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Abstract. The aim of the paper was to present species composition and density of colony-forming units 

of entomopathogenic fungi (EPF) in the soil sampled from the herbicide fallow and sward strips of four 

blackcurrant (Ribes nigrum L.) fields in Poland. Samples collected in spring and autumn were used as 

study material. The fungi were isolated with the method of scattering diluted soil onto the selective 

medium. In order to protect the plants against pests, conventional plant protection was applied to all 

fields. In the soil taken from the blackcurrant fields three species of entomopathogenic fungi were found: 

Beauveria bassiana s.l. (Bals.-Criv.) Vuill., Isaria fumosorosea (Wize) and Metarhizium anisopliae s.l. 

(Metschn.) Sorokin. Both in spring and autumn isolated fungi produced more colony-forming units 

(CFU) in soil collected from the sward strips than from the herbicide fallow of the blackcurrant fields. In 

spring B. bassiana s.l. and M. anisopliae s.l. produced more CFU in the soil under sward than in the 

herbicide strip with intense chemical protection. In the case of I. fumosorosea in spring there was a 

tendency for CFU to be more numerous in the soil of the herbicide fallow. 

Keywords: herbicide fallow, colony forming units, Beauveria bassiana, Isaria fumosorosea, Metarhizium 

anisopliae 

Introduction 

For many years Poland has been a leader in the production of blackcurrant fruit, 

which is an effect of a favourable economic climate and well developed fruit processing 

industry (Piotrowski et al., 2016). Chemical protection of blackcurrants is based 

primarily on a large number of chemical treatments, also used to maintain herbicide 

fallow under bushes and grass between rows of currants. Blackcurrants are perennial 

plants, which contributes to an increased possibility of pesticide accumulation and 

results in their residues in the soil. Within the framework of integrated pest management 

programme, it is recommended to limit significant amounts of chemicals, replacing 

them with agricultural and biological methods. 

Constituting a large group of microorganisms colonizing the soil habitat, EPF have 

an ability to infect insects, and their development leads to the disruption of 

physiological processes in the host and to its death in the end (Zimmermann, 2007; 

Tkaczuk, 2008; Augustyniak-Kram et al., 2013). The anamorphic hypocrealean fungal 

genera Beauveria, Metarhizium, and Isaria are ubiquitous components of the soil 

microbiota in temperate regions including agroecosystems, undisturbed/natural 

landscapes and forests (Chandler et al., 1997; Klingen et al., 2002; Keller et al., 2003). 

Their basic advantage is the potential to reduce pest populations that infest agricultural 

and horticultural crops, fruit trees, as well as plants grown under cover (Vänninen et al., 

2000; Zimmermann, 2007; Ropek et al., 2014). EPF are the basis for the production of 
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bioinsecticides used increasingly in biological plant protection against pests (Faria and 

Wright, 2007; Zimmerman, 2007). Occurrence and biological activity of EPF are 

dependent on many factors affecting processes in the soil environment, like: type of 

soil, air temperature, its humidity, time of year, but also on the availability of hosts and 

methods of agricultural treatment (Vänninen et al., 2000; Krysa et al., 2012; Tkaczuk et 

al., 2014). Reports by many authors (Vänninen and Hokkanen, 1988; Miętkiewski et al., 

1997; Tkaczuk, 2008; Tkaczuk et. al., 2012; Pelizza et al., 2015; Fiedler and 

Sosnowska, 2017) indicate that chemical substances in plant protection products can 

affect EPF and their natural occurrence, species composition, sporulation, colony 

growth, and infectiousness potential. With a wide range of pesticides used in chemical 

plant protection, fungicides and herbicides have the most negative effect on the 

population of fungi and their impact largely depends on the amount of the active 

substance and on the species of fungus (Andalo et al., 2004; Tkaczuk et al., 2012). 

The purpose of this paper is to determine the species composition and density of 

colony-forming units (CFU) of EPF in soils taken from the grass strip and herbicide 

fallow of four blackcurrant fields. 

Materials and methods 

Soil sampling 

Soil collected in 2012 in two periods (spring and autumn) from four blackcurrant 

fields located in two localities in Poland: Łuzki (Łosice County) and Żabokliki Kolonia 

(Siedlce County) was used as research material. Conventional plant protection against 

pests was used in the fields. Soil samples were taken from two habitats, i.e. from the 

herbicide fallow under blackcurrant bushes and from the sward between the rows. From 

15-20 randomly selected points, soil material was sampled at a depth of 15-20 cm using 

a metal soil stick. Characteristics of the studied plantations are shown in Table 1. 

 
Table 1. Characteristics of the blackcurrant plantations 

Plantation/variety Locality 
Area of plantations 

(ha) 

Age of plantation 

years 
Herbicides used 

I - Tisel 

Łuzki 

3 3 
Glyphosate + 

MCPA 

II - Ben Lomond 3 3 
Glyphosate + 

MCPA 

III - Ores 

Żabokliki Kolonia 

1 3 
Glyphosate + 

MCPA 

IV - Ruben  1 3 
Glyphosate + 

MCPA 

 

 

Soil samples were co-mingled into plastic bags and held at 4 °C. The soil samples 

were sieved with 3 mm mesh to separate debris, such as roots and pebbles, and then 

dried to a moisture content of approximately 25-30%. This is the optimal moisture 

content for fungal growth and is limiting for the development of entomopathogenic 

nematodes (Inglis et al., 2012). 
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Fungal isolation 

To assess the density of EPF in tested soils, the number of colony forming units 

(CFU) per gram of dry soil were determined using a selective medium, developed by 

Strasser et al. (1996). Two grams of soil from each site were added to 18 ml of distilled 

water with addition of 0.05 ml of Triton X-100. Two serial dilutions were made (1:100 

and 1:1000) per sample with a solution of autoclaved 0.10% Tween 80 surfactant, and 

four replicates of both dilutions were spread on separate 9 cm Petri dishes The solution 

was agitated for 35 seconds before 0.1 ml was applied to media using a sterile pipette. A 

sterile glass spatula was used to evenly spread the solution on media plates. The 

selective media consisted of: 20 g of glucose, 18 g of agar, 10 g of peptone, and the 

selective components: 0.6 g of streptomycin sulfate, 0.005 g of chlortetracycline, 0.05 g 

of cycloheximide and 0.1 g of dodine dissolved into 1 L of distilled deionized water. 

The supplements streptomycin sulfate, chlortetracycline, cycloheximide, and dodine 

were added after the media cooled to approximately 30 °C to avoid degradation. These 

selective supplements inhibit the growth of saprophytic bacteria and fungi and favour 

the growth of EPF. Four replicates per sample were prepared and incubated at 22 °C 

and after 8-10 days colonies of each fungus species were counted. 

EPF were identified on the basis of morphological characteristics, using standard 

identification keys (Humber, 2012; Inglis et al., 2012). Given that only morphological 

methods were applied during the identification of fungi, the species Beauveria bassiana 

and Metarhizium anisopliae were defined sensu lato, because, as demonstrated by the 

latest phylogenetic studies based on DNA sequence (Bishoff et al., 2006, 2009; Rehner 

et al., 2011), there are numerous fungus species, both within the genus of Beauveria and 

Metarhizium, which are impossible to distinguish from each other without the 

application of molecular methods. The experiment was replicated three times for each 

soil sample. The findings were presented as the number of colony-forming units (CFU) 

of each species of EPF in 1 g of dry soil. 

 

Data analyses 

Since the main aim of the study was to show differences in the occurrence of CFU of 

particular fungal species between the investigated habitats (sward and herbicide fallow) 

of each of the four plantations, regardless of the season and location, therefore data on 

density of EPF CFUs in the field survey were analysed using a 1-way analysis of 

variance (ANOVA) and means were separated using Tukey’s honest significant 

difference (HSD) test. Values of P < 0.05 were considered statistically significant. 

Results and discussion 

The main habitat of EPF is soil biomass, of which they constitute an essential part 

(Ritz and Young, 2004). Their occurrence as well as quantity is affected by a number of 

biotic and abiotic factors, and also by a wide range of agronomic treatments. The 

widespread use of pesticides destroying pests in plantations of soft fruit plants is the 

primary way to reduce their numbers and has a direct impact on the population of EPF 

in the soil. 

This experiment studying the density of colony-forming units (CFU) of EPF in soil 

sampled from four fields of blackcurrants in two locations in spring and the autumn 

showed the existence of three species: Beauveria bassiana s.l., Isaria fumosorosea, and 
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Metarhizium anisopliae s.l. (Tables 2 and 3). Density of colony-forming units (CFU) of 

each species was varied depending on the time of year and on the habitat from which 

the soil was sampled. 

 
Table 2. The density of colony forming units of entomopathogenic fungi (CFU × 103 g-1) in 

soil from blackcurrant plantations in spring 

Fungal species 

Plantation 

I II III IV 

A B A B A B A B 

Beauveria bassiana s.l. 0.0 0.0 0.2 a 0.0 a 15.9 a  0.7 b 0.3 a 0.2 a 

Isaria fumosorosea 0.5 a 0.8 a 0.3 a 9.2 b 2.7 a 2.5 a 0.0 0.0 

Metarhizium anisopliae s.l. 4.7 a 0.2 b 1.0 a 1.7 a 4.7 a 1.7 b 0.7 a 0.2 a 

A - sward; B - herbicide fallow 

I, II - Łuzki; III, IV - Żabokliki Kolonia; a,b - significance calculated for α < 0.05 

 

 

In spring time, in soil sampled from the first blackcurrant field in the village of Łuzki 

(Łuzki I), M. anisopliae s.l. constituted the largest share of the fungi. There were more 

of its colony-forming units in the soil from the sward than from herbicide fallow, 

respectively, 4.7 and 0.2 × 103 g-1. Another species present in this location was I. 

fumosorosea, which was more common in the herbicide strip than in the grass strip. In 

spring in the soil collected in the other blackcurrant field located in the same village a 

different relationship was found, where I. fumosorosea and M. anisopliae s.l. produced 

more colony-forming units in the soil of herbicide fallow than in the sward, 

respectively, 9.2 and 1.7 × 103 g-1. In Łuzki I there was no the presence of the B. 

bassiana s.l. fungus in either of the strips, and in Łuzki II there was a small amount of it 

in the sward soil. Vänninen and Hokkaken (1988) found that in a field with soft fruit 

bushes the B. bassiana fungus was the most sensitive to herbicides commonly used to 

keep herbicide fallow. In the soil collected from both blackcurrant fields in Żabokliki, 

there were significantly more colony-forming units in the grass between the rows of 

bushes than in the herbicide fallow. The dominant species in the soil of Żabokliki 

Kolonia III turned out to be B. bassiana s.l., which in the grass alleys produced 15.9 × 

103 g-1 colony-forming units (Table 2). Sapieha-Waszkiewicz et al. (2005) by 

examining the soil taken from blackcurrant and chokeberry fields found a clear 

domination of the B. bassiana fungus, while in the soil taken from an adjacent field 

there was a greater volume of the M. anisopliae fungus. 

When considering all blackcurrant fields with all soil samples collected in spring B. 

bassiana s.l. and M. anisopliae s.l. produced significantly more colony-forming units in 

the soil taken from the sward area than in the soil of herbicide fallow, while in the case 

of the I. fumosorosea fungus the opposite tendency was reported (Table 2). 

In soil samples taken in autumn in the Łuzki I field B. bassiana s.l. and M. anisopliae 

s.l. occurred to a greater volume in the soil of the fallow strip than in the sward, 

producing, respectively, 2.3 and 0.7 × 103 CFU in 1 gram of soil (Table 3). In the soil 

taken from the herbicide strip, with intense chemical protection, in the other field (Łuzki 

II) there were no colony-forming units of B. bassiana s.l. or I. fumosorosea, while in the 

sward strip they produced, respectively, 0.5 and 5.0 × 103 g-1 of them. The results 
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demonstrated a negative impact of intensive chemical protection, especially herbicides 

used under blackcurrant bushes, on the density of colony–forming units of EPF. 

Kozanecka et al. (1996) reported that long-standing use of herbicides in an orchard in 

order to keep land fallow contributed significantly to the reduction of soil biological 

activity. On the other hand insects, plants and microbial populations will interact at the 

soil–root interface to affect EPF populations. Some EPF like M. anisopliae and B. 

bassiana are ubiquitous insect pathogens and possible plant symbionts, as some strains 

are endophytic or colonize the rhizosphere (St. Leger, 2008; Pava-Ripoll et al., 2011). 

 
Table 3. The density of colony forming units of entomopathogenic fungi (CFU × 103 g-1) in 

soil from blackcurrant plantations in autumn 

Fungal species 

Plantation 

I II III IV 

A B A B A B A B 

Beauveria bassiana s.l. 0.2 a 2.3 b 0.5 a 0.0 a 0.3 a 0.0 a 2.0 a 0.3 b 

Isaria fumosorosea 4.5 a 1.0 b 5.0 a 0.0 b 0.2 a 0.5 b 0.5 a 0.0 a 

Metarhizium anisopliae s.l. 0.2 a 0.7 a 0.0 a 0.2 a 1.2 a 0.0 b 0.5 a 0.5 a 

Explanations as for Table 2 

 

 

I. fumosorosea clearly dominated in the soil of the sward in samples from both 

blackcurrant fields in Łuzki. In autumn in soil samples collected from the field located 

in Żabokliki Kolonia (III) B. bassiana s.l. and M. anisopliae s.l. were in greater 

quantities in the soil of the grass strip between the rows of shrubs, and I. fumosorosea 

produced much more colony-forming units in the soil of the herbicide fallow. In the 

case of the other field located in the village, B. bassiana s.l. and I. fumosorosea were in 

greater abundance in the soil collected from the sward, while the M. anisopliae s.l. 

species produced the same number of colony-forming units in the soil of both types of 

habitats. 

The use of herbicide fallow in the rows of trees or bushes and grass in the inter-rows 

as a mechanism for maintaining soil in a good condition, creates specific environment 

for the development of soil microorganisms. Grassy vegetation roots in sward enable 

the rhizosphere microflora to develop. Under conditions of herbicide fallow, the 

biological activity of the soil depends primarily on multiannual, cumulative effect of 

herbicides (Akopyan and Avetisyan, 1990; Ehle and Laermann, 1991). 

The main herbicide used on investigated blackcurrant plantations was glyphosate. A 

few herbicides, including glyphosate, have been shown to be fungistatic despite their 

use for weed control. Formulations of glyphosate have been shown to be fungicidal to 

plant pathogens including Fusarium solani (Martius) Sacardo and Phytophthora spp., 

but not detrimental to species like Pythium spp. (Kassaby, 1985; Kawate et al., 1992). A 

study by Morjan et al. (2002) investigated the effects of seven glyphosate formulations 

on EPF mycelial growth in solid media and found that the fungicidal properties of 

glyphosate formulations varied among fungal species but that M. anisopliae was 

susceptible to all glyphosate formulations. The fungicidal effects of herbicides like 

glyphosate may not occur under field conditions where the chemical can bind to clay 
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particles in most soil types and reduce its bioavailability and movement through the soil 

substrate (Morjan et al., 2002). 

Many authors point out that the way the soil is cultivated is a factor significantly 

affecting the species composition of EPF. Tkaczuk (2008) showed in his studies that 

long lasting use of chemical pesticides might cause resistance reactions of some species 

of EPF. The phenomenon of the formation of fungal strains with increased resistance to 

pesticides was also observed by Sapieha-Waszkiewicz et al. (2005). Poprawski and 

Majchrowicz (1995) holds that EPF probably have a specific system detoxing 

herbicides. According to the authors, it is a proven fact that some colonies of fungi start 

growing later, only after a few days of contact with a medium containing herbicides. 

According to Domsch (1972) soil microorganisms, including fungi, create a series of 

enzymatic reactions that help them in the process of pesticide degradation. 

In all soil samples collected in autumn from all blackcurrant fields it was found that 

I. fumosorosea created on average significantly more colony-forming units in the sward 

than in the herbicide fallow. Density of colony-forming units of M. anisopliae s.l. was 

slightly higher in the soil of the grass strips than the herbicide fallow. The occurrence of 

B. bassiana s.l., both in the herbicide fallow and sward was on average at similar level. 

The experiment showed that in the samples taken in spring and as well in autumn 

from all the fields, EPF produce together on average significantly more colony-forming 

units in the soil of the sward between rows of blackcurrant bushes, than in the herbicide 

fallow strips (Fig. 1). These values were lower in autumn than in spring. Hummel et al. 

(2002) after many years of carrying out field experiments found that pesticide 

application significantly limited the occurrence of EPF in the soil. This was confirmed 

by the research of Sapieha-Waszkiewicz et al. (2005), in which G. mellonella larvae in 

the soil of a blackcurrant field without any chemical protection against pests were 

infected by EPF to more than double degree compared to intensively protected field. 
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Figure 1. The average number of colony forming units of entomopathogenic fungi in soil (CFU 

× 103 g-1) from sward and herbicide fallow of black currant plantations (spring and autumn). 

Different letters above columns in each habitat indicate significant differences in the values at α 

< 0.05 
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According to the Karg and Bałazy (2009) simplified crop rotation, chemical pest and 

weed control, and periodically repeated tillage treatments, aimed at raising crop yield, 

eliminate, directly or indirectly, arthropod pathogens together with the parasites and 

predators as a trophic group with special environmental and nutrient requirements. 

However, most fungi, including EPF, are characterized by large adaptive capacity to 

adverse environmental conditions, usually also having high reproductive and migration 

potential. They may settle back in a habitat during a short period of time, if, as a result 

of agricultural treatments, they have been eliminated, on condition that the fields or 

surrounded areas are suitable for their habitat. 

Conclusions 

With the method of spreading soil solution on the selective medium of the soil taken 

from the blackcurrant fields three species of entomopathogenic fungi were identified: B. 

bassiana s.l., I. fumosorosea, and M. anisopliae s.l.. The density of colony-forming 

units of individual species was varied and dependent on the habitat from which the soil 

was taken and on the time of year. Both in spring and autumn isolated 

entomopathogenic fungi produced totally more colony-forming units (CFU) in the soil 

under grass than in the herbicide strip of blackcurrant fields. When considering all 

blackcurrant fields, it was found that in spring B. bassiana s.l. and M. anisopliae s.l. 

produced more CFU in the soil under sward than in the herbicide strip with intense 

chemical protection. In the case of I. fumosorosea in spring there was a tendency for 

CFU to be more numerous in the soil of the herbicide fallow under the bushes. It meant 

that this species could be used together with pesticides in integrated protection of 

blackcurrants against pests. Further studies on pesticide resistance of different isolates 

of EPF can be performed to search of virulent strains to be applied simultaneously as 

biopesticides. 
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