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Abstract

Species complex Fusarium sambucinum was frequently isolated from ash stands in
Montenegro. Previous researches revealed that it is dangerous pathogen for one-year-
old seedlings. The aim of this research was to investigate the influence of
temeperature on growth and morphological characteristics of morphotype isolated
from one-year-old common ash (Fraxinus excelsior L.) seedlings in Montenegro.
Growth of Fusarium sambucinum pure cultures on different temperatures was the
fastest on 25°C while the absence of growth occurred on 32.5°C. Cultures on optimum
temperature were white reddish, aerial and with a lot hyaline, curved multi septate
conidia. This research covers basic ecological and morphological characteristics of
Fusarium sambucinum strain responsible for high pathogenicity towards one-year-old
common ash seedlings in Montenegro.
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1 Introduction

There is increasing threat to ash species in Europe due to ash dieback caused
by Hymenoscyphus fraxineus (Kowalski) Baral, Queloz and Hosoya (Gross et al. 2014)
and occurrence of large number of other fungal species in different stages of dieback
(Kowalski et al. 2016). Also, other studies showed a large number of fungal taxa
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colonizing common ash tissues (Przybyt 2002a; b; Bakys et al. 2009; Vemi¢ and
Milenkovi¢ 2018; Vemic¢ 2020). Due to this, the expansions of researches focused on
different fungal taxa recorded on common ash are required in order to better
understand ash dieback progress and the role of other fungi in it.

Genus Fusarium was established by Link in 1809 (Lesilie and Summerell 2006).
First, genus was named Fusisporium (Lesilie and Summerell 2013). Also, many authors
state this genus cause diseases in plants, humans and animals. Many plants have at
least one disease caused by Fusarium species (Lesilie and Summerell 2006).
Identification of species in this genus is complicated due to number of species in genus
was constantly changing in last century according to different taxonomic systems
(Moretti 2009). This genus has significant importance in forestry (Karadzi¢ 2010).

During the monitoring of fungal diversity and health condition of common ash
(Fraxinus excelsior L.) in Montenegro, species complex Fusarium sambucinum was
frequently isolated from one-year-old common ash trees (Vemic et al. 2019; Vemi¢
2020). This study was performed to investigate the influence of temperature on
growth rate and morphology of strain that caused significant dieback of one-year-old
common ash seedlings in Montenegro. Results will contribute to better understanding
the conditions contributing infection in field and solving complicated taxonomic
situation within this genus.

2 Material and method

2.1 Tested fungal strain

Fusarium sambucinum aff. strain used in this research was taken from the
mycological collection in Department of Forest Protection, University of Belgrade.
Fungus was isolated from one-year-old common ash (Fraxinus excelsior) seedlings
using standard procedure (Vemic¢ et al. 2019). Strain was previously identified using
molecular methods with ITS1/ITS4 and EF1/EF2 primers (Vemic et al. 2019). Cultures
of tested strain were grown in standard petri dishes on 3% MEA (malt extract agar,
Scharlau Spain, Torlak, Serbia).

2.2 Influence of temperature on mycelium

Cultures of tested strain were grown on next temperatures 10, 15, 20, 25,
27.5, 30, 32.5 and 35 °C. Experiment was finished after three days when all cultures
showed clear growth and some of the cultures nearly filled petri dish. Each petri dish
was measured at four directions and average growth based on the number of
measurements within each temperature was calculated. Measurements were
performed in mm using manual steel caliper (Euromaster Imp&Exp Co.Ltd, China) with
precision of 0.1mm. Vitality of cultures from 32.5 and 35 °C where growth of mycelium
stopped was additionally examined. Vitality was assessed through placing these
cultures on optimum temperature after the experiment with different temperatures
was finished.

2.3 Examination of morphological characteristics

Cultures grown on optimum temperature were chosen for investigation of
morphological characteristics including color and texture of colony as well as types

Reforesta Scientific Society 37



REFORESTA (2021) 11:

36-44 Vemic¢ and Radulovié

2.4 Statistical met

3 Results

and shapes of spores. Examination was performed on 3% MEA. Characteristics of
colony were assessed visually. Characteristics of spores were examined with AmScope
B120 C E1 microscope under 400x enlargements. Examined characteristics included:
abundance of sporodochia and spores, types of spores and shape of spores.

hods

Kruskal Wallis test was used to test difference in mycelium growth between
tested temperatures. A Mann Whitney U test was used to test difference in mycelium
growth between each pair of tested temperatures. Arithmetic mean with standard
deviation was used to show average growth of mycelium within different
temperatures. All analyses were performed in SPSS 21 and Microsoft Office Excel 2010
software.

3.1 Influence of temperature on mycelium

value

There was statistically significant difference in mycelium growth between
tested temperatures (H = 300.480, p < 0.000001). The lowest growth was recorded on
10°C while the fastest growth was recorded on 25°C (Figure 1, Table 1). The absence of
growth was recorded on 32.5°C (Figure 1, Table 1). Values of growth showed that
higher temperatures lead to faster decline of mycelium growth (Figure 1, Table 1).
Cultures from 32.5 and 35°C were still alive after the end of experiment. Daily growth
of cultures during the experiment is showed on Figures 2-7.
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Figure 1. Average growth of cultures according to temperature.
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Figure 2. Daily growths of cultures on 10°C.
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Figure 3. Daily growths of cultures on 15°C.
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Figure 4. Daily growths of cultures on 20°C.
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Figure 5. Daily growths of cultures on 25°C.
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Figure 6. Daily growths of cultures on 27.5°C.
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Figure 7. Daily growths of cultures on 30°C.
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There was statistically significant difference in mycelium growth between
different pairs of temperatures (Table 1).

Table 1. Average growth of cultures according to temperature.

Temperature °C Arithmetic mean* (mm/day) Standard deviation

10 1.1639a 0.07617
15 1.9611b 0.07281
20 4.2333c 0.32426
25 4.7528d 0.78065

27.5 3.9167e 0.60687
30 2.2861f 0.44411

32.5 0 0
35 0 0

*Statistically significant differences in rows are labeled with different letters

3.2 Morphological characteristics

On optimum temperature on MEA culture was aerial, whitish red (Figure 8). It
was fast growing, sometimes with small numbers of concentric rings (Figure 8).

Figure 8. Fusarium sambucinum aff. culture.

Sporodochia with spores were abundant. Both macroconidia and microconidia
were present and abundant (Figure 9a). Macroconidia were multi septate, slightly
curved with pointed apical cells (Figure 9a). Microcinidia were non septate or with one
septum (Figure 9a). Chlamydospores were occasionally present (Figure 9b). They were
typical in chains and clusters (Figure 9b). Their presence was not always visible and
sometimes the age of culture contributed to their occurrence.
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Figure 9. Fusarium sambucinum aff. microstructures A-macroconidia and microconidia, B-chlamydospores.

4 Discussion

The widespread abundance of ash trees does not make them less vulnerable
to dieback (Pautasso et al. 2013). Besides Hymenoscyphus fraxineus, there are
hundreds of fungal species recorded on common ash (Fraxinus excelsior) according to
USDA database (Pautasso et al. 2013). Also, other Fusarium species occurs on common
ash (Fraxinus excelsior), (Przybyt 2002a; b; Kowalski and tukomska 2005; loos et al.
2009; Bakys et al. 2009; Cleary et al. 2013; Davydenko et al. 2013). All of tested
Fusarium avenaceum, Fusarium lateritium and Fusarium solani were slightly
pathogenic (Kowalski et al. 2017).

This species complex is found usually in temperate parts of world (Kommedahl
et al. 1975, 1988). Also, Fusarium sambucinum aff. occurrs on various woody hosts
(Booth 1971). Leslie and Summerell (2006) named many records of this species on
seed of different plant species. Also, this species complex was frequently found on
common ash seed in Montenegro (Vemi¢ 2020). Because isolate from seed belonged
to the same morphotype as isolates from one-year-old seedlings it could be concluded
that their investigated characteristics are similar. Because tested strain caused
massive dieback of one-year-old common ash seedlings, the investigation of its basic
ecological and morphological characteristics serve as basis for other researches of this
strain. Strains of Fusarium species can synthetize hundreds of different toxins whereby
not all of them are completely understood (Leslie and Summerell 2013). Due to that,
knowledge about basic bio ecological characteristics of this strain will help its faster
screening during isolations for further researches about its toxigenicity.

There were many studies about classification of this fungus. According to
Gams et al. (1997) Fusarium sambucinum is type species in genus Fusarium. However,
Nirenberg (1995) accepted Fusarium sambucinum as type species but also included
Fusarium sulphureum and Fusarium trichothecioides within this species. Also,
Nirenberg (1995) separated new species as Fusarium torulosum comb. nov and
Fusarium venenatum sp. nov. while some other species that previously were included
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5 Conclusion

6 References

in  Fusarium sambucinum remained unsolved. Though, this morphological
differentiation was not supported with previous molecular analyses by O’Donell
(1992). Anyway, Fusarium sambucinum can be easily confused with Fusarium
torulosum and Fusarium venenatum due to similar morphology (Leslie and Summerell
2006). Laraba at al. (2021) stated that Fusarium sambucinum complex is one of the
most taxonomically challenging in genus Fusarium. Investigation of population
genetics showed that populations in Europe are more diverse than those in United
States (Desjardins 1995).

Identification of species in this genus is partly comforted with sequencing
single gene tef 1a which is currently widely used for this purpose (Geiser et al. 2004).
However, identification based on gene can only serve as guide due to initial
identification by person that deposed sequence was performed on the other way
(Leslie and Summerell 2013). These results can serve for improving knowledge about
designing more accurate identification based on pure cultures.

Results based on this research pointed to next conclusions:

- Mycelium grew at temperature range 10-30°C. Mycelium growth stopped
at 32.5°C. However, temperatures 32.5 and 35°C where growth was
absent didn’t affect vitality of mycelium during the experiment.

- Optimum temperature for mycelium growth was achieved at 25°C.

- Cultures were aerial, white reddish, with some ambiguously visible
concentric rings on upper side and fast growing.

- Strain formed microconidia and macroconidia. However, macroconidia
were much more abundant. Macroconidia were multi septate, slightly
curved and pointed apical cells. Microconidia were non septate or with
one septum. However, variation in visibility of different types of conidia
could be due to used technique for their examination as well as that they
are formed much rarer than macroconidia.

- Chlamydospores were present, typical for this species complex and
formed in chains and clusters. They were middle abundant and their
variation in appearance was somewhat dependent on age of culture.

Booth (1971) The genus Fusarium. Commonwealth Mycological Institute, Kew, Surrey, England.
Bakys R, Vasaitis R, Barklund P, Thomsen IM, Stenlid J (2009) Occurrence and pathogenicity of fungi in

necrotic and non-symptomatic shoots of declining common ash (Fraxinus excelsior) in Sweden.
Eur J Forest Res 128(1): 51-60 https://doi.org/10.1007/s10342-008-0238-2

Cleary MR, Arhipova N, Gaitnieks T, Stenlid J, Vasaitis R (2013) Natural infection of Fraxinus excelsior

seeds by Chalara fraxinea. Forest Pathol 43(1):83-85. https://doi.org/10.1111/efp.12012

Davydenko K, Vasaitis R, Stenlid J, Menkis A (2013) Fungi in foliage and shoots of Fraxinus excelsior in

eastern Ukraine: a first report on Hymenoscyphus pseudoalbidus. Forest Pathol 43(6): 462-467.
https://doi.org/10.1111/efp.12055

Desjardins AE (1995) Population structure of Gibberella pulicaris (anamorph Fusarium sambucinum)

from potato tuber dry rot in North America and Europe. American Potato Journal 72: 145-156.

Gams W, Nirenberg Hl, Seifert KA, Brayford D, Thrane U (1997) Proposal to conserve the name Fusarium

sambucinum (Hyphomycetes). Taxon 46: 111-113.

Reforesta Scientific Society 43


https://doi.org/10.1007/s10342-008-0238-2
https://doi.org/10.1111/efp.12012
https://doi.org/10.1111/efp.12055

REFORESTA (2021) 11: 36-44 Vemic¢ and Radulovié

Geiser DM, Jimenez-Gasco M, Kang S, Makalowska |, Veeraraghavan N, Ward TJ, Zhang N, Kuldau GA,
O’Donnell K (2004) FUSARIUM-ID v. 1.0, A DNA sequence database for identifying Fusarium. Eur
J Plant Pathol 110(5): 473-479. https://doi.org/10.1023/B:EJPP.0000032386.75915.a0

Gross A, Holdenrieder O, Pautasso M, Queloz V, Sieber TN (2014) Hymenoscyphus pseudoalbidus, the
causal agent of European ash dieback. Mol Plant Pathol 15(1): 5-21.
https://doi.org/10.1111/mpp.12073

loos R, Kowalski T, Husson C, Holdenrieder O (2009) Rapid in planta detection of Chalara fraxinea by a
real-time PCR assay using a dual-labelled probe. Eur J Plant Pathol 125(2):329-335.
https://doi.org/10.1007/s10658-009-9471-x

Karadzi¢ D (2010) Sumska fitopatologija, Univerzitet u Beogradu, Sumarski fakultet. [in Serbian]

Kommedahl T, Abbas HK, Burnes PM, Mirocha CJ (1988) Prevalence and toxigenicity of Fusarium spp.
from soil of Norway near the Arctic Circle. Mycologia 80: 790-794.

Kommedahl T, Windels CE, Lang DS (1975) Comparison of Fusarium populations in grasslands of
Minesota, USA and Iceland. Mycologia 67: 38-44.

Kowalski T, Bilanski P, Kraj W (2017) Pathogenicity of fungi associated with ash dieback towards Fraxinus
excelsior. Plant Pathol 66(8): 1228-1238.

Kowalski T, Kraj W, Bednarz B (2016) Fungi on stems and twigs in initial and advanced stages of dieback

of European ash (Fraxinus excelsior) in Poland. Eur J Forest Res 135: 565-579.
https://doi.org/10.1111/ppa.12667

Kowalski T, tukomska A (2005) The studies on ash dying (Fraxinus excelsior L.) in the Wtoszczowa Forest
Unit stands. Acta Agrobotanica 59(2): 429-440. (in Polish with English abstract).

Laraba I, McCormick SP, Vaughan MM, Geiser DM, O’Donnell K (2021) Phylogenetic diversity,
trichothecene potential, and pathogenicity within Fusarium sambucinum species complex. PLoS
ONE 16(1): €0245037. https://doi.org/10.1371/journal.pone.0245037

Leslie JF, Summerell BA (2006) The Fusarium Laboratory Manual. Blackwell Publishing.

Leslie JF, Summerell BA (2013) An overview of Fusarium, In: Brown DV, Proctor RH (eds) Fusarium
Genomics, Molecular and Cellular Biology. Caister Academic Press. Norfolk, UK, pp. 1-11.

Moretti A (2009) Taxonomy of Fusarium genus: A continuous fight between lumpers and splitters.
Zbornik Matice Srpske za Prirodne Nauke 117, 7-13.

Nirenberg HI (1995) Morphological differentiation of Fusarium sambucinum Flickel sensu stricto, F.
torulosum (Berk. & Curt.) Nirenberg comb.nov., and F.venenatum Nirenberg sp.nov.
Mycopathologia 129: 131-141.

O’Donell K (1992) Ribosomal DNA internal transcribed spacers are highly divergent in the
phytopathogenic ascomycete Fusarium sambucinum (Gibberella pulicaris). Current Genetics 22:

213-220.
Pautasso M, Aas G, Queloz V, Holdenrieder O (2013) European ash (Fraxinus excelsior) dieback — A
conservation biology challenge. Biol Conserv 158: 37-49.

https://doi.org/10.1016/j.biocon.2012.08.026

Przybyt K (2002a) Fungi associated with necrotic apical parts of Fraxinus excelsior shoots. Forest Pathol
32(6): 387-394. https://doi.org/10.1046/j.1439-0329.2002.00301.x

Przybyt K (2002b) Mycobiota of thin roots showing decay of Fraxinus excelsior L. young trees.
Dendrobiology 48: 65-69.

Vemi¢ A (2020) Influence of mycoses on health condition of main broadleaf species in the area of
‘Biogradska gora’ National Park. Dissertation, University of Belgrade - Faculty of Forestry,
Belgrade, Serbia. 137 pp. [in Serbian].

Vemic A, Milenkovi¢ | (2018) The distribution of the common ash mycoses in ‘Biogradska gora’ National
Park. Forestry 1-2: 143-154 [in Serbian].

Vemic¢ A, Tomsovsky M, Jung T, Milenkovi¢ | (2019) Pathogenicity of fungi associated with ash dieback
symptoms of one-year-old Fraxinus excelsior in Montenegro. Forest Pathol 49(5): e12539.
https://doi.org/10.1111/efp.12539

Reforesta Scientific Society 44


https://doi.org/10.1023/B:EJPP.0000032386.75915.a0
https://doi.org/10.1111/mpp.12073
https://doi.org/10.1007/s10658-009-9471-x
https://doi.org/10.1111/ppa.12667
https://doi.org/10.1371/journal.pone.0245037
https://doi.org/10.1016/j.biocon.2012.08.026
https://doi.org/10.1046/j.1439-0329.2002.00301.x
https://doi.org/10.1111/efp.12539

