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ABSTRACT

The isolates of fungi Beauveria bassiana (Bb), Metarhizium anisopliae (Ma) and Paecilomyces fumosoroseus (Pf) from the
arable land (Bb I, Ma I, Pf I) as well as from the herbicide fallow (Bb II, Ma II, Pf II) of an apple orchard were inoculated on
Sabouraud’s medium with an addition of 2 herbicides (Chwastox Extra 300 SL and Roundup) and 3 insecticides (Zolone 35
EC, Basudin 205 EC and Sanmite 20 WG) in the dose 10 times higher than the recommended one (A), the recommended
dose (B) and 10 times lower than the recommended one (C). It was shown that the isolates of fungi that in the natural
conditions had a contact with herbicides were mostly more resistant to the toxic properties of pesticides as compared with the
isolates from the arable land. Herbicides inhibited the growth of fungi more strongly than insecticides. Generally, the fungus
P. fumosoroseus was more sensitive to herbicides than B. bassiana. Among the herbicides, Chwastox Ex. 300 SL proved
more toxic to entomopathogenic fungi than Roundup. Chwastox Ex. 300 SL in the lowest dose (A) inhibited the growth of all
the isolates till the end of the experiment. Roundup inhibited the growth of the studied fungi. At the lowest concentration (C),
it even stimulated the growth of mycelium Ma II and Bb II. The studied insecticides were the most toxic towards B. bassiana.
Zolone 36 EC was the insecticide that inhibited the growth in the strongest manner. At the highest dose it made the growth of
all fungi isolates impossible till the end of the experiment. Sanmite 20 WG showed the least toxicity towards the studied
fungi. At all the concentrations the colonies grew very intensively, frequently reaching the size approaching the control.
Under the effect of herbicides and insecticides the majority if the fungi showed changes in the structure, colouring and
germination of the colonies. The studies found no negative consecutive effect of pesticides on the growth of the mycelium of
the examined isolates, which at the end of the experiment reached the size at the level of the control. It was also found out
that changes in the germination of fungi colonies under the effect of pesticides disappeared with the lack of the factor that
caused those changes. Pesticides had no negative effect on the sprouting of the spores.
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INTRODUCTION

Most apple orchards in Poland are within the traditional scheme of plant protection, where several spraying
treatments are performed in one vegetative season. It is estimated that in 1998 the level of the active substance
used in pesticides in the orchards was 18.5 kg ha-1, including 3.6 kg ha-1 of herbicides, 1.8 kg ha-1 of insecticides
and as much as 13 kg ha-1 of fungicides [9]. Although fungicides dominate in orchard protection, the use of
insecticides and herbicides themselves per 1 ha of an orchard is higher than the mean use of pesticides per 1 ha
of the cultivated area in Poland. In 1998 it was estimated at the level of about 0.6-0.8 kg of the active substance
[21].

In commercial orchards, the herbicide fallow is the most contaminated environment, where in one vegetative
year several treatments of weed control are performed, and these are additionally supplemented by the chemicals
used against pathogens and pests.

The advantages resulting from the application of synthetic means of plant protection are obvious; unfortunately,
one of the consequences of their use is often contamination of the surface and subsoil waters with the remains;
ecological threat of the agrocenoses or whole biotopes; selection of resistant breeds of pests; “generation” of new
pests; dangers to the health and life of man and other homoeothermic organisms [20].

Entomopathogenic fungi belong to a group of useful microorganisms that in natural conditions play a very
important role in limiting the populations of the agrophagous. They remarkably reduce the populations of such
important orchard pests as codling moth, moths of the family Lasiocampidae or brown-tail moth [6, 7, 8, 10, 12].
The main habitat of entomopathogenic fungi is the soil. The populations of soil pests living there such as
cockchafer gubs as well as the typical pests of apple trees such as codling moth, which have only a temporary
contact with the soil can be subjected to fungous infections to a large extent [4, 5, 18].

Therefore, it seems purposeful to establish the effect of insecticides and herbicides used in apple orchards on
entomopathogenic fungi coming from the environments of different degrees of pesticide contamination.

MATERIALS AND METHODS

The experiment tested the following species of entomopathogenic fungi: Beauveria bassiana (Bals.) Vuill.,
Metarhizium anisopliae (Metsch.) Sorok and Paeciliomyces fumosoroseus (Wize) Brown et Smith. The fungi
were isolated from the soil using the method of bait insects [26, 27] against the larvae of the last-but-one larval
stage of Galleria mellonella L. Two fungi isolates from each species were tested. The first isolate (Bb I, Ma I, Pf
I) came from the soil from an arable field adjoining the orchard, where the use of pesticides was small, while the
second isolate (Bb II, Ma II, Pf II) was isolated from the soil of the herbicide fallow, where the use of plant
protection preparations was high.

The studies dealt with synthetic insecticides and herbicides (tab. 1) that were most frequently used in the
protection of apple orchards, where the entomopathogenic fungi came from. Each of the preparations was
applied in the following doses:

A – 10 times as high as the recommended one,
B – the one recommended in practice,
C – 10 times as low as the recommended one.



Table 1. Pesticides used in the experiment

Commercial
name of

preparation

Name and content of active
substance

g or %

Recommended dose
g or ml l-1

Toxicity
class Producer

Insecticides

Basudin 25 EC diazynon 25% 1.5 ml III Novartis Crop Protection AG –
Szwajcaria

Sanmite 20 WP pirydaben 20% 1 g IV NM Agro – Polska Sp. z. o. o.
Zolone 35 EC fozalon 35% 2.9 ml II Rhone-Poulenc Agrochimie

Herbicides
Chwastox Extra
300 SL natrium salt MCPA 300 g 13 ml III Zakłady Chemiczne Organika-

Sarzyna w Nowej Sarzynie

Roundup isopropyloamine gliphosate
salt 41% 24 ml IV

Monsanto Europe S. A –
Belgia
Monsanto Polska Sp. zo.o.

Pesticides were added to the sterile medium of Sabouraud (SDA) cooled to the temperature of about 55°C, while
the subsequent concentrations were obtained by the method of dilutions. The medium prepared in such a way
was poured into the Petri dishes. The control consisted of the fungi growing on SDA medium without an
addition of pesticide. The experiment was set in 5 repetitions. The culture was kept at the temperature of 22°C
for the period of 2 days. Every five days the diameter of the fungi colonies was measured and observations on
the morphological properties of the colonies were carried out.

When significant changes were found in the appearance of the colonies, after the experiment they were
inoculated to the SDA medium without an addition of pesticide in order to determine the persistence of those
changes.

When significant deviations were found in the germination of fungi growing on the media with pesticide
addition, the consecutive effect of pesticides on the sprouting of the germs was established. To this aim, the
suspension of spores coming from the selected combinations was placed on the basic slides with a layer of 2%
sterile agar. The experiment was set in 3 repetitions and it was continued at the temperature of 22-23°C. The
sprouting spores, in the number of 100 in each repetition, were counted under a microscope for the 3 successive
periods of 24 hours.

RESULTS AND DISCUSSION

The effect of pesticides on the growth and morphology of entomopathogenic fungi colonies in vitro

Out of the group of the tested pesticides, herbicides were stronger in inhibiting the growth of entomopathogenic
fungi than insecticides (tab. 2 and 3). The negative effect of herbicides on different entomopathogenic fungi is
also reported by Gardner and Storey [3] as well as Miętkiewski et al. [17].

The preparation that was the most toxic towards the studies fungi was Chwastox Ex. 300 SL (active substance
9s.a.) MCPA), which in the dose 10 times higher than the recommended one (A) inhibited their growth
throughout the experiment, and in the recommended dose (B) limited this growth strongly, especially in the case
of both isolates of P. fumosoroseus (fig. 1). The toxic effect of high doses of sodium salt MCPA towards
different species of Hyphomycetales and Mycophyta is also described by Miętkiewski et al. [16, 17].



Table 2. The size of colonies of isolates B. Bassiana, M. anisopliae and P. fumosoroseus on the medium with
herbicides (% in relation to the control)

Preparation
Chwastox Ex 300 SL RoundupNo. of isolate

Day after
inoculatio

n A B C A B C
5 bw 48.7±0.57 89.9±0.61 pw 79.2±0.61 79.2±0.35

Bb I
20 bw 51.3±1.92 74.5±0.71 47.0±1.52 78.1±1.15 86.3±2.46
5 bw 60.3±3.40 93.5±2.14 pw 65.9±0.87 82.9±0.57

Bb II
20 bw 40.0±2.45 89.5±2.22 76.0±0.55 94.8±0.79 105.9±0.75
5 bw 42.7±1.82 80.2±1.44 bw 65.7±0.45 99.3±0.22

Ma I
20 bw 47.7±1.71 93.3±1.66 6.7±0.76 56.0±0.55 80.5±1.08
5 bw 46.2±0.96 100.0±0.96 pw 62.0±0.71 94.9±0.71

Ma II
20 bw 44.8±1.52 72.1±3.73 21.1±1.64 81.3±1.68 121.9±1.35
5 bw 52.0±1.35 92.1±1.49 pw 41.5±0.55 73.1±0.61

Pf I
20 bw 33.2±2.67 71.5±3.80 42.0±2.48 60.0±2.04 57.7±1.14
5 bw 47.7±0.84 108.7±0.84 pw 57.2±0.74 67.4±0.76

Pf II
20 bw 28.1±3.35 65.3±3.84 47.0±2.04 59.3±1.88 67.7±1.25

Abbreviations:
BbI, II – isolates of fungus Beauveria bassiana
MaI, II – isolates of fungus Metarhizium anisopliae
PfI, II – isolates of fungus Paecilomyces fumosoroseus
A – concentration of the preparation in the medium 10 times higher than the recommended one
B – concentration of the preparation corresponding to the field dose
C – concentration of the preparation in the medium 10 times lower than the recommended one
bw – no growth
pw – beginning of growth
± – standard deviation

Table 3. The size of colonies of isolates B. Bassiana, M. anisopliae and P. fumosoroseus on the medium with
insecticides  (% in relation to the control)

Preparation
Basudin 25 EC Sanmite 20 WG Zolone 35 ECNo. of

isolate
Day after

inoculation
A B C A B C A B C

5 bw 18.5±1.50 51.7±1.10 60.4±0.74 68.3±0.74 68.3±0.65 bw pw 69.3±0.94
Bb I

20 17.1±2.25 30.9±1.55 73.5±0.58 71.0±2.38 74.0±2.37 69.5±0.82 bw 26.9±1.44 71.7±2.08
5 bw pw 60.9±1.71 54.3±0.50 75.2±0.48 76.0±0.57 bw pw 36.4±0.67

Bb II
20 15.5±2.96 46.9±1.06 81.5±3.18 80.0±1.68 84.7±1.78 82.4±1.64 bw 30.5±1.87 54.2±1.64
5 bw 15.4±1.00 54.2±1.89 35.7±0.71 65.7±0.57 77.9±1.82 bw pw 45.0±0.76

Ma I
20 15.6±1.84 30.4±1.19 79.3±4.24 53.3±1.27 76.8±0.42 90.6±1.92 bw 28.4±3.70 38.4±1.15
5 bw 13.9±0.65 75.5±0.58 57.7±0.74 73.0±0.79 92.0±0.82 bw pw 45.3±0.91

Ma II
20 20.1±1.85 34.7±2.47 69.5±0.00 92.5±0.61 95.9±3.34 100.2±1.88 bw 46.0±1.60 71.0±1.62
5 bw 39.2±2.01 77.1±0.00 63.1±0.91 83.1±0.97 80.0±0.89 bw pw 78.5±1.44

Pf I
20 19.7±2.50 54.1±3.55 95.3±3.82 64.4±1.08 69.1±0.89 74.2±1.44 bw 53.0±1.85 87.7±1.29
5 pw 52.3±1.04 81.0±1.19 59.4±0.84 71.7±1.47 84.1±0.65 bw pw 74.6±1.68

Pf II
20 12.7±0.96 48.9±2.08 73.8±4.44 72.1±1.52 74.2±0.76 77.0±0.55 bw 54.2±2.45 89.5±1.46

Abbreviations:
BbI, II – isolates of fungus Beauveria bassiana
MaI, II – isolates of fungus Metarhizium anisopliae
PfI, II – isolates of fungus Paecilomyces fumosoroseus
A – concentration of the preparation in the medium 10 times higher than the recommended one
B – concentration of the preparation corresponding to the field dose
C – concentration of the preparation in the medium 10 times lower than the recommended one
bw – no growth
pw – beginning of growth
± – standard deviation



Fig. 1. The size of isolate colonies B. bassiana (BbI, BbII), M. anisopliae (Ma I, Ma II) and P. fumosoroseus (Pf I, Pf II) on the
beddings with herbicides on the 20th day of the culture (% in relation to the control)

Chwastox Ex. 300 SL in the recommended dose (B) affected the change of the morphological properties of the
studied fungi (photo 1). The colonies of isolate Bb I formed a flat mycelium, which was slightly protuberant in
the central part, covered with delicate hyphae of the air mycelium, where no sporulation was observed (photo 2).
Colonies Bb II were slightly folded, with clusters of high air mycelium on the edges, where no sporulation was
observed either (photo 2). Colonies Ma II were grey, with visible light hyphae of air mycelium on the sides,
coming off from the bedding (photo 3). The colonies of isolate Pf II did not sporulate and formed a white,
pinnate mycelium creeping on the surface (photo 4).

Photo 1. 20-day-old colonies of Beauveria bassiana, Metarhizium anisopliae
and Paecilomyces fumorosoreus on the medium with herbicide Chwastox Ex
300 SL:
K – control, A – concentration 10 times as high as the recommended one,
B – concentration corresponding to the recommended one, C –
concentration 10 times as low as the recommended one, Bb I, II – isolates of
fungus Beauveria bassiana, Ma I, II – isolates of fungus Metarhizium
anisopliae, Pf I, II – isolates of fungus Paecilomyces fumosoroseus



Photo 2. Morphology of 20-day-old colonies Beauveria bassiana:
K – control, B – Chwastox Ex 300 SL in the concentration
corresponding to the field dose, Bb I, II – isolates of fungus B. bassiana

Photo 3. Morphology of 20-day-old colonies Materhizium anisopliae:
K – control, B – Chwastox Ex 300 SL in the concentration
corresponding to the field dose, Ma I, II – isolates of fungus M.
anisopliae

Photo 4. Morphology of 20-day-old colonies of
isolate Pf II (Paecilomyces fumosoroseus):
K – control, B – Chwastox Ex 300 SL in the
concentration corresponding to the field dose



Chwastox Ex. 300 SL in the concentration 10 times of lower than the recommended one had only a slight effect
on the studied fungi. Both isolates of P. fumosoroseus which are the most susceptible to this preparation
developed like in the control in the first stage of the experiment. However, on the 20the day of the control the
rate of their growth clearly decreased (tab. 2). Similar results were obtained by Miętkiewski and Sapieha [14].

Chwastox Ex. 300 SL in the dose 10 times lower than the recommended one did not affect the change of the
appearance of the colonies of the tested fungi.

Preparation Roundup (s. a. gliphosat) at the concentration 10 times higher than the recommended one (A)
initially had a similar effect to Chwastox Ex. 300 SL, completely inhibiting the growth of fungi (tab. 2).
However, on the 20th day of the culture the growth of all isolates was fairly intensive (photo 5). The isolates of
fungi from the herbicide fallow were more resistant to the dose of A Roundup. Isolate Bb II, growing most
intensively, formed colonies of the size of about 76% as compared to the control, while Ma I, the most
susceptible one, formed colonies of the size of only about 6.7% in comparison to the control colonies (fig. 1).
Similar reactions of the insecticide hyphae to high doses of gliphosat were also recorded by Miętkiewski et al.
[15, 16].

Photo 5. 20-day-old colonies of B. Bassiana, M. anisopliae and P.
fumosoroseus on the medium with herbicide Roundup:
K – control, A – concentration 10 times as high as the recommended one,
B – concentration corresponding to the recommended one,
C – concentration 10 times as low as the recommended one, Bb I, II –
isolates of fungus Beauveria bassiana, Ma I, II – isolates of fungus
Metarhizium anisopliae, Pf I, II – isolates of fungus Paecilomyces
fumosoroseus

Isolate Bb II, growing on the bedding with Roundup in the dose 10 times as high as the recommended one (A)
formed flat, cream-yellow colonies with no signs of sporulation. Fungus M. anisopliae formed yellow-beige
colonies, mucilaginous with thick spiked hyphae (photo 6). Fungus P. fumosoroseus had the mycelium of
atypical white colouring with no signs of the colonies’ sporulation.



Photo 6. Morphology of 20-day-old colonies Metarhizium
anisopliae:
K – control, A – Roundup in the concentration 10 times as
high as the recommended one, Ma I, II – isolates of fungus
M. anisopliae

The recommended dose (B) of preparation Roundup and the dose 10 times lower (C) had a smaller effect on the
studied entomopathogenic fungi (tab. 2). A specially intensive growth was observed in the case of both isolates
B. bassiana and isolate Ma II from the herbicide fallow (fig. 1). Colonies Bb II and Ma II on the beddings with
the lowest dose (C) of gliphosat were bigger than the control colonies on the 20th day after inoculation. The
stimulating effect of low doses of certain herbicides is confirmed in the studies by Wojciechowska et al. [25].

Generally, Roundup in doses B and C did not have any significant effect on the appearance of fungi colonies.
The majority of isolates showed poorer sporulation. Only isolate Ma II formed a flat colony, with strong
fructification.

Out of the insecticides used in the experiment, Zolone 35 EC (s. a. phosalon) was characterized by high toxicity
towards the studied fungi (tab. 3). This preparation applied in the dose 10 times as high as the recommended one
(A) inhibited the growth of all fungi (tab. 3).

Phosalon in the field concentration (B) strongly limited the growth of fungi colonies at the fist stage of the
experiment – signs of growth were observed. On the 20th day after inoculation, colonies B. bassiana and isolate
Ma I reached the size that did not exceed 30% of the control (fig. 2).



Fig. 2. The size of isolate colonies B. bassiana (BbI, BbII), M. anisopliae (Ma I, Ma II) and P. fumosoroseus (Pf I, Pf II) on the
beddings with insecticides on the 20th day of the culture (% in relation to the control)

Zolone 35 EC on the beddings in the dose 10 times as low as the recommended one (C) caused a more intensive
growth of all fungi, and fungus P. fumosoroseus formed colonies comparable to the control as for the size. The
toxic effect of Zolone 35 EC, belonging to photoorganic insecticides towards entomopathogenic fungi, is also
reported by Olmert and Kenneth [19], Bajan et al. [2] and Vänninen and Hokkanen [23].

The presence of preparation Zolone 35 EC in the bedding affected the morphology of growing fungi (photo 7).
Isolate Bb I, under the effect of the recommended dose, formed flat colonies, with visible cracks in the central
part, with a fluffy roll of air mycelium on the edges (photo 8). Isolate Ma I formed a beige-pink mycelium,
slightly protuberant (photo 9). The colonies of isolate Ma II were light, slightly folded, with hyphae fragments
coming off the bedding (photo 9). Fungi colonies were characterized by poor sporulation. Phosalon in the dose C
– 10 times as low as the recommended one caused changes in the appearance of cultures B. bassiana and M.
anisopliae. Isolate Bb I formed flat colonies, radially cracked, with a belt of air mycelium on the edges (photo 8).
Colonies Bb II were more compact and they sporulated very intensively. Fungus M. anisopliae formed a
protuberant, domed mycelium of white colouring, which in Ma II in its central part was lightly cream-coloured,
fluffy and strongly sporulating.



Photo 7. 20-day-old colonies of B. bassiana, M. anisopliae and P.
fumosoroseus on the medium with insecticide Zolone 35 EC:
K – control, A – concentration 10 times as high as the recommended
one, B – concentration corresponding to the recommended one,
C – concentration 10 times as low as the recommended one, Bb I, II –
isolates of fungus Beauveria bassiana, Ma I, II – isolates of fungus
Metarhizium anisopliae, Pf I, II – isolates of fungus Paecilomyces
fumosoroseus

Photo 8. Morphology of 20-day-old colonies of
isolate Bb I (Beauveria bassiana):
K – control, B – Zolone 35 EC in the concentration
corresponding to the field dose, C – Zolone 35 EC
in the concentration 10 times as low as the
recommended one



Photo 9. Morphology of 20-day-old colonies of
Metarhizium anisopliae:
K – control, B – Zolone 35 EC in the
concentration corresponding to the field dose,
Ma I, II – isolates of fungus M. anisopliae

Basudin 25 EC (s. a. diasinone), at the concentration 10 times higher than the field one (A) completely inhibited
the growth of the studied fungi for the first 5 days of the experiment (tab. 3). In the later period, the growth of
the colonies was slow and on the 20th day of the culture the colonies were smaller than the control by more than
80%.

Colonies P. fumosoroseus on the bedding with diasinone in dose A were white and fluffy, while the mycelium of
the other species did not differ from the control with an exception of isolate Ma II, which did not form sporules.

Basudin 25 EC in the recommended dose (B) was the most effective in inhibiting the growth of isolate Bb II
from the herbicide fallow, where on the fifth day of the culture only the initial growth of the colonies was
observed and it was strongly limited till the end of the experiment (fig. 2). Concentration B also had a negative
effect on the other isolates and P. fumosoroseus, which was the most resistant, formed colonies as much as by
about 50% smaller than the control (fig. 2).

On the beddings with the dose of Basudin 25 EC – C (10 times as low as the recommended one), the growth of
all fungi was intensive and only isolate Pf I reached the value comparable to the control (tab. 3). The studies by
Väninnen and Hokkanen [23] confirm that fungus P. fumosoroseus was relatively resistant to the effect of
Basudin 25 EC. The authors report that the species P. farinosus and B. bassiana were the most susceptible to the
aforementioned preparation. The present studies do not confirm this phenomenon – isolates M. anisopliae and B.
bassiana showed a similar reaction to the applied diasinone. A strong reaction of B. bassiana to Basudin 25 EC
was also observed by Miętkiewski [11].

Diasinone in the field and lower doses did not cause any changes in the appearance of fungi colonies. However,
it was observed that both isolates B. bassiana and isolate Ma I did not sporulate on the bedding with the field
dose of this insecticide.

Preparation Sanmite 20 WG (s. a. pirydaben) was characterized by the least toxicity towards the studied fungi
(photo 10). It is interesting that the preparation dose differentiated the size of the colonies only in a small degree
(tab. 3), and isolates Bb II and Ma II reached the size comparable to the control even in the presence of the dose 10
times as high as the recommended one (A) (fig. 2, photo 10). Only isolate Ma I on the bedding with the highest
concentration of pirydaben initially formed colonies 35.7% of the size of the control, and at the end of the
experiment the growth rate was the highest – colonies Ma I reached the size of about 50% of the control (tab. 3).



Photo 10. 20-day-old colonies of Beauveria bassiana, Metarhizium
anisopliae and Paecilomyces fumosoroseus on the medium with
insecticide Sanmite 20 WG: K – control, A – concentration 10 times
as high as the recommended one, B – concentration corresponding to
the recommended one, C – concentration 10 times as low as the
recommended one, Bb I, II – isolates of fungus Beauveria bassiana,
Ma I, II – isolates of fungus Metarhizium anisopliae, Pf I, II – isolates
of fungus Paecilomyces fumosoroseus

Photo 11. Morphology of 20-day-old colonies of
isolate Ma II (Metarhizium anisopliae):
K – control, B – Sanmite 20 WG in the concentration
corresponding to the field dose, C – Sanmite 20 WG
in the concentration 10 times as low as the
recommended one



Sanmite 20 WG at the highest concentration (A) did not affect the appearance of the colonies of B. bassiana or
P. fumosoroseus. Under the effect of high doses of the preparation the colonies of those fungi sporulated more
intensively than in the control. On the other hand, morphological changes of the colonies were observed in the
case of M. anisopliae (photo 10). The colonies of Ma I were dark beige, slightly mucilaginous at the sides, with a
visible concentric air mycelium. The mycelium of isolate Ma II was protuberant in the central part, with a fluffy
structure, around which a clear ring of forming sporules was seen. The colonies of Ma I on the beddings in the
recommended (B) and the lowest (C) concentrations of Sanmite 20 WG were covered with delicate hyphae of air
mycelium. The colonies of Ma II on the bedding with the field dose of the insecticide were flat and
mucilaginous, in the central part covered with delicate air hyphae and with strong sporulation on the edges of the
cultures (photo 11). In the lowest dose – C – the colonies of isolate Ma II sporulated very strongly in the central
part. The colonies were encircled by a belt of snow-white air mycelium on the edges (photo 11).

The consecutive effect of pesticides on the growth of fungi colonies and the germination of spores in vitro
Selected fungi, showing significant changes in the morphology of the colonies under the effect of the tested
pesticides, were inoculated again to the bedding SDA without a pesticide with the aim of determining the
persistence of those changes (tab. 4).

Table 4. The consecutive effect of selected pesticides on the growth of isolates B. bassiana. M. anisopliae and P.
fumosoroseus on the bedding without an addition of pesticide (% in relation to the control)

Preparation
Zolone 35 EC Chwastox Ex 300 SL RoundupNo. of

isolate

Day after
inoculatio

n B C B C A
5 126.7±0.76 82.1±0.76 110.1±2.18 X 152.5±0.65

Bb I
20 94.4±1.49 104.0±0.00 111.2±4.64 X 100.4±0.42
5 121.2±1.06 129.5±0.76 132.7±0.35 X X

Bb II
20 107.7±7.07 103.8±0.00 100.0±0.00 X X
5 95.9±0.86 102.5±0.70 105.8±1.00 X 68.6±1.64

Ma I
20 107.5±0.00 97.7±0.00 107.5±0.00 X 102.6±2.32
5 33.1±2.02 X 106.5±0.00 X 91.2±1.62

Ma II
20 93.8±0.00 X 101.9±0.00 X 111.4±3.33
5 116.4±0.86 X 116.4±1.80 113.3±1.50 X

Pf I
20 94.1±7.07 X 88.2±0.00 100.0±0.00 X
5 99.2±1.00 X 91.4±0.29 X X

Pf II
20 104.6±0.00 X 92.3±0.00 X X

Abbreviations:
BbI, II – isolates of fungus Beauveria bassiana
MaI, II – isolates of fungus Metarhizium anisopliae
PfI, II – isolates of fungus Paecilomyces fumosoroseus
A – concentration 10 times higher than the recommended one
B – concentration corresponding to the field dose
C – concentration 10 times lower than the recommended one
± – standard deviation
X – combination not studied in respect of the consecutive effect of pesticides on the growth of entomopathogenic fungi

It was found out that the changes in the growth intensity and the morphology of fungi colonies observed during
their contact with pesticides were not lasting and they disappeared after removing the factor that had caused
them. Similar observations are reported by Miętkiewski et al. [15] and Sapieha [22].

Application of herbicide Chwastox Ex. 300 SL both in the field dose (B) and the one 10 times lower (C) had no
negative consecutive effect on the growth of the selected fungi isolates (tab. 4). Isolate Bb II from the bedding
with the field dose of MCPA considerably exceeded the size of control colonies already on the 5th day of the
culture. Isolate Pf I showed a similar reaction. In the course of the experiment the rate of fungi growth decreased
and on the 20th day of the culture the studied isolates reached the size comparable to the control.

In the case of Roundup, isolate Bb I, from the bedding with the dose 10 times as high as the recommended one
(A) at the beginning grew much more intensively than the control, while isolate Ma I on the day of incubation
formed colonies by about 30% smaller than the control. However, like in the case of Chwastox Ex. 300 SL, the



colonies of all fungi isolates on the bedding with Roundup at the end of the experiment reached the size
comparable to the control (tab. 4).

Although Roundup limited the sporulation of fungi growing on the bedding with an addition of it, it did not
cause any changes in the intensity of germination of the spores which germinated in a similar way, and even
more intensively than the control (tab. 5). The results are comparable to the studies presented by Wojciechowska
et al. [24], where it was found out that herbicides Gramoxone and Gesagard – although inhibiting the growth and
decreasing the weight of the mycelium of entomopathogenic Hyphomycetales and Mycophyta – neither
completely destroyed the mycelium nor lowered the pathogenicity. Wojciechowska et al. [25] and Miętkiewski
et al. [13] reported that application of herbicides in a pot experiment did not eliminate entomopathogenic fungi
from the soil.

The studied fungi from the beddings containing insecticide Zolone 35 EC in the recommended (B) and the
lowest (C) doses developed after they were transferred without this preparation (tab. 4). Only isolate Ma II from
the bedding with the recommended dose of phosalone at the beginning formed the colonies as much as by 67%
smaller than the control. However, during the further culture, the intensity of the mycelium growth was similar
to the control.

Table 5. The consecutive effect of selected pesticides on germination of spores B. bassiana. M. anisopliae and P.
fumosoroseus (%)

Preparation
Sanmite 20 WG Zolone 35 EC RoundupNo. of

isolate

Day of
obser-
vation

Control
A B C B C A B C

1 6.0 6.0 X 6.0 8.0 5.7 X X X
2 46.7 49.0 X 51.0 38.3 38.3 X X XBb I
3 98.3 97.3 X 90.7 92.0 98.3 X X X
1 7.0 6.3 9.0 X 8.7 7.7 5.7 X 7.3
2 52.3 56.7 55.0 X 40.0 48.3 40.0 X 43.0Bb II
3 100.0 98.3 97.7 X 92.3 91.7 100.0 X 95.7
1 4.7 5.7 X X 4.0 5.3 X 6.7 5.3
2 60.0 52.3 X X 52.7 52.3 X 53.3 56.3Ma I
3 98.3 94.0 X X 92.7 93.3 X 95.0 98.3
1 3.7 4.0 X 5.3 4.3 5.7 X 4.3 4.0
2 67.3 61.3 X 59.3 57.7 58.3 X 55.0 58.7Ma II
3 98.7 96.7 X 98.3 98.3 100.0 X 100.0 98.3
1 11.7 13.0 X X 6.7 X X X X
2 39.0 26.3 X X 28.3 X X X XPf I
3 85.0 100.0 X X 95.0 X X X X
1 11.0 7.0 7.7 14.0 10.7 X 15.3 X X
2 34.3 22.3 32.7 35.7 31.3 X 37.7 X XPf II
3 89.0 92.7 98.3 99.3 95.7 X 100.0 X X

Abbreviations:
BbI, II – isolates of fungus Beauveria bassiana
MaI, II – isolates of fungus Metarhizium anisopliae
PfI, II – isolates of fungus Paecilomyces fumosoroseus
A – concentration of the preparation in the medium 10 times higher than the recommended one
B – concentration of the preparation corresponding to the field dose
C – concentration of the preparation in the medium 10 times lower than the recommended one
X – combination not studied in respect of the spores’ germination

Fungi spores from the cultures growing on beddings with Zolone 35 EC germinated in a similar or more
intensive way as compared to the control (tab. 5). This does not confirm the results obtained by Bajan et al. [1],
who report that photoorganic preparations can lower the pathogenicity level of entomopathogenic
Hyphomycetales and Mycophyta.



Results of studies on the consecutive effect of Sanmite 20 WG on the germination of entomopathogenic fungi
spores were similar to those obtained for Zolone 35 EC. The fungi conidia germinated comparatively or more
intensively than in the control (tab. 5).

CONCLUSIONS

1. Among the studied pesticides, herbicides were more toxic to entomopathogenic fungi that insecticides.
Herbicide Chwastox Ex. 300 SL and insecticide Zolone 35 EC strongly inhibited the growth of the
mycelium of the studied fungi species.

2. Herbicides proved to be the least toxic towards B.bassiana , and insecticides turned out to be the least
toxic towards P. fumosoroseus.

3. Isolates Bb II, Ma II and Pf II , which had a contact with herbicides in the natural conditions, were more
resistant to their toxic abilities than the same isolates from the arable land. The resistance of those
isolates under the effect of insecticides varied. Isolates Bb II and Ma II proved to be more resistant to
this group of preparations.

4. None of the studied pesticides had a clear negative effect on the consecutive growth of fungi or
germination of the spores.

REFERENCES

1. Bajan C., Fedorko A., Kmita A., 1992. Grzyby owadobójcze w integrowanej ochronie roślin. Mat. Konf.
”Zwalczanie biologiczne szkodników w programach metod integrowanych” [Entomopathogenic fungi in integrated
protection of plants. Materials from the Scientific Conference on “Biological control of pests in the programs of
integrated methods”] Red. E. Niemczyk, Skierniewice, 32-39 [in Polish].

2. Bajan C., Kmitowa K., Wojciechowska M., 1977. The effect of Enolofos 50 and its active substance –
chlorfenvinphos on growth and pathogenicity of entomopathogenic fungi. Pol. Ecol. Stud. 3(2), 65-77.

3. Gardner W. A., Storey G. K., 1985. Sensitivity of Beauveria bassiana to selected herbicides. J. Econ. Entomol. 78,
1275-1279.

4. Jaworska M., 1979. Badania nad możliwością ograniczania populacji owocnicy jabłkowej – Hoplocampa
testudinea Klug. (Hymenoptera, Tenthredinidae) przez pasożytnicze grzyby [Studies on the possibilities of limiting
the population of Hoplocampa testudinea Klug. (Hymenoptera, Tenthrediniae) by parasitic fungi]. Roczn. Nauk
Roln. E 9 (2), 169-181 [in Polish].

5. Łabanowska B. H., 2003. Szkodniki glebowe w uprawach sadowniczych [Soil pests in orchard cultivations]. Mat.
Konf. Ochr. Rośl. Sadown. ISK, Skierniewice, 87-89 [in Polish].

6. Machowicz-Stefaniak Z., 1978. Patogeniczność strzępczaków owadobójczych Hyphomycetales, Mycophyta
względem prządki pierścienicy Malacosoma neustria L. (Lepidoptera) [Pathogenicity of Hyphomycetales,
Mycophyta towards Malacosoma neustria L. (Lepidoptera)]. Roczn. Nauk. Roln. E 8 (2), 107-121 [in Polish].

7. Machowicz-Stefaniak Z., 1979. Objawy chorobowe występujące u gąsienic Malacosoma neustria L. (Lepidoptera)
zakażonych przez niektóre grzyby [Disease symptoms in the caterpillars of Malacosoma neustria L. (Lepidoptera)
infected by some fungi]. Acta Mycol. 15(1), 145-149 [in Polish].

8. Machowicz-Stefaniak Z., 1987. Patogeniczność niektórych grzybów owadobójczych dla owocówki jabłkóweczki
Laspeyresia pomonella L. (Lepidoptera, Tortricidae) [Pathogenicity of some fungi entomopathogenic towards
Laspeyresia pomonella L. (Lepidoptera, Tortricidae)]. Roczn. Nauk Roln. E 17 (2), 279-294 [in Polish].

9. Makosz E., 1999. Zużycie pestycydów w sadach jabłoniowych z tradycyjną i integrowaną produkcją owoców [The
use of pesticides in apple orchards with traditional and integrated production of fruit]. Mat. z XIX Międzynar. Sem.
Sad. Limanowa, 75-83 [in Polish].

10. Miętkiewski R., 1981. Grzyby towarzyszące obumieraniu gąsienic kuprówki rudnicy (Euproctis chrysorrhoea L.,
Lep.: Lymantriidae) oraz możliwości wykorzystania niektórych z wyizolowanych gatunków do walki biologicznej
[Fungi accompanying the necrosis of (Euproctis chrysorrhoea L., Lep.: Lymantriidae) and the possibilities of using
some of the isolated species for biological control]. Rozprawy nr 12, WSR-P, Siedlce. pp. 104 [in Polish].

11. Miętkiewski R., 1984a. Czustvitielnost entomopatogennych gribov k insekticidam i fungicidam. [W:] Izuczienie
entomopatogennych mikroorganizmov, rozrabotka technologii proizvodstva i primienienija [Sensitivity of
entomopathogenic fungi to insecticides and fungicides. [In:] Studies on the entomopathogenic microorganismus,
elaboration of technology and application]. Sovet Ekonomiczieskoj Vzaimopomoszczi, Sympozjum, Rytro, 71-90
[in Rusian].

12. Miętkiewski R., 1984b. Możliwość wykorzystania wybranych gatunków grzybów do zwalczania gąsienic kuprówki
rudnicy (Euproctis chrysorrhoea L.) [A possibility of using selected fungi species for the control of Euproctis
chrysorrhoea L.)]. Roczn. Nauk Roln. E 14 (1-2), 103-111 [in Polish].

13. Miętkiewski R., Miętkiewska Z., Sapieha A., 1991. Reakcja grzybów owadobójczych na herbicydy w
doświadczeniu wazonowym [Reaction of fungi entomopathogenic towards herbicides in a pot experiment]. Zesz.
Nauk. WSR-P, Siedlce, 29, 216-227 [in Polish].

14. Miętkiewski R., Sapieha A., 1995. Wpływ pestycydów stosowanych w ochronie ziemniaka na wzrost grzybów
owadobójczych izolowanych z gleb pól ziemniaczanych [The effect of pesticides used in potato protection on the
growth of entompathogenic fungi isolated from the soils of potato fields]. Acta Agrobot. 48(2), 65-73 [in Polish].



15. Miętkiewski R., Sapieha A., Domagała T., 1988. Wpływ herbicydów na wzrost grzybów owadobójczych w
kulturach pożywkowych [The effect of herbicides on the growth of entomopathogenic fungi in nutrient cultures].
Zesz. Nauk. WSR-P, Siedlce, 17, 7-26 [in Polish].

16. Miętkiewski R., Sapieha A., Miętkiewska Z., 1992. Porównanie w warunkach in vitro wpływu herbicydów na
wzrost grzybów owadobójczych izolowanych z gleby o różnym stopniu skażenia pestycydami [An in vitro
comparison of the effect of herbicides on the growth of entomopathogenic fungi isolated from the soil of different
degrees of contamination with pesticides]. Zesz. Nauk. WSR-P, Siedlce, 31, 221-235 [in Polish].

17. Miętkiewski R., Sapieha A., Miętkiewska Z., 1989/1990. Wzrost grzybów owadobójczych na pożywkach
zawierających herbicydy stosowane w sadownictwie [The growth of entompathogenic fungi on the media
containing herbicides used in pomology]. Acta Mycol. 25(2), 35-49 [in Polish].

18. Niezborała E., 1976. Przyczynek do poznania pasożytów owocnicy jabłkowej-Hoplocampa testudinea Klug.
(Hym., Tenthredinidae) [A contribution to the knowledge of parasites to Hoplocampa testudinea Klug. (Hym.,
Tethredinidae)]. Pol. Pismo Ent., 46, 387-391 [in Polish].

19. Olmert I., Kenneth R. G., 1974. Sensitivity of the entomopathogenic fungi, Beauveria bassiana, Verticillium
lecanii, and Verticillium sp. to fungicides and insecticides. Environ. Entomol. 3(2), 33-38.

20. Olszak R., 1999. Insektycydy proekologiczne w ochronie roślin sadowniczych [Pro-ecological insecticides in the
protection of orchard plants]. Mat. Konf. Ochr. Rośl. Sadown. ISK, Skierniewice, 7-14 [in Polish].

21. Pruszyński S., 1998. Miejsce metody chemicznej we współczesnej ochronie upraw przed agrofagami. Symp.
“Stosowanie chemicznych środków ochrony roślin w uprawach rolniczych” [The place of chemical method in the
contemporary protection of cultivations from the agrophagous. [in Polish]. Symp. “The use of chemical
preparations of plant protection in agricultural cultivations”]. IOR, Poznań, 1-11 [in Polish].

22. Sapieha A., 1994. Łączne stosowanie inhibitorów syntezy chityny i insektycydów biologicznych w zwalczaniu
stonki ziemniaczanej (Leptinotarsa decemlineata Say.), ze szczególnym uwzględnieniem grzybów owadobójczych.
Praca doktorska [Joint application of inhibitors of the synthesis of chitine and biological insecticides in the control
of Leptinotarsa decemlineata Say.), with particular regard to entomopathogenic fungi. Doctoral dissertation].
WSR-P, Siedlce. pp. 165 [in Polish].

23. Vänninen I., Hokkanen H., 1988. Effect of pesticides on four species entomopathogenic fungi in vitro. Ann. Agric.
Fenn. 27, 345-353.

24. Wojciechowska M., Bajan C., Kmitowa K., 1977a. Działanie herbicydów Gramoxone i Gesagard 50 na grzyby
porażające stonkę ziemniaczaną. [W:] Entomologia a intensyfikacja rolnictwa [The effect of herbicides Gramoxone
and Gesagard 50 on fungi infecting potato-bug. [In:] Entomology versus intensification of agriculture]. Red. H.
Sandner, PWN, Warszawa, 123-144 [in Polish].

25. Wojciechowska M., Kmitowa K., Bajan C., 1977b. The effects of carbamide herbicides, Linuron and Monolinuron,
on three species of entomopathogenic fungi. Pol. ecol. Stud. 3(2), 43-57.

26. Zimmermann G., 1986. “Galleria bait method” for detection of entomopathogenic fungi in soil. J. Appl. Ent. 102,
213-215.

27. Zimmermann G., 1998. Suggestion for a standardized method for reisolation of entomopathogenic fungi from soil
using the bait method. “Insect pathogens and insect parasitic nematodes.” IOBC Bull. 21(4), 289.

The research was conducted within the framework of grant No. 5P06C 001 19

Anna Sapieha-Waszkiewicz, Ryszard Miętkiewski
Chair of Plant Protection
Podlasie University in Siedlce
14 B. Prusa Street, 08-110 Siedlce, Poland
tel. (+48 25) 643 13 02
e-mail: sapieha@ap.siedlce.pl

Barbara Marjańska-Cichoń
Institute of Pomology
Podlasie University in Siedlce, Poland
14 B. Prusa Street, 08-110 Siedlce
tel. (+48 25) 643 13 62

Responses to this article, comments are invited and should be submitted within three months of the
publication of the article. If accepted for publication, they will be published in the chapter headed
‘Discussions’ in each series and hyperlinked to the article.


