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ABSTRACT. Sesbania virgata is a native Brazilian plant species. It exhibits rapid growth, a high soil cover
potential, and efficient soil seed bank formation and is used in environmental restoration projects. The soil
seed bank is susceptible to fungal infection and other biotic factors. However, only a few studies have
reported on the fungi on the surface of S. virgata seeds. Moreover, little is known about how substances
present in the seed integument affect fungal communities and their role in adapting to and thriving in new
environments. Herein, S. virgata seeds were collected from populations that produce or do not produce the
flavonoid catechin in the seed coat. These seeds were subjected to laboratory tests to identify and quantify
the fungal populations in the integument. We selected and subjected three genera to irrigation and
inoculation tests with S. virgata extracts and seeds from both populations. We observed that the aqueous
seed coat extracts inhibited Alternaria sp. micellar and augmented Phoma sp. growth. Phoma sp. also caused
post-germinated seed lethality. Our data indicate that the seed coat of S. virgata contains antifungal
substances that endow this species with an adaptive advantage.
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Introduction

Allelopathy is a natural phenomenon through which one organism produces biochemicals that affect the
germination, growth, reproduction and/or survival of other living beings (De Conti & Franco, 2011; Pinto et al.,
2016). It can also influence microorganism populations (Arruda et al., 2006; Ferreira, Medeiros, & Soares, 2008;
Souza Filho, Vasconcelos, Zoghbi, & Cunha, 2009; De Conti & Franco, 2011; Gomes, Fortes, Silva, Bonamigo, &
Pinto, 2013), such as phytopathogenic fungi (Hasse, May-de-Mio, & Lima Neto, 2007). It is directly related to
maintaining the ecosystem's balance.

It has been shown that allelopathy is influenced by interactions between environmental conditions and
secondary metabolite production (Iganci, Bobrowski, Heiden, Stein, & Rocha, 2006). Indeed, some
allelopathic species exhibit defense mechanisms based on synthesizing specific metabolites, thus providing
them with an adaptive advantage (Lara-Nunez et al., 2006; Goncalves, 2015). Ceballos, Hossaert-Mckey,
Mckey and Andary (1998) verified the exudation of secondary metabolites, including catechins,
proanthocyanidins and luteolin, by two Sesbania species. In Sesbania drummondii (Rydb) Cory (perennial
species), the amount of the flavonoid (+)- catechin was greater than (-)- catechin. Additionally, there was a
predominance of (-)- catechin in Sesbania vesicaria (Jacq.) Ell. (annual species). Notably, it was found that S.
vesicaria was more susceptible to attack by the fungus Alternaria sp. and that S. drummondii could inhibit this
microorganism's growth. Thus, it seems plausible that the (+)- catechin has antimicrobial activity.

Additionally, Simoes et al. (2008) detected phytotoxin quercetin and the alkaloid sesbanimide A in Sesbania
virgata (Cav.) Pers. seeds. The former is a toxic substance not exudated into the medium during germination, and
the latter has antifungal properties. Sesbanimide A was detected in S. virgata seed exudate and could inhibit the
growth of the fungus Cladosporium sphaerospermum Pemzig. Furthermore, Praxedes, Zerlin, Dias and Pessoni
(2011) reported that proteins from S. virgata seeds could inhibit the growth of the filamentous fungi Aspergillus
niger, Cladosporium cladosporioides, Colletotrichum gloeosporioides and Fusarium solani.
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When examining the effects of crude exudates from S. virgata seeds and roots on arbuscular mycorrhizal
fungi, Coelho, Mignoni, Silva and Braga (2019) observed that these fungi were stimulated in the presence of
seed exudates. In this sense, substances from S. virgata seeds have inhibitory and stimulatory effects,
depending on the fungus in the environment in which it develops.

Sesbania virgata (Cav.) Pers. belongs to the Fabaceae family. It is native to South America (Aradjo,
Mendonca, Barbosa, Lamonica, & Silva, 2004). In Brazil, it mainly grows in the Cerrado and Atlantic Forest
areas (Pott & Pott, 1994). It is commonly recommended and employed for restoring mining-degraded areas
(Coutinho et al., 2005; Florentino & Moreira, 2009; Souza, Agra, Andrade, Oliveira, & Oliveira, 2010). S.
virgata is a pioneer species that can form a soil seed bank with high longevity. Notably, with fast germination
and development rates, this species efficiently covers the soil (Coutinho et al., 2005) and has been referred to
as a super-dominant species (Matos & Pivello, 2009).

In addition to these characteristics, it has allelopathic properties against native (i.e., Brazil) and exotic
plant species (Id, Braga, & Santos Junior, 2020; Mignoni, Simoes, & Braga, 2017). Its allelopathic action
is mainly due to the flavonoid (+)- catechin, which displays phytotoxic potential and is released by the
seeds in significant quantities (Simoes et al., 2008). In some soils and for some species, the interaction
between the catechins and the soil microbial communities can inhibit plant growth (Inderjit, Wardle,
Karban, & Callaway, 2011).

We hypothesize that ecological characteristics, including seed bank formation capability, rapid growth,
and allelopathic and potentially antifungal substance (e.g., catechins) production, may justify the
aggressiveness of S. virgata in the environment. This work's objective was to describe the S. virgata seed
mycota and determine how these fungi react to S. virgata seed coat extracts and how the seeds respond to
inoculation with specific fungal species.

Material and methods

Samples

In laboratory tests, fungi on the seed coat of S. virgata were identified and quantified according to their
incidence and severity. We assessed the effect of applying S. virgata seed coat extract to fungal spores and
inoculating S. virgata seeds with the mycelium of these fungi.

Samples were collected from three S. virgata populations with detectable levels of the allelochemical (+)-
catechin in the plant material and ripe fruits. We also collected samples from three populations where the
allelochemical was not present at detectable levels. All populations are located in the Lavras (MG)
municipality and were characterized according to preliminary studies (Id et al., 2015).

Sesbania virgata integument extract production

Seed integument extraction involved homogenizing 800 seeds from catechin-producing and non-
producing S. virgata populations in batch. Each seed was manually scarified with P60 sandpaper and placed
in black plastic boxes (11x11x3.5 cm). The seeds were soaked in 70% ethyl alcohol (diluted with autoclaved
water) for seven hours in an air-conditioned chamber at 25°C for disinfection. This soaking step also
facilitates integument extraction. Next, we manually extracted the seed integuments with a sterile scalpel
blade and transferred them to aluminum foil envelopes. The samples were then frozen, lyophilized (48 hours)
and macerated in a ball mill.

The material was weighed and dissolved in autoclaved water. This mixture was then filtered and diluted to
the following weight/volume recommendations: 0.1, 0.5 and 1.0%. These values as based on previous
experiments using seed extracts from the catechin-producing and non-producing populations (Simoes et al.,
2008; Id et al., 2015). Aqueous extracts of commercially available (+)- catechin standard (Sigma-Aldrich) were
used as the positive control at a concentration of 1 mg mL.

Identification and severity of fungi

We utilized the filter paper method (Brasil, 2009) to identify and isolate fungi in the S. virgata seeds. This
method involves depositing S. virgata seeds into sterile Petri dishes (90x15 mm) containing two sterilized and
moistened (with autoclaved water) sheets of filter paper. We used 200 seeds from the catechin-producing and
200 from the non-producing populations.
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Additionally, we assessed the effects of sterilization and scarification on the filter paper method results.
Towards this goal, groups of seeds from the catechin-producing and the non-producing populations were
formed to evaluate the following treatment conditions: nonsterilized and non-scarified (NE), nonsterilized
and scarified (E), sterilized and non-scarified (S) or sterilized and scarified (SE).

Sterilization was achieved by immersing the seeds in 70% alcohol (1 min.), 2% sodium hypochlorite (1 min.)
and finally distilled and sterilized water (1 min). Scarification was performed manually with a flame-sterilized
scalpel blade, and seeds were incubated in an air-conditioned chamber for eight days at 20 + 2°C with a 12-hour
photoperiod. Each treatment was repeated ten times, using five seeds per repetition.

Identifying the fungal colonies on the seed coat and evaluating their incidence and severity was carried
out using a stereomicroscope. This approach allows for the visualization of morphological characteristics of
the fungi, such as conidia (Barnett & Hunter, 1999).

The degree of fungi severity was based on the scale proposed by Frangoso and Barbedo (2016). A score of ‘zero’
on this scale corresponds to seeds not being infected with the evaluated fungus, ‘trace’ corresponds to very low
numbers of small colonies, ‘weak’ corresponds to colonies with weak/sparse growth occupying <40% of the seed,
‘moderate’ corresponds to colonies with slow superficial growth occupying 41-100% of the seed and ‘intense’
corresponds to dense and evenly distributed colonies, with intense growth occupying 41 to 100%.

Following the identification and incidence analyses, six main genera of fungi were identified, and after
evaluating the degree of severity results for each fungus in the S. virgata seeds, we decided to isolate three
fungi species (Phoma sp., Cladosporium sp. and Alternaria sp.).

For the extract application studies, the fungal colonies were formed by inoculating the central point of the
Petri dishes containing potato-dextrose-agar (BDA) culture medium. The plates were incubated at 20 * 2°C
with a 12-hour photoperiod (Brasil, 2009).

Application of extracts to fungal colonies

Mycelia of the three fungi isolates, previously selected and grown in BDA culture medium, were removed
and placed, with the aid of a flamed stylet, in the center of sterile Petri dishes (90x15 mm) containing agar-
agar culture medium. Following inoculation and subsequent fungal colony formation, the plates were treated
with 5 mL of the aqueous S. virgata integument extracts (at previously defined percentages), distilled and
autoclaved water (control) or an aqueous extract with commercial catechin (positive control). The plates were
sealed with plastic material and incubated for 15 days in an air-conditioned chamber at 20 + 2°C with a 12-hour
photoperiod.

The reaction of the fungi to the extract was assessed by measuring and calculating the average radial
growth of the colonies. This was accomplished using a millimeter ruler and measuring two diameters,
previously marked on the Petri dish's bottom. We evaluated each treatment's effect five times for each
selected fungi, using four plates per repetition.

Germination of infected Sesbania virgata seeds

To assess the effect the selected fungi had on the S. virgata germinative process, seeds from the catechin-
producing and non-producing populations were disinfected with 2% sodium hypochlorite (1 min.), 70%
alcohol (1 min.) and distilled and sterilized water (1 min.). Following disinfestation, the seeds were manually
scarified with a flame-sterilized scalpel blade.

The seeds were transferred to sterile Petri dishes containing two sterilized and moistened (with distilled
and autoclaved water) sheets of filter paper. With a flamed stylus, mycelia of 1 mm? of each fungus were
removed and used to inoculate the seed coat of S. virgata seeds. This procedure was performed for the three
genera of fungus, thus representing three treatments applied to the seeds of S. virgata. For each fungus, that
is, for each treatment, five repetitions were used with four plates per repetition (with five seeds per plate).
The material was then incubated at 20 + 2°C with a 12-hour photoperiod.

The treatments lasted ten days. At the end of this period, germination percentage, the germination speed
index (Maguire, 1962) and seed mortality were calculated.

For each experimental test with fungi, a completely randomized design was employed. Data were analyzed
using analysis of variance (ANOVA), and significant differences between the means of treatments were
identified by the Tukey test (p<0.05). Statistical analyses were conducted with the SISVAR 5.1 statistical
program (Ferreira, 2010).
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Results and discussion

Severity of fungi

We initially selected six fungal genera: Phoma sp., Pestalotiopsis sp., Cladosporium sp., Fusarium sp.,
Rhizopus sp. and Alternaria sp. (Figure 1). According to the graphs, it was observed that the most prevalent
fungi in the S. virgata seed coat were Phoma sp., Pestalotiopsis sp., Cladosporium sp. and Fusarium sp genera.
In contrast, fungi of the genera Rhizopus sp. and Alternaria sp. were less prominent. We also observed a strong
influence on the results when considering the sample treatment method and seed origin. Interestingly, these
factors influenced the presence or absence of these fungi. Based on these results, we also evaluated these
treatments using severity tests.
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Figure 1. Mean values of incidence (%) for Phoma sp. (A), Pestalotiopsis sp. (B), Cladosporium sp. (C), Rhizopus sp. (D), Fusarium sp. (E) and
Alternaria sp. (F) in S. virgata (Cav.) Pers. seeds originating from catechin-producing (red bars) and non-producing (blue bars) populations and after
the following treatments: nonsterilized and non-scarified, nonsterilized and scarified, sterilized and non-scarified and sterilized and scarified.

According to the data obtained and presented in Figure 2, some fungi, such as Phoma sp., Pestalotiopsis sp.,
Cladosporium sp. and Fusarium sp., were more incident and had higher severity rates. Notably, the incidence and
severity varied depending on the seed origin. For example, we observed that Rhizopus sp. and Alternaria sp., fungi
with the lowest incidence and severity, exhibited origin-specific differences in the degree of severity.
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Figure 2. Mean values of the degree of severity (%) for Phoma sp. (A), Pestalotiopsis sp. (B), Cladosporium sp. (C), Rhizopus sp. (D),
Fusarium sp. (E) and Alternaria sp. (F) in S. virgata (Cav.) Pers. seeds originating from catechin-producing and non-producing
populations and after the following treatments: nonsterilized and non-scarified, nonsterilized and scarified, sterilized and non-
scarified and sterilized and scarified. Degree of severity ‘zero’ (white bar), degree of severity ‘trace’ (yellow bar), degree of severity
‘weak’ (green bar), degree of severity ‘moderate’ (purple bar) and degree of severity ‘intense’ (red bar).

It is plausible that these observed variations in occurrence are related to evolutionary mechanisms of
fungal tolerance, such as the ability to degrade allelopathic substances (Zhu, Zhang, & Ma, 2011). Indeed,
fungal tolerance strategies include enzyme production, self-resistance or efflux mechanisms (Morrissey &
Osbourn. 1999), which prevent intracellular antifungal compounds from accumulating to toxic levels.

When analyzing each fungus individually, it was noted that the Phoma sp. (Figure 2A) displayed 'intense'
severity in S. virgata seeds from catechin-producing and non-producing populations. However, this fungus
was more present in seeds producing catechin, regardless of sterilization and scarification treatment. A
severity of 'zero' was observed in sterilized catechin-producing seeds, with and without scarification. Overall,
Phoma sp. was a 'weak' to 'moderate’ grade fungus in both seed populations, with greater severity observed
under nonsterilized conditions. Previous work showed that soil fungi are attracted to seeds that secrete
nutritive exudates, which are typically released by the seeds during imbibition in the germinative process
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(Nelson, 2004). Changes in nutritional compound availability caused by the edaphic characteristics (Long,
Steadman, Panetta, & Adkins, 2009) can influence microbial growth and change its persistence in the soil
(Wagner & Mitschunas, 2008; Pakeman, Small, & Torvell, 2012). On the other hand, the micellar growth of
mycorrhizal fungi species can also be stimulated when contacted by substances exuded by S. virgata seeds.
Thus, some substances can be toxic or beneficial to particular plant species, depending on their role (Coelho
et al., 2019), a behavior that seems to occur with this genus.

For Pestalotiopsis (Figure 2B), the severity was 'intense’, regardless of the origin or sterilization and
scarification treatment. Interestingly, this fungus only exhibited 'moderate’ severity in sterilized catechin-
producing seeds. In contrast, the severity level was more expressive for seeds from non-producing
populations in scarified and nonsterilized seeds. 'Trace' severity of this fungus was only detected in seeds
subjected to both treatments. The degree of severity variability of some of the genera, such as Pestalotiopsis
sp., after sterilization, could be accounted for by fungi, initially inside the S. virgata seeds, being released
during integument processing. Pestalotiopsis sp. is potentially pathogenic to seeds and seedlings (Maciel et al.,
2012) and is responsible for seed rot (Santos, Medeiros, & Santana, 2001). These features are consistent with the
degrees of severity observed in the present study, with Pestalotiopsis sp. having 'moderate’ and 'intense’ degrees of
severity in all S. virgata seed groups, regardless of catechin-producing status or treatment.

In general, forest seeds have a high incidence of Pestalotiopsis sp. and Cladosporium sp. (Maciel et al.,
2012). Shreelalitha and Sridhar (2015) identified endophytic fungi in Sesbania bispinosa seeds, including
Pestalotiopsis sp. and Cladosporium sp. These observations suggest that the present study's scarification
treatment could have contributed to the disappearance of some of the fungi on the seed surface. It has been
stated that S. bispinosa seeds produced more fungal isolates when compared to other parts of the plant, but
the richness and species diversity were low (Shreelalitha & Sridhar, 2015). Similar to the results obtained
herein, Cherobini, Muniz and Blume (2007) reported the presence of Alternaria sp., Penicillium sp., Nigrospora
sp. and Cladosporium sp. on the surface of S. virgata seeds.

The severity traces revealed 'intense' Cladosporium sp. severity when the seeds from both origins when not
sterilized, and scarification did not affect this observation (Figure 2C). A 'zero' degree of severity for this
fungus was observed in sterilized catechin-producing seeds. On the other hand, seeds from non-producing
populations displayed 'intense’ severity under the same treatment conditions. It has been reported that
Cladosporium sp. presents saprophytic behavior and, when detected in high incidence, may reduce the
germinative power of the seeds (Vechiato & Parisi, 2013).

Despite the low incidence of Rhizopus sp. (Figure 1D), it presented 'intense' severity in the
nonsterilized/nonscarified seeds from the catechin-producing populations (Figure 2D). It should be noted
that it also displayed 'moderate’ and 'weak’ degrees of severity in seeds of the same origin and treatment. The
field fungus, Rhizopus sp., is established in the seed before harvest, during the growth and maturation periods
(Vechiato, 2010). This genus is widely distributed in nature, surviving saprophytically in the soil and organic
residues with the potential to invade plant tissues (Velazquez-del Valle, Bautista-Banos, Haernandez-
Lauzardo, Guerra-Sanchez, & Amora-Lazcano, 2008) in the flowering, seed formation, harvesting and
processing stages (Jaccoud-Filho & Dabul, 2011). The lack of pre-harvest contamination supports the low
incidence of Rhizopus sp. observed here. At the same time, the 'intense' degree of severity in the S. virgata
seeds can be explained by the fungus' saprophytic nature.

Since the sterilization and scarification treatments altered the degree of severity in all genera, it appears
that imbibition by the S. virgata seeds increases as the tegument breaks, consequently releasing some
substances, like catechin, in large quantities.

Fusarium sp. presented traces of Fusarium sp. (Figure 2E). This fungus was found to have 'intense’ severity
in seeds from catechin-producing and non-catechin-producing populations. A 'zero' degree of severity was
observed in sterilized and scarified catechin-producing seeds. Additionally, 'trace' and 'weak' severity degrees
were found in non-producing populations subjected to the same treatments. Notably, the degree of severity
is more evident in non-catechin-producing seeds. Previously, Costa, Chagas Junior, Ramos, Soares and
Scheidt (2017) reported that flavonoids, the chemical class to which the catechin metabolite belongs and
present in alcoholic extracts produced with garlic bulbs, inhibited the micellar growth of Fusarium sp.
Furthermore, Gregolin, Bonaldo, Sinhorin, Bandera and Wobeto (2019) found that ethanol extracts of
propolis, which contain flavonoids such as quercetin and kaempferol, exhibited antifungal action against
Fusarium sp. Notably, quercetin has been detected in the coat of S. virgata (Simodes et al., 2008). This
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relationship between Fusarium sp. and secondary metabolites belonging to the flavonoid group may have
influenced Fusarium sp. severity in S. virgata seeds. In this sense, many authors highlight the importance of studies
on the effect of extracts on seed fungi as a possible phytosanitary control measure as well (Choudhury, Dobhal,
Srivastava, Saha, S., & Kundu, S., 2018; Dourado et al., 2020; Almeida et al., 2021).

Lastly, under nonsterilized non-scarified treatment conditions, Alternaria sp. is present with 'intense'
severity in seeds from the catechin-producing and non-producing populations (Figure 2F). It should be
pointed out that a 'moderate’ degree of severity was also detected in the seeds. Additionally, 'trace’ severity
was detected in sterilized and scarified non-producing seeds. Since Alternaria sp. is present in seeds and, later,
in sesbania seedlings, it is likely that this fungus is transmitted to the plant in the field, resulting in high
disease rates and diminished green mass and plant height. In the study by Cherobini et al. (2007), they also
proposed that S. virgata seed origin influenced the genera of fungi occurring in its seeds. In this sense, our
results provide further evidence in favor of this proposal since the genus Alternaria sp. did not display a high
incidence in S. virgata seeds. Interestingly, even with a degree of 'intense' severity, the isolates in question
suffered significant micellar growth reduction following treatment with aqueous extracts of S. virgata seed
coat integuments. This demonstrates that the S. virgata seeds, originating from catechin-producing
populations (Id et al., 2015), produce a phytotoxic substance that inhibits the micellar growth of the fungus
in question.

Application of extracts in fungal colonies

Applying S. virgata seed coat extract to colonies of Cladosporium sp. did not elicit significant changes in
the mycelium's radial growth (Figure 3). Based on the results with Cladosporium sp., it appears this genus has
evolved mechanisms to tolerate the exudation of S. virgata allelochemicals. Moreover, this genus helps break
down the integument and initiate germination (Delgado-Sanches, Ortega-Amaro, Jimenez-Bremont, &
Flores, 2011; Berendsen, Pieterse, & Bakker, 2012), thus benefiting the soil seed bank.

In contrast, a gradual and significant reduction in the radial growth of Alternaria sp. mycelium was
observed following extract treatment (Figure 3). At 0.1 and 0.5% extract concentrations, radial growth was
reduced to 3.52 to 3.86 cm, respectively. Borges et al. (2017) previously demonstrated that the catechin
flavonoid, produced by various plant species, has antifungal activity. This sensitivity of Alternaria sp. to the
aqueous S. virgata seed coat extracts and the low frequency of this genus in the seed coat corroborate it.

B Cladosporium sp. BAlternaria sp. OPhoma sp.

ITTIT

0.0% 0.1% 0.5% 1.0%
Concentration of extracts

Ll o =l

Radial growth (cm)

[

Figure 3. Mean radial growth values of Cladosporium sp., Alternaria sp., and Phoma sp. after the irrigation treatment with aqueous
extracts of S. virgata (0.1, 0.5 and 1.0%), distilled and autoclaved water (0%), or commercial catechin (1 mg mL™) (C). Means followed by
the same letter between treatments (0.0, 0.1, 0.5 and 1.0% and C) and within a given species are not significantly different, as
determined by the Tukey test at a 5% probability level.

In contrast, Phoma sp. presented a gradual and significant increase in mycelium growth when treated with the
extracts (Figure 3). The highest values of 3.01 cm and 3.36 cm were observed for colonies treated with 0.5 and 1.0%
of the extract, respectively. Also, for this fungus, the extract produced with commercial catechin caused a
significant increase in mycelium growth (3.46 cm) compared to the control group (1.55 cm).
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Germination of infected Sesbania virgata seeds

As shown in Table 1, inoculating the seed coat with the three selected fungi did not cause any alterations
in the germination rate or the germination speed index. However, seeds inoculated with Phoma sp. exhibited
a four-fold increase in post-germination S. virgata seed mortality compared to those inoculated with
Cladosporium sp. or Alternaria sp. On some seeds, this genus of fungi can form a barrier against the entry of
other fungi that can release mycotoxins and damage the seed (Rezende, Couto, Borges, Silva, & Batista, 2013).

Table 1. Germination Rate (G%), Germination Speed Index (GSI) and Mortality Rate of post-germinated S. virgata (Cav.) Pers. seeds
(M%), after inoculation with isolates from Alternaria sp., Cladosporium sp. and Phoma sp.

Fungus Parameter
G% GSI M%
Alternaria sp. 99 a 3.66 a 4a
Cladosporium sp. 98 a 3.86a 4a
Phoma sp. 94 a 3.99a 16 b

Means followed by the same letter in the column are not significantly different by the Tukey test with a 5% probability.

Another point verified in the present study is that S. virgata seeds inoculated with Phoma sp. isolates
displayed increased mortality of post-germinated seeds. It is worth pointing out that seed germination is one
of the most vulnerable stages of plants. This phase is sensitive to variations in substrate, temperature, gases,
humidity and light (Cosmo, Gogosz, Rego, Nogueira, & Kuniyoshi, 2017). Moreover, phytopathogen-infected
seeds have been shown to have reduced germination and can spread diseases to seedling nursery areas
(Carneiro, 1987; Santos, Parisi, & Menten, 2011; Martins, Santos Junior, & Barbedo, 2022). Consequently, the
association between fungi and seeds of native species can simultaneously attenuate germination and the
emergence of seedlings during sowing, reducing plants' establishment in the field and propagating the fungus
(Fagan, Ramirez, Schwan-Estrada, Cruz, & Stangarlin, 2004). Identifying microorganisms in the seed does not
guarantee that they will infect the plant of that seed because the amount of inoculum, soil microflora, climatic
conditions and the pathogen's survival time in the seed and the seed itself can influence transmission
(Cherobini et al., 2007). Therefore, the seed pathogen's association represents a potential for transmission
and the possible disease establishment in the field.

In general, seeds can protect themselves from lethal infections through mechanisms such as physical
barriers, making their seeds impervious to pathogens; endogenous chemical defenses and production; rapid
seed germination, beneficial associations with other microorganisms and elimination of microorganisms with
saprophytic potential (Dalling, Davis, Schutte, & Arnold, 2011). The latter may explain the ecological
relationship between fungi and S. virgata seeds.

Conclusion

The origin of the seeds was directly related to the fungi present, with variations in the composition of the
fungi depending on the origin. The extracts of the species inhibited the growth of some fungi and stimulated
others. This result was probably linked to the fact that, evolutionarily, while S. virgata developed features and
tools to inhibit specific pathogens, some of them, on the other hand, also evolved to tolerate this inhibition.
In general, the seed-coating fungi seem to modulate the growth of other fungi that can be potentially lethal
to the seed bank of the species in the soil. Importantly, this study demonstrated that the seeds of S. virgata,
as a superdominant species, presented adaptive advantages in the environment.
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