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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 1980 and2000. 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 198689,
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.
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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
(Golubev, 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

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

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; Ganyji 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 PPI — 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,
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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
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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 (Golubeyv 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; Golubey,
Borushko, 2020; Golubev, Borushko, 2021; Golubev,
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/l 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 etal., 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., 2018Db).
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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.

References

Artemyeva YeA, Zakharova MN, Rozhkova LV (2021)
[Efficiency of herbicides for the control of common panicle
in winter wheat crops in the conditions of the Ryazan region].
Zernovoye khozyaystvo Rossii 2(74): 58—61 (In Russian)
https://doi.org/10.31367/2079-8725-2021-74-2-58-61

Bagrintseva VN, Kuznetsova SV, Guba YEI (2015) [Soil-
acting post-emergence herbicides for corn]. Kukuruza i
sorgo 21: 2-26 (In Russian)

Bayrambekov ShB, Korneva OG. Polyakova YeV, Garyanova
YeD (2020) [Control of the number of annual weeds
in plantings of early potatoes] Problemy razvitiya APK
regiona 2 (42): 21-27 (In Russian) https://doi.org/10.15217/
issn2079-0996.2020.2.21

Bernaz NI, Polyakov AV (2020) New herbicide Bandur for
the protection of carrots. Proc. Conf. «Innovatsii v selskom
khozyaystve i ekologii» [Innovations in agriculture and
ecology]: 76-80 (In Russian)

Borushko PI, Golubev AS, Makhankova TA (2014) [ Alternation
of crops in crop rotations, taking into account the probability
of a negative aftereffect of the herbicides used]. 4gro XXI
10—-12: 9—12 (In Russian)

Cherkashin VN, Cherkashin GV, Malykhina AN (2016) [The
use of herbicides in winter rapeseed crops in autumn in the
south of Russia]. Zemledeliye 2: 45—48 (In Russian)

Chernukha VG, Makhankova TA, Golubev AS (2011) [The
effectiveness of the use of the herbicide Ellay Light, VDG
on crops of spring wheat in the conditions of the Leningrad
and Saratov regions]. Integrated plant protection: strategy
and tactics. Proc. Conf. 491-493 (In Russian)

Dadayeva TA, Filonenko VA (2016) [Evaluation of the
effectiveness of herbicides in order to protect spring rapeseed
from grass weeds in the conditions of the Kaluga region].
Rossiyskaya selskokhozyaystvennaya nauka 2-3:23-25 (In
Russian)

Devyatkin SA, Devyatkina TF, Obmolova YEO, Kustov MYU,
Bochkarev DV (2021) [Biological and economic efficiency
of herbicides on spring rapeseed in the south of the Non-
Chernozem zone). Agrarnyy nauchnyy zhurnal 9: 27-29 (In
Russian) https://doi.org/10.28983/asj.y2021i9pp27-29

Golubev AS (2018) [Study of the effectiveness of
thiencarbazone-methyl in the fight against wild oats
(Avena fatua L.) in spring wheat crops]. Vestnik
zashchity rasteniy 4(98): 63—66 (In Russian) https://doi.
org/10.31993/2308-6459-2018-4(98)-63-66

Golubev AS (2019) [Study of the effectiveness of the
application of a new herbicide benito on soybean crops].
Vestnik zashchity rasteniy 4(102): 54—59 (In Russian) https://
doi.org/10.31993/2308-6459-2019-4-102-54-59

Golubev AS, Berestetskiy AO (2021) [Future directions
for use of biological and biorational herbicides in
Russia.  Selskokhozyaystvennaya  biologiya  56(5):
868-884 (In Russian) https://doi.org/10.15389/
agrobiology.2021.5.868rus

Golubev AS, Borushko PI (2020) [The effectiveness of
the use of a new herbicide based on bentazone and
thifensulfuron-methyl in soybean crops]. Zernobobovyye i
krupyanyye kultury 3(35): 67-72 (In Russian) https://doi.
org/10.24411/2309-348X-2020-11187

Golubev AS, Borushko PI (2021) [The effectiveness of the
combined herbicide Akris, SE based on dimethenamid-R
and terbutylazine in sunflower crops]. Maslichnyye
kultury 3(187): 6570 (In Russian) https://doi.org/
10.25230/2412-608X-2021-3-187-65-70

Golubev AS, Chermenskaya TD (2021) [Efficiency and
safety of the combined herbicide Akris]. Plodorodiye
5(122): 105-108 (In Russian) https://doi.org/10.25680/
S19948603.2021.122.26

Golubev AS, Makhankova TA (2022) [KONVISO® SMART
— a new technology for the protection of sugar beet].
Zashchita i karantin rasteniy 9: 20-24. (In Russian) https://
doi.org/10.47528/1026-8634 2022 9 20

Golubev AS, Makhankova TA, Dolzhenko VI (2018b)
[Sensitivity of weed plants to the herbicide Caliber Gold in
different phases of their development]. Agrokhimiya 10: 67—
73 (InRussian) https://doi.org/10.1134/S0002188118100083

Golubev AS, Makhankova TA, Karakotov SD, Zheltova
KV (2015) [New combined herbicide Hermes of the
imidazolinone class]. Zemledeliye 5: 34-36 (In Russian)

Golubev AS, Makhankova TA, Komarova AS (2021)
[Efficiency and safety of Kelvin Plus herbicide application
in corn crops in different phases of crop development].
Agrokhimiya 3: 38—44 (In Russian) https://doi.org/10.31857/
S000218812103008X

Golubev AS, Makhankova TA, Svirina NV (2017) [New Kyleo
herbicide based on glyphosate and 2,4-D]. Izvestiya Sankt-
Peterburgskogo gosudarstvennogo agrarnogo universiteta
46: 80—84 (In Russian)

Golubev AS, Makhankova TA., Borushko PI (2018a) [Gel
— a new formulation of glyphosate]. Zashchita i karantin
rasteniy 5: 17-19 (In Russian)

Golubev AS, Zheltova KV (2016) [New combined
herbicide Ilion for rapeseed protection]. Mezhdunarodnyy
selskokhozyaystvennyy zhurnal 4: 44—45 (In Russian)

Kalabashkina YEV, Gafurov RM, Abramkina LP, Uldina SV
et al. (2020) [The effectiveness of the use of promising
herbicides on crops of spring wheat cv. Agata). Vestnik



110

Tuvinskogo gosudarstvennogo universiteta. 2 Yestestvennyye
i selskokhozyaystvennyye nauki. 2 (61): 39—48 (In Russian)
https://doi.org/10.24411/2221-0458-2020-10035

Karakotov SD, Zheltova YEV, Golubev AS, Makhankova TA
(2015) A new formulation of herbicides for the protection of
sugar beet. Proc. 7th Congress on Plant Protection: 95-100
(In Russian)

Kashukoyev MV, Khutsinova MM, Kanukova ZHO (2019)
[Pre-emergence application of herbicides in corn crops].
Vestnik rossiyskoy selskokhozyaystvennoy nauki 4: 22-28
(In Russian) https://doi.org/10.30850/vrsn/2019/4/22-28

Khryukina Yel, Naumov MM (2016) [Pledge herbicide in
sunflower crops]. Zashchita i karantin rasteniy 6: 51-52 (In
Russian)

Kolupayev MV, Lvov AG, Nesterova LM, Sukacheva MS,
Tyumakov AYU (2019) [Comparative evaluation of the
aftereffect of drugs Gorgon, VRK, Lancelot, VDG and
Magnum, VDG on peas (Pisum sativum) in a vegetative
experiment]. Agrokhimiya 5: 48-55 (In Russian) https://doi.
org/10.1134/S0002188119050065

Larina GE (2014) [Efficiency of combined herbicides based
on 2.4-dichlorophenoxyacetic acid and its derivatives].
Agrokhimiya 1: 45-56 (In Russian)

Lukacheva NG, Kostyuk AV (2021a) [Formation of
resistance by biotypes of weeds of the genus Echinochloa
to the herbicide Nomini, SC in the rice fields of Primorsky
Krai]. Vestnik Dalnevostochnogo otdeleniya Rossiyskoy
akademii nauk 3(217): 63—69 (In Russian) https://doi.
org/10.37102/0869-7698 2021 217 03 10

Lukacheva NG, Kostyuk AV (2021b) [Study of the
effectiveness of the herbicide Ristyle, MD on rice crops in
Primorsky Krai]. Risovodstvo 2 (51): 62—66 (In Russian)
https://doi.org/10.33775/1684-2464-2021-51-2-62-66

Makhankova TA, Chernukha VG, Redyuk SI (2020)
[Herbicides for rapeseed]. Zashchita i karantin rasteniy 2:
38-71 (In Russian)

Makhankova TA, Dolgikh AV (2020) [Adjuvants and their
uses]. Zashchita i karantin rasteniy 11: 37—64 (In Russian)
Makhankova TA, Dolzhenko VI (2013) [A modern range of
herbicides for the protection of crops]. Zashchita i karantin

rasteniy 10: 4650 (In Russian)

Makhankova TA, Golubev AS (2017) [Herbicides for cereals].
Zashchita i karantin rasteniy 5: 46—67 (In Russian)

Makhankova TA, Golubev AS, Chernukha VG, Dolzhenko VI
(2013) [Protection of grain crops from dicotyledonous weeds
with a new herbicide Bomba]. Doklady Rossiyskoy akademii
selskokhozyaystvennykh nauk 5: 24-28 (In Russian)

Makhankova TA, Kirilenko YEI, Golubev AS (2011)
[Assortment of herbicides for cereals]. Zashchita i karantin
rasteniy 3: 16—18 (In Russian)

Morokhovets VN, Basay ZV, Morokhovets TV,
Baymukhanova AA et al. (2021) [Herbicides for the
control of maria white in soybean crops]. Sibirskiy vestnik
selskokhozyaystvennoy nauki 51(4): 33—41 (In Russian)
https://doi.org/10.26898/0370-8799-2021-4-4

Morokhovets VN, Basay ZV, Morokhovets TV, Shterbolova
TV etal. (2020) [Study of the effectiveness of soil herbicides
in relation to the common barnyard grass]. Sibirskiy vestnik
selskokhozyaystvennoy nauki 50(4): 40—47 (In Russian)
https://doi.org/10.26898/0370-8799-2020-4-5

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

Osenniy NG, Ilin AV, Veselova LS (2018) [Efficiency of
Everest and Irbis (Ovsyugen) herbicides in winter wheat
sowing]. Izvestiya selskokhozyaystvennoy nauki Tavridy
15(178): 3441

Panfilov AE, Saitov SB, Gaynitdinova LA, Yusupova GE
(2015) [Soil effect of some post-emergence herbicides in
corn crops]. APK Rossii 74: 145-151 (In Russian)

Petunova AA, Makhankova TA (2009) [Varietal resistance
of plants to herbicides]. St. Petersburg: VIZR. 364 p. (In
Russian)

Sadovnikova NN, Stetsov GYA, Sadovnikov GG, Peshkov SA
(2021) [Timing of control of dicotyledonous weeds in spring
wheat crops]. Vestnik KraSGAU 12 (177): 81-87 (In Russian)
https://doi.org/10.36718/1819-4036-2021-12-81-87

Savva AP, Telezhenko TN, Kovalev SS, Suvorova VA (2021b)
[Domestic combined herbicide Superkorn, OD for the
protection of corn crops]. Zemledeliye 4: 40—43 (In Russian)
https://doi.org/10.24411/0044-3913-2021-10410

Savva AP, Telezhenko TN, Suvorova VA (2021a)
[Combined herbicide Velocity Power, VDG for the
protection of winter wheat crops]. Dostizheniya nauki
i tekhniki APK 35 (5): 40-44 (In Russian) https:/doi.
org/10.24411/0235-2451-2021-10506

Savva AP, Telezhenko TN, Suvorova VA, Kovalev SS (2022)
[Domestic three-component herbicide Pixel, MD for the
protection of winter barley crops in the Krasnodar Territory].
Rossiyskaya selskokhozyaystvennaya nauka 3: 19-23 (In
Russian) https://doi.org/10.31857/S2500262722030048

Savva AP, Telezhenko TN, Taranenko VV (2014). [Pallas 45
— a new promising drug for weed control in winter wheat
crops]. Biological protection of plants — the basis for the
stabilization of agroecosystems. Proc. Conf. 331-332 (In
Russian)

Savva AP, Yesipenko LP, Telezhenko TN, Yesaulenko
YEA (2016) [Puma Gold, EC — a new promising drug for
weed control in winter wheat crops]. Trudy Kubanskogo
gosudarstvennogo agrarnogo universiteta 61: 128—131 (In
Russian) https://doi.org/10.21515/1999-1703-61-128-131

Spiglazova SYU, Dolmatova NA (2014) [Hard to eradicate
weeds in potato plantings are no longer a problem!] Kartofel
i ovoshchi 5: 24-26 (In Russian)

Spiridonov YuYa, Budynkov NI, Avtayev RA, Strizhkov NI
et al. (2017a) [The use of the Hermes in the cultivation of
sunflower]. APK Rossii 24(2): 303-307 (In Russian)

Spiridonov YuYa, Budynkov NI, Avtayev RA, Strizhkov
NI et al. (2017b) [The use of Express in the cultivation of
sunflower]. APK Rossii (3): 631-635 (In Russian)

Spiridonov YuYa, Budynkov NI, Strizhkov NI, Suminova NB
et al. (2019) [The aftereffect of herbicides and the dynamics
of their decomposition in various agricultural landscapes].
Agrarnyy nauchnyy zhurnal 4: 27-31 (In Russian) https://
doi.org/10.28983/asj.y2019i4pp27-31

Spiridonov YuYa, Shestakov VG (2013) [The practice of
creating and effectively using combined domestic herbicides
in the fight against weeds in cereal crops]. Agrokhimiya 1:
35-49 (In Russian)

Stetsov GYa (2015) [Aftereffect of herbicides in Western
Siberia]. Zashchita i karantin rasteniy 3: 17-19 (In Russian)

Stetsov GYa, Dolmatova LS, Sadovnikov GG (2018) [The
use of Harmony classic, VDG on soybeans in the Altai Ob



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

region]. Vestnik Altayskogo gosudarstvennogo agrarnogo
universiteta 7(165): 5-12 (In Russian)

Telezhenko TN, Savva AP, Suvorova VA (2019) [New
post-emergence herbicide Geyser, KKR for the control
of dicotyledonous and cereal weeds on soybean crops].
Trudy  Kubanskogo  gosudarstvennogo  agrarnogo
universiteta 79: 131-134 (In Russian) https://doi.
org/10.21515/1999-1703-79-131-134

Tkach AS, Golubev AS, Svirina NV (2020) [The effect of the
new herbicide Artist on annual weeds in potato plantings].
Izvestiya Sankt-Peterburgskogo gosudarstvennogo
agrarnogo universiteta 59: 27-32 (In Russian) https://doi.
org/10.24411/2078-1318-2020-12027

Tokarev YeV, Khilevskiy VA, Makhankova TA, Zverev AA
(2016) [Weed control in winter wheat crops using new
combined preparations]. Vestnik zashchity rasteniy 1 (87):
45-48 (In Russian)

Zbrailov MA, Poyda VB, Falynskov YEM, Pleshakova MYU
(2014) [The effectiveness of the herbicide Stellar on corn
crops in the Azov zone of the Rostov region]. Modern
technologies of agricultural production and priority arecas
for the development of agricultural science. Proc. Conf. 2:
55-58 (In Russian)

Alvarez F, Arena M, Auteri D, Borroto J et al. (2021) Peer
review of the pesticide risk assessment of the active
substance pelargonic acid (nonanoic acid). EFSA Journal
19(8): 6813. https://doi.org/10.2903/j.efsa.2021.6813

BaeJ,NurseR, Simard M, Page E (2017). Managing glyphosate-
resistant common ragweed (Ambrosia artemisiifolia): Effect
of glyphosate-phenoxy tank mixes on growth, fecundity,
and seed viability. Weed Science 65(1): 31-40. https://doi.
org/10.1614/WS-D-16-00094.1

Beckie HJ, Ashworth MB, Flower KC (2019) Herbicide
resistance management: recent developments and trends.
Plants 8(6):161. https://doi.org/10.3390/plants8060161

Beiermann C, Miranda J, Creech C, Knezevic S et al (2022).
Critical timing of weed removal in dry bean as influenced by
the use of preemergence herbicides. Weed Technology 36(1):
168—176. https://doi.org/10.1017/wet.2021.99

Bourdineaud JP (2022) Toxicity of the herbicides used on
herbicide-tolerant crops, and societal consequences of their
use in France. Drug and Chemical Toxicology 45(2): 698—
721. http://doi.org/10.1080/01480545.2020.1770781

Brazier-Hicks M, Howell A, Cohn J, Hawkes T et al (2020)
Chemically induced herbicide tolerance in rice by the safener
metcamifen is associated with a phased stress response. J
Exp Bot 71(1): 411-421. https://doi.org/10.1093/jxb/erz438

Brookes G. (2014) Weed control changes and genetically
modified herbicide tolerant crops in the USA 1996-2012.
GM Crops & Food 5(4): 321-332. http://doi.org/10.4161/21
645698.2014.958930

Brunharo CACG, Gast R, Kumar V, Mallory-Smith CA et al
(2022). Western United States and Canada perspective: are
herbicide-resistant crops the solution to herbicide-resistant
weeds? Weed Sci 70(3): 272-286. https://doi.org/10.1017/
wsc.2022.6

Campe R, Eva Hollenbach E, Kammerer L, Hendriks J et al
(2018) A new herbicidal site of action: Cinmethylin binds
to acyl-ACP thioesterase and inhibits plant fatty acid
biosynthesis. Pestic Biochem Physiol 148: 116—125. https://
doi.org/10.1016/j.pestbp.2018.04.006.

111

Clark M, Maselko M (2020) Transgene biocontainment
strategies for molecular farming. Front Plant Sci 11: 210—
221. http://doi.org/10.3389/fpls.2020.00210

Currie RS, Geier PW. (2021) Weed control with imazamox
rates and timings in herbicide-tolerant grain sorghum.
Kansas Agricultural Experiment Station Research Reports
7(7): 1-8. https://doi.org/10.4148/2378-5977.8111

Davis AS, Frisvold GB (2017) Are herbicides a once in
a century method of weed control? Pest Manag Sci
73(11):2209-2220. https://doi.org/10.1002/ps.4643

Dayan FE (2019) Current status and future prospects
in herbicide discovery. Plants 8(9): 341. https://doi.
org/10.3390/plants809034 1

Delchev G. (2021) Selectivity and stability of herbicides,
herbicide tank mixtures and herbicide combinations on seed
yield of Clearfield oilseed rapeseed (Brassica napus L.).
Agricultural science and technology 13(3): 280-284. http://
doi.org/10.15547/ast.2021.03.045

Dewar AM, May MJ, Woiwod IP, Haylock LA et al (2003) A
novel approach to the use of genetically modified herbicide
tolerant crops for environmental benefit. Proc. R. Soc. Lond.
B. 270: 335-340. http://doi.org/10.1098/rspb.2002.2248

Epp JB, Alexander AL, Balko TW, Buysse AM et al (2016)
The discovery of Arylex™ active and Rinskor™ active: Two
novel auxin herbicides. Bioorganic & Medicinal Chemistry
24(3): 362-371. https://doi.org/10.1016/j.bmc.2015.08.011

Gage KL, Schwartz-Lazaro LM (2019) Shifting the
paradigm: an ecological systems approach to weed
management. Agriculture 9(8):179. https://doi.org/10.3390/
agriculture9080179

Ganji E, Andert S, Gerowitt B (2022). The herbicidal potential
of Pelargonic Acid to control Cirsium arvense (L.) Scop.
in relation to the timing of application and the application
volume. Tagungsband: 30. Deutsche Arbeitsbesprechung
iiber Fragen der Unkrautbiologie und -bekdmpfung, Julius-
Kiihn-Archiv. https://doi.org/10.5073/20220117-074121

Gasi¢ S, Radivojevi¢ L, Brki¢ D, Stevanovi¢ M, Tomasevi¢
A (2015) Development of herbicide formulations based
on quizalofop-p-ethyl. Proc of the 7th Congress on Plant
Protection. 383-387

Geddes CM, Davis AS (2021) The critical period for weed seed
control: A proposed framework to limit weed seed return.
Weed Research 61(4): 282-287. https://doi.org/10.1111/
wre.12480

Golubev AS (2021) Weed control with diclosulam in soybean.
Emir J Food Agric. 33(3): 187-193. https://doi.org/10.9755/
ejfa.2021.v33.i3.2644

Golubev AS, Makhankova TA, Dolzhenko VI, Karakotov
SD (2020) Biological justification for the applicability of
herbicides at different stages of cereal crop development.
Russian Agricultural Sciences 46(2): 133—138. https://doi.
org/10.3103/S1068367420020068

Gosavi G, Ren B, Li X, Zhou X et al (2022) A new era in
herbicide-tolerant crops development by targeted genome
editing. ACS Agricultural Science & Technology 2(2): 184—
191. https://doi.org/10.1021/acsagscitech.1c00254

Grzanka M, Sobiech L, Idziak R, Skrzypczak G (2022) Effect
of the time of herbicide application and the properties of
the spray solution on the efficacy of weed control in maize
(Zea mays L.) cultivation. Agriculture 12(3):353. https://doi.
org/10.3390/agriculture12030353



112

Hao Y, Zhang N, Xu W, Gao J et al (2019a) A natural adjuvant
shows the ability to improve the effectiveness of glyphosate
application. J Pestic Sci 44(2):106—111. https://doi.
org/10.1584/jpestics.D18-066

HaoY, Zhang Y, Xu W, Gao J, Tao L (2019b) Synergistic effects
of adjuvant A-134 on the herbicidal effects of glyphosate. J
Pestic Sci 44(4): 249-254. https://doi.org/10.1584/jpestics.
D19-030

Hill E, Renner K, VanGessel M, Bellinder R, Scott B (2016).
Late-season weed management to stop viable weed seed
production. Weed Science 64(1): 112—118. https://doi.
org/10.1614/WS-D-15-00096.1

Jin F, Wang J, Shao H, Jin M (2010) Pesticide use and residue
control in China. J Pestic. Sci 35(2):138—142. https://doi.
org/10.1584/jpestics.G10-15

Kao-Kniffin J, Carver S, DiTommaso A (2013) Advancing
weed management strategies using metagenomic techniques.
Weed  Sci  61(2):171-184.  https://doi.org/10.1614/
WS-D-12-00114.1

Knowles A (2008) Recent developments of safer formulations
of agrochemicals. Environmentalist 28:35-44. https://doi.
org/10.1007/s10669-007-9045-4

Marcinkowska K, Praczyk T, L¢gosz B, Biedziak A, Pernak
J (2018) Bioionic liquids as adjuvants for sulfonylurea
herbicides. Weed Sci 66:404—414. https://doi.org/10.1017/
wsc.2017.85

Nagai T (2021) Ecological effect assessment by species
sensitivity distribution for 38 pesticides with various
modes of action. J Pestic Sci 46(4):366-372. https://doi.
org/10.1584/jpestics.D21-034

Nakatani M, Ito M, Yoshimura T, Miyazaki M et al. (2016b)
Synthesis and herbicidal activity of 3-{[(hetero)aryl]
methanesulfonyl}-4,5-dihydro-1,2-oxazole derivative;
Discovery of the mnovel pre-emergence herbicide
pyroxasulfone. Pestic Sci 41(4): 133-144. https://doi.
org/10.1584/jpestics.D15-078

Nakatani M, Yamaji Y, Honda H, Uchida Y (2016a)
Development of the novel pre-emergence herbicide
pyroxasulfone. J Pestic Sci 41(3): 107-112. https://doi.
org/10.1584/jpestics.J16-05

Nandula V, Vencill W (2015) Herbicide absorption
and translocation in plants using radioisotopes.
Weed Sci  63(SP1):140-151.  https://doi.org/10.1614/
WS-D-13-00107.1

Nedeljkovi¢ D, Knezevi¢ S, Bozi¢ D, Vrbnicanin S (2021)
Critical time for weed removal in corn as influenced by
planting pattern and PRE herbicides. Agriculture 11(7): 587.
https://doi.org/10.3390/agriculture11070587

Nishimoto R (2019) Global trends in the crop protection
industry. J Pestic Sci 44(3):141-147. https://doi.org/10.1584/
jpestics.D19-101

Owen MD (2016) Diverse approaches to herbicide-resistant
weed management. Weed Sci 64:570-584. https://doi.
org/10.1614/WS-D-15-00117.1

Peterson MA, Collavo A, Ovejero R, Shivrain V, Walsh MJ
(2018) The challenge of herbicide resistance around the
world: a current summary. Pest Manag Sci 74(10):2246—
2259. https://doi.org/10.1002/ps.4821

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

Saito R, Ikenaga O, Ishihara S, Shibata H (2010) Determination
of herbicide clopyralid residues in crops grown in clopyralid-
contaminated soils. J Pestic Sci 35(4): 479—482. https://doi.
org/10.1584/jpestics.G10-09

Shino M, Hamada T, Shigematsu Y, Hirase K, Banba S (2018)
Action mechanism of bleaching herbicide cyclopyrimorate,
a novel homogentisate solanesyltransferase inhibitor. J
Pestic Sci 43(4): 233-239. https://doi.org/10.1584/jpestics.
D18-008

Soltani N, Shropshire C, Sikkema P (2022). Impact of delayed
postemergence herbicide application on corn yield based on
weed height, days after emergence, accumulated crop heat
units, and corn growth stage. Weed Technology 36(2): 283—
288. https://doi.org/10.1017/wet.2022.10

Soni JK, Amarjeet, Punia SS, Choudhary VK (2021) Herbicide
combinations for management of resistance in Phalaris
minor. Indian Journal of Weed Science 53(1): 41-48. https://
doi.org/10.5958/0974-8164.2021.00005.8

Stagnari M, Chiarini M, Pisante M (2007) Influence of
fluorinated surfactants on the efficacy of some postemergence
sulfonylurea herbicides. J Pestic Sci 32(1):16-23. https://
doi.org/10.1584/jpestics.G06-29

Sugiura K, Yamaoka T, Ito M, Okabayashi R et al (2021)
Development of triafamone as a paddy rice herbicide. J Weed
Sci Tech. 66(2): 72-76. https://doi.org/10.3719/weed.66.72

Travlos 1, Rapti E, Gazoulis I, Kanatas P et al. (2020)
The herbicidal potential of different pelargonic acid
products and essential oils against several important weed
species. Agronomy 10(11):1687. https://doi.org/10.3390/
agronomyl10111687

Triolet M, Guillemin J, Andre O, Steinberg C (2020) Fungal-
based bioherbicides for weed control: a myth or a reality?
Weed Research 1: 60-77. https://doi.org/10.1111/wre.12389

Tsukamoto M, Kikugawa H, Nagayama S, Suganuma T et al
(2021) Discovery and structure optimization of a novel corn
herbicide, tolpyralate. J Pestic Sci 46(2): 152—159. https://
doi.org/10.1584/jpestics.D20-031

Umer M, Khan NM, Razaq Z, Nissa M et al (2022) Bio-
herbicides: development, use and elucidation of the factors
affecting their efficacy. Plant Protection 06(01):75-84.
https://doi.org/10.33804/pp.006.01.3946

Umetsu N, Shirai Y (2020) Development of novel pesticides
in the 21st century. J Pestic Sci 45(2):54-74. https://doi.
org/10.1584/jpestics.D20-201

Webber CL, Taylor JM, Shrefler JW (2014) Weed control in
yellow squash using sequential postdirected applications of
pelargonic acid. HortTechnology 24(1): 25-29. https://doi.
org/10.21273/HORTTECH.24.1.25

Yamaji Y, Honda H, Kobayashi M, Hanai R, Inoue J (2014)
Weed control efficacy of a novel herbicide, pyroxasulfone. J
Pestic Sci 39(3): 165-169. https://doi.org/10.1584/jpestics.
D14-025

Yamamoto S, Tanetani Y, Uchiyama C, Nagamatsu A et
al (2021) Mechanism of action and selectivity of a novel
herbicide, fenquinotrione. J Pestic Sci 46(3): 249-257.
https://doi.org/10.1584/jpestics.D21-019

Zimdahl RL (2018) Agriculture’s moral dilemmas and the
need for agroecology. Agronomy 8(7):116. https://doi.
org/10.3390/agronomy8070116



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

Bectauk 3amuTs! pactennit, 2022, 105(3), c. 104—113
OECD+WoS: 4.01+AM (Agronomy) https://doi.org/10.31993/2308-6459-2022-105-15392
Munu-0630p
OCHOBHBIE HAITPABJIEHW A COBEPIHIEHCTBOBAHUA ACCOPTUMEHTA I'EPBEULIIOB
B POCCHUHU B HAYAIJIE 21 BEKA
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AHanu3 U3MEHEHU acCOPTUMEHTA TepOUIINIOB, PEKOMEHI0OBAaHHBIX IS UCTONb30BaHus B Poccuiickoit denepanuun
¢ 2000 mo 2022 rompl, MO3BOMISIET BLISBUTH OCHOBHBIC HAIIPABJICHHUS €r0 COBEPIICHCTBOBAHMSI, 00YCIIOBICHHBIC TITyOOKOM
MHTETpaIeil OTEeYECTBEHHOTO PHIHKA XHMHUYECKHUX CPEACTB 3alllUThl CEbCKOXO3SIMCTBEHHBIX KYJIBTYp OT COPHBIX
pacTeHUil B MHPOBOM DPBIHOK TepOHMIUIOB: 1) MOSBICHHUE HEOOJNBIIOrO KOJIMYSCTBA HOBBIX CHCTBYIOMIMX BEIICCTB
repOUIIMIOB B MOCICAHEE CCATUICTHE: MUHOKCAACH, THEHKAapOa3OH-METHJ, MHUPOKCYNIaMm, GiykapOa3oH Harpws,
TOMPaMe30H, AMKIOCYJIaM, TeMOOTPHOH, MeTaMHU(OIl; 2) COBEPIICHCTBOBAHUEC IPEMapaTHBHBIX (OPM TepOHUIIHIOB
Y WCTIONB30BaHUE HOBBIX (B TOM UHWCJI€, MHHOBAIIMOHHBIX) TEXHOJOTUH TMPU MX CO3/aHWUHU (KOHIIEHTPAT KOJUIOMIHOTO
pactBopa (KKP), macnansnii konnenTpar smynscun (MKD) u npyrue); 3) co3nanne KOMOMHUPOBAHHBIX MIPENapaToB Ha
OCHOBE TPUOEHYPOH-METHIIa, METCYIIb(YPOH-METHIIA, (Iiopacyliama, KIONUpainaa, MMKiIopamMa, iMa3aMoKca, HMa3alupa,
nMa3eTanupa U APYrux; 4) ompeneieHue ONTHMAJIbHBIX PEIVIAMEHTOB MPUMEHCHHS TepOUIIUIOB C YIETOM (DEHOJIOrHU
Pa3BUTHsI COPHBIX PAaCTCHUI: 00pabOTKU B (ha3y KOJOIICHUS 3EPHOBBIX MPHU NPeoOaTaHuU B MOCEBaX MOIAMApCHHHUKA
IIEIIKOT0 W BBIOHKA IOJICBOTO; 5) pa3BUTHE HOBBIX TEXHOJOTHM, TAaKUX KaK BO3ICIBIBAHHE CICIMAIbHBIX T'MOPHUIOB,
MIPOSIBIISIONINX YCTOMYHUBOCTD K JICHCTBYIOIIMM BEIIECTBAM repOUITUA0B, UTO IMO3BOJISIET IPOBOIUTH 00PaOOTKY B IEPHOT
BETeTAINH KYJIbTYPHI.
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