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Abstract
Insect pest management is a global economic and ecological concern, due to the risks to people and the environment posed by 

the injudicious application of synthetic pesticide chemicals. To address the issue of insect resistance, it is crucial to identify new and 
powerful insecticides. Since botanicals are said to be less harmful to the environment and human health than synthetic chemical 
pesticides, they have long been promoted as appealing substitutes for synthetic agrochemicals. Commercial usage of pyrethrum 
and neem is well established, pesticides based on plant essential oils have entered the market and rotenone application seems to be 
declining. A plethora of plant compounds have been investigated for use as insect antifeedants, repellents and toxicants, however 
apart from some naturally occurring repellents, plant compounds that alter arthropod behaviour have only had limited commercial 
success. Several studies have shown the compatibility and synergism of botanicals with entomopathogens. The success of botanicals 
appears to be hindered by a range of variables, chief among them being regulatory obstacles and the availability of substitute prod-
ucts (newer synthetics and fermentation products) that are more affordable and generally risk-free than their forerunners. Botani-
cals offer residue-free food and a safe environment while also being considerably safer to natural enemies of insects. Thus, botanicals 
with multiple mode of actions are useful to protect the crops under organic agriculture. In order to reduce the detrimental effects of 
conventional pesticides, botanical pesticides can be employed as alternative or complementary tools in integrated pest management 
to achieve better results in a sustainable way.
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Introduction

Pests regularly expose and/or endanger the agricultural crops, 
which has an impact on their development and quality over time. 
Farmers typically rely on quick pest management techniques, pri-
marily synthetic insecticides, to safeguard their crops against pest 
infestation [1]. Despite the effectiveness of synthetic pesticides, 
their prolonged application creates problems, such as the emer-
gence of pests that are resistant to insecticides [2]. Synthetic pesti-
cides can be used excessively or improperly, which can have detri-
mental consequences on biodiversity [3] as well as adverse effects 
on humans, the environment and non-target organisms. Chronic 
human diseases have been linked to constituent components of 
synthetic pesticides [4] either through exposure or ingestion. The 
majority of synthetic pesticides are difficult to biodegrade; as a re-
sult, they build up in the environment and pollute soil and ground 
water in addition to thinning the ozone layer [3].

Although several eco-friendly pest control tactics viz., host plant 
resistance [5], secondary plant metabolites [6], biocontrol agents 
[7-9] and defense proteins [10,11] are available, farmers prefers 
the synthetic pesticides. The synthetic pesticides were immedi-
ately embraced due to their effectiveness and efficacy in managing 
serious crop pests like borers, defoliators and sucking insect pests. 
Alternative pest management strategies are now more necessary 
than ever due to the drawbacks connected with the misuse and 
overuse of synthetic pesticides.

With considerable effectiveness, plants that contain bioactive 
chemicals have been employed to control several crop pests [12]. 
Examples of plants that have been effectively used as sources of safe 
pesticides for the management of insect pests include pyrethrum 
(Tanacetum cinerariifolium) flowers [13]. Until the advent of tech-
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nology and the creation of synthetic pesticides, pest management 
using plant-based remedies was a common practice [14]. Consum-
ing food produced with secure, preferably natural plant protection 
products is currently popular throughout the world. Certain pes-
ticides have been banned from use in agricultural production as a 
result of the discovery of dangerous chemical pesticide residues in 
food and raised consumer awareness of food safety [15].

The effectiveness, biodegradability, variety of modes of action, 
low toxicity and accessibility of source materials are factors that 
contribute to the importance of botanical pesticides [16]. Addition-
ally, they have brief pre-harvest and re-entry phases. Commonly 
used botanical pesticides are widely employed in organic farming 
because the crop is more expensive [17]. Botanicals may be used 
safely on crops raised for human consumption and because there 
is currently a large market for customers prepared to pay more for 
organically grown food, botanical insecticides are becoming more 
and more popular.

Several research have been conducted with known and un-
tapped plant species that have pesticidal characteristics [18]. The 
plants pyrethrum (Tanacetum cinerariifolium), neem (Azadirachta 
indica), sabadilla (Schoenocaulon officinale), tobacco (Nicotiana 
tabacum), and ryania (Ryania speciosa) are examples of sources 
of commercially accessible botanical pesticides [19]. In the past, 
farmers have employed crop protection agents with plant origins 
to manage pests after harvest, particularly to preserve grains dur-
ing storage. Botanical pesticides are derived from plants and are 
used to eradicate, ward off, or deter pests [6]. The majority of bo-
tanical pesticides are used to manage insect pests has received sig-
nificant attention.

Sources of botanical pesticides
Botanical pesticides originate from a wide range of plant fami-

lies and can be used as plant extracts, essential oils, or a combi-
nation of the two [20]. Barks, leaves, roots, flowers, fruits, seeds, 
cloves, rhizomes and stems of plants are used to manufacture bo-
tanical insecticides. The intended bioactive chemicals and their 
concentration within the chosen plant portion determine which 
section of the plant is employed. There have been reports of plants 
in the Myrtaceae, Lauraceae, Rutaceae, Lamiaceae, Asteraceae, 
Apiaceae, Cupressaceae, Poaceae, Zingiberaceae, Piperaceae, Lili-
aceae, Apocynaceae, Solanaceae, Caesalpinaceae, and Sapotaceae 
families containing bioactive compounds with activity against crop 
pest [21,22]. Azadiractin from neem (Azadirachta indica) and pyre-
thrin from pyrethrum (Tanacetum cinerariifolium) are two botani-
cal chemicals having pesticidal action that have been successfully 
identified and commercialised [23]. Garlic (Allium sativum), tur-

meric (Curcuma longa), rosemary (Rosmarinus officinalis), ginger 
(Zingiber officinale) and thyme (Thymus vulgaris) are additional 
plants with pesticidal effects. 

Phytochemical composition of botanical pesticides
Research on the chemical nature of many plant families has 

been sparked by the growing interest in natural plant products 
in agriculture, medicine, and the food sector [24]. The secondary 
metabolites of plants usually alkaloids, tannins, terpenes, phenols, 
flavonoids, and resins, which have antifungal, antibacterial, anti-
oxidant, or insecticidal characteristics [6]. For instance, the leaves 
of Mentha piperita contain tannins and flavonoids as the main bio-
active chemicals [25], whereas the seed kernels of Jatropha carcus 
have significant levels of phenolics, esters and flavonoids [26]. Cer-
tain plant species are efficient against a particular class of pests 
due to the specific chemicals found in those species. The bioactive 
chemicals found in plants also influence the mode of action against 
the target pests (Table 1).

Mechanisms of action of botanical pesticides
Depending on the botanical ingredient and pest, the modes of 

action may include repulsiveness, inhibition, denaturation of pro-
teins, and other consequences. For example, pyrethrum-based 
pesticides attack an insect’s nerve cells, causing paralysis and ul-
timately death, whereas neem-based pesticides have antifeedant 
and repellent characteristics, cause aberrant moulting, impede 
oviposition, and interfere with the endocrine system [6]. Synthetic 
pesticides have more narrowly defined targets and are typically 
neurotoxicants with outcomes comparable to those of botanical 
pesticides [27]. In order to effectively manage pests, it is important 
to understand the mode of action, including the physical, biologi-
cal and chemical interactions between the insect and the pesticide 
[28].

Mode of action against insect pests
Most plant extracts have a broad range of effects on insects, 

including toxicity, fatal activity, feeding deterrent, oviposition and 
interfering with metabolic processes [29]. Botanical pesticides are 
more widely used since they have several effects on the insect pests 
[6]. For instance, it has been observed that commercialized prod-
ucts made from plants like pyrethrum, among other things, have 
neurotoxic effects on insect pests that cause paralysis, knockdown, 
and ultimately results in death [6]. Additionally, botanical pesti-
cides hinder the growth and development of organisms by interfer-
ing with the production of vital enzymes including those involved 
in moulting [30]. The red flour beetle (Tribolium castaneum) is 
killed by garlic (Allium sativum) and turmeric (Curcuma longa) 
extracts, which also have poisonous, repulsive and toxic effects on 
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them [31]. The oviposition, egg hatching, and overall growth of the 
insect pests have all been said to be affected by extracts from these 
plants. Some botanical pesticides have been linked to immobility, 

Source plant Active ingredient Mode of action Target pests References
Neem  

(Azadirachta 
indica)

Azadirechtin Binding to acetylcholine receptors thereby disrupting 
the nervous system Repellence.

Feeding deterrence

Inhibition of oviposition, egg hatching and

moulting

Lepidopteran and 
sucking insects

[33] 

Turmeric  
(Curcuma longa)

ar-turmerone and  
turmerone

Inhibitory activity on insect growth, antifeedant Cabbage looper, 
Trichoplusia ni

 [34] 

Lemon grass Citronellal Fumigant and contact insecticidal property. It inter-
feres with the neuromodulator: octapamine and GABA-

gates chloride channels. 
(Volatile thus, limited persistence in field)

Gram pod borer (H. 
armigera)

 [35] 

Tanacetum  
cinerariaefolium 

pyrethrum

daisy

Neurotoxic: causes rapid knockdown effect, along 
with hyperactivity and convulsions. Pyrethrum blocks 
voltage-gated sodium channels in nerve axons (Half-

life: 2 h)

Western Flower 
Thrips, Frankliniella 

occidentalis

 [33] 

Ferula asafoetida 
(Hing)

Asafoetida (oleo- 
gum-resin)

It acts as an insect repellent and consists of a charac-
teristic.

unpleasant smell

Pomegranate fruit 
moth, Ectomyelois 

ceratoniae

 [36] 

Allium sativum Allicin (gives the pungent 
characteristic odor to 

crushed garlic)

Antifeedant, repellent, inhibitor of molting and  
respiration, cuticle disruption and fecundity reduction

Tenebrio molitor  [37] 

Momordica  
Charantia  

(Bitter Melon)

Crude leaf extract, bitter

Momordin

Antifeedant Mung bean weevil 
(Callosobruchus 

chinensis)

 [38] 

Table 1: Source of botanicals with active ingredient containing insecticidal activities.

toxicity and paralysis of insects’ respiratory systems as well as in-
hibition of electron transport [32].

Compatibility and Synergism of Botanical pesticides with oth-
er pest management options

Agriculture faces many issues and among them insect pests is 
major one and to manage them with existing methods i.e., use of 
synthetic chemicals, use of microbial-based biopesticides and ap-
plying botanicals have their own merits and demerits. Worldwide 
still emphasis is on the use of single technology aspect to mitigate 
insect and disease menace. So to achieve long term success in a sus-
tainable way one should look into the novel approaches like com-
bination of botanicals with different entomopathogenic fungi, bac-
teria and nematodes also integration of botanical pesticides with 
chemical pesticides. By combining two or more methods for pest 
control we can get economic and environmental advantage pro-
vided that these methods needs to be compatible with each other.

Botanicals and entomopathogenic bacteria work together har-
moniously. Early studies on synergism claimed that Bt demonstrat-
ed synergism against various agricultural pests whether adminis-

tered sequentially or in combination [39] with neem treatments. 
Other plants, besides neem, have the ability to repel pests. One of 
these is palmarosa oil (Cymbopogan martini Wats.) (1%), which 
shown synergistic efficacy with three Bt products, Delfin®, Spic-
turin®, and Agree®, against Spodoptera litura and H. armigera. The 
extracts of neem, mentha, and Prosofis juliflora are proven to work 
well with Delfin®, but not with Spicturin® and Agree®. This might be 
as a result of the formulation’s additions [40]. Other plants, includ-
ing Annona squamosa L., Datura stramonium L., Eucalyptus globulus 
(Labile), Ipomea carnea Jacq., Lantana camara L., Nicotiana taba-
cum L., and Pongamia pinnata (L.), all worked in concert with Btk, 
with D. stramonium having the greatest effect on the mean larval 
mortality of S. litura [41].

Several researchers have demonstrated the compatibility of 
various Beauveria bassiana strains with various neem prepara-
tions. Neem products in particular have been shown to be compat-
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ible with EPF and work well against S. litura and Bemisia tabaci 
[42]. Combining EPF like B. bassiana, M. anisopliae, and L. lecanii 
with neem oil at half of their recommended dosages could be a 
practical environmentally acceptable solution for controlling the 
sucking pests of okra while also preserving natural enemies [43]. 
Neem, Tagetus patula, and Calotropis gigantean are some of the bo-
tanicals that have a synergistic effect with entomopathogenic vi-
ruses. Helicoverpa armigera NPV (HaNPV) is one of these viruses 
[44]. Botanicals and entomopathogenic nematodes work together 
in harmony. Entomopathogenic nematodes (EPN) are both syner-
gistic and compatible with azadirachtin [45]) and Bt [46].

The majority of the instances under examination demonstrated 
some degree of insect population control when botanicals were 
combined with entomopathogenic agents. The effectiveness of 
these combination products is particularly important to overcome 
the unique drawbacks of each product and the combinations can 
develop a new exceptional commercial bioinsecticide formulation 
supporting organic farmers. However, there is an urgent need for 
more research on the impact of these botanical biopesticide combi-
nations on pest behaviour, the significance of application technique 
and the relevance of application time.

Barriers in commercialization and future prospects for bo-
tanical pesticides

One of the possible challenges to achieving food security is in-
creasing global food production while enhancing crop quality and 
reducing the environmental effect of agricultural practises [47]. 
The use of synthetic pesticides must be controlled, and the use of 
eco-friendly, plant-based insecticides must be encouraged, in order 
to reduce the problem of herbivore insects sustainably. To promote 
plant growth and health, secondary plant metabolites can be used 
as an alternative to synthetic pesticides [48]. In order to find pro-
spective pest control products globally, a number of phytochemi-
cals were examined. Compared to the 5.5% annual growth rate of 
conventional pesticides, the market for biopesticides is developing 
at a rate of 16% [49]. But there are key difficulties to the commer-
cialization of plant-based pesticides, such as: (a) the availability 
and sustainability of botanical resources; (b) the strength, stan-
dardisation, and quality control of chemically composite extracts 
based on quantification of active ingredients; and (c) regulatory 
support, which typically requires an expensive toxicological evalu-
ation of the potential product [50]. The clear guidance provided by 
policymakers to the regulatory authorities will undoubtedly open 
the door for easier manufacture and better marketing of botanical 
pesticides in the creation of sustainable agriculture in the coming 
years.

To develop a new generation of highly effective botanical pes-
ticides, novel methodologies are required that take into account 
the behaviour and controlled release of particular botanical com-
ponents. PSMs can only be employed as efficient pesticides if the 
manufacturing difficulties/restraints are removed utilising cut-
ting-edge biotechnological technologies like metabolic engineering 
and plant tissue culture. Plant-derived products should be given 
preference in regulatory processes where extra attention is paid to 
environmental safety even though they cannot completely replace 
traditional synthetic pesticides.

Conclusion
Farmers need to adapt to crop protection methods that are 

more efficient and environmentally friendly. Biological inputs are 
the fastest expanding market, even though chemicals may current-
ly dominate. The biological approach offers the best substitute for 
keeping insect populations under control while not harming other 
organisms and ecosystem-beneficial flora. Additionally, it takes a 
long time and a lot of work to get a chemical pesticide on the mar-
ket, whereas biopesticides can be marketed in about a year, giving 
them an excellent chance to fill the pest management gap left by 
chemicals. Botanical insecticides are products made with various 
components derived from plant parts that include naturally oc-
curring compounds. The untapped treasure of nature is found in 
botanical pesticides. The obstacles to the commercialization of bo-
tanical pesticides on their road to becoming a registered product 
must be removed. By using botanicals, the annoyance caused by 
synthetic pesticides will be reduced. Research is urgently needed 
in areas including altering stability, preventing insect resistance by 
creating novel formulations, and alternative application. 
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