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The aim of the study was to evaluate the bioecological properties and reproductive potential of egg parasitoid
Uscana senex (Grese, 1923) (Hymenoptera: Trichogrammatidae) with the purpose of using it within the prog-
rams of biological control over pea weevil Bruchus pisorum (Linnaeus, 1758) (Coleoptera: Chrysomelidae).
Methods. The belonging of a parasite to a particular species was determined by morphological traits and a detailed
analysis of the structure of the genitalia and the form of the imago club. Common entomological methods were
used in laboratory and field conditions to study the impact of various ratios of parasite:host (from 1:1 to 1:45)
on the reproductive characteristics of entomophages. The main viability indices of the laboratory and natural
populations of the parasite were compared: motor activity, searching capacity, restoration rate, and the share of
deformed insects. The impact of the periodic passage of a laboratory culture via the natural host on the quality of
biomaterial was also evaluated. The statistical results were processed by the dispersion analysis (ANOVA), and the
data were presented as x + SD. Results. The results demonstrated that the fecundity of female entomophages was
increasing considerably with the increase in the host number; however, the efficiency of the parasite utilization
decreased with the following generations. The highest biological efficiency in field conditions on the plots with
Oplot pea cultivar was registered at the 1:5 ratio, where the parasitism rate was 39.8%, and the seed damage
was minimal — 5.59%. Statistically significant differences between the native and laboratory populations of
U. senex were found, and the native population demonstrated higher viability indices as compared to the labora-
tory population. The periodic passaging of the laboratory population via the natural host partially compensated
for the viability loss and reduced reproductive potential. Conclusions. The obtained results demonstrated high
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efficiency of Uscana senex as a biological agent in the integrated systems of protecting pea from Bruchus pisorum.
It was proven that maintaining the reproductive potential and viability of the parasite was ensured on condi-
tion of periodic contacts between the laboratory population and the natural host, and adherence to the optimal
parasite:host ratio, which promotes the preservation of stable quality of the biomaterial.

Keywords: entomophage, phytophage, laboratory culture of entomophage, biological control, viability, efficiency,

grain legumes.
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INTRODUCTION

In modern conditions of global increase in popula-
tion numbers, soil deterioration, and climate change,
there is a growing need for stable food sources with
high nutritional value. It is known that pea, Pisum
sativum (Linnaeus, 1758) (Fabales: Fabaceae), has
a relevant place among legumes due to high protein
content (up to 13-38% in grain) (Daba & Morris,
2021), which makes it a promising alternative to ani-
mal sources of proteins. In addition, contrary to ani-
mal protein, pea cultivation has a considerably smaller
ecological footprint, for instance, lower greenhouse
gas emissions and less water consumption. It ensures
the strategic role of pea in the formation of food
safety and sustainable agriculture in the world.

This crop is grown in many developed industrial
countries, such as China, India, Canada, the United
States of America, and Egypt etc. At the same time, in
2019, according to the database of the Food and Agri-
culture Organization of the United Nations (FAO),
France and Germany were the largest producers of
dry peas among European countries (Ambrose et al.,
2023). Ultimately, the area under cultivated pea is
showing a global upward trend, driven by increased
demand for plant protein, the development of the
market for alternative food sources, and efforts to
reduce the environmental impact of traditional agri-
culture.

The increase in pea fields in many countries is
accompanied not only by agroeconomic benefits,
but also by many phytosanitary risks. In particular,
intensive cultivation of the crop leads to the mass
colonization of agrocenoses by harmful phytophages,
which can have negative consequences for yield and
ecological balance.

In some years, outbreaks of mass reproduction of
the pea weevil Bruchus pisorum (Linnaeus, 1758)
have been registered in pea crops, accompanied by
significant crop losses and deterioration in the quality
of seed material (Reddy et al., 2018). The infesta-
tion of pea seeds by pea weevils varies from 10% to

90%, depending on the region and growing condi-
tions (Voice et al., 2022). The limited effectiveness
of modern phytosanitary measures and agrotechnical
methods of controlling B. pisorum L. has led to in-
creased scientific research aimed at identifying and
evaluating promising biological agents and techno-
logical solutions for improving integrated plant pro-
tection systems against this pest (Bonet et al., 2012;
Statkevych & Drozda, 2020).

In particular, there is currently a steadily grow-
ing trend towards the study of insects of the genus
Uscana spp. (Hymenoptera: Trichogrammatidae) —
insect egg parasitoids for various families of the order
Coleoptera. It is known that the genus Uscana spp.
comprises 28 species in the world fauna, in particular,
the typical species U. semifumipennis Gir., wide-
spread in the United States, Mexico, and Guatemala
(Fursov, 1995; Pintureau et al., 1999; Pinto, 2006).
In Chile, Brazil, and Argentina, U. espinae sp. nov.
and U. chiliensis Viggiani are widespread (Pintureau
et al., 1999). In Europe, such species as U. olgae
Fursov and U. senex Grese are known (Fursov, 1995).
Many studies focused on African species, including
U. caryedoni Viggiani (Delobel, 1989) and U. lario-
phaga Steffan (Van Alebeek & van Huis, 2007), as
well as the Indian species U. mukerjii (Mani) (Sood
& Pajni, 20006).

A representative of European fauna, the species U.
senex Grese, is characterized by a high level of trophic
specialization concerning Bruchus loti Paykull, Bru-
chus rufipes Herbst, Bruchus lentis Froggatt, Carye-
don serratus Olivier and, of course, Bruchus pisorum
(Linnaeus, 1758) grain beetles (Lesovoy, 2003). Due
to its bioecological characteristics, the entomophage
is considered a promising agent in biological control
programs and can be used in integrated pea protec-
tion systems.

It is known that both U. senex and representatives
of the genus Trichogramma spp. are actively used
in commercial breeding, and the domestication of
U. senex Grese is carried out using the eggs of broad-
bean seed beetle (Acanthoscelides obtectus Say.),
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which is convenient for mass rearing of the para-
site (Parra, 2014; Bradowsky & Bradowsky, 2022).
However, most studies have focused on taxonomy
and some aspects of its behavior for the purpose of
controlling the pea weevil (Fursov, 1995; Bonet et
al., 2012; Bradowsky & Bradowsky, 2022). Currently,
the biological characteristics and technological pa-
rameters of mass rearing of entomophages remain
poorly studied.

Thus, the research on U. senex Grese is of great
importance given its potential as a biological agent
in the fight against harmful phytophages of grain
legumes, in particular, the pea weevil. Of particular
relevance is the study of the bioecological specifici-
ties of the entomophage U. senex Grese, in particular,
its life cycle, reproductive potential, trophic relations,
and ecological plasticity, in order to evaluate its effec-
tiveness as a potential biological agent in regulating
the population of pests of grain legumes.

The aim of the research was to determine the
biological parameters during laboratory rearing of the
entomophage Uscana senex Grese and its suitability
for release into field conditions to protect peas against
harmful phytophages.

MATERIALS AND METHODS

1.1. Morphological analysis. The species affilia-
tion of the parasite was determined based on morpho-
logical characteristics and a detailed analysis of the
structure of the genitalia and the shape of the imago
club (Bonet et al., 2012). For this purpose, adult males
and females of U. senex Grese were immersed and

fixed in Canadian balsam (Platner, 1998). Measure-
ments were taken of the taxonomic characteristics
used to classify species of the Trichogrammatidae
family: the shape and size of the antennae club, the
venation of the forewings in males and females, and
the structure of the male genitalia. All measurements
were made in micrometers and corresponded to the
maximum length of each morphological structure.

Particular attention was paid to diagnostic dif-
ferences between males and females, and compara-
tive characteristics with the closely related species
U. espinae sp. nov. and U. caryedoni Viggiani, 1986
(Hymenoptera: Trichogrammatidae), which allows
for precise identification of U. senex Grese among
related taxa. In summary, it can be noted that U. senex
Grese demonstrates (7able 1) a set of morphological
features that clearly distinguish it from U. espinae
sp. nov., in particular, a greater number of sensilla on
the first segment of the club (4 vs. 3), an elongated
first segment of the club, a shorter radial vein, and
more massive genitalia.

1.2. Laboratory cultivation. The set of laboratory
studies, which envisaged the determination of bioeco-
logical indices of U. senex Grese,was implemented
in 2022-2024. For instance, the parasite rearing was
performed using the standard methods modified by us
(Wang et al., 2014; Bradowsky V. & Bradowsky N.,
2022; Statkevych et al., 2024). The stock culture was
formed by catching insects from their natural ecosys-
tems. The entomophages were kept in the climatic
chamber “Memmert HPP260eco” (Germany, 2019)
at 25+2.0 °C, relative humidity of 60 + 10 % and the

Table 1. Comparative morphology of the imago of U. senex Grese

Imago

Characteristics

Number of linear sensilla (female)

4 in the first segment of the club

Antennae (male)

A club with a less prominent third segment. The ratio between the length of
club segments 1 and 2:1.3—1.5 (a longer segment 1)

Radial vein of the wing 024

The ratio between the length of the radial vein and the wing width: 0.21-

Genitalia (male)
doni

The genitalia are elongated, with the characteristic back curviture, which is
a distinctive feature as compared to related species, for instance, U. carye-

Forewings (male and female)

Pubescent, but less conspicuous than in U. espinae. Fringe setae are shorter:
< 0.13 of the wing width

Coloring

Yellowish-brown, typical of representatives of the genus Uscana spp., anten-
nae and legs are distinctly darker.
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photoperiod of 16:8 (L:D). The eggs of broadbean
seed beetle were used as an alternative host insect
(Acanthoscelides obtectus Say.). The phytophage was
given common beans (Phaseolus vulgaris L.) as the
main component of the nutrient substrate, which was
placed in glass bulbs of 0.5 and 1 1. The bulbs were
kept under stable hydrothermal modes, which ensured
obtaining biomaterial for further stages of the study.
At the same time, more than 1 million entomophagous
individuals were reared in laboratory conditions to
implement the tasks set.

To determine the effect of the parasite:host ratio
on reproductive indices, newly hatched females of
U. senex of the same age were used, which had not
been in contact with the host insect prior to the ex-
periment. In each experimental variant, conditions
with different parasite:host ratios (from 1:1 to 1:45)
were created, with each variant having 8 repeats
(n = 8). Potential fecundity was determined as the
ratio of the number of females to the total number
of parasitized eggs in the sample. Actual fecundity
was assessed by counting the number of imagoes
that hatched from infected eggs. Host utilization ef-
ficiency was determined as the proportion of black
parasitized eggs in the total mass. The gender ratio
of the offspring was determined as the number of
males per one female.

The study also included an examination of the bio-
logical indices of the parasite between different lines
of its populations, in particular, native, laboratory, and
adapted ones. At the same time, the native (natural)
population of U. semex, i.e. one that developed in
natural conditions without artificial intervention, was
formed by collecting parasitized eggs directly from
populations of the pea weevil (B. pisorum L.). The
laboratory population consisted of a group of indi-
viduals reared under controlled conditions, isolated
from the natural environment, and cultivated on the
eggs of A. obtectus Say. In addition, it was kept for
three consecutive generations without any contact
with the natural host (B. pisorum L.). The adapted
population was defined as a group of individuals
that had acquired stable biological and behavioral
characteristics as a result of repeated passaging of
several generations of the entomophage through the
natural host, B. pisorum L. and was released into
pea agrocenoses to control the population of the pea
weevil.

To assess the effectiveness and viability of the
parasite U. senex in each of the studied lines, such

biological indices as fecundity, motor activity, migra-
tion and searching ability, imago restoration, and the
proportion of deformed individuals were evaluated.

The fecundity of U. senex females (eggs/female)
was determined by counting the number of eggs para-
sitized by a female during its life cycle. For each
population, 20-30 females were selected and kept
separately in test tubes. Every day, the females were
exposed to 300—400 fresh eggs of the host.

Motor activity (cm/min) was measured using video
recording, in particular, the movement of individual
specimens on a horizontal surface (10 x 10 cm arena)
was recorded for 1 min. Migration and searching
ability (%) was determined by counting the share of
individuals capable of finding the host eggs in the
biotest conditions. For this purpose, a 3 m long maze
was used, in which the host eggs were placed. The
imago and host eggs were exposed for 8 hours.

The restoration of U. senex imago (%) was deter-
mined as the proportion of individuals that hatched
from the total number of infected eggs. The index was
assessed after 10—-14 days. The number of deformed
individuals (%) was determined by registering indi-
viduals with abnormalities (deformities of the wings,
legs, and abdomen) that hatched from the eggs of the
broadbean seed beetle.

1.3. Field studies. The field experiment was con-
ducted in an agrocenosis on the fields of common
pea (P. sativum) of the Oplot cultivar, where an in-
creased level of pea weevil (Bruchus pisorum (Lin-
naeus, 1758) was observed. The parasite was released
on three pea fields with an area of 1 hectare, located
50 m apart. In each variant, different parasite:host
ratios were used (from 1:5 to 1:40). The control
(without releasing the parasite) involved assessing
the natural background, with the plot located 150 m
away from the experimental plots. U. senex was re-
leased during the mass egg-laying phase of the pea
weevil. The experimental plots were separated by
protective strips 25 m wide (Parra, 2014; Bradowsky
et al., 2017; Reddy et al., 2018).

The following indices were evaluated: egg para-
sitism (% of the total number of host eggs on the
recorded plants), pea seed damage (% of the total
number of seeds damaged by the host). The survey
was conducted once every 5 days, with samples taken
(20 plants per one repeat) at distances of 2.5, 5.0
and 7.5 m from the entomophage release site, which
determines the percentage of phytophagous egg para-
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sitism. A control plot where no entomophages were
released was used as a control. This allowed us to
compare the effectiveness of parasitism of B. piso-
rum L. eggs in the presence and absence of ento-
mophages (Gonthier et al., 2023).

Statistical analysis of the results was performed us-
ing ANOVA, and the data in the tables were presented
in the form of x + SD (mean =+ standard deviation).
The difference between groups was considered sig-
nificant using the Tukey test, at P < 0.005.

RESULTS

Table 2 shows the results of studies on the effect
of different parasite:host ratios on the bioecologi-
cal indices of the parasite U. senex. The data ob-
tained indicate that with an increase in the number
of host insects, there was a gradual increase in both
the potential and actual fecundity of the parasite. In
particular, potential fecundity increased from 9.12
eggs/female at a ratio of 1:1 to 32.03 eggs/female
at a ratio of 1:45. A similar trend was observed for
actual fecundity as well, which reached its highest
values (25.48 eggs/female).

At the same time, the host utilization efficiency,
which was over 94% at the beginning of the experi-
ment, gradually decreased to below 69%, indica-
ting a certain saturation limit of the parasite with
available resources. The decrease in this index may
be due to either limitations in the biological potential

of the parasite or behavioral factors that reduce the
effectiveness of parasitism when the host population
is high.

An interesting distribution of genders in the off-
spring was noted: at the initial stages, the ratio of
males to females exceeded one, indicating a predomi-
nance of males, but as the host population grew, this
ratio decreased to 0.62-0.69, i.e., with the increasing
availability of the host, a feminised composition of
the offspring was formed. This pattern corresponds
to well-known trends for egg parasitoids, where the
gender ratio often depends on population size and
rearing conditions.

Table 3 shows a comparison of the biological indi-
ces of the parasite U. senex obtained from different
breeding lines, in particular the laboratory population,
three generations after passaging through the natural
host B. pisorum, and the native population. The study
covered five key parameters of viability: female fe-
cundity, motor activity, migration and searching abi-
lity, percentage of imago restoration, and proportion
of deformed individuals.

The results obtained (see 7Table 3) show that the
laboratory population had the lowest values for most
indices: its representatives were characterized by
reduced fecundity — 21.26 eggs/female, the lowest
motor activity — 8.28 cm/min, as well as the lowest
searching ability — 55.82% and restoration rate —

Table 2. The impact of the parasite:host ratio on the bioecological indices of the parasite U. senex Grese, (x = SD,

n=8)
Reproductive indices of the imago of the parasite U. senex Grese
The ratio,
parasite:host Potential fecundity, Actual fecundity, Efficiency of host The ratio between
eggs/female eggs/female utilization, % genders, males/female
1:1 9.12+1.242 5.7240.072 94.46+4.252 1.37+0.062
1:3 9.96+2.382 6.84+0.092 94.1942.152 1.29+0.042
1:5 11.42+1.46% 7.05+0.12° 93.06+3.362 1.13£0.11#2
1:7 14.49+2.62b¢ 7.48+0.23b 93.414+2.172 1.46+0.052
1:10 15.83+2.51°¢ 8.73+1.27b¢ 89.27+3.69° 0.92+0.17%
1:15 18.66+2.224 9.11+£2.38¢ 85.64+1.92¢ 0.84-+0.03°
1:20 19.73+3.734de 10.07£2.16¢ 84.69+4.28¢ 0.89+0.09°
1:25 20.64+2.66% 12.62+2.264 77.54+2.424 0.71+0.25°
1:30 30.85+3.57¢ 18.73+1.62¢ 76.62+3.184 0.74+0.07°
1:35 31.4242.42¢ 19.47+3.37¢ 70.88+4.03¢ 0.65+0.36°¢
1:40 31.91£2.54¢ 24.94+3 49¢ 69.0542.59¢f 0.62+0.23¢
1:45 32.03+3.67¢ 25.48+0.56f 68.32+3.28f 0.69+0.12°¢

Note: Different letters denote values that differed significantly from each other within the same column of the table (Tukey’s cri-

terion, P < 0.05).
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Table 3. The biological indices of the parasite U. senex Grese of different rearing lines (x = SD, n=5)

Viability indices of the parasite U. senex Grese
Line of rearing . . Migration Restoration Number
a parasite population Fecundity, Motor activity, | 4 searching | of the parasite of deformed
cggs/female cm/min ability, % imago, % insects, %

Laboratory 21.26+2.922 8.28+1.762 55.82+2.872 70.82+4.012 5.63+0.37¢

F1* 31.09+2.53¢ 12.81£3.74b 69.74+1.53b 89.01+£2.74b 2.02+0.09°

Adapted after [, 30.063.34% | 12.424337° | 6837+3.68> | 86.19+2.65 2.89+0.17"
passaging

F3 29.83+2.57b 10.64+4.422b 68.02+1.74b 85.47+2.29° 3.47+0.05b¢

Native 33.2742.14¢ 11.5343.042> 85.12+4.03¢ 93.31+£3.27¢ 0.93+0.02°

Note: Different letters denote values that differed significantly from each other within the same column of the table (Tukey’s cri-

terion, P < 0.05).

* F1-F3 — generations of the parasite after passaging through the natural host B. pisorum.

70.82%. At the same time, this variant had the highest
percentage of deformed individuals, 5.63%, which in
turn indicated a potential deterioration in the quality
of offspring under conditions of prolonged labora-
tory rearing.

After passaging through the natural host, a signifi-
cant improvement in most biological parameters was
noted already in the first generation. In particular, in
the adapted population, fecundity increased to 31.09
eggs/female, and motor activity — to 12.81 cm/min,
which was statistically significantly higher than the
laboratory population. The indices of the second and
third generations remained consistently high, although
slightly lower than those of the first generation, which
indicated the preservation of the positive effect of
passaging over several generations.

The highest fecundity values of 33.27 eggs/female,
searching ability — 85.12%, and imago restoration —
93.31% were observed in the native population. This
line was also characterized by the lowest number
of deformed individuals (0.93%), indicating high
adaptation and stable biological potential in natural
conditions.

Overall, the results demonstrated that the passaging
of the laboratory population of U. senex through a
natural host contributed to the restoration of its vi-
ability and high adaptability, bringing key biological
characteristics closer to the level of the native popula-
tion. This is of practical importance for maintaining
the effectiveness of the parasite during mass labora-
tory rearing for biological control in agrocenoses.

Under field conditions (7able 4), the highest level
of parasitism of pea weevil eggs was recorded in the

1:5 ratio variant, where the share reached 39.8%,
which significantly exceeded all other variants.
Slightly lower, but also high parasitism rates were
observed in variants with a ratio of 1:10 — 26.21%
and 1:15 — 24.43%. With a further increase in the
number of hosts, the level of parasitism of U. senex
Grese gradually decreased: in the 1:20—1:40 variants,
it varied from 23.8 to 15.21%, respectively. In the
control variant, where the entomophage was not re-
leased, the rate of natural parasitism was only 8.36%,
which was the lowest value among all variants.

Table 4. Biological efficiency of the release of U. senex in
the field conditions on the plots of Oplot cultivar
against B. pisorum under different parasite:host
ratios (x £ SD, n = 4)

Evaluated parameters, %
Ratio variants,
parasite:host Parasitized eggs | Damaged pea
B. pisorum L. seeds
Control (natural | ¢ 36,1 460 14.3943.67¢
background)
1:5 39.80+4.12¢ 5.59+2.612
1:10 26.21+2.484 8.78+4.77°
1:15 24.43+3.51¢ 9.67+3.09°
1:20 23.80+2.95¢ 9.87£1.67°
1:25 22.23+3.16° 10.63+2.97b¢
1:30 20.31£2.43bc 11.78+2.23¢
1:35 18.11 £1.87° 12.56+2.28¢
1:40 15.21 +£2.03b 13.24+3.07<

Note: Different letters denote values that differed significantly
from each other within the same column of the table
(Tukey’s criterion, P < 0.05).
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Regarding damage to pea seeds (see Table 4), the
lowest percentage was found in the 1:5 variant —
5.59%, which indicated high effectiveness of bio-
logical control under conditions of maximum para-
site-to-host ratio. The seed damage values gradually
increased with a decrease in the number of ento-
mophages: in variants with a ratio of 1:10—1:25, it
ranged from 8.78 to 10.63%. The highest damage rate
was recorded in the control variant (14.39%), which
significantly exceeded the corresponding indices in
all variants with the release of entomophages.

Thus, the highest biological efficiency in field
conditions was shown by the variant with a ratio of
1:5, which proved to be optimal both in terms of egg
parasitism and minimal damage to pea seeds.

DISCUSSION

In this study, we analyzed literature sources on the
laboratory rearing of entomoparasites of pea wee-
vil eggs and other seed beetle species and conclu-
ded that U. senex Grese cannot be reared in labora-
tory conditions on its natural host (B. pisorum L.).
We proposed another host for the entomophage rear-
ing — the broadbean seed beetle (4. obtectus Say),
which proved to be suitable for laboratory condi-
tions.

Phytophagous insects are one of the main obstacles
to pea cultivation (Nikolova, 2024). Among them,
noteworthy is the pea weevil (B. pisorum L.), as it is
an economically significant pest worldwide. Its larvae
develop inside the seed, causing serious losses in
weight, deterioration in quality, and reduced viability
of the seed (Ternovyi et al., 2021). In some regions,
these losses are critical: in Ethiopia, seed weight loss
reached 85% and germination rate loss reached 59%
(Mendesil et al., 2016); in India, seed contamination
during storage reached 70-90% (Kalpna et al., 2022);
in the United States, damage covered 42-82% with
a weight loss of up to 25% (Mendesil et al., 2022).
A similar situation was observed in Australia, where
infection rates reached 15-20% (CABI, 2022).

Despite active research, a high level of protection
of pea plants against the pea weevil has not yet been
achieved, and the proposed solutions, such as breeding,
have limited effectiveness. For example, in a study
(Nikolova, 2016), five pea cultivars were investi-
gated, among which the Glyans and Modus cultivars
showed better resistance. However, even in the least
affected samples, it was not possible to completely
avoid pest egg laying or seed damage. This indicates

partial but not complete resistance, which reduces
their effectiveness in field conditions.

Recent GWAS studies on 324 genotypes also found
significant natural variation in infection levels, but
even the most resistant varieties showed about 10%
infestation, which is not sufficient for complete pro-
tection under high pest pressure (Osuna-Caballero et
al., 2024). Thus, despite the availability of partially
tolerant cultivars, there are currently no pea cultivars,
completely resistant to B. pisorum L., which creates a
need for an integrated approach combining breeding
and biological control.

There are many natural enemies of the pea weevil
(B. pisorum), among which egg-eating and larval
parasitoids from the Trichogrammatidae and Ptero-
malidae families play a leading role (Bellifa et al.,
2021; Gailis et al., 2021). These entomophages are
capable of significantly reducing the number of pests
both in the field and in grain storage facilities (Liso-
vyi, 2004). Of particular interest are species of the
genus Uscana spp., which parasitize the eggs of the
pea weevil (B. pisorum L.), preventing the develop-
ment of the pest in its early stages (Polaszek et al.,
2023).

Field studies have shown high effectiveness of
U. senex Grese in the biological control of the pea
weevil (B. pisorum). The parasitism rate varied from
40% to 80% (Aryamanesh et al., 2012; Sharma et al.,
2018). This difference was observed depending on the
density of the entomophagous release (Konverska et
al., 2014). In particular, it was noted that the highest
parasitism rate was recorded under conditions of two
releases of 15.2 million individuals/ha during the
period from the beginning of blossoming to full rip-
ening of the pods (Reddy et al., 2018). However,
there are other reasons for the low effectiveness of
entomophages that are not only related to the timing
and rates of release into the agrocenosis (Effowe et
al., 2010).

The successful integration of U. senex into the pea
protection system requires not only strict adherence
to agrotechnical parameters, but also careful qua-
lity control of the biomaterial used for introduction
(Lysenko & Chernova 2017). Our research covered
several aspects that determine the effectiveness of
laboratory populations of the endoparasite U. senex
(Sood et al., 2003), in particular: the effect of the
parasite:host ratio on the reproductive and bioecologi-
cal parameters of the entomophage, the viability of
different breeding lines (industrial, laboratory after
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passaging, and native), as well as the level of biologi-
cal effectiveness when releasing the parasite in field
conditions. The results obtained indicated significant
variability in biological characteristics depending on
breeding conditions and the ratio with the host, and
also emphasized the importance of passaging through
the natural host B. pisorum L. to maintain the viability
of the parasite (Spitzen et al., 2005).

Studies have shown that one of the important fac-
tors is the parasite:host ratio, which ensures effective
infection of the eggs of the pest B. pisorum L., which
in turn guarantees stable growth of the population of
the entomophage U. senex Grese during the growing
season of peas (Fatouros et al., 2020). In addition, an
increase in the density of the parasite in the system
of increasing the parasite:host ratio contributes to an
increase in the fecundity of females and an increase
in the realization of potential fecundity.

In addition, Wang et al. (2020) note that the viabi-
lity of the parasite is also a key factor. In particu-
lar, adapted individuals of U. senex demonstrated
a higher ability to find a host, a longer period of ac-
tivity, and higher fecundity, which are critical factors
for achieving maximum effectiveness in controlling
the phytophage B. pisorum. On the other hand, the
release of weakened individuals or egg parasitoids
with reduced viability can significantly reduce the
level of parasitism, even when optimal release times
and rates are observed.

In laboratory conditions for mass rearing of U. se-
nex, it is reasonable to use an alternative host — the
broadbean seed beetle (A. obtectus), which is much
more amenable to domestication than the natural
host — the pea weevil (B. pisorum) (Stolk et al.,
2005). Due to its high rearing stability and lower
demands, the broadbean seed beetle provides an ef-
fective platform for mass rearing of entomophagous
populations (Pintureau et al., 1999). However, to
preserve adaptive characteristics and increase field ef-
ficiency, we recommend passing the parasite through
a natural host (Sankara et al., 2014). This approach
helps restore specific behavioral and physiological
traits necessary for effective search and parasitism
of B. pisorum in the agrocenosis. Thus, the success-
ful integration of U. senex Grese into the pea crop
protection system requires not only strict adherence
to agrotechnical parameters but also careful control
of the quality of biomaterial, including laboratory
rearing conditions, host selection, and strategic pas-
saging through the natural host.

The research results are of theoretical and practical
importance for biological control practices, as they
allow for the improvement of approaches to mass
laboratory rearing and release of the entomophagous
U. senex Grese into pea agrocenoses, taking into ac-
count its adaptive potential. The proposed solutions
will contribute to reducing the use of insecticides,
preserving the biodiversity of agrocenoses, and deve-
loping environmentally safe technologies for growing
grain legumes. The introduction of U. senex Grese
entomoculture as part of integrated protection systems
not only increases the biological effectiveness of
regulating the population of the pest B. pisorum L.,
but also contributes to the transformation of agricul-
tural production into a more environmentally respon-
sible and resource-saving model.

CONCLUSION

The results of the study of the bioecological indi-
ces of the entomophage U. senex Grese on the eggs
of the alternative host A. obtectus Say for rearing in
laboratory conditions and the effectiveness of using
the entomophage against B. pisorum L. in natural
conditions on the Oplot pea cultivar are presented.
Based on the results of the study, the following main
conclusions can be drawn.

1. It has been found that U. senex Grese differs
morphologically from species of the genus U. spp.,
in particular, by a greater number of sensilla on the
first segment of the club (4 vs. 3), an elongated first
segment of the club, a shorter radial vein, and more
massive genitalia.

2. It has been established that different parasi-
te : host ratios affect the bioecological indices of
the parasite U. senex Grese: with an increase in the
number of host insects, a gradual increase in both
the potential and actual fecundity of the parasite has
been observed, in particular, potential fecundity in-
creased from 9.12 = 1.24 eggs/female at a ratio of
1:1 to 32.03 + 3.67 eggs/female at a ratio of 1:45,
and actual maximum fecundity was 25.48 + 0.56
eggs/female.

3. The biological parameters of the parasite U. se-
nex Grese obtained from different breeding lines,
in particular the laboratory population, three gene-
rations after passaging through the natural host B. pi-
sorum and the native population, were analyzed and
compared. The laboratory population had the lowest
values for most indices: its individuals were charac-
terized by reduced fecundity — 21.26 + 2.92 eggs/fe-
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male, the lowest motor activity — 8.28 = 1.76 cm/min,
as well as the lowest searching ability — 55.82 = 2.87%
and the lowest restoration rate — 70.82 + 4.01%. At
the same time, this variant had the highest percentage
of deformed individuals, 5.63 £+ 0.37%, which in turn
indicated a potential deterioration in the quality of
offspring under conditions of long-term laboratory
rearing.

4. It has been found that the passaging of the
laboratory population of U. senex Grese through its
natural host B. pisorum L. contributed to the resto-
ration of its viability and high adaptability, bringing
its key biological characteristics closer to those of
the native population. This is of practical importance
for maintaining the effectiveness of the parasite
during mass laboratory rearing for biological control
in agrocenoses.

5. The biological effectiveness of using U. sen-
ex Grese in field conditions on crops of the Oplot
pea cultivar against B. pisorum L. at different para-
site : host ratios, and the highest level of parasitism of
pea weevil eggs was observed in the variant with a ra-
tio of 1:5, where the share reached 39.8 + 4.12%.

6. It was found that the lowest percentage of
damage to Oplot peas was observed in the 1:5 ratio
(5.59 £ 2.61%), which indicated high effectiveness
of biological control under conditions of maximum
parasite:host ratio.

This study did not receive any special grants from
financial institutions in the public, commercial, or
non-commercial sectors.
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competing financial interests or personal connec-
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Meta gocaiaKeHHb — OLIHATH 010€KOIOTIYHI 0COOIMBOCTI
Ta penpoOAyKTUBHUI TOTEHIIIAN sifenapasuta Uscana senex
(Grese, 1923) (Hymenoptera: Trichogrammatidae) 3 me-
TOIO BUKOPUCTAHHS HOTO B IPOTpaMax 0i0JIOTi9HOTO KOHT-
poutto 3epHOina ropoxoBoro (Bruchus pisorum (Linnaeus,
1758) (Coleoptera: Chrysomelidae)). Metoau. Bugosy
MPUHAJIEKHICTh MMapa3suTa BCTAHOBIIOBAIN 32 MOPQOII0-
TIYHAMH O3HAKaMH, a TAKOXK IIUIIXOM JI€TAJIBHOTO aHATi3y
OymoBu TeHiTamiil Ta popmu Oymasu imaro. Kommieke na-
OopaTOpHUX MOCIIMKEHb [JIs BU3HAYEHHS 010€KOIOTid-
HUX TOoKa3HUKIB U. senex Grese MPOBOIUBCS BIIPOIOBK
2022 — 2024 pp. TexHONOTiYHI TPUHOMHU PO3BEICHHS
mapasuTa 3IiHCHIOBAIH 32 BiIOMUMH METOJUKAMH y Ha-
i mogudikarmii (Wang et al., 2014; Bradowsky V. &
Bradowsky N., 2022; Statkevych et al., 2024). Marouny
KyJbTypY (OpPMYBaJIM IUIIXOM BHJIOBY KOMaX 13 IPUPOAHUX
ekocructeM. EHTOMOdara miaTpuMyBain 3a JOIOMOTO0
kiiMatngaol KamepH “Memmert HPP260eco” (HimeuunHa,
2019) 3a Temneparypu 25 + 2,0 °C, BigHOCHOI BOJIOTOC-
11 60 = 10 % 1 oromepiony 16:8 (L:D). V sxocTi anb-
TEPHATUBHOI KOMaXU-TOCHOAaps BUKOPHUCTOBYBAIH SAHIA
3epHOiga kBaconeBoro (Acanthoscelides obtectus Say.).
®ditodary nmponoHyBalIH KBAacodi0 3BUYaiiHy (Phaseolus
vulgaris L.) 5K OCHOBHUI KOMITOHEHT MOKHBHOTO CyOCTpa-
Ty. JI71s1 BUKOHAHHS TIOCTABJICHNX 3aB/laHb y 1a00paTOHUX
yMoBax Oyi10 BHPOIIEHO MOHaA | MITH 0COOMH eHTOMOdara.
YV nmaGopaTopHUX i MOJEOBUX YMOBAX 3a 3arallbHOMPUNHS-
TUMH €HTOMOJIOTIYHUMH METOJaMH JIOCJII/)KYBaJIHl BIUINB
pi3HOTO CHiBBITHOIICHHS Mapasut:rocmonap (Bixg 1:1 mo
1:45) Ha penpoayKTHUBHI XapaKTepUCTHKN eHToMOdara.

ITopiBHIOBaIM OCHOBHI MOKAa3HUKH JKUTTE3AATHOCTI Ja-
6opaTopHOi Ta MPUPOAHOI MOMYISIiH mapa3uTa: pyxoBy
AKTHUBHICTb, MOIIYKOBY 3[aTHICTh, PIBEHB BIAPOIKCHHS Ta
qacTKy ne(opmMoBaHux 0coOMH. TakoK OLIHIOBAIN BIUIHB
TIePIOANYHOTO Macaxy J1ab0opaTOpHOi KyIBTYpH Yepe3 MpH-
POIHOTO TOCTIOAAPS Ha SIKicTh 6iomarepiary. CTaTuCTHUHY
00p0oOKy pe3yapTariB 3A1HCHIOBAIN METOIOM AHMCIEPCiii-
Horo aHamiizy (ANOVA), nani HaBeneHo y gopmi x = SD.
PesyabraTtu. JlocimKkeHHS MOKa3adH, MO 31 3pOCTaHHIM
KIJIBKOCTI TIOKOJIIHb €()eKTUBHICTh BUKOPHUCTAHHS Tapa-
3UTa 3HMKYeThes. HaiiBuma OiosiorivHa e(heKTUBHICTD
y TOJIBOBHX yMOBAaX Ha MOCiBax ropoxy copty “Ommot”
Oyna 3adikcoBaHa MpU CIiBBiAHONIEHHI | :5, ne piBeHb
mapasuTyBaHHS cTaHOBUB 39,8%, a MOIMIKOKEHHS 3epHA
Oyno MiHiManbHUM — 5,59%. Byi0 BUABIEHO CTaTUCTHYHO
3HAYyIIi BiAMIHHOCTI MiXX HaTHBHOIO Ta J1aOOPaTOPHOIO
nonynsinismMu U. senex, Jie HATUBHA MOMYJSLISI I€MOHCT-
pyBaja BUIII MOKa3HUKH KXUTTE3AATHOCTI MOPIBHSIHO 3
naboparopHoto. [lepiognuHnii macax nabopaTopHOi MO-
MyJISIil Yepe3 NPUPOIHOTO rOCofaps YACTKOBO KOMIICH-
CyBaB BTPATU XHUTTE3AATHOCTI Ta 3HHIKEHUH PENPOIyK-
TUBHHUH moTeHIian. BucHoBku. OTpuMaHi pe3ynpTaTu
3acBigumiK BUCOKY edektuBHicTh Uscana senex sik 0io-
JIOTIYHOTO areHTa B IHTETPOBAHUX CHCTEMax 3aXHCTYy TO-
poxy Bin Bruchus pisorum. JloBeneHo, mo MiATpUMaHHS
PEIPOAYKTUBHOTO MOTEHIIANy Ta KUTTE3AATHOCTI mapa-
3UTa 3a0e3Medy€eThCs 32 YMOBHU MEPiOANYHOTO KOHTAKTY
nabopaTopHOT MOMYMALil 3 MPUPOJHUM TOCIIOAAPEM 1 J0-
TPUMAaHHS ONITUMAJIBHOTO CITIBBITHONICHHS TAPa3HT : TOC-
mojap, mo crpuse 30epekeHHI0 cTabiIbHOT IKOCTI 6i0-
MaTepiairy.

Kurouoi ciioBa: eatomodar, ditodar, 1adoparopHa KyJib-
Typa eHToModara, 610JI0TTYHUH KOHTPOIIb, KUTTE3IATHICTD,
e(eKTUBHICTh, 36pHOO00OBI KYIBTYPH.
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