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Abstract

Lepidoptera is the second larger order of Insecta Class. Lepidopteran which feed of species of the Arecaceae family are notorious for the damage they cause, attacking a range from seedlings to the fruit. There are several control methods used against these pest insets, and among them, chemical pesticides are the most explored. Biological and mechanical control are also relevant, but they require a large number of trained workers. Behaviour modulation through chemical communication, using pheromones, stands out with a great potential to sustainably control insect populations. Pheromones have already been identified in lepidopteran pest which infest Arecaceae plants, they are mainly female-produced compounds, and belong to the sexual and contact types. The majority of pheromone compounds identified to this date are classified as Types I and II (unsaturated C10–C18 alcohols and their derivatives; and unsaturated C17–C25 hydrocarbons and their epoxides, respectively) with rare occurrences of Types 0 (short-chain secondary alcohols) and 3 (methyl-branched structures). Considering the vast quantity of lepidopteran species that attack this family and the economic impacts they generate, the present work aggregates the current knowledge on pheromones used the Integrated Pest Management of lepidopteran insects that damage palm plant species, and discusses both the compounds already applied in the field and the promising one that must yet to be tested. 
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Resumo 
Lepidoptera é a segunda maior ordem da Classe Insecta. Lepidópteros que se alimentam de espécies da família Arecaceae são notórios por causarem extensos danos às culturas, atacando desde os brotos até os frutos. Existem diversos métodos de controle usados contra estes insetos-praga e, entre eles, os pesticidas sintéticos são os mais difundidos. Controles biológico e mecânico também são relevantes, mas requerem grande quantidade de trabalhadores treinados. A modulação do comportamento por meio da comunicação química, usando feromônios, destaca-se com um grande potencial para controle sustentável de populações de insetos. Feromônios já identificados em lepidópteros-praga que infestam arecáceas, estes são produzidos principalmente pelas fêmeas e pertencem aos tipos sexual e de contato. A maior parte dos feromônios identificados até o momento são classificados nos Tipos I e II (álcoois insaturados e derivados com cadeias de C10-C-18; e hidrocarbonetos insaturados, e seus epóxidos, com cadeias de C17-C25), com raras ocorrências dos Tipos 0 (álcoois secundários de cadeia curta) e 3 (compostos com ramificações metila). Considerando a vasta quantidade de espécies de lepidópteros que atacam esta família de plantas e o impacto econômico que causam, o presente trabalho visa compilar o conhecimento atual acerca dos feromônios usados no Manejo Integrado de Pragas aplicado a lepidópteros que causam dados a espécies de arecáceas, e discutir tanto os compostos já aplicados no campo quanto aquele que se mostram promissores para o controle, mas que ainda requerem mais testes para comprovar sua eficiência.

Palavras-chave: Lepidópteras; Arecáceas; Insetos-praga; Feromônios.

Resumen 

Lepidoptera es la segunda orden más grande de la Clase Insecta. Los lepidópteros que se alimentan de especies de la familia Arecaceae son notorios por los daños que causan, atacando desde las plántulas hasta el fruto. Existen varios métodos de control utilizados contra estas plagas y, entre ellos, los pesticidas químicos son los más explorados. El control biológico y mecánico también son relevantes, pero requieren una gran cantidad de trabajadores capacitados. Se destaca la modulación del comportamiento a través de la comunicación química, utilizando feromonas, con un gran potencial para el control sostenible de las poblaciones de insectos. Las feromonas ya han sido identificadas en plagas de lepidópteros que infestan plantas de Arecaceae, son principalmente compuestos producidos por hembras, y pertenecen al tipo sexual y de contacto. La mayoría de los compuestos de feromonas identificados a la fecha se clasifican como Tipos I y II (alcoholes C10-C18 insaturados y sus derivados; e hidrocarburos C17-C25 insaturados y sus epóxidos, respectivamente) con ocurrencias raras de Tipos 0 (alcoholes secundarios de cadena corta) y 3 (estructuras ramificadas de metilo). Considerando la gran cantidad de especies de lepidópteros que atacan a esta familia y los impactos económicos que generan, el presente trabajo agrega el actual conocimiento sobre feromonas utilizó el Manejo Integrado de Plagas de insectos lepidópteros que dañan especies de plantas de palma, y discute tanto los compuestos ya aplicados en el campo como el prometedor que aún debe probarse.

Palabras clave: Lepidópteros; Palmeras; Insectos plaga; Feromonas.

1. Introduction
Arecaceae family (previously named Palmae), commonly known as palm trees, can be found in tropical and subtropical countries. The trees are economically, culturally, and socially important and wildly distributed, with around 181 genres and 2600 species known. Most of these species are native of Asia and South America, 1,200 and 730 species grow in these continents, respectively. In Brazil, there are 270 species spread within 38 genres, but, due to their monetary value, three of those attract attention: Elaeis oleifera (Kunth) Cortés (1897) (palm tree), Cocos nucifera L. (1753) (coconut tree) and Phoenix dactilifera L. (1753) (date palm) (Cosiaux et al., 2018; Del Pozo et al., 2020; Soares et al., 2014).

Arecaceae plants present several commercial applications, from food products to ornamentation. For instance, fibres, straws, fruit and oil from coconut (C. nucifera), the most cultivated Arecaceae in the world, is one of the Brazilian’s highest valued agricultural commodities, with a revenue of nearly R$ 1,3 billion reais in 2021 (IBGE, 2022). Brazil is the fourth ranked producer, after Indonesia, Philippines and India, with a plantation area of 187.7 thousand hectares and a production of 1.6 billion fruits (Brainer, 2021; Siqueira, 2021).

Palm tree (Elaeis sp.) main products are the oils obtained from the pulp and kernel of the fruit. This genre comprises three species, Elaeis guineensis Jacq. (1763), Elaeis odora Trail (1877), E. oleifera, among which the African Palm tree (E. guineensis) stands out as the most cultivated worldwide (Rios et al., 2012; Henson, 2012). A hybrid between E. guineensis and E. oleifera is commercially available and provides a higher quality oil, which the preferred cultivar used in the food industry and as raw material to manufacture biofuels (Rios et al., 2012; Mozzon et al., 2013).
The large cultivation areas around the world, with a diverse range of climatic conditions, exposes commercially important Areacaceae species to a vast assortment of pest insects, which combined cause millions of dollars in financial losses. Among these, some lepidopteran species can be highlighted, such as Eupalamides cyparissias  (Fabricius, 1777 ) (Lepidoptera: Castniidae), Metisa plana Walker, 1883 (Lepidoptera: Psychidae), Opsiphanes invirae (Hübner, 1818) (Lepidoptera: Nymphalidae), Opisina arenosella Walker, 1864 (Lepidoptera: Xylorictidae), Brassolis sophorae (Linnaeus, 1758) (Lepidoptera: Nymphalidae), Automeris Liberia Cramer, 1780 (Lepidoptera: Saturniidae), Oiketicus kirbyi (Guilding, 1827) (Lepidoptera: Psychidae), Euprosterna elaeasa Dyar, 1906 (Lepidoptera: Limacodidae) (Howard, 2001; Kalidas, 2013; Oliveira et al., 2018; Seni, 2019; Abhishek & Dwivedi, 2021). 

These insects damage trees by feeding on different parts of the plant (leaves, fruits, roots etc), hampering the development of the plant and causing the shed of unripe fruits, which drastically reduce the production and leads to economic deficit. Controlling the population of these moths is difficult due to the extension of the farms, the hight of the trees and the access hindrance in the treetops to conventional control methods, such as chemical pesticides (Ferreira et al., 2021). Figure 1 illustrates the four life cycle stages of a defoliating moth of the Nymphalidae family: egg, caterpillar, pupa, and adult.
Figure 1 - Pictures of the four life cycle stages of a defoliating moth of the Nymphalidae family. A) Egg and catterpillar; B) Pupa; C) Adult.
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Source: Authors (2022).
Based on the abovementioned scenery, we herein explore the state-of-the-art knowledge on pheromones used in the Integrated Pest Management of lepidopteran that feed on Arecaceae plants, emphasizing compounds that have already been identified and the main control methods employed.

2. Methodology
2.1 Construction of the literature review

To investigate the publications, the search engines and databases used were: Google Scholar; The Pherobase - Database of Pheromones and Semiochemicals; and SciFinder. The keywords searched were: Pheromone; Lepidoptera; Arecaceae.

2.2 Data collection and analysis

Initially, papers, books, dissertations, and theses that described Arecaceae pest insects found in any part of the world were searched and approximately 700 files were found. The second step consisted of selecting only papers and books focusing on lepidopteran species and all articles published since the discovery of the first pheromone (1959) were considered. After that, each individual species name was inputted to the search databases aiming to assess: 1. Species that cause damage to the cultures, reducing the harvest yields and bringing economical losses; and 2. The ones which have their pheromones already studied. Only species which have plants from the Arecaceae family as primary hosts and whose pheromone(s)-mediated communication was proven (through olfactometry, electroantennography or field tests) were included in the present study.  After the selection, only 62 documents remained, the data collection is summarized in table 1, showing the species encountered and pheromone structures released by the individuals.

3. Results and Discussion 
3.1 Lepidopteran pheromones

Pheromones are compounds produced and released by living organisms to communicate to individuals of same species (Brezolin et al., 2018). Lepidopteran pheromones are usually gender specific (sexual), are produced by females, and used as a tool to find a suitable breeding partner, male attraction at long distances and the courtship, which occurs at short range, that takes place are both pheromone-driven processes (Allison & Cardé, 2016). Many lepidopteran pheromones have had their structures elucidated, and they belong predominantly to Type I: alcohols, aldehydes and esters, both saturated and unsaturated, with linear chains ranging from 10 to 18 carbons (Ando et al., 2004). The less common Type II pheromones are comprised of poli-unsaturated hydrocarbons and their epoxide derivatives, with main chains containing 17 to 23 carbons (Ando et al., 2004). Type III compounds present one or more methyl ramifications and are produced through more than one biosynthetic pathway (Allison & Cardé, 2016). Recently, a new group was proposed, named Type 0, and this classification is attributed to 7 – 9 carbon atoms secondary alcohols (Ando & Yamamoto, 2020).

Within Arecaceae pests belonging to the Lepidoptera order, there have been found Types I, II and III pheromones. The compounds identified are produced by 13 species, divided in 8 families. Henceforward, we describe, in alphabetical order, the families and species related to the known pheromones of these insects.

3.2 Batrachedridae family
Batrachedra amydraula Meyrick, 1916
This moth, known as lesser date moth, infests date palms (P. dactylifera L.) in the Middle-East and north of Africa (Levi-Zada et al., 2011). The damage to the crops reaches 50-70%, the destruction occurs during the larvae stage, the insect feed on the blossoming flowers and unripe fruits (Latifian, 2012). Analyses of the volatiles released by females, first through CG-EAD, showed two areas in the chromatogram with multiple peaks eliciting response in the male antennae. The identity of these peaks was suggested, using Solid-Phase Microextraction (SPME) and Gas Chromatography coupled to Mass Spectrometry (SPME-GC/MS), and later confirmed using standard samples as the compounds (4Z,7Z)-4,7-decadien-1-ol, (4Z,7Z)-4,7-decadien-1-yl acetate, (4Z)-decen-1-ol, (5Z)-decen-1-ol, (4Z)-decen-1-yl acetate, (5Z)-decen-1-yl acetate, octanol e octyl acetate. Further antennographic studies with the individual synthetic compounds and field tests, however, showed that the mixture of only three of these molecules is responsible for the attractive effect, (4Z,7Z)-4,7-decadien-1-yl acetate, (5Z)-decen-1-yl acetate, (5Z)-decen-1-ol, with a relative composition of 1:2:2 (Levi-Zada et al., 2013). 

3.3 Castniidae family
Paysandisia archon (Burmeister, 1880)

The palm borer moth, Paysandisia archon originates from South America, most likely from Argentina or Uruguay, although it has not been reported as pests in these countries is spreading through Europe and the growing populations have been destroying ornamental trees in the continent (Reid & Moran, 2016; Frérot et al., 2013). This species was accidentally introduced in Europe in the early 2000s and is now reported in a dozen countries, and attacks both ornamental plants as well as Mediterranean fan palm (Chamaerops humilis L.), the only Arecaceae species native of Europe. The larvae drills into the crown of the tree and feed of the stem and young leaves (Muñoz-Adalia & Colinas, 2020). 

The communication behaviour of members of Castniidae family has been studied recently, although until a couple years ago it was thought that no long-range pheromones were involved in their courtship (Quero et al., 2017). This idea, nonetheless, started to be debunked by the work of Delle-Vedove et al. (2014), which indicated that a hybrid strategy where both chemical and visual clues were involved in the mating behaviour. Today evidence show that a long-range pheromone mediates the location of a sexual partner in the species. Males emanate an unsaturated alcohol, (2E,13Z)-octadecadien-1-ol, during the mate calling and both lab tests in wind tunnel and field tests have shown that the isolated compound attracts the females and can be used in lured traps (Hamidi & Frérot, 2020).

3.4 Elachistidae family

Stenoma cecropia Meyrick,1916
Stenoma cecropia is a polyphagous insect and has been reported in countries of South and Central America (Colombia, Ecuador, Honduras, Panama, Peru, and Venezuela, although it causes particular problems to oil palm farmers in south and central Colombia (Barrios et al., 2013). Through the extraction of gland compounds, four volatile molecules were initially found, and researchers suspected the pheromone mediated attraction could be involved in the courtship behaviour of the species (Zagatti et al., 1996). These compounds were tested against male antennae and two of them, (9Z,11E)-9,11,13-tetradecatrienal and (9Z,11E)-9,11-tetradecadienal, proved to be bioactive. Later, field tests indicated that a mixture of the triene and diene aldehydes (83:17, respectively) was indeed attractive towards S. cecropia males (Zagatti et al., 1996).

3.5 Limacodidae family
Darna bradleyi Holloway, 1986
Defoliating moths are seasonal in south-eastern Asia and can be found in oil palm plantations in Peninsular Malaysia (Sasaerila et al., 2000a). The sex pheromones of D. bradleyi were identified by Sasaerila et al. (2000b) and is comprised of a mixture of two compounds: methyl (7E)-7,9-decadienoate and isobutyl (7E)-7,9-decadienoate. Field tests conducted in Malaysia showed that isobutyl (7E)-7,9-decadienoate is intrinsically attractive to males of the species, but, although the methyl ester is not active alone, its presence in the mixture enhances the attractiveness of the first, when present in a proportion of 10:1 (Sasaerila et al., 2000b).

Darna pallivitta (Moore, 1877)

Darna pallivitta, the stinging nettle caterpillar, is also native of Asia and feeds on both wild palm and ornamental trees in Hawaiian Islands, and are also found in China, Taiwan, Thailand and Indonesia, causing problems to agriculture as well as to human health (Siderhurst et al., 2015). Siderhurst et al. (2007) identified the sex pheromone produced by females of the species, constituted of a mixture similar to D. bradleyi’s described above, but in the case of D. pallivitta the esters are butyl (7E)-7,9-decadienoate and ethyl (7E)-7,9-decadienoate. The researchers also showed, through GC-EAG and field tests, that males were attracted by the blend of compounds (Siderhurst et al., 2007).  

Darna trima (Moore,1859)
A leaf-eater pest which attacks oil palm trees in south Asia, D. trima is another species of Darna genre already studied (CABI, 2019). GC-EAG analyses of female gland extracts, allowed the identification of two active compounds which elicited response in male antennae. The compounds structures, also esters, were elucidated as (2S)-2-methylbutyl (7E)-7,9-decadienoate and (2E)-2-hexenyl (7E)-7,9-decadienoate. Field tests in Malaysia showed that, following the pattern observed for the other two examples of this genre seen before, the composition of the pheromone blend is essential for the bioactivity and the compounds act synergistically to attract the males (Sasaerila et al., 2000b).

Parasa lepida (Cramer, 1779)
Parasa lepida, knowm as nettle caterpillar or blue-striped nettle grub, is a relevant pest of coconut trees in southwestern Asia, especially in Indonesia (Chenon, 1982). It produces a pheromone, identified as (7Z)-7,9-decadien-1-ol, which was found in extracts of female pheromonal glands. Traps lured with the synthetic compound proved it to be undoubtedly the component responsible for the attractiveness of males (Wakamura et al., 2007).

Setora nitens Walker,1855
This species causes large-scale destruction to oil palm trees in Thailand, Malaysia and Indonesia, leading harvest losses in the range of 70-90% in annual production (GBIF, 2022; Rustam et al., 2019). The pheromone blend of S. nitens, comprised of four compounds, was found through GC-EAG analysis in 1999, the molecules extracted from the glands which exhibited activity against the male antennae were identified as: (9Z)-9-dodecenal; (9Z)-9,11-dodecadienal; (9Z)-9-dodecenol; and (9Z)-9,11-dodecadienol (Sasaerila et al., 2000c). Although all four compounds showed biological activity in the electrophysiological assay, field tests conducted in Thailand disclosed that only the aldehydes, in a 1:1 mixture, were effective when used in traps to capture S. nitens males (Sasaerila et al., 2000c).

3.6 Oecophoridae family
Opisina arenosella Walker, 1864

Opisina arenosella stands out among insects that cause damage to coconut cultures in India and southeast Asia, it attacks the coconuts in various developing stages, from seedling to ripe (Mohan et al., 2010). GC-EAG and GC-MS analyses of gland extracts of one-day old female individuals allowed the identification (3Z,6Z,9Z)-3,6,9-tricosatriene as sex pheromone of the species (Bhanu et al., 2018). Male antennae responded to both the extract and the synthetic compound during GC-EAG analysis and in wind tunnel. In this behaviour analysis, males showed 80% response to the extract, and 60% to the synthetic standard (Bhanu et al., 2018).

3.7 Pyralidae family
Cadra cautella (Walker, 1863)

The tropical warehouse moth or almond moth infests various types of plants, and among its host is the date palm. Cadra cautella sex pheromone was isolated in 1971 from extracts of two-day old female abdomen. Initially, it was suggested that (9Z,12E)-tetradecadienyl acetate acted alone as the pheromone of this species (Kuwahara et al., 1971; Brady et al., 1971), but two years later, Brady (1973) found a second component of the pheromone blend, which was identified as (9Z)-tetradecenyl acetate, also extracted from female abdomen.

Ectomyelois ceratoniae (Zeller, 1839)
Ectomyelois ceratoniae, the locust bean moth is one the most destructive pests of date palm trees in Morocco, reducing both the production yield and the quality the fruits (Abid et al., 2021). The pheromone blend, found in extracts of glands of 2 to 5-day old females, was identified as a mixture of three compounds (9Z,11E)-9,11,13-tetradecatrienal, (9Z,11E)-9,11-tetradecadienal and (9Z)-9-tetradecenal (10:1:1, respectively) (Baker et al., 1989). Wind tunnel experiments and lured traps in the field demonstrated that the blend works in the capture of male locust bean moths (Baker et al., 1991).

Ephestia kuehniella Zeller, 1879

The Mediterranean flour moth, Ephestia kuehniella, primary host cultures are stored grains, but they also cause damage to Arecaceae plants, especially to date palm (Rahman et al., 2004; Lorini et al., 2010). Confirming the pattern of the Pyralidae family, the pheromone blend is formed of two compounds, (9Z,12E)-tetradecadienyl acetate and (9Z,12E)-tetradecadienol, which were identified in whole-body extracts from female insects. Bioassays and GC-EAG analysis proved these structures are the actual pheromones using (Kuwahara et al., 1971).

3.8 Psychidae family
Oiketicus kirbyi (Guilding, 1827)

Oiketicus kirbyi is another polyphagous insect, which attacks several commercially important cultures, including Arecaceae plants (Guzzo & Lima, 2020). GC-EAG analyses of female extracts showed five active compounds against male antennae: 1-methylbutyl octanoate; 1-methylbutyl nonanoate; 1-methylbutyl decanoate; 1-methylpentyl decanoate; and 1-methylbutyl dodecanoate (Rhainds et al., 1994). Field tests using enantiomerically pure compounds showed that only the R isomers of the esters are attractive, whereas the S isomers were either inactive or inhibited the bioactivity of the R molecule when used as a racemic mixture (Rhainds et al., 1994).

Table 1 summarizes the pheromones currently identified in species that attack Arecaceae trees discussed in the present work.

Table 1 - Pest lepidopteran species that attack Arecaceae plants and pheromone compounds they produce.
	Family
	Species
	Compounds
	Structure

	Batrachedridae
	Batrachedra amydraula


	(4Z,7Z)-4,7-decadien-1-yl acetate

(5Z)-5-decen-1-ol
(5Z)-5-decen-1-yl acetate
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	Castniidae
	Paysandisia archon
	(2E,13Z)-2,13-octadecadien-1-ol
	[image: image5.emf]OH



	Elachistidae
	Stenoma cecropia


	(9Z,11E)-9,11,13-tetradecatrienal 

(9Z,11E)-9,11-tetradecadienal 
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	Limacodidae
	Darna bradleyi
	methyl (7E)-7,9-decadienoate 

isobutyl (7E)-7,9-decadienoate
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	Darna trima
	(2S)-2-methylbutyl-(7E)-7,9-decadienoate

(2E)-2-hexenyl-E7,9-decadienoate
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	Darna pallivitta
	butyl (7E)-7,9-decadienoate

ethyl (7E)-7,9-decadienoate
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O
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	Parasa lepida
	(7E)-7,9-decadien-1-ol
	[image: image14.emf]OH



	
	Setora nitens
	(9Z)-9-dodecenal

(9Z)-9,11-dodecadienal

(9Z)-9-dodecenol

(9Z)-9,11-dodecadienol
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	Oecophoridae
	Opisina arenosella
	(3Z,6Z,9Z)-3,6,9-Tricosatriene
	[image: image19.emf]

	Psychidae
	Oiketicus kirbyi Guilding
	(2R)-2-pentyl octanoate

(2R)-2-pentyl nonanoate

(2R)-2-pentyl decanoate

(2R)-2--hexyl decanoate

(2R)-2-pentyl dodecanoate
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	Pyralidae
	Cadra cautella
	(9Z,12E)-9,12-tetradecadienyl acetate

(9Z)-9-tetradecenyl acetate
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	Ectomyelois ceratoniae
	(9Z,11E)-9,11,13-tetradecatrienal

(9Z,11E)-9,11-tetradecadienal 

(9Z)-9-tetradecenal 
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	Ephestia kuehniella
	(9Z,12E)-9,12-tetradecadienyl acetate 

(9Z9,12E)-9,12-tetradecadienol
	[image: image30.emf]O
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Source: Authors.
Bioactive compounds encountered as pheromones of the insect pests herein described belong to the following classes: alcohols; esters; aldehydes; and unsaturated non-branched hydrocarbons, with chain sizes varying from 10 to 23 atoms. Analysing these structures one can notice that all compounds share the same biosynthetic origin, the fatty acid pathway (Petkevicius et al., 2022).

The carboxylic acid obtained through the diet are metabolised by the insect to form both the saturated and unsaturated acid derivatives. Double bonds, present in the majority of the molecules listed in Table 1, are biosynthesized via desaturation, and the adequate chain length is achieved by a series of β-oxidation reactions (Ando et al., 2004). Among the unsaturated molecules identified, (9Z)-9-tetradecenyl acetate stands out, it appears in our study as a component of the pheromone blend of C. cautela, but it is also one of the most common constituents of pheromone of lepidopteran (Morgan, 2004). The 14-carbon chain molecules, such as the abovementioned (9Z)-9-tetradecenyl acetate or its diene version, (9Z,12E)-9,12-tetradecadienyl acetate, can be generated via desaturation, and posterior chain shortening, of palmitic acid. Within the same family Pyralidae, it is noteworthy that all pheromones encountered have 14 carbons in their chains, and are likely produced through the chain shortening (16 to 14 carbons) of palmitic acid (Allison & Cardé, 2016). It is quite common to observe closely related compounds in different species of the same genre or family, in the Limacodidae family, for instance, all pheromones found so far are esters derived from (7E)-7,9-decadienoic acid, where only the radical arising from the alcohol moiety varies.

Furthermore, hydrocarbons also can be produced using fatty acids as precursors and are biosynthesized by elongation and decarboxylation of dietary lipids (Morgan, 2004). Unsaturated hydrocarbons are usually derived from unsaturated fatty acids present in the plants the insect ingests, and comprise compounds with linear carbon chains bearing 12 to 25 atoms and with π bonds (generally with Z configuration) located at carbons 3, 6, 9, 12, and 15 (Ginzel et al., 2021). As an example, the pheromone of O. arenosella, (3Z,6Z,9Z)-3,6,9-tricosatriene, has the linolenic acid as precursor.

The branched-chain hydrocarbons, likewise, are frequently biosynthesized using dietary saturated acids, and during the chain elongation process, methyl radicals are added, through the incorporation of methylmalonyl-CoA instead of malonyl-CoA (Allison & Cardé, 2016).
3.9 Control methods applied to Arecaceae pest insects

There are several control methods used to try to reduce insect populations, and ergo financial damage, of pests that have Arecaceae species as primary hosts, and these methods are classified as: natural; chemical; biological; physical; cultural; and behavioural (Howard, 2001). Integrated Pest Management (IPM) represents a newer strategy which applies a combination of sustainable alternatives to tackle this issue (Kalidas, 2013; Goulart et al., 2015).

The chemical control, using synthetic pesticides, continues to be the most prevalent technique against pest insects, however, the search for less hazardous alternatives is propel by the concerns about the harm caused by these products both to the environment and to human health (Soroker & Colazza, 2017). In addition to that, insecticides are ineffective against borer species, which have part of their life cycle inside of the tree stem, the spread and irrational use of these products increases the appearance of resistant strains, and the lack of specificity makes them extremely harmful to beneficial species, including natural enemies of the same pest they used to control (Kalidas, 2013; Soroker & Colazza, 2017).

Biological control also takes a prominent role in the field, since it is generally an efficient and sustainable strategy (Alharbi et al., 2022). A compelling example of biological control of lepidopteran infesting palm trees is the study of natural enemies in the management of S. cecropia in Colombia. Ants of Crematogaster genre led to a 42% population reduction of S. cecropia caterpillars in oil palm farms (Sendoya-Corrales & Bustillo-Pardey, 2016). Likewise, entomopathogenic viruses can be used for the same purpose. Recent studies showed the viability of using the virus OilV-1 (Opsiphanes invirae Iflavirus 1) to control O. invirae populations (Silva et al., 2015). The technique consists of using caterpillars infested with the virus as pathogen sources, the early-stage insects are collected and stored, and from them, a virus-rich solution is prepared and applied in the field to infect the remaining individuals (Oliveira et al., 2018).

A classical method still in use in some parts of the world today is the mechanical or manual control of insects. As an example, B. sophorae (Lepidoptera: Nymphalidae) nests are manually collected in farms and the caterpillar are crushed inside the nests, thus reducing the insect population. Nonetheless, this technique is not efficient, especially in large states, since it requires the laborious search for nest, which gets even more difficult as the area increases (Ferreira et al., 2015).

At last, using chemical communication to control insect populations through their behaviour has been gradually studied. This strategy will be discussed in the next section.

3.10 Application of pheromones in the Integrated Pest Management of Arecaceae pest insect

Using pheromones in pest control is based on the manipulation of insect behaviour, without causing harm to any other organisms (Goulart et al., 2015). This technique emerges from the observation that the presence of an external source of pheromone hampers the insect’s ability to find a mate and lures them to a trap, the insects will not be able to procreate, which drastically reduces their population (Matthews, 2017).

Kamarudin et al. (2010) used the compounds released by virgin females of M. plana to capture male individuals in oil palm farms, reducing the population density in the studied area. The same method was employed to control a M. plana infestation in Malaysia in 2013 (Ahmad et al., 2017). A newer study evaluating the efficiency of the virgin female specific compounds of this species was conducted by Ahmad et al. (2017), which corroborated the results found in the first publication, indeed the mating behaviour of the M. plana species is depends upon the volatiles produced by the females. Nevertheless, although it is clear that at least one sex pheromone is involved, neither research group, Kumarudin’s nor Ahmad’s, have pointed out what molecule – or molecules – is responsible for the attractiveness. 

Keeping this in mind, several studies are conducted aiming to use pheromones for pest control. Considering the insects discussed thus far, the pheromones of C. cautela and E. kuehniella were not only identified but are commercially available and ready to be used by farmers, under the brand name o Exosex® SPTab. A study by Trematerra and Colacci (2020) showed the application of this product effectively reduced the population of C. cautela in a factory of bakery products. Although this research was not applied to an Arecaceae plantation, the strategy seems efficient to control this species. Also, even before the structure responsible for attracting insects is elucidated, using pheromone sources can be promising. As previously discussed, traps containing virgin females were effective in capturing males of M. plana in oil palm farms in Malaysia (Kamarudin et al., 2010; Ahmad et al., 2017).

Based on the discussion presented thus far, it is possible to infer that, although the identification and application studies are yet scarce, using pheromones to control insect pests at Arecaceae species cultivations is viable within the Integrated Pest Management strategy. 

4. Final Considerations
Behaviour control, using pheromones, of lepidopteran insects infesting Arecaceae plants lies yet at its dawn. Eight Lepidoptera families were found to have at least one species from which pheromones are already known and that have palm plants as primary hosts. Limacodidae family holds the highest count, computing eight species with pheromones in the literature. Although there is a vast number of moth species which are Arecaceae pests, our literature review shows that this field can still be extensively explored, since only a handful of these species’ pheromones have been identified. The studies elucidating the attractant structures are concentrated in the southeast Asia, Central and South America, and in reduced scale in Africa.

The pheromones encountered belong to a few classes, and are predominantly unsaturated alcohols, esters and aldehydes with chains containing 8 to 20 carbons. Polyunsaturated alkenes were also reported and the all compounds found up to now share a common biosynthetic pathway.

Synthetic pesticides and biological control are to this day the most used methods against the insects, but the high environmental hazards and the problems associated to characteristics of the Arecaceae tree farms propel the search for efficient and sustainable control methods. Therefore, our literature review suggests the Integrated Pest Management is the most effective strategy, and within the IPM, the use of pheromone, although still rare, represents a promising and consistent alternative to reduce the damage caused by lepidopteran insects to Arecaceae crops.
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