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The Effect of a herbicide Zark D51 (ZD, 4.5% daimuron and 0.51% bensulfuron methyl) powder and a
fungicide Fuji-One Moncut (MC, 12.0% isoprothiolane and 7.0% flutolanil) powder on microbial communities
in a paddy soil was examined in laboratory experiments using Biolog GN plates. ZD had little effect on the
soil microbial communities at the recommended and 50 times the recommended rate. MC showed no signifi-
cant effect at the recommended rate, however, the 50-fold application caused changes in the microbial commu-
nities for at least four weeks although the activity to utilize carbon as substrate determined by color
development in the Biolog plate had recovered by that time. For assessing the significance of the change in mi-
crobial communities, the magnitude of the change caused by MC was compared with that caused by soil flood-
ing which had been shown to be the most influential environmental parameter acting on the microbial
communities in paddy soils. At one week after the application of 10 times the recommended dose of MC, the
microbial communities could be differentiated by the soil flooding, but not the application of MC. On the other
hand, at four weeks after the application, the microbial communities could be distinctly separated by the MC
application beyond the magnitude caused by the flooding. A reasonable approach is proposed for assessing the
effects of pesticide on soil microbial communities.
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INTRODUCTION

Assessing the side-effects of pesticides on soil microbial
ecosystems is important to maintain soil fertility and to pre-
vent critical damage to agricultural ecosystems."” As soil
microbial parameters, such as microbial population,
biomass, activity, and community structure, could be af-
fected by natural stresses and fluctuate in the environment,
the side-effects caused by pesticides should be evaluated by
comparing them with those caused by natural stresses.” For
this purpose, we monitored the range of natural fluctuations
in soil microbial populations, biomass, activities, and com-
munity structures in rice paddy fields to establish criteria to
be used as a reference for risk assessment of pesticides in
soil microbial ecosystems.*™

In our previous study,” natural fluctuations of soil micro-
bial communities in two rice paddy fields were monitored
using Biolog GN plates for almost two years, and it was re-
vealed that the communities were grouped into three clus-

* To whom correspondence should be addressed.
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ters based on the season, and that the same microbial com-
munities were reestablished in the same season for two suc-
cessive years in both soils. Reductive soil conditions and
low soil temperature seemed to be influential in the estab-
lishment of the microbial communities. Based on the infor-
mation obtained from the study, we proposed that the
deviation from the natural fluctuations in the microbial com-
munities caused by the pesticides should be considered sig-
nificant.

In this study, laboratory experiments were carried out to
evaluate the effect of pesticides on microbial communities
in a rice paddy soil. The magnitude of the effects caused by
the pesticides was compared with that caused by soil flood-
ing, which was the most influential stress on the soil micro-
bial communities in rice paddy fields.”

MATERIALS AND METHODS

1. Soil Sample

Soil samples used were collected from a paddy field in
Matsue, Shimane prefecture, Japan, where neither pesticides
nor chemical fertilizers had been used for more than 7
years.” The surface layer (0-2 cm) of the paddy soil was
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passed through a 2 mm sieve, then supplemented with dis-
tilled water to achieve a final water content of 50—-60%, if
necessary, and used for the experiment. The physico-
chemical characteristics of the soil were presented in a pre-
vious paper.”

2. Pesticide Treatment and Incubation of Soil Sample

A formulation of herbicide, Zark D51 powder (ZD), con-
taining 4.5% daimuron [1-(a,a-dimethylbenzyl)-3-p-tolyl-
urea] and 0.51% bensulfuron-methyl [methyl a-(4,6-dime-
thoxypyrimidin-2-ylcarbamoylsulfamoyl)-o-toluate], and a
formulation of fungicide, Fuji-One Moncut powder (MC),
containing 12.0% isoprothiolane (diisopropyl 1,3-dithiolan-
2-ylidenemalonate) and 7.0% flutolanil («,a,a-trifluoro-3’-
isopropoxy-o-toluanilide) were used as pesticides. Twenty
grams of soil slurry was taken in a 50 ml of glass vial, and
10 ml of distilled water was added to give a 20 mm layer of
water on a 10 mm layer of soil. The recommended applica-
tion rate, and 10, and 50 times the recommended rate of the
pesticide formulations, which were determined based on the
soil surface area in the vial, were added and mixed thor-
oughly with the soil. The actual amounts of the applied ZD
and MC were 0.86 mg and 3.4 mg per vial, respectively, for
the recommended application rate. Control samples without
the application of pesticide were also prepared in the same
way. Unflooded conditions were also prepared for some ex-
periments without the addition of distilled water. The glass
vial was covered with an aluminum foil sheet, and incubated
at 25°C in darkness for four weeks. The accumulation of
ferrous ion was observed under flooded conditions during
the incubation period but not under unflooded conditions.
Water was added periodically during the incubation period
to compensate for evaporation. Each sample was prepared
in duplicate.

3. Biolog Patterns and Carbon Substrate Utilizing Activity
of Soil Microbial Communities

At one and four weeks after the pesticide treatment, the
whole soil sample in one vial was taken and mixed with 170
ml of sterile distilled water to make 10-fold serial dilutions.
From the 107 dilution, 150 ul aliquots were inoculated into
each well of a GN type Biolog plate (Biolog Inc., CA), and
incubated at 25°C for 4 days. Three plates were used for
each sample. Color development in microplate wells was
analyzed by measuring Ao with a microplate reader (Wako
model SPEDCTRA 1, Osaka, Japan) every 6-24 hr after the
inoculation.

Average well color development (AWCD) [Z(C-R)/95,
where C and R are absorbance vatues for wells with and
without a sole carbon source, respectively] and positive well
numbers [(C-R)>0.1] were determined, and patterns of
positive wells in the Biolog plates were grouped by cluster
analysis (Ward linkage using squared Euclidean distance),
using the SPSS for Windows software (ver. 7.5.1.0, SPSS
Inc., IL, USA) according to a procedure described

previously.” Biolog data at the time when almost half of the
wells in each plate were positive were used for statistical
analyses to avoid comparisons among plates in which the
most and/or least number of wells were positive.

RESULTS AND DISCUSSION

Effect of Zark D51 and Fuji-One Moncut Powders on Soil
Microbial Communities

Dendrograms of the Biolog patterns of soil microbial
communities treated with and without ZD at the recom-
mended dose and 50 times the application rate are shown in
Fig. 1. No apparent differences between the control and ZD
treatment at both rates and at one and four weeks after the
herbicide treatment were observed. These results indicate
that ZD had little effect on the soil microbial communities
that are responsible for the Biolog color formation.

Dendrograms of the Biolog patterns of soil microbial
communities treated with and without MC at the recom-
mended and 50 times the recommended rate are shown in
Fig. 2. At the recommended dose, the Biolog patterns be-
tween the control and MC-treated soil microbial communi-
ties could not be distinguished, however, at 50 times the
application rate, the patterns were distinctly different be-
tween control and MC-treated soil microbial communities.
These results indicate that MC had little effect on the soil
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Fig. 1. Dendrograms of the Biolog patterns for microbial com-
munities in paddy soils left untreated or treated with Zark D51
powder formulate.

(a) and (b), at one week after application of the herbicide at the
recommended and 50 times the recommended rate, respectively;
(c) and (d), at four weeks after the application at the recom-
mended and 50 times the recommended rate, respectively.
Hierarchial cluster analysis was conducted by the Ward linkage
method using squared Euclidean distance. Labels are as follows;
Z, Zark D51 treatment; C, control; figures indicate duplicate
samples, and three Biolog plates were used for each sample.
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Fig. 2. Dendrograms of the Biolog patterns for microbial com-
munities in paddy soils left untreated or treated with Fugi-One
Moncut powder formulate.

(a) and (b), at one week after application of the fungicide at the
recommended and 50 times the recommended rate, respectively;
(c) and (d), at four weeks after the application at the recom-
mended and 50 times the recommended rate, respectively.
Hierarchial cluster analysis was conducted by the Ward linkage
method using squared Euclidean distance. Labels are as follows;
M, Fugi-One Moncut treatment; C, control; figures indicate du-
plicate samples, and three Biolog plates were used for each sam-
ple.

microbial communities at the recommended rate, but at 50
times this dose caused changes in soil microbial communi-
ties for at least four weeks.
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As one of the parameters of microbial activity, carbon
substrate utilizing activity in the Biolog plate was compared
between the control and pesticide-treated soil samples.
Changes in AWCD and positive well numbers during incu-
bation of the Biolog plates are shown in Fig. 3. As in the
case of Biolog patterns, no significant difference from the
control was observed in ZD-treated and MC-treated soil
samples (data not shown). At 50 times the application rate
of MC, the level of activity was depressed at one week after
the treatment, but the depression was not observed at four
weeks. These results indicate that MC changed the soil mi-
crobial communities and depressed the activity at first, and
then the activity recovered thereafter, but the microbial
communities were still different from that of control.

Comparison of the Effects of Fuji-One Moncut Powder and
Soil Flooding on Soil Microbial Communities

Significant changes in the Biolog patterns were observed
on treatment with 50 times the recommended dose of MC.
For assessing the significance of the changes in microbial
communities, the magnitude of the change caused by MC
should be compared with that caused by environmental pa-
rameters. If the magnitude of the change caused by MC is
smaller than that caused by environmental parameters, the
adverse effect of MC should be evaluated as insignificant
because such changes usually take place in the field due to
environmental stress. In our previous study, it was demon-
strated that the flooding of paddy soil is one of the most sig-
nificant parameters causing changes in the soil microbial
communities determined by the Biolog method.” Bossio
and Scow also reported about different soil microbial com-
munities in flooded and unflooded fields determined using
phospholipid fatty acid profiles and carbon substrate utiliza-
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Fig. 3. Changes in average well color development (AWCD) and positive well number for microbial communities in paddy soils treated
with Fugi-One Moncut powder formulate at 50 times the recommended rate.
(a) and (b), at one week after application of the fungicide; (c) and (d), at four weeks after the application of the fungicide. ® and O, con-

trol; @ and [, treatment of Fugi-One Moncut powder.
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Fig. 4. Dendrograms of the Biolog patterns for microbial com-
munities in paddy soils treated with Fugi-One Moncut powder
formulate at 10 times the recommended rate.

(a) and (b), at one and four weeks after application of the fungi-
cide, respectively. Hierarchial cluster analysis was conducted by
the Ward linkage method using squared Euclidean distance.
Labels are as follows; U, unflooded conditions; F, flooded condi-
tions; M, Fugi-One Moncut treatment; C, control; figures indi-
cate duplicate samples, and three Biolog plates were used for
each sample.

tion patterns.” Therefore, the magnitude of the change in
soil microbial communities caused by MC was compared
with that caused by soil flooding. In this experiment, ten
times the recommended dose of MC was applied.

As shown in Fig. 4 (a), the Biolog patterns of microbial
communities at one week after MC treatment were mostly
different between the flooded and unflooded soil samples
regardless of the treatment. The results indicate that the
characteristics of the microbial communities werz deter-
mined mainly by flooding of the soil, not by the application
of MC.

On the other hand, at four weeks after the application, the
microbial communities of the unflooded soil samples treated
with MC were distinctly different from the other samples, as
were those of flooded samples treated with MC (Fig. 4(b)).
The untreated soil samples formed one cluster without the
separation of flooded and unflooded soil samples. The re-
sults indicate that the treatment with MC caused changes in
the microbial communities beyond the magnitude caused by
the soil flooding. This means that such changes caused by
MC are unlikely to occur under normal environmental con-
ditions in the paddy soil.

Microorganisms play an important role in soil ecosys-
tems, especially in nutrient cycles. Many studies have been
conducted regarding the side-effects of pesticides on soil
microbial populations, biomass and functions."”  Soil mi-
crobial flora has been also considered to be an important

parameter for characterizing soil microbial ecosystems.”
The Biolog method has been applied to many environmental
samples to differentiate microbial communities." "
Changes in soil microbial communities caused by
herbicides™'” and fumigants''® have been determined by
the Biolog method, however, the level of significance of dif-
ferences is a subject of concern. From an ecological point
of view, the magnitude and duration of the effects of pesti-
cides should be considered by comparing with those caused
by natural stresses.” In this regard, we could detect changes
in microbial communities even after the carbon source utili-
zation activity was recovered, and could evaluate the sig-
nificance of the changes by comparing the magnitude of that
caused by the soil flooding which was the most influential
environmental parameter acting on the microbial communi-
ties. As shown in this study, reasonable approaches are nec-
essary for assessing the effects of pesticides on soil
microbial ecosystems.
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