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The potentiality of pest insect control was attempted by finding the ecological Achilles tendon
of the pests in terms of ecochemicals which mediate the interaction of an organism with organisms
or the environment, The following three subjects were chosen for pursuing such possibility.

I. Regulation of sex and oviposition behaviors of bean weevils.

II. Mode of mosquito larvicidal action of diphenyl ether herbicides in relation to apparent
correlation between the decrease of Japanese encephalitis patients and the increased use
of the herbicides.

HI. Provision of model ecosystems which will serve to predict environmental behaviors of

ecochemicals and environmental pollutants,

Subject I

1. Many facets of the life cycles of bean weevils are regulated by ecochemicals. Males of the
azuki bean weevil, Callosobruchus chinensis, are attracted to females by a sex attractant. From over
120 thousand virgin females, a distinctly attractive fraction was isolated and partially characterized.

2. The males attracted to the females are stimulated by a copulation release pheromone,
erectin, which induces them to extrude their genital organ and to attempt copulation. Erectin
was isolated only in minute amounts and consists of two synergistically acting fractions, neither
having any activity. One is a mixture of several hydrocarbons, the other is (E}-3,7-dimethyl-2-
octene-1,8-dioic acid (C-acid), If erection can be available in an amount sufficient for practical use
and if the copulation can be disturbed with erectin, resulting in the lowering of the population
density, this method may become a new control approach. The first requisite was achieved by
developing a convenient synthetic method of C-acid from 2,6-dimethylcyclohexanone, Also the
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complex hydrocarbon mixture was substituted by a single hydrocarbon, say octadecane. Each
enantiomer of C-acid was synthesized and was shown to be active, while the absolute confizura-
tion was not determined by this method. The second requisite has been examined by using a
female dummy consisting of aluminum foil having gap of ca. 50 micrometers and erectin, to which
the male makes copulation and ejaculation of spermatophores,

From the closely related cowpea weevil, Callosobruchus maculatus, the presence of a copula-
tion release pheromone was demonstrated by an innovative bioassay method. The chemical
nature seemed different from erectin of C. chinensis. Furthermore, the presence of a copulation
release pheromone was detected from yellow mealworm, Tenebrio molitor. From this insect a sex
attractant was also detected.

3. After copulation the females deposit the eggs uniformly among the host beans. However,
eggs which are deposited beyond the capacity of a bean which feeds the larvae do not hatch.
Such strategy is for reducing the competition among the larvae and for maximally utilizing the
host beans, and seems to be regulated by BCS (biological conditioning substance}, which is released
from the body of the weevil. BCS is a mixture of lipids and each component was identified. The
time course study of egg deposition and distribution among host azuki beans indicated that both
the eggs and BCS affected preferential oviposition by the weevils on the less conditioned eggs until
the stage of 3 eggs and 20 ug of BCS per bean, then the subsequent oviposition was conducted
randomly. BCS accumulated to a level of 100 pg shows ovicidal action, thus eliminating most of
the eggs except those oviposited in earlier stages which have already hatched and penetrated into
the bean. Pretreatment of beans with BCS in an excess amount killed all the eggs, thus protecting
the beans, Search for ovicidal substances other than natural BCS among synthetic chemicals and
tropical plants provided several effective substances.

Subject II

1. The statistics suggested that the decrease in numbers of Japanese encephalitis patients had
close correlation with the rapid increase in application of diphenyl ether herbicides in paddy fields
which began in 1966. Although an attempt to confirm such correlation by surveying annual changes
of the patients and use of such herbicides in Kumamoto prefecture where still & small number of
the patients are observed in each season, or the difference from other prefectures was failed,
because the number of patients in Kumamoto in 1982 was too small to obtain any statistically
significant result, the effect of dipheny! ether herbicides to decrease mosquito Jarvae was studied in
detail.

For laboratory study, Culux pipfens molestus was used instead of Culex tritaeniorhyncus which
is the vector of the encephalitis. Nitrofen, a representative dipheny! ether herbicide, suppressed
the number of mosquito larvae in flooded paddy field, but had no effect on respiration and acethy-
Icholinesterase of the larvae. In a small vessel, nitrofen decreased its larvicidal activity when the
number of the larvae increased. No increase in leakage of ions, proteins or nucleic acids from
larval bodies was detected, while some components of cellular membrane adsorbed nitrofen effec-
tively. Therefore, it is assumed that nitrofen is first adsorbed on cellular membrane, then inhibits
the function of the membranes when the adsorbed amount increases over certain limit, thus result-
ing in killing of the larvae.

Sbuject 111

The fate of two pesticides, diazinon and benthiocarb, were compared in terms of the disap-
pearance of the active ingredients from seil, the transfer into the air, and their effects on the
population of sofl microorganisms in five types of paddy ecosysiems: a paddy field, Wagner pots,
two types of closed model ecosystems, and flasks in a flooded soil condition. Thus the system is
shown to be workable for predicting behaviors of chemicals put into the environments.
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