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Abstract

Several species of saprophytic filamentous fungi are able of disrupting the life cycle of
certain soil-born parasites that are of veterinary and agronomy importance, offering a
promising sustainable control alternative. This study consisted of designing an experimental
model, using catnip (Nepeta cataria) trays to simulate a vegetated environment for evaluating
the parasiticidal activity of Mucor circinelloides, Trichoderma atrobrunneum, and Duddingtonia
flagrans. Fungal spores were added to treated trays before adding feces with protozoan
(Eimeria spp.), and gastrointestinal nematodes (roundworms, strongyles), and untreated-
control water. No differences in plant growth or vigor, regardless of fungal presence, were
observed, confirming the safety of these biological agents for vegetation. In the control
trays, the viability of parasites ranged from 50% to 85%. In the treated trays, the viability
of Eimeria and roundworms decreased by 40-100%, and the strongyle egg counts were
reduced by 74% within 15 days. It is concluded that the vegetated tray model effectively
simulates field conditions and provides a reliable platform for evaluating fungal efficacy
against the free-living stages of parasites, offering a versatile tool for future research on
soil-borne pathogens affecting animals and plants.

Keywords: assays; biological control; trays with catnip; soil simulation; oocysts; L3 larvae;
Mucor circinelloides; Trichoderma atrobrunneum; Duddingtonia flagrans
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which constitute a major threat to global agriculture, causing an estimated $157 billion in
annual crop losses [8,9].

The control of parasites in animals and crop protection against parasites have gener-
ated a great deal of controversy in terms of methodology, based almost exclusively on the
treatment with chemical products [10-12]. One point to take into account is the continu-
ous report of resistance to chemical pesticides, due to their indiscriminate use on farms,
which has strengthened the trend to generate alternatives that are capable of dealing with
the parasites that are usually present in any plant and animal production system [13-16].
Consequently, different sustainable strategies have been designed for their prevention and
control, supported by the utilization of some microorganisms that are frequently found in
the soil, such as plant-based nematicides or parasitophagous fungi, among others [17,18].
In this way, it is noteworthy to point out the antagonistic activity of some species (Pochonia
chlamydosporia, Mucor circinelloides) against the oocysts/eggs of livestock parasites such
as Eimeria spp., Fasciola hepatica or Toxocara canis. Other species (Duddingtonia flagrans,
Monacrosporium thaumasium) are able to capture the larvae of nematodes as strongylids or
hookworms [19,20]. Regarding plant production, some biological control agents have been
tested against Meloidogyne spp. [21-23].

The effectiveness of this eco-friendly strategy has been studied in animals for several
decades in order to establish a suitable plan and nowadays, control methods have shifted
towards the use of practices that have the least possible impact on the environment [24-27].
The evaluation of promising agents with a parasiticidal function requires the analysis of
their effect on parasites (ovicidal, larvicidal), which is usually performed in vitro in Petri
dishes with added parasites, where fungi develop easily on enriched agar medium [28].
However, less information has been acquired by testing the fungi directly on fecal samples,
which carry the parasites from inside their hosts to the environment, and even less under
conditions that are similar to natural ones, such as those with moisture and vegetation.

In a recent investigation, the risk of infection by roundworms and cyathostomins
(strongylids) was reduced by at least half by sowing the soil with forage seeds pre-treated
with fungi [29]. The main objective of this research was to provide a suitable experimental
model to simulate field conditions for evaluating the efficacy of three saprophytic filamen-
tous fungi against various parasites affecting animals. For this purpose, grassland seeds
were soaked in liquid medium with the fungi before being sown, or the fungal spores were
sprayed directly on the soil. With this aim, some assays were designed and developed on
trays containing catnip (Nepeta cataria).

2. Materials and Methods
2.1. Design of the Probes

A total of four probes have been carried out in the current research. To improve the
distribution of the fungi, two procedures were applied:

(a) Sowing with seeds that were pre-treated with fungi: 60 g of seeds were soaked in
60 mL of submerged culture for 2-3 h and then air-dried. A total of 30 g of these
pre-treated seeds were distributed in each tray.

(b) Spraying the media directly on the soil: A volume of 10 mL of submerged culture
containing >10° spores of each fungus/mL were spread in each tray once the seeds
(untreated) sprouted.

Assay 1. Soaking grass seeds in medium containing M. circinelloides and T. atrobrunneum.
Effect on coccidian oocysts.

Eighteen trays with catnip were prepared and divided into three groups, comprising
four replicates for each treatment. Seeds that had been pre-treated for two hours (G-Mc
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with M. circinelloides or G-Ta with T. atrobrunneum) were added to two of them, and the
third group was kept untreated as a control (G-C). A total of 50 g free-ranging poultry
feces containing 925 + 243 Eimeria spp. oocysts per gram of feces (OPG) were placed in
each tray. The analysis of each tray was performed on days 0, 15 and 30 of the study
by using the modified sedimentation protocol, and three observations were considered
under the microscope for each sample. The plant growth rate, shape, size, color and vigor
were observed.

Assay 2. Soaking grass seeds in medium with M. circinelloides and T. atrobrunneum. Effect
on the eggs of Toxocara canis and Toxascaris leonina.

In this trial, 18 trays of catnip were prepared and sorted into three groups: G-C (con-
trols), G-Mc (M. circinelloides pre-treated seeds) and G-Ta (T. atrobrunneum pre-treated seeds).

Twenty grams of canine feces with an initial burden of 150 T. canis EPG (eggs per
gram of feces) and 200 T. leonina EPG were added to the trays. As in the previous assay,
the trays were evaluated using the modified sedimentation protocol for observation under
a microscope.

Assay 3. Spraying spores of M. circinelloides and T. atrobrunneum on feces containing bird
coccidian oocysts.

Twelve trays were prepared and divided into three groups, with four replicates for
each. Once the seeds (without fungi) were deposited, they were irrigated with 400 mL
of water. Prior to the 15-day growth period, 50 g of poultry feces with 800 Eimeria spp.
OPG (oocysts per gram of feces) were added. Later, a solution containing spores from
each fungus was randomly sprayed on each of the fungal-treated groups once, twice, three
times, or four times over a 30-day period.

Assay: 4. Spraying spores of M. circinelloides and D. flagrans on horse feces containing eggs
of strongylids.

Two groups were formed with four trays in each; the control group was sprayed
with 10 mL of tap water, and the fungus group with a blend of 1 x 10° spores of M.
circinelloides + 1 x 10° spores of D. flagrans, once, twice, three times, or four times over a
30-day period. In each group, 24 g of horse feces with 2100 strongyles EPG were added.
We waited for a period of 15 days to continue with the analysis of the samples by the
modified sedimentation technique, considering three observations under the microscope
for each sample.

2.2. Parasitophagous Fungi

This work was carried out in the laboratories of the COPAR Research Group (Pavilion I,
Faculty of Veterinary Medicine, Lugo, University of Santiago de Compostela, Spain) and
it encompassed the spreading of two fungi with ovicidal activity (M. circinelloides CECT
20824 and T. atrobrunneum CECT 20999) and another larvicidal species (D. flagrans CECT
20823) [30,31] (Figure 1).

These fungal species were isolated by the COPAR research group and deposited
in the Spanish Type Culture Collection (CECT, Valencia, Spain). Previous research in
dogs, livestock and captive wild animals showed that its administration was completely
safe [32-34]. In the current investigation, the three fungi were cultured in a submerged
medium and RT [32], to facilitate that concentrations >10° spores/mL are reached.
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Figure 1. Designing a novel soil simulation test to evaluate the effect of filamentous saprophytic
fungi against soil-borne parasites.

2.3. Conditioning the Cat Grass Trays

Four assays were performed in commercially available Cat Grass® trays (Vitakraft S.L.,
Madrid, Spain). This presentation contains 5.6 x 13.5 x 25.2 cm (L x W x H) plastic trays
or containers, 120 g silica and 50 g Nepeta cataria seeds. The trays were conditioned by
following the manufacturer’s instructions, although slight changes were introduced after
some preliminary testing. At the beginning of the research, different holes were made in
the base of the trays to prevent them from becoming waterlogged, but no parasites were
recovered because they were lost through runoff. It was shown that plants grew better
and were maintained for longer if they were sown in a mixture of silica and substrate;
moreover, the evaluation of the results was facilitated if the density of the plants was
reduced. Accordingly, no holes were practiced in the trays; for each container, 60 g of silica
were mixed with 60 g of substrate, autoclaved (121 °C for 16 min) and then deposited once
RT was reached. Finally, 25 g N. cataria seeds were added to each tray, then we sprayed
5 mL of distilled water. The trays were kept in the laboratory of the Gayoso Castro Farm
(Deputacién Provincial, Castro Ribeiras de Lea, Lugo, Spain) at 15-20 °C and daylight and
watered every three days.

2.4. Analysis of the Parasiticidal Effect

The usefulness of the fungal distribution on limiting the presence of infective stages of
parasites in the soil was evaluated by adding fecal samples from different animal species
that were infected by some parasites in the trays (Table 1).

Table 1. Four assays were performed on trays with catnip grass to check the usefulness of this strategy
to gain information about the effect of parasiticide fungi.

Assay Targeted Parasites Fungal Species Distribution

M. circinelloides

1 Eimeria spp. T atrobrunneium Soaking seeds in medium with fungi
2 Toxocm.’u cunljs M. circinelloides Soaking seeds in medium with fungi
Toxascaris leonina T. atrobrunneum
3 Eimeria s M. circinelloides Spraying fungal spores
PP T. atrobrunneum praying tungat sp
4 Strongylids M. circinelloides Spraying fungal spores

D. flagrans
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First, the fecal samples were taken from free-ranging laying hens, dogs and horses, and
analyzed by the McMaster flotation in saturated saline, sedimentation and larval migration
(Baermann method). Oocysts of Eimeria spp. were identified in the feces of the hens, eggs
of roundworms (Toxocara canis and Toxascaris leonina) in canine fecal samples, and eggs
of strongylids (cyathosthomins) in horse feces (Table 1). For each animal species, fecal
samples were taken from several individuals and mixed with an electrical blender to obtain
a homogeneous sample. Five portions were taken from each fecal mix and analyzed by the
coprological tests mentioned.

Concerning the evaluation protocol, a random portion of the content (soil) of each
tray was taken from each group and processed by a modified sedimentation technique
(Cornell-Wisconsin technique), which consisted of weighing 70 g of each sample and
mixing with 70 mL of 5% Tween 20 (detergent) solution, then homogenized by shaking for
10 min, and left to stand for five hours. The contents were then filtered through successive 4,
0.52, 0.15 and 0.050 mm pore diameter sieves and washed under running water for 30 min.
The sediment retained on the 0.050 mm mesh was transferred to a 1 L sedimentation cup
and water was added to fill the cup and allowed to settle for 12 h. The supernatant was
then discarded and the sediment transferred to 12 mL centrifuge tubes. Centrifugation
was carried out for 10 min at 2500 rpm, where the supernatant was discarded, and a
sucrose solution (p ~ 1.3 g/cm?) was added until half of the capacity was reached, in order
to homogenize the samples. The tubes were then completely filled, forming a positive
meniscus upon which a coverslip (18 x 18 mm) was placed. The samples were then
centrifuged again for 10 min at 2500 rpm to count viable and non-viable parasite forms
under an optical microscope at 10-20X. Each sample was examined in duplicate.

The parasiticidal effect was evaluated by comparing the numbers of the parasites
that were initially deposited in each tray and those obtained after 30 days (EPGd), i.e., the
percentage of reduction (PR), through the McMaster flotation test [30]:

EPGA0 — EPGA30)
EPGAO

PR (%) = {( } x 100 (1)
The reduction in parasite viability (RV) was also calculated as the difference between
the number of viable parasites (VP) and the number of non-viable parasites (NVP), using

the following formula:
(VP - NVP)

RV(%):[ o

] x 100 )

Four categories of oocysts were distinguished in this assay: (a) non-viable, those
showing physical alterations due to fungal effects; (b) viable, the sum of sporulated and
non-sporulated oocysts; (c) sporulated, those viable oocysts that were in a stage of cellular
development; (d) non-sporulated, those that were in a viable state but did not show signs
of development in their cellular content.

2.5. Model and Statistical Analysis

For a single factor
Each of the fungi used in each trial represented the comparative analysis factor for
effectiveness. Each one worked independently, so the model was as follows:

Yij=p+1+e; 3)

where
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Yi]- = Response variable (viable, non-viable, sporulated, non-sporulated oocyst count);
u = population mean; t; = effect of i-th treatment (i = no fungus, with parasiticidal fungus);
and e = error attributable to measurement Y.

Means were compared with Tukey’s test at 95% confidence.

For two factors

Each of the fungi used and the number of sprays count as factors to be evaluated, as
well as the interaction between them. Therefore, each one was analyzed independently,
and the model was as follows:

Yije = p+a; + Bj + (aP); + ijk 4)

where

Yijx = response variable (oocyst count per gram of viable feces); i = population mean;
ai = fixed effect of the i-th level of factor A (i = no fungus, Mc; and Ta) on the overall
average response; B; = fixed effect of the i-th level of factor B (j = number of sprays) on the
overall mean response; (aB);; = fixed effect of the interaction of factors A and B at their i
and j levels, respectively, on the overall mean response; and ¢;j; = error attributable to the
measurement Y.

The means were compared with Tukey’s test at 95% confidence.

All tests were performed with the statistical package IBM SPSS Statistics, version 24
(SPSS Inc., Chicago, IL, USA). Statistical significance was considered when p < 0.05.

3. Results
3.1. Development of Grass and Parasites

The plants started to sprout from the third day after sowing, and no differences were
detected with respect to whether the seeds had been previously soaked in the fungus-
dipped culture or not (Figure 2). In either situation, the plants grew rapidly, and no
differences were established between the different groups.

Day 3 Day 7

Figure 2. Normal and similar growth was observed in all groups, regardless of the presence or
absence of fungi.

https://doi.org/10.3390/agriculture16080860


https://doi.org/10.3390/agriculture16080860

Agriculture 2026, 16, 860

7 of 16

As shown in Figure 3, parasites developed properly in the trays with grass, and
different developmental stages could be observed: either sporulated oocysts or third-stage
larvae (L3) of cyathostomins (strongylids).

90 pm

Figure 3. Parasites developed in the trays. (A) Sporulated Eimeria spp oocyst. (B) Cellular develop-
ment inside a T. leonina egg. (C) T. canis egg. (D) Strongylid (Cyathostomum spp.) L3.

3.2. Effect of Sowing Seeds Previously Soaked in Medium with Parasiticide Fungi
3.2.1. Coccidian Oocysts Exposed to M. circinelloides and T. atrobrunneum

The values of reduction in Eimeria spp. oocysts viability (RV) were significantly higher
in the two treated groups than in the controls (F = 6.098, p = 0.005 in G-Mc, and F = 5.940,
p = 0.015 in G-Ta) (Figure 4). The numbers of sporulated viable oocysts (VS) were 68 £ 7%
in the controls, 0% in G-Mc, and 5 + 4% (3, 6) in G-Ta (F = 14.312, p = 0.001 in G-Mc,
and F = 13.005, p = 0.002 in G-Ta).

3.2.2. Eggs of Toxocara canis and Toxascaris leonina Exposed to M. circinelloides or
T. atrobunneum

As presented in Figure 5, the reduction in the viability of the two roundworms (T. canis
and T. leonina) was significantly lower in the controls than in the fungus-treated groups
(F=5.522, p=0.025 in G-Mc, and F = 6.1342, p = 0.020 in G-Ta). In respect to the exposure
to the fungi, the highest values of reduction were recorded by using M. circinelloides (G-Mc)
(100% and 70 £ 9%, respectively), but the differences with G-Ta were not significant
(F=1.987,p=0.232).
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BmG-C mG-Mc mG-Ta

RV VS

Figure 4. Evolution of oocysts of Eimeria spp. in soil sown with seeds previously treated with
M. circinelloides (G-Mc) or T. atrobrunneum (G-Ta). G-C: controls; RV: reduction in oocysts viability;
and VS: sporulated viable oocysts. (*): Statistical significance (p < 0.05). Bars indicate SD.

RV%
100

920 +

B G-C mG-Mc mG-Ta

80 - *
70 +
60 + *
50 +
40 +
30 +
20 +
10 +
0

T. canis T. leonina

Figure 5. Reduction on egg viability (RV%) of nematodes in soil sown with seeds previously treated
with M. circinelloides (G-Mc) or T. atrobrunneum (G-Ta). G-C: controls. T. canis: Toxocara canis; T. leonina:
Toxascaris leonina. (*): Statistical significance (p < 0.05). Bars indicate SD.

Figure 6 shows the antagonism of the parasitophagous fungi on parasites placed in
a simulated plant environment in trays, as evidenced by damage in the shells of oocysts
or eggs.

3.3. Effect of Direct Spraying of Parasitophagous Fungi on Soil
3.3.1. Against Eimeria Oocysts

A similar reduction in the viability of Eimeria spp. coccidian was recorded by using
both ovicidal fungi, but the group treated with T. atrobrunneum showed a significant differ-
ence (F =8.672, p = 0.004) in the reduction in final OPG when sprayed with chlamydospores
three or four times, compared to one or two times (Figure 7).
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Figure 6. Exposure of hen feces to M. circinelloides or T. atrobrunneum caused damage to the coccidian
oocyst coat (A,B). Effect on the development of roundworm eggs, rendering them totally non-
viable (C,D).

RV %
100

mG-C ®mG-Mc mG-Ta
20

80
70
60
50
40
30
20
10

0

1 2 Sprayings 3 4

Figure 7. Reduction in the viability of oocysts of Eimeria spp. (RV%) in feces of laying hens sprayed
with spores of M. circinelloides (G-Mc) or T. atrobrunneum (G-Ta). G-C: controls. (*): Statistical
significance (p < 0.05). Bars indicate SD.

In relation to the sporulated oocysts (=infective), no differences were observed by
spraying one or two times (Figure 8). In the control group, the percentages remained higher
than 50% throughout the assay. The lowest values of sporulated coccidian were achieved
after three—four sprayings (18%) with M. circinelloides, whereas no infective oocysts were
identified when T. atrobrunneum was sprayed four times. The differences between the
treated groups and the controls were significant (F = 5.041, p = 0.026 in G-Mc, and F = 6.689,
p = 0.018 in G-Ta), but not among the two groups receiving fungal spores (F = 2.086,
p =0.182).

https://doi.org/10.3390/agriculture16080860


https://doi.org/10.3390/agriculture16080860

Agriculture 2026, 16, 860

10 of 16

%
100

90 +

E Control = G-Mc mG-Ta

Sprayings

Figure 8. Sporulation of oocysts of Eimeria spp. in feces of laying hens sprayed with spores of M.
circinelloides (G-Mc) or T. atrobrunneum (G-Ta). G-C: controls. (*): Statistical significance (p < 0.05).
Bars indicate SD.

3.3.2. Against Eggs of Strongylids

The variations in the strongylids egg counts throughout the trial are shown in Figure 9,
resulting in a reduction of 24 £ 5% in the (untreated) controls, and 74 + 12% fifteen days
after spraying with a blend of chlamydospores of M. circinelloides + D. flagrans (F = 8.142,
p = 0.007). In this case, the data presented do not go beyond 15 days, because from that
moment on, the first-stage larvae (L1) started to hatch from the eggs, and it was no longer
possible to keep counting and sorting them.

Strongylids EPG
2700

mG-C m G-Mc/Df
2400

2100

1800

1500

1200

900

600

300

0

Day0 Day 15

Figure 9. Numbers of viable eggs of strongylids in feces of horses sprayed with a blend of chlamy-
dospores of M. circinelloides (Mc) and D. flagrans (Df). G-C: controls. (*): Statistical significance
(p < 0.05). Bars indicate SD.

4. Discussion

In order to gather information on the antagonistic effect of parasitophagous fungi on
soil parasites, a novel semi-natural system was designed to simulate the conditions of a
vegetated environment in trays, comprising two different types of trials. In the first, the
seeds were soaked in a medium containing fungi and then placed in the trays, where germi-
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nation and development were like those in the absence of fungi. In addition, the parasites
added to the trays developed normally until reaching the infective stages, implying that
this experimental model also provides a suitable environment for them. Therefore, the
viability of Eimeria oocysts was reduced by two-thirds and three-quarters in the presence
of M. circineloides or T. atrobrunneum, respectively. These data points out the effect of the
strategy against oocysts of Eimeria spp. in the soil and, consequently, in reducing the risk
of infection of animals in contact with the parasite, due to their ability to break down the
outer shell, penetrate inside and destroy the oocysts [31], or maintain them without attain-
ing the sporulated (infective) stage, which prevents the infection [35]. The antagonistic
effect was also confirmed against the eggs of canine roundworms, especially by using M.
circinelloides, which provided a 70-100% viability reduction; this is consistent with a prior
investigation which reported a 62% reduction in the viability of roundworms’ eggs [36].
It is important to underline that in the trays conditioned with seeds that were previously
soaked in a submerged medium containing the fungal species, both protozoa and helminths
completed the external phase of their lifecycles, as shown by the observation of infective
stages. Besides this, the parasitophagous fungi also grew and developed in the trays, acting
on the parasites placed. These results indicate that the design can reproduce the proper
conditions for the parasites to reach their infective stages and for the fungi to perform their
parasiticidal activity.

In the second series of experiments, Eimeria oocysts were added to trays containing
vegetation, then sprayed with spores of M. circinelloides or T. atrobrunneum once, twice,
three times, or four times within a 30-day span; the same protocol involved eggs of equine
strongylids (cyathostomin) sprayed with a mixture of spores of M. circinelloides and D. fla-
grans. A reduction in the oocysts’ viability was recorded after three—four sprayings (82%
with M. circinelloides and 100% with T. atrobrunneum). A comparison with the results from
Trial 1 shows that the reduction in viability observed after spraying two to three times in
the spores of the aforementioned fungal species was very similar to that observed when
using seeds that had been pre-soaked in fungi. Lozano et al. reported that the viability
of Eimeria spp. decreased by 21% when faced with M. circinelloides [37]. These authors
also underlined the safety of providing the chlamydospores of this fungus to birds, by
demonstrating the lack of virulence [38]. Regarding the trial involving eggs of strongylids,
it was noted that these nematodes develop to the infective stage (L3) in the trays, and that
the counts decreased by three quarters when the trays were sprayed with chlamydospores
of M. circinelloides and T. atrobrunneum. It is important to note that the infective phases of
strongylids are third-stage larvae (L3), which evolve from L1 hatched from eggs, unlike
the parasites that were previously evaluated in this research, in which immotile stages
(sporulated oocysts or eggs containing larvae) must be ingested to cause infection. For that
reason, most studies have been focused on the reduction in L3s. An overall 94% decrease
was obtained by directly spreading the chlamydospores of D. flagrans directly on fecal
pats collected from pasturing horses [39], and the counts of L3s were reduced by 27-98%
in the feces of horses given chlamydospores of this nematode-trapping fungus [40]. The
results collected in the present research confirm the appropriateness of the designed probe
to conduct evaluations of the parasiticide activity that different microorganisms might
display, and even the metabolites that can be released [41,42].

The control of soil-borne parasites continues to rely on the application of effective
chemicals; however, the demand for food production under sustainable conditions, along
with the risk that food may contain chemical residues, and the emergence of resistance to
certain widely used dewormers in animals, are the main reasons why alternative strategies
against these parasites are needed [14,43]. Accordingly, among the recommendations for
avoiding excessive use of antiparasitic agents are biological control strategies based on
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parasitic fungi (even in combination with pasture management practices) [32,33]. However,
it seems essential to provide a procedure that bridges the gap between in vitro testing
(typically in Petri dishes with agar) and field trials [43]. Another interesting point lies in
the fact that animal species are not the only ones affected by soil-borne agents. Species
belonging to the genera Meloydogine, Heterodera or Globodera are important nematodes
parasitizing many plant species, and becoming one of the main concerns of farmers, because
the root system of plants results were mainly damaged, which is reflected in low crop
production [44-47]. Given that its life cycle develops entirely in the soil, the effect of
certain species of fungi (P. chlamydosporia, Trichoderma spp., Purpureocillium lilacinum) on
horticultural crops has been analyzed [46-48], focused on its activity on cotton verticillium
wilt, crop gray mold, tomato gray mold, melon wilt, potato dry rot or tobacco root rot,
with very satisfactory and encouraging results [49-52], even with fungal filtrates [53,54].
According to the results obtained, this novel test could also be applied when checking the
efficacy of different strategies on plant parasites.

The use of pots is very useful for conducting low-cost experiments in which plants can
grow under controlled conditions [55-57]. Recent research has provided interesting and
useful information on the use of micro-rhizosphere chambers to evaluate the potential of
seven fungi as biological control agents against the plant nematode G. pallida [47]. The data
obtained highlight the advantages of the soil simulation test designed to evaluate potentially
effective strategies against soil-borne pests, as they provide useful and practical information
under conditions like those found in nature [58-60]. However, there are some factors that
could limit the extent to which these results can be extrapolated to field conditions. The
most significant factor appears to be the grass used in this model. The choice of trays
with catnip was based on their wide availability in many stores, their low cost, and their
ease of handling in the laboratory. We plan to use trays with different mixtures of grass
and forage seeds to confirm the results obtained and the suitability of the semi-natural
system described. Another aspect that deserves further attention concerns the conditions
under which the tests were conducted in this study—in a laboratory setting with controlled
temperature and humidity. The possibility of modifying these conditions to obtain data that
more closely reflects the real-world conditions—such as at different times of the year—is
currently being considered. Finally, given that parasites may be distributed unevenly, it is
recommended to analyze two samples from each tray to ensure greater reliability.

5. Conclusions

The development of an innovative soil simulation system based on trays filled with
catnip allows for soil-borne parasites that affect animals to thrive under conditions similar
to those found naturally in the environment. The data obtained in the present investigation
demonstrate that this semi-natural system appears very useful to provide a procedure that
bridges the gap between in vitro testing (in agar plates) and field trials. It is concluded
that this device provides reliable information on the efficacy of certain strategies against
free-living stages of several soil-borne parasites. Considering that some parasites affecting
crops have similar life cycles to those mentioned, this design also offers the right conditions
for the evaluation of any antagonistic activity on them, which is another added advantage,
and further research is underway to obtain more information in this regard.
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