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TEN YEARS AT THE FOREFRONT OF SCIENCE:
ACHIEVEMENTS, SCHOOLS, AND FUTURE PROSPECTS

&

DEAR COLLEAGUES!

Here is the anniversary issue of the journal “Siberian Herald of Agricultural Science,” dedicated
to the 10th anniversary of the establishment of the Laboratory of Biological Control of Phytophages
and Phytopathogens within the Siberian Federal Scientific Centre of Agricultural Sciences of the
Russian Academy of Sciences and the 55th anniversary of the founding of the Biomethod Laboratory
at the Siberian Research Institute of Soil Management and Chemicalization of Agriculture SB RAS.

The primary focus of the Laboratory of Biological Control of Phytophages and Phytopathogens
is the development of environmentally safe plant protection products aimed at biologically regu-
lating the phytosanitary status of agrocenoses and managing the adaptive potential of agricultural
crops under the conditions of Western Siberia. The laboratory staff are engaged in cutting-edge sci-
entific research focused on the search for, isolation, and selection of promising entomopathogens,
antagonistic microbes, and entomoacariphages, which serve as the basis for the development of
biological plant protection agents. In the field of basic research, studies are being conducted on the
mechanisms by which microbiological agents affect phytophagous insects and plant pathogens, and
molecular methods for diagnosing plant pathogens and specific arthropod species are being devel-
oped. Promising areas of research include the development of cultivation technologies and the ap-
plication of new, highly effective biological agents under conditions typical of the Siberian region.
To achieve these objectives, the laboratory has established collections of live microbial cultures
(antagonistic microbes, entomopathogens, and phytopathogens), insects, and mites (phytophages,
entomo- and acarophages, and forage species).

I would like to note separately that our achievements today are a continuation of the path begun
by our predecessors. In particular, the history of the development of biological plant protection
methods in Siberia is linked to the establishment in 1971 of the Biomethod Laboratory at the Siberi-
an Branch of the All-Union Academy of Agricultural Sciences (VASKhNIL). The research interests
of the staff at this laboratory, established 55 years ago, focused on studying entomopathogens of
various origins and developing biological control agents based on them.

The anniversary issue of the journal features a review article on the main stages of the Biometh-
od Laboratory’s work. The issue also includes articles by our colleagues from the leading Russian
research institutions, presenting priority areas of scientific research in the field of biological plant
protection. The publications present historical information and describe the current state of devel-
opment of various methods and means of biological control, including an assessment of the role of
entomophages in agro- and biocenoses, prospects for the use of entomopathogens, new species, and
strains of antagonistic microbes to control plant pests, and the definition of the role of scientists in
fostering ecological thinking among young professionals.

I would like to express my deep gratitude to all my colleagues who accepted our invitation and
contributed to this anniversary issue of the journal, demonstrating a high level of professionalism,
a commitment to the biomethod, and a willingness to share their knowledge and experience in one
of the highest-priority areas of applied science in Russia.

Sincerely, Head of the Laboratory of Biological Control
of Phytophages and Phytopathogens SFSCA RAS, Candidate
of Science in Agriculture, Associate Professor Andreeva I.V.

3amura pacTeHui Cubupckuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 ¢ 5 5



3ALIUTA PACTEHUH
PLANT PROTECTION

https://doi.org/10.26898/0370-8799-2026-5-1 Turm crateu: 0030pHas
VIK 632.937 Type of article: review

Hctopus nadboparopuu 6momerona B Cudupu

C<)Anapeena N.B.

Cubupckuii ghedepanvrulil HAyuHblll Yyenmp azpobuomexronocuti Poccutickoil akademuu Hayk
HoBocubupckas o6macts, p.i. Kpacrnoo6ck, Poccus

(><)e-mail: ivaandreva@yandex.ru

[IpencraBieHs ucTOpUYecKue qaHHbIE 0 co3aannu B 1971 1. mepBoii B Cubupu taboparopuu Ono-
Metona B Cubupckom otnenennn BACXHUJIL. Onmcanbl HanpaBieHUs Hay9IHO-HUCCIE0BATENbCKON
paloThl €e COTPYIHHUKOB B 00JIACTH OMOJIIOTMUECKOH 3alUThl PACTEHUH: W3yYeHNE 3HTOMONATOICH-
HBIX OPTaHU3MOB PA3IMYHON MPUPOIBI (BUPYCOB, OAKTEpHii, TPHOORB), BHI3BIBAIOIINX 3a00JICBAHUS U
ru0enb HaCeKOMBIX-BpeauTeNeil, co3nanre OnomnpenapaToB Ha NX OCHOBE JUTA KOHTPOJIS YUCIEHHOCTH
¢urodaros, a TakKe XUIIHBIX IPUOOB, EPCIICKTUBHBIX JJISI KOHTPOJIS PAa3MHOMKCHHUS TAIJIOBBIX He-
maroz. [IpoBenena Oombias paboTa 1Mo U3yUeHHIO CIIEKTPa U MEXaHN3Ma HHCEKTUIIHTHOTO JACHCTBHS
Pa3IMYHBIX ITAMMOB M MOABUIOB Oaktepuu Bacillus thuringiensis, a Taxke MPOMBIIUIEHHO BBIITY-
CKaeMbIX OaKkTepHalbHBIX IpenaparoB. JleTanibHO U3yUYeHbl BUPYCHI IpaHysie3a H NOIUYIpOo3a Yelrye-
KPBUIBIX HACEKOMBIX — BPEANTENEH CETbCKOXO3SHCTBEHHBIX U JIECHBIX KYJIBTYp. DHTOMOIIATOT€HHBIE
rpuObI MPEACTABISUIN HHTEPEC [T CO3JaHMsI UCKYCCTBEHHBIX IIM300THH B MOIMYIALUSIX BpeAUTEIICH
u OuomnpenapaToB Ha UX OCHOBE. BaskHOe 3HaueHKE MMENH SKCIIEPUMEHTaIbHbIE PaOOTHI 110 TTOHCKY,
W3Y4YCHUIO U MPUMEHEHHIO SHTOMO(TOPOBBIX I'PHOOB, BHI3BIBAIOIINX I'MOENIb COCYLIMX BpEAUTENCH
B YCJIOBMSIX 3AIIUIIEHHOTO U OTKPBITOIO rpyHTa. B ¢BsA3M ¢ po0ieMoii Bpe1oHOCHOCTH TaJJIOBBIX He-
Marof ObUIN Pa3BEPHYTHI UCCIEIOBAaHNS XUIIHBIX I'PUOOB, BBIAECICHBI IEPCIEKTUBHBIC BU/IbI U IITAM-
MBI, CO3/IaHbI M OIICHEHBI OTIBITHBIE 00pa3Ibl OMONPENapaToB Ha UX OCHOBE. 3aCITyKNBAlOT BHUMAHUS
pa3paboTKK TEXHOJIOTHUH JIOBYMX KYJIBTYp Ha MOCAJKaX KalyCThl U parca st 00pbOBI ¢ KPECTOIBET-
HBIMU OJIOIIKAMH, a TAKXKE OTIaJ[Ka ONTHMAIBHBIX PEXKUMOB PabOTh a3PO30JIbHBIX TCHEPATOPOB JUISI
BHECEHHS OMOIOTHYECKUX TIPENaparoB B arporeHo3bl. Ha 6a3e pasnuuHbix Xo3sicTB HoBoCcHOMpCKoit
00Js1acTH MPOBE/ICHBI MTOJIEBBIE UCTILITAHUS OMOTIPENapaToB ISl PETYISALUN YUCICHHOCTH BPEAUTEIEH,
MOKa3aHa UX BbICOKas 9 (EKTUBHOCTb.

KiroueBsble ciioBa: Onosoruueckas 3alluTa pacTeHHd, JHTOMOINATOTeHbl, OHONpenaparsl, XHUIL-
HbIE TPUOBI, Ta0OPaTOPHBIC U MOJICBBIC UCCIECAOBAHMNS, HAYYHBIC OCTHKCHUS

History of the biomethod laboratory in Siberia

(C<)Andreeva 1.V.

Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia

(X)e-mail: ivaandreva@yandex.ru

Historical data is presented on the establishment in 1971 of the first biomethod laboratory in Sibe-
ria at the Siberian branch of VASKhNIL.The directions of the scientific research work of its employ-
ees in the field of biological plant protection are described: the study of entomopathogenic organisms
of various kinds (viruses, bacteria, fungi) that cause diseases and death in pest insects, the creation of
biopreparations based on them to control the population of phytophagous insects, as well as predatory
fungi, promising for controlling the reproduction of gall nematodes. Extensive work has been carried
out to study the spectrum and mechanism of insecticidal action of various strains and subspecies of the
bacterium Bacillus thuringiensis, as well as the industrially produced bacterial preparations. Viruses
of granulosis and polyhedrosis of lepidopterous insects — pests of agricultural and forest crops — have

6 Siberian Herald of Agricultural Science * 2026 « 56 < 5 Plant protection



Hcropus nadoparopun 6uomerosna B Cubupu Amnppeesa 1.B.

been studied in detail. Entomopathogenic fungi were of interest for creating artificial epizootics in pest
populations and biopreparations based on them. Experimental work on the search, study, and applica-
tion of entomophthoraceous fungi, which cause the death of sucking pests under protected and open-
field conditions, was of significant importance. In connection with the problem of the harmfulness
of gall nematodes, research on predatory fungi was conducted, promising species and strains were
identified, and experimental samples of biopreparations based on them were created and evaluated.
Worth noting are the developments in the technology of trap crops in cabbage and rapeseed plantings
to control cruciferous flea beetles, as well as the adjustment of optimal operating modes of aerosol
generators for applying biological preparations in agrocenoses. Field trials of biopreparations for pest
population control were conducted at various farms in the Novosibirsk region, demonstrating their

high effectiveness.

Keywords: biological plant protection, entomopathogens, biopreparations, predatory fungi, labo-
ratory and field studies, scientific achievements

Jinst uutupoBanus: Anopeesa M.B. Vicropus naboparopuu 6nomerona B Cubupu // CHONpPCKHiA BECTHUK CEIECKOX03IHCTBEHHOI

Hayku. 2026. T. 56. Ne 5. C. 6-17. https://doi.org/10.26898/0370-
For citation: Andreeva 1.V. History of the biomethod laboratory in Siberia. Sibirskii vestnik sel skokhozyaistvennoi nauki
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Biological plant protection based on the
principles of biocenotic balance is the most
appealing alternative to chemical pesticides.
Natural agents (entomophages and herbivores,
entomopathogens, and antagonist microorgan-
isms) can effectively control the populations of
pests, plant disease agents, and weeds, reducing
pesticide load in bio- and agrocenoses [1, 2].
Directions in biological plant protection in our
country began to be actively developed in the
1960s. Research on the use of entomophages
(mainly used in greenhouse conditions) and the
study of entomopathogenic organisms, which
serve as the basis for creating insecticidal bio-
preparations, was intensified.

The history of the development of biological
plant protection in Siberia is connected with the
establishment in 1971 of a biomethod laborato-
ry to address plant protection issues set by the

State Committee for Science and Technology
under the USSR Council of Ministers [3]. The
laboratory was headed by Candidate of Biolog-
ical Sciences Vladimir Vasilyevich Guly, who
had previously worked as a research associate
in the virology lab at the Biological Institute of
the Siberian Branch of the Russian Academy of
Sciences. Initially, the laboratory was located
in Novosibirsk at the Plant Protection Station.
Later, it was moved to the village of Ogurtso-
vo (Novosibirsk region). Only in 1975, after the
construction of the scientific town of the Sibe-
rian Branch of VASKhNIL (Krasnoobsk) was
completed, did the laboratory become part of
the Siberian Research Institute of Chemicaliza-
tion (SibNIIKhim).

Some of the first to start working in the lab
were young scientists N.I. Severina (Ermako-
va), T.V. Andreeva (Teplyakova), L.N. Spichen-

3amuTa pacTeHui
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ko (Filimonova), and M.V. Shternshis. By the
mid-1970s, the lab team was almost completely
formed. It included M.N. Aleyeva, L.N. Chu-
kanova, M.Ts. Rakshaina, G.M. Ivanov, A.N.
Baranov, Yu.P. Bukharov, L.A. Krupko, E.V.
Koltunov, A. Mikhalev, V. Mishchenko, S.
Moshegov, and others.

The research interests of the lab staff were
mainly practical and focused on studying ento-
mopathogens of various types and developing
biopreparations based on them, aimed at con-
trolling the population of dangerous agricultural
pests.

The development of microbiological meth-
ods for controlling harmful insects is largely
connected to the discovery, study, and use of the
bacterium Bacillus thuringiensis'. The period
starting from the 1960s can be called a stage of
intensive development of bacterial preparations
and their introduction into agricultural produc-
tion. The creation of the first bacterial prepara-
tions in our country, dendrobacillin (1958) and
entobacterin (1959), served as a stimulus for ex-
panding research into various strains of this en-
tomopathogenic bacterium. This field remains
relevant even today [4]. In the biomethods lab,
a significant contribution to the study of vari-
ous subspecies and the mechanism of action of
B. thuringiensis was made by V.V. Guliy, G.M.
Ivanov, M.V. Shternshis, L.K. Kameneck, and
other staff members.

Lyudmila Kirillovna Kameneck studied the
structure, properties, and mechanism of action
of B. thuringiensis deltaendotoxin on insects.
Her research focused on various lepidopterans
(like the gypsy moth, bee moth, whitethorn but-

terfly, cabbage white butterfly, and others) and
hymenopterans (such as the common pine saw-
fly) pests®. The research results conducted at the
laboratory formed the basis of her PhD thesis
(supervised by V.V. Guly and M.V. Shternshis).
Later, after successfully defending her disserta-
tion for the Doctor of Science degree’, Lyud-
mila Kirillovna headed the biochemistry de-
partment at the Ulyanovsk State University for
many years.

Research by the Candidate Science in Bi-
ology Georgy Matveevich Ivanov focuses on
finding ways to increase the biological activity
of crystalliferous bacteria B. thuringiensis, par-
ticularly using chemical compounds of non-bio-
logical origin to control toxin biosynthesis. Us-
ing B. thuringiensis var. insectus as an example,
it was shown that amino derivatives of acridine
cause a long-term modification in the bacterial
culture, which manifests as an increased synthe-
sis of delta-endotoxin crystals, determining the
effectiveness of this bacterium®.

The research on developing the methods for
working with bacterial cultures was ground-
breaking. V.V. Guliy and L.I. Burtseva (a staff
member of the Biological Institute of the Sibe-
rian Branch of the USSR Academy of Sciences)
developed a method that allows quite clearly
differentiating vegetative cells, spores, and B.
thuringiensis endotoxin crystals in smears, in-
tended for analyzing pure cultures and patho-
logical material®.

Alot of work has been done to study the spec-
trum of insecticidal activity of various strains
and subspecies of B. thuringiensis and commer-
cially produced bacterial preparations. In Lyd-

'Chil-Akopyan L.A., Afrikyan E.G. Entomopathogenic bacteria as a basis for biological plant protection products //
Entomopathogenic bacteria and their role in plant protection: collection of scientific papers, Siberian Branch of VASKHNIL.

Novosibirsk, 1987, pp. 4-22.

2Kamenek L.K. On the mechanism of action of Bacillus thuringiensis-based preparations on insect pests // Scientific and
Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk, 1980, Issue 1 (35), pp. 3-4.

3Kamenek L.K. Delta-endotoxin of Bacillus thuringiensis: structure, properties, and use in plant protection: abstract of a
dissertation for the degree of Doctor of Biological Sciences. Moscow, 1998, 40 p.

“lvanov G.M. Long-term modification in crystal-forming bacteria induced by acridine derivatives // Scientific and Technical
Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk, 1978, Issue 30, pp. 22-26.

SBurtseva L.1., Guliy V.V. Fluorescent microscopy of Bacillus thuringiensis cultures // Scientific and Technical Bulletin of the
Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk, 1973, Issue 6, p. 15.
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ia Nikolaevna Spichenko's article’, it is noted
that the endotoxin produced by B. thuringiensis
does not dissolve in the gut juice of older cab-
bage moth caterpillars and does not cause them
toxicity. To increase the effectiveness of the en-
tomopathogen, it was suggested to pre-break
the toxin before use, which helped to expand its
range of action. Also, experiments conducted
with industrial strains of B. thuringiensis var.
galleria (entobacterin) revealed differences in
the insecticidal spectrum against various phy-
tophages and between different strains’.

Research by the Candidate of Science in Bi-
ology Margarita Vladimirovna Shternshis on
the creation and improvement of preparative
forms of bacterial preparations, as well as the
search for ways to increase the effectiveness of
biopreparations, in particular using activating
additives of various origins, had great practical
significance. So, a major success of Margarita
Vladimirovna's work together with other col-
leagues was the creation of two new forms of
bacterial preparations, which are not only more
biologically active but also more stable, main-
taining their activity for twice as long or more
compared to standard forms?.

In the 1970s, staff members of the laborato-
ry N.I. Severin, L.N. Spichenko, Z.N. Alekse-
eva, and L.A. Krupko conducted field tests of
biopreparations to control pest populations on
various farms in the Novosibirsk region. As a

result, Zinaida Nikolaevna Alekseeva and Ly-
udmila Alexandrovna Krupko proved the high
effectiveness of bacterial drugs — entobacterin,
dendrobacillin, insektin, bitoxibacillin — against
the dangerous polyphagous pest — the meadow
moth. It has been found that these drugs affect
not only the larvae but also the adult insects.
When butterflies were treated in lab conditions,
the bio-preparations reduced the females' fertil-
ity and caused their death’. Research by Z.N.
Alekseeva also showed that bacterial prepara-
tions did not have ovicidal effects but signifi-
cantly impacted the survival of caterpillars that
hatched from treated eggs of the gypsy moth
and the meadow moth. This made it possible
to increase the effectiveness of protective mea-
sures by carrying out treatments earlier!®,

To reduce the damage caused by leaf-eat-
ing pests (mainly lepidopterans) on cabbage
(the main vegetable grown in Siberia), they
used biopreparations of various types — viral
(Virin-EKS), bacterial (Entobacterin), fungal
(Boverin), as well as their mixtures'!.

The study of entomopathogenic viruses un-
der the guidance of V.V. Guliy was carried out
by E.V. Koltunov, N.I. Ermakova, M.V. Shtern-
shis, L.A. Krupko, and others. In the very first
years of the lab, a collection of entomopatho-
genic viruses was created, which allowed for
various research on developing microbial plant
protection agents against pests'?. V.V. Guliy and

%Spichenko L.N. On the reasons for the resistance of the cabbage moth (Mamestra brassicae) to Bacillus thuringiensis Berl.
cultures // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk,

1973, Issue 6, pp. 9-10.

’Spichenko L.N., Skvortsova M.M., Guliy V.V. Insecticidal activity of industrial strains of Bacillus thuringiensis var. galleria against
certain harmful insects // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim).

Novosibirsk, 1976, Issue 16, pp. 34-39.

$Sternshis M. V. Microbiological control of pests of agricultural crops in Siberia and the Far East. Moscow: Agropromizdat, 1988.

128 p.

%Alekseeva Z.N., Krupko L.A. Microbiological control of certain species of lepidopteran insects at the adult stage // Fauna and
Ecology of Arthropods of Siberia: Proceedings of the 5th Meeting of Entomologists of Siberia. Novosibirsk: Nauka, 1981, pp. 119—

121.

4lekseeva Z.N. The effect of biological preparations on the hatching rate and survival of caterpillars following treatment of egg
clutches // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk,

1980, Issue 1 (35), pp. 27-28.

USternshis M.V., Spichenko L.N., Kamenek L.K., Krupko L.A. Use of tank mixtures of microbiological insecticides on cabbage in

Western Siberia. Novosibirsk, 1987, 22 p.

2Guliy V.V. A museum of entomopathogenic viruses at the Siberian Research Institute for the Chemicalization of Agriculture //
Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk, 1975, Issue

9, pp. 3-8.
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E.V. Koltunov made a big contribution to the
study of granulosis viruses of the winter cut-
worm and dendrophilous lepidopterans. Using
the example of winter cutworm granulosis, they
developed methods that helped increase the ef-
fectiveness of viral preparations when used!s.
The effects of the nuclear polyhedrosis virus on
adult lepidopteran pests were also evaluated'.

Evgeny Vladimirovich Koltunov studied in-
sect viruses, mainly those affecting tree crop
pests. In the Novosibirsk area, he identified and
studied the morphology, pathogenesis, and his-
topathology of some granulosis viruses, includ-
ing those of red-humped caterpillars, the cod-
ling moth, and other tree-dwelling insects. As
a result of studying the causes of codling moth
deaths during wintering, granulosis viruses and
Nosema microsporidia were identified!>.

The scientific research of Nadezhda Ivanov-
na Severina (Yermakova) focused on entomo-
pathogenic viruses that infect lepidopteran in-
sects. She and her colleagues took a close look
at the specifics of the pathogenesis of nuclear
polyhedrosis in the cabbage moth'®, hereinafter
— the meadow moth granulosis virus. Consider-
able attention was paid to studying the decline
in activity of the cabbage moth polyhedrosis
pathogen during storage!’. This depends on the
storage conditions of the biological material.
At the time, the efficacy of the combined use
of different viruses—as well as viruses in com-
bination with other microbial agents (bacteria,
protozoa, fungi)—had been virtually unstud-

ied, which prompted experiments in this area.
It was established that the combined action of
two viruses—one specific to a particular phy-
tophagous species and the other non-specific to
it—enhances the virulence of the former. For
example, when cabbage moth larvae were in-
fected with nuclear polyhedrosis virus supple-
mented with the granulosis virus of the cabbage
white butterfly, an increase in the virulence of
the specific virus was observed under the in-
fluence of the other pathogenic agent's. At the
same time, they were developing methods for
breeding their hosts in lab conditions. In par-
ticular, a semi-synthetic nutrient medium was
created for breeding the cabbage moth'.
Microbiological control and insect patholo-
gy are the areas of scientific work of Svetlana
Yuryevna Rybina (Guliy). Together with her
colleagues, she conducted interesting studies on
assessing the effects of viral and bacterial bio-
preparations on honeybees®.
Entomopathogenic fungi were of interest
both for creating artificial epizootics in pest
populations and for developing biopreparations
based on them. In their research, Candidates
of Science in Biology Mela Tsydenovna Rak-
shaina and Nina Mikhailovna Makhova iden-
tified the role of pea aphid epizootics caused
by entomophthoraceous fungi. It was shown
that during the development of epizootics, pest
numbers drop significantly, which allows for
limiting the use of chemical plant protection
products. In addition, aphid entomophthoroses

BSternshis M.V., Severina N.I., Guliy V.V. Increasing the activity of the granulosis virus of the winter cutworm (Agrotis segetum) //
Izvestiya SB AS SSSR (Proceedings of the Siberian Branch of the USSR Academy of Sciences), Ser. Biol., 1975, No. 3, pp. 51-55.

YGuliy V.V, Shternshis M.V., Koltunov E.V. Main results and prospects for the development of a virological method for pest
control // Siberian Herald of Agricultural Science, 1976, No. 5, pp. 36-43.

BSKoltunov E. V. On the causes of winter mortality of the codling moth in the Middle Ob region // Scientific and Technical Bulletin
of the Siberian Research Institute of Chemical Products (SibNIIKhim). Novosibirsk, 1973, Issue 6, pp. 45-46.

1Krupko L.A., Severina N.I. Specifics of the pathogenesis of nuclear polyhedrosis in the cabbage moth // Scientific and Technical
Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1975, Issue 9, pp. 14-15.

Severina N.I. Changes in the activity of the cabbage moth polyhedrosis pathogen during storage // Scientific and Technical
Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1973, Issue 6, pp. 7-8.

8Severina N.I. Combined effect of two viruses on vegetable crop pests// Scientific and Technical Bulletin of the Siberian
Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1973, Issue 6, pp. 11-12.

YSeverina N.I. Polyhedrosis in cabbage moth caterpillars reared on an artificial medium// Scientific and Technical Bulletin of the
Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1975. Issue 9, pp. 11-13.

XGuliy V.V, Talpalatsky P.L., Rybina S.Yu. The impact of standard microbiological insecticidal preparations on honey bees //
Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1978, Issue

30, pp. 39-41.
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in greenhouses were studied?!, as a result, sev-
eral species of entomophthorous fungi — poten-
tial causes of epizootics among sucking pests
— were isolated into culture?’. In 1972, in the
greenhouses of the Kirovets state farm, lab-
oratory staff member Alexander Nikolaevich
Baranov discovered an outbreak of entomoph-
thorosis in spider mites, which also affected the
predatory mite Phytoseiulus. A.N. Baranov also
worked on modifying artificial nutrient media
for entomophthorous fungi®.

Later, Nadezhda Viktorovna Lobanova (Vasi-
lyeva) joined the research on entomophthorous
fungi. She worked on developing a product
based on the fungus Enthomophora pyriformis
and evaluating its effectiveness against various
types of aphids and greenhouse whiteflies in
protected ground conditions. The result of this
work was the publication of recommendations
for production?.

The serious problem posed by the harmful
impact of gall nematodes in greenhouse envi-
ronments prompted research into their natural
enemies—predatory fungi—a subject to which
Tamara Vladimirovna Teplyakova (Andreeva)
dedicated her entire scientific career. In the early
1970s, several species of predatory fungi—in-
cluding some rarely found in the USSR—were
discovered and identified in Siberia. Promising
results were obtained at the Kirovets state farm
in the Novosibirsk region during greenhouse
trials of an experimental biological product
based on the predatory fungus Arthrobotrys oli-

gospora Fres., tested against the gall nematode
on cucumber plants?.

To maintain the high nematophagous po-
tential of predatory fungi—using Arthrobotrys
oligospora as a model-—methods of stabilizing
strain selection were employed; this is crucial
for their industrial-scale cultivation. Overall,
during the laboratory's period of operation, ten
species of predatory hyphomycetes, differing
in their nematophagous activity, were isolated
from soils of the Middle Ob region?®. Current-
ly, Tamara Vladimirovna Teplyakova, Doctor
of Science in Biology, works in the Mycology
Laboratory of the Department of Biophysics
and Environmental Research at the State Re-
search Center of Virology and Biotechnology
"Vector" (Rospotrebnadzor) in the science city
of Koltsovo, Novosibirsk Region. Her produc-
tive work in this field has resulted in over 300
scientific publications, including monographs,
educational and methodological materials, and
patents [5-7].

Fatey Lavrentyevich Gushchin worked on
developing nutrient media for predatory fungi
and testing the resulting biopreparation samples
in collaboration with T.V. Teplyakova; he suc-
cessfully defended an original Candidate’s dis-
sertation on this subject?’.

Laboratory assistant Anatoly Mikhalev
worked on another interesting and important
area: the cultivation of gnotobiotic insects,
which are essential for studying insect pathol-
ogy and the mechanisms of interaction between

21Rakshaina M.Ts. Entomophthoralean fungi as pathogens of sucking pests in protected-ground cultivation // Protection of
agricultural crops from pests and diseases in the conditions of Siberia. Novosibirsk, 1984, pp. 142-150.

2Makhova N.M. The role of entomophthoralean fungi as factors regulating aphid population densities in the Novosibirsk
Region // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk,

1980, Issue 1 (35), p. 9.

BBaranov A.N., Karabatov P.A., Barannik TA. Influence of culture medium components on the growth and sporulation of
Entomophthora thaxteriana Petch// Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products

(SibNIIKhim), Novosibirsk, 1978, Issue 30, pp. 32-36.

2Lobanova N.V., Rakshaina M. Ts., Shternshis M.V. Production and application of Pyriformin for protecting greenhouse vegetables

against pests. Novosibirsk, 1989, 22 p.

B Andreeva T.V. Predatory fungi in the control of root-knot nematodes on cucumbers // Scientific and Technical Bulletin of the
Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1975, Issue 9, pp. 24-27.

Teplyakova T.V. On the mycoflora of predatory fungi in the Novosibirsk Region // Scientific and Technical Bulletin of the
Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1976, Issue 16, pp. 51-53.

YGushchin F.L. Calculation of nutrient medium components for inducing ring formation in predatory fungi // Microbiological
Plant Protection Agents: Collection of Scientific Papers. Novosibirsk, 1986, pp. 96-99.
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commensal and pathogenic microflora—both
with each other and with the host organism. He
developed a method for rearing gnotobiotic in-
sects on an artificial nutrient medium. Rearing
germ-free Galleria mellonella larvae over mul-
tiple generations demonstrated that the microor-
ganisms-free insects developed successfully on
an artificial nutrient medium, completed their
life cycle, and laid viable eggs?®. Based on the
results of his work, A.l. Mikhalyov prepared a
good PhD dissertation, but, according to V.V.
Guliy's recollection, he refused to defend it.

The originality and novelty of the research
results are largely due to the lab having mod-
ern equipment, including a scanning electron
microscope, which was maintained by a high-
ly skilled electronic engineer, Yuri Petrovich
Bukharov. The use of electron microscopy in
the study of viruses, nematodes, and other mi-
croscopic objects significantly complemented
the information obtained through light micros-
copy. Yuri Petrovich actively participated in the
development and evaluation of the technologies
for preparing and mounting specimens of the
studied objects on the microscope stage®.

The laboratory staff also included qualified
research technicians who performed a vast
amount of work maintaining museum cultures of
microorganisms and conducting laboratory and
field trials, and who made a significant contribu-
tion to the implementation of biological control
methods. Valentina Petrovna Schneider, Valen-
tina Anisimovna Gorshkova, Sergey Moshegov
(laboratory assistant, graduate student), Galina
Fedorova, Galina Grigorievna Sychuzhnikova,
Ekaterina Vladimirovna Malomalenko, Anna
Borisovna Fefilaktova, Vera Zabelina worked in
the laboratory.

The effectiveness and priority status of re-
search aimed at improving microbiological pest
control methods are evidenced by the fact that
the biological control laboratory obtained four
inventor's certificates between 1976 and 1981. In
1975, the laboratory received its first two USSR
inventor's certificates for methods of producing
viral insecticides. In 1978, an inventor's certif-
icate was obtained for a method of producing a
bacterial insecticide, followed in 1981 by a pat-
ent for a "Liquid entomopathogenic mixture."
Achieving such significant results was largely
facilitated by the 1970 establishment—based on
the museum laboratory—of a collection of mi-
croorganism cultures comprising various strains
of entomopathogenic viruses, bacteria, and mi-
crosporidia, as well as entomopathogenic and
nematophagous fungi useful for biological con-
trol methods. Subsequently, the collection was
continuously expanded through the isolation of
pathogens from natural pest populations and the
exchange of microbial strains with other insti-
tutions®. Collaborative ties were established
with Novosibirsk-based institutes of the Sibe-
rian Branch of the USSR Academy of Scienc-
es (Institute of Biology, Institute of Cytology
and Genetics, Novosibirsk Institute of Organic
Chemistry, Institute of Chemical Kinetics and
Combustion), as well as with institutes of all-
Union significance—such as the All-Union In-
stitute of Biological Plant Protection (Kishinev)
and the All-Union Institute of Plant Protection
(Leningrad), among others.

To disseminate the results of the research
work, conferences of various levels addressing
biological plant protection methods were orga-
nized and held at the institute with the direct
participation of laboratory staff. For instance, in

BMikhalev A.1. Production of gnotobiotic insects, using the greater wax moth Galleria melonella L. as an example // Scientific and
Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1978, Issue 30, pp. 45—46.

¥Shiabova T'N., Bukharov Yu.P. Methods for preparing specimens of female root-knot nematodes for examination under a
scanning electron microscope // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products

(SibNIIKhim), Novosibirsk, 1982, Issue 25, pp. 42—44.

NOGuliy V.V., Rakshaina M.Ts. Culture collections of microorganisms pathogenic to plant pests at the Siberian Research Institute
for the Chemicalization of Agriculture // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products

(SibNIIKhim), Novosibirsk, 1978, Issue 30, pp. 5-9.
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1985, the Siberian Branch of VASKhNIL host-
ed an All-Union conference on microbiological
control methods, which brought together partic-
ipants from various regions of the country.

During the period when V.V. Guliy headed
the laboratory—from its inception until 1980—
staff members published over 40 papers in lead-
ing scientific journals, such as “Izvestiya SB
AS SSSR”, “Siberian Herald of Agricultural
Science”, “Problems of Virology”, “Agricul-
tural Biology”, and others. In 1981, the Sibe-
rian Branch of the “Nauka” publishing house
released the monograph ‘“Microorganisms
Useful for Biological Control” by V.V. Guliy,
T.V. Teplyakova, and G.M. Ivanov?®', In 1982,
the book “Microbiological Control of Harmful
Insects” by V.V. Guliy, G.M. Ivanov, and M.V.
Shternshis was published by the Moscow pub-
lishing house “Kolos”*.

Maryana Nikolaevna Aleeva and Lyubov Ni-
kiforovna Chukanova advanced the use of ento-
mophages and acariphages in plant protection.
They conducted observations and experiments
to determine the impact of entomophages on
the population dynamics of aphids, dusky stink
bugs, and lepidopteran pests affecting cabbage
and other crops, and studied the feeding habits
and lifespans of predatory ground beetles and
parasitic insects.

In 1971, a group of entomologists led by
M.N. Aleeva (Candidate of Science in Biolo-
gy) organized the mass rearing of the predatory
mite phytoseiulus—intended to combat spider
mites—at the Kirovets state farm in the Novo-
sibirsk Region, in collaboration with the farm's

specialists and the regional plant protection sta-
tion. In the process, the rearing method for the
acariphage was modified (adapted), enabling
more efficient use of the experimental area and
rationalization of labor costs. Using this meth-
od, 5,000-6,000 predators were collected daily
from 5 m? of the crop, allowing for the coloni-
zation of 1,000 m? of greenhouse space infested
with spider mites*. The species composition of
spider mite acariphages on horticultural crops
has been studied, with the predatory beetle
stethorus emerging as a promising species. The
phenology of stethorus under Western Siberian
conditions was investigated, and trials to assess
its voracity were conducted on raspberries in
1972.

L.N. Chukanova studied the complex of en-
tomophages associated with the frit fly. Spa-
langia fuscipes Nees was the most common
among them. The biological characteristics of
this ectoparasite were investigated under both
laboratory and natural conditions in Siberia’*. A
methodology has also been developed for rear-
ing parasites of the frit fly—trichomalus and eu-
coila—under laboratory conditions*.

A complex of entomophages targeting lepi-
dopteran pests—comprising both parasitic and
predatory species—has been identified on veg-
etable crops, particularly cabbage®. Currently,
there is interest in information regarding the
predatory bug Picromerus bidens L., which, ac-
cording to data from 1974, actively destroyed
caterpillars on cabbage.

Between 1970 and 1973 alone, more than
150 species of entomophages and acariphages

S Guliy V.V., Teplyakova T.V., Ivanov G.M. Microorganisms useful for biological control methods. Novosibirsk: Nauka, 1981, 256 p.
2Guliy V.V, Ivanov G.M., Shternshis M.V. Microbiological control of harmful insects. Moscow: Kolos, 1982, 272 p.

$3Aleeva M.N., Baranov A.N. On the methodology for the mass rearing of phytoseiulus. Biological methods for the control of
agricultural crop pests // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim),

Novosibirsk, 1976, Issue 16, pp. 66—70.

3Chukanova L.N., Spichenko L.N. Entomophage of the frit fly // Scientific and Technical Bulletin of the Siberian Research
Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1972, Issue 1-2, pp. 22-24.

3Chukanova L.N. Methodology for rearing larvae of parasites of the frit fly under laboratory conditions // Scientific and Technical
Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1973, Issue 6, pp. 13—15.

%A4leeva M.N., Chukanova L.N. Entomophages of lepidopteran pests of cabbage in Western Siberia// Scientific and Technical
Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1976, Issue 18, pp. 28-31.
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suppressing the populations of cereal and vege-
table crop pests were identified, many of which
were considered highly promising for use in bi-
ological control®’. Subsequently, this research
was continued by staff members in the Labora-
tory of Agricultural Entomology.

In 1980, SibNIIKhim was reorganized into
SibNIIZKhim—the Siberian Research Institute
of Agriculture and Chemicalization of Agri-
culture. Following V.V. Guliy’s departure for
Kishinev at the invitation of VNIIBZR, the lab-
oratory was led for a time by T.V. Teplyakova,
and from 1983 to 1992, it was headed by M. V.
Shternshis.

In the 1980s, research on the biocontrol
method also paid significant attention to search-
ing for entomopathogenic microorganisms and
screening effective strains, studying the biology
and interaction mechanisms of entomopatho-
genic microorganisms with their hosts, devel-
oping production technologies and application
methods for plant protection, creating formula-
tions, conducting field and production trials of
bioproducts, and developing usage standards
for biological plant protection products for the
conditions of Western Siberia.

M.V. Shternshis worked on improving the
preparative forms of bacterial and viral prod-
ucts. This series of her work culminated in the
defense of her doctoral thesis entitled "The fac-
tors for optimizing entomopathogenic prepara-
tions for plant protection” in 1988. In 1990, the
laboratory team was awarded a silver medal at
the VDNKH for developing a new bioprepara-
tion called LEST, and in 1993, based on the pat-
ent obtained for this product, the State Commit-
tee for Science and Technology issued a license
for its mass production.

Another area of the lab's work, still relevant
today, is the use of activating additives to boost
the effectiveness of biopreparations. To increase
the efficiency of entomopathogens, copper and
magnesium sulfates were used—substances that
enhance the ability of the PT main active ingre-
dient (the protein delta-endotoxin) to disrupt
oxidative phosphorylation and respiration pro-
cesses in insect cells®. Substances that increase
cell membrane permeability for biological mac-
romolecules (dimethyl sulfoxide), substances
that initiate chain free radical reactions (hydro-
gen peroxide, salts of divalent iron, etc.), and
enzymes that break down the chitin molecules
of insects and mites (chitinase) have also been
tested as the activating additives for microbial
insecticides™.

Lyubov Anatolyevna Osintseva, who became
a staff member of the biomethods laboratory in
1981, worked on microbiological protection of
cabbage from a complex of leaf-eating pests.
Together with Dmitry Alexandrovich Shtun-
dyuk, she improved the technology for aerosol
application of bacterial preparations. Using the
example of treating cabbage with the bioprepa-
ration Lepidocide, a method was developed to
control the distribution of bacterial spores and
crystals on plants when using microbial aero-
sols, which made it possible to establish the op-
timal operating modes for aerosol generators*.
Later on, L.A. Osintseva's scientific interests
included studying and developing technology
for trap crops in cabbage plantings to combat
cruciferous flea beetles (1996). As a result of
the completed research, recommendations were
published titled “Protecting cabbage from pests,
diseases, and weeds in the conservation areas of

Y Guliy V.V. Main results and prospects for the biological control of insect pests of agricultural crops in Siberia and the Far East //
Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk, 1976, Issue

16, pp. 13-19.

BSternshis M. V. Improving the efficacy of microbiological control of pest insects. Novosibirsk, 1995. 194 p.

¥Sternshis M.V. Enhancing the activity of entomopathogenic preparations // Agricultural Biology, 1983, No. 6, pp. 96-98.

“Q0sintseva L.A. A method for monitoring the distribution of bacterial spores and crystals on plants when using microbial
aerosols // Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Products (SibNIIKhim), Novosibirsk,

1988, Issue 5, pp. 41-44.
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the forest-steppe of Priobye™!. Lyubov Anatol-
yevna defended her candidate and doctoral dis-
sertations on research topics in 1988 and 1998.

For a short time, Natalia Grigoryevna
Vlasenko worked in the laboratory. She con-
ducted research on the possibility of using bio-
preparations against rapeseed pests, studied the
effects of biopreparations on the dietary needs
of insect pests, and developed a method for trap
crops®. In 1986-1987, N.G. Vlasenko and Oleg
Venidiktovich Kulagin conducted the first labo-
ratory and field experiments in Siberia to evalu-
ate the impact of sublethal doses of Lepidocide
and Bitoxibacillin on the feeding behavior of
leaf-chewing pests affecting this crop. Subse-
quently, the results of years of research on pro-
tecting rapeseed from harmful organisms were
summarized in a monograph [8].

In the late 1980s and early 1990s, 1.V. Andre-
eva, O.G. Tomilova, and V.P. Tsvetkova—grad-
uates of the Novosibirsk Agricultural Institute
(now the Siberian State University of Engineer-
ing and Biotechnology)—joined the laborato-
ry’s research on microbiological control meth-
ods as PhD students under the supervision of
M.V. Sternshis. Together with N.I. Ermakova
and M.V. Sternshis, Vera Pavlovna Tsvetko-
va demonstrated the potential of the combined
use of baculoviruses—specifically granulosis
virus—and a bacterial preparation to control
populations of the meadow moth*. Oksana
Grigoryevna Tomilova has developed an expert
system for protecting cabbage against pests and
identified opportunities for its improvement*.
Irina Valeryevna Andreeva investigated the mi-
crobiological control of the common spider mite
in protected-ground conditions and methods for
enhancing the efficacy of biopesticides through

the use of tank mixtures of multiple microbial
pathogens, the combined application of biope-
sticides with entomophages and acariphages,
and the use of activating additives that boost
the action of microbial agents*. The research
conducted resulted in the successful defense of
Candidate of Science dissertations by these staff
members in 1993, 1995, and 1996, respectively.

In 1992, a redistribution of scientific person-
nel took place. A group of staff members from
SibNIIZKhim, led by M.V. Shternshis, trans-
ferred to Novosibirsk State Agrarian University,
where they continued their research in the field
of biological plant protection alongside their
teaching duties. In 1996, the Department of Bi-
ological Plant Protection was established within
the Faculty of Plant Protection; M.V. Shtern-
shis became its head and the leader of the re-
search program on biological control methods.
Subsequently, as research in this field expand-
ed with the active participation of department
staff, graduate students, and undergraduates, a
scientific school dedicated to biological plant
protection in Siberia was established—one that
remains productive to this day. Its success is ev-
idenced by the emergence of new specialists in
the field of biological plant protection—includ-
ing Candidates and Doctors of Science—as well
as the publication of world-class articles [9—-13],
monographs [4, 14-16], industry recommen-
dations, teaching aids, and a textbook used in
the educational process. The most significant
among them are: “Increasing the efficiency of
microbiological control of harmful insects”
(M.V. Shternshis, 1995), the series of study
guides “Biological preparations in plant pro-
tection” (M.V. Shternshis, I.V. Andreeva, O.G.
Tomilova, F.S.-U. Dzhalilov, 2000), and “Ento-

#Osintseva L.A., Sychuzhnikova G.G. Protection of white cabbage against pests, diseases, and weeds in environmentally sensitive
cultivation zones of the Ob region forest-steppe: recommendations. Novosibirsk, 1995, 20 p.
“Vlasenko N.G., Kulagin O.V. Trap crops in a rapeseed field // Plant Protection, 1993, No. 6, p. 48.

B Tsvetkova V.P. The granulosis virus of the meadow moth as the basis for a pest-control preparation: abstract of a dissertation for
the degree of Candidate of Agricultural Sciences. Novosibirsk, 1993, 18 p.

“Tomilova O.G., Shternshis M.V. Expert system for protecting cabbage from pests // Plant Protection, 1993, No. 12, pp. 30-31.

“Andreeva 1.V, Shternshis M.V. Microbiological preparations against spider mites in greenhouses // Plant Protection, 1995,
No. 11, pp. 41-42.
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mophages in plant protection” (A.S. Babenko,
M.V. Shternshis et al., 2001), “Biotechnology in
plant protection” (M.V. Sternshis, O.G. Tomilo-
va, [.V. Andreeva, 2006) and the textbook “Bio-
logical plant protection” (M.V. Sternshis, F.S.-U.
Dzhalilov, I.V. Andreeva, O.G. Tomilova, 2004).
The new version—a substantially revised edition
of this textbook released in 2018—is reprinted
annually and is in demand among both students
and plant protection specialists.

Work in the biological control laboratory
served as a starting point for many of its staff
members to achieve significant scientific break-
throughs and gain recognition for their contri-
butions to the field of plant protection.
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Posib yueHnoro B GopMupoOBaHUHU IKOJOTMYECKOT0 MUPOBO33PECHMSA
B cepe 3alUUTHI PACTEHUI

<) IBeTkoBa B.II.

Cubupckuii 20cy0apcmeenHbulil YHUBEPCUMEM UHICEHePUU U OUOMEXHON02ULL
HoBocubupck, Poccust

(<)e-mail: vera.cvetkova.23.05@mail.ru

dopmupoBaHUe KaXI0W JTUYHOCTH HAYMHAETCS B JETCKHUE TOAbBI, a (OPMHpPOBaHKE TIPOdeccHo-
HaJIBHBIX KAaueCTB — B MEPHOJ OOyYEHHS B By3€ KaK HEOOXOAMMOW YacTH MOATOTOBKU CIIELIHAJH-
ctoB. Xopoiio chopMupoBanHas IpodeCcCUOHAIbHAS UICHTUYHOCTh IIOMOTAET CTYICHTAM Pa3BUTh
OCMBICIICHHOE MPO(EeCCHOHATBHOE MOHUMAaHKE, YTO 00JerdaeT ux Mepexol K mpoQeCcCHOHATBLHOM
JIeSATEIBHOCTH U 00ecleunBaeT yCTOMYMBOE pa3BuTUE B 3ToM obnactu. Cdepa nesareabHOCTH BbI-
ITyCKHUKOB TIO CTIEIIMATLHOCTH «3aIIUTa PaCTEHUI» — IMHAMUYHO PA3BUBAIOIIASCS O0JIACTh 3aIUTHI
pacTeHUH OT Pa3IMYHBIX BPEIHBIX OPraHU3MOB (BpeauTelneil, Ooie3Hell m copHIkoB). Ha mpoTsike-
HUU BCETO JTalla CBOEr0 CTAHOBJICHUS 3alllMTa PACTCHMI MpeTepIieBaia 3HAYNTEIbHbIE H3MEHEHHUS,
CBS3aHHBIC KaK CO BCGO6HH/IM mporpeccomM, Tak 1 C SKOHOMUYCCKUMHU U COHUATIbHBIMH U3MCHCHUAMU
B oOmiectBe. B Hacrosiiiee BpeMs MPUILIO MOHMMAaHUE HEOOXOIMMOCTH BBIOOPA DKOJIOTHYECKOTO
MyTH Pa3BUTHUS c(ephl 3alIUThl PACTCHHI M MIEPEX0/ia OT UHTEHCUBHOTO MPUMCHEHUSI XUMUYECKUX
MECTUIUAOB K PallMOHAIBHBIM METOJ[aM, TIPE/IITOJIararoIliM HCIIOJIb30BaHUE TIPEXkK/Ie BCEro Oe3omnac-
HBIX ISl YEeJIOBEKa, )KUBOTHBIX M OKPY)KaOIIeH MPUPOIHOI Cpellbl METONO0B, KOTOPhIE HAIlPaBIIEHBI
HE Ha TIOJHOE YHUYTOXKEHHUE, a Ha 00BEKTHBHOE PETYIHPOBAHNE YUCICHHOCTH BPEIHBIX 0OBEKTOB.
Ouensn Ba’XHO, 4TOOBI B DTH TOoJbl pAaAOM GBI.HI/I HaCTaBHUKH, KOTOPBIC MOTYT YBJICYb U, B XOPOIIEM
CMBICJIE 3TOTO CJIOBA, 3aPa3UTh UJCIMU OCPEKHOTO, PAIIMOHAIBHOTO U 3KOJIOTMYECKH 0E30I11acCHOTO
BMEIIIATEIbCTBA B XKUBYIO 000J04Ky muiaHeThl. Ha dakynbreTe 3ammThl pacTeHud B KOHIE XX B.
CIIOXKHJICS KOJUIEKTHB €IMHOMBITINIEHHUKOB, MPOTAaraHANPYOINX OMOIOTHYECKOE HAlpaBICHUE 3a-
IIUTHI PaCTeHHH, CPOPMHUPOBATACh HaydHAs IIKOJA O] PYKOBOJACTBOM mpodeccopa, JOKTopa Ono-
morndeckux Hayk Mapraputsl BnagumupoBusl [lTepammuc. [IpakTuaeckn BCo CBOIO Tpodeccro-
HAJIBHYIO ACATCIIBHOCTD MaprapHTa BJIa):[I/IMI/IpOBHa IMMOCBsATUIIA UBYUYCHHIO, CO3JaHNIO 1 BHCAPCHUTIO
B MIPOU3BOACTBO OMOJIOTMUECKUX areHTOB PEryJslUU YHCICHHOCTU (pUTO(ParoB u (PUTOMATOTCHOB.,
MHOruM CBOMM KOJUIETaM OHa OTKPBUIA MYTh B OOJIBIINYIO HAyKy — IOJ €€ HAyYHBIM PyKOBOJICTBOM
OBLTH TTPOBEICHBI PA3IMYHBIC UCCIICOBAHNS, HAITMCAHKI INCCEPTAINY HAa COUCKAHUE YUCHOH CTere-
HU JIOKTOpa U KaH/AHJaTa HayK.

KaroueBble cjioBa: Gmonornyeckas 3alnuTa pacTeHNH, MaKpo- H MUKPOOHOIOTUYECKNE areHThI,
Hay4Has IIKOJIa, S9KOJIOTUYCCKOC MBIIIJICHUC

The role of a scientist in shaping an ecological worldview
in the field of plant protection

) Tsvetkova V.P.

Siberian State University of Engineering and Biotechnology
Novosibirsk, Russia

(<)e-mail: vera.cvetkova.23.05@mail.ru

Personal development begins in childhood, and the development of professional skills begins
during the acquisition of knowledge in a chosen specialty at university as a necessary part of specialist
training. A well-developed professional identity helps students develop a meaningful professional un-
derstanding, facilitating their transition to professional activity and ensuring sustainable development
in this field. The field of work for graduates of the Faculty of Plant Protection is the dynamically de-
veloping field of plant protection against harmful organisms (pests, diseases, and weeds). Throughout
its entire development stage, plant protection underwent significant changes related both to general
progress and to economic and social changes in society. Currently, there is an understanding of the
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B chepe 3aluThl PACTCHUI

ecological path of development of plant protection and a transition from the intensive use of chemical
pesticides to rational methods using, first of all, the methods that are safe for humans, animals and
the environment, which are aimed not at complete destruction, but at the objective regulation of the
number of harmful objects. It is crucial to have tutors nearby during these years who could inspire
and, in the best sense of the word, and infect with their ideas of careful, rational, and environmentally
safe interventions in the living shell of the planet. At the Faculty of Plant Protection at the end of
the 20th century, a team of like-minded people promoting the biological direction of plant protec-
tion was formed, and a scientific school was established under the leadership of Professor, Doctor
of Science in Biology Margarita Vladimirovna Shernshis. Margarita Vladimirovna has devoted most
of her entire professional career to the study, creation, and implementation in production of biologi-
cal agents for regulating the population of phytophages and phytopathogens. She opened the path to
big science for many of her colleagues — under her scientific guidance, various studies were conduc-
ted, and dissertations for the degree of Doctor and Candidate of Sciences were written.

Keywords: biological plant protection, macro- and microbiological agents, scientific school, eco-
logical thinking
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Anniversaries always stir up memories, for
it is impossible to build the future without the
past...

In 1962, the first group of students was
admitted to the Plant Protection Faculty at the
Novosibirsk Agricultural Institute (NSKhI),
and graduates received the qualification of a
“research agronomist in plant protection”.
This government decision became a response
to the catastrophic shortage of specialists in
this field amidst the threat of epidemics and
mass infestations of agricultural pests. In those
years, in our country, the strategy for protecting
plants from harmful organisms was based on
using agricultural techniques and the intensive
use of chemical agents. By the way, most

land users follow this strategy, and currently,
with active support from chemical pesticide
manufacturers and dealers selling pesticides.
In Russia, an ecological approach to plant
protection 'emerged' in the 1960s—70s and
then further developed. At present, agriculture
is actively adopting biologically based and
environmentally safe technologies to produce
eco-friendly crop and livestock products. It
became clear how effective and beneficial
a biological system for plant protection and
nutrition can be. Unfortunately, so far the use of
biological protection methods is mainly carried
out in greenhouse conditions and, partially, in
vegetable and fruit growing. However, this
method is gradually becoming more and more
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important in integrated plant protection and in
implementing organic farming approaches.

Since 1980, Associate Professor of the
Entomology Department, Candidate of
Science in Agriculture Alexander Vasilyevich
Shtundyuk has been teaching the course
"Biological Plant Protection" at the Faculty of
Plant Protection at NSKhI.

In 1992, Doctor of Biological Sciences
Margarita Vladimirovna Shternshis was invited
to work at the faculty. She had previously
headed the biomethod laboratory at the Siberian
Branch of VASKhNIL. Almost her entire
professional career, Margarita Vladimirovna
has been dedicated to studying, developing,
and implementing biological agents to
regulate the populations of phytophages and
phytopathogens.

By that time, M.V. Shternshis was already
a scientist of international renown: a member
of the East Palaearctic Regional Section of
the International Organization for Biological
Control of Noxious Animals and Plants,
the International Society for Invertebrate
Pathology, the Russian Entomological and
Russian Microbiological Societies (chair
of the Siberian branch), the International
Organization for Biological Plant Protection,
and the Interdepartmental Commission of the
Russian Academy of Agricultural Sciences on

Microbiological Plant Protection Agents.

Margaryta Vladimirovna has opened the
path to big science for many of her colleagues —
under her scientific guidance, various studies
were carried out, and dissertations were
written for doctoral degrees (L.A. Osintseva,
A.A. Belyaev) and candidate degrees (V.P.
Tsvetkova, I.V. Andreeva, T.V. Shpatova, E.L
Shatalova). Nowadays, they teach at their
alma mater and continue to conduct research
in the field of biological regulation of harmful
organisms.

Vera Pavlovna Tsvetkova's research work
is dedicated to the biological control of the
population of various phytophagous insects,

including the meadow moth (Loxostege
sticticalis  L.), Colorado potato beetle
(Leptinotarsa  decemlineata  Say), Italian

locust (Calliptamus italicus L.), twospotted
spider mite (Zetranychus urticae Koch.),
codling moth (Carpocapsa pomonella), using
micro- and macrobiological methods!'? [1,
2]. Research was also carried out to assess
the multifunctional effects of microbiological
agents (strains) and their combinations on
different varieties of field and vegetable
crops, as well as on introductions [3—10]. V.P.
Tsvetkova has written more than 140 scientific
papers and 46 educational-methodical works,
and she is a co-author of two Russian patents.

'Tsvetkova V.P. The granulosis virus of the meadow moth as the basis for a pest-control preparation: Diss. ... Candidate of

Agricultural Sciences. Novosibirsk, 1993, 183 p.

2Sternshis M.V., Ermakova N.I., Tsvetkova V.P. Natural zeolites as carriers for a viral entomopathogenic preparation // Siberian

Journal of Ecology, 1997, No. 6, pp. 585-588.

3Txyvetkova V.P. Specifics of Colorado potato beetle development in Siberia and the control of its population size // Biological
Plant Protection: Achievements, Challenges, and Prospects: Conference Proceedings, Poznan, 2013, pp. 108—110.

4Shternshis M., Tsvetkova V. Comparison of some preparations for the control of Siberian population of Colorado beetle // Infor-

mation Bulletin EPRSIOBC, 2007, N 37, pp. 21-24.

STyvetkova V.P, Gerber O.N., Shternshis M.V. Preparations against the Siberian population of the Colorado potato beetle // Plant

Protection and Quarantine, 2010, No. 1, pp. 34-35.

8Serebrov V.V., Khodyrev V.P, Gerber O.N., Tsvetkova V.P. Prospects for the combined use of entomopathogenic fungi and
chemical insecticides against the Colorado potato beetle (Leptinotarsa decemlineata) // Mycology and Phytopathology, 2005, vol.

39, No. 3, pp. 89-98.

Sternshis M. V., Tsvetkova V.P. Microbiological method for the control of locusts // Plant Protection and Quarantine, 2002, No.

6, pp. 26-27.

8Duzhak A.B., Salganik R.1., Shternshis M.V., Ermakova N.I., Tsvetkova V.P., Andreeva I.V., Kushnikova T.A. The effect of a
chitinase enzyme preparation on the efficacy of biological pest control / Siberian Journal of Ecology, 1995, No. 5, pp. 457—461.

°Poddubnaya E.N., Tsvetkova V.P, Ismailov V.Ya., Zhuravlev S.V. Pheromone monitoring of the codling moth as a basis for pest
control measures in orchards of Western Siberia // Bulletin of the Novosibirsk State Agrarian University. 2008, No. 1 (7), pp. 12-22.

WTsvetkova V.P, Poddubnaya E.N., Glushak O.N. Ecological aspects of the regulation of dangerous phytophagous pest
populations in Siberia // Biological Plant Protection — The Basis for Stabilizing Agroecosystems: Proceedings of a Scientific and
Practical Conference (Krasnodar, Sept. 29 — Oct. 1, 2004). Krasnodar, 2004, Issue 3, pp. 32-34.
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Students always take an active part in
experimental work (both lab and field). Under
the scientific guidance of V.P. Tsvetkova,
four of them continued their research careers
after their studies and defended their PhD
theses: E.N. Poddubnaya (“Improvement of
the techniques and methods for controlling
the codling moth on apple trees based on
monitoring in the Baraba forest-steppe”, 2007),
N.S. Chulikova (“Biological characteristics
of the Colorado potato beetle and potato
protection from this phytophage in the forest-
steppe of the Novosibirsk Priobye”, 2013), A.A.
Zenkova (“Improvement of biotechnology for
the predatory mite Phytoseiulus persimilis
Ath.-H. — a spider mite acariphage”, 2019),
V.S. Maslennikova (“Multifunctional effects
of Bacillus thuringiensis strains on potatoes”,
2023).

V.P. Tsvetkova continues scientific
research in the field of ecological regulation
of phytophagous insects and phytopathogens,
involving undergraduates, master's students,
and postgraduates in the work, and promoting
through teaching the positive results of
implementing the biological method in plant
protection.

Irina Valeryevna Andreeva's scientific
interests include studying the effectiveness
of biopreparations and entomophages used to
protect crops from pests, as well as ways to
improve the biological control of phytophage
populations. She is the author of more than
130 scientific papers and 20 educational-
methodical works, and co-author of 5 Russian
patents [11-14]. Currently, I.V. Andreeva
heads the laboratory of biological control
of phytophages and phytopathogens at the
Siberian Federal Scientific Centre of Agro-
BioTechnologies of the Russian Academy of
Sciences and continues research in the field
of finding, developing, and implementing
promising bioagents for controlling harmful
organisms, involving students and graduate
students in the work.

Theresearch career of Tatyana Vladimirovna
Shpatova—an  Associate  Professor and
Candidate of Science in Agriculture—began
under the guidance of M.V. Sternshis and A.A.
Belyaev. She is currently engaged in studying
biological agents and developing pest-control
products based on them for use on berry crops,
which serve as a primary source of vitamins
in the Siberian climate [15-17]. Years of
collaborative work with the country’s leading
research institution in the field of biological
plant protection—the Federal Scientific
Center for Biological Plant Protection (FSBSI
FSCBPP, Krasnodar)—conducted under the
leadership of A.M. Asaturova, have made it
possible to scientifically evaluate the efficacy
of biological preparations and agents under
Siberian conditions in comparison with
southern Russia [18, 19].

In 1996, the Federal Educational and
Methodological Association gave the faculties
of Russian universities the opportunity to
independentlydevelopspecializationprograms.
The faculty team embraced this news with
great enthusiasm. In the end, programs were
prepared for four specializations, one of which
was “Biological Plant Protection” created
by M.V. Sternshis along with her students
and followers. This marked the beginning
of a new ecology-focused department—the
Department of Biological Plant Protection—
as well as a scientific laboratory for biological
plant protection and biotechnology. The intake
for this specialization was always intense
and based on serious competition. Many
students who studied in this specialization
went on to complete graduate school and
defend their PhD dissertations: T.V. Shpatova,
L.A. Ovchinnikova, O.G. Tomilova, M.A.
Vaskin, A.S. Korobeinikov, E.I. Shatalova,
A.A. Lelyak, and others. Under Margarita
Vladimirovna's scientific guidance, a total of
14 dissertations for the Candidate of Sciences
degree and 5 doctoral dissertations were
defended (L.K. Kameneck, G.V. Barayshchuk,
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N.I. Ermakova, L.A. Osintseva, A.A. Belyaev).

As part of the advanced course programs
developed by M.V. Sternshis and colleagues —
“Insect Pathology”, “Entomophages and
Biopreparations”, “Bioactive Substances”, and
“Regulation of Harmful Species” — students
gained in-depth knowledge in the field of
biological plant protection. During this period,
the department staff also prepared the textbook
“Biological Plant Protection” (2004, 2018)'!, as
well as textbooks recommended by the Ministry
of Agriculture of the Russian Federation for
university students conducting training in
agronomic specialties: "Entomophages in
plant protection" (2001; the team of authors
was awarded a diploma of the II degree of the
Department of Personnel Policy and Education
of the Russian Federation)'?, "Biopreparations
in Plant Protection" (2003)"3, “Biotechnology
in Plant Protection” (2006; The team of
authors was awarded the third-degree diploma
of the All-Russian competition “Agricultural
Educational Book — 200774,

The listed textbooks have become
fundamental, and now students at agricultural
universities in Russia study them. The
textbook “Biological Plant Protection” covers
the theoretical foundations of biological plant
protection; it shows practical use of methods
for environmentally safe suppression of pest
populations, and describes the main agents of
biological control of pests, diseases, and weeds
in crops (microorganisms, entomophages and
acariphages, biologically active substances); an
assessment of the current level of development
in biological plant protection is given; the
increasing role of biological methods in
integrated plant protection, which best
meet the goals of environmental and human

health protection, is shown. This textbook is
republished every year and is used not only
for teaching students but also by practicing
agronomists.

In 2010, in the biographical directory
“Who’s Who in the World” (England), M.V.
Sternshis was recognized as a scholar who
demonstrated outstanding achievements and
made a significant contribution to improving
modern society. Margarita Vladimirovna pro-
moted the use of bioagents in her work as an
environmentally safe method for controlling
pest populations and regularly took part in
regional, all-Russian, and international con-
ferences, meetings, forums, and symposia,
actively involving her students, graduate stu-
dents, and colleagues.

In 2010, M.V. Sternshis's monograph “En-
tomopathogens — the Basis for Bioprepara-
tions to Control Phytophage Populations” was
published!, in 2015 — the monograph “Micro-
biological Control of Phytophage Numbers”
(co-authors: V.P. Tsvetkova, I.V. Andreeva)
[20]. The books highlight the role of natural
enemies (infectious diseases) in controlling
the number of agricultural pests. In 2016, a
collective monograph titled “Biopreparations
Based on Bacillus Bacteria for Managing Plant
Health” was published (co-authors: A.A. Bel-
yaev, V.P. Tsvetkova, T.V. Shpatova, A.A. Lel-
yak, S.A. Bakhvalov) [21]. This scientific work
is a summary of many years of research on
evaluating the potential use of new strains Ba-
cillus thuringiensis, Bacillus subtilis and their
combinations against various harmful objects
of agricultural crops.

The works of M.V. Shtternshis make a sig-
nificant contribution to the development of
the theoretical foundations of biological plant

"Biological Plant Protection: A Textbook for Higher Education Institutions / M.V. Shternshis, F.S.U. Dzhalilov, I.V. Andreeva,

0.G. Tomilova. Moscow, 2004, 264 p.

2Entomophages in Plant Protection: A Textbook / A.S. Babenko, M. V. Shternshis, I.V. Andreeva, et al. Novosibirsk, 2001, 205 p.
3Biological Preparations in Plant Protection: A Textbook / M. V. Shternshis, F.S.U. Dzhalilov, I.V. Andreeva, O.G. Tomilova.

Novosibirsk, 2003, 128 p.

“Biotechnology in Plant Protection: A Textbook / M. V. Shternshis, O.G. Tomilova, I.V. Andreeva. Novosibirsk, 2006, 199 p.
B5Sternshis M.V. Entomopathogens as the basis for biological preparations for controlling phytophagous pest populations.

Novosibirsk, 2010, 160 p.
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protection and the creation of technologies for
the use of microbiological agents!'®. Under her
scientific supervision, colleagues carried out
research funded by the Russian Ministry of Ag-
riculture. In addition, for the first time among
agricultural universities, she won a grant under
the Federal Program “Optimization of the cre-
ation and use of biopreparations for plant pro-
tection with multifunctional properties”, with
which, over three years, the department staff
(M.V. Sternshis, A.A. Belyaev, V.P. Tsvetkova,
T.V. Shpatova) conducted research with active
participation from students [22, 23].

For many years at the Novosibirsk branch
of the All-Russian Scientific Research Insti-
tute of Biological Plant Protection (now FSBSI
FSCBPP, Krasnodar), Margarita Vladimirovna
led scientific research in the field of biologi-
cal plant protection. Since 2008, she has been
overseeing contract-based work with RPC “Re-
search Center” (Koltsovo, Novosibirsk region)
on testing the antagonistic properties of bioag-
ents and proving their protective effects in field
conditions on fruit, berry, vegetable, field, and
decorative crops [24-30].

When transitioning to the two-level high-
er education system (bachelor's and master's),
M.V. Shtjernshis developed her own master's
program, which also turned out to be very pop-
ular with students. Later on, this program was
led by Doctor of Science in Agriculture, Pro-
fessor Anatoly Arkadyevich Belyaev. Under
his guidance, students and graduate students
conducted laboratory and test studies of the an-
ti-stress, antagonistic, and growth-stimulating
properties of biological agents, as well as test-
ed the effectiveness of their protective action in
the cultivation technologies of fruit, berry, and

ornamental flower crops. In 2010, based on the
results of many years of research, A.A. Bely-
aev defended his dissertation for the degree of
Doctor of Science on the topic “Protection of
raspberries from the raspberry cane midge and
stem mycoses in Western Siberia”!’.

The main focus of A.A. Belyaev's scientif-
ic work is the biological justification and de-
velopment of protection measures for fruit
and berry crops. He has published over 200
scientific and educational-methodical works,
including the monograph “Red Raspberry in
the forest-steppe of Priobye”'® and “Bioprepa-
rations based on Bacillus bacteria for managing
plant health” [21], scientific and practical guide
“Diseases and pests of garden crops of the No-
vosibirsk Region™"?, "Gardener and vegetable
grower's handbook"?°, 12 recommendations for
production. A.A. Belyaev is the author of six
patents and certificates of authorship, five va-
rieties of cultivated raspberries, and four tech-
nologies for growing and protecting fruit and
berry crops from pests and diseases, approved
by the Scientific and Technical Council of the
Department of Agro-Industrial Complex of the
Novosibirsk Region. The research results have
been implemented in production and are used
in the technological processes of horticultural
farms in Siberia, other regions of Russia, and
abroad.

Currently, a student and follower of Margar-
ita Vladimirovna Shternshis — Doctor of Sci-
ence in Biology, Professor Ivan Mikhailovich
Dubovsky — continues to oversee the master's
program in “Agrobiotechnology in plant pro-
tection”, adding his own new courses to it:
"Methods of research in plant protection" (Prof.
.M. Dubovsky), "Biological foundations of

Tyvetkova V.P, Maslennikova V.S., Shternshis M.V. Effect of the entomopathogenic fungus Beauveria bassiana Bals. Vuil. on
the Colorado potato beetle Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae) in the Novosibirsk Region // Proceedings
of the XV Congress of the Russian Entomological Society (Novosibirsk, July 31 — Aug. 6, 2017). Novosibirsk, 2017, pp. 522-523.

"Belyaev A.A. Protection of raspberries against the raspberry cane midge and stem-infecting fungal diseases in Western Siberia:
abstract of a dissertation for the degree of Doctor of Agricultural Sciences. Novosibirsk, 2010, 48 p.

8Belykh A.M., Baklanova G.1I., Belyaev A.A. Red raspberry in the forest-steppe of the Ob Region. Novosibirsk, 2004, 128 p.

YDiseases and pests of garden crops in the Novosibirsk Region: a scientific and practical guide to diagnosis, prevention, and
protective measures / A.A. Belyaev, A.M. Belykh, V.P. Tsvetkova, et al. Novosibirsk, 2013, 127 p.

20Combating pests and diseases in gardens and vegetable plots: a reference book for gardeners and vegetable growers / L.P. Berger,
V.N. Sorokopudov, E.A. Melkumova, et al. Novosibirsk, 1997, pp. 496-534.
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plant health management" (Prof. A.A. Bely-
aev), "Technology for producing entomophag-
es and biologically active substances" (Assoc.
Prof. A.A. Zenkova), "Insect physiology and
pathology" (Assoc. Prof. E.I. Shatalova).

Since 2017, the Laboratory of Biological
Plant Protection and Biotechnology, led by .M.
Dubovsky, has been working on developing a
bio-method. The lab staff focus on creating and
improving biological products based on fungal
and bacterial pathogens to protect plants from
insect pests. The synergistic effect of Bacillus
thuringiensis spores and toxins on the mortality
of the Colorado potato beetle has been studied
[31]. Increased effectiveness of entomopatho-
genic bacteria and fungi has been shown when
used together with nanoparticles against the
Colorado potato beetle [32]. The increased vir-
ulence of the fungus Metarhizium robertsii has
been proven when used together with antisense
DNA against the spider mite [33].

Research is also being conducted to study
the mechanisms of insects developing resis-
tance to biological insecticides based on Ba-
cillus thuringiensis bacteria and fungi from the
Metarhizium and Beauveria genera. Epigenetic
changes and the main mechanisms of insect re-
sistance to bacterial infection have been iden-
tified [34, 35]. The exceptional role of nonspe-
cific esterases in insect resistance to Bacillus
thuringiensis has been shown [36]. The de-
velopment process of the fungus Metarhizium
brunneum in the insect cuticle, as well as the
insect response to infection, has been studied
[37]. The role of a metalloproteinase inhibitor
in insect sensitivity to fungal infection has been
noted [38].

Increasing the virulence of entomopatho-
genic fungi and bacteria through passages in
insects and genetic engineering methods is one
of the research directions. A comparison was
made of the life cycle strategies of Bacillus
thuringiensis bacteria in resistant and suscep-
tible insect populations [39]. The virulence and
expression of Bacillus thuringiensis virulence

factor genes were studied under different culti-
vation conditions [40].

Review articles and book chapters have
been prepared on modern methods of genetic
modification of plants, the role of fungal patho-
gens in the development of biomethods, and
the physiological response of insects to the de-
velopment of fungal infections [41-43].

In 2018, an RSF grant for “Microevolution-
ary transformations in the parasite-host system:
the formation of insect defense reactions and
attacking mechanisms of entomopathogens
during coevolution” was awarded, as well as
the Russian President's grant for “Bionanoin-
secticides based on entomopathogenic micro-
organisms” (work on the grants was carried
out under the scientific supervision of .M. Du-
bovsky).

In 2019, Candidate of Science in Biology
and the leading researcher at the Laboratory of
Biological Plant Protection and Biotechnology,
Ekaterina Valeryevna Grizanova, was awarded
the President of the Russian Federation’s Prize
in Science and Innovation for young scientists
for discovering new mechanisms of resistance
of agricultural and forest pest insects to Bacil-
lus thuringiensis-based bioinsecticides.

Since 2014, the faculty/department team has
been actively collaborating with the SB RAS
(Institute of Animal Systematics and Ecolo-
gy, Institute of Organic Chemistry, Institute
of Cytology and Genetics, Central Botanical
Garden) and SB RASHN (SibNIIRS, Siberian
Physical and Engineering Institute of Agrarian
Issues, Novosibirsk Zonal Fruit and Berry Ex-
perimental Station named after I.V. Michurin,
SibNIISKhim, Siberian Research Institute of
Fodder Crops, Soy Research Institute (Khakas-
sia), SFSCA RAS). Students from the faculty
have done their pre-graduation internships at
these scientific organizations.

The department teachers are constantly im-
proving and updating the teaching and meth-
odological resources, publishing monographs,
textbooks, and methodological guidelines, in-
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cluding those approved by the Academic Meth-
odological Association and the Ministry of Ag-
riculture of the Russian Federation.

Despite all the difficulties in promoting the
biopesticides and entomophages market (farm-
ers' distrust and lack of knowledge to work
with bioagents, the long latent period of bio-
agents, insufficient stability, viability and re-
sistance to adverse environmental conditions,
lengthy government registration process, pric-
ing policies), the demand for organic products
is growing among the country's population and
the international community. Therefore, further
research is needed to improve the quality and
achieve consistent effectiveness of biological
agents, their production technologies, and opti-
mal application in agriculture and forestry.

The continuity between generations con-
tinues. It's encouraging that young people are
choosing an environmentally friendly approach
to crop production, particularly in biological
plant protection, now at a new, higher level us-
ing advanced technologies, modern equipment,
and based on a deep understanding of the bio-
chemical, physiological, and genetic mecha-
nisms of pests' resistance to various infections.

The professionalism of the team at the De-
partment of Plant Protection at the Siberian
State University of Engineering and Biotech-
nology allows for highly skilled training of
specialists in environmentally safe plant pro-
tection, of course, with proper attention from
the Government to this promising area of the
crop production industry.
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Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk
Hosocubupckas oonacts, p.im. KpacHooOck, Poccus
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IIpuBeneHs! KpaTKkasi HICTOPHsI CTAHOBIICHUSI 3aLUTHl PACTEHUM Kak HaykKu HauuHas ¢ 30-X rogoB
XX B., a TaKXKe HCTOPHS 3apOXKICHUS OMOIOTHUYECKON 3allUThl PACTEHUH W OJHOTO U3 €€ HallpaB-
JieHnit — ucrnonb3oBanust suToModaroB. o 1929 r. opranuzauueil 1 npoBeACHUEM OIEPAaTHBHBIX Me-
POIIPUATHH, HAOMIOACHUH M HAYYHBIX MCCIICAOBAHMHN IO 3alIMTE PACTEHMH 3aHMMaIMCh Bropo 1o
sHTOMOJIOTHH, bropo mo muxonoruu u ¢utonarosoruu, Cubupckoe sHTOMONIOTHYEcKoe Oropo, I'y-
OepHCKHE YHTOMOJIOTHYECKHE OI0pO, CTAHIINH 3aIUTH PACTCHUN U CEIbCKOX03HCTBEHHBIE OTIBITHBIE
CTaHIIMH, CO3J[aHHbIE B Hadajie XX B. HAYYHbIE yUPEKACHUS, U IpyTHe oprannzanuu. O0pazoBaHue B
1929 . BACXHMWJI, B 1969 1. — Cubupckoro otaeneuust BACXHIJL, a B ero coctae Cubupckoro Ha-
YUHO-MCCIIE0BATEIbCKOI0 HHCTUTYTA XUMHU3ANH celbckoro xo3stiicTBa (CuoHUMWXum) no3sonuiio
3HAUYUTEILHO YBEIHYUTh 00bEMBI TEOPETHUECKUX U MPUKIIATHBIX HCCIICOBAHUI 10 BCEM HalpaBiie-
HUSIM CEJILCKOXO35MCTBEHHON HAyKH, BKIIIOYas 3allIUTY PACTEHUM, TOBBICUTh METOANYECKUI YPOBEHb
WCCIIEZIOBAaHUH 3a CYET NMPUTOKA HOBBIX COTPYIHUKOB, OOecTieueHHs prOopaMu 1 000pyITOBaHUEM,
COBEPIIIEHCTBOBATH KOOPIWHAIIMIO HAYYHO-HCCIen0BaTeNbekoi padoTel. CHOHUWXum B TOM umcie
3aHUMAJICS] BOMPOCAMHU YCOBEPIIEHCTBOBAHUSI XUMUUYECKUX MEPOIPUSITUH MO 3alIUTE PACTCHUN HA
OCHOBE MOBBILICHUSI SKOHOMUYHOCTH, 0€30MaCHOCTU X ISl TOJIC3HBIX OPTaHU3MOB M MCKITIOUCHHS
OCTAaTKOB MECTHUIMJOB B CEJIbCKOXO3ANCTBEHHON MPOAYKLMH, N3yUYEHHEM €CTECTBEHHBIX PECYpCOB
9HTOMO(]AroB Ha 3ePHOBBIX U OBOIIHBIX KYJIBTYpax M pa3paboTKOW CIIOCOOOB UX UCIIOIB30BAHUS B
KOMIUIEKCHBIX CUCTEMaXx 3allMThl pacTeHUM. J[J1s1 BBIIOJHEHUS TOCYIapPCTBEHHOTO 3a/1aHHsI B TCUCHHE
1971 r. B CubHMMNXume Hapsiay ¢ 1abopaToprsMy arpOXUMHUYECKOTO HAIpaBJIeHUs, TabopaTopwsi-
MU TepOHIINIOB, (DUTOMIATONIOTHH OPTaHU30BaHbI TA0OPATOPHH OMOMETOIA U CEIThCKOXO3SIHCTBEHHOM
sHTOMOJIOTHH. [IpuBenena ncropusi U3y4eHus: SHTOMO(pAroB — BpeIUTEICH CeIbCKOXO3SHCTBEHHBIX
KyabTyp B 3ananHoii Cubupu.

KiiroueBble cjioBa: Kparkas HCTOPUS, 3al[UTa PACTCHUH, BPEUTENN, OMOMETO]], SHTOMO]ArH

On the history of plant protection and the study of entomophages of
agricultural pests in Western Siberia

)Bokina I.G.

Siberian Federal Scientific Centre of Agro-Biotechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<X)e-mail: irina.bokina@mail.ru

A brief history of the development of plant protection as a science starting from the 1930s is
presented, as well as the history of the emergence of biological plant protection and one of its direc-
tions — the use of entomophages. Until 1929, the organization and conduct of operational activities,
observations, and scientific research on plant protection were carried out by the Entomology Bureau,
the Mycology and Phytopathology Bureau, the Siberian Entomological Bureau, the Provincial Ento-
mological Bureaus, plant protection stations and agricultural experimental stations, scientific insti-
tutions established at the beginning of the 20th century, and other organizations. The establishment
in 1929 of VASKhNIL, in 1969 of the Siberian Branch of VASKhNIL, and within it of the Siberian
Research Institute of Agriculture and Chemicalization of Agriculture (SibNIIKhim) made it possible
to significantly increase the volume of theoretical and applied research in all areas of agricultural
science, including plant protection, to raise the methodological level of research due to the influx of
new staff, provision of instruments and equipment, and to improve the coordination of research work.
SibNIIKhim, among other things, dealt with the issues of improving chemical measures for plant pro-
tection based on increasing their cost-effectiveness, safety for beneficial organisms, and eliminating
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Bokina I.G.

pesticide residues in agricultural products, studying the natural resources of entomophages in grain
and vegetable crops, and developing methods for their use in integrated plant protection systems. In
order to fulfill the state assignment during 1971, alongside the laboratories of the agrochemical direc-
tion, herbicide laboratories, and phytopathology laboratories, SIBNIIKhim organized laboratories of
biometry and agricultural entomology. The history of the study of entomophages of agricultural crop

pests in Western Siberia is provided.

Keywords: brief history, plant protection, pests, biomethod, entomophages
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In the European part of the Russian Empire,
the Scientific Committee established in 1837
under the Ministry of State Property, which
was transformed in 1894 into the Ministry of
Agriculture and State Property, was responsible
for spreading agronomic knowledge among
peasants and teaching methods to combat
agricultural pests. To separate research and
administrative tasks, various bureaus were
created under the Scientific Committee: in
1894 — the Bureau of Entomology, headed
by L.A. Porchinsky, and in 1907 — the Bureau
of Mycology and Phytopathology (A.A.
Yachevsky)!. By 1914, provincial entomological
bureaus had been established in various regions
of the European part of Russia.

As agriculture developed in Siberia, with
a main focus on producing commercial grain,
questions also arose about protecting crops from
harmful organisms. To address these issues, the
Siberian Entomological Bureau was established
in Omsk in 1918-1919, and Provincial
Entomological Bureaus were set up in Tomsk
and Barnaul®>. From that time, systematic work
on plant protection began, which included

organizing and carrying out operational
activities, monitoring, and scientific research.

Primarily based on entomological bureaus, in
1922 plant protection stations (STAZR) were set
up in Omsk, Tomsk, Barnaul, and Irkutsk (see
footnote 2). In 1925, based on the resolutions
of the Presidium of the All-Russian Central
Executive Committee (VTsIK), the provincial
administrative-territorial system was abolished
and the Siberian Krai was established’. In the
same year, the Siberian Regional Plant Protection
Station was established in Novonikolayevsk. A
little later, a plant protection station was opened
in Krasnoyarsk.

On June 25, 1929, the Council of People's
Commissars of the USSR issued a decree on
the establishment of the All-Union Academy of
Agricultural Sciences named after V.I. Lenin.
This date is considered the founding day of
VASKHNIL. In November 1929, on the initiative
of academician N.I. Vavilov, the All-Union
Scientific Research Institute of Plant Protection
(VIZR) was organized as part of VASKhNIL,
becoming the leading scientific institution in this
field. After the division of the Siberian Territory

'Agricultural Scientific Committee // Runiversalis Encyclopedia. URL: https://pyan.pd/CenpckoX03sIiCTBEHHBIH  yUEHBIH KO-

mutet#llonoxenne Ydenoro komutera B 1894-1905 rr.

2Ivanov O.A. Development of plant protection science in Siberia // Plant Protection News, 2000, No. 2, pp. 65-66.
*Resolution of the All-Russian Central Executive Committee (VTsIK) of 1925 "On the Formation of the Siberian Krai" and "On
the Enactment of the Statute on the Siberian Krai" // State Archive of the Novosibirsk Region URL: https://archive.nso.ru/page/176
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into Western and Eastern Siberia in 1930, the
regional STAZRs were disbanded and the West
Siberian STAZR was organized, becoming a
branch of VIZR in Novosibirsk, while instead of
the Irkutsk and Krasnoyarsk STAZRs, there was
the East Siberian STAZR, reorganized in 1937
into the Irkutsk support point of VIZR.

The development of plant protection in
Siberia was greatly helped by the establishment
of scientific institutions: in Omsk in 1918 —
the Siberian Agricultural Academy (later the
Omsk Agricultural Institute named after S.M.
Kirov), and in 1933 — the Siberian Research
Institute of Grain Farming (since 1956 — the
Siberian Research Institute of Agriculture). In
1935, the Novosibirsk Agricultural Institute
was established, and in 1949 in Barnaul — the
Altai Zonal Research Institute of Agriculture
and Animal Husbandry (since 1956 — the Altai
Research Institute of Agriculture). In 1956, based
on the Kamalinsk State Breeding Station, the
Krasnoyarsk Research Institute of Agriculture
was established. Employees of these scientific
institutions, Tomsk State University, STAZR,
and agricultural experimental stations (AES)
worked on various areas of plant protection.
Within STAZR, alongside diagnostic and
forecast labs for determining residual pesticide
levels in agricultural products, labs for biological
pest and disease control methods were also being
set up.

On November 14, 1969, the Council of
Ministers of the USSR issued Resolution No.
887 “On measures to create a research complex
for the development of agriculture in Siberia and
the Far East™; this was intended to accelerate
the pace of agricultural development, enhance
the role of science in the development of the
productive forces in these regions, and improve
the coordination of research work. In accordance
with the resolution, at the suggestion of the
Ministry of Agriculture of the USSR, the Council
of Ministers of the RSFSR, and VASKhNIL,

a decision was made to establish the Siberian
Branch of VASKhNIL near Novosibirsk. As
part of this branch, along with other institutes,
the Siberian Research Institute for the
Chemicalization of Agriculture (SibNIIKhim)
was established on the basis of the Novosibirsk
VIZR station. Its first director was Oleg
Alexandrovich Ivanov, Candidate of Biological
Sciences (1970-1975). Initially, the institute’s
research units were located in various places in
Novosibirsk and its surroundings (the village of
Ogurtsovo). In 1975, a six-story building of the
SibNIIKhim, as well as a greenhouse complex,
were put into operation in the urban-type
settlement of Krasnoobsk. The establishment
of the Siberian Branch of VASKhNIL made it
possible to significantly increase the volume of
theoretical and applied research in all areas of
agricultural science, including plant protection,
and to raise the methodological level of research
thanks to the influx of new staff and the provision
of instruments and equipment.

One of the first tasks of the State Committee
for Science and Technology under the Council
of Ministers of the USSR, assigned to SB
VASKhNIL, was to develop measures for the
integrated chemicalization of agriculture in the
regions of Siberia and the Far East (see footnote 4).

SibNIIKhim focused on improving chemical
plant protection measures by increasing their
efficiency, ensuring they are safe for beneficial
organisms, and eliminating pesticide residues in
agricultural products. It also studied the natural
resources of entomophagous organisms on grain
and vegetable crops and developed methods for
theiruse inintegrated plant protection systems. To
fulfill the state assignment, in 1971, SibNIIKhim
established laboratories for biotechnological
methods and agricultural entomology, along
with laboratories specializing in agrochemical
research, herbicides, and phytopathology.

In 1971, the biotechnological laboratory
was headed by Vladimir Vasilyevich Guliy,

“Electronic Library of Historical Documents (ELHD). URL: https://docs.historyrussia.org/ru/nodes/355658#mode/ inspect/

page/1/zoom/4
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a researcher at the Virology Laboratory of the
Biological Institute of the Siberian Branch
of the USSR Academy of Sciences, and later
the scientific secretary of the Presidium of the
Siberian Branch of the All-Union Academy of
Agricultural Sciences, Candidate of Science
in Biology. In 1973, he defended his doctoral
dissertation entitled “Polyhedrosis and granulosis
in phytophagous insects of the Siberian fauna”.
Together with the staff of the former Novosibirsk
VIZR station M. N.N. Aleeva, L. N.N. Spichenko,
L.N. Chukanova, the biomethod laboratory
included T. V. Teplyakova, M.V. Sternshis,
M.C. Rakshaina, N.I. Ermakova, G.M. Ivanov,
L.A. Krupko, Z.N. Alekseeva, N.G. Babushkina,
N.M. Makhova, F.L. Gushchin, S.Yu. Rybina,
and others. The main activity of the laboratory
was the development and improvement of a
microbiological control method. After V. V.
Guliy, Tamara Vladimirovna Teplyakova led
the work of the laboratory for some time, then
Margarita Vladimirovna Sternshis (in 1987 she
defended her doctoral dissertation "Principles of
increasing the effectiveness of entomopathogenic
drugs for plant protection"). In the 80s of the XX
century, L. A. Osintseva (1981), N.G. Vlasenko
(1986), 1.V. Andreeva (1988), O.V. Kulagin,
D. A. Shtundyuk, N.V. Lobanova and others
became employees of the laboratory.

At the end of 1971, Nikolai Nikolaevich
Gorbunov, Candidate of Science in Agriculture,
whohadpreviously workedas Deputy Director for
Scientific Work at the Zyryanovsky Agricultural
Experimental Station in the East Kazakhstan
region, became head of the Laboratory of
Agricultural Entomology. The laboratory staff
included R. N. Fisechko, T. D. Runeva, N.N.
Poskolny, T.A. Sobakar, A.F. Timokhina, V.I.
Krivokhizhin, and N.N. Ivanova, who studied
phytophagous insects and measures to control
them. In 1984, N.N. Gorbunov defended his
doctoral thesis"Scientific foundations of the
construction of monitoring systems for harmful
insects in the protection of field crops in Western
Siberia". Victor Aleksandrovich Korobov was

accepted into the laboratory in 1985, and in
1988, after N.N. Gorbunov joined the National
Research Institute of Agricultural Sciences, he
became the head of this laboratory (in 2006 he
defended his doctoral thesis "Protection of soft
spring wheat from a complex of specialized pests
in Western Siberia and Northern Kazakhstan").
After completing her studies at the Institute, I. G.
Krotova (Bokina) became a graduate student at
the laboratory, (since 1984) she was a laboratory
assistant, then E.Yu. Marmuleva (since 1986)
became the graduate student of this laboratory.

In 1980, due to the expansion of the tasks
assigned to the institute, SIBNIIKHIM was
transformed into the Siberian Research Institute
of Soil Management and Chemicalization of
Agriculture (SIBNIIZKhIM), while maintaining
the status of a methodological and coordinating
center for research on plant protection in
Siberia and the Far East. SIBNIIZKhIM was
headed (1980-1989) by Doctor of Science in
Biology (later academician of the VASKhNIL
RAS) Valery Ivanovich Kiryushin, since 1990
- Candidate of Science in Agriculture Anatoly
Nikolaevich Vlasenko (later Academician of
RAAS RAS). Four departments were established
at the Institute: agriculture, agro-soil science,
agrochemistry, and plant protection (the first head
was Doctor of Science in Agriculture Valentina
Andreevna Chulkina). In the 80s and 90s,
plant protection research programs were aimed
at developing integrated protection systems
in the context of intensive plant cultivation
technologies. At the same time, special attention
was paid to environmental issues.

During the 1990s, as a market economy
was taking shape in the country, many staff
members from the agricultural entomology
and biological control laboratories moved
from SibNIIZKhim to Novosibirsk Agrarian
University (M.V. Shternshis, L.A. Osintseva,
N.I. Ermakova, V.A. Korobov, I.V. Andreeva), to
VIZR (N.G. Babushkina), and to the Novosibirsk
Station for Chemicalization (T.A. Sobakar,
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A.F. Timokhina). Somewhat earlier, in the
1980s, T.V. Teplyakova had transferred to the
All-Russian Research Institute of Molecular
Biology. Some of the remaining staff moved to
other laboratories, while others left the field of
science.

After V.A. Chulkina left for NSAU, the Plant
Protection Department of SibNIIZKhim was
headed by Lyudmila Filippovna Ashmarina
(Candidate of Science in Agriculture, and Doctor
of Science in Agriculture from 2005), followed
by Nataliya Grigoryevna Vlasenko (Candidate
of Science in Biology).

In the 1990s, based on the research
conducted at SibNIIZKhim, T.V. Teplyakova
(1992, "Biological aspects of the study and
use of predatory hyphomycete fungi") and N.I.
Ermakova (1992, "Optimization of Baculovirus
use for harmful insect population control")
successfully defended their dissertations for the
degree of Doctor of Science in Biology, L.A.
Osintseva (1998, "An environmentally safe
system for regulating the population of leaf-
eating insects in cabbage field agrocenoses"),
N.G. Vlasenko (1999, "Environmentally
adapted protection of spring rapeseed and other
field Brassica crops in the forest-steppe of
Western Siberia"). In 2010, N.G. Vlasenko was
awarded the title of Corresponding Member of
the Russian Academy of Agricultural Sciences
(RASKhN), and in 2016, that of Academician of
the Russian Academy of Sciences (RAS).

In the 1990s, despite a reduction in staff,
SibNIIZKhim continued its research—including
work on plant protection—and established
multifactorial field experiments. Analysis of the
research findings made it possible to develop
plant protection systems that took into account
the phytosanitary status of agrocenoses, the agro-
ecological conditions of crop cultivation, and
the available range of biological and chemical
agents.

Biological control is one of the methods used
for plant protection. One approach within this
method involves the use of entomophages which,
alongside other entomopathogenic organisms,
regulate phytophage populations and maintain
biocenotic balance in agroecosystems.

The first references to entomophages—
predatory and parasitic insects—appeared in
18th-century literature in the works of the French
naturalist René Réaumur, the Swedish naturalist
and taxonomist Carl Linnaeus, and other
scientists who recommended using ladybugs,
lacewings, and parasitic hymenopterans to
suppress aphid populations. In 1760, Linnaeus
put forward the idea of a "balance of nature,"
noting that "plant-eating insects are always
linked to others that destroy them if they become
too numerous">. The study of the predators
and parasites of agricultural crop pests was
initiated by the works of S.A. Mokrzhetsky?®,
ILA. Porchinsky’, N.V. Kurdyumova® °, A.A.
Ogloblin'?, N.A. Grossgeim!!, N.F. Meyer'2, F.G.
Dobrzhansky'3, V.V. Yakhontov'4, G.Ya. Bei-

SKoppel H., Mertins J. Biological Control of Insect Pests. Moscow: Mir, 1980. 429 p.
*Mokrzhetsky S.A. Harmful animals and plants in Taurida Governorate based on observations in 1900, with an indication of

control measures. Simferopol, 1901, 99 p.

"Porchinsky I.A. Our ladybirds (Coccinellidae) and their economic importance // Proceedings of the Bureau of Entomology of the
Scientific Committee of the Main Administration of Land Organization and Agriculture. St. Petersburg, 1912, vol. 9, No. 11, 84 p.

8Kurdyumov N.V. The principal insects damaging cereal crops in Central and Southern Russia. Poltava, 1913, 119 p.

*Kurdjumov N.V. Notes on European species of the genus Aphelinus Dalm. parasitizing aphids (Hymenoptera, Chalcidoidea) //

Revue Russe d'Entomologie, 1913, vol. 13, No. 2, pp. 266-270.

90globlin A.A. On the biology of ladybirds (Coleoptera, Coccinellidae) // Revue russe d'entomologie, 1913, vol. 13, No. 1, pp.

27-43.

"Grossheim N.A. The Barley Aphid (Brachycolus noxius Mordw.): an account of its life history, natural enemies, and potential
control measures // Proceedings of the Natural History Museum of the Taurida Provincial Zemstvo, Simferopol, 1914, vol. 3, 43 p.

2Meyer N.F. Biological method of controlling harmful insects. Moscow; Leningrad: Selkhozgiz, 1937, 188 p.

BDobzhansky F.G. Ladybirds (Coccinellidae) of the Semipalatinsk Governorate // Russian Entomological Review, Moscow;

Leningrad, 1928, vol. 22, No. 1/2, pp. 116-123.
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On the history of plant protection and the study
of entomophages of agricultural pests in Western Siberia

Bokina I.G.

Bienko's, N.A. Telenga!® 7, .A. Rubtsov!® !9,
N.P. Dyadechko® et al. The works of L.A.
Rubtsov, G.A. Viktorov?!, and other scientists
have formulated the theoretical foundations for
utilizing natural limiting factors to regulate the
populations of harmful organisms.

Every pest species has its own entomophages.
As part of the first state assignment, staff
members of the Biological Control Laboratory,
M.N. Aleeva and L.N. Chukanova?? more than 20
species of entomophages targeting lepidopteran
cabbage pests (cabbage moth, cabbage and large
white butterflies, and diamondback moth) have
been identified, and their significant role in
regulating pest populations in Western Siberia has
been noted. The potential of using phytoseiulus
to control spider mites is demonstrated®. L. N.
Chukanova identified entomophages of the fruit
fly?4.

Among the cereal crops that occupy the
bulk of the cultivated area in Western Siberia,
cereal aphids host the greatest number of
entomophages. Situated at the base of the trophic
chains in cereal agroecosystems, aphids serve as
a crucial food source, while the entomophages

associated with them constitute the core of the
entomofaunal species diversity within these
agroecosystems. This facilitates the successful
use of the biological method for controlling aphid
populations and makes chemical intervention
undesirable, given that the disappearance of
any lower link in the food chain leads to the
disappearance of all higher links [1].

Up to 70 specialized and 80 polyphagous
entomophages of cereal aphids have been
identified across various regions of Russia
and neighboring countries®>?’. As polyphages,
the majority of them reduce the populations
of many other pests in cereal crops, thereby
helping to stabilize the phytosanitary situation
in agroecosystems.

In Western Siberia, beneficial insects account
for 31.5% of the 200 insect species found on
spring wheat?®. In wheat fields, there is high
potential pressure from entomophages on
herbivorous species: the ratio of the predators'
daily food requirement to the average seasonal
standing crop of phytophages and saprophages
approaches 1:3 in the region®. Information
on the species composition of predatory and

5Bei-Bienko G. Ya. On the zonation of agricultural crops based on pest complexes (using the wheat field as an example) // Pro-
ceedings of the Leningrad Agricultural Institute. Leningrad, 1939, Issue 3, pp. 123-134.

16Telenga N.A. Biological method of controlling harmful insects (predatory Coccinellids and their use in the USSR). Kyiv: Pub-
lishing House of the Academy of Sciences of the Ukrainian SSR, 1948, 120 p.

"Telenga N.A. On the use of parasites of the family Aphidiidae in the control of migratory aphids // Scientific Works of the
Institute of Entomology and Phytopathology of the Academy of Sciences of the Ukrainian SSR. Kyiv, 1950, Issue 2, pp. 199-209.

BRubtsov I.A. Biological method of controlling harmful insects. Moscow; Leningrad: Selkhozgiz, 1948, 411 p.
YRubtsov I.A. Advances in the biological method of pest control and issues regarding the reconstruction of fauna // Advances in

Modern Biology, 1950, vol. 30, No. 3 (6), pp. 321-344.

®Dyadechko N.P. Coccinellids of the Ukrainian SSR. Kyiv: Publishing House of the Academy of Sciences of the Ukrainian SSR,

1954, 156 p.

UViktorov G.A. Insect population fluctuations as a regulated process // Journal of General Biology, 1965, vol. 26, No. 1, pp. 43-55.
24leeva M.N., Chukanova L.N. Entomophages of lepidopteran cabbage pests in Western Siberia // Scientific and Technical

Bulletin of SibNIIKhim. Novosibirsk, 1972, Issue 18, pp. 28-31.

4leeva M.N., Lazareva T.A., Churkina L.G. Experience with the use of Phytoseiulus for the control of spider mites in Siberia
// Plant Protection: Scientific and Technical Bulletin of the Siberian Research Institute of Chemical Plant Protection (SibNIIKhim).

Novosibirsk, 1972, Issue 1-2, pp. 20-21.

%Chukanova L.N. The frit fly and its entomophages in Western Siberia: abstract of a dissertation for the Degree of Candidate of

Biological Sciences. Leningrad; Pushkin, 1974, 22 p.

ZBerest Z.L. Entomophages regulating the abundance of cereal leaf aphids in wheat fields in the steppe zone of the Right-Bank

Ukrainian SSR // Vestnik Zoologii, 1980, No. 5, pp. 84-87.

2Voronin K.E., Pukinskaya G.A., Lakhidov A.I. Entomophages of major wheat pests // Wheat Field Biocenosis, Moscow, 1986,

pp. 66-80.

Y Kiriyak 1.G. Entomophages of aphids—pests of cereal crops in Moldavia / Entomophages of plant pests. Kishinev: Shtiintsa,

1980, pp. 21-27.

BKlementieva L.B. Entomofauna of spring crops of wheat and barley // Scientific notes of the Omsk State Pedagogical University.

Omsk: Omsk book publishing house, 1961, Issue 14, pp. 33-46.

2Zubkov A.F, Titova R.P. Trophic structure of wheat field biocenoses and its alteration under the influence of chemical treatments
in the Ob region forest-steppe // Entomological Review, 1976, vol. 55, No. 1, pp. 5-18.
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parasitic entomofauna in the Siberian region
was scarce during the initial period of their study
(see footnote 28)30-32,

In the 1970s, M.N. Aleeva and N.G.
Babushkina, at the
control laboratory, initiated a broader study of

researchers biological
entomophages in cereal crops. In the Middle Ob
region, the authors identified 27 predatory and
4 parasitic species®, the study of the biology of
the cereal aphid parasite Praon volucre Hal.3*
has begun. At approximately the same time, 11
species of entomophages of cereal aphids were
recorded in the southeastern districts of the Altai

Territory, including 9 species of coccinellids and
2 species of aphidiids®>3®,

In 1985, research on entomophages at the
Agricultural Entomology Laboratory was
continued by I.G. Krotova (Bokina)—initially
a postgraduate student and subsequently a staff
member of the SibNIIZKhim laboratory. Over
a three-year period in the forest-steppe zone
of Western Siberia, the species composition of
predatory and parasitic insects trophically linked
to cereal aphids—comprising 119 species—
studied in cereal crop agrocoenoses
(spring wheat, oats, winter rye) and on bird

was

134 species trophically associated
with cereal aphids

89species(66,4%) —
entomophages of cereal aphids

75species (84,3%) —
predators

l4species(15,7%) —
parasites

45 species 33,6%) —
entomophage parasites
27species 60,0%) —
parasites predators

—{ Nabidae — 6 species

—[ Anthocoridae — 4 species

—{ Coccinellidae — 17 species

—{ Aphidiidae — 11 species ]

—{ Aphelinidae — 3 species ]

—[ 20 —syrphid parasites ]
—[ 3 —coccinellid parasites ]
]

—[ 3 —lacewing parasites

—[ 1 —chamaemyid fly p@rasites]

—{ Hemerobiidae — 2 species

—[ Raphidiidae — 1 species

—[ Syrphidae — 29 species
—[ Chamaemyiidae — 2species|

CrpyKTypa KOMILIEKCa SJHTOMO(AroB, TPOGUIESCKU CBSI3aHHBIX CO 3JIAKOBBIMU TIISIMH

18 (40,0%) —secondary
parasites

]
]
]
—{ Chrysopidac — 12 species |
J
]
]
J

Miridae — 1 species ]

Lygaeidae — 1 species ]

The structure of the complex of entomophages trophically associated with cereal aphids

9Savoyskaya G.1. On the study of the Coccinellidae of Western Siberia // Scientific Notes of the Tomsk Pedagogical Institute.
Tomsk, 1961, vol. 19, Issue 1, pp. 101-106.

S Filatova I.T. Predatory Coccinellidae (Coleoptera, Coccinellidae) of the Southern Part of Western Siberia: abstract of a
dissertation for the Degree of Candidate of Biological Sciences. Novosibirsk, 1970, 21 p.

32Barannik A.P, Mirzashayekhov R.S. Parasitoid wasps of the genus Lysiphlebus Forster (Hymenoptera, Aphidiidae) in the
Kuznetsk Basin // Ecology and Geography of Arthropods of Siberia. Novosibirsk, 1987, pp. 165-166.

$34leeva M.N., Babushkina N.G. Entomophages of cereal aphids // Collection of scientific works of SibNIIZKHim. Novosibirsk,
1977, No. 3, pp. 69-78.

34leeva M.N. On the biology of the aphidiid Praon volucre Hal. in the Middle Ob region // Scientific and Technical Bulletin of
the Siberian Research Institute of Agriculture and Chemicalization (SibNIIZHim). 1976, Issue 16, pp. 58-65.

33Semenov P.V. Parasites of cereal aphids in the Altai Territory // Siberian Herald of Agricultural Science, 1979, No. 5, pp. 99-100.

3Semenov P.V. Ladybirds as predators of cereal aphids // Siberian Herald of Agricultural Science, 1982, No. 5, pp. 45-48.
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cherry, the primary host of the bird cherry-oat
aphid?’. Subsequently, another 15 species were
recorded?® [2].

Of the 134 species of entomophages, 89
(66.4%) are entomophages of cereal aphids, and
45 (33.6%) are parasites of these entomophages.
Among the entomophages, 75 species (84.3%)
are predators, and 14 (15.7%) are parasites.
Of the 45 species of parasites of cereal aphid
entomophages, 27 (60.0%) are parasites of
predators, and 18 (40.0%) are hyperparasites
or secondary parasites of cereal aphids (see the
figure).

Of the identified entomophages, four species
were new to science: Phaenoglyphis sp.,
Alloxystasp.1,Alloxystasp.2, Tetrastichus sp.; 3 —
for the fauna of the former USSR: Nineta inpun-
ctata, Woldstedtius holarcticus and Dendrocerus
remaudierei; 29 — recorded for the first time in
the fauna of Western Siberia: Chrysopa per-
plexa, Raphidia xanthostigma, Leucopis glyph-
inivora, Ephedrus nacheri, Parapraon necans,
Praon flavinode, Aphidius rhopalosiphi, Trioxys
auctus, Aphelinus transversus m A. asychis,
Diplazon scutatorius, Sussaba cognata cognata,
Syrphophilus tricinctorius, Syrphoctonus tarsa-
torius, S. nigritarsus nigritarsus, Woldstedtius
flavolineatus, W. biguttatus, W. abdominator,
Pachyneuron groenlandicum, P. formosum,
Dendrocerus laticeps, D. basalis, D. aphidum,
Phaenoglyphis villosa, Ph. fuscicornis, Alloxys-
ta mullensis, Alloxysta sp. aff. victrix, Melanips
opacus, Baryscapus principiae.

Staff members of the Zoological Institute
of the Russian Academy of Sciences and the
All-Russian Institute of Plant Protection (St.
Petersburg) provided significant theoretical
and practical assistance in determining the
species composition of predatory and parasitic
insects, KazNIIZR, the Institute of Zoology
of the Academy of Sciences of Kazakhstan
(Alma-Ata), GruzNIIZR (Tbilisi), the All-

Russian Research Institute of Biological Plant
Protection of RAAS (Krasnodar), the Institute
of Systematics and Ecology of Animals of the
Siberian Branch of the Russian Academy of
Sciences (Novosibirsk), Moscow Pedagogical
University, Voronezh State University, and the
All-Union Research Institute of Biological
Plant  Protection  (Kishinev): Izyaslav
Moiseevich Kerzhner (1936-2008), Victor
Borisovich Golub — Nabidae, Anthocoridae;
Galina Ivanovna Savoyskaya (1925-2017),
Valentin Pavlovich Semyanov (1936-2016) —
Coccinellidae; Galina Ivanovna Dorokhova —
Chrysopidae, = Hemerobiidae, = Raphidiidae;
Anatoly Vasilievich Barkalov — Syrphidae;
Vitaly Nikolaevich Tanasiychuk (1928-2014) —
Chamaemyiidae; Vadim Filippovich Zaitsev
(1934-2012) — Phoridae; Dmitry Rafaelovich
Kasparyan, Andranik Rafaelovich Manukyan —
Ichneumonidae; Ivan Georgievich Kiriyak —
Aphidiidae; Valentina Adamovna Yasnosh
(1924 — after 2008) — Aphelinidae; Clarissa
Alekseevna Dzhanokmen — Pteromalidae;
Vladimir Alexandrovich Tryapitsyn (1928-
2023), Viktor Vladimirovich Kostyukov -
Pteromalidae, Eulophidae, Encyrtidae; Mikhail
Alekseyevich Kozlov (1936-2006), Vladimir
Nikolaevich  Alekseev =~ —  Megaspilidae;
Oleg Vasilyevich Kovalev (1937-2019) -
Alloxystidae, Figitidae; Sergey Alexandrovich
Belokobylsky — Heloridae. Interactions with
entomologists took place either in person or
through the exchange of parcels containing
insects and letters that arrived after the species
had been identified. I will always remember
these scientists with warmth and deep gratitude.

Based on a study of the long-term and
seasonal population dynamics of aphids and
their entomophages—as well as their biology,
synchrony with aphid development, predator
voracity, and rates of aphid parasitism—
the dominant aphidophagous species were

3 Krotova I.G. Species composition of entomophages of cereal aphids (Homoptera, Aphididae) in Western Siberia // Entomological

Review, 1989, vol. 68, N 1, pp. 51-55.

BKrotova 1.G. Entomophages of cereal aphids in grain crops in the northern forest-steppe zone of the Ob region: abstract of a
dissertation for the degree of Candidate of Biological Sciences. Novosibirsk, 1992, 18 p.
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identified, and criteria for their effectiveness
were established®#. In 2000, I.G. Bokina
was included in the publication *Who's Who
in the World 2000* (USA) in recognition of
her scientific work. In 2009, she defended her
doctoral dissertation, titled "Agroecological
Rationale for the Use of Entomophages in
Protecting Cereal Crops from Aphids in the
Forest-Steppe Zone of Western Siberia".
Subsequent research focused on the
bioecological characteristics of predatory and
parasitic species and their role in reducing
pest population densities. Studies conducted in
laboratories specializing in intensive cultivation
technologies, grain crop production, and crop
rotation systems examined the impact of
various agronomic practices on entomophages;
meanwhile, the agrocoenology laboratory
investigated the effects of No-Till technology
on entomophages and explored methods for
maintaining high population densities of
beneficial species within agrocoenoses [3—11].
In the 1990s, E.Yu. Marmuleva, under the
supervision of R.N. Fisechko, obtained original
data on the entomophages of the pea aphid.
In 2001, she began working at NSAU, and in
2004, she defended her Candidate of Sciences
dissertation®. The primary focus of her future
research is the study of the bioecological
characteristics of pests and the regulatory role
of entomophages in agroecosystems, as well
as the refinement of systems for optimizing

phytosanitary technologies for field crop
cultivation in Western Siberia, based on advances
in epiphytotiology.

In 2016, the Laboratory for the Biological
Control of Phytophages and Phytopathogens
was established at the Siberian Federal Scientific

Centre of Agro-BioTechnologies of the Russian
Academy of Sciences (SFSCA RAS). Under
the leadership of I.V. Andreeva (Candidate of
Science in Agriculture), its staff continued the
traditions of the biocontrol and agricultural
entomology laboratories of SibNIIZKhim.
The use of entomophages and other natural
mechanisms for regulating pest populations
will remain a promising area of biological plant
protection.
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IPpPeKTUBHOCTL NPUMEHEHHSI 0AKTEPUH-AHTATOHUCTOB
(puTonaToreHHbLIX rPUOOB B MO/IEJILHOM IKOCHCTEME

<)Axumona E.E.!, 3i06anosa T.U.!, Munaesa O.M.!-2

'Cubupckuii nayuno-ucciedosamenbCKull UHCMUMYM CelbCKO20 X03AUCmea u mopga — unuan
Cubupckoeo ghedepanvroeo HayuHo2o yenmpa azpoouomexuonozuti Poccutickou akademuu nayk
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[To mepe pa3BUTHS cUCTEM KOHTPOJIHUPYEMOTO 3eMJIe/IeNNs — OT TETUIUI] K MTOTy3aMKHYTBIM OpaH-
JKEPEHHBIM KOMIUIEKCAM U Jjaliee K 3aMKHYTBHIM BEPTHKAIBHBIM (hepMaM U OMOpereHepaTuBHBIM CH-
cTeMaM KH3HeoOecTiedeHHsI — BO3pacTaroT TpeOoBaHUA K (hUuToCaHUTApHOMN 030MaCHOCTH U OTPaHU-
YHBAIOTCS BO3MOYKHOCTH IIPUMEHEHHS XUMHYECKUX (DYHTHIINIOB. [lepCrieKTHBHBIH TOIX0/] K KOHTPO-
JIF0 BO3MOXKHBIX 3MU(DUTOTUH — UCIOJIb30BaHUE OAKTePHIT-aHTAarOHUCTOB poja Pseudomonas, cro-
COOHBIX MOJABIIATH (PUTOMATOTCHBI U MHAYIIMPOBATh CHCTEMHYIO YCTOMYMBOCTh PACTEHUS-XO3SMHA.
[IpumeHeHne areHToB OMOKOHTPOJISI B 3aMKHYTBIX arpodKoCHCcTEMax TpeOyeT IPOMEKyTOYHOTO JTa-
T1a — UCTIBITAHUS B MOZIETIBHBIX AKOCHUCTEMAaX, BOCIIPOU3BOSAIINX KITIOUEBbIE TapaMeTpPhl 3alUIIEHHO-
ro TpyHTa: OOraThlii OpraHUKoW CyOCTpaT M MpHCyTCTBUE abopureHHoW MUKpodiopsl. Llens nannoi
paboTHl — oIleHKa aHTU(YHTAIBHOW aKTUBHOCTH OakTepuil mramma Pseudomonas extremorientalis
PhS1 B oTHOIICHNH BO30YyAMTENsI KOPHEBOM THWIM 3€PHOBBIX KYJbTYp Bipolaris sorokiniana n ero
BJIMSIHUA Ha TIapaMeTpbl pa3BUTHS PACTEHHUH MIIEHUIIBI B YCIOBUSAX MOJIEIBHOM 3KocucTeMbl. Mccie-
JIOBaHHS TPOBOJIMIIN B JIA0OPATOPHBIX YCIOBHUSX MO OOLICTIPHHSATHIM METOJMKAM. YCTAHOBJICHO, YTO
Oakrepuu P. extremorientalis PhS1 nposiBIsiin BBICOKYIO aHTarOHUCTHYECKYIO aKTHBHOCTb 110 OTHO-
HICHUIO K BO30Y/IUTEINSIM CEMEHHBIX MH(MEKIMIA U KOPHEBBIX THHIIEH. O0MIasi MOpaKeHHOCTh CEeMSIH
ymensImiack B 1,8—1,9 pasa, pacnpocTpaHeHHOCTh KOPHEBBIX THHICH — B 1,6—2,8, MHAECKC pa3Bu-
tusg — B 1,9-7,1 paza. B axkciepuMeHTax ¢ MOIEIBHBIMHI SKOCUCTEMAaMH MPU HHTPOIAYKIINU (HUTOTIATO-
reHa pacrmpoCTPaHEHHOCTh KOPHEBBIX THIIICH y 0aKTepHU30BaHHBIX pacTeHUU CHU3MIACH Ha 18%, nH-
JIeKC pa3BUTH — Ha 22% 10 CpaBHEHHUIO ¢ HEOAKTePU30BaHHBIMU. AKTHBHOCTH I'BAasKOJI-3aBUCUMON
MEPOKCHIa3bl OAKTEPU30BAHHBIX pacTeHUN Bo3pocia Ha 12% 6e3 marorena u Ha 31% B IpUCYTCTBUU
B. sorokiniana. Ilony4yeHHble TaHHBIE TOTIOIHAIOT PE3yAbTAThl JAOOPATOPHBIX U MOJIEBHIX IKCIIEPH-
MEHTOB ¥ 000CHOBBIBAIOT NEPCIIEKTUBHOCTh MPUMEHEHNUs P, extremorientalis Kak areHTa OMOKOHTPO-
JIs1 KOPHEBBIX THUJIEH MIIIEHUIIBI B YCIOBHUX 3aIUIIEHHOTO TPYHTA U 3aMKHYTBIX arpOdKOCHCTEM.

KuaroueBbie ciioBa: Bipolaris sorokiniana, Pseudomonas extremorientalis, ONOKOHTPOJIb, KOPHE-
BbIC THUJIN, MSTKAs TIIIICHHIIA

Effectiveness of using antagonistic bacteria against phytopathogenic fungi
in a model ecosystem
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Technologies of the Russian Academy of Sciences

Tomsk, Russia
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As controlled agriculture systems develop — from greenhouses to semi-closed greenhouse com-
plexes and further to closed vertical farms and bioregenerative life support systems — requirements for
phytosanitary safety increase and the possibilities of using chemical fungicides are limited. A prom-
ising approach to controlling potential epiphytotics is the use of antagonist bacteria of the genus
Pseudomonas, capable of suppressing phytopathogens and inducing systemic resistance in the host
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Effectiveness of using antagonistic bacteria

Akimova E.E., Zyubanova T.I., Minaeva O.M.

against phytopathogenic fungi in a model ecosystem

plant. The use of biocontrol agents in closed agroecosystems requires an intermediate stage — testing
in model ecosystems that reproduce the key parameters of protected soil: organic-rich substrate and
the presence of indigenous microflora. The aim of this study is to assess the antifungal activity of the
bacterial strain Pseudomonas extremorientalis PhS1 against the causative agent of root rot in cereal
crops, Bipolaris sorokiniana, and its effects on the growth parameters of wheat plants under model
ecosystem conditions. The studies were conducted in laboratory conditions using standard methods.
P extremorientalis PhS1 demonstrated high antagonistic activity against seed infection and root rot
pathogens: overall seed infestation reduced 1.8—1.9 times, root rot disease incidence 1.6-2.8 times,
and disease severity 1.9-7.1 times. In model ecosystem experiments with pathogen introduction, dis-
ease incidence in bacterized plants decreased by 18% and root rot disease severity by 22% compared
to non-bacterized plants. The activity of guaiacol-dependent peroxidase in bacterized plants increased
by 12% without the pathogen and by 31% in the presence of B. sorokiniana. The obtained data com-
plement the results of laboratory and field experiments and substantiate the prospects of using P. ex-
tremorientalis as a biocontrol agent for wheat root rots under protected soil conditions and in closed

agroecosystems.

Keywords: Bipolaris sorokiniana, Pseudomonas extremorientalis, biocontrol, root rots, soft wheat
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INTRODUCTION

At the current stage of crop production
development, there is an active shift from
traditional open-field farming to using controlled
agriculture technologies, including greenhouse
complexes, vertical farms, and greenhouse
facilities with different levels of material and
energy closure [1, 2]. There’s especially a
high need for such technologies in regions
with harsh climates, where the growing season
outdoors is limited by a lack of suitable land
or extreme weather conditions [2, 3]. Besides
that, autonomous crop-growing systems are
seen as one of the ways to ensure food security
in remote locations. The experience of the
mobile greenhouse project in Antarctica showed
that it’s possible to produce fresh crops while

being isolated from the outside environment.
Integrated plant protection protocols for
bioregenerative life support systems (BLSS) in
space missions treat these systems as a separate
class of agroecosystems with a fundamentally
different plant health logic [4-6]. The main focus
in this system is not on using control agents,
but on managing pathogens by maintaining the
suppressive activity of substrates and a high
level of resistance in producers.

One of the features of closed and semi-
closed crop production systems is the
significant limitation on the use of chemical
plant protection products. In a confined space,
chemical treatments carry risks of accumulating
residual amounts of pesticides on surfaces and
in recirculating nutrient solutions, as well as
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the risk of exceeding the maximum allowable
concentrations in the edible parts of plants,
especially with short growing cycles, frequent
harvests, and consumption of the produce without
extensive processing [8]. It has been found that
a number of crops grown in greenhouses can
accumulate pesticide concentrations exceeding
the allowable limits if the waiting periods after
treatment are not observed, which is practically
inevitable under the conditions of an intensive
greenhouse conveyor'. In addition, broad-
spectrum fungicides have a negative impact on
beneficial microbial communities, disrupting the
basis of biological balance [9]. All the factors
mentioned above point to the need for using
biological protection methods as the foundation
of plant health management in controlled
farming systems.

In closed ecosystems, the risk of widespread
plant diseases can increase due to high plant
density, limited substrate volume, and the
specific dynamics of microbial load. It has
been shown that frequent plant care treatments,
which are typical for standalone systems, can
lead to a decrease in beneficial microflora
diversity and a subsequent dominance of
certain microorganisms, including potentially
pathogenic ones [7].

A promising approach to controlling plant
disease pathogens is using the antagonist
bacteria, primarily representatives of the genus
Pseudomonas. Plant-associated pseudomonads
(P. fluorescens, P. chlororaphis, P. protegens, P.
extremorientalis, etc.) have a wide range of useful
mechanisms for controlling plant pathogens:
producing antimicrobial metabolites, cyclic
lipopeptides, siderophores, volatile organic
compounds, lytic enzymes, and more [10—12].
Besidesdirectantagonism, pseudomonadsinduce
systemic plant resistance and stimulate plant

defense responses, including the production of
reactive oxygen species, phytoalexins, phenolic
compounds, pathogenesis-related proteins (PR
proteins), and they can also help optimize their
endogenous hormone balance [10, 13, 14].

To improve the phytosanitary condition of
model ecosystems, itseems advisabletointroduce
bacteria that have high antifungal activity against
the most harmful phytopathogenic fungi.

The goal of this work is to assess the antifungal
activity of the P. extremorientalis PhS1 bacterial
strain against the root rot pathogen Bipolaris
sorokiniana and its effect on wheat plant
development parameters in a model ecosystem.

MATERIAL AND METHODS

The subject of the study is P. extremorientalis
PhS1 Dbacteria, isolated from earthworm
coprolites® 3. Liquid batch bacterial culture was
obtained using periodic cultivation in flasks on
GRM broth (fish meal hydrolysate) on a LOIP
LS 110 shaker (JSC “Laboratory Equipment
and Instruments”, Russia) at 180 rpm and 28.0
+ 0.5 °C. Population and purity control were
carried out using standard plating methods on
solid nutrient media.

The experiments were carried out in
laboratory conditions on wheat seeds of the
“Iren” variety (Triticum aestivum L., milturum
variety). The effectiveness of using the strain
against wheat seed pathogens was assessed
using a phytotesting method on filter paper
rolls (GOST 12044-93). Antifungal activity
was judged by the reduction in the number of
seeds showing signs of infection, and growth-
stimulating effects on the embryo were evaluated
based on the germination rate, seedling length,
and the number of primary roots.

The effect of seed bacterization on the
development and infection of plants by root

'"Park D.W., Kim K.G., Choi E.A., Kang G.R., Kim TS., Yang Y.S., Moon S.J., Ha D.R, Kim E.S., Cho B.S. Pesticide residues in
leafy vegetables, stalk and stem vegetables from South Korea: a long-term study on safety and health risk assessment // Food Addi-
tives & Contaminants: Part A. 2016, vol. 33, N 1, pp. 105-118. DOI: 10.1080/19440049.2015.1108524.

2Tereshchenko N.N., Kravets A.V., Akimova E.E., Minaeva O.M., Zotikova A.P. Efficacy of using microorganisms isolated from
earthworm casts to increase grain crop yields // Siberian Herald of Agricultural Science, 2013, No. 5, pp. 10-17.

3SMinaeva O.M., Akimova E.E., Tereshchenko N.N., Kravets A.V.,, Zyubanova T.I., Apenysheva M.V. Prospects for using
pseudomonads associated with soil-dwelling lumbricids against pathogens causing root rot in spring cereals // Agricultural Biology,
2019, vol. 54, No. 1, pp. 91-100. DOI: 10.15389/agrobiology.2019.1.rus.
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rot pathogens under controlled conditions of a
growth experiment was studied using sterile
coarse river sand as a substrate and adding
extra infectious pressure in the form of a
phytopathogenic fungus. Wheat seeds, which
were preliminarily treated for 3 minutes with
70% ethanol to remove surface infections, were
rinsed with sterile water and germinated in a
moist chamber at 18-20 °C.

After the embryo appeared (1 mm), the seeds
were soaked for 20 minutes in a 0.85% sodium
chloride solution (control plants), which is used
for preparing bacterial dilutions, or in a bacterial
suspension diluted to a concentration of 2-5
x 1077 cells/ml. After treatment, the seeds (45
each) were placed in containers (1200 ml) filled
with sand (800 ml), evenly moistened with
Knop's sterile solution for hydroponic and sand
cultures, g/l: Ca (NOs), — 1,0, KH,PO, — 0,25,
MgSO, - 7H,0 - 0,125, KNO; — 0,25, FeCl; —
0,0124.

As a phytopathogenic load, agar plates
with six-day-old mycelium of the fungus B.
orokiniana (Sacc.) Shoemaker, grown on
potato-glucose agar at 2224 °C was used. This
microfungus is a widespread cause of root rot
in cereals in Siberia [15]. Agar strips with the
fungus mycelium were placed in rows with plant
seeds and then covered with sand. In the system
without additional infection pressure, the seeds
were laid out on sterile agar strips.

The plants were grown in a climate chamber
(GH-300TLH, Jeio Tech, Korea) under
fluorescent light at 12,000 lux with a 16/8-hour
photoperiod, at 18-20 °C during the day and
14-16 °C at night, with 75% humidity. The
experiment lasted for 14 days.

To assess the biological effectiveness
of using bacteria as agents for controlling
phytopathogens in an artificial agroecosystem, a
model consisting of four components was used:

substrate — plant (wheat) —agent (bacterial strain)
— phytopathogen (B. sorokiniana). The substrate
was prepared by mixing de-acidified moistened
highbog peat (90% by weight) and fresh cattle
manure (10%). Seed bacterization and pathogen
introduction were done according to the method
described above. During the experiments, the
plants were watered with settled tap water (by
weight).

The model ecosystems were maintained
under conditions as close to natural as possible,
without keeping them sterile, in a phytotron
under controlled settings: LED light intensity at
30 klx with a 16/8-hour photoperiod at 20-22
°C/15-17 °C (day/night temperatures) and 60%
humidity. The experiments lasted for 35 days.

Upon completion of the experiments,
germination was recorded and the length of
each plant was measured. The severity of root
rot infection was assessed by rating the degree
of browning at the stem base and root system
of each plant on a five-point scale, and the
prevalence and disease development index were
calculated®. Also, in the experiments with model
systems, the total activity of guaiacol-dependent
peroxidase in the aerial parts of the plants was
also assessed spectrophotometrically (A = 470
nm) according to the method of Chance and
Maehly®.

The experiments were conducted with four
replicates, using 45 plants per treatment. The
data were processed using analysis of variance
and are presented as arithmetic means with
confidence intervals calculated using Student's
t-test at the 95% significance level. The statistical
significance of differences between the results
was assessed using Student's #-test (p < 0,05).

RESULTS AND DISCUSSION

Earthworm-associated P extremorientalis
PhS1 bacteria were selected during a screening

“Baslavskaya S.S., Trubetskaya O.M. Practical course in plant Pphysiology. Moscow: Moscow State University Press, 1964, 327 p.

SChulkina V.A., Konyaeva N.M., Kuznetsova T.T. Combating crop diseases in Siberia. Moscow, 1987, 252 p. ®Chance B., Maehly
A.C. Assays of catalases and peroxidases. In: S.P. Colowick, N.O. Kaplan (Eds.), Methods in enzymology (Vol. 11, pp. 764-775).

Academic Press., 1955, pp. 764-775.

®Chance B., Maehly A.C. Assays of catalases and peroxidases. In: S.P. Colowick, N.O. Kaplan (Eds.), Methods in enzymology

(Vol. 11, pp. 764-775). Academic Press., 1955, pp. 764-775.
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for fungistatic activity against pathogens
causing root rot in cereal crops. In the in vitro
experiments, these bacteria reduced the growth
rate of the fungi Alternaria spp., Bipolaris
sorokiniana, and Fusarium oxysporum by half
on artificial nutrient media (see footnote 3).

Standard phytopathological analysis of the
grain revealed that bacterization contributed to
a significant improvement in the phytosanitary
condition of the seeds and the quality of the
wheat seedlings (see Table 1).

Bacterization reduced the overall incidence
of seed-borne pathogens by a factor of 1.8—1.9.
A trend toward increased seed germination and
wheat seedling length was observed (up to 12%
higher than in non-bacterized controls). The use
of bacteria for seed treatment also facilitated the
fuller expression of the caryopsis's potential,
manifested as a significant increase in the
number of primary roots (by 14—-15%).

Inthe in planta experiments (without complete
seed sterilization), it was found that introducing
bacteria into the substrate during the cultivation
of wheat plants in sand culture promotes the
manifestation of their antagonistic activity, both
in variants with the additional introduction of
the phytopathogen B. sorokiniana and in those
without it (see Table 2).

A statistically significant reduction in
the prevalence of root rot was observed in
bacterized wheat plants: 2.6-2.8-fold in variants
without the introduction of a phytopathogen
into the substrate (relying on the natural seed-
borne inoculum) and 1.6-1.7-fold when B.

sorokiniana was introduced into the substrate.
The disease severity index in the bacterized
variants decreased statistically significantly by
6.9-7.1-fold and 1.9-2.0-fold, respectively.

The ability of bacteria to successfully compete
with native soil and rhizosphere microflora and
occupy the specific ecological niche associated
with wheat roots can be indirectly assessed
by their ability to retain antifungal properties
following seed bacterization in field experiments
(2011-2023). It has previously been shown that
pre-sowing treatment of wheat seeds reduces
the prevalence and development index of root
rots by a factor of 1.3 to 3.4, depending on
weather and soil conditions during the growing
season as well as the cultivation technology (see
footnotes 3, 4) [16]. The data obtained regarding
the reduced incidence of leaf pathogens
suggest that P extremorientalis is capable of
inducing systemic resistance in wheat plants.
Field experiments showed a reduction in the
prevalence of dark brown spot by 6.0-18.8%
and a 1.5- to 5.5-fold decrease in the disease
severity index, depending on the study year; for
powdery mildew, the corresponding reductions
were 1.6-2.8-fold and 1.9-6.8-fold [17].

Field experiments also revealed growth-
promoting activity in the bacterial strain used—
an effect that had appeared merely as a trend
in laboratory tests. Increases of up to 10% in
height, up to 70% in wheat plant biomass, and
up to 60% in yield were observed [16, 17].

In vitro, in planta, and field studies
demonstrate that the use of a bacterial strain to

Ta6a. 1. O0mast mopakeHHOCTh QUTOMATOIEHAMHU M BCXOXKECTh CEMSTH, MOP(POMETPHUECKUE MTapaMeTPh

MPOPOCTKA MIIEHHUIIBI IPY OAKTEPHU3AIIH

Table 1. General infection by phytopathogens and seed germination, morphometric parameters of wheat

seedlings during bacterization

Experiment option Overall %;j:valence, Germination, % Length ocfnsleedlmgs, Number of roots, pcs.
Control 85,0+3,7 85,0+3,6 10,1 £ 1,1 3,5+0,2
Pseudomonas extremorientalis 46,0 + 5,6* 90,0 £3,0 11,3+1,1 40+0,3*

Note. Here and in Table 2, Figs. 1 and 2: * — statistically significant difference from the control, based on the Student’s t-test

(p <0,05).
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CuOMpPCKHUI BECTHHK CENBCKOXO3SHCTBEHHON Hayku * 2026 + 56+ 5 45



Effectiveness of using antagonistic bacteria
against phytopathogenic fungi in a model ecosystem

Akimova E.E., Zyubanova T.I., Minaeva O.M.

Tao6a. 2. HOpa)KCHHOCTB paCTCHI/IfI HNIICHUIIBI B036y,Z[I/IT€J'I$IMI/I KOPHEBBIX FHHHCﬁ, BbIpAIICHHBIX B CTC-

puiIbHOM Tecke, %

Table 2. Infection of wheat plants by root rot pathogens, grown in sterile sand, %

Without introduction of a phytopathogen

In the presence of B. sorokiniana

Option
Prevalence Development index Prevalence Development index
Control 28,3+7,4 11,9+43 50,2+ 10,1 229+5.,0
Pseudomonas extremorientalis 10,4 + 5,0% 1,7+£0,5* 30,9 +9,2% 11,5+£2,3*

control phytopathogens in model ecosystems
(microcosms) and enhance their productivity
is of practical value. The results obtained
in microcosms may confirm the feasibility
of its application in semi-closed and closed
agroecosystems—such as greenhouses,
conservatories, and bioregenerative systems—
where the requirements for environmental safety
and biocontrol stability are particularly high.
Introducing the phytopathogen B. sorokiniana
into the system makes it possible to assess
whether the strain retains its antifungal activity
in an organic-rich substrate and in the presence of
indigenous microflora—factors that are crucial
for its application in protected cultivation.

Bacterization of wheat seeds had practically
no effect on plant morphometric parameters:
plant height showed a tendency to increase by
3%, while fresh and dry mass increased by 17%
and 20%, respectively, compared to the control
(see Table 3).

A similar trend was observed upon the
introduction of the phytopathogen into the
system: plant height and fresh and dry biomass
did not differ significantly from the control.
As in previous experiments, the application of
bacteria in model ecosystems under conditions
approximating natural ones had a positive effect
on the phytosanitary status of the wheat plants
(see Fig. 1).

In the system without the introduction of
a phytopathogen, the prevalence of root rot
in bacterized plants was 6% lower than in the
control; this reflects a trend toward increased
ecosystem suppressiveness against the natural
background of infection, which is primarily

associated with the presence of seed-borne
pathogens in the spermosphere. Upon the
introduction of a phytopathogen into the system,
a reduction was observed in both the prevalence
of root rot (by 18%) and the disease severity
index (by 22%) in bacterized plants compared to
non-bacterized plants.

More pronounced changes in wheat plants
resulting from bacterial inoculation were
observed during the analysis of guaiacol-
dependent peroxidase activity in the leaves
(see Fig. 2).

In the absence of a pathogen, bacterization
with P extremorientalis PhS1 significantly
increased the activity of the enzyme under study
by 12% compared to the control, indicating the
activation of antioxidant systems even in the
absence of an overt stress factor. The increase
in guaiacol-dependent peroxidase activity in
response to inoculation indicates the activation
of plant defense mechanisms; this can be
linked to the development of induced systemic
resistance and the reduced susceptibility of
bacterized plants to foliar pathogens observed in
field experiments.

In the presence of B. sorokiniana, peroxidase
activity in the control group increased by a
statistically significant 16% compared to non-
bacterized plants in systems without additional
phytopathogen application; in the variant with
seed inoculation by P extremorientalis, the
increase was 31%. This rise was accompanied
by reduced disease severity, consistent with the
mechanisms of induced resistance in cereals
described for pseudomonads.

An increase in the activity of class III
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Ta6a. 3. Mopdomerpuueckre mapaMeTpsl pa3BUTHS pACTEHUH MIIEHHUIIBI B MOAEIBHBIX 3KOCHCTEMAX,
BBIpAILICHHBIX Ha OPraHMYECKOM CyOcTpaTe u a0OpUreHHOW MUKPO(IOpoit

Table 3. Morphometric parameters of wheat plant development in model ecosystems grown on organic
substrate and indigenous microflora

A version of a model system

Indicator without introduction of a phytopathogen in the presence of B. sorokiniana
control P. extremorientalis control P. extremorientalis
Plant height, cm 28,9+0,9 29,8 +0,9 30,2+ 1,0 28,8 + 0,90
Plant wet weight, g 0,25 +0,01 0,30 + 0,06 0,26 = 0,05 0,25+ 0,04
Plant dry weight, g 0,06 + 0,01 0,07 £0,01 0,06 0,01 0,06 £ 0,01

Note. Here and in Fig. 2: ~ — statistically significant difference from the variant without the phytopathogen, based on the

Student’s t-test (p < 0,05).

peroxidases—which are  responsible for
lignification and the detoxification of reactive
oxygen species—is directly linked to reduced
susceptibility of plants to phytopathogens’.
The observed increase in guaiacol-dependent
peroxidase activity and the reduction in the
prevalence and development index of root
rots indicate the induction of systemic plant
resistance by P. extremorientalis.

The experimental data obtained indicate that
P extremorientalis PhS1 bacteria retain their
antifungal properties in a nature-like system—
one with characteristics similar to protected-

ground conditions—and help reduce the
prevalence of wheat root rot in the presence of
pathogen pressure, without adversely affecting
plant growth processes. At the same time,
the increased activity of guaiacol-dependent
peroxidase in the leaves points to mechanisms
of induced resistance as a key element of
the beneficial effect of pseudomonads under
conditions of limited chemical fungicide use.

CONCLUSION

The results of the study are consistent
with published data indicating that members
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Fig. 1. Root rot disease incidence and severity of wheat plants in model systems
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Fig. 2. Activity of guaiacol-dependent peroxidase in wheat leaves in model systems

of the genus Pseudomonas, upon successful
colonization of the root system, are capable of
suppressing the development of phytopathogens

and activating the host plant's defense
mechanisms.  Introducing the bacterium
P extremorientalis PhS1 into greenhouse
complexes and strictly controlled closed

ecosystems as a biological control agent—
settings where phytosanitary standards are
particularly stringent—shows promise.
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Oco0eHHOCTH OMOJIOTHH KJIOTIA Arma custos B 1a00PATOPHBIX YCJIOBUAX

) Iaranosa E.U., Bopoukosa A.B.

Cubupckuii ghedepanvhulil Hayunslll yenmp azpodouomexronocuti Poccutickoil akademuu nayk
HoBocubupckas o6macts, p.i. KpacHooOck, Poccus

(X)e-mail: elenashatalova@mail.ru

B coBpeMEHHOM CEIbCKOM XO3SIMCTBE OTMEYEH POCT YHMCICHHOCTH BPEIHBIX WICHHUCTOHOTHX.
BospacTaer nHTEpEeC K UCIOJIB30BAHUIO SHTOMO]ArOB KaK SKOJIOTHYECKH 0€30I1aCHBIX areHTOB OHO-
JIOTHYECKOTO KOHTPOJIsL. XWIMHEIN Kiton Arma custos (Fabricius, 1794) (Hemiptera: Pentatomidae:
Asopinae) — monudar, ciocoOHbIH d(H(PEKTUBHO MOAABIATH MOMYISIITHH PsIa CETbCKOX03HCTBEHHBIX
W JIECHBIX BpenuTenei. M3ydeHsl Ononornyeckne 0COOCHHOCTH Pa3BUTHS A. custos JJisi ONTHMU3a-
[N €0 MacCOBOTO KYyJIBTUBHpOBaHUs. VcciemoBanue mpoBOAWIN Ha 0asze maboparopun OHOIOTH-
YecKOro KOHTpols ¢purodaroB u ¢puromnaroreHoB B HoBocubupckoit obnactu. JlabopaTopHyto morry-
JISUIO KJIOMOB COZIEPKaM B KIIMMAaTHUECKUX Kamepax npu temreparype 24 + 1 °C, oTHOCUTeNbHOM
BnaxHoctu 70-80% u ¢otonepuone 20 : 4 (neHb : HOUYB). KopMmileHHE OCYILECTBISUIN JINYUMHKAMH
u Kykoikamu Tenebrio molitor. Onpenensnyd NpoAOIKUTEIbHOCTh PAa3BUTHSL HA Pa3HBIX CTaAMAX
OHTOI€HE3a, OMOMETPUYECKHE MOKa3aTeId UMaro, PernpoiyKTHBHBIC XapaKTEPUCTUKU U CYTOUHYIO
MPOKOPIMBOCTH HA YeTbIpeX Bunax xkeprtB (Tenebrio molitor, Leptinotarsa decemlineata, Loxostege
sticticalis, Mamestra brassicae). CraructTideckyto 00pabOTKy JaHHBIX BBIITOJHSIIA C MCIIONB30Ba-
Huem U-kpurtepust ManHa-YutHu. [ToqHBIA LUK pa3BUTHS OT SHlA IO UMAaro COCTaBIISIET B Cpe/l-
HeMm 34,3 + 2.9 cyt. Hanbonee nponomkutenbHas crafaus — umaro (49,8 + 5,03 cyT), MakcumanbHas
3aperuCTPUPOBAHHAS TPOAOIDKUTENFHOCTD KU3HU — 91 cyT. CaMKH JTOCTOBEPHO KpYyIHEE CaMIIOB
(81 + 2 mr nporus 59,0 = 1,5 mr). ITonosoit uameke @ : & = 1,0 : 0,7. CpenHee KOIMYECTBO SHIL
B Kiagke — 27,4 = 2,5 wr. (ot 11 mo 92). MakcumainbpHasi CyTO4Hasi IPOKOPIMBOCTh UMAro 3aguk-
cupoBaHa Ha ryceHunax L. sticticalis (1,8 £ 0,37 ocoOu/cyTku), MUHUManbHas — Ha M. brassicae
(0,6 = 0,2). JInunHKM EepBOTO BO3pAcTa HE MUTAIOTCS, JEPHKATCS KOJOHHEH M TOJIBKO BOCIIONHSIIOT
BOJHBIN Oananc. Haunnas co Broporo Bo3pacta HUM(BI IEPEXOIIT K HHANBHYyaIbHOMY MUTAHUIO.
[Toy4eHHbIE JaHHBIE MOTYT OBITH HCIIOIB30BAHbI IIPH Pa3padOTKe TEXHOJIOTHI MacCOBOM HapaOOTKH
A. custos myist OMOJIOTHUYECKOH 3aITUTHI PACTCHHM.

KuroueBbie ciioBa: Arma custos, Hemiptera, Onoorndaeckas 3amura pacTeHHH, SHTOMOdar, Gu-
Toar, cenbCKoe X035ICTBO, KIIOII, OIY>KECTKOKPbLIbIE

Biological features of the Arma custos bug in laboratory conditions

(<)Shatalova E.I., Voronkova A.V.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(X)e-mail: elenashatalova@mail.ru

In modern agriculture, there has been an increase in the number of harmful arthropods. There is
growing interest in the use of entomophages as environmentally safe biological control agents. The
predatory bug Arma custos (Fabricius, 1794) (Hemiptera: Pentatomidae: Asopinae) is a polyphagous
species capable of effectively suppressing populations of a number of agricultural and forest pests. The
biological characteristics of 4. custos development have been studied to optimize its mass cultivation.
The study was conducted at the laboratory of biological control of phytophages and phytopathogens
in the Novosibirsk region. The laboratory population of bugs was kept in climate chambers at a tem-
perature of 24 = 1 °C, relative humidity of 70-80%, and a photoperiod of 20 : 4 (day : night). Feeding
was carried out with larvae and pupae of Tenebrio molitor. The duration of development at different
stages of ontogenesis, biometric indicators of the imago, reproductive characteristics and daily vorac-
ity were determined on four types of prey (Zenebrio molitor, Leptinotarsa decemlineata, Loxostege
sticticalis, Mamestra brassicae). Statistical analysis was performed using the Mann—Whitney U test.
The full development cycle from egg to adult averages 34,3+2,9 days. The longest stage is the adult
stage (49,8 & 5,03 days), with a maximum recorded lifespan of 91 days. Females are significantly larg-
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OcobennocTr 6uooruu Kiomna Arma custos
B JIa00OPATOPHBIX YCIOBHUSIX

IHaranosa E.1., Boponkosa A.B.

er than males (81 +2 mg vs. 59 + 1,5 mg). The sex ratio @ : & =1 : 0,7. The average number of eggs
per clutch is 27,4 £ 2,5 (ranging from 11 to 92). The maximum daily voracity of adults was recorded
on L. sticticalis caterpillars (1,8 £ 0,37 individuals/day), and the minimum on M. brassicae (0,6 +0,2).
First-instar larvae do not feed, stay in a colony, and only replenish their water balance. Starting from
the second instar, nymphs switch to individual feeding. The obtained data can be used in the develop-
ment of mass rearing technologies for 4. custos for plant protection purposes.

Keywords: Arma custos, Hemiptera, biological plant protection, entomophage, phytophage, agri-
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INTRODUCTION

In modern agriculture, pest control is mainly
carried out using a mix of pesticides, which
negatively affects beneficial invertebrates
[1]. The increase in the number of harmful
organisms that damage crops is due to a number
of factors, including the rise in pest species and
the development of resistance to the chemicals
used. Because of this, special attention is given
to finding new entomophages and maintaining
the existing diversity of these, as they play a key
role in biological pest control and help produce
environmentally friendly agricultural products.

The suborder of hemipterans, also known as
true bugs (Hemiptera: Heteroptera), constitutes
one of the most extensive groups of insects.
Among the representatives of this suborder,
there are species classified as zoophages and
zoophytophages that are capable of effectively
controlling populations of harmful arthropods
and positively influencing the ecological balance
of agroecosystems.

One of these species is Arma custos, a
polyphage capable of effectively controlling the
spread of a number of agricultural and forest
pests.

Arma custos (Fabricius, 1794) belongs to
the order Hemiptera (hemipterans or true bugs),
the family Pentatomidae (stink bugs), and the
subfamily Asopinae. The species was described
by the Danish entomologist Johann Fabricius
in 1794. Following its initial description,
this species underwent several changes in
its taxonomic placement: in 1804, it was
transferred to the genus Pentatoma Latreille,
and in 1835, to Asopus Burmeister. In 1832, the
German zoologist Carl Wilhelm Hahn—known
for his detailed, illustrated works on the fauna
of Germany—designated the genus Arma as a
separate taxon, and Arma custos became the
type species of this genus.

Due to repeated changes in its taxonomic
position and the duplication of its description,
this species has a number of synonyms: Cimex
Fablicius, 1794, Pentatoma custos
Latreille, 1804, Asopus custos Burmeister,
1835, Stiretrus custos Blanchard, 1840, Asopus
(Arma) custos Blanchard, 1840, Auriga custos
Flor, 1860, Arma custos f. scutellaris Stichel,
1961, Arma neocustos Ahmad & Onder, 1990,
Arma neoinspemta Ahmad & Onder, 1990,
Arma chinensis. The name of the genus Arma

custos
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derives from the Latin word “arma”, meaning
"weapons," "armor," or "armament," as well
as—in a figurative sense—"war" or "military
operations"!,

An important aspect of systematics is the
clarification of the species status of individual
species. For instance, in 2018, Zhao et al. [2]
established the synonymy of Arma chinensis
and Arma custos based on morphological,
molecular-genetic, and geographic data—a
finding of significant importance for the practical
application of this species in biological control.

A. custos is a widely distributed species
found throughout the Palaearctic; in Europe, it
occurs everywhere from the Atlantic coast to the
Urals. It inhabits central and southern regions
(France, Germany, Poland, Ukraine, Belarus).
In Scandinavia, it is less common, occurring
primarily in the southern parts. In Russia, the
species is widely distributed across the European
part of the country, the Caucasus, southern
Siberia, and the Far East (including Primorye
and Sakhalin). In Asia, its range extends
through Kazakhstan, Central Asia, Mongolia,
and China to the Korean Peninsula and Japan.
In Asia Minor and the Middle East, the species
has been recorded in Turkey and the northern
mountainous regions of Iran ¢ [3].

A. custos exhibits a broad prey spectrum,
comprising predominantly representatives of the
order Lepidoptera (lepidopterans), Coleoptera
(coleopterans), as well as certain other insects.
A. custos 1is a zoophytophage. The primary
groups of prey in agroecosystems are owlet
moth caterpillars (Noctuidae), cankerworms
(Geometridae), white butterflies (Pieridae),
leaf-roller moth (Tortricidae), as well as

leaf beetle larvae (Chrysomelidae), weevils
(Curculionidae).

The predatory behavior of 4.
relies on the use of a specialized venomous
secretion produced by the salivary glands.
Light microscopy studies have revealed that
the venom apparatus of A. custos consists of
a paired main gland and a tubular accessory
gland. The main gland consists of two lobes:
an anterior main lobe and a posterior main
lobe. Between the lobes of the main gland lies
a distinct constriction forming a hilum, into
which two separate ducts empty: the venom duct
of the main gland and the duct connecting the
accessory gland to the main gland. The venom
duct extends toward the head and connects to
the venom delivery apparatus (venom pump),
whereas the accessory gland duct runs toward
the thorax and connects to the accessory gland.
Venom synthesis and accumulation occur in the
anterior main, posterior main, and accessory
glands, while their ducts are responsible for
transporting the secretion [4].

A study published by Qu et al. presents a
detailed analysis of the composition of the
venomous secretion of A. custos. The researchers
identified over 100 proteins in the secretion, 47
of which were classified as potential toxins. The
main functional groups include oxidoreductases,
transferases, hydrolases, ligases, and protease
inhibitors, as well as recognition, transport, and
binding proteins. Alongside uncharacterized
proteins, the most abundant protein families are
hydrolases, such as serine proteases, cathepsins,
phospholipase A2, phosphatases, nucleases,
alpha-amylases, and chitinases [5].

custos

'Kirichenko A.N. True bugs (Hemiptera) of the European Part of the USSR. Identification guide and bibliography. Moscow;
Leningrad: Publishing House of the USSR Academy of Sciences, 1951, 423 p.

’Eu-nomen.eu.  Taxonomie européenne. URL:

org:taxname:454291 (date of reference: 26.03.2026).

https://www.eu-nomen.eu/portal/taxon.php?GUID=urn:1sid:faunaeur.

3Aukema B. Arma custos (Fabricius, 1794) // Fauna Europaea. URL: http://www.faunaeur.org/full_results.php?id=454291 (date

of reference: 26.03.2026).

4Thomas D.B. Taxonomic synopsis of the Asopinae Pentatomidae (Heteroptera) of the western hemisphere. Lanham: Entomo-

logical Society of America, 1992, 156 p.

SVinokurov N.N., Kanyukova E.V., Golub V.B. Catalogue of the Heteroptera of the Asian Part of Russia. Novosibirsk: Nauka,

2010, 320 p.

*Yesenbekova P.A. Hemiptera (Heteroptera) of Kazakhstan. Almaty: Nur-Print, 2013. 349 p.
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The mechanism of the venom's action
involves several stages: proteolytic enzymes
cause the destruction of the victim's tissues and
internal organs; neurotoxic components block
the victim's nervous system, causing paralysis;
and hemolytic factors destroy the insect's
hemolymph.

The combined action of these components
ensures the rapid immobilization of the victim
[6].

Many research groups have noted the
potential of predatory bug toxins as promising
sources of selective insecticides’*[7, 8].

In addition, 4. custos eggs are parasitized
under laboratory conditions by egg parasitoids
of the genus Trissolcus. Consequently, this
species could serve as a laboratory host for the
mass rearing of biological control agents [9-11].

In plant protection practice, the bug A.
custos itself can be used directly to control pest
populations, while its eggs can serve as a substrate
for rearing parasites used in plant protection;
furthermore, in research, various metabolites
derived from the insect can provide a basis for
the development of selective insecticides.

The purpose of the study is to investigate
the biological developmental characteristics
of the Siberian population of 4. custos under
laboratory conditions in order to optimize its
mass cultivation.

MATERIAL AND METHODS

Since 2023, a colony of A. custos—
derived from individuals collected in Western
Siberia—has been maintained at the Laboratory
of Biological Control of Phytophages and
Phytopathogens of the Siberian Federal
Scientific Centre of Agro-BioTechnologies
of the Russian Academy of Sciences (SFSCA

RAS). Individuals collected from agro- and
phytocenoses are introduced into the population
annually. The laboratory population of A.
custos adults and nymphs was maintained in
Biotron-8 climate chambers (manufactured by
the Siberian Physical and Engineering Institute
of Agrarian Issues SFSCA RAS) with controlled
environmental parameters. The insects were
reared in plastic containers (30 x 40 x 25 cm)
covered with fine mesh, at a temperature of 24
+ 1°C, a relative humidity of 70-80%, and a
20:4 light-dark photoperiod. Spurflower plants
(Coleus amboinicus) and kalanchoe (Kalanchoe
blossfeldiana) were kept continuously in the
containers housing adults and late-instar nymphs
(third to fifth instars). Feeding was carried out
2-3 times a week using Tenebrio molitor larvae
and pupae.

The sex ratio was calculated and expressed
as @ : & =1 : x depending on the proportion of
females to males among the total number of adult
individuals counted in the entire lab population
of adults’.

Daily prey consumption was measured by
placing a single A. custos adult in a 9 cm Petri
dish with three larvae of one prey species
(Tenebrio molitor, Leptinotarsa decemlineata,
Loxostege sticticalis, Mamestra brassicae). All
the predators used in the study were starved
for 24 hours before the experiment started and
were given only water. The number of dead prey
insects was counted after one day.

To compare the groups, the non-parametric
Mann-Whitney U test was used (results were
considered statistically significant at p < 0.05).
The data are presented as the mean + standard
error of the mean (Mean = SE).

"Bell H.A., Down R.E., Edwards J.P., Gatehouse J.A., Gatehouse A.M.R. Digestive proteolytic activity in the gut and salivary
glands of the predatory bug Podisus maculiventris (Heteroptera: Pentatomidae); effect of proteinase inhibitors // European Journal
of Entomology, 2005, vol. 102, N 2, pp. 139-145. DOI: 10.14411/eje.2005.022.

8Swart C., Deaton L., Felgenhauer B. The salivary gland and salivary enzymes of the giant waterbugs (Heteroptera; Belostoma-
tidae) // Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology, 2006, vol. 145, N 1, pp. 114-122.

DOI: 10.1016/j.cbpa.2006.05.010.

"Wei Y.J. Sex ratio of Nysius huttoni White (Hemiptera: Lygaeidae) in field and laboratory populations // New Zealand Journal of
Zoology, 2008, vol. 35, N 1, pp. 19-28. DOI: 10.1080/03014220809510100.
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RESULTS AND DISCUSSION

To develop an effective and economically
viable technology for the mass rearing of the
predatory bug A. custos, a detailed study of
its biological characteristics under controlled
laboratory conditions is essential. Understanding
developmental timing across ontogenetic stages,
biometric parameters, reproductive potential,
and trophic activity is critical for optimizing
rearing processes, planning production cycles,
and evaluating the efficacy of this entomophage
as a biological control agent.

Under laboratory conditions, female 4. custos
deposited egg batches in sheltered locations—
primarily on the undersides of spurflower leaves,
and less frequently on tulle fabric or the walls
of the plastic container (see Fig. 1). Each batch
contains between 11 and 92 eggs, with a mean of
27.4 £ 2.5. Fresh eggs laid by fertilized females
are milky white but acquire an orange hue as
the embryo develops. Females do not exhibit
parental instincts after oviposition. First-instar
A. custos larvae hatching from a single egg batch

A

Puc. 1. Sliineknanku Arma custos Ha JIUCThIX
Coleus amboinicus (poto E.N. IllaranoBoit)

Fig. 1. Egg clutches of Arma custos on the leaves of
Coleus amboinicus (photo by E.I. Shatalova)

remain together in a colony for an extended
period. Under laboratory conditions, they do
not feed prior to molting into the second instar,
instead merely replenishing their water balance
from a moist cotton swab. From the second instar
onwards, the colony disperses, and the nymphs
begin to hunt and feed individually. Laboratory
observations have also shown that both nymphs
and adults may share a single prey item.

Under laboratory rearing conditions, the
developmental time parameters for 4. custos at
each stage of ontogenesis were determined (see
Table 1).

Under laboratory conditions, the egg stage
lasted an average of 4.2 + 0.54 days. During the
larval stage, the transitions between successive
instars—from the first to the fifth—were
roughly equal in duration, taking 5-6 days;
the mean development time from egg to adult
was 34.3 £ 2.9 days (see Fig. 2). The adult
stage was the longest, with a mean lifespan
of 49.80 £+ 5.03 days. The maximum recorded
lifespan of A. custos adults was 91 days. Several
research groups abroad have also studied the
biological characteristics of A. custos within
similar temperature ranges, and their results
show developmental periods that deviate in one
direction or the other. For instance, Zou et al.'?

Tao6a. 1. XKusueHHBIN IUKIT 4. custos TIPHA TEMIIe-
parype 24 £ 1 °C

Table 1. Life cycle of 4. custos at a temperature
of24 £ 1°C

Insect development Duration of development, days
stage min max mean + SE
Egg 2 9 4,20+0,54
Nymphs of the age:
first 3 9 5,48 +£0,35
second 2 9 6,00+ 0,10
third 2 12 6,50 + 0,67
fourth 4 10 6,40 + 0,57
fifth 3 9 5,75+0,70
Imago 5 91 49,80 + 5,03

WZou D.Y., Wang M.Q., Zhang L.S., Zhang Y., Zhang X.J., Chen H.Y. Taxonomic and bionomic notes on Arma chinensis (Fallou)
(Hemiptera: Pentatomidae: Asopinae) / Zootaxa. 2012. Vol. 3382. N 1. P. 41-52. DOI: 10.11646/zootaxa.3382.1.4
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¥

Puc. 2. Humbwr Arma custos epBoro Bo3pacra Ha
mucte Coleus amboinicus (poto A.B. BopoHkoBoii)

Fig. 2. Nymphs of Arma custos of the first instar on
the leaf of Coleus amboinicus (photo by A.V. Vo-
ronkova)

studied the developmental rate of 4. custos (the
synonym A. chinensis is cited in the paper) at
27 £ 1°C. The resulting mean developmental
durations (in days) from the egg stage to the fifth-
instar nymph stage were 6.43 +0.08,3.25+0.07,
4.11£0.1,3.41 £0.07,4.00 = 0.11, and 5.89 +
0.09, respectively. The lifespan was 44.18 = 1.08
formalesand37.25+1.14 for females. Wangetal.
[12] studied the developmental rate ranges of A.
custos under various temperature regimes. Thus,
at 22 £+ 1°C, the average developmental duration
(in days) from egg to adult was, respectively,
8,76 = 0,04; 6,74 + 0,18; 6,19 + 0,21; 5,20 +
0,15; 6,28 £ 0,22;11,09 + 0,19; 112,94 £ 6,06.
When bed bugs were reared at 26 + 1°C, the mean
developmental duration (in days) from egg to
adult was, respectively, 6,39 £ 0,04; 4,12 + 0,80;
4,50+0,09; 3,48+ 0,10;4,17+0,10; 7,08 + 0,09
n 99,91 + 4,52. The observed differences may
be attributed to specific aspects of laboratory
rearing, including variations in biotic factors
(e.g., food sources, the temperature sensitivity of
A. custos populations from different regions, and
the presence or absence of plants in the rearing
containers) as well as the maintenance of abiotic
factors (such as the characteristics of climate-
control equipment and the provision of optimal
humidity).

Biometric parameters of the adults and
reproductive characteristics are crucial for
assessing the quality of the laboratory culture
and its capacity for sustainable reproduction
(see Table 2). It was found that females are
significantly larger than males: their average
mass was 81 + 2.0 mg, whereas that of males
was 59 = 1.5 mg.

Reproductive parameters of 4. custos varied
widely: the mean number of eggs per clutch was
27.4 + 2.5, ranging from a minimum of 11 to
a maximum of 92. The high variability of this
parameter may be attributed to both rearing
conditions and individual characteristics of the
specimens.

The trophic activity of A. custos is of great
importance for assessing its effectiveness as a
biological control agent. Table 3 presents data
on the daily consumption rate of adult 4. custos
when feeding on various species of prey insects.

Adult A. custos exhibited the highest daily
voracity when feeding on meadow moth
(L. sticticalis) caterpillars (1.80+0.37 individuals
per day) and mealworm (7. molitor) larvae (1.6 +
0.4 individuals per day). L. decemlineata (0.83 +
1.60 individuals per day) and M. brassicae
(0.6 £ 0.2 individuals per day) proved to be
less attractive prey for 4. custos. It is worth
noting the high variability in the consumption
of Colorado potato beetle larvae by the bugs, as
in many replicates the prey remained alive and

Taba. 2. buomerpudeckue mokazarenu A. custos
Table 2. Biometric parameters of A. custos

Indicator J ?

Weight, mg + SE 59,0 +1,5¢| 81 £2°
Sex ratio, 2:J 1:0,7
Average number of eggs,
pes. = SE 27,4+2,5
Number of eggs in a clutch:

minimal 11

maximum 92

Note. The letters "a" and "b" denote values of the indicator
that differ significantly (p > 0,05). Pairwise comparisons were
performed using the Mann-Whitney U test.
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Taoa. 3. CyTouHas npoKOpJIMBOCTb UMAro
A. custos Ha INYMHKAX TPETHETO — IISITOTO BO3pacTa
npeacrasuteneii orpsaa Lepidoptera u Coleoptera

Table 3. Daily feeding rate of A. custos adults on
3rd—4th instar larvae of Lepidoptera and Coleoptera

CpenHee KOIM4eCcTBO
Bun xopMoBOro Hacekomoro
xKepTB = SE
Tenebrio molitor 1,6 £ 0,42
Leptinotarsa decemlineata 0,83 +1,6°
Loxostege sticticalis 1,8+ 0,372
Mamestra brassicae 0,6 +£0,2°

Note. The letters "a" and "b" denote values of the indicator
that do not differ significantly (p > 0,05). Pairwise comparisons
were performed using the Mann-Whitney U test.

the predator did not feed throughout the entire
experiment.

CONCLUSIONS

1. Under laboratory conditions (temperature
24+ 1°C, relative humidity 70-80%, photoperiod
20:4), the complete developmental cycle of A.
custos from egg to adult averaged 34.3 + 2.9
days. The adult stage was the longest, lasting
49.80 + 5.03 days, with a maximum recorded
lifespan of 91 days.

2. Sexual dimorphism in body mass was
observed: A. custos females are significantly
larger than males (mean mass 81 £ 2 mg vs.
59.0 £ 1.5 mg; p < 0.05). Females predominate
in the population; the sex ratio in the laboratory
populationis @ : & =1,0:0,7.

3. Reproductive parameters are characterized
by high variability: the mean clutch size is 27.4 +
2.5, ranging from 11 to 92. No parental behavior
was observed in females after egg-laying.

4. The maximum daily consumption rate of
A. custos adults was recorded when feeding on
larvae of the meadow moth (L. sticticalis)—1.8
+ 0.37 individuals/day—while the minimum
was observed with larvae of the cabbage moth
(M. brassicae)—0.6 £+ 0.2 individuals/day.
Consumption rates for larvae of the yellow
mealworm (7. molitor) and the Colorado potato

beetle (L. decemlineata) were 1.6 + 0.4 and 0.83
+ 1.6 individuals, respectively.
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Cubupckuii 20cy0apcmeeHnblli YHUGEPCUmem UH}CeHepuu U OUOMeXHON02Ul
HoBocubupck, Poccust

(<De-mail: smnersesyan@gmail.com

B ycnoBusx sKoI0TH3aIMH 3eMIIEISNNS BO3PACTAET 3HAYSHHE TTONCKAa MUKPOOPTraHU3MOB, 00Jaaa-
IOLINX aHTAarOHUCTUYECKOH aKTUBHOCTBIO B OTHOLIEHUH (PUTONATOI€HOB U CBOWCTBAMH, CBS3aHHBIMH
CO CTUMYJHMpOBaHUEM pocTa pacTeHuil. Llenp nanHo# paboThl — 0TOOP MEPCIEKTHBHBIX MUKPOOHBIX
W30JISITOB JUIsl JIAIbHEHINIEr0 MCIONb30BaHUSI B COCTaBe OMONpPENaparoB CEIbCKOXO3SHCTBEHHOTO
HazHadeHUs. B pabote m3ydanm 24 GakTepHaNTbHBIX M30JI5ITa, BBIACICHHBIX M3 O00PA3IOB MOYBHI H
puzocdepbl, 0TOOPaHHBIX B JIyTOBBIX AKOCHCTEMAX M CEIbCKOXO3AWCTBEHHBIX arpoIeH03aX pa3iind-
HBIX peruoHoB Poccuiickoit deneparnu. TakcOHOMHUYECKYIO IPUHAIICKHOCTh OaKTEPHAIBHBIX H30-
JSITOB yCTaHABIUBAJIU MO mocienoBarenbHocTsM reHa 16S pPHK. AntudyHranbHyo akTHBHOCTh
OIICHUBAJIM B OTHOIICHUU Fusarium oxysporum, Rhizoctonia solani, Alternaria alternata w Bipolaris
sorokiniana. JIONOTHATENHHO ONPEEIISUIA aMIJIOIUTHYECKYIO, TPOTEOTUTHYECKYIO U PochaTrmodu-
JTU3UPYIONIYIO aKTUBHOCTH KaK IMOKA3aTellb THIPOIIMTHYECKOTO MOTEHIIHANA M OT/ICIBHBIX IPU3HAKOB,
CBSI3aHHBIX C POCTOCTUMYJIHPYIOIINM JIEHCTBHEM. B pesynsraTe MONEKyISIpHO-T€HETHIECKON HICH-
TU(UKAIIUU YCTAHOBIICHO, YTO UCCIIETOBAHHBIE N30IIATHI OTHOCSTCS IPEUMYIIECTBEHHO K ITPEICTaBH-
TessiM poaoB Bacillus, Pseudomonas, Priestia, Achromobacter, Enterobacter, Serratia, Enterococcus
u K cemeiictBy Bacillaceae. Hanbosee BBICOKYIO0 COBOKYITHYIO aHTH(YHTaJIbHYIO aKTHBHOCTbH IMPO-
JEMOHCTPHPOBAI M30JIAT 26, OTHeCeHHBIN K Bacillus sp. (subtilis species complex), KOTOpbId HUHTHU-
OupoBai Bce u3ydaeMble (BUTONMATOTEHHbIC IPpUObl. MakcuMmalibHasi MPOTEONUTHIECCKAs AKTHBHOCTD
oTMmeueHa y usomsita 35 (Pseudomonas sp., P. fluorescens group) — 2,45 cM, aMrTolIuTHYIECKas — y
nzonsta 42 (cemeiictBo Bacillaceae) — 3,56 cm, pocharmodmmmsupyromas — y uzonsara 39 (Bacillus
sp., subtilis species complex) — 1,4 cM. YcTaHOBIIEHO, YTO HAaUOOJIEE MEPCIIEKTUBHBIC 10 KOMITJICKCY
M3YYCHHBIX MPU3HAKOB U30JISITHl OTHOCHIIUCH IPEUMYIIECTBEHHO K TPEICTaBUTEISIM pofa Bacillus n
Pseudomonas. Tlony4deHHble pe3yabTaThl YKa3bIBalOT Ha 11€J€CO00pa3HOCTh AalbHEUIIEro N3YYCHUS
JAHHBIX M30JIATOB KaK IMOTEHIIMATBHBIX KOMIIOHEHTOB MUKPOOHBIX KOHCOPITMYMOB U OHOITperapaToB
¢ OMOKOHTPOJIBHBIM U POCTCTUMYIUPYIOIINM MTOTEHITHATIOM.

KaroueBsie caoBa: Bacillus, Pseudomonas, antudyHraipbHas aKTUBHOCTb, THAPOIUTHUYECKUC
(dhepMeHTHI, pocharMOOMITH3UPYOIIas aKTHBHOCTh

Screening of soil-rhizosphere microorganisms promising for the control
of phytopathogens and stimulation of plant growth

(<) Nersesyan S.M., Maslennikova V.S., Shelikhova E.V., Miroshnik M.I.,
Tabanyukhov K.A., Dubovskiy I.M.

Siberian State University of Engineering and Biotechnology

Novosibirsk, Russia

(<)e-mail: smnersesyan@gmail.com

In the context of agriculture ecologization, the importance of searching for microorganisms with
antagonistic activity against phytopathogens and properties related to the stimulation of plant growth
is increasing. The purpose of this work is the selection of promising microbial isolates for further use
as part of agricultural biopreparations. The study examined 24 bacterial isolates obtained from soil and
rhizosphere samples collected in meadow ecosystems and agricultural agrocenoses of various regions
of the Russian Federation. The taxonomic affiliation of the bacterial isolates was determined using
16S rRNA gene sequences. Antifungal activity was evaluated against Fusarium oxysporum, Rhizocto-
nia solani, Alternaria alternata, and Bipolaris sorokiniana. Additionally, amylolytic, proteolytic, and
phosphate-mobilizing activities were determined as an indicator of hydrolytic potential and specific

60  Siberian Herald of Agricultural Science * 2026 ¢ 56 « 5 Plant protection



CKpHHUHT TOYBEHHO-PH30C(HEPHBIX MUKPOOPTaHU3MOB,
MEPCHEKTUBHBIX Il KOHTPOJIs (PUTOMATOTEHOB
U CTUMYJISIIHAY POCTA pacTeHHIt

Hepcecsn C.M., MacnennunkoBa B.C., Illenuxosa E.B.,
Mupownuk M.U., Tabantoxos K.A., ly6osckuii 1.M.

traits associated with growth-stimulating effects. As a result of molecular-genetic identification, it has
been established that the studied isolates primarily belong to the genera Bacillus, Pseudomonas, Pries-
tia, Achromobacter, Enterobacter, Serratia, Enterococcus, and the Bacillaceae family. The highest
overall antifungal activity was demonstrated by isolate 26, classified as Bacillus sp. (subtilis species
complex), which inhibited all the studied phytopathogenic fungi. The maximum proteolytic activity was
observed in isolate 35 (Pseudomonas sp., P. fluorescens group) and amounted to 2.45 cm, amylolytic
activity in isolate 42 (Bacillaceae family) was 3.56 cm, and phosphate-mobilizing activity in isolate 39
(Bacillus sp., subtilis species complex) was 1.4 cm. It has been found that the isolates most promising in
terms of the set of studied traits belonged predominantly to the genera Bacillus and Pseudomonas. The
results obtained indicate the feasibility of further investigating these isolates as potential components

of microbial consortia and biological preparations with biocontrol and growth-stimulating potential.
Keywords: Bacillus, Pseudomonas, antifungal activity, hydrolytic enzymes, phosphate-mobiliz-

ing activity
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INTRODUCTION

Soil and rhizosphere microorganisms play a
key role in keeping agroecosystems productive,
taking part in breaking down organic matter,
mobilizing nutrients, and helping plants resist
harmful biotic and abiotic factors. In this regard,
there is particular interest in finding microbial
isolates that can both suppress the growth of
plant pathogens and have properties that promote
plant growth. Such microorganisms are seen as
a promising basis for creating next-generation
bioproducts aimed at reducing chemical use in
crop production [1].

Among the most important groups of
microorganisms for agricultural biotechnology,
Bacillus and Pseudomonas are traditionally
highlighted, as they are known for their ability
to produce a wide range of biologically active
compounds, including antibiotic metabolites,

siderophores, organic acids, and extracellular
hydrolytic enzymes. Because of this, such
microorganisms can act both as biocontrol agents
against phytopathogens and as components of
plant-microbe systems that improve nutrient
availability and the competitiveness of plants
in the rhizosphere [1-3]. Important traits when
selecting promising isolates include antagonistic
activity against pathogenic fungi, hydrolytic
potential, and the ability to mobilize poorly
soluble phosphates [4, 5].

Antifungal activity is of primary interest
when searching for microorganisms for
biological plant protection, while amylolytic
and proteolytic activity can be considered as
an indicator of strong hydrolytic potential,
important for the transformation of organic
matter and interactions between microbes. The
ability to mobilize phosphate is one of the most
sought-after traits in microbes that promote
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growth, as it is linked to increasing phosphorus
availability for plants [1, 4]. A comprehensive
assessment of these properties allows for a more
informed selection of strains suitable for creating
effective microbial consortia.

The relevance of searching for new isolates
is due to the fact that even closely related
microorganisms can differ significantly in the
expression of economically valuable traits.
Cultures isolated from soil and the rhizosphere
of various ecosystems are especially promising,
as they are adapted to living in complex natural
communities and can potentially combine
properties important for biocontrol and plant
growth stimulation.

The purpose of the study is to select promising
microbial isolates with a set of traits important
for controlling plant pathogens and promoting
plant growth, and to determine their taxonomic
identity for later use in microbial consortia and
agricultural bioproducts.

MATERIAL AND METHODS

The research was conducted at the Laboratory
of Plant Biological Protection and Biotechnology
at the Siberian State University of Engineering
and Biotechnology (Novosibirsk) in 2025.
During the work, 24 isolates were selected
and studied from the laboratory collections
and the industrial partner OOO “EM-Biotech,”
which had previously been characterized by
their morphocultural properties (growth rate on
ANM, colony shape, motility, Gram staining).
The microbial isolates were obtained from soil
and rhizosphere samples collected in meadow
ecosystems and agricultural agrocenoses in
various regions of the Russian Federation.

Proteolytic activity was determined by
detecting gelatinase activity on a gelatin

medium'.

The medium of the following composition:
gelatin — 50 g/, K,HPO, — 0.5 g/l — was poured
in 6 ml portions into test tubes, after which
inoculation was done by stabbing 3.5 cm deep.
Cultivation was carried out at 26 °C for 10
days, which ensured that the gelatin medium
remained firm throughout the entire observation
period. After incubation, the test tubes were
kept in the fridge for 1 hour, then the depth
of the gelatin liquefaction zone along the stab
line was measured. The result was expressed
in centimeters. The experiment was done five
times.

The ability of isolates to mobilize insoluble
phosphates was evaluated on the standard
Pikovskaya medium?. The sowing was done by
stabbing the center of the Petri dish. Cultivation
was carried out at 30 °C, and results were
recorded on the 7th day. Activity was assessed
by the diameter of the clearing zone around the
colony, with results expressed in centimeters.
The experiment was performed in triplicate.

Amylolytic activity was determined by the
ability of isolates to hydrolyze starch on starch-
ammonium agar (SAA); the hydrolysis zones
were detected after treating the plates with
Lugol's solution®. The inoculation was done
with a stab, and the cultivation was carried
out at 30 °C for 7 days. After incubation, the
plates were treated with Lugol's solution, and
then the diameter of the starch hydrolysis zone
was measured in centimeters. Measurements
were taken in the dark with backlighting. The
experiment was done in five replicates.

The antagonistic activity of the isolates
against phytopathogenic fungi was determined
on Czapek-Dox medium*. A block of actively
growing culture of the phytopathogenic fungus

'Clarke PH., Cowan S.T. Biochemical methods for bacteriology // Journal of General Microbiology, 1952, vol. 6, N 1-2, pp.

187—197. DOI: 10.1099/00221287-6-1-2-187.

2 Pikovskaya, R.1. Mobilization of phosphorus in soil connection with the vital activity of some microbial species. Microbiology,

vol. 17, N 5, pp. 362-370.

34llen PW. A Simple Method for the Classification of Bacteria as to Diastase Production // Journal of Bacteriology, 1918, vol. 3,

N 1, pp. 15-17. DOI: 10.1128/jb.3.1.15-17.1918.

*Dox A.W. The intracellular enzymes of Penicillium and Aspergillus: with special reference to those of Penicillium camemberti //
U.S. Department of Agriculture, Bureau of Animal Industry Bulletin. 1910. N 120. P. 1-70.
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was placed on the surface of the medium (Fusa-
rium oxysporum, Rhizoctonia solani, Alternaria
alternata and Bipolaris sorokiniana). Three
blocks of the two isolates being studied were
placed on each Petri dish. So, one dish was treated
as one biological replicate, and the three blocks
of a single isolate on one dish were considered
technical replicates. For each test fungus, the
experiment was done in five independent Petri
dishes. The results were recorded after 7—10
days, when the control fungus had completely
covered the Petri dish. Antifungal activity was
evaluated based on the size of the fungal growth
inhibition zone, measured in centimeters.

The taxonomic affiliation of the bacterial
isolates was determined based on the 16S
rRNA gene sequences™ ¢ to the Shared Use
Center “Genomics” of the SB RAS (Institute of
Chemical Biology and Fundamental Medicine
SB RAS, Novosibirsk, Russia).

The identification of bacterial isolates was
carried out using the 16S rRNA gene fragment
by Sanger sequencing with primers 27F/1492R.
AB1 chromatogram files were analyzed using the
UGENE program’. Low-quality regions at the 5'
and 3' ends of the reads were manually removed
based on the chromatograms; for the sequence
obtained with the 1492R primer, a reverse-
complement sequence was generated. Then the
forward and reverse reads were combined, and a
local pairwise alignment was performed to find
overlapping regions. If a correct overlap was
present, a consensus sequence was formed.

Ambiguous positions were marked with
IUPAC codes and, when aligned with an
unambiguous position from a second reading,
clarified with the corresponding nucleotide.

The resulting sequences were identified using
BLASTn (Megablast) against the NCBI database
“16S ribosomal RNA sequences (Bacteria
and Archaea)” while excluding “uncultured/
environmental sample sequences”; the closest
BLAST hits, query length, percentage identity,
and coverage were taken into account®. In cases
where it wasn't possible to form a consensus
sequence, a single read was used to search for
the closest BLAST hits. The RC notation in the
table indicates that the analysis was done on the
reverse complement sequence.

The taxonomic affiliation was interpreted
taking into account the limited resolution of the
16S rRNA marker for closely related taxa’. By
default, isolates were assigned to a certain genus.
If there were several closely related species with
comparable identity and coverage values and no
consistently dominant taxon, the identification
level was indicated as a group or complex of
closely related species. The species level was
only used in the cases of stable dominance of
one species among the closest BLAST hits. If
the closest hits belonged to several genera, the
taxonomic affiliation was indicated at the family
level (see Table 1).

The results were processed using StatSoft
STATISTICA 12.0. The results are presented
as the mean and standard deviation (M £ SD).
For antifungal activity, one Petri dish was
considered as one biological replicate, with three
blocks of one isolate on a single dish counted as
technical replicates (n = 15). For proteolytic and
amylolytic activities, the experiments were done
in five replicates (n = 5), and for phosphate-
mobilizing activity — in triplicate (n = 3).

SWhite T.J., Bruns T, Lee S., Taylor J.W. Amplification and Direct Sequencing of Fungal Ribosomal RNA Genes for Phyloge-
netics // In: PCR Protocols: A Guide to Methods and Applications / ed. by M.A. Innis, D.H. Gelfand, J.J. Sninsky, T.J. White. San
Diego: Academic Press, 1990. P. 315-322. DOI: 10.1016/B978-0-12-372180-8.50042-1.

8Schoch C.L., Seifert K.A., Huhndorf S. et al. Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA
barcode marker for Fungi // Proceedings of the National Academy of Sciences of the United States of America. 2012. Vol. 109. N 16.

P. 6241-6246. DOI: 10.1073/pnas.1117018109.

"Okonechnikov K., Golosova O., Fursov M. UGENE team. Unipro UGENE: a unified bioinformatics toolkit // Bioinformatics.
2012. Vol. 28. N 8. P. 1166-1167. DOI: 10.1093/bioinformatics/bts091.

8Camacho C., Coulouris G., Avagyan V. et al. BLAST+: architecture and applications / BMC Bioinformatics. 2009. Vol. 10.

Art. 421. DOI: 10.1186/1471-2105-10-421.

°Janda J.M., Abbott S.L. 16S rRNA gene sequencing for bacterial identification in the diagnostic laboratory: pluses, perils, and
pitfalls // Journal of Clinical Microbiology. 2007. Vol. 45. N 9. P. 2761-2764. DOI: 10.1128/JCM.01228-07.
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Taoa. 1. TakcoHoMHUeCcKOe 0003HAUCHUE HUCCICIO0BAaHHBIX MI/IKpO6HBIX H30JISITOB U PE3YJIbTAThI

UX MOJIEKYJSIPHOH HACHTU(UKALINT

Table 1. Taxonomic designation of the studied microbial isolates and the results of their molecular

identification
Irlelr?lt_e Accepted taxonomic des- i(Ii“er‘llgiliOf_ Upcoming BLAST hit Request Identity, | Cover-
ll)ler ignation etionca peoming S length, bp % age, %
6 Bacillus sp. Group B. thuri.ngiensis; B. paramobilis; 1421 99.9 100
(B. cereus group) B. mobilis
9 Bacillus sp. (subtilis Complex B. ;ubtilis; B. st(.zrcorisl. - 1431 99.9 100
species complex) B. inaquosorum; B. cabrialesii
16 Bacillus sp. Group B. thuri_ngiensis; B. paramobilis; 1416 99.4 100
(B. cereus group) B. mobilis
17 Bacillus sp. Group B. thuringie'nsis; B. paranthracis; 1428 99.8 100
(B. cereus group) B. proteolyticus
20 |Bacillus sp. (subtilis | o100 | B subilis:B. stercoris; B. cabrialesii 1469 | 990 | 100
species complex)
Priestia aryabhattai; P. flexa;
23 | Bacillaceae Family |Bacillus zanthoxyli; 1183 100,0 100
Peribacillus simplex
24 Bacillus sp. (subtilis Complex B. velez.e.nsis; B. amyloliquefaciens; 1412 99.7 100
species complex) B. subtilis
29 Baci]lus sp. (subtilis Complex |B. subtilis; B. stercoris; B. cabrialesii 1402 99,8 100
species complex)
26 Bacillus sp. (subtilis Complex B. velezen;is; B. Ajubtilis; 1405 97.7 100
species complex) B. amyloliquefaciens
31 | Achromobacter sp. Genus |“Achromobacter deleyi; A. spanius; 683 (RC)| 98,7 | 100
A. piechaudii
34 Bacillus sp. Group B. mycoides;l?.. hominis; 1430 98,5 100
(B. cereus group) B. wiedmannii
Pseudomonas sp. Pseudomonas koreensis; P. reinekei,
35 (P. fluorescens group) Group P. glycinae 1428 99,4 100
39 Bacillus sp. (subtilis Complex B. velezen;iS; B. Ajubtilis; 1438 99.7 100
species complex) B. amyloliquefaciens
40 Baci{lus sp. (subtilis Complex B. ;ubtilis,- B. cabrialesii; 1371 99.7 100
species complex) B. inaquosorum
42 |Bacillaceae Family |5 velezensis; Calidifontibacillus 1327 | 960 | 100
erzurumensis,; B. amyloliquefaciens
44 Pseuq’omonas chloro- Genus P chlororaphz:s subsp. aurantiaca; 1423 99.5 100
raphis P. chlororaphis subsp. aureofaciens
45 | Priestia sp. Genus Priestia aWabhattai,' P. flexa, Bacillus 1284 97.9 95
zanthoxyli
52 | Enterococcus sp. Genus | Enterococcus faccium, E. durans; 1470 | 940 | 100
51% Enterococcus—like B Enterococcus lactis, E. faecium, 687 (RC) 87.0 80
isolate E. durans
58 | Serratia sp. Genus |Serratia plymuthica; . inhibens; 1426 | 99,1 | 100
S. liquefaciens
Bacillus sp. B. aerius; B. stratosphericus;
78 (B. pumilus group) Group B. altitudinis 1417 998 100
Enterobacter quasihormaechei;
100 | Enterobacter sp. Genus E. hormaechei; E. bugandensis 1352 97,4 97
122 Bacillus sp. Group B. proteo{yticus; B. sanguinis; 1418 99.9 100
(B. cereus group) B. cereus; B. wiedmannii
134 Bacillus sp. Group | B. cereus; B. proteolyticus; B. albus 1414 99.4 100
(B. cereus group)

*For isolate 51, identification based on 16S rRNA is preliminary: the closest BLASTn hits belong to the genus Enterococcus;
however, the identity and coverage values (87.0% identity and 80% coverage; query length 687 bp, RC) are insufficient for reliable

taxonomic identification.
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RESULTS AND DISCUSSION

As a result of the experiments conducted, it
was found that isolate 26, classified as Bacillus
sp. (subtilis species complex), showed the
highest overall antifungal activity against
Rhizoctonia solani, Fusarium oxysporum,
Alternaria alternata, and Bipolaris sorokiniana
(see Table 2). Next in terms of overall
antifungal effect were isolates 44 (Pseudomonas
chlororaphis), 42 (family Bacillaceae), 35
(Pseudomonas sp., P. fluorescens group), and 23
(family Bacillaceae). So, the highest antagonistic
potential in the collection studied was mainly
characteristic of members of the genus Bacillus,

family Bacillaceae, and genus Pseudomonas.

When analyzing activity against specific
phytopathogens, it was found that isolate 26 had
the most pronounced inhibitory effect against
R. solani (2.80 cm), followed by isolates 17
(2.19 cm) and 45 (1.97 cm). For F. oxysporum,
isolate 26 also led the way (3.41 cm), followed
by isolates 44 (1.72 cm) and 23 (1.53 cm) (see
Fig. 1). For A. alternata, the largest inhibition
zones were formed by isolates 26 (2.47 cm), 44
(1.82 cm), and 23 (1.57 cm). For B. sorokiniana,
the most active were isolates 26 and 29 (both
1.87 cm), as well as isolate 20 (1.83 cm). So,
isolate 26 showed the highest antifungal activity
against all four test fungi.

It is known that one possible mechanism of
bacteria's antagonistic action is the production of

Taoda. 2. AntudyHranbHas akTHBHOCTb U30JISITOB in vitro (n =15, M + SD)

Table 2. Antifungal activity of isolates in vitro, (n = 15, M + SD)
Isolate Diameter of the growth inhibition zone for the test culture (halo, cm) ) ) )
number Taxonomic designation
R. solani F oxysporum A. alternata B. sorokiniana
6 1,75 +0,22 0,96 + 0,66 0,68 +£0,58 0,09 £0,15 |Bacillus sp. (B. cereus group)
44 1,79 +£0,21 1,72+ 0,24 1,82 +£0,25 1,58 £0,41 | Pseudomonas chlororaphis
35 1,57 £0,26 1,34 £0,27 1,53 +£0,37 1,11 £ 0,65 | Pseudomonas sp. (P. fluorescens group)
26 2,80+ 0,24 3,41 +£0,49 2,47 + 0,63 1,87 £0,45 | Bacillus sp. (subtilis species complex)
16 1,65 +0,21 0,43 £ 0,56 0,32+ 0,58 0,09 £0,15 |Bacillus sp. (B. cereus group)
45 1,97 £ 0,12 1,26 £0,20 1,29+0,18 0,07 £0,18 |Priestia sp.
58 0,00 + 0,00 0,00 + 0,00 0,00 £ 0,00 0,86 £ 0,64 |Serratia sp.
39 0,65 +0,28 0,41+0,12 0,84 +£0,24 1,37 £ 0,35 | Bacillus sp. (subtilis species complex)
17 2,19+0,29 1,37 £ 0,46 1,06 £ 0,74 0,09 £0,15 |Bacillus sp. (B. cereus group)
34 1,38 +£0,18 0,39 +£0,58 0,21 £0,44 0,00 £ 0,00 |Bacillus sp. (B. cereus group)
42 1,73 £0,43 1,25+0,19 1,34 +0,19 1,71 £0,38 |Bacillaceae
23 1,71 £ 0,24 1,53 +£0,39 1,57 +0,18 0,63 +£0,87 |Bacillaceae
122 0,00 = 0,00 0,00 = 0,00 0,00 £ 0,00 0,44 £0,51 |Bacillus sp. (B. cereus group)
24 0,65 +0,20 1,13+£0,21 1,13 +£0,21 1,60 £ 0,29 | Bacillus sp. (subtilis species complex)
9 0,71 +£0,28 0,05+0,11 0,05+0,11 1,64 £0,26 |Bacillus sp. (subtilis species complex)
31 1,33 +0,33 0,01 £0,05 0,01 £0,05 0,59 +£0,59 |Achromobacter sp.
100 0,32 +£0,44 0,06 £0,13 0,06 £0,13 0,00 £ 0,00 |Enterobacter sp.
20 0,79 +£ 0,34 0,45 +0,41 0,45+0,41 1,83 £0,40 |Bacillus sp. (subtilis species complex)
29 0,35+0,29 0,67 + 0,44 0,67 + 0,44 1,87 £0,39 | Bacillus sp. (subtilis species complex)
51 0,00 £+ 0,00 0,00 £ 0,00 0,11 £0,25 1,08 £ 0,57 | Enterococcus-like isolate
52 0,00 £+ 0,00 0,00 + 0,00 0,23 +£0,35 0,95+ 0,39 |Enterococcus sp.
78 0,69 + 0,27 0,03 £ 0,05 0,16 £0,15 0,43 £0,22 | Bacillus sp. (B. pumilus group)
134 0,06 £0,12 0,18 £0,26 0,47 +£0,33 0,60 £ 0,44 | Bacillus sp. (B. cereus group)
40 0,40 +£0,37 0,34 +£0,28 0,33 +0,41 1,69 £ 0,35 |Bacillus sp. (subtilis species complex)
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proteolytic enzymes, like proteases, which can
break down the cellular structures of pathogens
[6]. However, some isolates, like 78 and 134,
showed only moderate antagonistic activity
despite high protease activity, suggesting that
there are additional factors that affect antagonism.
The maximum depth of gelatin liquefaction was
recorded for isolate 35 (Pseudomonas sp., P.
Sfluorescens group) and was 2.45 cm (see Table
3, Fig. 2). Next was isolate 134 (Bacillus sp., B.
cereus group) — 1.60 cm. This indicates a strong
proteolytic potential in certain representatives of
Pseudomonas and Bacillus.

The best amylolytic activity was shown
by isolates 42, 29, and 26. The largest starch
hydrolysis zone was observed in isolate 42
(family Bacillaceae) — 3.56 cm, slightly lower
in isolates 29 (Bacillus sp., subtilis species
complex)—3.14 cm, and 26 (Bacillus sp., subtilis

species complex) — 3.06 cm (see Fig. 3). Overall,
it was the bacillus isolates that made up the main
group of the most active amylolytic strains in the
collection we studied.

Phosphate-mobilizing activity was most
pronounced in isolates 39, 35, and 34. The
largest clear zone was formed by isolate 39
(Bacillus sp., subtilis species complex) — 1.4 cm.
This was followed by isolate 35 (Pseudomonas
sp., P. fluorescens group) — 1.3 cm, and isolate
34 (Bacillus sp., B. cereus group) — 1.2 cm. So,
the most active phosphate-mobilizing isolates
mostly belonged to bacillus and pseudomonad
taxa.

The data show that the highest Ilevels
of antifungal, amylolytic, proteolytic, and
phosphate-mobilizing activity in the studied
collection were mainly characteristic of members
of the genus Bacillus, the family Bacillaceae, and

Puc. 1. DyHrunuaHas akTUBHOCTb U30J151TOB 6 U 44 B OTHOLLICHUM:

a — A. alternata; 6 — R. solani; 6 — F. oxysporum
Fig. 1. Fungicidal activity of isolates 6 and 44 against:
a — A. alternata; 6 — R. solani; 6 — F. oxysporum
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Ta6a. 3. AMunonurudeckas, mporeonutTudeckas u GochaTMoOmIN3NPYIOIIasi aKTUBHOCTh H30JISITOB
in vitro (M = SD)

Table 3. Amylolytic, proteolytic and phosphate-mobilizing activity of isolates in vitro (M + SD)

I{lslcr)rll%t:r Proteolytic activity AI;::}t/il\?ilty;lc moblzl}:(z)isr?él ztcet-ivity Taxonomic designation
CM
6 0,00 £+ 0,00 1,98 £0,22 0,80 + 0,06 Bacillus sp. (B. cereus group)
44 0,00 = 0,00 0,82 +0,15 1,00 £ 0,26 Pseudomonas chlororaphis
35 2,45+0,32 0,00 £ 0,00 1,30 £ 1,04 | Pseudomonas sp. (P. fluorescens group)
26 0,88 + 0,34 3,06 £0,11 0,80 + 0,20 Bacillus sp. (subtilis species complex)
16 0,00 £+ 0,00 2,58 £0,33 0,00 £+ 0,00 Bacillus sp. (B. cereus group)
45 0,00 £ 0,00 0,88+0,13 0,00+ 0,00 | Priestia sp.
58 0,00 £+ 0,00 0,86 + 0,05 0,50 + 0,00 Serratia sp.
39 0,00 £+ 0,00 2,96+ 0,31 1,40 £ 0,21 Bacillus sp. (subtilis species complex)
17 0,38 +0,46 1,02 +0,43 1,10+£0,17 Bacillus sp. (B. cereus group)
34 1,38 £0,77 1,88 £0,21 1,20 £ 0,29 Bacillus sp. (B. cereus group)
42 0,68 £ 0,77 3,56 +0,11 0,00 + 0,00 Bacillaceae
23 0,00 £+ 0,00 1,14 +£0,21 0,60 £ 0,12 Bacillaceae
122 0,00 £+ 0,00 2,144+ 0,09 0,00 = 0,00 Bacillus sp. (B. cereus group)
24 0,00 £+ 0,00 2,34+0,14 0,80 +0,15 Bacillus sp. (subtilis species complex)
9 1,06 £ 0,56 2,72+0,15 0,00 = 0,00 Bacillus sp. (subtilis species complex)
31 1,02 £0,30 0,50 +0,07 0,00 + 0,00 Achromobacter sp.
100 0,88 +£1,03 1,26 £ 0,29 0,70+ 0,21 Enterobacter sp.
20 0,38 £0,25 2,90 +0,12 0,00 £ 0,00 | Bacillus sp. (subtilis species complex)
29 1,06 £0,51 3,14 +£0,25 0,00 = 0,00 Bacillus sp. (subtilis species complex)
51 0,00 = 0,00 0,00 = 0,00 0,90 £ 0,25 Enterococcus-like isolate
52 0,00 £ 0,00 0,00 + 0,00 0,60 + 0,06 Enterococcus sp.
78 1,42 £0,20 0,22 +0,04 0,50 + 0,00 Bacillus sp. (B. pumilus group)
134 1,60 £0,83 1,92 £0,08 0,30 +0,58 Bacillus sp. (B. cereus group)
40 0,52 +0,34 2,40+0,13 0,00 = 0,00 Bacillus sp. (subtilis species complex)

Puc. 2. OTcyTcTBHE NPOTEOIUTHUECKON aKTUBHOCTH Y U30J1s1Ta 24, BEICOKAsk akTUBHOCTD y n3oiATa 35
Fig. 2. Proteolytic activity was absent in isolate 24, whereas high activity was observed in isolate 35
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Puc. 3. OTcyTCTBHE aMWIA3HOH aKTUBHOCTH Y M30isTa 51 (@), BRICOKAst aKTUBHOCTH Y m30i1s1Ta 42 (6) 1 26 (8)
Fig. 3. Amylolytic activity was absent in isolate 51 (a), whereas high activity was observed in isolates 42

(6) and 26 ()

the genus Pseudomonas. These results are in line
with current understanding of how rhizosphere
microorganisms work, including producing
antibiotics and other secondary metabolites, like
lipopeptides, as well as extracellular hydrolases,
organic acids, and siderophores [7, 8]. The high
antifungal activity of isolate 26, classified as
Bacillus sp. (subtilis species complex), as well
as the strong results seen with isolates 39 and 42,
belonging to related bacillary taxa, fits well with
the literature on the high fungicidal and metabolic
activity of members of this group [2, 9].

The pronounced antifungal and proteolytic
activity of isolate 35 (Pseudomonas sp.,
P. fluorescens group), as well as the high overall
antifungal activity of isolate 44 (Pseudomonas
chlororaphis), match literature data on the
significant  biotechnological potential  of
Pseudomonas  species, which  combine
antagonism towards plant pathogens with
growth-promoting properties [10, 11]. The
presence of an active isolate 45 (Priestia sp.)
in the collection, which showed a pronounced
inhibitory effect on certain test fungi, is also
interesting, since members of the genus Priestia
are considered promising agents for biocontrol
and plant growth promotion [12-14].

Isolates that showed selectively expressed
traits deserve special attention. For example,
isolate 100 (Enterobacter sp.) was noted for
moderate phosphate-mobilizing activity, which

aligns with data on this genus's ability to
dissolve insoluble phosphates and help increase
phosphorus availability for plants [15, 16].

CONCLUSION

The most promising for further research
based on the set of studied traits should be
considered isolates 26 (Bacillus sp., subtilis
species complex), 35 (Pseudomonas sp., P.
fluorescens group), 39 (Bacillus sp., subtilis
species complex), 42 (Bacillaceae family) and
44 (Pseudomonas chlororaphis). lIsolate 26
had the highest overall antifungal activity, 35
had the maximum proteolytic activity, 42 had
the maximum amylolytic activity, and 39 had
the greatest phosphate-mobilizing activity. The
results suggest that it makes sense to continue
studying these isolates in both model and
vegetation experiments, as well as to evaluate
them as potential components of microbial
consortia and bio-preparations with fungicidal
and growth-promoting potential.
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house condition. Current Microbiology is a re-
nowned scientific, 2023, vol. 6, p. 100207. DOI:
10.1016/j.crmicr.2023.100207.
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YnpasiieHue NpUPOAHBIMA JHTOMOKOMILIEKCAMH B arpoJianamagrax:
MHUPOBO# ONBIT UCCJIEI0BAHUMI
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DedepanbHo2o HAYUHO20 YEeHMPA OUOIOSULECKOL 3AWUmMbl PACMEHU
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B craTthe paccmarpuBaroTCst BOPOCH pa3padoTku 3P GEKTUBHBIX METOIOB 3AIIUTHI CEITHCKOX03STi-
CTBEHHBIX KYJIBTYP Ha OCHOBE SKOJIOTMYHBIX MPUHUMIOB. Llens nccnenoBanus — aHamu3 CyLiecTBY-
OIIIETO OTEYECTBEHHOTO M MUPOBOTO OMBITA B YIPABICHUH YHTOMOKOMILIEKCAMH arpojaHaiadTos.
OcHoBHas TpodieMa COBPEMEHHBIX METOAOB OMOJIOTMYECKOH 3alUThl PACTEHUH COCTOUT B TOM, YTO
OHHM OPHEHTHPOBAHBI Ha YCTPAHEHHUE TOCIENCTBUI 3aceeHns] PACTEHUI BPEIHBIMH OpTaHU3MaMH,
a He npuunH. [ToaToOMy OONBIIMHCTBO MPUMEHSEMBIX METOIOB HE MO3BOJISIOT 00ECHEeYUTh CTaOMIIb-
HBII JIONTOBPEMEHHBIA TIOJIOKHATENBHBIN APPEKT 1, KaK CIECTBHIE, HEAOCTATOYHBI /T COXPaHEHHS 1
BOCCTAHOBJICHHS €CTECTBCHHOW Cpe/ibl OOUTAaHUS TUKUX BUIOB PACTEHHI, HACEKOMBIX U COXPAaHCHUS
X OmopaszHooOpasus. B cBs3u ¢ 3THM Bompoc pa3padoTKu 3(PPEKTUBHBIX METONOB 3aIIUTHI CEhb-
CKOXO3SIMCTBEHHBIX KYJBTYp Ha OCHOBC 3KOJIOTMYHBIX NPHUHIUIIOB JOCTATOYHO aKTyaJICH. OI[HI/IM u3
TaKUX METOJIOB, [T0 MHEHUIO MHUPOBOTO HAYYHOTO COOOIIECTBA, SABJSAETCS CO3/IaHue B TIpe/ieiax arpo-
JaHAMAPTOB YIPABISEMbIX MPUPOIHBIX SHTOMOKOMILJICKCOB, KOTOPhIE CMOTYT OOECIEUUTh JOCTa-
TOYHYIO 3aIlIUTy BO3ZEIBIBAEMBIX KYJIBTYp OT BPEIHUTENIEH B TEUCHNE BCETO BEreTAI[MOHHOTO CEe30Ha.
B YCIIOBUSX O6HI/IHIaHI/I$1 arponcHoO30B COBPEMEHHBIC METObI 6I/IO3aHII/ITI>I JOJIZKHBI 6I)ITI) HalpaBJic-
HBI Ha YCTpaHEHHUe JucOaranca MexX/1y IKOCUCTEMaMHU KYJIbTYPHOTO BBIPAIIUBAHMS M €CTECTBEHHOM
cpenoit. HecMoTpst Ha JocTaTOYHOE KOTMYECTBO TOATBEPKICHHBIX JaHHBIX 00 3(pdekTuBHOCTH pac-
CMaTpUBAEMOT0 METOJ[a 3aIUThl PACTCHHUN, BOIIPOCHI ONTUMHU3AIMN SKOJIOTHIECKOTO U SKOHOMHYE-
CKOT'O YIPABJICHUS IPUPOJAHBIMU SHTOMOKOMITIIEKCAMH OCTAIOTCS OTKPBITBIMU. TpedyroTcst MaciiTad-
HBbIE MEXIMCIUTUTMHAPHBIE UCCIIEOBAHMS KOTMYECTBEHHON U Ka9eCTBEHHOW TMHAMUKH TIOTTYIISIIHI
¢urto- u 3HTOMO(]ArOB, X BPEMEHHOW H3MEHUYNBOCTH, BITUSHUS (DIIOPUCTUIECKOTO COCTABA arpoJiaH/I-
madTa u cTpeccoBhIX GakTopoB. HeoOxomume! n3ydeHne BOIpoca yIpaBIeHUs] SHTOMOKOMITIIEKCAMHU
B arposanamadre ¢ y4eToM HHTEPECOB CEJIbXO3IPOU3BOIUTEICH U MECTHBIX BJacTel, pa3paborka
ONTHMH3UPOBAHHOTO MOJX0a K OMo3amuTe pacTeHui 6e3 yiepda 00beMy BaJlOBOTO MPOIYKTA.

KarwueBsbie cioBa: arponanamadt, OM03amuTa, CeIbCKOe X03sIMCTBO, YHTOMO(ATrH, YHTOMOKOM-
TIeKc, OMopasHooOpasue

Management of natural entomocomplexes in the agrolandscape:
global research experience

(<) Kashutina E.V., Ignatieva T.N., Bugaeva L.N., Yasyuk L.V., Zhugareva N.A.
Lazarevskaya experimental plant protection station — the affiliated branch

of the Federal Research Centre of Biological Plant Protection

Sochi, Russia

(X)e-mail: kashutinaev@mail.ru

The article discusses the development of effective methods of crop protection based on environ-
mentally friendly principles. The purpose of the study is to analyze the existing domestic and global
experience in the management of agrolandscape entomocomplexes. The main problem with modern
methods of biological plant protection is that they are aimed at eliminating the consequences of plant
colonization by harmful organisms, rather than the causes. Therefore, most of the methods used do not
allow for a stable long-term positive effect and, as a result, are insufficient to preserve and restore the
natural habitat of wild plant species, insects, and their biodiversity. In this regard, the issue of deve-
loping effective methods of protecting agricultural crops based on environmentally friendly principles
remains important. One of these methods, according to the global scientific community, is the creation
within agrolandscapes of managed natural entomocomplexes that can provide sufficient protection of
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cultivated crops from pests throughout the entire growing season. In conditions of impoverishment of
agrocenoses, modern methods of biological protection should be aimed at eliminating the imbalance
between the ecosystems of cultural cultivation and natural environment. Despite the sufficient amount
of confirmed data on the effectiveness of the plant protection method under consideration, questions
of optimizing the ecological and economic management of natural entomocomplexes remain open.
Large-scale interdisciplinary studies of the quantitative and qualitative dynamics of phytophagous
and entomophagous populations, their temporal variability, the influence of the floral composition
of the agricultural landscape and stress factors are required. The study of the issue of management of
entomocomplexes in the agrolandscape should be carried out taking into account the interests of ag-
ricultural producers and local authorities, and an optimized approach to plant biosecurity should be
developed without prejudice to the volume of gross product.

Keywords: agrolandscape, biological protection, agriculture, entomophages, entomocomplex,
biodiversity
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INTRODUCTION factors: legal restrictions on the use of insects,

A key factor behind the global food crisis is
agriculture that relies on chemical methods of
plant protection, which are more economically
beneficial for producers compared to biological
methods. Despite positive experiences using en-
tomophages for plant protection in Russia, Chi-
na, the USA, India, Brazil, Japan, Korea, and
Turkmenistan, over the past decade, European
countries like France, Italy, Germany, Poland,
Romania, and the Czech Republic have preferred
biopreparations as an alternative to chemical
plant pest control within the framework of sus-
tainable farming. The widespread use of ento-
moacariphages, which are an effective means of
biological plant protection, is limited by several

insufficient industrial-scale production, difficul-
ties with transporting biological material, lack
of educational programs for training specialists
in this area, specifics of carrying out protective
measures, and insufficient funding!.

The concept of agro-landscape ecology re-
mained theoretical for many years. A technocrat-
ic approach, the drive to increase production by
expanding farmland, and the widespread use of
pesticides over the past 100 years have led to a
loss of 75% of agricultural biodiversity? [1].

The main problem with modern methods of
biological plant protection is that they focus on
eliminating the effects of harmful organisms on
plants, rather than the causes. Because of this,

!An agrolandscape-based farming system for the Krasnodar Territory: a textbook / A.N. Korobka, S.Yu. Orlenko, E.V. Alekseenko,

et al. Krasnodar, 2015, 352 p.

May 22 — International Day for Biological Diversity // Organic Farming Union: website. URL: https://soz. bio/22-maya-

mezhdunarodnyy-den-bioraznoobra-2.
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they can't provide a stable long-term effect and,
as a result, are insufficient for preserving and re-
storing the natural habitats of wild plant and in-
sect species, as well as their biodiversity. In this
context, the development of effective crop pro-
tection methods based on ecological principles
has become a pressing issue. One such method
involves the creation of managed natural insect
complexes within agricultural landscapes; these
have the potential to provide adequate pest pro-
tection for crops throughout the entire growing
season.

The purpose of the study is to analyze exist-
ing domestic and international experience in the
management of entomocomplexes in agricultur-
al landscapes.

MAIN BODY

The scientific community has divided into
proponents of creating semi-natural habitats and
preserving natural ones for insect fauna within
agricultural landscapes, and skeptics who base
their views on economic considerations and call
for a more detailed, systemic, selective, and in-
terdisciplinary approach to studying the issue.

In 2013, the European Commission reformed
the Common Agricultural Policy (CAP). Mea-
sures were introduced to restore natural and
semi-natural insect habitats, and incentives were
developed to maintain permanent grasslands;
additionally, agricultural producers were re-
quired to designate at least 5% of their land as
Ecological Focus Areas (EFAs). For instance, in
Switzerland, 13% of the land is allocated to so-
called biodiversity promotion areas [2].

Current widespread methods of agricultural
intensification are altering the structure of insect
communities at the systemic level. Monoculture
cultivation leads to a significant increase in the
abundance of specialized phytophagous insects.
Combined with the large-scale use of pesticides,
this agricultural practice alters food webs, reduc-
es the stability of agroecosystems, and causes a
sharp rise in pest populations. For example, in
the crop cultivation systems used in the Mediter-

ranean region and due to the fact that the propor-
tion of monoculture fields to natural landscapes
is strongly skewed in favor of the former, gen-
eralist predators are unable to effectively control
pest populations, even though in nature the share
of polyphagous predators is much higher than
that of specialists [3].

Spatially explicit models of predator and prey
metapopulations show the importance of col-
lecting data on population sizes, their temporal
variability, and resource diversity to understand
how landscape heterogeneity affects the ecosys-
tem services provided by entomophages [4—6].
The complexity and diversity of the habitat in
the agrocenosis help it stay resilient to climate
change, providing redundancy and species di-
versity among taxa and guilds, and preventing
phenotypic shifts and major changes in the hab-
itats of pests [7].

Natural and semi-natural communities are
characterized by a more complex structure of
entomocomplexes and functional diversity [8].
In addition, in monoculture landscapes, ento-
mophage species show a narrow range of pro-
ductivity, whereas in natural and semi-natural
biocenoses, broad polyphages prevail [9, 10]. In
the scientific community, there is a growing un-
derstanding of the importance of research aimed
at studying the spatiotemporal dynamics of in-
sect biodiversity in agricultural crop production
[11].

Natural and semi-natural habitats of ento-
mofauna, integrated into the agricultural land-
scape, can become perfect targets for solving
the challenges of sustainable pest biocontrol in
crops [12, 13]. For example, studies on the ef-
fectiveness of aphidophages in the southern re-
gions of the Krasnodar Territory showed high
effectiveness (up to 95%) against aphids under
natural conditions [14]. A symbiotic relationship
has been confirmed between crop productivity
and the diversity of natural insect fauna in North
Africa [15]. Studies conducted in EU agricultur-
al landscapes show that pest control by natural
predators reduces the yield gap by 4%, which
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increases agricultural profitability by the corre-
sponding amount [16].

Some researchers note that reducing habitat
areas by 30% leads to a decrease in species rich-
ness [17].

Creating sustainable, self-reproducing popu-
lations on various types of crops through farm-
ing methods that increase plant cover in spring
and early summer has allowed natural enemies
in intensive farming areas in the Netherlands to
maintain an effective predator-to-prey ratio [18].
In the Black Sea subtropical areas of Russia,
scientists have shown that ladybugs have a high
(up to 97.02%) regulatory effect on fig pests that
feed on a single type of plant, even in polycul-
ture farming within a heavily fragmented agro-
ecosystem. Under these conditions, the optimal
predator-to-prey ratio of 1 to 3638 individuals
is maintained [19].

Setting up semi-natural habitats for insect
communities in agroecosystems helps boost a
wide range of ecosystem services provided by
insects, across multiple spatial and temporal
scales. Managed natural insect complexes create
spatial diversity and species interactions, which
are key for effective and sustainable biocontrol
[20]. The plant diversity of natural communi-
ties in the agricultural landscape provides nat-
ural predators with shelters for hibernation and
reproduction, as well as alternative food, which
ensures they continuously deliver ecosystem
services in protecting crops from pests [21].

Environmentalists are pushing for a change in
the strategy for shaping agro-landscapes. They
suggest replacing tree planting with a system for
restoring local vegetation [22]. A mix of different
crops along with changing the balance between
farmed areas and natural habitats reduces the
overall number of pests by providing more re-
sources for beneficial insects® [23]. Researchers
emphasize that setting up semi-natural habitats
in agroecosystems and filling them with a wide
variety of insect fauna doesn't guarantee results.

At the same time, these same scientists have
shown that giving entomophages the chance to
successfully survive the winter in natural sur-
roundings close to farmland, and providing al-
ternative prey, especially at the beginning of the
growing season, significantly improves natural
pest control. The presence of alternative prey for
entomophages in crops alone can reduce phy-
tophage numbers by 10-70% [24].

The practice of managing orchards by cre-
ating and maintaining semi-natural habitats for
insect fauna has a positive effect on the effec-
tiveness of biocontrol. For example, in apple or-
chards, there are high rates of egg predation by
natural predators of Halyomorpha halys Stal. —
up to 40% compared to the usual 10% [25]. Re-
search conducted in the Samara and Volgograd
regions shows that agroecosystems surrounded
by multifunctional plantings have 1.6-3.5 times
fewer pests and 2.3-6.1 times more benefi-
cial organisms [26]. Organizing these kinds of
semi-natural habitats helps align the population
peaks of plants and insects, which in turn affects
how effectively they provide ecosystem services
[27].

It's important to create and manage micro-re-
serves for insect fauna in agroecosystems to
boost the regulatory potential of entomophages
and increase the potential of pollinators [28].
One vivid example of successfully using tech-
nology to manage natural insect communities is
the pest control system at Woodleaf Farm in the
USA. The plants grow wild and serve as a hab-
itat for natural predators and parasites. Thanks
to this strategy, over the past 30 years the farm
has seen a steady decrease in both the number
and harmfulness of phytophagous insects [29].
In several wineries in the US and New Zealand,
insectaries have been set up, as well as semi-nat-
ural patches of local vegetation that attract nat-
ural predators and serve as habitats for native
insect fauna. This kind of monoculture diversi-
fication system increases the share of ecosystem

3Root R.B. Organization of a plant arthropod association in simple and diverse habitats: the fauna of collards (Brassica oleracea) //

Ecological monographs, 1973, vol. 43, N 1, pp. 95-124.
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services provided by local predators and, as a
result, reduces the pesticide load on the agrobio-
cenosis [30]. An example of the positive impact
of natural and semi-natural habitats of entomo-
fauna on agriculture is the traditional agrofor-
estry systems in Switzerland, Wytweiden and
Selven. These systems provide a suitable habitat
for many species, thereby supporting landscape
biodiversity [31].

Despite broad support for the idea of expand-
ing the management of insect habitats in agri-
cultural landscapes, this area requires systematic
study. Some studies note that current approaches
to managing insect communities in agricultural
landscapes lack sufficient spatial and temporal
specificity [32]. Some authors point out that the
impact of landscape and climate factors on the
number and density of entomofauna is not well
studied [33]. Monoculture agro-landscapes are
currently better researched than the surrounding
landscape, which skews the assessment of rele-
vance and leads to systematic bias in evaluations
[34].

A high degree of instability and vulnerability
in natural-anthropogenic landscapes, according
to researchers, requires determining the ecologi-
cal potential of natural landscapes and taking into
account the intensity and type of human impact
on the ecosystem [35]. An integrated plant pro-
tection system that includes a high share of eco-
system services provided by natural predators is
beneficial in the long run. However, according to
H. Parry, because this issue hasn’t been studied
enough, the widespread use of pesticides is still
economically advantageous for farmers [36].

Researchers note the need for a better under-
standing of how the composition of plant species
and the spatial scaling of vegetation affect natu-
ral enemies [37, 38]. Forecasting the effects ob-
tained shouldn’t be based on general principles;
it’s necessary to take into account the specifics of
each individual agroecosystem [39]. It’s import-
ant to take into account a large set of both gen-
eral and local data, including risk management
for farmers and benefits for government entities.

A shift in perspective toward long-term dynamic
studies is crucial, considering the interdisciplin-
ary connections of various social, economic, and
behavioral sciences in these matters [40].

The relevance of using biogeography data in
managing fragmented and semi-natural natural
communities is noted in Russian studies [41].
The potential of agroecological modeling for
effectively predicting pest population control by
natural enemies is best based on applying con-
text-sensitive ecological mechanisms [42]. The
effect of predicting configuration effects will de-
pend on understanding the relationship between
trophic levels, insects' ability to disperse, and
the spatial scale of landscape structure [43]. The
challenge of managing habitats is to integrate
resources for the development of natural insect
populations while considering the spatial and
temporal support for natural enemies [44]. There
is an urgent need to carry out a large number of
fundamental, multi-species, and multifunctional
studies of various agricultural landscape gradi-
ents, involving not only scientists but also farm-
ers. These studies should help bridge the gap be-
tween science and practice [45].

Russian researchers studying the issue of
identifying key agro-landscape ecosystems have
developed mapping models, proposed adaptive
approaches to forming the ecological framework
of landscapes, and created low-cost methods for
preserving biodiversity in agro-landscapes [46,
47]. As part of creating a system to minimize the
negative impact of agriculture on the environ-
ment, an agro-landscape ecological zoning of
11 natural-economic regions of Russia has been
developed, along with scientific foundations for
optimizing, increasing productivity, and manag-
ing agricultural landscapes [48]. A new approach
to farming should be based on agro-ecological
methods for assessing the natural conditions of a
specific region.

CONCLUSION

So, it can be said that nowadays, solving the
issues of creating and managing natural entomo-
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complexes in the agricultural landscape is one of
the key tasks for optimizing farming production.
With the depletion of agrocenoses, modern bi-
oprotection methods should focus on fixing the
imbalance between crop ecosystems and the sur-
rounding natural environment.

Despite having quite a bit of confirmed data
on how effective natural insect complexes are
in providing ecosystem services in agricultural
landscapes, questions about optimizing the eco-
logical and economic management of these nat-
ural insect complexes still remain open. There is
a need for large-scale interdisciplinary research
aimed at assessing the quantitative and qualita-
tive dynamics of phytophagous and entomopha-
gous populations, their temporal variability, and
determining the influence of the floristic compo-
sition of agro-landscapes and various stress fac-
tors. Studying the management of insect com-
plexes in agro-landscapes should be carried out
with consideration for the interests of farmers
and local authorities, within an optimized ap-
proach.
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HUcnoab30BaHue T'YMHUHOBOIO Npenapara us Toppa B KOMIIO3UIIUU
¢ OakTepUAMU JIsl KOHTPOJISI BO30yauTe el ceMeHHbIX HHpeKuunii
SIPOBOM MIEHULBI

X)Kpasen A.B.!, MunaeBa O.M.!:2

'Cubupcruil HayuyHO-UCCcIe008amenbCKuli UHCIMUNYM CelbCKO20 X03aUcmea u mopgha — ghunuan
Cubupckoeo gedepanbHo2o HayuHO20 yeHmpa azpodouomexnonocuti Poccutickoii akademuu Hayk
Tomck, Poccus

2Hayuonanvuwiii uccieoosamenvekuti Tomckuil 20Cy0apcmeennblil yHusepcumem

Tomck, Poccus

(<)e-mail: kravets.alexa@mail.ru

Lenb cTarbu — U3ydeHne BO3MOKHOCTH HUCTIOIB30BaHUS KOMITIO3UIIMU Ha OCHOBE TYMHUHOBOTO TTpe-
napara u3 Topda ['ymoctum u 6axrepuii Pseudomonas extremorientalis, BIIEIEHHBIX U3 KOITPOJIUTOB
JTOYIEBBIX YePBEH, Il KOHTPOJIS BO3OynuTeNnel ceMeHHBIX HMH(EKIMIA IpoBoil mimeHuIs. O0bexTa-
MU HCCIIEJIOBaHUS CTaJM CEMEHa MIIEHUIB! spoBoi Markou (7riticum aestivum L.) coproB Jlukame-
po u Kanukco, rymuHOBbIN npenapar ['ymoctuMm, OakTepUn-aHTArOHUCTBI BO30YIUTENEeH KOPHEBBIX
rauneid Pseudomonas extremorientalis. Vicions3oBanu MeTo pUTOIKCIIEPTU3BI B PYIOHAX (PHUIBTPO-
BasbHOW Oymaru. OOpaboTKa ceMsH MIIeHUIIBI copTa JInkamepo OaKkTepusiMH CTAaTUCTUYCCKH 3HAUU-
MO YBEJIWYHIIA JTTUHY IPOpocTKa OT 12 cM B KoHTpose 10 14 cM B Bapuante. COBMECTHOE MCTIOIB30-
BaHUe OaKTepHil M TYMHHOBOTO Tperapara rmpu aByx koHneHTpanusx 0,001 u 0,0001% craructude-
CK{ 3HaYMMO YBEJIMYWIO JUTUHY mipopoctka a0 13,1 u 13,0 cm. B BapuanTax 00paboTKi T'yMUHOBBIM
IpenapaToM B JIByX KOHLICHTPALUSAX YUCIO KOPHEH HA pacTEHUE YBEIUUYHUIIOCH OT 3 IIT. B KOHTPOJIE
1o 4 wt. B BapuanTe coBMeCTHOI 00paOOTKHU ¢ MeHbLIeH KOHIIEHTpanuel [ yMocTiMa pucyTCTBYeT
TEHJICHIIMS YBEJIIMYCHUS JJAaHHOTO roka3arels. [Ipenapar nposiBisietr anTrdyHranbHbIH 3QeKT B KOH-
nenTparuu 0,001%, cHmxas o0IIyIo 3apakeHHOCTh ceMsH (utomaTtorenamu ot 23% B KOHTpoIIE 10
16% B Bapuanre; B koHUeHTpauu 0,0001% — ot 23% B koHTpoIsie 10 9% B BapuanTe. bakrepuzauus
yMeHbIIaeT o0mIyto 3apaxeHHOCTh 10 12%. CoBMmecTHOe BiusHHE OakTepuil u 'ymoctuma B ABYX
KOHIICHTPALIUSAX CTAaTUCTHYCCKU 3HAYMMO CHIIKACT OOIIYHO 3apa)KeHHOCTh o 7 u 11%. Jlns copra
Kanukco niamHa mpopoctka B BapuaHte 00paboTku ['yMOCTHMOM B MEHBIIEH KOHIEHTPALUU CTaTH-
CTHUYECKH 3HAUMMO MEHbIIE KOHTPOJs (KoHTpoiib — 11,9 cMm, I'ymoctum 0,0001% — 9,5 cm). O6mas
3apakeHHOCTH (PUTOMATOTEHAMH B BAPHAHTAaX OTBITa MEHbIIIE KOHTPOJIS Ha 4—8%, HO CTaTUCTHYECKU
3HAYUMBIA Pe3yJIbTaT OTMEUYEH TOJIBKO B BAPHAHTE COBMECTHOTO MPUMEHEHNs OakTepuid u [ 'ymocTrma
B MEHbLIEH KOHLIEHTpauuu: cHuxkenue ot 20% B koHTposie 10 9% B BapuaHTe.

KaroueBbie cioBa: Oakrepuu, Pseudomonas extremorientalis, 'yMocTiM, sipoBasi MINCHUIIA, CE-
MEHHbIE HHPEKIINN

The use of a peat-based humic preparation in a composition
with bacteria to control seed infection pathogens of spring wheat

) Kravets A.V.!, Minaeva O.M.!-?

ISiberian Research Institute of Agriculture and Peat — branch of the Siberian

Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Tomsk, Russia

’National Research Tomsk State University

Tomsk, Russia

(X)e-mail: kravets.alexa@mail.ru

The purpose of the article is to study the possibility of using a composition based on a humic
preparation from Humostim peat and Pseudomonas extremorientalis bacteria isolated from earthworm
coprolites to control the pathogens of seed infections of spring wheat. The objects of the study were
seeds of spring wheat (7riticum aestivum L.) of the Licamero and Calixo varieties, the humic prepara-
tion Humostim, and the bacteria antagonists of the root rot pathogens Pseudomonas extremorientalis.
The phytoexpertize method was used in filter paper rolls. Treatment of the Licamero wheat seeds with
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B KOMITO3UIIMU ¢ OAKTEPUSAMHU JUTd KOHTPOJIsS BO3OyanTEIei
CEMEHHBIX MH(EKIHIi IPOBOM MIIICHHIIBI

Kpaser A.B., Munaesa O.M.

bacteria significantly increases the length of the seedling from 12 cm in the control to 14 c¢cm in the
experiment. The combined use of bacteria and a humic preparation at two concentrations of 0.001%
and 0.0001% significantly increased the length of the seedling to 13.1 and 13.0 cm. In the variants
of treatment with a humic preparation in two concentrations, the number of roots per plant increased
from 3 pcs. in the control to 4 pcs. In the variant of joint treatment with a lower concentration of Hu-
mostim, there is a tendency to increase this indicator. The preparation exhibits an antifungal effect at
a concentration of 0.001%, reducing the total infection of seeds with phytopathogens from 23% in the
control to 16%; at a concentration of 0.0001% — from 23% in the control to 9%. Bacterization reduces
the overall infection rate by up to 12%. The combined effect of bacteria and Humostim in two concen-
trations significantly reduces the overall infection rate to 7 and 11%. For the Calixo variety, the length
of the seedling in the variant of treatment with Humostim in a lower concentration is statistically
significantly less than the control (in the control — 11.9 cm, Humostim 0.0001% — 9.5 cm). The total
infection with phytopathogens in the experimental variants is 4-8% less than the control, but a statis-
tically significant result was noted only in the variant of the combined use of bacteria and Humostim

in a lower concentration.: reduction from 20% in control to 9%.
Keywords: bacteria, Pseudomonas extremorientalis, Humostim, spring wheat, seed infections
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INTRODUCTION

The damage to cereal grains by root rots is
a reality for modern farmers. In particular, in
the Tomsk region, diseases like fusariosis and
helminthosporiosis are common. Because the
autumn cold sets in quickly, the period from
harvest until temperatures drop below 10 °C is
short, lasting from 18 to 30 days. During this
time, soil microbial activity drops, crop residues
don't break down, and as a result, they become a
reservoir for infection agents in the spring'. The
occurrence and development of diseases lead not
only to a significant decrease in crop yields but
also to a deterioration in quality. During their life
processes, lower fungi release toxic metabolites
— mycotoxins, which make the grain unsuitable
for food and livestock feed [1].

Pseudomonas spp. bacteria are widespread
in nature. This is a diverse genus found in vari-
ous environments — from soil and water to plant

surfaces and animal tissues. They are an every-
where biocontrol agent that protects plants from
pathogens by suppressing them, directly killing
them, or boosting the plant's own defense mech-
anisms. Different species of Pseudomonas spp.
can be ideal bioinoculants for a wide range of
hosts, especially for cereal crops. These bacteria
are known for producing a wide range of bioac-
tive antimicrobial metabolites, which give them
an advantage by inhibiting competing microor-
ganisms and serve as the main mechanism for
biocontrol of plant diseases [2—4]. The scientif-
ic community has recognized pseudomonads as
biopesticides that reduce agriculture's reliance
on chemical pesticides [5-8].

The main source of isolated strains of Pseu-
domonas bacteria is the rhizosphere of various
plant species. However, bioactive strains can
also be isolated from other environments, such
as the coprolites of manure worms. Quite of-

!Overview of the phytosanitary condition of agricultural crops in the Tomsk Region in 2025 and a forecast for the development

of harmful organisms in 2026. Tomsk, 2026, 118 p.
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The use of a peat-based humic preparation
in a composition with bacteria to control seed
infection pathogens of spring wheat

Kravets A.V., Minaeva O.M.

ten, the model species Eisenia fetida is used to
obtain coprolites, extract them, and use these
products to positively affect plant growth and
resistance to pathogens (Haplotaxida: Lumbrici-
dae) [9, 10]. Researchers at the Biotechnology
Laboratory of the Siberian Research Institute of
Agriculture and Peat (Tomsk) isolated a strain of
Pseudomonas extremorientalis from the copro-
lites of earthworms Eisenia fetida Andrei, which
showed high antifungal activity. Treating wheat
seeds with this strain reduced their overall infec-
tion rates by 53-76%?2.

To stimulate plant growth and increase resis-
tance to various stress factors, seeds are often
treated with humic preparations from different
organic sources before sowing [11-13]. Their
combined use with bacteria from different taxa
is also discussed in studies: spraying spring
wheat during vegetation [14], using humate
+7 “Healthy Harvest” and pseudobacterin-2Zh
on oil flax [15], creating the Agrophit-humate
preparation [16], and others. Since the early
growth stage of cereal crops is most vulnerable
to root rot due to weather conditions (low or
high temperatures, insufficient moisture), it was
decided to combine the humic peat-based prod-
uct Humostim with bacteria isolated from cop-
rolites into a single composition for pre-sowing
treatment of wheat seeds.

The aim of the work is to explore the possi-
bility of using a composition based on the humic
preparation Humostim and the bacteria Pseudo-
monas extremorientalis to control the pathogens
of seed infections in spring wheat.

MATERIAL AND METHODS

Two medium-maturing spring soft wheat
(Triticum aestivum L.) varieties with a growing
season of 72-97 days were taken as the objects

of study. The Licamero variety is included in the
State Register of Breeding Achievements of the
Russian Federation for the Northwest, Central,
and Central Black Earth regions. It is resistant to
powdery mildew, septoriose, and Fusarium head
blight, but has low resistance to brown rust. The
Calixo variety is included in the State Register
for the Northwestern and West Siberian regions.
It exhibits high resistance to fusariosis, yellow
rust, and powdery mildew, moderate resistance
to Septoria, and low resistance to brown rust?.

The bacterial culture consists of Ps. extrem-
orientalis bacteria isolated from the coprolites
of the composting earthworm FEisenia fetida An-
drei. The working concentration of the bacterial
suspension is a titer of 1-5 x 10¢ CFU/ml.

The experiments utilized Humostim (ammo-
nium humate)—a product of the Siberian Re-
search Institute of Agriculture and Peat obtained
through the peroxide-ammonia hydrolysis of
low-moor peat*. Humostim is produced in liquid
form. It contains carboxylic and essential ami-
no acids, nitrogen, phosphorus, calcium, iron,
and trace elements (copper, zinc, manganese).
The recommended concentration for pre-sowing
seed treatment is 0.001% based on humic acids.
In our experiments, a concentration of 0.0001%
based on humic acids was also used. In the con-
trol, wheat seeds were treated with distilled wa-
ter.

Laboratory experiments to assess the effect
of treatments on seed infection by pathogens
and germination were carried out according to
GOST 12044-935. After accounting for signs of
seed infection, they determined the biometric
traits of the seedlings: air-dry mass, length, and
the number of embryonic roots.

The information obtained during the experi-
ments was processed using the StatSoft STATIS-

Minaeva O.M., Akimova E.E., Tereshchenko N.N., Kravets A.V., Zyubanova TI., Apenysheva M.V. Prospects for using
pseudomonads associated with soil-dwelling lumbricids against pathogens causing root rot in spring cereals // Agricultural Biology,
2019, vol. 54, No. 1, pp. 91-100. DOI: 10.15389/agrobiology.2019.1.91rus.

3State Register of Breeding Achievements Approved for Use. Vol. 1. Plant Varieties (official publication), Moscow, 2024, 620 p.

“Patent No. 2213452, Russian Federation, IPC A 01N 65/00, COSF 11/02. The method for producing a plant growth stimulant:
No. 2001115641/13; / L. V. Kasimova,; filed June 6, 2001; published October 10, 2003; applicant: SibNIIT.

SGOST 12044-93. Seeds of agricultural crops. Methods for determining infection with diseases: interstate standard: effective
date 1995-01-01. Minsk: Interstate Council for Standardization, Metrology and Certification, 1995, 57 p.
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TICA 10.0 package. Data on seedling length and
the number of roots are presented as medians.
Statistical significance of differences in seed-
ling length and root number between the vari-
ants was determined using the non-parametric
Mann-Whitney U test (p < 0.05). Data on seed
germination and infection by seed-borne patho-
gens are presented as probabilities with a con-
fidence interval (p < 0.05), calculated using the
Student's #-test for probabilities between 25%
and 75%, and using the Fisher's angular transfor-
mation for other probability values (p < 0,05)°.

RESULTS AND DISCUSSION

In the testing, the drug Humostim was used at
the manufacturer's recommended concentration
of 0.001% based on humic acids, and addition-
ally diluted 10 times down to a concentration of
0.0001%. In the testing, the drug Humostim was

14.2

used at the manufacturer-recommended concen-
tration of 0.001% based on humic acids, and
additionally diluted 10 times to a concentration
0f 0.0001%. This dilution was prompted by the
previously observed retention of its properties
at a reduced recommended concentration’ and
economic considerations (lowering the cost per
hectare).

Figure 1 shows the length of the wheat seed-
ling, where treatment with bacteria significant-
ly increased this parameter from 12 cm in the
control to 14 cm in the treated group. Treatment
with Humostim at two concentrations did not af-
fect this measure, but combining bacteria with
the humic product at 0.001% and 0.0001% con-
centrations significantly increased the seedling
length to 13.1 and 13.0 cm.

The graphic representation of the number of
primary seedling roots per plant shows a posi-

14,0 |
13.8 |
13.6 |
13,4 |
13,2 |
13.0 |
12,8 |

Seedling length, cm

11.8
11.6

1

Control

I 0,001%

B+T 0.001%

I 0,0001% B+ 0.0001%

Puc. 1. Inuna npopocTKa MIIEHUIB! copTa JInkamepo B skcriepuMeHTe ¢ 00paboTKoi
cemsiH ['ymoctumMoMm 1 Oaktepusimu; 31ech U Ha puc. 2—4, B Tadn. 1, 2: b — 6akrepun; I' — I'ymocTum.

*CTaTUCTUYECKN 3HAYMMOE pasziandue ¢ KoHTpoiueM (p < 0,05).

Fig. 1. Length of a Licamero wheat germ in an experiment with seed treatment with Humostim
and bacteria; here and in Fig. 2—4, in Tables 1, 2: b — bacteria; I' — Humostim.

* Statistically significant difference from the control (p < 0.05).

*Lakin G.F. Biometry: a textbook for biology majors at higher education institutions. 4th ed., revised and expanded. Moscow:

Vysshaya Shkola, 1990. 342 p.

"Titova E.V., Udintsev S.N., Kravets A.V., Glagolev V.P, Zhilyakova T.P., Kasimova L.V., Karnachuk R.A. Mechanism of action
of low doses of peat-derived preparations on plants // Plodorodie, 2005, No. 3 (24), pp. 23-25.
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tive trend of increase in the treatments with the
humic acid preparation at two concentrations
(from 3 in the control to 4 in the treatment) (see
Fig. 2). In the treatment with the lower concen-
tration of Humostim, there is also a trend of in-
crease in this indicator, but all the presented data
were not statistically significantly different from

the control.

Germination in all variants was 82-99% and
didn’t differ much between the experiment ver-
sions, same with the seedling weight.

The key factors are the antifungal activity in-
dicators of the declared solutions and their com-
positions (see table 1).

40t

i
(=

L
o

Number of roots, pcs.

b
[

2.0
Control
b

Puc. 2. Yucno kopHel Ha paCTeHUE MUIICHULBI COPTa
I'ymocTrMoM u GakTepusiMu

Fig. 2. Number of roots per Licamero wheat plant in
and bacteria

T 0,001%

BT 0,001%

T 0,0001% B+ 0_0001%

Jlukamepo B SKCIepuMeHTe ¢ 00pabOTKOM ceMsiH

an experiment with seed treatment with Humostim

Tada. 1. 3apakeHHOCTh CEMSH IMIIEHUITHI copTa JImKkaMepo BO30OyIUTEIIMH CEMEHHBIX HH(EKITHI
B DKCTIEpUMEHTE ¢ 00paboTko cemsH ' ymocTumoM u Oakrepusmu, %o

Table 1. Infection of wheat seeds of the Licamero variety with seed infection pathogens in an
experiment with seed treatment with Humostim and bacteria, %

Exper.iment Overall Helmipthospo- Fusariosis Alternaria leaf Bacteriosis Molds
option prevalence riose spot
Control 2337 0 1,0 8,0 0,5 13,5
b 12 f57(6)* 0 0,0 3,0 0,0 9,0
I'0,001% 16 fg? 0 0,5 4,5 2,0 9,0
1 0,0001% 9 :‘?g* 0 0,5 2,0 0,5 6,0
B+I" 0,001% 7 j?* 0 0,5 0,5 1,0 5,0
b+T" 0,0001% 11 fgg* 0 2,5 1,5 0,0 7,0

*Statistically significant difference compared to the control (p < 0,05).
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The Humostim drug shows an antifungal
effect at the recommended concentration of
0.001%, reducing the overall infection rate of
seed-borne pathogens from 23% in the control
to 16% in the tested version. At a reduced con-
centration (0.0001%), Humostim significantly
lowers the total infection rate from 23% in the
control group to 9% in the test group. The bac-
teria reduce the overall infection rate to 12%.
Combinations of bacteria and Humostim at con-
centrations of 0.001% and 0.0001% significant-
ly reduce the total infection rate to 7% and 11%,
respectively.

It can be concluded that using bacteria togeth-
er with Humostim at both concentrations has a
positive effect on some biometric indicators of
spring wheat of the Licamero variety, and also
significantly reduces the overall seed infection
rates by seed pathogens.

Further experiments were carried out with
seeds of the Calixo variety. Figure 3 shows the
length of the wheat seedling in the experiment
with bacteria and Humostim at two concentra-

tions. The sprout length in the Humostim op-
tion at a lower concentration is statistically sig-
nificantly less than the control (in the control,
the length is 11.9 cm, while in the Humostim
0.0001% option it's 9.5 cm). The sprout length is
also less than the control when bacteria and Hu-
mostim are used together at the recommended
concentration (10.1 cm).

The number of roots per plant varies across
experiment options in a statistically insignificant
way and ranges from 4 to 5 (see Fig. 4).

Germination in the experimental variants
didn’t differ much from the control and ranged
from 71 to 95%. Just like with the seeds of the
Licamero variety, no statistically significant
change in seedling weight was observed.

The results of the seed infection analysis in
different experimental setups are shown in Ta-
ble 2. Overall, seed infection by pathogens in the
experimental setups is 4-8% lower than in the
control, but it is only statistically significantly
lower in the setup where bacteria and Humostim
are used together at a lower concentration: drop-

12

11y

Seedling length, cm
oo @ =

=]

Control

B

' 0.001%

B+ 0, 001%

'0.0001% BT 0,0001%

Puc. 3. JlnuHa npopocTKa NiIeHuIsl copta Kanukco B sxkciepumenTe ¢ 00paboTkoit cemsH ['ymoctumoM u

OakTepusMu

Fig. 3. The length of a wheat germ of the Calixo variety in an experiment with seed treatment with Humos-

tim and bacteria
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Number of roots, pcs.

iy
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321

Control I 0,001% B+ 0. 001%

B

I 0,0001% E+1"0,0001%

Puc. 4. Yucno kopHel Ha pacTeHUE MIISHUIBI copTa Kaankco B akcriepuMenTe ¢ 00padOTKOM ceMsH

'ymocTuMOM 1 GakTepUsSIMH

Fig. 4. The number of roots per wheat plant of the Calixo variety in an experiment with seed treatment

with Humostim and bacteria

Taodua. 2. 3apakeHHOCTb CeMsIH MiueHHLbl copTra Kannkco Bo30yauTensiMu ceMEeHHbIX HH(EKInit
B AKCIIEpUMEHTe ¢ 00paboTKoi cemsiH ['ymocTmom u Gakrepusimu, %

Table 2. Infection of wheat seeds of the Calixo variety with seed infection pathogens in an experiment

with seed treatment with Humostim and bacteria, %

Experiment option Overall prevalence Helminthosporiose Fusariosis ?éz‘rsg(r)ita Bacteriosis Molds
Control 20 j;i:; 0 2 0 0 18
b 14 jgf 0 0 1 1 12
I 0,001 % 14 jgf 0 2 0 0 12
I" 0,0001 % 16 jg:;? 0 3 0 0 13
B+T" 0,001 % 12 jg:g 0 3 0 0 9
B+I" 0,0001 % 9 jg:g* 0 0 0 0 9

*Statistically significant difference compared to the control (p < 0,05)

ping from 20% in the control to 9% in that setup.

The presented data confirm previous results
obtained for Licamero seeds: fluctuations in
morphometric indicators and a statistically sig-
nificant decrease in overall infection in the vari-

ants with combined application of bacteria and
Humostim at two concentrations were observed.
Since we looked at the effect of humic prepa-
rations both on their own and in combination
with bacteria, it's worth noting that when humic
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preparations are used on plants of different vari-
eties, there's a clear variety-specific response® ?,
which we also noted for some morphometric pa-
rameters.

One should pay attention to the option of us-
ing a humic product at a concentration reduced
by 10 times. In some cases, using a lower dos-
age shows better results compared to the recom-
mended concentration. A study by V.N. Pishchik
et al.! concluded that the working concentration
of a humic preparation can be reduced when it
i1s combined with a bacterial preparation, com-
pared to the concentration recommended for the
humic preparation alone. Apparently, a reduced
dose of the humic preparation is sufficient for
the combined effect on plants in the presence of
the bioagent.

CONCLUSION

Laboratory testing has demonstrated the po-
tential of using a composition comprising a hu-
mic preparation and Ps. extremorientalis bacte-
ria to control seed-borne infections during the
pre-sowing treatment of spring wheat seeds. The
peat-derived humic preparation Humostim can
be used in combination with the bacteria at both
recommended and reduced concentrations. The
composition investigated shows promise for ap-
plication in agricultural production.
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dppexTuBHOCTL Macrotyphula phacorrhiza npoTUB CHEKHOM TJIECEHU
HA ra3oHax

<) demuaona A.Il., beromankuna 0.0., Uebanenko C.U., Kopaxkuna O.B.
Poccutickuii 2ocyoapcmeennviil acpapuwii ynusepcumem — MCXA um. K.A. Tumupszesa
MockBa, Poccus

(X)e-mail: a.demidova@rgau-msha.ru

Ha repputopun MockoBckoit oomactu B 2023—2025 TT. Ha OCHOBE TIPOBEICHHOTO (PUTOCAHUTAP-
HOTO MOHHUTOPHHTA BBISBICHO JJOMUHUPOBAHHE B MATOKOMILIEKCE TPABOCTOS TOJb(-TIONIeH MmaTo-
TeHHBIX TpuO0B Typhula ishikariensis S. Imai u Microdochium nivale (Fr.) Samuels & 1.C. Hallett,
ABIISIIOLIMXCSI BO30OYAUTEISIMA PO30BOM M CEpOil Kparyaroil CHeXKHBIX ITuleceHel. B aboparopHbix
ycnoBusix B [maBHOM Gotanmueckom caay um. H.B. [lunmaa PAH u Ha kadenpe 3auiuTsl pacTeHUA
Poccwuiickoro rocynapcrsernoro arpapaoro yauBepcutera — MCXA nm. K.A. TumupsizeBa Obumn
MOJYYEeHBI YHCThIC KYJIBTYPhI JIAHHBIX MATOTEHOB, KOTOPBIE MCIIOJIH30BANU B JalIbHEHIIIEM ISl CO3-
JAHWsI UCKYCCTBEHHOTO MH(EKIIMOHHOTO (OHA B MEJKOJEISTHOYHOM ITOJIEBOM OIIBITE IO OLIEHKE
sa¢dexruBHOCTH Tpuba-antaronucra Macrotyphula phacorrhiza (Reichard) Olariaga, Huhtinen,
Lessoe, J.H. Petersen & K. Hansen. [IpenBapurenbHO U3 YeThIpEeX HM30JSTOB JaHHOTO OMOAreH-
Ta, BBIJICJICHHBIX M3 3apaKCHHBIX I'a30HHBIX 3JIaKOBBIX TPaB, B KYJIBTYPE in Vilr0 MaKCUMAaJIbHYIO
addextuBHOCTS TIpOoTHB 7. ishikariensis n M. nivale mpogemoncTpupoBan u3omsat ['BC-1. Dot
e M30JIST B MEIKOACISTHOYHOM OITBITE TIOKa3aJl MAKCUMAJIbHYIO OHOJOrHYecKyIo 3(h(HEKTHBHOCTD
(2024 . — 31,1%, 2025 1. — 40,6%), cCHI>KAs 110 CPABHEHUIO C KOHTPOJIEM pa3BUTHE OOJIC3HU Ha
26,3 (Becna 2024 1.) u 25,6 m.m. (BecHa 2025 r.), a ee pacnpocTpaHeHHOCTh — Ha 25,0 m.o. B 00a
ce3oHa. B pesynbprare oueHKH KadecTBa TPABOCTOs Mocie NpuMeHeHust M. phacorrhiza BbISBIEHO,
yto n30sT ['bC-1 ymydman mo6eroo0pa3oBarenbHy0 CIOCOOHOCTh M OOIIYIO JEKOPAaTUBHOCTH Ta-
30HHBIX TPaB, YTO B COBOKYMHOCTHU Jaiio 20 0aJIJIOB M MEepEeBesIo KaTEeTOPHIO KaueCTBA MOKPHITHS B
«Xopoluiee», B OTIIMYHE OT JPYyTUX BAPHAHTOB, T/I€ COXPAHSIIOCH «YIOBIETBOPUTEILHOEC» COCTOSHUE
ra3oHa.

KitroueBble ci10Ba: ra30HHBIE TPaBBI, CHEXXHAS IJIECEHb, TpUObI-TaTorensl Microdochium nivale
u Typhula ishikariensis, Onoarentsl Macrotyphula phacorrhiza, 6Guonorndeckast 3pPpeKTHBHOCTH

Effectiveness of Macrotyphula phacorrhiza against snow mold on lawns

C<)Demidova A.P., Beloshapkina O.0., Chebanenko S.I., Koryakina O.V.
Russian State Agrarian University — Moscow Timiryazev Agricultural Academy
Moscow, Russia

(<)e-mail: a.demidova@rgau-msha.ru

In the territory of the Moscow region in 2023-2025, based on the conducted phytosanitary mo-
nitoring, the dominance of pathogenic fungi Typhula ishikariensis S. Imai and Microdochium nivale
(Fr.) Samuels & 1.C. Hallett in the turf complex of golf courses was identified, which are the cau-
sative agents of pink and gray mottled snow molds. In the laboratory conditions at the N.V. Tsitsin
Main Botanical Garden RAS and at the Department of Plant Protection at the Russian State Agra-
rian University — Moscow Timiryazev Agricultural Academy, pure cultures of these pathogens were
obtained, which were later used to create an artificial infectious background in a small-plot field
experiment to assess the effectiveness of the antagonist fungus Macrotyphula phacorrhiza Reichard
Olariaga, Huhtinen, Lessoe, J.H. Petersen & K. Hansen. As a preliminarily, among the four isolates
of this bioagent, obtained from infected lawn cereal grasses, in in vitro culture, the MBG-1 isolate
showed the highest effectiveness against 7. ishikariensis and M. nivale. In a small-scale experiment,
this same isolate showed maximum biological efficacy (2024 — 31.1%, in 2025 — 40.6%) reducing
compared with the control the development of the disease by 26.3 percentage points (spring 2024)
and 25.6 percentage points (spring 2025), and its prevalence increased by 25.0 percentage points in
both seasons. As a result of the assessment of the quality of the herbage after the use of M. phacor-
rhiza bioagents, it was found that the MBG-1 isolate improved the shoot-forming ability and over-
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all decorative effect of the herbage, which together gave a score of 20 points and transferred the
quality category of the coating to "good", unlike other options where the "satisfactory" condition of

the lawn was maintained.

Keywords: lawn grasses, snow mold, pathogenic fungi Microdochium nivale and Typhula ishi-
kariensis, bioagents Macrotyphula phacorrhiza, biological efficiency
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INTRODUCTION

Infectious turfgrass diseases pose a serious
threat to golf courses, leading to significant
economic losses and a decline in turf quality.
Leaf spots and root rots cause the appearance of
patches, discoloration, thinning of the turf, and
an overall deterioration in aesthetic appeal.

Among turfgrass diseases, the following dis-
eases are characterized by significant prevalence
and harmfulness: dollar spot (pathogen — Scle-
rotinia homoeocarpa F.T. Benn.), anthracnoses
(pathogen — species of the genus Colletotrichum)
[1], rust diseases (pathogen — Puccinia sp.)
[2], red thread disease (pathogen — Laetisar-
ia fuciformis (Berk.) Burds.), powdery mildew
(pathogen — Blumeria graminis (DC.) Speer)
[3], Rhizoctonia rot (pathogen — species of the
genus Rhizoctonia), foot rot (main pathogen —
Gaeumannomyces graminis (Sacc.) Arx & D.L.
Olivier), greasy spot (pathogen — species of the
genus Pythium) [4], Fusarium blight (pathogen
— species of the genus Fusarium) [5], as well as
snow molds of fungal origin, previously called
diseases of infectious dieback [6].

In some years, damage from snow molds
caused by cold-temperature fungi can signifi-
cantly reduce the look and quality of lawns [7].
When these diseases develop heavily, they affect
the tillering nodes of grasses, leading not only
to weakening but also to the death of the plants.
The most common in Russia are: pink snow

mold (pathogen — psychrotolerant Microdochi-
um nivale (Fr.) Samuels & I.C. Hallett), speckled
snow mold (pathogen — psychrophile-biotroph
Typhula ishikariensis S. Imai) [8].

It's known that using chemical treatments
against snow mold is quite effective, but it also
brings a number of problems: pathogen resis-
tance, high treatment costs, and toxicological
impact on the ecosystem. In this regard, find-
ing and using not only new fungicides but also
alternative protective methods is important for
ensuring the sustainable development of the golf
industry. As of February 9, 2026, the State Cat-
alog of Pesticides and Agrochemicals permitted
for use in the Russian Federation lists only one
chemical product intended for lawn grass treat-
ment (Brapix, SC based on 100 g/l picoxystrob-
in + 500 g/1 chlorothalonil), which is clearly not
enough.

Protecting lawn grasses should be based on
integrating different methods and tools, with bi-
oproducts playing an important role. Using them
to protect sports lawns is a relevant approach,
allowing to reduce pesticide load and increase
grass stand resilience.

According to the International Biocontrol
Manufacturers Association, of all the companies
producing biopesticides and other bioagents,
40% are in the USA, 35% in Europe, and 25%
in other countries. Russia isn’t on this list, since
it doesn’t have that kind of industry. The use of
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foreign bioprotection agents not registered in
Russia is prohibited, so it’s necessary to screen
domestic microorganisms that are effective
against infectious diseases for possible future
registration. For example, sufficient biological
effectiveness against pythium, rhizoctonia, and
fusarium rots, as well as helminthosporium leaf
spot, anthracnose, and rust diseases, has been
proven for bioproducts based on: 1) selected for
aggressiveness species and strains of fungi of the
genus Trichoderma — Trichoderma Veride, WP,
Trichocin, WP, Gliocladin, WP [9]; 2) bacteria
of the genus Pseudomonas — Pseudobacterin-3
(Liquid), Biocomposit-Pro (Liquid); 3) strains of
Bacillus subtilis — Alirin-B, SP [1]. Research on
the use of Macrotyphula phacorrhiza (Reichard)
Olariaga, Huhtinen, Lessoe, J.H. Petersen & K.
Hansen as a biological agent against gray snow
mold (pathogen — Typhula spp.) were held in Ja-
pan on cocksfoot grass (Dactylis glomerata L.)
and Italian ryegrass (Lolium multiflorum Lam.).
Various isolates of this fungus were effective as
bioagents on Lolium perenne against different
isolates 7. ishikariensis (biotypes A and B) with
a snow cover lasting more than 140 days [10].
In Canada, an M. phacorrhiza isolate was suc-
cessfully used to suppress the development of
T’ ishikariensis var. ishikariensis on marsh bent
grass (Agrostis palustris Huds.) [6-8].

The purpose of the study is to clarify the bi-
ological effectiveness of experimental samples
of the antagonist fungus M. phacorrhiza isolates
against the plant pathogens M. nivale and T.
ishikariensis, which cause snow mold in lawn
grasses.

MATERIAL AND METHODS

Monitoring of turfgrass diseases was con-
ducted at the following golf clubs in the Mos-
cow region: Skolkovo, Forest Hills, Pirogovo,
Moscow Country Club, and Raevo. The patho-
gens were identified using moist chambers, mi-
croscopy, and the isolation of fungi on artificial
culture media (potato dextrose agar (Potato Dex-
trose Agar, PDA) and wort agar (Wort agar)) at

the plant protection laboratory of the Main Bo-
tanical Garden (MBG) named after N.V. Tsitsin
of the Russian Academy of Sciences and at the
Department of Plant Protection of the Russian
State Agrarian University — Moscow Timiryazev
Agricultural Academy.

The small-plot field experiment was conduct-
ed during the winter seasons of 2023/24 and
2024/25 in the arboretum of the MBG RAS. The
species composition of the grass stand, which
was established in 2018, is mostly made up of
meadow fescue (Poa pratensis L.), common rye-
grass (Lolium perenne L.) and red fescue (Fes-
tuca rubra L.). To keep it healthy and looking
good, the experimental plot was regularly given
a set of care tasks, including raking and aerat-
ing the turf (twice a season), overseeding in the
spring, fertilizing with minerals, and mowing.

To obtain a pure culture of the antagonist
fungus M. phacorrhiza, sclerotia were used; af-
ter surface sterilization with alcohol, their out-
er shells were breached, and the sclerotia were
plated onto a nutrient medium in Petri dishes.
The dishes were incubated in a refrigerated incu-
bator (Sankyo Medicool, Japan) at 10°C for 3—4
weeks to allow the fungus to grow. Subsequent-
ly, the cultures were used to produce biomass on
non-viable barley grains.

Pure cultures of 7. ishikariensis and M. nivale
isolates were obtained using the same method.
Subsequently, stock cultures of these pathogen
isolates were used to inoculate sterile barley
grains in flasks to prepare the inoculum for es-
tablishing infection plots [11].

Five treatments were tested—comprising four
isolates of the bioagent (Nakhabino [NAKh], Pi-
rogovo [PIR], MBG-1, and MBG-2) and a con-
trol—with four replicates each. The application
rate was 30 g/m?. Plot size was 1 x 1 m, with
a grid spacing of 10 X 10 cm. Over a two-year
period, each plot was artificially inoculated once
during the second ten-day period of Novem-
ber—simultaneously with the application of
the bioagent—with the pathogens causing pink
snow mold (M. nivale) and gray snow mold (7.
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ishikariensis) at a rate of 15 g/m? for each phy-
topathogen. The application of the inoculum, as
well as the combined application of the inocu-
lum and the antagonist fungus, was carried out
in a randomized manner.

The development of snow mold was assessed
in the spring, immediately after the snow cover
melted, using a 4-point scale:

0 — there are no signs of damage;

1 — sparse spots on lower and upper leaves
(1-3 spots), with a total affected area of up to
10% of the leaf surface;

2 — the lower leaves are completely affected,
while the upper ones show 2—3 spots, with a to-
tal affected area of up to 30% of the leaf surface;

3 — both lower and upper leaves are affect-
ed, with up to 70% of the total leaf surface area
damaged, and lateral shoots are dying off;

4 — all leaves and shoots are affected (100%),
the plants have died.

The development of snow mold (R, %), its
prevalence (P, %), and the biological efficacy of
the bioagent (C, %) were determined using the
standard formulas [12].

To comprehensively assess the quality of the
experimental plot, the generally accepted meth-
odology of A.A. Laptev [13] was used. First,
shoot formation productivity (turf density) was
evaluated using a 6-point scale. To do this, a 10
% 10 cm frame was used to determine the num-
ber of shoots per 100 cm?, followed by a calcula-
tion of the number per 1 m? Overall ornamental
quality was assessed based on the density (clo-
sure) of the turf and the percentage of ground
cover, using a 5-point scale. In addition, a com-
prehensive evaluation of the turf quality was
conducted using a 30-point scale [14].

The data were analyzed using one-way ANO-
VA: the significance of differences between ex-
perimental conditions was assessed with Fisher's
F test at a significance level of p < 0.05. If sig-
nificant differences were found, the least signif-
icant difference (LSDos) was calculated for pair-
wise comparisons. The analysis was carried out
in Microsoft Excel using the “Data Analysis”
add-in.

RESULTS AND DISCUSSION

Significant development of snow molds on
cereal grasses occurs in the fall, winter, and ear-
ly spring only under favorable conditions, when
the ground is covered with snow and doesn't
freeze for more than 120 days, and also when
the snow stays for a long time [15]. In 2023/24
and 2024/25, the winter weather conditions
in the Moscow region were very different. In
2023/24, a stable snow cover formed, lasting
for about 130 days and reaching a maximum
height of 62 cm. These conditions were favor-
able for the development of snow mold and the
bioagent. In contrast, the winter of 2024/25 was
abnormally low on snow: the snow cover did
not exceed 26 cm, there were three instances of
complete snowmelt, and the maximum duration
of the snow period did not exceed 50 days (see
the figure). The conditions of the winter season
2024/25 negatively affected the development of
snow molds, but artificial inoculation allowed
the pathogens to develop.

The tested isolates of the antagonist fungus
M. phacorrhiza (NAKh, PIR, MBG-1, MBG-2)
differed significantly in their ability to suppress
the mycelium of M. nivale and T. ishikariensis.
The studies were carried out in vitro, with pre-
liminary screening of the isolates using the dual
culture method. The GBS-1 isolate showed the
highest effectiveness.

It also showed the best result in the small-plot
experiment, demonstrating the highest biologi-
cal effectiveness in both winter seasons: 2024
— 31.1%, 2025 — 40.6%. At the same time, the
development and spread of snow molds signifi-
cantly decreased (see table 1).

Compared to the control, the application of
isolate MBG-1 reduced the development of snow
molds by 26.3 percentage points (spring 2024)
and 25.6 percentage points (spring 2025), and
disease prevalence by 25.0 percentage points in
both seasons. The other isolates did not provide
a protective effect, as they failed to reach the
threshold of statistical significance, indicating
insufficient fungicidal activity against the stud-
ied pathogens under the given conditions.
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Tab6a. 1. Pa3zBurue, pacmpoCTpaHEHHOCTh CHEXKHBIX TJICCEHEH B BApHAHTAX OMBITA U OMOIOTHIECKas

3 heKTUBHOCTE U30IIATOB OHoareHTa (aeHaponapk [maBaoro 6orarmaeckoro caga PAH)

Table 1. Development, prevalence of snow molds in experimental variants and biological efficiency of
bioagent isolates (arboretum of the Main Botanical Garden of the Russian Academy of Sciences)

Option 2024 (II ten-day period of March) 2025 (II ten-day period of March)

R, % P, % C, % R, % P, % C, %
Control 84,4+24 100,0 = 0,0 - 63,1+1,3 92,5+5,0 -
NAKh 85,020 100,0 = 0,0 -0,8+4,4 64,4+£24 90,0 + 0,0 -2,0+£23
PIR 85,0+3,5 100,0 = 0,0 -0,7+2,8 60,6 + 3,1 90,0 £ 8,2 40+33
MBG-1 58,1 £4,3*% 75,0 £5,8* 31,1 £4,1%* 37,5 +£3,5% 67,5 £9,6% 40,6 +5,8*
MBG-2 83,8+ 14 100,0 = 0,0 0,7+2,8 64,4+ 3,8 92,5+5,0 -1,9+3,8
LSDys 4,3 4,0 5,9 33 10,2 5,4

*Values that differ from the control in a statistically significant manner (p < 0,05).

The methodology developed by A.A. Laptev,
used to evaluate turf quality, includes an assess-
ment of stand density on a 6-point scale, an as-
sessment of overall aesthetic appeal on a 5-point
scale, and a general assessment on a 30-point
scale (based on criteria established for the forest
zone). The obtained data are presented in Table 2.

An assessment of turf quality following the
application of the bioagent M. phacorrhiza re-
vealed that isolate MBG-1 improved turf density
and uniformity; this yielded a combined score
of 20 points, characterizing the cover quality as
"good," in contrast to other treatments where the
turf cover remained in "satisfactory" condition.

The NAKh, PIR, and MBG-2 isolates showed

no advantages over the control variant; the con-
dition of the herbage—specifically regarding
stand density and projective cover—did not
improve. Therefore, it was decided to use the
MBG-1 isolate for further field studies.
Unstable weather and climatic conditions,
combined with improper establishment tech-
niques for sports turf, will foster the prolifera-
tion of low-temperature fungi that compromise
the turf's aesthetic appeal and viability. Con-
sequently, methods for regular phytosanitary
monitoring and for evaluating the efficacy of
various biocontrol agents—including both novel
agents and those originally developed for cereal
crops—could also be applied to golf courses.

O8  Siberian Herald of Agricultural Science ¢ 2026 56 « 5

Plant protection



Db dexruBnocts Macrotyphula phacorrhiza
[POTHB CHEKHOM IUIECEHU Ha ra30Hax

Jemuaosa A.IL., benomrankuna O.0.,
Yebanenko C.U., Kopsikuna O.B.

Taoua. 2. Pesynbrarsl OLIEHKH KauecTBa ra30HHOTO MOKPBITHS (2023/24 u 2024/25 rr., nenaponapk

I'maBHOTO G0TaHMUeckoro caga PAH), 6amn

Table 2. Results of the lawn cover quality assessment (2023/24 and 2024/25, arboretum of the Main
Botanical Garden of the Russian Academy of Sciences), points

opion | Hebaze || Q0T | S| cuay | e || Q0T | U quity
quality assessment quality assessment
Autumn 2023 Spring 2024.
Control 5 5 25 Exc. 3 3 Mod.
PIR 5 5 25 Exc. 3 3 Mod.
NAKh 5 5 25 Exc.. 3 3 Mod.
MBG-1 5 5 25 Exc. 4 4 16 Satisf..
MBG-2 5 5 25 Exc. 3 3 9 Mod.
Autumn 2024 Spring 2025
Control 5 5 25 Exc. 4 4 16 Satisf..
PIR 5 5 25 Exc. 4 4 16 Satisf..
HAX 5 5 25 Exc. 4 4 16 Satisf..
MBG-1 5 5 25 Exc. 4 5 20 Good
MBG-2 5 5 25 Exc. 4 4 16 Satisf..
Note. Exc. — excellent; good — good; satisf. — satisfactory; mod. — moderate.
CONCLUSION CIIMCOK JIMTEPATYPbI

Despite differences in climatic conditions be-
tween the 2023/24 and 2024/25 winter seasons,
the fungi M. nivale and T. ishikariensis—caus-
ative agents of pink and gray (speckled) snow
mold—were consistently found in the pathogen
complexes affecting golf course turf in the Mos-
cow region.

In a small-plot experiment using artificial
inoculation with M. nivale and T. ishikariensis,
the M. phacorrhiza isolate MBG-1 demonstrat-
ed a statistically significant (p < 0.05) inhibitory
effect on snow mold development during both
winter seasons. Its application resulted in a 25.6
percentage point reduction in disease develop-
ment and a 25.0 percentage point reduction in
prevalence during the spring of 2025 compared
to the control (biological efficacy of 40.6%).

According to the results of a comprehensive
assessment of turfgrass quality, in the springs of
2024 and 2025, the use of the MBG-1 isolate re-
sulted in higher shoot-forming capacity, overall
turf aesthetic appeal, and quality category—sur-
passing the control and other experimental iso-
lates by 7 and 4 points, respectively.
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IloneBasi oneHKa NpUMeHeHUsI MUKOCMMOMOHTA HA SIPOBOIi MILIEHUIIE

<) Kexkaso A.1O., Hemuenko B.B.

Ypanvcruii ghedepanvruiii acpapuvlii HayuHO-UCCIE008AMENbCKULL YEHMP
Ypanvckoeo omoenenus Poccutickoii akademuu Hayk

Exarepun0ypr, Poccus

(<)e-mail: alena.kekalo@mail.ru

Paboty npoBoauiu ¢ 1ebio onpeaeneHus 9QHEeKTHBHOCTH MHPUIMPOBAHUS CEMSH SIPOBOA IIIIe-
HUIIBI CTIOpaMH MUKOCUMOMOHTA. [losieBbie SKCTIepuMEHTHI IIPOXOIMIN B I0KHOH Nlecoctenu Kypran-
ckoit obmactm (55°15'09” ¢. mr., 65°07'48"” B. A.). CeBOOOOPOT TPEXMOIBHEIN 3epHOTIAPOBOH, OITBITHI
3aKJIa/IbIBaJIM Ha SIPOBOM MILEHHUIIE 1O napy. [louBa oNmbITHOrO yyacTka — BBILIEIOUEHHBII MaloryMyc-
HBIH TSDKEJIOCYNIMHUCTBIN YepHO3eM. B xoze rccnenoBanms cpaBHUBAJIM BapUaHThI 00pabOTKH ceMsiH
APOBOI MIICHUIBI MpenaparoM Pu3omakc (COpoBOMHIIENIHMANBEHBIH KOMIUIEKC MHKOPU3HOTO Tprba
Glomus spp.), a TAK)KE €ro COYSTAHUIMHU C KOMILJICKCOM arpOHOMUYECKH IIEHHBIX Oakrepuii (Bacillus
subtilis + Bacillus megatherium + Azotobacter chroococcum + Metarhizium anisopliae + Beauve-
ria bassiana), aMHHOKHUCIIOTHBIM IIpeNapaToM AMULM U KOMIUIEKCOM MHKPO3JIEMEHTOB AKBaAMHUKC.
BoisicHmin, uto Gnaropapst I€HCTBHIO MUKOCUMOHMOHTA pacTeHHs chopMHUpoBain OONBLIYIO Maccy
KOpHEH K (ha3e Hayana KylleHus B Bapuanrax Puzomaxc, 2 n/T u Puzomaxc, 2 1/t + AkBamukc, 100 r/T
(cootBercTBeHHO +44 11 88% K KOHTpOMI0). OTpULIATENEHO HAa MAaccy KOpHEH MOBIHsIa COBMECTHAS
o0paboTka cemsiH mpenaparoM Puzomakc n Amunuaom (—17% x xoHTpoo). M3ydaemble npenapaTsl
OKa3aJI¥ TMOJIOKUTEITHFHOE BIMSIHUE HAa HAI3EMHYIO YacTh IIICHUIBI — e Macca Obuta OoJblie KOH-
TpOJBHOTO BapuanTa Ha 8—42%. Pe3ynprarnBHEe MOBBINIANIACH TIOTHOBECHOCTh PACTEHHH B BapHaHTE
Puzomaxc, 2 1/t + AxBamukc, 100 r/T (+42% k xoHTpOI10). Kpome Toro, KopHeBast cucreMa pacTeHUi
B 9TOM BapuaHTe Obula pa3BuTa Jiyulie. B ¢a3y KylieHns nopaxeHue sipoBoil MIIEHUIBI KOPHEBBIMU
THAISIMU (TEIIEBMUHTOCIIOPUO3HOM M (py3apr03HOI) HE BBIXOAMIIO 33 PAMKH IOpOTra BPEAOHOCHOCTH.
B BapuanTax ¢ 00paboTKoii mpenaparaMu HHTEHCUBHOCTD MOPaKEHHsI cocTaBuiia ot 5,8 10 6,4%, He-
CKOJIKO MEHbIIIE — B BapuaHTe ¢ bruokoMruiekcom (Ononorudeckas 3hdexTuBHOCTB 26,5% 110 oKaza-
Texro pa3BuTus 6one3nu, 40% — o pacrpocTpaHeHHOCTH THIJIEH). B 11eiom MUKOpH3HEII mpenapar
obecreun OIy4YeHne TOCTOBEPHBIX MprOaBoK ypoxkas (+2,0-2,7 m/ra). [Ipu 3ToM ero coBMecTHOE
MIPUMEHEHUE C AMUHOKHCIIOTHBIM IMIPENapaTroM He MO3BOJIMIO JOCTOBEPHO MOBBICUTH YPOXKaHOCTH
TIIICHHIIBL.

KaroueBble cjioBa: MUKOpHU3a, IpoBas MIICHUIIA, YPOXKAHHOCTb, Tipenapar Pu3omake, cumo1o3

Field evaluation of mycobiont application on spring wheat

C<p)Kekalo A.Yu., Nemchenko V.V.

Ural Federal Agrarian Scientific Research Centre of the Ural Branch
of the Russian Academy of Sciences

Ekaterinburg, Russia

(X)e-mail: alena.kekalo@mail.ru

The work was carried out in order to determine the effectiveness of infecting spring wheat seeds
with mycosymbiont spores. Field experiments were conducted in the Kurgan region: southern fo-
rest-steppe (55°15'09"” N, 65°07'48" E). The crop rotation was a three-field grain-fallow system, ex-
periments were set up on spring wheat in a fallow field. The soil of the experimental plot was leached,
low-humus, heavy loamy chernozem. During the study, variants of treating spring wheat seeds with
the Rizomax preparation (spore-mycelial complex of the mycorrhizal fungus Glomus spp.) were com-
pared, as well as its combinations with a complex of agronomically valuable bacteria (Bacillus sub-
tilis + Bacillus megatherium + Azotobacter chroococcum + Metarhizium anisopliae + Beauveria
bassiana), with an amino acid preparation (Amicid) and a complex of trace elements (Aquamix).
It was found that due to the action of the mycosymbiont, the plants developed a larger root mass by
the tillering phase in the Rhizomax variants, 2 1/t and Rhizomax, 2 1/t + Aquamix, 100 g/t (respec-
tively +44 and 88% compared to the control). The combined treatment of seeds with the preparations
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Rizomax and Amicid negatively affected the root mass (—17% compared to the control). The studied
preparations had a positive effect on the above-ground part of the wheat — its mass was 8—42% higher
than the control variant. Full seed development of the plants increased more effectively in the Rizomax
variant, 2 1/t + Aquamix, 100 g/t (+42% compared to the control). In addition, the root system of the
plants in this variant was better developed. The infestation of spring wheat at the tillering stage by root
rots (helminthosporium and fusarium) did not exceed the threshold of harmfulness. In the versions
with treatment using the preparations, the intensity of damage ranged from 5.8 to 6.4%, slightly less
in the version with Biocomplex (biological effectiveness 26.5% according to the disease development
indicator, 40% — according to the prevalence of rot). Overall, the mycorrhizal preparation resulted in
significant yield increases (+2.0-2.7 c/ha). However, its combined use with the amino acid preparation
did not significantly increase wheat yield.
Keywords: mycorrhiza, spring wheat, yield, Rizomax preparation, symbiosis
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INTRODUCTION with Glomeromycota fungi, which create arbus-
cular mycorrhiza [2, 3].

Arbuscular mycorrhiza is found in all natural
zones of Russia — from the polar desert to sub-
tropical forests. Despite this, the biodiversity of
arbuscular mycorrhizal fungi is not very high.
Only a little over 300 species are known, be-
longing to the Glomeromycota phylum? [3].

The use of arbuscular mycorrhizal fungi in
agricultural practice helps increase the uptake of
nutrients from the soil, which usually leads to
enhanced photosynthetic activity in plants and

Mycorrhiza is a symbiotic association of a
fungus's mycelium with the roots of a higher
plant. It's an evolutionarily developed, structur-
ally formed symbiosis between a fungus adapt-
ed to life in the soil and inside a plant, and the
root of a living plant, necessary for one or both
partners. The symbiotic nutrition system is quite
promising for crop production and is vital for
plants, especially in conditions of low tempera-
tures, high acidity, the presence of insoluble

forms of phosphates in the soil, a short growing
season, and other unfavorable factors' [1, 2].

It is known that among higher plants, all gym-
nosperms, about 70% of monocots, and 80-90%
of dicots participate in symbiosis. At the same
time, around 80% of all plants form symbiosis

increased nitrogen-fixing activity [4, 5]. A root
system colonized by mycorrhizal fungi can ab-
sorb more water. Studies have shown that water
molecules with isotopic labels, accessible only
to the mycorrhizal fungi's hyphae, can make
their way into host plants [6—8]. With symbiosis,

Geltzer F.Yu. Symbiosis with microorganisms — the basis of plant life. Moscow: MSKhA Publishing House, 1990, 136 p.

*Spatafora J.W., Chang Y., Benny G.L., Lazarus K, Smith M.E., Berbee M.L., Bonito G., Corradi N., Grigoriev I., Gryganskyi A.,
James T'Y., O'Donnell K., Roberson R.W., Taylor T.N., Uehling J., Vilgalys R., White M.M., Stajich J.E. A phylum-level phylogenetic
classification of zygomycete fungi based on genome-scale data / Mycologia, 2016, vol. 108, Iss. 5, pp. 1028—-1046.
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plants have better root nutrition, soil resources
are used more effectively, and crops become
more resistant to phytopathogens [9—-13].

Experiments conducted at the Bashkir State
Agrarian University investigated the effect of
the bio-fertilizer "Kormilitsa Mycorrhiza" on
the growth and formation of arbuscular mycor-
rhiza in cultivated plants (soft wheat, field pea,
and onion). It was demonstrated that the biolog-
ical product—based on mycorrhizal fungi and
consisting of mycelium and spores of the genus
Glomus—enhanced plant growth and endomy-
corrhiza formation. Wheat proved to be the most
responsive to the application of the product to
the growing medium [14].

The use of arbuscular mycorrhiza is a promis-
ing approach that helps optimize the nutrition of
agricultural crops and enhances their resistance
to stress factors. However, there are reports of
limitations regarding effective root colonization
and the establishment of the plant-fungus sym-
biosis.

In the Trans-Urals, the mycotrophic status of
herbaceous plants across a wide variety of eco-
logical habitats was studied by I.A. Selivanov
et al. According to the available data, the preva-
lence of vesicular-arbuscular mycorrhiza across
different landscape-geographic zones is as fol-
lows: tundra — 42.2% of plants are mycorrhizal;
forests — 77.9%; steppe — 85.4%; and desert —
60.9%. The researchers concluded that 78% of
the plants studied were mycotrophic and that
"mycosymbiotrophy in higher plants is the rule
rather than the exception™.

In subsequent years, research most closely
approximating the conditions of the Trans-Urals
was conducted in Bashkiria and the dry steppe
of the Cis-Urals (Republic of Kazakhstan)* [15].

It’s known that in the Kurgan region over the
past 25 years, the share of growing seasons with
droughts of various intensities was 52%, in-

cluding eight seasons that were moderately dry
(HTCys.93 = 0,7-0,9), five — hyperarid (HTC =
0,3-0,6). More than half of the arable land has
low levels of available phosphorus.

It is possible to reduce risks when growing
crops in such conditions by using the process of
mycorrhization. Scientific study of this issue for
the main regional crop — spring wheat — has hard-
ly been conducted in recent decades. However,
there are prospects for this method to reduce de-
pendence on abiotic environmental factors.

The goal of the study was to determine how
effective it is to infect spring wheat seeds with
mycosymbiont spores in the dry conditions of
Trans-Urals.

MATERIAL AND METHODS

The study was carried out in the experimental
field of the Kurgan Research Institute of Agri-
culture — a branch of the Ural Federal Agricul-
tural Research Center of the Ural Branch of the
Russian Academy of Sciences in 2018 and 2019.
The study focused on spring soft wheat (7riti-
cum aestivum L.) of the Omsk 36 variety (elite
seed material) and the biological product Rizo-
max, which is a spore-mycelial complex of my-
corrhizal fungi (with at least 2.0x10" CFU/ml
of viable Glomus spp. cells).

The establishment of field trials and statisti-
cal data processing were carried out according
to B.A. Dospekhov’. The study was conducted
within a three-field grain-fallow crop rotation.
There were four repetitions, and the size of the
experimental plots was 2022 m?.

The soil of the experimental plot is a leached,
low-power, low-humus heavy loamy cherno-
zem. The humus content in the arable layer (0—
20 cm) is 4.3—4.6%, available P,O5 (according to
Chirikov) is 108-118 mg/kg of soil, exchange-
able K,O is 177-210 mg/kg, and the water pH is

3Selivanov L.A., Gavrilyuk S.L. On the mycotrophy of halophytes in the forest-steppe Trans-Urals // Selected Issues in Plant
Biology, Physiology, and Ecology: A Collection of Articles. Perm, 1966. pp. 23-31.

‘Kuramshina Z.M., Khayrullin R.M. Impact of extreme drought on mycorrhization of roots 7riticum aestivum L. in the Southern
Urals // Reports of the Russian Academy of Agricultural Sciences, 2015, N 1-2, pp. 13—15.

SDospekhov B.A. Methodology of Field Experiment (with fundamentals of statistical analysis of research results): a textbook.

Moscow: Alliance, 2011, 350 p.
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5.6-5.7. The nitrate N-NO;— content in the 0-20
cm layer before sowing was 13.2-19.5 mg/kg.

Weather conditions during the 2018 growing
season were characterized by a lack of heat in
May and June, a hot and dry July, and abundant
precipitation during the second and third ten-day
periods of August. The hydrothermal coefficient
(HTC) for the growing season was 1.25, indi-
cating favorable growing conditions; however,
the uneven distribution of precipitation reduced
spring wheat productivity.

In 2019, hydrothermal conditions were char-
acterized by sharp temperature fluctuations at
the beginning of the growing season and drought
during the second half. The Hydrothermal Coef-
ficient (HTC) for May—August was 0.85, indi-
cating moderately dry conditions.

Primary surface tillage was carried out in the
autumn using a BDM-2.4 disc harrow to a depth
of 8-10 cm. In the spring, harrowing was per-
formed once the soil reached physical maturity.
As weeds emerged and the soil warmed to the
optimal temperature, cultivation was carried out
to a depth of 6-8 cm (using a KPS-4.2 stubble
cultivator). Subsequently, row sowing was per-
formed using an SSFK-6 mounted disc-type
breeding seed drill, with a row spacing of 21 cm
and a seeding rate of 5.0 million viable seeds per
hectare. Immediately after sowing, the soil was
compacted using a 3-KKSH-6 ring-spur roller.
Harvesting was carried out in a single-phase op-
eration using a Sampo-130 breeding combine,
with each plot harvested individually.

Crop maintenance during the growing season
involved chemical weeding at the tillering stage
(Drotik, 0.4 I/ha + Zinger, 5 g/ha + ARGO, 0.6 1/
ha) and a foliar application of fungicide and in-
secticide (Titul Duo, 0.32 1/ha + Eforia, 0.15 I/
ha)—performed as needed between the end of
stem elongation and flag leaf emergence (BBCH
34-37).

One day before sowing, the seed material
was treated with a biological preparation (man-
ual method; working solution application rate:
10 1/t).

The experimental design included the follow-
ing variants:

1) Rizomax, 2 I/t;

2) Rizomax, 3 I/t;

3) Rizomax, 2 I/t + Amicid, 10 g/t (composi-
tion of amino acids and polypeptides);

4) Rizomax, 2 1/t + Aquamix, 100 g/t (con-
centrated micro-fertilizer);

5) Rizomax, 2 1/t + Biocomplex (Bacillus
subtilis + Bacillus megatherium + Azotobacter
chroococcum + Metarhizium anisopliae +
Beauveria bassiana, by 1 1/t);

6) control (without seed treatment).

RESULTS AND DISCUSSION

The effectiveness of applying a mycosymbi-
ont to spring wheat was evaluated using a fal-
low predecessor, which ensured a high level of
macronutrient availability. Seed material with a
low level of phytopathogen infection was used,
as the combined application of a fungicidal seed
treatment and a fungal-based mycorrhizal inoc-
ulant is not permissible.

Across the trial, the average field emergence
of wheat ranged from 88% to 91%. It was slightly
higher in the treatment involving Rizomax (2 1/t)
plus Biocomplex; evidently, the bacteria (such
as Bacillus subtilis and phosphate-solubilizing
bacteria) introduced into the wheat rhizosphere
successfully colonized the relevant ecological
niches and positively influenced seedling de-
velopment (through mechanisms such as antag-
onism toward phytopathogens, the production
of enzymes and vitamins, and the conversion
of certain mineral nutrients into plant-available
forms).

To evaluate the effect of the preparations on
wheat growth and development during the tiller-
ing stage, plants were sampled and their parame-
ters determined. The obtained data are presented
in Tables 1 and 2.

A positive effect of the preparations on the
number and mass of the roots was observed with
seed treatment using Rizomax at a dosage of 2
L/t (7.0 roots; +44% compared to the control), as
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Taon. 1. BausiHue HHOKYISILMK CEMSIH U3yda-
EMBIMH IIpenaparaMy Ha apaMeTpbl KOPHEBOH
CHCTEMBI U JUIMHY POCTKa (Hauano (a3bl KyIeHus,
2018 1 2019 rr)

Table 1. The effect of seed inoculation with the
studied preparations on root system parameters and

shoot length (beginning of the tillering phase, 2018
and 2019)

Root Number Root mass
Option length, | of'roots from 10 plants
P om ’ o ’ % to the
pes.. & control
Rizomax, 2 1/t 7,9 7,0 0,92 +44
Rizomax, 3 I/t 8,6 5,2 0,81 +27
Rizomax, 2 1/t +
Amicid, 10 g/t 7,6 5,4 0,53 -17
Rizomax, 2 1/t +
Aquamix, 100 g/t| 7,9 8,5 1,20 +88
Rizomax, 2 1/t +
Biocomplex 8,0 5,5 0,78 +22
Control 8,1 5,5 0,64 -
LSDys 0,55 1,08 0,17

Ta6a. 2. BiusHue o0pabOTKH CEMsIH U3ydaeMbl-
MU TIpernapaTaMy Ha lapaMeTphbl HaJ[3eMHOM 4acTh
pacrenuii (paza kymenus, 2018 u 2019 rr.)
Table 2. The effect of seed treatment with the
studied preparations on the parameters of the

aboveground part of plants (tillering phase, 2018
and 2019)

Mass of the
Average Average above-ground part
Onti leaf leaf of the plant
ption length, width, %
cm cm g to the
control
Rizomax, 2 1/t 20,5 0,6 1,227 +19
Rizomax, 3 I/t 20,1 0,5 1,203 +16
Rizomax, 2 1/t +
Amicid, 10 g/t 21,0 0,6 1,120 +8
Rizomax, 2 1/t +
Aquamix, 100 g/t 19,5 0,6 1,467 +42
Rizomax, 2 1/t +
Biocomplex 20,1 0,5 1,207 +17
Control 19,1 0,5 1,034 -
LSDys 0,97 0,05 |0,105

well as with its combination with Aquamix (8.5
roots; +88%). The Rizomax (3 L/t) (+27%) and
Rizomax (2 L/t) + Biocomplex (+22%) treat-
ments had a slightly less pronounced positive ef-
fect on root system mass. Combined seed treat-
ment with Rizomax and Amicid had a negative

effect on the root mass (—17%).

When evaluating the effect of the tested
preparations on the growth and development of
the above-ground part of the plants, it should be
noted that all of them had a beneficial effect on
the wheat; its biomass exceeded that of the con-
trol variant by 8-42%. The treatment with Rizo-
max (2 L/t) + Aquamix (100 g/t) demonstrated
the highest efficacy (+42%).

In the control group, the incidence of root
rots (Helminthosporium and Fusarium) in
spring wheat at the tillering stage was 7.9%,
with symptoms observed in 58% of the plants.
In the variants treated with the test preparations,
the severity of infection ranged from 5.8% to
6.4%, with a prevalence of 36-40%; these fig-
ures remained below the critical level (economic
damage threshold of 10%). Plant infection levels
were somewhat lower in the treatment with Ri-
zomax (2 L/t) + Biocomplex (biological effica-
cy of 26.5% regarding disease development and
40% regarding rot prevalence). Research on this
matter will continue.

Analysis of the spring wheat yield structure
showed that plant density and productive tiller-
ing were higher in the treatments involving the
mycorrhizal preparation. The number of produc-
tive stems was 366 per m? in the control, com-
pared to 375-387 per m? (+6%) in the Rizomax
treatments. The treatment with microelements
proved to be the most effective.

Plant height reached 91-96 cm. In the Ri-
zomax (2 L/t) + Aquamix (100 g/t) treatment,
plants were 2 cm taller and exhibited superior
spike-bearing characteristics compared to the
control.

Treating spring wheat seeds with the my-
cosymbiont resulted in statistically significant
yield increases (+2.0-2.7 c/ha). When the Ri-
zomax preparation was used alone, the yield in-
crease was 2.3 c/ha; when used in combination
with microelements, it was 2.9 c/ha. The appli-
cation of the mycosymbiont with an amino acid
preparation did not result in a statistically sig-
nificant increase in crop yield (see Table 3). It
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Ta6a. 3. BiusHue u3yyaeMbIx mpernaparoB Ha
YpOKalHOCTh U Ka4ecTBO 3epHa (cpeanee 3a 2018
n 2019 )

Table 3. The effect of the studied preparations on
yield and grain quality (average for 2018 and 2019)

Actual yield
: Wet gluten
Option +/—- content, %
c/ha to the
control
Rizomax, 2 1/t 29,1 +2,3 26,2
Rizomax, 3 1/t 29,2 +2.4 26,6
Rizomax, 2 1/t +
Amicid, 10 g/t 28,1 +1,3 25,8
Rizomax, 2 1/t +
Aquamix, 100 g/t 29,5 +2,7 25,2
Rizomax, 2 1/t +
Biocomplex 28,8 +2,0 26,4
Control 26,8 - 26,4
LSDys 1,45 2,08

should be noted that this plant protection method
can only be applied to seed material with a low
level of infection by phytopathogenic fungi, as
the chemical fungicidal seed treatment and the
mycosymbiont are incompatible.

The mass fraction of wet gluten in the grain
ranged from 25.8% to 26.6%. Variations in this
parameter across the treatments fell within the
margin of analytical error. Gluten protein quality
was characterized as good in 2018 (60-75 GDI
units) and as satisfactorily weak in 2019 (78—80
units). No effect of the tested preparations on
grain quality parameters was observed.

CONCLUSION

The application of the mycorrhizal product
Rizomax (as a seed treatment) on spring wheat
under the arid conditions of the Trans-Urals re-
gion was more effective at an application rate
of 2 L/t, as well as when combined with the
Aquamix micro-fertilizer and a bacterial com-
plex (Bacillus subtilis + Bacillus megatherium
+ Azotobacter chroococcum + Metarhizium
anisopliae + Beauveria bassiana). A significant
yield increase of 2.0-2.7 c/ha was observed. The

use of the mycosymbiont in combination with an
amino acid preparation did not result in a statis-
tically significant increase in productivity. The
incidence of root rots (Helminthosporium and
Fusarium) in spring wheat during the tillering
stage did not exceed the economic injury thresh-
old, amounting to 7.9%. In the variants treated
with the test preparations, the infection inten-
sity ranged from 5.8% to 6.4%, being slightly
lower in the variant treated with Biocomplex.
In the seed-treatment variants, a reduction was
observed in the number of plants showing signs
of infection—36-40% compared to 58% in the
control.
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Cradpuannuasnl (Coleoptera, Staphylinidae) B AToqHBIX HaCaXKIEHUSIX
wra 3anagHou Cudupu
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W3yuensl (ayHa U ce30HHAsI TUHAMUKA aKTHBHOCTU CTA(QUIMHU HA TUTAHTAIMSAX SITOHBIX KYJTb-
Typ B arporeHo3ax tora 3anaanoii Cubupu. I[IpoBeneHHbI 0030p HCCIIeTOBaHUI MOKA3bIBAET, YTO
KYKU-CTAQUINHHUIBI IPEJICTABISIOT COOOW BRYKHBIM M MHTCHCUBHO W3y4YaeMblii KOMIIOHEHT YHTOMO-
¢bayHbl B cucTeMax OHOJIOTHUECKON 3alIMThl pacTeHuid. MHTepec K MCMONB30BAHUIO SHTOMO(AroB
00yCIIOBIICH BBICOKOH YHCIEHHOCTHIO CTaQMIMHUI, Pa3HOOOpa3reM uxX TpPOohUUECKUX CBS3EH U CIIo-
COOHOCTBIO KOHTPOJIUPOBATH YHCICHHOCTh IIUPOKOTO KpyTa BpeauTeneil. McciaenoBaHus NpoBe/CHbI
Ha Tepputopun Tomckoii u Kemeposckoii oonacreit B 2010-2022 rr. COopb! cTadUIMHAL TPOBOAMIIH
Ha [0CaJIkaX CMOPOIMHBI, )KUMOJIOCTH, MaJIMHbI, OOJICTIMXH U 3eMJISTHUKH. B MoaCcTHIIKe KyCTapHUKO-
BBIX HACAXKJICHUH (YePHOU CMOPOIUHBI, )KUMOJIOCTH U KPhDKOBHUKA) HACEICHUE KOPOTKOHAIKPBLIBIX
JKyKOB Tipezictasiero 103 Bugamu nipu qomuHupoBanuu Philonthus rotundicollis Men. Takxe k uuc-
JIy TOMUHAHTOB oTHOCSTCS Drusilla canaliculata F. v Mocyta fungi Grav., BCTpe4aroIuecs mpeumy-
IIECTBEHHO B BEPXHHX CJIOSIX TTOYBBI U I10J] OTIABIIMMH JIUCTHSIMU, HA TUIAHTAIMAX CAJTOBON 3eMIIs-
HUKHU W TIOJ] HacaXeHussMu obuenuxu. Kpome Toro, Ha sropHukax o0sranbl Philonthus varius Gyll.,
Ocypus fuscatus Grav., Tachinus rufipes Deg., Conosoma littoreum L., Gyrohypnus angustatus Grav.,
Xantholinus tricolor F., Quedius fuliginosus F., Oxytelus rugosus F. u mpeactasutenu ponos Atheta,
Oxypoda, Falagria, Geostiba. B caioBbIX HacaXJIEHUSX TPe00IaaroT BUIbI CTAQUINHH C IMAPOKH-
MU apeajnaMu, YTO CBOWCTBEHHO JJIsI arpolieH030B He Tonbko CHOUpH, HO U ApyrUX pernoHoB Poccun.
Jlyist OONBIIMHCTBA BUJIOB XapAaKTEPHBI JBA MK AaKTHBHOCTH B TEUCHUE BEr€TAIIMOHHOTO TIEPHOJIA.
BonbIMHCTBO CTAQUIMHUA HE UMEIOT MUINEBON CIICIMATM3ANN U MUTAIOTCS MEJIKHMU HACEKOMBbI-
MU, XOTSI IPEeCTaBUTENH poaa Tachyporus MUTAIOTCA TPEUMYIIECTBEHHO TIISIMU.

KarwueBbie cinoBa: crapuinuauIbl, GayHa, JHHAMUKA YACICHHOCTH, SITOIHBIC KYJIBTYPbI, 3anaj-
Hast Cubupb
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The fauna and seasonal dynamics of staphylinid activity in berry plantations within the agro-
cenoses of southern Western Siberia have been studied. The review of the conducted research shows
that staphylinid beetles are an important and extensively studied component of the entomofauna with-
in biological plant protection systems. Interest in using entomophages arises from the high abundance
of staphylinids, the diversity of their trophic interactions, and their ability to control a wide range
of pests. The research was conducted in the Tomsk and Kemerovo regions between 2010 and 2022.
Collections of staphylinida were carried out in plantings of currants, honeysuckle, raspberries, sea
buckthorn, and strawberries. The population of short-winged beetles is represented by 103 species,
with Philonthus rotundicollis Men. dominating in the litter of shrub plantations (black currants, hon-
eysuckles, and gooseberries). Other dominant species include Drusilla canaliculata F.. and Mocyta
fungi Grav. which occur mainly in the upper layers of the soil and under fallen leaves on strawberry
plantations and under sea buckthorn plantations. Additionally, Philonthus varius Gyll., Ocypus fusca-
tus Grav., Tachinus rufipes Deg., Conosoma littoreum L., Gyrohypnus angustatus Grav., Xantholinus
tricolor F., Quedius fuliginosus F., Oxytelus rugosus F. and the representatives of the genera Atheta,
Oxypoda, Falagria, and Geostiba are commonly found on berry bushes. Staphylinid species with
broad distributions dominate in garden plantings, a pattern typical of agrocenoses in Siberia and other
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regions of Russia. Most species exhibit two peaks of activity throughout the growing season. Most
staphylinids lack food specialization and feed on small insects, though representatives of the genus

Tachyporus primarily consume aphids.

Keywords: staphylinids, fauna, population dynamics, berry crops, Western Siberia
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INTRODUCTION

Rove beetles (Staphylinidae) constitute the
largest group of coleopterous beetles. To date,
more than 63,000 species within this family have
been described!. Along with ground beetles,
rove beetles (staphylinids) are among the most
common soil-dwelling entomophages found
in agroecosystems. Living in the top layers of
soil and various soil substrates and having a
wide range of food sources, staphylinids play
an important role in controlling invertebrate
populations? [1]. Information about the fauna
and ecology of staphylinids in agroecosystems
is scarce, and data on the trophic relationships
of family members in most agrocenoses is
available for only a limited number of species.
The lifestyle of only some representatives of the
subfamilies Aleocharinae and Paederinae, which
are important natural enemies of agricultural

pests, has been studied in some detail [2, 3].

Earlier, staphylinids was studied in European
countries and North America, more closely
on cereal crops’>. In Russia, staphylinids
in agroecosystems have been studied quite
thoroughly in the agricultural landscapes of
the Leningrad region — 147 species have been
recorded here®. It has been noted that the species
diversity of beetles is higher in perennial
grasses compared to agrocenoses of annual
grasses, cereals, and arable crops. Their role in
regulating the population of the cabbage root fly
has been emphasized’.

The study of the fauna and some aspects of the
ecology of staphylinids in garden agrocenoses
was carried out on strawberry and raspberry
plantations in Canada®, in the apple orchards
of the Czech Republic’ and fruit orchards in
Hungary!.

'Hermann L. Catalog of the Staphylinidae (Insecta, Coleoptera) 1758 to the second millennium. Parts 1-7 // Bulletin American

Museum National History, 2001, N 265, 4218 p.

’Bryan K., Wratten S. The responses of polyphagous predators to prey spatial heterogeneity: aggregation by carabid and staphyl-
inid beetles to their cereal aphid prey / Ecological Entomology, 1984, vol. 9, N 3, pp. 251-259.

3Dennis P., Wratten S., Sotherton N. Feeding behaviour of the staphylinid beetle Tachyporus hypnorum in relation to it’s potential
for reducing aphid numbers in wheat // Annals of Applied Biology, 1990, vol. 117, N 2, pp. 267-276.

*Frank T., Reichhart B. Staphylinidae and Carabidae overwintering in wheat and sown wildflower areas of different age // Bul-

letin of Entomological Research, 2004, vol. 94, pp. 209-217.

SKrooss S., Schaefer M. The effect of different farming systems on epigeic arthropods: a five-year study on the rove beetles (Co-
leoptera, Staphylinidae) on winter wheat / Agriculture Ecosystems and Environment, 1998, vol. 69, pp. 121-133.

*Guseva O.G., Koval A.G. Estimation of the role of predatory epigeic beetles (Coleoptera: Carabidae, Staphylinidae) in regulation
of pest population density in agroecosystems // Entomological Review, 2013, vol. 92, N 2, pp. 241-250.

7Guseva O.G. Rove beetles (Coleoptera, Staphylinidae) under the conditions of anthropogenic agrolandscape transformation in
Northwestern Russia // Entomological Review, 2020, vol. 99, N 4, pp. 845-858.

8Levesque C., Levesque G.-Y. Seasonal Dynamics of Rove Beetles (Coleoptera, Staphylinidae) in a Raspberry Plantation and
Adjacent Sites in Eastern Canada // Journal Kansas Entomological Society, 1996, vol. 69, N 4, pp. 285-291.

YHonek A., Kocian M., Martinkova Z. Rove beetles (Coleoptera, Staphylinidae) in an Apple Orchard // Plant Protection Science,

2012, vol. 48, N 3, pp. 116-122.

YBalog A., Marko V. Chemical disturbances effects on community structure of rove beetles (Coleoptera, Staphylinidae) in Hun-
garian agricultural fields // North-Western Journal of Zoology, 2007, vol. 3, p. 67-74.
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The influence of agricultural techniques and
the characteristics of agrocenosis structure on
the species composition, activity dynamics of
staphylinids, and the choice of prey by predatory
beetles has been analyzed!!.

The staphylinid fauna across all types of
agricultural land is dominated by species
with broad geographic ranges that function as
generalist predators. Due to a lack of research,
the role of staphylinids in agroecosystems
is frequently underestimated. Among recent
publications on the staphylinid fauna of
horticultural agroecosystems, it 1is worth
noting a study by researchers from Slovenia,
who identified Holobus flavicornis (Boisduval
& Lacordaire) and Oligota oviformis Casey,
1893, as promising biological control agents
(specifically against Tetranychus urticae Koch)
[4].

In recent years, research on staphylinids in
agroecosystems has been conducted primarily
in South Asian countries. For instance, Bledius
latiusculus Kraatz has been recorded in India
in flax fields, where it acts as an entomophage
of the linseed bud fly (Dasyneura lini Barnes),
preying on the pest during its larval stage
[5]. Staphylinids have also been recorded as
entomophages in the rice fields of Indonesia,
where Paederus fuscipes Curtis was among the
dominant species of all Coleoptera present [6].
In a study of the pest complex affecting cotton
and their associated entomophages in India
(Hyderabad), researchers examined the activity
dynamics of these entomophages—including
staphylinids—across various developmental
stages of the crop. It was shown that the
abundance of these beetles reaches its peak
during the flowering phase of the cotton plant
[7].

Staphylinids have been identified as
entomophages with potential for controlling
cutworm caterpillars in corn fields within
tropical regions [8]. Metrics of species

diversity and the spatiotemporal structure of
staphylinid populations have been used to
assess the condition of coffee plantations in
Colombia [9, 10]. The need for widespread use
of entomophages, including rove beetles, in
modern integrated plant protection systems has
been noted [11], including based on the study
and use of staphylinid pheromones [12, 13].

A number of studies have looked at the effect
of plant protection products on staphylinids. In
pea crops in India, when testing five types of
biological pesticides, Paederus fuscipes Curtis
was used as the test subject. Relatively high
resistance of beetles to Bacillus thuringiensis
var. kurstaki was observed, along with a
significant decrease in the population of the
entomophage (by 26%) when agricultural crops
were treated with azadirachtin [14]. Another
species — Dalotia coriaria (Kraatz), used as a
plant biological control agent in greenhouses,
was used as a test subject in trials of a new
generation of insecticides [15].

The purpose of the work is to identify the
species diversity and the characteristics of the
spatial and temporal distribution of staphylinids
in berry crop plantations in the south of the taiga
zone of Western Siberia.

MATERIAL AND METHODS

Research on staphylinid beetles in
horticultural plantings was conducted between
2010 and 2022 in the Tomsk and Kemerovo
regions. Specimens were collected throughout
the growing season (from mid-May to the
end of September) in plantations of currants,
gooseberries, honeysuckle, raspberries, sea
buckthorn, and strawberries located in the
southern and western parts of the Tomsk
Region (Bakcharsky, Krivosheinsky, and
Tomsky districts) and the northern part of the
Kemerovo Region (Tyazhinsky, Tisulsky, and
Mariinsky districts). To collect staphylinids,
Barber traps (200 ml plastic cups) with a

"Balog A., Marko V., Imre A. Farming system and habitat structure effect on rove beetles (Coleoptera, Staphylinidae) assembly
in Central European apple and pear orchards // Biologia (Bratislava), 2009, vol. 64, pp. 343-349.
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fixative (ethylene glycol) were used, along with
sieving of soil and litter, and manual collection
of beetles. In total, about 3,600 rove beetle
specimens were collected. The faunal material
was identified using basic identifiers, including
all the main groups of staphylinids'? 3 with
verification of species identification according
to the collections of the Zoological Institute
of the Russian Academy of Sciences and the
Zoological Museum of the University of Oslo
(Norway).

RESULTS AND DISCUSSION

Currently, in the garden plantings in the
studied area, we have noted 103 species of
staphylinids, belonging to 32 genera of seven
subfamilies. The subfamily Staphylininae has
the largest number of species (37). Among
the common species in the study area is
Philonthus rotundicollis Men., which is found
mainly in the leaf litter of shrub plantings and
reaches quite high density in the root zone
(20-23 ind./m?). This species is also common
in the litter of aspen-birch forest areas located
near agrocenoses, where its density reaches
30 ind./m?. Philonthus varius Gyll., Ocypus
fuscatus Grav., Gyrohypnus angustatus Grav.,
Xantholinus tricolor F., Quedius fuliginosus F.
are also consistently found in decomposing plant
debris and leaf litter in garden plantings, and
their numbers range from 10 to 14 ind./ m?. A
common, but relatively few in berry plantations,
species is Philonthus decorus Grav. — the
dominant species in aspen and mixed forests in
the south of Western Siberia.

The subfamily Aleocharinae is represented
by 28 species in garden plantings. In strawberry
and sea buckthorn plantations, the aleocharine
species Drusilla canaliculata F. and Mocyta
fungi Grav. are dominant; they are found in
the upper soil layers and beneath fallen leaves.

D. canaliculata is typically found in open
areas, mostly in strawberry plantings, where
its population reaches 28 individuals per m?,
while M. fungi is more often found in the leaf
litter at the base of berry bushes (like currants
and gooseberries). In the plantings of all berry
crops, small numbers of Atheta elongatula
Grav., Oxypoda spectabilis Markel, Falagria
nigra Grav, Geostiba circellaris Grav have been
regularly noted.

Staphylinids of the subfamily Tachyporinae
are represented by 12 species, among which
Tachinus rufipes Deg. (15—18 specimens/m? in
shrub plantings of currants, gooseberries, and
honeysuckle) and Conosoma littoreum L. (11—
13 specimens/m? in the same plantings) were
the most common. Members of the Tachyporus
genus (7. chrysomelinus L., T. solutus Erich., T.
nitidulus F. u T. obtusus L.) inhabit not only soil
substrates but also the lower branches of shrubs
and fruit trees. We found them on currant leaves,
where the beetles were feeding on aphids and
tiny mites.

Among the five species of staphylinids
belonging to the subfamily Paederinae,
Lathrobium brunnipes F. was dominant (6—8
individuals/m*> in sea buckthorn plantations,
and occurring only sporadically in all other
crops). Stilicus orbiculatus Paykull has also
been observed sporadically on strawberries and
raspberries. Among the six representatives of
the subfamily Omaliinae, Aploderus caelatus
Grav. and Megarthrus depressus Payk. are
worth noting; they occur in small numbers (up
to 3 individuals/m?) in currant and honeysuckle
plantings. Acidota crenata F. was also found in
strawberry plantings at a similar density.

Among the nine species of staphylinids in
the Oxytelinae subfamily, Anotylus rugosus
F. was most often found in berry plantations.
For this species and its close relative in terms

2Freude H., Harde K. W., Lohse G.A. Die Kifer Mitteleuropas. Band 4, Staphylinidae I (exklusive Aleocharinae, Pselaphinae und
Scydmaeninae). Heidelberg: Spektrum Akademischer Verlag, 2012, 560 p.

BFreude H., Harde K.W., Lohse G.A. Die Kifer Mitteleuropas. Band 5, Staphylinidae II (Hypocyphtinae, Aleocharinae und Pse-
laphidae). Heidelberg: Spektrum Akademischer Verlag, 1999, 382 p.
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of systematics, Oxytelus laqueatus Marsh.,
a mass flight of adults during the breeding
period (the second half of June) is typical. In
berry fields, the beetles are mostly found in
decomposing plant debris under the bushes. All
three representatives of the subfamily Steninae
(Stenus comma Lec., S. clavicornis Scopoli, and
S. humilis Erich.) are typical inhabitants of semi-
aquatic ecosystems; within berry plantations,
they are found only occasionally among shaded
shrubs. Like Tachyporus beetles, members of
the genus Stenus are capable of climbing onto
the lower branches of berry-bearing shrubs in
search of prey (small dipteran insects).

A study of the seasonal activity dynamics of
staphylinid beetles in berry plantations revealed
that most species exhibit two peaks in locomotor
activity. In the study area, the first peak occurs
in early June and is associated with the mass
emergence of beetles from their overwintering
sites and the onset of reproduction. A second,
less pronounced increase in activity is driven
by the emergence of a new generation of adults
during the first and second ten-day periods of
August. An exception is D. canaliculata, which
displays a single peak of activity in midsummer.

Most staphylinid beetles inhabiting berry-
crop agroecosystems are generalist predators and
do not target specific prey. However, laboratory
observations of staphylinids have shown that
members of the genus TZachyporus, when
given a choice of prey, exhibit a preference for
aphids. For instance, 7. chrysomelinus showed
a preference for two aphid species: Aphis pomi
and Aphis grossulariae over all other food
sources offered; a single beetle could consume
up to 25 aphids in a 24-hour period. For
these species, feeding on aphids has also been
observed on the leaves of the lower branches of
blackcurrant bushes and in the leaf litter.

The formation of the staphylinid fauna in
berry plantations in the southern part of the taiga

zone of Western Siberia is largely driven by the
colonization of these agrocenoses by forest and
meadow-dwelling species. Due to their strong
dispersal capabilities, staphylinid beetles (rove
beetles) are present in berry crops throughout
the entire growing season and are capable
of regulating the populations of many small
invertebrates in the soil and surface substrates.
In the berry plantations studied, the staphylinid
species present are predominantly those with
broad geographic ranges—a characteristic
typical of agrocenoses not only in Western
Siberia but also in other regions of Russia.

CONCLUSION

Research  conducted in  berry-crop
agroecosystems in the southern taiga zone of
Western Siberia has identified 103 species of
staphylinid beetles (rove beetles). Due to their
high population density, these beetles, along
with ground beetles, rank among the primary
generalist predators in the berry plantations of
the studied region. Their high level of activity
throughout the growing season suggests that
staphylinids play a significant role in regulating
the populations of small ground-dwelling
invertebrates, including agricultural pests.
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B 2025 u 2026 1. mpoBeaeHa OmeHKa (PUTOCAHUTAPHOTO COCTOSIHHSI CEMEHHOTO MaTepraja B OT-
HOIIIEHUH TPUOHBIX MHPEKIUI OT/ENBHBIX MapTHH MIICHUIBI U JIbHA, BO3/ICIBIBAEMBIX Ha CEIIbCKO-
x03s1iicTBeHHBIX Npeanpusatisx HoBocubupcekoii n Kypranckoit oonacteir. CBOOOAHBIX OT CEMEHHBIX
MH(EKIUHA TapTUii He BBISBICHO: 3a4acTyl0 CEMEHHOW Marepuall BHICOKOMH(UIIMPOBAH OMACHBIMU
BO30ymuTensiMu 3aboneBanuii. Beumy dhopmupoBaHus yCcTOHUMBOCTH (PUTONATOTEHHBIMU OOBEKTa-
MH K UCTIOJB3YEMBIM XHMHYECCKHAM TIPOTPABUTEISIM Ha OCHOBE MupakiiocTpoonHa (40 /1) u TpUTH-
kxoHazona (80 r/im) m tupama (400 1/i), nudenoxonazona (30 1/71), Ha TpUMepe MAPTHHU TIICHUIIBI
copra HoBocubupckast 41, PC 1 u npaa macouunoro copra Cesepuslif, PC 1 nokazana HeoOxonu-
MOCTb BBEJCHHUS B IIPOTPABIMBAHINE MHUKPOOHOJIOTHIECKOr0 (DYHTUIUAA ¢ OMOJIOTHYECKUM areHTOM
Bacillus subtilis. [lo pe3ynbraraM UCIBITAHHI YCTAHOBJICHO, UYTO Ouoyiornyeckas 3(h(HEKTUBHOCTD
NPy yCJIOBUHM HCIIONB30BaHMsI OAKOBOW CMECH Ha OCHOBE XHMHUYECKOTO M MHUKPOOHMOJIOTHUYECKUX
npoTpaButeneit mo Alternaria spp. u Fusarium spp. Ha mmenurie HoBocubupckas 41 Bo3pacraer Ha
97 u 24% B CpaBHEHUU C HCIIOJIB30BAHUEM HUCKIIOUMTEIBHO XMMHUYECKOIO MPOTpPaBUTENS. AHAJO-
TUYHAs CUTYaIlus HaOJFOaeTCsl B OTHOIIEHUH OMACHOTO BO3OYIUTENS KPaT4aTOCTH CEMSI0NIeH JTbHA
Fungus sterilis — dbuonornyeckas 3¢phekTHBHOCTH Bo3pacTaeT Ha 58%. [Ipu BBeneHnn B 00pabOTKy
CeMSTH MUKPOOHUOJIOTHUECKOTO (DyHTUITN/Ia OTMEYCHO HMHIHOUPOBaHKE POCTa KOJIOHUH TpHOOB U3 pojia
Alternaria v Fusarium, GOpMHUPYIOIINXCS BOKPYT 3epHOBOK. OTMEUYECHO, UTO paMalibHBIA POCT MH-
KpOMHLIETOB Alternaria spp. u Fusarium spp. B BApHaHTE COBMECTHOTO NMPUMEHEHHSI XUMHYECKOTO
Tpemnapara  rnpemnapara Ha ocHoBe Bacillus subtilis cavnxancs B 4,8 u 5,4 pa3a 110 OTHOIICHHIO K KOH-
Tpo:ro npotus 1,6 u 2,9 pa3za B BapuaHTe ¢ XUMHUYECKUM MPOTPABUTENIEM. YCTaHOBIEHO, 4TO B 70%
ciryyaeB Alternaria Spp. IpH UCIONB30BaHUM OAKOBOH CMECH HE MMeENa aKTHMBHOTO CIIOPOHOILICHHUS
Y HaXoJMJjach B CTaauy (OPMUPOBAHUS XITaAMHUIOCIIOP.

KuroueBble ciioBa: ceMeHa, QyHTUIUA-Pe3UCTEHTHOCTh, XUMUYECKHH TIPOTpaBUTENb, MUKPOOHO-
Jorudeckuit pyHTHIII, HHOUITIPOBAHHOCTD, OHMoIoTHYecKas 3 (HEKTHBHOCTS, JICH, MIIICHUIIA

Microbiological fungicide as a tool for increasing the biological
efficiency of seed treatment

(<) Ferapontova S.A., Krivtsova M.S.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(X)e-mail: s.ferapontovaa@mail.ru

In 2025-2026, an assessment of the phytosanitary condition of seed material with respect to fungal
infections was conducted in individual batches of wheat and flax grown at the agricultural enterprises
in the Novosibirsk and Kurgan regions. No batches free from seed-borne infections were identified:
often the seed material is highly infected with dangerous disease pathogens. Due to the development
of resistance by phytopathogens to the used chemical seed treatments based on pyraclostrobin (40 g/1),
triticonazole (80 g/l), thiram (400 g/1), and difenoconazole (30 g/l), the need for the introduction
of a microbiological fungicide, the biological agent of which is Bacillus subtilis, into the seed
treatment was demonstrated using the example of a batch of Novosibirskaya 41, RS 1 wheat and
Severny, RS 1 oilseed flax. Test results revealed that the biological effectiveness of a tank mixture
of chemical and microbiological seed treatment agents against Alternaria spp. and Fusarium spp. on
Novosibirskaya 41 wheat increased by 97% and 24%, respectively, compared to using only a chemical
seed treatment agent. A similar situation was observed with respect to Fungus sterilis, a dangerous
flax cotyledon mottle pathogen, where biological effectiveness increased by 58%. Inhibition of the
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efficiency of seed treatment
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growth of Alternaria and Fusarium fungal colonies forming around the kernels was observed with the
introduction of a microbiological seed treatment agent. Radial growth of Alternaria spp. and Fusarium
spp. micromycetes was reduced by 4.8 and 5.4 times, respectively, in the case of a combined use of the
chemical and Bacillus subtilis-based seed treatments, compared to 1.6 and 2.9 times, respectively, in the
case of using only a chemical seed treatment agent. It was found that in 70% of cases, Alternaria spp.,
when using a tank mixture, did not actively sporulate and was in the chlamydospore formation stage.
Keywords: seeds, fungicide resistance, chemical seed treatment, microbial fungicide, infestation,

biological efficacy, flax, wheat

Jost murupoBanmsi: Pepanonmosa C.A., Kpusyosa M.C. MukpoOnonorndeckuii pyHruua Kak MHCTPYMEHT MOBBIIICHUS
Ononormyeckoil 5pPeKTHBHOCTH NPOTpaBIUBaHUs ceMsH // CHOMPCKUil BECTHUK CEIbCKOXO03sTHCTBeHHOM Hayku. 2026. T 56. Ne 5.

C. 117-125. https://doi.org/10.26898/0370-8799-2026-5-12

For citation: Ferapontova S.A., Krivtsova M.S. Microbiological fungicide as a tool for increasing the biological efficiency
of seed treatment. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2026, vol. 56, no. 5,

pp. 117-125. https://doi.org/10.26898/0370-8799-2026-5-12

Konduukr nnrepecon

ABTOpBI 3asBISIOT 00 OTCYTCTBUHM KOH(IIMKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

In the 1970s, the basics of integrated pest
management (IPM) were developed and
implemented — an internationally recognized
model in agriculture, based on managing
plant health risks and balancing production
economics with environmental protection. In
this approach, one of the goals is to introduce
biologized technologies for growing crops
using biological methods to protect plants
from a range of harmful organisms, which
minimizes chemical impact on agro-ecosystems
[1]. In modern agricultural production,
integrated approaches are especially important
when dealing with emerging stable strains
of pathogenic microorganisms. According to
FRAC, by 2020, resistance was detected in
over 230 plant pathogenic fungi to more than
100 active substances across various crops [2].
Resistance is a general biological trait and is a
natural process of microorganisms adapting to
changes in environmental conditions' [3, 4].
It's known that using fungicides with similar
modes of action leads to selective pressure on
pathogenic fungi, which increases the risk of

developing resistance to antifungal drugs [5].
Because of this, there is a need for multiple
treatments during the growing season, which
only makes the problem worse. This makes
the issue of creating new alternative products
based on antagonist microorganisms and tank
mixes of fungicides to control phytopathogenic
microorganisms especially urgent [6—8]. It
has been noted that combining chemical and
microbiological components in a tank mix is the
most effective way to inhibit the growth of plant
pathogens [9].

It is known that using strains from the
Bacillus genus as bioagents allows the creation
of bacterial products with multiple effects:
they induce systemic resistance in plants to
phytopathogens, and have antibiotic, growth-
promoting, and anti-stress activity [10]. The
antifungal compounds produced by this group of
microorganisms (fengycin, iturin, pumilacidin,
mycosubtilin, and surfactin) help protect crops
in the rhizosphere [11]. Bacteria of the Bacillus
genus are interesting for creating commercial
products also because the spores they form are
resistant to extreme environmental conditions,

Siraeva Z.Yu., Vasilchenko E.V., Vasilchenko N.G. Isolation and evaluation of micromycete resistance from genera Alternaria,
Fusarium, and Bipolaris to fungicides // Actual problems in biodiversity and biotechnology: proceedings of the III international
scientific and practical conference, Astrakhan, March 15, 2024. — Astrakhan: Astrakhan Tatishchev State University, 2024, pp. 239—

240.
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can survive the winter, and restore their
protective effect in subsequent growing seasons.
Using Bacillus microorganisms together with
a chemical seed treatment reduces the level of
infection by plant pathogens [12].

The purpose of the study is to look at how
a microbiological preparation mixed with a
chemical seed treatment affects the infection
levels of spring wheat Novosibirsk 41 and oil
flax Northern variety seeds.

MATERIAL AND METHODS

The objects of the study were spring wheat
(cultivar Novosibirskaya 41, first generation/
reproduction [RS 1]), oil flax (cultivar Severny,
RS 1), fungal phytopathogens isolated from
seeds, chemical seed treatment agents, and
mixtures of these agents with the biofungicide
Bactophyt.

The soft spring wheat variety Novosibirskaya
41 is middle-early, medium-height, drought-
resistant, and intended for making high-quality
bread for food purposes. The variety is included
in the State Register for the West Siberian and
East Siberian regions?.

The “Severny” oilseed flax is an early-
ripening variety intended for the production of
high-quality industrial oil (with an oil content of
46.4-48.6%); its straw is suitable for obtaining

Taoa. 1. Bapuantsl npoTpaBiuBaHus CEMsH
Table 1. Seed treatment options

short fiber. It is approved for cultivation in
the following regions: Volga-Vyatka, North
Caucasus, Middle Volga, Lower Volga, Ural,
West Siberian, and East Siberian. Due to its
high adaptability, it can be grown across a range
of environments, from the steppe zone to the
sub-taiga zone®.

On wheat, trials were conducted using a two-
component chemical seed treatment containing
pyraclostrobin (40 g/l) and triticonazole (80
g/l), as well as the biofungicide Bactophyt,
which is based on a strain of the spore-forming
bacterium Bacillus subtilis IPM 215 (initial titer
of at least 2 billion spores/g). For oilseed flax, a
two-component seed treatment agent based on
thiram (400 g/1) and difenoconazole (30 g/1) was
used, along with the biofungicide Bactophyt.
Two seed treatment options were evaluated for
each crop (see Table 1).

Studies on the level of seed infection were
conducted using a biological method on potato-
dextrose agar (PDA) plates®. Eight seeds were
placed in each Petri dish. A total of 280 seeds
were analyzed, with 4 replicates. Incubation
was carried out in an incubator at a constant
temperature of 23 °C. On the 7th day after the
incubation period, the fungal colonies that had
formed around the seeds were examined under
a binocular magnifier, and the genus of the

Option

Culture, variety

Novosibirskaya 41 wheat

| Severny flax

Control

without treatment

Experiment 1 Pyraclostrobin (40 g/l),
triticonazole (80 g/1) —

application rate 0.6 I/t

Thiram (400 g/1),
difenoconazole (30 g/l) —
application rate 2,0 1/t

Experiment 2
(tank mix)

Pyraclostrobin (40 g/1),
triticonazole (80 g/1) — 0,6 1/t
Bacillus subtilis

(at least 2 billion spores/g) — 3,0 I/t

Thiram (400 g/1)

difenoconazole (30 g/1) — 2,0 I/t
Bacillus subtilis

(at least 2 billion spores/g) — 1,5 I/t

2Osmanov M.A. Efficacy of using chemical and biological fungicides in spring wheat crops // Forum of Young Scientists, 2020,

No. 10 (50), pp. 526-532.

SURL: https://direct.farm/knowledge/plant/pshenica-myagkaya-yarovaya/537
4URL: https://direct.farm/knowledge/plant/len-maslichny;j/528
SGOST 12044-93. Agricultural seeds. Methods for determination of disease infestation. Minsk: Interstate Council for

Standardization, Metrology and Certification, 2011. 57 p.
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pathogen was determined through microscopic
analysis.

The percentage of seed infection was
calculated using the formula [13]

N
X, =% 100%,

where N, — total number of infected seeds in
four samples, pcs.; n — total number of seeds
taken for analysis, pcs.

The
treatment, expressed as a percentage, was

biological effectiveness of seed

evaluated using the formula [14]
Ab — Ba
Ba
where C — biological effectiveness, Ab — the

C= x 100%

rate of seed infection in the control; Ba — the rate
of seed infection in the experimental variant.

The speed of infection development was
assessed on the 5th day. The starting point was
considered to be the first day without visible
growth of fungal colonies. The radial growth
rate of the mycelium of phytopathogenic
micromycetes was determined using the formula
[15]

PCP =R /At

where PCP — radial colony growth rate, mm/
day; R — colony radius, mm; A¢ — cultivation
duration, days.

The spread of sample mean values and the
significance of differences between them in the
experimental variants were determined using
analysis of variance in Snedecor and Microsoft

Excel.

RESULTS AND DISCUSSION

During the research, a critically high level of
wheat seed infection with the causative agents
of alternaria and fusarium was found — 73%
and 57% (see Table 2). The infection of seed
material with Alternaria spp. and Fusarium
spp. in the control group and with the use of
chemical seed treatment was practically the
same. Using a tank mix based on a chemical
seed treatment and Bacillus subtilis reduced
the level of Fusarium infection by 24%. Adding
the microbial component helped suppress
the Alternaria infection with a biological
effectiveness rate of 97%.

The biological effectiveness against the
pathogen of helminthosporium rot (Bipolaris
sp.) was 69% when using a chemical seed
treatment and 100% with a tank mix.

The study of fungal colonies forming around
the caryopsis showed that the rate of infection
development varied significantly across the
experimental variants (see Figs. 1 and 2).
The tank mixture had the highest inhibitory
activity compared to the control — the growth of
Alternaria spp. and Fusarium spp. colonies was
reduced by 4.8 and 5.4 times, versus 1.6 and 2.9
times with the chemical seed treatment.

When examining Alternaria spp. colonies
under a microscope in the tank mix variant, it
was found that in 70% of cases the fungus had
no active sporulation and was in the stage of
chlamydospore formation (see Fig. 3). This fact
points to unfavorable conditions for the fungus,

Ta6a. 2. Brusaue nporpaBnuBaHus Ha HHPHUITMPOBAHHOCTH CEMSH MIeHuIsl HoBocnOupckas 41
Table. 2. The effect of seed treatment on the infection of the Novosibirskaya 41 wheat seeds

Infestation, %
Experiment option

Alternaria spp. | Fusarium spp. | Bipolaris sp. Mucor spp.
Control 73,0+ 13,0 57,0+ 142 13,0+2,5 6,0+1,5
Pyraclostrobin (40 g/1), triticonazole (80 g/1) 74,0 £7,0 52,0 +8,7 40+1,2 2,0£0,6
Tank mix:
Pyraclostrobin (40 g/l), triticonazole (80 g/1), Bacil-
lus subtilis 20+1,5 33,0+7,0 0 0
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Puc. 1. PagnanbHasi CKOPOCTh pOCTa TPUOOB MO BApHAHTAM OITbITa, MM/CYT

HCPgys no ckopoctu pocra Fusarium spp. — 0,69
HCP 5 o ckopoctu pocta Alternaria spp. — 0,64

Fig. 1. Radial growth rate of fungi according to the experimental variants, mm/day

LSDys for Fusarium spp. growth rate — 0.69
LSDys for Alternaria spp. growth rate — 0.64

Puc. 2. Pazmep KoJOHUH (PUTOMATOTEHHBIX TPHOOB BOKPYT 3€PHOBOK MIIIEHHUIIH! TIO BApUAHTAM OITBITA
a — KOHTPOJIb, 6 — XAMUYECKUH MTPOTPABUTEIb, 8 — 0AKOBasi CMECh

Fig. 2. The size of phytopathogenic fungi colonies around wheat grains according to the experimental

variants
a — control, 6 — chemical treatment, ¢ — tank mixture

which triggers a protective mechanism aimed at
survival.

An assessment of flax seed infection showed
a high level of contamination by Alternaria
pathogens (Alternaria spp.) and on such a
dangerous disease as cotyledon blotch (Fungus
sterilis) (see Table 3).

From the obtained data, it can be seen that
the biological effectiveness against alternaria
when using only a chemical seed treatment

and a tank mix (chemical seed treatment and
a microbiological biofungicide) differs only
slightly — 57.8% and 73.5%. Introducing
Bactophyt allows you to most effectively reduce
the infection level of flax cotyledon spotting.
The biological effectiveness when using a tank
mix increases by 58% compared to using a pure
chemical treatment.

Figure 4 shows that when a microbiological
fungicide is added to the flax seed protection

3amuTa pacTeHui
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Ta6a. 3. Bausnue nporpaBnuBanus Ha HHPULIUPOBAH-
HOCTb CEMSH JIbHa MacIM4HOro copra CeBepHbIi

Table. 3. The effect of dressing on the infection of flax
seeds of the Severny oilseed variety

Infestation, %
Experiment option Alternaria | Fusarium Fungus
o spp- sterilis
Control 238+3,1| 2,0+£0,6 | 150+4,0
Thiram (400 g/1), difeno-
conazole (30 g/l) 10,0 +£2,5 0 11,3+£2,5
Puc. 3. Kycouxn MHUIIETHS U XJIAMHUJI0CIIOPHI Tar}k mix:
Alternaria spp. Thiram (400 g/1)
Fio. 3. Pi £ li d Difenoconazole (30 g/l)
Ig. 3. Fieces ol mycclium an Bacillus subtilis 63+1,5 0 3,8+2,0
chlamydospores of Alternaria spp.
a

Puc. 4. Pazmep konoHu# (GUTONATOreHHBIX IPUOOB BOKPYT CEMSIH JIbHA 110 BAPUAHTAM OITbITa
a — koHTpoIb; 6 — Tupam (400 r/m), mudenoxonason (30 1/1); ¢ — Tupam (400 /1), mudenoxonaszon (30 r/n), Bacillus subtilis

Fig. 4. The size of phytopathogenic fungi colonies around flax seeds according to the experimental variants
a — control, 6 — thiram (400 g/1), difenoconazole (30 g/1); ¢ — thiram (400 g/1), difenoconazole (30 g/l), Bacillus subtilis
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system, the radial growth of the disease-causing
agent is inhibited.

CONCLUSION

It was found that using only chemical
seed treatments didn't properly eliminate the
seed infection. The clearly noticeable loss
of sensitivity of the plant-pathogenic fungi
to the active substances used suggests that
fungicide resistance may have developed.
The data presented above show that using a
microbiological preparation based on Bacillus
subtilis when treating seeds helps improve the
plant health situation regarding pathogenic
fungi, significantly reducing the infection
level of wheat and flax seeds. Introducing a
microbiological fungicide inhibits the growth
of plant pathogens, helping create unfavorable
conditions for the development of a harmful
complex of microorganisms. This study suggests
that the biofungicide Bactophyt contains
compounds that might act as chemosensitizers,
allowing the identified Alternaria spp. and
Fusarium spp. to partially or fully overcome
resistance to a seed treatment based on
pyraclostrobin (40 g/1) and triticonazole (80 g/1),
and Fungus sterilis to a seed treatment based on
thiram (400 g/l1) and difenoconazole (30 g/l).

The data obtained confirm the need for
integrated approaches in agricultural production
with elements of biological methods to improve
the effectiveness of plant protection measures.

CIIMCOK JIMTEPATYPbI

1. bykpees B.B., Jlvicos A.K., Mopo3zos /1.0., Ha-
ymosa H.M. Onenka 3(pQeKTHBHOCTH OMOIOTH-
YecKuX (YHTHIHIIOB B PAa3MYHBIX CHCTEMax
3alUThl SIPOBOTO stuMeHs // MexXayHapOHbIi
CeTLCKOXO3TMCTBeHHBIN JkypHaL. 2023. Ne 6.
C. 628-632. DOI: 10.55186/25876740_2023 6
6 6 628.

Uepbaxosa JI.A. Pa3BuTHEe pE3UCTEHTHOCTH
K GyHTUIIIAAM Y (DUTOTIATOTEHHBIX TPHOOB U UX
XEMOCCHCUOMIM3AIMsI KaK CIIOCO0 MOBBIIICHUS
3aIUTHON 3(PPEKTUBHOCTH TPHUA30JI0B U CTPO-
OowrypuHoB (0030p) // CenbCKOXO3sIiCTBEHHAS
omomorus. 2019. T. 54. Ne 5. C. 875-891. DOI:

10.15389/agrobiology.2019.5.875rus.

lI's030e6a M.C., Bonkosa I'B. Bnusiaue dyHru-
uuaa Komocanb Ha CTpyKTypy MOIYISIIUN BO3-
Oymutenss Oypoil pyKaBYMHBI IIIICHUITBI 110 TIPH-
3HaKaM ITaTOTEHHOCTH W YYBCTBUTEIHLHOCTH //
Muxonorust u ¢puronaronorus. 2022. T. 56. Ne 1.
C. 52-63. DOI: 10.31857/S0026364822010044.
Tannuban @.5., Anennuxosa H.B., I'ankuna E.C.
PesucrenTHOCT,  (DUTOMATOTEHHBIX  TPUOOB
K QyHrunugaMm // 3amuTa ¥ KapaHTUH pacTe-
uuit. 2025. Ne 10. C. 3-7. DOI: 10.47528/1026-
8634 2025 10 3.

byonukoe A.C., Jlonamvesa E.P., Kpvinos U.F.,
Lllesuenko M.U., Hnosatickuii A.HU., Tepen-
moes  A.O. OTkpbiTHE 4-HUTPONHUPA3OIUH-
5-OHOB B Ka4yeCTBE HOBOIO JICTKOJOCTYITHOI'O
CTPYKTYPHOTO Kiacca (D)YHTHIIMIIOB JUJISL 3alllH-
Thl pacTeHHd // MeXIUCUMIUIMHAPHBIA Hay4d-
HBIH ¥ NpUKIagHoH xKypHai «buocdepar. 2022.
T. 14. Ne 4. C. 276-279.

Mypzaeynosa I'Ill., Mewepos A.P., [ocone-
6éa O.A., llonomapes C.H., Ilonomapesa M.JL.,
Topwkoe B.FO. OyHTHIHI-PE3UCTEHTHOCTH
mwraMmMoB Microdochium nivale u ee B3auMOCBSI3b
C BUPYJICHTHOCTBIO // ArpapHas Hayka EBpo-Ce-
Bepo-Boctoka. 2022. T. 23. Ne 6. C. 832-840.
DOI: 10.30766/2072-9081.2022.23.6.832-840.
Henamosa JI.B., bpasicnuxoea E.B., Yepes-
ko8 M.A., Mockeuna E.B., Yepnvix A.Il., My-
paoosa C.P, Cuovikbexosa PK. Ilpumene-
HAEC MHUKPOOPTAaHW3MOB-aHATAaTOHUCTOB TSI
3aIIUATHI STMMEHsI OT (uTONMaToreHoB // BecTHUK
KasHY. Cepust 6uonornueckas. 2026. T. 106.
Ne 1. C. 78-93. DOI: 10.26577/bb106120267.
Tomawesuy H.C., Cudoposa T.M., Annaxeep-
0sin B.B., Acamyposea A.M. V3ydyenue wmeTta-
OOJIUTOB HOBBIX TEPCHEKTHUBHBIX IITAMMOB
OakTepuii-aHTaroHUCTOB pona Bacillus nns mo-
BhIIIIeHUs A ekTuBHOCTH OnonpenapaToB (GyH-
THUIHUIHOTO AcicTBUsS Ha ux ocHoBe // FOr Poc-
cuu: dKkonorus, passutue. 2023. T. 18. Ne 2 (67).
C. 70-81. DOI: 10.18470/1992-1098-2023-2-
70-81.

Myxoso3s I1.11., Ilewikos C.A., Jleseney T.B., Cu-
senyes A.H., Keumxo A.B., [unywxun A.11. -
HOBAIIMOHHBIE CITIOCOOBI IOJABICHUS MHKO30B
pacTeHUH: TIOIXObI, PEIICHUS, TTEPCTICKTUBEI //
Hoctmxenns Hayku u TexHuku AlIIK. 2020.
T. 34. Ne 12. C. 19-27. DOI: 10.24411/0235-
2451-2020-11203.

Konoxonoe P.P., benses A.A. llomudyHKImo-
HaJbHOE JielicTBUE mTaMMOB Oakrepuii Bacillus
licheniformis Ha ™IOJOHOCAINEH IIAHTALIUU
3eMIITHUKHN cajloBoil // BecTHWK yHHMBepcuTeTa

10.

3amuTa pacTeHui

CubHpCKHUil BECTHUK CEIbCKOXO3SIICTBEHHON Hayku * 2026 * 56«5 123



Microbiological fungicide as a tool for increasing the biological
efficiency of seed treatment

Ferapontova S.A., Krivtsova M.S.

11.

12.

13.

14.

15.

ouorexnonoruit. 2025. Ne 2. C. 36-45. DOL:
10.31677/2072-6724-2025-75-2-36-45.

Tarequl 1., Danishuddin, Noshin T.T., Muham-
mad N.M., Hasi R.B., Azizul H. Resistance
mechanisms of plant pathogenic fungi to fungi-
cide, environmental impacts of fungicides, and
sustainable solutions // Plants. 2024. N 13 (19).
P. 2737. DOI: 10.3390/plants13192737.
Cuooposa TM., Acamyposa A.M., Annaxeep-
Osan B.B. OcobeHHOCTH aHTaroHu3Ma OaxkTepuit
pona Bacillus 0 OTHOUIEHWIO K TOKCHHOTEH-
HBIM TprOaM Fusarium TIPHU 3aIIUTE PACTCHUHN OT
00J1€3HM ¥ KOHTaMUHAIIMM MUKOTOKCHHAMU (00-
30p) // FOr Poccuu: sxomnorusi, pazsurue. 2021.
T. 16. Ne 4. C. 86-103. DOI: 10.18470/1992-
1098-2021-4-86-103.

Ceceoa E.C., Ecoposa T.A., bpacuna O.A., Bepe-
waeuna C.A., Paovko J[.I1., I'osepoosckas M. J].
AHainm3 OMOIOru4eckor 3PQPEeKTUBHOCTH OHO-
(YHTHIIUOB TPOTHUB TMATOKOMIUIEKCA CEeMSH
puca // PucooactBo. 2025. T. 24. Ne 2 (67).
C. 42-49. DOI: 10.33775/1684-2464-2025-67-
2-42-49,

Sodikov B., Khamiraev U., Omonlikov A.
Application of new fungicides against the
diseases of agricultural crops // bronnerens Ha-
yku 1 npaktuku. 2022, T. 8. Ne 2. C. 110-117.
DOI: 10.33619/2414-2948/75/15.

®@edoceesa E.B., Cepeeesa I0./]., Bonxosa B.JI.,
Tepexosa B.A. IIposiBlieHr€ aHTarOHUCTUYECKOU
AKTUBHOCTH ITOYBEHHBIX MUKPOMHUIICTOB B pa3-
JIMYHBIX YCJIOBUSX Cpefbl // Ycrexu MenuIuH-
ckoit muxonoruu. 2023. T. 25. C. 91-96.

REFERENCES

1.

Bukreev V.V,, Lysov A.K., Morozov D.O., Nau-
mova N.I. Evaluation of the effectiveness of bio-
logical fungicides in various protection systems
for spring barley. Mezhdunarodnyj sel'skokhozy-
ajstvennyj zhurnal = International Agricultural
Journal, 2023, no. 6, pp. 628—632. (In Russian).
DOI: 10.55186/25876740 2023 66 6 628.
Shcherbakova L.A. Fungicide resistance of plant
pathogenic fungi and their chemosensitization as
a tool to increase anti-disease effects of triazoles
and strobilurines (review). Sel'skokhozyajstven-
naya biologiya = Agricultural Biology, 2019,
vol. 54, no. 5, pp. 875-891. (In Russian). DOI:
10.15389/agrobiology.2019.5.875rus.

Gvozdeva M.S., Volkova G.V. Influence of the
Kolosal fungicide on the population structure of
the wheat leaf rust pathogen by signs of patho-
genicity and sensitivity. Mikologiya i fitopa-

10.

tologiya = Mycology and Phytopathology, 2022,
vol. 56, no. 1, pp. 52-63. (In Russian). DOI:
10.31857/S0026364822010044.

Hannibal F.B., Aleynikova N.V., Galkina E.S.
Fungicide resistance in plant fungi. Zashchita i
karantin rastenij = Plant Protection and Quar-
antine, 2025, no. 10, pp. 3-7. (In Russian). DOI:
10.47528/1026-8634 2025 10 3.

Budnikov A.S., Lopat'eva E.R., Krylov L.B.,
Shevchenko M.I., Ilovaisky A.L., Terent'ev A.O.
Discovery of new readily available fungicides
of a novel structural type for plant protection —
4-nitropyrazoline-5-ones.  Mezhdistsiplinarnyj
nauchnyj i prikladnoj zhurnal «Biosferay =
Interdisciplinary scientific and applied journal
"Biosphere", 2022, vol. 14, no. 4, pp. 276-279.
(In Russian).

Murzagulova G.Sh., Meshcherov A.R., Gogo-
leva O.A., Ponomarev S.N., Ponomareva M.L.,
Gorshkov V.Yu. Fungicide resistance of Micro-
dochium nivale strains and its relationship with
virulence // Agrarnaya nauka Evro-Severo-Vo-
stoka = Agricultural Science Euro-North-East,
2022, vol. 23, no. 6, pp. 832—840. (In Russian).
DOI: 10.30766/2072-9081.2022.23.6.832-840.
Ignatova L.V., Brazhnikova E.V., Chervya-
kov M.A., Moskvina E.V., Chernykh A.P., Mu-
radova S.R., Sydykbekova R.K. Application of
anatagonistic microorganisms for the protec-
tion of barley against phytopathogens. Vestnik
KazNU. Seriya biologicheskaya = KazNU
Herald. Biological Series, 2026, vol. 106,
no. 1, pp. 78-93. (In Russian). DOI: 10.26577/
bb106120267.

Tomashevich N.S., Sidorova T.M., Allakhver-
dyan V.V., Asaturova A.M. The study of metab-
olites of new promising strains of bacteria an-
tagonists of the genus Bacillus to increase the
effectiveness of fungicidal biological products
based on them. Yug Rossii: ekologiya, razvitie =
South of Russia: ecology, development, 2023,
vol. 18, no. 2 (67), pp. 70-81. (In Russian). DOI:
10.18470/1992-1098-2023-2-70-81.

Mukovoz P.P., Peshkov S.A., Levenets T.V.,
Sizentsev A.N., Kvitko A.V., Glinushkin A.P.
Innovative ways to suppress plant mycoses:
approaches, solutions, prospects. Dostizheniya
nauki i tekhniki APK = Achievements of Science
and Technology of AIC, 2020, vol. 34, no. 12,
pp. 19-27. (In Russian). DOI: 10.24411/0235-
2451-2020-11203.

Kolokolov R.R., Belyaev A.A. Polyfunctional
effect of Bacillus licheniformis bacterial strains
on a fruiting plantation of garden strawber-

124  Siberian Herald of Agricultural Science * 2026 * 56 « 5

Plant protection



Mukpo6HoIorn4eckuii PyHrUIH KaKk HHCTPYMCHT ITOBBILICHHS
Ouonornueckoit 3GHEeKTHBHOCTH MPOTPABIUBAHHS CEMSH

®epamnonrosa C.A., Kpusnosa M.C.

ry. Vestnik universiteta biotekhnologij = Vest-
nik University of Biotechnologiy, 2025, no. 2,
pp. 36-45. (In Russian). DOI: 10.31677/2072-
6724-2025-75-2-36-45.

Tarequl 1., Danishuddin, Noshin T.T., Muham-
mad N.M., Hasi R.B., Azizul H. Resistance
mechanisms of plant pathogenic fungi to fungi-
cide, environmental impacts of fungicides, and
sustainable solutions. Plants, 2024, no. 13 (19),
pp. 2737. DOI: 10.3390/plants13192737.
Sidorova T.M., Asaturova A.M., Allakhver-
dyan V.V. Specific features of antagonism of
Bacillus bacteria against toxinogenic Fusarium
fungi in protecting plants against disease and
contamination with mycotoxins (review). Yug
Rossii: ekologiya, razvitie = South of Russia:
Ecology, Development, 2021, vol. 16, no. 4,
pp. 86—103. (In Russian). DOI: 10.18470/1992-
1098-2021-4-86-103.

I1.

12.

NH®OPMALINA OB ABTOPAX

(XY PepanonToBa CBeTiIaHA AJIEKCAHAPOBHA,
CTapIINi HAYYHBIA COTPYIHUK; a/ipec IJIsl mepenu-
cku: Poccus, 630501, p.n. KpacHooOck, yi. LleH-
TpasibHasi, 8; e-mail: s.ferapontovaa@mail.ru

KpuBuosa Mapus CepreeBHa,
SPIN-kon 7197-7866

ACIIMPAHT,

13. Segeda E.S., Egorova T.A., Bragina O.A.,
Vereshchagina S.A., Radko D.P., Goverdov-
skaya M.D. Analysis of the biological efficien-
cy of biofungicides against rice seed pathoc-
omplex. Risovodstvo = Rice Production, 2025,
vol. 24, no. 2 (67), pp. 42—49. (In Russian). DOI:
10.33775/1684-2464-2025-67-2-42-49.
Sodikov B., Khamiraev U., Omonlikov A. Ap-
plication of new fungicides against the diseases
of agricultural crops. Byulleten' nauki i prak-
tiki = Bulletin of Science and Practice, 2022,
vol. 8, no. 2, pp. 110-117. DOI: 10.33619/2414-
2948/75/15.

Fedoseeva E.V., Sergeeva Yu.D., Volkova V.D.,
Terekhova V.A. Manifestation of antagonistic
activity of soil micromycetes in various envi-
ronmental conditions. Uspekhi meditsinskoj mi-
kologii = Advances in Medical Mycology, 2023,
vol. 25, pp. 91-96. (In Russian).

14.

15.

AUTHOR INFORMATION

(<)Svetlana A. Ferapontova, Senior Resear-
cher; address: 8, Tsentralnaya St., Krasnoobsk,
630501, Russia; e-mail: s.ferapontovaa@mail.ru

Maria S. Krivtsova, Post-graduate Student;
SPIN-code 7197-7866

Jama nocmynaenuss cmamwu / Received by the editors 17.04.2026
Jama npunsmusa x nyénuxayuu / Accepted for publication 05.05.2026
Jlama ny6auxayuu / Published 10.06.2026

3amuTa pacTeHui

CubHpCKHiT BECTHHIK CENIbCKOXO3SIICTBEHHOI Haykn * 2026 * 56 5 125



AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientific
community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the
degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:

general agriculture and crop production;

plant breeding, seed production and biotechnology;

agrochemistry, soil science, plant protection and quarantine;

fodder production;

infectious diseases and animal immunology;

private zootechnics, feeding, technology of feed preparation and production of livestock products;

breeding, selection, genetics, and animal biotechnology;

technologies, machinery and equipment for the agro-industrial complex;

food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald
of Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature

Section name of Scientific Specialties, for which academic degrees are awarded

4.1.1. General agriculture and crop production

Agriculture and chemicalization . Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Plant growing and breeding 4.1.2. Plant breeding, seed production and biotechnology

Plant protection 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production
Fodder production 4.1.2. Plant breeding, seed production and biotechnology
4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

Zootechnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation,

modelling and dataware 4.3.1. Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products

4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex

4.3.3. Food systems

Problems. Opinions

Scientific relations

From the history of agricultural
science

Brief reports

From dissertations

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

an article has not been published before in any other journal,

an article is not subject to review in any other journal;

all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.

126 Siberian Herald of Agricultural Science ¢ 2026 56 + 5



PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1. Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

a scanned copy of a letter from the organization confirming authorship and permission to publish (sample cover letter);

a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be expressed
for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and sending it
to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

author questionnaires in Russian and English (sample author questionnaire);

a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and * Brief reports” should not exceed 7 pages.

Article design structure:

uDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is
a brief and consistent presentation of the material of the article on the main sections and should reflect the main content,
follow the logic of the presentation of the material and description of the results in the article with the provision of specific
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 12. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.

CuOHPCKHUIT BECTHHIK CENIBCKOXO3SIICTBEHHOI Hayku * 2026 « 56 5 127



1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES IN RUSSIAN AND ENGLISH AND FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in
southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOL:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text;.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia / Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or

128 Siberian Herald of Agricultural Science ¢ 2026 56 « 5



as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format* jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, 7, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W5, F, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

 amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.

CuOHPCKHUIT BECTHHIK CENIBCKOXO3SIICTBEHHOI Hayku * 2026 * 56«5 129



	обложка_05_2026_англ
	Сиб_вест_05_2026___англ

