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Abstract: The impact of the pesticide atrazine on biochemical processes in soil
was investigated. Atrazine loadings of 8.0, 40.0 and 80.0 mg/kg soil were labo-
ratory tested in an experiment set up on a clay loam soil. Dehydrogenase acti-
vity, change in biomass carbon, soil respiration and metabolic coefficient were
examined. The samples were collected for analysis 1, 7, 14, 21, 30 and 60 days
after atrazine application. The acquired data indicated that the effect of atrazine
on the biochemical activity of the soil depended on its application rate and du-
ration of activity, and the effect was either stimulating or inhibiting. However,
the detected changes were found to be transient, indicating that there is no real
risk of the compound disrupting the balance of biochemical processes in soil.
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INTRODUCTION

Ever since they were first discovered, pesticides have become an indispensa-
ble segment of sound agriculture. Their development and production have soared
tremendously and their application rates have increased steadily, so that warning
reports of their presence in the environment have become increasingly frequent.
Alternatives have therefore been sought since the 1980s and novel and high-sa-
fety compounds have been introduced that are not only applied at far lower levels
but have more favorable ecotoxicological characteristics as well, so that environ-
mental contamination can, to some extent, be kept under control.!-2

Atrazine, which was first introduced to the market in 1952, belongs to a group
of pesticides that are moderately persistent and moderately mobile in soil. The
half-life of atrazine varies between several days and several months.3 As the com-
pound has been on the market for a number of years and rather high amounts
were applied over wide areas, atrazine residues have been detected both in sur-
face and underground waters.*> Domestic studies detected 1.0-4.13 ug L1 of
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atrazine in surface waters and up to 0.3 ug L~! in underground waters.0 Its resi-
dues in surface and underground waters are consequently causing serious concern
for human and animal health and the environment.4.7

As a segment of the environment, soil is a complex and dynamic multiphase
system with the lithosphere, biosphere, hydrosphere and atmosphere in a perpe-
tual state of balance. Various exogenous factors, primarily heavy metals, pestici-
des, fertilizers and many others, may disrupt and deteriorate the harmonious state
within an ecosystem.® Growing concern for preserving soil as a natural resource
have prompted researchers over the past years to focus on studying the changes
occurring in soil or those that may occur in the future under certain harmful envi-
ronmental factors, pesticides being an important one.9-!! Various indicators may
be used in such research, the most frequently employed being soil enzymes, bio-
mass, respiration, etc.

This study is a follow-up to experiments conducted over the past few years
in which atrazine residues were examined in Serbian agricultural soils. As atra-
zine residues were detected in all studied soil samples,® it was assumed that the
pesticide and its metabolites may cause certain changes in soil, and in its wider
ecosystem, and that experimental data could help assess the risk of disruption of
the existing natural balance.

EXPERIMENTAL

The pesticide (herbicide) atrazine (6-chloro-N2-ethyl-N*-isopropyl-1,3,5-triazine-2,4-dia-
mine) tested in the experiments was a technical grade product of Agan Chemical Manufac-
turers, Ashdod, Israel. The application loads were: 8.0, 40.0 and 80.0 mg/kg soil. The lowest
concentration tested was the recommended application rate (8 mg/kg), and the other two were
five and ten times higher doses than that recommended. The experiments were performed
using a chernozem soil of a clay loam texture (pH 7.10, organic matter 3.32 %, sand 21 %, silt
49 %, and clay 30 %) at Zemun Polje, Belgrade, Serbia. The soil chosen for the study had
never been treated with pesticide before. Various management practices would otherwise have
affected the microbial populations of the soil. In this way, it was possible to control the effects
of a specific pesticide (atrazine).

Dehydrogenase activity, microbiological biomass carbon and soil respiration were exa-
mined as relevant biochemical indicators.!2-14

Soil samples were collected from the upper layer (0—-10 cm), carefully dried, sieved to
pass through a 5 mm mesh and stored at 4 °C. Before use, the soils were air-dried at room
temperature for 24 h. Each herbicide concentration was pipetted on to the surface of 1 kg of
soil before homogenization on a rotating stirrer for 30 min. After homogenization, the soil was
portioned into pots. Untreated soil served as the control. The experiments were conducted
with four replications. The pots were kept in a controlled-environment chamber at 20£2 °C,
50 % air humidity and a 12—12 h day—night photoperiod throughout the experiment. The soil
humidity was maintained at 50 % field capacity. Samples were collected for analysis 1, 7, 14,
21, 30 and 60 days after atrazine application.

The activity of the enzyme dehydrogenase was determined according to Tabatabai.!> The
soil samples were prepared by incubation with triphenyltetrazolium chloride (TTC) under
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moist conditions at 37 °C for 24 h. Triphenylformazan (TPF), which is derived from triphe-
nyltetrazolium chloride (TTC) as a product of enzyme activity, was determined spectophoto-
metrically. Measurements were performed at 485 nm (Gilford stasar III, Model 2400) and the
enzyme activity given as ug TPF/g soil.

Fumigation—extraction'® was employed to determine microbiological biomass carbon. The
samples were fumigated with non-alcohol-containing CHCl; under moist conditions for 24 h.
After incubation, carbon was extracted with a 0.50 M solution of potassium sulfate and its
content determined by titration with a 0.033 M solution of Mohr salt (NHy),Fe(SOj),) in the
presence of phenylanthranilic acid as the indicator. Non-fumigated samples were extracted
under the same conditions. The microbiological biomass carbon was calculated based on the
difference between carbon in the fumigated and non-fumigated samples using a factor 0.38.17
The results are presented in ug C/g soil.

The Walter method!® was employed to determine the soil respiration. The soil samples
were incubated with sodium hydroxide under moist conditions at room temperature for 24 h.
The carbon dioxide released during soil respiration was absorbed by a 0.10 M solution of
sodium hydroxide, and the CO, content determined by titration with 0.10 M hydrochloric acid
in the presence of an appropriate indicator (phenolphthalein or methyl orange). The results are
presented in pug CO,/g soil.

The microbiological metabolic coefficient, ¢(CO,), was computed from the ratio of the
soil respiration intensity and the microbiological biomass.!®

Statistical data processing was performed using PC Anova software. The F-test was ap-
plied to all variables and their interactions and, in case of a significant result, the LSD test was
applied in individual comparisons. The probability levels 0.05 and 0.01 were used as signify-
cance criteria.

RESULTS AND DISCUSSION

Dehydrogenases are soil enzymes catalyzing degradation of organic matter
in what is fundamentally a redox process. Soil dehydrogenases are predominantly
microbiological in origin and their activities depend on the conditions within the
soil ecosystem. Thus a higher enzyme activity indicates a greater intensity of mi-
neralization of the organic matter.!15-20.21 The results of this experiment show a
decreased activity of dehydrogenase for all applied atrazine concentrations from
the 15t to the 30t day. The decrease ranged from 12.5-18.2 %, 4.8-24.8 % and
6.6-39.6 % for atrazine loadings of 8.0, 40.0 and 80.0 mg/kg soil (Fig. 1), res-
pectively, and the differences found were statistically significant (P < 0.01). A
lower enzyme activity indicates reduced redox intensity in the soil and the re-
duction degree depended on the concentration and duration of atrazine activity.
The enzyme activity was reduced by the harmful activity of atrazine. As pesti-
cides are to some degree environmental toxicants, their noxious activity may be
described being manifested mostly through a disturbance of the natural balance.
Dehydrogenases, which are free soil enzymes, are very susceptible to unfavor-
able factors originating from the surrounding environment, including pesticides,
i.e., to atrazine in this particular case. There was an increase of enzyme activity
from the 30th to the 60th day and the values for treated and untreated soils were
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similar at the end of the examination period, except for the highest concentration
(80 mg/kg soil), where the value was lower (7.9 %). The obtained experimental
data are consistent with the results reported by other authors on the effect of dif-
ferent pesticides on this enzyme.22-27
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Fig 1. Effect of atrazine on dehydrogenase.

Data showing the effect of atrazine on the biomass carbon are presented in
Fig. 2. The highest biomass carbon (1818 pg C/g soil) was found for an atrazine
loading of 8.0 mg/kg soil (7 days after application) and the lowest (986 ug C/g soil)
for an atrazine loading of 80.0 mg/kg soil (7 days after application). Reduced
biomass carbon under concentrations of 40.0 and 80.0 mg/kg soil was recorded
as early as one day after application and the inhibitory effect of the highest con-
centration (80.0 mg/kg soil) extended 21 days after application. Significant (P < 0.01)
increases in the biomass carbon (2.1-45.6 %) were recorded under the lower con-
centrations of atrazine (8.0 and 40.0 mg/kg soil) from the 7th to the 30th day and
at the end of the experiment the increases were 2.1 and 33.3 %, respectively,
(Fig. 2). Wardle and Parkinson?8 assumed that a most dramatic decrease in the
biomass carbon would occur immediately after pesticide application, when the
concentration of compound in the soil solution is highest. A number of authors
believe29-32 that biomass carbon later grows primarily due to the restored popu-
lations of live organisms which have adapted to the particular pesticide present in
the soil. Hence, a new biomass is formed which is metabolically very active and
participates in various biochemical processes in the soil. The biomass carbon is also
important for the rate of atrazine degradation in soil. Entry ef al.32 monitored the
relationship between the degradation rate of atrazine and the microbiological bio-
mass in young and old forests and detected an evident correlation, i.e., that atra-
zine degraded faster in the older forests with a higher microbiological biomass.
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Fig 2. Effect of atrazine on microbiological biomass carbon.

There have also been other reports on the activity of different pesticides in
relation to biomass carbon. For example, Perucci and Sacrponi!%-33 found that the
effect of rimsulfuron and imazethapyr on biomass carbon depended on the soil
moisture. Under reduced moisture, the harmful activity of rimsulfuron lasted 36 h
but as long as 72 h under high moisture. Similar findings were also reported by
Wardele and Parkinson,28 as well as by Rath,34 in their experiments investigating
2,4-D and glyphosate. Finally, Startton and Stewart3> recorded harmful effects of
glyphosate on soil biomass and respiration in Canadian coniferous forests, while
2.,4-D has no effect.

The effect of atrazine on soil respiration depended primarily on pesticide
concentration (Fig. 3). The respiration intensity ranged between 3.2 (80.0 mg/kg
soil, 1 and 7 days after application) and 6.2 pg CO»/g soil (40.0 mg/kg soil, 21
days after application). Under the highest concentration of atrazine (80.0 mg/kg
soil), the respiration was reduced 13.3-31.8 % from the 15t until the 215t day.
Between the 7th and 30th day, an increase in respiration (8.3-56.4 %) was
observed under the applied concentrations of 8.0 and 40.0 mg/kg soil. At the end
of the experiment (60 days after application), a significant decrease in respiration
was detected for all the investigated concentrations. All the found differences
were statistically significant (P < 0.01). Literature data show that atrazine, as
well as other pesticides, cause a significant inhibition of soil respiration.33 Some
authors36-38 found that herbicides from the group of substituted ureas increase
soil respiration intensity four weeks after application. The authors believe that
increased respiration intensity occurs due to increased activity of microorganisms
populating the soil that are able to use the available carbon from the atrazine mo-
lecules for their physiological needs. This assumption was later experimentally
confirmed by other authors as well.3 Wardle and Parkinson,28 Fleibach and Ma-
der,%0 and Harden2?? found that other pesticides, such as 2,4-D and benomyl, in-
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creased the intensity of respiration, while glyphosate and dinoseb had no effect
on the process. However, other researchers reported that butachlor, alachlor, me-
tolachlor and metribuzin reduced the intensity of this process.41-43
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Fig 3. Effect of atrazine on soil respiration.

The metabolic coefficient, g(CO,), is the ratio between soil respiration and
biomass carbon,4 and a high value indicates an unfavorable environmental fac-
tor (e.g., drought, soil cultivation, heavy metals, pesticides, ezc.).3? In this invest-
tigation, increased values of the metabolic coefficient were recorded on the 18t
(40.0 mg/kg soil), 7th (40.0 and 80.0 mg/kg soil), 15t (80.0 mg/kg soil), 215t (all
examined concentrations) and 30t (40.0 mg/kg soil) day of the experiment. Re-
duced coefficient values were recorded after the 15t (80.0 mg/kg soil) and 60th
day (all employed concentrations). All the detected differences were statistically
significant (P < 0.01 and P < 0.05) (Fig. 4).
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Fig 4. Metabolic coefficient variation under the effect of atrazine.
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Multiple increases (1.7-, 3- and 5-fold) in the values of the metabolic coeffi-
cient have been reported in experiments performed on acid soils,*> during drought#¢
or after pesticide treatments. Concerning heavy metals, high coefficient values
indicate a change in the energy flow in the basic metabolic processes, and that
more carbon is required for their normal continuation.#6 Wardle et al.?8 also found
high values of the g(CO5) coefficient 21 days after glyphosate and dinoseb treat-
ments. Higher levels of this coefficient have been recorded in dinoseb trials, which
were to be expected because the pesticide is more toxic than glyphosate. Jones
and Ananye39 found that propachlor caused no significant change in the coeffi-
cient, while it increased 20-25 % after metalaxyl application, depending on the
environmental conditions. Earlier research by these authors showed more harm-
ful effects of metalaxyl in dry than in moist soils, i.e., under conditions less favo-
rable for biosphere development. In the present experiments, increased values of
the coefficient ¢(CO,) were found from the 15t to the 30th day of the experiment,
primarily as a result of the harmful effect of atrazine. The time interval of high
q(COy) values coincided with the time of significant changes in dehydrogenase,
biomass carbon and intensity of respiration. Later (60 days after application), atra-
zine toxicity ceased, primarily due to its degradation, as well as to the restoration
of the populations of living organisms which had adjusted to the new conditions
and were able to utilize atrazine molecules as a source of available nutrients and
energy for their physiological processes.

CONCLUSIONS

Atrazine was found to cause different effects on the biochemical activity in
soil (i.e., dehydrogenase, biomass carbon, respiration and metabolic coefficient).
Its influence depended on the application load and duration of activity, and was
either stimulating or inhibitory. The impact of atrazine on dehydrogenase activity
was consistently negative for each herbicide concentration and depended on the
application load. Decreased activity of dehydrogenase under all atrazine concen-
trations was observed until the 30th day after application. A negative effect was
not detected at the end of the incubation period (60th day), when atrazine treated
and untreated soils showed similar dehydrogenase values. On the basis of the mi-
crobial biomass carbon, soil respiration and metabolic coefficient, non-consistent
positive or negative atrazine effects were observed and the effects persisted until
the 60th day.

The results suggest difficulties in using biochemical parameters as indicators
of the impact of atrazine on soil as different results were acquired depending on
the biochemical parameter examined, the application load and post-treatment time.
Of the examined parameters, dehydrogenase activity seemed to be the most use-
ful indicator of impact of atrazine on soil environment.

In conclusion, it should be noted that the investigated loadings were either
recommended or multiple doses and the observed changes were temporary in char-
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acter and intensity, which suggests that there is no real risk from atrazine of caus-
ing a disruption of the existing balance of soil biochemical processes.

U3BO
JEJIOBAIE ATPABMHA HA HEKA BUOXEMUJICKA CBOJCTBA IIPHUIIE

Jb. PAIUBOJEBWH, C. TAIIUR, Jb. LTAHTPUH u P. CTAHKOBUh-KAJIE3WhR
Hncimuimiym 3a feciiiuyude u 3auitiuiity xueoitine cpeoure, banaiticka 316, ii. tip. 163, 11080 Beozpao

VY pazgy je UCHMTHBaHO AENOBamke MecTUIXAA (arpa3Ha) Ha OMOXEMHjCKY aKTHBHOCT 3€M-
spumta. Oriie] je IoCTaBsbeH y 1ab0paTOPUjCKUM yCIOBUMA HA 3eMJBHIUTY THIA TIMHOBHUTA MIIO-
Bava. ATpa3uH je npuMemeH y konnunHama of 8,0, 40,0 u 80,0 mg/kg 3emspumita. [Ipahena je ak-
THBHOCT €H3HMa JIeXHIpOreHase, OmoMace yribeHrKa, pecrnupanyja (Iucame) 3eMJBHIITa Kao ¥ Me-
TabonuTHIKK KoeUIMjeHT. Y3opuu 3a aHanu3e y3umanu cy 1, 7, 14, 21, 30 u 60 maxa mocie
npuMeHe arpasuHa. J[oOujeHn pe3yaTaTH Cy IMOoKa3alld [a je JeloBamke aTpasiHa Ha OHOXEMHjCKY
aKTUBHOCT 3€MJBMILTA 3aBUCHJIO OJ] NPUMEHEHE KOJIMYMHE U JyKMHE JIeNOBama, T je y 3aBHC-
HOCTH O] Tora, OWJIO CTUMYJAaTUBHO WIM MHXUOMTOpHO. MebhyTum, yTBphene mpomene cy Oune
IIPOJIa3HOT KapakTepa, TaKo J1a MOXKe Jia Ce CMaTpa Jia HeMa peaHOI pU3MKa Off HapylllaBama paB-
HOTEXe OMOXEMH]CKHX IIPOLeca Y 3eMJBHINTY I10]] yTUIIAjeM OBOT jeIHHCHA.

(ITpumubeno 18. janyapa, pesuaupaso 11. maja 2008)
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