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Summary

Effects of Benomyl and Thiram on the soil microflora and some soil inhabitant fungi
were studied using the soil (sandy loam) of the experimental field, Okayama University.
Under field conditions, heavy application of Benomyl did not affect significantly the soil
microflora. Thiram, however, reduced the fungal population in soil to 1/6 at the next
day of treatment, but recovered to the normal level after 6 days. Under laboratory
conditions, both fungicides did not affect soil microflora. Population of Benomyl-to
lerant fungi was about 1/10 of the total fungi and increased slightly in the field soil by
treatment with Benomyl at the later stage of experiment during June to October.
Neither Thiram-tolerant fungus nor bacterium was found in both Thiram-treated and
non-treated soils. A fungus highly tolerant to Benomyl was isolated and identified as
Aspergillus versicolor, and found to not have the metabolic activity to degrade BCM.
The absorption of BCM by the mycelia of this tolerant fungus, A. versicolor, was
less than half of the BCM-sensitive one, such as Cladosporium harbarum.

Introduction

One of the most serious problems in modern agriculture is believed to be harmful
side effects of pesticides on living organisms and their environments. Some pesticides
are known to reside on food materials and in soil. The other alters the microflora of
soil. For example, repeated application of an organochlorine fungicide, Daconil,
increased the population of fungi tolerant to the fungicide®.

Benomyl, the most widely used fungicide, was reported by Raynal and Ferrari®,
Hofer et al.? that it did not disturb the microflora in soil under the normal condition
encountered in agriculture. However, Gowda and Patil® found that Benomyl application
increased the bacterial population in Bangalore sandy soil during the last two weeks
of a 4-week-incubation period. According to Mazur®?, Benomyl, Dyrene and Maneb
reduced nitrification rates when incorporatad in soil. Thus, the data hitherto obtained
seems to be somewhat diverse, and this difference may be resuited from the difference
of experimental conditions.

In this experiments, the effect of Benomyl on soil microflora was examined under
natural and constant laboratory conditions. In addition, the uptake and the degradation
of Benomyl by Benomyl-sensitive and tolerant fungi were compared to know the
mechanism of Benomyl-tolerance.

The effect of Thiram on microflora in soil was also studied.
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Materials and Methods

Soil

Soil (sandy loam) of the experimental field of Okayama University was used throughout

this study after sifted out a 50-mesh sieve.

Fungicides

Benomyl : (1) Authentic sample of Benomyl supplied by Okayvama Agricultural
Experiment Station was used for the study on the metabolic degradation by tolerant
fungus. Pure BCM was supplied by prof. T. Kondo of Kyushu University.

(2) Benlate wettable powder (50%) was used for the studies of the effect on soil
microflora. According to our examination, almost all the active ingredient of- this
wettable powder was benzimidazole- 2 -carbamic acid methyl ester (BCM).

Thiram : Sankyo Thiuram 80 was used throughout this study.
Treatment of soil with Benomyl and T hivam under field conditions

Three holes of 1 X 1> 0.2m were made in the experimental field of Okayama
University, covered with plastic sheets, and soils were put in them. One of which was
sprayed 3 times with the water suspension of Benlate wettable powder (20g BCM in
2,000 ml of water), The other one was sprayed 3 times with the water suspension of
Sankyo Thiuram 80 (20 g pure Thiram in 2, 000 ml of water). The remaining one was
sprayed with water as a control. The sprayings were performed every 7 day. These soils
were left under field conditions during June to October,

Treatment of soil with fungicides under the counstant laboratory conditions

Thirty grams of soil were put into 500 mi-shake flasks and 9 ml of water suspension
of Benlate wettable powder (3 mg pure BCM) were poured in it, The other soil
samples were poured with the same concentration of Thiram, The control soil was
poured with Sml of distilled water, These samples were kept in the incubator at 22°C,
Cultivation, and Calculation of microovganisms in soil samples

Thirty grams of soil samples were agitated with 270 ml of sterilized water at 22°C
for 10 min, on a rotary shaker, 1 ml of the supernatant was diluted with 1, 000 mi
of sterilized water, and subjected for the cultivation of fungi. That is, 0.2 ml of the
1,000 times diluent of soil extract was mixed with 15 ml of Martin’s medium (1%
glucose, 0.595 peptone, 0.1% KHyPO4 0.05% MgSO; -7H0, and 2% agar)
containing 30 ppm of streptomycin and rose bengal at 45°C in a petri~dish, and
incubated at 22°C for 7days,

For cultivation of bacteria, 0.2 ml of 1,000, 000 times diluent of soil extract was
mixed with 15 ml of beaf extract agar medium at 45°C and incubated at 22°C for 3 days,

The number of fungal or bacterial colonies developed were counted and their populations
were expresed as the number per g of soil (dry weight) .

The number of BCM-tolerant or Thiram-tolerant fungi was assessed by counting
colonies which developed on the Martin’s medium containing 100 ppm of BCM or
Thiram. The tolerant dacteria to these fungicides were estimated as the same manner
as above.

Quantitative analysis of vesidual BCM in soil

Fifty grams of soil were put into many 300 ml-Erlenmeyer flasks. The half of which
was sterilized by autoclaving and the remaining half was left unsterilized, Then,
Benlate wettable powder was added into each flask to give a final concentration of
100 ppm and incubated at 22°C. These soil samples were extracted 0, 1, 3, 5, 7, and
9 weeks after incubation with a solvent mixture of methanol : ethylacetate=1 :1 (v/v)
and the extracts were concentrated under reduced pressure to dryness. The residues
were dissolved into 5 ml of ethanol, 50 ul of each were spotted quantitatively on TLC
plate of Silica Gel-GFa54 (Merck) and developed with a solvent system of chloroform

tethanol=19: 1 (v/v). After drying, the plate was searched for BCM under UV
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light, The silica gel which correspond to the Rf value of BCM was scratched and
BCM was eluted with 5 ml of ethanol, The concentration of BCM was determined
spectrophotometrically by measuring absorbance at 280 nm, pure BCM as a standard,
Isolation and identification of Benomyl (BCM)-tolerant fumgus

A BCM-tolerant fungus was isolated from a colony which developed on the Martin’s
medium containing 100 ppm of BCM, This fungus was cultured on Czapek agar
medium and identified according to the method of Thom and Raper®,

Absorption of BCM by sensitive and tolervant fungi .

Aspergillus versicolor, the BCM-tolerant fungus, and Cladosporium harbarum,
sensitive fungus, were cultured in modified Czapek liquid medium® at 22°C for 5 days
on a rotary shaker, The mycelia were collected on a Biichner funnel by filtration,
and 25g (wet weight) of each fungal mat were added into shake flasks containing
100 ml of 4 ppm solution of BCM, Shake flasks were shaked on a rotary shaker at
22°C. Five ml of filtrate were collected at 30, 60, and 120 min, after treatment, the
remaining BCM was extracted with 5ml of ethy! acetate and analyzed gquantitatively
by the method as descrived above,

The amount of BCM absorbed by fungal mycelia was calculated and expressed as
pg/g dry weight of mycelia,

Svrvay of Benomyi-metabolite in mycelia and culture filtrate of tolerant fungus

Aspergillus versicolor, the BCM-tolerant fungus was cultured in the modified
Czapek liquid medium at 22°C for5days, then 100 ug of pure Benomyl was added
into each flasks, and continued to culture, The fungal mycelia were separated from
the filtrate by filtration at 1, 3, 5, 7, and 9 days after treatment,

The mycelia were homogenized with 20 ml of water, 20ml of ethyl acetate and
glass-beads by Vertis homogenizer for 10 min, The homogenate was filtered through
‘Biichner funnel with Hyflo-super-cel and the ethyl acetate phase of the filtrate was
concentrated to dryness. The residue was dissolved in 2ml of ethanol, and chromato-
graphed by TLC as described above. After drying, the plate was searched for metabolite
of Benomyl under UV light,

The amount of BCM was also determined by the method described above,

Results

Effect of fungicides on soil microfiora
1). Effect under field conditions

As shown in Fig, 1, the population of soil inhabitant fungi was not affected
seriously by heavy treatment with BCM under field conditions, Total number of soil
fungi reduced to about 1/6 at next day after the last treatment with Thiram. The
population, however, recovered to the normal (untreated) level at 7th day.

The population of BCM-tolerant fungi seemed to increased slightly at later stage
of experiment by treatment with BCM, No Thiram-tolerant fungi could be found
in both Thiram-treated and non-treated soil during 121 days of experiment,

The hacterial population in soil was not affected significantly by treatment with
BCM and also with Thiram (Fig. 2).

2). Effect under laboratory conditions

Incubation of soil with fungicides, BCM or Thiram in laboratory condition did not
affect the total number of soil inhabitant fungi (Fig. 3). The number of BCM-tolerant
fungi was less than 1/10 of the total number of fungi, and the treatment with BCM
did not affect significantly the number of tolerant fungi in the soil (Fig. 3). No
Thiram-tolerant fungus was found in all the sojil samples tested as well as the
experiment under the field conditions.

The population of bacteria in soil was not affected significantly by the treatment with
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Fig. 1. Effect of fungicides on the population of soil fungi under field conditions

both fungicides, Number of BCM-tolerant bacteria developed on the BCM-containing
medium (100 ppm) was almost the same as the number that developed on BCM-free
medium, suggesting that BCM has no antibacterial activity, Thiram-tolerant bacteria
however, did not found in both Thiram-treated and non-treated soil.
Recovery of BCM from stervilized and unsterilized soil
Results of quantitative analysis of residual BCM in sterilized and unsterilized soil
were shown in Fig. 4. As seen in the Figure, added BCM did not decrease in sterilized
soil, but decreased rapidly in unsterilized soil, This indicates that the decrease of BCM
in unsterilized soil is dependent on the metabolic activity of soil microorganisms.
Mechanism on BCM-tolervance of Aspergillus versicolor
1). Isolation and identification of BCM-tolerant fungus
A fungus which grew on the medium containing 100 ppm of BCM was isolated as
the BCM-tolerant fungus. This fungus was quite tolerant showing good growth on
the media containing 1, 000 ppm of BCM.
The natures of the tolerant fungus on Czapek agar medium was as follows :
Vegetative mycelium------ septate, colorless
Conidiophore +--c-eeeeremeees enlarging upward and bearing sterigmata,
smooth wall, not colored
Sterigmata ..................... two sereis

]
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Conidial head «------------- globose, not cylindrical-clavate
Perithecia -----eevvemeeeneenn not produced
Color of colony ---e-eeeveee white, but gave greenish coior at

some stage of development
Conidial area of colony---dull green or tan

According to the systematic classification method of Thom and Raper®, the above
properties coincided with those of Aspergillus versicolor group,

2). Survay of degradation product of Benomyl in culture of tolevant fungus

One of the most important causes of tolerance of some microorganisms to some
toxicants is the detoxication mechanism due to the metabolic activity of the microor-
ganisms,

To know whether the BCM-tolerant fungus, A. wversicolor, has the detoxication
mechanism or not, we searched the degradation products of added authentic Benomyl
in the culture of this fungus. However, no compound other thun Benomyl and BCM
was found by thin layer chromatography of the extracts from both fungal mycelia
and culture filtrate, The sum total of the amount of Benomyl and BCM in culture
filtrate and in fungal mycelia did not change during 7 days of culture.

These results indicated that the tolerance of this fungus to Benomy! does not depend
on the metabolic degradation of this fungicide,

3). Absorption of BCM by sensitive and tolant fungi

The difference in absorption of BCM by sensitive and tolerant fungi were examined,

As shown in Fig. 5, the sensitive fungus, Cladosporium harbarum took up BCM twice
as much compared to the tolerant fungus, A. versicolor. The maximum absorption
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occred within the first 30 min, after addition of BCM, and then, reached plateau in
both sensitive and tolerant fungi, ’

Discussion

The effect of pesticides on the metabolic activities of soil, such as respiration,
nitrification and so on, has been studied by many workers tc know indirectly the
effect on soil microorganisms, These reports indicete that some pesticides, especially
organochlorine compounds inhibit these metapolic activity regardless of the kind of
pesticides, The inhibition, however, appears at very much higher concentrations than
used in the field®,

Recently, many reports regarding the direct effect of pesticides on soil microflora
have deen appeared, and indicated that some pesticides affect significantly to the
microflora. For example, the fungal populations were 40-75 &5 less in Captan-treated soil
than those in non-treated soil at 44 th day, but the bacterial populations increased®,
The effects, however, were known to be variable depending on the environmental
conditions, such as kinds of soil, temperature, pH, huwmidity and the kind of soil
microorganisms,

Our experimental resuits of the present reports indicated that Benomyl and Thiram,
the most widely used agricultural fungicides, did not affect seriously the soil microflora
of the experimental field of Okayama University (sandy loam), as have been reported
by several workers®™®, Thiram reduced the fugal population in the soil to about
1/6 at the next day of the last treatment, but recovered to the level in non-treated

soil after 6 days,
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The largest reason why these active fungicides showed little or no effect on soil
microflora might be due to the buffer action of soil particles, since 100 ppm of
Thiram inhibit completely the growth of soil microorganisms in vitro but not in soil,

Soil microorganisms were known to play a key role in the breakdown of residual
pesticides, Our results also indicated that BCM was degraded by microorganisms in
soil because autoclaving of the soil inhibited completely the degradation of this fungicide,
Therefore, we searched the tolerant microorganism to BCM and studied to know
whether the tolerant one has the metabolic activity to degrade BCM. A highly tolerant
fungus to BCM, A.versicolor, however, did not show any activity to decompose
BCM. One of the tolerant mechanisms of this fungus seemed to be due to the low
absorption ability to this fungicide,
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