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Abstract

Drosophila suzukii (Matsumura) is an economically important pest of berry species. It is characterized by high
reproductive potential and wide food specialization. For control of Drosophila suzukii, insecticides are mainly used,
which lead to the development of resistance, therefore other alternatives are sought. In this regard, the efficacy of
essential oils of lavender (Lavandula angustifolia Mill.), rosemary (Rosmarinus oficinalis L.) and peppermint (Mentha
piperita L.) against adults of Drosophila suzukii was tested in two concentrations 0.1% and 0.2%. The study was carried
out under laboratory conditions. The processing of the obtained data was carried out with a package of statistical
programs Statistika 7 V. The highest efficacy was reported for rosemary, followed by mint and lavender. A gradual
increase in efficacy was observed for all essential oils. Regression analysis of the results shows functional relationships
between the concentration of the working solution and efficacy. As the concentration of the essential oil increases, efficacy
increases and death occurs earlier.
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INTRODUCTION affect their reproductive processes (Smet et al.,
1986; Houghton, 1996).

The repeated use of insecticides to control pests ~ The effectiveness of essential oils depends on

on crops leads to environmental pollution, environmental conditions, photodegradation

disruption of the ecological balance, destruction and evaporation (Pavela, 2014; Isman, 2020b).

of pollinators and beneficial entomofauna, and Economic losses caused by D. suzukii reach

very often to the development of resistance. $511 million per year in the United States alone,
Therefore, alternative solutions are sought (Dam  with additional costs associated with monitoring
et al., 2019; Tait et al., 2021). and control required to prevent attacks by this

Plant insecticides have been used to control  pest (Goodhue et al., 2011; Lee et al., 2011).
pests for centuries (Isman, 2006). The majority Plant-based insecticides, essential oils and their
of plant products are biodegradable, therefore compounds, can be used as alternative means to
there is increasing interest in the use of plant  control D. suzukii (Isman and Grieneisen, 2014;
extracts or essential oils for pest control (De Bernardi, 2017; Amoabeng et al., 2019; Souza
Groot and Schmidt, 2016). et al., 2022; de Albuquerque et al., 2024; Dos
It is known that some chemical constituents of  Santos et al., 2024). They contain chemical
essential oils have insecticidal properties, their compounds that cause death or delay the
toxic effect is due to bioactive components such ~ development of resistance (Isman, 2020b).
as mono- and sesquiterpenoids (Spitzer, 2004; Essential oils are toxic to D. suzukii larvae and
Isman, 2020a; Chaudhari et al., 2021), which is adults (Jang et al., 2017). Furthermore, many
why they can be used in both conventional and  essential oils disrupt the sense of smell of D.
integrated plant protection. suzukii and act as repellents (Souza et al., 2022).
Secondary compounds from plants, including  Rosemary (Rosmarinus ofcinalis L.) is one of
alkaloids, terpenoids, phenols and flavonoids, the plants from which essential oils are extracted
can cause death of insects and act as attractants, that have insecticidal activity. Chromatographic
detergents, phagostimulants, antifeedants or  analyses of rosemary essential oil have shown
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the presence of the following compounds: a-
pinene, 1,8-cineole, borneol, bornyl acetate,
camphor and verbenone (Isman et al., 2008;
Sayorwan et al., 2013).

According to Renkema et al. (2016) most
essential oils repel D. suzukii. Peppermint oil
consists of two monoterpenoids menthol and
menthone and is particularly effective. It acts as
a repellent for up to 6 days.

Lavender oil contains the monoterpene
components 1,8-cineole, carene and linalool,
which act as fumigants for D. suzukii (Erland et
al., 2015).

In this regard, essential oils have been tested for
the control of D. suzukii.

MATERIALS AND METHODS

The studies were conducted under laboratory
conditions (temperature 22-23°C, relative
humidity 40-50% and photoperiod 16:8 - L:D).
Essential oils of lavender, rosemary and mint
were tested against adults of Drosophila suzukii.
The experiment was set up in seven variants and
three replicates: Variant 1. Lavender - 0.1%,
Variant II. Lavender - 0.2%, Variant IIL
Rosemary - 0.1%, Variant I[V. Rosemary - 0.2%,
Variant V. Mint - 0.1%, Variant VI. Mint - 0.2%,
Variant VII. Control.

Blueberry fruits were placed in plastic
containers, treated with the essential oils in the
corresponding concentration. After that, 10
adults of D. suzukii were released into each
container. Readings were made after 24 hours,
on the 3™ and 5™ days.

The efficiency is calculated using the
Henderson-Tilton formula:
E%:(I—TaXij.IOO
ThxCa

Ta - number of live in the variant after spraying;
Tb - number of live in the variant before
spraying;

Ca - number of live in the control after spraying;
Cb - number of live in the control before
spraying.

The processing of the obtained data was carried
out with a package of statistical programs
Statistika 7 V.
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RESULTS AND DISCUSSIONS

In the first readings of the 24th hour, there are
statistically proven differences between the
efficacy of lavender 0.1% and mint 0.1%
essential oils, with mint being higher (Figure 1).
On the third day, there is only a statistically
proven difference between rosemary 0.1%,
lavender 0.1% and mint 0.1%. The highest
efficacy is demonstrated by rosemary essential
oil at a concentration of 0.1% (Figure 2).

60

55

50

B

konoa LO1 L02 RO1 RO2 MO1 MO2

o Mean
1 Mean+SE
T Mean+SD
o Outliers
# Extremes

Figure 1. Comparing 24-hour averages
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Figure 2. Comparison of average values on day 3

n the fifth day, there was a statistically
significant difference between rosemary 0.2%
and mint 0.1% (Figure 3).

The highest efficacy was demonstrated by
rosemary at a concentration of 0.2%. These data
are confirmed by studies by other authors
Renkema et al. (2016).
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Figure 3. Comparison of average values on day 5

A regression analysis was conducted with the
results of the research. Functional dependencies
between the concentration of the working
solution and the flies were obtained.

The obtained models are adequate at a
significance level of p=10.001.

In the case of lavender, the proposed model and
graph show that the number of flies decreases at
an essential oil concentration of 2.0 ml on the
second day. At a lower amount of essential oil
of 1.2 ml, the density of flies decreases on the
3" day, and at a concentration of 1.0 ml, their
number decreases only on the 5™ day (Figure 4).

Table 1. Duration of action and amount of lavender oil in the working solution on D.suzukii adults

Regression Summary for Dependent Variable: z (lavender) R =,89846037 R? = ,80723104 Adjusted R? =,74297472
F(3,9)=12,563 p
Beta Std. Err. B Std. Err. t(9) p-level
X 1,31475 0,358487 0,471429 0,128542 3,66751 0,005175
y 1,29195 0,306116 1,155556 0,273799 4,22046 0,002238
Xy -1,96396 0,448108 -0,514286 0,117342 -4,38278 0,001764
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Figure 4. Flies counted after treatment with lavender oil
Table 2. Duration of action and amount of rosemary oil in the working solution on adults of D.suzukii
Regression Summary for Dependent Variable: z (rozmarin) R =,94515842 R? = ,89332443
Adjusted R? =,86961875 F(2,9) = 37,684 p
Beta Std. Err. B Std. Err. t(9) p-level
Intercept 3,43229 0,254726 13,47446 0,000000
y -0,734974 0,108871 -1,13333 0,167879 -6,75089 0,000084
x2 -0,594254 0,108871 -0,05134 0,009406 -5,45834 0,000401

When using rosemary oil, it is seen from the
proposed model and graph that the number of
flies decreases dramatically when the amount of
oil in the solution is 2.0 ml on the second day
(Figure 5). With a smaller amount of essential
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oil, the duration of action is extended. At 1.4 ml,
the number of flies decreases on the 4™ day, and
at 1.0 ml after the 5™ day. With increasing the
concentration of the essential oil, the duration of
the destruction of the enemy is reduced.
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Figure 5. Flies counted after treatment with rosemary oil

Table 3. Duration of action and amount of peppermint oil in the working solution on D.suzukii adults

Regression Summary for Dependent Variable: z (menta) R =,92867066 R? =,86242920 Adjusted R? =,81084015
F(3,8)=16,717p
Beta Std. Err. B Std. Err. t(8) p-level
Intercept 6,80208 0,936704 7,26172 0,000087
y -2,47850 0,744703 -5,56667 1,672591 -3,32817 0,010413
x2 -0,60312 0,131135 -0,07589 0,016501 -4,59922 0,001757
y2 1,88461 0,744703 1,66667 0,658582 2,53069 0,035218

With the mint from the proposed model, it is
seen that at a concentration of the essential oil in
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the solution of 1.2-2 ml, the density of flies
decreases after the fourth day (Figure 6).
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Figure 6. Flies counted after treatment with peppermint oil

According to Erland et al. (2015) lavender oil
acts as a fumigant for D. suzukii, due to the
presence of monoterpene components - 1,8-
cineole, carene and linalool.

The toxic effect of peppermint oil is associated
with the presence of menthol (monoterpene
type), menthofuran, menthone, menthol esters -
menthol acetate and wvalerate, phellandrene,
pinene, cineole, menthofuran, piperitone,
jasmone, tannins, flavonoids (luteolin, apigenin,
diosmetin), as well as mustard, phenolic acids
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and mineral salts (Iscan et al., 2002; Kumar et
al., 2011; Renkema et al., 2016). This oil also
acts as a repellent.

According to Souza et al. (2022) rosemary oil
shows better efficacy of 50% and 90% against
adults compared to spinetoram. The compounds
contained in rosemary essential oil - pinene, 1,8-
cineole and camphor act as repellents against
adults of D. suzukii. Females prefer to lay their
eggs in untreated fruits compared to those
treated with rosemary essential oil.



Botanical products are an alternative for
controlling crop pests. They can be applied in
organic farming and reduce the risk of
developing resistance.

CONCLUSIONS

As a result of the conducted research, the
following conclusions can be drawn:

- Against adult forms of Drosophila suzukii
(Matsumura), the highest efficacy was reported
for rosemary essential oil (Rosmarinus ofcinalis
L.), followed by peppermint (Mentha piperita
L.) and lavender (Lavandula angustifolia Mill.).
- With increasing concentration of essential oils,
efficacy increases and death occurs in a shorter
time.
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