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ABSTRACT

Fusarium head blight as a dangerous disease of cereals, including barley, is a current problem
worldwide. Intense Fusarium infections of barley can render it technologically non useable for malt
production, therefore the aim of the study was to identify Fusarium species spectrum in barley
kernels in Slovakian conditions and to evaluate their frequency of occurrence. The samples were
collected during vegetation seasons 2011 and 2012 from growth stage milk ripe (BBCH 73) to
harvest (BBCH 99) at two localities (Hronovce and Sklabind). The average infestation by Fusarium
spp. in barley grain was low, ranging from 2.14 — 3.57 %. Totally, seven Fusarium species were
identified in grains: F. poae, F. equiseti, F. graminearum, F. langsethiae, F. sporotrichoides, F.
avenaceum, F. tricinctum. In both localities, the most predominant species each year was F. poae
with frequency of occurrence ranging from 1 to 4 % with high relative density 40 - 100 %.
Generally, Fusarium graminearum had frequency of occurrence 1-3 % with low relative density —
16.67 %. Fusarium equiseti and Fusarium avenaceum achieved frequency of occurrence — 3 %.
The less frequent species - F. tricinctum, F. sporotrichioides, F. langsethiae achieved low relative
density in population structure. These results confirmed the change in Fusarium species spectrum
and their relative density in Slovakia, when comparing our recent results and literature.
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INTRODUCTION

Fusarium head blight (FHB) disease of small-grain cereals such as barley, wheat and oats is also
referred to as Fusarium ear blight, scab or head fusariosis and is caused by several species of the
genus Fusarium (Parry et al., 1995). This destructive disease is widespread and is predominantly
caused by F. avenaceum, F. culmorum, F. graminearum, F. poae and M. nivale (Parry et al., 1995;
Xu et al., 2005). Fusarium head blight (FHB) symptoms on barley (Hordeum vulgare L.) include
premature necrosis and a brown/grey discoloration of the spike (Boddu et al., 2006; Geddes et al.,
2008). More intense Fusarium infections of barley can render it technologically non useable for
malt production (Schwarz et al., 1997). The major negative effect of contamination of malt barley
with these molds is reduced test weight of infected grains, which implies less endosperm, decreased
protein ratio, resulting in reduced malting yields (Duijnhouwer et al., 1993). Fusarium molds also
synthesize unidentified compounds called hydrophobins which cause beer gushing (Kleemola et al.,
2001; Denschlag et al., 2012). Moreover, detrimental effects of Fusarium, infection on brewing
performance and beer flavor have also been noted (Haikara, 1983; Oliveira, 2012). Fusarium
epidemics can result in significant economic losses to producers due to yield losses, lower prices
and mycotoxin contaminations (Schaafsma, 2002; Mesterhazy et al., 2003).

Climate change can increase the range and severity of plant disease epidemics (Garett et al., 2006).
Except this, climate can provide more or less favorable conditions for the pathogen (West et al.,
2012). Fusarium head blight is dangerous disease of wheat, barley and other cereals, and is caused
by different Fusarium species (Oshorne, Stein, 2007). Some species tend to occur predominantly in
tropical and subtropical regions, some appear to be restricted to cold climatic and alpine zones,
whereas others have a cosmopolitan distribution (Burgess et al., 1988). The prevailing species in
colder areas are F. culmorum, F. avenaceum, F. poae, in warmer areas dominate F. graminearum,
F. solani, F. equiseti and F. oxysporum. The frequency of occurrence and the spectrum of species
are not stable; they vary depending on the year, varietal composition and development of weather
in the time of infection (Sudyova, Slikova, 2011).

In view of this interaction, the aim of our research was to examine the influence of localities and
weather conditions on FHB occurrence on barley grains, under natural infections.

MATERIAL AND METHODS

Grain samples of commercial cultivars of spring barley, a total of 1400, were collected from 2
localities of Slovakia situated in different climatic region (Table 1) and in different agronomical
conditions (Table 2). Samples were collected every week from growth stage milk ripe (BBCH 73)
to harvest (BBCH 99).

In laboratory, grains were surface-sterilized in 1 % NaOCI solution for 2 minutes. They were
subsequently rinsed three times in re-distilled water and cultured in Petri dishes on potato-dextrose
agar (PDA) in a climatic box at 21° C for 7-10 days. From the developed colonies mycelium was
re-isolated and re-cultured in Petri dishes on synthetic nutrient medium (SNA) under UV-light,
photoperiod 12 hours by day/12 hours by night, temperature of 24° C. To determine the species the
classical identification based on microscopic characteristics according to the laboratory manuals
Nelson et al. (1983) and Leslie, Summerell (2006) were used. Frequency of occurrence and relative
density of Fusarium spp. in kernel samples were calculated using of formula of Gonzales et al.
(1996).
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Table 1: Climatic region and soil characteristics (Linkes et al., 1996) of evaluated localities in

Slovakia
Code of Localities | Coordinates Sum of Rainfall Soil type
climatic average VI-VIIlI
areas daily [mm]
temperatur
e
>10°C
01-Warm, | Hronovce | 48°02°40”°N | 3000 -2800 | 200 - 150 regosol
very dry, 18°39'23E brown soil
lowland
04 - Hot, very | Sklabina 48°07°27°N | 3030-2800 | 200-100 | brown soil
dry, hollow 19021°22"°E
basin
Table 2: Average temperature in Hronovce, Sklabina, 2011, 2012
Average rainfall Average temperature
Year | Locality April May | June | July | April | May | June | July
2011 377 26 84.6 118 137 | 168 | 20.1 | 204
2012 | Hronovce 45.5 8.1 47.3 | 1094 | 125 17.7 21.1 23.3
2011 12.9 43.3 79.5 80.8 12.7 15.6 19.5 19.6
2012 Sklabina 37.4 19.1 57.8 | 152.7 | 115 16.7 20.1 21.9

RESULTS AND DISCUSSION

The average occurrence of Fusarium spp. in barley kernels in locality Hronovce was 2.14 %, a bit
higher occurrence was recorded in locality Sklabina — 3.57 %. Sudyové, Slikova (2011) found 95. 2
% contamination of wheat grains in 2006 and 64,3 % contamination of wheat grains in 2007. Our
results showed lower incidence of Fusarium spp. Totally seven Fusarium species has been
identified in barley kernels: F. poae, F. equiseti, F. langsethiae,
F. sporotrichoides, F. culmorum, F. avenaceum, F. tricinctum (Figure 1 - Figure 4). F. poae
achieved the highest frequency in both years. The prevalence of F. poae on wheat grains in
Slovakia was also recorded in the works Hudec, Rohéacik (2005), Maskova et al. (2009), Sudyové,
Slikova (2011).

In locality Hronovce, five Fusarium species were isolated from the kernels: F. poae,
F. equiseti, F. langsethiae, F. sporotrichoides and F. culmorum (Figure 1, Figure 2). F. poae was
the predominant species with frequency of occurrence up to 4 %. F. poae was found only in
samples collected by the end of the vegetation period. The second most frequent species was
F. equiseti (3 %) species followed by F. sporotrichioides (2 %), Fusarium langsethiae and
F. graminearum (Figure 1, Figure 2). The most diverse Fusarium spectrum was determined from
samples collected during harvest. The highest relative density was represented by F. poae (50-100
%) and F. equiseti (100 %). F. sporotrichoides, F. graminearum and F. langsethiae had lowest
relative density (<50 %).

In locality Sklabina, six species of Fusarium species were identified from asymptomatic barley
grains: F. poae, F. avenaceum, F. equiseti, F. graminearum, F. sporotrichoides, and
F. tricinctum. In comparison with Hronovce there were not found F. langsethiae and F. culmorum,
but three other species: F. graminearum, F. tricinctum, F. avenaceum. The predominant species
was F. poae with frequency of occurrence from 1 to 4 %, followed by F. graminearum (3 %),
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which have global distribution (Sarver et al., 2011). This species did not achieve a high incidence.
The less frequent species were F. equiseti, F. sporotrichoides, F. tricinctum. F. poae achieved the
highest relative density (>50 %) (Figure 3, Figure 4).

Each fungus in FHB disease system has somewhat different environmental requirements, which
can, in part, explain why the frequencies of these species varies by location.
F. graminearum grows well over a wide range of temperature up to 30 °C and is associated with
warmer regions of the world (Bottalico, Perrone, 2002). In our cases F. graminearum was observed
in July — a month with the highest average temperature. Conversely, F. poae is a more efficient
pathogen at lower temperatures (20°C) and is found more frequently in temperate climates. In
Slovakia, prevalent Fusarium species on wheat in the long period were Fusarium culmorum and
Fusarium graminearum, depending on climate conditions (Srobarova, Srobér, 1982; Srobarova
1995). Our results indicate change in the composition of Fusarium species over the years. Maskova
et al. (2011) collected samples of winter wheat from 7 regions of Slovakia. They found out that the
most frequent species was F. poae. These results are identical with our results on barley. Rohacik
and Hudec (2005) also found the highest incidences of F. poae on winter wheat during the
vegetation period of the years 1999, 2000, 2002 and 2003. Increased incidence of F. poae was
observed also in France (loos et al., 2004). Xu et al. (2008) claimed that F. poae prefers dry and hot
climatic conditions.
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Figure 1: Frequency of occurrence of Fusarium species from barley asymptomatic grains in
Hronovce, 2011
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Figure 2: Frequency of occurrence of Fusarium species from barley asymptomatic grains in
Hronovce, 2012

558 | Page



Mendel
Net

MENDELNET 2013

&

w

= Fpoae

Favenmsoeten

W Feguiseti

= FE ramineartin

Positive isolates of Fusar ium [*s]

=]

ek

27.6

Diate

Figure 3: Frequency of occurrence of Fusarium species from barley asymptomatic grains in
Sklabina, 2011
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Figure 4: Frequency of occurrence of Fusarium species from barley asymptomatic grains in
Sklabina, 2011

Table 3: Relative density of Fusarium species on barley in Hronovce, 2011, 2012
Relative density (%)

Year 2011 2012
Date 21.6.| 27.6. | 10.7. | 21.6. | 28.6. 3.7. harvest
F. poae 0 0 80 0 100 0 50
F. sporotrich. 0 0 0 0 0 0 33.33
F. graminearum 0 0 0 0 0 0 16.67
F. equiseti 100 0 0 0 0 0 0
F. langsethiae 0 0 20 0 0 0 0

Table 4: Relative density of Fusarium species on barley in Sklabina, 2011, 2012

Relative density (%)
Year 2011 2012
Date 27.6.| 12.7. | 10.7. | 21.6. | 28.6. 3.7. harvest
F. poae 0 100 40 0 80 100 66.67
F. sporotrich. 0 0 0 0 0 0 16.67
F. graminearum 0 0 30 0 0 0 16.67
F. equiseti 0 0 10 0 0 0 0
F. avenaceum 100 0 20 0 0 0 0
F. tricinctum 0 0 0 0 20 0 0
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CONCLUSION

In Hronovce locality, the average infestation of Fusarium spp. on barley grains was 2.143 %. The
highest average incidence of Fusarium spp. was observed in locality Sklabing - 3.571 %. In total,
the 7 Fusarium species were identified in barley grains: F. poae, F. -equiseti,
F. langsethiae, F. sporotrichoides, F. culmorum, F. avenaceum, F. tricinctum. F. poae achieved a
higher frequency and relative density in both evaluated localities and both the years. Fusarium
graminearum achieved relatively high frequency of occurrence, but low relative density. Fusarium
avenaceum and Fusarium equiseti achieved high frequency of occurrence and relative density. Less
frequent species - F. tricinctum, F. sporotrichioides, F. langsethiae achieved low relative density in
population structure.Most scientists agree that management of FHB will require an integrated
approach. The knowleage of spectrum of Fusarium in Slovakia and also in specific localities,
understanding the epidemiology of the disease system is necessary for the success of predictive
modeling system, as well as for integrative management of mycotoxins and disease.
The composition of species did not change, only the dominance of species did.
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