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DIRECTIONS FOR IMPROVEMENT OF THE HERBICIDE ASSORTMENT IN RUSSIA
AT THE BEGINNING OF THE 21ST CENTURY
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Changes in herbicides recommended for the use in Russian Federation between 2000 and 2022 are analyzed. The main
directions of iimproving chemical control of weeds are identified based on the integration of domestic market with the world
market. Only a limited number of active ingredients was introduced in Russia during the last decade, including pinoxaden,
thiencarbazone-methyl, piroxulam, sodium flucarbazone, topramezone, diclosulam, tembotrione, and metamifop.
Improved formulations of herbicides such as colloidal solution concentrate with increased penetrability due to the particle
size reduced by an order of magnitude became widely available. Premix herbicides were developed based on tribenuron-
methyl, metsulfuron-methyl, florasulam, clopiralid, picloram, imazamox, imazapyr, imazethapyr, etc.Parameters for
herbicide application were optimized to consider phenology of weeds. Novel technologies were implemented, such as
growing hybrids resistant to certain active ingredients to allow their application during crop vegetation.
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Introduction

Weeds are ubiquitous and persistent members of
agricultural ecosystems, as opposed to the other harmful
organisms, namely pests and plant disease agents, which
become prevalent only in certain years when conditions
are favorable for their development and spreading. Serious
negative effects of weeds due to their competition with crops
for light, water and mineral compounds are well known. In
China, which is the largest pesticide manufacturer in the
world, the herbicides add up to as much as one third of the
total amount of the synthetic pesticides. While the production
of insecticides is decreasing, there is an increasing trend in
herbicide production (Jin et al., 2010).

Large scale application of herbicides in the second half of
the 20" century facilitated the emergence of resistant weed
populations, which made the researchers to seek alternative
methods of weed control (Owen, 2016; Davis, Frisvold, 2017;
Peterson et al., 2018; Gage, Schwartz-Lazaro, 2019; Beckie
et al., 2019).The first instance of biological weed control was
reported in 1971; since the end of the last century, researchers
were enthusiastic by the development ofabout this approach
(Umer et al., 2022). Unfortunately, the volumes of applied
bioherbicides are still too low to be considered a success
(Triolet et al., 2020). Still, we are optimistic about further
advances in this field in the near future (Golubev, Berestetskiy,
2021). However, using of synthetic compounds to protect
agricultural crops from unwanted plants remains the leading
method of control.

The main trend in expanding the array of available
herbicides at the early stages of chemical control was the
search and commercialization of novel active ingredients
with strong toxic action against weeds. Meanwhile, other
factors associated with their application were not considered,
leading to serious health problems in applicators, as well as

in environmental contamination. Subsequently, the vector of
development changed to aim at decreasing the application
rates and the probability of negative side-effects on non-target
objects (Umetsu, Shirai, 2020; Nagai, 2021).

Historically, the appearance of herbicides with novel
mechanisms of action can be divided into the following stages
(Umetsu, Shirai, 2020):

1) Before 1980. The discovery of auxin action of 2.4-D
(2,4-dichlorophenoxyacetic acid) in 1942 was followed by
the studies of herbicide activity of this molecule against the
broadleaf plants. Between 1956 and 1975, the photosynthesis
inhibitors were found belonging to the groups of urea,
triazine and triazinone herbicides. In 1970, inhibitors of cell
wall synthesis (dichlobenil), microtubule polymerization
(trifluralin), etc, were discovered.

2)Between 1980and 2000. In 1980, pyridazine was shown to
distort carotenoid biosynthesis due to the inhibition of phytoen
desaturase (PDS). From 1982 to 1986, glutamine synthase
(GS) was proven to be affected by phosphinothricin, which
is the active form of glufosinate and bialaphos. In 1986-89,
the action of phthalimide herbicides onto protoporphyrinogen
IX oxidase (PPO) was confirmed. In 1984, sulfonylurea and
imidazolinone herbicides were shown to affect acetolactate
synthase (ALS). In 1992-93, the target of triketone herbicide
sulcotrione was proven to be 4-hydroxyphenylpyruvate
dioxygenase (HPPD). Between 1993 and 2000, it was
established that chloroacetamide affects very-long-chain
fatty acid elongase (VLCFAE). Clomazone, which is the
inhibitor of 1-deoxy-D-xylulose 5-phosphate (DXP) synthase
in 2-C-methyl-D-erythritol 4-phosphate (MEP) pathway, was
the last herbicide developed during that period. No herbicides
with novel modes of action were reported during the following
30 years between the late 1980-s to 2017.

© A.S. Golubev, published by All-Russian Institute of Plant Protection (St. Petersburg).
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3) After 2018. During the last three years, information
concerning three herbicides with novel mechanisms of
actions and molecular targets became available. These
include cinmethylin that interferes with fatty acid thioesterase
(FAT), cyclopyrimorate that interferes with homogentisate
solanesyltransferase (HST), and tetflupyrolimet that interferes
with t dihydroorotate dehydrogenase (DHODH). With
no doubt, this is an important milestone in the herbicide
development, essential for suppression of herbicide-resistant
weed biotypes in the future (Umetsu, Shirai, 2020).

Currently, in spite of remarkable amount of research of
the last decade in the field of pesticide development with the
use of modern break-through technologies, the introduction
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of new active ingredients into agricultural production remains
infrequent (Kao-Kniffin et al., 2013; Umetsu, Shirai, 2020). At
the same time, the global tendency of development of chemical
plant protection means against weed is gradually changing
from the search for novel active ingredients to the design of
improved hi-tech formulations and combinations of ingredients
proven to be effective, optimization of regulations (including
the extension for period of application), and development of
novel control technologies (including cultivation of genetically
modified (GM) crops) (Nishimoto, 2019).

The goal of the present paper is the analysis of changes
in the herbicide availability in Russia in 2000-2022 in the
context of these changes.

Novel active ingredients

During the last decade, dozens of new herbicides with
novel active compounds appeared all over the world. Most of
them can be classified into the following groups according to
their mechanism of action (Umetsu, Shirai, 2020):

1) inhibitors of ALS: propyrisulfuron (Sumitomo
Chemical; Zeta-One®), metazosulfuron (Nissan Chemical,
Altair®), pyrimisulfan (Kumiai Chemical; Best Partner®)
and triafamone (Bayer; Council™ Complete). All of them are
intended to protect rice (Sugiura et al., 2021).

2) inhibitors of HPPD: tefuryltrione (Bayer; Mighty-One®),
enquinotrione (Kumiai Chemical; Effeeda®), ancotrione-
sodium (Ishihara Sangyo Kaisha; Promise®), bicyclopyrone
(Syngenta), tolpyralate (Ishihara Sangyo Kaisha; Brucia®).
The three former and the two latter are for rice and maize,
respectively (Yamamoto et al., 2021; Tsukamoto et al., 2021).

3) inhibitors of PPO: tiafenacil (Dongbu Hannong
Chemical), trifludimoxazin (BASF; Tirexor™), cyclopyranil
(Kyoyu Agri). These compounds are not in the market yet but
the formulations are being developed by these companies.

4) inhibitors of VLCFAE: pyroxasulfone (Kumiai
Chemical; Axeev®, Zidua®), ipfencarbazone (Hokko
Chemical; Winner®, Fighter®), fenoxasulfone (Kumiai
Chemical), dimesulfazet (Nissan Chemical). Pyroxasulfone is
used to protect wheat, soya bean and maize, while the other
three are for rice (Yamaji et al., 2014; Nakatani et al., 2016a;
Nakatani et al., 2016b)

5) auxin-like herbicides: halauxifen-methyl (Dow - Corteva
Agriscience; Arylex™) to protect cereals, and florpyrauxifen-
benzyl (Corteva Agriscience; Rinskor™) to protect rice (Epp
et al., 2016).

6) inhibitors of HST: cyclopyrimorate (Mitsui Chemicals
Agro; Cyra®), devised for rice protection (Shino et al., 2018).

7) inhibitors of DHODH: tetflupyrolimet (FMC), used to
protect rice (Dayan FE, 2019).

8) inhibitors of FAT: cinmethylin (BASF; Luximo™)
against the weeds of cereal crops (Campe et al., 2018).

A safener designed in 2019 by Syngenta, named
metcamifen, should also be mentioned. It is used in rice farming
with herbicides based on clodinafop-propargyl (Brazier-Hicks
et al., 2020; Umetsu, Shirai, 2020).

In Russian Federation, formulations on the basis of all these
active ingredients are not allowed for industrial application
yet, although many of them are the subject of intensive
examination.

Among the herbicides that are currently registered for use
in Russian Federation, as many as 8 active ingredients have

been introduced in Russia during the last decade. Those were
developed between 2000—-10 and are commonly used around
the world.

Pinoxaden (available in Russia since 2012) is combined
with the safener cloquintocet-mexyl in such formulations as
Axial, EC (45 g/l + 11.25 g/1), Axial 50, EC (50 g/l + 12.5 g/l)
by Syngenta, and others. It destroys annual monocotyledonous
weeds in the stands of grain crops, including the common
windgrass Apera spica-venti (L.) Beauv., which is among the
most harmful weeds (Artemyeva et al., 2021).

Thiencarbazone-methyl (2013) is included as one of
several active ingredients in multiple premix herbicides by
Bayer Crop Science AG. Some of them are recommended to
be used in the maize stands: Maister power®, OD (31.5 g/l
foramsulfuron + 1 g/l iodosulfuron-methylsodium + 10 g/l
thiencarbazone-methyl + 15 g/l safener cyprosulfamide);
Adengo®, SC (225 g/l isoxaflutole + 90 g/l thiencarbazone-
methyl + 150 g/l safener cyprosulfamide); Capreno®, SC
(345 g/l tembotrione + 68 g/l thiencarbazone-methyl + 134 g/1
safener isoxadifen-ethyl) (Bagrinceva et al., 2015; Panfilov et
al., 2015; Kashukoev et al., 2019). Others are applied to protect
grain crops: Velocity, OD (10 g/l thiencarbazone-methyl
+ 60 g/l safener mefenpyr-diethyl); Velocity power, WDG
(22.5 g/kg thiencarbazone-methyl + 11.3 g/kg iodosulfuron-
methylsodium + 135 g/kg safener mefenpyr-diethyl); Velocity
super, EC (80 g/l fenoxaprop-P-ethyl + 7.5 g/l thiencarbazone-
methyl + 30 g/l safener mefenpyr-diethyl) (Golubev, 2018;
Savva et al., 2021a). In 2020, the assortment was expanded by
one other herbicide — Conviso® 1, OD (50 g/l foramsulfuron +
30 g/I thiencarbazone-methyl), which is intended for growing
sugar beet hybrids resistant to this herbicide (see below).

Pyroxsulam (2013) is combined with the safener
cloquintocet-mexyl in the herbicide Pallas 45, OD (45 g/l
+ 90 g/l) by Dow AgroSciences. It is used to control annual
cereal and some dicotyledonous weeds in the stands of winter
and spring wheat (Savva et al., 2014; Kalabashkina et al.,
2020).

Flucarbazone-sodium (2013) is found in the herbicides
Everest®, WDG (700 g/kg) by Arysta LifeScience u Kentavr,
WDG (700 g/kg) by JSC «August» Inc. They are used in winter
and spring wheat stands against annual grasses (common wild
oat Avena fatua L., A. spica-venti, green foxtail Setaria viridis
(L.) Beauv.) and some dicotyledonous weeds such as redroot
pigweed Amaranthus retroflexus L., wild mustard Sinapis
arvensis L., back bindweed Fallopia convolvulus (L.) A.
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Love, shepherd’s purse Capsella bursa-pastoris (L.) Medik.,
etc (Makhankova, Golubev, 2017; Osennij et al., 2018).

Topramezone (2014) is a component of the premix
formulations by BASF SE, namely Stellar®, SL and Stellar®
Plus, SL, contained 160 g/l dicamba u 50 g/l topramezone.
They are used in maize stands against annual and some
perennial dicotyledonous weeds, including those resistant
to 2,4-D, as well as against some annual monocotyledonous
weeds (Zbrailov et al., 2014).

Diclosulam (2020) is included into the herbicide Plector,
WDG (750 g/kg) by JSC «August» Inc., which is recommended
to control annual dicotyledonous plants in the soya bean stands
(Golubeyv, 2021).

Tembotrione (2020) is combined with the safener
isoxadifen-ethyl in the herbicide Laudis®, WDG (200 g/kg
+ 100 g/kg) and the premix formulation Capreno®, SC (345
g/l tembotrione + 134 g/l thiencarbazone-methyl + 68 g/l
safener isoxadifen-ethyl) by Bayer Crop Science AG. These
formulations are used in the maize stands to control annual and
some perennial dicotyledonous and monocotyledonous weeds.

Metamifop (2020) is a part of the premix herbicide
Nominee® Supreme, SE (100 g/l metamifop + 40 g/l
bispyribac-sodium) by Kumiai Chemical Industry CO.,
LTD. It deserves special attention due to the problem of
development of resistance in weeds of Echinochloa spp. to
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the herbicide Nominee®, SE in the rice fields of the Primorye
Area (Lukacheva, Kostyuk, 2021a).

Besides the aforementioned compounds, pelargonic acid
appeared in Russia as part of the formulation Mohoff, O/W
EC (525 g/1) by JSC «August» Inc. Herbicides based on this
active ingredient are used abroad in vineyards, potatoes,
pumpkins, and several other crops, as well as paths in private
gardens, against a wide range of unwanted plants, including
the most notorious ones, such as the creeping thistle Cirsium
arvense (L.) Scop., catchweed bedstraw Galium aparine L.,
etc. (Webber et al., 2014; Travlos et al., 2020; Alvarez et al.,
2021; Ganji et al., 2022). In Russia, application of Mohoff is
currently recommended only in the private lawns to combat
mosses, lichens and unwanted grassy plants.

The list of synthetic herbicides available in Russian
Federation was extended in in the last 20 years due to the
inclusion of formulations based upon active ingredients
discovered in the end of the 20th century, namely aclonifen
fomesafen, diflufenican, flufenacet, amicarbazone,
napropamide, pyraflufen-ethyl, prosulfocarb, prosulfuron,
flumioxazine, foramsulfuron, cycloxydim, cyhalofop-butyl,
ethametsulfuron-methyl (Spiglazova, Dolmatova, 2014;
Hryukina, Naumov, 2016; Cherkashin et al., 2016; Bernaz,
Polyakov 2020; Tkach et al., 2020; Morohovec et al., 2020;
Bajrambekov et al., 2020; Morohovec et al., 2021; Lukacheva,
Kostyuk 2021b; Devyatkin et al., 2021).

Novel types of formulations

One of the major principles of modern herbicide
formulation design is the provision of fast penetration of the
active ingredients in weeds. This concerns the substances
applied both during crop vegetation (POST — post-emergence)
and to the soil (PRE — pre-emergence and PPl — pre-plant
incorporated) (Nandula, Vencill, 2015). To provide this
possibility, formulators usually exploit adjuvants that are able
to increase the efficacy of herbicides belonging to various
chemical groups (Stagnari et al., 2007; Marcinkowska et
al., 2018; Hao et al., 2019a; Hao et al., 2019b). As a result,
adjuvants became widespread in the beginning of 2 1st century
in Russia. In particular, they are crucial for the efficacy of
glyphosate and sulfonylurea herbicides. The latter were
no longer protected by the copyright, making them more
affordable to end users. It is common to design a ready-to-use
formulation, but it is not always feasible to integrate all the
necessary additives and create a universal composition. Thus,
it may be optimal to provide a basic formulation of a pesticide,
while specific adjuvants are added in tank mixture depending
upon the conditions (Makhankova, Dolgikh, 2020).

About 16 % of the total amount of the herbicides allowed to
be used in Russian Federation are recommended in tank mixture
with adjuvants as surface active agents (SAA). Nowadays,
as many as 25 commercial names of SAA are registered on
the basis of 9 active ingredients: isodecyl alcohol ethoxylate
(Trend 90, L; ETD-90, L; Vivolt, L; Adyu, L; Satellit, L; Dar-
90, L; Sigma-90, L; BIT 90, L; Styuart, L; Shans 90, L; Frend,
L; LIP, L; PAV, L), the mixture of oil (fatty acid esters) and
alkoxylated alcohols-phosphate esters (Dash®, EC), mixtures
of mineral oil and fatty alcohols (Korvet, L), polyoxyethylene
dodecyl ether (A-100, L), alkylethersulfate, sodium salt
(Biopower, SL), ethoxylated monoalkylphenol (Neon 99, VSR;
Neonol AF, ), fatty acid methyl ester mixtures (Amigo® star,

9-12

EC; Fortuna, L), phosphate ester (Amigo®, SC; Khelper, SC;

Miks, L), pinolene (MultIMastr, EC) (Makhankova, Dolgikh,
2020).Using many of these SAA strengthen herbicide action
on certain weed species. Study by Makhankova et al. (2013)
showed that addition of SAA Adyu, L to the herbicide Bomba,
WDG is able to significantly increase the efficiency of
treatment against C. arvense and S. arvensis.

Another way to facilitate penetration of active ingredients
into a leaf is the design of innovative formulations. From a
historical perspective, there are several phases of herbicide
assortment optimization in this direction. Between 1960 and
1980, the main herbicide formulations applied in Russia
were soluble powder (sodium salt 2,4-D, DNOC, sodium
trichloroacetate), wettable powder (simazine, atrazine),
emulsifiable concentrate (EC), water-soluble concentrate
(treflan, zellek, fusilade), and water solutions (dialen,
basagran).

In the end of the 20" century, alongside with the
aforementioned forms, water dispersible granules (grodil,
grasp), soluble granules (harmony), suspension concentrate
(pyramin, butisan), and water glycol solution (kovboy, kross)
were introduced (Petunova AA, Makhankova, 2009).The
beginning of the 21% century was marked by appearance of
colloid solution concentrate (CSC), oil emulsion concentrate
(OEC), and oil dispersion (OD). These formulations are
characterized by extremely high penetrability into plant tissue.
Their particle sizes are by an order of magnitude smaller
compared to classical formulations, such as EC. Notably,
Russian crop protection companies could achieve sustainable
success in this direction.

Schelkovo Agrohim JSC developed herbicide Betaren 22,
containing 110 g/l desmedipham and 110 g/l phenmedipham,
produced as an OEC. In Ryazan Province and Krasnodar
Area, biological and economical efficacy of this herbicide was
comparable to that of the standard (the same active ingredients



Golubev A.S. / Plant Protection News, 2022, 105(3), p. 104-113

in the form of the EC) and in Volgograd Province, it was even
higher, while the active ingredient dosage was decreased by
more than 30 % (Karakotov et al., 2015).

The same company also designed herbicide Benito
containing 300 g/l bentazone in the form of the CSC. When
applied under field conditions, it was more effective than
the standard application of bentazone as water solution. This
allowed decreasing the application rate of the active ingredient
by 17.0-37.5% without losing its efficacy (Golubev, 2019).

One of the interesting herbicides that appeared several
years ago for household use is Roundup Gel, containing 7.2 g/l
isopropylamine salt of the glyphosate acid. It was produced by
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the company “Monsanto” in the form of gel. Its distribution
and application using a special applicator device improved
convenience for the end user (Golubev et al., 2018a).

The need for improvement of the herbicide formulations
can also be driven by new safety regulations. For instance,
the use of organic solvents traditionally included into the EC
became prohibited in the European countries due to stricter
toxicological requirements, and this formulation is being
replaced by the OD (Knowles, 2008; Gasi¢ et al., 2015).
In Russia, the herbicides in the form of OD also became
widespread (Savva et al., 2021b; Savva et al., 2022).

Premix herbicides

Premix herbicide formulations that combine several
active ingredients is one of the most efficient ways to
expand the toolbox of available herbicides, especially in
light of the extremely high costs of development, testing,
and commercialization of novel active ingredients. That is
why the majority of companies which do not belong to the
transnational corporations chose this way, together with the
design and improvement of herbicide formulations.

An alternative approach to benefit from the joint usage
of several herbicides is preparation of a tank mixture prior
to application under field conditions. This is, however, less
convenient for a user and may cause unexpected antagonistic
effects.

The main advantages of premix herbicides are:

1) Extended spectrum of activity due to combination of
active ingredients with different mechanism of action (Larina,
2014; Savva et al., 2016; Telezhenko et al., 2019; Golubev,
Borushko, 2020; Golubev, Borushko, 2021; Golubeyv,
Chermenskaya, 2021). Experiments in winter wheat displayed
a remarkable advantage of premix herbicide Spiker, EC
(422 g/l dicamba + 18 g/l florasulam) over a single-compound
standard Banvel, SL (480 g/l dicamba) in controlling flixweed
Descurainia sophia (L.) Webb ex Prantl, common poppy
Papaver rhoeas L., F. convolvulus (L.) A. Love, and G.
aparine (Tokarev et al., 2016).

Applying combinations of different active ingredients
is often helpful in overcoming the problem of herbicide
resistanve. For instance, extensive use of isoproturon,
clodinafop-propargyl, fenoxaprop-cthyl and sulfosulfuron
against little seed canarygrass Phalaris minor Retz. in India
facilitated the appearance and dispersal of resistant populations
and made it necessary to explore the suitability of both the
tank mixture (pendimethalin + metribuzin) and the ready-
to-use premix herbicides based on mesosulfuron-methyl and
iodosulfuron (Soni et al., 2021).

2) Increased efficacy of the treatment due to the synergistic
interactions between the active ingredients in premix herbicides.
For example, the study of susceptibility of perennial weeds,
namely bindweed Convolvulus arvensis L. and field sowthistle
Sonchus arvensis L. to the herbicide Kyleo, SL (240 g/l

glyphosate + 160 g/1 2,4-D) Nufarm GmbH & Co KG allowed
finding synergism between its active ingredients (Golubev et
al., 2017). Noteworthy, similar tank mixtures glyphosate +
2,4-D or dicamba are applied in Canada against the common
ragweed Ambrosia artemisiifolia L. due to the prevalence of
weed populations resistant to glyphosate (Bae et al., 2017).

3) Decrease in negative side effects of each of the herbicide
compounds on the environment. One such example is the premix
herbicides based on sulfonylurea. Due to their high efficacy,
low application rates, and high level of safety for the warm-
blooded animals, herbicides of this group became prevalent in
Russia at the border of the centuries (Makhankova et al., 2011).
With time, however, the post-effect on the subsequent crops
in the rotation due to prolonged decomposition in soil also
became evident. Since the active ingredients are decomposed
with different speed, those with the shorter half-life were used
to partially substitute the compounds with the longer half-life.
As a result, several combinations were designed such as Allay
Light, VDG, containing 391 g/kg metsulfuron-methyl and
261 g/kg tribenuron-methyl, to decrease their residual effects
on crops (Chernukha et al., 2011). That approach was common
mainly in Russia and other former Soviet Union countries, but
not in Western Europe.

Besides the sulfonylurea herbicides (amidosulfuron,
metsulfuron-methyl, triasulfuron, chlorsulfuron, sulfometuron-
methyl), other active ingredients such as clopyralid, picloram,
imazamox, imazapyr, imazethapyr etc (Borushko et al., 2014;
Stetsov, 2015; Kolupayev et al., 2019; Spiridonov et al., 2019;
Saito et al., 2010) may also affect subsequent crops. Many
of these compounds were exploited as the basis for effective
premix herbicides (Spiridonov, Shestakov, 2013; Golubev et
al., 2015; Dadayeva, Filonenko, 2016; (Makhankova et al.,
2020).

It can also be noted that a combination of active ingredients
may sometimes help decreasing both phytotoxicity for the
crop under protection and residual effect throughout the crop
rotation. One such example is Harmony Classic, WDG which
is composed of thifensulfuron-methyl + chlorimuron-ethyl
(Stetsov et al., 2018).

Extension of application period

As a rule, herbicide applications are recommended at the
early stages of crop growth and development, or even before
the seedlings’ emergence because weeds at the early stages
of their development are more susceptible to herbicides.
Moreover, modern ideas concerning the planning of protective
measures are based on the concept of critical timing of weed

removal (CTWR) when treatments need to be applied to
prevent yield decrease due to competition between the crop
and weed plants (Nedeljkovi¢ et al., 2021; Beiermann et al.,
2022; Soltani et al., 2022). As a result, developmental stages
have been established for each crop when they were routinely
treated with herbicides. For example, before the end of the
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20™ century treatments of cereals with 2,4-D and dicamba
were timed to the tillering because of susceptibility of these
crops. As soon as the sulfonylurea herbicides appeared,
the application period became extended and the treatments
against dicotyledonous weeds were performed from the stage
of 2-3 true leaves to the stage of stem extension (1-2 nodes)
(Makhankova, Dolzhenko, 2013).

In spite of the fact that later treatments are generally
considered to be less effective compared to the earlier
treatments (Grzanka et al., 2022), in the beginning of 21%
century the extension for application period tended to
continue. An important aspect which started to attract attention
of researchers was treatment timing tied to the phenology of
late appearance of some weed species (Sadovnikova et al.,
2021). The aim of such treatments is the avoidance of soil
contamination with weed seeds after their maturation (Hill et
al., 2016), which is critically important for preventing dispersal
of resistant populations (Geddes, Davis, 2021).

The longest application period for a crop being safely
protected by sulfonylurea herbicides was achieved with the
appearance of the combined herbicide Caliber Gold, WDG
from DuPont, containing 375 g/kg thifensulfuron-methyl and
375 g/kg tribenuron-methyl. This herbicide can be applied
at one of the four growth stages of the cereal crops: 2-3 true
leaves, tillering, stem extension (1-2 nodes), and the flag leaf.
However, its application at the flag leaf stage has been found
to be effective only when weather conditions didn’t allow the
timely treatment or when the perennial dicotyledonous weeds
emerged late (Golubev et al., 2018b).
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Late weed emergence necessitated a search for an
herbicide with even broader application timing capabilities. As
a consequence, Uniko, containing 100 g/l fluroxypyr u 2.5 g/l
florasulam, was introduced by CSC Schelkovo Agrohim
JSC. This premix can be applied even in the stage of heading
(depending upon the susceptibility of the crop varieties) when
G. aparine and C. arvensis dominate weed communities.
This is especially important for the latter species when it
germinates late and its most susceptible developmental stage
coincides with the heading stage of the crop. Although weeds
have already compromised the yield by the time of such a late
treatment, their elimination would decrease yield losses and
decrease weed seed bank in the field (Golubev et al., 2020).

Extension of the application period is also applicable in
maize. It is common to treat this crop at the stage of 3—5 leaves
when it is most vulnerable to the weed activity. For example, it
was found in the experiments with Kelvin Plus, WDG (424 g/kg
dicamba + 170 g/kg diflufenzopyr + 106 g/kg nicosulfuron)
by BASF that later treatments (at the stage of 7-8 leaves)
the weeds are more developed and resistant to the herbicide,
so that the efficiency of protective measures is decreased.
This is especially obvious in the cases of the lady’s thumb
Persicaria maculosa S.F. Grey, hedge-nettle betony Stachys
annua L., and the velvet leaf Abutilon theophrastii Medik.
Thus, late treatments make sense only when timely herbicide
application could not be performed because of the weather,
time constraints, and other interferences. It is also advisable
to obtain data concerning susceptibility of the varieties and
hybrids grown in particular regions to the herbicides applied
(Golubev et al., 2021).

Novel technologies

The introduction of novel technologies of growing of
genetically modified (GM) crops, which drastically changed
the US agriculture, is dated back to 1996. Since then, the areas
planted to GM crops keep on increasing, and so do the concerns
of some researchers about safety of such approaches (Zimdahl,
2018; Nishimoto, 2019; Clark, Maselko, 2020; Bourdineaud,
2022). Without going into details of this criticism, the very
fact of the development of these technologies is undoubtfully a
remarkable milestone in plant protection from weeds (Brookes,
2014; Gosavi et al., 2022; Brunharo et al., 2022).

Unlike the US and some other countries, no GM hybrids
resistant to glyphosate are grown in Russia. Nevertheless, since
the beginning of the 21 century, the technologies of growing
of special hybrids resistant to the two groups imidazolinone
(sunflower, rapeseed) and sulfonylurea (sunflower) are used
in Russia.

This approach allows suppressing both annual and
perennial weeds. Premix herbicide Hermes, OD (50 g/l
quizalofop-P-ethyl + 38 g/l imazamox) Schelkovo Agrohim
JSC was tested in the stands of sunflower hybrid MAS 87 IR
under the conditions of the Lower Volga region and suppressed
annual, perennial and total weeds at the levels of 93-97 %,
84-87 %, and 93-97 %, respectively. The best results in terms
of the yield increase were achieved when the herbicide was
applied at the stage of 4 leaves, resulting in the yield increase
of 0.84 t/ha (Spiridonov et al., 2017a).

Similarly, good efficacy was reported for the premix
herbicide Ilion, OD (90 g/l clopyralid + 40 g/l imazamox)
in the stands of spring rapeseed hybrids Salsa CL and Solar
CL. In particular, weed suppression at the application rate of

0.8-1.2 1/ga reached 81.9-100% and statistically significant
rapeseed seed yield increase equaled to 74% (Golubev,
Zheltova, 2016).

Application of herbicide Express, WDG (750 g/kg
tribenuron-methyl) in the rapeseed hybrid P 63 LE 10,
resistant to this active ingredient, provided a decrease
of weed infestation by 74-95% within a month after the
treatment. Again, the higher economic efficiency at the level
of 0.1 t/ha was achieved by the application at the phase of 4
leaves (Spiridonov et al., 2017b).

Similar technologies are being developed abroad, including
the application of imazamox against weeds in the stands of
resistant varieties of sunflower, rapeseed and sorghum (Currie,
Geier, 2021; Delchev, 2021).

Recently, growing the hybrid 4 K 446 of the sugar beet
(Beta vulgaris L. ssp. vulgaris var. saccharifera Alef.),
resistant to CONVISO ONE (50 g/l foramsulfuron + 30 g/l
thiencarbazone-methyl) by Bayer was allowed in Russia.
Similar approach, though exploiting the GM sugar beet hybrids,
was used abroad in the beginning of the 21* century (Dewar et
al., 2003). According to the experimental data obtained under
the field conditions, the new technology CONVISO® SMART
showed an advantage compared to the traditional approach
that included treatments by herbicides in the betanal group.
The main benefit was suppression of cereal weeds, primarily
the cockspur Echinochloa crus-galli (L.) Beauv. Moreover,
in contrast to the traditional scheme of sugar beet protection,
the new technology allows suppressing devastating perennial
dicotyledonous weeds (Golubev, Makhankova, 2022).
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Conclusion

The analysis of changes in herbicides registered in Russia
since the beginning of the 21* century indicates the prominent
integration of the domestic market into the global herbicide
market. As a consequence, the main trends were as follows:

1) Only a limited number of active ingredients was
introduced in Russia during the last decade. On the other hand,
it is extremely important for the Russian market that the new
products are launched fast by the developers.

2) Herbicide formulations based on established active
ingredients are constantly optimized and innovative

technologies for their creation are used. The leading role of
Russian companies should be mentioned in this respect.

3) Premix herbicides based on common active ingredients
are developed. The latter two trends remain the main directions
of new herbicide design by the Russian companies.

4) Optimal parameters of efficient herbicide application
are defined with special attention to the weed phenology.

5) Novel technologies are adopted, including growing
herbicide-resistant hybrids, thus allowing application of
certain herbicides during crop vegetation period.
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OCHOBHBGIE HAITPABJIEHM A COBEPIHEHCTBOBAHUA ACCOPTUMEHTA I'EPBULIN/TIOB
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AHanu3 U3MEHEHW acCOPTUMEHTA TepOUIINIOB, PEKOMEHOBAaHHBIX ISl UCTONb30BaHus B Poccuiickoit denepanun
¢ 2000 o 2022 rozpl, MO3BOJISET BBHIIBUTH OCHOBHBIE HAMPABJICHHSI €TO COBEPIICHCTBOBAHUS, 00YCIIOBIEHHBIE TTyOOKOH
WHTETpaIeil OTeYECTBEHHOTO pPBIHKA XHMHUYECKUX CPEICTB 3allUTHl CEIbCKOXO3SIMCTBEHHBIX KYJABTYp OT COPHBIX
pacTeHUil B MHPOBOM DPBIHOK TepOHMIUIOB: 1) MOSBICHHUE HEOOJBIIOrO KOJIMYCCTBA HOBBIX CHCTBYIOMIMX BEIICCTB
repOUIIMIOB B MOCICAHEE ICCATUICTHE: MUHOKCAACH, THEHKapOa3OH-METHJ, MHUPOKCYIaMm, ¢GiykapOa3oH Harpws,
TOMPaMe30H, AMKIOCYJIaM, TeMOOTPHOH, MeTaMHU(OIl; 2) COBEPIICHCTBOBAHUEC MPEMapaTUBHBIX (OPM TepOHUIIHIOB
Y WCTIONB30BaHUE HOBBIX (B TOM UHWCJI€, MHHOBAIIMOHHBIX) TEXHOJOTUH TMPU MX CO3/MaHWUU (KOHIIEHTPAT KOJUIOMIHOTO
pactBopa (KKP), macnansnii koHneHTpar smynscun (MKD) u npyrue); 3) co3nanne KOMOMHUPOBAHHBIX MIPENIapaToB Ha
OCHOBE TPUOEHYPOH-METHIIa, METCYIIb(YPOH-METHIIA, (Iiopacyliama, KIONUpalnaa, MMKIopama, iMa3aMoKca, IMa3alupa,
nMa3eTanupa U APYrux; 4) ompeneieHue ONTHMAaJIbHBIX PEIIAMEHTOB MPUMEHCHHS TePOUIIUIOB C YYCTOM (DEHOJIOTHH
Pa3BUTHsI COPHBIX PacTCHUI: 00pabOTKU B (ha3y KOJOIICHUS 3EPHOBBIX MPH NPEoOadaHUU B MOCEBaX MOAMApCHHHUKA
IIEIIKOTO W BBIOHKA IOJICBOTO; 5) pa3BUTHE HOBBIX TEXHOJOTHMA, TAaKUX KaK BO3ICIBIBAHHE CICIMAIbHBIX TMOPHIOB,
MPOSIBIIAIOIIMX YCTOMYHUBOCTD K ACHCTBYIOIIMM BEHICCTBAM TePOHUIIMIOB, YTO IIO3BOJISICT MPOBOIUTH 00PaOOTKY B IIEPHO.
BETEeTAINH KYJIbTYPHI.
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PE3SUCTEHTHOCTD K HTHCEKTUIIUJIAM KOMHATHOM MYXU MUSCA DOMESTICA
B IEHTPE EBPOITEMCKOM YACTH POCCHH

T.A. JaBananuase, O.10. Epemuna*, B.B. Omudep

Hucmumym oesungexmonocuu « OHII um. @.D.Opucmanay Pocnompebnadzopa, Mockoeckas o61., . Meimuwu

* omeemcmeennbvlll 3a nepenucky, e-mail: eremina_insect@mail.ru

B naGopaTopHBIX yCIOBHSAX IPOBEAEHA OLIEHKA YCTONUMBOCTH K MHCEKTHI[UIAM U3 Pa3IUYHBIX XMMHUUYECKUX KJIACCOB
HECKONIBKUX KYJIBTYyp KOMHAaTHOM Myxu Musca domestica, TOTy4eHHBIX U3 MOMyISANUH, COOpaHHBIX Ha OOBEKTax B
MocxkoBckoit u Kamyxckoit obmactsix (KCK-1 — B xopoBruke n KCK-2 — B KOHIOIIHE KOHHO-CIIOPTUBHOIO KITy0a,
Kpacroropck — Ha numieBoM o0bekTe, Kamyra — B koMmocTe caJjoBOro HEKOMMEPYECKOT0 TOBapHUILECTBA). YCTAHOBICHO,
YTO NPU TONUKAIFHOM HAHECEHHMM KOMHATHBIE MyXHU BCEX H3YUEHHBIX KYNIBTyp OOIajalu HauOONbIIEH yCTOHYMBOCTBIO
k munepmerpuny (ITP=75-900x) 1 kK coeMHEHMIM Kilacca HCOHUKOTHHOHMIOB THAMETOKcaMy | KioTHaHuauHy (ITP=95—
330x). YcraHOBICHA BBICOKAas PE3UCTEHTHOCTh K (umpoHmIy y AByX Kymeryp Myx (ITP=46—-75x). K xmopmupudocy
kynsTypa KCK-1 okazanace cnabo tonepantHoit (ITP=3.7x), a ocTanbpHble KylbTyphl — UyBCTBUTENBHBIMU. K HHIOKCaKapOy
U xJopQeHanupy Bce M3y4eHHbIE KyJIbTYpbl KOMHATHOM MyXH OKa3aJdHCh Ooyiee WyBCTBUTEIBHBIMH, UeM J1a0OpaTopHas
kynsTypa S-HUNI. HaxomneHHbIe HaMH JaHHbBIE CBUETEIBCTBYIOT O MYJIBTUPE3UCTEHHOCTH KOMHATHOM MyXU IPAaKTUIECKU
KO BCEM TPaJAUIMOHHO IPHMEHIEMBIM HHCeKTHIUAAaM. OOCYKIaI0TCS BO3MOXKHBIE MEXaHU3MBI PE3UCTEHTHOCTU HACEKOMBIX
K MHCEKTUIMIaM. YacToTa UCIO0JIb30BaHHSI HHCEKTUIUIOB TeX MM MHBIX XMMUYECKUX KJIACCOB IPUBOIUT K PE3UCTCHTHOCTH
neneBoro oonekra. Ilupokoe npuMeHeHHe MUPETPOUIOB B KHUBOTHOBOACTBE NPHBENIO K BHICOKOH yCTOHYMBOCTH K HUM
KOMHATHOHM MyXH — MECTa BBIIUIOJA TUIMHOK ITOCTOSHHO 3arpA3HAIOTCSA 3TUMH HHCEKTHLIUAAMH. BrICOKast yCTOHMYMBOCTD K
HEOHHKOTHHOMaM 00yCIIOBJICHA YaCThIM IPUMEHEHHEM UX B BUJIE OTPABICHHBIX IPUMAHOK Ha 0OBEKTaX KUBOTHOBOACTBA.
K HOBBIM /151 HalIel CTpaHbI MPEACTABUTENIAM KIaCCOB OKCaANA3MHOB M MMUPPOJIOB UCCIEOBAaHHBIE KYJIBTyphl KOMHATHON

MYXHU YyBCTBUTCIIbHEI.

KnaoueBble coBa: mHPETPOHIbl, HEOHUKOTHHOWABL, (ocdopopraHudeckue COCAWHCHUS, (DEHIIIHUPA30IIH,
OKCaJHa3UuHbI, THPPOIIBI
Ilocmynuna 6 pedakyuw: 26.05.2022 Ilpunama x nevamu: 03.09.2022
BBenenne

Komuarnas myxa Musca domestica L. (Diptera: Muscidae)
uMeeT OOJBIIOe MEAWIMHCKOE, BETEPHHAPHOE M CAaHHTApHO-
-3MUIEMHOJIOTHIECKOE 3HaUCHHE KaK HaCEKOMOe, KOTOpOe Me-
xXaHU4yecku nepeHocut 6osee 100 BUIOB NaTOT€HOB YeNOBEKaA,
nmoMarirHei ntuisl 1 ckora (Davies et al., 2016; Khamesipour
et al., 2018; Wang et al., 2019). KomHaTHast Myxa BEICTyHaeT
B KaueCTBE OJHOTO M3 HamOoJiee BAXKHBIX MEPEHOCYUKOB BO3-
Oynutenedr Oone3Hel yenmoBeka BO BceM mupe (Zhang et al.,
2018). ExeromHple SKOHOMUYECKHE MOTEPHU OT ITOTO HACEKO-
moro B CIIA onenuBatorcs B 375 muH. normtapoB (Biale et
al., 2017). IpenstcTBueM st 3¢dhekTHBHONH OOPHOBI CITYKUT
(hopMHUpOBaHUE PE3UCTCHTHBIX MOIMYISIIA KOMHATHOW MyXH K
WHCEKTHIUAAM U3 Pa3TUYHBIX KIACCOB XUMHYCCKHX COCIUHE-
Huil. Umerorcs cBeneHust 006 ycTOHYMBOCTH KOMHATHOM MyXH K
58 MHCEKTHLHAAM, YTO TIO3BOJIHIIO 3TOMY BHIY 3aHATH 4 MECTO
B CIIUCKe 12 BHIOB HACEKOMBIX, MMEIOIINX PE3UCTEHTHOCTH K
HAHOOJNBIIEMY KOJHYCCTBY PA3IMYHBIX XUMHICCKAX COCIUHE-
HUH. YCTOWYUBOCTb K MHCEKTHIMIaM B OIS KOMHAaTHON
MYXH TpEICTaBIsIeT cOOOW OCHOBHYIO MpoONieMy, ¢ KOTOPOH
CTaJIKUBAIOTCSI MHOTHE MEOUIMHCKHE W BETCPHHAPHBIC Opra-
HHU3alUU BO BceM Mupe. B HacTosmee BpeMs BBISBICHO Ooiee

330 ciydaeB ycTOMYMBOCTH KOMHATHOM MyXW K HMHCEKTHULU-
JlaM BCEX HCIIOJIb3YEMbIX KJIACCOB XMMHUYECKHX COETUHEHUH
(Sparks, Nauen, 2015).

[Toxazarenu pesucrenTHocTH (I1P) koMHaTHOM MyXU 3a py-
6exoM BBICOKU. Tak K MUpeTpouIaM BCTPEUAIOTCs OMYIISALIUY,
nveromue 1P > 500x, K XJIOpOPraHUYECKUM COEIUHEHUSM
(XOC) — IIP > 900x, k hochopopraHUYECKUM COCAUHEHHIM
(®OC) ITP > 7000x, k kapb6amaram ITP > 1300x, x perynsaropam
pasButHus HacekoMbIx ITP > 60x u T. a. [Ipu cenmexiuu B 1a060-
PaTOPHBIX YCIOBHUSAX JOCTUTHYTHI M 0OJiee BBICOKHE 3HAYCHHS
ycroitunBoctu (1ut. no JaBnuanunze, Epemuna, 2021). B Poc-
cuu B nepuox 1990-2020 rr. ycTaHOBIEHBI BBICOKHE YPOBHHU
pesuctentHocTH KoMHatHOU Myxu kK XOC (IIP > 30x), ®OC
(ITP=100-500x), muperpouaam (ITP > 400x), HEOHUKOTHHOU-
nam (ITP=57x), aBepmekrunam (ITP=10x) (1uT. mo J{aBnuanua-
3e, Epemuna, 2021; Jleruenko, 2019; Jlepuenko, 2020).

Henpro Harreidl paboTHI SBIACTCS UCCICAOBAHUE YPOBHEH
PE3UCTEHTHOCTH KOMHATHOH MYXM K IIHMPOKO MPUMEHSEMBIM
HMHCEKTUIUAAM U3 XUMHYECKHX KITaCCOB MMUPETPOUTOB, (HEHUI-
nupazonoB, ®OC ¥ HEOHMKOTHMHOMJOB M HOBBIM JUIsl Hallei
CTpaHbl THCEKTUIIU/IaM U3 KJIACCOB MUPPOJIOB M OKCATUA3HHOB.

Marepuajbl 1 METOABI

Ipw BEITOTHEHUH MCCIIEAOBAHMUS NCIIONB30BaHA KOMHATHAS
Myxa M. domestica 1aboOpaTOPHON TYBCTBUTEIBHON KYJIBTYPHI
S-HUW /I n BeI6OpKH, cCOOpaHHBIE HA 00BEKTaX B MOCKOBCKOH
n Kamyxckoit obmactax. Beibopku n3 momymnsmuii KOMHaTHOH

myxu KCK-1 cobpansl B xopoBHHKe u KCK-2 B KoHIoIIHE
KOHHO-CITOPTUBHOTO Kiyba (MockoBckast oGmacte, Moxkaii-
CKH TOpOACKOH OKpyrT, 55.387459 c.m. 35.986661 B.1., cOop
14-17.07.2020). Beibopka KpacHoropck cobpaHa Ha MUATIIEBOM

© Hasmmannmze T.A., Epemunaa O.10., Omugep B.B. Ctatbst oTKpBITOTO OCTYIA, MyOnnKyeMas BcepoccHiickuM HHCTUTYTOM
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o0bekTe (MockoBckass obmacTh, ropoackoir okpyr KpacHo-
ropck, 55.896277 c.m. 37.297835 B.1., c6op 09.06.2020). Bei-
6opka Kamyra cobpana B KOMIIOCTe CaJJOBOTO HEKOMMEPUIECKO-
ro ToBapumiectsa (Kamyxckas o01., 54.586849942399496 c.1.
36.23018088787358 B.11., coop 05-06.09.2020). Ha yka3aHHBIX
00BEKTax MPOBOAMINCH IE3HMHCEKIIMOHHBIE MEPOTIPHUATHS, OfI-
HAKO HaM HE YyJaJIOCh MOIYyYUTh JOKyMEHTAIbHOE HMOATBEPIK-
JIeHHE O MPUMEHEHHbIX HHCEKTUIMIaX.

OTJIOBIICHHEIE POIUTENBCKUE BHIOOPKH M3 YKa3aHHBIX TI0-
MYJSAIANA KOMHATHOW MyXH BBEJICHBI B JJAOOPATOPHYIO KYIBTYPY
B 2020 r. B manpHelieM 3TH MCKyCCTBEHHBIE JTA0OPATOPHBIE
KYJBTYPBI COEPKaNU B MHCEKTApUU WHCTUTYTA B OTCYTCTBUHU
rpecca MHCEKTULUIOB. B skcnepuMeHnTax ucnoib3oBain 3—5
CyTOUHBIX UMaro Myx nokonenust F3—F5, cpenneit maccoit 16—
19 mr/oco0b, 6e3 pa3ieneHus 1o MOy.

Wucextnunasl: TexHndeckue npoaykrsl (TIT) nunepmerpu-
Ha, punpoHmIa, XJIopnupudoca, THAMETOKCaMa U KIOTHAHH-
IIMHA, WHAOKCcakapOa (pareMudeckas cMech 75% aKTHBHOTO
S-sHaHTHOMEpa U 25 % HeakTHBHOTO R-3HaHTHOMEpA) U XIIOp-
¢denammpa (95-97 %) — cunres Kuras.

WNucexruuuanocts TII ompenensyii TONHMKaJbHBIM METO-
JIOM, HAHOCS alleTOHOBbIE pacTBOpHl [IB MHCEKTUINI0B B 5—7
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JOTapu(MMUUECKN CHIDKAOIINXCS KOHIEHTPAIMAX 10 | MK
Ha CPETHECIHHKY aHECTe3MPOBAHHBIX MyX. YUeT MOpaKeHUS
1 THOEITM HAaCEKOMBIX MPOBOAMIM uepe3 24, 48 u 72 4 mocie
Hayasa dKcnepuMenTa u onpenensim nokasarenu CK,  u CK,
(%) — KoHIIeHTpaKu, P KOTopbIX norudaet 50 % u 95 % Ha-
CEKOMBIX, COOTBeTCTBeHHO. [loka3zarens pesuctenTHoctu (I1P)
paccuutbiBany Kak otHomenue CK, Ui pe3HCTEHTHON Kyilb-
Typbl kK CK Ui 4yBCTBUTENBHOH KYJIBTYpHl. YPOBHH pE3H-
CTEHTHOCTH XapaKTEPU30BAIIH, HCIIONB3YS CIEAYIONIYIO IIIKAIy:
ITP: < 1 — HacekoMbIe BBICOKOUYBCTBHTENILHBI K MHCEKTUIIMLY;
1-2 — yyBcTBUTENBHBI, 3—10X — TONepanTHsL; OoT 11x M0 30X
— cpenHe pe3ucteHTHBL; 0T 31x 10 100X — BBICOKO pE3UCTEHT-
Hbl; > 100X — 2KCTpeMaabHO BBICOKO Pe3HCTeHTHHI (MeToabl
Ja00PaTOPHBIX HWCCICNAOBAHUNA W HWCHBITaHHH..., 2020). Ilo-
BTOPHOCTh OIIBITOB TPEXKpPaTHAas. DKCIIEPUMEHTHI MTPOBOAMIN
npu Temreparype 22—25 °C. Pe3yabraThl SKCIIEpUMEHTOB 00pa-
0aTBIBATIM CTATHCTHYECKH C MCHONB30BAHUEM KOMIIBIOTEPHOTO
npunoxenust Microsoft Office Excel 2007. Marematudeckas
00paboTKa JaHHBIX U BhIYHCICHHE YPPEKTUBHBIX KOHIICHTpPA-
IIUH IpH TOBEPUTEITBHOM HHTEpBaje 95 % mpoBeneHa MeTonoM
npobut-ananuza no merony ®Ounnu (Finney, 1971).

Pesynbrarnl

K mupoko npumeHsieMbIM MHCEKTULMIAM, TaKUM KaK IH-
pEeTpOUIbl, KOMHAaTHAs MyXa HCCIIEAYEMbIX KYJIBTYP BBICOKO
pesuctenTHa. HanMeHblell ycTOHYMBOCTBIO K IUNEPMETPU-
Hy xapakrepuzoBanach KynbTypa KCK-1 — I1P cocraBun 75x,
OCTaJIbHBIC KYJIBTYPHI OBLTH 3KCTPEMAaJbHO BBICOKO YCTOWYH-
BbI (ITP=500-900x). K ¢denmnmupazony QUIPOHWITY BBICOKO
yCTOMuUuBBIMU OKa3anuch KynbTypbl Kamyra u Kpacnoropck
(ITP 46—75x), Torna kak kyiasTypbl KCK-1 u KCK-2 coxpansiu
tonepanTHOCTh (ITP 5-8x). K xnmopnupudocy (POC) usyuen-
HBIE KyJBTYPBl OKa3aJIUCh YyBCTBUTEIBHBIMU WIIN CJIa0OTOINE-
pantabiMu (KCK-1 ITP=3.7x) (Tabm. 1).

K BemecTBaM KIacca HEOHUKOTMHOUAOB KOMHAaTHas MyXa
OKa3ajach BBICOKO pe3HCTeHTHOH. Tak, kK THaMeToKcamy

YCTOMUYMBOCTB Pa3HbIX KyJAbTyp cocTaBuia ot 100x go > 333x.
VYpoBeHb PE3UCTEHTHOCTH MOJOOHOTO POIA XapaKTepU3yeTcs
KaK O4YeHb BBICOKHH M 3KCTpEeMalibHO BbICOKMI. KioTnanunun
SIBIISIETCS] aKTUBHBIM METa00JINTOM THAMETOKCaMa 1 K HEMyY Bce
KyJIBTYPBl JAEMOHCTPHPOBAIN TAKXKE SKCTPEMAIBHO BBICOKYIO
Pe3UCTEHTHOCTH (Tad. 2).

B Hamell cTpaHe HOBBIE JUII MEIMIMHCKOW JE3MHCEKIHN
KJIACCHl HMHCEKTHIMJIOB BKIIOYAIOT OKCAAMA3UHBI (MHIOKCA-
kap0) u mmppoissl (xnopdenanup). BecbmMa MHTEpecHO, YTO
K MHJOKcakapOy M xJopdeHanupy BCE M3yUEHHBIE KYJIBTYPHI
KOMHAaTHOM MyXHM OKa3aJllCh OoJiee UyBCTBUTEJIBHBIMH, YeM
nmaboparopHast TyBcTBUTENbHAS KynsTypa S-HUN]L (Tabm. 3).

Taonuua 1. Pe3aucTeHTHOCTh KOMHATHOM MYXH K nupetpouaaM, penmamupazoinam 1 POC (N=300, yger uepe3 48 1)

Kynerypa CK,, % ‘ CK,, % ‘ xX(df) ‘ ITP mo CK,,
Iunepmerpun
S-HUNJ 0.00020 (0.00015-0.00026) 0.0012 (0.0009-0.0016) 2.7(5) -
KCK-1 0.015 (0.011-0.020) 0.10 (0.08-0.13) 3.1(5) 75
KCK-2 0.120 (0.092-0.156) >1.0 3.6 (5) 600
Kpacnoropck 0.100 (0.071-0.140) >1.0 2.8(5) 500
Kaiyra 0.180 (0.138-0.248) >1.0 3.9(5) 900
OUnpoHUI
S-HUNJ 0.00012 (0.00008-0.00018) 0.0076 (0.0052-0.0114) 6.8 (5) -
KCK-1 0.0006 (0.0004-0.0009) 0.009 (0.006-0.014) 7.5(5) 5.0
KCK-2 0.0010 (0.0008-0.0012) 0.026 (0.021-0.033) 4.6 (5) 83
Kpacnoropck 0.0090 (0.0064-0.0126) 0.100 (0.071-0.140) 12.6 (7) 75
Kanyra 0.0055 (0.0042-0.0069) 0.066 (0.050-0.086) 5.6 (5) 46
Xnoprmpudoc
S-HUNJ 0.015 (0.010-0.023) 0.040 (0.027-0.060) 5.1(5) -
KCK-1 0.055 (0.040-0.075) 0.100 (0.073-0.137) 4.8(5) 3.7
KCK-2 0.010 (0.008-0.013) 0.550 (0.440-0.688) 5.5(5) 0.7
KpacHoropck 0.021 (0.016-0.028) 0.100 (0.076-0.131) 43(5) 1.4
Kasyra 0.009 (0.006-0.013) 0.600 (0.400-0.900) 7.1(5) 0.6

IMpumewanue: JOBepHUTEIbHBIE HHTEPBABI IPU BEPOSTHOCTH 95 %.
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Table 1. Resistance of the house fly to pyrethroids, phenylpyrazoles, and OPs (N=300, counted after 48 hours)

Strain LC,, (95% CL) % | (LC,,, (95% CL) %) | 2@ RF,
Cypermethrin
S-NIID 0.00020 (0.00015-0.00026) 0.0012 (0.0009-0.0016) 2.7(5) -
KSK-1 0.015 (0.011-0.020) 0.10 (0.08-0.13) 3.1(5) 75
KSK-2 0.120 (0.092-0.156) >1.0 3.6 (5) 600
Krasnogorsk 0.100 (0.071-0.140) >1.0 2.8(5) 500
Kaluga 0.180 (0.138-0.248) >1.0 3.9(5) 900
Fipronyl
S-NIID 0.00012 (0.00008—0.00018) 0.0076 (0.0052-0.0114) 6.8 (5) -
KSK-1 0.0006 (0.0004-0.0009) 0.009 (0.006-0.014) 7.5(5) 5.0
KSK-2 0.0010 (0.0008-0.0012) 0.026 (0.021-0.033) 4.6 (5) 8.3
Krasnogorsk 0.0090 (0.0064-0.0126) 0.100 (0.071-0.140) 12.6 (7) 75
Kaluga 0.0055 (0.0042-0.0069) 0.066 (0.050-0.086) 5.6 (5) 46
Chlorpyrifos
S-NIID 0.015 (0.010-0.023) 0.040 (0.027-0.060) 5.1(5) -
KSK-1 0.055 (0.040-0.075) 0.100 (0.073-0.137) 4.8 (5) 3.7
KSK-2 0.010 (0.008-0.013) 0.550 (0.440-0.688) 5.5(05) 0.7
Krasnogorsk 0.021 (0.016-0.028) 0.100 (0.076-0.131) 43 (5 1.4
Kaluga 0.009 (0.006-0.013) 0.600 (0.400-0.900) 7.1(5) 0.6
Note: 95 % confidence limits of the mean value.
Tabauna 2. Pe3ucTeHTHOCTh KOMHATHOM MyxH K HeoHukoTuHOUAaM (N=300, yueT uepe3 48 )
Kynbrypa ‘ CK., % ‘ CK,., % ‘ xX(df) ‘ ITP mo CK,
Tuamerokcam
S-HUU 0.0030 (0.0022-0.0041) 0.021 (0.015-0.029) 2.8(5)
KCK-1 >1.0 >1.0 27.8 (6) >333
KCK-2 0.60 (0.43-0.81) >1.0 13.1 (6) 200
Kpacnoropck 1.0 (0.62-1.61) >1.0 12.4 (6) 333
Kainyra 0.30 (0.19-0.47) 1.0 (0.77-1.30) 1.1 (6) 100
Knornanuana
S-HUU 0.004 (0.003-0.005) 0.023 (0.018-0.030) 2.5(6) -
KCK-1 >1.0 >1.0 23.9 (6) >250
KCK-2 0.38 (0.29-0.72) >1.0 4.1 (6) 95
Kpacnoropck 1.0 (0.77-1.31) >1.0 9.4 (6) 263
Kanyra 0.42 (0.32-0.54) >1.0 4.1(6) 105
ITpumMedanue: JOBEPUTENbHBIE HHTEPBAJILI IIPU BEPOSITHOCTH 95 %.
Table 2. Resistance of the house fly to neonicotinoids (N=300, counted after 48 hours)
Strain LC,,, (95% CL) % (LC,,, (95% CL) %) xX(df) RF,,
Thiamethoxam
S-NIID 0.0030 (0.0022-0.0041) 0.021 (0.015-0.029) 2.8(5)
KSK-1 >1.0 >1.0 27.8 (6) >333
KSK-2 0.60 (0.43-0.81) >1.0 13.1 (6) 200
Krasnogorsk 1.0 (0.62-1.61) >1.0 12.4 (6) 333
Kaluga 0.30 (0.19-0.47) 1.0 (0.77-1.30) 1.1(6) 100
Clothianidin
S-NIID 0.004 (0.003-0.005) 0.023 (0.018-0.030) 2.5(6) -
KSK-1 >1.0 >1.0 23.9(6) >250
KSK-2 0.38 (0.29-0.72) >1.0 4.1 (6) 95
Krasnogorsk 1.0 (0.77-1.31) >1.0 9.4 (6) 263
Kaluga 0.42 (0.32-0.54) >1.0 4.1 (6) 105

Note: 95 % confidence limits of the mean value.
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Tabauna 3. Pe3ucTeHTHOCTS KOMHATHOM MyXH K OKcanuasuHaM U mupponam (N=300, yuet gepe3 72 )
\ KymeTypa \ CK,, % \ CK,, % | @) | TPmoCK, |
Wnnoxcakapo
S-HUUJ 0.0041 (0.0036-0.0047) 0.014 (0.012-0.016) 7.8 (4)
KCK-1 0.0018 (0.0013-0.0025) 0.026 (0.019-0.036) 1.7 (5) 0.44
KCK-2 0.0015 (0.0012-0.0019) 0.140 (0.112-0.175) 7.4 (5) 0.37
Kpacuoropck 0.0060 (0.0040—-0.0090) 0.067 (0.045-0.092) 8.0 (4) 1.46
Kanyra 0.0010 (0.0007-0.0015) 0.022 (0.016-0.031) 3.9(5) 0.24
Xnopdenanup
S-HUNJ 0.0040 (0.0035-0.0046) 0.020 (0.014-0.023) 35.1(6) -
KCK-1 0.0030 (0.0022-0.0045) 0.026 (0.017-0.039) 33.9(5) 0.75
KCK-2 0.0050 (0.0038-0.0065) 0.012 (0.009-0.016) 7.6 (4) 1.25
Kpacuoropck 0.0010 (0.0008-0.0013) 0.015 (0.012-0.019) 1.98 (5) 0.25
Kanyra 0.0013 (0.0009-0.0018) 0.027 (0.019-0.038) 10.5 (5) 0.33
IIpumeuanue: fOBepHTENbHBIE HHTEPBABI IIPU BEPOSTHOCTH 95 %.
Table 3. Resistance of the house fly to oxadiazines and pyrroles (N=300, counting after 72 hours)
Strain \ LC,, (95% CL) % \ (LC,,, (95% CL) %) \ x*(df) \ RF,,
Indoxacarb
S-NIID 0.0041 (0.0036-0.0047) 0.014 (0.012-0.016) 7.8 (4)
KSK-1 0.0018 (0.0013-0.0025) 0.026 (0.019-0.036) 1.7 (5) 0.44
KSK-2 0.0015 (0.0012-0.0019) 0.140 (0.112-0.175) 7.4 (5) 0.37
Krasnogorsk 0.0060 (0.0040-0.0090) 0.067 (0.045-0.092) 8.0 (4) 1.46
Kaluga 0.0010 (0.0007-0.0015) 0.022 (0.016-0.031) 3.9() 0.24
Chlorfenapyr
S-NIID 0.0040 (0.0035-0.0046) 0.020 (0.014-0.023) 35.1(6) -
KSK-1 0.0030 (0.0022-0.0045) 0.026 (0.017-0.039) 33.9(5) 0.75
KSK-2 0.0050 (0.0038-0.0065) 0.012 (0.009-0.016) 7.6 (4) 1.25
Krasnogorsk 0.0010 (0.0008-0.0013) 0.015 (0.012-0.019) 1.98 (5) 0.25
Kaluga 0.0013 (0.0009-0.0018) 0.027 (0.019-0.038) 10.5 (5) 0.33

Note: 95 % confidence limits of the mean value.

O0cy:xnenue

uperponnsr: unepmMerpuH. OTIOBICHHBIE HAMH Ha O0BEK-
TaX BBHIOOPKH MOMYJSINIT KOMHATHON MyXH OKa3aJIHCh BBICOKO
(KCK-1 ITP=75x) u sxctpemanbHo Beicoko (Kamyra ITP=900x,
Kpacnoropck ITP=500x, KCK-2 TIP=600x) ycTOiYMBBIMH K
IUIEPMETPHHY — IIMPOKO NPUMEHIEMOMY B CEIBCKOM XO3STH-
CTBE U B MEIULMHCKOM Je3uHcekuuu nuperpouny. Ilpenapa-
ThI HA OCHOBE LIUTIEPMETPUHA IIPUMCHSIOT B BETCPUHAPHH VIS
MPOQIITAKTHKY U JICYCHUS apaXHOIHTOMO30B KHBOTHBIX, B T.4.
KPYITHOTO POTaToTro CKOTa, OBEIl, KO3, CBUHEH, U1 O0PBOHI ¢ 9K-
TONApa3uTaMHU ITYIIHBIX 3Bepeid, co0aKk M JeKOPAaTUBHBIX MTHII,
a TaKKe Uil JNE3MHCEKIMH JKHBOTHOBOJYECKUX IMMOMEICHUMN
(https://galen.vetrf.ru/#/registry/pharm/registry?page=1&f
chemicalName. Jlata oOpamenns 31.08.2022). Cnemyer ot-
METHUTh, YTO BBICOKYIO YCTOMYMBOCTh KOMHATHOH MYyXH K
MUPETPOUIaM PETHUCTPUPYIOT BO MHOTHX CTpPaHaX MHpa C Ha-
ganma 80-x romoB XX Beka (PocmaBmesa, 2006). CymiecTByroT
HECKOJIBKO MyTanuii HaTPUEBBIX KaHAJIOB, KOTOPHIE 0OecHedn-
BAIOT YCTOWYMBOCTb KOMHATHOM MyXH K nuperpougam — kdr,
kdr-his u super-kdr. Hamuune myrtaruu kdr-his o0yciapnuBaer
TOJIEPAaHTHOCTb KOMHATHOW MyxH B npezaenax [1P=10x. Hamu-
que MyTanuu kdr nmpuBomuT K 6onee Beicokum [TP=11-35x. U,
HaKOHell, KOMIUIEKC NByX MyTauuii super-kdr ciiyuT mpuuu-
HOH OoJiee BBICOKUX YPOBHEH YCTOWYHMBOCTH K MUPETPOUIAM
ITP = 37—-400x (Scott, 2017). ConocTaBUB MOIyuYeHHbIE HAMHU
1P ¢ npuBEICHHBIMHE BBIIIE, MBI IPUIILTA K BBIBOAY O HATUYUU
Y WCCIICNOBAaHHBIX KYJIBTYP KOMHATHBIX MyX MYTAIlMd Super-
kdr. K tomy ke, mpu 00paboTKe CpeacTBaMH B adpO30JbHON

ynakoBke, conepxamumu 0.1 % mumepMerpuHa, 00paTuMoCTh
rapagnya pe3uCTeHTHBIX KyIbTYp MYX COCTaBMJIa AJISl KYJABTYP:
Kaiyra 37 %, Kpacnoropck 93 %, KCK-1 87 %, KCK-2 99%, B
TO BpeMs KaK MyXH YyBCTBHUTENILHOI 1TaOOpaTOPHON KyIbTypHI
S-HUM /I norn6anu moaHOCTEIO (00patumocTs mapannda 0%)
(HdaBmuanumze, 2021).

Denmnupazonsl: GUIPOHMI. [[Be M3ydeHHBIC HAMU KYJIb-
Typsl KCK-1 n KCK-2 oxa3anucek TOIepaHTHBIMHU K (PUIIPOHU-
ay (ITP=5.0—8.3x). YcToH4MBOCTE KOMHATHOH MYyXH KyJBTYp
Kamyra m KpacHoropck Kk (HIPOHHIY OKa3ajgach BBICOKOH
(ITP=46-75x) u mpeBbllIaJIa TAKOBYI0, U3BECTHYIO W3 JIUTE-
parypsel. 13BecTen 10-kpaTHBI ypOBEHb B TpeX MOIYJISLUIX
Mmyx [lakucrana (Khan et al., 2013) 1 4yBCTBHTEIFHOCTD WIIH
ciabas tonepanTHocTh 11 momymsauuit myx (ITP=0.9-2.4x) B
Hanmn (Kristensen et al., 2004) AnHanu3 MexXaHH3MOB pe3h-
CTEHTHOCTH TOKa3aJl, 4TO YCTONYUBOCTD K (PHIIPOHHITY CBS3a-
Ha ¢ MAKPOCOMAITbHBIMH OKCHJa3aMu ¥ 3cTepa3amu (Abbas et
al., 2014), a Taxxe c nmoseneHueM myTantHoro A302S B anene
Rdl B TAMK-3aBHCHMBIX XJIOP-HOHHBIX KaHAIaX HAaCEKOMBIX
(Gao et al., 2007). B BerepuHapuu GUIPOHUI IPUMEHSETCS B
HECKOJIBKHX MPEMapaTHBHBIX popMax (CIIOT-0H, ITyp-OH, CIIPEH,
OLIEHHUK) IpH 60pbOe C IKTOMapa3suTaMu MENKHUX JOMAIIHUX
KMBOTHBIX (CO0AaK, KOIIEK, JEKOPATHBHBIX T'PBI3YHOB W IITHII)
(https://galen.vetrf.ru/#/registry/pharm/registry?page=1&f
chemicalName. [lara oOpamenus 31.08.2022). B cenbckom
XO3SICTBE IPOBOLAT ONPBICKUBAHHE PACTEHUN B IIEPUOZ Be-
reTalliyd MPOTUB HACEKOMBIX M3 OTPSAIOB IPSIMOKPBUIBIX WU
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KECTKOKPBUIBIX H Jp., a Takke 00paboTKy ceMsH U KIyOHeH oT
MOYBOOOUTAOLIUX BpeaUTENEH.

VYcTaHOBIEHHYIO HAMH Y IBYX KYJIBTYP KOMHaTHOH MyXH TO-
JIEpAaHTHOCTH MOXKHO OTHECTH 3 CUET KOMIUICKCHBIX MEXaHH3-
MOB PE3UCTEHTHOCTHU, BO3HUKIIHX B CBSI3H C PE3UCTEHTHOCTBIO
K IHPETPONIaM — YBEIWYEHHOH NETOKCHKALMH, HM3MEHEHUS
cocTraBa KyTUKYIBI U Ap. Tak, Hanpumep, Ha TaliBane uccneno-
BaTeNN TPEIOCTABIIN IEPBBIE JOKA3aTebCTBA IIEPEKPECTHOM
YCTOWYHMBOCTH K MIMUAAKIONPULY U GUIIPOHUITY Y YCTONUUBBIX
K MUPETPOHIAM KYJIBTYp pbDKETo TapakaHa Blattella germanica
(L.) (Blattodea: Ectobiidae) u3-3a cBepxskcnpeccun CYP4G19
(Hu, et al 2021).

YV xomHaTtHOH Myxu KynsTyp Kamyra u Kpacroropck, co-
ITaCHO MPHUHATOM HAMU cXeMe, Pe3UCTEHTHOCTb XapaKTepH3y-
ercs Kak Beicokast — [IP mpeBrbitaer 46—75 x. Takue ypoBHU
JIOJDKHEI COMIPOBOXKAATHCS MyTaIsiMu B aiviese Rdl. TTockoms-
Ky SIBHBIX IPUYUH TaKOTO BBICOKOTO YpoBHA [IP He BhIsSBIEHO,
OCTaeTcs MPEANONOXKUTh BO3MOXKHOCTh HECAHKIMOHHPOBAH-
HOTO IIPUMEHEHHS Ha O0BEKTaxX BETEPHHAPHOTO Haj30pa Ipe-
MaparoB, pa3pelleHHBIX A NPUMEHEHUS IPOTUB BpeaUTeNnei
CEJIBCKOXO3SIMCTBEHHBIX KYIbTyp. ONpeneneHHo, y 9THX Kyib-
TYp UMEIOTCS U TIEPEUHCIICHHBIE BBIIIE MEXaHU3MBbI PE3UCTEHT-
HOCTH — TaKHe KaK MepeKpecTHass Pe3NCTEHTHOCTD, yBEInde-
HHUE aKTUBHOCTH JETOKCUIMPYIOIIUX (PEPMEHTOB, YBEIHUCHUE
TOJIIMHBI U COCTaBa KyTUKYIIBI, MOBbIMeHUe poar ABC-TpaHc-
noprepoB. Takxke MMEIOTCS CBEACHUS O TOM, 4TO, HAalpHMeEp,
B [lakucrane M. domestica, sIBISACH HELENEBBIM BHIOM, MPH-
CYTCTBYIOIIMM B CHCTEME BBIPAIIUBAHUS PHCA, UMEET BEICOKYIO
pe3ucTeHTHOCTh K Kapbamaram (IIP x kapbodypany 28—46x,
Kaprarry runpoxyiopuny 31-48x), muperponnam (IIP k ramma—
muranorpuny 19-43x), muamugam (I1IP k xiaopaHTpaHWIHIPO-
ny 12-27x), ananoram HepeuctokcuHa (ITP x mMoHocymbTamy
14-26x) u pernnmupazonam (I1P x punponmny 13—40x), DOC
(ITP x Tpuazodocy 11-20x) u mupuaunaam (1P x drrornKamuy
8-13x) (Khan, 2020).

DOC: xnopmupudoc. B Hammx sKCrepuMeHTax ABE Kyllb-
TYpBl KOMHATHOM MYXHU OKa3aJIlCh YyBCTBHTEIBHBIMH K XJIOP-
nupudocy (IIP=0.6-0.7x), a 1Be KyabTypbl — TONEPAHTHBIMU

(ITP=1.4-3.7x). B Ilakucrtane ycTaHOBJEHA TOJEPAaHTHOCTh
KOMHaTHOW Myxu K xjoprupudocy (ITP=2.5-7.4x) (Khan et
al., 2013), a B Utanuu HalJieHbl BHICOKME IMOKA3aTENN pPe3n-
crertHoctr (ITP=42.3x) (Pezzi et al., 2011). Muorue wuccie-
JIOBaTeN! MOKa3bIBAIOT, 4T0 MyTauus V260L AXD xomHaTHOU
MYXH TPHIAET OTHOCUTEIBHO OIPAHUYCHHBIH YPOBCHb HEUYB-
cTBUTEeNbHOCTH K mHCcekTrnuaam (Kozaki et al., 2001, Walsh
et al., 2001). Ota mytanus o6HapyxeHa B ycToiH4uBbIX K DOC
kyaeTyp MyX YPRN 1 YBOL (Kozaki et al., 2001), y KynbTypbl
571ab (Kristensen et al., 2006) u y xynstypsl SH-CBR, ycroii-
4yuBOii kK kKapbamaram (Liming et al. 2006). [Tomumopdpuzm AXD
KOMHATHOW MyxH ycTtaHoBieH B Typrmn (Baskurt, et al., 2011).
®OC nocTaTOuHO YacCTO MPUMEHSIOTCS B MEAMLUHCKON ne-
3UHCEKIUU 11 OOphObI C CHHAHTPOITHBIMH HACEKOMBIMHU U B
BeTEepPUHAPHUH JUI OOPHOBI C IKTONApa3sUTaMH KUBOTHBIX. Tak,
HarpuMep, IpernapaTsl Ha OCHOBE AWA3HHOHA MPUMEHSIOT IS
YHHUTOXKEHUS IKTOIAPA3UTOB KUBOTHBIX METOIOM OMPBICKHBA-
HUSI M KyTIaHWS B IPOIUIBIBHOM BaHHE, a Takxke Il 00pabOTKU
KMBOTHOBOIYECKHX ITOMEIeHHH. MHorojeTHee MpHUMEHEeHNE
xyopodoca st 00pabOTOK MECT BBIIIOAA TMUMHOK KOMHATHON
MYXHU TaKXe MOIJIO OTPa3UThCS Ha YYBCTBHTEIBHOCTH MMaro
Mmyx k @OC.

HeoHWKOTHHOMIBL: THAMETOKCAM W KIOTHAHWAWH. Tu-
aMEeTOKCaM OTHOCHUTEJIBHO HOBBIM WHCEKTHULHJ, KOTOPBIN

3 (PEKTHBHO HCHONB3yeTCS MPOTHB KOMHATHON MYXH, OZHAKO
K HEMy yxe cpOopMHpOBalIaCh YCTOHYMBOCTH BO BCEM MHpE.
Pesynbrarel uccienoBaHuii, npoBeneHHble B Ilakuctane B
2015 r., IPOAEMOHCTPUPOBAIH PA3IMYHBIA YPOBCHb YCTOMYH-
BOCTH KOMHAaTHOW MyXH K THAMETOKCaMy: OT TOJEPaHTHOCTH
(ITP=7.7x) mo ymepenHo#t pesuctenTHoctu ([1P=20x) (Khan,
et al., 2015; Abbas et al., 2015). B Jlanum auama3zoH ycTO¥H-
YUBOCTH K THAMETOKCAMY IIOJICBBIX MOMYJSAIMHA KOMHATHON
Myx# ObLT emie mmpe: oT ToiepanTHocTH (I[TP=6x) mo BeICO-
xoii pesucreHtHocTn (ITP=76—100x) (Kristensen, Jespersen
2008; Markussen, Kristensen, 2010). K tnametoxcamy u ero
aKTHBHOMY MeTa0O0JHUTy KIOTHAHWIAWHY BCC M3yYCHHBIC HAMH
KYJIBTYPBI IIPOSIBIJIA SKCTPEMAITEHO BBICOKYIO PE3UCTEHTHOCTh
(ITP=100-333x u 95-250%, coorBeTcTBeHHO). CTONH BBICOKAS
YCTOWYIHMBOCTH HACEKOMBIX MOXKET COIPOBOXIATHCS M MyTallH-
SIMH B HUKOTHH-aneTHiIXonmuHoBoM perentope (nAChR) (Xu
et al., 2022; Sial et al., 2022). Tak, aMUHOKHCIOTHAsI MyTaIlHsI
(R81T) B cyonenunuiie 6eral nAChR Obuta oOHapyxeHa B Ku-
Tae y Pe3UCTEHTHBIX K MMHUJAKIONPHIY HOJIEBBIX MOITYIISIIHA
OaxueBoi T Aphis gossypii Glover (Hemiptera: Aphididae).
Yacrorel amneneir R81T cocraBmmu ot 38.1%, mo 48.2%
(Zhang et al., 2015).

brusxue nuudpst [P 11 060MX HHCEKTUIUIOB MOXKHO 00b-
SICHUTBH OBICTPBIM IIPEBpAIleHNEeM THAMETOKCaMa B KJIOTHAHH-
nuH. [TokasaHo, 4yTo B Tene TapakaHa Periplaneta americana
L. (Blattodea: Blattidae) Tnamerokcam B TedeHne 1 gaca mpe-
Bpamiaercs B kioruanuauH (Benzidane et al., 2010). Ianubie
10 CPAaBHHUTEIBFHOI HHCEKTUIIMIAHOCTH THAMETOKCaMa M KIIOTH-
aHWIKMHA MpoTUBOpeunBhl. [ Humb kinona Blissus occiduus
Barber (Hemiptera: Blissidae) koHTakTHasi HHCEKTHIIMTHOCTh
knotnanuauHa B 20 pa3 Bbllle, 4eM Tuamerokcama. s
B3pOCIBIX 0co0el, HA00OPOT, THaMETOKCaM B TpHU pa3a Ooiee
TokcuueH. [Ipy OLleHKe CHCTEMHOTO AEHCTBUS Ha B3POCIBIX
B. occiduus THaMeTOKcaM OKa3aJics B IIATH pa3 Ooiee TOKCHY-
HBIM, 4eM KioTuaHuauH (Stamm et al., 2011). HeonnkoTnHoM-
JIBI ITUPOKO MPUMEHSIOT B MEIUIMHCKON JE3WHCEKINH, BETe-
PHHApUHU U pacTeHUEBOACTBE. {15t OOPBOBI ¢ MyXaMH IIHPOKO
IIpUMEeHseTCA Npemnapar, copepxanmi 10 % TnameTokcama, 9To
U MOIJIO TIPHBECTH K BBICOKOH YCTOWYHBOCTH N3yYCHHBIX HAMHU
KyJIBTYp KOMHATHOH MYXH.

Oxcanna3nHbpl: HHIOKcakapO. KoMHaTHas MyXa H3y4eHHBIX
KyJBTyp B IIEJIOM OKa3ajach Oojee YyBCTBUTEIbHA K HMHIOK-
cakapOy, 4eM MyXa YyBCTBHUTEIHHOH JTAOOPAaTOPHOH KYIIBETYpHI
S-HUN ]I u Tonpko Myxa KyasTypsl KpacHoropck — ciabo To-
nepanTHa (ITP=1.46X). 3BecTHO, UTO WHAOKCAKapO WHCEKTH-
IUJIEH JUI MIHPOKOT0 KPyra HACEKOMBIX, BKIIFOUasi KOMHATHYIO
Myxy. OH IoKa3ajl yMepeHHYIO TOKCHYHOCTD JIJIsl TyBCTBUTEIb-
HOM J1a0OpaTOPHON KyNBTYypHl U TPEX MPUPOTHBIX HMOMYIISAIHIA
xoMHatHOW Myxu B Snonum (ITP=0.5-1.9x) (Shono et al.,
2004). HeckobKO BHIIIE yCTOHYMBOCTH KOMHATHOH MyxH B I1a-
kucrane — [IP Bappupytor ot 3.0x o 7.1x (Khan et al., 2013).
[Ipennonaraercsi, 9To MHIOKCAKapd 3pdexTrBeH B O60prOe C
HACEKOMBIMH, Y KOTOPBIX Pa3BHIACH YCTOMYHMBOCTh K KapOama-
tam, ®OC, dpenmnmupasonam u nuperpounam (McCann et al.,
2001; Chai, Lee, 2010). B Hacrosimee Bpemst B Poccuu B 0671a-
CTH MEJUIMHCKON JIE3HHCEKIINH 3apeTNCTPHPOBAHO HECKOIBKO
3(p(PEKTUBHBIX B OTHOIICHHH MYJIBTHPE3UCTCHTHBIX KYIBTYP
KOMHATHOW MyXH IUIIEBBIX IPUMAaHOK, COJCPKAIINX HHIOKCA-
kap0 (Epemuna u np., 2022).

Hupponst: xnopdenanmnp. Kynerypa KCK-2 okazanach cia-
60 tonepantHa ([TP=1.25x) k xiopdeHanupy, Torna Kak TpH
OCTaJbHBIE KYJIBTYPbl KOMHaTHOW MyXH NPOSIBUIIA B HECKOJIBKO
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pa3 OOJBIIYI0 YYyBCTBHTEIBHOCTh, 4eM KynbTypa S-HUN]I.
HmeroTcst JaHHbIE JIMTEPATyPhl O IEPEKPECTHOM yCTOMYMBOCTH
K xJopdeHanupy pe3ucteHTHOU K mMupakionpuny (ITP=78x)
KyJapTyphl KoMHaTHOH Myxu (Ma et al., 2017). M3BectHO, 4TO
xyopdeHarp B 5 pa3 Gonee WMHCEKTHUIMICH JUIS PE3NCTEHT-
HOH K MUpPeTpOnuaaM MyXu-Kkuraiku Haematobia irritans (L.),
(Diptera: Muscidae), yem a1 49yBCTBUTEIBHON MyXH. ABTOPBI
CBSI3BIBAIOT ATOT (DaKT C IOBBIIICHHBIM YPOBHEM MOHOOKCH-
TeHa3 y Pe3UCTEHTHOW MYXHW, KOTOPbIe YJacTBYIOT B IpeBpa-
IICHUW TPOVWHCEKTHIINIA B aKTHBHBIN MeTabomut (Sheppard,
Joyce, 1998).

B Poccun B o0mactn MeIUIMHCKOW JAE3MHCEKIINU 3aperu-
CTPUPOBAHO 3 MHCEKTHIUIHBIX CPEICTBA, CONEPIKAIINX CMECh
xyopdeHanupa u nuperponsa (anbharunepMeTprHa Win Ou-
(enTpuHa), 3(GEKTUBHBIX B OTHOUIEHHH MYIBTHPE3UCTEHT-
HBIX pac CHHAHTPONHBIX TapakaHoB (https://portal.eacunion.
org, nata oopammenus 22.09.2022; Epemuna, Onmudep, 2020).

HakoruieHHbIe HAMH JJaHHBIE CBUJCTENBCTBYIOT O MYJb-
TUPE3UCTEHHOCTH KOMHATHOW MYyXH TPAKTHYCCKH KO BCEM
TPagUIHOHHO MPUMEHSAEMBIM HHCeKTHIIaM. OTOop ycToii-
YUBBIX HACEKOMBIX B TOMYISIUSIX HJET, TO-BHIUMOMY, CpPa3y
[0 BCEM HAMPABICHHUSAM: HAKOIUICHHE MYTAIMi, IPHUBOISIIINX
K HEYYyBCTBUTEIBHOCTH MecTa HCHCTBUS; W3MCHCHHE AKTHB-
HOCTH ()EPMEHTOB, MPUHUMAIOIINX y4acTHE B JETOKCHKAIINU
MECTUIM/IOB; M3MCHEHUE CKOPOCTH BBIBE/ICHUSI WHCEKTUIIUIOB
u3 K11eTok ¢ nomotnbio ABC-tpancnioprepoB. CHMkaeTcs mpo-
HUKHOBEHHE WHCEKTUIIUIOB B OPTaHU3M PE3NCTEHTHBIX Hace-
KOMBIX B PE3yJIbTaTe YCHJICHHUS JKCIPECCHH METabOoIMYecKOn
YCTOHYMBOCTH B TIOKPOBAX, MOBBIMICHHOTO MPUCYTCTBHS CBSI-
3BIBAIOIINX OEJIKOB, JIMMHUIOB, CKIEPOTH3AIMH, 33 KUBAIO-
[Iel HHCEKTULMIBI, TOICTOM KyTHUKYIIbI, COYETaHHS HEKOTOPBIX
WM BCEX 3TUX MeXaHu3MoB BMecte (muT. o Lilly et al., 2016;
Balabanidou et al., 2016). MexaHu3MBl pe3UCTEHTHOCTH OIH-
CBIBACMBIX B HACTOSIIEM HCCIICAOBAHUH KYIBTYp KOMHATHON
MYyXH HY)KJAIOTCS B JalTbHEHIIIEM U3yUCHHH.

3akJoueHne

Pe3ucTeHTHOCTS K MECTHIMAAM Y KOMHATHBIX MyX, KaK H
y APYTHX HACEKOMBIX, BO3HUKAET MPHU KECTKOM OTOOpE, KOT-
Jla TIOMYJISIUSI KOHTAaKTUPYET C WHCEKTHLUAOM Ha CTAaIuM JIH-
YUHOK (00paboTKa MECT BBIILIOAA) WM MMAaro (MpH TMOCaaKe
HACEKOMBIX Ha 00pabOTaHHBIC MOBEPXHOCTH WM IIPU MOEAA-
HUM OTPABJIEHHBIX NPUMaHOK). [IpuMeHeHne MHCEKTULIMIHBIX
IpenaparoB B cdepe MEAUIMHCKON Je3MHCEKINH perIaMeH-
TUpYyeTCs NIPU OMOIIU CUCTEMBI perucrpanuu B EBpasuiickoit
Oxonommueckor Komuccun. B equHOM peecTpe CBUIETEIHCTB
0 FOCYJapCTBEHHOW PEruCTpalyy MPUBEAEHBI CBEACHHS O BCEX
3apEruCTPUPOBAHHBIX B YCTAHOBICHHOM TOPSIIKE U Pa3peIleH-
HBIX JUIs TIPUMEHCHWS WHCEKTHLIUAHBIX cpencteax (https://
portal.eaeunion.org. J/lata oopanienus 22.09.2022). B cenbckoMm
X03s1icTBE HEOOXOMMO CIIe/IOBAaTh CHPABOYHHUKY MECTHUIMIOB
n arpoxumukaroB (https://www.agroxxi.ru/goshandbook. Jlara
obpamenns 22.09.2022).

YacToTa HMCHONB30BAHUS HMHCEKTULIMAOB TeX HIM HHBIX
XMMHYECKUX KJIACCOB NPUBOAMUT K PE3UCTEHTHOCTH LIEJIEBOrO
obbekta. Illmpokoe NMpUMEHEHHE NHPETPOHIOB B KMBOTHO-
BOJICTBE IIPUBEJIO K BBICOKOH YCTOMYMBOCTH K HUM KOMHAaTHOH
MyXH — MECTa BBIIUIOJIA JIMYMHOK IOCTOSIHHO 3arpsi3HSIOTCS
9TUMH HHCcekTHuuaamu. Kpome Toro, momaBisoliee 4YUCIO
CPEACTB, IPUMEHSIEMbIX B MEIUIMHCKON AE3MHCEKLUU B OT-
HOLIECHUM MMAaro, HalpHuMep, CPEACTBa B a’3pO30JIbHBIX yIa-
KOBKaX, COJEpXKaT NUpeTpouAbl. Bbicokas ycToOMUMBOCTH K
HEOHHKOTHHOMJAM OOYCJIOBIIEHA YaCTHIM IPHMEHEHHUEM HX B
BHJI€ OTPABJICHHBIX NMPUMAHOK Ha 00BEKTaX >KHBOTHOBOJCTBA.
K HOBBIM U151 Haeil CTpaHbI NpeiCTaBUTENSIM KIaCCOB OKCa-
JUa3MHOB U MUPPOJIOB UCCIICAOBAaHHbIE KYJIBTYPbl KOMHATHOM

MYXU YyBCTBUTCJIbHBI.
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RESISTANCE TO INSECTICIDES OF HOUSEFLY MUSCA DOMESTICA
IN THE CENTER OF THE EUROPEAN PART OF RUSSIA

T.A. Davlianidze, O.Yu. Eremina*, V.V. Olifer

Institute of Disinfectology, Mytischi town, Moscow Province, Russia
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Under laboratory conditions, resistance to insecticides from various chemical classes of several strains of the housefly,
Musca domestica, obtained from populations collected at facilities in the Moscow and Kaluga regions (KSK-1 in a cowshed
and KSK-2 in the stable of an equestrian sports club, Krasnogorsk — at a food facility, Kaluga — in the compost of a garden
non-profit partnership). It was found that when insecticides were applied topically, houseflies of all the studied strains had
the highest resistance to cypermethrin (RF=75-900x) and to neonicotinoid compounds thiamethoxam and clothianidin
(RF=95-330x). High resistance to fipronil was found in two strains of fly (RF=46—-75x). Strain KSK-1 was weakly tolerant
to chlorpyrifos (RF=3.7x), while the other strains were susceptible. All the studied house fly strains were more susceptible to
indoxacarb and chlorfenapyr than the laboratory strain S-NIID. The data indicate that studied housefly strains are multiresistant
to almost all commonly used insecticides. Possible mechanisms of insect resistance to insecticides are discussed. Frequent
use of insecticides of various chemical classes led to resistance in the target pest. Widespread use of pyrethroids in animal
facilities has led to high resistance to them in the house fly because places where larvae hatch are constantly polluted with
these insecticides. High resistance to neonicotinoids is also due to their frequent use as poisoned baits in livestock facilities.
To the contrary, the studied housefly strains remained susceptible to the tested oxadiazines and pyrroles, chemical classes

that were recently introduced to Russia.
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Ilonnomexcmosas cmamosn

®AKTOPHI NOBBIIEHUSA UHAYLUAPYIOIEA AKTUBHOCTH
JIBYX IITAMMOB BACILLUS SUBTILIS B 3AIIIUTE NIIEHUILBI OT BO3BYIUTEJIENA
TEMHO-BYPOU IIATHUCTOCTH (BIPOLARIS SOROKINIANA)
U BYPOU PXKABUYMHBI (PUCCINIA TRITICINA)

N.N. HoBukosa, J.B. [lonosa, H.M. KoBanenko*, U.JI. KpacnobaeBa

Bcepoccuiickuii nayuno-ucciedosamenvckui uncmumym sawumel pacmenuti, Cankm-Ilemepoype
* omeemcmeenHblll 3a nepenucky, e-mail: nadyakov@mail.ru

Ienb paboTHI cocTOsIIA B OlICHKE KyiIbTypaibHOU sxuakoctu (KXK) mrammos Bacillus subtilis BKM B-2604D u BKM
B-2605D u ee KOMIIOHEHTOB (CyliepHaTaHTa 1 OaKTepHAaIbHBIX KJIETOK) B ()OPMUPOBAHUN HHAYIIMPOBAHHON YCTOHYMBOCTH
IMIIEHHIBI IO OTHOIIEHHIO K TEMHO-OypO MSATHHCTOCTH U Oypoi pKaB4MHE, a TAK)KE B YCTAHOBJIECHHH ONTHMAJIbHON
KOHIIGHTpAllMM OaKTepUaNbHBIX KIETOK M BPEMEHH NPUMEHEHHs, ONpeAesionnx 3((eKTHBHOCTh J1ad0paTOPHBIX
o6pasios, cogepxamux 0.1 %-ne1ii canumiar xurosana (CX). IIpeanonaraercs, uto B coctaBe KXK u ee cynepnaranta
MPUCYTCTBYIOT OMOJIOTMYECKH aKTHBHBIE METa0OJIMTHI, 00NaaloNIe IUCUTOPHON aKTHBHOCTHIO M OTBETCTBEHHBIC 32
NPOSIBJIEHNE MHIYIIMPOBAaHHOW YCTOMYMBOCTHU IIIEHUIIBI K TEMHO-Oypoil msTHUCTOCTH W Oypoii pxkaBunHe. OOpaboTka
muctbeB KK 1 CH ymeHbInana nopakeHHOCTb JIMCThEB MIIEHULbI Bipolaris sorokiniana B 1.5-2 pa3a, a Puccinia triticina
—Ha 20 u 10% 1o cpaBHEHHIO C KOHTPOJIEM, COOTBETCTBEHHO, B TO BPEMsl KaK CyCIeH3Usl OaKTepHabHBIX KJIETOK He
TIO/IaBIIsLIa pa3BUTHE CUMIITOMOB Oose3Heil. Hanbonpmmii nunynupytomuii adgdexr Bce oopaszust KK nokasanu ¢ Turpom
10°KOE/mi. BoisiBnieHO, 4TO M3 BCeX BAPHAHTOB MPUMEHEHH s 00pa3ioB (3a 1 1 2 cyTok 10 3apaxeHus u uepe3 1 u 2 cyTku
mociie 3apaxkeHust) HanOonee 3GHekTUBHON ObLIa MpeABapUTEIbHAsS 00padOTKa PACTECHUA MICHHIIBI 32 OMHU CYTKH 10
MHOKYJISIMY 1aToreHoM. Haunboree cy1iecTBEHHO MOBbIIAa YCTOWYNBOCTS IIIEHHIIBI K 00JIe3HsIM 00paboTKa pacTeHui
nureHurpl kommnosuiein KK + 0.1% CX, 4to BBIpa3WIoCch B CHH)KCHHH IUIOMIAIN MOPAXKEHHUs JINCTHEB TEMHO-0ypoi
MATHUCTOCTBIO B 6 pa3 u Oypoit pxaBanHOM — B 10 pa3 o cpaBHEHHIO ¢ KOHTPOJIEM.

KaioueBrble ci10Ba: Oronornyeckas 3aluTa pacTeHui, 1abopaTopHblii o0paszen, Buraruian, KynbTypaibHas ®KHIKOCTb,

¢dyHrucrarndeckuit 3QeKT, HHAYINPOBaHHAS YCTOMYMBOCTD, CAJTMIIIIAT XUTO3aHA

Hocmynuna 6 pedakyuro: 29.04.2022

CoBpeMeHHOE PAaCTEHHEBOACTBO OPHEHTHPOBAHO HA pa3-
paboTKy W BHEIPEHHE 3KOJOTHUYECKH O€30IacHBIX pecypcoc-
Oeperaromux TEXHOJIOTHH (UTOCAHUTAPHOM ONTHMM3ALUU
arposKocucTeM. Takue arpoTeXHOJOTMH IpeayCMaTpUBAIOT
MIMPOKOE HCIIOIB30BaHNE KOMIUIEKCA MOTH(YHKIMOHAIBHBIX
OGuornpenaparoB pa3HOTO IIETEBOTO HA3HAYECHUS HAa OCHOBE
MITAMMOB MHKPOOPTaHM3MOB B KaueCTBE aJbTEPHATHUBBI XH-
MHYECKHM CpeJCTBaM 3aIuThl pactenuil (IlaBmommH u ap.,
2020). buomormueckuii KOHTPOIh HawOoNee MEPCHEKTUBEH
JUISL 3aI0UTHI CENILCKOXO3SHCTBEHHBIX KYIBTYP OT Oole3HeH,
TOBBILICHHUS YPOXKAHHOCTH U YJIyUIICHHs] Ka4ecTBa IPOIYK-
TOB NUTAHUS TPH TEPeXoie K OpraHMYecKOMY M YCTOWYH-
BOMY ceJIbCKOMY xo3siicTBy (Syed et al., 2018) MexaHu3Msl
MOfIaBIICHNST (PUTOMATOTEHHBIX MHKPOOPTaHU3MOB O0YCIIOB-
JeHbl NONMU(QYHKIMOHAIBHOCTBIO JEWCTBHS IITAMMOB MH-
KpOOOB-aHTarOHUCTOB — CIIOCOOHOCTBIO CHHTE3HPOBATh OHO-
JOTHYeCKU akTHBHBIC BemecTBa (BAB) paszmmuHO# npuposst
(arTHOMOTHKH, CUIEPOOPHI, THAPOIUTHICCKHE (EPMEHTHI,
JIeTy4ne OpPraHMYeCKUE COCAMHCHMS, IHAHHUCTBHIA BOIOPOX U
np.). OHU 00ECTIeUnBAIOT KaK MPSIMOI aHTArOHU3M B OTHOIIIC-
HHUH (DPUTOIIATOTEHOB, TaK ¥ MHAYKIMIO CHCTEMHOW OoJse3Hey-
croitunBocth pactrenuit (ITapmrommH u xp., 2020; Santoyo et
al., 2012; Yu et al., 2015; Singh et al., 2017; Sehrawat et al.,
2019; Jiao et al., 2021; Zehra et al., 2021; Wang et al., 2022).

[Tokazano, 4yTo OMoNOrMYeckn akTUBHEIC BemmecTBa (BAB)
IITaMMOB-TIPOAYIIEHTOB OHONPETIapaTOB MOJABIISIOT PA3BUTHE

Hpunama x newamu: 13.09.2022

(UTONIAaTOTeHHBIX BHIOB, CHIDKAsl UX BUPYJICHTHOCTB M arpec-
CHBHOCTEH U, TEM CaMBIM, COXpaHSIOT yporkaii (Sasirekha et al.,
2016; Kumar et al., 2017; Ghazy et al., 2021).

Brarogapst monugyHKIMOHAIBHOCTH [ITAMMOB-TIPOYLICH-
TOB, COBPEMEHHBIC OMOJIOTHYECKHE MpEMnapaThl COYETAIOT B
cebe cBolcTBa OMOynOOpeHHi, ONOCTUMYIIATOPOB M OMOTIECTH-
LU0B, 00ecTeunBasi YCTOWIMBOE MOBBIIMIEHUE YPOKAMHOCTH
cenbcKoxo3siicTBeHHbIX KynbTyp (De los Santos-Villalobos et
al., 2020, 2021; Sendi et al., 2020; Pathak et al., 2021; Sehrawat
et al., 2022). [Ipumenerne nomuyHKINOHAIBHBIX OMoIIpera-
parToB yJIydIllaeT Ka4eCTBO ypOXKasi, CIIOCOOCTBYS HAKOTIJICHHUEO
YIJIEBOJIOB, OEIIKOB, BATAMHHOB, MaKpO- 1 MHKPOJJIEMEHTOB B
cenpcKoxo3siicTBeHHOM poaykinn (Chakraborty et al., 2021).

D¢ dexTHBHOCTS OWOINpenapaToB HA OCHOBE IITaMMOB
B. subtilis B 6oprbe ¢ OONE3HAMH PACTCHHH Ha OCHOBHBIX
CEJILCKOXO3SICTBEHHBIX KYJBTypax HMpPOAEMOHCTPHPOBAaHAa BO
MHOTuX paboTax B HaIeil cTpaHe u 3a pyoexom. Hampumep,
IITaMMBI Ayt 3 PEKTUBHO ITOJABIISUIH PACIIPOCTPAHCHHE
pasButHe (Gy3apro3HON ¥ 0pHOO0IE3HON THUIIH, MyYHHCTOU
POCHI, eNTol 1 Oypoii pkaBUMHBI 3epHOBBIX KynbTyp (Yang et
al., 2015; Gao et al., 2015; Hui et al., 2013; Reiss et al., 2017).

D¢ dexTHBHOCT, pa3zpaboTaHHEIX BO BceepoccuiickoMm MH-
CTUTYTE 3aIUTHI pACTECHHI OMOTperapaToB B OTHOIICHUH pac-
MIPOCTPAHEHUS] M Pa3BUTHSI OCHOBHBIX BPEIOHOCHBIX 3a0olie-
BaHUH CENbCKOXO3ANUCTBEHHBIX KynbTyp gocturaer 60-90%,
9YTO 00eCIeunBacT MOBBIIICHHE MPOLYKTHBHOCTH Ha 20-25 %

© Hosuxora U.U., ITonosa 3.B., KoBanenko H.M., KpacHo6aeBa I.JI. CtaTbst OTKPBITOrO TOCTYIA, TyOIHKyeMast
Bcepoccuiickum nHcTHTYTOM 3a1uThl pactenuii (Cankr-IlerepOypr) u pacnpoctpansemas Ha ycnoBusax Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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U yITy4IIeHne KayecTBa pacTeHueBoaueckoi nmponaykun (Ho-
BHKOBA U 1p., 2017). C nepcnekTuBaMu U mpobieMaMu IpuMe-
HEeHUs OMoIperapaToB Ha OCHOBE IITaMMOB B. subtilis B cenb-
CKOM XO3AHCTBE /Ui OOpHOBI C OONE3HAMH PacTeHHH MOXHO
03HAaKOMHTHCS B HEIAaBHO OITyONIMKOBaHHBIX 0030pax (ITasmro-
mmmH u ap., 2020; Chowdhury et al., 2015; Wang et al., 2018).

Bbuonornueckas 3¢ ¢GeKTHBHOCTH INpenapaTroB HA OCHOBE
IITAaMMOB MHUKPOOOB-aHTAarOHUCTOB OOYCIIOBJICHA CIIOKHBIMHU
MEXaHU3MaMH, PETYIUPYIOIINMH B3aHMOOTHOIICHHUS MUKpPO-
opranu3MoB B mpupoje. [Ipsmoe GuonuaHoe AelicTBUE MTaM-
MOB B. subtilis cBS3bIBAIOT C CHHTE30M MU Pa3JINYHbIX METa-
0OJINTOB C aHTUOMOTHYECKOW aKTHBHOCTBhIO — AaHTHOMOTHUKOB,
omocypdaxrantoB, cunepodopoB u np. (Cumoposa m np.,
2018; Zhi et al., 2017; Wang et al., 2018). [lITammbr 6anua
XapaKTepU3yIOTCs MHOroo0pazneM MeTabOoINIecKUX Mpomnec-
COB M CHOCOOHOCTBIO K cuHTe3y BAB, paznuuarommxcst mo
XUMHYECKOH Mpupoe 1 MexaHusMmy nerctsus (IlaBmommH u
Ip., 2020; Cunoposa u ap., 2018; Makcumos u ap., 2020). ITo-
Ka3aHo, YTO IITaMMBI B. subtilis 00pa3yroT HHINBHIYaTIbHbBIA
Ha0Op aHTUOMOTHKOB (IIOJIMMHUKCHH, LIUPKYJIUH U KOJIHUCTHH),
AKTUBHBII IPOTUB (PUTOIATOTCHHBIX TPHOOB Alternaria solani,
Aspergillus  flavus, Botryosphaeria ribis, Colletotrichum
gloeosporioides, Fusarium oxysporum, Bipolaris maydis,
Septoria arcuata (Fira et al., 2018). AHTUMHUKPOOHBIC BeIe-
CTBa, Kak NpPaBWIJIO, JIEHCTBYIOT CHHEPIeTUYECKH, 00YyCIIOB-
JMBasi BBIpaKCHHBIM aHTUNatoreHHbIit addekr (Duan et al.,
2021). Hampumep, BBICOKash aHTarOHHUCTUYECKash aKTUBHOCTh
mramma B. velezensis FIAT-46737 B OTHOIIEHHH HECKONBKHUX
(huTomaToreHoB, BKIIOYAs OakTepuo Ralstonia solanacearum
u rpub F. oxysporum, oOycIOBIIEHa CEKpeLHel JHIONeNTH-
JIOB, COCTOAIINX U3 UTYPHUHOB, (DEHTHIMHOB M CYp(aKTHHOB
(Chen et al., 2020). Muorue u3onsath p. Bacillus npoayiupy-
10T HECKOJIBKO IPOTHBOTPUOHBIX IUKINYECKUX JTUIONENTHIOB
(CLP), Brittouast mpezicTaBUTelei ceMelcTB cyphaKkTuHa, uTy-
pura u pernrununa (Torres et al., 2016). [Tokazano, 4To nHITO-
MENTH/Ibl, TPHHAAJIeKAIINE CeMelcTBaM UTypUHa, (DeHTHIIMHA
u cyp¢akTruHa, HanboJee BaXKHbI B aHTATOHUCTUIECKOH aKTHB-
HOCTH psijia M30JIITOB Bacillus B OTHOLIEHNH (DUTONATOTEHHBIX
rpubOB y pa3HBIX BUAOB pacTeHnit (MakcumoB u ap., 2020;
Masmoudi et al., 2017; Abdallah et al., 2017). Takum 06pa3zom,
Ba)KHAsI COCTABILAIONIAS 3alIUTHOTO 3¢ ¢dekTa Omompenaparo
— TIpsiMasi aHTarOHUCTHYECKask aKTHBHOCTh IITaMMOB-IIPOIY-
LIEHTOB B OTHOLIEHHH (PUTOMATOI€HHBIX BHIOB, OOYCIIOBJICH-
Hasi CMHTE30M METa0OJMTOB, INPEMSTCTBYIOINX 3aCeICHHIO
pacTeHHid naToreHamH.

Bce Oonble HakarMBaeTcs JIaHHBIX, CBUIETEIbCTBYIO-
XX O TOM, YTO IITAMMBI MUKPOOOB-aHTarOHUCTOB MOTYT I10-
JIaBJSITh 3apakKeHHE JINCThEB (DUTONIATOTEHaMH HE TOJBKO 3a
cdeT aHTHOMO03a, HO W 3a CYST WHAYKINH CUCTEMHOU yCTOM-
gusocTH (Uepenanosa u ap., 2019). Iloka3ano, 4T0o, TOMHUMO
MPSIMOTO aHTarOHUCTHYIECKOTO ACHCTBUS HA KJICTKH BO30YIH-
Tens, OalMIUTBl COCOOHBI TOBBIIATH OOJIE3HEYCTOHYUBOCTD
pPacTeHUH CHHTE3UPYS COCIUHEHHS — IHUCHTOPEI, Oraromapst
KOTOPBIM HPOUCXOIUT aKTHBAIMS CUCTEMHOW WHIyLIUPOBaH-
HoOM ycroitunBocTH (induced systemic resistance (ISR) u cu-
CTEMHOIl NMpPUOOpEeTeHHOW yCTOW4YMBOCTH (systemic acquired
resistance (SAR). (MakcumoB u ap., 2020, 2015; Pieterse et
al., 2014; Wang, 2018, Abdallah et al., 2017). Accoruupo-
BaHHBIE C PACTCHUSIMHU TOJIE3HBIE CaPOTPO(HBIE MHKpPOOpTa-
Hu3Msbl (Bacillus spp. u Pseudomonas spp.) UHIYIUPYIOT UM-
MYHHYIO CHCTEMY PAacTCHHH B OTBET HAa BHEAPEHHE MATOTEHA

yepe3 MeXaHU3M aKTHBAILMH 3aIlyCKa KaCMOHAT-ITHIICHOBOTO
curnanphoro mytu (JA/ET), onocpeoBaHHOTO CHTHAIBHBIM
6exxom NRP-1, u mytn canummnoBoit kucinotsr (SA) (Makcu-
MOB u Jip., 2020; Llorens et al., 2017; Chowdhury u ap., 2015;
Alkooranee et al., 2017). JKacMoHOBasI, CAIMIINIOBAsT KHCIIOTHI
W DTUJIEH COCTABIISIIOT OCHOBY CUTHAJILHOM CETH, OTBETCTBEH-
HOW 3a KOOPIWHHUPOBAHHBIN OMOXUMHYECKUH W (DU3NOIOTH-
YeCKHUH 3al[UTHBIA OTBET Ha 3apakeHue maroreHoM (ISR umu
SAR). Dnucuropamu, 3ayCKalOIIUMH 3aIUTHEIE MEXaHH3MBI
pacTeHus, MOTYT OBbITh OCJIKH, JIMMONEHTHIBI, (IIArCILIHH,
MOJICAaXapyuIsl W JIPyTHE COCOMHEHHS, aCCOUUHPOBAHHBIE
C KIICTOYHOW cTeHkoi B. subtilis (MakcumoB u mp., 2015;
Maksimov et al., 2014). B motoke pabot, XapaKTepHu3yOITIX
CIOCOOHOCTh OaKTepHil MHIYIUPOBATh 3AIIUTHBIC CHCTEMBI
pacTeHuid, 0coOBIH MHTEPEC NPEACTABIACT HHPOPMAIIHS O pe-
TYJSIUH JTUMOTCTHAAME (YHKIIMOHUPOBAHHUS KOMITOHCHTOB
(uTozamuTHON cuctemsbl (MakcuMoB u ap., 2020).

B Hacrosiiee Bpemsl yCHIIMS MHOTHX HCCIIEAOBaTeNIeH Ha-
MIpaBJICHBI HA Pa3pabOTKy METOAOB MOBHIIICHUS YPPEKTUBHO-
ctu OuomnpenapartoB. [1o HalleMy MHEHHIO, STOH IEITH MOX-
HO JIOCTHYh 3a CYET YCHWJICHHS WHAYIHPYIOUIEH aKTHBHOCTH
mTaMMa — IpOIyIEHTa MyTeM BKJIFOUCHHS B COCTAB Iperapa-
TUBHOU (POPMBI IPUPOTHBIX WIIN CHHTETHIECKUX aKTHBATOPOB
00JIC3HEYCTONYMBOCTH. DTO HANPABJICHUE HCCIICAOBAHUN aK-
THBHO Pa3BUBAETCS B Jab0OpaTOpHHu MHKPOOHOIIOTHYECKON 3a-
utel BU3P. B ocHOBaHMe Takoro moaxoa Jernio mpeanono-
JKEHHUE, YTO BHICOKUH 3aIMUTHBIA A(PPEKT TaKUX KOMITIEKCHBIX
ouonpemnaparoB OyneT 00yCIOBJICH COYCTAHUEM aHTarOHUCTH-
YECKMX CBOMCTB MITaMMa MHKPOOPTaHM3Ma CO CIIOCOOHOCTBIO
UHIYKTOpa YCTOHYHUBOCTH COBMECTHO C OMOJIOTUYECKU aKTHB-
HBIMH BEIIECTBAMH aKTHBH3MPOBAaTb MEXaHU3MBI €CTECTBEH-
HOM yCTOWYMBOCTH paCTEHUI K MaTOrEHAM.

B Hamie#t ctpane mmpoxo m3BecTeH Ouomnpenapar Bura-
ttal, CII, pazpaborannsiii B BU3P Ha 0cHOBE BHICOKOAKTHB-
HbIX mTaMMoB B. subtilis (BKM B-2604D u BKM B-2605D),
KOTOPBIN HCIONB3YETCS JUIS 3alllUTHI CEIbCKOXO3SIHCTBCHHBIX
KyJIBTYp OT TpHOHBIX U OakTepuanbHbIX OonesHelt (HoBuko-
Ba u Jp., 2011, 2013; Novikova et al., 2017). JInst ycuneHus
OMOOTMYECKON aKTHBHOCTH OMOIIpenapaToB, Ha HAII B3I,
[eJIeco00pa3HO BKIIFOYUTH B IPEMapaTuBHYIO (GOpMYy B Kade-
CTBE HHAYKTOPA yCTOWYUBOCTH IPUPOTHBIH ITOTHUCAXAPUT XH-
TO3aH WIH €r0 MPOU3BoIHOE. J{JIs CO3MaHUS TAKMX KOMILICKC-
HBIX OMOIpenaparoB B Ka4eCTBE HHAYKTOPa OBLT HCIIOIH30BaH
CaNHIWIAT XUTO3aHAa. B paHee MpOBEICHHBIX MCCICOBAHISIX
OblIa BBISBJICHA BHICOKAs! aKTHBHOCTh CaMIMIIATA XMTO3aHA,
WHAYIHPYIOIas YCTOHYUBOCTE K Oypod piKaBUMHE W TEM-
HO-Oypo#i mataucTocty mmeHnis! (ITomosa u ap., 2018). O6-
pabotka camuriatoM xurosana (0.1 %) BereTupyromux pac-
TEHUH MIICHUIBl YMEHBINATA CTCIICHb MOPAKCHUS PACTCHHMA
KOpHEBOU rHIITBIO Ha 79.0 %, xenTol pxxaBunHoi — Ha 29.1 %
Y MTOJTHOCTHIO TOIaBIIsUIa Pa3BUTUE MYYHHCTOM POCHI B IIEPHOT
Bererarmu pactenuit (Konecuukos u ap., 2022).

VY4uuThIBas MOTPEOHOCTH CEIECKOTO XO3SHCTBAa B PACIIH-
PEHUH aCCOPTUMEHTA MUKPOOHOIOTHYECKUX CPENICTB 3aIlUThI
pacTeHuii, mpolieMa MOBBIIICHUS OUOIOTHYCCKOH Y (DEKTHB-
HOCTH OHOTIpenapaToB MPEeICTaBIACTCS aKTyaIbHOM.

B Hamreit pabote Ist OLIEHKU TTEPCIIEKTUBHOCTH BKITIOUC-
HUS B COCTaB IperapaTuBHON (OpPMBI MHIAYKTOpa OOie3He-
YCTOMYMBOCTH HCIIONB30BaH JTA0OpaTOpHBIN 00pasen B BHAC
KynbTypanbHoii xxunkoctu (KXK), nomydyenHslit npu riyOuH-
HOM KYJIGTHBHPOBAHWH IITaMMOB-TIPOAYIICHTOB B. subtilis
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BKM B-2604D u B. subtilis BKM B-2605D Ha cpene ¢ no6aB-
neHneM canunmiara xuro3ana (CX).

enb paboOTBI COCTOMT B TOM, YTOOBI OIICHHUTH BKIIAJ
KK mrammoB B. subtilis BKM B-2604D u BKM B-2605D
M €€ OTJACNIBHBIX KOMIIOHEHTOB (CYNEpHATAHT U CyCIICH3US

0aKkTepHaNbHBIX KIETOK) B ()OPMHPOBAHHE WHIYIHPOBAHHOMN
YCTOYUBOCTH IIICHHUIIBI IT0 OTHOIICHUIO K TEMHO-0ypoii T T-
HHUCTOCTH 1 Oypo¥ p>KaBUMHE, a TAKXKE OMPEACTUTH ONTHMAIIb-

HBII CPOK ITPUMEHEHHUS U3y4aeMbIX JJAOOPaTOPHBIX 00Pa3IOB.

MarepuaJjbl M1 METOAbI

B pabore wncnonp3oBany ApoOBYIO MIIEHHIYYy [riticum
aestivum L. copra CaparoBckas 29. Jlns 3apakeHUS UCITOb-
30Balii  BO3OymuTeneld TeMHO-Oypol MSITHUCTOCTH Bipolaris
sorokiniana (Sacc.) Shoemaker u Oypo#t p>kaBunHbl Puccinia
triticina Erikss. — HamOonee BPEAOHOCHBIX OOJIE3HEH TIIe-
Hunbl. ITaMMbl UTONATOrEHHBIX MUKPOMHMIIETOB B3SITHI U3
«TocynapcTBEHHON KOJUIEKIIMM MUKPOOPTaHWU3MOB, HaTOIreH-
HBIX JUIS PaCTEHHH M UX BpeauTeneid LIeHTpa KoIJIeKTHBHOTO
MIONB30BaHMsI HAaydIHBIM 000pynoBaHneM «V/IHHOBAaIlMOHHBIE
TEXHOJIOTHH 3amuTH pactenuiny ®I'BHY BU3P.

B pa6ore ncnonszoBamm KK, nmonydennyio npu riryOuH-
HOM KyJbTHBHPOBAHUH ILITaMMOB-IIPOAYIICHTOB IIpenapara
Buramnan, CII — B. subtilis BKM B-2604D u B. subtilis BKM
B-2605D Ha cpene ¢ nob6aBnenuem CX.

I'myObuHHOE KynbTHBUpOBaHME TaMMOB B. subtilis BKM
B-2604D u BKM B-2605D nposoaunu npu 28 °C B TeueHUE
72 4 Ha TIMTATEIBHOM cpene CIeqyomero cocrana (I/): Ky-
Kypy3HbIi1 skcTpakT — 30, menacca — 15, pH — 7.2 B xombax
oobsemom 750 mi ¢ 100 My cpensl Ha KpyroBOH Kadaike IMpU
220 06./mMuH. TUTp MONYyYEHHOU KyNBTYypalbHOH JKHIKOCTH
coctasun 10'° KOE/mi.

Cxema oITbITa Ipe/lycMarpuBalia CIeayone BApHaHThL:
1. Konrpons (Boxa).

2. KK mrammoB B. subtilis BKM B-2604D u B. subtilis BKM
B-2605D mpu coorHomenun 1:1 (KK B. subtilis BKM
B-2604D + BKM B-2605D).

3. KX B. subtilis BKM B-2604D + BKM B-2605D + 0.1%
CX. Ilpu nonydyenun obOpasua B MUTATEIBHYIO CpEAy UIs
n1yOMHHOTO KyibTHBUpoBaHus gobasisum 0.1 % CX

4. Komnosuumss KK B. subtilis BKM B-2604D + BKM
B-2605D + 0.1 % CX. K 72-uacoBoil KyJabTypallbHON KH]-
KOCTH, Pa3BElCHHON IUCTHILIMpOBaHHOM Bojod B 10 pas
(turp 10° KOE/mi), moGasmsiin CX 10 KOHIEHTpPAIUH
0.1%.

5. CX 0.1%.

CX monyyanu W3 XMTO3aHA C MOJEKYISIpHOW Maccoir 60
k/la co crenensio neanerwinpoBanus 85 % («buomnporpeccy,
Poccust) cornacHo merony (ITomosa u ap., 2021). Tutp xwusz-
HECTIOCOOHBIX KJIETOK B 00pa3liax ONpeessuIi CTaHAapTHBIM
METOZOM JICCATHKPAaTHBIX CEPUHHBIX Pa3BEACHHH C BBHICEBOM
Ha CITA (cyxoli mATaTeNbHBIN arap I KyJIbTUBUPOBAHUS MU-
kpoopraanzMoB (AO «HITO «Muxpores») U mMoCIeIyOInM
nmojicaeToM urcia Beipocmux kosoruii (OPC.1.7.2.0008.15).

Wzyuenne npsMoro (pyHTHCTaTHIECKOTO JEHCTBUS HCCIIe-
JTyeMBIX 00pa31[0B IPOBOAMIIH i1l Vitro METOJIOM arapoBBIX OJI0-
koB. B crepuinbnble yamku IleTpu pasnuBanu OXJaXIEHHYIO
J0 40°C arapusoBanHyto cpeny Yamneka. I[locne 3acTeiBaHus
Ha TOBEPXHOCTH CpPEIbl PABHOMEPHO HAHOCHIIM CYyCIICH3HIO
UCTIBITYeMbIX 00pa3noB npemnapartos (0.2 mi), a 3aTeM Iome-
maiu 6:10ku 10-CyTOUHBIX KYIBTYp B. sorokiniana nnameTpom
6 MM, BBIpE3aHHbBIE CTEPHIIBHBIM CBEPIOM M3 MHILEIHATBHBIX
ra3oHOB rpu0OB, BhIpallleHHbIX Ha arape Yamneka B TeueHHE
8—10 cyrok. B kadecTBe KOHTPOJIS MCIOIH30BAIM YAIIKH C
arapu3oBaHHO# cpenoii Yamneka ¢ 6J10KkaMu TECT-KYJIBTYPhI 0€3
UCIIBITYEMbIX 00pa3LloB mpenapartoB. Yamku WHKyOMpoBaiu

B TeMHoTe Tipu 25 °C. lnameTp KOJIOHMIA rpuda M3MEpsIId Ha
7-e CyTKH KyJAbTHBHPOBAHUS, TIOCIIE YETro OIeHUBAIHA (DyHTH-
cTaTuyeckoe NieiicTBre o0pasuoB 1o Gopmyne J66ota (AH-
npeesa, 1990).

OmBITH MO OLIEHKE UMMYHOMOAYIHpPYIONIEH aKTUBHOCTH
HCCIIEIyeMbIX O00pa3llOB MPOBOIMIA METOIOM OTACICHHBIX
muctbeB (Muxaitnosa u ap., 2012). CeMucyTodHbIe IPOPOCT-
KW MSTKOM TIIIEHUITBI BOCTPHUMYHUBOTO copTa CaparoBckas 29
OTPBICKUBAJIM PACTBOPAMHU J1a0OPATOPHBIX 00pa3IoB (U3 pac-
yeta 30 mu Ha 100 pacTeHmil), COrIacHO CXeMe OMbITa, 3a 24 4
JI0 MHOKYJISIIIUH [TATOreHOM — reMuduorpodom B. sorokiniana
(4x10% 2x10* ciop/mi) unu 6uorpodom P. triticina (2000 my-
cryn/mi). KoHnleHTpanus KIeTok (TUTp) mTaMMoB B. subtilis
BKM B-2604D u BKM B-2605D B o0pasmax cocTaBisiia
or 107 go 10° KOE/min). Ha crnemyrommii 1eHb TOTOBHIIM Tra-
30HBI, Hape3as MU YyKJaJblBas JHUCTbS IUIOTHBIM CJIOEM B KIO-
Bete (30x30 cM) Ha CTEKJITHHOM IJIACTHHE, MOKPBITON (HIIb-
TPOBaJBHOM Oymaroii. 3aTeM KIOBETY ONPBHICKUBAIN B3BECHIO
criop o 10 My, ¥ OCTaBIsUIM B TEMHOTE Ha CyTKU. Bpems
3apaXKCHHs CUMTanu HadayoMm onbita. Ha cinepyromuil neHb
aKKypartHo J00aBisuu pacTBop OeHznmuaazona (0.004 %), xo-
TOPBIH MOJJIEP)KUBAET META0O0IM3M B OTPE3KaX JIMCTHEB IIIIe-
HUIIBI Ha YPOBHE, NPH KOTOPOM THII PEaKkIMU K BO30YIUTEIIO
COOTBETCTBYET TakOBOMY JUIsSi MHTaKTHBIX pacteHuid. [lopa-
YKCHHOCTD JTUCTHEB OIICHUBAIIH Ha 4-€¢ CYTKH MOCTIC 3apaKCHUS
B. sorokiniana v ua 7-e cyTKu niocie 3apaxxenus P. triticina 1o
WHTCHCUBHOCTH Pa3BUTHA 00JIe3HU B % COIIIACHO OMHMCAaHUIO
(MuxaiinoBa u ap., 2012). B konTpone pactenus oopabdarsl-
BaJly BOZOH.

Bnusinne nonyueHHBIX 1a00paTOpHBIX 00pa3IoB Ha IPo-
pactaHue KOHHOUHA B. sorokiniana M3y4aiul B KaIrlle PacTBO-
pa ob6pasma (200 mxi). dns storo 0.1 M pactBopa obOpasma
HaHOCWJIM Ha TIpeAMETHOe cTekso, mobasmsum 0.1 mi crop
B. sorokiniana v BeinepxuBany B TeMHOTE pH 22 °C BO BlIax-
HOH Kamepe B TedueHue 24 4. [Ipopacranne KOHUIUH OLIEHNBa-
JI MUKPOCKOIIMPOBaHHEM, NpocMmarpuBas He MeHee 200 ko-
HUJAN B BAPHAHTE M B KOHTpOIIE (B BOJC) U OIPENENSs OO
MIPOPOCIINX CTIOP.

KK BpIcOKOAaKTMBHBIX ImTaMMOB Bacillus subtilis BKM
B-2604D u BKM B-2605D nomydann MeTOAOM ITyOMHHOTO
KYyJIBTUBUPOBaHUA. KK coctouT u3 BereraTUBHBLIX KIIETOK U
cnop B. subtilis, 0CTaTKOB MUTATENBHON CPEAbl, a TAKXe Me-
TabOJIMTOB, BBIAEIEHHBIX B CPEly MUKPOOPTraHW3MaMH B IIPO-
mecce pepMeHTaIuy.

Cymeprarant (CH) — OeckierouHas HagocagodHas >KAA-
KOCTb, TIONy4YeHHas myTeM teHTpudyruposanus KX mpu 7000
00/ MHH. B Te4eHHE 15 MUHYT U OTAEICHUS 0CaaKa KICTOK.

Cycnensus 6axrepuanbsbix kietok (CBK) — Boanas cy-
CIEH3US TIPOMBITHIX CTEPUIIBHOM BOIOH KJIETOK, HOJyYEHHBIX
nenTpudyruposanneMm KX ¢ turpom 10° KOE/mut.

Bce onbITH TpoBOAMIIN B 3-KpaTHOH IIOBTOPHOCTH, TOTY-
YeHHBIE JaHHbIe 00pabaThIBai C UCIIOJIB30BAHHEM METOIIOB
OINUCaTeIbHOM CTAaTUCTUKU Ha OCHOBE, HaWMEHbIIEH cyliie-
ctBeHHoM paznoctt HCP mpu p < 0.05.
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Pesyabrarsl

B paHee mpoBeJeHHBIX HAMH MCCIIEIOBAHUSIX OOHApYKe-
Ha cnocoOHocTh KK BBICOKOAKTHMBHBIX MTaMMOB Bacillus
subtilis BKM B-2604D u BKM B-2605D wunmynmupoBath
CHUCTEMHYI0 YCTOWYHBOCTH IMIICHUIIBI IT0 OTHOIICHHUIO K TEM-
HO-Oypoii naTHrCTOCTH. ONPBICKMBAHKUE PACTEHHUH MIICHHIIBI
KX stux mrammos ¢ Turpom 10° KOE/mi, npeiiecTByoiiee
MOCTIENAYIOMEMY 3apaXCHHIO0 BO30yIuTeNeM TeMHO-Oypoit

MSITHUCTOCTU B. sorokiniana cHWXallo IUIOIIAIb THOPaKEHHS
mucteeB Ha 20% (Hosukosa u np., 2021). B HacTosmei pa-
00Te UCIOIb30BaHNE JIAHHOW KOHIEHTPAlMK OaKTepuabHbIX
KJIETOK ITO3BOJIMJIO MOATBEPAMTb NAHHBIH Pe3yabTaT U IIOKa-
3aTh aHAJIOTHYHBIA 3((EeKT B OTHOUIEHUH OypoW p>KaBYMHBI
(Tabm. 1).

Taéauna 1. Biusaue kynsrypanbhoii sxuakoct (KXK) Bacillus subtilis BKM B-2604D + BKM B-2605D (KX),
cynepHaranta (CH) u cycnien3un 6akreprasibHbIX kieTok (CBK) Ha yCTOWYMBOCTD MIIEHUIIBI K TEMHO-0YPOH TSITHUCTOCTH
u Oypoii pxaBurHE (OTPBICKUBAHHUE 332 OJHH CYTKHU JI0 3apa>keHHS)

Tutp INopaxxeHHOCTH MUCTBEB, %
Ne /i Bapuant GaKTepHabHBIX KIETOK, TemHO-0ypast HATHUCTOCTh Bypast pxaBunHa
KOE/mn 2x10* cmop/mi 4x10° cop/mi
1 KonTpons (Boma) - 60 30 60
2 KX 10° 40 15 40
3 CH - 40 15 50
4 CBK 10° 50 30 60
HCP, 4.5 5.0 6.0

Table 1. The influence of the cultural liquid (CL) of Bacillus subtilis VKM B-2604D + VKM B-2605D,
cell-free supernatant (CFS) and bacterial cell suspension (BCS) on wheat resistance to spot blotch and leaf rust,
spraying one day before the inoculation

Bacterial cell Leaf infestation, %
# Experimental variant concentration, spot blotch Leaf rust
CFU/mL 2x10* spore/ml 4x10° spore/ml
1 Control (water) - 60 30 60
2 CL 10° 40 15 40
3 CFS - 40 15 50
4 BCS 10° 50 30 60
LSD, 4.5 5.0 6.0

VYCTaHOBNICHO, YTO Pa3BUTHE TEMHO-Oypoil MSATHHUCTOCTH
u Oypoil pXKaBYMHBI Ha JIMCThSIX MIICHAIBI CHIKAJIOCH MOCIE
npeaBapuTenbHoit 00padorku pactennit KK u CH. B 060-
MX BapHaHTax ONbBITa MOPaKEHHOCTD JINCTHEB BO30yANUTEIEM
B. sorokiniana cumxkanacs B 1.5-2 pa3a B 3aBUCHMOCTH OT
MH(EKINOHHOM Harpy3KH 110 CpaBHEHHIO ¢ KoHTposieM. OOpa-
6otka mucteeB KK 1 CH Takxe yMmeHbIanza MopakeHHOCTh
JIMCTHEB MIIEHUIBI Oypoi prkaBanHOoN Ha 20 n 10% mo cpas-
HEHHIO C KOHTpOJIeM, cooTBeTcTBeHHO (Tabmn. 1). CBK He mo-
JIaBJIsiyia pa3BUTHE CUMIITOMOB OOJIE3HEH.

CormacHo MoCTaBJIeHHOW eI, OBLUIO MTPOBEJCHO CPaBHU-
TeJIbHOE M3y4YeHHe Ouonoruueckoil 3(heKTHBHOCTH HOBBIX
nmabopaTopHBIX 00pa3IOB, COAEPIKAIINX B CBOEM COCTaBe, IM0-
MHMO OHOJIOTHYECKH aKTHBHBIX OaKTepHATbHBIX METa0ONH-
ToB, CX mnmu ero onmuromepsl: KK B. subtilis BKM B-2604D
+ BKM B-2605D +0.1% CX u xomnosunus KX B. subtilis
BKM B-2604D + BKM B-2605D +0.1 % CX.

N3BecTHO, 4TO IIpU OLIEHKE KayecTBa Onompenapara rias-
HBII TOKa3aTeNnb — aHTarOHUCTHYECKAsk aKTUBHOCTb, KOTOPast
OTIPEAEISETCS COSTMHEHUSIMU, TIO/IABIISIOIIMMHI WITH 3aMEIs-
IOIIMMH POCT U Pa3BUTHE (PUTONATOTEHHBIX I'PHOOB U APYTUX
MHUKpOOpranusmoB. [loaTomy, B mepByto odepesb, Obuia mpo-
BeJ/ieHa OIICHKA aHTarOHUCTUYECKOI aKTHBHOCTH TTOYyYeHHBIX
HOBBIX 00pasnoB ¢ tutpoM 10° KOE/MI 110 OTHOIIEHHIO K
BO30YIHUTEII0 TEMHO-OypOod MATHUCTOCTH IMIICHHUITBI in Vitro
(tabmn. 2).

YcraHoBneHa BBICOKas (yHTHCTaTHUECKash aKTHBHOCTH
KX B. subtilis BKM B-2604D + BKM B-2605D, xotopas
cocraBisuia 73.3% Ha 7-e cyTku ombiTa. llpu no6aBneHnn
B cpeny Juisi mryomHHoro kyasrusupoBanus 0.1% CX (KK
B. subtilis BKM B-2604D + BKM B-2605D + 0.1 % CX) BbI-
COKasi aHTUTPHOHAs! aKTHBHOCTH coxpaHsinack (70.8 %). Kom-
nosunms KK B. subtilis BKM B-2604D + BKM B-2605D +
0.1 % CX, momyuennas mytem BriroueHns CX B KK, narnom-
poBaja MHULENHAIbHBIN pocT ackomurera 10 57.5 %. CHuxe-
HUE (QYHTUCTaTHYECKON aKTUBHOCTH KOMITO3HMIIUY 110 CPaBHE-
nuro ¢ KK B. subtilis BKM B-2604D + BKM B-2605D na 7-¢
CYTKH KYJIBTHBHPOBAHUS, BO-BUIMMOMY, CBSI3aHO C BIMSHHEM
0.1% CX, obnagaroimmM HEBBICOKAM (YHIHCTATHICCKUM -
¢dexrom (38.6 %).

INockonbKy cropsl rpubOB — IIABHBIH MCTOYHUK HH(H-
LIUPOBAHMS PACTEHHUH, TO AN Pa3BUTHSA OOJE3HH OOINBIIOE
3HAUEHNE UMEET OISl MPOPOCIINX crop. JlaHHbIE, TPEACTaB-
JIEHHBIE B Tabmuile 2, nmokaseiBarot, uro KK B. subtilis BKM
B-2604D + BKM B-2605D B 1.8 pa3 cHmxaja npopacTaHue
KoHUIUH B. sorokiniana (47.6 %) 10 cpaBHEHHUIO C KOHTPOJIEM
(85.2%). O6pazer; KX + 0.1 % CX takxe HHTHOMPOBAI IIPO-
pactanue koHuaui ackomuuera Ha 50.0% 1o cpaBHEHUIO ¢
KOHTpOJIEM. DKCIIEPUMEHTAILHO YCTAaHOBJICH BEICOKHI WHIH-
Oupyromwmii a¢dexT Ha npopacTanue KOHUIUH B. sorokiniana
g xommnosummu KK + 0.1% CX, xortopast mpakTH4ecKHu B
10 pa3 cHmKana KOJTUYECTBO MPOPOCHINX KOHUIWH Trpuoda.
Ecnu B koHTpOINe yepes 24 4. mpopactaio 85.2 %, To B ombITe
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Tabauna 2. @yHrucrarnyeckasl akTHBHOCTH J1a00OpaTOPHBIX 00pa3IoB KyJabsTypaiabHoi sxuakoctH (KOK)
Bacillus subtilis BKM B-2604D + BKM B-2605D u camurmara xuto3ana (CX)
10 OTHOILIECHHUIO K BO30YIUTENIO TEMHO-0YpOH ISTHUCTOCTH MIIEHUILIB! Bipolaris sorokiniana
Ne Wurubuposanue pocra mutenus B. sorokiniana, Jlons npopociyx KoHuIui B. sorokiniana
Bapmuanr onbita
n/n % K KOHTPOJIO, 7 CyT. 32244, %
1 KonTpons (Boma) - 85.2
2 0.1% CX 38.6 33
2 KX 73.3 47.6
3 KX +0.1% CX* 70.8 50.0
4 Kommosumus KK + 0.1 % CX** 57.5 9.0
HCP . 3.8 43

* CX BKIJIIOYANIU B CpPEAy MPU TIIyOMHHOM KYJIBTHUBUPOBAaHUU OaKTEpPHH.

** CX gobasisnu B KOK.

Table 2. Fungistatic activity of laboratory samples of Bacillus subtilis strains VKM B-2604D + VKM B-2605D
culture liquid (CL) and chitosan salicylate (CS) against the agent spot blotch of wheat Bipolaris sorokiniana

Ne Experimental variant B. sorol.ciniana.mycelium growth inhibition, | Proportion of germinated conidia of B. sorokiniana,
/i % in relation to the control, 7" day 24 h, %
1 Control (water) - 85.2
2 0.1% CS 38.6 33
2 CL 73.3 47.6
3 CL+0.1% CS* 70.8 50.0
4 The composition CL + 0.1 % CS** 57.5 9.0
LSD 3.8 43

* CS added during submerged cultivation of the bacteria.
** CS added to CL.

obHapyxxeHo Toibko 9.0% mpopocumx koHuauit (Tabm. 2).
[To-BuauMoMy, Takasi BBICOKAsi MHIMOMpYIOIas aKTHBHOCTB
KOMITO3UIMH oOyciioBieHa BitoueHneM B KK nanHOM KoM-
nosunuu 0.1% CX, KoTOpbIi aKTUBHO CAEP>KUBAN MpopacTa-
HHE KOHWIHMH aCKOMHIIETa — KOJIMYECTBO MPOPOCIINX CIOpP B
BapuaHTe onbiTa ¢ CX uepes cyTku coctaBuiio Bcero 3.3 %.
[TpenBapuTenbHbIE PE3yABTaThl MCCICIOBAHUS TTOKA3aJIH,
YTO HOBBIE 0OPAa3lbl NPOSBISIOT MOBBIIICHHYIO (yHIHCTaTH-
YeCKyI0 aKTHBHOCTb B OTHOIICHHUHU acKoMHILIeTa B. sorokiniana.
N3BecTHO, uTO OMOIOTMYECKasl aKTHBHOCTH OMoIpenapa-
TOB 3aBHCHT OT IFIOTHOCTH OAaKTEpHAJIbHBIX KIETOK U BpeMe-
HU WX TPUMEHEHUs (10 3apa)KEHHsI MaTOreHOM WIIM TI0CIe)
(Zhang, 2010). IToaToMy ciIeAYIOIIMM 3TalloOM HAIIUX HCCIIe-
JIOBaHWH OBLIO ONpeJeNieHne ONTHUMAaJIbHOW KOHIEHTPALUH
OakTepuaTbHBIX KJIETOK B HOBBIX 00pa3snax W ONTHMAalIbHOTO

BPEMEHHM JUIsl MPOSIBJICHUSI UX OHoIorndeckod 3QeKTHBHO-
CTH B OTHOIIEHHH TEMHO-OYpO# MATHUCTOCTU U Oypoil pkaB-
YHMHBI MIICHUIIBIL.

BrbisiBiIeHa 3aBUCHMOCTh HHAYLUpYIOUIEH aKTHBHOCTH
OTIBITHBIX 00Pa3LOB OT KOHLEHTPALUH OaKTepHalbHBIX Kile-
ToK. VI3 BCceX MCHBITAaHHBIX KOHLEHTpalWi OakTepHanbHBIX
kietok (107-10° KOE/m) KK 6bu1a Haunbomee 3¢ pekTuBHOi
(tutp knerok 10° KOE/mi) u mogasnsuia pa3BuTHE TEMHO-0Y-
poi msITHUCTOCTH M Oypoii p>kaBurHbI Ha 20 % 10 OTHOIIEHHIO
K KOHTpoITto (Tabm. 3). Oopazen KX + 0.1 % CX moka3zan Hau-
OOIBIYI0 MHIYIMPYIOIIYI0O aKTHBHOCTh TaKXe IPH IIOTHO-
ctu knetok 10° KOE/min. Beicokuii nHAynupyromui b ekt
xommnosunuu KX B. subtilis BKM B-2604D + BKM B-2605D
+ 0.1% CX coxpansuics B Juana3oHe KOHIIEHTPaUH KIETOK
107-10° KOE/mn, cHU3UB pa3BUTHE TEMHO-0YPOi MSITHUCTOCTH

Tabauna 3. Biausaue mnotHocTn kieTok Bacillus subtilis Ha MHAYIHPYIONIYIO0 aKTUBHOCTD OIBITHBIX 00Pa3loB KyJIbTYypaIbHOM
xuakoctu (KXX) (onprickuBanue 3a 1 cyT 10 3apaxeHus), B TOM YUCIie B IPUCYTCTBUHM canunuiara xuto3ana (CS)

No Bapuan orsita [110THOCTB KIIETOK, [Topaxenue nuctreB, %

n/n KOE/mn TemHO-Oypast IATHUCTOCTH bypas p:xaBunHa
1 Kontposns (Boaa) - 50 70
2 KX (1:10) 10° 30 50
3 KX (1:100) 108 50 70
4 KX (1:1000) 107 60 75
5 KX (1:10) + 0.1 % CX* 10° 20 40
6 KK (1:100) +0.1 % CX* 108 40 60
7 KX (1:1000) + 0.1 % CX* 107 50 60
8 Kommozumus KK (1:10) + 0.1 % CX** 10° 10 10
9 Kommoszumus KX (1:100) +0.1 % CX** 108 15 15
10 Kommozumus KK (1:1000) + 0.1 % CX** 107 20 15

HCP 4.5 9.0

O0o03HaueHus, Kak B Tadauie 2.
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Table 3. Effect of Bacillus subtilis cell density on the inducing activity of experimental samples of culture liquid (CL)
sprayed one day before inoculation, including the addition of chitosan salicylate (CS)

# Experimental variant Cell density, Leaf infestation, %
CFU/mL Spot blotch Leaf rust
1 Control (water) - 50 70
2 CL (1:10) 10° 30 50
3 CL (1:100) 108 50 70
4 CL (1:1000) 107 60 75
5 CL (1:10) + 0.1 % CS* 10° 20 40
6 CL (1:100) +0.1% CS* 108 40 60
7 CL (1:1000) + 0.1 % CS* 107 50 60
8 The composition CL (1:10) + 0.1 % CS** 10° 10 10
9 The composition CL (1:100) +0.1 % CS** 108 15 15
10 The composition CL (1:1000) + 0.1 % CS** 107 20 15
LSD, 4.5 9.0

Designations as in Table 2.

B 3-5 pa3, a Oypoii pkaBYMHbEI — B 5—7 pa3, HO HAUOOJBIIYIO
s dexkTHBHOCTH 00pazel] moKa3al TakKe B BApUAHTE C THTPOM
kieTok 10° KOE/mir.

[Ipu onienke BIUSHASA BpeMeHH 00paboTKH HOBBEIMHU 00pas3-
HaMu Ha pa3BUTHUEC JIMCTOBBIX Oose3Heit NIIEHHUIbI BBISABJIICHBI
pasznu4Ms B MHAYIUPYIOUIEH aKTUBHOCTH 0OPA3I[0B B OTHOIIIE-
HHUM YCTOHYUBOCTH MIIEHHIBI K TEMHO-OYpOH MSTHUCTOCTH U
Oypoii p>kaBuMHE TIPH X MPUMEHEHNH 3a | u 2 qHS 110 3apa-
JKeHHA u gepe3 | u 2 neHb mociie 3apaxkeHus (Tadm. 4). 13 Bcex
BapHaHTOB NPHMEHEHH 00pa3loB (10 M MOCTE 3apaXKeHMUs)
IpeBapuTEIbHas 00paboTKa 3a OAHU CYTKH A0 WHOKYIISIHU
naroreHoM Obi1a Hanbonee 3(h(heKTUBHOMN, 3HAYUTEIBHO CHH-
JKaroIIeH pa3BUTHE OOJNC3HEH.

[MpenBapuTenbHas (3a OAHU CYTKHM /0 WHOKYJSIIMU Ta-
ToreHoM) obpaboTka pacrenuii mmenuns KK ¢ mocuemyro-
MM 33apXEHHEM CHIDKaJIA IUIOMAAb MOPAKCHUS JHCTHEB
TeMHO-Oypoli msTHHUCTOCTRIO HAa 30%, a Oypo#l prkaBUMHON
— Ha 20% mo cpaBHeHUIO ¢ KoHTpojieM. JloGaBnenne CX k
KX 3HauuTEIbHO MOBBICHMIIO WHIYLUPYIOUIYIO aKTHBHOCTBH

KyJIBTYpaJIbHON >KUAKOCTH. ONpBICKMBaHWE PACTEHHH IIiie-
HumB! oopasnom KK + 0.1% CX cokpamano mopakeHHOCTh
JIHCTHEB TEMHO-0ypoii maTHHCTOCTHIO Ha 40 %, a Oypoii prkas-
yrHOU — Ha 30 %. sl yaydIneHust HHIYyIUPYIOIIEH aKTHBHO-
CTH KOMIIO3UIIMU HaMu ObUI Hcronb3oBaH CX, KOTOPBIH cIo-
cO0€H MHIyLIUPOBaTh CUCTEMHYIO YCTOHYHUBOCTD K ITATOTeHAM
CaMOCTOSITENILHO WJIM B codeTaHuu ¢ Merabonuramu KXK. Pe-
3yJBTaThl MOATBEPANIN Halle Ipennonoxenne. Komnosunmms
KX + 0.1 % CX nanbonee 3¢pQeKTHBHO TOBBIIIANA yCTONIH-
BOCTh HIICHUIBI K TEMHO-OypOH MATHUCTOCTH, YTO BBIPa3H-
JIOCh B CHIDKEGHHUHM IUIOIIAIU TOPaKECHHUS JIUCThEB B 6 pa3, a
Oypoii pkaBunHOi — B 10 pa3 1Mo OTHOLICHUIO K KOHTPOIIIO.
Hcnonp3oBanne CX Tarke CyHIECTBEHHO CHM3WJIO IIOIIAAb
TIOPaXXEHUsI JINCTHEB IIPH ONPHICKUBAHUY 32 CYyTKH JI0 3apaske-
HUSI, OTHAKO XOPOIIIO U3BECTHO, YTO MPUMEHEHHIE HHIYKTOPOB
00Ne3HEYCTONYMBOCTH Ha Y)K€ 3apa)KCHHBIX PACTCHHSAX HEd-
¢bdexruao (BacrokoBa, O3eperkosckas, 2007, BactokoBa u
ap., 2010).

Tadmuna 4. Bnusaue BpemMenn 06paboTKH 1a00paTopHBIMK 00pa3iiaMu KynbTypasbHO xuakoctr (KXK)
Bacillus subtilis BKM B-2604D + BKM B-2605D u canuuunnara xuro3ana (CX) Ha yCTOHYMBOCTD HILIEHUL[BI
K TeMHO-OypOoi MATHUCTOCTH U OypoOil p)KaBUMHE MMPU KOHIIEHTpAIMU OakTepranbHbix KieTok 10° KOE/mn

o . [Tnomanp mopaxeHus JIUCTHEB, %
BapuanT onsita Bpemst onpbICKUBaHUS pacTeHUI
n/m TemHo-Oypast naTHHCTOCTh | Bypas pkaBunHa
1 Kontpois (6e3 onpbIcKUBaHH) 60 50
2 KX 3a 2 CyTOK JI0 3apaKeHHst 50 40
3 KX 3a 1 cyTKu 10 3apaeHus 30 30
4 KK Yepes 1 cyTku mocine 3apakeHust 50 40
5 KK Uepes 2 cyTok mocye 3apaKeHust 60 50
6 KX +0.1% CX* 3a 2 cyTOK 10 3apaskeHUs 30 25
7 KX +0.1% CX* 3a 1 cyTku 10 3apa)KeHust 20 20
8 KK +0.1% CX* Uepes 1 cyTku mocie 3apaxeHus 40 30
9 KK +0.1% CX* Uepes 2 cyToOK NOCIe 3apaxeHus 60 50
10 Komnosumusa KX + 0.1 % CX** 3a 2 cyTOK /10 3apakeHUst 25 10
11 Kommozumus KK + 0.1 % CX** 3a 1 cyTku 10 3apaxeHus 10 5
12 Kommoznmus KK + 0.1 % CX** Uepes 1 cyTku nocne 3apaxeHus 40 30
13 Kommozumus KXK + 0.1 % CX** Uepes 2 cyTok mocie 3apaxeHust 50 40
14 0.1% CX 3a 1 cyTKH 210 3apakeHus 5 3
HCP, 4.5 9.0

O0o03HaueHus, Kak B Tabauie 2.
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Table 4. Effect of treatment time of laboratory samples of Bacillus subtilis strains VKM B-2604D + VKM B-2605D
culture liquid (CL) and chitosan salicylate (CS) on resistance of wheat to spot blotch and leaf rust
at the bacterial cell concentration 10° CFU/mL

# Experimental variant Plant spraying timing Square of leaf infestation, %
Spot blotch Leaf rust
1 Control (no spraying) - 60 50
2 CL 2 days before inoculation 50 40
3 CL 1 day before inoculation 30 30
4 CL 1 day after inoculation 50 40
5 CL 2 days after inoculation 60 50
6 CL+0.1% CS* 2 days before inoculation 30 25
7 CL+0.1% CS* 1 day before inoculation 20 20
8 CL+0.1% CS* 1 day after inoculation 40 30
9 CL+0.1% CS* 2 days after inoculation 60 50
10 The composition CL + 0.1 % CS** 2 days before inoculation 25 10
11 The composition CL + 0.1 % CS** 1 day before inoculation 10 5
12 The composition CL + 0.1 % CS** 1 day after inoculation 40 30
13 The composition CL + 0.1 % CS** 2 days after inoculation 50 40
14 0.1% CS 1 day before inoculation 5 3
LSD, 4.5 9.0

Designations as in Table 2.

Oobcy:xnenue

Pesynbrarel cpaBHUTENbHON oneHkH ydactust KK mram-
MoB B. subtilis BKM B-2604D u BKM B-2605D u ee xoMm-
nmoreHToB (CH u CBK) moka3anm, uto 00paboTKa MIIICHUIIEI
CH u KX cHmwkana mOpaKeHHOCTh JIMCTHEB TEMHO-OYypoit
MATHUCTOCTBIO B 1.5-2 paza, a Oypoil pxkapuuHOW Ha 20 u
10% mo cpasuenuto ¢ xoHrpoieMm. CBK ne oxazama Bmms-
HUS Ha pazBuTHE OoNe3HEH. DTO MO3BOISET MPEAIOTIOKHUTE,
9TO M3y4aeMbIe IITAMMBI-IPOAYUEHTHI B. subtilis cmtocOOHBI
CHUHTE3UpPOBaTh METabOJIHTHI, OONaAAIoNINe HHAYLUPYOLeH
akTtuBHOCTBIO. ITo Beeit BuaumoctH, B cocrase KK u ee CH
MIPUCYTCTBYIOT OHMONIOTHYECKHA AKTHUBHBIE METAa0OIHTHI, 00-
JIATAIONINEe AIIUCUTOPHOW aKTUBHOCTHIO U OTBETCTBEHHBIC 32
MPOSIBIICHHE HHIYNHUPOBAHHON YCTOWYMBOCTH IIICHHUIIBI K
TEeMHO-0ypoi ISTHUCTOCTH U Oypoii p>kaBunHe. Baxxao oTme-
TUTh, YTO HAMOONBIEH HHAYIUPYIOMEH aKTHUBHOCTBIO 00Ja-
nana nmeHno KOK.

[TonyueHHble NaHHBIE COMIACYIOTCS C MCCIIEIOBAHUS-
mu KproukoBoit (Kriuchkova, 2017), koropasi mokasaina, 4To
TpeaBapuTeIbHas 00paboTKa KyJIBTYPalbHBIM (PHIBTPATOM
mramma Bacillus amyloliquefaciens IMV B-7404 cHmxaet
MOPaXEHHOCTh JIMCTBEB sSUMEHs TpuboM B. sorokiniana, a
npumenenne CBK He ymenbImaer pa3sutus 6omne3nu. AHano-
TUYHBIC PE3YNBTAThI TOTYIEHBI B IPYTUX paboTax, IIe aBTOPHI
YCTaHOBHIIM, YTO MMEHHO B OCCKJIIETOYHOM KYJIBTYpPAIIEHOM
¢unsrpare B. subtilis conepxarcs MeTabONUTHI, 00JaJaro1He
AIUCUTOPHON aKTHBHOCTBHIO M BBI3BIBAIONINE HWHIYIPOBAH-
HYI0 YCTOWMYMBOCTH TOMaTa K Qy3apruo3Homy Buity (Akram,
2014) u puca k 6akTepHanbHON ISATHHCTOCTH (Xanthomonas
oryzae pv. oryzae (Akhtar, 2020).

Hogwie o6paszupr KK B. subtilis BKM B-2604D + BKM
B-2605D + 0.1% CX u xommosunus KX B. subtilis BKM
B-2604D + BKM B-2605D + 0.1% CX Obuti momydeHs! B
Buge KK, kotopast comepxaia KOMIUICKC aKTUBHBIX OaKTepH-
aJBHBIX METaOOTUTOB U, MOMOMHHUTEIBHO, CX M OMUTOMEpHI
xurto3ana. Bee HoBbie 00pasiiel KK B. subtilis BKM B-2604D
+ BKM B-2605D nposiBisiii TOBHIIIEHHYIO0 HHTHOUPYIOIIYIO
aKTUBHOCTH B OTHOIIICHHUH IIPOPACTAHUSI KOHUANN ACKOMHIICTA

B. sorokiniana. OnHako CTOMT OTMETHTH, YTO CYIIECTBYIOT
3HAUYNTENFHBIE Pa3INuus MEKAY HCIBITAHHBIMH BapHaHTa-
MU B 3(GEKTHBHOCTH MOJABICHHUS MPOPACTAHUS CIIOp Tprba
B. sorokiniana, xoTOpbIc UTPAIOT IJIABHYIO POJb B HH(EKIHU-
onHoM npouecce. Komnozuuus KX B. subtilis BKM B-2604D
+ BKM B-2605D + 0.1 % CX B 10 pa3 a¢dextuBHEC HHTHOU-
poBaja mpopacTaHue KOHUAWK MO OTHOUICHHUIO K KOHTPOIIO,
torna kak ucxomnbiii KK B. subtilis BKM B-2604D + BKM
B-2605D 6e3 CX u obpaser; KX B. subtilis BKM B-2604D +
BKM B-2605D + 0.1 % CX ToabpKO BIBO€ CHMXAJIH TPOpacTa-
HUE KOHUJHUH TTO0 CPaBHEHHIO C KOHTPOJIEM.

Cornmacuo uccnenoBanusm lllenmna ¢ coasr. (1995) u
HoBukogoii ¢ coasr. (2011), Beicokast buonornueckas s dex-
TUBHOCTH OHomnpenapara Butarian o0ycioBlieHa CHHTE30M
mraMMaMu B. subtilis MeTaOOTUTHBIX KOMIUIEKCOB CIIOXKHO-
T'O COCTaBa, BKIIFOYAOIICTO TETITHIHBIC W TIOJHECHOBEIC aHTH-
OnoTHKH, obJanarone aHTHOAKTEpUAILHOM U aHTUIPUOHOMN
AKTHBHOCTBIO. YCTaHOBJICHHAs B paboTe BhICOKAs (hyHIHCTA-
THYeCKast aKTUBHOCTH Bcex oOpasnoB KK mo oTHOomenuio
B. sorokiniana (tabmn. 2), mo BUIUMOMY, OTIPEACISICTCS CHHTE-
30M mITaMMamHu B. subtilis aHTHOMOTHYECKUX BEILECTB, I0J1a-
BJIAIOIHUX WKW 3aMCUIAIONIUX POCT q)HTOHaTOFCHa. Bricokas
CIIOCOOHOCTH ITOJABIATH MPOpAacTaHNE KOHWUIWHA, OYEBHIHO,
oOyciosieHa HammareM B KK metabomnToB ¢ QpyHrUIHIHON
AKTUBHOCTHIO. [TOBBINIEHHAss aKTHBHOCTH kommo3umuu KK
B. subtilis BKM B-2604D + BKM B-2605D, nposiBisitorasicst
B MHTUOMPOBAaHUHM IPOPACTAHUS KOHUIWH TaTOT€HA, yCUINBa-
ercsa nodasienneM B cocras KK cannmunarom xuro3ana.

Ckopee Bcero, 3TOT 3P QeKT cBsa3aH ¢ TeM, uro CX Taxxke
MOXET 00JTaJaTh MPSMBIM JICHCTBUEM Ha MATOTCHA, OJIOKHPYS
npopacTaHue CIIop, MOCKOJIBKY XHTO3aH — IUIEHKOOOpa3yro-
il nonumep. HaHeceHHbIN Ha JTUCThSI PACTEHUH, OH MOXKET
3aJIepKUBATh IPOHUKHOBCHUE U PAa3BUTHE MHKPOOPTAHH3MOB
(JIyupkoB, 2019). 310 comacyercs ¢ MPOBEICHHBIMH paHEe
TUCTOJIOTUYCCKUMHU HCCICAOBAHUAMU, KOTOPBLIC IIOKa3aJiu,
YTO HAa TOBEPXHOCTH IUIOOB ITUTPYCOBBIX, O00paOOTaHHBIX
XHUTO3aHOM, HaONIOManoch OrpaHUYCHHE POCTa IMaToreHa
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HapyIIeHue cTpykTypsl ero rud (Benhamou, 2004), n mox-
TBEPXKJICHO HALIMMH Pe3yJIbTaTaMH 110 HHTUOUPOBAHHIO MPO-
pactaHus KoHUIUH B. sorokiniana.

B nuteparype HakamimuBaeTcs Bce OOJbIIE TaHHBIX, CBH-
JIETEJICTBYIONIMX O TOM, YTO MHKPOOBI-AHTarOHUCTHI MOTYT
MO/IaBJISATh MHBA3MIO MATOTEHOB KaK 3a CUET aHTHOHO3a, TakK
M 3a CYET aKTUBALUU CHUCTEMHOW HHIYLHPOBAaHHOW YCTOM-
yuBoctd (ISR) u cucremHON PHOOPETEHHON YCTOHYMBOCTH
(SAR) (Yepenanona u mp., 2019; Vlot et al., 2020). Otu nBa
3aIIMTHBIX MEXaHW3Ma UCIIONB3YIOT Pa3HbIE IIyTH METa00H3-
Ma pactenuii; SAR TpeOyeT cuHTE3a CaIHIMIOBOW KHUCIOTHI
(SA), xoTopasi, B CBOIO O4Yepe/ib, 3aIyCKACT SKCIPECCHIO XO-
POIIO M3BECTHOTO HabOpa I'eHOB, CBSI3aHHBIX C MATOr€HE30M
(PR), B TO Bpems kak ISR 3aBucHT OT nepeayn CUTHAJIOB XKa-
cmonoBoi kuciotel (JA) u atunena (ET) (Viot et al., 2009;
Pieterse et al., 2014).

WHyumpoBaHHbIH HMMYHHUTET 0a3upyeTcsl Ha akTHBALN
SIMCUTOPAaMH KacKasla 3alUTHBIX PEaKknuii CaMoTo pacTeHHs
— X03siMHa. HAynnpyemMble 3JHCUTOpaMU 3alllnTHBIE PEaKLIuK
BKITIOYAIOT TE€HEpaIio akTHUBHBIX (GopMm kuciopoma (ADPK)
(Smith et al., 2014), cuHTe3 KaJI03BI, YKPEIICHUE KIETOYHON
CTECHKH JIMTHUHOM, PAa3BUTHE PEaKIMU CBEPXIYBCTBUTEIBHO-
CTH, KOTOpasl BBI3bIBACT I'MOEb PACTUTENIBHBIX KJIETOK M Ia-
TOreHa B 30He ero BHeapernwus (Shen et al., 2019), uHAYKIKIO
T€HOB, BOBJICYCHHBIX B CHHTE3 3aIIMTHBIX OenxoB (PR-Oex-
KOB) C aHTUMUKPOOHOH (THOHHHBI, Jie(heH3UHBI, THTUOUTOPBI
NIPOTEMHA3) U JIMTHYECKOH aKTUBHOCTBHIO (XMTHHA3BI, TIIFOKa-
Hasel) (Park et al., 2016), moBbIlIcHHE aKTUBHOCTH MHOTHX
(hepMEHTOB, CBS3aHHBIX C 3aIINUTOH, 0COOEHHO OKCHUIOPEIYK-
Ta3 (mepoKcuaas, JIUIOKCUIeHa3, NonugeHosokcuaas, oe-
HutamMonnit yma3) (Rais et al., 2017), a Takke WHIYKIHIO
(heHOJI-ITPONIaHOUTHOTO TYTH M IIOBBIILICHHE YpOBHS (UTOA-
nexcuHOB (Reis et al., 2004). Bce u3BecTHBIE MONEKYISpPHBIC
MeXaHU3MbI (POPMUPOBaHHS PUTOMMMYHHUTETA 00CYKAAIOTCS
B crenyromux o63opax (Kapmyn u ap., 2015; Hladukoa u
Ip., 2015; MakcumoB u 1p., 2015; Kabamaukos, 2020; Park et
al., 2016; Azmina et al., 2020).

ITpoGnema 3¢ PEeKTUBHOTO NPUMEHEHUS >IMCHUTOPOB 3a-
KJIFOYaeTCsl B HEOOXOMUMOCTHU OBICTPOIl MHAYKIMH COOCTBEH-
HBIX 3allUTHBIX MeXaHW3MOB pacTeHus. CienoBaTenbHO,
CTparerusi NPUMEHEHUs] UHIYKTOPOB YCTOHYMBOCTH JIOJDKHA
OCYIIECTBIISIETCSl IyTEM TIPEIBAPUTEIEHON 00pabOTKH Bere-
TUPYIOUIMX PacTEeHUH TakuM 00pa3oM, YTOOBl aKTHMBHUPOBATH
B PaCTEHMAX PEaKINH 3aIINUTHI, PA3BUTHE KOTOPHIX 3aBUCHT OT
BpPEMEHHU MX [IPUMEHEHHs. YCTAaHOBIICHO, YTO M3 BCEX BapHaH-
ToB TipuMeHeHus obpasos KK B. subtilis BKM B-2604D +
BKM B-2605D c¢ turpom 10° KOE/mi 06paboTka 3a CyTKH 10
WHOKYJISIMH (PUTOTIATOTEHOM OKa3ayiach Hanbomee 3pdekTus-
Hoit [IpenBaputenbHas oOpaborka pactenmii mmeHnnbl KK
B. subtilis BKM B-2604D + BKM B-2605D ¢ nocneayroum
3apayKeHUeM BO30yIMTENIeM TeMHO-Oypoil MATHUCTOCTH CHH-
KaJla TUIOMIab MOPasKeHNUs! JINCThEB TEMHO-0Ypoil IIATHUCTO-
ctrio Ha 30 %, a Oypoit p>kaBurHOM — Ha 20 % 10 CpaBHEHHIO
¢ koHTposieM. ONpPBICKUBaHUE PacTeHUH IIIEHUIIBI 00pa3oM
KX B. subtilis BKM B-2604D + BKM B-2605D + 0.1% CK
COKpalajo IOPaXEHHOCTh JIMCTheB Oone3Hsmu Ha 30 %.
Kommnosunus KX B. subtilis BKM B-2604D + BKM B-2605D
+ 0.1 % CX nposiBuia HanOoIbIIyI0 3PPEKTHBHOCTD B 3alllH-
T€ MIIEHUII OT TeMHO-Oypoil NATHUCTOCTH U Oypoil prkaB-
YHHBI, YTO BBIPA3WJIOCh B CHIDKCHHWHU IUIOMIAAN MOPAKEHHS
JmucTheB B 6 pa3 u B 10 pa3 Mo OTHOIIEHUIO K KOHTPOIIIO.

MHorouncieHHbIe OHOXUMHYECKHE PeaKny, HHIYIHpYyeMble
IIUCUTOPAMH, IPOTEKAIOT B OINPEEICHHOMN ITOCIIeI0BaTENb-
HOcTH. Pa3BuUTHE 3aIIUTHBIX Peakuii, HECOMHEHHO, CBA3aHO
C MHAYKIHUEH TPAHCKPUIILIMOHHOW aKTUBHOCTHU T'€HOB, KOJIU-
PYIOIIMX ONpENeNCHHbIE 3alIUTHbIC OCNKH. YPOBEHb HAKO-
IUIEHHUS TIPOAYKTOB M CKOPOCTb MHIYKIMH JTHX 3allUTHBIX
TEHOB B PACTCHUH-XO3SIMHE KOPPEIHPYIOT CO CTETIEHBIO €T0
yCTOHYMBOCTH K Oosie3Hs M. PopMUpOBaHHE WHIYyLUPOBAH-
HOW YCTOWYHMBOCTH 3aBHCHUT OT CKOPOCTH aKTHUBALUH 3aIlINT-
HBIX pPEaKIHi, MOITOMY BaKCH HHTEPBAaJ BPEMEHH MEXIY
IIPUMEHEHHEM MHAYLIUPYIOLIETO areHTa U Pa3BUTHEM OTBET-
HBIX OMOXMMHYECKHX PEaKIUi y pacTeHus. Tak, B JIMCTBSX
apaduporicuca, 00paboTaHHBIX OakTephalbHBIM (raremniu-
Hom flg22, B oTBeT Ha 3apaxkenne Pseudomonas syringae yxe
4yepe3 20 MHUH. pe3Ko Bo3pacTaja NpOAYKIHs aKTUBHBIX (OpM
kuciopona (ADPK), nocturas makcumyma ugepe3 35-40 muH.
(Smith et al., 2014). B pacrenusx nepua uuin, oopadoraH-
HBIX ITaMMOM Bacillus vallismortis EXTN-1, yxe uepe3 12 1
nocie 3apaxkeHusi Pseudomonas capsici pe3ko IOBBIIIANACH
SKCIIPECCHs CBSA3aHHBIX C 3alIUTONM MapkepHbIX reHoB PRI
(xutuHazbl), PR4 (mepoxcunaser) u PR10 (B-1,3-mmrokanassr),
KOTOPBIE YIACTBYIOT B CHIDKCHUH PA3BUTHS OOJIC3HH, aKTHBH-
pys ISR (Park et al., 2016). B pacteHusix nmeHuipl, oopado-
TaHHBIX MPOXYHHUPYIOMHUM CcypdakTuH mramMMoM B. subtilis
24]1, naduuupoBanue rpubom Parastagonospora nodorum
CIocoOCTBOBAJIO aKTHBALMH TpaHCKpunuu reHa PR-9, koxun-
PYIOIIETO aHUOHHYIO NMEpPOKCHAa3y. Yke depe3 24 4 ypoBEeHb
(epmenTa ObUT B 3 paza BHIIIE 110 CPABHEHUIO C KOHTPOJIHHBI-
MU pacteHusiMH. CyIecTBEHHO BO3pacTajia SKCIIPeccHs reHa,
xomupytomiero aunokcureHasy (LOX), a TpaHCKpHUIIIMOHHAS
aKTHBHOCTH reHa PR-6 (nHruduropa nporennas) Owuia Ooree,
yeM B 200 pa3 BbIlIe 0 CPAaBHEHHIO C KOHTPOJIHHBIMH pacTe-
Husmu (Yepenanosa u ap., 2019).

Kak npaBuiio, MUKpOOpPraHU3Mbl aKTUBUPYIOT Y PACTEHHH
3alUTHBIE MeXaHM3Mbl ISR, HO HEKOTOpbBIE IITaMMBI CIIO-
coOHbl Biimodath 1 SAR. OOpaboTka pacTeHHH KyKypy3bl
mraMMoM B. subtilis uepe3 24 4 WHAYIIUpPOBAJa aKTHBAITHIO
3aIUTHBIX TeHOB OejKoB, a MMeHHO, PR-1 u PR-4 antumu-
KpOOHBIX OEJIKOB, KOTOPBIE 00ECIICUNBAIIN ITOTHYIO 3aIIUTy OT
Fusarium moniliforme Gnaronapss mexanm3amam SAR (Gond
et al., 2015). benkoBsrii snmucutop (AMEP412) us B. subtilis
BU412 unpynmpoBan SAR Ttabaka k P. syringae: 3amyckKain
PEakKIuIo THIEPYyBCTBUTEIBHOCTH) B JIMCThIX Tabaka, CTH-
MynupoBai obpazoBaHne ADK u akTHBHpOBal HWHAYKIHIO
3alIUTHBIX (EPMEHTOB, BKIIOYAS CYNEPOKCHITUCMYTa3Y
(SOD), mepokcumazy (POD), momudenonokcunazy (PPO) u
¢bennnananun-ammuak suasy (PAL) yxe uepe3 8 4. mocie
00paborku. [Iuk akTHBHOCTH (DEpMEHTOB HAOIIONANICS depe3
24 4 (Shen et al., 2019). Yame Bcero Bce 3TH 3alIUTHBIC peak-
MM BO3HHMKAJIN IPUMEpHO 4epe3 24 4 nocie 00paboTku Oak-
TepualpbHbIMU mMTaMMaMi. OJHAKO HEKOTOPBIM BIIHCUTOpPaM
TpeboBasioch Oosee 2 HEH, 4YTOOBI HHAYINPOBATH 3allUTHHIE
peakunu. CHIDKCHUE Pa3BUTHSI MTUPUKYISPUO3a B PACTCHHUAX
puca, o0pabOTaHHEIX mMTaMMaMu Bacillus spp., KOpperupo-
BaJIO C PE3KUM YBEIMYCHUEM aKTHBHOCTH aHTHOKCHJIAHTHBIX
(hepMeHTOB, CBS3aHHBIX ¢ MexaHm3MaMu 3amuTel: SOD (B 1.7
pasa), POD (B 3.5 paza), PPO (B 3 paza), ®AJI (8 3.9 pa3). Ak-
TUBHOCTH (DEPMEHTOB JIOCTHTaJIa MAKCUMyMa Ha 4-€ CyTKH TI0-
clle MHOKYJsiuuu Pyricularia oryzae, 4To CBUIETENILCTBOBAJIO
o 3amycke ISR k P. oryzae (Rais et al., 2017). Magyuupyemas
SHI0(UTaMHU U UX METa0OIUTaMH YCTOMYMBOCTD COXPaHSETCS
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B PaCTEHMSIX J0JITOE BPEMsl, OIMChIBacMasi B HayqHOI! JInTepa-
Type TEPMHHOM «IpaiMHUHI», 3pdeKTHBHO QyHKIHOHHPYET
HPOTHB [TaTOI€HOB HaPsAYy C IPSIMBIM OHOIMIHBIM AeHCTBHEM
metabomutoB (Lastochkina et al., 2019).

Kpome TOro, ypoBeHb akTHBAllMd WHIYLHPOBAHHBIX 3a-
IIMTHBIX pEeaKIui 3aBUCHT OT KOHIECHTPAIMU 3JIMCHTOPA,
YTO TOKa3aHO Ha MPUMEpE PacTeHHH ToMmaTa, 00padOTaHHBIX
OeckierounsiM ¢unsTpatoM B. amyloliquefaciens subsp.
plantarum MBI60024 (Dimopoulou et al., 2019). Kocsento

0 KOHIIEHTPAIMH METabOINUTOB C DIIUCHTOPHON AaKTHBHOCTBIO
B KYJIBTYpaJIbHOM )KHUAKOCTH OHONIpenapara MOXHO CyAUTb MO
TUTPY GakTepHalbHBEIX KIETOK. B HacTosmet pabore aHann3
PE3YyNbTAaTOB U3YUYCHUA I/IHI[yI_II/IpyIOH_[eﬁ AKTUBHOCTH BCEX HUC-
MIBITAHHBIX BApHUAHTOB IMOKa3aj, YTO MX CIIOCOOHOCTH ITOBBI-
1IaTh YCTOHYMBOCTD MIIEHHUIIBI K TEMHO-Oypoi MATHUCTOCTH
1 Gypoi p>KaBUMHE 3aBUCHT OT TUTPa OaKTEPUATBHBIX KIIETOK
U CPOKOB 00pabOTKH PacTEHHIA MIIICHUIIBI.

3akJ/oueHne

Takum 06pa3oM, U3 BCeX UCTIBITAHHBIX 00PA3IOB C pa3HOH
WIoTHOCTHIO Ki1eToK oT 107 mo 10° KOE/Mit Haubonee a¢dexk-
THBHBIM OBLT BApHAHT C MAKCHMAJIbHBIM THTPOM, KOTOPBIH 110-
JABISLT Pa3BUTHE TEMHO-OypOH TATHUCTOCTH U Oypoi pikaB-
ynHbEl Ha 20% 1o oTtHOmeHuIo K koHTpomo. O6pazer KK c
nob6asnenneM 0.1 % CX takxe 3 PeKTHBHO CHIKAI pa3BUTHE
Oone3Hel, ero BEICOKUH 3aUTHEIA 2(P(PEKT KOMITO3UIHH CO-
XpaHsICS B U JHara3oHe 0oj1ee HU3KHUX 3HAUYCHUH KOHIIEHTpa-
muu Kietok (107-108 KOE/Min). DTo MOXKHO OOBSICHHTH TEM,
9TO K IEHCTBAIO0 METaOOIMTOB MUKPOOa-aHTaTOHICTA IIPHCOE-
nmunsiercs neiicteue CX. Kak O0b110 cKa3aHo BEIIIIE, 3PPEKTHB-
HOocTh CX Kak MHIAYKTOpa B 3aIlUTE MIIEHHUIBI OT KOMIUIEKCa
Oone3Hel ycTaHOBIICHa HaMU B moclienHnx pabdorax (ITomosa
u 1p., 2021; Konecuuxos u 1p., 2022). MexaHN3M Takoro Aei-
CTBUS MOXeT OBITH 00ycioBieH HainuueM B KXK onuromepos

XHUTO3aHa, oOpasyromuxcs mpu ruaponnze CX XUTHHOIUTH-
4eckUMH (epMEeHTaMu OakTepuu B mpoliecce GpepMeHTaIH
(San-Lang et al., 2006). OmuroMepbl XHUTHHA W XHWTO3aHA,
KaK M3BECTHO, d((EKTUBHBIC DIMCUTOPHI UHIYIIMPOBAHHON
ycroitunBoctr pacrennit (Yin et al., 2013; Deepmala et al.,
2014). Panee omyGnuKkoBaHHBIE PaOOTHI TO3BOJISIOT TPEIIIO-
JIOXKUTh, YTO PA3IMYHBIE METAOOMUTHI C OMOIMAHON W 3MH-
CHUTOPHOH aKTUBHOCTBIO, MPOILYIIHPYEMbIe OaKTepHUaTbHBIMH
IITaMMaMH, aKTHBU3UPYIOT MEXaHU3MBI €CTECTBEHHOH yCTOH-
YHBOCTH PAaCTEHUH K MTaTOT€HaM COBMECTHO C XMTO3aHOBBIMHU
WHIYKTOpaMHU ycToiuuBocTH. ONTHMaibHas KOHICHTpAIMs
OakTepHaJIbHBIX KJIETOK B HOBBIX 00paslax U BpeMs UX IpH-
MEHEHHSI — BaXKHBIE JIEMEHTHI, OIPE/CIISIONe nX OUOIOTH-
YECKYI0 d3PPEKTHBHOCTD.
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THE FACTORS INCREASING THE INDUCING ACTIVITY OF TWO BACILLUS. SUBTILIS
STRAINS IN THE PROTECTION OF WHEAT AGAINST PATHOGENS OF SPOT BLOTCH
BIPOLARIS SOROKINIANA AND LEAF RUST PUCCINIA TRITICINA
L.I. Novikova, E.V. Popova, N.M. Kovalenko*, I.L. Krasnobaeva
All-Russian Institute of Plant Protection, St. Petersburg, Russia

*corresponding author, e-mail: nadyakov@mail.ru

The purpose of this work was to evaluate the contribution of the culture liquid of Bacillus subtilis strains VKM
B-2604D and VKM B-2605D and its components (cell-free supernatant and bacterial cell suspension) to the formation of
induced resistance to spot blotch and leaf rust in wheat plants, as well as to establish the optimal cell concentration and
application time which determine the effectiveness of the laboratory samples containing 0.1 % chitosan salicylate (CS). It
is assumed that the culture liquid and its supernatant contain biologically active metabolites possessing elicitor activity and
responsible for the manifestation of induced wheat resistance to spot blotch and leaf rust. Treatment of wheat leaves with
culture liquid and supernatant reduced the B. sorokiniana infection level by 1.5-2 times, and P. triticina by 20 % and 10 %,
respectively, as compared to the control. Meanwhile, the suspension of bacterial cells did not suppress the development of
the disease symptoms. It has been experimentally shown that all culture liquid samples tested showed the greatest inducing
effect at the concentration of 10° CFU/ml. It was found that among the application timing variants (1 and 2 days before and
1 and 2 days after the inoculation), pre-treatment of wheat plants one day before the pathogen inoculation was the most
effective, significantly reducing the disease development. As a result, the area of leaf damage by the spot blotch and the
leaf rust was decreased 6- and 10-fold, respectively, as compared to the control.

Keywords: microbial control, laboratory sample, Vitaplan, cultural liquid, fungistatic activity, induced resistance,
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PLENODOMUS SPECIES INFECTING OILSEED RAPE IN RUSSIA

M.M. Gomzhina¥*, E.L. Gasich
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The Phoma disease (Phoma stem canker, black leg, Phoma leaf spot) is one of the most harmful diseases of oilseed rape
and other Brassicaceae in the world, particularly in Russia. The causal agents of this disease are Plenodomus biglobosus
and Plenodomus lingam. Since 2005, a number subclades have been described within P. biglobosus and P. lingam (2 and
7, respectively). These subclades can be identified by multilocus sequence analysis. So far, biodiversity and geographic
distribution of Plenodomus spp. infecting oilseed rape in Russia, have not been comprehensively analyzed. For this study,
as many as 18 Plenodomus spp. isolates were obtained from the samples of stem canker and leaf spot of oilseed rape from
four regions of Russia in 2004—2021. The aims of this study were to identify the isolates by phylogenetic analyses inferred
from 3 gene sequences: nuclear ribosomal internal transcribed spacer, actin, and B-tubulin, and to assess pathogenicity
of the isolates. The phylogenetic reconstructions revealed two well-supported monophyletic clades corresponding to the
two species of the genus Plenodomus., P. lingam ‘brassicae’ and P. biglobosus ‘brassicae’.This paper provides robust
phylogeny of the Plenodomus spp. clade, accompanied with the detailed description of morphological features of both

species, and results of pathogenicity tests.

Keywords: Brassica, Leptosphaeria, molecular phylogeny, pathogenicity, Phoma, Phoma leaf spot, Phoma stem

canker
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The oilseed rape (Brassica napus L.) is a valuable food,
fodder and industrial crop. The growing demand for high
protein feed for farm animals and biodiesel fuel is the reason
for the rising interest in this crop. Expanding the areas of the
oilseed rape in crop rotation lead to an increase of known and
emergence of novel diseases. In Russia, spring oilseed rape
is predominantly cultivated, whereas in the North Caucasus
and Kaliningrad Province, winter oilseed rape prevails. In
recent years, the area occupied by winter oilseed rape has been
expanding also in other regions of Russia.

Phoma disease in Brassicaceae (Phoma stem canker, black
leg, Phoma leaf spot) is one of the most harmful diseases of
the oilseed rape in the world (Fitt et al., 2006). The causal
agents of this disease are the two closely related Phoma-
like fungi, Plenodomus biglobosus (Shoemaker & H. Brun)
Gruyter, Aveskamp & Verkley (syn. Leptosphaeria biglobosa
Shoemaker & H. Brun) and P. lingam (Tode) Hohn. (syn.
Phoma lingam (Tode) Desm.). They belong to the family
of Leptosphaeriaceae (Mendes-Pereira et al., 2003; Liu et
al., 2014; Zou et al., 2019). Plenodomus biglobosus and P.
lingam can infect Brassica oleracea L. cultivated forms (kale,
broccoli, brussels sprouts, cauliflower, Chinese cabbage,
mustard, oilseed rape, rutabaga, turnip, and white cabbage),
Eutrema japonicum (Miq.) Koidz., Raphanus (radish and
daikon), and Sinapis (black and white mustard). Several
wild Brassicaceae (Descurainia, Sisymbrium, and Thlaspi)
can also be infected with these fungi (West et al., 2001;
Fitt et al., 2006; 2008; Zou et al., 2019; King, West, 2022).
Plenodomus biglobosus and P. lingam differ from each other
by micromorphological, cultural, physiological, biochemical
and molecular phylogenetic features (Mendes-Pereira et al.,
2003; Liu et al., 2014; Frac et al., 2022). It was considered that

Accepted: 08.09.2022

P lingam is more aggressive than P. biglobosus and causes
higher crop losses (West et al., 2001; Lob et al., 2013; Zou
et al., 2019). Plenodomus lingam is a fungus of quarantine
concern in China (Chen et al, 2010; Zhao et al., 2021).
Phoma-like fungi including the species of the
Leptosphaeriaceae family display a limited range of
morphological features useful for the species identification,
and the latter is to be based on multilocus sequencing (de
Gruyter et al., 2013). For rapid and accurate identification of
P. biglobosus and P. lingam, PCR with species-specific primers
was developed (Xue et al., 1992; Mahuku et al., 1995).
Intraspecific diversity has been described for both of these
species. Two subclades have been identified for P. lingam,
the subclade ‘brassicae’ (widely distributed) and the subclade
‘lepidii’ (the sole isolate IBCN84 derived from Lepidium,
Canada) (Mendes-Pereira et al., 2003; Voigt et al., 2005).
Plenodomus biglobosus was characterized by a greater
genetic diversity. Seven subclades have been identified for
P. biglobosus within the subclade ‘brassicae’ occurring mostly
in Brassicaceae crops (Mendes-Pereira et al., 2003; Zou et al.,
2019). The representatives of this subclade was also found in
wasabi in the UK (King, West, 2022). In Oregon, USA, the
subclade P. biglobosus ‘americensis’ was recorded in oilseed
rape (Zou et al., 2019). In Australia, Canada, China, Mexico,
the UK and the USA, P. biglobosus ‘canadensis’ was recorded
in the Brassicaceae species, such as E. japonicum and Thlaspi
arvense L. (Dilmaghani et al., 2009; 2010; Mendes-Pereira
et al., 2003; Van de Wouw et al., 2008; Luo et al., 2021;
King, West, 2022). In Australia and the USA, P. biglobosus
‘australensis’ was recorded in B. napus and B. juncea (L.)
Czern. (Plummer et al., 1994; Voigt et al., 2005). In Australia,
Chile and Georgia, P. biglobosus ‘occiaustralensis’ was
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recorded in oilseed rape and wild radish (Vincenot et al.,
2008; Dilmaghani et al., 2009) and in Canada, P. biglobosus
‘thlaspii’ and P. biglobosus ‘erysimii’ were recorded in the
wild Brassicaceae species, T. arvense and Erysimum sp.,
respectively (Mendes-Pereira et al., 2003).

To reconstruct phylogeny and identify subclades within
P. biglobosus and P. lingam, the nucleotide sequences of the
regions of internal transcribed rDNA spacers (ITS-locus) and
genes coding for actin (act) and B-tubulin (fub) have been used
(Mendes-Pereira et al., 2003; Voigt et al., 2005; Van de Wouw
et al., 2008).

In Russia, occurrence of Phoma disease (black leg and leaf
spot) has been reported in the North Caucasus and Krasnodar
Area (Serdyuk et al., 2011) since 1933. However, this disease
was recorded more recently in Russian Far East (Ussuriysk,
Amur Province, and Khabarovsk Area), Siberia, Non-
Chernozem and Central Chernozem zones (Bilay et al., 1988;
Fedotov et al., 2008). Also, All-Russian Research Institute of
Oilseed Rape (Lipetsk, Russia), All-Russian Research Institute
of Oil Crops named after V.S. Pustovoit (Krasnodar, Russia),
and some other scientific institutions assess oilseed rape
genotypes for resistance to these diseases (Bochkareva et al.,
2006; Bochkareva, Aliferova, 2009; Artamonov, Gorshkov,
2009; Artamonov, 2012; 2014). Even though it has been known

for many years that these diseases of oilseed rape are caused
by two Plenodomus species, only one of them, namely Phoma
lingam, is usually mentioned as a causative agent in Russian
literature. Moreover, there are only few Russian reports which
include species identification of the causative agent of Phoma
stem canker (black leg) and Phoma leaf spot.

Plenodomus biglobosus was isolated from winter oilseed
rape in the Stavropol Area (Kachlicki et al., 2001), Krasnodar
Area, Moscow and Lipetsk Provinces (Dakowska, personal
communication, Gasich., 2004), and in spring oilseed rape — in
the Lipetsk and Leningrad Provinces (Artamonov, Gorshkov,
2009; Artamonov, 2012). Several Phoma-like isolates that
failed to produce sirodesmins typical of P. lingam were
obtained from the seedlings of spring oilseed rape in the
Leningrad Province (Kachlicki et al., 2001). When cultured on
solid and liquid media, these isolates did not produce yellow-
brown pigment, normally synthetized by P. biglobosus. Thus,
most likely, these isolates belong to other Phoma-like species
(Jedryczka et al., 2002).

The aim of this study was to unambiguously identify the
Plenodomus isolates collected from oilseed rape in various
locations across Russia according to the species recognition
concept currently used for this genus.

Material & Methods

During extensive studies of fungal biodiversity in oilseed
rape in Russia and neighboring countries from 1990 to 2021,
plants with symptoms of Phoma leaf spot and Phoma stem
canker were collected (Fig. 1). Samples of infected plants were
deposited in the Mycological Herbarium (LEP) of All-Russian
Institute of Plant Protection (VIZR).

To isolate pure cultures of fungus from the plant tissues,
fragments of infected material were surface sterilized with
20 ml of 5% NaClO. After surface sterilization, the samples
were placed on potato-sucrose agar (PSA) (Samson et al., 2002)
containing antibiotics (100 pg/ml ampicillin, streptomycin,
penicillin, HyClone, GE Healthcare Life Science, Austria)
and 0.4 pl/l Triton X-100 (Panreac, Barcelona, Spain). Petri
dishes were incubated at 24 °C in the dark and were examined
after 7-10 days (Fig. 2). All isolates were stored in plastic
microtubes on PSA at 4°C in VIZR pure culture collection.
From this collection, 18 isolates of local geographical origins
were selected for study (Table 1). Isolates from various regions
of Russia, collected in different years and represent diversity
of Plenodomus species.

DNA isolation, PCR and sequencing

The mycelia were obtained from the cultures incubated
on PSA and macerated with 0.3 mm glass beads in a MM400
mixer mill (Retsch, Haan, Germany). The genomic DNA was
extracted according to the standard CTAB and chloroform
protocol (Doyle, Doyle, 1990).

The isolates were identified at the species level using
PCR with species-specific primer pairs WV17S, WV5.8C and
HV17S, HV26C to ITS locus of P. biglobosus and P. lingam
DNA, respectively (Mahuku et al., 1995). Identification of
subclades in P. biglobosus and P. lingam was implemented
by sequencing the taxonomic informative DNA loci, such as
ITS region, and partial act and tub genes. The primers ITSF
(PN3) and ITSR (PN10) (Mendes-Pereira et al., 2003), ActinF
and ActinR (Van de Wouw et al., 2008), and f tubulinF and 3

tubulinR (Van de Wouw et al., 2008) were used to amplify the
ITS region, and partial act and tub genes, respectively. The
amplification reactions had a total volume of 25 pl, including
dNTPs (200 uM), forward and reverse primers (0.5 uM each),
Tag DNA polymerase (5 U/uL), 10x PCR buffer with Mg**
and NH*, and 1-10 ng of total genomic DNA. The PCR
conditions were: 95°C for 5 min; followed by 35 cycles of
92°C for 50 s; 55°C, 40 s, (HV17S and HV26C), 56°C (p
tubulinF, B tubulinR and ActinF, ActinR), 40 s, 58°C, 40 s
WV17S, WV5.8C and ITSF, ITSR; 72 °C for 75 s; and a final
elongation for 5 min at 72 °C.

The PCR amplification products were checked by
electrophoresis in 1% agarose gel stained with ethidium
bromide. The amplicons were purified according to the
standard method (Boyle, Lew, 1995). Single-strand DNA of
amplicons was sequenced by Sanger’s method (Sanger et al.,
1977) on an ABI Prism 3500 analyzer (Applied Biosystems,
Thermo Fisher Scientific, Waltham, MA, USA) with a Bigdye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Thermo Fisher Scientific) according to the manufacturer’s
instructions. The obtained nucleotide sequences of the ITS
region, as well as partial act and tub genes, were deposited in
the GenBank database (Table 1).

Phylogenetic analysis

The sequences were assembled using Vector NTI advance
v. 11.0 (Invitrogen, Thermo Fisher Scientific) and aligned with
ClustalX 1.8 (Thompson et al., 1997). The alignments were
optimized with Molecular Evolutionary Genetics Analysis
10 MEGA X; Kumar et al., 2018) and concatenated using
Sequence Matrix (Vaydia et al., 2011).

The phylogenetic analysis was based on the alignment of
concatenated sequences of the ITS region, and partial act and
tub genes. 54 sequences from local isolates obtained in this study
and 84 GenBank sequences of all known genetic subclades
of P biglobosus (subclades ‘americensis’, ‘australensis’,
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Figure 1. Leaves with symptoms of Phoma leaf spot (A, C, D) from the herbarium specimen LEP 109937. Stems with
symptoms of Phoma stem canker (B, E) from the herbarium specimen LEP 92901. Scale bars: C, 5 mm; D, 1 mm; and E, 2 mm

Pucynoxk 1. JTuctes (A, C, D), rep6apusiii oopazens LEP 109937 u cre6inu (B, E), repbapnsiit o6pazer; LEP 92901 parica ¢
cumnTomamu ¢pomosa. Maciradbnas nuneiika: C, S mm; D, 1 Mmm; u E, 2 MM

Figure 2. Surface sterilized fragments of stems from the same sample in Petri dishes with PSA after 7 days of incubation.
A. Plenodomus biglobosus ‘brassicae’ isolates. B. Plenodomus lingam ‘brassicae’ isolates

Pucynoxk 2. [ToBepXHOCTHO cTepHiIM30BaHHbIE (pparMeHThI cTebmeil parca u3 ogHoro obpasua, KCA, 7 cyTok.
A. M3onsarer Plenodomus biglobosus ‘brassicae’. B. 3onsarter Plenodomus lingam ‘brassicae’
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Table 1. Isolates of Plenodomus spp. used in the study
Plenodomus Source, . Collection GenBank accsession
. Isolate . Location
Species Subclade cultivar year ITS act tub
biglobosus | ‘brassicac’| MF-Br17-022 |  stems | Kaliningrad Province, |, o1 730030 | ON734111 | ON734131
Gurievsky district
biglobosus | ‘brassicac’| MF-Br17-023 |  stems | auningrad Province, |5 0| G\g30831 | oN734112 | ONT34132
Gurievsky district
. . S Republic of Adygea,
biglobosus | ‘brassicae’| MF-R-4.67 stems ) 2004 ON730832 | ON734113 | ON734133
Podgorniy
. . ., Republic of Adygea,
biglobosus | ‘brassicae MF-R-4.92 stems . 2004 ON730833 ON734114 ON734134
Podgorniy
biglobosus | ‘brassicae’| MF-R-4.148 %ZIR(SS’ Krasnodar Area 2004 ON730834 ON734115 ON734135
biglobosus | ‘brassicae’| MF-R-4.167 stems | RepublicofAdygea, |50, | 0N730835 | ON734116 | ONT34136
Podgorniy
biglobosus | ‘brassicac’| MF-R-4.265 roots | aliningrad Province, | o010 | N730836 | ONT34117 | ON734137
Nesterovskiy district
biglobosus | ‘brassicae’| MF-R-4.268 leaves Kaliningrad Province 2019 ON730837 ON734118 ON734138
biglobosus | ‘brassicae’| MF-R-4.276 leaves | -eningrad Province, |, ON730838 | ON734119 | ON734139
Volosovskiy district
biglobosus | ‘brassicac’| MF-R-4.277 leaves | Cemingrad Province, |, ON730839 | ON734120 | ON734140
Volosovskiy district
lingam ‘brassicac’| MF-Br17-029 | stems | <auningrad Province, |, . ON730840 | ON734121 | ON734141
Gurievsky district
lingam | ‘brassicac’| MF-Br17-031 | stems | <auningrad Province, |, ON730841 | ON734122 | ON734142
Gurievsky district
lingam | ‘brassicac’| MF-Brl7-042 | leaves | almingrad Province, | 0| G\g30840 | ONT34123 | ONT34143
Mamonovo
lingam | ‘brassicac’| MF-Brl17-050 | leaves | <aliningrad Province, |, ON730843 | ON734124 | ON734144
Mamonovo
lingam | ‘brassicac’| MF-R-4266 | 1caves, | Kaliningrad Province, | )0 | \730844 | ON734125 | ON734145
Ksenon Gurievsky district
lingam ‘brassicac’| MF-R-4274 | 1caves, | Leningrad Province, | ;) ON730845 | ON734126 | ON734146
Mersedes Volosovskiy district
lingam | ‘brassicac’| MF-R-4.275 leaves | eningrad Province, -, ) ON730846 | ON734127 | ON734147
Volosovskiy district
lingam | ‘brassicac’| MF-R-4.278 leaves | Leningrad Province, |, ON730847 | ON734128 | ON734148
Gatchinskiy district
Taonuua 1. VccrenoBannsie u3onsatel Plenodomus spp.
Plenodomus Msomsir Obra. copr TP OHCXOAICHIE Ton Homep nocryna B I'enbanke
Bun Cy6xana pras, cop P A cbopa ITS act tub
biglobosus | ‘brassicae’| MF-Br17-022 | crefmm | NOMHMIPAICKAA OOIL, | o150 | N730830 | ON734111 | ON734131
I'ypbeBckuii p-H.
biglobosus | ‘brassicac’| MF-Br17-023 | crefmu | NOWHMIPAICKAA OO, | o515 | N730831 | ON734112 | ONT34132
I'ypbeBckuii p-H.
biglobosus | ‘brassicae’| MF-R-4.67 crebnu Appires, [logropusiit 2004 ON730832 ON734113 ON734133
biglobosus | ‘brassicae’| MF-R-4.92 crednu Anpires, [Togropusrit 2004 ON730833 ON734114 ON734134
biglobosus | ‘brassicac’| MF-R-4.148 (giifg KpacrHomapckuit kpait 2004 ON730834 ON734115 ON734135
biglobosus | ‘brassicac’| MF-R-4.167 credau Anpires:, [Toqropusiii 2004 ON730835 ON734116 ON734136
biglobosus | “brassicae’| MF-R-4.265 koprn | NAWMHMIPAICKAZ 00, | 10 | ON730836 | ON734117 | ON734137
HecrepoBckuii p-H.
biglobosus | ‘brassicae’| MF-R-4.268 JICThS Kanuuurpazackas o6:1., 2019 ON730837 ON734118 ON734138
biglobosus | ‘brassicac’| MF-R-4276 | mucten | CHMHIPANCKaT OGIL, | ), ON730838 | ON734119 | ON734139
BonocoBckwuii p-H.
biglobosus | ‘brassicac’| MF-R-4277 | mucres | D \CMHIPAICKAAOOL, | o | GN730839 | ONT34120 | ON734140
BonocoBckwuii p-H.
lingam ‘brassicac’| MF-Br17-029 | cregma | NOMHMIPAICKaL OB, | o 10 | \730840 | ON734121 | ONT34141
T'ypreBckuit p-H.
lingam ‘brassicac’| MF-Br17-031 | cregma | NWHMIPAICKAT OB, | o010 | GN730841 | ONT34122 | ONT734142
T'ypbeBckuii p-H.
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Plenodomus Mo Obrat. copt DOHCXOKACHIE Ton Howmep nocryna B I'enbanke
Bun Cy6knana pra, cop p A cbopa ITS act tub
lingam ‘brassicac’| MF-Br17-042 | smcrps | NIWHMIPAACKAA 0OL, |00 | N730840 | ON734123 | ON734143
MamMoHOBO
lingam ‘brassicac’| MF-Br17-050 | mucren | NPWHHIPAACKATOOL, | 010 | GN730843 | ONT734124 | ON734144
MamoHOBO
lingam ‘brassicac’| MF-R-4.266 | JWCT | Kammmurpanckai odn, | g1 | GN730844 | ON734125 | ON7T34145
Kcenon I'ypreBckuii p-H.
lingam ‘brassicac’| MF-R-4.274 | ‘WeT | Jlemumrpanckas obi, | o5, | gN730845 | ON734126 | ONT34146
Mepcenec Bonocosckuii p-H.
lingam ‘brassicac’| MF-R-4275 | muctes | JICHUHIPAICKAI OO, | o) | N730846 | ONT34127 | ONT34147
BonocoBckwuii p-H.
lingam ‘brassicac’| MF-R-4.278 | smcren | JICHWHIPAACKAR OO, | y0)1 | GN730847 | ON734128 | ONT734148
I"aTunnCckuil p-H.

‘brassicae’, ‘canadensis’, ‘erysimii’, ‘occiaustralensis’ and
‘thlaspii’ and P. lingam (subclades ‘brassicae’ and‘lepidii’)
were taken in the analyses.Leptosphaeria doliolum (Pers.)
Ces. & De Not. was an outgroup (Table 2).

Phylogenetic analysis of single locus and combined aligned
data consisted of maximum likelihood (ML), maximum
parsimony (MP) and Bayesian inference. Both ML and MP
analyses were performed with MEGA X. Bayesian inference
was performed by MrBayes v. 3.2.1. in ARMADILLO v.
1.1 (Lord et al., 2012) using a Markov chain Monte Carlo
(MCMC) sampling method. The general time-reversible
model of evolution, including estimation of invariable sites
and assuming a gamma distribution with six rate categories

was used for Bayesian inference analyses. Four MCMC chains
were run simultaneously, starting from random trees for 1000
generations and sampled every tenth generation for a total of
10000 trees.

Morphology

Morphological features were determined for P. biglobosus
‘brassicae’ isolate MF-Br17-023 and P. lingam ‘brassicae’
isolate MF-Br17-050. Pure cultures of these isolates were
incubated on PSA and oatmeal agar (OA) (Boerema et
al., 2004). These two media were optimal, particularly for
cultivation of Phoma-like fungi. Petri dishes were placed for
a week in darkness and for another week under 12 h near-
ultraviolet light/12 h dark to stimulate sporulation. Colony

Table 2. GenBank accession numbers of the reference Plenodomus strains, included in the study

Tadsmmna 2. Homepa nocryna B ['enbanke pedepeHcHbIX mramMmmoB Plenodomus, BKIIIOYEHHBIX B HCCIIEIOBaHHE

Plenodomus Strain designation GenBank accession numbers
Species Subclade ITS act tub

lingam ‘brassicae’ Leroy (IBCN 80) AJ550883 AY 748970 AY 749018
lingam ‘lepidii’ IBCN 84 AJ550890 AY748972 AY749020
biglobosus ‘americensis’ Ph1002 MG321243 MG282088 MG282089
biglobosus ‘australiensis’ IBCN 29 AJ550869 AY748952 AY749000
biglobosus ‘australiensis’ IBCN 91 (PHW1268) AJ550870 AY748953 AY749001
biglobosus ‘brassicae’ IBCN 89 AJ550863 AY 748949 AY 748997
biglobosus ‘brassicae’ IBCN 93 AJ550857 AY748951 AY748999
biglobosus ‘brassicae’ Roth LbCN 01 KJ574216 KJ574238 KJ574243

biglobosus ‘brassicae’ Roth_ LbCN21 KJ574208 KJ574239 KJ574244
biglobosus ‘brassicae’ Roth_LbCN57 KJ574215 KJ574234 KJ574255

biglobosus ‘brassicae’ Roth_LbCNSS8 KJ574209 KJ574232 KJ1574249

biglobosus ‘brassicae’ Roth LbCN59 KJ574211 KJ574230 KJ574248

biglobosus ‘brassicae’ Roth_ LbCN60 KJ574213 KJ574233 KJ574245

biglobosus ‘brassicae’ Roth LbPL30 KJ574214 KJ574240 KJ574251

biglobosus ‘brassicae’ Roth_ LbUK28 KJ574210 KJ574231 KI574252
biglobosus ‘brassicae’ Roth LbATO1 KJ574212 KJ574235 KJ574246
biglobosus ‘brassicae’ Roth LbAT03 KJ574206 KJ574237 KJ574247
biglobosus ‘brassicae’ Roth_LbFRO8 KJ574207 KJ574236 KJ574250
biglobosus ‘canadensis’ IBCN 63 AJ550868 AY748956 AY749004
biglobosus ‘canadensis’ IBCN 82 AJ550866 AY748958 AY749006
biglobosus ‘canadensis’ UNITY (IBCN 81) AJ550867 AY748957 AY749005
biglobosus ‘canadensis’ Roth LbCA02 KJ574220 KJ574225 KJ574253

biglobosus ‘canadensis’ Roth LbCA03 KJ574219 KJ574229 KJ574256
biglobosus ‘canadensis’ Roth LbCA07 KJ574217 KJ574227 KJ574257
biglobosus ‘canadensis’ Roth LbCAO08 KJ574218 KJ574228 KJ574254
biglobosus ‘erysimii’ IBCN 83 AJ550872 AY 748960 AY749008
biglobosus ‘thlaspii’ IBCN 65 AJ550891 AY748962 AY749010
biglobosus ‘occiaustralensis’ UWA A21-8 AM410082 AM410084 AM410083
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diameter was measured after 7 and 14 days, and colony
morphology examined after 14 days (Boerema et al., 2004).
One thousand conidia for each isolate were observed and
measured with Olympus SZX16 stereomicroscope (Olympus,
Tokyo, Japan) and an Olympus BX53 microscope. Nomarski
differential interference contrast optics was used to examine
conidia morphology. Images were captured with a PROKYON
camera (Jenoptik, Jena, Germany).

Pathogenicity test

Pathogenicity tests with all studied isolates were performed
by inoculating oilseed rape cv. Oredezh 4. Isolates for tests were
grown for 4 days in liquid soy media [KH,PO, 2 g; (NH,),SO,,
1g;MgSO,, 1 g; glucose, 20 g; soy flour, 10 g; water, 11; pH 6];
50 ml media per 250 ml flask on orbital shakers Innova 44R
(Eppendorf, Framingham, MA, USA; 5 cm, 100 rpm, 24 °C).
Liquid media were inoculated by placement of a 5-mm block

cut from 14-d-old colonies cultured on PSA. After 4 days of
incubation mycelium was separated from the liquid culture,
dried with filter paper at room temperature, ground, adjusted
with sterile water to suspension with final concentration 100
mg/ml. Four healthy cotyledons 3-week-old seedlings were
placed in the Petri dishes for each isolate. On the upper surface
of each cotyledon, two wounds were made symmetrically in
the central vein. The drops (10 pl) of mycelial suspension were
placed on the wounded area with a micropipette (Purwantara
et al., 1998, Van de Wouw et al., 2008, Gasich et al., 2015).

The control plants were wounded and inoculated with a
drop of sterile water. The plants were assessed for lesion
development (diameter of necrosis) 2—3 days after inoculation.
Subsequent re-isolation of pathogens from the inoculated
stems and their identification were performed to fulfill Koch’s
postulates.

Results

Phylogenetic analysis

Initial identification based on PCR with species-specific
primers determined that eight local isolates were P. lingam
and 10 were P. biglobosus.

The multilocus phylogenetic analysis inferred the
intraspecific relationships within all known subclades in
P. biglobosus and P. lingam. The topology of both single-
locus phylogenies inferred from ITS and fub revealed no
conflicts. The analysis of the single gene phylogeny (data not
shown) based on act sequences revealed that P. biglobosus
‘americensis’ clustered within P. biglobosus ‘brassicae’

subclade. The individual gene trees (data not shown), as well
the combined tree (Fig. 3), demonstrated that the local isolates
were grouped in two distinct phylogenetic subclades with
high bootstrap support. Parsimony informative characters
and the nucleotide models used for analysis are summarized
in (Table 3).

Eight isolates were placed in the P. lingam ‘brassicae’
subclade with the representative culture of this species (IBCN
80). This subclade had high statistical support (MLBS 100 %,
MPBS 100% and BPP 0.81). Nucleotide sequences of act
and fub of all local P. lingam isolates were identical to that

Table 3. Alignment properties and nucleotide substitution models used for phylogenetic analyses

Loci
Character status summary ITS act tub Combined loci
Total length 462 394 398 1254
Invariable characters 346 240 77 663
Informative charactrers (%) 53 42 88 183
Uninformative characters 63 112 233 408
Nucleotide substitution models K2+G K2+G T92 K2+1
Tree length (TL) 149 196 415 774
Consistency index (CI) 0.7865 0.7564 0.8594 0.7735
Homoplasy index (HI) 0.2135 0.2436 0.1406 0.2265
Retention index (RI) 0.9597 0.9456 0.9475 0.9399
Rescaled consistency index (RC) 0.7549 0.7152 0.8143 0.7269

K2, Kimura 2-parameter; T92, Tamura 3-parameter.

Tab6auua 3. Jlanasie 06 001Iel ATMHE MAaTPHIL TSI KAKJOTO U30JIATa, JITMHE KaXKIOTO JIOKYCa B OTIACIIEHOCTH, YUCIIE
BapI/Ia6e.HI)HBIX CalTOB M ONTHUMAaJIbHBIX MOICIIAX HYKJICOTUIHBIX 3aMCH, UCITOJIb30BAHHBIX JIJIA (bI/IIIOFeHeTI/I‘IeCKOFO aHaJiu3a

ITapamerp Jloxye IHK
ITS act tub ITS+act+tub
OO6uas mmHa 462 394 398 1254
HeBapuabenbHble 3Ha4eHUSA 346 240 77 663
Wndopmarususie 3HaueHus (%) 53 42 88 183
HeudopmarusHslie 3HaueHUSA 63 112 233 408
OnrumainbsHas MOZIENb HYKICOTUAHBIX 3aMEH K2+G K2+G T92 K2+1
Jmuaa MP nepesa 149 196 415 774
NHpexe cornacoBaHHOCTH 0.7865 0.7564 0.8594 0.7735
Hunekc romormmaznun 0.2135 0.2436 0.1406 0.2265
Wnpexc ynepxaHus 0.9597 0.9456 0.9475 0.9399
IlepemaciTabupoBaHHBIN HHAEKC CONIACOBAHHOCTHU 0.7549 0.7152 0.8143 0.7269

K2, Kimura 2-parameter; T92, Tamura 3-parameter.
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IBCN 84 P. lingam ‘lepidii’
IBCN 65 P. lingam ‘thlaspii’

%Egﬁ 5? P. biglobosus ‘australiensis’

IBCN 83 P, biglobosus “erysimii’
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UWA A21-8 P. biglobosus ‘occiaustralensis’
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MEF-R-4.92
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——Phl002 P biglobosus ‘americensis’
CBS130000 Leptosphaeria doliolum

Figure 3. Phylogenetic tree of Plenodomus spp. inferred from a maximum likelihood analysis based on a concatenated
alignment of ITS region, and partial act and tub. The maximum likelihood bootstrap support values (MLBS > 70 %), maximum
parsimony bootstrap support values (MPBS > 70 %), and Bayesian posterior probabilities (BPP > 0.70) are given at the nodes
(MLBS/MPBS/BPP). Studied isolates given in bold

Pucynok 3. KomOnaMpoBaHHOE (DMIIOTEHETHIECKOE IPEBO BUAOB U cyOknan Plenodomus, moctpoeHHoe MetogqoM ML,
OCHOBaHHOE Ha HYKJICOTHUAHBIX nocienoBarenbHocTsX ITS, act u tub. UncnoBbie 3Ha4eHHs Oy TCTPET-TIONACPIKKH,
nony4yernbsie Metonamu ML (>70), MP (>70) u BaitecoBckuii cratuctuku (>0.7), mpuBeeHBI B y371aX BETBEH ACHAPOTPAMMEBL,
COOTBETCTBeHHO. HOMepa ncciieJoBaHHBIX W30JISITOB BBIACIICHBI TTONYKUPHBIM

of reference strain P, lingam ‘brassicae’ IBCN 80. Nucleotide
sequences of ITS of local isolates were identical but differed
from the reference by transversion (A instead of C) in the
position 135.

Ten isolates were placed in the P. biglobosus ‘brassicae’
subclade with the representative culture of this species (IBCN
89). This subclade had high statistical support (MLBS 100 %,
MPBS 100 % and BPP 0.91). Nucleotide sequences of ITS and
act of all local P. biglobosus isolates were identical to those of
the reference P. biglobosus ‘brassicae’ IBCN 89. Nucleotide
sequences of fub of single isolate MF-R-4.268 were identical
to IBCN 89. Sequences of other isolates differed from each
other and from the reference. Sequences of three isolates,

MF-R-4.67, MF-R-4.148 and MF-R-4.167, differed from
the reference by transition (T instead of C) in the position 8.
Sequences of six isolates, MR-Br17-022, MF-Br17-023, MF-
R-4.92, MF-R-4.265, MF-R-4.276 and MF-R-4.277, were
identical with non-representative P. biglobosus ‘brassicae’
strains, Roth LbPL30 and Roth FROS, originating from
Poland and France, respectively. These six strains differed
from the reference by a transversion (G instead of C) in the
position 127.

Morphology

Plenodomus biglobosus ‘brassicae’ (Fig. 4). Colonies
on PSA, 35-39 mm in diameter after 7 days (Fig. 4 E, F)
and 75-79 mm after 14 days (Fig. 4 M, N). Margin regular,
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covered with abundant aerial mycelium gray neutral in
the center, then dark gray, and dull gray in the marginal
zone, velvety to felty. Abundant pycnidia are composed in
concentric rings at the margin of colony. Agar media dark
yellow-orange due to pigment production. Reverse deep
brown in the center, deep black in the periphery. Colonies
on OA, 51-53 mm in diameter after 7 days (Fig. 4 G, H)
and 90 mm after 14 days (Fig. 4 O, P). Margin regular,
covered with abundant aerial mycelium white aluminum in
the center, then signal gray, silver gray in the marginal zone
and floccose. Reverse blackish green in the center and natural
umber in the periphery. Agar media dark yellow-orange due
to pigment production. Conidiomata pycnidial, on PSA and
OA formed concentric rings at the edge of colony, on PSA
mostly superficial, rare immersed or semi-immersed in agar
media, on OA mostly immersed or semi-immersed in agar
media, rare superficial (Fig. 4 S, T). Solitary or confluent,
globose, (sub)globose, glabrous, often papillate, conidia
exuding from the pycnidia in pearl light gray drops (Fig. 4
T, W), 151-548 (average 375+39) x 128-416 (296+28) um.
Pycnidial wall composed of isodiametric cells, outer layers
pigmented. Conidiophores formed from the inner cells of
the pycnidial wall, straight or slightly curved, subhyaline,
non-septate, 8.6—-12.4 (9.7+0.6) x 2.9-3.5 (3.1£0.1) pm.
Conidia (Fig. 4 X) subcylindrical, occasionally pyriform,
straight, biguttulate, hyaline, 3.1-9 (4.7£0.1) x 1.4-4.4 (2)
pm. Morphological features of conidia in vitro the same as
in vivo.

Plenodomus lingam ‘brassicae’ (Fig. 4). Colonies on
PSA, 32-34 mm in diameter after 7 days (Fig. 4 A, B) and
52-54 mm after 14 days (Fig. 4 1, J). Margin regular, slightly
covered with aerial mycelium grayish green in the center,
then colorhouse metal, and light gray in the marginal zone,
floccose. Abundant pycnidia are composed in concentric

Table 4. Pathogenicity of Plenodomus spp. isolates
for Brassica napus

rings at the margin of colony. Reverse grayish green in the
center, stone gray in the periphery. Colonies on OA, 46-53
mm in diameter after 7 days (Fig. 4 C, D) and 85-87 mm
after 14 days (Fig. 4 K, L). Margin irregular, covered with
abundant aerial mycelium dark gray olive in the center, then
dark greenish yellow, pearly in the marginal zone, floccose,
with almost black pycnidial conglomerates. Reverse gray blue
in the center, beige-brown in the periphery. No pigmentation
of colony observed.

Conidiomata pycnidial, on PSA and OA scattered, on PSA
mostly superficial, rare immersed or semi-immersed in agar
media, composed in conglomerates on OA mostly immersed
or semi-immersed in agar media, rare superficial (Fig. 4
O, R). Solitary or confluent, globose, (sub)globose, glabrous,
often papillate, conidia exuding from the pycnidia in mouse
gray drops, 120-355 (206+23) x 118-362 (209+24) pm.
(Fig. 4 R, U) Pycnidial wall composed of isodiametric cells,
outer layers pigmented. Conidiophores formed from the inner
cells of the pycnidial wall, reduced to conidiogenous cells,
hyaline, flaskform, non-septate, 7.3—10.7 (8.4+0.7) x 4.6-5.7
(5.240.2) um. Conidia (Fig. 4 V) subcylindrical, cyllindrical,
straight, biguttulate, hyaline, 3-5 (4) x 1.2-2.3 (1.8) um.
Conidia as in vivo.

Pathogenicity

All studied isolates were pathogenic to oilseed rape cv.
Oredezh 4 cotyledons to varies degree; the necrosis diameters
for P. biglobosus ‘brassicae’ isolates varied from 1.7 to 8.7
mm after 2 days, and 2.3 to 10.7 mm after 3 days. Isolates
MF-Br17-023 from the Kaliningrad Province and MF-R-
4.167 from the Republic of Adygea showed the highest
pathogenicity. The necrosis diameters for P. lingam ‘brassicae’
isolates varied from 0 to 6.4 mm after 2 days and 1.5 to 7.3
mm after 3 days. Isolate MF-Br17-029 from the Kaliningrad
Province showed the least pathogenicity (Table 4).

Tab6auua 4. Pe3ynbsraThl OLIEHKH MATOTEHHOCTH U30JIATOB
Plenodomus spp. B OTHOIIIEHUH parica

Diameter of the
Plenodgmus Subclade Isolate necrosis, mm Bix JluameTtp HeKpo3a,
species two days three Plenodomus Cy6xnana Nzomar MM

days 2 cytok | 3 cyTok
biglobosus | ‘brassicae’ | MF-Br17-022 | 3.5+40.2 | 6.1£0.6 biglobosus | ‘brassicac’ | MF-Br17-022 | 3.540.2 | 6.1+£0.6
biglobosus | ‘brassicae’ | MF-Br17-023 | 6.4+0.2 | 9.3+0.4 biglobosus | ‘brassicae’ | MF-Br17-023 6.4+0.2 | 9.3x0.4
biglobosus | ‘brassicae’ | MF-R-4.67 2.240.6 | 5.2+0.9 biglobosus | ‘brassicae’ | MF-R-4.67 22+0.6 | 5.2+0.9
biglobosus | ‘brassicac’ | MF-R-4.92 3.9+0.5 | 5.6+0.5 biglobosus | ‘brassicac’ | MF-R-4.92 3.9+0.5 5.6+0.5
biglobosus | ‘brassicae’ | MF-R-4.148 1.7£0.4 | 2.3£0.5 biglobosus | ‘brassicae’ | MF-R-4.148 1.7£0.4 | 2.3£0.5
biglobosus | ‘brassicae’ | MF-R-4.167 8.7+£0.2 | 10.7+0.3 biglobosus | ‘brassicae’ | MF-R-4.167 8.7+0.2 | 10.7£0.3
biglobosus | ‘brassicae’ | MF-R-4.265 49404 | 7.6+£0.4 biglobosus | ‘brassicac’ | MF-R-4.265 49404 | 7.6£0.4
biglobosus | ‘brassicae’ | MF-R-4.268 5.7+¢0.2 | 7.8+0.3 biglobosus | ‘brassicae’ | MF-R-4.268 5.7£0.2 | 7.84£0.3
biglobosus | ‘brassicae’ | MF-R-4.276 4.5¢0.2 | 6.6+0.3 biglobosus | ‘brassicae’ | MF-R-4.276 4.5¢0.2 | 6.6+£0.3
biglobosus | ‘brassicae’ | MF-R-4.277 2.6£0.2 | 4.5+0.2 biglobosus | ‘brassicac’ | MF-R-4.277 2.6£0.2 | 4.5£0.2
lingam ‘brassicae’ | MF-Br17-029 0 1.5+£0.2 lingam ‘brassicae’ | MF-Br17-029 0 1.5+£0.2
lingam ‘brassicae’ | MF-Br17-031 | 2.0£0.6 | 4.1+1.0 lingam ‘brassicae’ | MF-Br17-031 2.0£0.6 | 4.1£1.0
lingam ‘brassicae’ | MF-Br17-042 1.9+0.3 | 2.8+0.4 lingam ‘brassicac’ | MF-Br17-042 1.9+0.3 2.8+0.4
lingam ‘brassicae’ | MF-Br17-050 | 2.0+0.1 | 2.0+0.2 lingam ‘brassicae’ | MF-Br17-050 | 2.0+0.1 2.0+£0.2
lingam ‘brassicae’ | MF-R-4.266 6.4+0.1 7.3+0.1 lingam ‘brassicae’ | MF-R-4.266 6.4+0.1 7.3+0.1
lingam ‘brassicae’ | MF-R-4.274 3.3£0.4 | 7.2+0.2 lingam ‘brassicae’ | MF-R-4.274 3.3+04 | 7.2+£0.2
lingam ‘brassicac’ | MF-R-4.275 | 2.0£0.03 | 4.6+0.2 lingam ‘brassicac’ | MF-R-4.275 2.0+£0.03 | 4.6+0.2
lingam ‘brassicae’ | MF-R-4.278 2.140.6 | 3.2+1.0 lingam ‘brassicae’ | MF-R-4.278 2.140.6 | 3.2£1.0
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Figure 4. Plenodomus lingam ‘brassicae’ (Plb MF-Br17-050) and Plenodomus biglobosus ‘brassicae’ (Pbb MF-Br17-023).
A. PIb cultures on PSA after 7 d of growth, front. B. Plb cultures on PSA after 7 d of growth, reverse. C. Plb cultures on OA
after 7 d of growth, front. D. Plb cultures on OA after 7 d of growth, reverse. E. Pbb cultures on PSA after 7 d of growth, front.
F. Pbb cultures on PSA after 7 d of growth, reverse. G. Pbb cultures on OA after 7 d of growth, front. H. Pbb cultures on OA
after 7 d of growth, reverse. 1. Plb cultures on PSA after 14 d of growth, front. J. Plb cultures on PSA after 14 d of growth,
reverse. K. PIb cultures on OA after 14 d of growth, front. L. Plb cultures on OA after 14 d of growth, reverse. M. Pbb cultures
on PSA after 14 d of growth, front. N. Pbb cultures on PSA after 14 d of growth, reverse. O. Pbb cultures on OA after 14 d of
growth, front. P. Pbb cultures on OA after 14 d of growth, reverse. Q, R, U. Pycnidia of PIb on OA. S, T, W. Pycnidia of Pbb
on OA. V. Conidia of PIb on OA. X. Conidia of Pbb on OA. Scale bars: Q and S, 2 mm; R and T, I mm,;

U and W, 200 um; and V and X, 20 um.

Pucynok 4. Plenodomus lingam ‘brassicae’ (Plb MF-Br17-050) u Plenodomus biglobosus ‘brassicae’ (Pbb MF-Br17-023).
A. Kynsrypa Plb na KCA, 7 cyTok, BepxHsisi cropona. B. Kynerypa Plb na KCA, 7 cytok, pesepc. C. Kynsrypa Plb Ha OA,

7 cyToK, BepxHsisi cropoHa. D. Kynerypa Plb cultures na OA, 7 cytok, pesepc. E. Kynsrypa Pbb na KCA, 7 cyTok, BepxHsis
cropona. F. Kynerypa Pbb Ha KCA, 7 cyTtok, pesepc. G. Kymsrypa Pbb Ha OA, 7 cyTok, BepxHss cropora. H. Kynsrypa Pbb
Ha OA, 7 cyToxk, peBepc. 1. Kymerypa Plb Ha KCA, 14 cyTok, BepxHusisa ctopora. J. Kymerypa Plb Ha KCA, 14 cyTok, pesepc. K.
Kynsrypa Plb Ha OA, 14 cyTok, Bepxusisi cropoHa. L. Kynerypa Plb na OA, 14 cytok, pesepc. M. Kynsrypa Pbb Ha KCA, 14
cyToK, BepxHsist cropona. N. Kynerypa Pbb na KCA, 14 cytok, pesepc. O. Kynsrypa Pbb Ha OA, 14 cyTok, BepxHsisi cropoHa. P.
Kynsrypa Pbb Ha OA, 14 cytok, pesepc. Q, R, U. ITukuauast Plb na OA. S, T, W. [Tuxkauast Pbb va OA. V. Kounanu Plb na OA.
X. Konunuu Pbb Ha OA. Macirtabuast nmuaeiika: Qu S, 2 mm; Ru T, 1 mm; U u W, 200 pum; u V u X, 20 pm.
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Figure 5. Pathogenicity test of Plenodomus biglobosus ‘brassicae’ MF-R-167 on cotyledons of oilseed rape Oredezh 4. A, C.
Tested cotyledons, two days after inoculation with mycelial suspension B, D. Control cotyledons, two days after inoculation
with sterile water. Scale bar: C and D, 5 mm.

Pucynoxk 5. Pe3ynsrars! OlleHKH MaToreHHOCTH n3onsta Plenodomus biglobosus ‘brassicae’ MF-R-167 Ha ceMsaomsax
parica Openex 4. A, C. IHOKynpOBaHHBIE MUIIETHAIBHON CYCIICH3HEN CEeMsIIONH, 2 CYTOK IOCie HHOKysuu. B, D.
WHokynupoBaHHbBIE CTEPUIBHON BOIOW CEMSIONH, 2 CYTOK Mocie HHOKysuu. Maciurabnas nuneiika: C u D, 5 mm.

Discussion

This work is the first attempt to determine biodiversity
of Plenodomus spp. infecting oilseed in Russia confirmed by
reliable molecular phylogenetic data. It demonstrated that both
P. biglobosus and P. lingam occur in this host in Leningrad
and Kaliningrad Provinces (North West of European part of
Russia), and that only P. biglobosus occurs in Adygeya and
Krasnodar Area (South of European Russia). Both species
belong to the subclade ‘brassicae’. Other subclades were not
found.

It is important to note that it is difficult to diagnose the
causal agents of Phoma black stem and Phoma leaf spot of
oilseed rape basing on the symptoms alone. For example,
Plenodomus biglobosus ‘brassicae’ isolates MF-Brl17-022
and MF- Br17-022, and P. lingam ‘brassicae’ isolates MF-
Br17-029 and MF-Br17-031 were obtained from symptomatic
stems of the same sample. Also, there Plenodomus infection is
not associated with a particular organ of the host plant: both
species were isolated from stems and leaves. Besides, other

morphologically similar Phoma-like species were isolated
from the symptomatic tissue (data not shown).

The polyphasic approach for reliable species recognition
is widely used by mycologists and plant pathologists to
distinguish plant pathogenic species, including Plenodomus,
and relies on the consolidated species concept (CSC) implying
incorporating morphological, biological and phylogenetic
characters. Data on phylogenetic characters should be obtained
according to the genealogical concordance phylogenetic
species recognition (GCPSR) method using multilocus
phylogenetic approaches for recognizing fungal species.
When applying a polyphasic approach for species recognition,
it should be noted that GCPSR substantial outweighs the
ecological or morphological data combined in the CSC (Crous
et al., 2015).

PCR with species-specific primers has been proved to be an
effective tool to identify isolates as P. biglobosus or P. lingam
(Mahuku et al., 1995). Our analyses demonstrated that in
order to achieve accurate and reliable subclades definition, the
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multilocus phylogeny based on combined data matrix of ITS
sequences, and partial act and fub genes might be successfully
used.

Although the P. biglobosus pure culture on PSA differed
from P. lingam in production of diffusible dark yellow-
orange pigment, this feature alone would not be sufficient
for reliable species identification, because it is known that
only some P. biglobosus isolates produce this pigment (King,
West, 2022). There is little difference between these species
in micromorphological features of spore-bearing structures.
Pycnidia and conidia of P. lingam isolates (206 x 207 and 4 x
1.8 um) were slightly smaller than of P. biglobosus (375 x 296
and 4.7 x 2 um). The data on conidia dimensions corresponded
to morphological description of these species made by
Boerema (Boerema et al., 2004). Pycnidia of P. lingam were
subglobose-conical with broad base and usually slightly
papillate pore, 150-250 (up to 400) um diam. Conidia were
oblong-ellipsoidal 3.5-5 x 1-2 pum, and usually have 2 small
guttules. Pycnidia of P biglobosus were relatively large,
globose-papillate up to 330-400 um diam., or smaller, 150—
250 pm diam. Conidia subcylindrical, straight, biguttulate,
and mostly 4-5 x 1.5-2 um. It is clear that the range of
variation of the morphological features overlaps for these
species, so it can not be used as the sole basis for the species
identification. In addition, several morphological features,
such scleroplectenchymatous nature of pycnidial wall, in both
species are difficult to assess. The pseudoparenchymatous or
scleroplectenchymatous wall structure of pycnidia should be

studied by staining thin and thick sections with Lugol’s iodine.
The walls of scleroplectenchyma become red by adsorption
of iodine, but pseudoparenchymatous wall structure do not
demonstrate such staining pattern (Boerema et al., 2004). No
red staining was not observed in our observations of pycnidial
walls in both species (data not shown). Thus, for the species
identification, morphological, ecological and other features
can be used only as additional information.

It has been noted that P, /ingam isolates are more aggressive
than P, biglobosus (West et al., 2001; Lob et al., 2013; Zou et
al., 2019). However, our pathogenicity results for both species
did not confirm this observation.

Phytosanitary measures do not require identification of
Plenodomus spp. to subclades or even to species. However, we
believe that accurate identification at least at the genus level
is required given that the other genera of Phoma-like fungi
may develop on Brassicaceae. The genus identification should
be based on examination and observation of morphological
characters after growing the purified fungal culture on two
agar media, PSA and OA.

The results of this study highlight the need to review
the biodiversity of causal agents of Phoma stem canker and
Phoma leaf spot through theoretical and fundamental studies,
not only in oilseed rape but also in other Brassicaceae crops
cultivated in Russia. This would require regular phytosanitary
monitoring of Brassicaceae fields in different areas of Russia
and identification of species and subclades of the genus
Plenodomus.
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Ilonnomexcmosas cmamusn

BUJIbl PLENODOMUS, IIOPAXAIOIIWE PAIIC B POCCHUA
M.M. l'omxuna*, E.JI. 'acnu

Bcepoccuiickuii nayuno-ucciredosamenscekuii uncmumym sawumsl pacmenuil, Cankm-Ilemepoype

* omeemcmeenHblll 30 nepenucky, e-mail: gomzhina9l@mail.ru

®DoM03 — OIHO M3 CaMbIX PACIPOCTPAHECHHBIX 3a0o0jeBaHUi parnca. Bo3OyaurensMu 3a00sieBaHusl SIBISIOTCS TPUOBI
Plenodomus lingam v P. biglobosus. 9Tv BUsibl TprOOB MOTYT BBI3BIBATh TAKUE CUMITTOMBI KaK pak cTe0Is1,Cyxasi THUAJIb WIIN
JIUCTOBYIO MSITHUCTOCTh. BHYTPH ATHX BUIOB BBIETSIOT COOTBETCTBEHHO JIBE M CEMb (DUIIOTEHETUUECKUX JIMHUH (CyOKIIam).
KoppekrHast uieHTHUKALUS OTHX CYOKIIal BO3MOXKHA TOJILKO B PE3YJIBTATe MYJIBTIIOKYCHOTO (hHJIOT€HETHUECKOTO aHaIN3a
HYKJICOTU/IHBIX TIocienoBarenbHocTel ITS nokyca v y4acTKOB TeHOB, OTBETCTBEHHBIX 33 CHHTE3 aKTHHA U B-TyOynuHa.
KomrmekcHbIi anann3 6uopazHoodpasus u reorpadudeckoro pacrpocTpaneHus BUnIoB Plenodomus, opakaromux parc
B Poccun, He nipoBoamiics. B manHoit pabote Obi1o uccnenoBano 18 m3onstoB Plenodomus spp., BBIASICHHBIX U3 parica,
COOPaHHOTO Ha TEPPUTOPHH YeThIpeX perrnoHoB Poccuu B 20042021 rogax. I{enbto paboThl ObUTa HACHTH(DHUKAITUS STHX
M30JISTOB C MOMOIIBIO MYJIBTHIOKYCHOTO (DPHIIOT€HETHUECKOTO aHalIu3a U OLIEHKA UX TaTOreHHOCTH. Ha Beex mosy4eHHbIX
¢durorpaMMax UCCIICIOBAHHBIC U30JIATHI (HOPMHUPOBAJIH 1BE MOHO(DHUICTUICCKHIE KIIaIbl, COOTBETCTBYIOIIME IBYM BHIAM
— P, lingam (8 wzonsatoB) u P. biglobosus (10). Bce M3054ThI KaXI0TO BUA OTHOCUIIUCH K OMHOW cyOkmane: P. lingam
‘brassicae’ u P. biglobosus ‘brassicae’. I[loMuMO JeTanbHBIX (UIOTEHETHYECKUX JaHHBIX, PYKOIHCh COMPOBOXKAACTCS
MOAPOOHBIM OIMUCAHUEM KYJIBTYPAIbHBIX W MHKPOMOP(OIOrHYecKHX NPHU3HAKOB OOOMX BHUJIOB, & TAaKKE OLECHKON
MaTOTE€HHBIX CBOMCTB.

KuaroueBrble cioBa: Brassica, Leptosphaeria, Phoma, monekyssipHasi pUIOTeHuUs, TATOTEHHOCTh, CyOKIa bl, oMO3
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O IMPOLIEJIIIEM MEPOIIPUATHA: BTOPO BUPTYAJIbHBINA CBHE3]]
OBILIECTBA IMATOJIOT YA BECIIO3BOHOYHbIX

C 1967 roga OOmiecTBO MaToNOruu OECclIO3BOHOYHBIX
(SIP) oOpemuHsIET YWICHOB M3 PA3INYHBIX HAYYHBIX 00IacTei B
paMKax eIMHOM JUCIUIIIMHBI — aTOJIOTHH OECI03BOHOYHBIX.
SIP umeer 7 Ortnenenuii: bakrepuii, bonesneit mosiesHsIx
Oecro3BoHOUHBIX, [prboB, MukpoOHuomorniaecko OOpHOHI,
Muxkpocnopuanii, Hemaron u BupycoB, KOTOpble pa3BUBaOT
Hay4HbIC 3HAHUs TaTOJIOTMU OECIIO3BOHOYHBIX JKHBOTHBIX,
BKJIFOYasi 9KOHOMUYECKH 3HaYMMble BUJBI. B cBs3n ¢ mpomoi-
JKaromIeics maHaeMreil KOpOHaBUPYCHOH HMH(EKINH, BHOBb
pElLICHO TPOBECTH €XETofHOe cOOpaHUe B OHJIAHH-(popMare
¢ 1 no 4 asrycra 2022 r. B [Topr-Omnuzaber (FOxxHO-AdpH-
kaHckass PecmyOnuka). Haydnas mporpamma MepornpusiTHs
BKJIFOYaJia PE3yNbTaThl TEKYMHX (yHIaMEHTAIbHBIX U IPH-
KJIaJHbIX MCCIIeIOBaHUI MaTrojoruu Oecrno3BoHOuHbIX. Cpe-
JI1 OCHOBHBIX COOBITHH CIIeIyeT OTMETHTH NPOXOAMBIINE B
pEKMME peaTbHOTO BPEMEHN CHMIIO3UYMBI, OPTaHN30BaHHbIE

Otnenenusimu Bupycos, bakrepuii, Mukpocnopunuii, Hema-
Tox M1 Mukpobuonorndeckoii O60pbOBI, a TAaKkXkKe IICHapHBIH
CHUMITO3UYM Ha TeMy «MHUKpOOHbIE OMOTIECTHINABI B CTPaHaX
C HU3KUM U CPEAHUM JIOXOIIOM: YCIIEXH, HY>KIBI U BBI30OBBD).
[IpenBapuTenbHO 3aMCAHHBIE CEKIIUOHHBIE JOKIA/bl U CTEH-
JIOBBIE JOKJIAABI B BHJIE 3IEKTPOHHBIX (pailioB OBLIM JOCTYI-
HBI 7151 O3HAKOMJICHHSI YYaCTHUKAMU Ha MPOTSHKEHHH BCETO
MEPOIIPUSATHS, U ISl UX 00CYKACHUsI ObIIIM OpraHU30BaHbI OT-
JeTbHBIE ceccui. B mporpamMMe OBLIO NMPEACTaBICHO CBBIIIE
160 Hay4HBIX TOKJIQZOB, BKJIIOYAs 2 BBICTYIICHHS POCCHIA-
CKHX YUYEHBIX, TIOCBAIICHHBIX HOBOMY BHy MUKPOCHOPHINI
tpemarox (Cokonosa }O.5. u ap.) ¥ TECTUPOBAHHUIO YHTOMO-
MIAaTOT€HHBIX MHUKPOOPTaHM3MOB IPOTHB CHOMPCKOTO IIEIIKO-
npsaa (Tokapes 10.C. u np.). Takxke poccuiickue y4aCTHUKH
MPUHSAIM y4acTHe B OpraHusaluu cumnosuyma OTneneHus
Mukpocnopuanii IByX CEKIIMOHHBIX 3aceJaHuil.

PAST CONFERENCE: SECOND VIRTUAL MEETING
OF THE SOCIETY FOR INVERTEBRATE PATHOLOGY

Since 1967, the Society for Invertebrate Pathology
(SIP) has brought together members from diverse scientific
backgrounds under the unified discipline of invertebrate
pathology. The SIP has 7 Divisions: Bacteria, Diseases
of Beneficial Invertebrates, Fungus, Microbial Control,
Microsporidia, Nematode and Virus, which promote scientific
knowledge of pathology of invertebrate animals, including
pest species and species of commercial interest. Due to the
ongoing coronavirus pandemics, it was decided again to hold
the annual meeting online from 1st to 4th of August 2022
in Port Elisabeth, South African Republic. The scientific
program provided the latest fundamental and applied findings
in invertebrate pathology. Among the scientific highlights, the
society’s divisions have put together stimulating symposia

(Virus, Bacteria, Microsporidia, Nematode & Microbial
Control) and the plenary symposium has been on ‘Microbial
biopesticides in lower and middle income countries: success,
needs and challenges’. All symposia have been live while the
contributed talks were prerecorded and poster presentations
were available as electron files. Live chat sessions were
organized for the discussion. Over 160 talks were included in
the program, including two from Russia, dedicated to a new
species of microsporidia from trematodes (Sokolova Y.Y. et
al.) and testing entomopathogenic microorganisms against the
Siberian silkmoth (Tokarev Y.S. et al.) Russian participants
have also contributed to organization of Microsporidia
Division Symposium and two live sessions.
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O NPOIIEAINEM MEPOIIPUATHUMN:
XVI CBE3J]l PYCCKOI'O QHTOMOJIOI'MYECKOI'O OBIIECTBA

Pycckoe sHTOMONOTHYECKOE OOMIECTBO — OTHO U3 CTapeii-
IIUX HAYIHBIX OMOIOTHYECKHAX OOMIECTB CTPaHBI, HACUUTHIBA-
toree cBoitie 160 neT co qus ocHoBaHUA. POO B cBOMX psiax
ob0benuusier 6otee 700 SHTOMONIOTOB — MPO(ECCHOHANIOB U
nmroouTesnel, 00beKTaMHi MHTEPECOB KOTOPBIX SIBISIOTCS 0CO-
Ou, MOMYJIAUU U BUIBI — BCE MHOTOOOpa3ue HACCKOMBIX U
JIPYTUX YIEHUCTOHOTUX *KUBOTHBIX HA Hallel rianere. 21-26
asrycta 2022 roma coctosuicst XVI cpe3n Pycckoro sHTOMO-
JIOTHYECKOTO O0IIIeCTBa, Ha KOTOPOM OBUIH MOABEACHBI UTOTH
SHTOMOJIOTUYECKUX HMCcieloBaHul B Poccuu 3a nsaTuieTHUi
MePHOJ, IPOIIEIIINA ¢ MOMeHTa npouuioro Che3aa, COCTOsB-
merocst B 2017 r. B8 HoBocubupcke. MeponpusiTie nponuio Ha
6aze bronornueckoro dakynsrera MI'Y um. M.B. JlomoHo-
copa. Hay4Has nmporpamma BKJITIO9asIa INIEHAPHOE 3acelaHue U
15 CexIMOHHBIX 3aceJaHNi, B TOM YHCIIE JBE CEKIINHU, TIOCBS-
IIEHHBIE BPEIHBIM 00bEKTaM CEeITbCKOTO U JIECHOTO XO35HCTBA
1 00pbOE ¢ HUMHU.

Ha mnenapHOM 3aceaHuy JOJIOKEHBI TOKJIAIBI O MPHYH-
HAaX U CICICTBUSX BCIBIIIEK MAacCOBOTO Pa3MHOKEHUS BpEI-
HBIX HACEKOMBIX-(uTodaros B ecax CeBepo-3amana PO (Ce-
muxoBkuH A.B., CIIGIJITY), o cBa3yromei pou HaCeKOMBIX
B (DYHKIMOHHPOBAHMM HAJ3EMHBIX M IMOA3EMHBIX Tpoduue-
ckux cereit (Tuynos A.B., Bunorpanos [1.[., U133 PAH),
00 ycnexax B obOmactu naneodntomonoruu (Pacaunea A.IL,
[MNH PAH) u 0 MeXBHAOBOW THOPHIU3AIMHA HACEKOMBIX
(JIyxranos A.B., 31IH PAH).

K pe3onronuu cbes3na y4acTHUKaMHU CEKLMM CENIbCKOX035M-
CTBEHHOW SHTOMOJIOTHH C/IETIaHbI CIEAYIOIINE MTPEITOKECHHUS:

«C y4eToM yCHUIIeHUSI MHBa3UOHHBIX MPOIECCOB, YUEHBI-
mu BU3P npeanoxkena HoBas nmapaaurma 3amluThl PaCTEHUH,
HaIpaBJICHHAs Ha CTaOMIN3AINIO arPOIKOCHCTEM C UCIIONB30-
BaHHEM MPUHINIHAIFHO HOBBIX TEXHOJOTHH MOHUTOPUHTA U
MOJIEKYJISIPHO-TEHETHIECKUX METO/IOB cenekimu. [lapanurma

IIpelycMaTpuBaeT CBepXpaHHee OOHapy)KEHUE BpeauTeliei,
COKpaIlleHHE MPHMEHEHUs] IMECTUIUIOB M YCHWICHHE PONU
MIPUPOJHBIX MOMYJIALUA dHTOMOGAroB. [l yHUYTOXEHHS
WHBAa3HOHHBIX BUJOB OyIET yCHUIIEH aCCOPTUMEHT MECTUINIOB
U TPOBE/EHA CENEKLUs KIIIOUEBBIX BHIOB 3HTOMO(AroB Ha
PE3UCTEHTHOCTh K 3TUM IpenaparaM. BaxxHelIui aneMeHT
yKa3aHHOW mapaaurmel — puTocaHnTapHOE IPOEKTHPOBAHNE,
KOTOpO€ 00eCIeYrBaeT yIpaBieHUE MOMYISLUUSIMA BPEIHUTE-
nei u 3HTOMOGaroB Ha arponaHamadTHOM ypoBHe. Cbes3n
P3O0 ormeuaer 3HaunrensHOe npozsmwkenue HUP B obnactu
MH(EKINOHHOM MaTONIOTHH HACEKOMBIX, YTO MO3BOIMIIO CO-
31aTh HOBBIE OMONpenapaThl Ha OCHOBE YHTOMOINATOTCHHBIX
rpuboB a7 00pBEOEI ¢ capaHIOBBIMU. [IpH HaydHOM COTIPOBO-
xaeaun BU3P B 0coboit sxoHOMu4eckoii 30He CaHkt-Ilerep-
Oypra 3amymeHo kpynHeiimee B Poccun 6M0TexXHOIOTHIeCcKoe
MIPOM3BOJICTBO SHTOMO(AroB. YYaCTHUKU CEKIMU CEJIHCKOXO-
3SUCTBEHHON YHTOMOJIOTHH OOpAaIIaloT BHUMaHUe Ha HEO00X0-
auMocTh paciupennss HUP mo pe3sucTeHTHBIM MOMmysusiM
HKOHOMUYECKU 3HAYMMBIX (UTO(AroB M KapaHTHHHBIM O0b-
exTaM. CeNeKIHIO CeIbCKOX03sIMCTBEHHBIX KYIBTYP LENeCo0-
Opa3HO HanpaBHUTh Ha CO3JIaHUE COPTOB C YCHJICHHBIM CHHTE-
30M BEIIECTB, ITPUBJICKAIOIINX XUITHAKOB M Mapa3uTONIOB B
oyaru Bpeautenel. [ MUPOKOro MCIOIB30BAHUS METOJOB
TEHETUYECKOTO PEAAKTHPOBAHMS B CENEKIUH SHTOMO(Aron
HEoOXoAMMO pa3pabaThiBaTh MX YacTHYIO I'eHETHKY. B xoxe
00Cy>X/IeHHs TOKJIa/I0B, TOCBSIICHHBIX YYaCTHBIINMCS HH-
Ba3usIM, NOAYEPKHBAIACh HEOOXOIUMOCTh MEPEHTH OT peru-
CTpaluy HOBBIX WHBA3MOHHBIX BUAOB K U3YUEHHIO UX OHOIIO-
TH{ ¥ BPEAOHOCHOCTH B JIOKIBHBIX YCIOBHAX. Y YaCTHHKAMH
CEeKIIMH BbICKa3aHO Ipeioxkenne K [Ipesuanymy POO: omy-
OmmkoBath Ha caiite POO Tekct Yeraa o0IiecTBa U OpraHu-
30BaTh €ro 00CYK/IEHHE C IEIHI0 MOACPHU3AIINNY.

PAST CONFERENCE: XVI MEETING OF RUSSIAN ENTOMOLOGICAL SOCIETY

The Russian Entomological Society is one of the oldest
scientific biological societies in the country, dating back over
160 years from its foundation. RES unites more than 700
entomologists — professionals and amateurs, whose objects
of interest are individuals, populations and species — the
whole variety of insects and other arthropods on our planet.
On August 21-26, 2022, the XVI Congress of the Russian
Entomological Society was held, at which the results of
entomological research in Russia were summarized over the
five-year period that have passed since the last Congress, held
in 2017 in Novosibirsk. The event was hosted by the Faculty
of Biology of Moscow State University. M.V. Lomonosov.
The scientific program included a plenary session and 15
sections, including two sections devoted to harmful objects of
agriculture and forestry and their control.

At the plenary session, reports were presented on the
causes and consequences of outbreaks of mass reproduction of
harmful phytophagous insects in the forests of the North-West
of the Russian Federation (Selikhovkin A.V., St. Petersburg
State Forest Technical University), on the linking role of
insects in the functioning of the aboveground and underground
trophic networks (Tiunov A.V., Vinogradov D.D., Institute
of Problems of Evolution and Ecology RAS), progress in
paleoentomology (Rasnitsyn A.P., Paleontological Institute
RAS) and interspecific hybridization in insects (Lukhtanov
A.V.,, Zoological Institute RAS).

As an amendment to the resolution of the Congress, the
participants of the section of agricultural entomology proposed
the following:
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“Taking into account the strengthening of invasive
processes, the scientists of All-Russian Institute of Plant
Protection have proposed a new plant protection paradigm
aimed at stabilizing agroecosystems using fundamentally
new monitoring technologies and molecular genetic breeding
methods. The paradigm provides for ultra-early detection of
pests, reduction in the use of pesticides and strengthening the
role of natural populations of entomophagous arthropods.
In order to eliminate the invasive species, the assortment
of pesticides will be strengthened and key species of
entomophagous arthropods will be selected for resistance
to these agrochemicals. The most important element of
this paradigm is the phytosanitary design, which ensures
the management of pest and entomophagous arthropod
populations at the ecosystem level. The Congress of the Russian
Entomological Society notes the significant progress in the
field of infectious pathology of insects which made it possible
to create new biological products based on entomopathogenic
fungi for locust control. With the scientific support of VIZR, the

largest biotechnological production of entomophagous insects
and mites in Russia was launched in the special economic zone
of St. Petersburg. Participants of the agricultural entomology
section draw attention to the need to expand R&D on resistant
populations of economically important phytophagous pests
and quarantine objects. It is advisable to direct the selection of
agricultural crops to create varieties with enhanced synthesis
of substances that attract predators and parasitoids to the pest
foci. To facilitate the wide use of genetic editing methods
in the selection of entomophagous insects, it is necessary
to develop molecular genetic studies of particular species.
In the course of the discussion of the reports devoted to the
increasing frequency of invasions, the need was emphasized to
move from the registration of new invasive species to the study
of their biology and harmfulness under local conditions. The
participants of the section made a proposal to the Presidium
of the Russian Entomological Society to publish the text of
the Charter of the Society on the website and to organize its
discussion for the purpose of modernization”.
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O NPOIIEAINEM MEPOIIPUATUMN: XTI MEXKXIAYHAPOJAHASA KOHOEPEHIIUA
«BAOJIOTHYECKAS 3AIIUTA PACTEHUM —- OCHOBA CTABHJIN3ALIUA
ATI'POOKOCHCTEM»

C 13 no 15 cents6ps 2022 roga B Kpacnomape mpomnuia
XI MexnayHaponHas Hay4YHO-IIPAKTHYECKas KOH(EPEHIHS
«buonornyeckas 3amyra pacTeHHH — OCHOBA CTAOMIM3AINN
arposkocucTeM» Ha 0Oasze (PenepasbHOTO Hay4HOTO LEHTpPA
Ouonornyeckoil 3alMTHl pacTeHni. B Hell npuHsm ydactue
300 uenosek u3 Poccun, Adxasuu, benapycu, Kazaxcrana, ¥V3-
oekucrana, Cepoun, Kuras, bpaswmmu, 3um6a6Be, Hurepuu u
Typuun. B nepBslif eHb cocTosAnach NaHeIbHas AUCKYCCUS U
JIEKTOPHH 110 KITFOYEBBIM HAIPaBJICHUSIM TEMaTHKH KOH(epeH-
IIUH, B KOTOPBIX NpUHAIH ydactue 14 cnukepos. Ot ®IT'BHY
BU3P npunsan yvactue axagemuk PAH Buxrop MBanoBHY
Jlomxkenko. bonpmioil MHTEpeC y4acTHHKOB BBI3BAJIM Pado-
Ta CeMM CeKIUi co 126 BBICTYNJIEHUSAMH IO BCEM HAIPaB-
JICHUSIM, CBSI3aHHBIM C OHMOJIOTMYECKOW 3aIUTOH paCTEeHUIA;
’KydenkoBckue ureHus VII, nmocesiieHHbIe BUIHOMY Y4€HO-
My-OHOJIOTY, CO3JaTeNI0 HAYYHOTO HAIlPaBJICHHS 110 SKOJIOTH-
yeckoil reneruke akageMuky PAH A.A. XydeHko; BeICTaBKa
MIPOU3BOJUTENEH CPEACTB 3aIlIUThl PACTEHUN U OPraHUYeCKON
TIPOIYKIMH, IPOU3BEIEHHOM 110 TPeOOBAHHUSIM MUPOBBIX CTaH-
naproB. Briepeeie B KpacHonapckom kpae B paMmkax KoH(e-
pernuu cocrosnack Illkoma PH® 2.0, B kotopoil mpuHsin
yuactue Anjpeit Hukonaesnu bnamuHOB, 3amecTuTens reHe-
pansHOTO IHpexTopa Poccuiickoro Hayunoro ¢onna, 1 Mapus

HuxonaeBna MuxaineBa, 3aMecTUTENb HayaJlbHUKA YIpaBiie-
HUSI IIPOTrpaMM U TpOeKToB. COCTOSIICS OTKPBITHIN JWAJIOT C
KyOaHCKUMH yYEHBIMH, B KOTOPOM YYaCTHHKH CMOIIIN 33/1aTh
aKTyaJbHBIE BOIIPOCH! 0 pabore Poccuiickoro HayyHoro ¢oH-
Jla ¥ MOJIyYNTh Ha HUX OTBETHI. [Ipormenrias koHpepeHus —
Ba)KHBIN HayYHO-TIPAKTUUYECKUI POpyM IO OHOIOTH4eCcKoi 3a-
LIHUTE, OPraHMYECKOMY 3€MIIEAEIINIO, IPOBEICHHBINH B paMKax
npa3anoBanust 300-netus Poccuiickoit Akagemun Hayk u B
neHb 85-netus odpasoBanus KpacHomapckoro kpast. Peryssp-
HOCTb €€ IIPOBE/ICHHS — CBUJIETEIBCTBO MPOTAraH /Il HayYHBIX
JOCTIKEHUH B 00JIACTH COBPEMEHHBIX arpoOHOTEXHOJIOTHH,
OMOJIOTMYECKOH 3aIIUTHI PACTEHH, B T.4. JUIsI TEXHOIOTHH Op-
TaHUYECKOTO CENIbCKOTO XO3SHCTBA; (OPMHUPOBAHUS E€TUHOU
KOMMYHHKAIIHOHHOW IIIOIAAKH B cdepe arpoOHOTEXHOIO-
THi; YKPEIUIeHNS! MEXKPETHOHAIBHOTO H MEKTyHaPOIHOTO CO-
TPYAHUYECTBA; pa3BUTHE CBsI3el MEXIY HayKOW M ITPOHM3BOJI-
CTBOM; ITOITYJISIPU3AIIMH [IEHHOCTEH M BO3MOXKHOCTEH HayqHOH
1 MHHOBAIMOHHOU cucteMbl Poccun. K xondepenunn Obim
W3aHBl 1Ba COOpPHUKA HAy4YHBIX TPYIOB, a TakKe OpouIopa,
TIOCBSIIIEHHAs BBIAIOIIMMCS YIEHBIM B 00acT Ouosoruye-
CKOH 3aIllUTHI paCTCHUH.

http://events.fncbzr.ru/upload/medialibrary/a03/post-
release.pdf

PAST CONFERENCE: XI INTERNATIONAL CONFERENCE “BIOLOGICAL PLANT
PROTECTION - THE BASIS FOR AGROECOSYSTEM STABILIZATION”

From September 13 to 15, 2022, the XI International
Scientific and Practical Conference “Biological Plant
Protection — the Basis for Agroecosystem Stabilization”
was held in Krasnodar on the basis of the Federal Scientific
Center for Biological Plant Protection. It was attended by 300
participants from Russia, Abkhazia, Belarus, Kazakhstan,
Uzbekistan, Serbia, China, Brazil, Zimbabwe, Nigeria, and
Turkey. On the first day, a panel discussion and lectures
were held concerning the key areas of the conference scope,
in which 14 speakers took part. Academician of the Russian
Academy of Sciences Viktor Ivanovich Dolzhenko took part
from All-Russian Institute of Plant Protection. The participants
were greatly interested in the work of seven sections with 126
presentations in all areas related to biological plant protection;
Zhuchenkov’s Readings VII, dedicated to the prominent
biologist, founder of the scientific direction in ecological
genetics, Academician of the Russian Academy of Sciences
A.A. Zhuchenko; exhibition of manufacturers of plant
protection products and organic products produced according
to the requirements of world standards. For the first time in the
Krasnodar Territory, the Russian Science Foundation School
2.0 was held as part of the conference, which was attended by
Andrey Nikolaevich Blinov, Deputy General Director of the

Russian Science Foundation, and Maria Nikolaevna Mikhaleva,
Deputy Head of the Programs and Projects Department. An
open dialogue was held with Kuban scientists, in which the
participants were able to ask topical questions about the work
of the Russian Science Foundation and get answers to them.
The past conference is an important scientific and practical
forum on biological protection, organic farming, held as part
of the celebration of the 300th anniversary of the Russian
Academy of Sciences and on the day of the 85th anniversary
of the formation of the Krasnodar Territory. The regularity of
its organization is an evidence of the promotion of scientific
achievements in the field of modern agrobiotechnologies,
biological plant protection, incl. for organic agriculture
technologies; formation of a single communication platform
in the field of agrobiotechnologies; strengthening interregional
and international cooperation; development of links between
science and production; popularization of the values and
opportunities of the scientific and innovative system of Russia.
Two collections of scientific papers were published for the
conference, as well as a brochure dedicated to outstanding
scientists in the field of biological plant protection.

http://events.fncbzr.ru/upload/medialibrary/a03/post-
release.pdf
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IMAMSATHU UPMBI BUKTOPOBHBI UCCH

IN MEMORY OF IRMA V. ISSI

na Hayku cogem 0OuH — He npoesdiceli 00po2ot uomu,
A 8 He8eOOMbBIX HAM MUPAX XOMb MPONUHKY C80I0 HAUMU,
UYmob Hesedombill panee Mup, He U3BeCHHbIU eé HUKOMY,

To1 661 cMO2 HalimMU U XOMb YMO-MO NOHAMb camomy.

U.B. Hccu

29 cenTsi0ps 2022 roga ymuia u3 xu3Hu Upma BukropoBna Uccu — yuéHbIiH-010J10T MEUPOBOTO YPOBHS,
AOKTOP HayK, npogeccop, co3nareb 0Te4eCTBEHHOI HAyYHOI IIKOJIbI MUKPOCITOPHANOJIOTHH.

Hpma BuxroposHa
Hccn pommmace 11 sHBa-
ps 1930 . B Jlenunrpaze.
Ha nepuon e€ oOyuenus B
CpelHEe! ILIKOJE IMpUILIAach
Benukas  OteuyecTBeHHas
BoliHa, u Bce 900 gHeit O10-
kanbl Jlenunrpaga HMpma
BuxkrtopoBHa 1mposena B
ocaxxeHHOM ropozne. Kax
OHa IHcajia B CBOUX BOCIIO-
MHHAHUSAX O BOMHE, «BCIIO-
MUHas OJoKagy, s 10 CHX
[Op HE MOTY IOHSTbH, Kak
MBI BBDKHJIM U Kak BOOO-
€ MOXXHO OBIIO BBDKHTH
B TaKUX YCJIOBHUSX. .... S| HUKOTZA HE JKajeja U He JKaJer O
TOM, YTO ocTanach B OnokagHom Jlenunrpaze. ... M ato 4ys-
CTBO — sI MOOEIMTENH — MIOMOTAJI0O MHE ¥ BBDKHTBH, U TIPOCTO
MEPEKUTh MHOTHE TPYIHbIE UM Tparuuyeckue Mepruoabl Moeit
®u3Hm»'. Tloce OKOHYaHHS BOIMHBI €€ OTEIl, KaK COTPYAHHK
mraba 3-ro YkpanHCKoro (poHTa, ObLI MEPEBEJCH B IITA0
HO>xHO# TpyNIIbI COBETCKMX OKKYMAIMOHHBIX BOMCK B I. KoH-
craHua, Pymeiaus. Tam Mpma BukropoBHa kuna U yuusnach B
IIKOJIE B TEYCHHE TMOIYTo/1a, IIOCHIe Yero BepHyaach B JIeHnH-
rpaa. Mpma ¢ mercTBa yBiekanach pHCOBaHHEM, 3aHUMAJIaCh
B XYIOXECTBEHHOM KpyXKe JIEHHHIpaJCKoTo ABOpLIA MHOHE-
POB U Jenana 3HauYuTeNabHble ycnexu. OqHaKo 3HAKOMCTBO C
O0COOEHHOCTSIMH Kapbephl PSJOBBIX COBETCKUX XYIOKHHKOB,
BBIHY)KJICHHBIX IOCBAIIATH OCHOBHOE BPEMS PYTHHHBIM 3a-

* Hcen UB (2016) Kak Mbl Bk, Most BoifHa, Mosi Ookaza. ..
B kn.: briokana masamu oueBuaneB. Kuura tpetbst. CI16: Octpos.
68-282. http://iae.makorzh.ru/Bystrow/blockada.htm

Ka3aM, He UMEIOIIMM HUYEro OOILIero ¢ TBOPUECTBOM, HOCITY-
KUJIO MPEIATCTBUEM 1A BLI60pa TaKOI'o XU3HCHHOI'O ITyTH.
brnaromapsi TecHOMy OOLICHUIO CO CBOMM JIsiied, N3BECTHBIM
naneoHrosorom AnexceeM llerpoBuuem bricTpoBbIM, OHa
KHBO 3aMHTEPECOBAJaCh IAJICOHTONOTHEH, M 3TO OTYACTH
ompenenuiao e manpHeHIyro cyap0y kak Ouonora. Ilo co-
CTOSTHUIO 30POBbsA, MOAOPBAHHOI'O TAXKCIBIMU YCIOBUAMU
OJ10Kabl, BOIIPEKU €€ KeNaHWI0 eil He ObUIO PEeKOMEHI0Ba-
HO YYMTBCSI Ha reojorudeckoM ¢akynprere JIeHHMHrpaICcKo-
ro rocynapctBeHHoro yausepcurera (JII'Y), B cBsa3u ¢ uem B
1949 r. oHa mocTymuia Ha OWoMorHYecKuil (akyasreT, Oe-
CTALIC CAaB BCTYNMUTEIIbHBIC DK3aMCHBI.

IMpenonaBanue Ha Ouodake B TO BpeMs HOCWIIO BeChbMa
cneuuduyecKre YepThl BBUAY O(HUIMAILHOTO IPU3HAHUS TaK
Ha3bIBACMOW «MHUYYPHHCKOH OHMOJIOrMU» M OTPULAHHUS BCEX
OCHOBOIIOJIATalOIIMUX IOJIOKEHUM KIAaCCUYECKOM T'E€HETHKH,
C 4eM IperoaBaTely, eCIi OHH IIAHWPOBAIM MPOAOIIKATH
pabory B cTeHax YHUBEp-
CUTETa, HC HMCIM IIpaBa
He cortamarkcs. Tak OBLT
YBOJICH MPOTHCTOJOT MH-
posoro yposHas IOpuit NBa-
HoBu4 IlomsHckuid. Ilpu
3TOM Kadeapy TapBUHU3MA
BO3IVIABJISUI HE KTO HHOM,
kak Mcaii U3paunesuu Ilpe-
3€HT, M3BECTHBIM KaK IJIaB-
HbI TpomaraHjucT uaeu
Tpoduma Jlenucosnua JIbi-
CEHKO, YTO Hemb3sl pacle-
HUBaTh WHa4e, KaK IOJIHOE
obeclicHUBaHUE U HCKaXKe-
HUE OTKPBITHMH BEJIMKOIrO
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OCHOBOIIOJIO)KHUKA JBOJTIONMOHHOM Omonornn Yapmie3za dap-
BuHA. TeM He MeHee, IBITIMBBINA yM, )KU3HEHHBbIE HaOIoze-
HUSI ¥ 3HAKOMCTBO C TE€M, KaK ITPOXO/SIT Hay4HBIC AUCKYCCHU
B cTeHaX BoeHHo-MenunuHCcKol Akagemun, no3sonunu Mpme
BukTopoBHe copMupoBaTh COOCTBEHHOE MHEHUE I10 ITaHHO-
My Bompocy. [lonyueHne cUCTEMHBIX 3HaHWH B 00JacTH re-
HETHKH CTaJI0 BO3MOXHBIM OJarofapst My»kecTBy npodeccopa
VBana VBaHoBuua CoKoJIOBa, IPHOOIIABLIErO CTYJIEHTOB K
«TallHBIM 3HAHUSAM» B HeO(UIMAILHOH OOCTaHOBKE, a TaK-
K€ yMEJIOMY CTHJIIO IPEIOoJaBaHUs M3BECTHOTO COBETCKOTO
ABOJIIOIIMOHUCTA M UCTOpUKa Hayku Kupwmina MuxainoBuya
3aBa/ICKOro, KOTOPBII HaXoIWJl BO3MOXKHOCTb IepeaTb Ha
JIEKIUAX CBOE MCTHHHOE OTHOIIEHHE K UIEesIM, JOMUHHPYIO-
MM TOTZIa B COBETCKOM Omonornu. CoBepIieHHO HOBBIMU Ma-
TepuagaMy MO 3BOJIIOIMU U (PUIOTCHUH PACTUTEIBHOTO MHPA
SIPKO U 00pa3HO JICNUIICS HA CBOMX YBJICKATEIbHEHIINX JICK-
USX 3HAMEHUTHIA COBETCKHI OOTaHWK, OymymIuil akaIeMIK
AH CCCP Apwmen JleonoBud TaxtamksH. O CyIIeCTBOBAaHHA
TIIABHOTO O00BEKTa HAYYHOH pabOTHI Beel cBoel xu3an Mpma
BuxkropoBHa Takxe y3Hana B YHUBEPCUTETE OT BUJHEHILIErO
OTEYECTBEHHOTO 300JI0Ta C MHPOBBIM HMEHeM, BaneHTuHa
Anexcangposuua Jlorens, KOTOPBIA paccKa3blBal Ha CBOUX
JIEKIUAX 00 YHUKAIFHOM CTPOSHUH MUKPOCIIOPHINH.
Y4eOHyI0 NpaKTHKy CTYyACHTHI OMOdaka MPOXOIUIN Kak
B npuropoze Jlenunrpana Ilereprode, Tak ¥ B 3am0BeIHHUKE
«Jlec Ha Bopckne» benropoxckoit obmactu. Tam Han®omb-
mmi naTepec MpMbel BUKTOPOBHBI BBI3BAIM HACEKOMBIE. JTO

Jumom N.B. Uccu 06 oxonvanuu JII'Y B 1954 1. mon-
nucsiBan yxe I0.W. IonsHCKMA, KOTOPBIN CMOT BEPHYThCA K
pabote Ha dakynsrere. K Tomy Bpemenu Mpma BukropoBHa
BBILIJIA 3aMY’K 32 BOGHHOT'O MOpSIKa, B CBSI3U C Ye€M OTKa3a-
Jack OT pacmpenenenus B KpacHomapckuii OMOOTHYeCKU
uHCTUTYT. Yepes roj mocjie TOro, Kak crajia Marepblo, OHa
3aHsJIaCh TOUCKOM BO3MOXKHOCTH MPOJOJDKUTE 00y4eHHe WU
paboty no crnenuanbHocty B Jlenunrpane. IlepBeiM MecToMm,
KyZla OHa yCTpOMIack, Oplta ropojackast CTaHIUS 3alUTHI Jiec-
HBIX HACAXKIEHUM, HO HECUACTHBIN Cllyyall Ha IPOU3BOJICTBE,
IIPUBEALINI K OTPABIEHUIO T'€KCAXJIOPAHOM, CTaJl PUYUHOMN
BpadeOHON pEeKOMEHJAIMH He PadoTaTh ¢ CHHTETHYECKUMHU
nHCceKTHIuAaMu. I[IOMCKM TeMBl aCHHPAHTCKOW IMOATOTOB-
ku npuBenu Hpmy BukropoBHy Bo BcecorosHblil MHCTH-
TyT 3amuTel pactennit (BU3P), tme or mepBoro Bapmanta,

COBIIAJIO ¢ KadeIpanbHBIM paclpelelieHHeM — OHa Iomaa
Ha Kadenpy HTOMOJIOTHH, BO3INaBIsieMyro Toraa bopmcom
HuxonaeBnuem llIBaBHYEM, UbHM YyYEOHHKH NMPEKPACHO H3-
BECTHBI IIOKOJICHUSIM OTEYECTBEHHBIX SHTOMOJIOTOB M HE yTpa-
TUJIM CBOEU akTyalbHOCTU 10 cux nop. Ilox pykoBoacTBoM
Arnexcanngpa CepreeBnda J|aHMIEBCKOTO, OIHOTO W3 OCHO-
BOIIOJIOKHMKOB TE€OpHH (hOTONEPHOAM3MA HAacEKOMBIX, Mpma
BukropoBHa yuyacTBOBaJIa B M3y4E€HHH OCOOEHHOCTEH (oTO-
TICPUOINYECKON peakIMi HAceKOMBIX pas3HbIX oTpsgoB. C
JIPYTOl CTOPOHBI, BBIIIOJIHEHUE IOCTATOYHO PYTHHHOM paboThI
10 JIOCKOHAJIEHO OTpabOTaHHBIM METOJMKaM HE MOIVIO BCe-
pbe3 YBJIEYb TaKylO0 TBOPYECKYIO HaTypy, kakoi Obuta HMpma
BukropoBHa, 1 BOIpoc 0 BBIOOpE TEMBI JTUIJIOMHONW paboThI
ocTaBaJICsl OTKPBITHIM. B pesynbrare npodeccop kadenpsl
Onyapa Kapmosuu [puHdensa mpeayioku el uccieIoBarh
MaJI0 M3y4YEHHYIO TOTZa POJIb )KYKOB B OIBUICHHU PacTEHHH
B XO7I€ JIETHEH MpakTHKH B 3amnoBenHuke «Jlec Ha Bopckiey,
W MPEAOCTaBUII MPOCTOP AJISI CAMOCTOATENBHOM AesTeIbHO-
cTd. B Xome BBIMOMHEHHS 3HAYMTEIBHOTO 00BEMa padoT B
MOJIEBBIX U JIAOOPATOPHBIX YCIOBUSIX, KPOIOTIMBO cOOMpas
W aHaJIM3Mpys pa3HooOpas3Hble naHHble, Mpma BukroposHa
CMOIJIa OTBETUTH HA ITOCTABJIEHHBIM BONPOC, W MOIy4YEHHbIE
PpE3yIbTaThl HE TOJIBKO JIEIIN B OCHOBY €€ TUMIJIOMHON paboTHl,
3aMUIIEHHON Ha OTIIMYHO, HO M MOCITYKIJI MaTepuaioM JUIs
e€ mepBoii HayuHO# crateu (I pundensa, Mccu, 1956), a Tak-
K€ JI7Is1 ONHOM U3 IVIaB TOKTOPCKOM AMCCepTaly €€ HaydHOI'o
PYKOBOAWTETISL.

2 ; P = N

obnacts (https://commons.wikimedia.org/)

MIPEUIOKCHHOTO 3aBEAYIOMIMM J1a0opaToprel UMMYHHUTETa
pactenuit Mcaakom JlaBunoBuuem Illanupo, ona orkaszanack
[0 TPUYMHE BBICOKOW CTEIEHH pPa3pa0O0TaHHOCTH HAayYHOMH
MPOOJIEMaTHKH W COOTBETCTBYFOIIUX METOAMYCCKUX IMOIXO-
JIOB, UTO TAPAHTUPOBAJIO YCIICITHOE BHIMOIHCHHUE TPEXJICTHETO
IUTaHA UCCIICIOBAHUM, HO MPEBPAIIaI0 TBOPYSCKUI MPOIECC
TI03HAHMS B PYTHHHYIO 00paboTKy Marepuaina. E€ npusnekia
nabopaTopusi MUKPOOHOIOTUICCKOM 3aIUThl PACTCHUHN U3-32
pa3Hoo0pa3usi MUKPOOPTaHU3MOB, HCIIOJB3YEMbIX B 3aIUTE
pacteHuii, cinaboil M3yYeHHOCTH MHOTHMX aCIEKTOB MX OHO-
JIOTHH, ¥ HEOOXOIUMOCTH pa3pabOTKUA HOBBIX METOAMYCCKUX
noaxonoB. Y nockonbky 115t Upmbl BUKTOpOBHBI JaHHOE Ha-
MpaBjcHUEe OBUIO aOCOMIOTHO HOBBIM, OHA MPEIIOYIa Mepe.
MOCTYTUICHHEM B aclUpaHTypy mnopaborarh B JabOpaTopuu
B TEYEHHE Tofa. 3a 3TOT MEPHOJ € IOBEJIOCH BBIIOIHUTH
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3HAYUTENIFHBIN 00BEM HCCIIEOBAaHNH MATOJOTHH HAaCEKOMBIX
0 TUTaHAM JJabopaTopuu, BKIIOYash KOMaHIUPOBKY B TOPHBIC
neca 3akapnarbsl B TeUEHHE TPEX MECSIEB MOJIEBOTO CE30Ha,
YTO OKOHYATENBHO YKPEHMWIO JKEJIaHUE CaMOCTOATENBbHON U
HHU OT KOTO He 3aBHCsAIICH paboThl B 001acTH MHUKPOOHOIIO-
TUYECKOM 3alMThl pacTeHuil. [y AanpHEHIIero U3yuyeHus
Hpme BuxropoBHe OBUIM HPEIUIOKEHBI JABE TPYMIIBI Mapasu-
TUYECKUX MPOTUCTOB — MUKPOCIOPUANH U TPErapuHbl, U BbI-
6op ObUI cemaH B TMONIB3Y NEPBBIX, B TOM 4Hcie Onmaromaps
BBIIIECYNOMSHYTBIM JIeknusiM B.A. Jlorens.

ITocne nocrynnenus B acnupantypy B3P 3umoit 1961 r.
Mpma BuktopoBHa npHCTynuIa K U3y4€HUIO BCEH JOCTYMHON
3apy0OexHoil nmuTeparypsl, Beap B CoBerckoM Coro3e Ha TOT
MOMEHT OBIJIO OITyOJIMKOBAaHO ONMCAHUE JIUIIH IBYX BHJIOB MH-
KPOCTIOpUNH, & CIOXKUBIINECS Hay4YHbIE TPYIIIBI 3aHUMAIIUCh
9TUMHU mnaroreHamMu B AHriuu, [epmanum, Yexun, Kanane,
CIIA n Aprenrune. bubmoreka 300710rn4eckoro HHCTUTY-
Ta CTajla OCHOBHBIM MECTOM €€ paboThl JO HACTYIUICHHS T0-
JIEBOTO CE€30HA, a MOCKOJIBKY CIOZla MOCTYMAIN AANEKO HE BCE
JKypHaJbl C HY)KHbIMU cTarbaMu, Mpma BukropoBHa 3aBsizana

aKTHBHYIO TIEPEIHCKY C 3apyOe)KHBIMH aBTOpAaMH HAyYHBIX
HCCIIEIOBaHNH, KOTOPbIE MPAaKTHYECKH BCETNA OTKJIMKAINChH
Ha 3aIpOoChl, MIPUCHUIAS SK3EMIUTAPHI OITyOIMKOBaHHBIX PYKO-
nuceil. Cobpannas 3a sxu3Hb W.B. Mccu Komneknus OTTHCKOB
cTarei 3apyOeKHBIX M OTEYECTBEHHBIX KOJIIET-MUKPOCIIOPH-
JIMOJIOTOB M TIPHJIATArOLIUICS K Hel OMOIMOTEYHBIH KaTalor,
HACUYMTHIBAIOIIMNA COTHU KapTOYEK, 3allOJIHEHHBIX €€ PYKoil,
ciryuT MuKpoctnopuauonoraMm BU3P no cux mop, Bens MHO-
THe U3 3THX U3JaHWH OTCYTCTBYIOT B POCCHICKHMX OnbOmmore-
Kax ¥ He A0CTynHbI B ceTH VIHTepHeT. CBsA3u ¢ 3apyOeKHBIMU
KOJIJIETaMH, Ha4aBIINECs C NIEPENUCKU WM JIMYHBIX BCTPEY Ha
MEXAYHAPOIHBIX KOHPEPEHIHSX, IEPEPOCIIH B IIIOIOTBOPHOE
Hay4yHOE CO/IPY’KECTBO CO MHOTMMH BCEMHPHO HM3BECTHBIMH
CHelManicTaMu o MUKpocnopuausam: SIpocinasom Baiizepom
(Yexmst), Porrn Jlapcconom (IBerus), Dun Kamm (CILHA),
Kacnapom @panuenom (I'epmanns), Exxu JIuno#t (Ilonsmra), a
B psiJie CJIy4YaeB M B UEJIOBEUECKYIO IPYKOY, KaK C BHLAAIOIINM-
cs yeuickuM ydeHsIM Hpxxu BaBpoii. OTH cBa3u nomoranu eé
acIMpaHTaM U yYeHHKaM HHTETPUPOBATHCS B MUPOBYIO HayKy.

Esxu JIumna B roctax y Upmer BuktopoBHEH (cripaBa)

C OTKpbITHEM MOJIEBOTO CE30HA, COMIACHO IUIAHY AacIH-
paHTCKO# moaroroBku, Mpma BukropoBHa ObLia Hampasie-
Ha B KOMaH/IMPOBKY B FOXKHbIE pailOHBI cTpaHbl — A3epOaii-
xaaH 1 KpbIM, T7ie B NpeimecTBYIONIEM rofy HaOIonaiich
BCIIBIIIKM MacCOBOTO Pa3MHOXEHHsI HEIapHOTO IIEJIKONpsiaa
n OBUIO 3aperHMCTPUPOBAHO 3apaXKEHHUE MUKPOCIOPUANSMH.
D710 OBUIO HENPOCTOE MyTEUIECTBHUE, MOJHOE SIPKUX BIEYAT-
JIeHW#, HO TPOBEAEHHbIE O00CIIENOBAHUS JIECHBIX MAacCHBOB
MIOKa3aJIi TOJIHOE OTCYTCTBUE MCKOMOro Bpemuresns. Cremy-
€T OTMETHTB, YTO 3TO KOCBEHHO YKa3bIBaJIO Ha BAXKHYIO POJIb
3apaXeHHsT MHUKPOCHOPHIMAMH B AWHAMUKE YHCICHHOCTH
HETIapHOTO IIEJIKONpPsa, KAaKOBOH ()EHOMEH B AajbHEHIIeM
oApoOHO M3ydascs 3apyOexHbIMH Kosuieramu. [Io Bo3Bpa-
IIEHNH W3 Hoe3aku Oe3 meneBoro Marepuana Mpme Buxro-
POBHE CTaJO M3BECTHO OT KOJUIETH O BO3MOXXHOM 3apayKCHUH
MHKPOCIIOPHIMSIMU KaIlyCTHON OCIISTHKM Ha KAIyCTHBIX TTOJISX
B [Iymkuae. CoOpaB HOBBI MaTepHall, OHA CMOIJIa TTOITBEP-
JIUTH 3TO MIPEAIIOIOKEHUE, K TEM CaMbIM HE TOJIIBKO KOMIICH-
cupoBana JeUIUT PE3yIbTaTOB CBOCH IOE3IKH HA 0T, HO U
oOHapy>XKuyia HOBBIN OOBEKT VIS WCCIECAOBAaHWNA, a WMEHHO
MHUKPOCIIOPHINH OCNIHOK, MX Mapa3uToB U THIIEPHIApa3UTOB,
IOCIIY>KMBILIUKA OCHOBHOM MOZEIBIO NApasuTapHbIX CUCTEM

U JUIsl KaHJUJATCKOW JMCCepTalluy, 3aluiieHHoi B 1964 r,
W Ul TIOCIeqyIOmuUX paboT, 0000IIEHHBIX, B TOM YHCIIE, B
paMKax JOKTOPCKOM JuccepTaluy, 3alluiieHHol B 1984 ., a
TaKXe JUIsl HECKOJNIBKMX KaHAWAATCKUX AWCCEpTaINi, 3aIiu-
LIEHHBIX oA pykoBoacTBoM Mpmer BukropoBHbl. Tak ona
cTaja NepBBIM NPOPECCHOHATEHBIM MUKPOCHOPUANOIOIOM B
Cogerckom Corose, U BIIOJIHE 3aKOHOMEPHO, YTO MMEHHO i
MOPYYaJIOCh PYKOBOJCTBO HCCIIEOBAHUSIMH MHUKPOCIIOPHINH
1 MUKPOCIIOPH/IN030B HACEKOMBIX, BBIITOIHIEMBIMH aCTINpPaH-
TaMu U3 pa3HbIX pecnyonuk Coserckoro Coro3a. MHTEpecHo,
yTO nepsas yueHuna, ['anuna Hukonaesna HwioBa, u3yuas-
masi MUKpOCIIOpUIUI 03MMOH U XJIONKOBOM COBOK B Tamku-
KHCTaHe, NosBMIachk emeé B nepuon obyuerns Upmer Bukro-
POBHBI B aCIIUPAHTYPE.

[To mepe pa3BuTHS OHOIOTMYECKHUX MUCCIEIOBAHNIN U BHE-
JIpeHHs HOBBIX HAyYHBIX 3HAHUI B MPAKTHKY HapOIHOTO XO-
34HCTBa, pociia BOCTPeOOBaHHOCTh B CIICIUAIMCTAX MaTOJO-
T'MH HaCEKOMBIX, BKIIIOYas MHUKPOCHOPUAMOJIOIOB, B Pa3HBIX
yrojikax Haimei Oonbiioi crpansl. BU3P cran nenrpom 06-
YUEHHUSI TAaKUX CIIEIMANUCTOB Nox pykoBoacTBoMm W.B. Uccw,
KOTOpasi cuuTaja CBOEH IepBoouepenHON 3anaueil obecrie-
YUTH KBATN(UINPOBAHHBIMH KaJJpaMH HayuHbIE YUPEIKICHUS,
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CBSI3aHHBIC C CEIECKUM H JIECHBIM XO3IHCTBOM, BETEpHHApHEH
U T.IL, BO BCEX COIO3HBIX peciyOnukax. Bcero ona moaroro-
Buiia cBbinre 30 KaHAMIATOB U 5 TOKTOPOB HAyK, U €CIIH JUIs
CBOMX HENOCPEICTBEHHBIX YYEHHKOB OHA CTaJla «HAY4YHOH Ma-
MOI», TO YYEHUKOB CBOMX YYEHHKOB OHA CUHMTala «HAay4YHbI-
MH BHYKaMi» ¥ TI0 TIpaBy Ha3bIBasia ceOs «HaydHOU 0alyti-
Koi». BakHas wepra HayuyHO#l mikossl Mpmbl BUKTOpOBHBI

IMocne pacmaga CoBerckoro Coro3a OONBITHHCTBO KOHTAK-
TOB 3a npenenamu Poccun ObUIM yTpadeHsbl, a UCCIIEJOBaHMUS B
00acTi MUKPOCIIOPUANOIIOTHH TIpeKpalieHsl. Tem He MeHee,
COXPaHIIOCH SAAPO UCCIIenoBaTeleii, 00beAMHEHHBIX OOIIUMU
nntepecamy, B BU3P, Mncturyre nntonoruu, Cankr-Ilerep-
Oyprckom rocygapcTBeHHOM yHuBepcurere, Caskr-Ilerep-
OyprcKoM TOCYIapCTBEHHOM YHHBEPCHTETE BETEpHHAPHOU
menuiHabl (Caskt-IletepOypr), TomckoM rocymapcTBEHHOM
yuuBepcurere (Tomck), MHCTUTYyTE CHCTEMAaTHKH M 3KOJO-
run kuBOTHEIX (HoBocuOmpck) u T.4. B ycnoBusx nedunmra
(hmHaHCHpOBaHUSI HAYKW M IIEpexoja Ha I'PAHTOBYIO CHCTe-
My Hpma BukTopoBHa BEICTymMIa B KauyeCTBE PYKOBOIHTE-
15 cepum npoekToB Poccuiickoro donna dyHaameHTanbHbIX
nccnenoBanuii (PODU) ¢ 1995 mo 2019 rr., 9T0 MO3BOIHMIO
MPOJOJKUTH J1a0OpaTOpHBIE HMCCIIENOBaHHUS U OPraHU30BaTh
SKCHEeTUINH s cOopa molieBoro Marepuaia B EBponeiickoit
n Asmarckoit acTsax Poccunm. Co BpemMeHeM U e€ yUeHHKHU
CTaJI PYKOBOIUTEISIMH WHHUIMATUBHBIX M MEKIYHAPOIHBIX
npoektoB PODU, a Takxe [Ipe3nieHTCKUX rpaHTOB sl MO-
JIOABIX YYEHBIX M NpoekToB Poccuiickoro HayyHoro Qonna,
HaIpaBJICHHBIX HA U3YYCHUE PA3TUIHBIX ACTIEKTOB OMOJIOTHU
MUKPOCHIOPUANH.

Hpwmoii BukropoBHoii Mccu ¢ koiieraMu ONUMCaHO MHO-
JKECTBO HOBBIX JUISl HAyKH TAKCOHOB MUKPOCIIOPUINH, BKITIO-
gas 61 Bug u 11 pomnoB U3 pazHOOOPA3HBIX WICHHCTOHOTHX U
BIIEPBBIE OXapaKTEPU30BaHa PaCIIPOCTPAHEHHOCTh 3TUX 11aTO-
reHoB Ha Tepputoprn Coetckoro Coro3a, Ipexk/ie BCEro BO3-
Oyautenell 3a00JCBaHUI CENBCKOXO3SHCTBEHHBIX M JIECHBIX
BpEIUTENICH, KPOBOCOCYIINX HACEKOMBIX, MPOMBICIIOBBIX pa-
K00Opa3HBIX U APYTUX THAPOONOHTOB, BKIIoUas peid. Ommca-
HHE 3THX BHJOB OCHOBBIBAJIOCH Ha JAHHBIX CBETOBOM U AJIEK-
TPOHHON MHUKPOCKONHH, U 3/1eCh TaaHT VpMbl BUKTOpPOBHBI
KaK XyJO)KHHKa PacKpbUICS B MOJHON Mepe, TaKk KaK B Tede-
HUE IUTENBHOTO Tepuoia paboTsl (oTorpadupoBaHue He
OBUIO TOCTYIHBIM, HO YBHJICHHBIE B MUKPOCKOI OCOOEHHOCTH

— HayuHbI€ CBSI3U M COTPYIAHUYECTBO C OTEUYECTBEHHBIMH U
3apyOeKHBIMH HCCIIEIOBATEISIMHA, U3yYAOIIUMH pa3IHIHbIe
acreKThl OMONOTMM MHUKPOCIIOPUINIT M B3aWMOOTHOIICHHH
STHX MHKPOOPTaHM3MOB C Xo3sieBaMu. VIMeHHO Omaromaps
00bEIMHEHUIO YCWIMH YUYEHBIX C pa3HBIMH HHTEpEcaMu H
KOMITIETCHITUSIMEI CTaJl0 BO3MOXXKHBIM CTOJb IUIOJOTBOPHOE
pa3BUTHE MUKPOCHIOPHINOIOIUY KaK HAyKH B Hallleil cTpaHe.

1 E 3 3

Npma BukropoBHa Mccu co cBoeit yuennneit FOmueit IlnoBHoit CoxonoBoii, 1996 .

CTPOEHUSI KIIETOK, PEKOHCTPYHUPOBAaHHbIC KU3HEHHBIEC IIUKIIBI,
KapTHHBI [IAaTOJIOTHH 3apaXKeHHOH KJIETKH U T.II. (UKCHPOBa-
JUCh B BHJE TIpapHUYecKuX H300paXEHHH IOpPa3UTENHEHOTO
KayecTBa.

B mMonorpaduu, 06001aroriell HaKOTUICHHBIA MACCHB JIaH-
HBIX U IIPEACTABIICHUH O CUCTEMATUKE MUKpOcriopuanii, Mpma
BukropoBHa 000CHOBaNa CBOIO cucTeMy Tuma Microsporidia
(Mccu, 1986), mpu3HaHHYI0 MHPOBBIM HaydHBIM COOOIIe-
ctBoM. Takke B 3TOi MOHOTpaduy MpPeICTaBICHBI COXPAHUB-
IIHE CBOIO aKTYaJIbHOCTb IAHHBIE O BINUSHUN MUKPOCTIOPH I
Ha cBOMX X03s¢B. B 1991 . MmoHOrpadus Obuta mepeBeaeHa
Ha aHDMickud sA3bIK Exu Jlumoit m omyoOnukoBana OOmie-
ctBoM Ilaronornm becriozBonounsix (Society for Invertebrate
Pathology) B CIIIA. YTouHEHHS U JONOJHEHUS 3TOTO MacCUBa
JAHHBIX MOXKHO HaWTH B MOHOTpaQsiX, HAMMCAaHHBIX MpMmoit
BuKTOpOBHOI B COaBTOPCTBE CO CBOMMHM yueHHKamu FOnmei
SAnosHoit Coxonosoit (2001) n Bragumupom HukomaeBnaem
BoponunbiM (2007). AHHOTUPOBaHHBIH CITUCOK TAKCOHOB MH-
KpOCIIOpHANi, 00HapyXeHHBIX Ha TeppuTopud COBETCKOTO
Cor03a 1 ONMCaHHBIX B OTEYECTBEHHOM JINTEPATYPE MPOIILIOTO
BEKa, a II0TOMY MaJOAOCTYIHBIX Ui MHPOBOTO COOOLIECTBA,
MPEJCTABICH Ha aHIIMHCKOM sI3BIKE B XKypHaie Protistology
(Sokolova et al., 2018). TTo3gHee, MPUBIEYCHUE METOJIOB MO-
JIEKyJIAPHO-TEeHETHYECKOTO aHAJIN3a 3aCTAaBHIIO IEPECMOTPETh
OCHOBHBIE TIOJIO)KEHHSI TAaKCOHOMHYECKOW CHCTEMBI MHUKpO-
CIOpHINH B paMKaxX MHTErPaTHBHOTO IOIXOHa, U IEpBOCTe-
NICHHOE€ BHUMaHHE OBUIO YAEJEHO TeM IpHU3HAKaM TOHKOTO
CTPOCHUS, KOTOPBIE COOTBETCTBOBAIIN JaHHBIM MOJIEKYIISIPHOM
¢unorennu. Mipma BuktopoBHa, B OTIIMYME OT MHOTHX CHCTE-
MAaTHKOB «CTapoi IIKOJBDY, IIOHsJIA BYKHOCTH HOBOTO MOJXO-
Jla K TAKCOHOMHMH MHUKPOCTIOPHIMH U aKTHBHO y4acTBOBaJa B
000CHOBaHHHU MPUMEHEHHST METOJIOB MOJICKY/ISPHOU THAarHo-
cTukd ¥ ¢uitorenun s quddepeHnnanm BHyTPUBUAOBBIX
(opM u BUIOB, a TaKKe TaKCOHOB Oosiee Bricokoro panra (To-
kapes, Mccu, 2018).
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Opnako cama Mpma BuktopoBHa cuMTana TakCOHOMHYE-
CKHE HCCIEOBAaHUS HE CaMbIM Ba)KHBIM HAIllPABICHHEM CBO-
eil paboThl ¢ MHUKpOCIIOPHIHMSMH, OT/AaBasi IPUOPHUTET OHO-
JIOTHYECKAM OCOOCHHOCTSIM M BO3AEHCTBHIO Ha X03sieB. Jli1s
MHOTHX BHJIOB OBUIM ONpEJENCHbl YacTOTa BCTPEYAEMOCTH,
0COOCHHOCTH >KU3HEHHBIX IUKJIOB W XapakTep Mapa3uTo-Xo-
3SIMHHBIX B3aMMOOTHOIIEHUII HAa KJIETOYHOM, OpraHU3MEH-
HOM ¥ TIONYJSIIMOHHOM YpOBHSX. HaOmionenus 3a smm300T-
USIMH MUKPOCIIOPUAMO30B B IPUPOJE U aHAIIN3 BUPYICHTHBIX
CBOMCTB MUKPOCIIOPH/IMA B 1a0OpaTOpHHX MO3BOJIMI pa3pado-
TaTbh MOAXOABI K MPOTHO3UPOBAHUIO TUHAMHUKH YHCIEHHOCTU
BpEIUTENEH CENbCKOr0 U JECHOTO XO35ICTBA C yY€TOM aKTUB-
HOCTH MHKPOCHOPHANH U 000CHOBATh NMPUMEHEHHE THX Ma-
TOTEHOB B 3aIIUTE pacTeHUH. [1oCKoNbKy B MpHPOJE MUPOKO
pacnpocTpaHeHbl SHTOMONATOTEHBI PA3IUYHBIX IPYII, U OHU
JK€ MOTYT IPUMEHSTHCS POTHB BpEAUTENIeH Kak MUKPOOHO-
JIOTHYECKUE CPE/ICTBA 3aLIUTHI PaCTeHNUH, B ()OKyce BHUMAHUS
Hay4YHOH TPYNITEI MEKPOCHIOPHIMOJIOrOB BCeraa ObUT M OCTa-
eTcs BONPOC MHKC-MH(PEKIMH M COBMECTHOTO MPUMEHEHHMS
MUKPOCHOPUAUN € JPYTUMH 3HTOMONATOI€HAMH, a TaKKe
sHToMo(aramu. Hambornee mnporpeccMBHBIE HCCIIETOBAHUS
MUKpOCHOpHUAni, BeimonHsemsle B BU3P ¢ npumenenueM co-
BPEMEHHBIX METOJIOB MOJIEKYJISIPHON 1 KJIIETOYHOIH OMOIOTHH,
CBS3aHBI C UMEHEM elé onHoro ydyeHuka Wpmel Buktopos-
HBI — BsiuecnaBa BacunbeBrnya Jlonrux. MiMmenHo Ha 6ase ero
Hay4YHOM TPyl B MHCTUTYTE CO37aHa HOBas JlabopaTtopwus
MOJIEKYJISIPHOM 3aIlUThl PaCTEHUM, T€ HE TOIbKO MPOIOILKa-
I0TCSI OCHOBHBIE HalpaBJIeHUs padoT, 3anoxeHnsle V.B. Mccen,
HO ¥ aHAITU3UPYIOTCA MOJIEKYISIPHBIE MEXaHU3MBbI PETYIALUN

TIapa3uTO-XO3IMHHBIX OTHOIICHHH, a TaKXKe pa3padaTbIBaloTCs
TIPOPBIBHBIE TIOIXOABI K IMOAABICHUIO BO30yAWUTEIEH MHUKpPO-
CHOPHINO030B MOJE3HBIX HACEKOMBIX — TYTOBOTO IIENIKOMPSIIa
U METOHOCHOH MYEIBL.

Takum 0Opa3om, nccieoBaHus, THUIIMMpoBaHHbIe VpMmoit
BukTopoBHOI, HanUIM pa3BUTHE B paboTax €€ YUCHUKOB H
MIPOIOJIKAIOTCS MO CEH AE€Hb, OTKPBIBAs HOBBIE MEPCHEKTUBBI
(yHIaMEHTaTbHON OMONOTHH M MPAKTUKH 3aIIUTHl paCTEHUN
OT BPEIHBIX HACEKOMBIX. DTalbl Pa3BUTUS MUKPOCIOPHIUO-
JIOTHH, OCHOBHBIE HAIIPaBICHUS UCCIIEAOBAHUN U PE3YIIBTATHI
HAy4HOU JesITeNbHOCTH cBOEH Hay4uHOU mikonsl Mpma Bukro-
pOBHa OTpasuiia B IIOCIIeIHEH HaydHOH paboTe, OIryOIMKOBaH-
Hoii B rox e€ 90-nmetust (Mccn, 2020). MHOTHE yYeHBIC BO BCEM
mupe 3HatoT Mpmy Bukroposny Hcen n OepexHO XpaHsT eé
Tpyasl. B €€ decTs Ha3BaHO ABa TaKCOHA MUKPOCIOPUAMIA:
Bun Parathelohania issiae Kilochitskiy u pox Issia ¢ THITOBBIM
BHIOM Issia trichopterae Weiser.

Tspkenble McnbITaHus, BblMaBliue Ha Aoiwo WMpmbelr Buk-
TOPOBHBI, 3aKanuiau €€ nyx. Ha BCIO JKU3HB OHA COXpaHUIA
OTKPBITOCTh JYIIM M NPUHIUIHAIBHOCTH XapakTepa, HEy-
KOCHHUTENBHO cJieys] BEIpaOOTaHHBIM MOpAJIbHBIM HpaBHIIaM
W TIPUBHBAsi CBOUM YUCHHKAM TATY K 3HAHUSM H XKaXK1y CIpa-
BeanmuBocTU. McTopust €€ »KU3HU — IpeAMET BOCXUILEHUS U
HCTOYHUK BJIOXHOBEHHMS AJIS TeX, KTO 3Han Mpmy Bukroposry
mgHo. Cemias naMsaTh 06 Mpme Bukroposue Mecu — Benu-
KOM YYEHOM U 3aMEe4aTeNIbHOM UeJIOBEKE, HABCErja COXPaHUT-
csl B cepALax e€ KoJUIer U Apy3el, a e€ HayqHOe Hacleaue mno-
CITy’KHT emé He OJJHOMY MOKOJICHHIO OHOJIOTOB.

Hpma BukrtopoBHa Vccu B OKpy’KeHMH CBOUX yueHHKOB, 2013 .
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Wnnrocrpanuu Mpmer Buktoposasl Mccen, Xxapakrepusytolye MHOroo0pasue CTpOSHHUsI MUKPOCTIOPHINH M PeaKIni
3apaxeHHBIX KJIeToK xo3s1eB (Mccu, 1986)
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TakcoHbl MI/IKpOCl’[OpI/[Z[I/lﬁ BHI0BOI0 U POaAOBOI0 panra, (CO)aBTOPOM KOTOPLIX CTAaJa l/IpMa BHKTOpOBHa Hcen

Amblyospora caspius Pankova, Issi, Simakova 2000

A. burlaki Pankova, Issi, Simakova 2000

A. hybomitrae Bykova, Krylova, Sokolova, Issi 1989

Anncaliia Issi, Krylova, Nikolaeva 1993

Anncaliia azovica Tokarev, Sokolova, Vasilieva, Issi 2018

Berwaldia daphnia Simakova, Tokarev, Issi 2018

Campanulospora Issi, Radischcheva et Dolzhenko 1983

C. denticulata Issi, Radischcheva et Dolzhenko 1983

Cristulospora Khodzhaeva et Issi 1989

C. aedis Khodzhaeva, Issi 1989

C. cadyrovi Khodzhaeva, Issi 1989

C. sherbani Khodzhaeva, Issi 1989

Cylindrospora Issi, Voronin 1986

C. chironomi Issi, Voronin 1986

Evlachovaia Voronin, Issi 1986

E. chironomi Voronin et Issi 1986

G. bychowskyi Gasimagomedov, Issi 1970

G. dogieli Gasimagomedov, Issi 1970

G. shulmani Gasimagomedov, Issi 1970

G. sokolovi Issi, Lipa 1968

Janacekia wilhelmiae Khodzhaeva, Krylova, Issi 1990

Neoperezia Issi, Voronin 1979

N. chironomi Issi, Voronin 1979

Nosema grylli Sokolova, Selesniov, Dolgikh, Issi 1994

N. hydraeciae Issi, Tkach 1975

N. loxostegi Issi, Simchuk, Radischeva 1980

Anncaliia (Nosema) meligethi (Issi, Radischeva 1979) Issi,
Nikolaeva, Krylova 1993

N. phalerae Issi, Lipa 1968

N. syntomidis Issi 1979

Octosporea antiquae Issi, Radischcheva, Dolzhenko 1983

O. autumnalis Bykova, Issi 1991

O. deliae Issi, Radischcheva, Dolzhenko 1983

O. hybomitrae Bykova, Issi 1991

O. tabani Levtchenko, Issi 1973

Octotetraspora paradoxa Khodzhaeva, Krylova, Issi 1990

O. cincta Khodzhaeva, Krylova, Issi 1990

Parapleistophora Issi, Khodzhaeva, Krylova 1990

P. ectospora Khodzhaeva, Krylova, Issi 1990

Pleistophora aidarlovica Levtchenko, Issi 1973

P. carpocapsae Simchuk, Issi 1975

P, culicoidi Levtchenko, Issi 1973

P, hilobii Issi 1979

P. hybomitrae Bykova, Issi 1991

P, siluri Gasimagomedov, Issi 1970

P, tuberifera Gasimagomedov, Issi 1970

P, turgenica Levtchenko, Issi 1973

Pulicispora Vedmed, Krylova, Issi 1991

P. xenopsyllae Vedmed, Krylova, Issi 1991

Senoma Simakova, Pankova, Tokarev, Issi 2005

Senoma (Issia) globulifera (Issi, Pankova 1983) Simakova,
Pankova, Tokarev, Issi 2005

Simuliospora Khodzhaeva, Krylova, Issi 1990

S. uzbekistanica Khodzhaeva, Krylova, Issi 1990

Stempellia captshagaica Levtchenko, Issi 1973

S. rubtsovi Issi 1968

Striatospora Issi, Voronin 1986

S. chironomi Issi, Voronin 1986

Tabanispora Bykova, Issi 1991

T. bacilifera Bykova, Issi 1991

T. hybomitrae Bykova, Issi 1991

Thelohania argyresthiae Issi, Lipa 1968

Th. culisetae Levtchenko, Issi 1973

Th. dasychirae Issi, Lipa 1968

Unikaryon oulemi Issi, Krylova, Morzhina, Sokolova 1998
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