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ABSTRACT

The experiment tested the following entomopathogenic fungi isolated by the method of bait insects: Beauveria bassiana (Bb),
Metarhizium anisopliae (Ma) and Paecilomyces fumosoroseus (Pf), which were obtained from a cultivated field (Bb I, Ma |,
Pf 1) and from a herbicide fallow belt (Bb Il, Ma ll, Pf II) in an apple orchard with a full program of plant protection. The
fungi were inoculated on Sabouraud’s medium with an addition of fungicides: Atemi C 76 WG, Delan 700 WG, Captan 50
WP and Rubigan 12 EC in the following doses: one recommended in agricultural practice — (A), 10 times lower than the
recommended one — (B) and 100 times lower than the recommended one (C). The studies showed that the effect of fungicides
on entomopathogenic fungi was related to the active substance of the preparations while the toxic effect was most frequently
directly proportional to their concentration in the soil. Fungus M. anisopliae was the most sensitive to the applied fungicides
while P. fumosoroseus was the most resistant. Rubigan 12 EC inhibited the growth of the tested entomopathogenic fungi in
the strongest way. That preparation — depending on its concentration — limited or inhibited the formation of spores. Atemi C
76 WG, like Rubigan 12 EC, limited the sporulation of cultures. The reaction of entomopathogenic fungi to Captan 50 WP
varied. However, with low doses the growth of the majority of isolates was similar to the control. Delan 700 WG turned out
to be the least toxic preparation towards the studied fungi. The studies showed that the changes in sporulation and
morphology of fungi cultures growing on the subsoils infected with fungicides were short-lasting and they disappeared after
the causative factor was removed.
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INTRODUCTION

Entomopathogenic fungi, besides bacteria and viruses, belong to the most commonly found pathogens of insects
and mites. Their effect is related to a number of factors such as the host’s susceptibility, population density,
outside conditions as well the commonly used pesticides [6, 7].

Fungicides found wide application in agricultural cultivations and in pomology very early. Their negative effect
to various elements of the eco-system, including entomopathogenic fungi, was observed early as compared to
other pesticides. As early as in 1913 Fron and Feytans proved that Bordeaux mixture, which was very popular
then, strongly inhibits the development of fungus Spicaria farinose var. verticilloides Fron when the exposition
is long enough [13]. When the use of fungicides was periodically ceased for the protection of citrus trees in
Brazil during World War II, it contributed to greater frequency of infection of scale insect Aonidiella aurantii
(Mask.) by entomopathogenic fungi Lepage 1943, after Miiller-Kogel [11]. The most frequent studies on the
effect of fungicides on entomopathogenic fungi are conducted in the conditions of nutrient medium cultures [1,
2, 3, 7, 10, 12]. These studies include first of all observations of the effect of fungicides on the growth of
entomopathogenic Hyphomycetales. Relatively few studies refer to the effect of pesticides on the germination of
entomopathogenic fungi spores or the sporulation of entomopathogenic fungi [4, 5, 15, 16].

The effect of fungicides on entomopathogenic fungi is principally negative and it is related to the kind and
concentration of the active substance of the applied preparation. The reactions of particular species of
entomopathogenic fungi sometimes vary, for example, chlorotalonil does not inhibit the development of
entomopathogenic Hyphomycetales [6], while completely limiting the infectiousness of Erynia neoaphidis
conidia [5].

It seems purposeful to continue the studies on the effect of fungicides on entomopathogenic fungi, especially in
commercial apple orchards where synthetic fungi constitute the basis for plant protection.

The present paper determined the effect of fungicides Atemi C WG, Delan 700 WG, Captan 50 WP and Rubigan
12 EC on the growth and morphology of entomopathogenic Hyphomycetales isolated from the soil of apple
orchards and cultivated fields. Besides, the studies established the consecutive effect of fungicides on the
sporulation of germs and the growth of the tested fungi.

MATERIALSAND METHODS

The experiment tested the following species of entomopathogenic fungi: Beauveria bassiana (Bals.) Vuill,,
Metarhizium anisopliae (Metsch.) Sorok and Paecilomyces fumosoroseus (Wize) Brown et Smith. The fungi
were isolated from the soil using the method of bait insects [17, 18] onto the larvae of the last but one larval
stage of Galleria mellonella L. Two fungi isolates were tested within each species. Isolates Bb I, Ma |, Pf |
originated from the cultivated field adjoining an orchard, where the use of pesticides was small and isolated Bb
I, Ma ll, Pf Il were obtained from the soil of the herbicide fallow, where the use of pesticides was high.

Four synthetic fungicides, which were most often applied in apple orchards from where entomopathogenic fungi
came were selected for the studies (tab. 1).

Table 1. Fungicides used in the experiment

Commercial | Name and content |Recommend Class
name of the | of active substance | ed dose in o Producer
) - of toxicity
preparation ingor% g or ml/l
Atemi C 76 Cyproconazol 1, 5 Y, Novartis Agro S. A., F 92845 Rueil-Malmaison
WG Kaptan 75 dla Novartis Crop Protection AG, Switzerland
Del\%goo Ditianon 700 0.8 1 American Cyanamid Company, USA
Cap\)/t\z/a';l 50 Kaptan 50 5 v Tomen Agro, Inc., USA
RUbEgn 12 Fenarimol 12 0.4 \% Dow Agrosciences-Polska Sp. z 0.0.

The preparations were used in the following doses:

A — one recommended in practice

B — one that was 10 times as low as the recommended on

C — one that was 100 times as low as the recommended one.



Pesticides were added to the sterile Sabouraud’s medium (SDA) cooled to the temperature of about 55°C. The
subsequent concentrations were used by the method of dilutions. The medium prepared in such a way was
poured out to Petri dishes. The fungi growing on SDA medium without an addition of pesticide constituted the
control. The experiment was established in five repetitions. The culture was kept at the temperature of 22°C for
20 days. The diameter of fungi colonies was measures in 5-days’ intervals and observations were carried out on
the morphological features of the colonies.

When significant changes were found out in the appearance of the colonies, then after the experiment was
finished the fungi were inoculated onto SDA medium without a pesticide addition in order to find the persistence
of those changes.

When significant deviations were found in the sporulation of fungi growing on the media with an addition of
pesticides, then the consecutive effect of pesticides on the germination of the spores was established. To this
aim, the suspension of spores from the chosen combinations was placed on the basic glasses with a layer of 2%
sterile agar. The experiment was set in three repetitions and it was conducted at the temperature of 22-23°C.

The germinating spores in the number of 100 in each repetition were counted under a microscope for three
successive 24-hours’ periods.

RESULTSAND DISCUSSION
It follows from the conducted studies that the toxicity of pesticides towards entomopathogenic fungi was related
to the kind of the active substance, the concentration of the preparation and it was most frequently directly

proportional to the fungicide concentration in the medium (tab. 2, fig. 1). Similar results referring to 16 out of 17
examined fungicides are presented by Keller et al. [4] while testing fungi Beauveria brongniartii (Sacc.) Petch.

Fig. 1. Sensitivity of entomopathogenic fungi isolatesto fungicides (in % in relation to the control)
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Fungicides used in the experiment were the strongest to inhibit the growth of M. anisopliae isolates while P.
fumosoroseus proved to be the most resistant to this group of preparations (fig. 1).



Table 2. Size of colonies of chosen isolates B. bassiana, M. anisopliae and P. fumosoroseus on media with fungicides (in % of the control)

No. of | D&Y of Preparatus
isc?lé ct’e observa Atemi C 76 WG Delan 700 WG Captan 50 WP Rubigan 12 EC
tion A B C A B C A B C A B C
Bb | 5 16.4+1.14 | 67.7/£0.76 86.2+0.76 |38.6x2.11| 70.9+1.29 | 82.5+0.96 pw 44.6+0.58 88.1+1.14 bw 44.6+1.00 97.0+1.60
20 23.4+2.08 | 76.6+2.27 76.3+1.26 |71.3+£3.28] 75.8+0.95 | 85.9+2.89 48.7+2.12 65.3+0.48 87.6+1.04 pw 67.6+1.14 79.2+1.40
Bb Il 5 16.8+0.74 | 57.1+0.79 92.4+1.00 }45.7+0.25] 76.6+1.02 | 100.0+1.25 pw 49.5+0.95 77.5+0.94 bw 39.5+0.74 68.2+1.04
20 21.1+1.98 | 77.1+1.08 99.6+1.77 |68.2+3.06] 93.5+£2.43 | 105.3+1.89 | 48.6+1.76 70.3+0.87 89.1+1.39 | 8.7£1.90 | 66.0+0.27 86.5+0.97
Ma | 5 23.8+0.48 | 53.7+1.04 81.1+0.65 |30.4+0.63]| 62.1+0.96 | 83.7+1.46 pw 58.9+2.36 84.9+1.93 bw pw 88.4+1.49
20 22.3+0.41 | 59.6+6.36 92.4+3.28 |52.2+1.53]| 81.9+2.48 | 93.3+0.76 28.9+0.94 82.8+1.71 | 101.0+1.31 bw 33.8+1.29 86.6+0.87
Ma Il 5 21.6+0.71 | 57.7/+1.78 94.3+1.47 |38.9+£2.10| 70.7+£0.57 | 98.6+0.94 41.6+0.67 64.8£1.55 | 102.2+1.58 bw pw 83.9+£1.06
20 19.3+0.65 | 39.7+0.00 65.2+6.01 |50.2+1.40] 75.2+1.76 | 85.2+1.61 55.9+2.32 87.4+0.75 97.2+1.10 bw 60.6+0.57 77.2+1.47
Pfl 5 17.6£2.00 | 76.7£1.85 85.0+1.60 [85.9+£1.50] 83.3+1.14 | 90.7+2.01 39.4+0.48 60.0£0.76 88.5+0.58 bw 50.8+0.65 93.1+0.96
20 34.8+2.08 | 78.6+2.50 91.4+0.97 |80.2+1.15] 89.2+1.88 | 97.3+1.61 86.1+1.11 93.2+0.42 94.1+3.20 | 16.3+3.14 | 81.5+3.03 95.8+3.19
P II 5 30.3+1.43 | 91.3+1.04 | 105.6+0.65 [96.4+0.76]104.1+0.67 | 105.6+0.96 | 54.3+0.58 55.6+0.58 89.1+1.20 bw 36.2+1.06 99.3+0.76
20 33.3+2.44 | 75.2+1.11 91.5+5.30 |72.6+0.87] 80.2+2.75 | 86.2+1.61 90.7+1.04 93.9+0.76 99.3+1.54 | 18.7+2.98 | 76.4¥1.17 | 101.1+1.24
Abbreviations:
Bb I, Il —isolates of fungus Beauveria bassiana
Mall, Il —isolates of fungus Materhizium anisopliae
Pf I, Il —isolates of fungus Paecilomyces fumosoroseus

bw — no growth
pw — beginning of growth
+ — standard deviation

A — concentration of the preparation in the medium referring to the field dose
B — concentration of the preparation in the medium 10 times as low as the recommended one
C — concentration of the preparation in the medium 100 times as low as the recommended one




Rubigan 12 EC had the strongest effect on the studied fungi. In the recommended dose (A) the preparation
completely inhibited the growth of M. anisopliae while isolate Bb | showed only traces of growth (tab. 2, photo
1). Isolate Bb |l and fungus P. fumosoroseus on the media with dose A of Rubigan 12 EC began growth only in
the final stage of the experiment but it was found out that the mycelium of Bb Il did not sporulate whereas the
sporulation of both isolates of P. fumosoroseus was remarkably limited. Both isolates of M. anisopliae had the
weakest growth on the media containing the dose that was 10 times as low as the recommended one (B) (fig. 2).
On the fifth day of the culture the studies observed only traces of the colonies’ growth. Later on the intensity of
the growth of both isolates was clearly differentiated; the isolate from the herbicide fallow formed colonies of
the size of about 60% of control colonies while the isolate from the cultivated fields formed colonies that were
the size of about 33.8% in relation to the control. Fungi B. bassiana and P. fumosoroseus developed more
intensively than M. anisopliae from the very beginning, reaching the colonies smaller than the control by about
20-30% on the 20™ day of the experiment. These results are confirmed by Machowicz-Stefaniak [7], who found
out that Rubigan 12 EC in the recommended concentration, besides B. Bassiana and M. anisopliae, inhibited the
growth of Verticillium lecanii (Zimm.) Viegas at the initial stage of the experiment. Migtkiewski et al. [9] also
point to strong inhibition of the growth of fungus B. bassiana by the recommended dose of Rubigan.

Photo 1. 20-days' colonies of Beauvaria bassiana, Metarhizium
anisopliae and Paecilomyces fumosoroseus on the media with Rubigan
12 EC: K —control, A — concentrationsreferring to the field dose,

B —concentration 10 times aslow asthe recommended one,

C —concentration 100 times as low as the recommended one,

Bb 1, Il —isolates of B. bassiana fungus, Mal, Il —isolates of M.
anisopliae fungus, Pf |, |1 —isolates of P. fumosoroseus fungus
K A B c
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Fig. 2. Size of colonies of isolates B. bassiana (Bb I, Bb 11), M. anisopliae (Mal, Mall) and P. fumosoroseus (Pf I, Pf 1)
on the medium with fungicides on the 20" day of the culture (in % in relation to the control)
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The Rubigan 12 EC dose 10 times as low as the field one strongly limited the formation of spores or made it
completely impossible. The colonies of isolate Ma | created a white mycelium of compact structure, while the
colonies of Ma Il were covered with the hyphae of white air mycelium in the central part. Rubigan 12 EC in the
dose 100 times as low as the recommended one (C) did not have any significant effect on the growth of the
tested fungi (tab. 2, fig. 2). However, the studies observed reduction or complete lack of culture sporulation with
an exception of isolate Pf 11, which formed spores in the manner comparable to the control.

Preparation Atemi C 76 WG in the recommended dose strongly limited the growth of all the studied fungi
throughout the experiment (tab. 2, photo 2). The colonies of particular species were smaller than the control at
the end of the experiment by about 70-80%. Atemi 70 WG, like Rubigan, had a negative effect on the
sporulation and morphology of the fungi. Isolate Bb | formed colonies with raised hyphae, while Bb Il formed a
protuberant colony. In neither case was fruiting observed, like in both isolates of M. anisopliae. The colonies of
P. fumosoroseus, especially of isolate Pf |1, sporulated weakly. Atemi C 76 WG in the dose 10 times as low as
the field one had a smaller effect on the tested entomopathogenic fungi (tab. 2). An exception was M. anisopliae,
whose isolates — despite the initially intensive growth — had increasingly more limited growth in the course of
the experiment, which especially concerned isolate Ma Il from the herbicide fallow, the colonies of which
reached the size of only 39.7% of the control on the 20" day (fig. 2). Generally, the B dose of the preparation,
except isolate Bb |, strongly limited the sporulation of fungi colonies. The greatest morphological changes were
observed in reference to both isolates of M. anisopliae which formed colonies of intensively yellow colour,
clearly different from the green control colonies. Those changes were also observed after applying the dose that
was 100 times as low as the recommended one although poor sporulation took place in the case of isolate Ma I.
The fungi growth on the medium with the smallest C dose of preparation Atemi 76 WG was close to the control.
An exception was M. anisopliae from the herbicide fallow the colonies of which were as much as 35% smaller
than the control on the 20" day (fig. 2). The literature lacks information on the effect of Atemi C 76 WG on
entomopathogenic fungi. Keller et al. [4] report that the recommended dose of fungicides Systhane C and Topas
C, which like Atemi ¢ 76 WG belong to triasoles, made the growth of B. brongniartii impossible.



Photo 2. 20-days’ colonies of Beauvaria bassiana, Metarhiziium
anisopliae and Paecilomyces fumosoroseus on the media with fungicide
Atemi C 76 WG: K —control, A — concentrationsreferring to the field
dose, B — concentration 10 times as low as the recommended one,

C —concentration 100 times as low as the recommended one,

Bb 1, Il —isolates of B. bassiana fungus, Mal, Il —isolates of M.
anisopliae fungus, Pf I, || —isolates of P. fumosoroseus fungus
K A B c

When Captan 50 WP, one of the most commonly used fungicides in orchards, was added to the medium in the
recommended A dose, it had varied effects on particular fungi species (tab. 2, photo 3). The growth of both
isolates of P. fumosoroseus was quite intensive, and on the 20" day of the culture they reached the size similar to
the control (fig. 2). In the case of M. anisopliae, isolate Ma II grew more intensively, reaching 55.9% of the size
of control colonies, while Ma | began its growth only on the 5" day of the culture reaching only 29.9% of the
size of the colonies. High susceptibility to Captan 50 WP was also characteristic of both B. bassiana isolates,
which grew very slowly at the beginning, reaching an identical size, namely 48% of the control on the 20" day
of the culture. These studies are confirmed by the results obtained by Olmert and Kenneth et al. [12], who found
out that preparations based on the active substance Captan are highly toxic towards B. bassana and B.
brongniartii. Captan 50 WP in the field dose significantly affected the macroscopic picture of the colonies of B.
bassiana and M. anisopliae. B. bassiana colonies were formed by the poorly sporulating mycelium with
crawling huphae (photo 4). The mycelium of Bb |1 had strongly folded surface and it sporulated intensively. The
colonies of Ma | were flat in the central part and had the sided covered with fluffy raised hyphae of white colour.
Both isolates sporulated poorly (photo 5).




Photo 3. 20-days’ colonies of Beauvaria bassiana, Metarhiziium
anisopliae and Paecilomyces fumosoroseus on the media with
Captan 50 WP: K —control, A —concentrationsreferring to the
field dose, B — concentration 10 times as low as the recommended
one, C — concentration 100 times as low as the recommended one,

Bb 1, Il —isolates of B. bassiana fungus, Mal, Il —isolates of M.
anisopliae fungus, Pf I, || —isolates of P. fumosoroseus fungus
K A B c

BbI

Bb IT

Mal

Mall

Pro

Photo 4. M orphology of 20-days’ colonies of Beauvaria bassiana:
K —control, A —Captan 50 WP in the concentration referring to the
field dose, Bb I, |1 —isolates of B. bassiana
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Photo 5. Morphology of 20-days’ colonies of Metarhizium
anisopliae: K —control, A — Captan 50 WP in the concentration
referring tothefield dose, Bb I, I —isolates of M. anisopliae
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Captan 50 WP in the doses 10 times — B, and 100 times — A as low as the field one — C, practically did not limit
the growth of P. fumosoroseus and M. anisopliae. The fungus B. bassiana reacted by decreasing the growth rate
in the case of C dose and the colonies of both isolates on the 20™ day of the culture were smaller than the control
by 30-35% (fig. 2). Doses B and C of Captan 50 WP did not have any effect on the macroscopic picture of fungi
cultures. However, it was observed that both isolates of B. bassiana and isolate Ma | sporulated very intensively.

In the literature on the effect of fungicides on entomopathogenic fungi the information can be found that certain
preparations do not have a negative effect on the mycelium growth but rather stimulate it [1, 6, 8]. Such an effect
was shown by the fourth of the tested fungicides — Delan 700 WG, (tab. 2, photo 6). The fungus P. fumosoroseus
turned out to be most tolerant towards the presence of Delan 700 WG in the subsoil. Independently of the
applied dose, the colonies of both isolates developed intensively, reaching the size comparable to the control.

No changes in the morphology of cultures or their sporulation were observed (tab. 2, photo 6). The fungi B.
bassiana and M. anisopliae, growing on the subsoils with the recommended dose of Delan 700 WG created the
colonies smaller than the control ones by about 30% in the case of B. bassiana and 50% in the case of M.
anisopliae (fig. 2). It was also found out that under the effect of the dose 10 times lower, B, M. anisopliae
colonies formed a flat mycelium radiantly folded, of cream colour, with poorly visible sporulation (photo 6). The
development of M. anisopliae and B. bassiana on the subsoils with dose B (10 times lower) and C (100 times
lower than the recommended one) of Delan 700 WG was intensive, comparable to the control (tab. 2). No greater
changes in the morphology of the cultures of the tested fungi were observed. Different information on the effect
of Delan SC is given by Keller et al. [4]. They found out that its concentrations of 0.05% and 10 times as low
caused that the fungus B. brongniartii formed colonies that were significantly smaller than the control.

The studies on the consecutive effect of fungicides on entomopathogenic fungi chose two fungicides that
inhibited the growth most strongly, i.e. Rubigan 12 EC and Captan 50 WP, which were applied in the field dose
(A). The fungi forming colonies on the subsoils containing fungicides were inoculated onto the SDA medium
without an addition of fungicide in order to find the possible changes in the growth intensity of fungi cultures or
the persistence of morphological changes of their colonies. The studies found out that the changes in the growth
rate of the colonies or the macroscopic picture of the cultures caused by Rubigan 12 EC and Captan 50 WP did
not persist and disappeared after the causative factor was removed (fig. 3). After being inoculated onto SDA
medium without the fungicide, the majority of the tested isolates at the beginning grew more intensively than the
control colonies (fig. 3). At the initial stage the most intensive growth was characteristic of the mycelium of both
isolates of M. anisopliae obtained from the medium with an addition of Captan 50 WP, exceeding the size of
control colonies by about 43%. During the further incubation, however, the growth rate of fungi decreased and
all of them formed the colonies of the size similar to that of the control.



Photo 6. 20-days’ colonies of Beauvaria bassiana, Metarhiziium
anisopliae and Paecilomyces fumosoroseus on the media with
fungicide Delan 700 WG: K —control, A — concentrationsreferring to
thefield dose, B — concentration 10 times aslow asthe recommended
one, C — concentration 100 times as low as the recommended one,

Bb 1, Il —isolates of B. bassiana fungus, Mal, Il —isolates of M.
anisopliae fungus, Pf I, || —isolates of P. fumosoroseus fungus
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Fig. 3. Size of colonies of selected fungi isolatesinoculated from the media
containing fungicides Captan 50 WP and Rubigan 12 EC onto the medium without
fungicide (% in relation to the control)
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Table 3. The consecutive effect of selected fungicides on the germination of spores of fungi

B. bassiana, M. anisopliae and P. fumosoroseus

Fungicide
No. of isolate 24-hou.r Control Captan 50 WP Rubigan 12 EC
observation
A B C A B C
1 6.0 4.7 6.7 7.3 X 7.3 4.5
Bb | 2 46.7 36.7 41.7 43.3 X 34.7 31.0
3 98.3 83.3 81.0 91.7 X 86.7 89.0
1 7.0 5.0 6.0 X X X X
Bb Il 2 52.3 40.0 47.7 X X X X
3 100.0 83.0 85.0 X X X X
1 4.7 6.0 X 5.0 X 5.3 4.7
Ma | 2 60.0 54.0 X 50.7 X 57.3 55.7
3 98.3 98.3 X 98.3 X 100.0 100.0
1 3.7 2.7 X 4.7 X 5.3 X
Ma ll 2 67.3 55.7 X 55.3 X 56.0 X
3 98.7 100.0 X 97.0 X 100.0 X
1 11.7 7.3 X 7.0 X X X
Pf 1 2 39.0 20.7 X 22.3 X X X
3 85.0 84.3 X 87.3 X X X
1 11.0 4.7 X 6.0 9.7 X X
Pf Il 2 34.3 17.0 X 36.0 36.0 X X
3 89.0 87.0 X 100.0 100.0 X X
Abbreviations
Bb I, Il —isolates of fungus Beauveria bassiana
Mal, Il — isolates of fungus Materhizium anisopliae
Pf I, Il —isolates of fungus Paecilomyces fumosoroseus

X — combination not tested on spore germination

A — concentration of the preparation in the medium referring to the field dose

B — concentration of the preparation in the medium 10 times as low as the recommended one
C — concentration of the preparation in the medium 100 times as low as the recommended one

Studying the effect of fungicides on the germination of spores it was found out that the preparations used in the
experiment limited the germination of the conidia formed on the infected subsoils only in a small degree (tab. 3).
It was found out that the spores of both isolates of B. bassiana that were obtained from the subsoils infected with
Captan 50 WP in the recommended dose (A) and one 10 times as low (B) germinated like in the control or
slightly more poorly. The isolate Bb | from the cultivated field showed a similar reaction to Rubigan 12 EC in
the concentrations B and the smallest one C (tab. 3). Sapiecha [14] also reports lack of a negative effect of
fungicides Dithane M-45 and Ridomil Mz on the germination of spores formed on the subsoils containing these

preparations.

1. The effect of fungicides to entomopathogenic fungi was related to the active substance of the

preparation and its concentration.

2. Out of the tested fungicides, Rubigan 12 EC inhibited the growth of entomopathogenic fungi in the
strongest manner, while Delan 700 WG turned out to be the least toxic towards the examined fungi.
3. The fungus M. anisopliae proved to be the most susceptible to the tested fungi, while P. fumosoroseus

was most resistant.

4. The fungicides used in the experiment did not have any permanent effect on the growth and the

CONCLUSIONS

morphological properties of the mycelium or the germination of the spores.
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