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Introduction

Utilization of entomophagous insects

In Japan, many studies concerning utilization
of natural enemies for pest control have been
carried out for past several decades, and some
remarkable successes were achieved in the field
of fruit-tree pest control. On the other hand,
many unsuccessful cases have been recorded
among such studies because of unsuitable conditions to control pests by releasing natural
enemies. Accordingly, some workers became
indifferent to utilization of natural enemies.
Recently, since many powerful insecticides
such as DDT, BHC and many organophosphates
appeared and were applied extensively in orchards, insect faunae in orchards were affected
and much altered, and consequently some pests
,vere suppressed or eliminated, but some of the
other arthropods which were not economically
so important formerly increased markedly
instead and Jnoi1ght serious damage.
This difficulty is said to be caused mostly by
decrease of environmental resistance in intensity
and destruction of balance in nature which were
caused by extinction of native natural enemies
by non-selective powerful insecticides. Since
then, the effect of native natural enemies was
revaluated and search for beneficial native natural enemies, studies on techniques to massproduce them and ecological studies which
analyze the host-parasite or prey-predator relations within the insect community became to
be promoted.
In the present paper, the author summarizes
the studies on utilization of natural enemies in
Japan on the two subjects, i.e., utilization of
entomophagous insets and that of pathogenic
microorganisms.
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All instances that pests were successfuly controlled by utilization of natural enemies in early
time in Japan were the cases in which exotic
natural enemies were introduced in order to
control the pests which had invaded from other
country (i.e., control of Jeer-ya Jmrchasi Maskell
by Rodolia cardinalis Mulsant, Aleurocant/ms
spiniferus Quaintance by Pros/1altella smithi
Silvestri, Eriosoma lanigernm Hausman by
Aj1helinus mali Haldman ) .
Rodolia cardinaris was introduced from California to Taiwan (Formosa ) by Dr. T. Shiraki
in 1909. In 1911, this Coccinellid beetle was
also introduced to Shizuoka Prefecture and
colonized. At present, this species is distributed
widely in Japan and is playing an excellent
role in control of the scale insects.
Prospaltella smithi Silvestri was found in
Southern China and was brought into Nagasaki
Prefecture by Dr. F'. Silvestri (Kuwana and
Ishii, 1929) . This species was mass-produced
at Nagasaki, distributed to prefectures in Kyushu
and marked success was attained (Sweetman,
1935 ). Recently, when Aleurocanthus sj1iniferus
invaded Yamaguchi, Shizuoka and Kanagawa
Prefectures, a successful control was attained
by introducing this parasite from Nagasaki and
Kochi Prefectures.
Introduction of Aj1helinus mali Haldman also
successfully controlled the woolly apple aphid,
Eriosoma lanigerwn Hausman. This parasite was
introduced from Oregon, North America by Dr.
A. Kami.to, reproduced at the Aomori Apple
Experiment Station, and widely colonized in
apple-growing districts in Japan ( Yuasa, 1950) .
This Aphelinid wasp overwinters within the
body of Eriosoma lanigerum, emerges from the
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host body in May and spends 8-9 generation in
a year. Parasitized aphids stop excreting wax,
change black in color, and tum into "mummy". Since this parasite is very susceptible
of organo-phosphates, it is important to make
careful application of chemical control agents
especially during the emerging period of this
parasite {Fukuda, 1961 ).
Recent success in utilization of natural enemies
is carried out by a series of studies on Anicetus
beneficus Ishii et Y asumatsu originated by
Yasumatsu and Tachikawa {1949 ). One of the
serious pests of citrus, the red wax scale, Ceroplastes rubens Maskell invaded Japan around
1897. Anicetus beneficu.s which was found by
Dr. K. Yasumatsu in Kyushu in 1946 was
introduced into Honshu and Shikoku after 1948
and a remarkable success was attained. This
parasite can eliminate the red wax scale within
3-4 years after introduction (Yasumatsu, 1951,
1953 ; Fukai, 1953; Miyake, 1960 ).
Utilization of the following natural enemies
is being investigated at present. (Murakami
and Nohara 1967. ) Natural enemies of one of
the most important pests of apple, pear, grape,
etc., Pseudococcus comstokii Kuwana were
searched and 12 species of parasite wasps, 16
species of predators, and one species of fungous
disease were found at the Horticultural Research
Station (Hiratsuka ). Out of these natural
enemies, five parasite wasps and one predator
are effective in Japan. The most effective
species, Pseudaj)hycus malinus Gahan is distributed in the southem part of Chiba and
Fukuoka prefectures.
In Fukuoka, this parasite repeats nine generations per year and can repeat several generations during one generation of the mealybug.
Furthermore, this parasite has many other excellent characteristics as a biological control
agent, i.e., it can parasitize each stage of host
other than. egg and can be colonized at any
time, its fecundity is high, its oviposition period
is short, and parasitized mealybugs can survive
only for a short time (Murakami, 1965, 1966;
Murakami et al., 1967). Utilization of this parasite as a "biotic insecticide" is investigated at
the Research Labo1·atories of Takeda Chemical
Industries, Ltd. (Morimoto et al., 1965; Endo,
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1965; Murakami et al., Loe. cit.).
Studies on bionomics, mass production and
evaluation of effect of liberating natural enemies
are being investigated on Chilocorus kuwanae
Silvestri, a predator of Unaspis yanonensis
Kuwana ; Allotro /Ja sp., a parasite of Planococcus
kraunhiae Kuwana ; Stethorus japonicus H.
Kamiya, a predator of plant mites; A/1/tytis
cylindratus Compere, an effective parasite wasp
of Pseudaonidia duf1lex Cockerell, etc., at the
Kurume Branch, Horticultural Research Station
(Tanaka, 1966).
Utilization of pathogenic microorganisms
Studies on microbial diseases of insects have
been greatly advanced in Japan as the studies
on diseases of the silkworm (Aoki, 1959).
Especially, both a cytoplasmic polyhedrosis
virus of the silkworm and Bacillus thuringiensis
var. sotto have been extensively investigated.
On the other hand, there are few works which
intend to utilize pathogenic microorganisms as
pest control agents. Since serliculture is extensively carried on. in Japan, it is difficult to
utilize microorganisms which is virulent to the
silkworm, even though they are known to be
excellent for pest control in other countries
(e.g. Bacillus thuringiensis).
Although practical microbial control is not
yet established in Japanese orchards. several
studies are in progress.
Morimoto et al. studied the utilization of
l saria farinosa (Dicks.) Fr. in control of
Rhizoecus kondonis. The most virulent strain
was isolated from Sesamia inferens Walker.
This fungus can grow in the range of temperature of 10-35°C and can reproduce even in
more acid soil than pH 4.0. This fungus does
not infect eggs. Furthermore, the technique
for mass production and application of this
fungus in control and virulence to the silkworm
were investigated (Morimoto, 1960 ).
Sekiguchi studied the methods for utilization
of lsaria fumosarosia Wize in control of CarfJoeina niponensis. This fungus is strongly
virulent to the peach fruit moth. Infected
larvae form pink-colored conidiophore on hibernation cocoons. Hibernating population of the
moth is mostly perished by infection of this
fungus. Infected individuals are less viable
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even if they succeed in surv1vmg and emerging.
As this fungus is tolerant to copper sulphate,
CuS0 4 , it is easy t o mass-culture this fungus
purely with soybean cakes adding CuSO. by
preventing the growth of other microorganisms
(Sekiguchi, 1955, 1959}.
A cytoplasmic polyhedrosis virus was isolated
from fruit piercing moths and studies on utilization of this virus are carried out at the
Horticultural Research Station ( Hiratsuka}
(Oho, 1966a}. Recently, utilization of a granulosis virus infectious to Adoxo j1hyes orana
Fischer von Roslestamm is also being studied at the Research Station.
Fundamental studies on the methods of mass
culture and application in field on Aschersonia
aleyrodis Webber against Dialeurodes citri Ashmead were carried out. It was concluded
that this fungus is effective under humid
climatic conditions ( Oho and Sato, 1966b}.

Conclusion
Utilization of natural enemies for control of
pests becomes one of the most important problems in fruit-pest control since it is difficult
to depend solely on pesticides because we are
now facing many difficulties concerning application of insecticides, i.e., appearance of resistant
strain, residues of pesticides in products, reduction of production cost etc,
However, to establish practical utilizations of
natural enemies for pest control, they are important not only to establish the techniques
concerning mass production of natural enemies,
but also to establish the method to evaluate the
effect of artificial colonization of natural enemies
accurately and to investigate the host-parasite
or prey-pl'edator relations within the community
involving them from the ecological viewpoint.
There are many unsolved fundamental problems concerning utilization of pathogens. These
problems are difficult to be solved in a short
time. Still, against some pests which invaded
from other countries, e.g. Unaspis yanonensis
K uwana, it is demanded to .introduce effective
natural enemies from their native districts.
Conce1ning native natural enemies, integration
of natural and chemical controls must be
designed, e.g. by using selective insecticides.
-
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