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Effect of plant volatiles on moth sex pheromone
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(College of Plant Protection, Yunnan Agricultural University, Agro-biodiversity and Pest Management of

Education Ministry of China, Yunnan Key Laboratory Agro-biodiversity and Conservation, Kunming 650201, China)

Abstract In the process of co-evolution of plants and insects, interactions between insect pheromones and plant volatiles
have been recognized as a key communication system between species. Such interactions are manifested as effects or
influences of the plant volatile on insect physiology and behaviors, which result in pheromone signal substances and
behavioral responses to insect sex pheromone. This paper focused on the effect of plant volatiles on moth sex pheromone. The
effects of host plant volatiles on the synthesis of moth sex pheromone or precursors, and on the production or release of
pheromones were reviewed. The calling behaviors of moth in response to particular plant cues were summarized, and the
influence of host plant and non-host plant volatiles on moth responses to sex pheromones was introduced. The possible
mechanism about the effect of plant volatiles on the behavioral response of moths to sex pheromone was also discussed in the
paper, as well as current research problems and future perspectives.
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Table 1 Examples of synergism of plant volatiles and moth sex pheromones since 2000
Insect Plant volatiles Sex pheromone Reference
(2)-3- (Z)-3-hexenol (2)-9- -1- Schmidt-Biisser et al.,
Eupoecilia -4-  Terpinen-4-ol (£)-9-dodecenyl acetate 2009
ambiguella (E)- (E) -farnesene -1-
Methyl salicylate Dodecenyl acetate
Octadecyl acetate
(E)-B- (E)-B-caryophyllene  (E,Z)-7,9- -1- von Arx et al., 2012
Lobesia botrana  (Z)-3- (E,Z)-7,9-dodecadienyl acetate
(Z2)-3-hexenyl acetate (E.2)-7,9- -1-
1- 1-hexanol (E,Z)-7,9-dodecadien-1-ol
1- -3-  1-octen-3-ol (2)-9- -1-
(Z2)-9-dodeceny! acetate
(2)-3- (2)-11- Reddy and Guerrero,
Plutella xylostella (Z)-3-hexenyl acetate (Z2)-11-hexadecenal 2000
(E)-2- (E)-2-hexenal (2)-11- -1-
(2)-3- -1-  (2)-3-hexen-1-ol (2)-11-hexadecenyl acetate
(2)-11-
(Z2)-11-hexadecenol
(2)-3- (2)-11- (Z)-11-hexadecenal  Lietal., 2012
Plutella xylostella (Z)-3-hexenyl acetate (2)-11- -1-
(2)-3- +(2)-3- -1- (2)-11-hexadeceny! acetate
+(E)-2- (2)-11- -1-
(2)-3-hexenylacetate+(Z)-3-hexen-1-0l (Z)-11-hexadecen-1-ol
+(E)-2-hexenal
(2)-3- (2)-11- (2)-11-hexadecenal ~ Dai et al., 2008
Plutella xylostella (Z)-3-hexenyl acetate (2)-11- -1-
(2)-3- -I- (Z)-3-hexen-l-ol (2)-11-hexadecenyl acetate
(2)-11-
(2£)-11-hexadecenol
(E,E)-8,10- -1- Knight et al., 2005
Cydia pomonella  Ethyl (2E,47)-2,4-decadienoate (E,E)-8,10-dodecadien-1-ol (codlemone) Kutinkova et al., 2005
- (+)-linalool (E,E)-8,10- -1- Yang et al., 2004
Cydia pomonella  (E)-p- (E)-B-farnesene (E,E)-8,10-dodecadien-1-o0l
(20-3- -1 (Z)-3-hexen-1-01  (codlemone)
R(+)- R(+)-limonene (E,E)-8,10- -1- Schmera and Guerin,
Cydia pomonella Linalool (E,E)-8,10-dodecadien-1-ol 2012
(E)-B- (E)-B-farnesene (codlemone)
Ethyl (E,Z)-2,4-decadienoate
(2)-3- (2)-8- -1- Varela et al., 2011
Grapholita (Z2)-3-hexenyl acetate (Z2)-8-dodecenyl acetate
molesta (2)-3- (Z)-3-hexenol (E)-8- -1-
(E)-2- (E)-2-hexenal (E)-8-dodecenyl acetate
Benzonitrile (2)-8- (2)-8-dodecenol
(E)-2- (E)-2-hexenal (Z,E)-9,12- -1- Deng et al., 2004b
Spodoptera exigua Phenylacetaldehyde (Z,E)-9,12-tetradecadienyl acetate
(2)-3- (2)-9- (£)-9-tetradecenol

(Z2)-3-hexenyl acetate
(2)-3- (Z2)-3-hexenol
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Insect

Plant volatiles

Sex pheromone

Reference

Agrotis ipsilon

The linden flower extract

Benzaldehyde

Helicoverpa
armigera

(2)-6-

Phenyl-acetaldehyde
(£)-6-nonenol

Salicylaldehyde

+

Helicoverpa armigera Phenylacetaldehyde+benzyl acetate

(2)-9-
(2)-11-
(2£)-11-hexadecenal

(2)-7- -
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(2)9- -1-
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(2)-9- (2)-9-hexadecenal
(2)-11-

(Z2)-11-hexadecenal

(Z2)-9-hexadecenal

,201

Barrozo et al., 2010

Deng et al., 2004a

4

Linalool Sex pheromone extracts Minoli ez al., 2012
Spodoptera littoralis
Tetradecyl acetate ~ Binyameen et al,
Spodoptera Freshly detached leaves from a host (Z)-9- -1- 2013
littoralis plant cotton (2)-9-tetradeceny! acetate
(E)-11- -1-
(E)-11-tetradeceny] acetate
(2)-11- -1-
(Z2)-11-tetradecenyl acetate
(Z,E)-9,12- -1-
(Z,E)-9,12-tetradecadienyl ateacete
(Z,E)-9,11- -1-
(Z,E)-9,11-tetradecadienyl acetate
(E,E)-10,12- -1-
(E,E)-10,12-tetradecadienyl acetate
(2)-11- -1-
(Z2)-11-hexadecenyl acetate
(2)-3- Z -3- -1-
(2)-3- (2)-3- -1- (E)-2- P. xylostella 75.0%
3 6.6% Dai et al. 2008
H. armigera
P. xylostella Lietal. 2012 86%
33% 10.34%
4.14% 2002
Reddy C. pomonella
Guerrero 2000 P. xylostella Light et al. 2001
B. oleracea (2)-3-
5~6 Yang et al. 2005
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(Z,E)-9,12-tetradecadienyl ateacete
(Z,E)-9,11- -1-
(Z,E)-9,11-tetradecadienyl acetate
(E,E)-10,12- -1-
(E,E)-10,12-tetradecadienyl acetate
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Table 2 Examples of plant volatiles inhibiting the attraction of sex pheromones since 2000
Insect ) . o Sex pheromone Reference
Plant volatiles (interfere inhibitor)
Nonanal (E)-9- -1- McNair et al., 2000
Enarmosana (*)-a- (%)-0-pinene (E)-9-dodecenyl acetate
formosana (2)-9- -1-
(Z)-9-dodecenyl acetate
(2)-7-
(Z£)-7-decenyl acetate
Hexanal (E)-8- -1- Bedard et al., 2002
Cydia strobilellea Nonanal (E)-8-dodecenyl acetate
Benzaldehyde
Salicylaldehyde
Benzyl alcohol
Guaiacol
(E)-7- -1,6- [4.5]
(E)-7-methyl-1,6-dioxaspiro[4.5]decane
Methyl salicylate (2)-13- -11- -1- Jactel et al., 2011
Thaumetopoea (£)-13-hexadecen-11-yn-1-ol
pityocampa (E)-13- -11- -1-
(E)-13-hexadecen-11-yn-1-o0l
Phenylacetaldehyde (2)-9- -1- Meagher, 2001
Spodoptera (2)-9-tetradecen-1-ol acetate
frugiperda (2)-11- -1-
(Z)-11-hexadecen-1-ol acetate
(2)-7- -1-
(2)-7- dodecen-1-0l acetate
Phenylacetaldehyde (2)-11- (Z)-11-hexadecenal Kvedaras et al.,
Helicoverpa (2)-3- (2)-9- (Z)-9-hexadecenal 2007
armigera (Z)-3-hexenyl acetate
Linalool (Z,E)-9,11- -1- Rouyar et al., 2011
Spodoptera (Z,E)-9,11-tetradecadienyl acetate
littoralis
Linalool (Z,E)-9,11- -1- Party et al., 2013
Spodoptera (2)-3- (Z,E)-9,11-tetradecadienyl acetate
litoralis (Z)-3-hexenyl acetate
Tetradecyl acetate ~ Binyameen et al.,
Spodoptera Freshly detached leaves from non-host (2)-9- -1- 2013
littoralis plants Adhatoda vasica and spruce (2)-9-tetradecenyl acetate
(E)-11- -1-
(E)-11-tetradecenyl acetate
(2)-11- -1-
(2)-11-tetradecenyl acetate
(Z,E)-9,12- -1-
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Olfactory receptor

cells ORCs
Antennal lobe
AL -
Hansson 1995
Renou 2014

Party et al. 2009
Rouyar et al. 2011

Ochieng et al. 2002 (2)-3-

H. zea

Ochieng et al. 2002 (2)-3- -1-

Bombyx mori L.

Namiki et al. 2008

Dolzer et al.
2001 2008

S. littoralis
Pheromone olfactory receptor
Party et al. 2009
A. ipsilon Hufnagel

neurons Ph-ORNSs

Chaffiol et al. 2012 Deisig et al.
2012 (2)-3- -1-
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