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Abstract: A laboratory experiment was completed to deterntiveeeffect of the herbicides Alister Grande 190
OD, Fuego 500 SC and Lumax 537.5 SE on countstofamsycetes as well as the activity of enzymes thed
resistance to herbicides. Sandy loam was mixed aytiropriate doses of the herbicides, such ash@ eontrol,

1 - technological dose and doses 20-, 40-, 80-1&@dfold higher than recommended. On day 20, 40ar8d
160, counts of actinomycetes and activity of ureas& phosphatase and alkaline phosphatase wenerieed.
For 160 days, soil was incubated af@%nd its moisture content was maintained on ataoh$evel equal 50%
of water capillary capacity. On days 20 and 80 o experiment, the ecophysiological (EP) and colony
development (CD) indices were computed. Additignalhe resistance (RS) of enzymes to the herbicides
assessed on day 20 and their resilience index {Rik) determined on day 160. It has been found @itgbil
contamination with herbicides contributed to eledatounts of actinomycetes. The highest numbehesdet
microorganisms was observed in soil with Lumax 533E, and the lowest one appeared in soil withtédis
Grande 190 OD. The CD for actinomycetes was thbdsigin treatments with Fuego 500 SC and the hidiles
was determined in soil with Alister Grande 190 ipplication of the herbicides in doses from 20-1&0-fold
higher than recommended by the manufacturer sagmifly increased the activity of acid and alkaline
phosphatases. With respect to the activity of we#se herbicides produced variable effects. Thengest
inhibitory effect on the activity of urease was ¢uwoed by Fuego 500 SC, which reduced the activitthis
enzyme by 13.39% when added to soil in a dose diugdy 160-fold the recommended rate. The RS ef th
enzymes to the herbicides ranged from 0.461 to50.95ease was the most tolerant to soil contanonatiith the
herbicides.

Keywords: herbicides, soil contamination, numbers of actipostes, activity of enzymes, soil resistance to
herbicides

Introduction

Herbicides are chemical substances widely usedmniral weeds. However, some of
these preparations can become dangerous to theoemént due to their persistence and
harmful effect on living organisms. When permeatsal in an uncontrollable manner,
herbicides can be absorbed by roots of agriculteraps and then be transferred through
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subsequent links in a trophic chain. In soil, heid#s undergo biodegradation, a complex
process which involves microorganisms able to ddégrahemical compounds [1, 2].
Actinomycetes belong to a group of microorganismscty play an important role in
decomposition of various chemical substances amticipate in carbon cycling and
formation of humic compounds in soil [3, 4].

Being a dynamic, live system, soil also containsyeres, whose reactions depend on
a number of factors, including soil contaminatidj. [Among the key soil enzymes are
hydrolases. Changes which they are exposed to audfferent factors are most often
assessed according to the activity of phosphatasgsirease [6].

Phosphatases belong to periplasmic enzymes, wtidtdlyze hydrolysis of organic
phosphorus bonds. They are also employed in evafuat the rate of mineralization of
phosphorus compounds in soil and are responsiblthéophosphorus budget in plants. In
soil, these enzymes are secreted mainly by micemisgs, soil fauna and plant roots. In
turn, urease is an enzyme responsible for the roksai of organic nitrogen in soil. Urease
catalyzes the hydrolysis of urea in soil, indudiagnation of carbon dioxide and ammonia.
Owing to its activity, nitrogen found in soil becemavailable to plants. Urease attains the
highest activity under aerobic conditions and bes®rmmore active as the population
of soil-borne microorganisms grows [7].

For ecologists, the role of microorganisms and soizymes is extremely important
because they are essential to capture and destrdmgies which occur in soil in response to
a variety of anthropogenic factors [8].

The objective of the present study has been touatalthe effect produced by three
herbicides: Alister Grande 190 OD, Fuego 500 SClanmdax 537.5 SE, on numbers and
diversity of actinomycetes as well as the actiwityacid phosphatase, alkaline phosphatase
and urease and the resistance of these enzyntes heitbicides.

Materials and methods
Soil

The soil used in the experiment had texture chartic of sandy loam (72% of sand
fraction, 7% of silt fraction and 21% of loam frixt), and the following values of
physicochemical characteristics: 7.0 of ggH 8.00 mmol(+) kg of hydrolytic acidity,
111.00 mmol(+) kg of total exchangeable bases and 7.057 &fjthe content of organic
carbon.

Before the experiment was set up, the soil wasegb#wough a 2 mm mesh sieve in
order to establish the basic physicochemical pt@serof soil. The soil's grain size
composition was determined with the areometric odththe pH was assessed by
potentiometry in KCl aqueous solution of the coraion of 1 mol dnf; hydrolytic
acidity (Hh) and total exchangeable bases (S) wssessed according to Kappen’'s method
[9] and the content of organic carbon,gCwas tested by Tiurin’s method [10].

Herbicides

In a laboratory experiment, soil samples taken ftbenarable and humic horizon were
tested to determine the effect of the herbiciddsté&d Grande 190 OD, Fuego 500 SC and
Lumax 537.5 SE on the biological activity of sdiable 1 contains a specification of some
characteristics of the herbicides.
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Table 1
Specification characteristics of the applied hedas
Name of herbicide Active ingredient _ Recomm3endjd dose
Name [g kg [dm*® ha™]
diflufenican 180.0
Alister Grande 190 OD iodosulfuron-methyl sodium 4.500 0.900

mesosulfuron methyl 6.000

Fuego 500 SC metazachlor 500.0 2.500
terbuthylazine 187.5

Lumax 537.5 SE mesotrione 37.50 3.500-4.000
s-metolachlor 3125

Experimental design

Batches of 100 g of sandy loam, mixed with onehefthree herbicides in the following
doses: optimal, 20-, 40-, 80- and 160-fold higheant recommended, were placed in
150 cni beakers. Doses of the herbicides were re-calalilpgg 1 kg of soil. The dose
recommended by the manufacturer for each herbigids: 0.300 mrhkg™ for Alister
Grande 190 OD, 0.833 minkg™ for Fuego 500 SC and 1.250 rhrkg™ for Lumax
537.5 SE. The control consisted of samples withbeatherbicides. The experiment was
performed with three replications. For 20, 40, &d 460 days, the soil was incubated in an
incubator at constant temperature of@5maintaining the soil moisture content at 50% of
water capillary capacity.

Microbiological analysis

On the set days, the following determinations waegle numbers of actinomycetes by
the plating method on Kuster and Williams mediurthveidded nystatin and actidione [11].
Petri plates were incubated for 7 days at 28°Ctlen, using a colony counter, the number
of colony forming units (cfu) in 1 kg d.m. of sdih each treatment was established.
Additionally, on days 20 and 80, the number of ots of actinomycetes cultured in ten
days was checked. Based on these data, the ecolplgysal index (EP) of actinomycetes
was calculated from the formula given by De Leijaé{12] and the colony development
index (CD) was derived from the formula proposedhyathchandra et al [13].

Enzymatic analysis

On the set days, the following determinations weagle:

— Activity of acid phosphatase (EC 3.1.3.2) and afi@phosphatase (EC 3.1.3.1) by the
method worked out by Alef et al [14] using disodiudAnitrophenylsulphate
as a substrate. The amount of 4-nitrophenol (PNR)dyced from hydrolysis
of disodium 4-nitropehylsulphate was measured onPerkin-Elmer Lambda
25 spectrophotometer at the wavelengthiof 410 nm (the activity of expressed
in mmol PNP kg d.m. h?).

— Activity of urease (EC 3.5.1.5) according to AlefdaNannipieri [15], using urea as
a substrate and expressing the activity in mmol#i-Kg™ d.m. h™. The activity of the
enzyme was determined colorimetrically by measuriginction of produced
ammoniated mercury(ll) iodide at the wavelengthh f410 nm.
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— The RS index of the soil enzymes to the herbicmeslay 20 according to Orwin and
Wardle [16].

— The RS index on day 160 according to Orwin and \Ii¢qitb].
Statistical analysis

All the results were processed statistically by lgipg the ANOVA analysis of
variance from the Statistica software [17] and [Cams multiple range test. Statistical
differences are given at the level of significapce 0.01. Results of microbiological and
biochemical determinations are given as meansddhn determination day.

Results
Microbes numbers

Soil pollution with the herbicides modified numbefsactinomycetes (Table 2). Alister
Grande 190 OD had the most destructive effect ergtbwth of these microorganisms. In
the highest dose (160-fold higher than recommendedgpressed their number by 13.72%
versus the control. Fuego 500 SC introduced to ispithe same dose did not cause
significant changes in the growth of actinomycetésder the influence of Lumax 537.5 SE,
counts of atcinomycetes tended to increase whenhd#rbicide had been applied in
excessive dosegg the dose 40-fold higher than recommended causddcasase in the
number of actinomyecetes by 20.79% compared tedhgol.

Table 2
Numbers of actinomycetes in soil contaminated Withbicides, cfu 10 kg™ d.m. of soil
Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE

0 7.697 7.697 7.697

1 7.584 6.635 6.987

20 7.563 7.765 7.433

40 7.156 7.735 8.069

80 7.146 7.872 9.297
160 6.641 7.483 8.861

X 7.298 7.531 8.057

r —0.962 0.224 0.796

LSDo.o1** a-0.194; b - 0.274; ab - 0.474

*0 - control (not contaminated with herbicides), dose recommended by the manufacturer, dosesrtiggne the
recommended one by 20-, 40-, 80- and 160-fold.

**| SD o1 for: a - type of herbicide, b - dose of herbicidb,- interaction factors,- correlation coefficient.

The ecophysiological index (EP) of actinomycetepeseled on the type and dose of
a herbicide (Table 3). The EP ranged from 0.7990@22 in soil with Alister Grande
190 OD, from 0.709 to 0.810 with Fuego 500 SC, finch 0.776 to 0.826 with Lumax
537.5 SE. The highest EP of actinomycetes wasewbiit soil with Alister Grande 190 OD
(0.808 on average) and the lowest one - in sofl witego 500 SC (0.744 on average).

The herbicides also affected the CD of actinomycélable 4). These preparations,
when applied in excessive amounts, caused an seri@athe CD relative to the control.
The highest value of the CD index was found in damith the herbicide Fuego 500 SC
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(an average 33.771), lower in soil with Lumax 5336 (an average 31.754) and the lowest
in samples with Alsiter Grande 190 OD (an avera@éBl).

Table 3

Ecophysiological diversity (EP) index for actinomayes in soil contaminated with herbicides

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
0 0.810 0.810 0.810
1 0.799 0.743 0.776
20 0.822 0.709 0.790
40 0.814 0.735 0.791
80 0.804 0.735 0.788
160 0.800 0.731 0.826
X 0.808 0.744 0.797
r -0.416 —0.360 0.643
LSDg.o1** a-0.011; b - 0.016; ab - 0.028
*explanation see Table 2
Table 4

Colony development (CD) index for actinomycetesail contaminated with herbicide

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE

0 29.694 29.694 29.694

1 32.267 34.045 32.961
20 29.146 35.269 32.022
40 29.508 34.977 31.784
80 30.144 34.035 32.496
160 29.908 34.609 31.569

X 30.111 33.771 31.754

r —0.209 0.369 0.108

LSDg o1** a-0.451; b -0.638; ab - 1.105

*explanation see Table 2

Enzymatic activity

Soil contamination with the herbicides significgnthffected the activity of acid
phosphatase (Table 5). The tested herbicides hsitiyeoinfluence on the activity of acid
phosphatase. The highest dose (160-fold higher theommended) raised the activity of
this enzyme by 10.23% (Alister Grande 190 OD), %2@-uego 500 SC) and 20.61%
(Lumax 537.5 SE) versus the control soil. The highectivity of acid phosphatase was
observed in the treatments with Lumax 537.5 SEaf@rage 1.473 mmol PNP Rgl.m. h*
of soil), and the lowest one - in soil with Alist&drande 190 OD (on average
1.446 mmol PNP kg d.m. h* of soil).

The resistance of acid phosphatase in soil conttednwith the herbicides was varied
and primarily depended on the type of a tested @ta@r(iTable 6). Acid phosphatase was
most resistant to Alister Grande 190 OD, the figdihat was manifested by the highest
average value of the RS index, such as 0.778. &3istance of this enzyme to the other two
herbicides was slightly weaker. The RS towards Lu®3d7.5 SE was 0.716 and towards
Fuego 500 SC - 0.664.

Soil contamination with the herbicides also caukesting changes in the activity of
acid phosphatase, an effect evidenced by the valute resilience index (Table 7). Acid
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phosphatase restored its original activity mostkjyiin soil with Fuego 500 SC (0.118),
less so in soil with Alister Grande 190 OD (-0.032d most slowly in soil with Lumax
537.5 SE (-0.134). The RL index for acid phospleataas also affected by doses of the
tested herbicides. In respect of Alister Grande ©ZD and Fuego 500 SC, a rate 20-fold
higher than recommended caused the biggest chamifleshe values of the RL index being
—0.281 and -0.436, respectively. Weaker dependemeesnoticed in samples treated with
Lumax 537.5 SE. The strongest influence on acidsphatase was produced by the dose
160-fold higher than the optimal one (—0.597).

Table 5
Activity of acid phosphatase in soil contaminatdthvinerbicides [mmol PNP kgd.m. hY]
Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
0 1.281 1.281 1.281
1 1.555 1.577 1.414
20 1.497 1.554 1.450
40 1.448 1.519 1.473
80 1.448 1.391 1.675
160 1.412 1.374 1.545
X 1.446 1.449 1.473
r —0.082 —0.323 0.670
LSDg.o1** a-0.023; b - 0.033; ab - 0.057
*explanation see Table 2
Table 6
Resistance index (RS) of acid phosphatase in entbeninated with herbicides on day 20 of the expeni
Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
1 0.789 0.881 0.837
20 0.863 0.859 0.691
40 0.591 0.500 0.461
80 0.821 0.520 0.696
160 0.826 0.560 0.896
X 0.778 0.664 0.716
r 0.197 —0.641 0.391

*explanation see Table 2

Table 7
Resilience index (RL) of acid phosphatase in smitaminated with herbicides on day 160 of the erpamt
Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE

1 —0.140 —0.333 —0.257

20 -0.281 —0.436 0.027

40 0.361 0.336 0.363

80 —0.062 0.513 —0.207
160 —0.038 0.509 —0.597

X -0.032 0.118 -0.134

r 0.121 0.779 -0.633

*explanation see Table 2

The tested herbicides had a stimulating effecthendctivity of alkaline phosphatase,
which was demonstrated by positive coefficientgha correlations between dose of the
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herbicides and activity of the enzyme (Table 8)e Hctivity of alkaline phosphatase in
sandy loam was higher by an average 7.66% in ragpimnAlister Grande 190 OD, 10.24%
under Fuego 500 SC and 10.81% in soil treated litmax 537.5 SE (all added to soil
in a dose 160-fold higher than recommended). Aralely to acid phosphatase, alkaline
phosphatase was least active in soil with Alisterar@e 190 OD (average
1.926 mmol PNP kg d.m. h* of soil).

Table 8
Activity of alkaline phosphatase in soil contamihtvith herbicides [mmol PNP Kgd.m. Y]

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
0 1.748 1.748 1.748
1 1.908 2.035 1.958
20 1.914 1.999 1.975
40 1.909 1.946 1.927
80 1.988 1.902 1.954
160 1.882 1.927 1.937
X 1.892 1.926 1.917
r 0.305 0.020 0.305
LSDg.o1** a-0.014; b -0.019; ab - 0.033

*explanation see Table 2

The resistance of alkaline phosphatase to exceasimunts of the herbicides in soil
was similar in all treatments (Table 9). Howevée highest RS index was calculated for
soil contaminated with Alister Grande 190 OD (0.896llowed by Fuego 500 SC (0.848)
and the lowest value was determined in treatmeiitts Mumax 537.5 SE (0.792). The
highest dose (160-fold higher than recommended)ded the biggest changes. Thus, the
value of the RS was 12.25% lower in response tetélliGrande 190 OD and 6.47% lower
due to Lumax 537.5 SE. In contrast, the herbicidegé 500 SC produced an almost

negligible effect on the RS.

Table 9

Resistance index (RS) of alkaline phosphataseiicsataminated with herbicides on day 20 of thpesiment

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
1 0.939 0.858 0.881
20 0.899 0.834 0.733
40 0.892 0.824 0.769
80 0.922 0.865 0.801
160 0.824 0.860 0.824
X 0.895 0.848 0.792
r —0.769 0.442 —0.058

*explanation see Table 2

The herbicides used in elevated rates caused rentdifications in soil. The highest
RL index was recorded in soil samples with Fueg6 ST, while the lowest one was
determined in treatments with Alister Grande 190 (@Bble 10). Values of this index were
0.366 and 0.126, respectively. The dose of a hieiialso had a significant effect on the
value of the RL index for alkaline phosphatase. &Réigpg Alister Grande 190 OD, the
highest RL was achieved when the dose of this bieliintroduced to soil was 80-fold
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higher than recommended (—0.020). Fuego 500 SCdadsoil in a dose 160-fold higher
than the optimal one reduced the value of the RIMf0.304 to —0.241. In turn, Lumax
537.5 SE caused the biggest changes when appliegl dose recommended by the
manufacturer (the RL equalled 0.012).

Table 10
Resilience index (RL) of alkaline phosphatase ihcantaminated with herbicides on day 160 of thpegiment

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
1 —0.008 0.304 0.012
20 0.214 0.534 0.597
40 0.196 0.755 0.611
80 —0.020 0.476 0.316
160 0.248 -0.241 0.121
X 0.126 0.366 0.331
r 0.377 -0.733 -0.273

*explanation see Table 2

Urease proved to be very sensitive to soil contation with herbicides (Table 11).
Soil application of Fuego 500 SC caused inhibitidrthe activity of urease. The strongest
inhibitory effect on urease was produced by a dd#efold higher than the optimal one, as
it depressed the activity of this enzyme by 13.38%tive to the control. Urease also
responded to excessive quantities of Alister Grakf® OD. When this herbicide had been
added to soil in a rate 40-fold higher than optimuhe activity of urease fell down by
6.97%. Lumax 537.5 SE had the weakest effect oasereDoses of this herbicide from the
optimal one to 80-fold higher than recommended atilghtly stimulated the activity of
urease. Its activity rose from 4.59 to 7.71% coragawith the control.

Table 11
Activity of urease in soil contaminated with heiibiies [mmol N-NH kg™ d.m. kY]
Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
0 0.545 0.545 0.545
1 0.559 0.566 0.579
20 0.515 0.572 0.587
40 0.507 0.527 0.582
80 0.527 0.494 0.570
160 0.511 0.472 0.549
X 0.527 0.529 0.569
r —0.578 -0.915 —0.392
LSDg.o** a-0.009; b-0.013; ab - 0.022

*explanation see Table 2

By analyzing values of the RS, it can be concludhed urease was least resistant to the
influence of Lumax 537.5 SE (Table 12), becauseaherage value of the RS in soil
polluted with this herbicide was 0.788. Urease slaghtly more tolerant to Fuego 500 SC
(average RS 0.856) and most tolerant to Alistem@eal90 OD (average 0.907). It was not
only the type but also the dose of a herbicide phatiuced a significant effect on the RS for
urease. For example, Alister Grande 190 OD apjpiietthe highest dose (160-fold higher
than recommended) had the strongest impact on $edrlucing its value by 13.86%. In
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turn, Fuego 500 SC and Lumax 537.5 SE introducesbiioin the highest doses (160-fold
higher than the optimal one) raised the value @RS by 13.01 and 23.90%, respectively.

Table 12
Resistance index (RS) of urease in soil contamihatth herbicides on day 20 of the experiment

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
1 0.931 0.838 0.728
20 0.955 0.805 0.735
40 0.935 0.807 0.786
80 0.912 0.883 0.791
160 0.802 0.947 0.902
X 0.907 0.856 0.788
r -0.935 0.909 0.977

*explanation see Table 2

The herbicides led to lasting changes in the agtivi urease (Table 13). The RL for
urease was the lowest in soil with Alister Gran®® 10D (-0.830) and the highest in
samples with Lumax 537.5 SE (0.580). In respedfuafgo 500 SC, the RL for urease was
0.125. The greatest changes caused by Fuego 5@h&Cumax 537.5 SE were observed
when these herbicides had been added to soil imitffeest doses (160-fold higher than
recommended). Then, the RL values were the low@&E79 and 0.188, respectively. But it
was the herbicide Alister Grande 190 OD introduicegd soil in a dose 20-fold higher than
recommended that caused the biggest change (thvalRé was —0.926).

Table 13
Resilience index (RL) of urease in soil contamidatéth herbicides on day 160 of the experiment

Herbicide dose* Alister Grande 190 OD Fuego 500 SC Lumax 537.5 SE
1 -0.877 0.538 0.832
20 -0.926 0.608 0.669
40 —0.883 0.360 0.510
80 —0.839 —0.303 0.699
160 -0.626 -0.579 0.188
X -0.830 0.125 0.580
r 0.936 —0.947 —0.865

*explanation see Table 2

Discussion

Microbes numbers

Soil microorganisms respond differently to contaamits which enter soil. Some do not
tolerate even small amounts of herbicides, whiteest can stand their presence so that their
numbers rise [18]. Higher multiplication of micrganisms in response to herbicides may
be a result of microorganisms using up organic tsuoes found in these preparations.
In the present study, the three herbicides hadséip® effect on counts of actinomycetes.
Higher abundance of actinomycetes in soil with leédes has also been indicated by
Araijo et al [19] and Crouzet et al [20]. In turn, Kackki and Wyszkowska [21]
demonstrated that the herbicide Apyros 75 WG inbébithe growth of actinomycetes in
soil polluted with this chemical.
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Ratcliff et al [22] state that poorer diversityrafcroorganisms leads to bigger changes
in the soil environment than their depleted numb&hese researchers claim that improved
diversity of microbes owing to production of appriafe enzymes can aid degradation of
organic pollutants, including herbicides. A highetdue of the CD index proves that the
number of r-strategists increases, whereas a |@Remndex indicates a growing number of
K-strategists. K-strategists are microorganismsctvtldevelop very well in an environment
where other microorganisms are present, and whéthodstrate better tolerance to stress
factors, caused for example by herbicides. In @sttrr-strategists represent a group of
microorganisms which grow very fast but only wheasiy assimilable substrates are
available and presence of other, competitive migaisms is limited [13]. This proves
that changes in the environment can have a significeffect on the growth of
microorganisms, both the ones growing fast andethekich grow slowly. Cycon and
Piotrowska-Seget [23], who analyzed the effecthef herbicide diuron (doses 1.5, 7.5 and
150 mg kg" of soil) on diversity of soil microorganisms, rugil its negative effect on the
EP and CD. They observed that in all treatmenttufgal with diuron and in the control
soil, K-strategists prevailed. And the stronge&tcetfon the biodiversity of microorganisms
was produced by the dose of 150 mg'kgf soil. Similar results were reported by Cycon
et al [24] from a study on the effect of the heidiéclinuron applied in doses of 4, 20 and
400 mg kg* on the activity of microorganisms in loamy sandi @andy loam. These
authors noticed that linuron introduced to soil éxcessive quantities can disturb
development of indigenous microorganisms in sdituton added in a dose of 400 mgkg
induced dominance of K-strategists on day 1 andwifile r-strategists dominated at
28 days. Similar results were reported by Ros g2%] from an experiment on atrazine
applied in doses of 10, 100 and 1000 mg kd soil. Likewise, in the present study, Fuego
500 SC and Lumax 537.5 SE acted adversely on thersiiy of actinomycetes. These
herbicides also changed proportions between regfigit and K-strategists to the advantage
of the former.

Enzymatic activity

Herbicides introduced to soil in higher doses dan mterfere with the activity of soil
enzymes. Owing to their rapid response to soil ytatits, soil enzymes can serve as
indicators of transformations which occur in a swiVironment due to various stress factors
[26-28]. Thus, determinations of the activity ofl nzymes, especially phosphatases and
urease, are an appropriate indicator showing tliieeimce of herbicides on the soil
environment.

The results obtained from the present study shaw tthe three herbicides produced
various effects on the enzymatic activity of sdiltease proves to be a very sensitive
enzyme. In our experiment, its activity declinegndficantly in response to elevated doses
of all the three herbicides. The inhibitory impaé€ta herbicide on the activity of urease has
also been demonstrated by Yang-Fang et al [29], tebted mefenacet. Sukul [30] proved
experimentally that metalaxyl introduced to soiekcessive quantities inhibited the activity
of urease for 60 days. Kucharski and Wyszkowska] [2dncluded that, next to
dehydrogenases, urease was most sensitive to thieide Apyros 75 WG. Yao et al [31],
however, did not report any evident changes inattévity of urease in soil treated with
acetamipirid. Similar results were attained by Bagmet al [6], who tested the herbicide
Aurora 40 WG.
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The activity of phosphatases is another good indicaf changes induced in soil by
herbicides. Positive influence of Aurora 40 WG dre tactivity of acid and alkaline
phosphatases was observed byrBaga et al [6]. Also Kucharski and Wyszkowska [21]
report that phosphatases, and especially alkalimsghatase, were more tolerant to the
effect produced by Apyros 75 WG. However, in anotisgeriment Wyszkowska [32] the
herbicide Treflen 480 EC produced a negative effecthe activity of acid and alkaline
phosphatases. The adverse influence on the actofityooth phosphatases was also
demonstrated by Wyszkowska and Kucharski [33] wiketing Triflurotox 250 EC.

Some herbicides cause persistent changes in thatyadf phosphatases and urease
[34]. In this study, acid phosphatase and alkapihesphatase were most tolerant to the
effect produced by Alister Grande 190 OD, whereaase proved to be most resistant to
Lumax 537.5 SE. Different effects produced by thgtdd herbicides on the enzymes are
a result of their different chemical compositiord atifferent active ingredients.

Conclusions

1. Introduction of the herbicides Alister Grande 19D,Buego 500 SC and Lumax 537.5

SE into soil disturbed the microbiological and enayic balance of soil.

Increased doses tested preparations stimulataduhiplication of actinomycetes.

Higher than recommended doses of the herbicidesedaa significant effect on values

of the colony development (CD) and ecophysiolog{&t) indices of actinomycetes.

The diversity of these microorganisms was the heghesoil with Alister Grande 190

OD and the lowest in soil treated with Fuego 500 SC

4. Excessive rates of the herbicides in soil stimdatee activity of acid and alkaline
phosphatases but inhibited that of urease.

5. Urease proved to be most resistant to soil contatioim with the herbicides, alkaline
phosphatase was slightly less tolerant and acidpdtaiase was most sensitive.

2.
3.
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REAKCJE PROMIENIOWCOW, FOSFATAZ | UREAZY
NA ZANIECZYSZCZENIE GLEBY HERBICYDAMI

Katedra Mikrobiologii, Uniwersytet Warmsko-Mazurski w Olsztynie

Abstrakt: W daswiadczeniu laboratoryjnym oksieno oddziatywanie herbicydéw Alister Grande 190,@Dego
500 SC i Lumax 537,5 SE na liczel§tio r6znorodnd¢ promieniowcdw, aktywni@ enzymoéw glebowych i ich
oporng¢ na herbicydy. Do gliny piaszczystej wprowadzonmapowiednich obiektackrodki chwastobdjcze
w nasgpujacych dawkach: 0 - kontrola, 1 - dawka technologécaraz dawki 20-, 40-, 80- i 160-krotnieckgze.

W 20, 40, 80 i 160 dniu oznaczono liczebh@romieniowcow oraz aktywré fosfatazy kwénej, fosfatazy
alkalicznej i ureazy. Przez 160 dni gieimkubowano w temperaturze %5 i utrzymywano jej wilgotn& na
stalym poziomie 50% kapilarnej pojensod wodnej. W 20 i 80 dniu trwania éwiadczenia obliczono
wspotczynnik ekofizjologicznej tdorodndci promieniowcéw (EP) oraz indeks rozwoju koloniCL¥).
Dodatkowo w 20 dniu okéono wspotczynnik oporrigi (RS) enzymow na herbicydy, natomiast wskR ich
powrotu do stanu réwnowagi (RL) obliczono w 160urstwierdzonoze zanieczyszczenie gleby herbicydami
przyczynito s¢ do zwkkszenia liczebniwi promieniowcow. Najwiksz liczbe tych drobnoustrojow
zaobserwowano w glebie z herbicydem Lumax 537,5 r@fomiast najmniejgzz Alister Grande 190 OD.
Wartas¢ wskanika CD dla promieniowcéw byta najwgza w obiektach z preparatem Fuego 500 SC,
a wspotczynnika EP - z Alister Grande 190 OD. Zssitwmnie herbicydow w dawce od 20 do 160-krotnie
wickszej od dawki zalecanej przez producenta istamigkszato aktywnét fosfatazy kwaénej i alkalicznej.

W przypadku aktywnii ureazy odnotowano zmjicowany wplyw herbicydéw. Najwkszy inhibicyjny wplyw

na aktywné¢ ureazy wywierat preparat Fuego 500 SC, ktéry zmstany w dawce 160-krotnie giiszej
zmniejszyt jej aktywn&t o 13,39%. Wspétczynnik oporém enzyméw na dziatanigrodkéw chwastobdéjczych
wahat s¢ od 0,461 do 0,955. Najbardziej oporna na zanieczgie gleby herbicydami byta ureaza.

Stowa kluczowe:herbicydy, zanieczyszczenie gleby, liczelinpromieniowcéw, aktywni@ enzymaéw, oporng
gleby na herbicydy



