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This study aimed to evaluate the impact of tillage and no-tillage cultivation on entomo-
pathogenic fungi in the soil. The research was carried out in 2021-2022 on plots at the
Field Experimental Station of the Institute of Plant Protection — National Research Institute
in Winna Gora, Poland. Winter oilseed rape, pea and winter wheat were grown on the
plots. Entomopathogenic fungi were isolated using the trapping insect method and their
occurrence intensity was assessed. The results demonstrated a positive effect of no-tillage
cultivation on the presence of entomopathogenic fungi in the soil. In May 2021, the great-
est numbers of trapped insect larvae infected by fungi were in the pea plots (90%) with
no-tillage systems, while with tillage it was 43% lower. In June 2022, the greatest number of
larvae infected by fungi were in the pea plots (96.7%) with no-tillage systems, while with
tillage it was 23% lower. Among the isolated entomopathogenic fungi, the dominant genus
was Cordyceps in all cultivation technologies.

Keywords: entomopathogenic fungi, integrated plant protection, no-tillage cultivation,

tillage

Introduction

Agrotechnical treatments used by farmers have a sig-
nificant impact on both plant cultivation and micro-
biological processes in the soil. Soil cultivation tech-
niques contribute to the development of soil fertility
and health (Brzezinska 2009; Klimek et al. 2010). Soil is
a part of the dynamic, living, natural terrestrial ecosys-
tem. Organic matter is one of the most important com-
ponents of soil (Magdoft and van Es 2021). Among the
beneficial microorganisms in the soil, entomopatho-
genic fungi (EPF) play an essential role in reducing
the population of many plant pests. EPF are a special
group of soil-dwelling microorganisms that infect and
kill insects by penetrating their cuticle. They are cur-
rently used as biocontrol agents against insect pests
and play a vital role in their management. However,

human activities have led to soil degradation, which
negatively affects its biodiversity (Holland et al. 2017).
Awareness of soil biodiversity and its importance for
sustainable food production has markedly increased in
recent years. In particular, the loss of soil biodiversity
due to of intensive agriculture, land degradation and
climate change has raised concerns about its expected
negative impacts on ecosystem services, food security
and human health (Pulleman et al. 2022).

The European Union (EU) has responded to con-
sumers expectations by developing various strategies
to prevent further environmental devastation of the
soil (EU 2023). One such initiative is the EU’s “Biodi-
versity Strategy for 2030”7, an ambitious long-term plan
aimed to protect nature and reverse the degradation of
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ecosystems. This strategy aims to put Europe’s biodiver-
sity on a path to recovery by 2030. Another related Strat-
egy, “The Farm to Fork” seeks to reduce the overall use
of chemical pesticides and the associated risks by 50% by
2030 with a focus on minimizing the use of more hazard-
ous pesticides. These strategies are still under discussion
and each Member State aims to agree on conditions for
the use of pesticides based on their specific needs.

The reduction of chemical plant protection pro-
ducts is expected to increase interest in alternative,
particularly non-chemical, methods of plant protec-
tion, with biological control being priority. However,
the range of biopesticides remains limited, especially
in field crops in Poland (Sosnowska 2018). Therefore,
in this context, conservation biological control, which
involves creating suitable conditions for the develop-
ment of beneficial microorganisms such as EPE. Such
strategies require a solid understanding of the ecology
of the species involved at the individual, community
and landscape scale (Holland et al. 2017). Conserva-
tion biological control with EPF includes the manipu-
lation of both the crop environment and habitats out-
side the crop (Pell ef al. 2010). The fungal community
structure is strongly influenced by conservation tillage,
though how conservation tillage systems affect the soil
fungal community structure remains poorly under-
stood (Gao et al. 2022).

This research, based on a long-term experiment,
aimed to determine the effect of tillage and no-tillage
cultivation systems and plants on the occurrence of ento-
mopathogenic fungi in soil in the western part of Poland.

Materials and Methods

Field experimental design

The research was conducted at the Field Experimental
Station of the Plant Protection Institute - National Re-
search Institute in Winna Géra (Poland) (52°12’17”°N
17°26’48”E). The trials with conventional tillage (CT)
and no-tillage (NT) techniques were established as
a part of a long-term experiment, during two grow-
ing seasons, 2020-2021 and 2021-2022. Three crop
designs were used: winter oilseed rape (R1), winter
wheat (R1-in monoculture as forecrop before winter
oilseed rape), and pea (R4). R1 meant the recommend-
ed standard for chemical protection was applied with
a 3-year simplified crop rotation with a 2-year mono-
culture of winter wheat (winter oilseed rape — winter
wheat — winter wheat) (crop rotation commonly used
on large-scale farms). R4 meant that there was reduced
chemical protection and a 3-year crop rotation (winter
oilseed rape — winter wheat — pea). The field experi-
ment was carried out using a split-block design with
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three replications. The experiment analyzed the effect

of two factors:

- factor I - two cultivation systems: tillage and no-
tillage,

- factor II: three plants: winter oilseed rape, winter
wheat and pea.

The distance between crop variants was 4 meters
and the distance between plots within a variant was
2 meters. Three replicates were used. In both 2021
and 2022, soil was collected from plots where winter
oilseed rape (Artoga variety), pea (Hubal variety),
and winter wheat (mix of Arkadia and Wilejka varie-
ties) were grown. Recommended chemical protection
(a protection based on full doses of herbicides, fun-
gicides, and insecticides) was applied to the oilseed
rape and wheat, while only herbicides (50% of the
recommended dose) were used on the pea plots. The
crops were grown on plots under both standard till-
age (deep ploughing) and no-tillage using a cultivation
unit for intensive but shallow soil processing systems.
The CT plots were tilled on August 20, 2020 and Au-
gust 17, 2021, to a depth of 25 cm. Winter oilseed rape
was sown on August 28, 2020 and August 27, 2021
(3.6 kg/ha). Winter wheat was sown on October 5, 2020
and October 8, 2021 (350 kg/ha); while peas were sown
on March 26, 2021 and March 28, 2022 (300 kg/ha). The
chemical plant protection products used are listed in
Tables 1 and 2. The same recommended NPK fertiliza-
tion was applied to both CT and NT designs (Table 3).
The following machines were used: tractor + plow, disc
harrow, subsoiler, seeder and suspended tractor sprayer.

Soil sampling and entomopathogenic fungi
isolation

Soil samples were collected monthly from May to Au-
gust in both seasons (2021, 2022). From each plot,
samples were taken from 10 randomly selected lo-
cations (edge effect was eliminated) with an area of
120 m? using a soil corer to a depth of 15 cm. The soil
corers were sterilized with ethanol before using in
each replication. Each variant had a separate soil corer.
Soil samples were not sieved but put into plastic bags.
These samples were mixed to create a single composite
for each plot. About 3 kg of soil was taken from each
variant. A total of three soil samples was taken from
the three replicates of each variant, resulting in nine
samples from plots with tillage and nine from plots
with no-tillage systems. Proximity to plants was con-
sidered during sampling. Entomopathogenic fungi
were isolated using the trap method (Zimmermann
1986). In the laboratory, 10 Galleria mellonella L. (Lep-
idoptera, Pyralidae) larvae (L3-L4 old) were placed in
each soil container which was filled with soil up to lid
(about 300 g), and their mortality was observed. In the
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Table 1. Plant protection products used in growing season 2020/2021 (Winna Géra)

Insecticides (a.i.)

Fungicides (a.i.)

Herbicides (a.i.)

CUItIV?tEd - application timing and dose - application timing and dose - application timing and dose
species N B N
[g-ha] [g-ha’l [g-ha]
21.09.2020
(halauxifen-methyl + picloram)
11.09.2020 + (metazachlor + aminopyralid picloram)
|ambda_cyha|othrin (25+12)+(300+3.2+8)
(6) 12.04.2021
quizalofop-P-ethyl
Winter 31.03.2021 (50)
oilseed 31.03.2021 (mepiquat chloride + metconazole)
rape lambda-cyhalothrin + tebuconazole
(RT) (6.25) (105+15)+ 125
8.05.2021 13.07.2021
cypermethrin glyphosate
(25) (1080)
13.05.2021
(acetamiprid + lambda-cyhalothrin)
(20 +6)
- 20.05.2021 . 13.03.2021 . 28.10.2020
Winter . (fenpropimorph + epoxcionazole) . .
cypermethrin . (diflufenican + flufenacet)
wheat (R1) (25) + epoxiconazole (140 +140)
(200 + 67.2) + 375
29.03.2021
Pea (R4) - - (dimethenamid-P + pendimethalin)
(510 + 600)

a.. —active ingredient

R1 - chemical protection program (recommended number of treatments and pesticide doses)

R4 - limited chemical protection program (in terms of the number of treatments and pesticide doses)

Table 2. Plant protection products used in growing season 2021-2022 (Winna Goéra)

Insecticides (a.i.)

Fungicides (a.i.)

Herbicides (a.i.)

Iti
Cl: t;\;?:d - application timing and dose - application timing and dose - application timing and dose
P [g-hal [g-ha™l [g-hal
02.10.2021
(halauxifen-methyl +picloram) +
11.09.2021 (metazachlor + aminopyralid + picloram)
(acetamiprid + lambda-cyhalothrin) (25+12)+(375+4+10)
) (30+9) 25.10.2021
Winter 28.03.2022 quizalofop-P-ethyl
oilseed (mepiquat chloride +metconazole) (40)
rape + tebuconazole
R1) 24.03.2022 (105 +15) + 100
(acetamiprid + lambda-cyhalothrin)
(20 +6) 14.07.2022
glyphosate
06.05.2022 . (1080)
lambda-cyhalothrin
(7.5)
Winter 24.03.2022 . 29'04'2922
. . (2,4D+aminopyralid+florasulam)
wheat - (fenpropimorph + epoxiconazole)
R1) (150 + 50.4) + fenoxaprop-P-ethyl
’ (180+ 10 +5) + 69
Pea 14.05.2022
(R4) - - (bentazone + imazamox)
(480 + 22.4)

a.i. — active ingredient

R1 - chemical protection program (recommended number of treatments and pesticide doses)

R4 - limited chemical protection program (in terms of the number of treatments and pesticide doses)
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Table 3. Fertilization (N-P-K) in cultivated species in both growing seasons (2020-2021 and 2021-2022) -Winna Géra

Fertilizer doses
kg -ha™]

ir;v:;r;g Apt|:i>rl:1<§ra1tlon Winter oilseed rape Winter wheat Pea
g (R1) (R1) (R4)
N P K N P K N P K
21.08.2020 24 80 120 - - - - - -
02.10.2020 - - - 21 70 105 - - -
02.03.2021 80 - - 60 - - - - -
2020-2021
18.03.2021 - - - - - - 15 50 75
04.04.2021 51 - - 41 - - - - -
Total 155 80 120 122 70 105 15 50 75
20.08.2021 32 80 120 - - - - - -
20.09.2021 - - - 24 60 90 - - -
04.03.2022 75 - - 60 - - - -
2021-2022
28.03.2022 - - 15 50 75
01.04.2022 46 - - 37
Total 153 80 120 121 60 90 15 50 75

middle of the surface of each container cover there was
a 4 cm diameter mesh, so that the larvae had access
to air. The soil was sprayed with distilled water when
it dried out. Food for G. mellonella was not added.
Containers with trapped insects were placed in a tem-
perature-controlled chamber at 25°C in the dark. The
first check for larval mortality was performed 7 days
after setting up the experiment, and the next one after
10 days. A total of 30 larvae per treatment (field crop)
was observed. Dead individuals were placed in Petri
dishes on a glass slide with damp paper in a tempera-
ture-controlled chamber at 25°C. When mycelium ap-
peared, slides were prepared, and spore-forming struc-
tures and spores were examined under a Olympus BX
40 microscope (40x magnification). Entomopathogen-
ic fungi were identified microscopically based on the
morphology of their microstructures by determining
the size and shape of conidia, conidiogenic cells, and
colony morphology using standard identification keys
(Rehner and Buckley 2005; Rehner et al. 2011; Hum-
ber 2012; Inglis et al. 2012). Since only morphologi-
cal methods were used to identify the fungi, they were
classified at the genus level. As demonstrated by recent
phylogenetic studies based on DNA sequencing (Brkic¢
et al. 2004; Bischoft et al. 2006, 2009; Kepler et al. 2017),
there are numerous species of fungi within the genera
Beauveria, Cordyceps and Metarhizium, which are often
indistinguishable without molecular methods.

Meteorological data

To determine the variable environmental factors in-
fluencing the growth of entomopathogenic fungi in
soil, meteorological data from the Field Experimental

Station of the Plant Protection Institute — National Re-
search Institute in Winna Gora (Poland) were utilized.
The average values of air temperature and precipitation
are presented in Figures 1 and 2.

Statistical analysis

The experiment was carried out using a split-block
design with three replications. Statistical analysis was
performed using a two-way analysis of variance (ANO-
VA). Normality of the model’s residuals was assessed
with the Shapiro-Wilk test, and the homogeneity of
variance was tested with Levene’s test. Tukey’s HSD
test was used for post-hoc comparisons. The analyses
were performed at a significance level of 0.05. Calcula-
tions were made using the Statistica 12 program.
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Fig. 1. Average of air temperature [°C] during the observation
period in Winna Goéra (2021-2022)
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Fig. 2. Average amount of precipitation (mm) during the obser-
vation period in Winna Goéra (2021-2022)
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Results

In 2021, the highest intensity of entomopathogenic
fungi occurrence was observed in no-tillage cultiva-
tion plots. The greatest numbers of trapped insect

larvae infected by fungi were found in May in the pea
plots (90%). Larval mortality decreased subsequently,
reaching 73% in June, 33% in July, and 37% in August
(Table 4). With tillage, larval mortality in May was
significantly lower than with no-tillage cultivation
(F ., =96.43, p = 0.0102). In plots with peas, mortal-
ity was 43% lower in May, 40% in June, 20% in July
and 24% in August which was comparable to no-tillage
cultivation (Table 4). Similar trends were observed in
2022. The highest mortality of G. mellonella larvae oc-
curred in plots with peas grown under the no-tillage
system. In May, the mortality rate was 56.7%, reaching
nearly 97% in June, 70% in July and the lowest rate of
26.7% was in August (Table 5). Compared to 2021 the
high larval mortality in June and July may have been
related to the increased precipitation during these
months - 45 mm higher in June 2022 than in 2021,
and 10 mm higher in July (Fig. 2). Conversely the aver-
age temperature in June and July 2021 was higher than
in 2022 (Fig. 1). Heavy rainfall in May 2021 (above
60 mm), was associated with the highest G. mellonella
larval mortality caused by EPF, reaching up to 90%
in plots with peas grown in the no-tillage technology
(Table 5). In contrast, tillage did not have this effect.

Table 4. Percent of dead Galleria mellonella larvae (%) in soils with tillage and no-tillage technology in different months and different

plants (Winna Géra 2021)

% of dead larvae (Mean * SD)

Field crops
May June July August
Technology
Tillage (CT) 20+21.21a 15.6 £ 20.68 a 6.7+11.18 8.9+10.54
No-tillage (NT) 70+2449b 58.9+2892b 27.8 £29.91 28912472
F 96.43 18.78 6.94 3.86
p 0.0102 0.0493 0.1189 0.1885
Variants
Winter rape R1 333+3502a 21.7£22.29 18.3+ 36.01 21.7 £29.27
Pea R4 68.3+27.14b 53.3+37.77 233+21.6 25+18.71
Winter wheat R1 333+3141a 36.7 £ 3445 10£12.65 10+£12.65
F 10.14 3.37 0.35 1.07
p 0.0272 0.1389 0.7251 0.4239
Technology * Variants
Tillage * Winter rape R1 6.7 £5.77 6.7 £5.77 0+0 6.7 £5.77
Tillage * Pea R4 46.7 £11.55 33.3+30.55 13.3+£15.28 13.3+£15.28
Tillage * Winter wheat R1 6.7 £5.77 6.7 £5.77 6.7 £11.55 6.7 £11.55
No-tillage * Winter rape R1 60 + 30 36.7 £ 23.09 36.7 £ 47.26 36.7 +37.86
No-tillage * Pea R4 90+17.32 73.3+37.86 3332517 36.7+15.28
No-tillage * Winter wheat R1 60+17.32 66.7 +£15.28 13.3+£15.28 13.3+£15.28
F 0.11 2.8 0.57 0.84
p 0.8957 0.1736 0.6068 0.4964

SD - Standard Deviation;
Different letters indicate statistically significant differences
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When rainfall dropped to 15 mm in June 2021, the ef-
ficacy of EPF declined, resulting in 18% lower G. mel-
lonella larval mortality in plots with peas without till-
age. In the following month it dropped to 33%, which
was also related to lower rainfall. In 2022, the average
precipitation in June, July and August was higher than
in 2021 (Fig. 2). During these months, the greatest in-
fection rates of G. mellonella larvae reached 96.7% in
June, 70% in July and decreased to 26.7% in August in
the pea plots with no-tillage technology (Table 5).

The results of observations conducted in 2021-2022
clearly indicate the positive impact of no-tillage culti-
vation on the occurrence of entomopathogenic fungi
in the soil. In May 2021, the average the mortality of
larvae with no-tillage cultivation was 50% higher, in
June by 43%, in July by 21% and in August by 20%
than with tillage (Table 4). These differences were sta-
tistically significant in May and June (F = 96.43,
p=00102,F ,, 18.78, p = 0.0493). Similarly in 2022
larval mortality was 10% higher in May without tillage
than with tillage (F , = 27, p = 0.0351), 18% higher
in June (F 1y =19.69,p = 0.0472), 29% in July, and in
August by 21% (Table 5).

Among the isolated fungi, the dominant species be-
longed to the genus Cordyceps. Cordyceps species was
most frequently isolated from pea plots under both

no-tillage and tillage systems in each year of observa-
tion. In May 2021, it caused 90% of larval mortality
with no-tillage pea cultivation while in June 2022 it
was responsible for over 96% of larval infections in the
same crop (Tables 6, 7). Fungi of the genus Beauveria
constituted a small percentage of the isolated species.
In June 2021 it caused only 6.7% of larval mortality
in no-tillage pea plots (Table 7), while in 2022 it was
not isolated at all. Metarhizium fungi were not isolated
in 2021, but in June 2022 they caused 36.7% of larval
mortality in tillage cultivated pea plots (Table 7).

In 2021 an insecticide was applied to winter oil-
seed rape plots in March (lambda-cyhalothrin) and
two insecticides in May (cypermethrin; acetamiprid,
lambda-cyhalothrin) (Table 1). A fungicide was ap-
plied to these plots in March pentamethyleneimine,
metconazole) and an herbicide in April (quizalofop-
p-ethyl) (Table 1). In the winter wheat plots, a fungi-
cide (fenpropimorph, epoxconazole) was applied in
March 2021, and insecticide (cypermethrin) in May.
All chemical products were applied at recommended
doses. No herbicide was applied. Analyzing the inten-
sity of EPF occurrence in the soil on these plots, no
differences were observed in the mortality of G. mel-
lonella larvae. In both variants it was 33% of dead
larvae in May on plots with winter oilseed rape and

Table 5. Percent of dead Galleria mellonella larvae (%) in soils with tillage and no-tillage technology in different months and different

plants (Winna Géra 2022)

% of dead larvae

Field crops
May June July August
Technology
Tillage (CT) 38.9+2369a 533+2345a 12.2 £19.86 22+441
No-tillage (NT) 48.9+20.88b 71.1+23.15b 41.1 £32.57 23.3+20.62
F 27 19.69 5.08 6.94
p 0.0351 0.0472 0.1529 0.1189
Variants
Winter rape R1 30+ 14.14 51.7+1941a 10£1095a 6.7 £5.16
Pea R4 51.7 £26.39 85+2345b 50+35.78b 13.3+£15.06
Winter wheat R1 50 +20.98 50+ 12.65a 20+ 25.3ab 18.3 £27.87
F 2.34 14.27 10.4 1.14
p 0.2120 0.0151 0.0260 0.4061
Technology * Variants
Tillage * Winter rape R1 30+ 10 40+10 6.7 +£11.55 334577
Tillage * Pea R4 46.7 £35.12 73.3+30.55 30 +26.46 0+0
Tillage * Winter wheat R1 40 + 26.46 46.7 £15.28 0+0 33+£5.77
No-tillage * Winter rape R1 30+20 63.3+20.82 133+ 11.55 10+£0
No-tillage * Pea R4 56.7 +20.82 96.7 £5.77 70 = 36.06 26.7+5.77
No-tillage * Winter wheat R1 60+£10 533+11.55 40+ 20 33.3+35.12
F 0.47 0.21 1.03 1.21
p 0.6537 0.8196 0.4354 0.3879

SD - Standard Deviation;
Different letters indicate statistically significant differences
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Table 6. Percentage of dead Galleria mellonella larvae [%] in soils with and without tillage (Winna Géra, 2021) caused by various

entomopathogenic fungi

% of dead G. mellonella larvae in soils with tillage system

Mortality factor May June July August
winter winter  winter winter  winter winter  winter winter
rape pea wheat  rape wheat  rape pea wheat  rape pea wheat
Cordyceps spp. 6.6 40 6.7 6.7 333 13.3 0 13.3 6.7 0 3.3 0
Beauveria spp. 0 6.7 0 0 0 0 0 0 0 0 0 0
Metarhizium spp. 0 0 0 0 0 0 0 0 0 0 0 0
% of dead G. mellonella larvae in soils with no-tillage system
Cordyceps spp. 53.3 90 50 36.7 66.7 533 36.7 333 133 26.7 16.7 33
Beauveria spp. 6.7 0 33 0 6.7 0 0 0 0 0 0 0
Metarhizium spp. 0 0 0 0 0 0 0 0 0 0 0 0

Table 7. Percentage of dead Galleria mellonella larvae [%] in soils with and without tillage (Winna Géra, 2022) caused by various

entomopathogenic fungi

% of dead G. mellonella larvae [%] in soils with tillage system

May June July August
Mortality factor \inter ) winter i winter . winter )
R1/R4 R1/R4 R1/R4 R1/R4
Cordyceps spp. 23.3/16.7 433 40 40/233 36.7 46.7  6.7/10 30 0 3.3/0 0 33
Beauveria spp. 0/0 0 0 0/0 0 0 0/0 0 0 0/0
Metarhizium spp. 0/0 0 0 0/0 36.7 0 0/0 0 0 0/0
% of dead G. mellonella larvae in soils with no-tillage system
Cordyceps spp. 26.7/50  56.7 60  63.3/50 96.7 533  13.3/23 70 40 10/37 267 30
Beauveria spp. 0/0 0 0 0 0 0 0 0 0 0/0 0 0
Metarhizium spp.  3.3/3.3 0 0 0 0 0 0 0 0 0/0 0 33
R1/R4 - chemical protection/half doses of chemical protection
winter wheat (Table 4). In the pea plots, the mortality Djscussion

of larvae reached 68% (Table 4) in May and was 35%
higher than in the winter oilseed rape and winter wheat
crops. In pea plots, only half of the recommended her-
bicide (dimethenamide, pendimethalin) dose was ap-
plied in March 2021. In May 2021 the differences be-
tween larval mortality were significant (F 0w = 10.14,
p=0.0272).

In 2022, insecticides were applied to winter oilseed
rape plots in March (acetamiprid, lambda-cyhalothrin)
and May (lambda-cyhalothrin), and an herbicide (qui-
zalofop-p-eth-1) in April (Table 2). In contrast, only
herbicide spraying (aminopyralid+fonoxaprop-p-
-ethyl) was used in April on plots with winter wheat.
Where there were more chemical treatments we ob-
served 30% of dead G. mellonella larvae in May (winter
oilseed rape) in tillage and no-tillage systems, and in
plots where there were less chemicals 40% of dead lar-
vae were observed with tillage, and 60% with no-tillage
(winter wheat) (Table 5).

2,4)

Conservation biological control relies on modifying
the environment or management practices to protect
and encourage natural enemies within the system. This
approach requires a solid understanding of the ecology
of the species concerned at the individual, community
and landscape scale (Pell et al. 2010). Conservation
biological control also includes agricultural practices
compatible with the maintenance of natural enemy
populations. Such agricultural practices that affect mi-
croorganisms in the soil are tillage and no-tillage sys-
tems.

Various studies indicate the superiority of no-till-
age farming over tillage farming. Most importantly,
no-tillage significantly protects fields from excessive
soil erosion, allows organic matter accumulation by
decreasing decomposition, and improves overall soil
health (Kladivko 2001; Malecka-Jankowiak et al. 2016;
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Smith et al. 2016; Srour et al. 2020; Liu et al. 2021).
The higher moisture content of soils cultivated in no-
tillage systems favors the development of entomopath-
ogenic fungi. This research showed a greater intensity
of EPF in soils cultivated without tillage as evidenced
by higher parasitism of G. mellonella larvae. This find-
ing agrees with Tkaczuk (2008) who found that the
use of manure and no-tillage cultivation systems af-
fects the species and quantitative composition of EPF
in the soil. Sosa-Gomez et al. (2001) observed a higher
incidence of entomopathogenic fungi in no-tillage sys-
tems. Under these experimental conditions, Metarhi-
zium anisopliae Sorokin (Hypocreales, Clavicipita-
ceae) and Beauveria bassiana (Balsamo, Vuillemin)
(Hypocreales, Cordicipitaceae) were more prevalent
than Purpureocillium lilacinum (formerly Paecilomyces
lilacinus) (Ophiocordycipitaceae).

Wang et al. (2016) found that no-tillage improved
soil microbiological properties. In Portugues olive
groves Oliveira et al. (2013) showed higher occurrence,
diversity, and abundance of entomopathogenic fungi
under no-tillage systems than tilled ones. Recently
Korniltowicz-Kowalska et al. (2022) demonstrated
a significantly higher total number of rhizosphere
fungi in the no-tillage system than in the tillage sys-
tem, with the dominant group of fungi being the order
Hypocreales (Ascomycota). In South Brazil Dorr de
Quadros et al. (2012) recorded higher microbial di-
versity without tillage, particularly in plots with cereal
crops (oat and maize).

This research revealed that in May and June the
greatest mortality rate of G. mellonella larvae caused
by entomopathogenic fungi occurred in no-tillage
systems with pea cultivation. In contrast, in tillage
systems, larval mortality was much lower. Legumes,
such as peas, are valuable agricultural crops world-
wide. Their nutritional properties likely contribute to
the greatest occurrence of entomopathogenic fungi in
the soil (Ofuya and Akhidue 2005; Brki¢ et al. 2004;
Knight 2012; Faligowska et al. 2022).

Entomopathogenic fungi occur naturally in the soil
and play an essential role in regulating insect popu-
lations. However, soil parameters such as texture, hu-
midity, temperature, and organic matter influence
the abundance of fungal species (Quesada-Moraga
et al. 2007; Sun and Liu 2008; Garrido-Jurado et al.
2011). In the observations recorded here three types
of entomopathogenic fungi were identified: Beauve-
ria, Metarhizium and Cordyceps. The dominant genus
in the western part of Poland was Cordyceps. Tkaczuk
et al. (2014) recorded that M. anisopliae was the most
frequent fungus in soils from both organic and con-
ventional fields in the eastern part of Poland. It also
infected the largest number of G. mellonella larvae.
Cordyceps fumosorosea (Wize) Kepler, B. Shrestha
& Spatafora (Hypocreales, Cordicipitaceae) formed
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more colony forming units (CFU) in convention-
ally cultivated soils. According to Vinninen (1995),
M. anisopliae is the most tolerant species to agricul-
tural practices like tillage and the use of chemical
protection, and it can tolerate the periodic absence of
potential hosts. In the plots observed in Winna Gora,
the dominant genus was Cordyceps, while Metarhizium
spp. was rarely isolated.

In Portugal, studies by Sharma et al. (2021) showed
that the use of pesticides in the protection of Portu-
guese vines had no significant effect on the presence
of entomopathogenic fungi which were isolated to
a similar extent from both herbicide-treated and un-
treated research sites. Sosnowska (2000) indicated that
herbicides had no effect on nematopathogenic fungi in
beetroot plots in the central part of Poland. A green-
house experiment by Clifton et al. (2015) when fun-
gicides and herbicides were applied to the soil surface,
no significant effects on entomopathogenic fungi were
observed. They suggested, that fungicides and herbi-
cides may not be toxic to soil-borne entomopatho-
genic fungi as originally thought. The same trend was
observed in the results given here, namely, that the
greater intensity of EPF occurrence was in plots with
fewer chemical treatments. A laboratory study by
Fiedler and Sosnowska (2017) when fungicides and
insecticides were used against different EPF showed,
that all tested insecticides can be applied together with
B. bassiana. They even stimulate sporulation of this fun-
gus at the recommended dose. In the case of fungicides,
they observed inhibition of growth and sporulation of
B. bassiana. The studies reported here showed that in
pea plots where only herbicides were applied at half of
the recommended dose, EPF intensity was higher than
in winter oilseed rape and wheat plots where insecti-
cides, fungicides and herbicides were used.

Weather conditions may also influence the occur-
rence of fungi in the soil. The higher precipitation in
May 2021 than in 2022 was associated with greater
larval mortality in no-tillage pea plots. Inglis at al.
(2001) noted, that precipitation has beneficial effects
on fungal epizootics, and plays a vital role in conidia
dispersion. Heavy rainfall can remove large quantities
of spores and conidia from the pests’ cuticles. The pre-
sent observations showed a greater abundance of en-
tomopathogenic fungi (higher larval mortality) in the
soil after heavy rainfall. Changes were observed in the
intensity of fungi occurrence in the month with heavy
rainfall. Searle and Doberski (1984) reported that en-
vironmental conditions such as temperature and hu-
midity have a strong impact on the virulence and suc-
cess of entomopathogenic fungi, confirming what was
observed in the presented results.

Ultimately this study demonstrated that no-tillage
cultivation can be a valuable strategy for promoting
the occurrence of entomopathogenic fungi in soil.
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This has implications for sustainable agriculture and
natural pest control. Future research could explore the
specific mechanisms through which no-tillage benefits
entomopathogenic fungi and investigate the long-term
effects of different cultivation practices on their popu-
lations.

Conclusions

- The no-tillage system positively influenced the oc-
currence of entomopathogenic fungi in the soil.

- In soils with pea cultivation under the no-tillage
system, the greatest intensity of entomopathogenic
fungi and the highest mortality rates of G. mellonel-
la trap larvae were observed.

- Chemical protection can influence the occurrence
of entomopathogenic fungi in soil conditions.

- Changes in rainfall intensity can affect the en-
tomopathogenic fungi. Greater precipitation is as-
sociated with higher effectiveness of entomopatho-
genic fungi against G. mellonella larvae.

- Among the isolated entomopathogenic fungi, the
dominant genus was Cordyceps in all cultivated
technologies.
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