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Summary

The Behavior and Physiological Actions of the Fungicide
Chlorothalonil in Upland Soil

Yukihiro YaMAMOTO

The present study was undertaken in order to clarify the behavior and physiological actions of
chlorothalonil (tetrachloroisophthalonitrile, a major fungicide in Japan) in upland soil. In addition, the
physico-chemical and physiological properties of chlorothalonil were compared with those of other

chemicals as controls.

1. Measurement of chlorothalonil leaching using the pan lysimeter method on a sandy upland field

The extent of chlorothalonil leaching was measured by using the pan lysimeter method on a sandy
upland field. A collecting pan (30x30 cm) in the lysimeter was installed into the soil profile
horizontally at 50 cm below the soil surface. The total volume of leachate and its ratio to the total
rainfall during the monitoring period (125 days) were 608.2 mm and 65 %, respectively. The test
chemicals were chlorothalonil, simazine, diazinon, metolachlor, dimethoate and Cl" as a tracer.
Chlorothalonil, diazinon and metolachlor were not detected in the leachate. The maximum
concentrations of dimethoate and simazine were 18.4 ppb and 1.0 ppb, respectively. During the
monitoring period, the total mass of pesticide leaching and its ratio to the application rate for
dimethoate were 2.99 mg/mi and 3.5 %, respectively. The corresponding values for simazine were
0.33 mg/ni and 0.4 %, respectively.

2. Carbon isotope fractionation during chlorothalonil dissipation in an upland soil
A change in the standing of the §°C value of a pesticide during its dissipation in an upland soil
was investigated. Chlorothalonil as a test chemical was added to the soil (light-colored Andosol) and
incubated at 30 °C in the dark. The §°C value of chlorothalonil in the soil increased from -26.5 to
-22.5 %o during the incubation period of 70 days. The enrichment factor in this study was -2.6 %e.
These results suggest the occurrence of carbon isotope fractionation during the dissipation of

chlorothalonil in the soil environment.

3. Inhibition of soil ammonia oxidation by a fungicide, chlorothalonil

We investigated the mechanisms by which soil ammonia oxidation is inhibited by chlorothalenil, as
well as the degrees of inhibition. Chlorothalenil, thiram, triflumizole, tolclofos-methyl, iprodione,
flutolanil, hexaconazole, isoprothiolane, benomyl, and metalaxyl (50 mg kg") were applied to the soil
(light-colored Andosol) in combination with ammonium sulfate (200 mg N kg"). Chlorothalonil and
thiram strongly inhibited soil ammonia oxidation among the fungicides tested. The duration of the
inhibition induced by chlorothalonil was longer than that induced by a nitrification inhibitor,
dicyandiamide. The activity of the inhibition of soil ammonia oxidation by chlorothalonil depended on
its application rate. The inhibitory activity of 4-hydroxy-2,5,6-trichloroisophthalonitrile (TPN-OH), a
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major metabolite of chlorothalonil in upland soils, was lower than those of chlorothalonil and
dicyandiamide. The activity of tetrachloroterephthalonitrile (TTPN), an isomer of chlorothalonil, was
lower than that of chlorothalonil. Isophthalonitrile (IPN), terephthalonitrile (TePN), phthalonitrile
(PN), benzonitrile (BN), and 1,2,3,5-tetrachlorobenzene (TCB) did not inhibit soil ammonia oxidation.
Chlorothalonil (100 mg kg") and chloramphenicol (500 mg kg") were added to soil in which
ammonium-oxidizing bacteria had been accumulated by repeated application of ammonium sulfate.
Both chemicals inhibited soil ammonia oxidation. The number of ammonium-oxidizing bacteria in the
chlorothalonil-treated soil decreased from 10 g' to 10° g" or less for 14 days, while the number of
those in the chloramphenicol-treated soil was maintained at 10' g* for 21 days. These results suggest
that chlorothalonil inhibits soil ammonia oxidation by acting on ammonium-oxidizing bacteria
lethally, that both nitrile and chlorine in the structure of chlorothalonil are indispensable to its
inhibitory action and that their arrangement in the molecules significantly affects chlorothalonil's

activity.

5. Influence of chlorothalonil application on the growth and quality of crops

We investigated the effect of chlorothalonil on the growth and N uptake of turnip {Brassica rapa L.)
and spinach (Spinacia oleracea L.). Furthermore, the effects of chlorothalonil on the concentrations
of nitrate, oxalic acid and ascorbic acid in spinach were analyzed. These crops were cultivated with
or without chlorothalonil application (4 g m? in the soil (Gray lowland soil). To determine the
difference in the fertilizer nitrogen absorption of the crops, “N-labeled ammonium sulfate (3.10
atom%, 10 g N m®) was used. The growth of the turnip was reduced by chlorothalonil application,
and the reductions of plant length, fresh weight and fertilizer nitrogen absorption were 8.49, 23.8
and 22.1%, respectively. On the other hand, chlorothalonil application did not affect the growth of

spinach, nor the concentrations of nitrate, water-soluble oxalic acid or ascorbic acid in spinach.
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