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INTRODUCTION

ABSTRACT

This study compared the species composition and rate of entomopathogenic fungi oc-
currence in cultivable soil following the application of a mineral-and-organic fertiliser
produced from brown coal. The material for testing consisted of soil samples collected in
the second year of the experiment on two dates in 2015 (spring and autumn). The experi-
ment was carried out on the following plots: control plot (no fertilisation); a plot fertilised
with mineral fertilisers NPK presowing + N for top dressing; a plot fertilised with NPK
presowing + manure; a plot fertilised with a fertiliser produced from brown coal at a dose
of 1 t/ha NPK presowing + N, for top dressing; and a plot fertilised with a fertiliser pro-
duced from brown coal at a dose of 5 t/ha NPK presowing + N, for top dressing. Entomo-
pathogenic fungi were isolated from soil of particular fertilisation experiment plots using
insect traps (Galleria mellonella larvae) as well as a selective medium. Three species of
entomopathogenic fungi, i.e. Beauveria bassiana, Metarhizium anisopliae s.1. and Isaria
fumosorosea, were isolated using two methods, from the soil samples collected from
particular fertilisation experiment plots on two dates, i.e. spring and autumn. Fungus M.
anisopliae s.1. proved to be the predominant species in the tested soil samples. The ad-
dition of the mineral-and-organic fertiliser, produced based on brown coal, to the soil at
both applied doses contributed to an increase in the number of infectious units (CFUs) of
entomopathogenic fungi formed in relation to the control plot.
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tional production. They are innovative, pro-envi-
ronmental, and “complex” fertilisers [The Act...

Research into the use of brown coal in agri-
culture was carried out in Poland as early as be-
fore the Second World War. Musierowicz [1938]
claimed that brown coal could be used to improve
the properties of light soils. Gorska et al. [20006]
noted the positive effects of brown coal on the
functioning of soil microflora. It is an organic
material which, under field conditions, is subject
to gradual biodegradation in which root exudates
also participate. Mineral-and-organic fertilisers
produced from brown coal may be used in organ-
ic production as well as in integrated and conven-
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2007, 2012]. The organic matter of brown coal
used in these fertilisers is subject to slow degra-
dation and improves the soil properties on a long
term basis. They are a significant source of nutri-
ents and control the soil solution concentration by
means of sorption and release of various ions and
chemical compounds to the solution [Sas-Paszt et
al. 2013, Symanowicz et al. 2013].

Organic agriculture is an important tool in
the strategy to improve the conditions of envi-
ronmental protection and the development of
agriculture, which are the main objectives of the
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Community’s agricultural policy. Therefore, the
use of fertilisers produced from brown coal may
provide an effective alternative to mineral fertili-
sation and be a key solution in the development
of organic production of crops at both the national
and European level. Another important compo-
nent of the natural environment, which is also one
of the groups of beneficial microorganisms which
may be used to protect cultivated organic crops
and improve the natural environment, are ento-
mopathogenic fungi [Karg and Batazy 2009]. As
natural enemies, they play an important role in the
processes of biocenotic control of populations of
numerous insect and acarid species and some of
them provide a basis for the production of bioin-
secticides increasingly used in the biological pro-
tection of plants [Faria and Wright 2007, Tkaczuk
2008, Tkaczuk et al. 2013, 2016a,b, Sosnowska
2013]. Currently, biopreparations produced on
the basis of entomopathogenic fungi are primarily
used in protected crop cultivation, on meadows
used for grazing and in vegetable and fruit farm-
ing [Goetel et al. 1995, Batazy 2004, Sosnowska,
2013, Tkaczuk et al. 2016b]. These preparations
are also increasingly used in integrated agricul-
tural production systems. As regards the bio-
logical control of plant pests, virulent strains of
anamorphous Ascomycetes (4scomycota, Hypo-
creales) of the following genera: Beauveria, Hir-
sutella, Isaria, Lecanicillium, or Metarhizium, are
most widely used.

Fertilisation, due to the prevalence of its
use, is one of the most frequent factors affect-
ing both the occurrence and the infectious po-
tential of entomopathogenic fungi in cultivable
soils [Hirose et al. 2001, Gorczyca 2006, Klin-
gen and Haukeland 2006, Tkaczuk 2008]. Many
years of fertilisation with organic materials con-
tributing to an increase in the amount of organic
matter in soils has a positive effect on the popu-
lation of entomopathogenic fungi, while the ap-
plication of high doses of mineral fertilisers (in
the form of NPK) is a factor which may restrict
their infectious potential [Rosin et al. 1996,
Ali-Shtayeh et al. 2002, Klingen et al. 2002,
Quesada-Moraga et al. 2007, Tkaczuk, 2008].

The aim of this study was to compare both the
species composition and the rate of occurrence of
entomopathogenic fungi in cultivable soil follow-
ing the application of various fertilisation vari-
ants, including a mineral-and-organic fertiliser
produced from brown coal.

MATERIAL AND METHODS

The material for testing consisted of soil
samples collected in the second year following
the application of a mineral-and-organic fertiliser
produced from brown coal on two dates in 2015,
i.e. in the spring and in the autumn, at the Agricul-
tural Experimental Station of the Siedlce Univer-
sity of Natural Sciences and Humanities, situated
in the village of Zawady. Soil samples were col-
lected from five fertilisation experiment plots on
which silage maize was cultivated. Soil samples
were taken with a scoop to a depth of 20 cm from
five randomly-distributed sites on each plot. Prior
to the establishment of the experiment, a soil test
pit was dug to a depth of 150 cm. It was described
in morphological terms and qualified as sandy
grey-brown podzolic soil with a granulomet-
ric composition of the humus horizon of loamy
sand. The pH of the fertilisation experiment plots
ranged from 4.0 to 4.6. The experiment was car-
ried out on the following plots: control plot (no
fertilisation); a plot fertilised with mineral fertil-
isers NPK presowing + N for top dressing; a plot
fertilised with NPK presowing + manure; a plot
fertilised with a fertiliser produced from brown
coal at a dose of 1 t/ha NPK presowing+ N, for
top dressing; and a plot fertilised with a fertiliser
produced from brown coal at a dose of 5 t/ha NPK
presowing + N, for top dressing.

Entomopathogenic fungi were isolated from
the soil of particular fertilisation experiment
plots using two methods: the trap insect method
proposed by Zimmermann [1986] and a selec-
tive medium developed by Strasser et al. [1996]
(L3 stage) larvae of the greater wax moth Gal-
leria mellonella were used as the trap insect. Five
plastic boxes with a capacity of approx. 200 ml
were filled with soil from each fertilisation ex-
periment plot. Ten G. mellonella larvae were put
into each box, i.e. a total of 50 larvae were put
into the soil from each fertilisation combination.
The soil-filled boxes were placed in an incuba-
tor at 22-23°C. The first mortality check was car-
ried out after 7 days from the establishment of the
experiment and then at 3-day intervals until all
the larvae had died. Dead larvae were washed in
distilled water and then surface-sterilised for 30
seconds in a 1% solution of sodium hypochlo-
rite. After being rinsed twice in distilled water,
the larvae were placed in Petri dishes lined with
moistened filter paper. The dishes with the larvae
were kept in incubators at 20-22°C in dark con-
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ditions. The fungi developing on the insects, as
well as their spores, were macroscopically tested
and microscopic specimens were then prepared,
which enabled the determination of the species to
which the fungi found on the insects belonged.
The fungi were identified on the basis of morpho-
logical characteristics, using standard identifica-
tion keys [Inglis et al. 2012, Humber 2012]. Giv-
en that only morphological methods were applied
during the identification of the fungi, the species
Metarhizium anisopliae was defined sensu lato,
because, as demonstrated by the latest phyloge-
netic studies based on DNA sequence [Bishoff et
al. 2006, 2009], there are numerous fungus spe-
cies within the genus of Metarhizium, which are
impossible to distinguish from each other without
the application of molecular methods.

During the second part of the experiment, en-
tomopathogenic fungi were isolated from soil of
particular fertilisation experiment plots using a
selective medium composed of 20 g of glucose,
10 g of peptone and 18 g of agar-agar, which was
dissolved in 1 I of distilled water, and then steril-
ised in an autoclave at 120°C for 20 minutes. The
prepared medium was then cooled to approx. 50°C
and the following selective components were add-
ed: 0.6 g of streptomycin, 0.05 g of tetracycline
and 0.1 g of dodine. The selective medium was
poured into Petri dishes with a diameter of 9 cm.

From each soil sample originating from a par-
ticular fertilisation experiment plot, 2 g of soil
was weighed and then poured over with 18 ml of
distilled water with the addition of a Triton X-100
surface tension reducing agent. The obtained so-
lution was shaken for approx. 2 minutes. 0.1 ml
of soil solution was taken using an automatic pi-
pette and then poured onto the surface of the se-
lective medium and distributed over the surface
using a glass spatula.

The experiment was carried out in three
replications for each soil sample. The dishes
were then transferred to a heat chamber. After
7-10 days, the number of colony-forming units
(CFUs) of particular species of entomopatho-
genic fungi, developing on the culture medium,
were counted. At the final stage, colony-forming
units (CFUs) of particular fungus species in 1 g of
dry soil were counted.

The obtained results were processed statisti-
cally using the analysis of variance for a single,
three-factor experiment in a completely random
design, in which the tested factors included the
following: A — the date of soil sample collec-
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tion; B — fertilisation variant; C — fungus species.
Conclusions concerning the effects of experimen-
tal factors on the values of tested characteristics
were drawn based on the Fisher-Snedecor test
results and the NIR values at p=0.05 were calcu-
lated using Tukey’s test.

RESULTS AND DISCUSSION

Three species of entomopathogenic fungi, i.e.
Beauveria bassiana, Metarhizium anisopliae s.1.
and Isaria fumosorosea, were isolated using the
insect trap method and the method of soil solu-
tion inoculation onto a selective medium, from
the soil samples collected from particular fer-
tilisation experiment plots on two dates, i.e. in
the spring and in the autumn (Table 1, Table 2,
Figure 1). The species composition, the number
of infected larvae of the insect trap and the den-
sity of colony-forming units (CFUs) of entomo-
pathogenic fungi varied depending on the date of
soil sample collection as well as on the applied
fertilisation variant.

The count of microorganisms and their bio-
mass are among the key indicators of the soil mi-
crobiological activity [Myskéw 1981]. However,
their count and activity are determined by numer-
ous biological and abiotic factors. As regards the
factors having a major effect on the microbio-
logical activity of soil, special attention should be
paid to mineral fertilisation which exerts a select-
ing effect on microorganisms and leads to dis-
turbances in the nitrogen and carbohydrate me-
tabolism of the microflora inhabiting these soil
environments. This, in turn, results in changes to
the functioning of entire biocenoses of field and
grass ecosystems [Barabasz et al. 1999]. Improp-
er agricultural practices, as well as inappropriate
fertilisation, may lead to severe disturbances in
soil metabolism and contribute to the formation
of various compounds, e.g. nitrosamines or my-
cotoxins, in the soil environment, which, due to
their toxic effects, have an adverse impact on soil
microorganisms and crops [Barabasz et al. 1999].

The current state of knowledge of the ef-
fects of mineral and organic fertilisation on the
occurrence of entomopathogenic fungi in soil is
relatively poor. Few studies, conducted primarily
under laboratory conditions, have concerned the
effects of mineral [Bajan 1982, Hirose et al. 2001,
Gorczyca 2006] or organic fertilisers [Rosin et al.
1996] added to the culture medium on the growth,
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Table 1. Mortality of Galleria mellonella larvae (%) in soils on individual fertilisation objects

Year 2015
Factor of mortality spring autumn

a b c d e a b c d e
B. bassiana - - - - - - 2 - - 4
M. anisopliae s.I. 78 96 74 76 84 56 50 54 26 4
I. fumosorosea 4 - 10 - - 28 36 28 56 26
Total 82 96 84 76 84 84 88 82 82 34
Aspergillus sp. 6 6 8 8 2 - - - -
Fusarium sp. 8 4 4 16 8 14 6 18 14 30

Gilocladium sp. - - - - - - 2 - -
Unsporulated mycelium 2 - - - - - 4 - 4 6
Total 16 4 10 24 16 16 12 18 18 36
Nematodes - - - - - - - - - 18
Other causes 2 - 6 - - - - - - 12
Total 2 - 6 - - - - - - 30

Table 2. The density of colony forming- units of entomopathogenic fungi (CFU x 10* g') in soils collected from
individual fertilisation objects

Year 2015
Fungal species spring autumn
a b [ d e a b c d e
Beauveria bassiana - - - - - - 0.3 - - 0.8
Metarhizium anisopliae s.I. 1.5 6.1 2.8 41 3.8 1.8 29 1.6 3.0 21
Isaria fumosorosea 1.2 4.1 2.6 1.9 1.1 1.6 21 1.2 3.1 1.4
LSD, s
Factor A 0.952
Factor B 2.110
Factor C 1.399
120
100
80
R 60 —
40
20— — — — I
0 — - R £ 1. PN _
a b c d e a b c d e
spring autumn

B B. hassiana B M. anisopliae s.I B [ fumosoroseq

Figure 1. The mortality of Galleria mellonella larvae (%) in the soils of individual fertilisation objects caused by
entomopathogenic fungi

* — explanations as Table 1
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germination and sporulation of entomopathogen-
ic fungi and the possibility for the combined ap-
plication of fungus B. bassiana and mineral fertil-
isation [Townsend et al. 2003]. Only a few studies
have concerned the effects of organic and mineral
fertilisation on the rate of entomopathogenic fungi
occurrence in soil under field conditions [Jawor-
ska et al. 2002, Jarmut-Pietraszczyk et al. 2008,
Tkaczuk 2008, Jarmut-Pietraszczyk et al. 2011].

The current study demonstrated that in the
soil samples collected in the spring, following the
emergence of maize irrespective of the applied
fertilisation, the fungus species which caused
the highest mortality in G. mellonella larvae
was M. anisopliae s.l. (Table 1). This data was
confirmed by results of a study by Gondek and
Ropek [2007], who concluded that the fungus
species most frequently isolated from cultivable
soils fertilised with various mineral fertilisers
was M. anisopliae. This was also confirmed by
studies conducted by Keller et al. [2003], Klin-
gen and Haukeland [2006], Quesada-Morgan et
al. [2007], Tkaczuk [2008], Tkaczuk et al. [2014,
20164a]. In the author’s own study, the percentage
of larvae attacked by the fungus ranged from 76%
in the soil collected from the plot fertilised with
1 t/ha of a fertiliser produced from brown coal,
to 96% in the soil from the plot fertilised only
with mineral fertilisers. According to Jarmut-
Pietraszyk et al. [2011], long-term mineral fer-
tilisation contributed to the infection of the insect
trap larvae by M. anisopliae in the soil samples
collected in May to a greater extent than in those
collected in other months. During the autumn part
of the experiment, i.e. after the harvest of maize,
a significantly lower percentage of the infection
of the insect trap larvae with the fungus M. an-
isopliae s.1. was noted. These values ranged from
4% to 56%. The highest rate of occurrence of the
fungus under study was found in soil collected
from the control plot with no fertilisation, while
the lowest was found in soils from the fertilisa-
tion experiment plot on which the fertiliser pro-
duced from brown coal was applied; the values
were 5 t’/ha — 4%, and 1 t/ha — 26%, respectively.
Vinninen [1996] concluded that the fungus M.
anisopliae is a species which is very tolerant to-
wards agricultural practices such as varied fertili-
sation, ploughing or the application of chemical
plant protection products.

The isolation of entomopathogenic fungi
onto the selective medium confirmed the clear
dominance of the fungus M. anisopliae s.1. on all
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fertilisation experiment plots, during both parts
(spring and autumn) of the study (Table 2). Most
CFUs formed by this fungus were found during
the spring part of the experiment on the plot fertil-
ised with mineral fertilisers (6.1 x 10%/g). On the
fertilisation experiment plots on which the fertil-
iser produced from brown coal was applied, the
density of infectious units of the fungus M. aniso-
pliae s.1. was higher than on the control plot (1.5 x
10° CFU/g) and during the spring part of the study
and amounted to 4.1 x 10° CFU/g (at a dose of 1
t/ha) and 3.8 x 10° CFU/g (at a dose of 5 t/ha),
respectively. During the autumn part of the study,
compared to the spring part, the fungus M. an-
isopliae s.1. formed fewer infectious units in soils
from the combination in which the fertiliser pro-
duced on the basis of brown coal was applied: 3.0
and 2.1 x 10° CFU, respectively, in one gram of
soils, yet these values were also higher than those
in the control soil. These results confirm the ear-
lier reports of Tkaczuk [2008] who demonstrated
that with the increase in the doses of many years’
of organic fertilisation, the density of CFUs of
the fungus M. anisopliae in soil increased. A sig-
nificantly greater number of CFUs of this fungus,
compared to the control, was found in the variant
in which either 60 or 40 t of manure per hectare
had been introduced. Tkaczuk et al. [2016a] noted
the clear dominance of the fungi M. anisopliae
and /. fumosorosea in soils originating from fields
under cultivation in eastern Poland. They con-
cluded that these fungi formed, respectively, 4.0
x 10%and 1.2 x 10° of CFUs in one gram of soil.

During the spring part of the study, the oc-
currence of the fungus /. fumosorosea was only
noted in the soils from two fertilisation experi-
ment plots, i.e. the control plot and the plot fertil-
ised with NPK presowing + manure , and the per-
centage of infected larvae of G. mellonella was
4% and 10% (Table 1). Meyling and Eilenberg
[2006] report that the fungus /. fumosorosea is a
species that is relatively rarely isolated from cul-
tivable soils. During the autumn part of the study,
the occurrence of larvae infected by the fungus /.
fumosorosea was found in soil samples collected
from all fertilisation experiment plots. This in-
fection rate ranged from 26% to 56%. The clear
dominance of this fungus was noted in the soil
collected from the fertilisation experiment plot
on which the fertiliser produced from brown coal
was applied at a dose of 1 t/ha.

The fungus /. fumosorosea formed the most
infectious units (CFUs), i.e. 4.1 x 10° CFU/g in
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soil samples collected in the spring from the plot
fertilised only with mineral fertilisers (Table 2).
For the fertilisation experiment plots on which the
fertiliser produced from brown coal was applied,
the density of infectious units was 1.9 and 1.1 x
10° in one gram of soil, respectively. Tkaczuk et
al. (2014), who tested soils collected from fields
under cultivation, reported that the fungus /. fu-
mosorosea formed more infectious units (CFUs)
in soils cultivated under a conventional system
than in those cultivated under an organic system.
During the autumn part of the study, the density
of infectious units of the fungus /. fumosorosea
on the fertilisation experiment plot on which the
fertiliser produced from brown coal was applied
at 1 t/ha was much higher than that on the con-
trol plot and amounted to 3.1 x 10° CFU/g. On
other fertilisation experiment plots, the number
of infectious units being formed ranged from 1.2
to 2.6 x 10° CFUs in one gram of soil. Accord-
ing to Tkaczuk [2008], fungus /. fumosorosea is
a species which develops well and forms signifi-
cantly more infectious units in the soils on which
high doses of organic fertilisation are applied.
Jarmut-Pietraszczyk et al. [2011], studied soils
fertilised intensively with mineral fertilisers and
concluded that particular nutrients introduced to
soil have different effects on the pathogenicity of
entomopathogenic fungi. According to Bajan and
Kmitowa [1997], nitrogen strongly stimulates the
growth of B. bassiana and I. fumosorosea, phos-
phorus stimulates the growth of B. bassiana, I.
farinosa and 1. fumosorosea, while potassium is a
nutrient contributing to an increase in the growth
rate of the fungus /. farinosa.

The conducted study demonstrated that B.
bassiana was a species that was least effective
in causing the mortality of G. mellonella larvae
in the soils under study (Table 1). According to
Tkaczuk [2008], the species most frequently iso-
lated from soils of fields under cultivation in Po-
land, using the insect trap method, included M.
anisopliae (85.1%) followed by I. fumosorosea
(77.3%) and B. bassiana (68.8%). In the spring,
in soil samples collected from particular fertilisa-
tion experiment plots, no presence of the fungus
B. bassiana was found. In the autumn, the rate of
infection of larvae with this fungi was also negli-
gible and its presence was only found in soil sam-
ples collected from the plot fertilised with miner-
al fertilisers (2%, respectively) and from the plot
fertilised with the fertiliser produced from brown
coal, applied at a dose of 5 t/ha (4%, respectively).

The obtained results differ from those obtained by
Jarmut-Pietraszczyk et al. [2008] who studied the
effect of multi-year fertilisation of cultivable soils
on the occurrence of entomopathogenic fungi and
concluded that the fungus B. bassiana infected
larvae of the trap insect G. mellonella the most
in soils fertilised with mineral fertilisers and ma-
nure, irrespective of the date of sample collection.
The low rate of infection of the insect trap larvae
in the author’s own study may be due to the fact
that the survivability of the conidia of B. bassi-
ana capable of infecting is restricted by numerous
abiotic factors, including by nitrogen compounds.
Rosin et al. [1996] studied the effects of various
nitrogen-containing fertilisers on the survivabil-
ity of B. bassiana under laboratory conditions and
concluded that uncomposted manure completely
prevented the growth of this fungus.

A study carried out using a selective medium
confirmed the results obtained using the trap in-
sect method (Table 2). During the spring part of
the study, irrespective of the fertilisation variant,
no presence of B. bassiana was found and during
the autumn part, it formed 0.3 x 10° of CFUs in
one gram of soil on the plot fertilised only with
mineral fertilisers, and 0.8 x 10° on the plot on
which the fertiliser produced from brown coal was
applied at a dose of 5 t/ha. Tkaczuk et al. [2014]
studied the occurrence of entomopathogenic fun-
gi in soils cultivated under a conventional system
and concluded that the fungus B. bassiana formed
significantly fewer infectious units than M. aniso-
pliae and I. fumosorosea. Townsend et al. [2003]
reported that the survivability of B. bassiana in
soil is positively affected by fertilisation with
phosphorus, magnesium and sulphur in the form
of superphosphates. On the other hand, Shapiro-
Ilan Di et al. [2013] reported that the sustainable
application of nitrogen fertilisers in orchards has
no significant effect on the infectious potential
of the insecticidal fungus B. bassiana. Gorczyca
[2006] demonstrated that the growth of the fun-
gus B. bassiana was determined by the pH values
of the applied foliar fertilisers. A micronutrient
fertiliser with a pH value of 5 strongly restricted
the surface growth of the fungus species under
study, while basic fertilisers stimulated linear
growth and a weight increase of the tested strains
of entomopathogenic fungus B. bassiana.

After assessing the total occurrence of all spe-
cies of entomopathogenic fungi in soil samples
collected from fertilisation experiment plots, the
highest density of colony-forming units of ento-
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mopathogenic fungi was found in the spring on
the plot fertilised with NPK mineral fertilisers
(10.2 x 10%/g), while the lowest density was found
on the control plot (1.7 x 10%/g) (Figure 2).

On the plots on which the mineral-and-organic
fertiliser produced from brown coal was applied at
a dose of 1 t/ha, the infectious unit densities of the
entomopathogenic fungi were very similar during
both parts of the study. On the other hand, after
the application of the fertiliser to soil at a dose of
5 t/ha, more CFUs were found in the spring (4.9 x
10°/g) than in the autumn (4.3 x 103/g). Tkaczuk
et al. [2014] found that for the entomopathogenic
fungi form, on average, there were more infec-
tious units in soils originating from cultivation
under an organic system in which only organic
fertilisers are used than in those originating from
conventional cultivation. The application of ma-
nure as well as a system of no-plough cultivation
of soil has a beneficial effect on the enrichment of
the species composition and the number of infec-
tious units formed by entomopathogenic fungi in
soils [Bing and Lewis 1993, Sosa-Gomez et al.
2001, Tkaczuk 2008, Karg and Batazy 2009]. On
the other hand, the infectious potential of ento-
mopathogenic fungi is restricted by high doses
of mineral fertilisers, the application of chemical
plant protection products and soil contamination
with heavy metals [Lingg and Donaldson 1981,
Rosin et al. 1996, Townsend et al. 2003, Gorczy-
ca 2006, Klingen and Haukeland 2006, Tkaczuk
2008, Tkaczuk et al. 2014, 2016a,b].

A statistical analysis demonstrated that the
date of soil sample collection, as well as the ap-
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plied variant of fertilisation, had a significant
effect on the density of infectious units (CFUs)
of particular entomopathogenic fungus species
(Table 2). This was confirmed by Jaworska et al.
[2002], who concluded that the occurrence and
diversity of entomoapthogenic fungi in cultivable
soils was determined by the type of applied fertili-
sation as well as the doses of introduced fertilisers.

CONCLUSIONS

1. Three species of entomopathogenic fungi, i.e.
Beauveria bassiana, Metarhizium anisopliae
s.l. and Isaria fumosorosea, were isolated from
the soil samples collected on two dates from
particular fertilisation experiment plots using
the insect trap method and the method of soil
solution inoculation onto a selective medium.

2. The predominant species in the tested soil
samples, both during the spring and the autumn
part of the study, proved to be the fungus M.
anisopliae s.1. The addition of the mineral-and-
organic fertiliser, produced from brown coal,
to the soil at both applied doses contributed to
an increase in the number of infectious units
(CFUs) of entomopathogenic fungi formed in
relation to the control plot.

3. Having assessed the total occurrence of all
species of entomopathogenic fungi, the highest
density of colony forming units of these fungi
was found in soil samples from the plot fertil-
ised with NPK mineral fertilisers and the low-
est density was found on the control plot.

10
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Figure 2. The density of colony forming-units of entomopathogenic fungi (CFU x 10° g) in soils collected from
individual fertilisation objects

* — explanations as Table 1;CFU — colony forming-units
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4. A statistical analysis demonstrated that the date
of the study performance, as well as the applied
variant of fertilisation, had a significant effect
on the density of infectious units (CFUs) of
particular entomopathogenic fungi in soil.
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