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Abstract: The purpose of the study was to investigate the fungal seed diseases affecting two
major monocotyledonous weed species, Panicum miliaceum L. and Echinochloa crus-galli L.,
in Hungary. Seeds of Panicum miliaceum L. were collected from Keszthely in 1985 and 2007,
while the seeds of Echinochloa crus-galli were gathered from Keszthely and Szombathely re-
gions in 2010. The experiment was set up in two replications with 50 seeds each, resulting in a
total of 100 seeds incubated and evaluated per sample. Seeds were arranged in Petri dishes on
moistened filter paper, then covered, and incubated in an incubator at 24 °C for 14 days. Visual
scans for early infections were conducted on day 7 and thereafter on day 14. Infected seeds
underwent both visual and microscopic examinations to identify fungal pathogens. The micro-
scopic analysis revealed that most isolates were consistent with ascomycetous fungi. The most
abundant genera identified were Fusarium spp., Alternaria spp., and Aspergillus spp. Based on
the analysis of the results, out of the 400 seeds examined, Fusarium was the most dominant
with 44.25%, followed by Alternaria (21.25%) and Aspergillus (16.5%), respectively. E. crus-
galli showed a higher susceptibility to Fusarium, Alternaria, and Aspergillus compared to P.
miliaceum. Given that these monocot weeds are prevalent and serve as reservoirs for plant path-
ogens, causing considerable yield losses in Hungarian agricultural fields, strengthening the ho-
listic integrated pest management (IPM) strategies is crucial. Furthermore, transitioning to-
wards the use of non-chemical control measures for these fungal groups is recommended to
reduce the damage to the environment and overreliance on fungicides.
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Osszefoglalas: A vizsgalat célja két hazai jelentds egyszikii gyomfaj, a termesztett koles
gyomosito valtozata (Panicum miliaceum L.) és a kakaslabfii (Echinochloa crus-galli L.) mag-
jait fert6zé gombabetegségek vizsgalata volt laboratoriumi vizsgalatokban. A Panicum milia-
ceum L. magjait Keszthely térségébdl 1985-ben és 2007-ben, mig az Echinochloa crus-galli L.
magjait Keszthely €s Szombathely térségébdl 2010-ben gylijtottiik. A kisérletet két ismétlésben,
ismétlésenként 50 mag felhasznéaldsaval végeztiikk, igy mintdnként Osszesen 100 mag
csirdztatasdra és magkortani értékelésére keriilt sor. A magokat nedvesitett sziirépapirt tar-
talmazé Petri-csészékbe helyeztiik, lefedtiik, majd 24 °C homérsékleten, termosztatban 14 na-
pon keresztiil inkubaltuk. A kiils6 kontaminaci6 minimalizalasa érdekében az inkubalast me-
gelézéen a magmintdkat Neomagnol oldattal feliiletileg fert6tlenitettiik. A korai fertézések
kimutatasara a beallitast kovetd 7. napon értékeltiink, majd ezt kdvetéen a 14. napon vizualis
megfigyeléseket végeztiink. A fert6zott magokat vizudlis és mikroszkdpos vizsgalatnak
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vetettilk ald a gombanemzetségek azonositdsa céljabol. A mikroszkopos vizsgalatok ered-
ményei alapjan az azonositott gombak tobbsége az Ascomycetes osztalyba tartozott. A leg-
gyakrabban el6fordulé gombanemzetségek a Fusarium spp., az Alternaria spp. €s az Aspergil-
lus spp. voltak. A 400 vizsgalt mag koziil a Fusarium spp. bizonyult a legdomindnsabbnak
44,25%-o0s eléfordulasi ardnnyal, ezt kovette az Alternaria spp. (21,25%) és az Aspergillus spp.
(16,5%). Az Echinochloa crus-galli magjai a Fusarium, Alternaria ¢és Aspergillus
nemzetségekhez tartozdo gombakkal szemben nagyobb mértékii fogékonysagot mutattak, mint
a Panicum miliaceum. Tekintettel arra, hogy ezek az egyszikli gyomfajok széles korben elter-
jedtek, és korokozok rezervoarjaként szolgalhatnak, amelyek jelentés mezdgazdasagi karokat
okoznak a magyarorszagi termdteriileteken, az integralt novényvédelmi (IPM) stratégiak atfogod
megerdsitése kiemelt jelentdségli. Emellett a vizsgalt gombacsoportok elleni nem kémiai véde-
kezési modszerek alkalmazésa is javasolt a kornyezeti terhelés csokkentése és a fungicidektol
val¢ tulzott fliggdség mérséklése érdekében.

Kulcsszavak: magfert6z6 gombak; Panicum miliaceum; Echinochloa crus-galli; Fusarium,
Alternaria

1 Introduction

Weeds are considered a relevant part of agricultural systems and production, competing with
the cultivated crops for essential resources such as light, nutrients, water, and space, resulting
in significant decreases in crop yields by up to 32%. In some cases where no weed control
measures are implemented, these losses can rise to as high as 72% (Necajeva et al., 2023).
Weeds can play a significant role as hosts and reservoirs of plant pathogens and vectors, and
they can be alternative hosts for some economically important pathogens. Additionally, para-
sitic weeds may be direct vectors for some plant pathogens, including viruses, bacteria, and
fungi, leading to disease development in cultivated crops (Suproniene et al., 2019).

Monocot weeds pose a greater challenge than broad-leaved (dicot) weeds because they oc-
cupy comparable ecological niches to cereal vegetation. Cereal crops such as wheat, maize, and
rice are among the most widely produced crops worldwide. The presence of monocot weeds in
agricultural fields poses a risk to cereal crops directly or indirectly. Direct risk is through their
rapid growth and prolific seed production, leading to dense populations and out-competing of
the cereal crops, and indirectly mounting disease pressure since the presence of fungal patho-
gens on weeds can potentially infect the cereal crops as well. Fungal pathogens have been ob-
served to survive in the seeds of many monocots worldwide. Some of the most common phy-
topathogenic fungal genera, such as Ustilago spp., Fusarium spp., Aspergillus spp., Alternaria
spp., and Colletotrichum spp. (seedborne pathogens) have already been detected in seeds of
monocot weeds in several regions of the world (Necajeva et al., 2023).

Proso millet (P. miliaceum) is a widely distributed weed species that causes economic dam-
age in cereal-growing regions worldwide. Similarly, barnyard grass (E. crus-galli L.) is a wide-
spread weed responsible for significant losses in various crops, including rice and maize. Since
the European Union (EU), with Hungary being a member, is a significant cereal producer on a
global scale, the two weed species are among the most important monocot weeds. P. miliaceum
L. and E. crus-galli L. stand out as major monocotyledonous weeds prevalent in Hungary ac-
cording to the Fifth National Weed Survey on Arable Fields in Hungary (Novak et al., 2009).

Fungal pathogens that infect the seeds and spread by seeds pose a serious threat to agricul-
tural production, especially in P. miliaceum L. and E. crus-galli L., which are the most prevalent
monocot weeds in Hungary, producing enormous seeds as well (Novék et al., 2009). Despite
their importance as weed species common in agricultural fields, as reported by previous scien-
tists, there is a lack of comprehensive knowledge on the fungal pathogens infecting the seeds
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of the two monocot weeds in Hungary. Addressing this gap is crucial for developing effective
disease management and sustainable weed control strategies.

Fungal seed-borne diseases reduce crop yields and quality and increase production costs
(Nganje et al., 2004). Fungal pathogens affecting the seeds of P. miliaceum L. and E. crus-galli
L. can potentially spread to cultivated crops. Therefore, understanding the seed-borne diseases
in these two monocot weeds will help to reduce the spread of the disease and mitigate the asso-
ciated economic losses. Additionally, fungal pathogens are becoming a growing concern not
only for crop productivity but also for food safety. Some fungal pathogens associated with
seeds, in most cases, have been recorded to produce mycotoxins, therefore becoming a major
concern to food safety because they pose a risk to humans and livestock if ingested, as reported
by Ferrigo et al. (2016) and Munkvold (2003). In this experiment, fungal pathogens present in
the seeds of P. miliaceum L. and E. crus-galli L. were investigated. The findings aim to assist
Hungarian farmers, government agencies, and other stakeholders in designing a holistic ap-
proach to fungal disease management to mitigate economic losses and reduce the use of fungi-
cides to an acceptable level, as recommended in the “Farm to Fork Strategy” EU agricultural

policy.

2 Materials and Methods

2.1 Experimental site

The experiment was carried out at the Hungarian University of Agriculture and Life Sciences,
Georgikon Campus, at the Festetics Imre Bioinnovation Centre (Seed Pathology Laboratory)
between January and March 2024.

2.2 Research materials.

Seeds of P. miliaceum L. and E. crus-galli L. were collected from agricultural fields in the
Keszthely and Szombathely regions of Hungary. Seeds of P. miliaceum L. were collected in
1985 and 2007 from Keszthely, while E. crus-galli L. seeds were collected in 2010 from both
Keszthely and Szombathely. Additional materials included Petri dishes of diameter 12 cm; filter
paper; water; Neomagnol tablets, Numigral seed counter, and Thermostat.

2.3 Experiment setup

The experiment was conducted in two repetitions with 50 seeds in each, resulting in 100 seeds
germinated per sample. The seeds were thoroughly cleaned to remove foreign impurities and
then counted using the Numigral seed counter. Petri dishes were prepared, each layered with a
sterile filter paper moistened with approximately 15 ml of sterile distilled water to ensure ger-
mination of the weed seeds, holding of the seeds, and providing a suitable environment for
fungal microorganisms.

To exclude external contamination and ensure reliable microbiological testing, the seed sur-
faces were disinfected using Neomagnol. For 1 liter of water, 2 tablets of Neomagnol were
used, and then the samples were left in this solution for 10 minutes. After 10 minutes, the sam-
ples were rinsed twice with sterilized water and placed on the filter papers with great care,
ensuring the seeds did not touch each other to avoid cross-contamination. 50 seeds of each weed
species each year were arranged in a grid pattern with 5 rows having 10 seeds each within the
Petri dishes, then covered as shown in Figure 1.
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Figure 1 (A) P. miliaceum L. seed samples on the moistened filter paper. (B) E. crus-galli L. seed samples on the
moistened filter paper.

After preparation, the samples were placed in an incubator set to 24°C (ideal for fungal ger-
mination) in sealed containers to minimise contamination. The germination lasted for 14 days.
During this time, we made visual scans, and the first one was on day 7 to check for initial fungal
infections. The second test was carried out on day 14, when the exact number of seeds infected
with fungal microorganisms was determined and recorded. During the study, we sampled in-
fected seed parts and prepared these samples so that we could microscopically examine them
to identify the fungi as accurately as possible as shown in Figure 2. The samples in this exper-
iment were destroyed after evaluation.

Figure 2 (4) Sickle-shaped macroconidia of Fusarium spp. from microscopic examination. (B) Round-shaped
pale brownish macroconidia of Alternaria spp. from microscopic examination (Photos by Gydrgy Pdsztor).

After collecting the data from the experiment, the data were organized and analysed using
Microsoft Excel 365 to obtain the average infections, trends of disease over time, percentages
of infections based on the years of collection, and the locations (regions) where seeds were
collected from. T-test and One-way ANOVA using the IBM SPSS Statistics software were used
to analyse the comparison of fungal infections between the seeds of the two monocotyledonous
weeds.

3 Results

3.1 Overall prevalence of Panicum miliaceum L. and Echinochloa crus-galli L.

In this study, a total of 400 seeds of P. miliaceum L. and E. crus-galli L. were examined. The
results showed that a total of 177 seeds (44.25%) were found to be infected with Fusarium spp.,
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85 seeds (21.25%) were infected with Alternaria spp., 66 seeds (16.5%), were found to be in-
fected with Aspergillus spp., and a total of 72 seeds (18%) were found to be healthy (Table 1).

Table 1 Prevalence of fungal infections on P. miliaceum L. and E. crus-galli L. collected from different loca-
tions and years. Each row represents one replicate of 50 seeds. Two replicates (n=100 seeds) were used per
species, location, and year

Collection | Collection | Total number | Fusarium | Alternaria | Aspergillus
Weed species year location of seeds Infection infection infection

P. miliaceum L. 1985 | Keszthely 50 25 13 5
P. miliaceum L. 1985 | Keszthely 50 27 10 5
P. miliaceum L. 2007 | Keszthely 50 21 8 3
P. miliaceum L. 2007 | Keszthely 50 20 9 3
E. crus-galli L. 2010 | Szombathely 50 25 13 12
E. crus-galli L. 2010 | Szombathely 50 16 12 11
E. crus-galli L. 2010 | Keszthely 50 18 8 17
E. crus-galli L. 2010 | Keszthely 50 25 12 10
Total 400 177 85 66

Table 2 below shows the summarized frequency of fungal infections on the seeds of P. mil-
iaceum L. and E. crus-galli L. per year of collection and overall percentages of infection of
each fungal genus.

Table 2 Summarised table showing the total number of seeds and percentages of infection by Fusarium spp.,
Alternaria spp., and Aspergillus spp. collected from different locations and years

Frequency of fungal infections
Weed species | Year | Location | Number | Fusarium | Alternaria | Aspergillus Healthy
of seeds seeds
Panicum milia-
ceum 1985 | Keszthely 100 52 23 10 15
Panicum milia-
ceum 2007 | Keszthely 100 41 17 6 36
Echinochloa Szombat-
crus-galli 2010 | hely 100 41 25 26 11
Echinochloa
crus-galli 2010 | Keszthely 100 43 20 24 10
Total number of seeds 400 177 85 66 72
Percentage of infection 44.25% 21.25% 16.50% 18%

3.2 Panicum miliaceum L.
3.2.1 Panicum miliaceum L. seeds collected from Keszthely (1985)

After 14 days of incubation, the seeds collected in Keszthely in the year 1985 showed notable
fungal infection. Among the observed fungal infections, Fusarium spp., Alternaria spp., and
Aspergillus spp. were the most ubiquitous pathogens identified by physical assessment based
on the mycelial colour produced and the confirmation with microscopic analysis. In a total of
100 seeds, 52 seeds (52%) were found to be infected with Fusarium spp, 23 (23%) seeds were
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infected with Alternaria spp., and 10 seeds (10%) were infected with Aspergillus spp., as shown
in Table 1.

3.2.2 Panicum miliaceum L. collected from Keszthely (2007)

In this case, Fusarium spp., Alternaria spp., and Aspergillus spp. appeared to dominate the
fungal microflora in these seeds. Out of the 100 seeds incubated for this experiment, 41 seeds
(41%) were found to be infected with Fusarium spp., 17 seeds (17%) with Alternaria spp., and
6 seeds (6%) with Aspergillus spp. (Table 1).

3.3 E. crus-galli L. collected from Szombathely and Keszthely in the year 2010

After 14 days of incubation, seeds of E. crus-galli L. that were collected from Keszthely and
Szombathely regions in Hungary in the year 2010 showed high levels of infection based on the
visual identification, followed by microscopy revealing a distinct pattern of fungal infestation
in seeds collected from these regions.

3.3.1 Echinochloa crus-galli L. seeds collected from Szombathely (2010)

According to the results obtained, a total of 41 seeds (41%) were found to be infected with
Fusarium spp., 25 seeds (25%) were infected with Alternaria spp., and 26 with Aspergillus spp.
Out of the 100 seeds for the year 2010, which were incubated in the two repetitions, 11 seeds
(11%) were found to be healthy (Table 1).

3.3.2 E. crus-galli L. seeds from Keszthely (2010)

Fungal genera Fusarium spp., Alternaria spp., and Aspergillus spp. dominated (Table 1). Out
of the 100 seeds of E. crus-galli L. (2010) incubated, a total of 43 seeds (43%) were found to
be infected with Fusarium spp., 20 seeds (20%) were infected with Alternaria spp., and 24
seeds (24%) with Aspergillus spp. while 10 seeds (10%) were healthy, as shown in Table 1
above.

3.4 Comparison between the weed species and locations

Seeds of E. crus-galli from Szombathely showed a slightly higher incidence of Alternaria and
Aspergillus than those from Keszthely, while Fusarium infection levels were similar at both
locations (Table 2). The seeds of E. crus-galli L. showed a higher overall level of fungal infec-
tion as compared to that of P. miliaceum, across all sampling years, with 179 seeds of E. crus-
galli and 149 seeds of P. miliaceum being infected by at least one of the three fungal species.
The statistical results obtained indicated that the p-value for P. miliaceum L. is (p < 0.001),
meaning there were significant differences in the infection by Fusarium spp., Alternaria spp.,
and Aspergillus spp. Similarly, for E. crus-galli L., the p-value (p <0.007) suggests a statistical
difference in the infection by Fusarium spp., Alternaria spp., and Aspergillus species (Table 3).
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Table 3 Comparison of fungal infections between the seeds of the two monocot weeds

Seed Fungal Infections n Mean + SE
Panicum miliaceum L. Fusarium spp. 4 23.25 +£1.65%
Alternaria spp. 4 10.00 + 1.08P
Aspergillus spp. 4 4.00 £ 0.58°¢
Overall mean 12 12.42
P-Value <0.001
Echinochloa crus-galli L. Fusarium spp. 4 21.00+2.352
Alternaria spp. 4 11.25 +1.11b
Aspergillus spp. 4 1250 +1.56°
Overall mean 12 14.92
P-Value 0.007

3.5 Distribution of fungal genera

The distribution of fungal genera (Fusarium, Alternaria, Aspergillus), the seeds of P. miliaceum
L. and E. crus-galli L. in Keszthely and Szombathely regions in Hungary across the years 1985,
2007, and 2010 showed a consistent dominance of Fusarium spp (Figure 3).

Panicum Miliaceum (1985) Panicum Miliaceum (2007)
Keszthely Keszthely
Healthy Healthy
mm seeds mm seeds
15% 36%
Aspergillus

mmm infection
6%
Alternaria

mm  infection
17%
Fusarium

mmm infection
41%

Aspergillus
mmm infection
10%

Alternaria
mm  infection
23%
Fusarium
mmm infection
52%

Echinochloa Crus-Galli (2010) Echinochloa Crus-Galli (2010)
Szombathely Keszthely

Healthy
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11%
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25%
Alternaria
mm infection
24%
Fusarium
mmm infection
40%

Healthy
mm seeds
10%
Aspergillus
mmm infection
25%
Alternaria
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21%
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Figure 3 Distribution of fungal pathogens in seeds of Panicum miliaceum L. and Echinochloa crus-galli L. in
Keszthely and Szombathely in the years 1985, 2007, and 2010
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4 Discussion

In this study, a microscopic assessment of fungal pathogens in the seeds of two noxious mono-
cotyledonous weeds, — P. miliaceum L. and E. crus-galli L. — the results showed that the seeds
of these weeds may be heavily infected with seedborne fungal pathogens. Varying degrees of
incidence and prevalence of the three phytopathogenic fungal genera were observed. Out of the
400 seeds examined from both weed species, 177 were found to be infected with Fusarium
spp., 85 with Alternaria spp., and 66 with Aspergillus spp. (Table 2) and these results confirmed
that the weed seeds can act as important pathogen reservoirs.

In this study, we discovered that the seeds of two weed species from the Poaceae family, i.e.,
P. miliaceum L. and E. crus-galli L., were infected with Fusarium spp., Alternaria spp., and
Aspergillus spp. These results align with previous studies conducted by Nelson (2018), who
found that most of the isolated fungal seed endophytes from Poaceae members were typically
filamentous ascomycetes, including Alternaria, Fusarium, Cladosporium, Phoma, Aerobasid-
ium, and Stemphylium. Similar findings were reported in Latvia by Nec€ajeva et al. (2023), using
molecular techniques to sequence the ITS region of rDNA, which showed that Alternaria,
Fusarium, Sarocladium, and Cladosporium were the most abundant genera colonizing the seeds
of E. crus-galli L. Additionally, this study supports research conducted by Cavers and Kane
(2016) in London and Ontario, who found six genera of fungi — Alternaria, Aspergillus,
Cladosporium, Fusarium, Helminthosporium, and Epicoccum from the seeds of P. miliaceum
L. that failed to germinate. Although our study was focused on pathogen detection rather than
seed viability, fungal infection does not necessarily inhibit germination, and infected seeds may
still emerge and contribute to pathogen carryover in the field.

Dominance of Fusarium spp. in monocot weed seeds

Fusarium spp. and Alternaria spp. showed a higher prevalence than Aspergillus spp. In both
weed species, with Fusarium spp. as the most dominant with 52% and 41% in the P. miliaceum
L. seeds collected from Keszthely in the years 1985 and 2007, respectively, and in E. crus-galli
L., the percentage of infection was 43% in Keszthely and 41% in Szombathely (Figure 3). Ad-
ditionally, in terms of the overall average mean of infection, Fusarium spp. showed a significant
difference in the degree of infection compared to Alternaria spp. and Aspergillus spp. In the
seeds of both weed species (Table 3). The results from this research align with findings from
Simonin et al. (2022), indicating that Fusarium is one of the most widespread fungal genera
associated with the infection of seeds, not only weed seeds but also cereal crops. These findings
also align with research by Necajeva et al (2023), indicating that Fusarium and Alternaria were
the most prevalent genera in the seeds of E. crus-galli L. and Avena fatua collected in the same
location in 2020 and 2021 in Latvia.

Occurrence of Alternaria spp. and Aspergillus spp.

High frequency of occurrence of Alternaria spp. in the seeds of both species, with infection of
23% and 17% from the P. miliaceum L. seeds collected in Keszthely in the years 1985 and 2007,
respectively. Seeds of E. crus-galli L. with 21% from Keszthely and 24% from Szombathely,
collected in 2010, showed a relatively higher infection in Szombathely than in Keszthely (Fig-
ure 3). Comparing the degree of infection among the fungal infections identified, A/ternaria
spp. showed a higher degree of infection compared to Aspergillus spp. in the seeds of both weed
species (Table 3) above. The results align with the previous studies of Jasim and Juber (2010),
who described Alternaria as the most frequent fungal pathogen on the seeds of E. crus-galli L.
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among the 26 species of fungi tested. Alternaria frequently colonizes seeds, exists as a sapro-
phyte, endophyte, and a pathogen in a variety of plants, and is reported in over 400 plant species
(Simonin et al., 2022). The most ubiquitous were Alternaria alternata, Alternaria tenuissima,
and Alternaria porri, contaminating cereals and other crops, according to Lee et al. (2015) and
Tralamazza et al. (2018). Additionally, Aspergillus spp. showed a lower infection rate in the
previous years, that was, 10% and 6% in P. miliaceum L. in 1985 and 2007, respectively, and
25% from Szombathely and Keszthely in the year 2010. The identification of Aspergillus in
research studies in India, where seeds of 5 minor millet species (Paspalum scrobiculatum, Pani-
cum miliaceum, Panicum trypheron, Setaria italica, and Echinochloa crus-galli L.) were tested
for susceptibility to Aspergillus flavus, and the results showed that indeed all these minor millets
are susceptible to Aspergillus flavus, leading to the production of toxins (Ansari and
Shrivastava, 1991).

Differences between weed species

Based on the findings of the experiment, it was discovered that fungal infections occurred dif-
ferently in P. miliaceum L. and E. crus-galli L. seeds. While both species were susceptible to
Fusarium and Alternaria, seeds of E. crus-galli L. showed a higher likelihood of infection,
accompanied by rapid degradation of the seed. A total of 179 seeds of E. crus-galli L. were
found to be infected by the three fungal genera, compared to a total of 149 seeds of P. miliaceum
L. infected by the three fungal genera out of the total 400 seeds examined. Therefore, in terms
of percentage, E. crus-galli L. seeds showed an infection rate of 44.75% and P. miliaceum L.
with 37.25%. On further analysis based on the overall mean infection, E. crus-galli L. recorded
14.92 against 12.42 in P. miliaceum L., meaning E. crus-galli L. was more susceptible to the
three fungal genera compared to P. miliaceum L. (Table 3). These observations are similar to
what Necajeva et al (2023), documented about the high degrading capacity of Alternaria species
on the seeds of E. crus-galli L., where specifically Alternaria alternata and Alternaria tenuis-
sima were proven to have a high degrading capacity on the seeds of E. crus-galli L. and there-
fore it has been proposed that this two species can be used as promising biocontrol agents
against barnyard grass which is a noxious weed in agricultural fields worldwide. Additionally,
the varying susceptibility levels of E. crus galli and P. miliaceum to Alternaria could be at-
tributed to differences in the characteristics of the seed, composition, or ecological preferences
of the weed species contributing to overall physical and chemical defense against fungal path-
ogens (Pollard, 2018).

Co-infection and seed degradation

Some seeds of P. miliaceum L. and E. crus-galli L. were identified to be co-infected by both
Fusarium and Alternaria. In this case, the seeds appeared to be more degraded than those in-
habited by one of the genera of phytopathogenic fungi. This correlates with previous studies
observed in the research work of Necajeva et al (2023) where seeds of E. crus-galli L. and
Avena fatua (both belonging to family Poaceae) were found to be co-infected by the species of
the two common fungal genera Fusarium and Alternaria, and these seeds showed a higher rate
of degradation compared to the seeds inhabited by one of the fungal genera. The rapid degra-
dation of the infected seed when co-infected by both Alternaria and Fusarium is that the species
of the two fungal genera may engage in competitive interactions due to their antagonistic my-
cotoxin production, which can destroy the seed rapidly (Miiller et al., 2015). These observations
show how fungal pathogen interaction is complex in the natural setting, and this is important
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for us to understand because it is also the case with cultivated crops and might cause high yield
loss and high contamination of the cereal crops.

5 Conclusions

This study identified three fungal genera, demonstrating that the seeds of Panicum miliaceum
L. and Echinochloa crus-galli L. could harbour fungal phytopathogens. The three fungal phy-
topathogen genera identified in the seeds of both weed species were Fusarium spp., Alternaria
spp., and Aspergillus spp. Among the three identified common genera in the seeds of both weed
species, Fusarium was the most prevalent, with 44.25% of the total seeds examined in the ex-
periment compared to Alternaria and Aspergillus. This was seen to be consistent in the two
locations, Szombathely and Keszthely, for the years 1985,2007 and 2010, where the seeds were
collected. Alternaria was the second most identified genus in proso millet and barnyard grass,
accounting for 21.25% of the total seed examined in this study. Notably, some seeds were co-
infected by the two fungal genera Fusarium and Alternaria, and these seeds appeared to be
highly degraded. While the seeds of both P. miliaceum L. and E. crus-galli L. were susceptible
to Fusarium spp. and Alternaria spp., seeds of E. crus-galli L. showed a higher likelihood of
infection, accompanied by rapid degradation of seeds, where both Fusarium spp. and Alternaria
spp. co-infected the seeds.

Since the fungal genera identified in this study cause significant economic losses to crops,
Integrated Pest Management (IPM) practices are strongly recommended. Strategies such as crop
rotation, field sanitation, and seed treatment should be implemented because they focus on a
holistic approach to disease control. This reduces reliance on chemical fungicides, which is
consistent with the efforts to reduce fungicide dependence in sustainable European agriculture.
Further research could involve molecular identification of the fungal pathogens in the seeds of
Panicum miliaceum L. and Echinochloa crus-galli L. at the species level, using advanced mo-
lecular techniques such as PCR, DNA sequencing, and metagenomics to identify and charac-
terize these fungal species. Additionally, research on exploring molecular and epigenetic mech-
anisms underlying fungal infections in the seeds of the two weed species can be done. By
investigating the genetic and epigenetic factors influencing susceptibility to fungal diseases,
host-pathogen interaction can be understood, leading to specific target strategies for the man-
agement of these pathogens and weeds.
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