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Abstract. One of the most urgent tasks in sugar beet production for Russia today is irregularities in
cultivation technology and a low-efficiency crop protection. It leads to a high level of weed infestation of
agricultural fields. Developing and identifying the most efficient, selective and accessible herbicides, which
have low phytotoxicity, do not have a negative effect on soil chemical characteristics and can be used in sugar
beet cultivation is relevant today. The aim of this study was to examine and compare biological efficiency of
various doses and concentrations of one- and two-component graminicides on sugar beet crops against the
following weeds: Cockspur grass — Echinochloa crusgalli (L.) Beauv., Wild millet — Setaria glauca (L.) Beauv.
and Couch Grass — Elytrigia repens (L.) Nevski. The experiment was conducted on the territory of the Tula
region in 2020. The total field experiment area was 480 m2. Application of clethodim + quizalofop-P-ethyl
(0.5 I/ha) resulted in reducing the number and weight of annual weeds by 64...71 %, reducing the number and
weight of perennial weeds by 54...58 %, which had the same efficiency as clethodim (0.6 1/ha). The efficiency
of clethodim + quizalofop-P-ethyl (1.0 1/ha) was higher than Clethodim (0.6 1/ha) and amounted to 73...87 %
of reduction in the number of weeds compared to the control, but was lower than Clethodim (1.8 I/ha), which
resulted in 89...95 % reduction in the number of weeds compared to the control. The highest sugar beet yields
were obtained in the variants with clethodim (1.8 1/ha) and two-component herbicide (1 1/ha), which amounted
to 28 and 25 % yield increase, in comparison with the control.
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Introduction

Sugar beet is one of the most important industrial crops in Russia and has a great
national and economic importance. The main advantage of sugar beet is high yields and
productivity, which can reach 50 t/ha, depending on the region, the cultivation technology
and cultivar characteristics [1, 2].

Sugar beet is a highly weed-sensitive crop. There are over 75 species of weeds that
cause significant damage to sugar beet production. In turn, human economic activity
leads to changes in the stable species composition of weeds in a field community [3—?5].

Nowadays, highly profitable sugar beet production is impossible without the integrated
crop protection system against weeds. Integrated protection includes a complex of
agrotechnical, biological, chemical and other methods of weed control. First of all, the
main task is to regulate the number of harmful objects on sugar beet crops to the threshold
of economic harmfulness [6].

In Russia, there is a high weed infestation of fields, which is associated with a
violation of crop rotation rules, soil cultivation systems, a decrease in the use of chemical
herbicides, and, the number of such fields is growing [3—5]. According to various
sources, there are no production fields in the country without weeds. About 75 % of the
area requires constant weed control and a lot of appropriate measures [5].

Number of weed seeds in the arable soil layer increased 1.5 fold in beet-growing
regions [1]. The number and species composition of weeds is also increasing, including
perennial and harmful weeds [7—11].

In this study, a field experiment was carried out on sugar beets using graminicides
based on clethodim and a mixture of clethodim with quizalofop-P-ethyl [12]. These
active substances have proven effectiveness in many countries, have a high biological
efficiency and do not harm sugar beet plants [13—19].

Thus, developing and identifying the most efficient, selective and accessible
herbicides, which have low phytotoxicity, do not have a negative effect on soil chemical
properties and can be used in sugar beet cultivation is relevant today [1, 5, 6].

The aim of this study was to examine and to compare biological efficiency of
various doses and concentrations of one- and two-component graminicides against annual
and perennial cereal weeds on sugar beet crops in the Tula region (active substances:
clethodim; clethodim + quizalofop-P-ethyl).

Materials and methods

The objects were plots and weeds in the sugar beet field in the Tula region. The
research subjects were the following harmful objects:

1. Couch Grass — Elytrigia repens (L.) Nevski.

2. Cockspur grass — Echinochloa crusgalli (L.) Beauv.

3. Wild millet— Setaria glauca (L.) Beauv.

The cultivated plants were sugar beets (Beta vulgaris L.) of one-seeded mid-ripening
sugary hybrid — ‘Okean’.

Seeding rate: 1.1 sowing unit. Plant growth stage treated: 4—6 true leaves.
Forecrop: winter wheat. Tillage: in autumn — plowing to a depth of 25 cm, in spring —
presowing harrowing and cultivation.
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The experiment has variants:

1. Control (without any chemical graminicide treatment).

2. Graminicide with active ingredient of clethodim (120 g/1). Application rate: 0.6 1/ha.

3. Graminicide based on clethodim (120 g/1). Application rate: 1.8 1/ha.

4. Graminicide based on clethodim and quizalofop-P-ethyl (140 g/1 + 70 g/1,
respectively). Application rate: 0.5 l/ha.

5. Graminicide based on clethodim and quizalofop-P-ethyl (140 g/1 + 70 g/,
respectively). Application rate: 1.0 l/ha.

Consumption of working solution: 200 I/ha. Frequency of treatments: 1. Spraying
was carried out in the phase of 2...4 leaves in weeds and regardless of the growth stage
of sugar beet plants. The period of herbicide action: during the growing season.

The total field experiment area was 480 m?. The size of each experimental plot was
60 m?, and the record plot was 24 m?. The protective stripes were 3 meters wide and
were not counted.

Quantitative-weighting method was used on accounting sites with a size of 1.0 m?on
each plot of the experiment. Counting the yield was carried out by a mechanical method
from the entire area of the plots, statistical data processing — the technique of analysis
of variance (ANOVA). The counts of harmful objects (weeds) were carried out before
treatment, 30 and 45 days after treatment, and before harvesting.

Results and discussion

The influence of one- and two-component graminicide with different consumption
rates on the total weed infestation of sugar beet crops and on certain types of weeds is
shown in Table 1 and 2.

Table 1

Effect of graminicides on weeds (Tula region, 2020)

Decrease of weeds, % to control

Variant Date Cockspur grass | Wild millet | Couch grass
17.07 50 67 56
1. Clethodim, 120 g/I, rate — 0.6 I/ha 01.08 68 66 58
23.09 72 78 67
17.07 94 97 93
2. Clethodim, 120 g/I, rate — 1.8 I/ha 01.08 99 98 97
23.09 100 100 98
. . 17.07 75 73 61
3. Clethodim, 140r§t/; 1%L,IISZEII:>JOP-P-ethyI 70g/l, 01.08 73 73 58
23.09 82 76 62
) ) 17.07 96 85 80
4. Clethodim, 140r§t/; -I;c:l.J(l]z;I::op-P-ethyl 70 g/, 01.08 97 90 81
23.09 97 93 91
17.07 21 11 23
5. Control* 01.08 23 42 25
23.09 20 42 22

*The control contains data on the number of weeds, plants/m?
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Table 2

Influence of active ingredients and their rates and concentrations on total weed
infestation of sugar beet crops (Tula region, 2020)

Number of weeds Weed mass
Variant Date Plants/m? Decrease, % G/m? Decrease, %
to control to control
Annual | Perennial | Annual | Perennial | Annual | Perennial | Annual | Perennial
17.07 22 10 62 56 63 48 68 59
1. Clethodim,
120 g/l, rate— | 01.08 18 9 67 58 59 43 72 64
0.6 1l/ha
23.09 16 8 74 67 - - - -
17.07 13 4 96 93 23 9 88 92
2. Clethodim,
120 g/l, rate— | 01.08 10 2 98 97 18 6 92 95
1.81/ha
23.09 7 1 100 98 - - - -
3. Clethodim, | 1707 21 11 74 61 71 54 64 53
140 g/l +
quizalofop- 01.08 19 10 73 58 63 51 70 58
P-ethyl 70 g/I,
rate — 23.09 15 9 79 62 - - - -
0.51/ha
4. Clethodim, | 17,07 15 11 92 80 37 43 81 63
140 g/l +
quizalofop- 01.08 11 8 93 81 28 35 87 71
P-ethyl 70 g/I,
rate — 23.09 7 5 94 91 - - - -
1.0 I/ha
17.07 62 23 - - 195 116 - -
5. Control 01.08 65 25 - - 212 120 - -
23.09 62 22 - - - - - -

In variants without any chemical graminicide treatments and using only mechanical
treatment of crops, the number of studied annual cereal weeds has reached about 65
or more plants per 1 m?, and the number of perennial cereal weeds has reached about
25 plants and more per 1 m?.

The initial infestation of sugar beet crops with Setaria weeds averaged 41 plants
per 1 m?, Cockspur grass averaged 21 plants per 1 m?, and for Couch Grass the average
infestation was 23 weeds per 1 m?.

Based on the data obtained, the least effective variants were graminicide based on
clethodim, 120 g/l, consumption rate — 0.6 1/ha and graminicide based on clethodim
140 gl and quizalofop-P-ethyl 70 g/l, consumption rate — 0.5 1/ha. Clethodim at a
concentration of 120 g/l, consumption rate 0.6 I/ ha destroyed about 64 % of perennial
grasses and about 74 % of annual grasses. Similar results were noted in variant with
clethodim 140 g/I and quizalofop-P-ethyl 70 g/, with a consumption rate of 0.5 I/ha, which
destroyed about 59 % of perennial cereal weeds and about 76 % of annual cereal weeds.

The medium efficacy in this study was shown by a herbicide based on clethodim
at a concentration of 140 g/l and quizalofop-P-ethyl at a concentration of 70 g/l with a
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consumption rate of 1.0 I/ha, reducing the number of studied annual and perennial weeds
by 94 and 91 %, respectively. This agent with a consumption rate of 1.0 1/ha is inferior
in terms of biological efficiency only to a herbicide based on clethodim, 120 g/l with a
consumption rate of 1.8 1/ha.

The best biological efficiency in this study was recorded in variant with clethodim
at a concentration of 120 g/l and consumption rate of 1.8 1/ha. The weed decrease was
95 % and more for annual weeds and 98 % and more for perennial weeds compared
to the control, i.e. at a given consumption rate of this agent based on clethodim at a
concentration of 120 g/l, it almost completely destroys all weeds studied in this research
and completely destroys annual weeds. The effect of this formulation and consumption
rate was superior in biological effectiveness compared to the effect of other investigated
graminicides.

The yield of sugar beet root crops of the ‘Okean’ hybrid, depending on the formulation
and the consumption rate used, is shown in Table 3. Date of harvesting: September 23,
2020.

Table 3

Sugar beet productivity depending on the graminicides and their consumption rates
(Tula region, 2020)

Variant Average yield, t/ha % to control
1. Clethodim, 120 g/, — 0.6 I/ha 26.4 118
2. Clethodim, 120 g/I, — 1.8 I/ha 28.6 128
3. Clethodim, 140 g/I + quizalofop-P-ethyl 70 g/I, — 0.5 I/ha 26.5 119
4. Clethodim, 140 g/I + quizalofop-P-ethyl 70 g/I, — 1.0 I/ha 27.8 125
5. Control 22.3 100

LSDO05 = 1.6 t/ha.

The average yield of sugar beet root crops without the use of the studied graminicides
in the control was 22.3 t/ha.

In the variants with the use of the studied graminicides, significant increases in the
yield of sugar beet were obtained, which averaged 18...28 %.

The largest increase in the yield of sugar beet reached 28 % for the formulation
based on clethodim at a concentration of 120 g/l at a consumption rate of 1.8 1/ha, while
the average yield of crops was 28.6 t/ha.

The lowest increase in yield among the studied graminicides was 18 and 19 % for
the formulation based on clethodim at a concentration of 120 g/l with a consumption
rate of 0.6 I/ha and for the formulation based on clethodim at a concentration of 140 g/l
with quizalofop-P -ethyl at a concentration of 70 g/l with a consumption rate of 0.5 I/ha,
respectively, and the average yield of sugar beet was 26.4 and 26.5 t/ha, respectively.
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The medium result in the increase of sugar beet productivity was 25 % in the
formulation based on clethodim at a concentration of 140 g/l with quizalofop-P-ethyl
at a concentration of 70 g/l with a consumption rate of 1.0 1/ha. The average yield of
sugar beet was 27.8 t/ha.

Conclusions

The most effective was a herbicide formulation based on clethodim at a concentration
of 120 g/l with a consumption rate of 1.8 I/ha. Also, an effective result was shown by
clethodim 140 g/l with quizalofop-P-ethyl 70 g/l with a consumption rate of 1.0 I/ha. The
lowest biological effectiveness among studied agents was noted in graminicides based
on clethodim, 120 g/l with a consumption rate of 0.6 1/ha and Clethodim, 140 g/l with
Quizalofop-P-ethyl 70 g/l with a consumption rate of 0.5 I/ha. The use of pesticides was
safe for the protected crop and did not have any negative visual effects.
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N3yueHune pasnuumii 6uonornyeckoi aHpeKTUBHOCTU NPUMEHeHUs
OZHO- U ABYXKOMIMOHEHTHOIO rpaMMHMLMAA Ha caxapHoW CBeKle
B ycnoBusx TynbcKoi o6nacTtu

K.JI. Kprokosa &, B.O. I'pecuc

Poccuiickuii yHuBepcuTeT JpY>KObI HAPOJOB, 2. Mockea, Pocculickas dedepayus
= k_kryukova@inbox.ru

Annoranusa. OfHa 13 Hauboslee akTyanbHBIX PO6/IEM TP BO3Z€/IbIBAHUN CaXapHOH CBeKJIbl B Poccun —
HapylleHre TeXHOJIOTMH BbIpaIliBaHUs U HU3K03(h(eKTHUBHAs 3aIliTa JaHHOM KY/IbTYPbI, YTO MPUBOAUT K BBICO-
KO 3acopeHHOCTH rtoreii. Pa3paborka 1 noz6op Hanbosee BEICOKOI((EKTUBHBIX, CeNEKTUBHBIX U I0CTYITHBIX
repOULIMAOB, KOTOPBIE 006/1aJjal0T HU3KOM (PUTOTOKCHUYHOCTBIO U He YXY/ILIAI0T XUMUYECKUX CBOMCTB MOUBBI,
/151 IPUMeHeHMs Ha [T0CeBax CaxapHOI CBeK/IbI 0CTaeTCsl aKTyaIbHOM Mo ceil fieHb. Llesb faHHOTO MCCiej0Ba-
HM$Sl — U3Y4UTh OMOI0rM4ecKyo 3(heKTHBHOCTb NPUMeHeHHs! Pa3/IMYHbIX /103 OJHO- W IBYXKOMIIOHEHTHBIX
TPaMPHULFJOB Ha [10CeBaxX CaXapHOM CBEKIIbI IPOTHUB TaKUX COPHBIX pacTeHHH, Kak nbIpel nonsyunii (Elytrigia
repens (L.) Nevski), kypuroe ripoco (Echinochloa crusgalli (L.) Beauv.), 1jeTHHHUK cu3biii (Setaria glauca (L.)
Beauv). VicciepoBaHvie IPOBOAWIOCE Tepputopur Tymbckoi o6mactu B 2020 r. O61ijast T/I0MIA/Ab OMbITa COCTaBU/IA
480 m2. Vicriosib30BaHe HOPMbI PACX0/ia JEHCTBYIOLUX BEIIeCTB KIETOAUM + Xu3anodhorn-I1-3Tii1 ¢ HopMoii
pacxoga 0,5 jsi/ra CHWKaao KOJIMYeCTBO M MacCy OJHOJIETHUX 3/1aKOBBIX COPHSIKOB Ha 64...71 %, KoMuecTBO
Y Maccy MHOTOJIETHUX 3/IaKOBBIX COPHSIKOB Ha 54...58 %, uTo Ob1710 Ha ypoBHe 3(()eKTHBHOCTH UCI0/1b30Ba-
HUsI HOPMBI pacxofa AefCTByoIero BemjectBa Kiaetoaum 0,6 n/ra. SddeKTHBHOCTS HOPMBI pacxoza 1,0 si/ra
TrpernapaTuBHOM (OPMbI Ha OCHOBE KjieToguma + xu3zasnogor-I1-3tuna 6bu1a Boiie 3h$heKTUBHOCTHA HOPMbI
pacxoga 0,6 n/ra nperapatiBHOM (GOpMbI Ha OCHOBE K/IeTOZMMA, HO HIDKe 30 (eKTUBHOCTH HOPMBI Pacxoja
1,8 s1/ra npenaparyBHOW (OPMBI HAa OCHOBe KjeToguma. Harbosbiyro nprbaBKy ypoxXaliHOCTH MOTYYHIN
TIPYU MCTOIb30BaHUM HOPM pacxoza 1,8 n/ra mpemnapaTtuBHOM GopMbl Ha OCHOBe Kietoguma — 28 % u 1 n/ra
[IBYXKOMITOHEHTHOTO repourpga — 25 %.

KitroueBsle c/10Ba: caxapHasi CBek/ia, Ovonoruyeckas 3(pheKTHBHOCT, MeCTULMA, TepOULA, TPaMUHULIA,
K/IeTOAUM, xu3onodon-II-stun

3asBieHue o KOH(l)JlI/[KTe HUHTEpecoB: ABTOpr 3asBJISIOT 00 OTCYyTCTBUU KOHCl)JII/IKTa HUHTEepeCoB.

Hcropus crarbu:
Toctynuna B pefakuuto: 5 mast 2021 r. Ipunsra K mybnukauuu: 1 vroHst 2021 1.
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