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Introduction
Ash dieback is an emerging fungal disease

caused  by  the  ascomycete  Hymenoscyphus
pseudoalbidus Queloz  et  al.  (2011),  ana-
morph  Chalara  fraxinea Kowalski  (2006).
This highly pathogenic fungus was most li-
kely introduced from the Far East (Zhao et
al. 2012). The first symptoms of the disease
were observed in Poland in 1992, and since
the pathogen has spread throughout Europe
(Timmermann  et  al.  2011,  Pautasso  et  al.
2013). Common ash (Fraxinus excelsior L.)
and  narrow-leaved  ash  (F.  angustifolia
Vahl.)  are  European  ash  species  the  most
heavily affected by the pathogen (Kirisits et
al. 2009,  2010,  Gross et al. 2014), although
some introduced  ash  species  could  also be
attacked (Drenkhan & Hanso 2010).

Control of the ash dieback is hardly possi-
ble in areas where the disease is already es-
tablished (Gross et al. 2014). However, pro-
per control measures should still be taken to
prevent  or  at  least  to  slow  down  further
spread  of  the  pathogen  (Pautasso  et  al.

2013), or to eradicate the pathogen at loca-
tions  where this  is  still  possible  (relatively
small, spatially limited and recently infected
areas). Furthermore, the protection of indivi-
dual high-value ash trees should also be of-
ten  provided.  Chemical  treatment  may  be
one of the options in some cases, but data on
effective chemical agents for control of the
ash dieback pathogen are lacking.

Ascospores  that  develop  in  apothecia  on
infected  ash  leaf  debris  from the  previous
year are the major source of new infections
(Gross et al. 2012,  2014). Leaf debris from
the  previous  year  represents  an  inoculum
source  for  some other  well-known  tree  di-
seases.  Good examples are cherry leaf spot
caused  by  Blumeriella  jaapii (Rehm)  Arx
and apple scab caused by Venturia inaequa-
lis (Cook) Wint. For control of both mentio-
ned diseases, urea treatments of the infected
leaves are used to reduce pathogen sporula-
tion  (Sutton  et  al.  2000,  Bengtsson  et  al.
2006,  Green et al. 2006). Thus, removal of
the infected ash leaf debris  (if possible)  or

treatment of the debris to prevent sporulation
of  H. pseudoalbidus could therefore be re-
garded as potential control measures (Cooke
et al. 2013).

The main aim of this study was to examine
the  effect  of eight  different  fungicides  that
are  effective  against  different  pathogens  of
the  Helotiales  order as well as the effect of
urea on mycelial growth in Petri plates and
development of  H. pseudoalbidus apothecia
on fallen ash leaf petioles.

Materials and Methods

H. pseudoalbidus isolates used in 
testing

Four Slovenian isolates of Hymenoscyphus
pseudoalbidus were used in this study (Tab.
1).  Isolates  were  previously  obtained  from
necrotic  F. excelsior wood samples and sto-
red in the culture collection of the Laborato-
ry for Forest Protection at the Slovenian Fo-
restry Institute (ZLVG). The selected isola-
tes were of different morphology in culture
and  represented  different  geographical  re-
gions  of  the  country.  Three  weeks  before
treatment  experiments  (preliminary  testing
was planned on July 13th, 2010, and the main
testing on  August  26th,  2010),  all  four  iso-
lates  (ZLVG 176,  ZLVG 177,  ZLVG 200
and ZLVG 213) were sub-cultured on malt
extract  agar  (MEA; 2% malt  extract,  1.5%
agar, Difco) in 70-mm diameter Petri dishes
and incubated at 22°C in the dark.

Testing growth of H. pseudoalbidus 
cultures on fungicide- and urea-
amended media

Eight  different  fungicides  (Tab.  2)  were
used  in  a  preliminary  testing.  The  recom-
mended fungicide concentrations for a field
application given by their manufacturers we-
re converted into values suitable for our ex-
periment  using  area  as  a  conversion  factor
(from hectares of field to square centimeters
of Petri dishes). Five fungicides that proved
to  be  most  effective in  the  preliminary te-
sting were selected for further investigations
(in the main experiment).

For  each tested fungicide,  100  ml (in  the
preliminary testing) or 1000 ml (in the main
experiment) of stock solution was prepared
by adding 1 ml (for liquids) or 1 g (for solid
materials) of a commercial product to a ster-
ile  distilled  water  and  final  concentrations
used in the experiments were obtained by se-
rial  dilution.  In  the preliminary testing,  ten
milliliters  of  each  of  the  prepared  solution
were added to 490 ml of potato dextrose agar
(3.9% PDA, Difco)  to  make the final  con-
centrations of the active ingredients (Tab. 2).
The temperature of the medium at the time
of adding  the  fungicide  was approximately
50°C.

In  the main test,  the  five best-performing
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fungicides  (BAVISTIN  FL,  BRAVO  500
SC,  MERPAN  80  WDG,  OCTAVE  and
THIRAM 80 WG -  Tab.  2)  were tested at
concentrations of 0.1, 1.0 and 10.0 mg of ac-
tive ingredient per liter of 3.9% PDA growth
medium.  Urea-amended  medium  was  pre-
pared by a similar procedure: 1000-ml stock
solution was prepared by adding 10 g of urea
(Urea  for  analysis,  Carlo  Erba®)  to  sterile
distilled  water,  and  the working concentra-
tions were adjusted to 0.5, 1.0, 2.5, 5.0 and
10.0 g of urea per liter of 3.9% PDA growth
medium. In both experiments, control plates
were prepared by adding 10 ml of sterile dis-
tilled  water  to  490  ml  of  the  3.9%  PDA
growth medium.

Petri  dishes  with  fungicide-  and  urea-
amended PDA and control plates were ino-
culated  with  6-mm  mycelium  plugs  taken
from the edge of three-week-old  H. pseudo-
albidus colonies.  The study was performed
with five replicates of four different isolates
(Tab.  1).  All  inoculated  plates  were  incu-
bated at 22°C in the dark. The colony diame-
ters were measured 14 days post-inoculation
with a ruler to an accuracy of 0.5 mm. The
diameter for each colony was calculated as
an average of two measurements made along
perpendicular axes reduced by 6 mm (the di-
ameter of the inoculum plug). To better un-
derstand the efficacy of each chemical, fun-
gal growth on fungicide- and urea-amended
plates was presented relative to the fun- gal

growth on control plates. The mean diameter
of  every  colony  of  a  particular  isolate  on
fungicide-  and  urea-amended  plate  was
therefore divided by the mean colony diame-
ter of the same isolate on control plates.

Apothecia development on treated ash 
leaf petioles

Ash  leaf  petioles  were  collected  under
dieback-infected common ash trees in Ljubl-
jana (Slovenia - 46° 03′ 11″ N, 14° 29′ 15″
E) on November 25th, 2010, and stored at 6
°C in the dark until the treatment experiment
planned  on  January 15th,  2011.  To prepare
500-ml of fungicide or urea solutions for the
petiole  treatments,  ten  milliliters  of the re-
spective stock solution was added to 490 ml
of  sterile  distilled  water  to  make  the  final
concentrations  of  fungicidal  active  ingredi-
ents of 0.1, 1.0 and 10.0 mg/l and the final
concentrations of urea of 5,  10 and 20 g/l.
Additionally,  carbendazim  and  prochloraz
were tested at  concentrations  of 0.01  mg/l,
while captan, thiram and chlorothalonil were
also tested at 100 mg/l.

Leaf petioles (25 per treatment) were dip-
ped in  the prepared fungicide and urea so-
lutions  in  22-cm glass  Petri  dishes  for  24
hours.  In  control  treatments,  leaf  petioles
were dipped in 500 ml of sterile distilled wa-
ter. During the treatments, Petri dishes with
leaf petioles were placed by a window on the
laboratory  desk  at  room  temperature  (ap-

prox. 21 °C). All leaf petioles were air dried
(non-sterile conditions)  after  the treatments
for  four  hours  and  subsequently  incubated
on  wet  paper  towels  in  22-cm glass  Petri
dishes  at  temperatures  between  17  and  23
°C. The paper towels were changed weekly
and moistened to assure constantly high hu-
midity. To provide sufficient light conditions
for  the development  of apothecia,  Petri  di-
shes with treated leaf petioles were placed on
a table by a window. On February 18 th, 2011
(34 days from the beginning of the experi-
ment), all leaf petioles were examined with
an Olympus SZX12 stereo microscope.  All
developed apothecia were counted. Apothe-
cial disc surface areas were measured using a
Nikon DS-Fi1 camera and NIS-Elements BR
2.3 computer software (Nikon). At least 200
apothecia were measured per each treatment
(10 randomly chosen apothecia per petiole).
All  apothecial  discs  were  measured  when
less than 200 apothecia per treatment or less
than 10 apothecia per leaf petiole have de-
veloped.

For  the  repeated  urea  treatment,  ash  leaf
petioles were collected on April 20th, 2011,
at the same site as in November 2010,  and
stored at  6  °C in the dark until  their treat-
ment on April 28th,  2011.  Treatment proce-
dure and conditions were the same as on Ja-
nuary 15th, 2011,  but tested urea concentra-
tions (0.5, 1.0, 2.5, 5.0 and 10.0 g per liter of
solution) were different. After-treatment pro-
cedure  was  also  the  same  as  in  January,
2011,  except  that  incubation  temperature
was a  little  higher  (21-25  °C).  The treated
petioles were regularly checked, and the fi-
nal counting of all developed apothecia was
conducted on June 13th, 2011 (45 days from
the  beginning  of  the  experiment).  Micro-
scope Olympus BX 51 was used to examine
fruiting  bodies  that  developed  on  leaf  pe-
tioles.

Statistical analysis
The effect of concentration of active ingre-

dient and a given fungal isolate on a relative
diameter of the treated cultures and their in-
teraction  were  tested  with  a  linear  mixed
model fitted by REML with a variance struc-
ture for concentration (Zuur et al. 2009). The
concentration was used as a random effect.
The effect of active ingredient and its con-
centration, and the effect of their interaction
on a number and surface area of the apothe-
cial discs were tested with a linear model fit-
ted  by  REML,  including  a  combined  va-
riance structure for the concentration and the
active ingredient. The effect of urea concen-
tration and a given isolate, and the effect of
their  interaction  on  a  relative  diameter  of
cultures were tested with a linear model fit-
ted by REML, including a variance structure
for  the  concentration  and  the  isolate.  The
comparisons between the explanatory varia-
bles for all the tests were performed with the
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Tab. 1 - Information on Hymenoscyphus pseudoalbidus isolates used in the fungicide/urea
testing activities.

Isolate
name

Sampling
location

Isolation
date

Isolated 
by

GenBank
accession number

ZLVG 176 Negova
46°36’26” N, 15°56’06” E

06.04.2007 N. Ogris HM140827

ZLVG 177 Ribnica
45°41’39” N, 14°46’10” E

26.07.2007 N. Ogris HM140830

ZLVG 200 Sabansko bukovje
46°00’12” N, 15°02’30” E

01.06.2007 N. Ogris HM140828

ZLVG 213 Kranj
46°14’29” N, 14°21’29” E

01.08.2008 N. Ogris HM140829

Tab. 2 - Data on fungicides used in preliminary testing. (*): mg of active ingredient per liter
of 3.9% PDA growth medium.

Commercial prod-
uct

Active
ingredient

Share of 
active 

ingredient
(%)

Manufacturer

Concentration of
active ingredient

used in preliminary
testing* (mg/l)

BAVISTIN FL Carbendazim 50 w/v BASF SE 6.0
BRAVO 500 SC Chlorothalonil 51.5 w/v SYNGENTA 35.5
MERPAN 80 WDG Captan 80 w/w MEKHTESHIM-

AGAN
55.2

MYTHOS Pyrimethanil 30 w/v BASF SE 17.4
ROVRAL 
AQUAFLO

Iprodione 50 w/v BASF SE 26.0

OCTAVE Prochloraz 50 w/w BASF SE 4.5
TELDOR SC 500 Fenhexamid 50 w/v BAYER SC 17.5
THIRAM 80 WG Thiram 80 w/w TAMINCO 55.2
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Games-Howell  post-hoc test  (Quinn  &
Keough 2002). All analyses were performed
with  the statistical  program R (R Develop-
ment Core Team 2011).

Results

Effect of fungicides on in vitro growth 
of H. pseudoalbidus mycelium

Five of the eight fungicides used in the pre-
liminary testing (Tab. 2) fully prevented the
growth  of  H.  pseudoalbidus  mycelium  on
fungicide-amended agar plates. These fungi-
cides included ones with active ingredients
carbendazim, prochloraz, captan, thiram and
chlorothalonil.  Less  effective  were fungici-
des  with  active  ingredients  pyrimethanil,
iprodione and fenhexamid. Mean H. pseudo-
albidus colony diameter on iprodion-amen-
ded medium was by 87% smaller than that
on control plates. Pyrimethanil  and fenhex-
amid caused a reduction of mean colony di-
ameter compared to control plates by 49 and
12%, respectively.

In  the  main  experiment,  significant  diffe-
rences (F=118.85, p<0.001) were found be-
tween the relative diameters of  H. pseudo-
albidus  cultures  treated  with  five  different
active ingredients that proved the most effec-
tive in the preliminary testing (Tab. 3). Car-
bendazim,  prochloraz  and  chlorothalonil
have significantly (p<0.05)  reduced  growth
of  H. pseudoalbidus at all tested concentra-
tions.  The  most  effective  active  ingredient
was carbendazim, as no fungal  growth was
observed at any of the three tested concen-

trations, while prochloraz and chlorothalonil
were slightly less effective (Tab. 3). Captan
was the least effective of the all five tested
active  ingredients.  Two  lowest  concentra-
tions  of  the  captan  (0.1  and  1  mg/l)  have
even accelerated the  growth  of all  four  H.
pseudoalbidus  isolates  (Tab.  3).  A signifi-
cant (p<0.05) growth reduction compared to
controls was observed only in plates with a
10.0 mg/l concentration of this active ingre-
dient.  Thiram  reduced  the  growth  of  H.
pseudoalbidus at  all  tested  concentrations;
however,  the reduction  was significant  (p<
0.05)  only at  the highest  concentrations  of
the fungicide (Tab. 3).

Significant  interactions  (F=9.25,  p<0.001)
between the factors “isolate” and “active in-
gredient” indicated differences in sensitivity
among the tested isolates to used active in-
gredients.  Significant  differences  (p<0.05)
among the relative diameters of distinct  H.
pseudoalbidus  isolates  were  found  on  thi-
ram-  and  chlorothalonil-amended  medium
(Tab. 3), with isolate ZLVG 213 being the
most sensitive to  thiram and isolate ZLVG
200  being  the  most  sensitive  to  chlorotha-
lonil.

Effect of urea on in vitro growth of H. 
pseudoalbidus mycelium

Significant differences (F=47.84; p<0.001)
were found among the relative diameters of
H. pseudoalbidus cultures treated with diffe-
rent concentrations of urea. The lowest urea
concentration (0.5 g/l)  has slightly (non-si-
gnificant  difference,  p<0.05)  enhanced  the

growth of three of the four tested H. pseudo-
albidus isolates as compared to control pla-
tes (Tab. 3). The highest urea concentrations
(2.5,  5.0  and  10.0  g/l)  have  significantly
(p<0.05)  reduced  the  mycelial  growth  as
compared to control plates (Tab. 3).

Significant  differences  (F=9.30;  p<0.001)
in  sensitivity  to  urea  were  also  observed
among  different  H.  pseudoalbidus isolates
(Tab.  3).  The  isolate  ZLVG  200  was  the
least  susceptible  to  urea;  only  the  highest
urea concentration (10.0 g/l) caused a signif-
icant  (at  p  < 0.05)  reduction  in  its growth
compared  to  controls.  ZLVG  213  was  the
most sensitive isolate which growth was si-
gnificantly (p<0.05) reduced already at urea
concentration as low as 1.0 g/l (Tab. 3).

Effect of fungicides on formation of H. 
pseudoalbidus apothecia

Apothecia  of  H.  pseudoalbidus  were  for-
med on 97% of the control  petioles with a
mean density of 3.84 fruiting bodies per cm
of a petiole. All fungicidal treatments nega-
tively affected  the  occurrence  of  apothecia
(Tab.  4),  although the  efficacy of different
active ingredients was significantly different
(F=2.53; p=0.03).

Carbendazim  was  the  only  active  ingre-
dient  which  has  completely  prevented  the
apothecia  formation  (at  the  highest  tested
concentration - 10.0 mg/l).  Similar efficacy
was observed at a concentration of 1.0 mg/l,
as  only  a  few  apothecia  developed.  The
lower two carbendazim concentrations (0.01
and 0.1 mg/l) did not significantly (p<0.05)
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Tab. 3 - Relative colony diameter (mean ± SE) of 14-day old Hymenoscyphus pseudoalbidus cultures on PDA growth media amended with
three different concentrations of five different fungicides (Tab. 2) and five different concentrations of urea. Relative colony diameters were
calculated by dividing mean diameter of every colony of a particular isolate on fungicide- and urea-amended plate by mean colony diameter
of the same isolate on control plates. Within lines, values labelled with different lowercase letters are significantly different (p<0.05); (n.s.):
no significant difference at p < 0.05 (Games-Howell test - Quinn & Keough 2002). Within columns, the significance of differences is indi-
cated with uppercase letters.

Active 
ingredients

Conc.
Isolate 
ZLVG 176

Isolate 
ZLVG 177

Isolate 
ZLVG 200

Isolate 
ZLVG 213

Mean

Captan 0.1 mg/l 1.04 ± 0.04 n.s. A 1.12 ± 0.08 n.s. A 1.13 ± 0.10 n.s. A 1.16 ± 0.10 n.s. A 1.11 ± 0.09 A
Thiram 1.09 ± 0.12 a A 0.96 ± 0.05 ab B 0.87 ± 0.07 b B 0.74 ± 0.05 c B 0.92 ± 0.15 B
Chlorotalonil 0.80 ± 0.12 a B 0.84 ± 0.12 a B 0.93 ± 0.19 a AB 0.13 ± 0.01 b C 0.68 ± 0.35 B
Prochloraz      0 ± 0 b C 0.08 ± 0.03 a C 0.02 ± 0.00 b C 0.06 ± 0.00 b D 0.04 ± 0.04 C
Carbendazim      0 ± 0 n.s. C      0 ± 0 n.s. D      0 ± 0 n.s. D      0 ± 0 n.s. E      0 ± 0 D
Captan 1.0 mg/l 1.07 ± 0.08 n.s. A 1.10 ± 0.23 n.s. A 1.11 ± 0.08 n.s. A 1.12 ± 0.17 n.s. A 1.10 ± 0.14 A
Thiram 0.76 ± 0.11 b B 0.95 ± 0.03 a A 0.15 ± 0.08 c B 0.59 ± 0.09 b B 0.61 ± 0.31 B
Chlorotalonil 0.17 ± 0.17 n.s. C 0.19 ± 0.13 n.s. B 0.21 ± 0.23 n.s. B 0.03 ± 0.01 n.s. C 0.15 ± 0.16 C
Prochloraz      0 ± 0 n.s. C 0.02 ± 0.02 n.s. B 0.01 ± 0.01 n.s. B 0.02 ± 0.02 n.s. CD 0.01 ± 0.02 D
Carbendazim      0 ± 0 n.s. C       0 ± 0 n.s. B      0 ± 0 n.s. B      0 ± 0 n.s. D      0 ± 0 D
Captan 10.0 mg/l 0.91 ± 0.12 n.s. A 0.84 ± 0.20 n.s. A 0.79 ± 0.06 n.s. A 0.81 ± 0.13 n.s. A 0.84 ± 0.13 A
Thiram 0.20 ± 0.19 bc B 0.54 ± 0.03 a A 0.01 ± 0.01 c B 0.10 ± 0.01 b B 0.21 ± 0.22 B
Chlorotalonil 0.01 ± 0.02 b B 0.11 ± 0.03 a B 0.04 ± 0.03 b B      0 ± 0 b C 0.04 ± 0.05 C
Prochloraz      0 ± 0 n.s. B      0 ± 0 n.s. C      0 ± 0 n.s. B      0 ± 0 n.s. C      0 ± 0 D
Carbendazim      0 ± 0 n.s. B      0 ± 0 n.s. C      0 ± 0 n.s. B      0 ± 0 n.s. C      0 ± 0 D
Urea 0.5 g/l 1.07 ± 0.03 a A 1.20 ± 0.19 ab A 1.23 ± 0.07 a A 0.78 ± 0.03 b A 1.07 ± 0.06 A

1.0 g/l 0.33 ± 0.07 c B 1.05 ± 0.21 abc AB 1.20 ± 0.06 a A 0.78 ± 0.06 b A 0.84 ± 0.09 AB
2.5 g/l 0.14 ± 0.03 b B 0.69 ±0.12 a AB 0.97 ± 0.02 a A 0.58 ± 0.10 a AB 0.60 ± 0.08 BC
5.0 g/l 0.07 ± 0.01 c B 0.40 ± 0.08 bc AB 0.78 ± 0.03 a B 0.14 ± 0.01 b BC 0.35 ± 0.07 CD
10.0 g/l 0.06 ± 0.01 b B 0.17 ± 0.05 ab B 0.37 ± 0.01 a C 0.05 ± 0.02 b C 0.16 ± 0.03 D
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affect the apothecia  formation  (Tab.  4).  At
concentrations  of  0.1,  1.0  and  10.0  mg/l,
prochloraz  has  significantly (p<0.05)  redu-
ced the occurrence of apothecia as compared
to the control treatment (Tab. 4). However,
even  at  the  highest  tested  concentration  of
this  active  ingredient  (10  mg/l)  the  fungus
was  still  able  to  form  0.76  apothecia/cm.
Chlorothalonil, thiram and captan were even
less  effective  (Tab.  4).  Concentrations  of
these three active ingredients as high as 100
mg/l did not reduce the number of developed
fruit bodies below 1 per cm of a petiole.

Treatments  with  all  tested  active  ingredi-
ents of proper concentration did reduce the
occurrence  of  developed  apothecia,  but  at
the same time often positively affected apo-
thecial disc size (Tab. 4). The mean apothe-
cial  disk  area  on  the  control  petioles  was
6.46 mm2/cm, while it  exceeded 8 mm2/cm

on  petioles  treated  with  0.1  mg/l  of  chlo-
rothalonil and reached 9.56 mm2/cm on pe-
tioles treated with the two lowest (0.01 and
0.1  mg/l)  concentrations  of  carbendazim
(Tab. 4). However, the differences were not
significant  (p<0.05).  Compared to controls,
the mean area of apothecial discs was signif-
icantly (p<0.05) reduced only by the highest
tested carbendazim concentrations  (1.0  and
10  mg/l)  and  the  highest  prochloraz  (10
mg/l) and thiram (100 mg/l) concentrations
(Tab. 4).

Effect of urea on formation of 
H. pseudoalbidus apothecia

In the January 2011 experiment, treatment
of petioles with any of the three tested urea
concentrations (5, 10 and 20 g/l) completely
prevented the formation of H. pseudoalbidus
apothecia.  Urea concentrations of 5 and 10

g/l again proved to be fully effective in the
prevention  of  apothecia  formation  in  the
April  2011  experiment,  and  no  apothecia
were formed on petioles treated with a lower
urea  concentration  (2.5  g/l).  However,  the
two lowest urea concentrations (0.5 and 1.0
g/l) in the April 2011 experiment have posi-
tively  affected  the  formation  of  apothecia
(Fig. 1). The mean number of apothecia for-
med per cm of the control leaf petioles was
2.86,  while on petioles treated with urea of
0.5 and 1.0 g/l concentration, the number of
apothecia was significantly (p<0.05) higher:
5.28  and  4.84  pieces/cm,  respectively.  Ap-
proximately in two weeks after these treat-
ments,  other  fungi  started  to  intensively
overgrow  urea-treated  ash  leaf  petioles.
Among these fungi,  Fusarium species were
the most common, and coprinoid fungi were
also often observed.

Discussion
The mycelial  growth  in  pure  culture  and

development of  H. pseudoalbidus apothecia
on ash leaf petioles were the most effectively
inhibited  by carbendazim (methyl  benzimi-
dazol-2-ylcarbamate). This active ingredient
belongs to a group of benzimidazole fungici-
des, which subsequently binds to spindle mi-
crotubules and blocks mitosis and cell divi-
sion. By binding to cytoplasmic microtubu-
les, benzimidazole fungicides also affect fun-
gal tip growth (Deacon 2006). Growth of H.
pseudoalbidus in pure culture was inhibited
also  by prochloraz,  an  imidazole  fungicide
that binds to demethylase enzyme and inhi-
bits normal sterol synthesis (Deacon 2006).
Both  carbendazim and prochloraz therefore
bind  to  specific  component  of  fungal  cell,
and  fungi  often  develop  resistance  against
such substances (Deacon 2006).

The development of resistance of a fungus
against fungicides can be avoided by a pro-
per application strategy, which involves the

iForest 8: 165-171 168  © SISEF http://www.sisef.it/iforest/ 

Fig. 1 - Number of Hymenoscyphus pseudoalbidus apothecia developed per cm of ash leaf
petioles treated with urea of five different concentrations. The box plots show the 10 th per-
centile (bottom end of the whisker), the first quartile (bottom of the box), the median (line
inside the box),  the third quartile (top of the box) and the 90 th percentile (top end of the
whisker).

Tab. 4 - Number and mean disc area (mm2) of Hymenoscyphus pseudoalbidus apothecia developed per cm of ash petioles after the 24-hour
treatments in solutions with different concentrations of five different fungicides (Tab. 2) and in sterile distilled water in case of control.
Counting and measurements were done 34 days after the treatments. Mean values ± standard error are reported. Within lines, values labelled
with different lowercase letters are significantly different (p<0.05); (n.s.): non significant (p>0.05; Games-Howell test -  Quinn & Keough
2002). Within columns, the significance of differences is indicated with uppercase letters.

Parameter
Conc.
(mg/l)

Active ingredients of respective fungicides
Control

Captan Thiram Chlorothalonil Prochloraz Carbendazim
Number of 
apothecia per 
cm of ash 
petioles

0.01 Not tested Not tested Not tested 2.55 ± 0.26 b A 3.15 ± 0.42 ab A 3.84 ± 0.39 a
0.1 3.20 ± 0.30 ab n.s. 3.37 ± 0.32 ab A 3.09 ± 0.43 ab A 2.17 ± 0.29 b A 2.51 ± 0.27 ab A 3.84 ± 0.39 a
1.0 3.28 ± 0.37 a n.s. 2.76 ± 0.38 ab AB 2.55 ± 0.35 ab AB 1.71 ± 0.25 b A 0.05 ± 0.02 c B 3.84 ± 0.39 a
10 2.41 ± 0.34 ab n.s. 1.83 ± 0.35 bc BC 2.02 ± 0.32 b AB 0.76 ± 0.14 c B 0.00 ± 0.00 d B 3.84 ± 0.39 a

100 2.29 ± 0.35 b n.s. 1.37 ± 0.26 b C 1.51 ± 0.30 b B Not tested Not tested 3.84 ± 0.39 a
Mean disc 
area of 
apothecia per 
cm of ash 
petioles

0.01 Not tested Not tested Not tested 4.26 ± 0.44 b A 9.56 ± 1.27 a A 6.46 ± 0.66 a
0.1 6.21 ± 0.57 ab n.s. 6.17 ± 0.58 ab A 8.41 ± 1.17 ab A 5.61 ± 0.74 b A 9.56 ± 1.02 a A 6.46 ± 0.66 ab
1.0 6.33 ± 0.71 a n.s. 4.51 ± 0.62 a AB 4.01 ± 0.55 a B 4.15 ± 0.60 a AB 0.47 ± 0.19 b B 6.46 ± 0.66 a
10 6.87 ± 0.97 a n.s. 4.40 ± 0.83 ab AB 5.66 ± 0.89 a AB 2.17 ± 0.40 b B 0.00 ± 0.00 c B 6.46 ± 0.66 a

100 5.62 ± 0.85 ab n.s. 3.28 ± 0.63 b B 3.92 ± 0.77 ab B Not tested Not tested 6.46 ± 0.66 a
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alternating  use of  fungicides  with  different
modes  of  action,  or  the  combining  use  of
systemic and broad-spectrum protectant fun-
gicides  (Deacon  2006).  Of the  broad-spec-
trum protectant fungicides tested in our ex-
periments, H. pseudoalbidus seems to be the
most sensitive to products containing chloro-
thalonil  and  thiram. A combination  of car-
bendazim and chlorothalonil very effectively
inhibited  growth  of  Gremmeniella  abietina
(Santamaría et al. 2007), a fungus classified
in the  Helotiales order which also includes
the  ash dieback pathogen.  We assume that
this  combination  may also  be  efficient  for
the control of the ash dieback; however, fur-
ther testing is needed to confirm the effecti-
veness under field conditions.

Following the infection,  H. pseudoalbidus
quickly  and  extensively colonizes  different
host  tissues  (Schumacher  et  al.  2010,  Dal
Maso et al. 2012, Cleary et al. 2013) and be-
comes very difficult  to  suppress  (Cooke  et
al.  2013).  Therefore,  preventive  treatments
to protect healthy trees against the infection
may prove to be more appropriate. Because
H.  pseudoalbidus infects  trees  mainly
through the leaves (Cleary et al. 2013, Gross
et al. 2014), fungicide applications should in
the first instance protect the leaf surface. Re-
latively long sporulation period of the patho-
gen (Kirisits et al. 2009, Timmermann et al.
2011,  Kowalski  et  al.  2013) would  require
regular  use of the fungicides  to  ensure the
protection. Due to negative impacts of fungi-
cides on the environment, this could be justi-
fied  for  the  protection  of  individual  high-
value trees but not for usage in forest stands.
Fungicides could also be used in forest nur-
series  that  produce  ash seedlings,  although
such  treatments  would  make  sense  only  if
the treated plants would be outplanted in di-
sease-free areas. Additionally, fungicide tre-
atments might only prevent symptom deve-
lopment (Gross et al. 2014) posing the risk
of transportation of latent infected plants to
disease-free areas.  However,  10-hour  water
heat treatments of F. excelsior saplings at 36
or 40 °C seem to eradicate the pathogen in-
side the ash tissue (Hauptman et al.  2013).
With lower negative impact to the environ-
ment,  water  heat  treatment  of  ash  saplings
before their transportation is probably more
appropriate  option  for  the  disease  control
than chemical treatment.

Pyrimethanil,  iprodione  and  fenhexamid
did not show promising results in the preli-
minary testing and were excluded from the
main experiment; however their potential in
preventive leaf protection could  not  be ne-
glected. Pyrimethanil  is an inhibitor of me-
thionine biosynthesis and consequently inhi-
bits  secretion  of enzymes necessary for  in-
fection, and iprodione and fenhexamid affect
initial  fungal  development  phases,  namely
spore germination and germ tube elongation
(Tomlin  2003).  We  hypothesize  that  these

chemicals could show better results if spore
suspension has been used for the inoculation
of  fungicide-amended  plates  instead  of
mycelium (agar  plugs).  Therefore,  we  sug-
gest  to  include  those  active  ingredients  in
further research, especially aiming at check-
ing their efficiency in prevention of leaf in-
fections.

In  infected areas, numerous apothecia de-
velop on fallen ash leaf petioles. In some ar-
eas, more than 95% of the petioles can be in-
fected,  and  more  than  1000  apothecia  per
square meter can be counted at a time (Ko-
walski et al. 2013). In the present study, the
apothecia developed on 97% of the control
petioles.  Cooke  et  al.  (2013) hypothesized
that  benzimidazole-based  fungicides  (car-
bendazim,  thiabendazole)  could  efficiently
reduce sporulation  of the pathogen  as they
are  persistent  and  antisporulant;  however,
pseudosclerotia  formed  on  the  fallen  leaf
petioles by H. pseudoalbidus are likely resi-
stant to the benzimidazole treatments. In our
tests, petiole treatment with 10 mg/l carben-
dazim did prevent formation of the apothe-
cia,  although  it  remains  unknown  whether
the fungus has completely been disabled by
this treatment. Further experiments are nee-
ded to examine effect of chemical treatments
on  the survival  of  H. pseudoalbidus inside
the pseudosclerotia.

If  the  pathogen  is  not  suppressed  by the
fungicides, multiple repetitions of the treat-
ment  should  follow to  prevent  its  sporula-
tion. On the other hand, in their review Coo-
ke et al. (2013) pointed out that pseudoscle-
rotial stage of the fungus could be eliminated
by a quaternary ammonium biocide.  More-
over,  treatments  that  prevent  formation  of
the apothecia and accelerate degradation of
the  substrate  on  which  apothecia  develop
could serve as an alternative option. Accor-
ding to the results of our experiments, urea
treatment may be one of the best options. It
is known that urea treatment  inhibits  deve-
lopment of certain fungal pathogens by pro-
ducing  ammonia,  which  is  released  upon
urea hydrolysis, and/or by elevating pH va-
lues in the treated substrate (Johansson et al.
2002,  Green et al. 2006). However, urea it-
self  can  also  be  toxic  to  fungal  pathogens
(Veverka et al. 2007). Furthermore, urea ap-
plications stimulate the activity of some an-
tagonistic  and  saprotrophic  microorganisms
(Bengtsson  et  al.  2006,  Green et  al.  2006,
Veverka et al. 2007). The latter are responsi-
ble for accelerated break down of the treated
substrate.

Our experiments showed that effective con-
centrations of urea inhibit in vitro growth of
H. pseudoalbidus and formation of its apo-
thecia. We did not investigate if this inhibi-
tion is a result of urea itself, if it is caused by
released ammonia or by increased pH values.
However,  it  was  clearly  demonstrated  that
urea treatments  may strongly affect the ba-

lance  between  H.  pseudoalbidus and  other
fungi in favor of the latter. Based on visual
observations  of  the  fruiting  structures,  H.
pseudoalbidus was  a  dominant  fungal  spe-
cies on control petioles, while no apothecia
of the ash dieback pathogen emerged on pe-
tioles treated with urea at concentrations of
2.5  g/l  or  higher.  Instead,  numerous  other
fungi appeared: the petioles were most often
covered  by  mycelia  of  different  Fusarium
species,  and  fruiting  bodies  of  coprinoid
fungi  were  also  commonly  observed.  It  is
known that urea treatments do positively af-
fect also occurrence of other microorganisms
(e.g., bacteria), which are important actors in
the leaf degradation processes (Green et al.
2006).

Our  results  also  indicated  the  importance
of usage of appropriate  urea and fungicide
concentrations. For example, low urea con-
centrations have positively affected the for-
mation of  H. pseudoalbidus apothecia (Fig.
1). The tested fungicides of low concentra-
tions did not increase the density of apothe-
cia on  the treated petioles  (Tab.  4),  but  in
some cases have positively affected disk area
of  the  developed  apothecia  (Tab.  4).  Urea
solutions of 2.5 and 5% are used in practice
for  treatment  of  apple  and  cherry  leaves
against the infections by Venturia inaequalis
(Cooke)  G.  Winter  and  Blumeriella  jaapii
(Rehm) Arx, respectively (Sutton et al. 2000,
Green et al. 2006). Decomposition of cherry
leaf litter after the treatment with the 2.5%
urea solution proved to be even more accele-
rated than after treatment with the 5% urea
solution  (Green et  al.  2006).  Our  observa-
tions  led  to  a  similar  conclusion:  ash  leaf
petioles treated with urea at a concentration
of 5 g/l were more intensively overgrown by
other fungi than petioles treated with urea at
a concentration of 10 g/l.

Efficacy of the tested fungicides and urea
at different  concentrations needs to be fur-
ther investigated under field conditions,  in-
cluding  also  additional  factors  such  as  ti-
ming of the treatments.  On the other hand,
search for environmentally friendly alterna-
tives  to  herein  investigated  chemical  treat-
ments should be considered. Ecospray, a gar-
lic  extract  known  to  be effective  against  a
range of organisms, could be one of the in-
teresting options (Cooke et al. 2013).

In cases of apple scab and cherry leaf spot
disease,  application  of  some  biocontrol
agents  showed efficiency similar  to  that  of
urea treatments (Carisse et al. 2000, Bengts-
son et  al.  2006).  Other fungi  isolated from
ash tissues showed some antagonistic effect
against  H. pseudoalbidus  (Kowalski & Hol-
denrieder  2009,  Kowalski  & Bartnik 2010,
Gross  et  al.  2014),  and  these  fungi  could
possibly act as biocontrol  agents in natural
conditions as well. Interestingly, during our
experiments,  fungus  gnats  from the  Sciari-
dae family were found to be feeding on  H.
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pseudoalbidus apothecia;  however,  there  is
little evidence that these insects could signif-
icantly  affect  the  reproductive  potential  of
the pathogen in nature.

Concluding remarks
Because of the wide distribution and high

infection potential of the pathogen, and due
to negative impacts of fungicides on the en-
vironment, the possibilities of fungicide ap-
plication for the control  of ash dieback are
rather  limited.  In  our  experiments,  carben-
dazim has inhibited growth of the pathogen
in pure culture and clearly restricted forma-
tion  of  H.  pseudoalbidus apothecia.  Based
on this we hypothesize that this compound
may also suppress growth and reproduction
of the pathogen under the field conditions.

Treatment  of  infected  ash  leaf  debris  to
prevent  sporulation  of  H.  pseudoalbidus
seems to be one of the most effective control
measures. Our results indicate that infection
potential  of  the  pathogen  could  be  signifi-
cantly  reduced  with  the  use  of  urea.  Urea
acts directly on the fungus,  but  also stimu-
lates the activity of antagonistic microorga-
nisms  and  occurrence  and  reproduction  of
saprophytic  fungi.  The  later  accelerate  de-
gradation  of the treated  leaf debris.  There-
fore, the application of urea for treatment of
infected ash leaf debris could be even more
effective than the use of fungicides.  More-
over,  it  is  also  cost-effective  and  environ-
mentally friendly.

To reveal the actual efficacy of chemicals
used in our research, further experiments un-
der field conditions are required.  Neverthe-
less,  more environmentally friendly options
for ash dieback control should be studied si-
multaneously.
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