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ABSTRACT

The impact of long term application of pesticides for crops protection on bacteria and fungi resistance has been studied. At first
the microbes have been isolated from two soil samples, namely a soil sample contaminated with pesticides, and a control one.
Subsequently, under in vitro conditions with the same pesticides present, microbes growth capacities were observed. Growth
capabilities of microorganisms isolated from the soils contaminated with Miedzian 50WP, Siarkol 80 extra WP, Triflurotox
250EC have proven to be less impacted (by a few to several %) with these xenobiotics present in the substrates than the
capabilities of the microbes from the control soil. The only exception were bacteria from the soil samples treated with Siarkol
80WP whose resistance has been found lower (by app. 10%) than the resistance of microbes from the control soil.
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INTRODUCTION

A process of developing resistance to pesticides is a complex physiological and genetic phenomenon, on the base of
which a temporary and permanent resistance can be distinguished [4]. Tolerance to a contaminated environment
observed for many organisms, has various aspects. On the one hand microorganisms that developed resistance to
xenobiotics, such as pesticides, are frequently capable of biodegrading them [3] and are able to bioremediate soil
[9], but still the risk is run that phytopathogenic microbes and weeds can develop resistance to crops protection
products [7, 8, 18]. Physiologic changes inducing temporary resistance can consist in establishing a new metabolic
pattern, which tends to bypass a biochemical reaction inhibited by a specific toxin [6]. Equally likely, however, it
can lead to an enhanced capability for producing metabolites or enzymes inhibiting pesticides action by their
detoxification [16], namely creating chelate bondings. In microbes resistance to pesticide, when they are transferred



from a substrate containing a pesticide to another substrate free of this specific compound, tends to drop to zero after
average three transfers, whereas permanent resistance results from genetic changes, inherited by the subsequent
generation of microbes. The rate of genetic variations is particularly high in microbes, and the frequency of evolved
resistance depends on the gene mutation frequency [4].

In the environment quality changes within the microbes colonies are induced by pesticides, since they act selectively
on microbes [19, 20]. Consequently, microbes strains resistant to pollutants tend to dominate over the sensitive ones
[1, 16, 15, 17]. The phenomenon of replacing the less resistant microbes with other microbes, frequently having no
specific ecologic function to serve, can bring serious consequences onto the disturbed functioning of the ecosystem
[2].

The subject of pesticides impact on microbes though extensively covered in the literature, seems insufficient with
regards to the resistance-related issues. Long term exposition to pollutants in selected groups of microbes can lead to
developing induced resistance [1, 19]. The objective of the present experiment was to determine whether microbes
response to a pesticide exposure is stronger when re-contacting a pesticide, or if the earlier microbe-xenobiotic
contact has no influence on its subsequent reaction.

MATERIAL AND METHODS

The soil (a light, dusty clayey sand of pH 7.9) originating from the experimental field, both contaminated with
pesticides for 6 months, and the control sample, free of pollutants were collected and transported to the laboratory.
While preparing soil solutions bacteria and fungi were isolated; the microbes originated from the soil contaminated
with a dose exceeding a 100 times the recommended, admissible dose for Miedzian 50 WP, Siarkol 80 extra WP,
and Triflurotox 250 EC (Table 1), as well as from the control soil sample. Bacteria were cultured on a solid substrate
[5], whereas fungi on Martina solid substrate [11]. Since from each soil, both in case of bacteria and fungi, only 10
strains among the species most widely occurring in the culture were isolated, the scope of the experiment shall be
regarded as rather limited, and thus the experiment itself can be considered solely a pilot experiment, targeted at
testing a new, simple methodology.

Table 1. Characteristics for pesticides applied in the experiment

PESTICIDES
BIOLOGICALLY

ACTIVE MATTERTRADE NAME
OF PESTICIDE

TYPE OF
PESTICIDE

name %*, g·dm-3

FIELD
DOSE

TOXICITY
CLASS PRODUCER

Miedzian
50WP

Traditional fungicide
without adjuvant

copper
oxychloride 50* 5 kg·ha-1 III Z. Ch. “Organik - Azot”

S.A. Jaworzno

Siarkol extra
80WP

Traditional fungicide
without adjuvant sulphur 80* 2.4 kg·ha-1 IV

Z. Ch. “Organik -
Sarzyna” S.A. Nowa

Sarzyna

Triflurotox
250EC

Traditional herbicide
without adjuvant trifluralin 250 4 l·ha-1 IV

Z. Ch. “Organik -
Sarzyna” S.A. Nowa

Sarzyna

Microbes originating from the soil contaminated with a pesticide were transplanted onto the substrate to which a
dose of 100 mg·l-1 of the pesticide was added, as well as to a substrate free from it (control). After few days
incubation at 25°C temperature, on 2 dishes “twin” colonies (i.e. of the same source of origin, namely the “parent”
colony) of microbes were obtained (Fig. 1).



Fig. 1. Experimental set up

Subsequently, the growth of two strains on these two substrates, with pesticides addiction and the control one, was
examined. Due to differences in growth of the twin colonies on two dishes, their growth diameters were measured
[mm] with a scale. By comparing the size of the respective colonies on the two dishes, a percentage of the growth
capability was determined for each of the strains from the soil contaminated with pesticide, with respect to the
growth observed in the control soil sample.

In that way 10 results were obtained (the size for 10 pairs of strains originating from the soil contaminated with a
specific pesticide). These 10 obtained values (%) provided data for one an average value, which corresponded to the
resistance percentage of a studied pesticide.

In parallel, a similar experiment with microbes from the control sample was carried out. With the same methodology
as presented above, the resistance percentage was determined for the microbes originating from the control sample.
By means of variance analysis statistically significant differences were detected in microbes growth under in vitro
conditions (at the significance level α = 0.05).

RESULTS

Performed one-factor variance analysis showed no statistically significant difference to occur between the growth
under in vitro conditions in bacteria (fungi) originating from the soil contaminated for half a year with Miedzian 50
WP (Siarkol extra 80 WP) and the microbes from the control soil.

Bacteria resistance to Triflurotox 250EC
All the bacteria originating from the control soil, and then transplanted onto the substrate contaminated with
trifluraline did not show any growth capability, while on the control soil, i.e. under the conditions optimal for
growth, 10 strains grew (Table 2).



Table 2. Strains diameters [mm] for microbes cultured on the control substrate with pesticides added

Bacteria from the control
soil

Bacteria from the
contaminated soil

Fungi from the control
soil

Fungi from the
contaminated soil

Growth [mm] on the control and contaminated substrate [mm]

control
substrate

contami-
nated

substrate

control
substrate

contami-
nated

substrate

control
substrate

contami-
nated

substrate

control
substrate

contami-
nated

substrate
Triflurotox 250EC

3 - 3 - 107 14 13.5 12
5.5 - 8 - 4 3 32 15
15 - 11 - 65 11 33 7
16 - 12 12 11 5 16.5 3
18 - 12 - 22 - 52.5 10

19.5 - 13 - 32.5 - 15 -
22 - 13 - 64 - 28 -
22 - 16.5 - 31 - 41 -
25 - 20 - 12 - 8 -
30 - 24 18 8 - 10 -

Miedzian 50WP
8 10 4 6.5 16 7 21 11
9 3 9 7 19 17 13 8

10 5 10 4 10 5 44.5 32
12.5 2 10 4 16.5 3 18 13
12.5 3 11 7 21 10 16.5 7
13 6 12 4 10.5 2 11.5 4
13 13 12 4 10.5 7 17 14.5
13 3 12 5 23 21 30 30
16 5 17 3.5 36.5 11 49 21
24 2 20 10 53 13 34 21

Siarkol 80WP
3 3 3 4 28 28 4 4
4 3 4 3 12.5 12.5 28 28
5 5 5.5 7 7 8 19.5 19.5

7.5 9 10.5 2 18.5 12 11 11
9 10.5 11 2 35 33 60 120

10 13 12 12 26.5 23 13 15
12 12 12.5 13 18 19 29 33
12 5 16.5 12 16 20 21 17
12 11 16 13 32 38 18 15
15 15 18 18 60 3 8 5

The bacteria isolated from the soil contaminated with trifluraline were found able to grow in its presence only in two
cases. The first bacteria diameter reached 12 mm, i.e. equalled the value for the control soil (Table 2), whereas the
other reached 75% of the value of the control bacterium.

The resistance (average value over 10 strains) in bacteria isolated from the soil contaminated with trifluraline was
equal to 18%, while the bacteria that were never contacted with the substance before, were found not to grow at all
(Fig. 2).



Fig. 2. Percentage resistance in bacteria (mean value over all the studied strains) to:
1 – Triflurotox 250EC, 2 – Miedzian 50WP, 3 – Siarkol 80WP

Fungi resistance to Triflurotox 250EC
Six strains isolated from the control soil did not show growth capability on the substrate with trifluraline. Efficiency
of growth for one strain, however, reached 70%. Another three fungi showed a stronger reaction to trifluraline
present in the culture medium, since their growth was reduced by more than twice in comparison to the substrate
with no herbicide added, and their diameters were equal to 5, 11, and 14 mm.

The fungi from the soil contaminated with trifluraline for over six months, in five cases were found to be sensitive to
Triflurotox 250 EC. One of the strains was insignificantly smaller than the “twin fungi” on the control soil. Three
microbes proved to reduce their growth substantially, and their diameters reached 20% of the respective diameters
of the control microbes. One fungi strain reached 15 mm in diameter, which was smaller by circa 15 mm than the
fungi on the culture medium containing no Triflurotox 250 EC (Table 2).

For the fungi from the soil contaminated with trifluraline an average resistance for ten strains reached 20%, while
for the microbes deprived of such contact it amounted to 15% (Fig. 3).

Bacteria resistance to Miedzian 50WP
In general, ten bacteria isolated from the control soil were able to grow on the substrate with copper oxychloride.
One strain of bacteria was found totally resistant, but also only one strain proved to grow intensively with Miedzian
50 WP present, namely the growth was by 30% greater in comparison to the growth on the control substrate.
Colonies diameters in seven cases were registered smaller by over 50% than the diameters of the control colonies
(one bacterium growth reached a mere 7%), whereas only one case was observed with the diameter greater than
50%. The diameters for bacteria colonies on the contaminated substrate were equal to 6 mm, i.e. were by 4 mm
smaller than in the control sample (Table 2).

Overall, ten bacteria isolated from the soil contaminated with Miedzian 50WP proved to grow on the substrate
containing this pesticide. In one of the studied strains growth was intensified and the diameter was greater by circa
65% than the diameter of the “twin” control colony. Six strains were found to reduce their size by more than 50%
when exposed to Miedzian 50WP presence, diameters of one strain were smaller by 80% when compared to the
control sample. Three strains, however, were resistant to the pesticide presence in the substrate in a higher degree,
their colonies diameters varied between 51% and 77% of the control diameters.

For the microbes from the contaminated soil the average resistance for 10 strains reached 55%, whereas for bacteria
having no previous contact with the soil, it reached 46% (Fig. 2).



Fungi resistance to Miedzian 50WP
The fungi from the control soil, when transplanted onto the microbiological substrate with copper oxychloride,
proved to grow on the applied substrate. In comparison to the size of the fungi on the control substrate, the diameters
of two fungi were smaller by circa 10%. The growth of five microbes was restrained by 56–82% in comparison to
the control. The diameters of the remaining fungi reached the size of 5, 7 and 10 mm, and were smaller by circa
50% in comparison to the size observed on the control substrate (Table 2).

All of the microbes originating from the soil contaminated with Miedzian 50WP grew on the substrates into which
fungicide was introduced. One of the studied fungi was found totally resistant. Three studied microbes occurred to
reduce their size significantly, namely by over 50%; one of them was reduced even by circa 65% in comparison to
the control. The remaining microbes were less sensitive to copper present in the substrate, and their diameters
ranged between ca 50% to 80% of the size of the control diameters.

For fungi from the soil contaminated with Miedzian 50WP the resistance averaged over 10 strains reached 62%,
whereas for the fungi from the control soil it was equal to 48% (Fig. 3).

Fig. 3. Percentage resistance in fungi (mean value over all the studied strains) to:
1 – Triflurotox 250EC, 2 – Miedzian 50WP, 3 – Siarkol 80WP.

Bacteria resistance to Siarkol 80WP
All the bacteria isolated from the control soil proved to grow on the substrate contaminated with Siarkol 80WP.
Growth on the substrate containing sulphur was particularly intense for three strains, and the microbes colonies
diameters were bigger than the control diameter by 30%, 18% and 17%, respectively. Four bacteria were found not
to react to the fungicide presence, while the growth capabilities for the remaining ones were reduced in comparison
to the control substrate, and their size were respectively smaller by ca 30%, 60% and 10% which corresponded to
their diameters measuring 3, 5, and 11 mm.

Sulphur content in the culture nutrient stimulated the development of three microbes that originated from the soil
contaminated with Siarkol 80WP, whose diameters were equal to 13 mm, 4 mm and 7 mm, i.e. were bigger by ca.
5%, 30% and 25% than diameters obtained under the control conditions. Two bacteria did not react to the sulphur
present in the substrate. The remaining microbes were detected to reduce their size when exposed to Siarkol 80WP
presence by ca 20% – 80%.

The average resistance (mean value over 10 strains) for microbes originating from the soil contaminated with
Siarkol 80WP amounted to 82%, while for bacteria that had not contacted such soil it was equal to 98% (Fig. 2).

Fungi resistance to Siarkol 80WP
Fungi originating from the soil contaminated with Siarkol 80WP, cultured on a substrate with this fungicide added
were capable of growing. The size for four strains were identical as the size obtained under control conditions. Two
fungi on the substrate with the fungicide addiction developed diameters of 15 and 33 mm (Table 2), i.e. bigger than



the control ones by ca 12%. The diameters of all the remaining fungi were smaller and ranged between ca 50% to ca
16% of the diameter reached on the control substrate.

Three microbes originating from the control soil did not react to sulphur present in the substrate, and two were
observed to grow intensively on the substrate contaminated with sulphur, with their colonies diameters bigger than
the control ones by 14% and 25%. One strain was found to nearly entirely inhibit its growth, and was smaller than
the control by a factor of over 90%. For the remaining fungi growth had not been observed to be inhibited that
drastically by Siarkol 80WP admixture into the substrate as their diameters were reduced by ca 12 – 35%.

The average resistance (man value over 10 strains) for the microbes originating from the soil contaminated with
Siarkol 80WP amounted to 91%, whereas for the fungi that most likely had no contact with such soil the value
reached 88% (Fig. 3).

DISCUSSION

The microbes isolated from the soil which have been contaminated with Miedzian 50WP for half a year proved
more tolerant to oxychlorine present in the microbiological substrate than the bacteria and fungi originating from the
control soil. Microbiological experiments performed by Niklińska and Chmiel [13] have confirmed our
observations, since microbes originating from the soils heavily contaminated with copper proved to be more tolerant
to this chemical element under in vitro conditions (5000 mg Cu·kg-1) than the microbes from the control soil.
Prolonged exposure to pollutants can then lead to developing an induced resistance in some microbes groups [1].
Microbes capable of adapting quickly to copper fungicides present in soil was also reported by Borecki [4].

Siarkol Extra 80 WP, subject to the current study, was found not to induce significantly the growth capabilities of
microbes originating from both the control and contaminated soil. Sulphur fungicides show low toxicity, which was
confirmed by the reported study, therefore they are known to be applied in preventive treatment [10].

The microbes originating from the soil contaminated with trifluraline proved to be more resistant to biologically
active substance present in the microbiological substrate than the microbes isolated from the soil free from
pesticides. In another experiment where trifluraline [3] had been applied for four decades on a farming land, the
microbes resistant to this herbicide were isolated from the soil and then their capabilities to biodegrade the active
substance were studied. The observed efficiency of the biodegradation process varied for bacteria strains between
24.6%, 25%, 21%, and 16% of the initial trifluraline content. Herbicides introduced to soil can inhibit sensitive soil
microbes development or even result in their atrophy, which in turn can provide enzymes and other nutrients and
thus, cause lavish development of microbes from selected systematic or physiological groups [12, 15]. Still,
Triflurotox 250EC applied in the experiment at a dose of 100 mg·l-1 have proven to be the strongest microbes
growth inhibitor of all the applied pesticides, with respect to the microbes originating from both the contaminated
and control soil.

SUMMARY

The microbes, i.e. fungi and bacteria, isolated from soils contaminated for half a year prior to the experiment with
Miedzian 50WP, Siarkol 80WP, and Triflurotox 250EC have proven more tolerant (by a factor of few to several %)
to the xenobiotics presence in the microbiological substrates than the microbes originating from the control soil.
Slightly reduced growth capability, i.e. by circa 10%, was observed only for bacteria from the soil treated with
Siarkol 80WP on the substrate with this fungicide, in comparison to the bacteria originating from the control soil.
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