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Bio-insecticidal efficacy of four essential oils against adults of Sitophilus granarius (Coleoptera: Curculionidae) and
larvae of Tenebrio molitor (Coleoptera: Tenebrionidae). — Baranova B., Grul’ova D. — The bio-insecticidal efficacy of
essential oils from anise (Pimpinella anisum L.), cumin (Carum carvi L.), fennel (Foeniculum vulgare Miller) and
origanum (Origanum vulgare L.) essential oils was tested using adults of wheat granary weevil, Sitophilus granarius L.
(Coleoptera: Curculionidae) and larvae of yellow mealworm, Tenebrio molitor L. (Coleoptera: Tenebrionidae), as the
two representants of stored grain pests. From the essential oils used, cumin showed the highest bio-insecticidal efficacy
by both types of tests. From the model organisms used, only adults of wheat granary weevil were affected, since yellow
mealworm larvae did not respond nor to any of the essential oils used neither to test type. Essential oils seem to have
strong potential to replace dangerous synthetic toxic insecticides, however, their efficacy seems to be strongly
dependent on the target organisms as well as way of application.
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bBioincekmuyuona egpekmugnicmo yomupvox e@ipnux oniii w000 imazo Sitophilus granarius (Coleoptera:
Curculionidae) ma nuuunox Tenebrio molitor (Coleoptera: Tenebrionidae). — Bapanosa b., Ipynvosa JI. — Eipnui
onii, K 6MOPUHHI MemaboOAiMmu DOCIUH, MICMAMb WUPOKUL CHeKmp OI0N02IYHO AKMUBHUX CHOLVK, SAKI MOJNCYMb
enaugamu Ha mMemaoOoniyHi, Gioximiuni, Qizionoziuni ma nogedinkosi Gyukyii komax. Memorw O0anoeo O0CHIONCEeHHSA
0yn0 oyiHumu ymieanmuy i KOHMAKMHY MOKCUYHICMb eIPHUX MAcel 0eaKUX 8U0i8 POCIUH, W0 BUKOPUCTIOBYIOMbCS
8 KVJIIHapii, nopigusimu egexmuenicmo pi3Hoi 003U ma yacy exKChno3uyii, oyinumu pisHUYIO MIdNC 8iONPAYbOBAHUMU
oniAMU Y 8I0COMKAX CMEPMHOCMI, BUSHAYUMU OCHOBHI CHOLYKU BUKOPUCMOBYBAHUX eipHux macen. BioincekmuyuoHy
axmuenicms eipnux onit awnicy (Pimpinella anisum L.), kmuny (Carum carvi L.), gpenxens (Foeniculum vulgare
Miller) ma mamepunxu (Origanum vulgare L.) docnioscyeanu nHa moodernvhux o6’ekmax. B sxocmi ocmannix 6ynu
obpani imazo doseonocurxa komipnoeo — Sitophilus granarius L. (Coleoptera: Curculionidae) ma nuuunxu xpywaxa
bopownanoco — Tenebrio molitor L. (Coleoptera: Tenebrionidae). 3 eunpobysanux egipnux onitl, onis 3 KMUHy
nposiguna Hausuwy OIOIHCeKMUYuoOHy axmusHicmo. MooOenvHi opeanizmie no pizHOMY peazysanu HA GNAUE ehepHux
oniu. Bynu ypaoiceni nuwe imazo Sitophilus granarius, namomicme auuunku Tenebrio molitor ne peazyeéanu Ha sHcoOHU
8U0 Onill, AKI GUKOPUCMOBYBANU 8 MeCMmOBUX BUNPOOYBAHHAX. 3 Memow 3amijeHHs HeOe3NneyHUX MOKCUUHUX
dymicanmie ma incekmuyuoie eipHi Onii € MONCIUBUM THCHMPYMEHMOM 3AXUCTY CLIbCbKO2OCNOO0APCHKUX KYIbMyp ma
NPOOYKMIB XAPUYBAHHS 8I0 KOMAX-WKIOHUKIB, AK Oe3neunda anbmepHamusa OJisd JHOUHU MA O0BKILIA, MOXCYMb Oymu
BUKOPUCAHI 8 CITbCLKOMY 20CRO0APCMEi 8 cUCmeMi Memoiog iHmezposano2o 3axucmy 6i0 Komax-ukionuxie. OOHax,
ehexmusHicmb ehipHux oitl Cymmeeo 3anedcums 6i0 Yilbo8UX SPYN OP2AHI3MIG, d MAKONC CROCODY 3ACMOCYBAHMSL.
Kntouosi cnosa: Ooszonocux  komipuui, Sitophilus —granarius, xpywax 6opowmnsanuu, Tenebrio molitor,
OioiHCeKMUYUOU, pOCIUHHI eKCMPAKmu, eqQipHa ois, aHic, KMUH, (heHxelb, MamepuHKda.
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eyn. 17-20 nucmonaoa, 1, [lpsawis, Cnosauuuna, e-mail: beata.baranova@unipo.sk; daniela.grulova@unipo.sk

Introduction

Essential oils, as the secondary plant metabolites,
dispose with a wide spectrum of biologically active
compounds. Production of aromatic oils is a part of
the defence system, protecting plants against
herbivores, plant juice sucking insect, viruses,
microbes or fungi. Equally, essential oils can affect
metabolic,  biochemical, = physiological or
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behavioural functions of the insect representatives.
These features make essential oils to be possible
tools for crops and stored products protection
against insect pest, as the plant-based, health and
ecologically safely alternative approaches in
agriculture (Raguso, Pichersky 1999; Das et al.
2013; Campolo et al. 2018).
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Adults of wheat granary weevil, Sitophilus
granarius Linnaeus, 1758 (Coleoptera: Curcu-
lionidae) and larvae of yellow mealworm, Tenebrio
molitor Linnaeus, 1758 (Coleoptera: Tene-
brionidae), which belongs to the most common as
well as the most harmful grain pests.

Adults of wheat granary weevil cause
damage of wheat, barley, oat, rice or maize grains
and products, as feeding upon them, or laying down
the eggs. Larvae of yellow mealworm damage
different fractured grains of maize, wheat or
soybean, their metabolism products cause grains
contamination (Martynov et al. 2019).

Different spectrum of essential oils was
tested for their bio-insecticidal efficacy against
Sitophilus genus representatives as well as
Tenebrio molitor larvae, including also anise,
cumin, fennel and origanum oils used in our study.

Karakas and Bolukbasi (2017) tested cumin
EO biological activity against Sitophilus granarius.
Ziaee et al. (2015) pointed importance of the
temperature for the efficiency of the cumin
essential oil against granary weevil in the integrated
pest management programs of stored products.
Fang et al. (2010) observed strong contact toxicity
of EO from Carum carvi fruits against Sitophilus
zeamais (Motsch., 1855). Fenel EO was tested for
its larvicidal activity against Tenebrio molitor by
Cossimi et al. (2009). Origanum adulticidal
efficacy was tested against Sitophilus oryzae (L.,
1763) (Karan, Simsek 2018; Abdelgaleil et al.
2019) and Sitophilus zeamais (Bittner et al. 2008).
Study of Alkan (2020) determined contact and
fumigant activity of Origanum vulgare against
granary weevil adults (Martynov et al. 2019).

Expect entire essential oils, also their major
compounds were tested for their bio-insecticidal
activity: fumigant activity of anethole as the major
compound of Pimpinella anisum and fennel
essential oils was tested using Sitophilus oryzae
(Tunc, Erler, 2000). Adulticidal efficacy of cumin
main compound carvone was tested against
Sitophilus zeamais and Sitophilus granarius under
laboratory conditions (Vejrazka et al. 2007;
Yildirim et al. 2013).

The aim of our study was to:

a) evaluate the fumigant and contact toxicity
of anise, cumin, fennel and origanum essential oils
against adults of granary wheat weevil and yellow
mealworm larvae;

b) compare efficacy of the different dose and
time of exposition;

¢) assess distinction between used oils in the
mortality percentage;

d) determine main
essential oils used.

compounds of the
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Material and methods
Essential oils

Essential oils from anise (Pimpinella anisum
L.), cumin (Carum carvi L.), fennel (Foeniculum
vulgare Miller) as representatives of Apiaceae
family and origanum (Origanum vulgare L.) as the
representative of Lamiaceae family were tested.
EOs were obtained from a private company of
Calendula, a.s., Nova Lubovna, Slovakia. The oils
were stored in brown glass bottles at 5°C until the
use.

Analysis of the EO’s composition was done
as follows: pure EOs were diluted to 1:1000 ratio in
n-hexane and subjected to analysis by gas
chromatography - mass spectrometry (GC-MS) as
described in Grulova et al. (2020), gas
chromatography - mass spectrometry (GC-MS).
Identification of the main compounds of EOs was
provided using library NIST 02 and by comparison
of the Rt with external standards.

Pure, non-diluted EOs were used in the
experiment.

Model organisms

Two different beetle representants of stored
grain pests were used in the study: adults of wheat
granary weevil, Sitophilus granarius Linnaeus,
1758 (Coleoptera: Curculionidae) and larvae of
yellow mealworm, Tenebrio molitor Linnaeus 1758
(Coleoptera: Tenebrionidae).

Wheat granary weevil adults were bred at the
University of PreSov, Slovakia. Specimens were
reared in a 1 L wide-mounted glass jars, half filled
up with wheat grains. Mouth of the jars was
covered with a fine mesh cloth insuring ventilation
and to prevent beetles escaping. Jars were kept at
average temperature 22 °C and by 55% relative
humidity. Mealworms were obtained from
commercial breeder and kept in darkness at room
temperature (22°C) and by 55% relative humidity
in plastic box with feeding substratum (wheat
flour / bread-crumb / semolina — 1:1:1) till experi-
ment. All following experiments were carried out
under the same conditions (22 °C, 55% relative
humidity).

Fumigant test - time and dose response
bioassay

To test fumigant toxicity, aliquots of 250 pl
and 750 pl of each from essential oils (Pimpinella
anisum, Carum carvi, Foeniculum vulgare,
Origanum vulgare) were pippeted into the 1.5 ml
Eppendorf tube with penetrated lids. Tubes were
fixed with transparent duct tape into the centre of
glass Petri dishes with 90 mm diameter x 15 mm
height, with overall volume of 127 ml, what means
effective doses of 1.97 pl/ml and 5.91 pl/ml of air
respectively. Ten adults of the wheat granary
weevil were placed together with 1 gram of wheat
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grain in the dishes. Petri dishes were then closed,
sealed with Parafilm to prevent beetles escaping
and transferred into a chamber room at 20+2°C,
55% relative humidity and dark regime. Identical
treatment was done with ten larvae of yellow
mealworm, but without grains. All of the treatments
were replicated three times. The control treatments
did not include essential oil nor grains. The number
of dead S. granarius adults / T. molitor larvae was
determined at 24, 48 and 72 h after the initiation of
the treatment. The weevil adults were considered
dead if their appendages did not move when proved
with a fine brush, mealworm larvae if shoving no
movement after being softly squeezed behind head
with soft pincette.

Contact toxicity test- dose response bioassay

To test contact efficacy, amounts 2.5 pl, 5 pl,
9.5 pl and 14 pl of each from essential oils
(Pimpinella anisum, Carum carvi, Foeniculum
vulgare, Origanum vulgare) were pippeted on
1x1 cm piece of filter paper placed in the cells of
plastic, rectangular cultures plates. Plates of
12.5%8.5%1.8 ¢cm (w/l/h), with 6 cells of 3.1 cm
diameter were used for Tenebrio molitor larvae, for
Sitophilus ~ granarius adults, plates of
12.5x8.5%1.8 cm (w/l/h) with 12 cells were used,
when the cell was of 2.3 cm diameter.

Three larvae of Tenebrio molitor/ten adults
of Sitophilus granarius were placed in the one cell.
Whole plates were then sealed with Parafilm,
closed and transferred into a chamber room at
2042°C, 55% relative humidity and dark regime.
All of the treatments were replicated three times.
The control treatments did not include essential oil.
The number of dead S. granarius adults/T. molitor
larvae was determined 48h after the initiation of the
treatment similarly, as mentioned above. As the

essential oils have a tendency to evaporate, we
strongly take into account, that the test is a like
combination of contact as well as fumigant toxicity.

Data analysis

The bio-insecticidal efficacy of essential oils
was expressed through mortality %, i.e. % of the
dead model organisms within the experiment from
the whole amount of model organisms used. Mean
values were determined using Univariate statistics,
Descriptive Statistic was used to depict observed
distinctions (PAST 2.17c, Hammer et al. 2001).
Student T-TEST in excel was used to evaluate
distinctions in the % of dead model organisms
between the experiment and control, between
particular concentrations of the same essential oil
as well as between the different essential oils used,
with three levels of significance (p<0.05; 0.01;
0.001). Lethal doses LD50 and lethal times LT50
were estimated based on the Probit analyse.

Results
Fumigant toxicity

Fumigant toxicity of the used essential oils
against Sitophilus granarius adults decreased in the
following order: cumin > fennel > anise >
origanum. Essential oil of Carum carvi showed in
general the strongest fumigant toxicity from the
four EOs used in the experiment, and significantly
(p<0.05) higher fumigant toxicity in comparison to
anise and origanum EOs by 250 ul dose. By 750 ul
dose, fumigant toxicity of used EOs was balanced
as we did not observe any differences in the
mortality % between the oils.

Expect origanum (250 pl dose), EOs caused
significantly higher mortality of granary weevil
adults in comparison to control (Table 1).

Table 1. Fumigant toxicity of the different effective doses (ED = pl of EO per ml of air) of essential oils
against adults of wheat granary weevil

Mortality (%) Sitophilus granarius adults, fumigant test

ED/ToE 1.97/24 1.97/48 1.97/72 5.91/24 5.91/48 5.91/72
anise 40.58+17.30** 61.08+27.82** 68.67+24.42** 64.5+34.23*** 87422 14***  94.67+18.24**
cumin 79425.03***  95+122.25%** 98+4.08%** 100%** 100*** 100%**
fennel 47+14.81%** 72+13.22***  87.83+11.97** 75.44+25.05**  88.074+25.04** 98 4843.7]1***

origanum  12.17+18.98 19.17424.37 37.96+44.50 41.08427.14**  61+41.04** 90+24.50***

control 0/24 h 1.67+4.08/48 h 54+8.37/72 h

Note: different time of exposition (ToE in hours), expressed as mortality % + standard deviation (SD). Significant
distinction in % of dead model organisms between experiment and control evaluated using Student T-TEST is indicated
as follows: ** p<0.01; ***p<0.001.

We did not observe any differences between
effective doses (250 pl/750 pl) in the fumigant
toxicity based on the mortality (%) of Sifophilus
granarius adults by anise and cumin essential oils.
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By fennel EO, 750 ul dose showed significantly
(p<0.05) higher fumigant toxicity in comparison to
250 pl dose after 24 h exposition, however, after 48
h and 72 h no differences were observed.
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By origanum EO, no differences were
observed after 24 h and 48 h exposition, but, after
72 h, 750 pl dose was confirmed as significantly
(p<0.05) more effective in comparison to 250 pl.

Generally, 750 pl showed significantly
(p<0.05) higher fumigant toxicity in comparison to
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Fig. 1. Fumigant toxicity of the different amounts of anise (a), cumin (b), fennel (c) and origanum (d)
essential oils against adults of the granary weevil evaluated after 24 h, 48 h and 72 h period in comparison to

control.

Table 2. LT50 according to Probit analyse for two effective doses of essential oils used

LT50 / hours anise cumin fennel origanum
1.97 pl of EO/ml of air 33h 12h 27h 128 h
5.91 pl of EO/ml of air 17.5h - 19.15h 3045h
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We did not observe any fumigant toxicity of
used EOs against larvae of Tenebrio molitor.
Contact toxicity activity
Contact toxicity of used essential oils against
Sitophilus granarius adults generally decreased in

the following order: cumin > origanum > fennel >
anise. Significant distinctions in mortality %
between experiment and control were observed
only by cumin and origanum EOs (Table 3).

Table 3. Contact toxicity of the different amounts of essential oils against adults of wheat granary weevil
after 48 hours exposition expressed as mortality % + standard deviation (SD).

Mortality (%) of Sitophilus granarius adults, 48 h

EO amount 2.5 9.5ul 14 pl
anise 30+20 12.5+12.5 2249.85 25+5
cumin 100*** 100*** 100*** 100***
fennel 16.67+11.55 20.67+10.07 24.33+7.51 33.67+24.71

origanum 96.67+5.77*** 96.67+5.77*** 100*** 100%**
control 10+10

Note: significant distinction between experiment and control in % of dead model organisms evaluated using Student T-

TEST is indicated as follows: ***p<0.001.

Essential oils of Carum carvi and Origanum
vulgare showed in general the strongest contact
toxicity against wheat granary weevil adults from
the four EOs used and significantly (p<0.05) higher
contact toxicity in comparison to anise and fennel
EOs by every oil amount.

Cumin and origanum essential oils contact
toxicity did not change according to the oil amount

of model organisms, however, there were no
distinctions between the % of the dead granary
weevil adults as comparing particular EO’s
amounts. By anise EO, the highest mortality was
observed by the lowest dose, consequently,
similarly to fennel EO, the number of dead S.
granarius increased with increasing amount of
essential oil applied, but no distinctions were

applied. By fennel EO, with increasing amount of observed between particular effective doses
essential oil used, there increased also the mortality (Fig. 2).
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Fig. 2. Contact toxicity of the different amounts (2.5 pl, 5 pl, 9.5 pl, 14 pl) of essential oils against adults of
granary weevil evaluated after 48h period. Abbreviations and notes: A-anise, C-cumin, F-fennel, O-
origanum.

According to Probit analyse, LD50 doses
were as follows: anise 13 ul , fennel 23.5 ul and
origanum 0.20 pl for 48 hours of exposition.
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We did not observe any contact toxicity of
used EOs against larvae of Tenebrio molitor.
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Representation of the main compounds of the
four essential oils used in the experiment are listed
in the Table 4, since according their chemical

composition, all listed compounds

monoterpenoids.

represent

Table 4. Dominant components (>15%) of essential oils used in the experiment determined using GC-MS

analyse

component anise cumin fennel origanum

Limonene 26.4

Fenchone 16.5

Estragole 40.1

Carvone 70.2

Anethole 88.6 38.1

Carvacrol 78.2
Discussion Two different beetles representants of stored

From the essential oils used in our study, EO from
Carum carvi showed the strongest bio-insecticidal
efficacy in the both tests against wheat granary
weevils, what is in accordance with Vejrazka et al.
(2007), Fang et al. (2010) or Karakas and
Bolukbasi (2017). We identified also the same
main compounds, i.e. carvone and limonene in
cumin EO, what support idea, that the
monoterpenoids have significantly insecticidal
effect (Vejrazka et al., 2007; Yildirim et al., 2010),
however, according to our results, their bio-
insecticidal efficacy is variable.

Concerning origanum EO, we observed
ambivalent results, as the fumigant toxicity was the
lowest from the essential oils used, but, contact
toxicity was strong, what is in accordance with
Alkan (2020) results. Origanum vulgare EO bio-
insecticidal efficacy can be connected with
carvacrol as its main compound (Erler, 2005; Kim
and Park, 2008).

Anise and fennel essential oils showed bio-
insecticidal efficacy only by fumigant test. By
contact toxicity test, to achieve 50% mortality of
model organisms, the dose should be fourfould as
the highest amount (14 ul) used by anise EO, and
even seven-times higher by fennel EO, according to
Probit analyse.

In general, bio-insecticidal efficacy increased
as the dose of essential oil increased, as well as the
time of exposition elongated, or, that the effective
time of exposition shortens, if the higher amount of
EO is used.

grain pests were used in the study. Because
practically zero bio-insecticidal efficacy of used
essential oils was observed against yellow
mealworm larvae, EO’s biological activity
obviously strongly depend on the model, i.e. target
organisms, development phase (juvenile/imago)
and the way of application of essential oils,
however, also Tenebrio molitor 1is obviously
susceptible to EQO’s insecticidal activity (Plata-
Rueda et al., 2017). Thus, granary weevil adults
seem to by significantly susceptible to the effect of
essential oils in comparing to yellow mealworm
larvae.

Conclusion

As a result of the study, used essential oils showed
both, contact and fumigant toxicity, since the bio-
insecticidal efficacy varies according to time of
exposition, model, i.e. target organism used,
effective dose and essential oil composition.
Nevertheless, in aim to replace dangerous and toxic
fumigants and insecticides essential oils seem to be
possible tools for crops and stored products
protection against insect pest, as the human and
ecological safely alternative in agriculture and
integrated pest management.
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