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Plant protection against insects relies on four main pillars: prevention and biological, chemical, and physical action. The

use of chemical insecticides, a common practice, should be avoided unless all other methods have failed due to their

potential negative impact on both humans and the environment.
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1. Introduction

Insecticides are a vast family of preparations used to control harmful insects. They can be made of natural or synthetic

substances . The active ingredients of these preparations can penetrate a pest’s body through its epidermis (contact

agents) or digestive system (gastric agents). Some agents affect an insect’s respiratory system, while others use a

combination of methods. Insecticides that enter a pest’s body through the digestive route are administered directly to the

plant to enable their preventive effect. There are three types of insecticides, which are segregated based on their modes

of action for use in protecting a plant: surface insecticides, depth insecticides, and systemic insecticides. Surface

insecticides remain and act on the surface of a plant, depth insecticides penetrate the leaves, and systemic insecticides

penetrate the plant and are transported with the sap to all parts of the plant. Insecticides must not exhibit toxicity toward

plants. The main classification of insecticides is based on their chemical nature (Figure 1) .

Figure 1. Insecticide classification.

2. Natural Protective Products for Protecting Plants against Insects

2.1. Mechanical Methods

Pests can be removed from plants through physical means, such as spraying a plant with water or manually picking

insects off. Traps and barriers can also be employed to protect a plant from an insect attack. Placing sticky bands on tree

trunks is a commonly used physical method .

2.2. Biological Methods

Biological control can be used alone or in combination with other control methods in IPM (Integrated Pest Management)

programs. It focuses on using natural enemies to reduce populations of harmful insects without the use of synthetic

insecticides . There are three main approaches to biological control:

Augmentative biological control—increasing the density of native or non-native natural enemies through regular

releases;

Conservation biological control—the manipulation of a habitat to increase the reproduction, survival, and effectiveness

of natural enemies already present in the affected area;
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Classical biological control (CBC)—the introduction of a natural enemy of native origin to control a pest, which is

usually also non-native, to determine whether the population of the natural enemy is sufficient to achieve permanent

control of the target pest.

2.3. Bioinsecticides

Bioinsecticides are a competitive category of insecticides that include naturally occurring compounds or agents derived

from microorganisms, plants, and animals. They inhibit the growth and rapid spread of insect pests through various

mechanisms of action (in addition to disrupting the nervous system) . These preparations do not pose a threat to

living beings and do not adversely affect the environment. Sustainable agroforestry management based on biopesticides

is socially accepted, promotes economic productivity, and contributes to environmental stewardship, constituting the basis

of sustainable development .

Bioinsecticides can be classified based on their origin and the type of compound required to form an effective formulation.

The classification includes microbial, biochemical (such as essential oils, plant extracts, insect growth regulators, and

insect pheromones), and plant-incorporated protectants (PIPs) . Currently, microbial biopesticides are the most

significant. Biopesticides are widely used due to their low toxicity, selectivity of action, and ability to be easily biodegraded

. Transgenic plants (PIPs) offer an attractive alternative. They contain molecules such as Bt Cry proteins, α-amylase

inhibitors, or double-stranded ribonucleic acid (dsRNA), which deter insect pests from targeting these plants .

Over the past decade, the proportion of biopesticides used in crop protection products has varied greatly (Figure 2). In

2020, there was a significant increase in the use of botanical insecticides, although they remain a niche category of crop

protection products. This is primarily due to their high production cost and the labor- and time-consuming process of

introducing them to the market. Additionally, their limited durability and effectiveness are correlated with changing

atmospheric conditions. Furthermore, they have targeted action against a specific pathogen species .

Figure 2. Share of particular classes of insecticides in Europe. (https://www.fao.org/faostat/en/#data/RP, accessed on 20

September 2023).

2.4. Oils as Botanical Pesticides

An important issue in the chemical control of insects is the presence of pesticide residues in the environment. This

depends not only on the type of pesticide used but also on the dosage, the number of treatments, the form of preparation,

the type of plant and soil, and weather conditions. As the product will be subject to runoff or be washed away by rain after

treatment, penetrate deep into a plant, and accumulate in the mulch, it is extremely important to observe the withdrawal

period indicated on the label. In this respect, botanical insecticides are a promising alternative to conventional products.

They usually have a relatively short withdrawal period, and their use does not put non-target organisms at risk. They do

not tend to accumulate in the soil because they degrade quickly. Their use also reduces the likelihood of insects

developing resistance. These characteristics are making botanical insecticides increasingly popular. This relationship is

illustrated by the frequency of searches for combinations of phrases such as “botanical extract” and “insecticide”, which

almost tripled between 2012 and 2022, increasing from 1158 to 3377 reports, and this number is steadily increasing

(Scopus database, https://www.scopus.com, accessed on 29 November 2022).

Among biopesticides, plant extracts are important components in addition to insect pheromones, microbial pesticides, or

insect growth regulators. These are naturally occurring insecticides in plants containing a number of bioactive

phytochemicals . They are found in the form of plant oils and essential oils. The former are obtained by extracting or

pressing seeds and other plant parts, while essential oils are produced through distillation .

2.4.1. Essential Oils
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Essential oils are fragrant mixtures of volatile organic compounds synthesized by plants as secondary metabolites. They

are found in plants or their individual parts—such as flowers, leaves, fruits, roots, or seeds. They are localized in specific

structures of secretory tissues (glandular hairs, secretory cavities, and resin ducts), where they accumulate as final

products of metabolism . Chemically, oils are complex mixtures of different compounds, the composition of which is

not always completely known and is often variable. Usually, the dominant compound imparts a fragrance to the oil. The

main constituents of essential oils are terpene compounds: mono-, sesquioxin-, and diterpenes (terpene oils) and

phenylpropane derivatives (non-terpene oils). The compounds they contain are hydrocarbons, alcohols, aldehydes,

ketones, esters, and ethers . The composition of the oil also depends on the part of the plant from which it is obtained.

An example is bitter orange (Citrus aurantium), which produces three different oils in young shoots, leaves, and flowers

.

The compounds contained in essential oils have been used as flavorings in the food and perfume industries but also in

medicine, mainly as medicinal herbs, and as an element of aromatherapy. There is growing interest in their use as natural

plant protection agents . The modes of action of essential oils in this area are very diverse. They can interfere with the

gas exchange process in insects, as well as their ability to identify host plants, and egg laying . Some also act as

antifidants, attractants, or repellents. To a large extent, they affect the hormonal balance, causing malformations,

overstimulation, and consequently death in insects . Essential oils can also form mixtures with synthetic insecticides,

increasing their effectiveness .

2.4.2. Plant Oils

Contact formulations based on vegetables oils, which are characterized by limited persistence, are an alternative to the

use of conventional insecticides. Their precursors were paraffin-oil-based formulations derived from petroleum refining,

which showed high insecticidal efficacy. The main limitation to their use was their high phytotoxicity. This was largely

reduced by selecting distillates with specific boiling ranges and appropriate refining parameters. The multi-stage and

labor-intensive production process, increased raw material costs, and potential toxic effects on plants prompted the

search for more environmentally friendly substrates. Following this trend, the combination of highly refined paraffinic oil

with vegetable oils seemed to be the solution. This resulted in formulations characterized by high efficacy and low

phytotoxicity.

Their main mechanism of action is based on the physical blocking of insects’ respiratory tracts (fistulas). The oil

preparation applied to them forms a thin, hydrophobic layer and prevents gas exchange, resulting in suffocation. They

also interfere with insects’ ability to feed on oil-coated surfaces. In some cases, oils can also interact with insects’ fatty

acids, disrupting their metabolism . Oils can be mixed with other insecticides to provide a broader spectrum of activity

and longer-lasting formulations. The insects most commonly controlled in this way include spider mites, whiteflies, and

juvenile scales. Vegetable oils also perform well as preparations for preventing the transmission of viruses by insects and

as fungicides (e.g., against powdery mildew) .

The most common ingredient in oil-based insecticide formulations is oil from the seeds and bark of the Indian honeybush

(Azadirachta indica). This oil is readily available, relatively inexpensive, and, most importantly, does not harm birds or

other beneficial insects. It owes its action to triterpenes, compounds from the limonoid group, the main representative of

which is azadirachtin. It is described as an antifidant compound that interferes with the feeding and reproductive abilities

of insects . An affected insect does not die directly as a result of azadirachtin entering the body but as a result of the

loss of the ability to forage. The other compounds in neem oil interfere with an insect’s normal development (molting and

growth) and act as a deterrent against them . The oil of Pongamia pinnata (L.) Pierre is also becoming increasingly

important, containing about 5% flavonoids, of which 2% is the furanoflavonoid caranjin, which is responsible for the

insecticidal activity of the oil . Other common ingredients used in commercial insecticidal formulations are cottonseed

oil and soybean oil.

The described ingredients included in natural preparations intended to repel insects feeding on tree stands are difficult to

isolate, which makes them expensive and inefficient. It would be unprofitable to use them in forest stands. Therefore, it is

necessary to look for cheaper and more effective preparations of plant origin, hence the idea to use oils from Camelina
sativa and Brassica carinata. These oils are rich in bioactive compounds and have a hitherto unexplored potential to

repel/kill insects that cause the degradation of tree stands.
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