
Caslavova et al., 2019            Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024)  
                                    Vol.42 (1): 7100-7106.  https://doi.org/10.35759/JAnmPlSci.v42-1.2 

7100 

Effect of foliar selenium application on the infestation 
of the perennial ryegrass Lolium perenne L. and tall 

fescue Festuca arundinacea Schreb. by fungal 
pathogen Fusarium culmorum (W.G. Sm.) Sacc. 

 
Iva Caslavova1*, Pavel Knot1, Pavel Horky1, Vlastimil Dohnal2, Pavel Fuksa3 & Jiri Skladanka1 

1 Department of Animal Nutrition and Forage Production, Mendel University in Brno, Zemedelska 1, Brno, 613 00, Czech 
Republic 
2 Department of Chemistry, J. E. Purkinje University in Usti nad Labem, Pasteurova 1, Usti nad Labem, 40096, Czech 
Republic 
3 Department of Forage Crops and Grassland Management, Czech University of Life Sciences Prague, Kamýcká 129, Praha, 
165 00, Czech Republic 
*corresponding author: Iva Caslavova, iva.caslavova@mendelu.cz  
Keywords: Ergosterol, Biotic stress, Selenate, Selenite 
 
Publication date 31/10/2019, http://www.m.elewa.org/JAPS 
 
1 SUMMARY 
Selenium is considered an essential element for the life of animals, including humans. 
Anyway, its necessity and function in the plant organism have not been fully explained yet. 
The aim of the work was to investigate an effect of foliar application of selenium on the 
infestation of the perennial ryegrass and tall fescue by fungal pathogen Fusarium culmorum 
based on a determination of ergosterol in plant biomass. Two major species of grass 
(perennial ryegrass and tall fescue) cultivated under defined climate chamber conditions 
were included in the experiment. Within 5 weeks from their germination, a solution of 
selenium in the form of selenite or selenate, corresponding to 4 mg/m2 Se, was foliarily 
applied onto the plants. After 14 days of spraying, a solution containing conidia of Fusarium 
culmorum was applied to the plants. Subsequently, samples of green matter were taken at 
14-day intervals, and the content of ergosterol and selenium were determined there. The 
content of ergosterol, which was selected as a marker of fungal pathogens, was found to be 
significantly higher (P<0.05) on the 28th day after the selenite and selenate application in 
both grass species. This increase was conclusive (P<0.05), when compared to the control 
group. No difference was observed between the selenium forms used. From our experiment, 
it is clear the plants of the perennial ryegrass and tall fescue were more easily attacked by 
fungal pathogen Fusarium culmorum after the application of selenium. Thus, it is possible 
to assume the application of selenium acts as stress a factor to plants. 
 
2 INTRODUCTION 
Perennial ryegrass Lolium perenne L. is the 
world's most widely used grass species for 
forage purposes (Wang et al., 2016) and lawns 

(Knot et al., 2017). It has been considered as a 
species requiring heat, sufficient moisture and 
nutrient supply in soil. It is characterized by 
high nutrients content, especially water-soluble 

carbohydrates (Skladanka et al., 2014). Plants of 
perennial ryegrass are commonly infected with 
endophytes that may increase resistance to 
stress factors, i.e. infestation with fungi of 
genus Fusarium spp. (Wiewiora 2015). Another 
species widely used in forage and turf planting 
is a tall fescue Festuca arundinacea Schreb. It is 
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characterized by wide ecological amplitude and 
great adaptability to weather fluctuations 
(Skladanka et al., 2014). Because of these 
positive features, it is often selected as a parent 
material for intergeneric hybrids (Humphreys et 
al., 2014). Selenium (Se) is an essential element 
significantly influencing health status of animals 
and humans. The insufficient supply of 
organism with this element leads to many 
disorders. Conversely, higher intake can be 
toxic (Rahman et al., 2015; Owosu-Sekyere et al., 
2013). Selenium, as a part of selenoproteins, 
regulates the antioxidant system and thus 
prevents the oxidative destruction of biological 
membranes and prevents the damage of the 
body by heavy metals. As a result of the 
involvement of selenium compounds in 
numerous biological functions, its deficit 
impairs overall health status of animals, 
increases the susceptibility of juveniles to 
infectious diseases, causes reproductive 
disorders or may be direct cause of an illness 

(Horky, 2014; Wang et al., 2016). Selenium 
concentration of plant biomass is derived from 
its soil content and may vary considerably 
depending on the region (Guerrero et al., 2014). 
Its effect on plants is not fully understood at 
present but according to a number of authors 
(Kaur and Nayyar, 2014; Djanaguiraman et al., 
2005; 2010) selenium increases the resistance of 
plants to abiotic and biotic stresses and acts as a 
growth regulator and antioxidant. A number of 

studies have found that adequate selenium 
supplementation has increased the growth rate 
of plants (Hartikainen et al., 2000; Xue 2001). 
On the other hand, excessive selenium doses 
may act as a stress factor (Hartikainen et al., 
2000). The sensitivity of plants to high selenium 
doses varies depending on the species and 
environmental conditions. Significant decrease 
in dry matter yield was observed above a level 
of 5µg Se.g-1 soil in raya Brassica juncea Czern L., 
and maize Zea mays L., 4 µg Se.g-1 soil in wheat 
Triticum aestivum L. and 10µg Se.g-1 soil in rice 
Oryza sativa L. shoots (Rani et al., 2005). Plants 
may be attacked by a number of fungal 
pathogens. A frequent cause of grass and cereal 
diseases leading to the production of 
mycotoxins is Fusarium ssp. These pathogens 
significantly reduce yields and the quality of the 
infected crops, and the production of 
mycotoxins directly threatens the health of 
livestock and humans and causes considerable 
economic losses. Ergosterol is a fungal 
indicator which offers an efficient measure of 
living fungal biomass (Kim and Vujanovic, 
2016; Wambacq et al., 2016). The aim of the 
work was to investigate the effect of foliar 
application of selenium on the infestation of 
the perennial ryegrass and tall fescue by fungal 
pathogen Fusarium culmorum (W.G. Sm.) Sacc. 
based on determination of ergosterol in plant 
biomass. 

 
3 MATERIALS AND METHODS 
3.1 Plants and Infection: The species tall 
fescue (Festuca arundinacea, Zuzana variety) and 
perennial ryegrass (Lolium perenne, Kertak 
variety) were used in the experiment. The 
experiment was carried out in a climate 
chamber under defined conditions - daytime 
temperature 24 °C (from 6 a.m. to 6 p.m.), 
night temperature 20 °C (6 p.m. to 6 a.m.), light 
day length 12 hours, light intensity 380 μmol·m-

1·s -1, relative humidity 65%. Each pot (10 cm × 
10 cm × 10 cm) was filled with substrate (600 
g) and sown with seeds (0.05 g seed/pot). In 
each group were realized three repetitions. The 
green mass from each repetition was analysed 

separately. The pots were stored in a climate 
chamber and plants regularly watered. Four 
weeks after sowing, the plants were cut to a 
height of about 3 cm to thicken the stand. 
Foliar application of selenium was performed 
after 7 days. Two forms - sodium selenite and 
sodium selenate were used. A solution of a dose 
of 4 mg/m2 of Se was prepared. Fusarium 
culmorum BCCO strain 20_0210, grown on 
potato dextrose agar from active culture, was 
used to induce infection. After 14 days of 
selenium application, the leaf tops were 
trimmed to disturb their integrity and to applied 
to the suspension of Fusarium conidia. 
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Subsequently, samples of green matter were 
taken at 14-day intervals, weighed and dried. 
The intensity of plant infestation by pathogen 
Fusarium culmorum was monitored by 
determining the content of ergosterol. 
3.2 Sample preparation: The dry plant 
samples were grinded. 0.5 g of grinded samples 
was mixed with 75% solution of HPLC grade 
methanol (Sigma-Aldrich, St. Louis, MO, USA) 
in Falcon 15 mL Conical Centrifuge Tubes 
(Corning, Tewksbury, MA, USA). Extraction of 
samples was performed by Multi Reax shaker 
(Heidolph, Schwabach, Germany) for 24 hours. 
Samples were centrifuged by a MPW 223a 
centrifuge (MPW, Warsaw, Poland) for 10 
minutes in frequency of 1024 rounds per 
minute. Supernatant from centrifuged samples 
was and filtrated by Nalgene 25mm Syringe 
Filters 0.45 µm (Thermo Fisher Scientific, 
Waltham, MA, USA). 1 ml of each filtrated 
sample was transferred to 50ml volumetric flask 
and diluted by 10 ml of distilled water. The 
volume of 1 ml of 2N Folin & Ciocalteu’s 
phenol reagent (Sigma-Aldrich, St. Louis, MO, 
USA) was added to samples, after 5 minutes 
fallowed by 10 ml of 7% Sodium carbonate 
(Sigma-Aldrich, St. Louis, MO, USA). 
Volumetric flasks were filled up by distilled 
water, mixed and left for 90 minutes.  
3.3 Determination of ergosterol: 
Ergosterol was extracted from leaf litter by 30 
min refluxing in alcoholic base and purified by 
solid-phase extraction. Calibration solutions 
were prepared by dissolving of Gallic acid for 
titration (Sigma-Aldrich, St. Louis, MO, USA) 
by 75% solution of HPLC grade methanol 
(Sigma-Aldrich, St. Louis, MO, USA) in 50ml 
volumetric flasks. Concentration of calibration 
solutions were: 1 mg/ml; 0.5 mg/ml; 0.25 
mg/ml; 0.1 mg/ml; 0.05 mg/ml and 0.025 
mg/ml. 1 ml of each calibration sample was 
transferred to 50ml volumetric flask and diluted 
by 10 ml of distilled water. The volume of 1 ml 

of 2N Folin & Ciocalteu’s phenol reagent 
(Sigma-Aldrich, St. Louis, MO, USA) was 
added to samples, after 5 minutes followed by 
10 ml of 7% Sodium carbonate (Sigma-Aldrich, 
St. Louis, MO, USA). Volumetric flasks were 
filled up by distilled water, mixed and left for 90 
minutes. All used distilled water was prepared 
by Ultrapore Simplicity Water Purification 
System type 1 (Merck Millipore, Billerica, MA, 
USA). Samples were filled into quartz cell 
SM/Q/10 (Exacta + Optech, San Prospero, 
Italy). Measurement of visible absorbance in 
wavelength of 765 nm was made by UV/VIS 
Spectrophotometer Lambda 25 (Perkin Elmer, 
Waltham, MA, USA). The concentration of 
samples was calculated from calibration line. 
The resulting concentration of original solid 
plant samples were calculated using formula: 

 
m is weight of phenolic compounds in 100 g of 
original dry plant sample (g), cg is concentration 
of phenolic acid in measured sample received 
from calculation from calibration line (g/ml), 
Vc is volume of calibration solutions used for 
reaction (1 ml), mr is weight of reference sample 
used for calculation (100 g), Vex is volume of 
extraction solution (10 ml), ms is weight of 
sample used for extraction (g) and Vp is volume 
of extracted sample used for reaction (1 ml). 
3.4 Statistical analysis: The data were 
processed statistically using STATISTICA.CZ, 
version 10.0 (the Czech Republic). The results 
were expressed as mean ± standard deviation 
(SD). Statistical significance was determined by 
examining the basic differences between 
control groups and variants treated with 
selenate or selenite of both experimental 
species using ANOVA and Scheffé’s test (one-
way analysis). The differences with P<0.05 
were considered to be significant.  
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4 RESULTS AND DISCUSSION 
Ergosterol is a part of cell walls of moulds and 
fungi, and therefore the determination of its 
content is used as an indirect parameter of total 
fungal biomass in the samples. However, the 
ergosterol content of the samples does not have 
to correspond to the amount of detected 
mycotoxins and cannot be used even as a 
marker for their tentative determination17. The 
observed ergosterol, which was chosen as a 
marker of fungal pathogen infestation, was 
found to have significantly higher (P <0.05) 
content on the 14th day after Fusarium culmorum 
infection in a perennial ryegrass. This increase 
was 66.7% compared to the control group. No 
significant difference was found in the tall 

fescue, compared to the control group or 
between the two forms of selenium (Fig. 1A). 
Samples obtained on the 28th day after Fusarium 
culmorum infection already showed a significant 
(P <0.05) increase in ergosterol content in 
selenium treated variants in both species. In the 
case of perennial ryegrass, the ergosterol 
content after selenate treatment was higher by 
80.7%, after selenium treatment even by 
147.0% higher compared to the control group. 
In the biomass of tall fescue, a rise in ergosterol 
content after selenate application by 202.6% 
and by 271.0% after selenite application was 
observed. There was no significant difference 
between used forms of selenium (Fig. 1B).  

 

 

  
Fig. 1: Content of ergosterol 14th day (A) and 28th day (B) after application of conidia of Fusarium 
culmorum 
 
Selenium is part of a number of enzymes and 
proteins with antioxidant activity7,18 and its 
presence in the plant can bring a number of 
benefits. Some authors (Betancor et al., 2015; 
Kumar et al., 2014; Klusonova et al., 2015) state 

selenium supplementation can increase 
resistance of plants to abiotic and biotic stresses 
and act as a growth regulator and antioxidant. 
On the other hand, selenium can be toxic to 
plants. It causes chlorosis, reduces 



Caslavova et al., 2019            Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024)  
                                    Vol.42 (1): 7100-7106.  https://doi.org/10.35759/JAnmPlSci.v42-1.2 

7104 

carbohydrate, protein and antioxidant content 
and deteriorates oxidative stress and 
methylglyoxal toxicity. These negative effects 
are particularly noticeable when high selenium 
doses are used (Ding et al., 2017). Our results 
show that plants treated with any form of 
selenium were more affected by fungal diseases 

(Mostofa et al., 2017). In mentioned publication 

was confirmed that selenium acted as a stress 
factor reducing the resistance of plants to 
fungal pathogens. On the other hand, the 
application of selenium did not eliminate plant 
growth, which was not only negatively affected 
but was even higher after selenium was applied 
(P <0.05), (Fig. 2A, 2B). 

 

 

  
Fig. 2: Yield of dry biomass 14th day (A) and 28th day (B) after application of conidia of Fusarium 
culmorum 
 
Dohnal et al. (2007) determined the grass 
species with fine leaves, such as perennial 
ryegrass, are more susceptible to fungal 
diseases, while tall fescue belongs to species 
that are more resistant. Increased plant 
resistance to fungal pathogens can also be 
achieved by symbiosis with endophytic fungi, 

which is very common in grasses (Panka et al., 
2013; Mika et al., 2005). The results coming 
from our observation are not statistically 
significant but may indicate a lower resilience of 
the tall fescue due to selenium application and 
consequently, its higher susceptibility to fungal 
pathogen infestation. 

 
4 CONCLUSION 
From our experiment, it is clear that the plants 
of the perennial ryegrass and tall fescue were 
more easily subjected to fungal pathogen 
Fusarium culmorum after the application of 
selenium. However, the infestation was 

progressively increasing from the application of 
selenium and the inducement of infection with 
conidia of Fusarium, content of ergosterol was 
increase up to 217 % in compare with control 
group. Therefore, it is possible to assume that 
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selenium application affects plants as a stress 
factor increasing the susceptibility of plants to 

fungal pathogens. 
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