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The article presents the results of a series of field trials conducted between 2016
and 2020 in various regions of Ukraine. The aim of these trials was to determine
crop selectivity and weed control efficacy during autumn application in winter
oilseed rape (Brassica napus L.) crops using a new complex herbicide, Belkar EC.
The active substances of this herbicide are synthetic auxins: halauxifen-methyl
(9.6 g/L) and picloram (48 g/L). It is well known that winter oilseed rape is sen-
sitive to halauxifen-methyl. Due to this, halauxifen-methyl can only be used in
winter oilseed rape crops in combination with other synthetic auxins — specifical-
ly clopyralid, whose safening effect ensures the mixture’s selectivity toward the
crop. For autumn application, picloram is more suitable than clopyralid for a num-
ber of reasons. Therefore, during the development of Belkar EC, clopyralid was
replaced by picloram. Because autumn application during the early growth stages
of winter oilseed rape requires higher herbicide selectivity compared to spring
application, the question of Belkar EC selectivity is particularly relevant. Due to
the mixed nature of weed infestation in crops, it may become necessary to com-
bine Belkar EC with other herbicides that are effective against weed species resis-
tant to Belkar EC. Therefore, for the effective use of Belkar EC, it is necessary to
verify its selectivity toward winter oilseed rape and its weed control efficacy both
when used alone and in mixtures with other herbicides. In the field experiments,
spraying of winter oilseed rape crops was carried out during the 2—4 true leaves
stage of the crop (BBCH 12—14). The efficacy of dicotyledonous weed control by
Belkar EC was compared with the performance of Galera Super SL. It was estab-
lished that during autumn treatment at the recommended rate of 0.25 L/ha and at
a double rate of 0.5 L/ha, the phytotoxic effect of Belkar EC on winter oilseed
rape did not exceed that of Galera Super SL. At an application rate of 0.25 L/ha,
Belkar EC effectively controlled a wide spectrum of dicotyledonous weed species.
The application of Belkar EC in a tank mix with Butisan 400 SC did not affect
crop selectivity and allowed for the inclusion of the annual grass weed loose silkey-
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bent (Apera spica-venti (L.) Pal. Beauv.) into the control spectrum, while also sig-
nificantly increasing the control efficacy of the annual dicotyledonous weed scent-
less chamomile (Matricaria inodora L.). The use of Belkar EC in a tank mix with
Salsa WG significantly increased the control efficacy of weeds from the
Brassicaceae family, particularly flixweed (Descurainia sophia (L.) Webb.).
Application in mixtures with graminicides such as Fusilade Forte EC, Agil EC,
Miura EC, and Centurion EC did not affect the selectivity of Belkar EC toward
winter oilseed rape or its efficacy in controlling dicotyledonous weed species.
Furthermore, the efficacy of grass weed control when applied in a mixture with
Belkar EC did not differ from the effect of the graminicides applied alone. The
combination of the obtained results indicates that the autumn application of her-
bicide Belkar EC alone and in mixtures with other herbicides in winter oilseed rape
crops is safe for the crop and provides effective protection against weeds during the
autumn vegetation period.

Key words: herbicides, herbicide mixtures, selectivity, weed control, halauxifen-
methyl, picloram.

In recent years, the sown areas of winter oilseed rape (Brassica napus L.)
in Ukraine have increased by 19 %, reaching 1.13 million hectares in 2022,
while the average countrywide yield increased to 2.87 t/ha [1]. At the same
time, with the correct selection and systematic application of plant protec-
tion products, the profitability of this crop can reach 100 % [2]. Although
winter oilseed rape belongs to the group of crops that are highly competi-
tive against weeds, it cannot withstand weed competition during the early
stages of development in the autumn period. Due to global warming, the
autumn vegetative period of winter oilseed rape has lengthened, which
highlights the urgency of crop protection during this time. Autumn weed
infestation can cause the crop’s growth point to extend excessively above
the soil surface and lead to poorer root system development, which
increases the risk of winter-killing and causes subsequent yield losses.
Under heavy weed pressure, the loss of oilseed rape biomass can reach 30—
50 % [3], and seed yield can decrease by 20—25 % [4].

To control dicotyledonous weed species in cereal crops and other
commodities the herbicide halauxifen-methyl has been developed. Based
on its chemical structure, it belongs to a new class of compounds with
auxin activity known as aryl picolinates [5]. Oilseed rape is inherently sen-
sitive to halauxifen-methyl, however, it was discovered that this active sub-
stance can be used in winter oilseed rape crops when combined with other
synthetic auxins, specifically clopyralid, due to their safening effect [6].
Trials have shown that when applied in the spring after the resumption of
winter oilseed rape vegetation, the herbicide Slash EC, containing the
active substances halauxifen-methyl (5 g/L) and clopyralid (120 g/L), at a
rate of 1.0 L/ha outperformed the herbicide Galera Super SL (soluble con-
centrate) (clopyralid, 267 g/L + picloram, 80 g/L + aminopyralid, 17 g/L)
applied at 0,3 L/ha in its efficacy against highly harmful dicotyledonous
weeds: corn poppy (Papaver rhoeas L.), cleavers (Galium aparine L.), and
field larkspur (Consolida regalis S.F. Gray) [7]. However, for autumn appli-
cation, the herbicide Belkar EC (in which clopyralid was replaced by piclo-
ram) was recognized as more promising from an environmental safety

438 ISSN 2308-7099 (print), 2786-6874 (online). Fiziologid roslin i genetika. 2026. Vol. 58. No. 5



TESTING THE CROP SELECTIVITY AND WEED CONTROL EFFICACY

standpoint, particularly for preventing herbicide leaching into groundwater
aquifers [8]. Consequently, the question arises whether this substitution
leads to a reduction in crop selectivity toward winter oilseed rape.

It is known that the herbicide Slash EC can control certain weed
species from the Brassicaceae (mustard) family [7]. However, under high
weed pressure in winter oilseed rape crops, a combined application of
Belkar EC with Salsa WG (water-soluble granules) (ethametsulfuron-
methyl, 750 g/kg) may be required, as the latter is effective against speci-
fic Brassicaceae species, particularly wild mustard (Sinapis arvensis L.).
Furthermore, the need for a comprehensive application of Belkar EC may
be driven by high infestation rates of Poaceae (grass) weeds. In this sce-
nario, Butisan 400 SC (suspension concentrate) (metazachlor, 400 g/L)
serves as an appropriate tank-mix partner for Belkar EC.

Additionally, because winter cereals are frequently the predecessor
crop to winter oilseed rape, these fields are often infested with volunteer
cereals alongside other annual and perennial monocotyledonous and
dicotyledonous weeds, with volunteer seedlings appearing simultaneously
with oilseed rape emergence. To control weeds from the Poaceae family,
acetyl-CoA carboxylase (ACCase) inhibitor herbicides (graminicides) are
widely used. These include derivatives of aryloxyphenoxypropionic acid
(AOPP), such as Fusilade Forte 150 EC (fluazifop-P-butyl, 150 g/L),
Agil EC (propaquizafop, 100 g/L), and Miura EC (quizalofop-P-ethyl,
125 g/L), as well as the cyclohexanedione derivative Centurion EC
(clethodim, 240 g/L).

However, it remains unknown whether the joint application of Belkar
EC with graminicides will intensify its phytotoxic effect on the crop or if
a reduction in graminicide efficacy will occur. It is well established that the
phytotoxic effect of graminicides can be antagonistically reduced when
combined with herbicides targeting dicotyledonous weeds, particularly
those from the synthetic auxin class [9, 10].

Thus, the aim of this work was to evaluate selectivity and determine
weed control efficacy during the autumn application of Belkar EC, both
alone and in tank mixtures with other herbicides, in winter oilseed rape
crops.

Materials and Methods

Field trials were conducted between 2016 and 2020 in winter oilseed rape
crops at three locations representing different soil and climatic zones of
Ukraine: 1) Location 1 — Experimental Agricultural Production Unit of
the Institute of Plant Physiology and Genetics, National Academy of
Sciences of Ukraine, located in Hlevakha village, Fastiv district, Kyiv
region, (located at the boundary of the Polissia and Forest-Steppe zones);
2) Location 2 — a commercial agricultural enterprise in Horokhovatka vil-
lage, Obukhiv district, Kyiv region (Forest-Steppe zone); 3) Location 3 —
a commercial agricultural enterprise in Kanizh village, Kirovohrad district,
Kirovohrad region (Steppe zone).

Field experiments were established in winter oilseed rape cultivars/
hybrids differing by location: Chornyi Veleten at Location 1 (preceding
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crop — winter wheat), PR44D06 at Location 2 (preceding crop — spring
barley), and Smart at Location 3 (preceding crop — sunflower).

Herbicide applications were carried out using a compressed-air back-
pack plot sprayer operated at a pressure of 4 atm. The boom width was 3 m
and equipped with five nozzles evenly spaced at 50 cm intervals.
Applications were made at a forward speed of 5 km/h using a spray vol-
ume of 300 L/ha. The area of experimental plots was 15 m? (3 m x 5 m),
they were arranged in a randomized complete block design with four repli-
cations.

The selectivity of Belkar EC and herbicide mixtures to winter oilseed
rape was evaluated through assessments of general phytotoxicity (PHY-
GEN) conducted on 7th, 14th, and 28th days after treatment (DAT) dur-
ing autumn, and again in the following spring after crop vegetation
resumed. Crop response was visually assessed using a scale from 0 to
100 %, where 0 % indicated the absence of visible crop injury and 100 %
represented complete destruction of the crop. Evaluations included the
occurrence and severity of herbicide-induced symptoms such as growth
suppression, chlorosis, necrosis, leaf deformation, abnormalities in leaf
venation, formation of lanceolate leaves, and other morphological altera-
tions. The phytotoxicity score reflected the overall extent of injury observed
within each experimental plot relative to untreated plants.

Weed assessments were conducted immediately before herbicide appli-
cation and subsequently on 14th and 28th DAT. Herbicide efficacy was ini-
tially estimated by visual assessment based on reductions in weed density
and suppression of individual weed species, expressed as a percentage,
where 0 % represented no herbicide effect and 100 % indicated complete
weed control. Visual assessments were verified by the gravimetric method,
and weed control efficacy was calculated according to the following equa-
tion:

E, (%) = (M, — M) x 100/M,

where: E, (%) — weed control efficacy; M, — fresh aboveground biomass
of a given weed species in the treated plot; M, — fresh aboveground bio-
mass of the same weed species in the untreated control plot.

For gravimetric assessments, aboveground weed biomass was harvest-
ed and weighed. When weed density exceeded three plants on m?2, biomass
samples were collected from four quadrats of 1.0 m?2 within each plot. At
lower infestations, all plants of the target species within the entire plot were
harvested and weighed using electronic scales.

Experimental data were subjected to analysis of variance (ANOVA)
using Microsoft Excel software. Treatment means were separated using the
Least Significant Difference (LSD) test with Bonferroni correction, and
differences were considered statistically significant at p < 0,05.

Results and Discussion

In 2016, field experiments were established at Locations 1 and 3 according
to the following design: Belkar EC (0.25 L/ha); Belkar EC (0.3 L/ha);
Galera Super SL (0.3 L/ha); untreated Control. Crop spraying at Location 1
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mon stork’s-bill (Erodium cicutarium (L.) L’Hér.), though not remarkably
high (30—40 %), was still superior to that of Galera Super SL. Thus, under
the specific conditions of this field trial, Belkar EC proved more effective
for controlling common lambsquarters in autumn, but less effective than
Galera Super for controlling creeping thistle and scentless chamomile in
spring.

In the trial at Location 3, the efficacy of common lambsquarters con-
trol by Belkar EC significantly exceeded the performance of Galera Super
SL. At the same time, the effect on volunteer sunflower (Helianthus annu-
us L.) was higher in the Galera Super SL treatment (see Table 1). In the
spring of 2017, after overwintering, no impact of the autumn herbicide
treatment was observed on the composition or density of dicotyledonous
weeds, which included field violet ( Viola arvensis Murr.) (0,5 specimens/m?
(s/m?)), shepherd’s-purse (Capsella bursa-pastoris (L.) Med.) (0,3 s/m?),
common chickweed (Stellaria media (L.) Vill.) (0,3 s/m?), wall speedwell
(Veronica arvensis L.) (0,1 s/m?), and flixweed (Descurainia sophia (L.)
Webb.) (0,1 s/m?). The low weed pressure was likely due to the dry con-
ditions of autumn 2016 and early spring 2017. Volunteer sunflower and
common lambsquarters were absent in all treatments, including the con-
trol, as these species perished during the winter freezing period.

The efficacy of herbicides can depend heavily on application timing.
To determine the effect of treatment timing on weed control efficacy, a
field trial was established in 2018 at Location 2, where the application of
Belkar EC at a rate of 0.25 L/ha was carried out at two distinct timings:
Timing A — at the BBCH 12 stage (two true leaves) of the crop, coincid-
ing with weed seedling emergence. Timing B — at the BBCH 14 stage
(four true leaves) of the crop.

Field inspections revealed no signs of phytotoxic impact from Belkar
EC on winter oilseed rape at either application timing. Weed counts
demonstrated that the later treatment (Timing B) provided superior con-
trol of dicotyledonous weeds from the Brassicaceae family — field penny-
cress (Thlaspi arvense L.) and flixweed, Amaranthaceae — common lamb-
squarters, Ranunculaceae — field larkspur (Consolida regalis S.F. Gray),
and Caryophyllaceae — white campion (Melandrium album (Mill.) Garcke)
infesting the crop (Table 2). It should be noted that following the treat-
ment at Timing A, nocturnal frosts down to — 2 °C occurred for two con-
secutive days, which may have compromised the efficacy of Belkar EC.
The autumn application of Belkar EC maintained a high level of control
over Brassicaceae weeds into the spring, with the later application timing
achieving higher suppression rates than the early treatment. A similar pat-
tern was observed for field larkspur and white campion. Common lamb-
squarters plants that infested the plot in autumn perished during winter.

The results of this trial indicate that delaying the application of Belkar
EC from the 2-leaf to the 4-leaf stage of winter oilseed rape does not lead
to a loss of weed control efficacy. Furthermore, when determining appli-
cation windows, weather forecasts must be evaluated to avoid situations
when air temperatures drop below freezing immediately following treat-
ment.

To expand the spectrum of weed control, and simultaneously mitigate
the risk of herbicide resistance development, studying the efficacy of her-
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= g8 and to evaluate the necessity of
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g S £ 2 WG (0.025 kg/ha); untreated
S 2= C i -
= g ontrol (Table 4). Field assess
s S =2 ments conducted on 7th and 14th
® =l ifi DAT revealed minor morphological
2 3 88 2 2 | %% leaf damage in isolated winter
3 54 5 . £ .

% S g 5 oilseed rape plants in the Belkar EC
3 |k 8§ treatments. The proportion of
£ 5|8 -5 affected plants in the stand alone
~ |B[EE - - - jg s Belkar EC treatment was 1.3 %,
S |glsSg e ¥ 8 |g@ whereas in the tank mix with Salsa
S EIED %% WG, it ranged between 0.3 % and
R D& ks 0.5 %. In the spring of the follow-
g g 5 g ing year, symptoms of Belkar EC
3 S 2 2 2 = 33 phytotoxicity on winter oilseed rape
= % L 13 plants were absent. The control
58 s z T efficacy of Belkar EC against weeds
§§ Q,, of the Brassicaceae family stood at
S| 2% = 60—71 %. Salsa WG alone very
§§° gg oo o o |9 T? weakly suppressed shepherd’s-purse
sS| EE G§ and field pennycress but was more
= = effective in controlling flixweed.
[N [==5)

s< . v o The addition of Salsa WG to Belkar
SIRCE o 8 s >3 EC had practically no impact on
P 1S @) E M en kg d 2‘8

Ss| ZE i e the control efficacy of field penny-
S {0 == e g = 9 :
Y| AS S8 cress and shepherd’s-purse, but it
§§ . EE significantly enhanced the control
5% = = - &% of flixweed both in autumn and
28 S S %) =2 spring. The inclusion of the Trend
Eg g g ﬁs’i& 90 adjuvant in the Belkar EC +
=8 S 2 ¥ Salsa WG mixture did not signifi-
[ = = — 8=

S & 5 o 5 % 2 cantly .alter weed control efficacy.
&S Z = 5ER Since cereal crops frequently
“e\éo é Z 2 = %g precede winter oilseed rape, man-
&E < 3 f f Z2yE  aging volunteer cereal infestations is
23| = ~ = = = | 3¥% highly critical. To evaluate the pos-
S § EE E. S | g5 s .

P 55 58 82 g_%‘J% sibility of simultaneously control-
};‘Q N on g g ﬁ §E ling dicotyledonous weeds and vol-
£S c e el S 58 c unteer cereals using mixtures of
w3 288 2 =%S Belkar EC with graminicides, and
3% § § BT % gaa to test for potential interactions, a
I3 2% 32 3% | 222 field trial t up in 2018 at
I3 2 2 R5E 3 | 258 field trial was set up in a
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TABLE 5. Phytotoxicity (%) of Belkar EC alone and in mixtures with Fusilade Forte 150 EC and Agil EC on winter oilseed rape, and control efficacy (%) of dicotyledonous
weeds and volunteer spring barley at Location 2: assessments on 14th DAT (1), 28th DAT (3), and in spring after resumption of crop vegetation (2, 4) during 2018—2019

S
'S
N

S Location 2 with the following
%% . design: Belkar EC (0.25
§T 8 R 8 SR L/ha); Belkar EC (0.25 L/ha)
.|V g + Fusilade Forte 150 EC (1.0
gl = L/ha); Belkar EC (0.25 L/ha)
= S, + Agil EC (0.9 L/ha);
355 8 & & = & Fusilade Forte 150 EC (1.0
E ga L/ha); Agil EC (0.9 L/ha);
© untreated Control (Table J).
Y Herbicide treatments were
= § D F B s applied at the two true leaves
=S stage (BBCH 12) of the win-

2 ter oilseed rape.
S g The addition of gramini-
“‘é% 2 & & & cides did not affect the selec-
U§ tivity of Belkar EC. In all

treatments containing Belkar
EC, a small number of plants
(below 1 %) exhibited minor
leaf crinkling on 14th DAT.

album
79°
93¢
94¢
08
0n

graminicides Fusilade Forte

150 EC and Agil EC during
autumn applications for the
simultaneous control of dico-
tyledonous and grass weeds,
including volunteer cereals.
To validate this conclu-
sion, a follow-up trial was
arranged in 2019 at Location
2 using the following setup:
Belkar EC (0.25 L/ha); Bel-

Treatment
orte 150 EC (1.0 L/ha)
Belkar EC (0.25 L/ha) + Agil EC

(0.9 L/ha)
2018) and in spring after resumption of crop vegetation (2019), respectively; 3+ — control efficacy of dicotyledonous weeds and volunteer spring barley assessed on 28th

Note. Means followed by different letters differ significantly (p < 0.05); 2 PHYGEN — general phytotoxicity on winter oilseed rape assessed on 14th DAT (autumn

S
=2
3
%
- | 8
5|0 No further manifestations of
% g . herbicide phytotoxic;ity were
3 gi 8 % % &2 noted. Volunteer spring barley
2|38 = was controlled with high effi-
SIS £ cacy both when graminicides
.- 8 were applied alone and when
85| & & % & & 2 mixed with Belkar EC. The
E v [e =] - - .
=8 = autumn control efficacy of di-
< cotyledonous weeds by Belkar
£ =  EC increased slightly with the
OS] = o o o o c oy « e . .
T2 & 2’ g8 8% g fdddmgn qf gr.ammlclgles, while
S %  in spring it did not differ from
- -  the stand alone Belkar EC
5@ 5 treatment, suggesting an
= s = =< '*2 acceleration of Belkar EC
A £ action when co-applied with
z = g  graminicides. These findings
= g s s 2 s oa z  support the viability of tank-
Eg = mixing Belkar EC with the
Ay o=
o
£
&
R
o
g
=
=
g
2
>
a

Fuzilad Forte 150 EC (1.0 L/ha)

Belkar EC (0.25 L/ha) + Fuzilad
F
Agil EC (0.9 L/ha)

Belkar EC (0.25 1/ha)
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$F = X8 kar EC (0.25 L/ha) + Agil
§§ gg 5 8 & & 53 EC (0.7 L/ha); Belkar EC
Eﬁ g3 =9 (0.25 L/ha) + Miura EC
ST |HE = ; (0.5 L/ha); Belkar EC
=8 g S E AE (0.25 L/ha) + Centurion
gg & ég T & & & = EC (0.4 L/ha) + adjuvant
= 1 [ [ [ [ .
§§° % SE g-g Amigo (0.4 L/ha); untreat-
S8 |8 8 g2 ed Control (Table 6)
=8 |© 55 :
a?% 2 52 Treatment was performed
=) < S mx < 22}
s S Sk % 18 3;5 at the 2-leaf stage of the
S5 =3 S oilseed rape (BBCH 12).
% S 3 8 Field inspection on 7th
- =S oL .
N S5l = 5 & Py 273 DAT revealed minor leaf
S SES) - o= margin curling in individual
~ S g - 5w g g
3 S _ E é winter oilseed rape plants
T pe) 3 . .
S & s S oS (0.3—0.5 %) within the
b = .
2= 2 § s & & B ° Belkar EC treatments. This
= 1 [ [ [ [ +~ .
ig _ISs gg effect was short-lived, and
oF | B 5 L5 on 14th DAT, plants in the
T |Elasy =3 Belkar EC treatments were
= o) ) & ) & < . o« 4o .
£ |2IS8| 2 2 2 0B =9 indistinguishable from the
SREEE 75 e e
£ |2 52 controls. Arid conditions in
oSS % £ h f 2019 1
SIE %E the autumn o 9 led to
ST = g . .
£§Q S5 . . . N, | g an overall reduction in her-
— — <t . .
g; SE| & & & & = bicide performance. Volun-
< = G t .
- eer spring barley was con-
s S P ) L
§§ N =5 . trolled with nearly identical
: kS 788 effi 80—83 %)
o 3| = & & & 1 ag  efficacy (80—83 %) across
o SE o % =% all tank mixtures of Bel-
=5 SR sl
25 = 8% kar EC with the various
8 | £% v 22  graminicides. The control
g SE| e o = E 2% efficacy for dicotyledonous
S p Sk =5~ weeds remained virtually
2k S8 . .
g3 ENA 258 identical whether Belkar
5 : . i
sg © § c o o o §-%  EC was applied alone or in
] = @A . . . « .
s | BZ .28 combination with gramini-
I = 555 cides.
E § = g © 3 © I a § a
oS @) = & 7 % & 8.2 .
SRS ~ £ s < < S £ 8.  Conclusions
L E 2 -3 %
N ~ —
S =] . .
SN o) 5 2%  Summarizing the results of
_R9 = © 888 .
< 5 = = £ @& the conducted trials, the
S ©» . .
S w ? f . + 35_5 following conclusions can
N~ <
=5 - - = = == 35E  be drawn:
X = - . .
£y 2 § § § §jr 25 1. When applied in
SR -~ —_ .
};g = w o w  nSE | £8F  autumn at either the 2-leaf
S cc <= 985 §g3 or 4-leaf stage, the herbi-
sEd O 9z 4 Qgs | =22 cide Belkar EC is selective
Sad § §_1 §3 §§ S gii toward winter oilseed rape.
D ™~ ~ . =S . .
E S 2 2 29 28 S é Ix The negative impacts of
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Belkar EC at the 0.25 L/ha rate are minor and transient, showing no sig-
nificant difference from the effects observed with Galera Super SL at
0.3 L/ha.

2. The autumn application of Belkar EC in winter oilseed rape crops
provides effective control over a wide spectrum of dicotyledonous weed
species.

3. The autumn use of Belkar EC in a tank mixture with Butisan 400
SC does not increase the probability of negative effects on winter oilseed
rape. This combination enhances the control efficacy of certain dicotyle-
donous weeds, such as scentless chamomile, and ensures effective control
of annual weeds from the Poaceae family, specifically loose silky-bent.

4. The autumn application of Belkar EC in a tank mixture with Salsa
WG does not compromise herbicide selectivity toward winter oilseed rape
and substantially increases the control efficacy of specific dicotyledonous
weeds from the Brassicaceae family, particularly flixweed.

5. The autumn application of Belkar EC in tank mixtures with
ACCase-inhibitor graminicides — whether aryloxyphenoxypropionic acid
derivatives (Fusilade Forte 150 EC, Agil EC, Miura EC) or cyclohexane-
dione derivatives (Centurion EC) — does not impair the selectivity of
Belkar EC toward winter oilseed rape, maintains or even accelerates the
development of its phytotoxic action against dicotyledonous weeds, and
successfully eliminates volunteer cereal infestations.

Overall, the experimental data demonstrate that the autumn applica-
tion of Belkar EC, both alone and in combination with other herbicides,
is safe for winter oilseed rape crops, delivers effective protection against a
broad spectrum of weed species, and represents a promising component for
integration into advanced winter oilseed rape crop protection systems.

Author Contributions: study conception and design — Ye.Yu. Morderer, V.V. Pavlenko; data
collection — V.V. Yukhymuk, O.P. Rodzevych, M.V. Khandezhina; analysis and interpre-
tation of results — Ye.Yu. Morderer, V.V. Pavlenko; writing — original draft —
Ye.Yu. Morderer; writing — review & editing — V.V. Yukhymuk.

All authors reviewed and approved the final version of the manuscript.

Conflict of interest: the authors declare no conflict of interest.

REFERENCES

1. Zabarnyi, O.S. & Demianyuk, O.S. (2023). Assessment of the state and prospects of
oilseed rape production development in Ukraine and the world. Agroecol. J., No. 2,
pp. 83-90 [in Ukrainian]. https://doi.org/10.33730/2077-4893.2.2023.283700

2. Vanda, M. (2015). Oilseed rape begins in autumn. Avgust Crop Protection [in
Ukrainian]. http://ua.avgust.com/ripak_pochinaetsya z_ oseni

3. Storchous, 1. (2017). Autumn protection of oilseed rape against weeds. Propozytsiya, No.
10 [in Ukrainian]. https://propozitsiya.com/ua/osennyaya-zashchita-gerbicidami-rapsa-
ot-sornyakov

4. Sabluk, A.O. & Malysh, I.Yu. (2015). The best protection of winter oilseed rape against
weeds. Avgust Crop Protection [in Ukrainian]. http://ua.avgust.com/najkraschij_zahist
ozimogo_ripaku_vid_buryaniv

5. Schmitzer, P.R., Balko, T., Satchivi, N.M., Weimer, M.R. & Li, M. (2013, February
4—7). XDE-729 methyl a new post-emergent broadleaf herbicide for cereal grains
(Abstract No. 259) [Paper presentation]. Proceedings of the 2013 Annual Meeting of the
Weed Science Society of America and the Northeastern Weed Science Society,
Baltimore, MD, United States. http://wssaabstrats.com/public/17/proceedings.html

448 ISSN 2308-7099 (print), 2786-6874 (online). Fiziologid roslin i genetika. 2026. Vol. 58. No. 5



TESTING THE CROP SELECTIVITY AND WEED CONTROL EFFICACY

6. Patent 8912120B2 US. (2014). Herbicidal compositions comprising 4-amino-3-chloro-
5-fluoro-6-(4-chloro-2-fluoro-3-methoxyphenyl) pyridine-2-carboxylic acid or a deriva-
tive thereof and synthetic auxin herbicides. Yerkes, C.N., Mann, R.K., Satchivi, N.M.,
Schmitzer, P.R. Publ. 16.09.2014.

7. Morderer, Ye.Yu., Radchenko, M.P., Kyforuk, I.M. & Pavlenko, V.V. (2020). Selectivity
and efficacy of herbicide GF-3488 containing synthetic auxins halauxifen-methyl and
clopyralid in winter oilseed rape crops in Ukraine. Fiziol. rast. genet., 52, No. 5, pp. 388-
400. https://doi.org/10.15407 /frg2020.05.388

8. Bardsley, E., Waite, P. & Sellars, J. (2018). GF-3447 — a new herbicide concept con-
taining halauxifen-methyl for the post emergence control of broadleaf weeds in winter
oilseed rape. The Dundee Conference: Crop Production in Northern Britain, February
27—28 2018, Dundee, UK.

9. Harre, N.T., Young, J.M. & Young, B.G. (2020). Influence of 2,4-D, dicamba, and
glyphosate on clethodim efficacy of volunteer glyphosate-resistant corn. Weed Technol.,
34, No. 3, pp. 394-401. https://doi.org/10.1017/wet.2019.124

10. Barbieri, G.F., Young, B.G., Dayan, F.E., Streibig, J.C., Takano, H., Merotto Junior,
A. & Avila, L.A. (2022). Herbicide mixtures: interactions and modeling. Adv Weed Sci.,
40, Spec 1, €020220051. https://doi.org/10.51694/AdvWeedSci/2022;40:seventy-five01 1

Received 14.07.2026. Accepted 20.07.2026. Published 30.09.2026.

BUITPOBYBAHHS B YKPAIHI CEJJEKTUBHOCTI OO0 KYJIbTYPU TA
E®EKTUBHOCTI KOHTPOJIIOBAHHY BYP’S4HIB 3A OCiHHBOTO
3ACTOCYBAHHS B I[MTOCIBAX O3UMOTI'O PIilTIAKY T'EPBILIMAY BEJIKAP TA
MOro CYMIILIEN 3 iHILIWUMU TEPBILIMAAMU

B.B. IOxumyx!, O.I1. Poosesuu’!, M.B. Xanodexcuna!, B.B. [Taerenxo?, €.FO. Mopoepep!

{nctutyT dizionorii pocnun i reHetuxku HauioHanbHoi akaneMii Hayk Ykpainu
03022 Kwuis, Bysn. BacunbkiBebka, 31/17

e-mail: morderer@ifrg.kiev.ua

2Kopresa Kpon Ykpaina TOB, Bisnecuenrp «Piullopr»

04070 Kwuis, ITetpa Caraitnauroro, 1

e-mail: vladimir.pavlenko@corteva.com

Y crarTi npencTaBieHo pe3yabTaTH cepii MOJbOBUX BUIIPOOYBaHb, 1110 TTPOBOJUIUCS BIIPO-
noBxX 2016—2020 pp. y pi3HMX perioHax YKpaiHM, METOIO SIKUX OyJI0 BM3HAUEHHS CeJieK-
TUBHOCTI 1100 KYJbTYpU Ta €(EKTUBHOCTI KOHTPOIIOBAaHHSI Oyp’siHiB MpPU 3aCTOCYBaHHi B
OCiHHIlf Mepioa y mociBaXx 03MMOTO pilaky HOBOTO KOMIUIEKCHOIO repOiluay Oenkap, K.e.,
TiI0YMMHU PEYOBUHAMMU SIKOTO € CMHTETHYHiI ayKCUHM rajaykcudenmerwt (9,6 /1) Ta MmiK-
Jiopam (48 r/n). Bimomo, 1110 03UMMIA pillak € YYTJIMBUM 0 TajaykcudeHMeTuny. 3 omisamy
Ha lile B IIOCiBax O3MMOrO pinaky rajaykCMhEeHMETWI MOXE 3aCTOCOBYBATHMCS TiJIbKU
CYMIiCHO 3 iHIIMMMW CUHTETUYHUMM ayKCMHaMU, 30Kpema 3 KJIOMipasliloM, aHTUAOTHA isl
SIKOro 3abe3Ieuye CeJIeKTUBHICTh JaHOi CyMillli 1100 KYJIbTYpU. B yMoBax OCiHHbOTO BHE-
CEHHs 3 pSAy MipKyBaHb MiKJIOpaM € MPUAATHIIIMM, HiX KJIOMipajil, TOMY IIpU CTBOPEHHI
repoinuay Genkap, K.e Kiomipalig Oyn1o 3aMiHeHO Ha mikjopaM. OCKiJIbKM 3aCTOCYBaHHS
BOCEHM Ha paHHiX (azax PO3BUTKY O3UMOTIO pinaky MnoTpedye OiNbllIoi CeJeKTUBHOCTI
repOilMaiB MOPIBHSIHO i3 3aCTOCYBaHHSIM HaBeCHi, OCOOJMBO aKTyaJbHUM € MUTAHHS 1110-
JIO CEJIEKTUBHOCTI repOiuuay Oenkap, K.e. B 3B’I3Ky 3i 3MilllaHUM XapakTepoM 3a0yp’sTHEH-
H$ TIOCiBiB, MOX€ BUHUKATH HEOOXiIHICTh KOMIUJIEKCYBaHHS repbiluay Oenakap, K.e. 3 iH-
WKUMHU repbinnaaMu, eeKTUBHUMU LIOJ0 BUIIB Oyp’sIHiB, CTiliKMX A0 repbiluay Oenakap,
K.e. ToMy u1s ebeKTUBHOTO BUKOPUCTAHHS repOiuuay 6eakap, K.e. HEOOXiIHO MepeBipuTH
CEJIEKTUBHICTh 1110JI0 O3UMOTO pinaky Ta e(eKTUBHICTb KOHTPOJIOBAHHSI Oyp’sIHiB K MpU
3aCTOCYBaHHI repoOinuay Oejkap, K.e. OKpeMo, TaK i y cymiliax 3 iHIIMMU repOinuaaMu. Y
MOJBOBUX JOCHinax OOMPUCKYBaHHSI IOCIBY O3UMOrO pimaky npoBoawIu y ¢asu 2—4
crnpaBxHix JuctkiB y Kyasrypu (BBCH 12—14). EdexTUBHICTh KOHTPOIIOBAHHS ABOIOJIb-
HUX Oyp’siHiB repOillMaOM Oejikap, K.e. IMOpiBHIOBAJIU 3 Ji€l0 TepOiluay rajepa cyrep, po3-
YUHHUM KOHLIEHTpaT (p.K.). BcTaHoBieHO, 1110 3a 0OpOOKM BOCEHM Y pPEKOMEHIOBaHil
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Hopwmi 0,25 Jsi/ra Ta y nmoagiiiHiii HopMi 0,5 j1/ra GITOTOKCUYHUI BILUIMB repOiuumy Oenakap,
K.e. Ha O3MMUIi pilak He MepeBHUIlyBaB [Ail0 repOillMay rajepa cyrep, p.K. 3a HOpMU BHe-
ceHHs 0,25 si/ra repbiuun 6enkap, K.e. e(eKTUBHO KOHTPOJIOBAB IIMPOKUI CIEKTP BUIIB
NBOAOJBHUX OYp’siHiB. 3acTocyBaHHS repOiluay 6esnkap, K.e. y CyMilli 3 TepOilluaoM OyTH-
3aH 400, K.C., He BIUIMBAJIO Ha CEJIEKTUBHICTh 1IOA0 KYJIbTYPH i 1aBajio 3MOTY BKJIIOUUTHU Y
CMEeKTP KOHTPOJIbOBAHUX BUiB OAHOPIUHUI 371aKOBUIl Oyp’sSiH MeTJIIOr 3BUYallHUl (Apera
spica-venti (L.) Pal. Beauv.), a TakoX 3Ha4HO MiABUILYBaJO €(EeKTUBHICTb KOHTPOJIOBAHHS
OIHOPIYHOTI'O JBOJOJBLHOrO Oyp’siHy poMallku Heraxy4doi (Matricaria inodora L.). 3actocy-
BaHHs repOiuuay Oejikap, K.e. y 0aKoBiii cyMillli 3 repOoilMaoM cajibca, B.T. 3HAUHO IiJIBU-
LyBaJIO e(DEKTUBHICTh KOHTPOJIIOBAaHHS Oyp’sIHIB 3 PONMHY KaIyCTSHUX, 30KpeMa KyJYepsiB-
o Codii (Descurainiaa sophia (L.) Webb.). 3acTtocyBaHHs y cyMilllax 3 repOiuumamMu 3
KJlacy rpamiHiuuaiB ¢ro3unan ¢opre, K.e., arii, K.e., Miypa, K.€. Ta LEHTYpiOH, K.e. He
BIUIMB&JIO Ha CEJIEKTUBHICTh repbilmmy Oenkap, K.e. IIOA0 O3MMOro pinaky Ta eheKTUB-
HIiCTb KOHTPOJIIOBAaHHSI HUM JABOJOJIbHUX BUIIB Oyp’sHiB. E(eKTUBHICTb KOHTPOIIOBAHHS
3J1aKOBUX Oyp’sIHIB 32 3aCTOCYBaHHS y CyMillli 3 repOiumuaoM Oenkap, K.e. He Biapi3Hsiacs
Bin Oii rpaMiHiLMaiB, 3acTOCOBaHUX OKpeMo. CyKyMmHiCTb OTPUMaHUX Pe3yJbTaTiB CBiIUUTh,
110 3aCTOCYBaHHSI BOCEHU B MOCiBaX O3MMOTrO pinaky repoiuumy Oeakap, K. OKpemo Ta y
cyMilllax 3 iHIIMMU repOiluaaMu € 6e3neyHuM JUisl KyJIbTypH i 3a0e3neuye e(heKTUBHUI 3a-
XMCT MOCiBiB Bifl Oyp’siHiB B OCiHHili mepioz.

Kntouosi croea: repbilyan, cyMmilli repOilMIiB, CEJIEKTUBHICTb, KOHTPOJIOBAHHS Oyp’sIHIB,
rajiaykcubeHMe T, MiKJIopaMm.
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