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Abstract
ONDRUSKOVA, E., OsTROVSKY, R., JANOSIKOVA, Z., ADAMCIKOVA, K., KoBzA, M., 2020. Selected climatic
variables in Slovakia are favourable to the development of Dothistroma needle blight. Folia Oecologica, 47 (2):
144-152.

Dothistroma needle blight (DNB) is a disease of pine needles. It causes significant defoliation of affected
trees; intensive attacks lead to damages of the whole stand. The relationship of trends in disease severity and
intensity with climatic variables were studied in three Austrian pine plantations (Jahodn4, Kélnica, Litava)
during 2014-2018. During the monitoring period, the greatest variability in disease severity was observed
in the top third of the crowns, which showed the highest correlation with the variants of the most important
climatic conditions (temperature and relative humidity) tested. For the spread of DNB, based on statistical
assessment, a higher number of intervals of environmentally favourable climatic conditions is crucial. Both
Dothistroma species (D. septosporum and D. pini), which are causal agents of the disease, were identified in

Jahodna. In Kalnica and Litava, only D. septosporum was present.
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Introduction

Dothistroma needle blight (DNB) is a worldwide dissemin-
ated disease caused by two different fungal species, Dothi-
stoma septosporum (Dorogin) M. Morelet and D. pini
Hulbari (BARNES et al., 2004). Symptoms of the disease
include reddish spots, later becoming bands surrounding
black erupment conidiomata (acervuli) on necrotic needles
(BARNES et al., 2016). Asexual conidia are produced abun-
dantly during wet periods of the growing season and are
responsible for the rapid development of epidemics (HAR-
RINGTON and WINFIELD, 1998). In Europe, the period from
the second half of May until the end of June is critical for
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infection. The incubation period lasts about 2—4 months;
by autumn, symptoms are clearly visible, and the conidia
overwinter in infected needles to sporulate the following
year (BROWN, 2003; JANKOVSKY et al., 2004).
Dothistroma needle blight has been reported for 76
countries, of which 35 are in Europe. The high incidence
is not only a result of intensive survey and monitoring
programs in the last few years (DRENKHAN et al., 2016),
but also a likely response of DNB to favourable weather
conditions (Woobs et al., 2016). There are 109 known
host taxa for Dothistroma species, 95 of which are within
the genus Pinus, with variable susceptibility (DRENKHAN
et al., 2016). Epidemics of DNB have occurred in Pinus
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radiata plantations of the southern hemisphere in the mid-
dle of the 20th century in Africa, Chile and New Zealand
(GiBsoN et al., 1964; GiBson, 1972; GILMOUR, 1967). The
geographic range and intensity of DNB, particularly in the
northern hemisphere, have increased dramatically since
the late 1990s, where serious epidemics have occurred on
Pinus nigra Arnold subsp. laricio (Poiret) Maire in Britain
and on Pinus contorta var. latifolia Dougl. Loud in Brit-
ish Colombia, Canada (BRowN et al., 2003; Woobs, 2003;
BrapsHAw, 2004; BRowN and WEBBER, 2008).

The first record of the disease in Slovakia was in 1996
(Kunca and ForrovA, 2000); in many localities, a signifi-
cant incidence of the disease was recorded in 2000-2002
(personal communication with foresters). Out of 2.02 mil.
ha of forests in Slovakia, pine plantations account for
6.7%. In addition, 1.1% is represented by native Pinus
mugo (Sprava o lesnom hospodarstve v Slovenskej repub-
like za rok 2018, 2019), which mostly occurs at high eleva-
tions in protected areas, where it forms the forest cover. At
the end of the 1980s, pines (including the highly suscept-
ible introduced P. nigra) were widely planted in Slovak
urban greenery, in Christmas tree plantations, but also in
areas unsuitable for the cultivation of other species, such
as areas with sandy soil and high ground water levels.

To enable a disease outbreak, the susceptible host, the
appropriate environment and the pathogen’s presence and
its ecological requirements have to interact (GAUMANN,
1950). Many pathogens causing needle diseases are sensi-
tive to precipitation and humidity, and their rates of repro-
duction, spread and infection are greater when conditions
are moist (HARVELL et al., 2002). Several studies have fo-
cused on the determination of optimal and/or suitable con-
ditions for the spread of DNB and found various climatic
variables (KARADZIC, 1994; BROWN et al., 2012; DVORAK

et al., 2012). For dispersal of DNB pathogens, significant
rainfall, leaf wetness and relative humidity (RH) are neces-
sary (BoaTING and LEwis, 2015). In another study, temper-
ature was an important factor, while rainfall had a less sig-
nificant effect on the infection intensity (KARADZIC, 1989).
Woobs et al. (2005) report a relationship between increas-
es in summer precipitation and DNB pathogen historical
records. Rainfall is particularly critical for infection; the
amount of summer rainfall and the rates of infection in the
following year are positively correlated (BuLMaN, 2007).
Increases in the incidence and severity of the disease in
areas where it has long been established and notable range
expansions have both recently been observed. Given the
rapid response of DNB to favourable weather conditions,
it seems plausible that changes in disease behaviour could
be due to climatic changes (Woobs et al., 2016).

The objective of this study was to analyse the rela-
tionship of trends in disease severity and intensity with
climatic variables. We analysed data on disease intensity
(outbreak) and climatic variables and compared them over
5 consecutive years. In addition, we also characterised the
causal pathogen species.

Materials and methods
Study area and sampling

We investigated three infected Pinus nigra (Austrian pine)
stands situated in three different parts of SR, namely north-
west (Kalnica), southwest (Jahodna) and south of central
Slovakia (Litava, Fig. 1). The characteristics of the local-
ities are given in Table 1.
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Fig. 1. Localization of evaluated localities in Slovakia.
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Table 1. Characteristics of evaluated localities

Jahodna

Kalnica Litava

Type of planting
Area (ha) 2.8

Christmas tree plantation

Stand composition 100% P. nigra

Altitude (m asl) 103
Coordinates (WGS 1984) N 48.042883, E 17.727464
Slope (°) 0.1
Seedlings provenance Unknown
Host age (years)* 25
DNB presence since 2000

Christmas tree plantation
1.0 4.8

15% P. sylvestris
35% P. nigra
Picea, broadleaf

Forest plantation

100% P. nigra

404-428 438-458
N 48.762536, E 17.974826 N 48.302102, E 19.179721
7.3-8.8 9.3-19.0
Nursery Nursery
Kocovce VIcok, Krupina
15 25
2002 2009

*Host age was determined at the beginning of evaluation in 2014.

Symptomatic needles with apparent fruiting bodies
were randomly collected from all three localities (Fig. 1)
during the period 2013-2015 once a year. The presence
of the disease was investigated based on characteristic
symptoms described in the EPPO Bulletin (EPPO, 2015).
At least 20 symptomatic needles were collected from
each tree, maintaining a distance of 10m in each direc-
tion between sampled trees. Several samples from each
locality were collected. All collected needles were placed
separately into paper bags, transported to the laboratory,
stored at —20°C and used for DNB species identification.
Herbarium specimens were deposited in the Plant Pathol-
ogy Herbarium of the Institute of Forest Ecology, Slovak
Academy of Sciences (Nitra).

Dynamics of disease intensity

The method of Kirisits and FREINSCHLAG (2012) was
used to evaluate DNB disease intensity. The tree crown
was divided into thirds, and each third was evaluated sep-
arately and assigned to one out of seven disease sever-
ity classes (classes 0-6), followed by recalculation of tree
damage percentage; for details, see Kirisits and FREIN-
SCHLAG (2012). The rating scheme of DNB symptoms
was applied each year at the same time (April, May) from
2014 to 2018. We assessed the presence of symptomatic
needles and defoliation. Thirty-five trees per plantation
were selected randomly and evaluated independently by
the same evaluator in each locality each year. Some indi-
viduals were eliminated for different reasons (eradicated)
and excluded from the final analysis.

Analysis and comparison of climatic data and disease
intensity (outbreak)

Battery-operated automatic dataloggers Minikin THi
25 (Environmental Measuring Systems, Czechia) were
used in each experimental plot to measure climatic data
(temperature and relative humidity). One datalogger was
placed in the centre of each research locality, attached to
a tree stem at a height of 2m above the ground. Datalogger
sensor accuracy was +0.15°C and +2% relative humidity.
Climatic data were measured and collected hourly during
the evaluation period.

Conditions suitable for the spread of DNB in research
plots (temperature and relative humidity) were selected
based on literature data. The recorded hourly data of tem-
perature and relative humidity were processed by logical
mathematical functions and logical operators (Microsoft
Excel, Microsoft Inc.), with the aim to evaluate the fol-
lowing parameters: number of intervals per season (No),
maximum duration of interval (hours), average interval
duration (hours), sum of intervals per season (hours), sum
of days per season (days). The selected parameters were
evaluated yearly for each research plot (Table 2).

Final data were compared in terms of determining de-
pendence of climatic conditions (represented by processed
hourly data) on disease intensity (average per locality).
Pearson’s correlation analysis was performed to deter-
mine the linear correlation between variables/parameters.

Experimental variants of optimal temperature and rela-
tive humidity range for the spread of DNB, tested within
three research plots, were selected and modified according

Table 2. Parameters evaluated within Variant V1. Dataloger records data from research plots, filtered and processed to fulfil
temperature as well as relative humidity conditions for variant V1 in 2014

Locality Number of intervals Ma'lximal duration Avera'ge interval Sum of intervals Sum of days per
per season (No) of interval (hours) duration (hours) per season (hours) season (days)
Jahodna 167 40 5.63 941 113
Kalnica 167 18 4.07 680 101
Litava 126 26 4.86 612 73
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to GADGIL (1974), BROWN et al. (2012) and DVORAK et al.
(2012) and are shown in Table 3.

The statistical software SAS Enterprise Guide (ver.
6.1) was used for statistical analysis.

Identification of DNB pathogen and mating types

The DNB pathogens were identified based on DNA mo-
lecular methods. The DNA was extracted directly from
pure cultures and/or infected needles. Dothistroma cul-
tures were prepared by the spore-streaking technique
using mature conidiomata, according to ONDRUSKOVA et
al., (2017) and JANOSTKOVA-HECKOVA et al. (2018). Three-
four-week-old fungal colonies, grown on 3% malt extract
agar (MEA), were used for DNA extraction. For DNA ex-
traction from infected needles, 7-10 pieces of the needle
with conidiomata per sample after surface sterilisation
with 96% ethyl alcohol were used. Two types of needle
samples were analysed: conidiomata excised from (i) the
same needle or (ii) from different needles. The DNA ex-
traction was performed using the E.Z.N.A. Fungal Kit
(Omega Bio-tec, Inc. USA) following the manufacturer
instructions; extracted DNA was stored at —80°C. The spe-
cies and mating type identification was performed by two
multiplex sets of primers (GROENEWALD et al., 2007).

The PCR reaction mix and conditions are described
in ONDRUSKOVA et al. (2017) and JANOSTKOVA-HECKOVA et
al. (2018).

Results
Dynamics of disease intensity
Using the rating system of KirisiTs and FREINSCHLAG

(2012) to assess disease intensity, we found that mean
disease intensity significantly increased between the first

(2014) and the last year (2018) of evaluation in each
studied locality. Severity increased by 17.9% at Jahodna,
17.8% at Litava and 32% at Kalnica (Table 4). Although
the initial assessment of disease severity in Kalnica was
the lowest, the final assessment was the highest when
compared with the two other studied localities.

In the first year of evaluation (2014), in Jahodna, Kal-
nica and Litava, two, zero and four trees, respectively,
were damaged at more than 75%, while in the last year
(2018), the frequency was 14, 28 and 19, respectively.

Increase in disease intensity was recorded in all evalu-
ated thirds of the crown and all localities. The most signifi-
cant difference in rating of crown thirds during the studied
years was observed in the upper third of the crown, which
was therefore used for correlation analysis within variants
and selected parameters. The downgrade of the visually
evaluated class was similar in Jahodna and Litava local-
ities, and the highest increase in disease intensity was re-
corded for Kalnica (Fig. 2).

Evaluation of 105 trees (35 trees/locality) showed
that the initial disease intensity of the upper third of the
tree deteriorated in 89 of the trees and in almost all of the
trees in the middle third (97 trees). When assessing the
lower third, the disease intensity deteriorated in the low-
est number of trees (34). The intensity of the disease was,
however, not changed after 5 years in 11 trees in the upper
third, in 4 trees in the middle third and in 64 trees in the
lower third. In several cases (16 in total), the intensity of
the disease improved.

Identification of DNB pathogen and mating types

At Jahodna, 15 cultures and 15 conidiomata samples were
used for Dothistroma species identification. In Jahodna,
both Dothistroma species were detected. All conidio-
mata samples and 14 cultures were identified as D. pini,
and only the MAT2 mating type was determined for this

Table 3. Variants of optimal temperature and relative humidity range for the spread of DNB in research plots

Lasting more

Relative humidity

Variant than 10 hours Temperature range range Author
\'2! - 15-20°C RH >90% DVORAK et al., 2012
V2 Yes 15-20°C RH > 90% GADGIL, 1974 — modified
V3 - 10-20 °C RH > 75% DVORAK et al., 2012
V4 Yes 10-20 °C RH > 75% GADGIL, 1974 — modified
V5 - 1722 °C RH>75% BROWN et al., 2012
Vo6 Yes 1722 °C RH > 75% GADGIL, 1974 — modified

Table 4. Mean disease intensity (in %) in individual years of studied period (2014—2018) calculated using the rating system by

KirisiTs and FREINSCHLAG (2012) for experimental plots

Locality 2014 2015 2016 2017 2018 Increase
Jahodna 50.86 55.71 59.83 66.42 68.81 +17.95
Kalnica 48.02 55.71 50.63 65.61 80.39 +32.37
Litava 55.23 56.86 69.81 73.66 73.1 +17.87
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Fig. 2. Disease intensity progression of the upper, middle and lower part of tree crown after 5-year evaluation in Jahodna,
Kalnica and Litava localities of Pinus stands caused by DNB. Mean disease intensity expressed by classes (0—6) calculated
for the upper, middle and lower third of tree crown during 5 years of evaluations and downgrade in disease intensity
calculated as the difference between the first and last evaluation in experimental plots.

species. One culture and two conidiomata samples were
positive for D. septosporum; all were identified as MAT2
mating type. These two conidiomata samples gave also
positive results for D. pini, and one contained conidiomata
from the same needle.

At Kalnica, 42 isolates were analysed; only D. sep-
tosporum was determined, but both mating types were
present in a ratio of 19:23, with a slight dominance of the
MAT?2 idiomorph.

At Litava, all isolates were identified as D. septo-
sporum. Ten cultures were isolated from P. nigra and only
for molecular identification also 2 more cultures from
P, sylvestris. Most isolates from P. nigra (n =9) were MAT
2. One isolate from P. nigra and both from P. sylvestris
were identified as the MAT1 mating type.

Analysis and comparison of climatic data and disease
intensity (outbreak)

In the evaluated period, the average temperatures in Jahod-
na, Kalnica and Litava were 10.62, 9.19 and 8.77 °C, re-
spectively. Comparing the average monthly temperatures
in 2014-2017, we determined statistically significant dif-
ferences among the three sites (Wilcoxon signed-rank test;
p < 0.0001).Out of six variants and five parameters evalu-
ated, only those with high correlations are presented (Table
5).

As aresult of correlation analysis, we determined rela-
tions between disease intensity and weather condition par-
ameters in the experimental plots. The highest relationship
of disease intensity (upper third of crown) was determined

Table 5. Correlations (Pearson correlation coefficient, p-value) determined between disease intensity (upper third of crown) and
parameters of temperature and relative humidity within studied localities

Correlated parameters Jahodna Kalnica Litava
Middle third of crown 0.98 (0.02) 0.97 (0.03) 0.97 (0.03)
Lower third of crown 0.86 (0.14) 0.86 (0.14) 0.96 (0.04)
Average of tree crown 0.99 (0.00) 0.99 (0.01) 0.99 (0.01)
V3 — Maximal duration of interval (hours) —0.82 (0.18) -0.59 (0.41) —0.97 (0.16)
V3 — Sum of days (days) 0.97 (0.03) 0.93 (0.07) 0.99 (0.02)
V4 — Average duration of interval (hours) —-0.92 (0.08) —-0.95 (0.05) —-0.95 (0.20)
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for parameter Sum of days (variant V3) in all three ex-
perimental plots. The V3 interval represented the broadest
tested range of optimal temperature and relative humidity
for the spread of DNB. Based on these results, we can con-
clude that out of six intervals evaluated, V3 is the optimal
variant for the spread of DNB in the experimental plots.

Based on the negative correlation between disease
intensity and V3, Average interval duration implies that
a higher number of shorter intervals is crucial for DNB
spread. We also observed a low correlation with Number
of intervals as well as with Sum of hours, supporting this
hypothesis.

In the study area, the critical infection period last from
the second half of May until the end of June. During this
period, optimal conditions of RH and temperature were
given (for at least 1 hour) from 24 to 30 days of the month
in all three localities. For example, in the 2016 season,
25 or more days per month, from May to the end of Sep-
tember, had optimal conditions in all three localities. This
finding supports the hypothesis that a higher number of
shorter intervals is crucial for DNB spread. Also, Table 3
indicates this conclusion for the V1 interval in 2014.

Discussion

Based on our results, we can claim that out of six inter-
vals evaluated regarding the spread of DNB pathogens in
the experimental plots, the optimal temperature is 10-20
°C, with a relative humidity >75%. The health state of the
assessed trees decreased throughout the evaluated period
because of optimal environmental conditions for disease
outbreak and spore dispersal. Particularly, days with opti-
mal conditions (based on V3 variant) occurred throughout
most of the year, with the exception of February 2015,
January 2016 and January 2017 for all study sites.

The negative correlation between disease intensity and
Average interval duration (V3) implies that a higher num-
ber of shorter intervals is crucial for DNB spread. The low
correlation with Number of intervals as well as with Sum
of hours also supports this hypothesis. Our findings are in
agreement with HARVELL et al. (2002), who reported that
pathogens causing needle diseases are sensitive to precipi-
tation and humidity and that their rates of reproduction,
spread and infection are greater under moist conditions.

According to SINCLAIR et al. (1987) and GILMOUR
(1981), the minimum temperatures for the spread of
DNB are 5-10 °C, and optimal temperatures are 15-22
°C (KaraDZIC, 1994; BROWN et al., 2012; DVORAK et al.,
2012). However, the necessary condition for sporulation
is a high relative humidity, >75% (BrRowN et al., 2012) or
>90% (DvORAK et al., 2012). GILMOUR (1981) state that
a temporal moisture of needles for minimum 10 hours for
successful sporulation of DNB is necessary.

According to BOATENG and LEwis (2015), an increase
in rainfall results in a greater number of disseminated co-
nidia, although rainfall frequency is more important than
the amount of rain. These authors conclude that the dis-
persal of conidia of D. septosporum is significantly asso-
ciated with rainfall, leaf wetness, relative humidity (RH)
and temperature; however, no conidia were observed on

rainless days regardless of the temperature and RH. Con-
trary, PETERSON (1967) and KaraDZIC (1989) claim that
in Central Europe, even small amounts of rain are suffi-
cient for spore dispersal, and the amount of rainfall is less
important than temperature. Although we did not record
rainfall data, based on hourly data of temperature and the
high relative humidity, we can conclude that worsening of
the health state of trees is in agreement with a high num-
ber of short rain periods. The spread of DNB and the con-
tinuous worsening of tree health may have been a result of
the high density of trees tested at each site.

Therefore, the spread of DNB in our study corres-
ponds with the findings of BRowN and WEBBER (2008),
where vertical spread at the same tree as well as spread
within and between neighbouring trees were dominant.
We therefore assume that rain splash plays an important
role in disease intensification in the studied sites (SHAW
and RoYLE, 1993).

The dynamics of disease severity was calculated based
on the 5 years of investigation. At the first initial assess-
ment, disease intensity was around 50%, worsening by
17-23% throughout the studied period. The deterioration
of the disease intensity in all three assessed localities and
the initial disease state suggest that the climatic conditions
at the studied localities are suitable for the spread, growth
and life cycle of pathogenic fungi causing DNB. The
pathogen intensely grows in host tissues, causing needle
necrosis and creating new reproductive organs, which are
a source of new infections.

All evaluated trees in the present study belonged to
the species Pinus nigra. In the last evaluation year (2018),
the average disease intensity rate of trees in the locality
Litava was close to 5 of the 6 points of the scale; a similar
value was recorded in Jahodna. In Kélnica, intensity rate
was, on average, 5.13. These results indicate high suscept-
ibility of this pine species to DNB, which is in agreement
with previous studies (DRENKHAN et al. 2016; GIBSON,
1979; JANKOVSKY et al., 2004; JANOSIKOVA-HECKOVA et
al., 2018; ONDRUSKOVA et al., 2018).

The increased disease intensity was more noticeable
on the middle and upper thirds of the crown. The lower
parts were already greatly damaged (5—6 points) at the
time of the first observation in 2014, likely as a result of
higher humidity close to the soil and a higher infection
rate from fallen infected needles with acervuli, which are
the source of a new infection. Increased stand density, lack
of light, the proximity of infected individuals and deficient
forest management contributed to insufficient vigour of
the lowest part of the observed trees. However, an overall
tree damage above 75% indicates a significant deteriora-
tion in health status at all monitored localities.

We successfully extracted DNA from 69 cultures and
15 samples of needle pieces with conidiomata, demon-
strated by PCR products. During the study, both DNB
pathogens were identified, and D. pini was detected
only at Jahodna, similar to the findings of JANOSIKOVA-
HECKOVA et al. (2018). Our results suggest a restricted dis-
tribution range of D. pini (one out of three studied local-
ities). On the contrary, D. septosporum was identified in
each studied locality, which is in agreement with its wide
geographic distribution range (DRENKHAN et al., 2016). In
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locality Kalnica, the mating type ratio was closest to 1:1,
and in Jahodna, only MAT 2 was present; in Litava, the
ratio was 3:9. A mating ratio close to 1:1 is a precondition
of sexual reproduction of heterothallic fungi such as both
Dothistroma species (GROENEWALD et al., 2007). Further
close proximity, genetic affinity of fungal isolates of dif-
ferent mating types is also required for sexual reproduc-
tion (BARNES et al., 2011).

Dothistroma pini has most often been found in southern
regions, such as in Slovenia in native forest stands (PISKUR
et al., 2013), in Hungary on introduced P. nigra (BARNES
et al., 2011) and in France on native P. nigra (FABRE et al.,
2012); however, it also occurs in some northern regions of
the USA on introduced P. nigra (BARNES et al., 2014) and
near Rostov in Russia on introduced P. pallasiana, P. ni-
gra and P. mugo (BARNES et al., 2011). In southern regions,
it has mostly been found on native species, and in cooler
areas, it only occurs on introduced pine species. This leads
us to infer that D. pini was introduced and adapted to those
regions. The distribution of D. pini was strongly related to
temperature as the most important climatic factor (FABRE
et al., 2012; TOMESOVA-HAATAJA et al., 2016). High mean
summer temperatures strongly correlated with the pres-
ence of D. pini, and this pathogen was absent in the north-
ern and eastern parts of France as well as in areas at higher
elevations (FABRE et al., 2012). In our study, the highest
temperature was recorded in Jahodnd. Interestingly, this
locality was dominated by D. pini. In localites with lower
average temperatures (Litava, Kalnica), D. septosporum
was the agent of DNB. This implies that higher temper-
atures facilitate the occurrence of D. pini.

The simulations presented by MOYKKYNEN et al.
(2017) predict that by 2030, new DNB outbreaks and
intensification of current outbreaks will occur in north-
ern Europe (northern Germany, Poland, Baltic countries,
southern Scandinavia and Scotland). In southern and
Central Europe, Dothistroma species will have reached
a steady-state, with little spread to new forests, although
disease severity may still be increasing. Over the last 15—
20 years, forests in Slovakia, also due to climate change,
were exposed to an unpredicted frequency and intensity
of harmful agents (Sprava o lesnom hospodarstve v Slov-
enskej republike za rok 2018, 2019), and pine stands were
exposed to several pathogenic organisms (HECKOVA et
al., 2010; IvANOVA and BERNADOVICOVA, 2010; IVANOVA,
2017; ONDRUSKOVA and RAKUSOVA-SLADKOVA, 2018). Ap-
proaches to manage and mitigate the effects of climate
change on forest diseases include the acquisition and/or
synthesis of basic knowledge about tree species and patho-
systems, as well as the development of better models that
will yield more accurate predictions (STURROCK, 2007).
Our data can provide a basis for the development of more
accurate predictions of the occurrence of DNB in Europe,
thus facilitating the establishment of appropriate vegeta-
tion control measures.
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