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INTRODUCTION

Enthomopathogenic fungi participate in the 
regulation of insects populations, including ag-
ricultural pests. Soil, where they find the best 
growing conditions, is their major dwelling place. 
Moreover, insects infections take place there.

The enthomopathogenic fungi occurrence in 
the soil can depend, inter alia, on soil type [Tkac-
zuk and Miętkiewski 1996], on the cultivated 
plant species [Krysa et al. 2012, Tkaczuk 2008], 
or on the agricultural practices [Oliveira et al. 
2013, Jabbour and Barbercheck 2009, Tkaczuk 
2008, Quesada-Moraga et al. 2007, Hummel et 
al. 2002]. Because of their low resistance to envi-
ronment changes, the degree of soil colonization 
by these fungi can be the indicator of its condition 
[Meiling and Eilenberg 2006]. Among the factors 
limiting the occurrence of these insect pathogens, 
there are plant protection chemicals, particularly 
fungicides and herbicides [Tkaczuk et al. 2013, 
Poprawski and Majchrowicz 1995]. Taking care 
of good soil conditions and the prohibition of 
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ABSTRACT
The occurrence of entomopathogenic fungi, involved in regulating the population of 
insects preying on arable crops, depends on numerous factors, such as using crop 
protection chemicals, which are prohibited in the organic tillage system. Using two 
methods: selective medium and the Galleria mellonella bait method, the species 
composition and the occurrence of entomopathogenic fungi in soils deriving from 
organic and conventional fields sown with winter cereals were compared. Four en-
tomopathogenic fungal species were identified in the samples: Beauveria bassiana, 
Isaria fumosorosea, Metarhizium anisopliae and Lecanicillium sp.. M. anisopliae was 
the most frequently detected one. M. anisopliae and B. bassiana formed more colony 
forming units in soils from organic fields, whereas I. fumosorosea in soils from the 
conventional ones.
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chemical pesticides usage is an organic farming 
characteristic.

The transition from conventional to organ-
ic farming method predominantly favours the 
increase of the soil microorganisms diversity 
[Mäder et al 2002]. However, in the case of en-
tomopathogenic fungi the impact of such changes 
has not been sufficiently elucidated yet. Organic 
cultivation has been shown to increase the abun-
dance and diversity of entomopathogens in, soils 
in comparison to the conventional tillage [Klingen 
et al.2002; Mader et al. 2002], but other authors 
report no significant differences in assemblages 
of fungal entomopathogens in soils from conven-
tionally cultivated fields after their transition to 
organic tillage [Jabbour and Barbercheck 2009]. 

Lubelskie Voivodeship, which was chosen as 
a research area, is characterized by a large number 
of organic farms, in comparison to other regions 
of the country [Kuś and Jończyk 2009]. Further-
more, the strong farm fragmentation is observed 
in this region and, therefore, due to the small ag-
ricultural area it is difficult for the farms to live 
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off the agricultural production. Limited financial 
resources is the reason why mineral fertilization 
is here at one of the lowest levels in the country 
[Dziaduch 2010].

Studies on the occurrence of entomopatho-
genic fungi populations in soils from fields dif-
fering in the level of farming intensity can help to 
monitor the functioning of the agri-environmental 
packages. Knowledge of the species composition 
of entomopathogenic fungi in different regions 
of the country can be also useful in assessing the 
potential of individual fungal species to regulate 
the populations of crop pests [Meyling i Eilen-
berg 2006].

The aim of the study was to compare the spe-
cies composition and the intensity of entomo-
pathogenic fungi occurrence in soils from select-
ed agricultural fields cultivated in the organic and 
conventional system in the Lublin voivodeship.

MATERIAL AND METHODS

Soil samples from 28 arable fields were col-
lected in September 2012. Research plots were 
located in the north-estern region of Lubelskie 
Voivodeship, near the following locations: 

Kuzawka, Łomnica, Liszna, Dołhobrody, 
Szuminka, Kołacze, Pożarów, Krynica, Skrychic-
zyn, Kępa, Połoski, Zahorów, Wereszczyn, Wola 
Wereszczyńska, Sławatycze, Różnaka, Suchawa, 
Iżyce, Brzozowiec, Janostrów, Kępa, Piszczac, 
Trojanów and Tarnów; 14 in organic field crops 
of winter cereals (rye, triticale, wheat and spelt) 
falling within agri-environmental program pack-
age (2.0) and 14 in conventional field crops (rye, 
wheat and triticale). Fields from the organic 
farms had been organically cultivated for at least 
four years. The objective was to obtain pairs of 
samples (conventional and organic) from farms 
at neighboring sites. These sites differed in ag-
ricultural practices and fertilizers and pesticide 
usage, but environmental factors, such as climate 
and soil conditions were as comparable as pos-
sible. At the conventional farms, cereals seeds 
were treated with fungicides, and insecticides and 
herbicides were sprayed as needed during vegeta-
tion period. Mineral fertilization of soil also was 
used on the conventional farms. On the organic 
farms, by contrast, no pesticides or mineral fertil-
izers were used. 

The samples were taken using a shovel, to a 
depth of up to 15 cm, from 10–15 random points 

on the tested field. The mixed samples were pre-
pared from the collected material and stored in 
plastic bags at the temperature of 3–4 oC. Imme-
diately before starting the experiment in the labo-
ratory, the soil was sieved to separate the larger 
particles of impurities, and dried up to a moisture 
content of approximately 25–30% (which is op-
timal for fungal growth and limits the growth of 
entomopathogenic nematodes).

Fungi were isolated from the soil using two 
methods: the insect bait method and the selective 
medium. The Greater Wax Moth (Galleria mel-
lonella L.) in the penultimate instar larvae, com-
ing from a laboratory culture in the Plant Protec-
tion Department from Siedlce University of Natu-
ral Sciences and Humanities, was used as a bait 
insect. Five plastic boxes of 200ml capacity were 
filled with the soil taken from each field. Ten G. 
mellonella larvae were put into each box, then the 
boxes were placed in an incubator in the tempera-
ture of 20–22 o C. The first mortality control was 
conducted after 7 days, and then at the three-day 
intervals until the death of all larvae. Dead larvae 
with symptoms of fungal infection were trans-
ferred directly into moist Petri dishes. Dead lar-
vae, without symptoms of fungal infection, were 
surface-sterilized in 1% sodium hypochlorite so-
lution, and then rinsed three times in distilled wa-
ter. After that, the larvae were put in Petri dishes 
with moistened filter paper. Microscopic prepa-
rations from fungal mycelium and spores which 
grew on the insects surface provided the basis for 
the determination of fungal species.

To examine the concentration of colony-
forming units (CFU) of entomopathogenic fungi 
in tested soil samples, a selective medium de-
veloped by Strasser et al. was applied (1996). 
This is a commonly used method for the isola-
tion of entomopathogenic fungi from soil envi-
ronment [Tkaczuk 2008, Meyling and Eilenberg 
2006, Keller et al.2003]. Two grams of soil were 
weighed out of each sample, then 18 ml of dis-
tilled water with addition of 0.05 Triton X-100, 
which reduces the surface tension, were added. 
The resulting solution was vigorously shaken for 
30-40 seconds. Then, 0.1 ml of the soil solution 
was poured out on a selective medium and spread 
using a glass spatula. The selective medium con-
sisted of: 1 litre of water, 20 g of glucose, 18 g of 
agar and 10g of peptone. After sterilization and 
cooling, the following selective components were 
added to the medium: 0.6 g of streptomycin sul-
fate, 0.005g of chlortetracycline, 0.05 g of cyclo-
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heximide and 0.1 g of dodine. These components 
were limiting the growth of saprophytic bacteria 
and fungi and foster the growth of entomopatho-
genic fungi. Experiment has been performed in 
three Petri dishes per sample. Dishes were trans-
ferred into incubators at temperature of 22 oC, and 
after 10–12 days colonies of individual fungal 
species were counted. The results were expressed 
as a number of colony-forming units (CFU) of en-
tomophatogenic fungi in 1 g of soil. The results 
concerning density of CFU in soil were analyzed 
statistically by performing a 2-factorial analysis 
of variance and detailed comparison of average 
values was made using the Tukey’s test at signifi-
cance level α = 0.05. 

RESULTS AND DISCUSSION

A total of four species of entomopathogenic 
fungi were isolated from the tested soils: Beau-
veria bassiana, Isaria fumosorosea, Metarhizium 
anisopliae and species of the genus Lecanicil-
lium. All of them commonly occur and infect in-
sects in soils from cultivated fields [Tkaczuk 2008, 
Tkaczuk and Mietkiewski1996, Bajan et al. 1995, 
Steenberg 1995, Miętkiewski et al. 1991, Vännin-
en et al. 1989, Keller and Zimmerman 1989].

The use of Galleria bait method enabled the 
isolation all four species from soil samples col-

lected from organic fields, and only three from 
conventional cultivations: I. fumosorosea, M. 
anisopliae, and Lecanicillium sp. (Table 1 and 
Table 2). Frequency of individual species occur-
rence, isolated using insect bait method, is pre-
sented in Figure 1. In both cases, M. anisopliae 
was the most frequently isolated fungus. It was 
detected in 92% of the soil either from organic 
or conventional fields. I. fumosorosea occurred 
in 50% of soil from conventional fields, and in 
57,1% of soil samples from organic cultivations. 
Using this method no B. bassiana occurrence was 
detected in soil from conventional cultivations, 
whereas it was isolated from 37% of soils from 
organic fields. Fungal species from Lecanicillium 
genus was detected in 7,1% of the tested soils, 
both from conventional and organic fields.

M. anisopliae caused most fungal infestations of 
G. mellonella as well (Table 1 and Table 2). Percent-
age of insect larvae infected by individual species 
of fungi in soils from conventional fields was not 
significantly different from that observed in soils 
from the organic fields (Figure 2). M. anisopliae 
is often considered as a dominant in soil from cul-
tivated fields, however, it is rarely isolated from 
natural habitats [Bidochka et al. 1998, Chandler et 
al. 1997]. According to Vänninen [1996] it is the 
most tolerant species to agricultural treatments, 
such as plowing or using pesticides. It tolerates a 
periodic absence of potential hosts in the environ-

Mortality factor
Study plot

1a 2a 3a 4a 5a 6a 7a 8a 9a 10a 11a 12a 13a 14a

Entomopathogenic fungi

Beauveria bassiana – – 4 2 – 2 2 – – – 2 – – –

Isaria fumosorosea 86 80 26 – – 4 – – 4 12 2 – – –

Metarhizium anisopliae – 10 8 80 98 30 92 76 42 66 46 82 98 92

Lecanicillium sp. – – – – – – – – – – – – 2 –

Total 86 90 38 82 98 36 94 76 46 78 50 82 100 92

Fungi of unproved entomopathogenic abilities

Aspergillus sp. – – 4 – – 2 – – – 4 – – – 2

Gliocladium sp. – – – – 2 6 – – – – – – – –

Fusarium sp. – 2 – 4 – 6 2 – 2 – – – – –

Mucor sp. – – – – – 4 – 2 – – 2 – – 4

Unfrutiful mycelium 12 6 30 4 – 30 2 2 14 6 6 4 – –

Total 12 8 34 8 2 48 6 4 16 10 8 4 – 6

Other causes

Nematodes – – 14 2 – 2 – 18 16 2 20 2 – 2

Unspecified causes 2 2 14 8 – 14 – 2 22 10 22 12 – –

Total 2 2 28 10 – 16 – 20 38 12 42 14 – 2

Table 1. G. mellonella larvae mortality (%) in soils from fields cultivated in the organic system
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Mortality factor
Study plot

1b 2b 3b 4b 5b 6b 7b 8b 9b 10b 11b 12b 13b 14b

Entomopathogenic fungi
Beauveria bassiana – – – – – – – – – – – – – –

Isaria fumosorosea 2 80 – 6 10 – – – – – 14 96 16 2

Metarhizium anisopliae 96 14 78 82 64 94 92 98 82 80 44 – 64 4

Lecanicillium sp. – – 2 – – – – – – – – – – –

Total 98 94 80 88 74 94 92 98 82 80 58 96 80 6
Fungi of unproved entomopathogenic abilities

Aspergillus sp. – – – – – – – – – – – 2 – 8

Gliocladium sp. – – – – – – – – – – – – 6 2

Fusarium sp. 2 – 4 – – 2 2 – 6 4 – – 4 2

Mucor sp. – – 6 2 2 – 2 – 2 12 2 – – 2

Unfrutiful mycelium – 6 4 10 4 2 2 – 8 4 22 – 10 20

Total 2 6 14 12 6 4 6 – 16 20 24 2 20 34
Other causes

Nematodes – – – – 8 – – – – – 18 – – 36

Unspecified causes – – 6 – 12 2 2 2 2 – – 2 – 24
Total – – 6 – 20 2 2 2 2 – 18 2 – 60

Figure 1. The frequency of isolation of entomopathogenic fungi in soils from fields cultivated 
in the organic and conventional system (Galleria bait method)

Figure 2. Mortality G. mellonella larvae in the soil of the fields cultivated in the organic 
and conventional system (the average of all samples)

Table 2. G. mellonella larvae mortality (%) in soils from fields cultivated in the conventional system
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ment too. Comparing occurrence of M. anisopliae 
in soils from fields of varied cultivation systems, 
Meyling et al. [2011] found no significant differ-
ences in occurrence of this fungus in soil from 
organic and conventional cultivations.

Using the insect bait method for isolation of 
entomopathogenic fungi from soil, Tkaczuk [2008] 
and Tkaczuk et al. [2012] indicate two species: M. 
anisopliae and I. fumosorosea as dominants in ag-
ricultural soils of Poland. Contrary to these results 
in soils from numerous countries such as Spain, 
Denmark, Italy or Albania dominant species is B. 
bassiana [Qesada-Moraga et al. 2007, Tarasco and 
Poliseno 2005, Tarasco et al. 1997].

The use of selective medium method pro-
vided slightly different results in comparison to 
the insect bait method. Using selective medium 
method both in the case of soils from organic 
and conventional fields three species were iso-
lated: B. bassiana, I. fumosorosea, and M. an-
isopliae (Table 3 and Table 4). Concerning the 
frequency of individual species isolation this 
method was more effective than the insect bait 
method (Figure 3). In contrast to Galleria bait 
method, this method allowed to detect the colo-
ny-forming units of B. bassiana fungus in soils 
from conventional cultivations.

Medo i Cagan [2011], who examined oc-
currence of entomopathogenic fungi in soils of 
Slovakia, have also found differences in the ob-
tained results using different methods. The au-
thors reported that M. anisopliae was isolated 
approximately four times more frequently us-
ing selective medium than insect bait method. 

Bruck [2004], however, reported the greater 
sensibility of insect bait method for B. bassiana. 
Keller et al. [2003] observed no significant dif-
ferences using these two methods to examine the 
occurrence of entomopathogenic fungi in soils 
from farmlands in Switzerland. According to 
Miętkiewski et al. [1991] in order to determine 
the abundance of entomopathogenic fungi in the 
environment in a more full way, it is advised to 
use simultaneously several species of insects as 
a trap, because susceptibility to infections is dif-
ferent in various insects. 

In soils collected from organic fields ento-
mopathogenic fungi formed, on average, 5,8×103 

CFU in 1 gram of soil (from 2,7 to 11,9×103 on 
individual fields), and slightly less in convention-
ally cultivated soils: from 1,3 to 8,6×103, on aver-
age, 5,3×103 g-1 (Table 3 and Table 4, Figure 4). 
M. anisopliae and B. bassiana occurred in signifi-
cant higher density in soils from organic fields, 
forming 2,7×103 g-1 and 1,0×103 g-1 CFU respec-
tively. In soils from conventional cultivations 
M. anisopliae formed 2,1×103 g-1 CFU, whereas 
B. bassiana formed 0.6×103 CFU in 1 gram of 
soil. I. fumosorosea was the only species forming 
more CFU in soils from conventional cultivation 
(on average 2,6×103 g-1) than in soils from organic 
fields (on average 2.1×103) (Figure 4). 

I. fumosorosea fungus is a common species 
in soils from different environments in Poland 
[Miętkiewski et al. 1992, 1998]. However, it is 
rarely isolated from soils in other European coun-
tries [Tkaczuk 2008, Keller et al. 2003, Chandler 
et al. 1997, Vänninen 1996, Steenberg 1995].

Fungal species
Study plot

1a 2a 3a 4a 5a 6a 7a 8a 9a 10a 11a 12a 13a 14a

Beauveria bassiana 0,7 – 1,3 – 1,5 1,8 1,5 – 0,3 – 2,0 0,5 2,0 2,0

Isaria fumosorosea 5,0 4,5 2,3 0,2 – 0,3 0,2 3,3 3,0 4,2 3,2 0,7 – 3,2

Metarhizium anisopliae 6,2 1,2 3,8 2,5 2,3 1,2 5,0 2,2 1,5 1,8 1,0 5,5 2,2 1,0

Total 11,9 5,7 7,4 2,7 3,8 3,3 6,7 5,5 4,8 6,0 6,2 6.7 4,2 6,2

Fungal species
Study plot

1b 2b 3b 4b 5b 6b 7b 8b 9b 10b 11b 12b 13b 14b

Beauveria bassiana 0.5 – 0.8 1.2 0.7 1.5 2.3 – – – 0.2 – 0.5 0.3

Isaria fumosorosea 4.1 4.1 0.2 3.3 1.2 – – 1.0 4.7 4.3 1.8 4.6 3.3 4.0

Metarhizium anisopliae 4.0 1.0 0.3 – 2.2 3.8 4.0 5.5 1.0 1.2 4.6 – 1.2 1.0

Total 8.6 5.1 1.3 4.5 4.1 5.3 6.3 6.5 5.7 5.5 6.6 4.6 5.0 5.3

Table 4. The density of colony-forming units of entomopathogenic fungi (CFU×103 g-1) in soils from fields culti-
vated in the the conventional system

Table 3. The density of colony forming units of entomopathogenic fungi (CFU×103 g-1) in soils from fields culti-
vated in the organic system
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The occurrence of entomopathogenic fungi in 
soils from cultivated fields may depend on soil 
type [Tkaczuk 2008]. In sandy soils, which are 
common in Poland, I. fumosorosea and M. an-
isopliae are the dominant species, in clay soils 
B. bassiana, I. fumosorosea, and M. anisopliae 
dominate. The dominance of the B. bassiana spe-
cies is more typical to organic soils. The domi-
nance of I. fumosorosea and M. anisopliae and 
lower prevalence of B. bassiana in sandy soils 
was also reported by Tkaczuk and Miętkiewski 
[1996] and Kleespies et al. [1989].

Hummel et al. [2002] using insect bait method 
in a long-term field study found that the applica-
tion of certain pesticides significantly reduces the 
occurrence of entomopathogenic fungi in the soil. 
According to some authors, the discontinuance of 
the use of chemical plant protection products in 
organic cultivations can have a positive effect on 

the occurrence of these fungi [Klingen et al. 2002, 
Vänninen and Hokkanen 1988, Miętkiewski et al. 
1997]. Tkaczuk [2008] found that fungus I. fu-
mosorosea was the most resistant to pesticides 
of the studied species under in vitro conditions. 
It can be assumed that I. fumosorosea is the best 
species to be concomitantly used with pesticides 
in integrated crop protection systems.

A more frequent occurrence of B. bassiana spe-
cies in soil from organic fields may be the result of 
using organic fertilizers, such as manure or green 
manure, which enrich the soil with organic mat-
ter. Using higher doses of manure may favorably 
affect the efficiency of B. bassiana as a biological 
control agent of soil pests [Rosin et al. 1996].

The presence of individual entomopathogenic 
fungi in different cultivations is an indicator of 
their capability to survive in such environments. 
Research on the species composition of soil mi-

Figure 3. The frequency of isolation of entomopathogenic fungi in soils from fields cultivated 
in the organic and the conventional system (isolation on selective medium)

Figure 4. The density of colony forming units of entomopathogenic fungi (CFU×103 g-1) 
in soils from fields cultivated in the organic and conventional system
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croorganisms in fields cultivated in different 
tillage may be useful for selecting the suitable 
species for biological pest control. Generally, in-
digenous dominants are the most suitable for this 
purpose [Meyling and et al. 2011].

CONCLUSIONS

1. M. anisopliae was the most frequent entomo-
pathogenic fungus in soils from both organic 
and conventional fields. It infected the largest 
number of G. mellonella larvae as well. 

2. Entomopathogenic fungi formed on average 
more colony forming units in 1 g of soil in 
soil from organic cultivations than in soil from 
conventional fields.

3. M. anisopliae and B. bassiana occurred in 
higher density in soils from organic fields, 
whereas I. fumosorosea formed more CFU in 
soils conventionally cultivated. 

REFERENCES

1. Bajan C., Kmitowa K., Mierzejewska E., 
Popowska-Nowak E., Miętkiewski R., Gór-
ski R., Miętkiewska Z., Głowacka B., 1995. 
Występowanie grzybów owadobójczych w ściółce 
i glebie borów sosnowych w gradiencie skażenia 
środowiska leśnego. Prace IBL, ser. B. 24, 87–97.

2. Bidochka M. J., Kasperski J. E., Wild G. A. M. 
1998. Occurrence of the entomopathogenic fungi 
Metarhizium anisopliae and Beauveria bassiana 
in soils from temporate and near-notherns habitats. 
Can. J. Bot. 76, 1198–1204.

3. Bruck D.J. 2004. Natural occurrence of entomo-
pathogens in Pacific Northwest nursery soils and 
their virulence to the black vine weevil, Otiorhyn-
chus sulcatus (F.) (Coleoptera: Curculionidae). En-
viron. Entomol. 33, 1335–1343.

4. Chandler D., Hay D., Reid A.P. 1997. Sampling and 
occurrence of entomopathogenic fungi and nema-
todes in UK soils. Appl. Soil Ecol., 5, 133–141.

5. Dziaduch S. 2010. Rolnictwo w województwie 
lubelskim w 2009 r. Urząd Statystyczny w Lubli-
nie, 82s.

6. Hummel R.L., Walegenbach J. F., Barbercheck 
M.E., Kennedy G.G., Hoyt G.D., Arellano C. 2002. 
Effects of production practices on soil- borne ento-
mopathogens in western North Karolina vegetable 
systems. Environ. Entomol., 31, 84–91.

7. Jabbour R., Barbercheck M.E. 2009. Soil manage-
ment effects on entomopathogenic fungi during the 
transition to organic agriculture in a feed grain ro-

tation. Biological Control. 51, 435–443.
8. Keller S., Kessler P., Schweizer C., 2003. Distribu-

tion of insect pathogenic soil fungi in Switzerland 
with special reference to Beauveria brongniartii and 
Metarhizium anisopliae. Biocontrol, 48, 307–319. 

9. Keller S., Zimmermann G., 1989. Mycopathogen 
of soil insects. In: Insects – Fungus Interactions, 
Academic Press, London, 240–270.

10. Kleespies R., Bathon H., Zimmermann G. 1989. 
Untersuchen zum naturlichen Vorkommen von 
entomopathogenen Pilzen und Nematoden in ver-
schiedenen Boden in der Umgebung von Darm-
stad. Gesunde Pflanzen, 41, 350–355.

11. Klingen I., Eilenberg J., Meadow R. 2002. Effects 
of farming system, field margins and bait insect on 
the occurence of insect pathogenic fungi in soils. 
Agric. Ecosyst. Environ. 91, 191–198. 

12. Kuś J., Jończyk K. 2009. Rozwój rolnictwa ekolo-
gicznego w Polsce. Journal of Research and Appli-
cation in Agricultural Engineering. 54(3), 178–182.

13. Krysa A., Ropek D., Kuźniar T. 2012. The occu-
rence of entomopathogenic fungi depending on 
season in selected organic farm. J. Res. Appl. Ag-
ric. Eng. 57(3), 226–230.

14. Mäder P., Fliessbach, A., Dubois, D., Gunst, L., 
Fried, P., Niggli, U., 2002. Soil fertility and biodi-
versity in organic farming. Science 296, 1694–1697.

15. Medo J., Cagan L. 2011. Factors affecting the oc-
currence of entomopathogenic fungi in soils of 
Slovakia as revealed using two methods. Biologi-
cal Control 59, 200–208. 

16. Meyling N.V., Eilenberg J. 2006. Occurrence and 
distribution of soil borne entomopathogenic fungi 
within a single organic agroecosystem. Agric. Eco-
syst. Environ. 113, 336–341.

17. Meyling N.V., Thorup-Kristensen K., Eilenberg J. 
2011. Below- and aboveground abundance and dis-
tribution of fungal entomopathogens in experimen-
tal conventional and organic cropping systems. 
Biological Control. 59, 180–186.

18. Miętkiewski R., Dzięgielewska M., Janowicz K. 
1998. Entomopathogenic fungi isolated in the vi-
cinity of Szczecin. Acta Mycol. 33(1), 123–130.

19. Miętkiewski R.T, Pell J.K, Clark S.J., 1997. Influ-
ence of pesticides use on the natural occurence of 
etomopathogenic fungi in arable soils in the UK. 
Field and laboratory comparisons. Biocontr. Sci. 
Technol. 7, 565–575.

20. Miętkiewski R., Tkaczuk C., Zasada L., 1992. 
Występowanie grzybów entomopatogennych w 
glebie ornej i łąkowej. Acta Mycol. 27, 197–203.

21. Miętkiewski R., Tkaczuk C., Żurek M., Bałazy 
S., 1991. Występowanie entomoppatogennych 
grzybów w glebie ornej, leśnej oraz ściółce. Rocz. 
Nauk Rol. 21(1/2), 61–68.



Journal of Ecological Engineering  vol. 15(3), 2014

144

22. Oliveira I., Pereira J.A., Quesada-Moraga E., 
Lino-Neto T., Bento A., Baptista P. 2013. Effect 
of soil tillage on natural occurence of fungal ento-
mopathogens associated to Prays oleae Bern. Sci. 
Hort. 159, 190–196.

23. Poprawski T.J., Majchrowicz I. 1995. Effects of 
herbicides on in vitro vegetative growth and sporu-
lation of entomopathogenic fungi. Crop Prot. Vol 
14. 1, 81–87.

24. Quesada-Moraga E., Navas- Cortes J.A., Maran-
hao A.A., Ortiz- Urquiza A., Santiago-Alvarez C. 
2007. Factors affecting the occurence and distribu-
tio of entomopathogenic fungi in natural and culti-
vated soils. Mycol. Res. 111, 947–966.

25. Rosin F., Shapiro D.I., Lewis L.C, 1996. Effects of 
fertilizers on the survival of Beauveria bassiana. J. 
Invertebr. Pathol. 68, 194–195.

26. Steenberg T. 1995. Natural occurence of Beauveria 
bassiana (Bals,) Vuill. with focus on infectivity to 
Sitona species and other insects in Lucerne. Ph.D. 
Thesis, The Royal Veterinary and Agricultural Uni-
versity. Copenhagen.

27. Strasser H., Forrer A., Schinner F. 1996. Develop-
ment of media fort the selective isolation and main-
tenance of viruence of Beauveria brongniartii. W: 
Microbial control of soil dwelling pests. (ed. T.A 
Jackson and T.R. Glare), AgResearch, Lincoln, 
New Zeland, 125–130.

28. Tarasco E., de Bievre C., Papierok B., Poliseno M., 
Triggiani O. 1997. Occurence of entomopathogen-
ic fungi in soils in Southern Italy. Entomol. Bari. 
31, 157–166.

29. Tarasco E., Poliseno M. 2005. Preliminary survey 
on the occurrence of entomopathogenic nematodes 
and fungi in Albanian soils. IOBC/WPRS Bull. 
28(3), 165–168

30. Tkaczuk C. 2008. Występowanie i potencjał infek-
cyjny grzybów owadobójczych w glebach agro-
cenoz i środowisk seminaturalnych w krajobrazie 
rolniczym. Rozprawa naukowa nr 94, 160 s.

31. Tkaczuk C., Krzyczkowski T, Wegensteiner R. 
2012. The occurrence of entomopathogenic fungi In 
soils from mid-field woodlots and adjacent small-
scale arable fields. Acta Mycol. 47 (2), 191–202.

32. Tkaczuk C., Majchrowska-Safaryan A., Miętkiewski 
R. 2013 Wpływ wybranych fungicydów oraz 
wyciągów glebowych na wzrost owadobójczego 
grzyba Metarhizium anisopliae. Prog. Plant Prot./
Post. Ochr. Roślin, 53(4), 751–756. 

33. Tkaczuk C., Miętkiewski R. 1996. Occurrence of 
entomopathogenic fungi in different kinds of soil. 
Rocz. Nauk Rol. Seria E 25(1/2), 44–48.

34. Vänninen I., Hokkanen H. 1988. Effect of pesti-
cides on four species of entomopathogenic fungi in 
vitro. Ann. Agric. Fen. 27, 345–353.

35. Vänninen I. 1996. Distribution and occurrence of 
four entomopathogenic fungi in soil. J. App. Ento-
mol. 2, 213–215. 

36. Vänninen I., Husberg G.B., Hokkanen H.M.T. 
1989. Occurrence of entomopathogenic fungi and 
entomopathogenic nematodes in cultivated soils in 
Finland. Effect of geographical location, habitat 
type and soil type. Mycol. Res. 100, 93–101. 


