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Abstract: A dead-end trap plant is a plant species that is highly attractive for oviposition and other activities of target pests,
but on which they cannot complete their development, reproduction or survival. Due to its unique insecticidal mechanism
and environment-friendly characteristics, it has received increasing attention in recent years. There are many species that
can be used as trap plant, but few of them can be used as dead-end trap plants. These plants are commonly utilized for lepi-
dopteran pest management in graminaceous crops, cruciferous vegetables and other cropping systems. At present, vetiver
grass, Chrysopogon zizanioides, is widely used in the integrated pest management (IPM) of rice borers in southern China as
an alternative to chemical pesticides. This article lists plant species that can be used as dead-end trap plants, together with
the target pests and relevant cropping systems. In addition, the trapping principle and insecticidal mechanism of dead-end
traps is reviewed, and the application of vetiver grass as a dead-end trap in rice borer IPM introduced. The future research
directions of dead-end trap plants towards the protection of crops are also discussed.

Keywords: Chrysopogon zizanioides; trap plant; lepidopteran pest; integrated pest management

1 Introduction

Trap plants and dead-end trap plants are two similar but also
different concepts. A trap plant refers to a plant that is more
attractive to pest oviposition than the main crop. A trap crop
is planted to attract, retain or kill insects in order to reduce
damage to the main crop (Hokkanen 1991; Parolin et al.
2012; Han et al. 2022). Dead-end trap plants are plants on
which the offspring of the pest insect cannot survive, thus
effectively preventing the damage of its offspring on the main
crops (Shelton & Nault 2004; Gyawali et al. 2021). By trap-
ping pests while simultaneously interrupting their life cycle,
dead-end trap plants provide a sustainable and environmen-
tally friendly approach to conventional insect pest control.
This approach reduces the reliance on chemical pesticides
and minimizes the negative impact on beneficial organisms,
making it an increasingly desirable option in pest manage-
ment (Cheruiyot et al. 2018). Both trap plants and dead-end
trap plants play an important role in pest management, the
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latter provides a more comprehensive solution by not only
attracting pests away from main crops but also preventing
the survival and reproduction of their offspring.

Vetiver grass, Chrysopogon zizanioides (L.) Roberty,
also called khus, is a typical dead-end trap plant. It is a
perennial grass of the family Poaceae, native to India and
widely cultivated in tropical and subtropical regions for soil
and water conservation, soil improvement and environmen-
tal rehabilitation (Aziz & Islam 2023; Otunola et al. 2023;
Gao et al. 2023). In addition, it has important agricultural
biological activities against insects (Zhu et al. 2001; Bajwa
et al. 2017), bacteria (Champagnat et al. 2007; Sridhar et al.
2003) and weeds (Mao et al. 2004). Currently, vetiver grass
is extensively employed in southern China as a substitute
for chemical pesticides in the integrated management of rice
borers. Most rice (Oryza sativa L.) planting areas are also
suitable for vetiver grass planting. Therefore, it is feasible
to promote the use of vetiver in rice planting areas for rice
borer control.
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This article reviews the trapping principle, insecticidal
mechanisms of dead-end trap plants and their application
in the management of rice borers, and prospect the future
research directions in order to improve the use of dead-end
trap cropping as a pest management tool.

2 Dead-end trap plants for attracting and
killing pest insects

While there are many species of trap plants and their appli-
cation in agricultural production is wide, only a few species
can be used as dead-end trap plants (Table 1). Dead-end trap
plants are largely used against lepidopteran pests. This may
be due to two factors: (1) lepidopteran pests are very sensi-
tive to plant chemical signals and can be induced to aggregate
through the kairomones emitted by plants (Chiu et al. 2018);

and (2) the behavior of lepidopteran pests, such as their mat-
ing behaviour and oviposition preferences, make them suit-
able targets for attracting and killing approaches (Wilson
2010). Based on their characteristics, dead-end plants can
be classified into four main categories: crop wild relatives
(CWR), herbaceous plants, artificially modified plants, and
other plants. The CWR have significant potential for natural
development into dead-end trap plants, due to their genetic
similarity with their cultivated counterparts. For example,
tropical soda apple (Solanum viarum Dunal) (Solanaceac)
as a CWR of tomato, has potential as a dead-end trap plant
for tomato fruitworm (Helicoverpa armigera Hiibner)
(Lepidoptera: Noctuidae) (Gyawali et al. 2021). Wild cru-
cifer (Barbarea vulgaris (R. Br.)) (Brassicaceae) can be
developed into a dead-end trap plant for diamondback moth
(Plutella xylostella (L.)) (Lepidoptera: Plutellidae) (DBM)
in cruciferous vegetables (Brassica spp.) (Brassicaceae) (Lu

Table 1. Some examples of plant species that can be used as dead-end trap plants and their associated cropping system and pest.

Dead-end trap plant Target main crop

Target pest Reference

Tropical soda apple (Solanum
viarum Dunal)

Tomato (Solanum lycopersicum
L)

Helicoverpa armigera
(Hiibner)

Gyawali et al. 2021

Radish (Raphanus sativus Pers.) | Cruciferous vegetables

Meligethes aeneus (Fab.) Veromann et al. 2014

Wild sugarcane (Erianthus
arundinaceus (Retzius) Jeswiet)

Sugarcane (Saccharum
officinarum L.)

Jacob et al. 2021; Nibouche
etal. 2012

Chilo glyciphagus (Bojer)
Chilo sacchariphagus (B.)

Wild crucifer (Barbarea vulgaris
(R. Br))

Cruciferous vegetables
(Brassicaceac)

Lu et al. 2004; Badenes-Perez
etal. 2010, 2014

Plutella xylostella L.

Brachiaria grass (Brachiaria
brizantha (Hochst. ex A. Rich.)

Stapf)

Sorghum (Sorghum bicolor L.
Moench), maize (Zea mays L.)

Chilo partellus (Swinhoe) Cheruiyot et al. 2018

Vetiver grass (Chrysopogon
zizanioides (Linnaeus) Roberty)

Rice (Oryza sativa L.)

Chilo suppressalis Walker, C.
partellus, Sesamia inferens
Walker, Busseola fusca (Fuller)

van den Berg 2006a; Chen
et al. 2007; Zheng et al. 2009;
Lu et al. 2018b, 2019

Sudan grass (Sorghum
sudanense)

Rice (O. sativa)

C. suppressalis Zheng et al. 2009

Napier grass (Pennisetum Maize (Z. mays)

purpureum Schum)

Hari & Jindal 2009; van den
Berg et al. 2006b, 2006¢

C. partellus, B. fusca

tobacco (N. tabacum L. cv.
Xanthi)

(Brassicaceae)

Faba bean (Vicia faba L.) Cruciferous vegetables P. xylostella Zhu et al. 2021
(treated with the extract of (Brassicaceac)

Chinese kale)

Sunn hemp (Crotalaria Cowpea Vigna unguiculata Maruca testulalis Geyer Jackai & Singh 1983
Juncea L.)

Tidalmarsh flatsedge (Cyperus Rice (O. sativa) S. inferens Liu et al. 2011
serotinus Rottb)

Benzylglucosino-late-producing | Cruciferous vegetables P, xylostella Moldrup et al. 2012

Bt-maize (Zea mays L.) Sugarcane (S. officinarum)

Eldana saccharina Walker Keeping et al. 2007

Bt rice (Oryza sativa L.) Rice (O. sativa)

C. suppressalis Jiao et al. 2018

Indian mustard (B. juncea L.) Cruciferous vegetables

P. xylostella Cao et al. 2008

Firethorn (Pyracantha coccinea
Roemer)

Strawberry (Fragaria ananassa
Duch.)

Drosophila suzukii Matsumura | Ulmer et al. 2020




et al. 2004; Badenes-Perez et al. 2010, 2014). Wild sugar-
cane (Erianthus arundinaceus (Retzius) Jeswiet) (Poaceac)
can also be used as a dead-end trap plant to control Chilo
sacchariphagus Bojer (Lepidoptera: Crambidae), an impor-
tant insect pest of sugarcane (Nibouche et al. 2012; Jacob
et al. 2021).

Some herbaceous plants, especially grasses, have attract-
ing and killing effects on lepidopteran pests of gramineous
crops, and have been identified as dead-end trap plants.
Since the discovery that vetiver grass can effectively attract
Chilo partellus Swinhoe (Lepidoptera: Crambidae) away
from maize (van den Berg 2006a), it has attracted consider-
able attention. Subsequently, its homologous species Chilo
suppressalis Walker (Lepidoptera: Crambidae) was also
confirmed to have a strong oviposition preference for vetiver
grass (Zheng et al. 2009). More evidence that vetiver grass
can function as a dead-end trap plant for most rice stem bor-
ers was provided by several authors (Chen 2007a; Zheng
et al. 2009; Xia & Sun 2012). Other dead-end trap plants
identified for use in rice cropping ecosystems, include sudan
grass (Sorghum sudanense (Piper) Stapf) (Poaceae) (Zheng
et al. 2009) and tidalmarsh flatsedge (Cyperus serotinus
Rottb) (Cyperaceae) (Liu et al. 2011). Furthermore, it was
found that brachiaria grass (Brachiaria brizantha (Poaceac)
(Hochst. ex A. Rich.) Stapf) and napier grass (Pennisetum
purpureum Schum) (Poaceae) can function as dead-end
trap plants for C. partellus in sorghum (Sorghum bicolor
L. Moench) (Poaceae) and maize (Zea mays L.) (Poaceac)
(Hari & Jindal 2009; van den Berg 2006b, c; Cheruiyot et al.
2018).

The use of genetically modified plants that express insec-
ticidal proteins has also been reported to act as a trap crop
for C. suppressalis (Jiao et al. 2018). For instance, one of
the effective means used to control pests, such as C. sup-
pressalis in rice or Eldana saccharina Walker (Lepidoptera:
Pyralidae) in sugarcane, is planting the crops that express
Bacillus thuringiensis (Bt) genes (Jiao et al. 2018; Keeping
et al. 2007). For controlling DBM on cruciferous vegeta-
bles, dead-end trap plants are commonly employed. These
trap plants include benzylglucosinolate-producing tobacco
(Nicotiana tabacum L. cv. Xanthi) and vegetable Indian
mustard (Brassica juncea L.) (Cao et al. 2008; Moldrup et al.
2012). Benzylglucosinolate-producing tobacco plants were
more attractive for oviposition by female DBM moths than
wild-type tobacco plants (Meldrup et al. 2012).

Several other plant species have been reported to be used
as dead-end plants. Sunn hemp (Crotalaria juncea L.) can
be used as dead-end trap plant to control Maruca testulalis
(Geyer) (Lepidoptera: Pyralidae) on cowpea (Vigna unguic-
ulata (L.) Walp.) (Jackai & Singh 1983). Planting firethorn
(Pyracantha coccinea Roemer) near strawberry (Fragaria
ananassa Duch.) provides an effective and low-maintenance
solution to minimize damage caused by Drosophila suzukii
(Matsumura) (Diptera: Drosophilidae) (Ulmer et al. 2020).
The highly attractive fruits of P. coccinea act as a trap, lur-
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ing D. suzukii while preventing the survival of its offspring
(Ulmer et al. 2020). Faba bean (Vicia faba L.) plants sprayed
with the aqueous extract of Chinese kale can be used as
dead-end trap plant to control DBM on cruciferous vegeta-
bles (Zhu et al. 2021).

3 Trapping principle and insecticidal
mechanism

3.1 Trapping principle

Plants are masters of volatile production and release (Farmer
et al. 2001; Liechti & Farmer 2002; Adebesin et al. 2017).
Insects interact with plants by recognizing these volatiles.
Insect-plant interactions primarily rely on chemical com-
munication systems among plants, herbivores and their
natural enemies (Chiu & Bohlmann 2022; Tumlinson 2023).
The principle of using dead-end trap plants to lure pests is
based on the release of kairomones or other chemical cues by
plants that attract target pests for oviposition and other activ-
ities. Plant volatiles (PVs) are lipophilic molecules with high
vapor pressure that serve various ecological roles (Pichersky
et al. 2006). PVs may play an important role in host location,
mate-finding, oviposition and aggregation of insects (Arx
et al. 2012; Xu & Turlings 2018; Pérez-Hedo et al. 2021;
Cascone et al. 2022; Cruz-Miralles et al. 2022; Nieri et al.
2022; Levi-Zada 2023). Specifically, dead-end trap plants
simulate the mate location of target pests by releasing chemi-
cal cues similar to those of insect pheromones or other chem-
icals, which diffuse through the surrounding atmosphere
(Schuman et al. 2023) and are eventually detected by insects,
thereby attracting and aggregating the target pest (Schmidt-
Biisser et al. 2009; Arx et al. 2012; Kromann et al. 2015), and
triggering a range of behavioral and physiological responses.
Insects also produce a large repertoire of chemically diverse
secondary metabolites, including pheromones, hormones
or other chemical substances (Morgan 2010), which are
used for defense against attackers and also within species
as sex pheromones, aggregation signals (Chiu et al. 2018)
and alarm signals (Beran et al. 2019). In response to visual,
tactile and olfactory cues, insects often demonstrate prefer-
ences for particular plant species, cultivars or crop stages
(Shelton & Nault 2004). Olfactory cues play a crucial role in
the entire attraction process.

Numerous volatile compounds have been identified from
plants such as cruciferous vegetables and vetiver grass,
some of which exhibit attractive properties towards cen-
tain insects. Specifically, 190 volatiles were identified from
cauliflower, turnip, broccoli, watercress, radish and cab-
bage leaves. Aldehydes and ketones appeared as the most
discriminatory among leaves, accounting for the distinct
aroma (Baky et al. 2022). Pathway analysis showed that
three secondary metabolism pathways, including the fatty
acid pathway, methylerythritol phosphate (MEP) pathway
and glucosinolate (GLS) pathway, in a set of 12 common
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Brassica vegetables, behave distinctively in these vegeta-
bles. These pathways are responsible for the biosynthesis
and release of green leaf volatiles (GLVs), terpenes, and iso-
thiocyanates (ITCs), respectively (Ameye et al. 2018; Liu
et al. 2018). The aqueous extract of Chinese kale applied to
faba bean plants significantly increased the number of DBM
eggs compared to Chinese kale. This suggests that the extract
attracts DBM females and influences their egg-laying behav-
ior (Zhu et al. 2021).

3.2 Insecticidal mechanism

After insects deposit their eggs on dead-end trap plants, the
hatching larvae start feeding and ingesting these plant tis-
sues. This can affect their physiology and behavior, such as
reducing their reproductive capacity, interfering with their
neurological function, affect their digestive system, sup-
pressing their feeding, and decreasing their feeding volume,
leading to insect death or population decline (Schellenberger
et al. 2016). Previous studies have demonstrated that feeding
on dead-end trap plants, such as napier grass can result in
mortality rates of up to 96% of C. partellus larvae. Larval
development is significantly delayed, and their weight is
noticeably reduced, indicating severe developmental inhibi-
tion (Khan et al. 2006; Gao et al. 2015; Lu et al. 2017b, c).
Therefore, it is reasonable to speculate that dead-end trap
plants contain toxic substances to the larvae of these insect
species.

Evidence suggests that the consumption of plant sec-
ondary metabolites may influence the growth and develop-
ment of herbivorous insects and it could also result in their
death (Ansante et al. 2015; Giongo et al. 2016; Badgujar
et al. 2017; Ma et al. 2019; Divekar et al. 2022; Gross et al.
2022; Elshafie et al. 2023). The mechanisms of plant defense
against herbivorous insects largely involve the following:
(1) repellent or antifeedant effects (Bett et al. 2016; Lea
et al. 2021); (2) interfere with the enzyme activity (Wang
et al. 2019; Mashhoor et al. 2021); (3) inhibition growth
and development (Rahman-Soad et al. 2021; Ma et al. 2021;
Chabaane et al. 2022; Tougeron & Hance 2022); (4) lethal
effects (Mordue & Blackwell 1993; de Leao et al. 2020;
Paspati et al. 2021).

Transgenic plants that express Cry proteins were devel-
oped as dead-end trap plants offer a promising alternative
to traditional insecticides for controlling lepidopteran pests.
Bt insecticidal proteins primarily function by targeting spe-
cific pests and disrupting their digestive systems. These pro-
teins, such as CrylBa2, CrylCa4 and CrylAb, have been
found to be effective against various pests, including DBM,
Spodoptera exigua (Hiibner) (Lepidoptera: Noctuidae) and
Manduca sexta (L.) (Lepidoptera: Sphingidae). They bind
to specific receptors on the insect’s midgut epithelial cells,
leading to pore formation and cell lysis, ultimately causing
insect mortality (Shelton et al. 2009; Dhania et al. 2019;
Wang et al. 2018; Chen et al. 2007b; Garcia--Ruiz et al.
2022; Lu et al. 2022).

4 Case study: Application of vetiver grass
in IPM of rice stem borers

Rice is one of the most important food crops in the world.
Asia is an important producer of rice, planting more than
90% of the world’s rice (Chen et al. 2022). Almost all paddy
fields throughout Asia have been invaded by rice stem bor-
ers, such as C. suppressalis, C. partellus, S. inferens and
Scirpophaga incertulas (Walker) (Lepidoptera: Pyralidae)
causing economic losses (Qu et al. 2003; Lu et al. 2019;
Sakib et al. 2022; Babendreier et al. 2022). In addition,
Africa also grows rice. In African rice areas, Maliarpha
seperatella Ragonot (Lepidoptera: Pyralidae), Sesamia
calamistis Hampson (Lepidoptera: Noctuidae), C. partellus
and Diopsis thoracica Westwood (Diptera: Diopsidae) are
the main rice stem borers (January et al. 2020). Over the past
several decades, the management of these rice stem borers
has predominately relied on the use of synthetic chemical
insecticides (Peng et al. 2021). The problems of environmen-
tal safety, food safety and pest resistance caused by chemical
control have forced humans to find new alternative control
strategies. The use of trap plants as a traditional tool of rice
pest management has increased considerably in the recent
years, especially for lepidoptera pests (Shelton & Badenes-
Perez 2006; Zheng et al. 2009; Liang et al. 2015; Lu et al.
2018b, 2019). Vetiver grass does not only attract female
moths of rice stem borers to lay eggs on it, but it also has a
lethal effect on the hatched larvae. It has been identified as
a dead-end trap plant for the alternative control of rice stem
borers, such as C. suppressalis and S. inferens in rice sys-
tems (Lu et al. 2018b). Therefore, vetiver grass has broader
development and application prospects. This technology was
initially extended in Zhejiang Province, China. At present,
it has been become one of the most important agricultural
technologies recommended by the Ministry of Agriculture
and Rural Affairs for use in the management of rice pests in
China, and it has been widely adopted in rice-growing areas
in southern China. Based on the effectiveness and environ-
mental friendliness of this technology, it can significantly
reduce (> 30%) the use of chemical pesticides, reduce man-
agement costs, improve crop quality, subsequently increase
income, thereby benefiting millions of farmers (Lii et al.
2019).

4.1 Trapping and killing mechanism

More than 300 compounds have been identified from veti-
ver (Liang et al. 2015). The volatile oil of vetiver contains
a range of terpenoids that are strong attractants and oviposi-
tion stimulants for lepidopteran stemborer moths on vetiver
(Li et al. 2018). Electrophysiological assays showed that the
compounds released from vetiver grass elicited significant
the electroantennography (EAG) responses in female adults
of C. suppressalis, and these compounds were identified as
caryophyllene, B-ocimene, linalool and o-pinene. Further
bioassays showed that individual compounds, their combina-



tions, as well as differences in compound ratios play impor-
tant roles in the process of inducing female moths to lay eggs
(Lu et al. 2017a). The compounds which elicited strong EAG
responses in antennae of female moths were subsequently
selected for further development of an attractant volatile for-
mula. Among the numerous (450) formulations, 17 showed
the greatest trapping effect for C. suppressalis (> 15 per trap)
(Lu et al. 2019). In another study, 16 compounds from veti-
ver volatiles produced EAG responses in C. suppressalis, but
the EAG response to vetiver extract was significantly higher
than that of individual compounds, which means that mul-
tiple compounds are involved in the regulation of the olfac-
tory behavior of C. suppressalis. Wind tunnel assays further
showed that six compounds (cholesterol, citral, n-pentadec-
anoic acid, myristic acid, glycerol 1-palmitate and diisooctyl
phthalate) had clear attractive activity, while four of these:
cholesterol : citral : myristic acid (33 : 24 : 11), diisooctyl
phthalate:citral : glycerol 1-palmitate (130 : 48 : 1), choles-
terol : citral : myristic acid : glycerol 1-palmitate (66 : 48 :
22 : 1), and citral : glycerol 1-palmitate (48 : 1) were identi-
fied as the attractive compounds in vetiver extracts (Wang
et al. 2016).

Components isolated from a petroleum ether extract
of vetiver grass had significant lethal effect on third-instar
larvae of C. suppressalis, and the mortality rate was 85.0%
after feeding at a concentration of 0.05 g/mL for 3 days (Lii
et al. 2019). Further, by comparing the nutrients and second-
ary metabolites of rice and vetiver grass, it was found that
the contents of total protein, total sugar, amino acids and cel-
lulose in vetiver grass were significantly lower than those
in rice, especially the methionine (MET) content in rice
was 7-fold higher than that in vetiver grass. In contrast, the
tannin content in vetiver was 30% higher than that in rice
(Lu et al. 2017b). This low nutrient content and high con-
centrations of defensive compounds in dead-end trap plants
such as vetiver may provide an explanation for the death of
some lepidopteran pest larvae on such crops (Schellenberger
et al. 2016). Toxic and harmful compounds enter insect tis-
sues through the midgut, affecting protective enzyme and
detoxification metabolic enzyme activities. Specifically, the
activity of superoxide dismutase (SOD) in third-instar lar-
vae of C. suppressalis feeding on extracts of vetiver grass
was higher than the control (artificial diet), while activity
of catalase (CAT) and peroxidase (POD) was lower than
the control (Gao et al. 2015). The imbalance of protective
enzyme activity in the insect body may lead to obstacles
in the scavenging of free radicals, resulting in toxic action.
Induction of changes in insect digestive enzyme activity may
be another manifestation on the toxic effects of vetiver grass.
The activities of digestive enzymes, including protease,
amylase, alginase and sucrase, were significantly decreased
in some specific stages of larvae of C. suppressalis and S.
inferens feeding on vetiver grass (Lu et al. 2017Db, c). Insect
metabolic detoxification and phytochemical defense are the
most important relationships in the evolutionary “arms race”
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between herbivorous insects and host plants. The detoxifica-
tion metabolic mechanism has always been considered as a
common mechanism for herbivorous insects to adapt to their
hosts. Cytochrome P450 monooxygenases (P450s), glutathi-
one S-transferases (GSTs), and carboxylesterases are three
major multigene enzyme families that primarily participate
in xenobiotic metabolism, including the detoxification of
insecticides and plant-derived allelochemicals (Ranson et al.
2002; Bao et al. 2012; Lu et al. 2018a). It was found that
the activities of cytochrome P450 and carboxylesterase in
C. suppressalis larvae that fed on vetiver grass leaf tissue
were significantly lower than those that fed on rice (Lu et al.
2017b). Furthermore, transcriptional dynamics suggested
that digestion-related genes, immune-related genes and
detoxification-related genes may be involved in the toxicity
responses after exposure to vetiver grass. Because most of
these genes were significantly down-regulated in the midgut
of C. suppressalis larvae at 6, 8, and 10 days after feeding on
vetiver grass compared to rice (Lu et al. 2018a). Further study
found that two cytochrome P450 monooxygenase (P450)
genes, CsCYP6SN3 and CsCYP306A1, were involved in the
toxic responses after exposure to vetiver grass. Vetiver grass
significantly inhibited the expression levels of CsSCYP6SN3
and CsCYP306A1 in third-instar larvae after feeding. RNAi
showed that the silencing of CsCYP6SN3 and CsCYP306A41
significantly reduced pupation rate and pupal weight. After
silencing of CsCYP6SN3 and CsCYP306A1, the mortality
caused by feeding vetiver was also higher than that of feed-
ing on rice (Lu et al. 2022).

4.2 Application principles and control efficiency

The efficacy of Vetiver as a trap crop under field conditions is
closely related to how the it is deployed and managed inside
the rice ecosystem. The following recommendations on
the establishment of Vetiver trap plantings were developed
based on the adoption of these technologies in paddy fields
in southern China: (1) ensure that the width of the paddy
field ridge is greater than 80 cm, so that vetiver grass has
sufficient growth space (Xia & Sun 2012); (2) the Vetiver
planting area should account for 6-10% of the total area of
the paddy field, which is based on the effective trapping dis-
tance of vetiver grass. Previous studies showed that the inci-
dence of rice plants with withered heart symptoms within
10 m from vetiver grass strips was lower (< 1.66%), and the
incidence of plants with such symptoms increased to more
than 4% at distances of further than 30 m (> 4.03%) (Chen
et al. 2007a; Xia & Sun 2012). Moreover, vetiver grass can
significantly reduce the population density of overwinter-
ing C. suppressalis. A reduction rate of 83.8% within 25 m
from the vetiver grass strip was reported (Zheng et al. 2017a;
Lu et al. 2019); (3) timely access to large numbers of eggs
for unified killing to reduce the damage to rice (Chen et al.
2007a, 2016; Liang et al. 2015); (4) vetiver grass should be
planted in spring and earlier than rice to obtain the maximum
biomass and trapping effect. The trapping effect of biennial
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vetiver grass was greater than that of annual vetiver grass
(Zheng et al. 2017b; Lu et al. 2019); (5) after transplanting,
vetiver grass and rice were equally fertilizer managed at the
same time to ensure that the trapping effect continued (Chen
et al. 2007a). In order to improve the trapping effect, vetiver
should usually be cut twice, once after early rice harvest and
again after late rice harvest, leaving 10-20 cm stubble (Lu
etal. 2019).

Overall, planting of vetiver grass can result in 30-70%
reduction of C. suppressalis in rice systems (Lu et al. 2019).
Vetiver grass is therefore one of the most important alter-
native control measures for green management of C. sup-
pressalis in rice. In growing seasons or specific fields where
C. suppressalis infestation levels are low, the presence of
vetiver can lead to such low damage levels in rice fields, that
insecticide applications may not be needed.

4.3 Proliferation effect on natural enemy insects

Vetiver grass attracts rice stem borers to lay eggs on it, and
then these eggs attract the parasitism of various egg para-
sitoid species. Surveys of parasitoids associated with veti-
ver showed that the number of egg parasitoids of rice stem
borers in the vetiver grass-planted fields were significantly
higher than those in fields without vetiver grass (Zheng et al.
2017a). Among them, the main parasitoids are the species
in the genus Telenomus (T. sesamtae and T. chilocolus) and
the genus Trichogramma (T. japonicun and T. chilonis). In
addition, the survey also found some larval parasitoids of
rice borers, including Aceratoneuromyia indica (Silvestri),
Apanteles baoris (Wilkinson) and Apanteles flavipes
(Cameron). The number of Telenomus, Trichogramma and
other parasitic wasps in vetiver grass-planted rice fields was
2.8, 1.7 and 0.8 times higher than in the control rice fields
without vetiver grass (Zheng et al. 2017a).

5 Perspective

Dead-end trap plants have promising prospects and potential
applications in pest management strategies, as an important
part of IPM programs. These plants can serve as an alter-
native approach for reducing the use of synthetic pesticides
and promoting sustainable agriculture. Additionally, they
can also contribute to the conservation of natural enemies by
creating a suitable habitat for them, thereby enhancing the
biological control of pests.

Looking into the future of dead-end trap plant systems,
there are several design directions to consider. Firstly,
expanding the range of target pests by diversifying dead-end
trap plants can achieve more comprehensive pest control.
Secondly, considering the characteristics and requirements
of crops when designing dead-end trap plants can minimize
the negative impact on the health and productivity of the
crop, while optimizing crop resilience against pests. Thirdly,
enhancing the efficacy of dead-end trap plants through gene

editing and genetic improvement can improve their ability to
attract and eliminate pests. Lastly, integrating multiple pest
control methods, such as chemical pesticides and biologi-
cal control, and strengthening monitoring and early warning
systems using modern technology, can enhance the overall
effectiveness of the system. While these design directions
hold promise, it is important to note that there are still many
challenges and difficulties to be addressed in the trapping
and killing process. Dead-end trap plants cannot only attract
certain species of moths to lay eggs on them, but also kill
larvae. This suicidal behavioral decision-making is contrary
to the theories of species evolution and preference-perfor-
mance (also known as optimal host selection or mother-
knows-best) (Thompson 1988; Moravie et al. 2006; Wist
& Evenden 2016; Altesor & Gonzalez 2018). Therefore,
there are still many unresolved issues to be uncovered in the
interaction between the borer and the dead-end trap plants,
mainly including:

(1) Dead-end trap plants can specifically attract some
stem borers, such as C. partellus, C. suppressalis and S. infe-
rens. So, how to realize chemical communication between
them is a basic issue to be answered in the field of chemical
ecology. Chemical communication is essentially a process
of transmitting chemical signals and receiving chemical sig-
nals. In this process, plant volatiles are the signal sources,
and insect olfactory receptors act as receivers (Mahadevan
et al. 2022). Which volatile organic compounds (VOCs)
(ligands) released by dead-end trap plants are specifically
recognized by these borers, and what are the insect recep-
tors that recognize these VOCs? Are the VOCs released
by trap plants chemical communication signals in order to
achieve a purpose of their own? This in turn is in the interest
of certain borers that they eavesdropped on. Eavesdropping
events have been confirmed to be widespread between the
same species (Baldwin et al. 2006) or between different spe-
cies (Fatouros et al. 2005; Gurr et al. 2016; Shen et al. 2020;
Righetti et al. 2021; Xuan et al. 2023).

(2) Plant metabolites show significant changes across
the entire plant life (Li et al. 2020; Wang et al. 2022; Yang
et al. 2022). Previous evidence has showed that there are sig-
nificant differences in the attractive effect of dead-end trap
plants (vetiver grass) on C. suppressalis in different periods
(planting time) (Chen et al. 2007a; Lu et al. 2019).

(3) In Lepidoptera, the larvae, especially during the
carly stages, are often have limited mobility, and hence the
mother’s choice of a host plant determines the conditions the
offspring experience, consequently impacting their develop-
ment and survival (Rausher 1979; Jaumann & Snell-Rood
2017). Accordingly, the preference-performance hypothesis
predicts that females should prefer to lay eggs on host plant
species that increase their offspring’s performance and fit-
ness. That means females will choose to oviposit on plants
that maximize offspring development (Altesor & Gonzalez
2018). Vetiver grass has been identified as a dead-end trap
plant of some stem borers (van den Berg 2006b, c¢; Chen



et al. 2007a; Hari & Jindal 2009; Lu et al. 2022). Dead-end
trap plants contain substances (plant defense substances) that
have a toxic effect on target pests (Lu et al. 2017b; Li et al.
2018). The preference of these stem borers to lay eggs on vet-
iver grass is contradictory to the above views. Phytophagous
insects usually locate their hosts through odor cues (host
plant volatiles) in long-distance, while the selection of ovi-
position sites requires the participation of the taste system to
evaluate the vegetative traits of the host (Jacobsen & Raguso
2021). In addition to the selection of oviposition sites by
female adults, it is still unknown whether the offspring lar-
vae can perceive the harmful substances in the dead-end
trap plants and subsequently drive host escape behavior dur-
ing feeding. In these processes, the participation of insect
taste system is required (Robertson et al. 2019; Aryal & Lee
2022). Therefore, the taste system of these stem borers is not
involved in the selection of oviposition sites and assessment
of harmful substances, which seems to be contrary to com-
mon sense. If it is involved, it is not known which gustatory
receptors play a role, and what are the ligands (plant metabo-
lites) of gustatory receptors.

(4) The lethal mechanism of dead-end trap plants to stem
borers involves changes of various detoxification metabolic
enzyme activities (Gao et al. 2015; Lu et al. 2017a, b). At
present, only the function of two P450 genes has been identi-
fied (Lu et al. 2022), and the other relative genes and their
mechanism of action at the molecular level need to be further
studied in depth.

(5) Endosymbionts play an important role in insect
growth and development, reproduction and detoxifica-
tion metabolism (Cheng et al. 2017). A most recent study
has showed that plants can use secondary metabolites to
indirectly defend phytophagous insects by inhibiting ben-
eficial symbiotic bacteria in the host. Results revealed that
sakuranetin are dramatically accumulated in leaf sheaths and
phloem exudates through an intact jasmonate (JA) signal-
ing when rice is attacked by the brown planthopper (BPH)
(Nilaparvata Ilugens (Stal) (Hemiptera: Delphacidae). In
turn, rice manipulate sakuranetin in defense against BPH
by inhibiting its beneficial endosymbionts (Liu et al. 2023).
The analysis of midgut transcriptomics of C. suppressalis
feeding on vetiver grass has been reported, and some hypo-
thetical genes related to detoxification metabolism have been
obtained (Lu et al. 2018a). Whether the intestinal flora of C.
suppressalis feeding on vetiver grass has changed and how is
the interaction among plant-insect-endosymbionts, are wor-
thy of further study.

(6) There is a limited variety of dead-end trap plants
currently available. Moreover, the research on dead-end
trap plants, including vetiver grass, has primarily focused
on the trapping and killing effect of specific pests, mainly
Lepidoptera. At present, almost no dead-end trap plant
system developed for other insect pests. Furthermore, the
application of trap plants has been mainly focused to the
graminaceous crop and cruciferae crop systems, very few
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are for other crop systems, such as tomatoes and legumes
(Table 1). Consequently, there is a necessity to conduct field
investigations to assess the effectiveness of dead-end trap
plants in trapping and killing pests that are infesting others
crops. It is essential to expand our understanding and practi-
cal implementation of trap plants in pest control across vari-
ous agricultural systems.

Although the mechanism of dead-end trap plants lur-
ing some lepidopteran pests such as C. suppressalis is not
clear, there is good evidence that dead-end trap plants can
strongly attract some kinds of moths to lay eggs on it and
kill the larvae after hatching. More importantly, long-term
field data have showed that dead-end trap plants have a good
control efficiency on rice borers (Lu et al. 2019). In recent
years, China has vigorously implemented chemical pesticide
reduction actions to continuously increase the numbers of
farmers making use environmentally friendly pest control
methods. Moreover, the infestation of rice stem borers such
as C. suppressalis is increasing. On the one hand, rice stem
borers such as C. suppressalis have a high level of resistance
to bisamide insecticides, and on the other hand, mechanical
harvesting provides high rice stubbles for a good survival
and overwintering environment for C. suppressalis and other
stem borers. Globally, reliance on pesticides has been increas-
ing (Epstein 2014), exacerbating the impact of insecticide
resistance (Gould et al. 2018). In this context, dead-end trap
plants have broad development and application prospects as
an effective management alternative to chemical synthetic
pesticides. According to the action principle of dead-end trap
plants, it is not only safe for crops and environment, but also
sustainable. It is worth mentioning that vetiver grass blooms
without fruiting and reproduces asexually by tillering, so it
will not become a weed (Xia & Sun 2012; Lu et al. 2018Db).
In addition, as a trap plant, it could contribute to increase
the biodiversity and provide shelter and alternative food for
natural enemies (Sarkar et al. 2018; Shrestha et al. 2019),
thereby increasing biological control ecosystem services
(Hokkanen 1991). In conclusion, the successful application
of dead-end trap plants in the sustainable control of rice bor-
ers in China will be a useful reference for the control of pests
in other rice growing areas. Dead-end trap plant systems as
an environmentally friendly and sustainable IPM technol-
ogy, has broad prospects for development and application,
which could potentially aid in enhancing crop production,
promoting sustainable agricultural practices, and ensuring
food security.

Acknowledgements: This research was funded by the National
Key R&D Program of China (2023YFE0104800), Guizhou
Highland Specialty Vegetable Green Production Science and
Technology Innovation Talent Team (Qiankehe Platform Talent-
CXTD [2022]003) and Program of Introducing Talents to Guizhou
University (600183233301).



8 Liang-De Tang et al.

References

Adebesin, F., Widhalm, J. R., Boachon, B., Lefévre, F., Pierman,
B., Lynch, J. H., ... Dudareva, N. (2017). Emission of volatile
organic compounds from petunia flowers is facilitated by an
ABC transporter. Science, 356(6345), 1386—1388. https://doi.
org/10.1126/science.aan0826

Altesor, P., & Gonzélez, A. (2018). Preference-performance in
a specialist sawfly on congeneric host plants. Entomologia
Experimentalis et Applicata, 166(6), 442-451. https://doi.
org/10.1111/eea.12690

Ameye, M., Allmann, S., Verwaeren, J., Smagghe, G., Haesaert, G.,
Schuurink, R. C., & Audenaert, K. (2018). Green leaf volatile
production by plants: A meta-analysis. The New Phytologist,
220(3), 666—683. https://doi.org/10.1111/nph.14671

Ansante, T. F., do Prado Ribeiro, L., Bicalho, K. U., Fernandes,
J. B., das Gragas Fernandes da Silva, M. F., Vieira, P. C.,
& Vendramim, J. D. (2015). Secondary metabolites from
Neotropical Annonaceae: Screening, bioguided fractionation,
and toxicity to Spodoptera frugiperda (J.E. Smith) (Lepidoptera:
Noctuidae). Industrial Crops and Products, 74,969-976. https://
doi.org/10.1016/j.indcrop.2015.05.058

Arx, M. V., Schmidt-Biisser, D., & Guerin, P. M. (2012). Plant vol-
atiles enhance behavioral responses of grapevine moth males,
Lobesia botranato sex pheromone. Journal of Chemical Ecology,
38(2), 222-225. https://doi.org/10.1007/s10886-012-0068-z

Aryal, B., & Lee, Y. (2022). Histamine avoidance through three
gustatory receptors in Drosophila melanogaster. Insect
Biochemistry and Molecular Biology, 144, 103760. https://doi.
org/10.1016/5.ibmb.2022.103760

Aziz, S., & Islam, M. S. (2023). Erosion and runoff reduction
potential of vetiver grass for hill slopes: A physical model study.
International Journal of Sediment Research, 38(1), 49-65.
https://doi.org/10.1016/j.ijsrc.2022.08.005

Babendreier, D., Tang, R., & Horgan, F. G. (2022). Prospects for
integrating augmentative and conservation biological control of
leaf folders and stemborers in rice. Agronomy (Basel), 12(12),
2958. https://doi.org/10.3390/agronomy12122958

Badenes-Perez, F. R., Reichelt, M., & Heckel, D. G. (2010). Can
sulfur fertilisation improve the effectiveness of trap crops for
diamondback moth, Plutella xylostella (L.) (Lepidoptera:
Plutellidae)? Pest Management Science, 66(8), 832—838. https://
doi.org/10.1002/ps.1949

Badenes-Perez, F. R., Reichelt, M., Gershenzon, J., & Heckel, D. G.
(2014). Using plant chemistry and insect preference to study the
potential of Barbarea (Brassicaceae) as a dead-end trap crop for
diamondback moth (Lepidoptera: Plutellidae). Phytochemistry,
98, 137-144. https://doi.org/10.1016/j.phytochem.2013.11.009

Badgujar, R. H., Mendki, P. S., & Kotkar, H. M. (2017). Management
of Plutella Xylostella using Cinnamomum Zeylanicum and
Syzygium Aromaticum extracts and their major secondary
metabolites. Biopesticides International, 13(2), 113—126. http://
www.connectjournals.com/bi

Bajwa, D. S., Holt, G. A., Bajwa, S. G., Duke, S. E., & MclIntyre,
G. (2017). Enhancement of termite (Reticulitermes flavipes
L.) resistance in mycelium reinforced biofiber-composites.
Industrial Crops and Products, 107, 420-426. https://doi.org/
10.1016/j.indcrop.2017.06.032

Baky, M. H., Shamma, S. N., Xiao, J., & Farag, M. A. (2022).
Comparative aroma and nutrients profiling in six edible versus

nonedible cruciferous vegetables using MS based metabolo-
mics. Food Chemistry, 383, 132374. https://doi.org/10.1016/].
foodchem.2022.132374

Baldwin, I. T., Halitschke, R., Paschold, A., von Dahl, C. C.,
& Preston, C. A. (2006). Volatile signaling in plant-plant
Interactions: “talking trees” in the genomics era. Science,
311(5762), 812—-815. https://doi.org/10.1126/science.1118446

Bao, Y. Y., Wang, Y., Wu, W. J., Zhao, D., Xue, J., Zhang, B. Q.,
... Zhang, C. X. (2012). De novo intestine-specific transcrip-
tome of the brown planthopper Nilaparvata lugens revealed
potential functions in digestion, detoxification and immune
response. Genomics, 99(4), 256-264. https://doi.org/10.1016/].
ygeno.2012.02.002

Beran, F., Kollner, T. G., Gershenzon, J., & Tholl, D. (2019).
Chemical convergence between plants and insects: Biosynthetic
origins and functions of common secondary metabolites. The
New Phytologist, 223(1), 52—67. https://doi.org/10.1111/nph.
15718

Bett, P. K., Deng, A. L., Ogendo, J. O., Kariuki, S. T., Kamatenesi-
Mugisha, M., Mihale, J. M., & Torto, B. (2016). Chemical com-
position of Cupressus lusitanica and Eucalyptus saligna leaf
essential oils and bioactivity against major insect pests of stored
food grains. Industrial Crops and Products, 82, 51-62. https://
doi.org/10.1016/j.indcrop.2015.12.009

Cao, J., Shelton, A. M., & Earle, E. D. (2008). Sequential transfor-
mation to pyramid two Bt genes in vegetable Indian mustard
(Brassica juncea L.) and its potential for control of diamond-
back moth larvae. Plant Cell Reports, 27(3), 479-487. https://
doi.org/10.1007/300299-007-0473-x

Cascone, P., Quarto, R. P., Iodice, L., Cencetti, G., Formisano,
G., Spiezia, G., ... Guerrieri, E. (2022). Behavioural response
of the main vector of Xylella fastidiosa towards olive VOCs.
Entomologia Generalis, 42(1), 35—44. https://doi.org/10.1127/
entomologia/2021/1218

Chabaane, Y., Arce, C. M., Glauser, G., & Benrey, B. (2022).
Altered capsaicin levels in domesticated chili pepper varieties
affect the interaction between a generalist herbivore and its ecto-
parasitoid. Journal of Pest Science, 95(2), 735-747. https://doi.
org/10.1007/s10340-021-01399-8

Champagnat, P., Sidibé, L., Forestier, C., Carnat, A., Chalchat,
J. C., & Lamaison, J. L. (2007). Antimicrobial activity of essen-
tial oils from Vetiveria nigritana and Vetiveria zizanioides roots.
Journal of Essential Oil-Bearing Plants, 10(6), 519-524. https://
doi.org/10.1080/0972060X.2007.10643589

Chen, X. M., Peng C R, Yao F X, Guan X J, Wang H L, Deng G Q.
(2007a). Study on the technology and effect of trapping rice
borer with Vetiveria zizanioides. Jiangxi Agricultural Journal,
12, 51-52. https://doi.org/10.19386/j.cnki.jxnyxb.2007.12.015

Chen, J., Hua, G., Jurat-Fuentes, J. L., Abdullah, M. A., & Adang,
M. J. (2007b). Synergism of Bacillus thuringiensis toxins
by a fragment of a toxin-binding cadherin. Proceedings of
the National Academy of Sciences of the United States of
America, 104(35), 13901-13906. https://doi.org/10.1073/pnas.
0706011104

Chen, G. H., Zhu, P. Y., Zheng, X. S., Yao, X. M., Zhang, F. C.,
Sheng, X. Q., ... Lu, Z. X. (2016). Application of ecologi-
cal engineering control rice pest technology in Jinhua. China
Plant Protection, 36(1), 31-36. https://doi.org/10.3969/j.issn.
1672-6820.2016.01.006

Chen, Z. K., Sun, Y., Wang, C. L., Song, L. Y., Li, B., Qin, L., ...
Peng, X. S. (2022). Evaluation of Chilo suppressalis resistance


https://doi.org/10.1126/science.aan0826
https://doi.org/10.1126/science.aan0826
https://doi.org/10.1111/eea.12690
https://doi.org/10.1111/eea.12690
https://doi.org/10.1111/nph.14671
https://doi.org/10.1016/j.indcrop.2015.05.058
https://doi.org/10.1016/j.indcrop.2015.05.058
https://doi.org/10.1007/s10886-012-0068-z
https://doi.org/10.1016/j.ibmb.2022.103760
https://doi.org/10.1016/j.ibmb.2022.103760
https://doi.org/10.1016/j.ijsrc.2022.08.005
https://doi.org/10.3390/agronomy12122958
https://doi.org/10.1002/ps.1949
https://doi.org/10.1002/ps.1949
https://doi.org/10.1016/j.phytochem.2013.11.009
http://www.connectjournals.com/bi
http://www.connectjournals.com/bi
https://doi.org/10.1016/j.indcrop.2017.06.032
https://doi.org/10.1016/j.indcrop.2017.06.032
https://doi.org/10.1016/j.foodchem.2022.132374
https://doi.org/10.1016/j.foodchem.2022.132374
https://doi.org/10.1126/science.1118446
https://doi.org/10.1016/j.ygeno.2012.02.002
https://doi.org/10.1016/j.ygeno.2012.02.002
https://doi.org/10.1111/nph.15718
https://doi.org/10.1111/nph.15718
https://doi.org/10.1016/j.indcrop.2015.12.009
https://doi.org/10.1016/j.indcrop.2015.12.009
https://doi.org/10.1007/s00299-007-0473-x
https://doi.org/10.1007/s00299-007-0473-x
https://doi.org/10.1127/entomologia/2021/1218
https://doi.org/10.1127/entomologia/2021/1218
https://doi.org/10.1007/s10340-021-01399-8
https://doi.org/10.1007/s10340-021-01399-8
https://doi.org/10.1080/0972060X.2007.10643589
https://doi.org/10.1080/0972060X.2007.10643589
https://doi.org/10.19386/j.cnki.jxnyxb.2007.12.015
https://doi.org/10.1073/pnas.0706011104
https://doi.org/10.1073/pnas.0706011104
https://doi.org/10.3969/j.issn.1672-6820.2016.01.006
https://doi.org/10.3969/j.issn.1672-6820.2016.01.006

and analysis of CRY 1C expression in transgenic rice. Agronomy
Journal, 114(2), 915-926. https://doi.org/10.1002/agj2.21014

Cheng, D. F., Guo, Z. J., Riegler, M., Xi, Z. Y., Liang, G. W., &
Xu, Y. J. (2017). Gut symbiont enhances insecticide resistance
in a significant pest, the oriental fruit fly Bactrocera dorsalis
(Hendel). Microbiome, 5(1), 13. https://doi.org/10.1186/s40168-
017-0236-z

Cheruiyot, D., Midega, C. A. O., van den Berg, J., Pickett, J. A.,
& Khan, Z. R. (2018). Suitability of brachiaria grass as a
trap crop for management of Chilo partellus. Entomologia
Experimentalis et Applicata, 166(2), 139-148. https://doi.org/
10.1111/eea.12651

Chiu, C. C., Keeling, C. 1., & Bohlmann, J. (2018). Monoterpenyl
esters in juvenile mountain pine beetle and sex-specific release
of'the aggregation pheromone trans-verbenol. Proceedings of the
National Academy of Sciences of the United States of America,
115(14), 3652-3657. https://doi.org/10.1073/pnas.1722380115

Chiu, C. C., & Bohlmann, J. (2022). Mountain pine beetle epi-
demic: An interplay of terpenoids in host defense and insect
pheromones. Annual Review of Plant Biology, 73(1), 475—494.
https://doi.org/10.1146/annurev-arplant-070921-103617

Cruz-Miralles, J., Cabedo-Lopez, M., Guzzo, M., Vacas, S.,
Navarro-Llopis, V., Ibafiez-Gual, M. V., ... Jaques, J. A. (2022).
Host plant scent mediates patterns of attraction/repellence
among predatory mites. Entomologia Generalis, 42(2), 217-
229. https://doi.org/10.1127/entomologia/2021/1237

de Leao, R. M., Cruz, J. V. S., Ramos, V. M., de Almeida, V. T,
Gorni, P. H., Camargo, R. D. S., ... Forti, L. C. (2020).
Secondary metabolites of Asclepias curassavica (Apocynaceae)
and its effects on food preference and mortality of Spodoptera
frugiperda (Lepidoptera: Noctuidae). Emirates Journal of Food
and Agriculture, 32(8), 583-590. Retrieved from http://hdl.
handle.net/11449/209778 https://doi.org/10.9755/ejfa.2020.
v32.i8.2135

Dhania, N. K., Chauhan, V. K., Chaitanya, R. K., & Dutta-Gupta, A.
(2019). Midgut de novo transcriptome analysis and gene expres-
sion profiling of Achaea janata larvae exposed with Bacillus
thuringiensis (Bt)-based biopesticide formulation. Comparative
Biochemistry and Physiology. Part D, Genomics & Proteomics,
30, 81-90. https://doi.org/10.1016/j.cbd.2019.02.005

Divekar, P. A., Narayana, S., Divekar, B. A., Kumar, R., Gadratagi,
B. G, Ray, A., ... Behera, T. K. (2022). Plant secondary metab-
olites as defense tools against herbivores for sustainable crop
protection. International Journal of Molecular Sciences, 23(5),
2690. https://doi.org/10.3390/ijms23052690

Elshafie, H. S., Camele, 1., & Mohamed, A. A. (2023). A compre-
hensive review on the biological, agricultural and pharmaceu-
tical properties of secondary metabolites based-plant origin.
International Journal of Molecular Sciences, 24(4), 3266.
https://doi.org/10.3390/ijms24043266

Epstein, L. (2014). Fifty years since Silent Spring. Annual Review
of Phytopathology, 52(1), 377—402. https://doi.org/10.1146/
annurev-phyto-102313-045900

Farmer, E. E. (2001). Surface-to-air signals. Nature, 411(6839),
854-856. https://doi.org/10.1038/35081189

Fatouros, N. E., Huigens, M. E., van Loon, J. J. A, Dicke, M., &
Hilker, M. (2005). Chemical communication: Butterfly anti-
aphrodisiac lures parasitic wasps. Nature, 433(7027), 704.
https://doi.org/10.1038/433704a

Gao, G.C,, Li, J.,, Zheng, X. S., Xu, H. X, Yang, Y. J., Tian, J. C., &
Li, Z. X. (2015). Effects of extracts from Vetiveria zizanioides

Trap plants as an environment-friendly IPM tool 9

on growth and development, activities of protective enzymes
of C. suppressalis. Bulletin of Science and Technology, 31(5),
97-101. https://doi.org/10.13774/j.cnki.kjtb.2015.05.021

Gao, Q. F, Yu, H., Zeng, L., Zhang, R., & Zhang, Y. H. (2023).
Roles of vetiver roots in desiccation cracking and tensile
strengths of near-surface lateritic soil. Catena, 226(5), 107068.
https://doi.org/10.1016/j.catena.2023.107068

Garcia-Ruiz, E., Pascual, S., Gonzalez-Nunez, M., Cobos, G.,
Loureiro, I., Santin-Montanya, 1., ... Sanchez-Ramos, 1. (2022).
Dynamics of ground-dwelling phytophagous and predatory
arthropods under different weed management strategies in
conventional and genetically modified insect resistant maize.
Entomologia Generalis, 42(1), 57-78. https://doi.org/10.1127/
entomologia/2021/1038

Giongo, A. M. M., Vendramim, J. D., Freitas, S. D. L., & Silva,
M. E. G. F. (2016). Toxicity of secondary metabolites from meli-
aceae against Spodoptera frugiperda (J. E. Smith) (Lepidoptera:
Noctuidae). Neotropical Entomology, 45(6), 725-733. https://
doi.org/10.1007/s13744-016-0418-6

Gould, F., Brown, Z. S., & Kuzma, J. (2018). Wicked evolution:
Can we address the sociobiological dilemma of pesticide resis-
tance? Science, 360(6390), 728-732. https://doi.org/10.1126/
science.aar3780

Gross, J., Gallinger, J., & Gorg, L. M. (2022). Interactions between
phloem-restricted bacterial plant pathogens, their vector insects,
host plants, and natural enemies, mediated by primary and sec-
ondary plant metabolites. Entomologia Generalis, 42(2), 185—
215. https://doi.org/10.1127/entomologia/2021/1254

Gurr, G. M., Lu, Z. X., Zheng, X. S., Xu, H. X., Zhu, P. Y., Chen,
G. H., ... Heong, K. L. (2016). Multi-country evidence that
crop diversification promotes ecological intensification of agri-
culture. Nature Plants, 2(3), 16014. https://doi.org/10.1038/
nplants.2016.14

Gyawali, P, Hwang, S. Y., Sotelo-Cardona, P., & Srinivasan, R.
(2021). Elucidating the fitness of a dead-end trap crop strategy
against the tomato fruitworm, Helicoverpa armigera. Insects,
12(6), 506. https://doi.org/10.3390/insects12060506

Han, P., Lavoir, A. V., Rodriguez-Saona, C., & Desneux, N.
(2022). Bottom-Up Forces in Agroecosystems and Their
Potential Impact on Arthropod Pest Management. Annual
Review of Entomology, 67(1), 239-259. https://doi.org/10.1146/
annurev-ento-060121-060505

Hari, N. S., & Jindal, J. (2009). Assessment of Napier millet
(Pennisetum purpureum % P. glaucum) and sorghum (Sorghum
bicolor) trap crops for the management of Chilo partellus on
maize. Bulletin of Entomological Research, 99(2), 131-137.
https://doi.org/10.1017/S0007485308006159

Hokkanen, H. M. T. (1991). Trap cropping in pest management.
Annual Review of Entomology, 36(1), 119-138. https://doi.
org/10.1146/annurev.en.36.010191.001003

Jackai, L. E. N., & Singh, S. (1983). Suitability of selected legu-
minous plants for development of Maruca testulalis larvae.
Entomologia Experimentalis et Applicata, 34(2), 174-178.
https://doi.org/10.1111/j.1570-7458.1983.tb03314.x

Jacob, V., Tibére, R., & Nibouche, S. (2021). Few sensory cues dif-
ferentiate host and dead-end trap plant for the sugarcane spotted
borer Chilo sacchariphagus (Lepidoptera: Crambidae). Journal
of Chemical Ecology, 47(2), 153—166. https://doi.org/10.1007/
s10886-020-01240-z

Jacobsen, D. J., & Raguso, R. A. (2021). Leaf induction impacts
behavior and performance of a pollinating herbivore. Frontiers


https://doi.org/10.1002/agj2.21014
https://doi.org/10.1186/s40168-017-0236-z
https://doi.org/10.1186/s40168-017-0236-z
https://doi.org/10.1111/eea.12651
https://doi.org/10.1111/eea.12651
https://doi.org/10.1073/pnas.1722380115
https://doi.org/10.1146/annurev-arplant-070921-103617
https://doi.org/10.1127/entomologia/2021/1237
http://hdl.handle.net/11449/209778
http://hdl.handle.net/11449/209778
https://doi.org/10.9755/ejfa.2020.v32.i8.2135
https://doi.org/10.9755/ejfa.2020.v32.i8.2135
https://doi.org/10.1016/j.cbd.2019.02.005
https://doi.org/10.3390/ijms23052690
https://doi.org/10.3390/ijms24043266
https://doi.org/10.1146/annurev-phyto-102313-045900
https://doi.org/10.1146/annurev-phyto-102313-045900
https://doi.org/10.1038/35081189
https://doi.org/10.1038/433704a
https://doi.org/10.13774/j.cnki.kjtb.2015.05.021
https://doi.org/10.1016/j.catena.2023.107068
https://doi.org/10.1127/entomologia/2021/1038
https://doi.org/10.1127/entomologia/2021/1038
https://doi.org/10.1007/s13744-016-0418-6
https://doi.org/10.1007/s13744-016-0418-6
https://doi.org/10.1126/science.aar3780
https://doi.org/10.1126/science.aar3780
https://doi.org/10.1127/entomologia/2021/1254
https://doi.org/10.1038/nplants.2016.14
https://doi.org/10.1038/nplants.2016.14
https://doi.org/10.3390/insects12060506
https://doi.org/10.1146/annurev-ento-060121-060505
https://doi.org/10.1146/annurev-ento-060121-060505
https://doi.org/10.1017/S0007485308006159
https://doi.org/10.1146/annurev.en.36.010191.001003
https://doi.org/10.1146/annurev.en.36.010191.001003
https://doi.org/10.1111/j.1570-7458.1983.tb03314.x
https://doi.org/10.1007/s10886-020-01240-z
https://doi.org/10.1007/s10886-020-01240-z

10 Liang-De Tang et al.

in Plant Science, 12, 791680. https://doi.org/10.3389/fpls.
2021.791680

January, B., Rwegasira, G. M., & Tefera, T. (2020). Rice stem
borer species in Tanzania: A review. Journal of Basic & Applied
Zoology, 81(1), 36. https://doi.org/10.1186/s41936-020-00172-0

Jaumann, S., & Snell-Rood, E. C. (2017). Trade-offs between fecun-
dity and choosiness in ovipositing butterflies. Animal Behaviour,
123, 433—440. https://doi.org/10.1016/j.anbehav.2016.11.011

Jiao, Y., Hu, X., Peng, Y., Wu, K., Romeis, J., & Li, Y. (2018). Bt rice
plants may protect neighbouring non-Bt rice plants against the
striped stem borer, Chilo suppressalis. Proceedings Biological
Sciences, 285(1883), 20181283. https://doi.org/10.1098/rspb.
2018.1283.

Keeping, M. G., Rutherford, R. S., & Conlong, D. E. (2007).
Bt-maize as a potential trap crop for management of Eldana
saccharina Walker (Lep., Pyralidae) in sugarcane. Journal of
Applied Entomology, 131(4), 241-250. https://doi.org/10.1111/
j-1439-0418.2007.01147.x

Khan, Z. R., Midega, C. A. O., Hutter, N. J., Wilkins, R. M., &
Wadhams, L. J. (2006). Assessment of the potential of Napier
grass (Pennisetum purpureum) varieties as trap plants for man-
agement of Chilo partellus. Entomologia Experimentalis et
Applicata, 119(1), 15-22. https://doi.org/10.1111/j.1570-7458.
2006.00393.x

Kromann, S. H., Saveer, A. M., Binyameen, M., Bengtsson, M.,
Birgersson, G., Hansson, B. S., Schlyter, F., Witzgall, P., Ignell,
R., & Becher, P. G. (2015). Concurrent modulation of neuronal
and behavioural olfactory responses to sex and host plant cues
in a male moth. Proceedings of the Royal Society B: Biological
Sciences, 282(1799), 20141884. https://doi.org/10.1098/rspb.
2014.1884

Lea, C.S., Bradbury, S. G., & Constabel, C. P. (2021). Anti-herbivore
activity of oregonin, a diarylheptanoid found in leaves and bark
of red alder (Alnus rubra). Journal of Chemical Ecology, 47(2),
215-226. https://doi.org/10.1007/s10886-021-01244-3

Levi-Zada, A. (2023). Pheromones and semiochemicals with poten-
tial use in management of citrus pests. Entomologia Generalis,
43(4), 733-749. Retrieved from Doi.org/10.1127/entomolo-
21a/2023/1946 https://doi.org/10.1127/entomologia/2023/1946

Li, Y., Chen, Y., Zhou, L., You, S. J., Deng, H., Chen, Y., ... Zhang,
Y. (2020). MicroTom metabolic network: Rewiring tomato
metabolic regulatory network throughout the growth cycle.
Molecular Plant, 13(8), 1203—1218. https://doi.org/10.1016/].
molp.2020.06.005

Li, Z.S., Cheng,J. L., Li, A. B., Zhao, J. H., Du, Y. J., & Zhu, G. N.
(2018). Research progress on extraction, separation and agro-
bioactivities of volatile substances in Vetiveria zizanioides (L.)
Nash. Chinese Journal of Pesticide Science, 20(3), 259-269.
https://doi.org/10.16801/j.issn.1008-7303.2018.0035

Liang, Q., Lu, Y. H., He, X. C., Zheng, X. S., Xu, H. X,, Yang,
Y. J., ... Lu, Z. X. (2015). Advances in the research of sedi-
mentary plants in pest management. Journal of Biosafety, 24(3),
184-193. https://doi.org/10.3969/].issn.2095-1787.2015.03.002

Liechti, R., & Farmer, E. E. (2002). The jasmonate pathway.
Science, 296(5573), 1649-1650. https://doi.org/10.1126/
science.1071547

Liu, M., Hong, G., Li, H., Bing, X., Chen, Y., Jing, X,, ... Li, R.
(2023). Sakuranetin protects rice from brown planthopper
attack by depleting its beneficial endosymbionts. Proceedings
of the National Academy of Sciences of the United States of

America, 120(23), ¢2305007120. https://doi.org/10.1073/pnas.
2305007120

Liu, Y., Zhang, H., Umashankar, S., Liang, X., Lee, H. W., Swarup,
S., & Ong, C. N. (2018). Characterization of plant volatiles
reveals distinct metabolic profiles and pathways among 12
Brassicaceae vegetables. Metabolites, 8(4), 94. https://doi.
org/10.3390/metabo8040094

Liu, Z., Gao, Y., Luo, J., Lai, F., Li, Y., Fu, Q., & Peng, Y. (2011).
Evaluating the non-rice host plant species of Sesamia inferens
(Lepidoptera: Noctuidae) as natural refuges: resistance manage-
ment of Bt rice. Environmental Entomology, 40(3), 749-754.
https://doi.org/10.1603/EN10264

Lu, J., Liu, S. S., & Shelton, A. M. (2004). Laboratory evalu-
ations of a wild crucifer Barbarea vulgaris as a management
tool for the diamondback moth Plutella xylostella (Lepidoptera:
Plutellidae). Bulletin of Entomological Research, 94(6), 509—
516. https://doi.org/10.1079/BER2004328

Lu, Y. H, Bai, Q., Li, Q., Zheng, X. S., Tian, J. C., Guo, J. W., ...
Li, Z. X. (2022). Two P450 genes, CYP6SN3 and CYP306A1,
involved in the growth and development of Chilo suppressa-
lis and the lethal effect caused by vetiver grass. International
Journal of Biological Macromolecules, 223, 860-869. https://
doi.org/10.1016/j.ijbiomac.2022.11.087

Lu, Y. H, Liu, K., Zheng, X. S.,, & Li, Z. X. (2017a).
Electrophysiological responses of the rice striped stem
borer Chilo suppressalis to volatiles of the trap plant veti-
ver grass (Vetiveria zizanioides L.). Journal of Integrative
Agriculture, 16(11), 2525-2533. https://doi.org/10.1016/S2095-
3119(17)61658-7

Lu, Y. H., Gao, G. C., Zheng, X. S., & Li, Z. X. (2017b). The lethal
mechanism of trap plant Vetiveria zizanioides against the lar-
vae of Chilo suppressalis. Zhongguo Nong Ye Ke Xue, 50(3),
486—495. https://doi.org/10.3864/j.issn.0578-1752.2017.03.007

Lu, Y. H,, Liang, Q., Zheng, X. S., & Lii, Z. X. (2017c¢). Effects of
trap plant vetiver grass (Vetiveria zizanioides) on nutritional and
digestive enzyme activities of pink stem borer (Sesamia infer-
ens) larvae. Zhongguo Shengwu Fangzhi Xuebao, 33(5), 719—
724. https://doi.org/10.16409/j.cnki.2095-039x.2017.05.020

Lu, Y. H., Zhao, Y. Y., Lu, H., Bai, Q., Yang, Y. J., Zheng, X. S., &
Li, Z. X. (2018a). Midgut transcriptional variation of Chilo sup-
pressalis larvae induced by feeding on the dead-end trap plant,
Vetiveria zizanioides. Frontiers in Physiology, 9, 1067. https://
doi.org/10.3389/fphys.2018.01067

Lu, Y. H., Zheng, X. S., & Lii, Z. X. (2018b). The potential of
vetiver grass as a biological control for the rice stem bor-
ers Chilo suppressalis and Sesamia inferens. Yingyong
Kunchong Xuebao, 55(6), 1111-1117. https://doi.org/10.7679/].
issn.2095-1353.2018.134

Lu, Y. H., Zheng, X. S., & Lii, Z. X. (2019). Application of vetiver
grass Vetiveria zizanioides: Poaceae (L.) as a trap plant for rice
stem borer Chilo suppressalis: Crambidae (Walker) in the paddy
fields. Journal of Integrative Agriculture, 18(4), 797-804.
https://doi.org/10.1016/S2095-3119(18)62088-X

Lu, Z. Z., Hou, X. J., Liu, X. X., Yang, C. H., Sharon, D., Hazel,
P., & Myron, P. Z. (2022). Quo vadis Bt cotton: A dead-end trap
crop in the post Bt era in China. Entomologia Generalis, 42(4),
649—654. https://doi.org/10.1127/entomologia/2021/1355

Li, Z. X., Lu, Y. H., & Zheng, X. S. (2019). Application of vetiver
grass (Vetiveria zizanioides) for sustainable management of rice
stem borers. Beijing, China: China Agriculture Press.


https://doi.org/10.3389/fpls.2021.791680
https://doi.org/10.3389/fpls.2021.791680
https://doi.org/10.1186/s41936-020-00172-0
https://doi.org/10.1016/j.anbehav.2016.11.011
https://doi.org/10.1098/rspb.2018.1283
https://doi.org/10.1098/rspb.2018.1283
https://doi.org/10.1111/j.1439-0418.2007.01147.x
https://doi.org/10.1111/j.1439-0418.2007.01147.x
https://doi.org/10.1111/j.1570-7458.2006.00393.x
https://doi.org/10.1111/j.1570-7458.2006.00393.x
https://doi.org/10.1098/rspb.2014.1884
https://doi.org/10.1098/rspb.2014.1884
https://doi.org/10.1007/s10886-021-01244-3
Doi.org/10.1127/entomologia/2023/1946
Doi.org/10.1127/entomologia/2023/1946
https://doi.org/10.1127/entomologia/2023/1946
https://doi.org/10.1016/j.molp.2020.06.005
https://doi.org/10.1016/j.molp.2020.06.005
https://doi.org/10.16801/j.issn.1008-7303.2018.0035
https://doi.org/10.3969/j.issn.2095-1787.2015.03.002
https://doi.org/10.1126/science.1071547
https://doi.org/10.1126/science.1071547
https://doi.org/10.1073/pnas.2305007120
https://doi.org/10.1073/pnas.2305007120
https://doi.org/10.3390/metabo8040094
https://doi.org/10.3390/metabo8040094
https://doi.org/10.1603/EN10264
https://doi.org/10.1079/BER2004328
https://doi.org/10.1016/j.ijbiomac.2022.11.087
https://doi.org/10.1016/j.ijbiomac.2022.11.087
https://doi.org/10.1016/S2095-3119(17)61658-7
https://doi.org/10.1016/S2095-3119(17)61658-7
https://doi.org/10.3864/j.issn.0578-1752.2017.03.007
https://doi.org/10.16409/j.cnki.2095-039x.2017.05.020
https://doi.org/10.3389/fphys.2018.01067
https://doi.org/10.3389/fphys.2018.01067
https://doi.org/10.7679/j.issn.2095-1353.2018.134
https://doi.org/10.7679/j.issn.2095-1353.2018.134
https://doi.org/10.1016/S2095-3119(18)62088-X
https://doi.org/10.1127/entomologia/2021/1355

Ma, K. S., Tang, Q. L., Liang, P. Z., Xia, J., Zhang, B. Z., & Gao,
X. W. (2019). Toxicity and sublethal effects of two plant allelo-
chemicals on the demographical traits of cotton aphid, 4Aphis
gossypii Glover (Hemiptera: Aphididae). PLoS One, 14(11),
¢0221646. https://doi.org/10.1371/journal.pone.0221646

Ma, H., Xin, C. Y., Xu, Y. Y., Wang, D., Lin, X. Q., & Chen, Z. Z.
(2021). Effect of salt stress on secondary metabolites of cotton
and biological characteristics and detoxification enzyme activ-
ity of cotton spider mites. Crop Protection (Guildford, Surrey),
141(3), 105498. https://doi.org/10.1016/j.cropro.2020.105498

Mahadevan, V. P., Lavista, L. S., Knaden, M., & Hansson, B. S.
(2022). No functional contribution of the gustatory receptor,
Gro64b, co-expressed in olfactory sensory neurons of Drosophila
melanogaster. Frontiers in Ecology and Evolution, 10, 980351.
https://doi.org/10.3389/fev0.2022.980351

Mao, L. X., Henderson, G., & Laine, R. A. (2004). Germination of
various weed species in response to vetiver oil and nootkatone.
Weed Technology, 18(2), 263-267. https://doi.org/10.1614/WT-
03-034R2

Mashhoor, M. V., Moharramipour, S., Mikani, A., & Mehrabadi,
M. (2021). Erucin modulates digestive enzyme release
via crustacean cardioactive peptide in the elm leaf beetle
Xanthogaleruca luteola (Coleoptera: Chrysomelidae). Journal
of Insect Physiology, 130(3), 104196. https://doi.org/10.1016/j.
jinsphys.2021.104196

Moravie, M. A., Borer, M., & Bacher, S. (2006). Neighbourhood
of host plants influences oviposition decisions of a stem-boring
weevil. Basic and Applied Ecology, 7(6), 545-554. https://doi.
org/10.1016/j.baae.2005.12.005

Mordue, A. J., & Blackwell, A. (1993). Azadirachtin: An update.
Journal of Insect Physiology, 39(11), 903-924. https://doi.
org/10.1016/0022-1910(93)90001-8

Morgan, E. D. (2010). Biosynthesis in insects. Cambridge, UK: Royal
Society of Chemistry; https://doi.org/10.1039/9781847550262

Moldrup, M. E., Geu-Flores, F., de Vos, M., Olsen, C. E., Sun, J.,
Jander, G., & Halkier, B. A. (2012). Engineering of benzylglu-
cosinolate in tobacco provides proof-of-concept for dead-end
trap crops genetically modified to attract Plutella xylostella
(diamondback moth). Plant Biotechnology Journal, 10(4), 435—
442. https://doi.org/10.1111/j.1467-7652.2011.00680.x

Nibouche, S., Tibére, R., & Costet, L. (2012). The use of Erianthus
arundinaceus as a trap crop for the stem borer Chilo sacchar-
iphagus reduces yield losses in sugarcane: Preliminary results.
Crop Protection (Guildford, Surrey), 42, 10-15. https://doi.
org/10.1016/j.cropro.2012.06.003

Nieri, R., Anfora, G., Mazzoni, V., & Rossi Stacconi, M. V. (2022).
Semiochemicals, semiophysicals and their integration for the
development of innovative multi-modal systems for agricultural
pests’ monitoring and control. Entomologia Generalis, 42(2),
167—183. https://doi.org/10.1127/entomologia/2021/1236

Otunola, B. O., Aghoghovwia, M. P., Thwala, M., Gomez-Arias,
A., Jordaan, R., Hernandez, J. C., & Ololade, O. O. (2023).
Improving capacity for phytoremediation of Vetiver grass and
Indian mustard in heavy metal (Al and Mn) contaminated water
through the application of clay minerals. Environmental Science
and Pollution Research International, 30(18), 53577-53588.
https://doi.org/10.1007/s11356-023-26083-5

Parolin, P., Bresch, C., Poncet, C., & Desneux, N. (2012).
Functional characteristics of secondary plants for increased pest
management. International Journal of Pest Management, 58(4),
369-377. https://doi.org/10.1080/09670874.2012.734869

Trap plants as an environment-friendly IPM tool 1

Paspati, A., Rambla, J. L., Loépez Gresa, M. P., Arbona, V., Gomez-
Cadenas, A., Granell, A., ... Urbaneja, A. (2021). Tomato
trichomes are deadly hurdles limiting the establishment of
Amblyseius swirskii Athias-Henriot (Acari: Phytoseiidae).
Biological Control, 157(6), 104572. https://doi.org/10.1016/].
biocontrol.2021.104572

Peng, Y. C., Zhao, J., Sun, Y., Wan, P, Hu, Y. Y., Luo, G. H,, ...
Huang, S. J. (2021). Insights into chlorantraniliprole resistance
of Chilo suppressalis: Expression profiles of ATP-binding cas-
sette transporter genes in strains ranging from low- to high-level
resistance. Journal of Asia-Pacific Entomology, 24(2),224-231.
ttps://doi.org/10.1016/j.aspen.2021.02.006

Pérez-Hedo, M., Alonso-Valiente, M., Vacas, S., Gallego, C.,
Rambla, J. L., Navarro-Llopis, V., ... Urbaneja, A. (2021).
Eliciting tomato plant defenses by exposure to herbivore induced
plant volatiles. Entomologia Generalis, 41(3), 209-218. https://
doi.org/10.1127/entomologia/2021/1196

Pichersky, E., Noel, J. P., & Dudareva, N. (2006). Biosynthesis
of plant volatiles: Nature’s diversity and ingenuity. Science,
311(5762), 808—811. https://doi.org/10.1126/science.1118510

Qu, M. J,, Han, Z. J., Xu, X. J., & Yue, L. N. (2003). Triazophos
resistance mechanisms in the rice stem borer (Chilo suppres-
salis Walker). Pesticide Biochemistry and Physiology, 77(3),
99-105. https://doi.org/10.1016/j.pestbp.2003.09.003

Rahman-Soad, A., Davila-Lara, A., Paetz, C., & Mithofer, A.
(2021). Plumbagin, a potent naphthoquinone from Nepenthes
plants with growth inhibiting and larvicidal activities. Molecules
(Basel, Switzerland), 26(4), 825. https://doi.org/10.3390/
molecules26040825

Ranson, R., Claudianos, C., Ortelli, F., Abgrall, C., Hemingway, J.,
Sharakhova, M. V., ... Feyereisen, R. (2002). Evolution of super-
gene families associated with insecticide resistance. Science,
298(5591), 179-181. https://doi.org/10.1126/science. 1076781

Rausher, M. D. (1979). Larval habitat suitability and oviposition
preference in three related butterflies. Ecology, 60(3), 503-511.
https://doi.org/10.2307/1936070

Righetti, L., Bhandari, D. R., Rolli, E., Tortorella, S., Bruni, R.,
Dall’Asta, C., & Spengler, B. (2021). Mycotoxin uptakein
wheat-eavesdropping fusarium presence for priming plant
defenses or a trojan horse to weaken them? Frontiers in Plant
Science, 12, 711389. https://doi.org/10.3389/fpls.2021.711389

Robertson, H. M., Robertson, E. C. N., Walden, K. K. O., Enders,
L. S., & Miller, N. J. (2019). The chemoreceptors and odor-
ant binding proteins of the soybean and pea aphids. Insect
Biochemistry and Molecular Biology, 105, 69-78. https://doi.
org/10.1016/4.ibmb.2019.01.005

Sakib, N., Amin, M. R., Hossain, M. S., & Islam, A. A. (2022).
Resistance to diamide insecticides in stem borers of rice in
Bangladesh. Indian Journal of Ecology, 49(6), 2219-2222.
https://doi.org/10.55362/1JE/2022/3812

Sarkar, S. C., Wang, E. D.,, Wu, S. Y., & Lei, Z. R. (2018).
Application of trap cropping as companion plants for the man-
agement of agricultural pests: A review. Insects, 9(4), 128.
https://doi.org/10.3390/insects9040128

Schellenberger, U., Oral, J., Rosen, B. A., Wei, J. Z., Zhu, G.,
Xie, W., ... Liu, L. (2016). A selective insecticidal protein
from Pseudomonas for controlling corn rootworms. Science,
354(6312), 634—637. https://doi.org/10.1126/science.aaf6056

Schmidt-Biisser, D., Arx, M. V., & Guerin, P. M. (2009). Host plant
volatiles serve to increase the response of male European grape
berry moths, Eupoecilia ambiguella, to their sex pheromone.


https://doi.org/10.1371/journal.pone.0221646
https://doi.org/10.1016/j.cropro.2020.105498
https://doi.org/10.3389/fevo.2022.980351
https://doi.org/10.1614/WT-03-034R2
https://doi.org/10.1614/WT-03-034R2
https://doi.org/10.1016/j.jinsphys.2021.104196
https://doi.org/10.1016/j.jinsphys.2021.104196
https://doi.org/10.1016/j.baae.2005.12.005
https://doi.org/10.1016/j.baae.2005.12.005
https://doi.org/10.1016/0022-1910(93)90001-8
https://doi.org/10.1016/0022-1910(93)90001-8
https://doi.org/10.1039/9781847550262
https://doi.org/10.1111/j.1467-7652.2011.00680.x
https://doi.org/10.1016/j.cropro.2012.06.003
https://doi.org/10.1016/j.cropro.2012.06.003
https://doi.org/10.1127/entomologia/2021/1236
https://doi.org/10.1007/s11356-023-26083-5
https://doi.org/10.1080/09670874.2012.734869
https://doi.org/10.1016/j.biocontrol.2021.104572
https://doi.org/10.1016/j.biocontrol.2021.104572
https://doi.org/10.1016/j.aspen.2021.02.006
https://doi.org/10.1127/entomologia/2021/1196
https://doi.org/10.1127/entomologia/2021/1196
https://doi.org/10.1126/science.1118510
https://doi.org/10.1016/j.pestbp.2003.09.003
https://doi.org/10.3390/molecules26040825
https://doi.org/10.3390/molecules26040825
https://doi.org/10.1126/science.1076781
https://doi.org/10.2307/1936070
https://doi.org/10.3389/fpls.2021.711389
https://doi.org/10.1016/j.ibmb.2019.01.005
https://doi.org/10.1016/j.ibmb.2019.01.005
https://doi.org/10.55362/IJE/2022/3812
https://doi.org/10.3390/insects9040128
https://doi.org/10.1126/science.aaf6056

12 Liang-De Tang et al.

Journal of Comparative Physiology. A, Neuroethology, Sensory,
Neural, and Behavioral Physiology, 195(9), 853—-864. https://
doi.org/10.1007/s00359-009-0464-1

Schuman, M. C. (2023). Where, when, and why do plant volatiles
mediate ecological signaling? The answer is blowing in the
wind. Annual Review of Plant Biology, 74(1), 609—633. https://
doi.org/10.1146/annurev-arplant-040121-114908

Shelton, A. M., & Badenes-Perez, F. R. (2006). Concepts and appli-
cations of trap cropping in pest management. Annual Review of
Entomology, 51(1), 285-308. https://doi.org/10.1146/annurev.
ento.51.110104.150959

Shelton, A. M., & Nault, B. A. (2004). Dead-end trap cropping: a
technique to improve management of the diamondback moth,
Plutella xylostella (Lepidoptera: Plutellidae). Crop Protection
(Guildford, Surrey), 23(6), 497-503. https://doi.org/10.1016/j.
cropro.2003.10.005

Shelton, A. M., Gujar, G. T., Chen, M. S., Rauf, A., Srinivasan,
R., Kalia, V. K., ... Uijtewaal, B. A. (2009). Assessing the
susceptibility of cruciferous Lepidoptera to CrylBa2 and
CrylCa4 for future transgenic cruciferous vegetables. Journal
of Economic Entomology, 102(6), 2217-2223. https://doi.
org/10.1603/029.102.0626

Shen, G. J.,, Liu, N., Zhang, J. X., Xu, Y. X., Baldwin, I. T., & Wu,
J. Q. (2020). Cuscuta australis (dodder) parasite eavesdrops on
the host plants’ FT signals to flower. Proceedings of the National
Academy of Sciences of the United States of America, 117(37),
23125-23130. https://doi.org/10.1073/pnas.2009445117

Shrestha, B., Finke, D. L., & Pifiero, J. C. (2019). The “Botanical
Triad”: The presence of insectary plants enhances natural
enemy abundance on trap crop plants in an organic cabbage
agro-ecosystem. Insects, 10(6), 181. https://doi.org/10.3390/
insects10060181

Sridhar, S. R., Rajagopal, R. V., Rajavel, R., Masilamani, S., &
Narasimhan, S. (2003). Antifungal activity of some essen-
tial oils. Journal of Agricultural and Food Chemistry, 51(26),
7596—7599. https://doi.org/10.1021/jf0344082

Thompson, J. N. (1988). Evolutionary ecology of the relationship
between oviposition preference and performance of offspring in
phytophagous insects. Entomologia Experimentalis et Applicata,
47(1), 3—14. https://doi.org/10.1111/.1570-7458.1988.tb02275.x

Tougeron, K., & Hance, T. (2022). Cascading effects of caffeine
intake by primary consumers to the upper trophic level. Bulletin
of Entomological Research, 112(2), 197-203. https://doi.org/
10.1017/S0007485321000687

Tumlinson, J. H. (2023). Complex and beautiful: Unraveling the
intricate communication systems among plants and insects.
Annual Review of Entomology, 68(1), 1-12. https://doi.org/
10.1146/annurev-ento-021622-111028

Ulmer, R., Couty, A., Eslin, P., Gabola, F., & Chabrerie, O. (2020).
The firethorn (Pyracantha coccinea), a promising dead-end trap
plant for the biological control of the spotted-wing Drosophila
(Drosophila suzukii). Biological Control, 150, 104345. https://
doi.org/10.1016/j.biocontrol.2020.104345

van den Berg, J. (2006a). Vetiver grass (Vetiveria zizanioides (L.)
Nash) as trap plant for Chilo partellus (Swinhoe) (Lepidoptera:
Pyralidae) and Busseola fusca (Fuller) (Lepidoptera: Noctuidae).
Annales de la Société Entomologique de France, 42(3—4), 449—
454. https://doi.org/10.1080/00379271.2006.10697478

van den Berg, J. (2006b). Oviposition preference and larval sur-
vival of Chilo partellus (Lepidoptera: Pyralidaec) on Napier
grass (Pennisetum purpureum) trap crops. International

Journal of Pest Management, 52(1), 39-44. https://doi.org/
10.1080/09670870600552653

van den Berg, J., de Bruyn, A. J. M., & van Hamburg, H. (2006¢).
Oviposition preference and survival of the maize stem borer,
Busseola fusca (Lepidoptera: Noctuidae), on Napier grasses,
Pennisetum spp., and maize. African Entomology, 14(2), 211—
218. Retrieved from https://hdl.handle.net/10520/EJC32700

Veromann, E., Kaasik, R., Kovacs, G., Metspalu, L., Williams, I. H.,
& Mind, M. (2014). Fatal attraction: Search for a dead-end trap
crop for the pollen beetle (Meligethes aeneus). Arthropod-Plant
Interactions, 8(5), 373-381. https://doi.org/10.1007/s11829-
014-9325-0

Wang, G. L., Fu, X. G., Han, X. X., Zhang, Y. Y., & Wei, H. Y.
(2016). EAG and behavioral responses of Chilo suppressalis
females to plant volatiles from Vetiveria zizanioides. Yingyong
Kunchong Xuebao, 53(1), 148-156. https://doi.org/10.7679/].
issn.2095-1353.2016.019

Wang, S., Kain, W. C., & Wang, P. (2018). Bacillus thuringiensis
CrylA toxins exert toxicity by multiple pathways in insects.
Insect Biochemistry and Molecular Biology, 102, 59—66. https://
doi.org/10.1016/j.ibmb.2018.09.013

Wang, Z. Y., Nur, F. A., Ma, J. Y., Wang, J. G., & Cao, C. W.
(2019). Effects of poplar secondary metabolites on perfor-
mance and detoxification enzyme activity of Lymantria dis-
par. Comparative Biochemistry and Physiology. Toxicology &
Pharmacology: CBP, 225(11), 108587. https://doi.org/10.1016/].
cbpc.2019.108587

Wang, R. C., Shu, P., Zhang, C., Zhang, J. L., Chen, Y., Zhang,
Y. X., ... Liu, M. C. (2022). Integrative analyses of metabolome
and genome-wide transcriptome reveal the regulatory network
governing flavor formation in kiwifruit (Actinidia chinensis).
The New Phytologist, 233(1), 373-389. https://doi.org/10.1111/
nph.17618

Wilson, R. J. (2010). P. J. Gullan and P. S. Cranston: The insects:
an outline of entomology (4" edition). Journal of Insect
Conservation, 14(6), 745-746. https://doi.org/10.1007/s10841-
010-9351-x

Wist, T. J., & Evenden, M. L. (2016). Host plant preference and
offspring performance of a leaf-mining moth, Caloptilia fraxi-
nella, on two Fraxinus species. Entomologia Experimentalis et
Applicata, 159(3), 311-326. https://doi.org/10.1111/eca.12442

Xia, Y. Z., & Sun, W. Y. (2012). Trapping and application of
Vetiveria zizanioides to rice stem borers. Zhejiang Agricultural
Sciences, 12, 1693—1695. https://doi.org/10.16178/j.issn.0528-
9017.2012.12.020

Xu, H., & Turlings, T. C. J. (2018). Plant volatiles as mate-find-
ing cues for insects. Trends in Plant Science, 23(2), 100—111.
https://doi.org/10.1016/j.tplants.2017.11.004

Xuan, G. H., Dou, Q., Kong, J. N., Lin, H., & Wang, J. X. (2023).
Pseudomonas aeruginosa Resists phage infection via eaves-
dropping on indole signaling. Microbiology Spectrum, 11(1),
¢0391122. https://doi.org/10.1128/spectrum.03911-22

Yang, C. K., Shen, S. Q., Zhou, S., Li, Y. F., Mao, Y. Y., Zhou, J. J.,
... Luo, J. (2022). Rice metabolic regulatory network spanning
its entire life cycle. Molecular Plant, 15(2), 258-275. https://
doi.org/10.1016/j.molp.2021.10.005

Zheng, X. S., Lu, Y. H., Zhong, L. Q., Huang, X. F., Chen, H. B.,
Yao, X. M., & Lu, Z. X. (2017a). Application and practice of
green control technology of rice stem borer in Zhejiang. China
Plant Protection, 37(11), 42—46. https://doi.org/10.3969/].
issn.1672-6820.2017.11.009


https://doi.org/10.1007/s00359-009-0464-1
https://doi.org/10.1007/s00359-009-0464-1
https://doi.org/10.1146/annurev-arplant-040121-114908
https://doi.org/10.1146/annurev-arplant-040121-114908
https://doi.org/10.1146/annurev.ento.51.110104.150959
https://doi.org/10.1146/annurev.ento.51.110104.150959
https://doi.org/10.1016/j.cropro.2003.10.005
https://doi.org/10.1016/j.cropro.2003.10.005
https://doi.org/10.1603/029.102.0626
https://doi.org/10.1603/029.102.0626
https://doi.org/10.1073/pnas.2009445117
https://doi.org/10.3390/insects10060181
https://doi.org/10.3390/insects10060181
https://doi.org/10.1021/jf0344082
https://doi.org/10.1111/j.1570-7458.1988.tb02275.x
https://doi.org/10.1017/S0007485321000687
https://doi.org/10.1017/S0007485321000687
https://doi.org/10.1146/annurev-ento-021622-111028
https://doi.org/10.1146/annurev-ento-021622-111028
https://doi.org/10.1016/j.biocontrol.2020.104345
https://doi.org/10.1016/j.biocontrol.2020.104345
https://doi.org/10.1080/00379271.2006.10697478
https://doi.org/10.1080/09670870600552653
https://doi.org/10.1080/09670870600552653
https://hdl.handle.net/10520/EJC32700
https://doi.org/10.1007/s11829-014-9325-0
https://doi.org/10.1007/s11829-014-9325-0
https://doi.org/10.7679/j.issn.2095-1353.2016.019
https://doi.org/10.7679/j.issn.2095-1353.2016.019
https://doi.org/10.1016/j.ibmb.2018.09.013
https://doi.org/10.1016/j.ibmb.2018.09.013
https://doi.org/10.1016/j.cbpc.2019.108587
https://doi.org/10.1016/j.cbpc.2019.108587
https://doi.org/10.1111/nph.17618
https://doi.org/10.1111/nph.17618
https://doi.org/10.1007/s10841-010-9351-x
https://doi.org/10.1007/s10841-010-9351-x
https://doi.org/10.1111/eea.12442
https://doi.org/10.16178/j.issn.0528-9017.2012.12.020
https://doi.org/10.16178/j.issn.0528-9017.2012.12.020
https://doi.org/10.1016/j.tplants.2017.11.004
https://doi.org/10.1128/spectrum.03911-22
https://doi.org/10.1016/j.molp.2021.10.005
https://doi.org/10.1016/j.molp.2021.10.005
https://doi.org/10.3969/j.issn.1672-6820.2017.11.009
https://doi.org/10.3969/j.issn.1672-6820.2017.11.009

Zheng, X. S., Lu, Y. H., Zhong, L. Q., Huang, X. F., Xu, F. S,
Yao, X. M., ... Lu, Z. X. (2017b). The optimal field lay-
out of trap plant vetiver grass to control Chilo suppressalis.
Plant Protection, 43(6), 103—108. https://doi.org/10.3969/].
issn.05291542.2017.06.016

Zheng, X. S., Xu, H. X., Chen, G. H., Wu, J. X., & Lu, Z. X. (2009).
Potential function of Sudan grass and vetiver grass as trap crops
for suppressing population of stripped stem borer, Chilo suppres-
salis in rice. Zhongguo Shengwu Fangzhi Xuebao, 25(4), 299—
303. https://doi.org/10.16409/j.cnki.2095-039x.2009.04.003

Zhu, B. C. R., Henderson, G., Chen, F., Fei, H., & Laine, R. A.
(2001). Evaluation of vetiver oil and seven insect-active
essential oils against the Formosan subterranean termite.

Trap plants as an environment-friendly IPM tool 13

Journal of Chemical Ecology, 27(8), 1617-1625. https://doi.
org/10.1023/A:1010410325174

Zhu, J., Xiang, Z., Zhang, S., Kang, Z., Fan, Y., & Liu, T. (2021). A
new pest management strategy: Transforming a non-host plant
into a dead-end trap crop for the diamondback moth Plutella
xylostella L. Pest Management Science, 77(2), 1094-1101.
https://doi.org/10.1002/ps.6126

Manuscript received: July 11, 2023

Revisions requested: October 11, 2023
Revised version received: December 11, 2023
Manuscript accepted: December 28, 2023


https://doi.org/10.3969/j.issn.05291542.2017.06.016
https://doi.org/10.3969/j.issn.05291542.2017.06.016
https://doi.org/10.16409/j.cnki.2095-039x.2009.04.003
https://doi.org/10.1023/A:1010410325174
https://doi.org/10.1023/A:1010410325174
https://doi.org/10.1002/ps.6126
https://www.researchgate.net/publication/378116425

