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2050年を創るムーンショット双⽅向対話「あなたが決める未来の⾷と農」

先端的な物理⼿法と未利⽤の⽣物機能を
駆使した害⾍被害ゼロ農業の実現

京都⼤学・⽇本 典秀
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世界は⾍たちで あふれている

Sánchez-Bayo, Wyckhuys (2019) Biological Conservation 
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昆⾍の多様性は
⽣物多様性の指標

環境省「平成20年版環境‧循環型社会⽩書」より作成

54%

16%

29%
その他

地球上の総種数：175万種
そのうち、昆⾍95万種
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環境省「平成20年版環境‧循環型社会⽩書」より作成

54%

16%

29%
その他

農薬

集約的農業

昆⾍の減少の
主な要因は農業︕

昆⾍の減少の要因

Sánchez-Bayo, Wyckhuys (2019) Biological Conservation 
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農薬って、やっぱり必要︖100%=世界の可能作物⽣産額(≒165兆円)

15.6
%

13.3
%

13.2
%

57.9%

害⾍
‧害獣

病害

雑草

実際の
収穫

病害、害⾍、雑草による減収は
世界合計で42% 病害⾍雑草被害をなくせば

収穫は1.7倍︕
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resistance to at least one insecticide (Fig. 1). In addition, seven insect
species have developed resistance to one or more insecticidal traits, and
there are more than 335 insecticides/acaricides for which there is at
least one documented case of resistance (Fig. 1). Most of the primary
pest species impacting the major crops and human health have devel-
oped resistance to many of the available insecticides since the in-
troduction of synthetic organic insecticides some 75 years ago
(Georghiou and Mellon, 1983, Whalon et al., 2008, Sparks and Nauen,
2015, Mota-Sanchez and Wise, 2019). Due to agronomic practices, pest
biology and genetics, global crop range and potential for crop damage,
some of these key insect and mite pests (Table 1) are associated with
resistance to 40 or more different insecticides or acaricides, with the top
pests exhibiting resistance to nearly 100 different insecticides (Table 1).
As might be expected, cases of resistance for these top pests continue to
increase, in some cases substantially. Since 2002 some of the most
important insect and mite pest species exhibit new examples of more
than 200 to 690 new cases of resistance involving more than 20 to 35
additional insecticides (Table 1), further emphasizing the continued
impact of insecticide resistance, and the need for effective insecticide
resistance management (IRM) (Borel, 2017; Tabashnik and Carriére,
2017).

Although insecticides are just one component of most current in-
tegrated pest management (IPM; integration of multiple practices for
the economic control of pests while minimizing risks to human health
and the environment) and vector control programs, they remain im-
portant tools. Resistance to current and newly developed insecticides
and acaricides continues to be a concern, impacting insect and mite
control options and decisions for growers around the world.
Importantly, insecticide resistance has been and remains one of the key
considerations and drivers in the discovery and development of new
insect and mite control compounds (Lamberth et al., 2013; Maienfisch
and Stevenson, 2015; Sparks and Lorsbach, 2017a). Likewise, given the
ever-increasing costs, regulatory hurdles, time, complexities and un-
certainties involved in insecticide discovery (Lamberth et al., 2013;
Maienfisch and Stevenson, 2015; Sparks and Lorsbach, 2017a), effec-
tive insecticide resistance management (IRM) is also critical to preser-
ving the utility and investment related to current as well as future insect
and mite control options.

In addition to conventional insecticides and acaricides, interest in
natural products (NPs) and biologics as insect and mite control options
has been increasing. In part, this interest in biologics and NPs is in
response to consumer concerns with conventional insect control

Fig. 1. Cumulative increase in a) the number of
species resistant to one or more insecticides (blue
line), b) number of insecticides for which one or more
species has shown resistance (purple line), and c)
number of GMO traits for which resistance has been
reported (red line). Data adapted from (Whalon et al.,
2008; Sparks and Nauen, 2015; Tabashnik and
Carriére, 2017; Nauen et al., 2019), and David Mota-
Sanchez, Michigan State University, personal com-
munication, 2019. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the web version of this article.)

Table 1
Top 15 Resistant Insect Speciesa.
Ranka - species Common name Order AI–casesb AI-cases AI-cases

2002c 2019d Change since 2002

1 Tetranychus urticae Two-spotted spider mite Acari 69–232 96–517 27–285
2 Plutella xylostella Diamondback moth Lepidoptera 69–168 96–866 26–698
3 Myzus persicae Green peach aphid Homoptera 68–247 80–469 12–222
4 Bemisia tabaci Sweetpotato whitefly Homoptera 32–50 64–631 32–581
5 Musca domestica House fly Diptera 26–58 64–398 38–340
6 Leptinotarsa decemlineata Colorado potato beetle Coleoptera 38–124 56–300 18–176
7 Boophilus⁎ microplus Southern cattle tick Ixodida 40–87 50–562 10–475
8 Aphis gossypii Cotton aphid Homoptera 27–37 50–281 23–244
9 Helicoverpa armigera Cotton bollworm Lepidoptera 25–74 48–856 23–782
10 Panonychus ulmi European red mite Acari 38–172 48–196 10–24
11 Blattella germanica German cockroach Blattodea 40–162 43–279 3–117
12 Culex quinquefasciatus Southern house mosquito Diptera 28–173 41–298 13–125
13 Spodoptera frugiperda Fall armyworm Lepidoptera –e 41–143 –
14 Spodoptera litura Mediterranean climbing cutworm Lepidoptera – 40–667 –
15 Spodoptera exigua Beet armyworm Lepidoptera – 40–576 –

a Ranking based on the number of different active ingredients (AI) for which resistance has been reported.
b Number of unique active ingredients (AI) – cases of resistance reported for each species.
c Data adapted from Mota-Sanchez et al. (2002); number of references = cases (D. Mota-Sanchez, personal communication, 12-9-2019).
d Data from APRD (Mota-Sanchez and Wise, 2019).
e not among the Top 20 resistant insect species in 2002.
⁎ Rhipicephalus.

T.C. Sparks, et al. Pesticide Biochemistry and Physiology 167 (2020) 104587

2

0 20 40 60 80 100

⽔稲

⼩⻨

⼤⾖

りんご

もも

キャベツ

だいこん

きゅうり

トマト

ばれいしょ

なす

とうもろこし

推定収穫減少率（％）

農薬を使わずに栽培したときの収穫減少率
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暑い、しんどい

ミツバチが
死んでしまう

農薬が効かない

でも、農薬を使いたくない理由もある。
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3つのステップで、農薬に依存せずに害⾍防除︕

①共⽣微⽣物による広域での
害⾍密度低下・無毒化 ②⻘⾊レーザーによる迎撃

②⻘⾊レーザー照射による
微⼩害⾍の殺⾍

③オールマイティ天敵による
うち漏らした害⾍の捕⾷

私たちが⽬指す2050年の農業
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もう、ここまで来ています

①共⽣微⽣物による広域での
害⾍密度低下・無毒化 ②⻘⾊レーザーによる迎撃

②⻘⾊レーザー照射による
微⼩害⾍の殺⾍

③オールマイティ天敵による
うち漏らした害⾍の捕⾷

微⽣物
レーザー

天敵

3つのステップで、農薬に依存せずに害⾍被害ゼロ！
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レーザー狙撃装置

オールマイティ天敵

レーザー照射装置

2030年までに⽬指す社会実装
もう、ここまで来ています
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これらの技術開発へ、ご⽀援をお願いいたします
【問い合わせ先︓contact@ms505ipm.halfmoon.jp】

2024年8⽉20⽇（⽕）


