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ESTIMATION OF KAIROMONE SUBSTANCES
ON THE BEHAVIOR OF ENTOMOPHAGES
TRICHOGRAMMA EVANESCENS WESTW.

AND BRACON HEBETOR SAY.

The aim of the given paper was to estimate the effectiveness of bio-
logically active substances with kairomone properties on the behavior of the
entomophagy’s Trichogramma evanescens and Bracon hebetor in the vision
of increasing the parasitism potential of different ontogenetic stages of pest
development. Biologically active substances with kairomone properties were
obtained and tested for increasing the biological indices of the entomopha-
gy’s Trichogramma evanescens and Bracon hebetor. The alcohol-based extract
and eggs of the laboratory host Sitotroga cerealella — as a source with kai-
romone properties for the entomophagy Trichogramma evanescens, and the
alcohol-based extract from the larvae and excrement of the laboratory host
Galleria melonella — as a source with kairomone properties for the ento-
mophagy were used Bracon hebetor. It was found that due to the influence of
kairomone substances, the female entomophagy’s Trichogramma evanescens
and Bracon hebetor become more active in searching for eggs and larvae for
parasitism, compared to the control variant. It has been demonstrated that
biologically active substances, emitted by pest species for the purpose of com-
munication between individuals of the same species, can also be used as kai-
romone substances by different species of entomophagy’s. The given factor
can be further developed with the aim of application in plant protection as
a means of activating and increasing the effectiveness of both released and
natural entomophagy’s.
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Agricultural plants are one of the key elements of the modern biosphere
and life on Earth. However, every year there is a growing threat of reduced
plant productivity due to various types of insect pests and other biotic
and abiotic stressors. This factor stimulates the active research of new
methods of plant protection in order to ensure their sustainability and
increase yields in a changing environment. One of the innovative and
promising approaches to solving the problem of plant protection is the use
of biologically active substances with kairomone properties. Kairomones,
also known as kairomones, are a group of biologically active agents that are
produced by plants and microorganisms in response to stressful conditions
caused by the presence of pests or pathogens. These substances serve as an
important means of communication between plants and help them mobilize
their defense mechanisms. Despite the fact that a certain amount of data has
already been accumulated, the mechanisms of action of pockets and their
practical application in agriculture and the protection of natural ecosystems
are still the subject of active research. But nevertheless, it is already possible
to formulate some of the main mechanisms of action and interaction of
kairomones with entomophagy’s:

» Attracting Entomophagy’s: Kairomones, which are released by plants
in response to pest attack, serve as a signal to the entomophagy’s
about the presence of food in the form of pests. This attracts
entomophagy’s to the place where harmful insects are concentrated,
which allows them to effectively contain pest populations;

» Entomophagy Search Behavior Improvement: Some kairomones can
improve the search behavior of entomophagy’s, making them more
effective pest hunters. This can occur, for example, by increasing the
frequency of movement or improving the dexterity of entomophagy’s
when searching for and attacking their prey;

» Increasing the reproductive activity of entomophagy’s: Some
kairomones can increase the reproductive activity of entomophagy’s,
which contributes to an increase in the populations of these predators
and, as a result, an increase in the effectiveness of biological control
of pests;

» Pest Aggression: Some kairomones can induce pest hostile behavior
in entomophagy’s, stimulating their aggressiveness and targeting
them to reduce pest populations;

» Transfer of kairomones from plants to entomophagy’s: The interaction
of kairomones with entomophagy’s is the possibility of transferring
kairomones from plants to predators. Entomophagy’s that feed
on pests that are under the influence of kairomones can also
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metabolize these substances, which increases their effectiveness as
predators.

Understanding these mechanisms can help improve the effectiveness
of biological pest control and facilitate the development of new and more
effective strategies for the use of kairomones in plant protection.

The control of the population density of harmful insect species in
modern concepts of plant protection constitutes one of the important links
in trophic chains and trophic networks, which would ensure a higher quality
of the environment, with the possibility of obtaining ecological agro-food
products.

Ensuring an adequate quality of the environment represents a problem
of major interest for social evolution, the main objectives being the adoption
of solutions to reduce pollution and increase the level of environmental
quality as a whole [1]. Substances with kairomone properties improve the
ability of the recipient being beneficial for the producers and negative for the
recipient. These substances eliminated by one sex (often by the female) in
very small quantities, transmit an informational message for the survival and
reproduction of the species, they can also be used to influence other species.

The role of biologically active substances with kairomone properties in
the biological control of pests in agricultural crops has been described to
some extent by some scientists [2; 3; 4]. Some species of pests, during the
laying of eggs, mark them with biologically active substances, which act as
an indicator for other females of its species, that the given space is already
populated. But these biologically active substances, with the purpose of
being an indicator for the given species, can also be used as a guide for
different species of entomophagy’s.

The aim of the given work was to estimate the effectiveness of
biologically active substances with kairomone properties on the behavior of
the entomophagous species Trichogramma evanescens and Bracon hebetor
in the vision of increasing the parasitism potential of different ontogenetic
stages of pest development.

Materials and methods. To achieve the goal, biologically active sub-
stances with kairomone properties were obtained and tested to increase
the biological indices of the entomophagy’s Trichogramma evanescens and
Bracon hebetor. In our experiments, the alcohol-based extract and eggs of
the laboratory host Sifotroga cerealella were used — as a source with kairo-
mone properties for the entomophagous Trichogramma evanescens, and the
alcohol-based extract, larvae and excrement of the laboratory host Galleria
melonella — as a source with properties kairomones for the entomophagous
Bracon hebetor. The substances obtained were tested to assess their influence
on the behavior of the corresponding entomophagy’s compared to those in
conditions without the influence of these substances («CONTROL»). The
research was carried out in laboratory and field conditions during the years
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2020—2023. The study subjects were the entomophagous Trichogramma
evanescens, Bracon hebetor and their laboratory hosts Sitotroga cerealella and
Galleria melonella. The experiments in laboratory conditions were carried
out at a temperature of 24—27°C, according to the «Box-3» plan, where the
level of the factors is presented: concentrations (X1) — 10%, 20%, 30%;
number of eggs — (X2) — 1g, 2g, 3g; Exhibition — (X3) — 5 minutes, 10
minutes, 15 minutes. The optimal variant was determined according to the
«Optimclas» program.

Results. The behavior of the entomophagous Trichogramma eva-
nescens W. in the presence of biologically active substances with kairomone
properties: It was found that in the presence of substances with kairomone
properties the prolificacy of females varied from 28.5 to 32.6 eggs/female.
At the same time, in the control variant, the fecundity of the females va-
ried from 19.1 to 22.8 eggs/female. Thus, in the experimental variant the
prolificacy of the females increased by about 1.4—1.5 times compared to
the prolificacy of the females in the control variant. As a result, there is a
quantitative economy of Sitotroga cerealella eggs in the reproduction process
by 20—25% and of the elite entomophagous Trichogramma spp. by about
15—20%.

Subsequently, the searching ability of the entomophagous Trichogramma
evanescens was determined as a result of the influence of the biologically ac-
tive substance with kairomone properties in two types of mini olfactometer
with a length of 1.5 meters. At one end of the mini tubular olfactometer,
a pad soaked with biologically active substances with kairomone properties
obtained on the basis of eggs aged 24, 48, and 72 hours was mounted. At
the other end of the mini olfactometer, female Trichogramma evanescens
were released — 160 in total. The time the females took to cover the 1.5 m
distance ranged from 29.8 minutes to 36.2 minutes. At the same time, in the
control version this index varied on average from 46.7 minutes to 54.9 mi-
nutes, which is about 1.6 times higher than in the experimental version.
Thus, the obtained results demonstrate a significant activation of entomo-
phagous females in the presence of substances with kairomone properties.

The rate of parasitized eggs in the rectangular mini olfactometer with
obstacles ranged from 69.6% to 89.9%. In the version with a rectangular
mini olfactometer, without obstacles, the rate of parasitized eggs was from
63.1% to 91.2%. At the same time, it was found that in the control variant
the rate of parasitized eggs varied from 64.9% to 74.3%, and correspon-
dingly, from 58.4% to 79.2%. Thus, in the given case, it was demonstrated
that due to the influence of kairomone substances, the females of the ento-
mophagous Trichogramma evanescens are more active in searching for eggs
for parasitism due to which the rate of parasitized eggs increased by about
10% compared to the control variant.

The assessment of the influence of kairomone substances on the degree

Fitosanitarna bezpeka 369



of parasitism of eggs by the female entomophagous Trichogramma evanescens
was analyzed under controlled laboratory conditions. Two variants were
mounted — experimental and control.

Experimental variant: On the internal surface of the glass vessels (vo-
lume 2 liters), the kairomone substance was applied, obtained in the same
way as in the previous experiments. Cartons with eggs (age 24 hours) of
Sitotroga cerealella were placed in the dishes and then the female entomo-
phagous Trichogramma evanescens were released with the optimal parasite:
host ratio 1:30, i.e. 1 female produced 30 eggs. Performing the analysis after
3 days found that the rate of parasitized eggs was on average from 74.6%
to 87.6%.

Control variant: Distilled water and egg cartons (aged 24 hours) of
Sitotroga cerealella were applied to the internal surface of the glass vessels
(volume 2 liters) and then the female entomophagous Trichogramma eva-
nescens were released with the optimal parasite:host ratio of 1:30, i.e. 30
eggs returned to 1 female. Performing the analysis after 3 days found that
the rate of parasitized eggs was on average from 67.3% to 76.8%.

Thus, in this case too, the action of the kairomone substances on the
increase in the rate of parasitized eggs compared to the females in the con-
trol version was confirmed — by about 10%.

The testing of biologically active substances with kairomone properties
was carried out in the sunflower culture in three repetitions on the surface
of 10 m2 each. Two variants were installed.

Experimental variant: In the corners of the plots, 3 plants each were
treated with the kairomone substances. The search ability of Sitotroga ce-
realella eggs by the female entomophagous Trichogramma evanescens was
determined. Labels with 24-hour-old Sitotroga cerealella eggs were fixed on
the treated plants, then 3 releases of the entomophagy were made in the
center of the plots, with an interval of 7 days. Egg tag analysis was per-
formed on the third day. Thus, it was found that the rate of parasitized eggs,
the percentage of parasitism varied from 57.2% to 64.3%.

Control version: it was mounted according to the same scheme as in
the experimental version. The plants in the plots were treated with distilled
water. The entomophagous Trichogramma evanescens launched itself into
the center of the plot. 24-hour-old Sifotroga cerealella egg tags were fixed
on the plants treated with distilled water. Egg tag analysis was performed
on the third day. Thus, it was found that the rate of parasitized eggs varied
from 10.5% to 20.5%.

Thus, also in the case of experiments carried out in field conditions,
the action of kairomone substances on a considerable increase in the rate
of parasitized eggs compared to females in the control variant was con-
firmed — by about 45%.

The behavior of the entomophagous Bracon hebetor in the presence of
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biologically active substances with kairomone properties: The experiments
were mounted in mini olfactometers with a length of 50 cm, divided into
two chambers by a mesh wall — in the first chamber 10 females of the
entomophagous were released, and in the second room — 10 larvae of the
III—IV age of the laboratory host Galleria mellonella were released. As a
result of the tests, it was found that the rate of parasitized larvae (60.0%)
was approximately at the level of the control variant (56.6%). Thus, the
preventive results showed that the attractiveness of the larvae of the labora-
tory host Galleria mellonella for the females of the entomophagous Bracon
hebetor is within 50—60%.

In the subsequent experiments, the biologically active substances ob-
tained as a result of the extraction with ethyl alcohol from the macerated
larvae of the laboratory host and from the excrement of the larvae of the
same host — Galleria mellonella, were tested. The experiments were also
mounted in two-chamber mini olfactometers. In the first room, 10 females
of the entomophagous Bracon hebetor were released, and in the second
room — or the walls were treated with the biologically active substances
obtained by extracting from the larvae and excrement of the larvae of the
laboratory host — Galleria mellonella. 10 larvae of the III—IV age of the
laboratory host Galleria mellonella were also released in these rooms. The
analysis of the obtained results found that there is a significant difference
between the experimental and control variants. Thus, if in the experimental
variants about 90—100% of the larvae exposed to the experiment were para-
lyzed, then in the control variant the rate of parasitized larvae was within
the limits of 60%.

CONCLUSIONS

Preventive experiments have shown that the biologically active sub-
stances obtained by extracting from the larvae and excrement of the larvae
of the laboratory host Galleria mellonella possess kairomone properties and
lead to a substantial activation of the entomophagous Bracon hebetor. Thus,
they increase the search and parasitism rate of the larvae by about 30—40%
compared to the control variant.

The above is proof of the fact that biologically active substances, emitted
by pest species for the purpose of communication between individuals of the
same species, can also be used as kairomone substances by different species
of entomophagy’s. The given factor can be further developed with the aim
of application in plant protection as a means of activating and increasing
the effectiveness of both released and natural entomophagy’s.

Research was carried out within the project of the State Program

20.80009.5107.27 «Elaboration of the alternative methods based on environ-
mentally friendly means and procedures for harmful arthropods control in
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different agricultural crops», financed by the National Agency for Research
and Development.
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BnimmB KaiipoMOHOBHX PeYOBHH HA MOBEIIHKY eHTOMO(ariB
Trichogramma evanescens Westw.
Ta Bracon hebetor Say.

MerToto gaHol poboTti 6yn0 ouiHNTH ePeKTUBHICTD BITMBY 6i07I0TidHO
aKTVBHUX PEYOBMH 3 BIACTUBOCTAMM KalIPOMOHIB Ha IIOBEJiHKY €HTOMO-
¢aris Trichogramma evanescens Ta Bracon hebetor 3 Touku 30py HifBuIIeH-
H# [IOTEHIia/Iy MapasuTU3My Ha Pi3HUX OHTOTCHETYHMX CTAaisX POSBUTKY
wKigHUKiB. OTpuMaHO 6i0JIOTiYHO aKTVBHI PEYOBUMHM 3 BIACTMBOCTIMM
KallpOMOHIB Ta IIPOBeeHO X BUIPOOYBaHHA I MifiBMUINEHHs Oiomoriv-
HUX IIOKa3HUKiB eHToModariB Trichogramma evanescens Ta Bracon hebetor.
SIK mKepero 3 BIACTUBOCTAMM KailpOMOHY Mt eHToModara Trichogramma
evanescens BUKOPMCTOBYBa/IU CIIMPTOBUIT €KCTPAKT Ta SIS Tab0OpaTOpHOro
xazdiHa Sitotroga cerealella, a mia enTomodara Bracon hebetor — crupro-
BUJI eKCTPAKT 3 IMYMHOK Ta eKCKpPEeMEHTiB aboparopHoro xassina Galleria
melonella. BctaHOBIIEHO, 1O Mifj BIVIMBOM KalIpPOMOHHUX PEYOBMH CaMMIli
erromodaris Trichogramma evanescens ta Bracon hebetor craorp 6inbiI
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aKTUBHUMMU Y TIOIIYKY SIEND Ta NMYMHOK [/ MapasUTyBaHH:, MOPiBHAHO
3 KOHTPO/IbHUM BapianToM. IIpofieMOHCTPOBaHO, 10 610/I0TiYHO aKTUBHI
PE€4OBMHM, fAKi BUINAIOTBCA BUJAMI IIKiTHNKIB 3 METOK KOMYHIKallil MK
0COOMHAMIY OfHOTO BUJTY, MOXKYTb TAKOXX BUKOPMCTOBYBATICS K KalipOMO-
HOBi pe4oBMHM pi3HMMU Bujamu eHtomodaris. [Jauuit pakrop Moxxe 6yTH
Hagami po3po6meHnii 3 METOI0 3aCTOCYBAaHHs B 3aXUCTI POCINH sIK 3aci6
aKTUBAIil Ta MigBUIeHHS eeKTUBHOCTI K BUBIIbHEHOI, TaK i MIPUPOFHOL
erromodarii.
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