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Realization of zero pest damage Project Manager (PM): Norihide Hinomoto
agriculture by fully utilizing Professor, Kyoto University

advanced physical methods and | | Project Year: FY2020~FY2024
unused biological functions

Keyword : Blue semiconductor laser, natural enemy utilization technology, symbiotic
microorganisms, new IPM
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Project Background and Rationale
The use of chemically synthesized pesticides is being reassessed due to
issues such as the development of pesticide resistance in pests, the labor- .
intensive nature of pesticide application, and negative environmental {

impacts. A shift toward new integrated pest management (IPM)
technologies that do not rely on chemical pesticides is urgently needed.

Technology Development Goals @
By 2030, we aim to develop a prototype pest control system that does

not rely on chemical pesticides by integrating groundbreaking N
technologies such as pest-killing with blue semiconductor lasers, breeding
and behavioral control of highly effective natural enemies, and

suppression of pest populations using symbiotic microorganisms residing
within insect hosts.

Key Research Achievements

(1) We developed an automated laser-based pest control system capable of detecting and tracking
erratically flying insects, predicting their flight paths using Al, and shooting them down with
blue semiconductor lasers. By accelerating the processing speed, we achieved an 80% hit rate
and successfully demonstrated the system at the field level.

(2) Through selective breeding, we developed a new strain of the predatory bug Orius strigicollis
with superior field establishment. Field trials confirmed that this strain provides significantly
higher pest control efficacy than conventional strains. We also identified related genes through
genome-based genetic analysis.

(3) We became the first in the world to establish a technique for culturing symbiotic
microorganisms using insect cell lines and transferring them into live insects. Laboratory tests
showed that infection with these microorganisms can suppress pest populations by inducing
reproductive incompatibility, thereby reducing the number of offspring.

[Detailed Achievements]

Development of a pest-targeting device using blue
semiconductor lasers

We developed an integrated technology that detects and
tracks erratically flying pests, predicts their position 0.03
seconds ahead using Al, and shoots them down with a
blue semiconductor laser. Successful field
demonstrations confirmed that the system can
accurately target pests even at night.

laser
Flight trajectory [Moment of Hit

Yellow-bellied stink bug

Contact: Pest Damage Zero Consortium PM Norihide Hinomoto Ko
E-mail: pm@ms505ipm.halfmoon.jp
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[Detailed Achievements]
Breeding natural enemies that don’t easily give up

Predatory insects that kill pests are key to reducing pesticide use,
but they often starve or leave the field when prey is scarce. To
address this, we used advanced genomic information to selectively
breed a “persistent” strain that continues searching for prey over
extended periods. Field trials demonstrated its superior pest
control performance.

Using Symbiotic Microorganisms to Suppress Pest Populations
Many insects harbor symbiotic microorganisms,

such as Wolbachia, that influence reproduction and ®0@,__ Rrelease of males infested with symbionts
sex determination. Certain combinations can lead to +°" J .
“cytoplasmic incompatibility,” a phenomenon in “\ phtivr i e 4
which  mating does not produce offspring. [ e eradication

Leveraging this mechanism, we conducted
laboratory trials demonstrating that releasing males
artificially infected with symbiotic microbes can
effectively reduce pest population density.

NMumber of Insects

Future Directions

We will miniaturize the developed
laser-shooting device and develop
a prototype that can be mounted
on mobile robots. Field validation of
the “persistent” natural enemy will
continue, aiming for pesticide
registration and commercialization. ‘
We will also expand our stock of
symbiotic microorganisms to
enhance pest population
suppression in field applications.

What We Aspire To

By 2050, we aim to establish a pesticide-free pest management system that is safe for
consumers, beneficial for producers, and environmentally friendly—ultimately achieving zero pest
damage in agriculture.

Research Themes and Structure

Norihide Hinomoto PM Lead institution: Kyoto University

1. Lasers . 2 .Natural enemy &, iicsr%?rplggicsm
(2,3,4,59) (1,2,5,6,8) L‘\“‘«T@ = g =

<Research Institutes>

(1) Kyoto University / (2) National Agriculture and Food Research Organization / (3) Tohoku University /
(4) Osaka University / (5) Tokyo University of Agriculture and Technology / (6) Setsunan University /
(7) Jikei University School of Medicine / (8) Tokyo University of Agriculture / (9) JA Zen-Noh /
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