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Control of weeds in spring barley crops
at different times of herbicide application

Abstract. Weeds can significantly reduce the yield of spring barley, so research is relevant to determine the optimal
time for applying herbicides based on modern active substances to control a wide range of weeds. In this regard, the
purpose of this study is to determine the effectiveness of the Kvelex preparation based on new active substances
halauxifen-methyl and florasulam in comparison with Lancelot 450 WG against annual and perennial dicotyledonous
weeds during introduction into various phases of crop development and weeds in spring barley crops. The leading
approaches to solving this problem are conducting field studies to determine the biological effectiveness of herbicide
variants and statistical methods (dispersion, correlation) to determine the accuracy and reliability of experimental
data. As a result of the conducted studies, it was found out that in the case of contamination with annual weeds
Cenopodium album L., Polygonum convolvulus L., Amaranthus retroflexus L., herbicide application is best carried out in
the cotyledon phase - the first pair of real weed leaves, which corresponds to the BBCH 18 phase of spring barley. This
provided the highest efficiency against these species at 95.5% for Kvelex and 94.4% - Lancelot, 450 WG. But at this stage,
the effectiveness against Cirsium arvense (L.) and Scop. Sonchus arvensis L.is up to 94% and 86.6%, respectively. However,
thistles are significantly suppressed and do not compete for the crop in the future, which facilitated a significantly
higher yield of spring barley (4.5 t/ha for applying Kvelex and 4.42 t/ha for using Lancelot 450 WG) compared to options
where herbicides were applied in the BBCH 25-30 phases of the crop. The materials of the study are of practical value
for farmers in choosing the phase of development of weeds and crops when applying herbicides in spring barley crops
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INTRODUCTION

Spring barley is one of the most common grain crops in
Ukraine. Its area is stable in the range 0f 1.34-1.63 million
hectares. Weeds are a significant factor in limiting the
yield of this crop. According to the study by L. Pelekh, the
most negative impact on the yield of spring barley begins
from 30 days after germination of the crop. The presence
of weeds in the range from 75 to 112 units/m? reduces
crop vield by 49-62.4% [1].

The decrease in the yield of grain crops largely de-
pends on the species diversity of weeds, the level of their
presence, the situation with the soil and the environment,
and the accepted methods of weed control [2; 3]. In addi-
tion to direct influence on the cultivated plant (reduced
yield), weeds can also have an indirect effect, in particular,
perform the function of a “reservoir” of mycotoxicogenic

fungi, which are producers of mycotoxins that accumulate
in the crop [4]. The most common and problematic weed
species in the agrocenosis of spring barley in Ukrainian
and European fields are yellow foxtail (Setaria glauca (L.)
Beauv.), cockspur (Echinochloa crus-galli (L.) Beauv.),
charlock mustard (Sinapis arvensis L), red-root amaranth
(Amaranthus retroflexus L.), white goosefoot (Chenopodium
album L)), pale persicaria (Polygonum lapathifolium L.), wild
buckwheat (Polygonum convolvulus L), common ragweed
(Ambrosia artemisifolia L), white campion (Melandrium album
(Mill.) Garcke), field pennycress (Thlaspi arvense L.), creep-
ing thistle (Cirsium arvense (L.) Scop.), sow thistle (Sonchus
arvensis L., field bindweed (Convolvulus arvensis L.) [5-7].
Despite sufficiently investigated weed control mea-
sures, numerous herbicide-resistant weed genotypes are
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rapidly evolving in agricultural crops and chemical con-
trol capabilities are decreasing in many production sys-
tems [8; 9]. For example, Larran et al. [10] in their study
indicate the distribution of populations of Amarantus
palmeri resistant to herbicides of the glyphosate group
and acetolactate synthase (ALS) inhibitors. Therefore, it
is necessary to develop and test new active ingredients
with different mechanisms of action on weeds to avoid
resistance.

It is important to apply herbicides in time, as their
use inlater phasesleads to poorer weed control and, as a
result, to lower crop yields. In the studies of Polish re-
searchers, the smallest increase in the yield of spring
barley was conditioned by the introduction of herbi-
cides in the BBCH 31 development phase compared to
BBCH 25-26 [11]. The most harmful to spring barley are
perennial species, in particular, Cirsium arvense (L.)
Scop. and Sonchus arvensis L., Convolvulus arvensis L.,
Elymus repens L. To eliminate these weeds, it is im-
portant to select the phase when they are most sensi-
tive to herbicides. In particular, Tavaziva et al. [12] indi-
cate that growth and development of C. Arvense were
most effectively suppressed when herbicide spraying
was carried out during the development of four leaves
on the largest shoot, which corresponds to 13 cm, and

not 15-20, as recommended in the literature. To date,
498 biotypes of weeds that are resistant to various
herbicides, including active substances from the groups
of sulphurea, imidazolinones, and azoles have been
identified [13; 14].

The purpose of this study is to investigate the ef-
fectiveness of Kvelex based on new active substances
halauxifen-methyl and florasulam in comparison with
Lancelot 450 WG in spring barley crops. The goal of
the study is to determine the biological effectiveness
of herbicides against dicotyledonous annual (catch-
weed, black nightshade, pale persicaria, wild buck-
wheat, white goosefoot, red-root amaranth, etc.) and
perennial (creeping thistle and sow thistle) weeds for
introduction into different phases of crop and weeds
development.

MATERIALS AND METHODS

Studies to determine the effectiveness of herbicides
against dicotyledonous annual and perennial weeds in
spring barley crops were conducted for 3 years (2020-
2022). For this purpose, a field small-scale experiment
was conducted on the premises of the special subdi-
vision “Agronomic Experimental Station” of NULES of
Ukraine according to the following scheme (Table 1).

Table 1. Experiment scheme

No. Variants Drug consumption rates I/ha, kg/ha BBCH culture development phase

1 Kvelex + Vivolt 0.05+0.4

15-20
2 Lancelot 450 WG + Vivolt 0.033+0.4
3 Kvelex + Vivolt 0.05+0.4

22-28
4 Lancelot 450 WG + Vivolt 0.033+0.4
5 Kvelex + Vivolt 0.05+04

30-32
6 Lancelot 450 WG + Vivolt 0.033+0.4
7 Control

Note: Kvelex — halauxifen-methyl 100 g/kg + florasulam 100 g/kg + cloquintoset-acids 70.8 g/kg (antidote); Lancelot 450 WG - florasulam
150 g/kg + aminopyralide 300 g/kg; Vivolt - ethoxylate + isodecyl alcohol (alpha-isodecyl-omega-hydroxypoli-oxyethylene). The

working fluid consumption rate is 200 1/ha

The experiment is based on 4-fold repetition.
Experiment area — 560 m2 The area for each variant is
80 m?. The placement of repetitions and variants in the
experiment is randomised. The test preparations were
applied with a Jacto pjb-16C satchel sprayer.

In the experiment, spring barley of the Sebastian
variety was sown, the seeding rate was 4 million germinated
seeds/ha, seeding depth - 3-4 cm, row spacing - 15 cm,
predecessor - sunflower. Protection of the crop from dis-
eases and pests is the same for all variants and included
seed treatment before sowing with a mixture of Gaucho
Evo 275 FS TN (clothianidine, 100 g/l + imidacloprid, 175 g/1)
at a rate of 1.0 1/t and Lamardor Pro 180 FS TN (protio-
conazole, 100 g/1 + tebuconazole, 60 g/l + fluopyram, 20 g/1)
at a rate of 0.5 I/t. Post-germination protection included a
single application of the Falcon fungicide (tebuconazole,

167 g/l + triadimenol, 43 g/l + spiroxamine, 250 g/1) at a
rate of 0.6 1/ha and Decis f-Lux insecticide (deltamethrin,
25 g/1) at a rate of 0.4 1/ha. The soil of the experimental
plots is represented by typical medium-loamy cherno-
zem.

To calculate the biological effectiveness of the
studied herbicides, the equation was used [15; 16]:

100%(A—B) (1)
A

E=

where: E - biological efficiency of the herbicide, %; A -
number of weeds in the control variant, units/m? B -
number of weeds in the experimental variant, units/m?

Records of the number of weeds and the biological
effectiveness of herbicides were carried out on Day 14,
Day after each treatment and before harvesting separately
for each type of weed.
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Since the studied preparations were introduced
into different phases of crop development, the number
of weeds and the phase of their development before the
introduction of herbicides significantly differed. The
introduction of herbicides in the first term occurred in
the BBCH 18 development phase of spring barley. The
species saturation was up to 10 species per 1 m2 All ar-
eas where the study was conducted had a strong level of
contamination - from 77.8 to 90.5 units/m? The following
crops were dominant: white goosefoot (Chenopodium
album L.), wild buckwheat (Polygonum convolvulus L.),
red-root amaranth (Amaranthus retroflexus L.; subdom-
inant species were: catchweed (Galium aparine L.), pale
persicaria (Persicaria lapathifolia 1.), creeping thistle
(Cirsium arvense (L.) Scop.); related species: chickweed
(Stellaria media (L.) Vill), black nightshade (Solanum
nigrum), white campion (Melandrium album Mill.), sow

thistle (Sonchus arvensis L.). Phases of development of
dicotyledonous annual weeds - cotyledons - the ap-
pearance of the first pair of real leaves; dicotyledonous
perennials - the rosette phase. Second-term drugs were
introduced into the BBCH 25 development phase of the
crop. The same types of weeds were present in the crops
in the same proportions. The development phase of this-
tles was 8-10 leaves, other dicotyledonous weeds - from
4 to 6-8 leaves, depending on the species. The develop-
ment phase of spring barley in the third period of herbi-
cide application was BBCH 30. The species composition
of weeds has not changed. The development phase of
thistles was 10-12 leaves, dicotyledonous annual weeds -
from 4 to 6-10 leaves, depending on the species. Figure 1
shows the species composition and average number of
weeds present in spring barley crops at the time of appli-
cation of the herbicides under study.

Creeping thistle
16,14285714
Common sowthistle White goosefoot
2,214285714 17,60714286
Catchweed Black nightshade
5,571428571 2,892857143
wild buckwheat Red-root amaranth
10 17,67857143
Pale persicaria Chickweed
1928571429 5,392857143
White campion
3,178571429

Figure 1. Species composition and number of weeds at the time of herbicide application

The yield of spring barley was determined in the
phase of full ripeness of the crop by continuous harvest-
ing from each site separately, bringing it to 100% purity
and standard humidity.

Statistical analysis of the obtained data was per-
formed using MS Office 365 Excel and Statistica 10 soft-
ware suites.

RESULTS AND DISCUSSION
The first quantitative accounting of contamination of
spring barley crops was carried out on Day 14 after the
introduction of preparations. Their effect, depending on
the time of application and the variant, had different de-
grees of severity. There was a significant decrease in the
number of vegetative weeds and inhibition of the growth
and development of not yet dead specimens. In the control
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variant, the increase in the number of weeds was 14.9%
compared to the initial value. The number of weeds in the
experimental variants was 22.3-32.3 units m? depending
on the option. All variants had significant differences with
the control. Further records noted a decrease in the num-
ber of weeds in crops with herbicidal variants. The lowest
number of annual weeds 56 days after herbicide appli-
cation was recorded for the use of drugs in the BBCH
18 phase of the crop, when the weeds were in the phase
of cotyledon-first pair of real leaves. In this case, their
number was 4.5 units/m? for Kvelex and 4.8 units m?
for Lancelot 450 WG. When herbicides were applied in
the later phases of crop development, the number of
weeds was higher and amounted, respectively, to 7.8 and
10.3 units/m? for spraying in the BBCH 25 phase and 13.0
and 14.3 units/m? - BBCH 30 (Fig. 2).
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Figure 2. Dynamics of the number of weeds depending on the period of application of herbicides, units/m?

The biological effectiveness of the drugs in % was
calculated for each type of weed. On Day 14 after applying
herbicides, their overall biological effectiveness was in the
range of 65.5-79.9% in the absence of a significant differ-
ence between the variants. However, the analysis for each
type of weed separately showed significant differences
between the variants depending on the application phase
and the active substance of the drug. Significantly higher
efficiency against perennial dicotyledonous rod-root

weeds Cirsium arvense (L.) and Sonchus arvensis L. was
noted when applying herbicides to later phases. When
applying Kvelex and Lancelot 450 WG in the develop-
ment phase of spring barley BBCH 25, their effectiveness
against these weeds was 92.7 and 91.0%, respectively, and
BBCH 25 - 95.8 and 90.0%, while the use of these drugs
in the earlier stages of BBCH 18 in crops and the rosette
phase in thistles provided significantly lower efficiency
at the level of 76.1-69.7% (Table 2).

Table 2. Biological effectiveness of herbicides depending on the application period, %

Types of weeds
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BBCH 18
Day 14 76.1 76.6 93.8 72.2 88.2 77.5 82.5 68.6 | 90.0 73.3 79.9
1 Day 28 86.2 95.1 95.8 88.6 94.5 77.5 86.3 | 79.7 | 89.7 | 733 86.7
before harvesting 90.4 95.9 100.0 | 94.9 | 100.0 | 100.0 | 98.8 | 95.6 | 100.0 | 81.7 95.7
Day 14 69.7 70.8 66.7 67.5 80.6 62.5 68.8 62.6 | 63.4 | 44.2 65.7
2 Day 28 83.2 82.6 100.0 | 85.0 | 100.0 | 87.5 68.8 | 83.1 | 94.0 | 729 85.7
before harvesting 86.0 91.0 100.0 97.3 | 100.0 | 100.0 | 81.3 | 95.0 | 100.0 | 75.0 92.5
BBCH 25

Day 14 92.7 42.6 51.8 53.7 80.5 75.0 75.0 58.8 | 65.6 | 100.0 69.6
3 Day 28 96.2 74.7 87.9 76.3 97.5 87.5 75.0 82.5 | 81.5 | 100.0 85.9
before harvesting 100.0 | 78.6 83.9 88.4 | 100.0 | 100.0 | 100.0 | 87.5 | 96.4 | 100.0 | 93.5
Day 14 91.0 44.6 73.3 51.9 79.6 41.7 84.4 52.1 64.4 | 91.7 67.5
4 Day 28 92.7 74.1 78.3 77.6 93.1 80.2 90.6 | 82.0 | 75.6 | 100.0 | 844
before harvesting 97.3 76.9 77.8 81.7 96.3 96.9 90.6 86.7 | 96.9 | 100.0 90.1
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Table 2, Continued

Types of weeds
3
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BBCH 30
Day 14 95.8 42.9 52.5 54.1 85.2 50.0 93.8 60.4 | 60.6 | 100.0 69.5
5 Day 28 96.7 67.9 78.3 68.0 91.4 81.3 | 100.0 | 73.0 | 77.0 | 100.0 | 83.4
before harvesting 99.2 76.0 74.2 77.4 91.4 75.0 771 82.2 | 96.9 | 100.0 84.9
Day 14 90.0 42.6 57.5 471 78.8 60.8 71.9 575 | 61.4 | 875 65.5
6 Day 28 93.9 71.0 58.4 61.3 96.9 80.4 969 | 80.2 | 68.1 | 90.0 83.0
before harvesting 96.3 65.2 66.8 61.3 96.9 76.8 62.5 82.4 | 96.4 | 100.0 | 80.5
Day 14 96 | 125 | F<F, | 145 F<F,, 281 | Fs<Fy
LSD,, Day 28 72 | 154 | F<F, | 126 | F<F, | 33.1 ‘ F<F, 26.4 | F<F,
before harvesting 55 15.9 F<F,, 9.6 F<F,, 17.9 7.1

However, better control of annual weeds such as
Chenopodium album L. and Amaranthus retroflexus L.
was made by the preparations in the phase cotyle-
don-first pair of true leaves in weeds, which falls on the
BBCH 18 phase in spring barley. In particular, against
Chenopodium album L. the effectiveness of Kvelex intro-
duced in the first term was 76.6%, against Amaranthus
retroflexus L. - 72.2%, which is at the level of Lancelot 450
WG with indicators, respectively, 70.8% and 67.5%.

The analysis of variance did not reveal significant
differences in the biological effectiveness of the studied
herbicides against Stellaria media (L.) Vill, Melandrium
album Mill, Persicaria lapathifolia L., Polygonum
convolvulus L. and Galium aparine L. However, it was
also generally higher for the introduction of herbicides
in the early stages of weed development. Notably, the
weeds that were not destroyed were in a depressed state
and lost their competitiveness to cultivated plants.

Records conducted on Day 28 generally showed
an increase in the biological effectiveness of herbicides
on all the studied variants to 83.0-86.7%, but no signif-
icant difference was found between them. Analysis for
each type of weed separately confirmed previous trends
in the effectiveness of drugs. Thus, the highest effective-
ness of Kvelex against thistles Cirsium arvense (L.) and
Sonchus arvensis L. was achieved by applying it in BBCH
phases 8-12 of weed leaves and was 96.2-100.0%, and
annual weeds - in the early stages of their development
and was 77.5-95.8%.

At the time of the last accounting before har-
vesting spring barley, the number of weeds in the ex-
perimental plots decreased compared to the previous
accounting. The surviving weeds were in neotenic form
and were not able to significantly replenish the seed
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bank of the soil and cause damage to the crop, although
some of them formed seeds.

As aresult, the biological efficiency of herbicides
introduced in the first term was the highest in the ex-
periment and amounted to 95.7% for Kvelex and 92.5% —
Lancelot 450 WG. The introduction of these drugs in the
second term reduced their overall effectiveness, respec-
tively, to 93.5% and 90.1%, but this decrease was not sig-
nificant. The use of drugs in the third term significantly
reduced their effectiveness to 84.9% and 80.5%. The high
control of Stellaria media (L) Vill, Melandrium album
Mill, Persicaria lapathifolia L., Polygonum convolvulus L,
Galium aparine L.was shown by all the options, regardless
of the time of application of drugs. However, in general,
the introduction of herbicides in the early stages of de-
velopment of these weeds provided higher biological ef-
ficiency and faster death. In fields that are significantly
clogged with perennial root-and-shoot weeds (Cirsium
arvense (L.) and Sonchus arvensis L.) it is more appro-
priate to use these drugs in the second term (BBCH 25
of spring barley and 8-10 leaves of thistle), which would
provide almost 100% destruction of perennial weeds and
quite effectively control annual species.

The yield of spring barley in the control version
was 2.24 t/ha. The introduction of the studied drugs sig-
nificantly increased the yield of the crop. The introduction
of Kvelex and Lancelot 450 WG in the BBCH 18 phase of
spring barley provided the highest yield increase, respec-
tively, 1011% and 977%. The use of these drugs in later
phases of crop and weed development provided a smaller
increase in crop yield: BBCH 25 - 94.3% and 89.3%; BBCH
30 - 86.8% and 85.8%. There was a close inverse correla-
tion (r = -0.99) between crop yield and weed abundance,
and a close direct correlation between herbicide yield and
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biological efficiency (r = 0.9). Thus, the use of herbicides
at a later stage of crop development (BBCH 25-30) led to

1,45
45
4 6;4.15
&
T 35 3434 y=-0.0224x +4.5305
< R2=0.9972
S 4423,
25 :
e 7,224
2
0 50 100 150

Number of weeds, units/m?

a significant decrease in the yield of spring barley com-
pared to their use in the early stages (BBCH 18) (Fig. 3).

Figure 3. Spring barley yield and its dependence on the number
of weeds and the biological effectiveness of herbicides
Note: 1,2, 3,4, 5, 6,7 - experiment variant numbers, LSD , = 0.16 t/ha

Thus, the results obtained differ from those of
Tavaziva et al. [12] in the question of the effectiveness
of herbicides against Cirsium arvense (L.) Scop at ear-
lier stages of weed development (4 leaves). The high-
est efficiency in studies against this type of weed was
achieved when 8-12 leaves are formed. Data were ob-
tained on the high biological efficiency of Kvelex at a rate
of 0.051/ha against Polygonum convolvulus L. and Galium
aparine L. were consistent with the results obtained
by M. Yanev [17]. Data on the biological effectiveness of
Lancelot 450 WG vs. Cirsium arvense (L.) Scop at the level
of 86-97.3%, depending on the application period, different
from the results obtained by Zargar et al. [18], which in-
dicate a small level of control of this weed.

The conclusions of the conducted studies
are consistent with the data obtained by Kieloch &
Marczewska-Kolasa [11], which indicate the highest
yield of spring barley when applying herbicides at earlier
stages of crop development and annual dicotyledonous
weeds. Studies on the effectiveness of herbicides for ap-
plying spring barley to different phases of development
and their impact on crop yield, conducted by other re-
searchers [19; 20] in different soil and climatic zones,
also provided similar results.

Reduction of spring barley yield in the presence
of weeds in the range of 90-114 units/m? ranges from
85.8% to 101.1% depending on the timing of herbicide
application, which is much higher than according to
L. Pelekh [1], in whose studies this figure ranged from
490 to 62.4%. However, to evaluate these results, more
research will be needed over more years to cover greater
diversity in weather conditions.

100
g > 52 L
(0]
3 90 §_ L
§ ..4.'.
< 85
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°
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S 80 %
m
75
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CONCLUSIONS

The biological effectiveness of the studied drugs against
annual and perennial weeds significantly depended on
the time of their application. The highest effectiveness
against some annual species was for the introduction of
Kvelex and Lancelot 450 WG in the early stages of weed
development and was, respectively, against: Cenopodium
album L. - 95.9% and 91.0%; Polygonum convolvulus L. -
95.6% and 95.0%; Amaranthus retroflexus L. - 94.9% and
97.3%. Thus, in case of annual contamination with these
species, it is advisable to apply herbicides during the for-
mation of cotyledons-first pair of real leaves in weeds
corresponding to the BBCH 18 phase of spring barley.

Better control of perennial species - Cirsium
arvense (L.) Scop. and Sonchus arvensis L. was observed
when introducing drugs in the second and third terms.
Therefore, with a significant number of thistles, to com-
pletely eradicate them, itisadvisable touse these drugsin
the presence of 8-12 leaves in weeds, which corresponds
to the BBCH 25-30 development phase of spring barley.
The effectiveness of the drugs was almost 100%.

On control Stellaria media (L.) Vill, Melandrium al-
bum Mill, Persicaria lapathifolia L., Polygonum convolvulus L,
Galium aparine L., the timing of drug administration did
not affect.

Despite generally worse control of perennial weeds
per application of Kvelex and Lancelot 450 WG in the
BBCH 18 phase of spring barley, these variants provided
areliably high cropyield - at the level of 4.5 and 4.42 t/ha.
Thus, to fully mitigate the harmful effects of weeds on
the yield of spring barley, it is advisable to apply Kvelex and
Lancelot 450 WG at the early stages of crop development,

Plant and Soil Science. Vol. 13, No. 2
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which will maximise the destruction of young weeds and
significantly suppress perennial weeds.

Considering the high harmfulness of dicotyle-
donous and monocotyledonous perennial and annual
weed species, studies to determine the biological effi-
cacy and selectivity to the culture of tank mixtures of
Kvelex and Lancelot 450 WG with graminicides based

on pinoxaden and phenoxaprop-P-ethyl will be promis-
ing. Moreover, it is advisable to conduct experiments on
the joint use of the studied herbicides with morphoreg-
ulators based on chlormequat chloride trinexapac-ethyl,
calcium progexadione, mepiquat chloride, and ethe-
phone for introduction into different phases of crop
development.

1]
(2]

(3]
(4]

(5]
(6]
(7]
(8]
(9]

[10]

(11]

(12]

[13]

(14]

[15]

[16]
[17]

[18]

[19]

REFERENCES
Pelekh, L.V. (2018). Estimation of harmfulness of weeds in sowing of spring barley by method of the combined
vegetation. Agriculture and Forestry, 2(9), 59-67.
Chaudhary, A, Chhokar, RS, & Singh, S. (2022). Integrated weed management in wheat and barley:
Global perspective. In New horizons in wheat and barley research (pp 545-615). Singapore: Springer.
https://doi.org/10.1007/978-981-16-4134-3_20.
Hattab, M. (2022). Study of infestation and harmfulness degree of weeds on fodder barley (Hordeum vulgare L.) in
an arid region (Laghouat-Algeria). Ukrainian Journal of Ecology, 12(3), 66-73. https://doi.org/10.15421/2022_355.
Shpyrka, N.F, Pavlov, 0.S., Samofalova, D.O., & Tanchyk, S.P. (2020). Modern approaches to monitoring the
phytosanitary condition of winter wheat crops under different farming systems. In Prospects for the development
of modern science and education: Materials of the II International scientific and practical conference (pp. 52-53.).
Lviv: Lviv Scientific Forum.
Zuza, V.S., Shekera, S.Yu., & Hutianskyi, R.A. (2018). Comparative evaluation of the effectiveness of herbicides in
spring barley crops. Bulletin of Agricultural Science, 12(789), 34-39. https://doi.org/10.31073/agrovisnyk201812-04.
Augkalniené, O., Kadzys, A., Auskalnis, A., & PSibiSauskiené, G. (2009). Weed emergence and survival in spring
barley. Agronomy Research, 7(1),169-174.
Pala, F. (2020). Observation of weed species, frequency and density in common barley (Hordeum vulgare L.) fields of
Diyarbakir, Turkey: A Case study. Journal of Agricultural Sciences, 26,164-172. https://doi.org/1015832/ankutbd.500963.
Bagavathiannan, M.V, & Davis, A.S. (2018). An ecological perspective on managing weeds during the great
selection for herbicide resistance. Pest Management Science, 74(10), 2277-2286. https://doi.org/10.1002/ps.4920.
MacLaren, C., Storkey, ]., Menegat, A., Metcalfe, H., & Dehnen-Schmutz, K. (2020). An ecological future for weed
science to sustain crop production and the environment. Agronomy for Sustainable Development, 40, article
number 24. https://doi.org/10.1007/s13593-020-00631-6.
Larran, A.S., Palmieri, VE., Tuesca, D., Permingeat, H.R., & Perotti, VE. (2022). Coexistence of target-site and non-
target-site mechanisms of glyphosate resistance in Amaranthus palmeri populations from Argentina. Acta
Scientiarum. Agronomy, 44(1), article number 55183. https://doi.org/10.4025/actasciagron.v44i1.55183.
Kieloch, R., & Marczewska-Kolasa, K. (2022). Possibility of joint application of herbicides with growth regulators
in spring barley. Progress in Plant Protection, 61(4), 290-296. https://doi.org/10.14199/ppp-2021-031.
Tavaziva, VJ., Verwijst, T, & Lundkvist, A. (2019). Growth and development of Cirsium arvense in relation to
herbicide dose, timing of herbicide application and crop presence. Acta Agriculturae Scandinavica Section B: Soil
and Plant Science, 69(3), 189-198. https://doi.org/10.1080/09064710.2018.1526964.
Duke, SO., & Heap, I. (2017). Evolution of weed resistance to herbicides: What have we learned after 70 years? In Biology,
physiology and molecularbiology of weeds (pp.63-86). Boca Raton: CRC Press. https://doi.org/10.1201/9781315121031.
Busi, R, Goggin, D.E., Heap, IL.M., Horak, M.],, Jugulam, M., Masters, R.A., Napier, R.M,, Riar, D.S,, Satchivi, N.M,,
Torra, J., Westra, Ph., & Wright, TR. (2018). Weed resistance to synthetic auxin herbicides. Pest Management
Science, 74(10), 2265-2276. https://doi.org/10.1002/ps.4823.
Trybel, S.0., Siharova, D.D., Sekun, M.P, & Ivashchenko, 0.0. (2001). Methods of testing and application of pesticides.
Kyiv: Svit.
Trybel, S.0., Babich, A.G., & Babich, O.A. (2011). Pesticide testing methods. Kyiv: NULES.
Yanev, M. (2022). Herbicidal weed control in winter wheat (Triticum aestivum L.). Scientific Papers. Series A.
Agronomy, 65(1), 613-624.
Zargar, M., Bayat, M., Lyashko, M., & Chauhan, B. (2019). Postemergence herbicide applications impact Canada thistle
control and spring wheat yields. Agronomy Journal, 111(6), 2874-2880. https://doi.org/10.2134/agronj2019.02.0125.
O'Donovan, ] T, Clayton, G.W, Harker, K.N., Johnston, A.M., Turkington, T.K., Kutcher, H.R., & Stevenson, F.C. (2005).
Barley response to seed placement and hebicide timing. The Canadian Journal of Plant Science, 85(1), 265-270.
https://doi.org/10.4141/P04-029.

Plant and Soil Science. Vol. 13, No. 2



Control of weeds in spring barley crops at different times of herbicide application

[20] Turkington, T.K., O'Donovan, JT., Harker, KN, Xi, K., Blackshaw, RE., Johnson, E.N.,, Peng, G., Kutcher, HR,,
May, WE., & Lafond, G.P.(2015). The impact of fungicide and herbicide timing on foliar disease severity, and barley
productivity and quality. The Canadian Journal of Plant Science, 95(3), 525-537. https:/doi.org/10.4141/CJPS-2014-364.

CemeH lMeTpoBud TaHumK, OnekcaHap CepriioBuy MNaBnoB, AHTOHIHa IBaHiBHa BabeHKO

HauioHanbHWi yHiBepcuTEeT 6iopecypciB i NPUPOAOKOPUCTYBAHHSA
03041, Byn. l'epois O60poHM, 15, M. KuiB, YkpaiHa

KoHTponb 6yp’sHiB y nociBax A4MeHI0 4poro 3a pi3HUX TEPMIHiB
y y $ (
3acTocyBaHH{ rep6iumnpais

AHoTauif. Byp'THU MOXXYTb CyTTEBO 3MEHIIUTU YPOXKAWHICTb SUMEHIO SIPOro, TOMY aKTYaJbHUMU € IOCHiIKeHHS
IIOJI0 BU3HAUYEHHS ONTUMAaJIbHUX CTPOKIB BHECEHHS repbilluiB Ha OCHOBI Cy4acHUX [IiI0YMX PEYOBUH 3 METOIO
KOHTPOJIIOBaHHS IIUPOKOTO CIIEKTPY 6Yp'AHIB. V 3B'I3Ky 3 LM JIaHa CTATTA CIIPSIMOBaHa Ha JOCTIIKeHHS eGeKTUBHOCTI
Tiperiapary KBesiekc Ha OCHOBI HOBUX JIIFOUKIX PEUOBHH rajlayKcideH-Me Ty Ta piopacynaMy IIopiBHIHO 3 JIaHIIeJI0T
450 WG mpoTu MaJIopiyHuX Ta 6araTopiuHux OBOJOJIBHUX 6Yp'AHIB 32 BHECEHHS B Pi3Hi (pa3u pO3BUTKY KyJIETYPU
Ta 6yp'aHiB B ITOCiBaxX SYMEHIO Aporo. IIpOBiAHUMU ITiAX0JaMHU 100 BUPIlIeHHS IIiel Tpo6ieMU € TIPOBeIeHH
TTOJIBOBUX JOCITiIKEHb /I BU3HAUEHHA 6i10J10riuHO0l eGeRTUBHOCTI repbiliuAHMX BapiaHTiB Ta CTaTUCTUYHI METOIU
(mucriepciiHmit, KOPENALINHNN) — IJI1 BUSHAaYeHHS TOYHOCTI Ta JOCTOBIPHOCTI eKCIIepUMeHTaIbHOI iHdopMarril. V
pe3ynbTarTi MpoBefleHUX AOCIiIKeHb 3'ICOBaHO, 110 B pasi 3a6yp'aHeHOCTi MajopiuHuMu 6yp'sHamu Cenopodium
album L, Polygonum convolvulus L, Amaranthus retroflexus L. Ta iH. o6IpucKyBaHHs repbilupaMu HabiKpaiie
npoBoIuTH y basy ciM'samosel — mepIuoi mapu CIIpaBKHiX JUCTKIB 6yp'sHiB, 110 Bianosigae dasi BBCH 18 suMeH:o
aporo. Lle 3a6e31eunsio HaUBUILY ebeKTUBHICTD IIPOTY LMX BUAIB Ha piBHI 95,5 % 1151 KBesekc Ta 94,4 — JIaHLIesoT,
450 WG. Are 3a 1iei dasu sHUKyeTbca ebeKTUBHICT mpotu Cirsium arvense (L.) Scop. Ta Sonchus arvensis L. 1o
BifoBigHO 94 % Ta 86,6 %. [IpoTe, OCOTU CYTTEBO IIPUTHIUYIOTHCA Ta B IIOHAJIBIIOMY He CTAaHOBJIATh KOHKYPeHIIil
IJIS1 KYJIBTYPH, IO AO3BOJIVJIO OTPUMATHU JOCTOBIPHO HAWBHILY BPOSKAWHICTh SUMEHI0 aporo (4,5 T/ra 3a BHECEeHHS
KBesekc Ta 4,42 T/ra 3a BUKOpUCTaHHs JIaHE0T, 450 WG) IOpiBHAHO 3 BapiaHTaMH, fie Tep6illuan BHOCHIN y Gasu
BBCH 25-30 KyZbTypy. MaTepiajiu CTaTTi CTAaHOBJIATh IPAKTUYHY IIIHHICTb 171 arpapiis o0 BU60py has3u pO3BUTKY
6yp'IHIB Ta KyJIBTYPH IIiJI Yac BHeCEeHHs repbiluAiB y mociBax suMeHIO Iporo

Kntouosi cnosa: Ksenexc, JIaH1esnoT, 450 WG, 6ionoriuHa epeKTUBHICTb, YPOIKAUHICTh
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