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Applications of Chlorothalonil
YUN LONG Yu,* MIN SHAN, HUA FANG, Xia0 WANG, AND XIAO QIANG CHU

Department of Plant Protection, College of Agriculture and Biotechnology, Zhejiang University,
Hangzhou 310029, People’s Republic of China

Introduction of anthropogenic chemicals into soil may have lasting effects on soil microbial activities
and thus soil health. This study was conducted with chlorothalonil to evaluate its effects on soil
bacterial, fungal, and actinomycete populations and soil enzymes (acid phosphatase, alkaline
phosphatase, urease, catalase, and invertase) after repeated applications. After the first addition of
chlorothalonil, the soil bacterial and actinomycete populations were significantly reduced, whereas
the population of soil fungi was unchanged. The most marked inhibition on soil microorganisms was
observed after the second pesticide addition. However, after initial variations, soil bacteria, fungi,
and actinomycetes adapted gradually to chlorothalonil, and the negative effects became transient
and weaker following the third and fourth treatments. The inhibitory effect of repeated chlorothalonil
applications on soil enzymes followed a similar trend to that on soil microorganisms. Repeated
chlorothalonil applications did not result in significant changes in its persistence. Three bacterial strains
capable of utilizing chlorothalonil as a sole source of carbon and energy for growth were isolated 21
days after the fourth treatment with chlorothalonil, which indicated that the capability of soil
microorganisms for degrading chlorothalonil was formed during the experiment.
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INTRODUCTION microorganisms and activities of soil enzymé&§,(11). Use of
chlorothalonil often involves multiple applications in the same
growing season or repeated treatments on an annual ba@3is (
Previous studies show that the rate of pesticide degradation is
often altered after repeated applications due to stimulating or
inhibitory effects brought upon by the pesticide on soil
microorganisms and biochemical reactio8,(13). Although
the effects of repeated chlorothalonil applications at a rate of
10 mg/kg on its degradation and total soil microorganisms were
investigated (1011), so far, little information is available on
the behavior of chlorothalonil in soil following repeated field
applications and the potential influences of such treatments on
soil microorganisms and enzymes.

The objectives of this study were to determine the behavior

The maintenance of soil quality, fertility, and structure is
essential for the protection of the biodiversity and integrity of
terrestrial ecosystems (1). Natural and artificial factors may
affect directly or indirectly microbial activities, the populations
of soil microorganisms, and soil enzyme activities. As agents
for the control of plant pathogens, fungicides are frequently
introduced into agricultural systems and the soil environment.
Like other pesticides, fungicides may not only interfere with
the biochemical and physiological reactions of the target plant
pathogens but also influence populations or activities of other
nontarget microorganisms in soil. Although many studies have
reported on the effects of pesticides on soil microorganisms and
soil enzymes (2—5), inconsistent trends or patterns are Oftenof chlorothalonil in soil and to evaluate the responses of soll
found (4,6). ) . o . microorganisms and enzymes to repeated applications. This

Chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile) is a widely - information will be useful for predicting the environmental fate
used fungicide for the control of foliar pathogens in agricultural ¢ this widely used fungicide from continuous use and for
systems, especially in the greenhouse production of vegetables,ngerstanding the potential adverse effects of intensive treat-
The residual behavior of chlorothalonil and its effects on soil ents with chlorothalonil on general soil microbial and bio-
microorganisms after a single application have been previously chemical properties.
investigated. The half-life of chlorothalonil in soil varies from
5 to 90 days, depending on the soil type (7—9). Chlorothalonil MATERIALS AND METHODS
residues have been shown to potentially influence soil bacterial

: ) Chemicals and Soil.Chlorothalonil (98.20%) was purchased from
and fungal populations9j and the total number of soil ( 0 P

the Institute for the Control of Agrochemicals, Ministry of Agriculture,
Beijing, China. Commercial formulation of chlorothalonil (75% active
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Surface soil (8-20 cm) was freshly collected from a vegetable field The invertase activity in soils was determined by salicylic acid
on the Agricultural Farm of Zhejiang University, Hangzhou, China and colorimetry. A 5.0 g aliquot of air-dried soil was mixed with 15 mL of
contained no detectable amount of chlorothalonil residues. The field 8% sucrose solution, 5 mL of phosphate buffer (pH 5.5), and 0.1 mL
for the collection of soil was used for an investigation about behaviors of toluene. After incubation for 24 h at 37C, the mixture was
of chlorpyrifos on vegetables in greenhouses from 2000 to 2005. It centrifuged (3000g, 5 min). One milliliter of the supernatant fraction
was only treated with organophosphorus insecticide chlorpyrifos and was mixed with 3.0 mL of 3,5-dinitrosalicylic acid, and then the
with no history of chlorothalonil. The collected soil was air-dried, passed production was measured colorimetrically at 508 nm.
through a 2 mnsieve, and then stored at room temperature for 48 h  The catalase activity in soils was measured by the Kivtitmetric
before use. The physicochemical properties of the soil were determinedmethod (19). A 2.0 g aliquot of air-dried soil was mixed with 40 mL
at the Institute of Environmental Resource and Soil Fertilizers, Zhejiang of distilled water and 5.0 mL of 0.3% 4@, solution and shaken for 20
Academy of Agricultural Sciences, Hangzhou, China, by using standard min on a rotary mixer at 150 rpm. The suspension was treated with 5
methods {4, 15). The soil was classified as silt loam, and its properties mL of 1.5 M H,SO, and then filtered. The residual .8, was
were as follows: sand, 21.5%; silt, 71.1%; clay, 7.4%; organic matter determined by titration with KMn@in the presence of 30,
content, 3.05%; water holding capacity (WHC), 39.4%; cationic  Determination of Chlorothalonil Residues in Soil.For the extrac-
exchange capacity (CEC), 10.6 cmol/kg; total nitrogen, 0.14%; and tion of chlorothalonil residues from soil, 10 g of soil was taken from
pH, 6.8. the microcosms and transferred to a 250 mL Erlenmeyer flask, followed

Soil Treatment. To determine the initial concentration of chlorotha- by the addition of 100 mL of acetone. The soil-solvent mixture was
lonil to be treated in the soil, chlorothalonil was once applied using shaken for 2 h at 200 rpm on a mechanical shaker, and the mixture
field samples at the rate of 4000 g/ha with a dose of 3 kg of active was filtered throug a 7 cmBuchner funnel. The filter cake was washed
ingredient per hectare, as the recommended dosage on the label fotwice with 40 mL of acetone. The filtrates were collected in a 250-mL
the control of vegetables. Chlorothalonil residues in soil were analyzed separatory funnel containing 50 mL of 2% sodium sulfate and then
2 h after the treatment. The mean value of chlorothalonil residues in a extracted three times with 40, 30, and 30 mL of petroleum ether (60
pakchoi Brassica Chinensik.) and a tomatol(ycopersicum esculen- 90 °C). All extracts were then passed through a layer of anhydrous
tum Mill.) vegetated soils was found to be 1.5 mg/kg. This value was sodium sulfate and collected in a flat-bottomed flask. The sample extract
used for chlorothalonil spiking in this study. About 1.5 kg of the air- was concentrated to about 2 mL on a rotary evaporator, angla 1
dried soil was placedni a 2 L flower pot and treated with a  aliquot was injected for GC analysis.
predetermined volume of the commercial chlorothalonil formulation A Shimadzu GC-9A (Shimadzu corporation, Japan) equipped with
following proper dilution with distilled water. The final soil water  an electron capture detector (ECD) was used for the GC analysis. A
content was adjusted to 60% of its water holding capacity, and the HP-5 glass capillary column (length 25 m, internal diameter 0.53 mm,
containers were covered with aluminum foil. Controls without chlo- and film thickness 5.um, Agilent Technologies) was used for the
rothalonil treatment were similarly prepared. Three replicates were separation. The operating temperatures were as follows: injection port,
prepared for the control and pesticide treatments. The soils were all 250 °C; column, 210°C; and detector, 250C. Nitrogen of 40 mL/
incubated at 25t 1 °C in the dark. Chlorothalonil was applied again  min was used as the carrier gas.
with the same dose 21, 42, and 63 days after the first treatment, |solation of Chlorothalonil-Degrading Strains. Soil samples before
respectively. At appropriate intervals following chlorothalonil treatment, - chjorothalonil treatment and after the fourth treatment of chlorothalonil
soil samples were removed for the measurement of microbial popula- yere diluted with 100 mL of sterilized water in a 250 mL Erlenmeyer
tions, enzyme activities, and residual chlorothalonil concentrations.  flask, respectively. A 1 mL aliquot of soil supernatants was used as an

Measurement of Soil Microbial Populations.Nutrient agar medium inoculant into a 100 mL Erlenmeyer flask containing 20 mL of sterile
(16) was used for the isolation and counting of soil bacteria. The mineral salts medium (MgS&VH,O, 0.40 g; FeS®7H,0, 0.002 g;
medium was composed of beef extract (3 g), peptone (5 g), agar (18 K,HPO,, 0.20 g; (NH),SQ,, 0.20 g; CaS@ 0.08 g; HO, 1000 mL;

g), and prepared in 1000 mL of distilled water at pH 7.0. For the and pH, 7.2) supplemented with 50 mg/L of chlorothalonil as the sole
isolation and counting of soil fungi, Czapek’s agar medium consisting source of carbon and energy. After incubation for 1 week &tGon

of NaNG; (2.0 g), KHPQ, (1.0 g), MgSQ7H0 (0.5 g), FeS@7H,0 a rotary shaker (150 rpm) and if it turned turbid, the culture was

(0.01 g), sucrose (30.0 g), KCI (0.5 g), and agar (18.0 g) in 100 mL of inoculated into 20 mL of sterile mineral salts medium with chlorotha-

distilled water at natural pH was used. The modified starch nitrate agar lonil (100 mg/L) and incubated for another 1 week under the same
medium, composed of NaCl (0.5 g), KN@1 g), KzHPQ, (0.5 g), conditions. The cultures were repetitively acclimated in sterile mineral
MgSQOs7H0 (0.5 g), FeS@7H;O (0.01 g), soluble starch (20.0 g),  salt medium with increasing concentrations of chlorothalonil, ranging
and agar (18.0 g) in 1000 mL of distilled water at pH 7.0 was used for from 100 to 200 mg/L. Subsequently, the cultures were cultivated onto
the isolation and counting of actinomycetes from soil. The number of |uria—Bertani (LB) plates (yeast extract, 5.0 g; peptone, 10.0 g; NaCl,
soil microorganisms was enumerated by the most-probable-numbers g g; distilled water, 1000 mL; and pH, 7.0) and incubated for 3 days
technique 17). The inoculated agar plates (three replications) were at 30°C. Chlorothalonil-degrading strains were isolated from colonies
incubated at 3@t 1 °C for 2 days for bacteria and fungi and 13 days formed on the plates.

for actinomycetes before the colonies were counted. Recoveries AssayFor the study on extraction efficiency of the

Measurement of Soil Enzyme ActivitiesActivities of urease, acid,  methods established, recovery analyses were conducted in the mineral
and alkaline phosphatase were assayed with the methods described byalts medium (20 mL) and soil (10 g) at spiking levels of 0.1, 1.0, and
Tabatabai et al. (18). Activities of invertase and catalase were assayed10.0 mg/kg of chlorothalonil. Extraction and analysis were performed
according to the procedures of Gudt®). Briefly, to measure urease in triplicate as described previously.
activity, fresh soil (5.0 g) was mixed with 5 mL of tri(hydroxymethyl)
aminomethane buffer solution, 0.2 mL of toluene, and 1 mL of urea
(0.2 M) in a 50 mL flask. After incubation at 37C for 2 h, 35 mL of
KCI-Ag.SO, was added to the mixture, and the volume was increased  Recovery Evaluation.Average recoveries of chlorothalonil
to 50 mL. The concentration of NFN was determined with titration  from the mineral salts medium at levels of 0.1, 1.0, and 10.0
by H.SOy (0.005 M) after distillation of the mixture with 0.2 g of MgO. mg/L were measured to be 94434.9, 104.6+ 4.5, and 99.6

For the measurement of acid and alkaline phosphatases activities, 3 74 the corresponding recoveries from soil at levels of 0.10,
1.9 g of fresh soil was mixed with 0.2 mL of toluene, 4 mL of modified 1.0, and 10.0 mg/kg were determined to be 88.8.7, 94.5+
universal buffers (MUB) of pH 6.5 and 11.0 respectively, and 1.0 mL o ivel he limi fd .
of p-nitrophenyl phosphate (0.025 M) and incubatedifd at 37°C. 4.9, and 1,08_'5: 9.2%, respectl\{e y. The limits of detection
After incubation, the mixture was mixed well with 1.0 mL of cacl ~ and quantitation for chlorothalonil were 0.001 and 0.01 mg/kg
(0.5 M) and 4.0 mL of NaOH (0.5 M) and then filtered through a filter ~ Of dry soil, respectively. These data indicated that the extraction
paper. The concentration gfnitrophenyl (PNP) in the filtrate was  procedure is efficient in extracting chlorothalonil residues from
determined colorimetrically at 402 nm. mineral salts medium and soil.

RESULTS AND DISCUSSION
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Figure 1. Degradation of chlorothalonil in soil after its repeated 0 2 4 B8 8 10 12 14 18
applications. Days after treatment

Figure 2. Degradation of chlorothalonil at a concentration of 10 mg/kg
by a isolated strain Y1 in pure culture medium in the dark under conditions
of pH 7.0, 30 °C with a rotary shaking of 150 rpm after inoculation (ODg;o
= 0.20).

Degradation of Chlorothalonil in Soil after Repeated
Applications. Figure 1 shows the disappearance of chlorotha-
lonil from the test soil. The dissipation kinetics was fitted to a
first-order decay model by linear regression analysis of the ™
logarithmic transformed concentrations against incubation time. Y1 for degrading chlorothalonil was demonstrated in pure
The half-life of chlorothalonil for the first treatment was culture Figure 2). While only 13.4% of the added chlorothalonil
estimated to be 5.7+ 0.33 days. Following subsequent was lost in the control treatment, about 67.9% of the spiked
applications of chlorothalonil, the degradation rate of chlorotha- chemical was degraded in the mineral salts medium after 14
lonil remained essentially unchanged, with the estimated first- days of incubation at 3@ 1 °C and pH 7.0 in the dark. These
order half-lives for the second, third, and fourth treatments as results indicated that some indigenous microorganisms became

5.8, 5.6, and 5.5 days, respectively. adapted to chlorothalonil after its repeated applications, even
Itis well-known that enhanced degradation of a pesticide may though statistically significant acceleration was not observed
occur after its repeated applicatiod8(20—29). In this study, in chlorothalonil degradation.

degradation of chlorothalonil in the soil was largely unaffected, = Responses of Microbial Populations to Repeated Chlo-
which was similar to that observed for metolachlor after repeated rothalonil Additions. The responses of soil microbes to the
applications (13). This observation was contradictory to Singh first and subsequent additions of chlorothalonil were investigated
et al. @0, 11), who found that degradation of chlorothalonil by monitoring the population sizes of soil bacteria, fungi, and
was inhibited by its repeated applications, with its half-life actinomycetes (Table 1). Most of soil microorganisms are not
extended from 8.6 to 21.5 days in one stutl§)(and from 12.3 culturable by the methods used in this study. However, these
to 20.9 days in another studgX). methods are classical approaches for the counting of solil
To explore the possible factors contributing to the difference microorganisms and used by many people to indicate potential
between our results and previous studies, the isolation of effects of pesticides (2).
indigenous microorganisms capable of degrading chlorothalonil ~ After the first addition of chlorothalonil, the populations of
was conducted before and after the experiment. No microbial soil bacteria and actinomycetes were significanBy< 0.05)
strain was isolated from the tested soil before chlorothalonil reduced by 37.4 and 59.4% on day 1 when compared to the
application. However, three bacterial strains utilizing chlorotha- untreated controlTable 1). The population of bacteria in the
lonil as the sole carbon and energy sources were isolated fromchlorothalonil treated soil remained significantly smaller than
the soil 21 days after the fourth treatment with chlorothalonil, that in the control soil 7 days after the treatment, and the
and one bacterial strain (Y1) was a rod-shaped bacterium andpopulation of soil actinomycetes was substantially inhibited 14
further used in a biodegradation experiment. The capability of days after the treatment. Thereafter, the populations of both

Table 1. Effects of Repeated Chlorothalonil Applications on Soil Microorganism Populations?

days after bacteria (107/g of dry soil) fungi (10%/g of dry soil) actinomycetes (10%/g of dry soil)
chlorothalonil addition treatment 0 mg/kg 1.5 mglkg 0 mg/kg 1.5 mglkg 0 mg/kg 1.5 mglkg
first addition at day 0 1 238+5.9a 149+5.3b 7.7+2.0a 52+04a 435+6.9a 17.7+6.4b
7 26.0 £3.5a 15.8+3.8b 76+19% 9.8+13a 40.0+7.2a 20.0£3.7b
14 269+7.7a 204 +3.8a 81+23a 95+34a 41.1+7.8a 26.4+7.1b
21 24.4 + 6.6a 30.1+0.3a 74+33a 8.6+3.1a 40.1+6.0a 40.1+6.5a
second addition at day 21 22 232+6.1a 9.1+3.6b 75+20a 45+ 15a 40.4+9.5a 184 +5.3b
28 225+ 7.4a 13.0+4.7b 75+3.5a 47+14a 40.8+6.7a 14.9 +5.0b
35 214+6.2a 20.6 £3.2a 81+22a 8.9+3.0a 39.4+99 3l1+6.7a
42 209+4.1a 21.0+3.7a 8.1+20a 9.0+32a 419+8.2a 42.0+7.5a
third addition at day 42 43 21.3+8.9a 16.0 £ 3.8a 7.6+3.5a 79+21la 413+ 7.6a 30.3+59a
49 205+ 3.4a 18.0+0.2a 7.6 +3.6a 9.4 +35a 411+74a 42.0 +10.0a
56 20.5+3.5a 20.6 + 3.6a 8.0+22a 10.1+14a 41.0+6.9a 39.2 +3.6a
63 227+7.1a 228+7.2a 80+21la 75+38a 39.2+9.2a 35.2+3.5a
fourth addition at day 63 64 228+3.8a 209+3.7a 81+22a 6.7+24a 415+ 7.6a 335+75a
70 224+99 20.7+7.9a 7.8+25a 8.2+23a 41.0+7.3a 47.9+9.0a
77 225+7.1a 22.7 +3.6a 7.8+26a 132+48b 42.8+9.8a 43.2+104a
84 20.2+3.8a 22.3+34a 79+22a 75+3.6a 443 +6.9a 44.6 +9.6a

a All values represent mean + SD of triplicate samples. Values in horizontal rows followed by the same letter are not statistically different (P < 0.05) as compared to
the controls.
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bacteria and actinomycetes recovered gradually and reachedg ¢ 240

similar levels to the controls after 21 days of incubation. In % S 235
comparison, soil fungi seemed to be more resistant to chlo- § 2o % %\{,— ,4£
rothalonil treatment. The average population of soil fungi £ 2 205
decreased by 29.9% on day 1, but the decrease was not::;‘gzzo [ :
statistically significant atv = 0.05. The overall population of %‘E 215 |
fungi even increased and exceeded the level found in the contro = > o100k a
soil after day 1. This observation was in agreement with previous< £ 't | I 1 1 , ]
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studies, in which the treatment of chlorothalonil also had an 5 = 75
insignificant effect on soil fungi or even the stimulated soil §§
fungal population (3031). § 2

The effect of a pesticide on soil microorganisms depends on £ e oL i é %: w:k%%

the properties of both the pesticide and soil, as well as the § g %Y}Qg
concentration of the pesticidé,6). Sigler and Turcog) found >
that both enhancement and inhibition could occur in soil %3 b
microbial community after a single chlorothalonil application. E a5 L1 . 1 . 1 . 1 . 1
A persistent inhibition on soil microbes was observed after 50

chlorothalonil application at a high rate of 10 mg/KpJ. In
this study, the concentration of chlorothalonil used (1.5 mg/ :
kg) was substantially lower than that in Singh et &0); which
may contribute to the quick recovery of the soil microbial
communities within 21 days, along with the disappearance of
chlorothalonil from the soil.
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and fungi were recovered to levels similar to those in the control 0.8
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soils. However, the population of actinomycetes remained ata ,__ s
relatively low level throughout the 14 day incubation and was :§§ N §/§\°/ F?kg;%ﬁ#%;
reduced by 63.5% on day 7 and recovered to the control level §§: o7 L Fourth additi
on day 21 (Table 1). 2g 7 lﬁfﬁ%"i?dmtmn lato say e

The adverse effects of the third and fourth chlorothalonil gi 08 I “tirst addition Third addition

applications on soil microorganisms were much smaller when - lat day O lat day 42 e
compared to the first two treatments. Following the third 05 Lt I 1 L ]

application, the populations of bacteria and actinomycetes were 0 20 40 60 80
24.9 and 26.6% smaller than those in the untreated controls on
day 1 after the pesticide treatment. The populations rapidly
recovered to the levels of the control soil on day 7 after the
third treatment. As compared to the control treatment, the

populations of soil fungi were consistently larger throughout sej with repeated applications was observad)( Tworkoski

the 21 day incubation period after the third chlorothalonil et a1, (35) reported accelerated degradation of diuron, simazine,
treatment. Essentially, no significant negative effect of the fourth and terbacil in soil after their annual applications from 1981 to

addition of chlorothalonil was observed for soil microorganisms. 1995 under field conditions. In this study, although apparent
The populations of soil bacteria, fungi, and actinomycetes mjcrobial adaptation occurred in the treated soil, the adaptation
quickly recovered to or exceeded the levels in the control. The did not lead to a quantifiable enhancement in the degradation
reductions observed for bacteria (8.3%), fungi (17.3%), and of chlorothalonil. However, it is likely that enhanced degradation

actinomycetes (19.3%) populations on day 1 after the fourth for chiorothalonil may become detectable after further applica-
treatment were transient and became undetectable thereaftefjons or at higher pesticide concentrations.

With repeated applications of a pesticide, soil microorganisms Responses of Soil Enzymes to Repeated Additions of
may become adapted to the chemical because of selectiveChlorothalonil. The effects of chlorothalonil treatment on the
pressures (3233). As evidence to the potential adaptation, activity of various soil enzymes are shown Figure 3.
several bacterial strains capable of utilizing chlorothalonil as Following the first addition of chlorothalonil, the activity of
the sole carbon and energy sources were isolated from the testedirease, catalase, and invertase was significamftly=(0.05)
soil following repeated pesticide treatments. The adaptation mayinhibited by 37.7, 13.9, and 34.2%, respectively, on day 1, and
have contributed to the observation that the third and fourth the activity did not recover to the levels of the control until
additions of chlorothalonil did not significantly decrease the day 21. However, no significant inhibitory effect was observed
overall populations of the different microbial communities. In for the activity of acid and alkaline phosphatases. In contrast
agreement with our results, enhanced herbicide degradation into our findings, a persistent negative effect of chlorothalonil

Days after treatment
—O—CK —@—chlorothalonil
Figure 3. Effects of repeated chlorothalonil applications on soil enzymes.
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on soil phosphatase was observed by Singh et 1], 11) (8) Nelson, E. B. Maximizing disease control with fungicide
following chlorothalonil treatment at a much higher concentra- applications: the basics of turfgrass fungicides, part two:
tion (10 mg/kg). The second pesticide treatment had no behavior in soil.Turfgrass Trends1996,5, 5-10.

significant negative effect on the activity of alkaline phosphatase (9) Sigler, W. V.; Turco, R. F. The impact of chlorothalonil
and invertase but caused significant inhibitions to the activity application on soil bacterial and fungal populations as assessed
of acid phoshpatase, urease, and catalase. The most pronounced by denaturing gradient gel electrophoresippl. Soil Ecol2002,
inhibitions of 7.2, 31.5, and 9.3% for acid phoshpatase, urease, 21, 107—-118.

and catalase were observed on day 14, 14, and 7 after the second(10) Singh, B. K.; Walker, A.; Wright, D. J. Persistence of chlorpy-
addition, respectively. Afterward, the activity of these three rifos, fenamiphos, chlorothalonil, and pendimethalin in soil and
enzymes recovered to the similar levels of untreated soils on their effects on soil microbial characteristiddull. Environ.
day 21. However, inhibitory effects, if any, after the third and Contam. Toxicol2002,69, 181—188.

fourth additions of chlorothalonil were negligible, and the (11) Singh, B. K.; Walker, A.; Wright, D. J. Degradation of
enzyme activity was even stimulated as compared to the control chlorpyrifos, fenamiphos, and chlorothalonil alone and in
for some enzyme groups, including acid phosphatase, alkaline combination and their effects on soil microbial activiBn:iron.

phosphatase, urease, and catalase after the third addition and Toxicol. Chem2002,21, 2600—2605.
alkaline phosphatase, urease, catalase, and invertase after thg12) Kwon, J. W.; Armbrust, K. L. Degradation of chlorothalonil in

fourth addition. irradiated water/sediment systends Agric. Food Chem2006,
The inhibition and stimulation patterns of chlorothalonil on 54, 3651—-3657.

the selected soil enzyme groups generally coincided with those (13) Sanyal, D.; Kulshrestha, G. Effects of repeated metolachlor

on soil microbial populations. Overall, significant inhibition of applications on its persistence in field soil and degradation

enzyme activity only occurred after the first or second pesticide kinetics in mixed microbial culturesBiol. Fertil. Soils 1999,

treatment, and when detectable, only to certain enzyme groups, 30, 124-131.

most noticeably urease, catalase, and acid phosphatase. Ever(14) Liu, G. S., EdPhysical and chemical analysis of soils and profile

when significant suppression occurred, the level of enzyme description (in Chinese); China Standard Publishing House:

activity was consistently restored to the initial level within 21 Beijing, 1996; pp 266.

days. The recovery of soil enzyme activities may be partially (15) Institute of Soil Science, Academia Sinicgoil physical and

attributed to the fact that as chlorothalonil was degraded in soil, chemical analysi¢in Chinese); Shanghai Science and Technol-

the adverse effects of chlorothalonil on soil microorganisms and ogy Press: Shanghai, 1979; pp 593.

biochemical reactivity (e.g., effects on microbial protein syn- (16) Society of American Bacteriologistdanual of methods for pure

thesis systems) gradually disappear&8)( The recovery of culture of bacteria; McGraw-Hill: New York, 1951.

enzyme activities may be also a result of microbial adaptation (17) Nanjing Institute of Soil, Chinese Academy of ScienBeil

to the anthropogenic chemical. microorganism research methgd$cience Press: Beijing,
In conclusion, results from this study indicated that soil 1985.

microorganisms and enzymes were only affected by the first (18) Tabatabai, M. A. Soil enzymes. Methods of Soil Analysis,

one or two applications of chlorothalonil at a field relevant Part 2. Microbiological and Biochemical Propertieg/eewer,

application rate. Additional applications of chlorothalonil at the R. M., Angle, S., Bottomley, P., Bezdicek, D., Smith, S.,

same rate did not inhibit the overall population densities of soil Tabatabai, A., Wollum, A., Eds.; Soil Science Society of
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