AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2021, V. 56, Iss. 3, pp. 523-536

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

UDC 634.11 + 633.1]:632.7:632.937:632.98 doi: 10.15389/agrobiology.2021.3.523eng
doi: 10.15389/agrobiology.2021.3.523rus

BIOCONTROL OF AGRICULTURAL PESTS BASED
ON AUTODISSEMINATION OF ENTOMOPATHOGENIC NEMATODES
OF Steinermatidae FAMILY (Nematoda: Rhabditida)

M.V. PUSHNYA =, V.Ya. ISMAILOYV, 1.V. BALAKHNINA, E.Yu. RODIONOVA,
E.G. SNESAREVA, A A. KOMANTSEY
Federal Research Centre of Biological Plant Protection, 14, ul. Vavilova, Krasnodar, 350039 Russia, e-mail

mar.pushnya2014@yandex.ru (0< corresponding author), vlyaism@yandex.ru, balakhnina@yandex.ru, rigacyu@gmail.com,
greas23@yandex.ru, alex.agro83@mail.ru

ORCID:

Pushnya M.V. orcid.org/0000-0002-7133-9533 Rodionova E.Yu. orcid.org/0000-0001-5631-2204
Ismailov V.Ya. orcid.org/0000-0002-6713-0059 Snesareva E.G. orcid.org/0000-0003-4617-3604
Balakhnina I.V. orcid.org/0000-0002-2326-221X Komantsev A.A. orcid.org/0000-0003-1136-3264
The authors declare no conflict of interests

Acknowledgments:

‘We are grateful to Ph.D. V.V. Kostyukov for help in identifying the species of entomophages of the families Braconidae
and Ichneumonidae.

The research was carried out within the framework of the State Assignment of the Ministry of Science and Higher
Education of the Russian Federation (the topic No. 0686-2019-0010)

Received April 27, 2021

Abstract

At present, the development of biological plant protection systems is among the most im-
portant economic, social and environmental challenges. Creating an effective system is impossible
without the combination of a variety of biological agents and pest control techniques. Combining a
variety of pathogenic organisms and synthetic sex pheromones is a way to improve the situation. This
paper shows the effectiveness of entomopathogenic nematodes (EPN) of the family Steinernematidae
Filipjev, 1934 as an autodissemination agent for agro-ecosystems under crop rotation and at apple-tree
orchard, and assessed the effect of introducing pathogens on indigenous entomopathogens in soil. In
particular, a decrease in the number of harmful insects and an increase in the activity of natural
beneficial entomopathogens have been demonstrated. The essence of the method consists in the tar-
geted introduction of entomopathogenic bioagents into the agro-ecocenosis by means of their applica-
tion to attracted insects caught in traps, and thus creating an epizootic in the populations of target
species. Previously, entomopathogenic nematodes were not used as autodissemination agents against
superdominant species, the codling moth Cydia pomonella L., 1758 and click beetles of the family
FElateridae Leach, 1815; moreover, their effect on other members of the entomofauna of agro-ecoce-
noses has not been studied either. The purpose of this work was to evaluate the effectiveness of the
EPN autodissemination method for various cultures. The successful testing of Granulosis virus dissem-
ination method in the apple orchard and the EPN autodissemination against wireworms prompted us
to conduct the investigation reported herein. Two species of entomopathogenic nematodes of Stei-
nernematidae family, the Steinernema carpocapsae (Weiser, 1955) and St. feltiae (Filipiev, 1934) were
reproduced in lab culture in different host insects to produce nematode inoculums. The experiments
found out that specially designed formulations and modified pheromone traps ensure EPN intro-
duction into the agrocenoses due to nematode invasion of trapped insects followed by their free
flight to spread pathogens. As a result, the nematode-bacteria complex occurred in 60.0-100 % of
click beetles of the Elateridae family and 34.0-35.3 % of C. pomonella L. and Grapholitha molesta
(Busck, 1916). This indicates accumulation of biocontrol agents in the soil of the agrocenoses due
to EPN introduction. The EPN autodissemination application also reduced the damage to apple
fruits by up to 10 %, and corn and soybean plants by 13,2 % compared to areas where chemical
treatments were applied. The method has no negative impact of EPN on green lacewings (Chrys-
opidae Schneider, 1851) and the Hymenoptera of the families Braconidae, Latreille, 1829 and Ich-
neumonidae, Latreille, 1802, the predators of insect pests. In the garden where the tests were carried
out, there was a 15 % increase in infection of caterpillars of C. pomonella by Hymenoptera. 1t is
established that the EPN autodissemination stimulates the activity of indigenous soil EPN, leading
to a 1.5-2.0-fold increase in the number of trapped nematodes in the bioassay test compared to the
period prior to EPN autodissemination. Importantly, the effect of autodissemination turned out to
be prolonged and manifested the next year both in the apple orchard and in the crop rotation of
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agricultural crops.
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The excessive use of chemical pesticides in Russia raises concerns about
the safety of products and the environment, therefore, natural regulators of bio-
cenotic relations in agricultural systems is becoming a new strategy for protecting
plants from harmful organisms [1].

Use of synthetic insect sex pheromones is a technology of pest population
biocontrol on the most important agricultural crops [1-5]. These attractants used
worldwide for monitoring, mass capture and disturbance of reproductive connec-
tions (disorientation) of phytophages have not yet exhausted themselves [6-11].
For many insect species in the agrocenosis, it was found that with an increase in
the concentration of synthetic sex pheromone, egg laying decreases, time for de-
velopment of preimaginal stages lengthens and their survival decreases, which, in
particular, has been demonstrated in the garden for apple and eastern moth [4, 12
-15]. The search for new methods of using insect sex pheromones to control pest
population led to the discovery of original methods based on the dissemination of
pheromones and autodissemination of entomopathogens of target species using
pheromone traps with applicating devices [15, 16].

Entomopathogenic nematodes (EPN) of the families Steinernematidae Fil-
ipjev, 1934 and Heterorhabditidae Poinar, 1976 are effective natural bioagents.
These organisms can infect more than a thousand species of arthropods, many of
which are dangerous pests of the most important agricultural crops [17-20).
Among biological agents produced in the world, nematode preparations are in
second place after bacterial ones [21-25]. EPNs have the ability to independently
penetrate into the prey, survive in dead insects and contribute to the invasion of
other pathogens (in particular, viruses and bacteria) of entomopathogenic parasites
into the insect body. The high development rate of nematodes (in the body of a
living host for 6-10 days) allows them to spread with larvae and imago of pests
[26-31]). The only factor limiting the widespread use of EPN-based drugs is their
high hygrophilicity. Therefore, to increase the viability of these bioagents, various
formulations are developed that provide sufficient and prolonged moisture supply
to nematodes [17, 23-26]. It is also important that these pathogens, interacting
with other consorbents of the biocenosis, can also play a microregulatory role in
the formation of the soil structure [32, 33]. The peculiarities of the EPN biology
suggest the possibility of saturating the soils of agrocenoses with them using
males caught with pheromone traps with applicators which infect attracted in-
sects with entomopathogenic nematodes (the method of autodissemination of
entomopathogens). Many studies have shown a high biological effectiveness of
EPN against wireworms (larvae of click beetles of the family Elateridae) and the
codling moth Cydia pomonella L., 1758, and various ways of their use were
considered [23, 34-36].

Here, we propose a new method for application of entomopathogenic
nematodes by autodissemination which ensures their long life span, high activity
and speedy propagation. The method is based on intra- and interspecific chemical
communication and positive phototaxis of insect species attracted by synthetic sex
pheromones or light into the applicating devices [16]. Insects leaving the applicator
act as EPN carriers used to protect agricultural crops from dominant pests [16, 35].

Our goal was to assess whether pheromone traps can be used for autodis-
semination of entomopathogenic nematodes as biocontrol agents for the fruit moth
Cydia pomonella L., 1758 and click beetles from the family Elateridae Leach, 18135,



and how they affect the beneficial fauna in agrocenoses.

Materials and methods. Three species and four variants of entomopatho-
genic nematodes (Steinernematidae family), the Steinernema feltiae (Filipiev,
1934), St. kraussei Steiner, 1923, St. carpocapsae (Weiser, 1955), St. carpocapsae
var. “agriotes” (Weiser, 1955) from the collection of useful organisms of the Fed-
eral Scientific Center for Biological Plant Protection (FSCBPP) were used. At
first St. kraussei was derived from the collection of the All-Russian Research In-
stitute of Fundamental and Applied Parasitology of Animals and Plants RAS
(VNIIP, Moscow), St. feltiae and St. carpocapsae var. “agriotes” were obtained
from the collection of the All-Russian Research Institute of Plant Protection
(VIZR, St. Petersburg—Pushkin). St. carpocapsae is a local form found in an apple
orchard in the Leningradskaya village (Krasnodar Territory).

The ESP was propagated in the laboratory insect hosts greater wax moth
Galleria melonella (Linnaeus, 1758) and yellow mealworm beetle Tenebrio molitor
Linnaeus, 1758 (an MLR 35 OH artificial climate chamber, Panasonic, Japan) in
as per Danilov’s method [24] with our modifications [35, 36].

The detection of entomopathogenic nematodes in soil samples from the
biotopes was carried out according to Spiridonov [27], using 10 caterpillars of
G. melonella placed in each soil sample taken at control sites and the sites of
autodessemination. After 1 week, the caterpillars were removed and the ento-
mopathogens were detected (a microscope Biolam, LOMO, Russia, 90x magnifi-
cation); soil samples were also examined under a binocular microscope at 10X
magnification (MBS-10, LZOS, Russia) [27].

After autodissemination, entomopathogens were detected in adults, larvae,
and caterpillars using the so-called "nematode traps" and by viewing the bio-
material under a microscope (Biolam, LOMO, Russia, 90X magnification).

To infest three species of click beetles, the Kuban Agriotes tauricus Hey-
den, 1882, common click beetle A. sputator (Linnaeus, 1758), and steppe wire-
worm A. gurgistanus (Faldermann, 1835), modified standard Estron-type traps
(manufactured by the All-Russian Plant Quarantine Center, Moscow Province)
were used. A 45%95 mm foam rubber sponge impregnated with an EPN suspension
with the titer of invasive larvae 2.5%10°/ml was put inside. To ensure free migra-
tion of captured insects into the environment, a 35 mm flight hole was made in
the insect receiver. Ten traps per each treatment were set depending on the be-
ginning of flight period of each studied click beetle species, distributed evenly over
the soybean and corn plots at a distance of 30-40 m from each other according to
the “envelope” scheme. For proper isolation, the test sites were located at a 200 m
distance. A freshly prepared suspension of nematodes was added to sponges and
sampling was performed every 7-10 days during the entire flight period of insects.
To count the captured male click beetles, half of the traps were without an air
hole. The number of the infected beetles and invasive larvae of entomopathogenic
nematodes released from them were determined in lab tests.

For dissemination of EPN in the apple orchard, we used standard modi-
fied traps of the Atracon-A type (made by us from Tetrapak paper), 10 traps per
treatment. To apply nematodes, a 20X20 mm foam rubber sponge with a suspen-
sion of entonematodes (a titer of invasive larvae of 2.5%10°/ml) was placed inside.
To determine the number of caterpillars infected with nematodes, we used traps
with glue inserts; for the further spread of EPN in the agrocenosis, half of the
traps did not contain glue inserts.

Every 7-10 day, a freshly prepared suspension of nematodes was applied



to the sponges and sampling was carried out (the frequency of changing the bio-
logical product we have previously determined to ensure its effectiveness with
clickers) [35]. The insects caught using traps and trapping belts trapped were
counted, and the degree of infestation of adults and larvae by entomopathogens
was determined in lab tests.

Field trials with the codling moth was carried out in the apple orchards of
the Kuban Uchkhoz (Trubilin Kuban State Agrarian University). Infected insects
were caught on a 1-hectare area. The number of captured infected insects were
compared to that of the control (pesticide-treated) plots located at a distance of
at least 500 m from the test plots.

Entomophages were isolated from the codling moth caterpillars caught
with hunting belts followed by individual hatching.

The collected biomaterial was identified using the fundamental keys of the
Zoological Institute RAS (St. Petersburg) and Far East Branch RAS (Vladivostok)
[37, 38]. MLR 35 OH climate chambers were used to keep caterpillars and pupae
of the codling moth to ensure either the emergence of entomophages from infected
insects, or the emergence of butterflies. Microscopy was performed using MBS-
10 binocular microscope (LZOS, Russia, 8 X magnification).

Experimental data were statistically processed according to Dospekhov
[39] using the Statistica 12.6 program (StatSoft, Inc., USA). The tables and figures
show the means (M) and standard errors of the mean (xSEM). The significance
of differences between the options was determined using the Student’s z-test at
P >0.95.

Results. Lab screening the FNCBZR collection of entomopathogenic nem-
atodes from various biotopes of the Krasnodar Territory reveled that three species
(St. carpocapsae, St. feltiae, and St. kraussei) had the highest activity towards G. po-
monella caterpillars and two species (5t. carpocapsae var. “agriotes” and St. feltiae)
towards wireworms [35, 36]. These species were involved in further studies.

Entomopathogenic nematodes are quite widespread in some biocenoses,
and their main habitat is soil. Thereof, before studying the effect of introduced
pathogens on the aboriginal pathogens of insects, we examined soils from biotopes
in the experimental sites for the presence of entomopathogenic nematodes. In the
apple orchard of FNCBZR intensively exploited for several years, we found
St. carpocapsae and Steinernema sp. of the family Steinernematidae, hence, for dis-
semination we used St. feltiae nor found in the ecosystem that was chosen. Ac-
cording to our observations and data obtained earlier [40], a low number or almost
complete absence of these pathogens are characteristic of row crops in crop rota-
tion. A similar situation was seen in 2013 in the garden of the Educational farm
Kuban, which was not used for 2 years before the research. I.e., the number of
St. carpocapsae and Steinernema sp., caught with a bait insect, was lower here than
in the FNCBZR orchard.

The test autodissemination of EPN against click beetles showed that the
Kuban click beetle poses the greatest danger to the seedlings of soybeans and
maize. In pheromone traps the number of beetles caught on maize and soybeans
was 405.0£3.5 and 231.3%5.7, respectively, in 2011, 275.3%8.3 and 109.4£7.6 in
2012, and 119.7£7.6 and 86.7%+7.6 in 2013 (Fig. 1). The abundance of common
click beetle A. sputator was lower, 101.3£2.4 and 65.7£6.2 on maize and soybean
in 2011, 76.6%6.0 and 38.7%3.6 in 2012, 42.0£5.6 and 32.0£3.6 in 2013 (see Fig.
1). The number of caught males of the steppe wireworm A. gurgistanus was min-
imum, 7.6x2.5 and 5.0+1.7 on maize and soybeans, respectively, in 2011, 6.3+1.5
and 3.720.6 in 2012, and decreased to 2.6+1.5 and 1.3£0.5 in 2013 (see Fig. 1).
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Fig. 1. Number of Agriotes click beetles in crops due to autodissemination: A and B — nematode Steinernema carpocapsae (maize and soybeans, respectively), C and D —
nematode St. feltiae (maize and soybeans, respectively); I-11I1 — application of nematodes and controls without application; 1, 2, 3 — 2011, 2012, and 2013 (n = 10, M=SEM,
crop rotation, FNCBZR, Krasnodar Territory). Different letters mark statistically significant differences at P > 0.95. For the experimental design, see the Materials and methods

section.



1. Efficiency of entomopathogenic nematodes Steinernema carpocapsae and St. feltiae towards Agriotes click beetles upon autodissemination in crops of
maize and soybeans (n = 10, MEXSEM, crop rotation, FNCBZR, Krasnodar Territory)

Number of caught males
Click beetles Nematodes 2011 - 2012 - 2013 -
total infested total infested total infested
total | % total | % total | %
Maize
A. sputator St. carpocapsae 73.0£7.0 65.0£5.6 89.0 54.015.6 54.0£5.6 90.0 55.0+4.62 47.016.0 85,4
Conrol 63,0+4,6 0 0 75.0£6.0 0 0 87.0+5.0 0 0
A. sputator St. feltiae 40.0£5.0 32.0+3.5 80.0 26.0+1.8 26.0+1.8 86.7 23.0+2.6¢ 20.0£3.3 86,9
Conrol 40,0+4,0 0 0 50.0+5.5 0 0 60.0+6.2 0 0
A. tauricus St. carpocapsae 150.0+10.3 147.0+7.8 98.0 88.0+2.7 88.0+2.7 97.7 60.0+7.2¢ 57.0+5.2 95,0
Conrol 150,01£8,0 0 0 160.0£9.3 0 0 160.0£9.6 0 0
A. tauricus St. feltiae 68.0+4.6 61.0+6.2 89.7 33.0+3.6 33.0+3.6 94.2 25.0+4.32 23.0+4.3 92,0
Conrol 70,0143 0 0 79.0£6.2 0 0 85.0+6.5 0 0
A. gurgistanus St. carpocapsae 7.0+1.8 6.0£3.6 85.7 4.0+1.0 4.0+1.0 80.0 4.0£2.51 3.0£1.2 75,0
Conrol 5,0+2,5 0 0 6.3+1.5 0 0 7.0£1.0 0 0
Soybeans
A. sputator St. carpocapsae 30.0£6.1 27.0+4.3 90.0 23.0£3.6 23.0£3.6 92.0 15.0£2.6 15.0£2.6 83,3
Conrol 31,0+4,8 0 0 38.0£3.6 0 0 43.0£6.9 0 0
A. sputator St. feltiae 17.0£3.6 15.0+£2.8 88.2 8.0£1.6 8.0£1.6 80.0 7.0£1.6 7.0£1.6 87,5
Conrol 15,0+4,2 0 0 21.0£2.6 0 0 25.0+3.6 0 0
A. tauricus St. carpocapsae 130.0£6.2 122.0+£6.9 93.8 63.0+£7.9 63.0+£7.9 90 47.015.3 47.0+5.3 79,6
Conrol 130,0£7,9 0 0 146.0£8.5 0 0 150.0£6.6 0 0
A. tauricus St. feltiae 50.0+4.9 45.015.3 90.0 26.0+4.0 26.0+4.0 92.8 21.0+2.1 21.0+2.1 95,4
Conrol 48.01£5.2 0 0 53.0£6.3 0 0 60.0£6.5 0 0
A. gurgistanus St. carpocapsae 5.0£1.5 3.0£0.8 60.0 2.0+0.4 2.0+0.4 66.7 2.0+0.2 2.0£0.2 100
Conrol 4.0+1.3 0 0 6.0£1.8 0 0 5.0+1.3 0 0

N ote. Controls — without application of nematode autodissemination method. Different letters indicate statistically significant differences in the number of caught insects
between the tests and controls in different years and on different crops at P > 0.95.




Thus, when using the autodissemination method for 3 years, the number
of insects caught in pheromone traps decreased while in the control, it either did
not change, as for the steppe wireworm (in 2011-2013, 6.0£1.0-6.6x1.5 and
4.3+£1.1-5.3£0.6 individuals caught on corn and soybeans), or increased, as for
the Kuban click beetle. The Kuban click beetle increased in abundance from
430.0£8.3 in 2011 up to 457.3+6.4 in 2013 on maize, the number of common
click beetle increased from 66.6£3.7 in 2011 to 111.4%£3.9 specimens in 2013 om
maize. On soybeans, the male common click beetle also increased in number from
32.3%£1.21in 2011 up to 66.6%+5.7 in 2013 (see Fig. 1). There was also a slight decrease
in the number of captured males of the Kuban click beetle in the control on soy-
beans (from 276.6%+5.7 in 2011 to 240.0£9.6 in 2013), however, the differences with
the test treatments remained statistically significant at P > 0.95 (see Fig. 1).

The imagoes died in 4-5 days, which created conditions for the spread of
infection. The number of individuals infected with St. carpocapsae was up to 83.3-
92.0% for A. sputator, 79.6-98.0% for A. tauricus, and 60.0-100% for A. gurgistanus,
Infestation by St. feltiae occurred in 80.0-88.2% of A. sputator and 9.7-94.2% of
A. tauricus (Table 1). The number of released invasive nematode larvae per insect
was 8.8x10% for A. sputator, 9.1x10* for A. gurgistanus, and 1.25%x103 for A. fau-
ricus, which suggests the introduction of more than 10 million entomopathogens
into the environment and EPN activation in natural populations.

Additional introduction of nematodes into the soil, according to our find-
ings and as previously noted by Danilov et al. [41], can cause a change in insect
ethology. In wireworms, larvae infected with nematodes crawl out to the soil sur-
face, becoming, as a result, more accessible to entomophages (carnivorous ground
beetles) and vertebrates.

Note, in 2011-2013, there was a decrease both in the number of male click
beetles caught in pheromone traps and damage to maize and soybean plants by
pests by 13.2% compared to the use of chemical insecticide Cruiser®, KS (Syn-
genta, Switzerland) for seed treatment. Larvae of click beetles were also not found
in the soil excavations. These were the result of the dissemination of entomopath-
ogenic nematodes in 2011-2013.

2. Efficiency of entomopathogenic nematodes Steinernema carpocapsae and St. feltiae
upon autodissemination in apple orchard (» = 10, M*SEM, Krasnodar Territory,

2013-2015)
Number of caught inscts
total infested by nematodes, %

Treatment phytophages entomophages phytophages entomophages

Cydia po- |Grapholitha|ChrysoperlaHymeno- | Cydia po- |Grapholitha|Chrysoperla| Hymeno-

monella  |molesta carnea tera monella  |molesta carnea ptera

Kuban orchard
Test 20.0+1.72 0 0 20.0£0.6¢ 30.3 0 0 0
Control 40.042.2b 0 0 10.0£0.84 0 0 0 0
FNCBZR orchard

Test 37.0£3.52  99.0+3.5¢ 9.0+1.18  62.0+1.9 35.3 34.0 0 0
Control 45.0+3.3>  120.0+4.1f 2.0+0.60  10.0+1.7i 0 0 0 0

N ot e. Controls — without application of nematode autodissemination method. Different letters indicate statistically
significant differences in the number of caught insects between the tests and controls at P > 0.95.

EPN were also autodisseminated in apple orchards for 3 years in two plots
with different levels of pre-application of chemicals. Our studies have shown the
possibility of using nematodes for autodissemination against the codling moth,
since codling moth butterflies Cydia pomonella infected with pathogens were
found in the traps during monitoring of pest abundance in both orchard agroce-
noses, and the eastern codling moth Grapholitha molesta (Busck, 1916) also in



the FNCBZR orchard (Table 2). The identified percentage of Lepidoptera in-
fested by entomopathogens was approximately the same, 30.3-35.3%. The num-
ber of helminths released from one insect was 1x10* for C. pomonella and 1x103
for G. molesta.

In the orchards, as in the crop rotation, we revealed a decrease in the
number of insects caught in traps. There was a decrease in fruit damage (by about
10%) compared to standard protection systems, given that even in ecological gar-
dens at least 4-5 treatments with various chemicals are carried out [6).

Among the captured entomophages, the Chrysoperia carnea St. and Hy-
menoptera (Linnaeus, 1758), namely, Ascogaster quadridentatus Wesmael, 1835,
A. rufidens Wesmael, 1835, Microdus rufipas Nees, 1814 of the family Braconidae
Latreille, 1829, and Liotryphon crassisetus (Thomson, 1877), L. caudatus (Ratzeburg,
1848), L. punctulatus (Ratzeburg, 1848) of the family Ichneumonidae Latreille,
1802, we did not identify insects infected with nematodes.

In other words, certain groups of entomophages turned out to be tolerant
to the effects of entomonematodes. Back in 2008, Danilov et al. [41] hypothesized
that the constant use of EPN in an apple orchard for a number of years contributes
to an increase in both the quantitative and qualitative diversity of the species
composition of entomophages. Our study has confirmed this hypothesis. The num-
ber of representatives of Hymenoptera identified in the second half of August was
significantly higher. In the FNCBZR orchard where the method was tested we
recorded an increase in the species diversity of Hymenoptera (from four species to

six species) and the infection rate of C. pomonella caterpillars from 6% to 15%
(Fig. 2).
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Fig. 2. Infestation of Cydia pomonella by entomophages of the families Braconidae and Ichneumonidae
(Hymenoptera) in 2013 (1) and 2015 (1) (100 insects in total, four repetitions; M=SEM, the FNCBZR
orchard, Krasnodar Territory). Different letters indicate statistically significant differences in the num-
ber of entomophages between the years and P > 0.95.

A number of works [16, 42, 43] report that entomopathogenic fungi and
viruses are agents mainly and quite successfully used for autodissemination in traps
of various types (feromon, light, etc.). The entomopathogenic nematodes are tra-
ditionally applied by spraying, irrigation, treatment of the soil prior to crop sowing
and near-tree rings in orchards, etc. [21, 44, 45]. The method of biological control
of pests by means of EPN autodissemination that we propose in this paper is



another technique to use these entomopathogens.

Our research has demonstrated beneficial effect of the autodissemination
of EPNs on increasing the invasive activity of natural populations of entomohel-
minths in the apple orchard. Soil biotests with G. melonella showed an increase in
the number of invasive EPN larvae of the species St. carpocapsae per caterpillar
two months after autodissemination compared to that prior to our experiment
(Table 3). Danilov et al. [41] reported about an increased activity of local popu-
lations of pathogens upon the introduction of new species into the apple orchard
agrocenosis, but these authors applied biologicals based on suspensions of ento-
mopathogenic nematodes to near-tree rings. There are data, for example, reported
by Somasekhar et al. [46], on the positive effect of introduced steinermatids on
aboriginal nematode species of soils in agrocenoses.

In experiments, we also detectedhe nematode St. carpocapsae in the soil
under the grain-row crop rotation, and pathogens persisted not only during the
entire period of the study. As a result, stable foci of infection emerged, acting for
several years (see Table 3).

Comparison of the number of St. carpocapsae caught in test to that under
traditional protection from pests showed positive dynamics, while this did not
occur in the control (see Table 3).

3. Number of Steinernema carpocapsae larvae caught in soil (bio-test with Galleria
melonella) upon autodissemination of nematodes of the Steinernematidae family
(M£SEM, Krasnodar Territory, 2011-2015)

.. Depth, cm
Conditions 5 ‘ 10
Crop rotation of FNCBZR (2011-2013)
Prior to the experiment 0 0
After the experiment:
in 2 months 50.0+4.2 20.0+2.3
in 1 year 40.0£2.1 20.0+1.5
Control (without autodissemination) 0 0
Kuban orchard (2013-2014)
Prior to the experiment 20.0+2.6 0
After the experiment:
in 2 months 50.0+3.1 30.0+1.8
Control (without autodissemination) 17.012.2 0
FNCBZR orchard (2014-2015)
Prior to the experiment 90.0+3.3 50.0£2.9
After the experiment:
in 2 months 150.0£4.0 100.0£3.9
in 1 year 140.0+4.6 110.0+4.1
Control (without autodissemination) 80.0+3.3 40.0+1.9

Thus, we have found out that autodissemination of entomopathogenic
nematodes of the Steinernematidae family are suitable to protect maize, soybeans
and apple orchards from a various pests. Entomopathogenic nematodes dissemi-
nated by autodissemination infected 60.0-100% of male click beetles of the Flat-
eridae family and 30.3-5.5% of apple and eastern moth butterflies, that is, the
proposed method stands along with traditional methods of introducing pathogens
in agroecosystems, especially in an organic garden where all chemicals are pro-
hibited. Importantly, both in an apple orchard and crop rotations, the autodis-
semination methods affect certain groups of insects without causing harm to
beneficial organisms. In addition, in all areas where autodissemination tests were
carried out, the introduction of a species of pathogen into the agrocenosis fa-
vorably influenced on the invasive activity of local populations of entomopath-
ogenic nematodes.
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