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Abstract: The aim of the study was to compare the effect of two concentrations (0.1 and 1%) of
different plant substances on dettering Rhyzopertha dominica F. and Sitophilus granarius L. Both
species were treated with the essential oils of Foeniculum vulgare Mill. and Carum carvi L. as well as
L-carvone and anethole. The tests were carried in laboratory. The deterrence of insects were noted
after 1, 2, 3, 4, 5, 24 and 48 h. It turned out that the essential oils and chemical compounds used in
the experiments do not show the normal relationship described in the previous literature on storage
pests, in which the repellency gets higher with the increase in the concentration of the tested plant
material. It was found that a lower dose of the tested substances causes a greater deterrence of these
species of beetles. In the case of R. dominica, the highest repellant effect was exerted by the
concentration of 0.1% L-carvone. Differences between the concentration of 0.1% and 1% were found
among all tested substances in each time interval in the deterrent of R. dominica. This difference
ranged from 4.17% to 52.92%. All substances used in the tests had a large deterrent effect on S.
granarius (from 48 to 100%). Differences in the deterrence of S. granarius were found between 0.1%
and 1% concentration in most of the tested substances in each time interval. The difference ranged
from 1% to 15.42%.
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Intoduction

Rhyzopertha dominica F. (Coleoptera, Bostrichidae), the lesser grain borer and
Sitophilus granarius L. (Coleoptera, Dryophthoridae), grain weevil are one of the most
dangerous species of primary pests that destroy grains [1, 2, 3, 4, 5, 6]. These pests are
widely distributed all over the world. In the tropical and subtropical climate zone, they
cause damage to crops as well as to stored grains and their milling products. In countries
with a moderate climate among others in Poland their development is limited mainly to
heated warehouses where they destroy the accumulated food stocks [7, 8, 9].

By causing economic and health losses, storage pests have for years been motivating
scientists and food producers to undertake various methods of their elimination.
Currently used pest control methods are not effective in one hundred percent and neutral
to human health and the environment. Among other, these factors contributed to the
intensification of research new, effective methods of pest control. Scientists are still
looking for effective, safe for humans and the environment, yet cost-effective and readily
available ways to reduce pests. It seems that these conditions are met by substances of
plant origin, because they more readily biodegrade, pollute the environment less
frequently and are less toxic to mammals [10, 11, 12, 13].
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The aim of the presented research was to compare the effect of two concentrations of
different plant substances on the deterrence of R. dominica and S. granarius. Both species
were treated with the essential oils of Foeniculum vulgare Mill. and Carum carvi L. as well
as L-carvone and anethole.

Methods

The tests were carried out in the laboratory at the temperature of 29°+1°C and 60+5%
RH. Adult R. dominica and S. granarius individuals were used in the tests. The research
used the emigration (repellence) methodology developed by Kitys (2007) [14]. The
experimental vessels consisted of two plastic containers - the inner one with a base area
of 28 cm? and the outer one with a base area of 50 cm?. 40 g of wheat was added to each
container. The inner container had 30 holes in the base bottom area and side walls 1.5 mm
in diameter. Four 4 cm screws are fitted to the bottom of the inner container. This
prevented the beetles from returning to the inner container. The insects were placed in an
inner container and a disc of filter paper. It was soaked with the essential oils of Foeniculum
vulgare, Carum carvi, L-carvone and anethole in concentrations of 0.1 and 1% (w/v). 40
beetles were added to the inner container. Insect repellent was recorded after 1, 2, 3, 4, 5,
24 and 48 hours of exposure. Each variant of the experiment was carried out in six
replications. The emigration (repellency) index was calculated by dividing the sum of the
average number of living and dead emigrants by the average number of living and dead
individuals in both containers. The result was multiplied by 100% to obtain the percentage
of repellency [15].

The control culture was performed under the same conditions and in the same set of
containers as the research samples. The substrate in the control culture was 40 g of pure
wheat into which 40 beetles were released.

The ANOVA Kruskall-Wallis rank test was applied, followed by a multiple
comparison test. The test probability level "p" and the significance level "a" were 0.05. The
calculations were performed in the Statistica 13.3 program.

Results

All substances used in the tests in each time interval caused deterrence S. granarius
and R. dominica. Only 1% of fennel essential oil after 1 hour of research did not cause
emigration of R. dominica. The highest emigration (repellency) of R. dominica, confirmed
by the highest values of the emigration index ranging from 40 to 90%, was caused by 0.1%
L-carvone in all tested time intervals. Anethole caused the lowest emigration. On the other
hand, in the control culture, the values of the emigration index were low throughout the
study period, ranging from 7 to 29% (Figure 1, Figure 2 and Figure 3).

Also, all plant substances used in the tests resulted in large emigration of S. granarius
in all time intervals. The highest emigration (deterrence) was obtained after the use of
0.1% fennel essential oil, then 1% L-carvone in all time intervals and 0.1% caraway
essential oil from 2 to 48 hours. Already after 2 hours of research, the emigration of S.
granarius was over 60%, and after 24 and 48 hours it was from 90 to 100%. While in the
control culture it was relatively low and ranged from 4 to 38% (Figure 1, Figure 2 and
Figure 4).

It was found that the lower concentration 0.1% of the applied plant substances caused
a greater effect in repelling the lesser grain borers and grain weevils. This relationship was
not found only for the effect of anethole on R. dominica (Figure 3).

Although not all differences are statistically significant, there is a clear tendency
lower concentration - higher emigration (repellency) of both species. Much greater
differences in the repelling of beetles between the concentrations of 0.1% and 1% of the
plant material used were noted for the lesser grain borers than the grain weevils. For the
R. dominica, the biggest difference was recorded for caraway essential oil after 48 hours, it
was 52.92%. However, for S. granarius the differences were smaller, because in most of the
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results they did not exceed 10%, the highest was recorded for L-carvone 5.42% after 1h of
research. On the other hand, all the substances used caused a much greater deterrent of S.
granarius (Figure 2 and Figure 4).
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Figure 1. Repellency of S. oryzae and R. dominica caused by fennel essential oil (Statistically significant differences are
marked with an asterisk).
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Figure 2. Repellency of S. oryzae and R. dominica caused by L-carvone (Statistically significant differences are marked with

an asterisk).
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Figure 3. Repellency of S. oryzae and R. dominica caused anethole.

* *
* *
*
*
alllﬁl. TR R I| II
1h 2h 3h 4h 5h 24h 48h

hours
& Control R. dominica 0,1% caraway essential oil R. dominica
m 1% caraway essential oil R. dominica m Control S. granarius
= 0,1% caraway essential oil S. granarius m 1% caraway essential oil S. granarius

100
90
8
7
6
5

S
O O O o o

% emigrating

3
2
1

o O O

0

Figure 4. Repellency of S. oryzae and R. dominica caused by caraway essential oil (Statistically significant differences are
marked with an asterisk).

Discussion

Plant substances meet the assumptions of the current method of safe pest reduction,
which is integrated control [16, 17]. In addition, it is important that the plants used and
the essential oils contained in them, as well as chemical compounds, apart from the
repellant and/or insecticidal effect on pests, are safe for humans and do not adversely
affect the stored food products. Therefore, in the presented research, spice plants were
used, with healing and bactericidal properties, showing properties that repel storage
pests.

In this study, a high deterrent effect against S. granarius caused all plant substances
used in the tests, especially fennel oil (73-100%) and caraway oil (51-98%) in both
concentrations and throughout the entire period of the study. The highest deterrent effect
of R. dominica (40-90%) was caused by the lower 0.1% concentration of L-carvone.

Also Ktys et al. [15] showed a high (98-99%) deterrent effectiveness of caraway oil in
concentrations of 0.1, 0.5 and 1% after 24 hours of testing against Sitophilus oryzae. They
obtained similar results with L-carvone.
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In turn, Bedini et al. [18] found the repellant potential of the substances contained in
fennel. They studied two chemotypes - estragole and anethole of fennel essential oil and
the chemicals they contain: anethole, estragole, limonene and phenchon. The subjects of
their research were R. dominica, Sitophilus zeamais and Tribolium confusum. Both types of
essential oils were tested at doses ranging from 0.005 to 0.385 mg/cm?, while the
compounds were tested at various doses from 0.01 to 0.74 mg/cm?. Estragole essential oil
and estragole turned out to be the most effective.

In assessing the possibility of using a substance of plant origin as a repellant, two
parameters are important: its effectiveness and the time in which it will produce the
expected effect. The effectiveness is assessed using various indicators, incl. repellency
index. Equally important is the concentration of the substance used, which will produce
the desired effect, as too high may be economically and health unjustified.

Many publications on the repellant effect of substances of plant origin against storage
pests show the dependence of the effect on the concentration used. Usually, an increase
in the deterrent effect was observed with an increase in the applied concentration of the
test substance [19, 20, 21, 22, 23].

The presented studies showed a stronger deterrent effect on both species of the lower
tested concentration of the tested plant substances. These results correspond with the
studies by Ktys et al. [15], which using a greater number of concentrations of L-carvone
(0.05,0.1, 0.5, 1%) and caraway oil (0.1, 0.5, 1%) against S. oryzae, recorded a stronger effect
of lower L-carvone doses. This compound at a dose of 0.1% caused 100% beetle emigration
after 24 hours. Higher concentrations of 0.5 and 1% show a much lower deterrent effect.

Also Benelli et al. [20] showed that one of the examined oils from Hyptis suaveolens
caused a higher repellency of S. granarius at a lower concentration 0.1%, not 1%.

It is known that DEET is the most common active ingredient in repelling mosquitoes,
ticks and other arthropods when applied to skin or clothing. The more of this compound
the repellent contains, the longer it can protect against mosquito bites. Its higher concen-
trations provide longer protection, but the concentration of DEET above 50% does not
bring much effect [24, 25].

Conclusion

The lower dose of C. carvi and F. vulgare essential oils, as well as carvone had the
greatest deterrent effect on S. granarius and R. dominica. These results differ from the
results obtained so far with regard to stored pests, the repellency increased with the
increase in the concentration of the applied substances.
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