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Abstract
This paper describes the response of fungi as well as β-glucosidase and arylsulfatase to soil contamination with the herbicides Alister Grande 190 OD, Fuego 500 SC, and Lumax 537.5 SE in the following doses:
1 – recommended dose, and doses 20-, 40-, 80-, and 160-fold higher than the recommended one. A laboratory experiment in three replicates was conducted on sandy loam of the pHKCl – 7.0. The results have indicated
that counts of fungi increased under the influence of excessive quantities of the tested herbicides. Irrespective
of herbicide type, EP decreased while CD increased at higher contamination doses.
With respect to the enzymes, the herbicides were observed to have exerted a negative effect on the activity of arylsulfatase, which was verified by the negative correlation coefficients. However, the activity of β-glucosidase increased after the soil had been enriched with excessive amounts of the herbicides. The RS index
for the activity of the enzymes varied, but reached the highest value in soil with Alister Grande 190 OD for
both β-glucosidase (0.953) and arylsulfatase (0.567). The contamination of soil with the herbicides caused lasting changes in sandy loam, but the recovery of the enzyme β-glucosidase was faster (the average RL ranged
from 0.458 to 0.889). The index of resilience for arylsulfatase was negative, which proves that the adverse
effect of all the herbicides on this enzyme was growing.
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Introduction
Changes occurring in a soil environment can be caused
by biological factors or induced by human activity.
Accumulation of various pollutants in soil often leads to
deterioration of soil properties, especially its enzymatic
activity. Among the chemical substances that affect soil
life are herbicides [1]. Being highly biologically active,
*e-mail: m.bacmaga@uwm.edu.pl

herbicides may distort the equilibrium between counts and
species of soil microorganisms. The dose of degradation of
herbicides in soil depends on both the structure and properties of a given chemical and the ambient characteristics.
The most important biological factor that affects the mineralization dose of herbicides is the activity of soil
microorganisms [2]. The microbiological decomposition
of herbicides in soil is one of the mechanisms that prevents
excessive accumulation of these substances in the environment. However, if their decomposition in soil occurs too
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rapidly, the efficacy of herbicides for controlling weeds
may suffer [3]. Some herbicides that enter soil can undergo decomposition in just a few days following their application. This process is carried out by microorganisms that
secrete enzymes depending on which microbes can use
products of their metabolism as a source of nutrients.
Microorganisms most rapidly decompose aliphatic and
hydroxyl compounds, whereas aromatic compounds
undergo transformation at a much slower dose. The last to
be decomposed are the substances whose rings contain sulfur, oxygen, and nitrogen [4]. The following microorganisms are capable of degrading herbicides: Arthrobacter,
Pseudomonas, Bacillus, Mycoplana, Agrobacterium,
Corynebacterium, Flavobacterium, Nocardia, and
Trichoderma [2]. Biological assays, such as counts of
microorganisms in soil and analyses of soil enzymatic
activity, are used to assess the degree of soil contamination
with herbicides [5].
The objective of the present study has been to determine
the effect of changes occurring in soil under the influence
of higher doses of the herbicides Alister Grande 190 OD,
Fuego 500 SC, and Lumax 537.5 SE.

Material and Methods
In a laboratory experiment, the effect of the herbicides
Alister Grande 190 OD, Fuego 500 SC, and Lumax 537.5
SE on soil biological properties was assessed.
Alister Grande 190 OD is a herbicide marketed in the
form of oily suspension to be diluted with water. It is used
to control mono- and dicotyledonous weeds on rye, wheat,
and triticale fields. This herbicide contains three active substances: diflufenican (180 g·dm-3), mesosulfuron methyl (6
g·dm-3), and iodosulfuron methyl sodium (4.5 g·dm-3). The
herbicide became marketable in 2008 and the recommended dose is 0.8-1.0 dm3·ha-1 [6]. Diflufenican (2’,4-difluoro2-(trifluoromethyl-phenoxy)-nicotinanilid) is a selective
herbicide that belongs to phenoxynicotinanilids. It is
absorbed by shoots of emerging seedlings [7].
Mesosulfuron methyl (methyl 2-[[[[(4,6-dimethoxy-2pyrimidinyl)amino]carbonyl] amino]sulfonyl]-4-[[(methylsulfonyl)amino]methyl] benzoate) and iodosulfuron methyl
sodium (a monosodium salt of 4-iodo-2-[3-methoxy-6methyl-1,3,5-triazin-2-yl-)-ureidosulfonyl]benzoate methyl
ester) belong to sulfonylurea derivatives. These herbicides
are broadly applied to control weeds in cereals. They act as
inhibitors of acetylolactate synthase amino acids [8].
Fuego 500 SC, in the form of concentrated suspension
to be diluted with water, is applied to soil or sprayed over
leaves to control weeds on winter oilseed rape fields. It
contains the active substance metazachlor in the amount of
500 g·dm-3. The manufacturer’s recommended dose is 2
dm3·ha-1. The herbicide entered the market in 2008 [9].
Metazachlor, an active substance found in many herbicides,
is absorbed by roots and the hypocotyl of plants, acting as
an inhibitor of plant enzymes. This herbicide influences cell
division in plant seedlings by inhibiting the biosynthesis of
proteins, fatty acids, and lignin [10].

Lumax 537.5 SE is a preparation used to control weeds
in maize. It contains three active substances: terbuthylazine
(187.5 dm3·ha-1), mesotrion (37.5 dm3·ha-1), and s-metolachlor (312.5 dm3·ha-1). This product became available on
the market in 2008 and is applied in recommended doses of
3.5 to 4.0 dm3·ha-1 [11]. Mesotrion (2-[4-(methylsulfonyl)2-nitrobenzoyl]-1,3-cyclohexanedione) belongs to triketones and is used to eradicate mono- and dicotyledonous
weeds. It is taken up mainly by leaves but also through
roots of plants. It inhibits the activity of the enzyme Phydroxyfenolpyruvate, which leads to the inhibition of
biosynthesis of carotenoids and chlorophyll. As a result,
leaves begin to bleach [12]. Metolachlor ((chloro-N-(2ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl) is a
substance that belongs to chloroacetamides and is used to
control monocotyledons, being absorbed by their germs
and the hypocotyl. It acts as a growth inhibitor as it halts the
synthesis of chlorophyll, proteins, and lipids. In soil, this
substance undergoes biological and chemical degradation
[13]. Terbuthylazine (6-chloro-N-(1,1-dimethyl-ethyl)-N′ethyl-1,3,5- triazine-2,4-diamine) is a selective herbicide
that belongs to trazines and acts as an inhibitor of photosynthesis. It is transferred mainly through roots of weeds
but also through their leaves, which means that it is applicable during both the pre- and post-emergence period. This
substance is degraded by microorganisms. The major
metabolite of terbuthylazine is 2-hydroxy-desethyl-terbuthylazine, which is produced through dealkylation and
hydroxylation [14].
The experiment was conducted on sandy loam of the
pHKCl – 7.0, hydrolytic acidity 8.00 mmol(+)·kg-1,
exchangeable base capacity 111.00 mmol(+)·kg-1, and
organic carbon content 7.05 g·kg-1.
Prior to the laboratory experiment, the soil was passed
through a 2 mm mesh size sieve. 100 g of soil, previously
mixed with the herbicides as required, was placed in 150
cm3 glass beakers each. The herbicides were added to soil
in the following doses: 1 – recommended dose, and doses
20-, 40-, 80-, and 160-fold higher. The control treatment
consisted of soil without any herbicide. Next, the soil samples were adjusted to moisture content equal to 50% of capillary water-holding capacity by adding distilled water. The
material was then incubated in a thermostat for 160 days at
25ºC. On days 20, 40, 80 and 160, counts of fungi were
determined after 5 days of incubating the cultures on
Martin’s medium [15] in serial dilutions; on the same days,
the activity of β-glucosidase (EC 3.21.21) and arylsulfatase
(EC 3.1.6.1) was determined colorimetrically in a spectrophotometer according to the method described by Alef
and Nannipeieri [16]. The activity of β-glucosidase was
measured at the wavelength λ = 400 nm, whereas the wavelength used for determination of the activity of arylsulfatase
was 420 nm. When the experiment was started, the soil
without herbicides contained 1.603 ·107 cfu·kg-1 d.m. of soil;
the activity of β-glucosidase in this soil was 0.322 mmol
PNP·kg-1 d.m.·h-1 and that of arylsulfatase was 0.246 mmol
PNP·kg-1 d.m.·h-1 of soil. On days 20 and 80, the colony
development (CD) and eco-physiological diversity (EP)
indices were determined. The value of the CD index was
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calculated from the formula by Sarathchandra et al. [17],
whereas the EP index was achieved from the formula suggested by De Leij et al. [18]. Determination of the structure
of microbial communities was based on the dose of development of cultures on plates with agar medium, counted
every 10 days. On set days, microbiological and enzymatic
assays were performed, from which average values of
counts of fungi and activities of β-glucosidase and arylsulfatase as well as indices of colony development and ecophysiologiocal diversity of fungi were obtained.
Additionally, on day 160, the indices of resistance (RS) and
resilience (RL) for β-glucosidase and arylsulfatase in soil
contaminated with the herbicides were calculated according
to the method described by Orwin and Wardle [19]. The
results of all the above assays and calculations were subjected to statistical processing with multi-range Duncan’s
test available in a Statistica software package [20].

Results and Discussion
The research results demonstrated than the herbicides
affected the biological activity of soil. The actual effect
depended mainly on the type of herbicide and its dose
(Tables 1-9).
Soil contamination with the herbicides had a positive
effect on multiplication of fungi, the relationship being verified by the positive correlation coefficients (Table 1). The
highest count of fungi was observed in soil contaminated
with Lumax 537.5 SE (3.849·107 cfu·kg-1 d.m. of soil); in
turn, the lowest count was detected in soil treated with
Fuego 500 SC (3.024·107 cfu·kg-1 d.m. of soil). Application
of elevated doses of the herbicides led to an increase in
counts of fungi, but their highest growth was observed
when the dose of a herbicide added to soil was 20-fold
higher than recommended by the manufacturer. Alister
Grande 190 OD added to soil in such an amount raised the
count of fungi by 1.5-fold versus the control, Fuego 500 SC
1.4-fold, and Lumax 537.5 SE 1.7-fold.
It was found that the herbicides significantly affected
the diversity of the analyzed microbial communities (Table
2). The highest EP of fungi, on average 0.637, was determined in soil with Lumax 537.5 SE, while the lowest one
(0.622) in soil treated with Alister Grande 190 OD. It also
was observed that the value of EP decreased after excessive quantities of a herbicide, irrespective of its type, had
been introduced to soil. The highest herbicide dose (160fold higher than the recommended one) depressed the
value of EP relative to the control by 30.59% (Alister
Grande 190 OD), 31.32% (Fuego 500 SC), and 23.22%
(Lumax 537.5 SE).
The present experiment demonstrated varied influence
of the herbicides on the value of the colony development
index (Table 3). The value of the CD index for fungi in soil
contaminated with the herbicide Alister Grande 190 OD
was on average 32.564, with Fuego 500 SC – 32.149, and
with Lumax 537.5 SE – 32.016. The application of Alister
Grande 190 OD in a dose 80-fold higher than recommended increased the value of the CD index by 38.29%. In
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Table 1. Counts of fungi in soil contaminated with herbicides,
107 cfu·kg-1 d.m. of soil.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

0

2.458

2.458

2.458

1

3.485

3.116

4.193

20

3.799

3.513

4.242

40

3.681

3.103

4.129

80

3.496

2.972

4.169

160

3.277

2.984

3.904

average

3.370

3.024

3.849

r

0.119

0.022

0.253

LSD0.01**

a – 0.166 b – 0.234 ab – 0.405

*0 – control, not contaminated with herbicides, 1 – a dose recommended by the manufacturer, doses higher than the recommended one by 20-, 40-, 80-, and 160-fold
** LSD00.1 for: a – type of herbicide, b – dose of herbicide, r –
correlation coefficient

Table 2. Eco-physiological diversity (EP) index for fungi in soil
contaminated with herbicides.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

0

0.827

0.827

0.827

1

0.623

0.627

0.600

20

0.582

0.570

0.599

40

0.563

0.590

0.585

80

0.563

0.584

0.578

160

0.574

0.568

0.635

average

0.622

0.628

0.637

r

-0.492

-0.511

-0.272

LSD0.01**

a – 0.021 b – 0.029 ab – 0.051

*explanation see Table 1.

respect of the other two herbicides, Fuego 500 SC and
Lumax 537.5 SE, fungi grew most vigorously when these
preparations had been added to soil in doses 20-fold higher
than recommended. The value of CD for these herbicides
was 35.29% and 37.67% higher than the control, respectively.
The herbicides introduced to soil also modified the
activity of β-glucosidase (Table 4). In general, these preparations when applied to soil in doses 160-fold higher than
the recommended ones stimulated the activity of β-glucosidase. The herbicides Alister Grande 190 OD and Lumax
537.5 SE added in such quantities raised the activity of this
enzyme by 1.2-fold compared to the control. However, the
highest activity of β-glucosidase was detected in soil with
the herbicides Alister Grande 190 OD and Lumax 537.5 SE
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Table 3. Colony development (CD) index for fungi in soil contaminated with herbicides.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

0

25.411

25.411

25.411

1

33.156

32.636

34.069

20

33.318

34.380

34.983

40

34.087

34.030

33.611

80

35.140

34.377

33.041

160

34.271

32.059

30.979

average

32.564

32.149

32.016

r

0.506

0.269

0.038

LSD0.01**

a – 0.679 b – 0.960 ab – 0.960

*explanation see Table 1.
Table 4. Activity of β-glucosidase in soil contaminated with
herbicides, mmol PNP·kg-1 d.m.·h-1.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

0

0.470

0.470

0.470

1

0.556

0.505

0.534

20

0.581

0.496

0.578

40

0.569

0.475

0.568

80

0.569

0.470

0.558

160

0.564

0.459

0.566

average

0.552

0.479

0.546

r

0.375

-0.703

0.470

LSD0.01**

a – 0.005 b – 0.008 ab – 0.014

*explanation see Table 1.

soil with Alister Grande 190 OD, 41.90% in soil with Fuego
500 SC and 36.67% in soil with Lumax 537.5 SE. Of the
three tested herbicides, the strongest negative influence on
the activity of arylsulfatase was produced by Fuego 500 SC.
It has been demonstrated that the resistance of β-glucosidase in herbicide-contaminated soil depended on the
dose and type of herbicide (Table 6). The average RS value
in soil with Alister Grande 190 OD was 0.897, with Fuego
500 SC – 0.790 and with Lumax 537.5 SE – 0.900. The
most severe negative changes were observed in soil with
Fuego 500 SC, where the value of the RS index fell by
27.17% after the dose 160-fold higher than recommended
of the herbicide had been introduced. An analogously high
dose of Lumax 537.5 SE depressed the resistance index by
13.55%. Slightly different values were obtained in the soil
treated with Alister Grande 190 OD. When a dose 160-fold
higher than recommended had been added, the resistance
index rose from 0.802 to 0.953.
In our experiment, the resistance of arylsulfatase in soil
with the herbicides was varied (Table 7). The average values of RS for arylsulfatase in soil polluted with Alister

Table 5. Activity of arylsulfatase in soil contaminated with herbicides, PNP·kg-1 d.m.·h-1.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

0

0.210

0.210

0.210

1

0.215

0.175

0.198

20

0.186

0.161

0.194

40

0.174

0.143

0.172

80

0.153

0.132

0.142

160

0.157

0.122

0.133

average

0.183

0.157

0.175

r

-0.832

-0.817

-0.931

LSD0.01**

applied in doses 20-fold higher than the recommended
ones. There, the activity of this soil enzyme was 0.581 and
0.578 mmol PNP·kg-1 d.m.·h-1, respectively. As for the herbicide Fuego 500 SC, the activity of β-glucosidase was the
highest (0.505 mmol PNP·kg-1 d.m.·h-1) when the recommended dose of this preparation had been introduced to
soil.
Soil contamination with the herbicides inhibited the
activity of arylsulfatase, the effect that was confirmed by
the negative coefficients of the correlation between doses of
the herbicides and activity of arylsulfatase (Table 5). The
highest activity of this enzyme was detected in soil with
Alister Grande 190 OD (0.183 mmol PNP·kg-1 d.m.·h-1),
and the lowest – in soil contaminated with Fuego 500 SC
(0.157 mmol PNP·kg-1 d.m.·h-1). Irrespective of the type of
herbicide, the activity of arylsulfatase decreased as the herbicide doses increased. The strongest inhibitory effect was
produced by a dose 160-fold higher than the recommended
one, as it lowered the activity of this enzyme by 25.24% in

a – 0.003 b – 0.004 ab – 0.008

*explanation see Table 1.

Table 6. Resistance (RS) index for β-glucosidase in soil contaminated with herbicides.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

1

0.802

0.898

0.930

20

0.808

0.894

0.935

40

0.975

0.746

0.914

80

0.947

0.760

0.915

160

0.953

0.654

0.804

average

0.897

0.790

0.900

r

-0.597

0.826

0.794

*explanation see Table 1.
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Table 7. Resistance (RS) index for arylsulfatase in soil contaminated with herbicides.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

1

0.863

0.755

0.677

20

0.828

0.559

0.502

40

0.689

0.544

0.239

80

0.232

0.323

0.217

160

0.223

0.390

0.152

average

0.567

0.514

0.357

r

0.904

0.705

0.507

*explanation see Table 1.

Table 8. Resilience (RL) index for β-glucosidase in soil contaminated with herbicides.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

1

0.786

0.766

0.916

20

0.812

0.669

0.925

40

0.967

0.358

0.900

80

0.936

0.268

0.897

160

0.945

0.227

0.795

average

0.889

0.458

0.887

r

-0.595

0.770

0.817

*explanation see Table 1.

Table 9. Resilience (RL) index for arylsulfatase in soil contaminated with herbicides.
Herbicide
dose*

Alister Grande
190 OD

Fuego
500 SC

Lumax
537.5 SE

1

-0.248

-0.592

-0.459

20

-0.169

-0.526

-0.444

40

-0.209

-0.561

-0.620

80

-0.558

-0.494

-0.626

160

-0.595

-0.352

-0.555

average

-0.356

-0.505

-0.541

r

-0.241

0.519

-0.568

*explanation see Table 1.

Grande 190 OD and Fuego 500 SC were on a similar level,
reaching 0.567 and 0.514, respectively. In contrast, the
treatments that received the preparation Lumax 537.5 SE
were found to have the lowest value of the RS index
(0.357). This value was 1.6-fold lower than in the soil with
Alister Grande 190 OD and 1.4-fold lower than in the treatments with Fuego 500 SC.

In this experiment, the herbicides caused changes in the
analyzed soil (Table 8). Irrespective of the type of herbicide, the value of the RS index for β-glucosidase was positive in all the treatments. The average values of the RS
index in soil contaminated with the particular herbicides
were as follows: 0.889 for Alister Grande 190 OD, 0.458
for Fuego 500 SC, and 0.887 for Lumax 537.5 SE. β-glucosidase proved to be most sensitive to the herbicide Fuego
500 SC, which, when applied in a dose 160-fold higher than
the recommended one, depressed the RS value by 70.36%.
In turn, the herbicide Alister Grande 190 OD added in the
same dose raised the value of RS from 0.786 to 0.945.
The herbicides contributed to some changes in sandy
loam soil, which was evidenced by all values of resilience
for arylsulfatase being negative (Table 9). The highest
average value of the RL index was observed in soil with
Alister Grande 190 OD (-0.356), lower in soil with Fuego
500 SC (-0.505), and the lowest in soil with Lumax 537.5
SE (-0.541). Among the three tested herbicides, the most
severe adverse changes were caused by Lumax 537.5 SE.
By participating in the cycling of elements, soil
microorganisms are among the most essential biological
factors that shape soil properties, thus affecting soil fertility. The development and activity of soil microorganisms
can be measured with an aid of appropriate indices, including microbial counts [3]. Chemical pollutants that permeate
soil generate strong effects on soil parameters. Herbicides
that have an impact on the development of microorganisms,
thus influencing the dynamics of biochemical processes run
by microbes, are among such chemical contaminants [21,
22].
The authors’ own studies have shown that soil contamination with herbicides led to changes in counts of fungi.
The preparations applied to soil in excessive quantities
caused an increase in the counts of these microorganisms.
Kucharski and Wyszkowska [23], who ran trials on the
preparation Apyros 75 WG, noticed its inhibitory effect on
the growth of fungi. However, out of all examined microorganisms (ammonifying bacteria, nitrogen-fixing bacteria,
Pseudomonas, Arthrobacter, copiotrophic bacteria, oligotrophic bacteria and their spores, cellulolytic bacteria,
actinomycetes, and fungi) fungi proved to be the most resistant to excessive amounts of the herbicide Apyros 75 WG,
hence a dose 100-fold higher than recommended of this
preparation depressed the count of fungi by just 5%. Singh
and Ghoshal [1] claim that herbicides have some effect on
the content of organic matter in soil and therefore affect
microorganisms that dwell in it. Following the application
of herbicides, the biomass of microorganisms may increase,
decrease or remain unaltered. Zabaloy et al. [24] demonstrated that 2,4-dichlorophenoxiacetate introduced to soil in
doses from 1 to 10 mg·kg-1 raised the activity of soil
microorganisms, including fungi. These authors suggest
that microorganisms could have used the herbicide as a
source of nutrients, which therefore had a positive effect on
their development. Similar results were obtained by
Crouzet et al. [25] in their studies on soil treated with
mesotrion in doses 0.45, 4.5, and 45 mg·kg-1. They observed
a stimulating effect of the highest tested doses of the herbi-
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cide on counts of fungi. Also, Araújo et al. [26] found a positive effect of glyphosate introduced to soil in the amount of
2.16 mg·kg-1. However, Martinez et al. [27], who tested
sulfentrazone added to soil in a dose of 0.7 μg·g-1, failed to
observe any significant changes in the growth of fungi.
Modifications in the structure of microbial communities
caused under the influence of contaminants which enter a
soil environment are frequently used in microbiological
assays [18]. Determination of the indices of microbial
diversity may provide us with information on the type of
changes induced by the application of various chemical
compounds. Ros et al. [28] observed an adverse effect of
atrazine, which they applied in doses of 10, 100, and 1,000
mg·kg-1 d.m. of soil, on diversity of soil microorganisms. In
the authors’ own experiment, the diversity of fungi also
depended on the doses of herbicides. The negative influence of plant protection chemicals on diversity of microorganisms and the colony development index also has been
observed by Cycoń and Piotrowska-Seget [29].
Enzymatic activity is an appropriate parameter in
assessment of modifications in a soil environment induced
by various contaminants [30, 31]. Enzymes that belong to
hydolases, e.g. β-glucosidase and arylsulfatase, are important in nature owing to their role in the cycling of elements
[32]. Arylsulfatase is an enzyme that catalyzes the hydrolysis of organic sulfates [33]. Therefore, it plays an important
role in the cycling of sulfur in nature. This enzyme is produced mainly by bacteria and fungi, but it can also be
secreted by animals and plants [34]. β-glucosidase is an
enzyme that catalyzes glycosidic bonds and participates in
the cycling of carbon. This enzyme is essential for decomposition of organic matter and nutrients found in soil, especially for degradation of cellulose [35]. The response of
these enzymes to herbicides that enter the soil environment
may vary. Herbicides can either stimulate or inhibit
enzymes, although a neutral response also is possible [36].
In the authors’ own experiment, it was observed that the
herbicides had a stimulating effect on β-glucosidase but
inhibited the activity of arylsulfatase. While investigating
the effect of metalaxyl on biochemical properties of soil,
Sukul [32] found a negative effect of this preparation on the
activity of arylsulfatase and β-glucosidase. The inhibitory
influence of herbicides (cinosulfuron, prosulfuron, thifensulfuron methyl, triasulfuron) on the activity of these
enzymes also has been demonstrated by Sofo et al. [37].
Likewise, Tejda [38], who tested glyphosate and diflufenican, noticed a negative effect of these preparations on soil
enzymes (dehydrogenase, urease, phosphatase, β-glucosidase and arylsulfatase). Saha et al. [39], in their investigations on the effect of three herbicides (alachlor, butachlor,
and pretichlor) on the activity of β-glucosidase, found that
the latter increased in soil with the herbicides, same as in the
present study. The cited researchers applied the herbicides in
doses of 5, 25, and 50 mg·kg-1 d.m. of soil. Peruci et al. [40]
reported somewhat different results. These authors tested the
herbicide rimsulfuron in doses 10- and 100-fold higher than
recommended. They observed the biggest decrease in the
activity of β-glucosidase after a dose 100-fold higher than
recommended had been introduced to soil.
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The degree of contamination of soil with different
chemical substances can be determined, for example, on
the basis of values of resistance and resilience indices [19].
Be’caert et al. [41], who tested 2,4-D in a dose of 36
mg·kg-1, found out that β-glucosidase and arylsulfatase
were most sensitive to soil contamination with this herbicide. The experiment presented in this paper showed that βglucosidase was more resistant to excessive amounts of
herbicides than arylsulfatase.

Conclusions
1. Soil contamination with the herbicides Alister Grande
190 OD, Fuego 500 SC, and Lumax 537.5 SE raised
counts of fungi in soil.
2. The herbicides caused a decrease in the value of the biological diversity index but increased the colony development index.
3. Application of highest doses of the herbicides to soil
had an inhibitory effect on the activity of arylsulfatase,
but stimulated the activity of β-glucosidase.
4. The highest resistance index for the enzymes in
response to soil contamination with the herbicides was
detected in soil samples treated with Alister Grande 190
OD. In respect of the resilience index, the lowest values
were recorded in soil with the herbicide Fuego 500 SC.
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