1080/02827581.2010.536569
https://doi.org/10.1371/journal.pone.0076429
https://doi.org/10.1371/journal.pone.0076429
https://doi.org/10.1002/ppp3.11


8

BALTIC FORESTRY 27(1) THE IMPACT OF ASH DIEBACK ON VETERAN TREES IN SOUTHWESTERN /.../ BENGTSSON, V. ET AL. 

spp.) – consequences and guidelines for sustainable man-
agement. Uppsala, Sweden: Swedish University of Agricul-
tural Sciences, p. 115–24.

Eide, W. (Ed.) 2020. Rödlistade arter i Sverige [Red listed spe-
cies in Sweden, 2020]. Uppsala: Artdatabanken, SLU, 
212 pp. (in Swedish).

Eklund, S. 2009. Hamling av Ask, Fraxinus excelsior, 
och hur det påverkar trädets utsatthet för askskottsju-
kan [Pollarding of ash, Fraxinus excelsior, and how 
it influences susceptibility to ash dieback]. Examen-
sarbete Skövde Högskola, Sweden (in Swedish with  
English abstract).

Enderle, R., Metzler, B., Riemer, U. and Kändler, G. 2018. 
Ash dieback on sample points of the National Forest In-
ventory in south-western Germany. Forests 9(1): 1–13.  
https://doi.org/10.3390/f9010025. 

Enderle, R., Stenlid, J. and Vasaitis, R. 2019. An overview of 
ash (Fraxinus spp.) and the ash dieback disease in Europe. 
CAB Reviews 14: 1–12. https://doi.org/10.1079/PAVSN-
NR201914025. 

Gärdenfors, U. (Ed.) 2010. Rödlistade arter i Sverige 2010 [The 
2010 Red List of Swedish Species]. Uppsala: ArtDataban-
ken, SLU, 592 pp.

Grosdidier, M., Scordia, T., Ioos, R. and Marçais, B. 2020. 
Landscape epidemiology of ash dieback. Journal of Ecol-
ogy 108(5): 1789–1799. https://doi.org/10.1111/1365-
2745.13383. 

Gross, A., Holdenrieder, O., Pautasso, M., Queloz, V. and Sie-
ber, T.N. 2014. Hymenoscyphus pseudoalbidus, the causal 
agent of European ash dieback. Molecular Plant Patholo-
gy 15: 5–21. https://doi.org/10.1111/mpp.12073. 

Hultberg, T., Sandström, J., Felton, A., Öhman, K., Rönn-
berg, J., Witzell, J. and Cleary, M. 2020. Ash dieback 
risks an extinction cascade. Biological Conservation 244: 
108516, 1–9. https://doi.org/10.1016/j.biocon.2020.108516. 

IBM. 2019. IBM SPSS Statistics, a software package used for 
interactive, or batched, statistical analysis, version 26. IBM 
Corp., Orchard Road, Armonk, New York 10504-1722, 
USA. URL: www.ibm.com/products/spss-statistics. 

Jönsson, M.T. and Thor, G. 2012. Estimating coextinction 
risks from epidemic tree death: affiliate lichen communities 
among diseased host tree populations of Fraxinus excelsior. 
PLoS ONE 7: 1–9, p. e45701. https://doi.org/10.1371/jour-
nal.pone.0045701. 

Lonsdale, D. 2013a. The recognition of functional units as an 
aid to tree management, with particular reference to veteran 
trees. Arboricultural Journal 35(4): 188–201. https://doi.or
g/10.1080/03071375.2013.883214. 

Lonsdale, D. (Ed.) 2013b. Ancient and other veteran trees: fur-
ther guidance on management. London: The Tree Council, 
212 pp.

Marçais, B., Husson, C., Caël, O., Dowkiw, A., Saintonge, F.-
X., Delahaye, L., Collet, C. and Chandelier, A. 2017. 
Estimation of ash mortality induced by Hymenoscyphus 
fraxineus in France and Belgium. Baltic Forestry 23(1): 
159–167.

Madsen, C.L., Kosawang, C., Thomsen, I.M., Hansen, L.N., 
Nielsen, L.R. and Kjaer, E.D. 2021. Combined progress in 
symptoms caused by Hymenoscyphus fraxineus and Armil-
laria species, and corresponding mortality in young and old 
ash trees. Forest Ecology and Management 491: 119177, 
1–10. https://doi.org/10.1016/j.foreco.2021.119177. 

Marciulyniene, D., Davydenko, K., Stenlid, J. and Cleary, M. 
2017. Can pruning help maintain vitality of ash trees af-
fected by ash dieback in urban landscapes? Urban Forestry 
and Urban Greening 27: 69–75. https://doi.org/10.1016/j.
ufug.2017.06.017. 

McKinney, L.V., Nielsen, L.R., Hansen, J.K. and Kjær, E.D. 
2011. Presence of natural genetic resistance in Fraxinus 
excelsior (Oleraceae) to Chalara fraxinea (Ascomycota): 
an emerging infectious disease. Heredity 106: 788–797. 
https://doi.org/10.1038/hdy.2010.119. 

McKinney, L.V., Nielsen, L.R., Collinge, D.B., Thomsen, I.M., 
Hansen, J.K. and Kjær, E.D. 2014. The ash dieback cri-
sis: genetic variation in resistance can prove a long term 
solution. Plant Pathology 63(3): 485–499. https://doi.
org/10.1111/ppa.12196. 

Roberge, J.M., Bengtsson, S.B.K., Wulff, S. and Snäll, T. 2011. 
Edge creation and tree dieback influence the patch-tracking 
metapopulation dynamics of a red-listed epiphytic bryo-
phyte. Journal of Applied Ecology 48(3): 650–658. https://
doi.org/10.1111/j.1365-2664.2011.01963.x. 

SAS. 1998. StatView, a statistics application, version 5.0.1. SAS 
Institute Inc., 100 SAS Campus Drive, Cary, NC 27513-
2414, USA. URL: http://www.sas.com. 

Skogsstyrelsen. 2013. Ask och askskottsjukan i Sverige [Ash and 
ash dieback in Sweden]. (Meddelande 4). Jönköping, Swe-
den: 39 pp. (in Swedish).

Skogsdata. 2012. Riksskogstaxeringen [National Forestry Sur-
vey]. Umeå, Sweden: SLU, 140 pp. (in Swedish).

Skovsgaard, J.P., Thomsen, I.M., Skovgaard, I.M. and Mar-
tinussen, T. 2010. Associations among symptoms of die-
back in even-aged stands of ash (Fraxinus excelsior L.). 
Forest Pathology 40: 7–18. https://doi.org/10.1111/j.1439-
0329.2009.00599.x.

Skovsgaard, J.P., Wilhelm, G.J., Thomsen, I.M., Metzler, B., 
Kirisits, T., Havrdová, L., Enderle, R., Dobrowolska, D., 
Cleary, M. and Clark, J. 2017. Silvicultural strategies for 
Fraxinus excelsior in response to dieback caused by Hyme-
noscyphus fraxineus. Forestry 90(4): 455–472. https://doi.
org/10.1093/forestry/cpx012. 

Slotte, H. 1999. Lövtäkt i Sverige 1850–1950 – Metoder för täkt, 
torkning och utfodring med löv samt täktens påverkan på 
landskapet [Leaf harvesting in Sweden 1850–1950 – Meth-
ods for cutting, drying and feeding with leaves as well as the 
impact of leaf harvesting on the landscape]. Uppsala, Swe-
den: Institutionen för landskapsplanering Ultuna. Agrarhis-
toria nr 2, SLU, 248 pp. (in Swedish).

Stenlid, J. 2013. Askskottsjukan visar riskerna med global han-
del [Ash dieback highlights the risks with global trade]. In: 
Björkman, C. and Stenlid, J. (Eds.) Svampar och insekter 
Rapport från Future Forests 2009–2012 [Future Forests rap-
port series] 2013: 5. Umeå, Sweden: Sveriges lantbruksuni-
versitet, 44 pp. (in Swedish).

Sundberg, S., Carlbert, T., Sandström, J. and Thor, J. 2019. 
Värdväxters betydeslse för andra organismer – med fokus 
på verdartade värdväxter [The importance of host plants for 
other organisms – a focus on woody host plants]. Uppsa-
la, Sweden: Artdatabanken Rapporterar 22, Artdatabanken, 
SLU (in Swedish with English summary).

Timmermann, V., Nagy, N.E., Hietala, A.M., Børja, I. and 
Solheim, H. 2017. Progression of ash dieback in Norway 
related to tree age, disease history and regional aspects. Bal-
tic Forestry 23(1): 150–158.

Westling, A. (Ed.) 2015. Rödlistade arter i Sverige [Red listed 
species in Sweden, 2015]. Uppsala: Artdatabanken, SLU, 
109 pp. (in Swedish).

Wulff, S. and Hansson, P. 2011. Askskottsjukan I Götaland – 
Nationell riktad skadeinventering 2009 och 2010 [Ash die-
back in Götaland – national targeted survey of damage]. 
Umeå, Sweden: Institutionen för skolig resurshushållning, 
SLU, 7 pp. (in Swedish).

https://doi.org/10.3390/f9010025
https://doi.org/10.1079/PAVSNNR201914025
https://doi.org/10.1079/PAVSNNR201914025
https://doi.org/10.1111/1365-2745.13383
https://doi.org/10.1111/1365-2745.13383
https://doi.org/10.1111/mpp.12073
https://doi.org/10.1016/j.biocon.2020.108516
https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Interactive_computing
https://en.wikipedia.org/wiki/Batch_processing
https://en.wikipedia.org/wiki/Statistical_analysis
http://www.ibm.com/products/spss-statistics
https://doi.org/10.1371/journal.pone.0045701
https://doi.org/10.1371/journal.pone.0045701
https://doi.org/10.1080/03071375.2013.883214
https://doi.org/10.1080/03071375.2013.883214
https://doi.org/10.1016/j.foreco.2021.119177
https://doi.org/10.1016/j.ufug.2017.06.017
https://doi.org/10.1016/j.ufug.2017.06.017
https://doi.org/10.1038/hdy.2010.119
https://doi.org/10.1111/ppa.12196
https://doi.org/10.1111/ppa.12196
https://doi.org/10.1111/j.1365-2664.2011.01963.x
https://doi.org/10.1111/j.1365-2664.2011.01963.x
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Application_software
http://www.sas.com
https://doi.org/10.1111/j.1439-0329.2009.00599.x
https://doi.org/10.1111/j.1439-0329.2009.00599.x
https://doi.org/10.1093/forestry/cpx012
https://doi.org/10.1093/forestry/cpx012

	Bookmark 1
	_Hlk63172067
	_GoBack
	_GoBack
	_Hlk67839393
	_Hlk67915715
	_Hlk67839180
	_Hlk67841089
	_Hlk68531073
	_Hlk67841068
	_Hlk67841713
	_Hlk67842334
	_Hlk68531785
	_Hlk67916654
	_Hlk68544152
	_Hlk68547755
	_Hlk67917201
	_Hlk67918005
	_Hlk68639466
	_Hlk67921439
	_Hlk68638664
	_Hlk67919028
	_Hlk67919253
	_Hlk56001932
	_Hlk67920248
	_Hlk67921646
	_Hlk67921928
	_Hlk67922591

