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Abstract

The Ascochyta fungi are often observed on cereals, though their role as a patho-
genic factor is poorly proved. The influence of several Ascochyta spp. on germina-
tion of cereal kernels, with light access to the mycelium or without it, was
determined. No suppressing effect of the fungi on germination of kernels was ob-
served, except for winter barley, in which A. agrostis, A. brachypodii, A. digraphidis, A.
hordei var. hordei and A. sorghi decreased germination of kernels. The growth of my-
celium in the dark was usually smaller than in the light. The growth of aerial myce-
lium had no relation to the reduction of the kernels’ germination.
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Introduction

There are numerous plant pathogens among Ascochyta spp. They affect many
species of vascular plants belonging to different families. In most cases they are
facultative saprotrophs. 15 species in Central Europe and nine species in Poland
were described on plants belonging to the Poaceae family (Sałata 2002). Usually,
these fungi do not cause great losses in cereal crops. Under favourable conditions,
in some years, the crops can be seriously affected (Głazek et al. 2002, Perelló and
Moreno 2003). Ascochyta leaf spot is considered to be caused by Ascochyta hordei,
though on leaves of barley, also A. graminea, A. sorghi and A. tritici were noted
(Mathre 1982). Ascochyta tritici, A. graminicola and A. sorghi are considered the cause
of Ascochyta leaf spot in wheat (Wiese 1977). Different species of Ascochyta, de-
scribed on plants of the Poaceae family, were studied in this work for their influ-
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ence on germination of the following cereals’ kernels: winter wheat, winter barley,
spring barley, triticale and winter rye.

Materials and methods

Experiments for assessment of kernel germination were conducted in a vegeta-
tion chamber at temperature: by day 22°C, and at night 17°C. Plants were grown
with using fluorescent light Osram L36W/76-180 W/m2 lamps, in a cycle: 12 h of
light/12 h of darkness.

In Petri dishes lined with moist blotting paper (in the course of the experiment,
distilled water was poured to keep the blotting paper moist), 10 PDA medium
discs (8 mm diameter) overgrown by an isolate mycelium were placed (mycelium
up). On the discs disinfected kernels were placed (after disinfection in 2% sodium
hypochlorite for 3 min). The following cereals were used: spring barley ‘Nagra-
dowicki’, winter barley ‘Lomerit’, winter wheat ‘Ludwig’, winter triticale ‘Vito’ and
winter rye ‘Kier’. Kernels placed on medium discs without mycelium or kernels
placed directly on a blotting paper served as control. Each item consisted of four
Petri dishes, 10 kernels each. The experiments were repeated twice.

The studied Ascochyta isolates came from plant pathogens’ collection of the De-
partment of Phytopathology, Poznań University of Life Sciences and Centraal-
bureau voor Schimmelcultures (CBS) Fungal Biodiversity Centre (marked with
“C” at the beginning of the isolate code).

In experiment 1, alternate illumination was applied starting from the first day
of the experiment. After five days, mycelium growth was evaluated. The amount of
aerial mycelium was assessed with a four-grade scale: 1 – not very abundant myce-
lium, 2 – moderately abundant mycelium, 3 – abundant mycelium, 4 – very abun-
dant mycelium. After 14 days, germination of kernels was assessed.

In experiment 2, for the first five days mycelium and kernels were held in dark-
ness. Afterwards the mycelium growth was evaluated, and the mycelia and kernels
were covered with previously sterilized sand. From the 6th day on, alternate illu-
mination was applied. After 14 days, germination of kernels was assessed.

For each experiment a two-factor analysis of variance was performed; factor 1:
cereal species and cultivar, factor 2: fungus isolate. Statistical analysis was per-
formed using Statistica software, version 8.0. Homogeneous groups were deter-
mined using the Newman-Keuls test.

Results

In experiment 1 (during which mycelium and kernels were subjected to alter-
nate illumination) no differences were found between the germination of different
species’ kernels, placed on mycelia of Ascochyta spp., and the germination of ker-
nels in the absence of mycelium (Table 1). In some cases there were differences in
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germination between the species of cereals. Ascochyta avenae (isolate 2001 and
1982) caused significant decrease of germinated kernels percentage of winter bar-
ley, compared to winter wheat, winter triticale and winter rye, although no signifi-
cant differences were observed in germination of these cereals in either of control
combinations (with PDA and blotting paper only). Also A. hordei var. americana and
A. stipae 1811 caused decrease of germinated kernels percentage of winter barley,
compared to winter triticale and winter rye. Many times a difference in aerial myce-
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Table 1
Germination of cereals in the presence of Ascochyta spp. on blotting paper (%)

Ascochyta species Isolate
code

Spring barley
‘Nagradowicki’

Winter
barley

‘Lomerit’

Winter
wheat

‘Ludwig’

Winter
triticale
‘Vito’

Winter rye
‘Kier’

A. agrostis C758.97 87.5 def 55.0 a 87.5 def 97.5 ef 95.0 ef

A. avenae 2001 82.5 cdef 62.5 abc 90.0 def 95.0 ef 92.5 ef

A. avenae 1982 87.5 def 57.5 ab 85.0 cdef 90.0 def 87.5 def

A. avenae C811.84 95.0 ef 85.0 cdef 85.0 cdef 95.0 ef 90.0 def

A. brachypodii 1968a 97.5 ef 77.5 bcdef 87.5 def 97.5 ef 87.5 def

A. brachypodii 1155 80.0 cdef 87.5 def 95.0 ef 95.0 ef 87.5 def

A. desmazieri C247.79 92.5 ef 75.0 abcdef 92.5 ef 100.0 f 90.0 def

A. digraphidis 922 95.0 ef 75.0 abcdef 85.0 cdef 97.5 ef 92.5 ef

A. digraphidis 1968b 95.0 ef 65.0 abcd 87.5 def 95.0 ef 90.0 def

A. ducis-aprutii 1915 95.0 ef 80.0 cdef 92.5 ef 97.5 ef 92.5 ef

A. festucae C689.97 85.0 cdef 82.5 cdef 90.0 def 92.5 ef 95.0 ef

A. hordei 1684 95.0 ef 80.0 cdef 90.0 def 100.0 f 97.5 ef

A. hordei A770b 92.5 ef 65.0 abcd 87.5 def 100.0 f 90.0 def

A. hordei 1971a 92.5 ef 75.0 abcdef 87.5 def 90.0 def 95.0 ef

A. hordei var. americana C814.84 95.0 ef 67.5 abcd 90.0 def 95.0 ef 97.5 ef

A. hordei var. europea C817.84 95.0 ef 77.5 bcdef 80.0 cdef 92.5 ef 92.5 ef

A. hordei var. hordei C878.72 90.0 def 75.0 abcdef 95.0 ef 97.5 ef 87.5 def

A. ischaemi 1931 97.5 ef 87.5 def 97.5 ef 100.0 f 95.0 ef

A. melicae 2010 87.5 def 72.5 abcde 90.0 def 82.5 cdef 97.5 ef

A. melicae 793 90.0 def 77.5 bcdef 85.0 cdef 100.0 f 90.0 def

A. skagwayensis C110124 92.5 ef 75.0 abcdef 100.0 f 100.0 f 87.5 def

A. sorghi C622.68 92.5 ef 75.0 abcdef 95.0 ef 97.5 ef 95.0 ef

A. stipae 1974 95.0 ef 80.0 cdef 80.0 cdef 100.0 f 90.0 def

A. stipae 1811 90.0 def 67.5 abcd 82.5 cdef 100.0 f 100.0 f

A. zeicola 1937 90.0 def 80.0 cdef 97.5 ef 100.0 f 90.0 def

Control with PDA – 100.0 f 78.5 bcdef 100.0 f 97.5 ef 87.5 def

Control – 97.5 ef 72.5 abcde 97.5 ef 97.5 ef 97.5 ef

Means followed by the same letters are not significantly different according to Newman-Keuls test
at p = 0.05.



lium amount was observed, depending not only on the fungus species/isolate, but
also on the species of cereal. The mycelium of A. ducis-aprutii which grew in the vi-
cinity of barley kernels was a not very abundant (1), in the vicinity of winter
triticale and winter rye was moderately abundant (2), and in the vicinity of winter
wheat was abundant (3). The cause of the differentiated mycelium growth was not
found. The mycelium growth was also differentiated in vicinity of two barley
cultivars examined (Table 2). In experiment 2 (in which the mycelium grew ini-
tially in the dark, and then under cover of sand), like in the first experiment, no im-
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Table 2
The growth of aerial mycelium of Ascochyta spp. in the presence of cereal kernels*

Ascochyta species Isolate
code

Spring barley
‘Nagradowicki’

Winter
barley

‘Lomerit’

Winter
wheat

‘Ludwig’

Winter
triticale
‘Vito’

Winter rye
‘Kier’

A. agrostis C758.97 1.0 a 2.0 d 1.5 b 2.0 d 1.5 b

A. avenae 2001 4.0 f 3.0 e 3.0 e 3.0 e 3.0 e

A. avenae 1982 4.0 f 3.0 e 3.0 e 4.0 f 3.0 e

A. avenae C811.84 1.0 a 2.0 d 1.0 a 2.0 d 2.0 d

A. brachypodii 1968a 1.0 a 1.5 b 1.0 a 1.0 a 2.0 d

A. brachypodii 1155 4.0 f 4.0 f 4.0 f 4.0 f 4.0 f

A. desmazieri C247.79 1.0 a 1.0 a 1.5 b 1.0 a 1.0 a

A. digraphidis 922 2.0 d 2.0 d 2.0 d 2.0 d 2.0 d

A. digraphidis 1968b 3.0 e 3.0 e 2.0 d 1.5 b 3.0 e

A. ducis-aprutii 1915 1.0 a 1.0 a 3.0 e 2.0 d 2.0 d

A. festucae C689.97 1.5 b 2.0 d 1.0 a 2.0 d 1.5 b

A. hordei 1684 2.0 d 1.0 a 1.0 a 1.0 a 1.0 a

A. hordei A770b 2.0 d 2.0 d 2.0d 2.0 d 3.0 e

A. hordei 1971a 2.0 d 1.0 a 1.0 a 1.5 b 1.8 c

A. hordei var. americana C814.84 1.5 b 1.0 a 2.0 d 1.0 a 2.0 d

A. hordei var. europea C817.84 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. hordei var. hordei C878.72 2.0 d 2.0 d 2.0 d 1.5 b 2.0 d

A. ischaemi 1931 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. melicae 2010 3.0 e 3.0 e 3.0 e 4.0 f 3.0 e

A. melicae 793 3.0 e 1.5 b 2.0 d 1.5 b 2.0 d

A. skagwayensis C110124 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. sorghi C622.68 1.0 a 1.0 a 1.0 a 3.0 e 1.0 a

A. stipae 1974 2.0 d 1.0 a 1.5 b 2.0 d 2.0 d

A. stipae 1811 2.0 d 2.0 d 2.0 d 2.0 d 2.0 d

A. zeicola 1937 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

*1 – not very abundant mycelium, 2 – moderately abundant mycelium, 3 – abundant mycelium, 4 –
very abundant mycelium.

Means followed by the same letters are not significantly different according to Newman-Keuls test
at p = 0.05.



pact of the fungi on the cereal kernels germination occurred, with the exception of
winter barley ‘Lomerit’. In the case of ‘Lomerit’ the application of A. agrostis
C758.97, A. brachypodii 1155, A. digraphidis 922, A. hordei var. hordei C878.72 and A.
sorghi C622.68 reduced germination (Table 3). The isolates A. agrostis C758.97, A.
brachypodii 1155, A. digraphidis 922, A. hordei var. hordei C878.72 and A. sorghi
C622.68 reduced germination of ‘Lomerit’ kernels to 40.0%, 40.0%, 30.0% and
22.5% respectively, as compared to 72.5% in the control with PDA and 60.0% in
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Table 3
Germination of cereals in the presence of Ascochyta spp. covered with sand (%)

Ascochyta species Isolate
code

Spring barley
‘Nagradowicki’

Winter barley
‘Lomerit’

Winter
wheat

‘Ludwig’

Winter
triticale
‘Vito’

Winter rye
‘Kier’

A. agrostis C758.97 90.0 ghi 40.0 ab 90.0 ghi 87.5 ghi 75.0 cdefghi

A. avenae 2001 87.5 ghi 47.5 abcd 92.5 hi 92.5 hi 87.5 ghi

A. avenae 1982 80.0 efghi 55.0 bcdefg 87.5 ghi 92.5 hi 80.0 efghi

A. avenae C811.84 82.5 fghi 57.5 bcdefgh 90.0 ghi 85.0 fghi 85.0 fghi

A. brachypodii 1968a 87.5 ghi 65.0 bcdefghi 95.0 i 82.5 fghi 85.0 fghi

A. brachypodii 1155 87.5 ghi 40.0 ab 90.0 ghi 92.5 hi 90.0 ghi

A. desmazieri C247.79 92.5 hi 65.0 bcdefghi 77.5 defghi 90.0 ghi 72.5 cdefghi

A. digraphidis 922 92.5 hi 30.0 a 87.5 ghi 87.5 ghi 80.0 efghi

A. digraphidis 1968b 85.0 fghi 47.5 abcd 90.0 ghi 92.5 hi 92.5 hi

A. ducis-aprutii 1915 87.5 ghi 65.0 bcdefghi 90.0 ghi 90.0 ghi 87.5 ghi

A. festucae C689.97 95.0 i 62.5 bcdefghi 87.5 ghi 92.5 hi 82.5 fghi

A. hordei 1684 95.0 i 72.5 cdefghi 90.0 ghi 87.5 ghi 85.0 fghi

A. hordei A770b 85.0 fghi 52.5 bcdef 95.0 i 97.5 i 77.5 defghi

A. hordei 1971a 87.5 ghi 80.0 efghi 87.5 ghi 92.5 hi 85.0 fghi

A. hordei var. americana C814.84 77.5 defghi 72.5 cdefghi 97.5 i 92.5 hi 92.5 hi

A. hordei var. europea C817.84 85.0 fghi 67.5 bcdefghi 85.0 fghi 92.5 hi 80.0 efghi

A. hordei var. hordei C878.72 90.0 ghi 30.0 a 95.0 i 82.5 fghi 90.0 ghi

A. ischaemi 1931 85.0 fghi 70.0 cdefghi 92.5 hi 92.5 hi 75.0 cdefghi

A. melicae 2010 72.5 cdefghi 45.0 abc 85.0 fghi 92.5 hi 87.5 ghi

A. melicae 793 72.5 cdefghi 50.0 bcde 72.5 cdefghi 90.0 ghi 87.5 ghi

A. skagwayensis C110124 77.5 defghi 45.0 abc 95.0 i 87.5 ghi 75.0 cdefghi

A. sorghi C622.68 77.5 defghi 22.5 a 90.0 ghi 90.0 ghi 87.5 ghi

A. stipae 1974 87.5 ghi 40.0 ab 87.5 ghi 90.0 ghi 80.0 efghi

A. stipae 1811 77.5 defghi 70.0 cdefghi 87.5 ghi 95.0 i 95.0 i

A. zeicola 1937 87.5 ghi 55.0 bcdefg 90.0 ghi 92.5 hi 92.5 hi

Control with PDA – 85.0 fghi 72.5 cdefghi 92.5 hi 90.0 ghi 82.5 fghi

Control – 87.5 ghi 60.0 bcdefghi 92.5 hi 95.0 i 87.5 ghi

Means followed by the same letters are not significantly different according to Newman-Keuls test
at p = 0.05.



the blotting paper control (Table 3). Aerial mycelium of A. hordei var. europea and A.
skagwayensis was not very abundant (1), both in the first and the second experi-
ment, regardless of kernels species. In the second experiment, in which the myce-
lium was growing in darkness, no differences were observed in the germination of
various cereal kernels. In the case of A. avenae 1982, A. digraphidis 922, A. festucae
C689.97, A. hordei var. europea C817.84, A. ischaemi 1931, A. skagwayensis C110124
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Table 4
The growth of aerial mycelium of Ascochyta spp. in darkness

in the presence of cereal kernels*

Ascochyta species Isolate
code

Spring barley
‘Nagradowicki’

Winter
barley

‘Lomerit’

Winter
wheat

‘Ludwig’

Winter
triticale
‘Vito’

Winter rye
‘Kier’

A. agrostis C758.97 1.0 a 1.3 ab 1.0 a 1.0 a 1.0 a

A. avenae 2001 2.3 cde 2.5 de 1.8 abcd 2.3 cde 2.8 e

A. avenae 1982 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. avenae C811.84 1.3 ab 2.5 de 1.5 abc 2.8 e 1.8 abcd

A. brachypodii 1968a 1.0 a 1.5 abc 1.8 abcd 2.8 e 2.3 cde

A. brachypodii 1155 2.3 cde 2.8 e 3.0 f 1.8 abcd 2.5 de

A. desmazieri C247.79 1.3 ab 1.3 ab 1.3 ab 1.8 abcd 2.0 bcde

A. digraphidis 922 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. digraphidis 1968b 2.5 de 2.3 cde 1.8 abcd 3.0 ef 3.0 ef

A. ducis-aprutii 1915 1.5 abc 1.3 ab 2.0 bcde 1.3 ab 1.0 a

A. festucae C689.97 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. hordei 1684 1.0 a 1.3 ab 1.3 ab 1.3 ab 1.0 a

A. hordei A770b 1.0 a 1.5 abc 1.3 ab 1.8 abcd 1.3 ab

A. hordei 1971a 1.5 abc 1.8 abcd 2.0 bcde 2.5 de 2.0 bcde

A. hordei var. americana C814.84 1.5 abc 1.5 abc 1.5 abc 1.3 ab 2.3 cde

A. hordei var. europea C817.84 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. hordei var. hordei C878.72 2.8 e 2.5 de 1.5 abc 2.0 bcde 3.0 ef

A. ischaemi 1931 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. melicae 2010 2.8 e 3.0 ef 1.3 ab 1.5 abc 1.0 a

A. melicae 793 2.8 e 3.0 ef 3.0 ef 3.0 ef 3.0 ef

A. skagwayensis C110124 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. sorghi C622.68 1.0 a 1.0 a 1.0 a 1.0 a 1.0 a

A. stipae 1974 1.3 ab 1.3 ab 1.3 ab 1.3 ab 1.3 ab

A. stipae 1811 2.5 de 2.3 cde 2.0 bcde 2.3 cde 2.3 cde

A. zeicola 1937 1.0 a 1.3 ab 1.3 ab 1.3 ab 1.5 abc

*1 – not very abundant mycelium, 2 – moderately abundant mycelium, 3 – abundant mycelium, 4 –
very abundant mycelium.

Means followed by the same letters are not significantly different according to Newman-Keuls test
at p = 0.05.



and A. sorghi C622.68, the mycelium was not very abundant (1), and its growth
rate was equal for all cereals (Table 4).

Discussion

The results presented show that development of parasitic relation between an
Ascochyta fungus and a germinating cereal kernel demand specific conditions – in
this case, the presence or absence of light, providing that the cereal spe-
cies/cultivar is susceptible to the particular isolate. It should be noted that reduc-
tion of germination is connected not only with activity of a fungus species, but in
some cases also with its defined isolate. The isolate A. brachypodii 1155 caused sig-
nificant germination decrease of winter barley kernels, while the same species iso-
late 1968a did not. Similarly, the isolate of A. digraphidis 922 decreased winter
barley germination while isolate 1968b did not. The number of germinated kernels
was the smallest in winter barley in both experiments. The difference between
winter barley and other cereals was greater when no access of light was applied.

The C758.97 A. agrostis isolate caused decrease of winter barley kernels germina-
tion, although this species is considered to occur on Agrostis alba or Holcus lanatus
(Melnik et al. 2000), Agrostis sp., Alopecurus aequalis (Sałata 2002), or Agrostis alba, A.
tenuis, Alopecurus aequalis and several species of grasses (Punithalingam 1979). The
effect of A. brachypodii 1155 was similar, while its occurrence is mainly noted on
Brachypodium sp. (Punithalingam 1979, Melnik et al. 2000, Sałata 2002). Only A.
hordei has been described as occurring on Hordeum sp. (Punithalingam 1979). This
points to earlier unknown pathogenicity of Ascochyta spp. towards cereal species.

In 2009–2010 the author found a lot of Ascochyta spp. (represented by many iso-
lates) on cereals – both on leaves and on kernels (Kosiada, unpublished). They
seemed to be of minor importance to the plants health status. A representative part
of the isolates was examined in this work. Only a small part of the isolates tested
negatively influenced cereal germination in laboratory. Ascochyta spp. can also be
transmitted with kernels, though the frequency of their isolation from kernels is
low compared to other species (Braithwaite et al. 1998). A small number of
Ascochyta spp. fungi causing cereal diseases is also reported by other authors
(Boerema et al. 1992).

The differences in the growth of mycelia of different fungal species/isolates are
common. In the work, the growth of different isolates mycelium of the same spe-
cies could be different, depending on the species of the cereal kernels, the myce-
lium was growing next to. It can be generally concluded, that the mycelium growth
in the dark was usually smaller, than in the light, e.g. A. digraphidis which grew in
the light moderately abundantly (2), and in the dark – not very abundantly (1). Af-
ter the growth of mycelium in the dark for the first five days, in some combinations
a smaller number of germinated kernels was observed. It is hard to determine,
whether the lack of light was the only factor influencing the growth, because dur-
ing the next days, the growth was continued under a thin sand layer, which could
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have changed the humidity level around the mycelium and kernels. The growth of
aerial mycelium was not related to the kernel germination decrease. In the combi-
nations in which the least number of germinated winter barley kernels occurred: A.
agrostis C758.97, A. brachypodii 1155 and A. digraphidis 922, the growth of mycelium
was smaller in the dark. In two cases the growth of mycelium was larger in the dark
(A. hordei var. hordei C878.72 and A. stipae 1974). In one case only it remained the
same in darkness and in light (A. sorghi C622.68).

Streszczenie

WPŁYW GRZYBÓW RODZAJU ASCOCHYTA
NA KIEŁKOWANIE ZIARNA ZBÓŻ

Grzyby rodzaju Ascochyta często są obserwowane na zbożach, jednak ich rola
jako czynnika chorobotwórczego jest słabo poznana. Celem doświadczeń było
określenie wpływu niektórych gatunków rodzaju Ascochyta na kiełkowania ziarnia-
ków zbóż przy dostępie światła do grzybni i bez dostępu światła. W większości
przypadków nie odnotowano hamującego wpływu grzybów na kiełkowanie ziar-
niaków, z wyjątkiem jęczmienia ozimego, w przypadku którego izolaty A. agrostis
C758.97, A. brachypodii 1155, A. digraphidis 922, A. hordei var. hordei C878.72 oraz A.
sorghi C622.68 zmniejszyły liczbę skiełkowanych ziarniaków. Nie zawsze inny izo-
lat tego samego gatunku powodował podobne zmniejszenie liczby skiełkowanych
ziarniaków. Wzrost grzybni w ciemności był zazwyczaj mniejszy niż w obecności
światła. Obserwowany wzrost grzybni powietrznej nie miał związku ze zmniejsze-
niem liczby skiełkowanych ziarniaków.
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