PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Kolackova |, Smolkova B, Skladanka J,
Kouril P, Hrudova E (2023) Epiphytic microflora
and mycotoxin content in meadows-Is plant
biodiversity affecting fungal contamination? PLoS
ONE 18(9): €0288397. https://doi.org/10.1371/
journal.pone.0288397

Editor: Eugenio Llorens, Universitat Jaume 1,
SPAIN

Received: January 23, 2023
Accepted: June 23, 2023
Published: September 14, 2023

Copyright: © 2023 Kolackova et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Al relevant data are
within the paper and its Supporting Information
files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Epiphytic microflora and mycotoxin content in
meadows-Is plant biodiversity affecting
fungal contamination?

Ivana Kolackova®'®*, Barbora Smolkova'®, Jiri Skladanka'®, Petr Kouril>®,
Eva Hrudova®®®

1 Department of Animal Nutrition and Forage Production, Faculty of AgriSciences, Mendel University in Brno,
Brno, Czech Republic, 2 Department of Agrochemistry, Soil Science, Microbiology and Plant Nutrition,
Faculty of AgriSciences, Mendel University in Brno, Brno, Czech Republic, 3 Department of Crop Science,
Breeding and Plant Medicine, Faculty of AgriSciences, Mendel University in Brno, Brno, Czech Republic

® These authors contributed equally to this work.
* ivana.kolackova@mendelu.cz

Abstract

Ecosystem services are an important aspect of grasslands utilization; however, they are
often contradictory to their main purpose, which is a production of good quality and safe
feed. In this study, we evaluated the difference between grass monocultures and species-
rich mixtures in terms of epiphytic microflora and mycotoxin contamination levels. We
hypothesized that higher species diversity would lead to higher microbial counts, which
could lead to higher mycotoxin contamination risk. Differences in epiphytic fungal, yeast and
total amount of microorganisms (CFU g ') depending on the species diversity in the field
has been evaluated by cultivation method. Concentration of deoxynivalenol (DON), zearale-
none (ZEN) and aflatoxin B1 (AFB1) was measured by ELISA. Results are suggesting that
higher total amount of microorganisms were found in monocultures, however, fungal and
yeast counts were higher in species-rich mixtures. Higher species diversity of grasses was
related to higher total microbial count (TMC) and yeast colonization of phyllosphere. Our
results suggest higher risk of fungal phyllosphere colonization of species-rich mixtures with
higher biodiversity and therefore higher risk of mycotoxin contamination of such feed.

Introduction

Grasslands can be found all over the world and are one of the most abundant types of ecosys-
tems on the planet. With the total area of 49x10° km?, they serve a crucial role in feeding
world’s animal production [1]. However, production of potentially high-quality and low-cost
fodder is only one of many important functions. Non-productive aspects of grasslands such as
anti-erosion, phytosanitary and structure-forming functions are getting to the forefront of
public perception in the recent years as well as the issue of maintaining biodiversity in agricul-
tural land [2, 3]. These aspects are, however, only secondary for most farmers, and therefore
the rise in practical public policies and potential subsidies is unavoidable for changing farmers’
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mindset to focus not only on yield of forage production, but on ecosystem services as well [2].
The biggest issue with the wider use of flowering meadows for feeding delves in the insufficient
information about quality of such feed.

Quality of the produced feed depends mainly on the quality of inputs, e.g. forage grasses
and legumes. Fodder quality has a decreasing tendency each month throughout the year with
lowest quality in the oldest fodder stands. Study of Kononenko and Burkin [4] shows, that the
highest values of secondary metabolites, which are a common cause of health complications
and toxicosis in cattle, occur more frequently in the autumn. Additionally, it is possible to see
the emergence of mycotoxins in the areas where they were not detected in the past as a result
of climate change [5-7].

Levels of mycotoxin contamination of forage stands changes depending on the dominant
species in the mixture. Study of Kononenko and Burkin [8] states, that mycotoxins were pres-
ent in all mixtures. Furthermore, they were detected in at least 50% of the samples. In the mix-
tures where legume Vicia sp. was dominant was deoxynivalenol (DON) absent. Another study
adds that agroforestry can change the abundance of soil bacteria and fungi in comparison with
a monoculture and open grassland [9]. This suggests that number of grown species may affect
epiphytic microbiota as well.

Mycotoxicosis is often difficult to diagnose due to its non-specific symptoms and symp-
toms’ similarity with other clinical diagnoses. Therefore, the mycotoxins’ effects on animal
health can often escalate to death of an animal due to a slow diagnosis and often incorrect
treatment. This goes hand in hand with the welfare aspect of animal husbandry. Subsequently
it is important to note the economic impact on production by organ damage and decrease in
weight gain, feed efficiency and reproduction rate [10]. Clinical symptoms such as anorexia,
impaired rumen functionality, ankle adduction, posterior paralysis, dairy cow syndrome etc.
often occur [11].

Research interest in mycotoxin presence in fresh forage is limited in comparison with
mycotoxin contamination of cereals [12]. In the light of current information, it is important to
evaluate the quality of species-rich mixtures in comparison to monocultures for increasing the
their demand and growing area. We postulated that in diverse ecosystem, such as species-rich
mixtures, will be microorganisms, and especially fungi, more abundant. This, moreover, may
lead to higher levels of mycotoxin contamination in comparison with monocultures.

Material and methods

The experiment was established in 2018 on Mendel University in Brno’s Research station
Vatin, located in in the Bohemian-Moravian Highlands (49°52’ N, 15°96’ E). Site is located
560 m above sea level. Average yearly precipitation is 617 mm and average yearly temperature
is 6.9°C. Monthly weather conditions can be found in Fig 1. Soil class on the site is loamy-
sand, soil type is cambisol on the diluvium of piotic orthogenesis. Small plots used in the
experiment had 10 m” (1,25x8 m), no fertilization was applied in any of the variants. Each vari-
ant was established in triplets in Latin square design. Sampling was done 8. 10. 2020.
Following types of 2-year old stands were studied:

o Grass monocultures: Festuca arundinacea Schreb. (in the varieties "Prosteva’, 'Kora’, ’Apri-
lia’, "Philia’) and Lolium perenne L. (in the variety ’Promed’)

o Species-rich meadow mixtures comprising up to 27 plant species (Table 1):
o Mixture 1: 0% grasses + 40% legumes + 60% forbs

o Mixture 2: 70% grasses + 10% legumes + 20% forbs
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Fig 1. Average monthly temperature and precipitation in the experimental location.

https://doi.org/10.1371/journal.pone.0288397.9001

o Mixture 3: 90% grasses + 3% legumes + 7% forbs

Botanical composition of the mixture was species-wise the same as the botanical composi-
tion of experimental plots after two years after the establishment (during the sampling). Weed
species that were found on experimental variants can be found in Table 2. The overall weed
species’ percentage was <1% in monocultures and Mixture 1. The weed species’ percentage
was <5% in Mixtures 2 and 3. Therefore their effect on the experiment can be considered
negligible.

All analyses were done in specialised laboratory at Mendel University in Brno (49°21° N,
16°61" E). For microbial analysis 10 g of fresh biomass were used. The sample was homoge-
nized in sterile polyethylene bags on STOMACHER (Interscience, France) with 90 ml of sterile
saline for 1 minute. From the inoculum a series of 10-fold dilutions were prepared. Following
groups of microorganisms were cultivated: i) total microbial count (TMC) on Plate Count
Agar at 30°C for 72 h; ii) fungi (yeasts and other fungi) on Chloramphenicol Glucose Agar at
25°C for 120 h. Cultivation media were prepared according to the producers’ instructions
(BiokarDiagnostics, Allone, France). ColonyStarcolony counter (Funke Gerber, Berlin, Ger-
many)withpressure-sensitive automatic counter and illuminated counting platewas used for
countingof CFUs(colony forming units).The result was expressed asa number of CFUsper
gram offreshsample.

Biomass samples for mycotoxin analysis were prepared by drying fresh biomass at 60°C.
Pulverisette laboratory cutting mill (Fritsch, Idar-Oberstein, Germany) for preparation of sam-
ples (<1 mm particles) was used. ELISA was used for the quantitative analysis of mycotoxins.
Samples were prepared according to the test kits’ instructions (MyBioSource, San Diego, CA,
USA). Kits’ detection limits were 0.03 ug kg™ for deoxynivalenol (DON), 0.18 ug kg ™' for zear-
alenone (ZEN) and 0.03 ug kg™ for aflatoxin B1 (AFB1). Wavelenght in Synergy HTX Multi-
Mode Microplate Reader (BioTek, Winooski, VT, USA) was adjusted to 450 nm. Concentra-
tion of DON, ZEN and AFB1 was measured.
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Table 1. Species-rich mixtures’ seed components.

Botanical species Variety Percentage of component in the mixture (%)
Mixture 1 Mixture 2 Mixture 3
Agrostis capillaris L. 23 3.0
Anthoxanthum odoratum L. 3.1 4.0
Anthyllis vulneraria L. Pamir 5.3 1.3 0.4
Arrhenantherum elatius (L.) J. Presl et C. Presl 2.3 3
Bromus erectus Huds. 7.8 10
Carum carvi L. Prochan 1,7 0.6 0.2
Centaurea jacea L. 1.7 0.6 0.2
Cynosurus cristatus L. Roznovska 6.2 5
Fagopyrum esculentum Moench Zita 17.1 5.7 2
Festuca pratensis Huds. Otava 6.2 8
Festuca rubra commutata Zulu 5.4 5
Festuca rubra rubra Tagera 11.7 15
Festuca rubra trichophylla Viktorka 3.9 7
Festuca trachyphylla (Hack.) R. P. Murray Dorotka 7.8 18
Knautia arvensis (L.) Coulter 4.3 1.4 0.5
Leucanthemum vulgare Lam. 8.6 2.8 1
Lolium perenne L. Jozifek 1.6 2.0
Lotus corniculatus L. Leo 26,7 6.7 2.0
Onobrychis viciifolia Scop. Visnovsky 6.7 1.7 0.5
Phacelia tanacefolia Benth. Veétrovska 17.1 5.7 2
Phleum pratense L. Sobol 1.6 2
Poa pratensis L. Balin 7.8 10
Salvia pratensis L. 6 2 0.7
Sanguisorba minor Scop. 2.6 0.9 0.3
Silene vulgaris (Moench) Garcke 0.9 0.3 0.1
Trifolium pratense L. Start 1.3 0.3 0.1
Trisetum flavescens (L.) P. Beauv. Horal 2.3 3

https://doi.org/10.1371/journal.pone.0288397.1001

Data were evaluated by StatSoft Statistica 12.0 (TIBCO Software Inc., Palo Alto, CA, USA).
Shapiro-Wilk test for normality was used. Normal data was evaluated by single-factor
ANOVA and post-hoc Scheffé test, otherwise evaluation was done by Kruskal-Wallis ANOVA
or Mann-Whitney test. Significant differences were accepted if p < 0.05.

Table 2. Weed occurrence in experimental variants.

'Prosteva’ | 'Kora' | 'Aprilia’ | 'Philia’ | 'Promed' | Mixturel | Mixture2 | Mixture 3

Taraxacum sect. Ruderalia Kirschner, H. Ollgaard & étépének + + + + - + + +
Cerastium arvense L. - - - - + + + +
Lamium album L. + + + + + - - _
Poa annua L. - - - - +

Veronica arvensis L. + + + + + + + +
Veronica chamaedrys L. + - - - - - - _
Spergula arvensis L. - - - - - + + +
Galeopsis tetrahit L. - - - - . + + +
Stellaria media (L.) Vill. - - - - - + + +
Echinochloa crus-galli (L.) P. Beauv. + + + + + + + +

Symbol “+” marks occurrence of the weed species in the variant. No occurrence is marked with “-.

https://doi.org/10.1371/journal.pone.0288397.1002
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Results

There were no differences observed between TMC found in monocultures and species-rich
mixtures, average values measured were3.02x10° CFU g "' and1.72x10° CFU g "' (Table 3).

Significantly higher amounts of both Saccharomycotina (yeasts) and other fungi (OF)were
found in mixtures (yeasts 5.39x10° CFU g "' and OF 4.82x10° CFU g ') in comparison to
monocultures (yeasts 4.81x10*CFU g ' and OF 2.44x10°CFU g ).

The highest TMC present on the above-ground biomass was observed in perennial ryegrass
(1.37x10'° CFU g ). Furthermore, species-rich mixtures and ryegrass were more colonized by
microorganisms than monocultures of tall fescue (Table 4). Significantly higher values were
measured in Mixture I and III, there were no differences between Mixture I and fescues. The
lowest microbial colonization was observed in ’Aprilia’ (4.09x10” CFU g b,

Highest number of yeasts was found in Mixture IT (9.26 CFU g ™), lowest in ryegrass (7 500
CFU g ™), there were no significant differences between Mixtures I, Mixture III and the mono-
cultures. Moreover, significantly higher amount of OF was found in Mixture II (10 915 151
CFU g ') in comparison to the other variants. Lowest OF contamination was found in ’Aprilia’
(5.80x10” CFU g 1.

In mycotoxin testing, average DON concentration was below the limit of detection in our
monoculture samples, in mixtures it was 1.76 ug kg™'. ZEN levels of monocultures were signifi-
cantly lower in comparison to species-rich mixtures, 0.42 ug kg™ and 0.87 ug kg™ respectively.
However, AFB1 levels were significantly higher in monocultures (0.05 ug kg™') in comparison
to mixtures (0.03 pg kg ™).

No significant differences were found between ZEN and AFB1 levels of each individual var-
iant (Table 5). Highest average ZEN levels were found in Mixture IT (0.91 pg g '), lowest in
’Kora’ (0.30 pug g ). AFBI levels were significantly lower in Mixture IT and III in comparison
to Mixture I, ryegrass and fescues. The highest AFB1 contamination was found in ’Aprilia’
(18.33 ug g '), the lowest in Mixture ITI (4 pg g ™).

Discussion

Effects of acute or chronic mycotoxin toxicity can cause significant economic losses by
decreasing feed efficiency, immune competence, and overall performance [13]. World annual
crop losses of 1 billion metric tons have been estimated by Food and Agriculture Organization
of the United (FAO) [14]. Hassan and Zhou [15] estimate that annual losses due to fungal
infections and crop contamination can be as high as US$ 5 billion in the North America. Fur-
thermore, these authors state that costs connected to mycotoxin occurrence in both food and
feed will continue to rise. Marasas et al. [13] states, that estimated mean annual cost related to
food and feed contamination by DON, aflatoxin and fumonisin damage in the USA is US$ 946
million, with over US$ 100 million for aflatoxins alone [16].

Infection of feed crops with mycotoxigenic fungal pathogens is a worldwide problem. The
strict limits of aflatoxin concentration are defined for food in Commission recommendation
2005/925/EC to protect human health. In feed, the Directive 2002/32/EC on undesirable sub-
stances in animal feed regulates maximum limits of aflatoxins in feed [17]. However, there are
no actual limits set by the European Commission (EC) for fresh forage contamination in gen-
eral. In case of AFBI, it may be due to low incidence of aflatoxins in the EU, however for other
mycotoxins (ochratoxin A, DON, fumonisins, T-2 toxin, HT-2 toxin, ZEN and patulin) there
are no limits either. On the other hand, Council Directive 95/53/EC recommends monitoring
their occurrence in feed [18]. In the newer EC recommendation from 2006, guidance for maxi-
mum concentration of several mycotoxins has been established; however, hay or fresh forage
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Table 3. Average microbial colonization and mycotoxin contamination depending on diversity of botanical species in the sample.

Mixtures (n =9) Monocultures (n = 15)
Mean value SD Mean value SD
Total amount of microorganisms (log CFU g ) 9.24*° 9.00 9.48*° 9.74
Saccharomycotina (log CFU g ) 6.73" 6.65 4.68° 4.59
Other fungi (CFU g ) 6.68° 6.69 539° 5.44
Deoxynivalenol (ug kg™) 1.76° 1.31 <LOQ <LOQ
Aflatoxin B1(ug kg™) 0.03* 0.03 0.05° 0.01
Zearalenone (ugkg") 0.87° 0.34 0.42° 0.20

Results are expressed as a mean and standard deviation (SD). Mycotoxin concentration marked as <LOQ were under the limit of quantification (DON < 0.03 ug kg™).

Mean values are statistically significant at p < 0.05, when values in columns are marked with a different letter in the upper index.

https://doi.org/10.1371/journal.pone.0288397.t1003

limits were not included [19]. In comparison to these EC recommendations, limits for DON
(0.9-12 g kg™") or ZEN (0.25-3 g kg ™) were not exceeded in this experiment.

Interaction between several factors, such as year and plant density, may also affect myco-
toxin content [20]. These interactions may explain differences between mixtures and mono-
cultures. This is supported by the work of Zachariasova et al. [21], where DON, ZEN and
aflatoxins were not detected in clover-grass forage samples. However, DON and ZEN did
occur in hay. No differences in concentration of DON, ZEN and aflatoxins were found
between perennial ryegrass monoculture and fescue-based mixture by Skladanka et al. [22].
Our results showed no significant differences between monoculture species and therefore are
in agreement with their study. However, Baholet et al. [23] found significantly higher DON
and ZEN contamination in samples of tall fescue than perennial ryegrass. These conflicting
results may be caused by interannual variability that occurs in phyllosphere as well as myco-
toxin contamination [24, 25].

Table 4. Average microbial colonization depending on botanical species.

Total amount of microorganisms (log CFU g ') | Saccharomycotina (log CFU g ') | Other fungi (log CFU g )

Festuca arundinacea Prostela’ (n = 3) | Mean | 8.13° 435% 492°
SD 6.66 2.83 4.22

Festuca arundinacea’Aprilia’ (n=3) | Mean | 7.61° 453% 7.61%
SD 7.13 3.50 3.06

Festuca arundinacea ’Philia’ (n = 3) | Mean | 8.80° 5.01°% 5.50°
SD 8.10 4.33 4.86

Festuca arundinacea’Kora’ (n=3) | Mean |8.79% 4872 4.99°
SD 8.07 4.46 2.36

Lolium perenne ’Promed’ (n = 3) Mean | 10.14¢ 3.88° 582°
SD 8.64 3.53 5.54

Mixture I (n = 3) Mean |8.86% 595° 6.13°
SD 7.66 5.34 5.10

Mixture I (n = 3) Mean |9.18"° 6.97° 7.04°
SD 8.45 6.51 6.51

Mixture III (n = 3) Mean | 9.47°¢ 6.78 % 6.34°
SD 8.59 6.58 4.96

Results are expressed as a mean and standard deviation (SD). Mean values are statistically significant at p < 0.05, when values in columns are marked with a different

letter in the upper index.

https://doi.org/10.1371/journal.pone.0288397.t1004
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Table 5. Average mycotoxin contamination depending on botanical species.

Festuca arundinacea ’Prostela’ (n = 3)

Festuca arundinacea’Aprilia’ (n = 3)

Festuca arundinacea ’Philia’ (n = 3)

Festuca arundinacea’Kora’ (n = 3)

Lolium perenne ’Promed’ (n = 3)

Mixture I (n = 3)

Mixture II (n = 3)

Mixture III (n = 3)

Deoxynivalenol (ug kg™) Aflatoxin B1 (ug kg™) Zearalenone (ug kg™)
Mean <LOQ 0.0502 ° 0.4862 °
SD <LOQ 0.0016 0.4406
Mean <LOQ 0.0520 ° 0.3810°
SD <LOQ 0.0024 0.0706
Mean <LOQ 0.0500 * 0.3620 *
SD <LOQ 0.0070 0.0613
Mean <LOQ 0.0521° 0.2955°
SD <LOQ 0.0038 0.0137
Mean <LOQ 0.0420 ° 0.5896 °
SD <LOQ 0.0012 0.0271
Mean 1.3307 0.0535 * 0.8930°
SD 0.2061 0.0349 0.6261
Mean 2.7228 0.0212° 0.9140°
SD 1.9976 0.0165 0.1759
Mean 1.2348 0.0229° 0.8082 °
SD 0.8555 0.0099 0.1832

Results are expressed as a mean and standard deviation (SD). Mycotoxin concentration marked as <LOQ were under the limit of quantification (DON < 0.03 pg kg'l).

Mean values are statistically significant at p < 0.05, when values in columns are marked with a different letter in the upper index.

https://doi.org/10.1371/journal.pone.0288397.t1005

Phenotype as well as genotype affect the phyllosphere composition [26, 27]. Burkin et al. [4]

stated that the amount of mycotoxin in a monoculture depends on the monoculture species.
Pieczul et al. [28] studied mycoflora on Arhenantherum aristatum; this species, related to A.
odoratum present in our experimental mixture, is infected by many fungi pathogen species, of
which Fusarium spp. Is the most important. Presence of this species could therefore increase
the risk of high OF counts and subsequent mycotoxin contamination in Mixture 3. Out of 26
identified species found on Polish meadow was the highest level of fungal contamination
found in tall fescue and perennial ryegrass, which suggests potential feed safety risk of these
meadow species [3]. However, results of our experiment did not find microbial differences
between the grass species’ amounts of fungi and yeasts. This is in accordance with Baholet

et al. [23], where no significant differences were observed between ryegrass, fescue and timo-
thy. On the contrary, TMC in our experiment was significantly higher in ryegrass in compari-
son to fescues, which can suggest effects of other factors on the epiphytic microbial
communities. Results of Seguin et al. [29] showed, that both fungal species and fungal counts
in the sample were highly dependent on the botanical species sampled. Higher fungal counts

were observed more often in monoculture hay in comparison with multi-species hay, however,
these results depend on the type of multi-species hay observed. This was supported especially
in case of significantly lower fungal contamination was found in perennial ryegrass hay in
comparison with Alopecurus geniculatus or Crau and Swiss hay. Bacterial communities have
also been proven to show species-specific differences in amounts [30]. Epiphytic microbiota is
considered an important quality factor in subsequent processing of biomass into conserved
feed [30, 31]. Authors therefore imply that besides floristic composition of a sample and geo-

graphical location significantly affect hygienic quality of hay.
Biomass gathered from meadows can be colonized by multiple species of fungal mycotoxin

producers, including Humicola spp., Alternaria spp., Cladosporium spp., Torula spp., Fusar-
ium spp. and Mucor spp. [3]. Birdsfoot trefoil (Lotus corniculatus L.) is a host plant of the
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genera Alternaria, Phytophthora, Sclerotinia, Bipolaris, Rhizoctonia and Fusarium, while Fusar-
ium oxysporum being one of the most important pathogens of legumes [32, 33]. Accensi et al.
[34] compared three types of feed samples and found that higher occurrence of Aspergillus
spp.,» which also include the main producer of aflatoxins Aspergillus flavus, was detected in the
legumes (94.4%) in comparison to mixed feed samples (89.8%) and cereals (57.3%) [35]. Their
findings suggest that higher AFB1 concentration would potentially occur in species-rich mix-
tures containing legumes than in grass monocultures. However, this was not in accordance
with the results obtained in this experiment. AFB1 concentration were significantly higher in
monocultures than in mixtures containing legumes. Furthermore, mixtures that contained
lower percentage of legumes (Mixture 2 and Mixture 3) did not differ from high legume Mix-
ture 1 in the concentration of AFBI.

Crops have a different level of susceptibility to infection by mycotoxigenic fungi and conse-
quently to mycotoxin contamination [36]. Presence of mycotoxins in key fodder crops such as
maize as well as in small grain cereals and legumes e.g. pea and soy is well known [21, 37, 38].
Infection by toxicogenic fungi depends on many abiotic factors, such as weather conditions,
nutrient deficiency or excess, and biotic factors, such as insect damage. All of these factors pre-
dispose plant biomass for contamination in field [39]. Late forage harvest may lead to higher
contamination by microscopical fungi and thus to higher levels of mycotoxins [22, 39]. This is
in accordance with the study of Schenck et al. [40], where OF counts were higher in samples
with higher dry matter content. It is possible to assume that species-rich mixtures will be usu-
ally harvested later than grass monocultures, so that they can fulfill their ecosystem services.
This hypothesis may partially explain the higher concentration of DON and ZEN in mixtures
in comparison to monocultures. However, it does not support this hypothesis in terms of
AFBI1 contamination.

Plant genotype is a factor affecting the phyllospheric microbial communities differently,
depending on the observed microbial group [41]. When evaluated, forage crops grown in agro-
forestry systems showed similar levels of fungal colonization and subsequent mycotoxin con-
tamination as traditional monocultures. This may indicate the importance of species-rich
stands in terms of ecosystem services, without significant negative effects on the fungal con-
tamination of the final product [9]. In our study, there were significant differences among spe-
cies-rich mixtures in terms of microbial counts. Even between Mixture II and III, where the
species composition was the same, some differences were found. The abundance of species in
the mixtures differed, however. Due to this we hypothesize, that the reason is that one or mul-
tiple components, that are highly colonized by yeasts and fungi and, might have caused high
CFU counts in the experiment.

Plant defense mechanisms may be affected by amounts of specific lipids, such as sphingoli-
pids in cell membrane [42] or cell wall [43]. Zachariasova et al. [21], however, state that maize
leaves and corncobs contain higher amounts of protein and polysaccharides than grass, there-
fore they provide suitable conditions for surviving and spreading of fungi and other microor-
ganisms. Moreover, in the study of Venslovas et al. [38], negative correlation between crude
protein and crude fiber levels as well as ZEN concentration in silage samples was found.
Higher percentage of protein-rich components occur in legumes species. This may be one of
the factors responsible for higher OF counts as well as DON and ZEN contamination in mix-
tures, where legume component was present, in comparison to monocultures. This theory,
however, does not explain why Mixture 2 has higher OF counts in comparison to Mixture 1,
where the legume component has higher percentage overall. This points to other factors affect-
ing mycotoxin production. Similarly to our experiment, Schenck et al. [40] did not find any
correlation between organic nutrients and OF counts or mycotoxin concentrations. On the
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other hand, Venslovas et al. [38] found that DON concentration was negatively correlated
with dry matter content of grass silage.

Conclusion

Due to the current research and legislation focus on food and feed safety, the relationship
between agricultural commodities, microbial populations and subsequent mycotoxin contami-
nation influences the evaluation of potential health complications in animals. Contaminated
animal products can serve as a mycotoxin source in foodstuffs and cause long term health
problems. Therefore, our research helps to start a crucial conversation between consumers,
farmers and ecologists and establish good practices in diversity conservation as well as forage
production. However, there are multiple factors involved in microbial colonization of phyllo-
sphere and we cannot unambiguously say that a monocultures or species-rich stands are safer
in terms of mycotoxin producers or mycotoxin contamination.
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