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Abstract

One of the most common strategies in managing insect pests is repellence. This
technology comes from early farming practices. The worldwide evaluation aims to
evaluate the current state of research and development on the repellent properties
of various botanical products to incorporate them reliably into pest management
systems. As a result, many countries are returning to plant-based repellants to
combat pest insects and vertebrates. Olfaction and gustatory action are the two
mechanisms used by plant-derived repellents. It can be classified by their modes of
action, including genuine repellents, attraction inhibitors, contact irritants,
antifeedants or deterrents and visual barriers.

Ecologists are concerned about the potential harm contemporary pest
control methods may pose to vertebrate wildlife. Therefore, caution is needed in
agricultural settings when treating major pest groups, such as beetles, whiteflies,
fruit flies, honey bees and vertebrate pests. Botanicals have significant advantages,
being eco-friendly, non-phytotoxic and safe for both the agroecosystem and the
environment. In modern agriculture, synthetic pesticides or repellents are crucial in
helping farmers control pests. However, it may harm non-target insects, cause
significant environmental contamination and affect human health.

The current review revisits the urgent and comprehensive needs that must
be met to conduct additional research on both known and unknown plants that
contain compounds that repel pestiferous taxa throughout agroecosystems. These
plants have the potential to be widely utilized as botanical biopesticides, but current
research is increasingly focused on their bio-repellent properties, both globally and
in India.

Keywords
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Introduction

The increasing damage caused by crop pests is a significant issue for global
agriculture, driven by climate change, monoculture farming and the spread of
invasive species. These challenges lead to substantial crop yield reductions,
highlighting the urgent need for effective pest control strategies. Conventional pest
management methods have been widely utilized, including mechanical, cultural,
biological and chemical techniques (1). Natural and synthetic pesticides play an
essential role in modern agriculture, helping manage pests such as insects, weeds
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and diseases. Pest infestations contribute to approximately 45%
of global food loss.

Synthetic pesticides are integral to agricultural
production, assisting farmers in controlling weeds, diseases,
insect pests and animal pests, leading to significant crop yield
increases. The rapid population growth of the 20th century
brought about a corresponding increase in food production, with
pesticides contributing to roughly one-third of agricultural
output. Without pesticides, losses in producing fruits, vegetables
and cereals would reach 78%, 54% and 32%, respectively (2, 3).
However, the significant increase in pesticide use since the late
19th century has raised serious environmental concerns. In 2022,
according to Sharma et al., global pesticide use in agriculture
reached 3.70 million tonnes, a 4% increase from 2021 and double
the levels recorded in 1990. In India, pesticide consumption
reached 61,702 tons in 2020. Uttar Pradesh has the highest
percentage of pesticide consumption, followed by Maharashtra,
Andhra Pradesh, Punjab and Tamil Nadu, which consumed 1879
tons in 2023 (4). However, synthetic chemicals can harm non-
target species and decrease the numbers of birds, fish, beneficial
insects, bats, earthworms, aquatic plants and amphibians.
Pesticides can contaminate air, water, soil and crops, creating
pathways for these chemicals to enter the food chain and affect
human health. Pesticide residues frequently spread beyond their
target areas, leading to environmental pollution. This dispersion
occurs through water runoff, wind drift and soil leaching, causing
negative impacts on ecosystems, plants, animals and humans.
().

Pesticide pollution can negatively impact human health.
Synthetic pesticide exposure is linked to several health issues,
like cancer, blood disorders, respiratory illnesses, immune
system deficits and congenital disabilities. Farm workers, in
particular, face higher risks from direct skin contact and
inhalation during handling and application. Additionally,
pesticide runoff contaminating water sources presents serious
health risks to the broader population (5).

Indiscriminate use of pesticides for the control of pests in
agricultural and horticultural ecosystems in the recent past has
resulted in the development of resistance in many pests and
resurgence, in addition to becoming a minor pest into significant
threats. This has created a strong need for eco-friendly pest
management strategies, such as plant-based pesticides,
repellents, attractants and cultural, physical and mechanical
methods within integrated pest management (IPM). Botanical
pesticides, with different modes of action-poisonous, repellent, or
deterrent-have become a key focus in IPM. Many plant-based
active compounds are now used to manage agricultural,
horticultural and household pests. Plant-based insecticides, used
for thousands of years, predate the widespread adoption of

Table 1. Classification of insect repellents of plant origin

2

synthetic pesticides and are essential to traditional farming and
environmentally friendly pest management practices (6). Chemical
substances are derived from various plant parts, including leaves,
rhizomes, bark, nuts, stems, fruits and seeds. For example, the
adult maize weevil, Sitophilus zeamais Motschulsky, is repelled or
poisoned by both known and novel plants with pesticidal and
repellent properties, while extracts from Datura stramonium L.
seeds effectively repel Sitophilus oryzae L. (7). It has been shown
that about 2500 plant species and 230 plant families have
demonstrated efficacy in suppressing pests affecting crops and
stored produce (8). The utilization of botanical repellent in
integrated pest management is conceivable due to its low animal
toxicity, environmental preservation and reduced likelihood of
resistance development. Repellent action prevents pests from
landing on or climbing leaf surfaces or interacting with specific
chemicals that deter activity, which has enhanced their
recognition over time. Although synthetic repellents generally
outperform natural ones, some plant-based repellents are
similarly effective (9). This reaction can be used as a behavioural
control strategy to change the pest's feeding habits, geographic
distribution, oviposition pattern, aggregation phenomenon, etc.
This review discusses a model plant repellent and its effectiveness
against various pest types.

Classification of insect repellents

"repellent” originates from the Latin word repellere, meaning "to
reject." Thus, a substance is considered repellent in the strict
sense if it prompts pests to move in a coordinated manner away
from its source (10). Miller et al. (11) describe a repellent as a
source that elicits a behavioural response to a stimulus. As a
result, some subjectivity distinguishes between repelling
phenomena and behavioural responses, including avoiding an
odourous source or failing to identify the host. Furthermore, an
object that keeps insects away from an odour source should be
considered a repellent (12). By applying this broad definition,
they can be divided into five categories according to their mode
of action. They may act as real repellents, odour masking,
contact irritants, deterrents and visual masking repellents (Table
1). A proper repellent, also known as an excellent in medical
entomology, is any substance that can influence pests to move
away from the source. An odour-masking repellent works by
making the host unattractive to pests by obscuring their ability to
detect or locate it. These substances hinder pests' ability to
locate their targets rather than acting as effective repellents on
their own. Contact irritants, on the other hand, drive insects
away through physical interaction with the substance. This type
of response is commonly known as "landing inhibition" in
medical entomology because it keeps insects from landing on a
surface or host upon contact. Deterrents, or antifeedants,
interfere with or disrupt an insect's feeding behaviour, either

Repellent category Mode of action Application Reference
True repellent Excellent and spatial repellent TUISiT?i%ii[?lf;; ﬁgggﬁgzgﬁa@?gxk F. 10, 65
Odour masking Attraction inhibition Tomato volatile against Bemisia tabaci Gennadius. 10, 66
Contact irritancy Landing inhibition (or) Excito-repellent 10
Deterrence Antifeeding, suppressant, Anorexigenic Peltophorum pterocarpum DC. and [pomoea aquatica 10.67
and Anti-appetant Forssk.against Pomacea canaliculata Lamarck. ’
Visual masking Visual cue Eggplant against Bemisia argentifolii Gennadius. 10,68
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through contact or after ingestion, diminishing the insect's
inclination or capacity to continue feeding.

Finally, visual masking repellents alter the appearance or
colour of a crop, effectively hiding the host by creating a visual
barrier. In pest control, this technique disrupts the pest's ability
to recognize and locate the host plant, thereby helping to
prevent infestations (13)

Mechanisms of action of insect repellents

Olfaction action: According to Rao et al., olfaction is crucial for
communicating pest insects and vertebrates, such as rats, deer,
wild boar and Coleoptera (14). Research has shown that wild
animals can locate food sources in cultivated crops due to their
highly developed olfactory sense. A sensillum contains one to
four olfactory receptor neurons (ORNs) (15). The olfactory
pathway first activates the olfactory receptors, which are
important in sensing the odourant. Every (ORN) expresses a
unique mix of olfactory receptors, including olfactory co-
receptors. Axons from each ORN project into a single olfactory
glomerulus in the antennal lobe (16). Olfaction co-receptors aid
in receptor trafficking, targeting and tuning and play a role in
signal transduction (17). Repellent odours can interfere with the
normal functioning of ORN, which is responsible for detecting
substances that typically attract organisms by changing or
blocking the response of neurons that are normally sensitive to
attractants. For instance, Ditzen et al., showed that applying
DEET and odourant compounds to Anopheles gambiae Giles,
simultaneously, directly reduces the antennal response to both
CO; and 1-octen-3-ol. This suggests that DEET may cause
discomfort and obstruct the perception of host smells (18).

Gustatory action: Animals and insects with well-developed
gustatory systems can detect food from a distance and perceive
the flavors of various compounds before ingestion. As reported
by Vosshall & Stocker, this process contributes to the repellant
effect, particularly in insects with various body sections that
possess taste organs (19). Due to sensilla on their sensory organs,
insects can assess potential food sources by tasting them
without the need for consumption. Given the close relationship
between the gustatory and olfactory systems, repellent effects
like anti-feeding behaviour and irritancy may be attributed to
similar physiological mechanisms. (10) As per Altner & Prillinger,
gustatory sensilla are uniparous, while olfactory sensilla are
multiparous (20).

As stated by Rodrigues & Siddiqi, gustatory systems are
made up of two kinds of gustatory receptor neurons cells that
can respond to distinct tastes, such as sugar (S cells), tap water
(W cells) and bitterness (L2 cells), or they can react to either
pleasant or unpleasant tastes. Flies use their gustatory action to
respond to different salt concentrations by using distinct types of
gustatory receptor neurons (GRNs). Furthermore, it was
demonstrated that low-salinity detection is aided by IR76b, a Na*
channel that belongs to the recently discovered ionotropic
glutamate receptor (IR) family (21). According to recent research
(22), conflicting behavioural reactions are mainly caused by a
complex bimodal switch system with GRNSs.

To help with future research, figuring out how different
substances work would be useful. Acomprehensive review of the
mechanisms of action is required to establish a strong
foundation for future research in this field. Understanding the

workings of these repellents can help overcome current
constraints resulting from a lack of knowledge about their
mechanisms. Furthermore, using this knowledge, more practical
applications of these substances in real-world scenarios can be
made and effective tactics can be developed (10).

Visual action: Visual repellent mechanisms utilize visual signals
to deter pests or animals from specific areas effectively. This
approach may incorporate different objects, such as reflective
tapes, scarecrows, or striking colour patterns that are unsettling
or alarming to targeted pests, thereby discouraging their
presence. The effectiveness of visual repellents is closely
connected to the physiological reactions of insects to light
stimuli. When insects encounter repellent wavelengths, they
may feel discomfort or disorientation, leading them to flee from
the source. This behaviour is facilitated by their olfactory and
visual systems, where specialized receptors in their antennae
respond to variations in light and colour intensity (10).

Limitation of synthetic insect repellents: The worldwide use of
pesticides and agricultural chemicals seriously threatens global
agricultural ecosystems, compromising ecological stability and
the health of living organisms. These chemical compounds
frequently lead to environmental contamination, adversely
affecting animal and plant life. Humans may be exposed to these
substances through skin contact, inhalation, ingestion and eye
exposure. According to the researcher, N, N-diethyl-3-
methylbenzamide (DEET), a widely used chemical, has been
linked to several health issues, including encephalopathy,
hypotension, vomiting, nausea and seizures (23). DEET affects
people and non-target creatures, especially pollinators, with
potentially harmful consequences. Additionally, misuse of such
chemicals may lead to insect resistance, such as pyrethroids,
making managing home pests more difficult (24).

Synthetic chemicals have significant environmental
effects since they can severely deteriorate air, water and soil
quality. For example, diethyl phthalate contamination in the
Kaveri River disrupts food chains in India, leading to the
bioaccumulation and bio magnification of hazardous chemicals
throughout the ecosystem. Bioaccumulation occurs when an
organism absorbs a chemical faster than it can excrete it,
resulting in toxic buildup in its tissues. Bio magnification refers to
the increasing concentration of these toxic compounds as they
move up the food chain (25). Inhalation of such chemicals can
result in serious health issues, including genotoxic effects.
Research suggests that combining DEET with permethrin or
other insect repellents may heighten the risk of
transgenerational epigenetic disorders and cause DNA
methylation epimutations in sperm. These harmful effects
underscore the urgent need to reassess synthetic chemicals' use
in agriculture and develop safer alternatives to safeguard human
health and the environment (26). (Fig. 1.).

Sources of natural repellents and their characteristics: Although
the historical use of botanical insecticides is not extensively
documented, several sources indicate that certain plants have
been used as insect repellents in Europe for over 3,000 years.
People frequently used extracts from fragrant plants as
repellents, particularly against pests that threatened crops or
served as vectors (27). Additionally, plant-derived compounds
have been employed to combat storage pests for centuries. The
repellent properties of plant materials were often utilized by
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Fig. 1. Environmental impact of the usage of synthetic repellents.

hanging plants in homes to ward off pests (28). Researchers in
India and the ancient Greeks and Romans provided detailed
records of using plants as insecticides. In addition, aromatic
plant materials were strung near granary entrances, alerting
people to their unpleasant characteristics for pests (29).

In Ethiopians and Kenyans, people adopted various
methods to keep mosquitoes out of their homes at night, including
spraying, burning, or hanging Chrysanthemum cinerariaefolium L.

Table 2. Major sources of natural repellent used against pests

flowers at doors and around beds. According to folklore, a powder
made from dried pyrethrum petals was also used to soothe infants
to sleep (30). Botanical repellents can be crafted from various plant
parts, including bark, leaves, rhizomes, nuts, cloves, fruits and
stems, to create liquid or powder-based repellents (31). Essential
oils, produced by plants as secondary metabolites, are volatile,
often have a strong smell and can repel insects for a few minutes to
several hours, depending on their concentration. These oils
contain allelochemicals related to monoterpenes, such as cineole,
pinene, eugenol, limonene, citronellol, terpinolene, citronellal,
camphor and thymol (32).

Commonly used plants to prepare botanical repellents are
shown in Table 2. Plant parts are crushed dried and bioactive
compounds are extracted using solvents. The plant extract is then
standardized, distilled and tested in laboratory and field settings.
Two of the most profitable and successful plant insecticide
products are made from pyrethrum (Tanacetum cinerariifolium
Sch. Bip.) and azadirachtin (Azadirachta indica A.Juss.), a neem
herb. Numerous other plants can be used as pesticides, including
garlic (Allium sativum L.), ginger (Zingiber officinale Roscoe.), thyme
(Thymus vulgaris L.), rosemary (Rosmarinus officinalis Spenn.),
peppermint (Mentha piperita L.) and turmeric (Curcuma longa L.)
(33). Research has been conducted on well-known and lesser-
known repellent plant species (7).

While plant-based repellents are a modern method of
controlling pests, they have historically been utilized to improve

Scientific Name and

Common Name Family Plant parts used Target pest Mode of action Active Compounds Reference
Maize Weevil, Sitophilus
Azadirachta indica L. Leaf powder and zeamais Motsch. and Red Repellent (Contact . .
Neem Meiaceae. oil flour beetle, Tribolium  and Fumigation) Azadirachtin 69, 70.
castaneum Herbst.
. . Pulse beetle, Repellent and Caryophyllene
Pepper P//;«i?r:rlgcrggveL. Seed Poc\)/ivlderand Callosobruchus Oviposition Sabinene, a-Pinene 71
p maculatus F deterrent and Limonene B-
. Cymbopogon nardus L. Whitefly, Bemisia tabaci Citronellol and
Cironella Poaceae Leaf Cennadius. Repellent Geraniol 72.
Syzygium Oil and plant Pulse beetle, Eugenol, Eugenyl
Clove aromaticumL. ow dper Callosobruchus Repellent acetate and B- 73
Myrtaceae P maculatus F. Caryophyllene
Red flour
beetle,Tribolium
Cymbopogon ’ Repellent and -
Lemongrass ; Leaves castaneum Herbst. and : Geranial 74
citratus Stapf. Poaceae Rice Weevil, Sitophilus feeding deterrent
oryzae L.
: Mentha piperita L. Above-ground Tribolium confusum
Peppermint Lamiaceae plant part Jacquelin du Val. Repellent Menthol >
. . . . Repellent
Thymus vulgaris L. Whitefly, Bemisia tabaci R Carvacrol, Thymol
Thyme Lamiaceae Whole plant Gennadius. Oanposmon and Acetates 50
eterrent
Pulse beetle
Acorus calamus L. ’ Repellent Shyobunone and
Sweet flag Leaf Callosobruchus 73
Acoraceae maculatus L. Isoshyobunone
i ; Red flour beetle,
Castor R/Cénu;corbw?munls L. Seed oil Tribolium Repellent Ricinolic acid 70
uphorblaceae castaneum Herbst.
r Pulse beetle, Nicotine, d-
Tobacco N'CO%%T:ntgféC:m L. Leaf Callosobruchus Repellent Limonene, Indole 73
maculatus F. and Pyridine.
Red flour beetle,
Tribolium Germacrene, 3-
Prickly ash Zantlgoxylum SPp- Leaf Powder castaneum Herbst. and Repellent phellandrene and B- 76
utaceae cigerete beetle, myrcene
Lasioderma serricorne F.
Zingiber Red flour beetle, :
Ginger purpureum Roscoe. Rhizome or Root Tribolium Repellent Sabinene and 77

Zingiberaceae

castaneum Herbst.

Terpinen-4-ol
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environmental conditions and conserve insect ecosystems (34).
These substances have multiple functions: they are poisonous,
repulsive and control insect behaviour. Plant-based derivatives
are harmless for the environment, readily biodegradable and
leave behind no residue in food products or soil. The best-
desired characteristic for botanical repellents is the longevity of
volatile and delayed release of volatile chemicals from plant
extract, rather than using easily accessible and inexpensive raw
materials (Fig. 2.) (35).
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Fig. 2. Advantages of the usage of the botanical repellents.

Efficacy of botanical repellents against the following groups of
insects

Coleoptera: Beetles, with approximately 450,000 species,
represent the largest group of insects. They account for roughly
40% of all known insect species and about 75% of beetle species
are polyphagous, feeding on various stored goods, wood and
plants during their larval and adult stages (36). The improper use
of botanicals as antifeedants, repellents and contact irritants can
lead to unintended consequences, particularly with Coleoptera,
as some botanicals have antifeedant effects on this group. Table
3 below provides a list of plants used to combat stored-product
pests.

Lepidoptera: Lepidoptera, encompassing both moths and
butterflies, are significant global pests that can lead to
substantial losses in agriculture and horticulture production.
During their caterpillar stage, many can inflict severe damage to
crops, potentially leading to complete crop failure. Various non-

synthetic insecticides must be used to manage lepidopteran
pests in an integrated (37). Recently, some nations have focused
on using botanical pesticides, which exhibit various action
modes such as stomach poison, repellant, antifeedant,
oviposition deterrent and contact poison.

Using plants such as Azadirachta indica A. Juss. and
Jatropha carcus L. to repel insects, primarily with their seeds and
leaves, can have highly repellent, antifeedant and toxic effects on
lepidopteran species like Plutella xylostella L. These plants react
with chemo-receptors, so people avoid eating them (38). A low
dose of neem and jatropha can decrease feeding rates and
induce repellent activity, which may increase mortality rates,
depending on concentration differences. A higher concentration
can improve the plant's ability to repel (39).Azadirachtin,
salanine and Nimbin in neem lowers the intake rate and relative
growth of Spodoptera litura F. compared to the control. In accord
with Koul et al., salanine is a glycoalkaloid repellent that can help
prevent a lot of bug infestations (40). To jointly assess the
antifeedant and repellent properties of nearby plants, Susmitha
et al. compared the antifeedant and insecticidal effects of six
local plants on Plutella xylostella L. and they found that Sesbania
grandiflora L. had the highest antifeedant activity (20.82%) when
administered after 72 hours, while the antifeedant effect
decreased from 24 to 72 hours (41). The antifeedant impact of
Sesbania grandiflora L. on Plutella xylostella L. was also assessed
by Sangavi and Edward (42). After two days, evaluating the same
dose at different times indicated a 52.31 % anti-feeder effect (43).
The fact that other results were discovered in the same plant and
pest warned us that the test procedure needed to be
standardized. Numerous plants exhibit repulsive properties.
Table 4 lists them all.

Diptera: One of the largest groups of insects, dipterans, has two
pairs of wings, the front pair of which is fully formed, while the
back pair, known as halteres, may be more primitive. They can
primarily inflict harm as blood-feeding ectoparasites (e.g., stable
flies, Stomoxys calcitrans L. and horn flies, Haematobia irritans L.)
and as vectors of diseases that affect humans and animals (e.g,,
malaria, dengue, chikungunya, Japanese encephalitis disease.)
(44). Alternative plant repellents are required to prevent allergic
reactions, because direct application of synthetic repellents, such
as DEET, might elicit allergic reactions in some people. Many
plants have recently been found to repel some Dipteran species
and the most promising ones are included in Table 5 below.

Table 3. Comparative efficacy study on Coleopteran pest using different plant sources

Extract Conc. % or Efficacy % or EPI

Target Pest Common Name Plant Name Plant part used Reference
p.L/mLorpL/L TR AorD
0.4 -0.91 - 73
N 1 ti L. Fl bud
yzygium aromaticum ower bu 0.3 80.13 i 78
Zingiber officinale Roscoe. Rhizome or Root 2 - 43.9 79
Callosobruch Acorus calamus L Rhizome 0.4 0.81 i n
allosobruchus .
maculatus E. Pulse beetle . 0.5 90.07 - 78
Piper Spp L. Seed 0.3 83.51 - 78
Nicotiana tobacum L. Leaf 0.4 -0.81 - 73
Mentha piperita L. Leaf 75 - 100 80
Zingiber officinale Roscoe Rhizome 2 -0.80 - 73
Syzygium aromaticumL.  Unopened bud 0.3 61.29
Tribolium castaneum Acorus calamus L. Rhizome 0.5 61.29
Herbst. Red flour beetle Piper Spp L. Seed 0.3 64.76 - 81
Mentha piperital. Leaf 75 100

(EPI- Excess Proportion Index; TR - True repellent; A or D - Antifeedant or Deterrent)
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Table 4. The potency of botanical repellent used against Lepidopteran pest

Plant part Extract Conc. % or Efficacy %
Target Pest Common Name Plant Name p ML /mLorpL/Lor Reference
used ug Jcm? TR AorD
Swietenia macrophylla King. Leaf 5 - 15.61 41
Sesbania grandiflora L. Leaf 10 - 20.82
Plutella xylostella L. Dlamn?gshback Prosopis juliflora SW. 10 - 58.41 “
Sesbania grandiflora L. Leaf - 52.31
Curcuma longa L. - 23.10
Cassia fistula L. Leaf 0.1 - 76.48 43
Spodoptera litura F. Tobacco cutworm Vernonia cinerea L. Leaf - 78.69
Cerbera manghas L. Leaf 5 80.37 - 82
Azadirachta indica A.Juss  Seed Kernal 1 - 75.17
Spodoptera Fall army warm 8
frugiperda J. Tagetes Spp L. Leaf 1 - 66.70
Helicovepra armigera ; Arial part of )
Hiibner. Cotton bollworm Ageratum conyzoides L. plant 0.4 86.82 84
(TR - True repellent; A or D - Antifeedant or deterrent)
Table 5. Effect of plant extracts on Dipteran pests
Plant part Extract % or Efficacy %
Target Pest Common Name Plant Name Reference
g used (nl/ cm3) TR AorD (o
Eucalyptus globulus
Labil. Leaf 0.025 90 - -
Cymbopogon 8
) citratus Stapf. Leaf 0.01 100 ) )
Musca domestica L. Housefly Citrus sinensis L. Fruit 0.025 90 - -
Mentha piperita L. oil 0.01 (pl/cm?3) 100 - -
Piper nigram L. Seed 25 66.67 - - 86
Allium sativum L. Bulb 25 80 - -
. Yellow fever
Aedes aegypti mosquito Leaf 5 1.7 - - 87
Bactrocera zonata . Datura alba Rumph Leaf 2 84.14 - -
Saunders. Peachfruitfly dirachtaindical.  Leaf 2 - 57.14 - 88

(TR - True repellent; A or D- Antifeedant or Deterrent; CI- Contact Irritant)

Hemiptera: Hemiptera, one of the largest insect groups globally,
poses significant threats to plants and acts as a vector for various
plant diseases. Numerous small hemipteran pests are known for
transmitting plant diseases (45). Following Kuhns et al., they
pose significant issue with agricultural output (46). Using artificial
pesticides to control them is not a sustainable method. Instead,
we must adapt natural safeguards (47). Integrating a repellent
mechanism is safe for the environment and insect ecosystem.
Various plants (e.g., basil, marigold, peppermint, lavender, etc.)
can be grown as intercrops since they release volatile organic
compounds. Extensive literature on these topics refers to their
potential to reduce target pest populations. In their study,
Dardouri et al., examined the intercropping of pepper and six
other scent plants, including two marigolds, basil, lavender,
rosemary and peppermint, against Myzus persicae Sulzer. The
most effective repellent for aphids was basil, however, the
degree of activity, such as attraction or repellence, depends on

Table 6. Some examples of plants with anti-pest activity

the chemical concentration (48). Plant extracts were tested
against the whitefly Bemisia tabaci Gennadius. by Emilie et al., to
see whether the plants were repellent or attractant 47. The same
plant species showed a repellent or irritating reaction, as
indicated in Table 6. Following plant identification, hemipteran
pests (such as whiteflies, thrips, tea mosquito bugs, aphids, citrus
psyllids, etc.) have been subjected to screening of the plant's
chemical compound against pests (50). All of them have
employed plant-based repellents as viable botanicals for
hemipteran pest management that is sustainable. This includes
the application of botanical repellents against novel target pests
(such as scale).

Vertebrates: Though not as numerous as arthropod pests,
Vertebrates can significantly impact various agricultural systems
and cause substantial economic losses worldwide. In Australia,
for example, birds alone are estimated to cause approximately
$120.8 million in economic losses (51). Despite the availability of

Plant common name Scientific Name Mode of action Reference
Aframomum Aframomum pruinosum Gagnep. Repellent and Irritant
Citronella Cymbopogon winterianus Jowitt ex Bor. Repellent and Irritant
Dill Anethum graveolens L. Irritant
Cinnamon Cinnamomum zeylanicum J.Presl. Repellent and Irritant
Geranium Pelargonium graveolens L "Hér. Repellent and Irritant 47
Savoury Satureja montana L. Repellent and Irritant
Litsea Litsea cubeba Lour. Irritant
Lemongrass Cymbopogon citratus DC. Repellent and Irritant
Cumin Cuminum cyminum L. Repellent
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control methods, such as poisonous pesticides, electric fencing,
trenching and culling, managing vertebrate pests presents
several challenges, particularly given ethical and legal
restrictions. In India, legislation under sections 9 and 11 of the
Wildlife Protection Act of 1972, which applies to Schedule Il (IS
19 No.) animals, provides legal protection to certain species like
wild boars, deer and nilgai. As classified by the International
Union for Conservation of Nature (IUCN), wild boars fall under
the "maximum concern" category, meaning that they cannot be
killed for pest control. Botanical repellents, however, can be
legally applied as antifeedants or repellents without harming
these animals.

For instance, Roa et al. found that a mixture of castor oil,
ginger and garlic can repel wild boar with up to 95% efficacy
without endangering the health of people or the environment
(14). As per Shakthivel et al., ricinoleic acid, a component of plant
-based formulations, is used to deter wild boar (52). When
applied against rats in enclosed spaces, plant essential oils such
as eucalyptus and citronella oil have a repelling effect (53). Since
1948, eucalyptus and citronella oil have been registered and
used as botanical-based insect repellents in the United States
(54). Numerous research has used essential oils to manage a
variety of insect pests (55). There is little research on rats and
other vertebrates. Studies on birds that inflict substantial
damage, such as crows (Corvus splendens Vieillot.) and parrots
(Psittacula krameria Scopoli.), have been shown to inflict up to
75% to 90% of the damage to sunflowers (56). According to
Reddy et al., using repellent technology can help reduce such
damage, leading to higher sunflower yields (57).

Status and future of botanical repellents

As botanical-repellent technology does not affect animal ethics,
numerous plant-repellent technologies have been developed.
The use of botanical repellent against storage pests has been
tested and new compounds from various wild and medicinal
plants have been identified (58). Numerous studies on botanical
repellent technology have been conducted in many countries,
including India, to reduce the risk to wild animals (14). In Algeria,
three distinct products have been utilized simultaneously
against the date palm scale (Parlatoria blanchardi Targ), using
locally available plants (59).

According to research analysis by BBC, the global market
for insect repellents is predicted to rise at a compound annual
growth rate (CAGR) of 4.5% from USD 3.7 billion in 2018 to USD
4.6 billion in 2023 (60). In 2022, the market value of insect
repellent is USD 4.81 billion to Grand view research (61). With
continuous attempts to enhance their safety, efficacy and
durability, botanical repellents have a promising future in a
global market that is expected to develop at a CAGR of 7.0% from
2023 to 2030 (61). In Finland, future research will concentrate on
screening and identifying novel chemicals to protect tick and
mosquito. In contrast, ticks are not a big problem in many Asian
countries; only 49% of Indian survey participants said they would
like protection from mosquitoes and ticks. However, about half
of the respondents said they wanted to be protected from
mosquito-borne illnesses, as mosquitoes are India's main vector
of disease (62).

Future research and development efforts will primarily
focus on creating long-lasting formulations, investigating
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botanical analogues and identifying repellents. Manufacturers of
repellents with botanical bases have prospects due to the
increased demand for natural and organic products. As research
progresses, the potential of botanical repellents to manage pests
and improve both human and environmental health will become
more evident. Botanical repellents may play an increasingly
important part in international pest management techniques, as
seen by the increased demand for organic and environmentally
friendly farming methods.

The major shortcomings and key research gaps are
summarized below

Less persistent or short longevity- Most essential oils are highly
volatile, meaning their repellent properties last longer, need
longer treatment times or short intervals in greenhouses, which
can increase production costs and affect market viablity (62).

Difficult in standardization- It's challenging to develop reliable
botanical repellents because of plant composition variations,
climate change effects and a lack of established testing
procedures. This makes the process of developing uniform
standards difficult (63).

Quick or rapid biodegradation- The majority of botanicals are
vulnerable to abiotic oxidation (Azadirachtin) and UV
(Photodegradation) (64).

Availability of raw material- People frequently turn to botanical
repellents rather than traditional synthetic ones for pest
management, due to a lack of raw materials and issues with
large-scale manufacture (63).

Time taken for activation- One drawback of plant repellents is
that they don't work as quickly as synthetic ones on pests (63).

Rules and regulation- Commercialization in regions such as the
U.S. and EU is challenging due to lengthy registration and
licensing procedures, which can take at least 4 to 5 years after
application (62).

conclusion

The potential application of botanical repellents in pest
management has been extensively researched. The effectiveness
can vary depending on the concentration and content of active
ingredients in the plant material used and variations in the
preparation procedure methods. Botanicals may sometimes
lack sufficient active components, limiting their widespread use
in pest control. Nonetheless, several studies have shown
promising results, indicating that various botanicals contain
potent anti-feedant or repellent compounds effective against
specific pests. However, the efficacy of these botanicals can
depend on factors such as the host crop, the target pest species
and environmental conditions.

Further research is essential to identify sustainable and
effective botanical repellents as scientists continue to explore
plants as potential alternatives to synthetic pesticides. In
summary, plant-based repellents are promising substitutes for
synthetic pesticides, though additional studies are required to
understand their effectiveness and safety fully. A comprehensive
approach to pest management could incorporate botanicals as a
core component.
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