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COMPARISON OF CLEARFIELD® AND CLEARFIELD® PLUS
PRODUCTION SYSTEMS FOR SUNFLOWER

S. M. Cholovskyi
State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. Today, sunflower (Helianthus annuus L.) is one of the leading agricultural crops in
Ukraine with sowing area of 5-5.5 million hectares. Among numerous sunflower production systems, the
Clearfield® and Clearfield® Plus Production Systems are the most effective in controlling broomrape and
difficult-to-control weeds. Purpose. To identify the advantages of the Clearfield® Plus Production System
compared to Clearfield®. Materials and Methods. Field trials were conducted on the facilities of Hovtva
LLC in Reshetylivka, Poltava region, and Terezyne ALC in Terezyne, Kyiv region, in accordance with the
generally accepted research methodology during 2020-2022. All elements of agricultural technology are
generally accepted for the Forest-steppe zone. Results. Over three years of research, it was found that the
yield of SY Bacardi CLP sunflower hybrid (Clearfield® Plus) compared to the NK Neoma hybrid (Clear-
field®) was 0.33 t/ha higher (13.2%) on average in two locations. According to the analysis of a larger sam-
ple of Clearfield® and Clearfield® Plus hybrids, the hybrids of the Clearfield® Plus Production System
formed a yield of 0.28 t/ha higher (12.8%) compared to hybrids of the Clearfield® ones. Given the average
level of weed infestation and the absence of sunflower broomrape and difficult-to-control weeds, there was
no significant difference in yields on the background of Euro-Lightning® (1.2 I/ha), Euro-Lightning® Plus
(2.5 I/ha) and Pulsar® Flex (2.0 I/ha) herbicides within each Clearfield® and Clearfield® Plus Production
Systems. However, the hybrids of the Clearfield® Plus Production System on each herbicide background pro-
vided higher statistically significant yield indicators: an increase in yield was 0.29 t/ha (13.3 %) due to ap-
plication of Euro-Lightning® (1.2 I/ha); 0.21 t/ha (9.8 %) — Euro-Lightning® Plus (2.5 I/ha); 0.34 t/ha (15.3 %)
— Pulsar® Flex (2.0 I/ha). The sunflower hybrids of Clearfield® Plus showed higher tolerance to IMI herbi-
cides and stability of the yields. Conclusions. The sunflower hybrids of the Clearfield® Plus Production Sys-
tem have demonstrated an advantage in terms of seed yield and tolerance to IMI herbicides compared to
Clearfield® hybrids, so they have the potential to further expand their cultivation areas.

Key words: sunflower, hybrid, yield, herbicide, Euro-Lightning® Plus, Pulsar® Flex, phytotoxicity

Introduction. The Clearfield® production
system was introduced in 2003 in the US and
subsequently spread to all countries where sun-
flower is grown, allowing for a wider range of
weeds to be controlled and more flexible dates
for herbicide application [1-3]. The develop-
ment of the technology began with the observa-
tion of wild sunflower plants that were resistant
to the active ingredient imazethapyr in soybean
crops in the United States. In such resistant sun-
flower plants, breeders discovered a gene for
resistance to imazethapyr, which was further
involved in the breeding process to develop sun-
flower hybrids. The hybrids developed through
this process are also resistant to herbicides of
the imidazolinone group. This production tech-
nology, which includes an herbicide-tolerant
hybrid and a corresponding imidazolinone-
based herbicide, is called Clearfield® by BASF.

At the initial stages, the yield potential of

Author information:

the created hybrids was inferior to the sunflower
hybrids using traditional cultivation technology,
which slowed down the wide spread of the
Clearfield® production system. In 2008, this
disadvantage was successfully overcome; thus,
Clearfield® sunflower hybrids have since rea-
ched and exceeded the yields of their analogue
hybrids grown using conventional weed control
technology.

Herbicides with the active ingredients
imazamox and imazapyr inhibit the activity of
the acetolactate synthase enzyme and are used
to protect sunflower crops in Clearfield® tech-
nology. The mechanism of their action is based
on interference with the protein metabolism,
including inhibition of the biosynthesis of es-
sential amino acids. Imazamox and Imazapyr
have a broad spectrum of action and are effec-
tive against most annual and perennial (mono-
cotyledonous and dicotyledonous) weeds [4].
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In 2006, BASF and Nidera joined forces
to discover the CLHA-Plus gene through a con-
ventional breeding process. And in 2010, the
new Clearfield® Plus production system was
introduced to the agricultural industry, which is
based on high tolerance to BASF imidazolinone
herbicides in sunflower hybrids with this gene.
[5]. The new formulation of herbicides, inclu-
ding improved adjuvants, has significantly in-
creased the effectiveness of weed control in sun-
flower crops without adversely affecting crop
tolerance. [6-9].

Even in the case of unintentional overlap
of spraying lanes in production conditions,
when a double herbicide rate is applied to the
plants, Clearfield® Plus sunflower hybrids have
virtually no phytotoxic effect. In addition, sun-
flower hybrids of Clearfield® Plus technology
have higher yields [10].

It is important to note that the herbicides
included in Clearfield® and Clearfield® Plus
sunflower cultivation systems are unique herbi-
cides that can ensure effective chemical control
of the parasitic weed broomrape (Orobanche
cumana Wallr.). A parasitic plant uses nutrients
from the host plant for its own growth and de-
velopment. Sunflower roots secrete specific
substances that stimulate the germination of
broomrape. Sunflower broomrape causes signi-
ficant losses in yield, which can range from 30
to 100 %, depending on the degree of weed in-
festation. The best solution for crops infested
with sunflower broomrape is to implement
Clearfield® Plus technology [11-13].

Since the launch of the Clearfield® Plus
Production System, the number of sunflower
hybrids cultivated with this technology has been
gradually increasing. However, the extension of
the Clearfield® Plus sunflower area has been
slow. During 2020-2022, a number of trials
were conducted to obtain data on the advantages
of growing Clearfield® Plus sunflower hybrids
compared to Clearfield® hybrids.

This research was aimed at determining
the advantages of the Clearfield® Plus produc-
tion system compared to Clearfield® in terms of
sunflower hybrids productivity and the degree
of their tolerance to imidazolinone-based (IMI)
herbicides.

Materials and Methods. The experimen-
tal part of the study was carried out at the farms
of Hovtva LLC in Reshetylivka of Poltava re-
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gion and Terezyne ALC in Terezyne village of
Kyiv region during 2020-2022.

The soil of the experimental plot at
Hovtva LLC is a deep low-humus chernozem.
The arable layer (0-30 cm) includes: humus —
2.0-2.2 % (according to Tiurin), total nitrogen -
24 mg (according to Kjeldahl), mobile phospho-
rus — 109 mg (according to Chirikov), and ex-
changeable potassium — 115 mg (according to
Chirikov) per 1 kg of soil. The reaction of the
soil solution is slightly acidic (pH of the water
extract is 5.3-6.4).

The soil of the experimental plot of Te-
rezyne ALC is a deep low-humus chernozem.
The arable layer (0-30 cm) contains: humus -
2.1-2.3 % (according to Tyurin), total nitrogen
(according to Kjeldahl) — 32 mg, mobile phos-
phorus — 220 mg (according to Chirikov), ex-
changeable potassium — 106 mg (according to
Chirikov) per 1 kg of soil. The reaction of the
soil solution is slightly acidic (pH of the water
extract 5.1-6.3).

In 2020-2022, the weather conditions in
the area of activity of Hovtva LLC were typical
for the Forest-Steppe zone. However, the ave-
rage daily and average monthly air temperature
during the sunflower growing season (May —
September) in the years of research mostly ex-
ceeded long-term values by 0.3-3.9 °C (Ta-
ble 1). Only September in 2021 and 2022 had
average daily air temperatures lower than long-
term values by 1.2-1.7 °C, which led to an
elongation of the seed ripening period in sun-
flower hybrids.

The total amount of precipitation during
the sunflower growing season in 2020 was close
to the long-term average, exceeding it by 23 mm
in 2021 and 62.4 mm in 2022. A significant pre-
cipitation deficit was observed in August 2020
during seed formation and filling, when 9.6 mm
fell (the long-term average is 62 mm), and in
July 2021 during the formation of sunflower
heads and the beginning of flowering when
18.7 mm fell (the norm is 77 mm). The weather
conditions in 2022 were favourable for a high
sunflower harvest, with rainfall of 74 mm in
June, 109.0 mm in July, 75.6 mm in August and
76.5 mm in September, which exceeded the
long-term average for this period by 86 mm.

During the research years, the hydrother-
mal coefficient (HTC) of the sunflower growing
season varied from 0.98 (slightly dry condi-
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Table 1. Meteorological conditions of the growing season of sunflower hybrids,

Hovtva LLC, Poltava region

Months
Year May —
May June July August September September
Average daily air temperature, °C
2020 16.9 22.0 22.3 21.4 18.6 20.2
2021 15.5 20.2 24.2 22.7 13.5 19.2
2022 14.7 20.8 20.5 22.8 13.0 18.4
long-term norm 14.4 19.2 21.1 20.3 14.7 17.9
Total precipitation, mm
2020 159.2 42.0 36.4 9.6 57.0 304.2
2021 58.5 134.9 18.7 71.2 42.7 326.0
2022 30.3 74.0 109.0 75.6 76.5 365.4
long-term norm 54.0 65.0 77.0 62.0 45.0 303.0
Hydrothermal coefficient (HTC)
2020 3.04 0.64 0.53 0.15 1.02 0.98
2021 1.22 2.23 0.25 1.01 1.05 1.11
2022 0.67 1.19 1.72 1.07 1.96 1.30
long-term norm 1.21 1.13 1.18 0.99 1.02 1.11

tions) to 1.30 (sufficient moisture conditions).
At the same time, abnormally dry and unfavour-
able for the growth, development and formation
of high productivity of sunflower in 2020 were
June (HTC = 0.64), July (HTC = 0.53) and Au-
gust (HTC = 0.15), which corresponded to the
conditions of medium, severe and very severe
drought.

In Terezyne ALC, the temperature regime
during the sunflower growing season (May-
September) was 1.1-1.7 °C higher than the
long-term average over the three years of re-
search (Table 2). However, the average air tem-
perature in May was lower than the long-term
average: in 2020 — by 2.7 °C, in 2021 — by
0.9 °C and in 2022 — by 0.6 °C, resulting in a
slowdown in the development of sunflower
plants at the initial stages of growth.

The moisture conditions of the sunflower
growing season (May — September) in 2020
were characterised as mild drought with a HTC
of 0.89, in 2021 with a HTC of 0.99 — as suffi-
ciently wet, and in 2022 with a HTC of 0.78 —
as mild drought. Hydrothermal conditions in
June and July 2022 were the most unfavourable
for sunflower yield formation and very dry with
the HTC of 0.18 and 0.30, respectively. More
favourable conditions for sunflower seed har-
vest were in 2020 and 2021, when periods of
excessive moisture alternated with medium or
slightly dry conditions.

Grain Crops. Vol. 8. No. 2. 2024. P. 235-243

Popular sunflower hybrids were chosen to
compare the production systems: NK Neoma
(Clearfield® production system) and SY Bacar-
di CLP (Clearfield® Plus production system).

For a more in-depth comparative analysis
of the Clearfield® and Clearfield® Plus produc-
tion systems, a study was also conducted with
the selection of a greater number of hybrids,
namely Clearfield® hybrids: SY Barbati, ES
Generalis CL, SY Diamantis, SY Experto,
Zurimi CL, ES Coloris CL, Markeza CL, NK
Neoma, Puntasol CL, SY Santos, Subella,
Talento CL, NC Fortimi CL and Clearfield®
Plus hybrids: SY Bacardi CLP, Drakaris CLP,
Europa CLP, SY Katana CLP, ES Loris CLP,
Lucia CLP, Melita CLP, SY Neostar CLP, Para-
iso 1000 CLP, SY Rosetta CLP, Surprise CLP,
ES Janis, MAS 92 KP, P64LP130, P64LP140.
All elements of agricultural technology are gen-
erally accepted for the Forest-Steppe zone and
were identical for all hybrids.

The research was conducted on the back-
ground of herbicide protection: Euro-Lightning®
(Imazamox, 33 g/l + Imazapyr, 15 g/l), 1.2 I/ha,
Euro-Lightning® Plus (Imazamox, 16.5 g/l +
Imazapyr, 7.5 g/l), 2.5 I/ha, Pulsar® Flex (Ima-
zamox, 25 g/l), 2.0 I/ha, which were applied in
the four true leaves stage in sunflower.

Double doses of Euro-Lightning® Plus —
5.0 I/ha, Pulsar® Flex — 4.0 I/ha were also used
to study the phytotoxic effects on sunflower
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Table 2. Meteorological conditions of the growing season of sunflower hybrids,
Terezyne ALC, Kyiv region

Months
Year May —
May June July August September September
Average daily air temperature, °C
2020 12.2 21.2 21.2 20.6 175 18.5
2021 14.0 19.9 23.1 19.9 12.7 17.9
2022 14.3 21.0 20.7 21.2 12.3 17.9
long-term norm 14.9 17.8 19.0 18.4 13.8 16.8
Total precipitation, mm
2020 80.8 32.6 68.0 39.4 32.4 253.2
2021 99.3 44.6 46.3 64.4 16.8 271.4
2022 34.0 11.2 19.4 82.0 66.2 212.8
long-term norm 46.0 73.0 85.0 60.0 35.0 299.0
Hydrothermal coefficient (HTC)
2020 2.14 0.51 1.03 0.62 0.62 0.89
2021 2.29 0.75 0.65 1.04 0.44 0.99
2022 0.77 0.18 0.30 1.25 1.79 0.78
long-term norm 1.00 1.34 144 1.05 0.85 1.16

plants and their tolerance.

The background of mineral nutrition in
Hovtva LLC was N47P44Kys, in Terezyne ALC
was N4oPssKag, Where YaraMila NigP1sK1s, Ya-
raMila NgP2sKos, YaraMila N;PyKos, YaraMila
N12P24K3, fertilisers were used.

In 2020, sunflower hybrids were sown in
Poltava region at Hovtva LLC on 29 April, and
in 2021 and 2022 on 6 and 4 May, respectively,
at a seeding rate of 65,000 seeds per hectare. In
the Kyiv region, Terezyne ALC sowed on 21, 29
and 28 April 2020, 2021 and 2022, respectively,
at a seeding rate of 63,000 seeds per hectare.
The sowin% area was 75 m?, the registration area
was 50 m“, and the experiment was repeated
three times.

The results of the statistical analysis are
presented in the form of box-and-whisker plot
diagrams.

Results and Discussion. One part of the
study was to compare the yields of the most
popular hybrids in Ukraine, NK Neoma (Clear-
field® production system) and SY Bacardi CLP
(Clearfield® Plus production system). The re-
sults of the research at Reshetylivka location
show that the yields under Clearfield® Plus pro-
duction system exceeded the vyields of Clear-
field® production system by 0.21-0.43 t/ha
(11.4-20.7 %) during the years of research, and
on average by 0.33 t/ha (14.2 %) over three
years (Table 3).

At the Terezyne location, the Clearfield®

Table 3. Seed productivity of sunflower under different production systems,
Reshetylivka, Poltava region, 2020-2022

Hvbrid name Seed yield, t/ha Increase in control, +/—

y 2020 | 2021 2022 | average tha | %
Clearfield® production system
NK Neoma | 1.85 | 164 348 | 232 | - | —
Clearfield® Plus production system
SY Bacardi CLP 2.06 1.98 3.91 2.65 +0.33 +14.2
LSDgs, t/ha 0.18 — —
Plus production system also achieved higher (Table 4).

yields compared to the Clearfield® production
system: the annual yield increase was 0.07—
0.78 t/ha (3.1-20.6 %), and the average yield
increase over three years was 0.38 t/ha (11.9 %)
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It should be noted that during all three
years of research, easily controlled weed species
were present in the experimental plots, and the
level of weed infestation was low. Hard-to-

https://doi.org/10.31867/2523-4544/0337



Table 4. Comparative seed productivity of sunflower under different production systems,
Terezyne, Kyiv region, 2020-2022.

sunflower hvbrid Seed yield, t/ha Increase to control, +/—
y 2020 | 2021 2022 | average tha | %
Clearfield® production system
NK Neoma | 2.32 | 378 223 | 278 | - | -
Clearfield® Plus production system
SY Bacardi CLP 2.48 4.56 2.3 3.11 +0.38 +11.9
LSD05V t/ha 0.35 — —

control weed species and sunflower broomrape
were absent. The efficiency of weed control on
all herbicide backgrounds was high and was
93.5-100%, depending on the species, and prac-
tically did not differ between the herbicide
backgrounds. This made it possible to evaluate
the genetic properties of sunflower hybrids,
their response to different ingredients of herbi-
cides and application rates. According to our
opinion, the genetic characteristics of the Clear-
field® Plus sunflower hybrids provide higher
tolerance to imidazolinones and allow for more
efficient and faster metabolism of herbicide ac-
tive ingredients. These features had a significant
impact on the yield indicators.

The species composition of weeds in sun-
flower crops at Terezyne ALC was represented
by lambsquarters (Chenopodium album L.),
barnyard grass (Echinochloa crus-galli L.),
black bindweed (Poligonum convolvulus L.),
Shepherd's purse (Capsella bursa-pastoris L.),
and European black nightshade (Solanum
nigrum L.). Among the weed species in the ex-
periments in 2020, lambsquarters (up to 5 % of
the projection leaf cover in the control variants),
barnyard grass (up to 5 %), black bindweed (up
to 3 %), Shepherd's purse (up to 3 %) dominat-
ed; in 2021 — lambsquarters (4-6 %), barnyard
grass (3-5 %), Shepherd's purse (up to 2 %),
black bindweed (up to 1 %); in 2022, barnyard
grass (4-12 %), black bindweed (up to 2-3 %),
lambsquarters (up to 1 %), black nightshade (up
to 1 %) dominated in the sunflower crops.

In sunflower crops at Hovtva ALC, the
species composition of weeds included
lambsquarters (Chenopodium album L.), black
bindweed (Poliganthum convolvulus L. ), lady's
thumb (Poligonum persicaria L.), yellow foxtail
(Setaria glauca L.), prostrate pigweed (Amaran-
thus blitoides S.), redroot pigweed (Amaranthus
retroflexus L.), and field pennycress (Thlaspi
arvense L.). Among the weed species in the ex-
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periments in 2020, the following weeds domi-
nated: lambsquarters (46 % of the projection
leaf area in the control variants), black bindweed
(up to 5 %), lady's thumb (2-3%), in 2021 —
lambsquarters (up to 7 %), black bindweed (up
to 6 %), lady's thumb (up to 3 %), in 2022 —
lambsquarters (6-8 %), yellow foxtail (2-7 %),
lady's thumb (1-5 %), prostrate pigweed (2-
3 %), redroot pigweed (1-2 %), field pennycress
(up to 1 %).

The analysis of the data sampling in two
locations for three years of research confirms
the superiority of the Clearfield® Plus produc-
tion system over the Clearfield® production sys-
tem in terms of yield at the level of 0.19-
0.51t/ha (9.3-20.4 %), and an average of
0.33 t/ha (13.2 %) over three years (Fig. 1).

Analysis of yields on different herbicide
backgrounds under the Clearfield® production
system over an average of three years shows
that the highest yield (2.22 t/ha) was obtained in
crops treated with Pulsar® Flex herbicide
(2.0 I/ha). The yield of crops treated with Euro-
Lightning® herbicide (1.2 I/ha) was 2.18 t/ha,
and 2.15 t/ha with treatment with Euro-
Lightning® Plus (2.5 I/ha), which indicates that
hybrids of the Clearfield® production system are
less tolerant to high rates of herbicide active in-
gredients (Fig. 2). However, the yields on the
background of treatment with three herbicides
of the Clearfield® production system were with-
in the statistical error of the experiment. It
should be noted that no sunflower broomrape or
hard-to-control weed species were present in the
study plots. In the presence of the following fac-
tors, the difference in weed control efficiency
and yields is usually greater.

A similar trend was observed for the
Clearfield® Plus production system when treat-
ing crops with Pulsar® Flex herbicide (2.0 I/ha)
with a higher yield of 2.56 t/ha. The yield was
2.47 t/ha on the background of Euro-Light-
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Fig. 1. Seed productivity of sunflower under different production systems,
Reshetylivka, Terezyne, 2020-2022.

ning® herbicide (1.2 I/ha) and 2.36 t/ha on the
background of Euro-Lightning® Plus (2.5 I/ha).

Comparing the Clearfield®and Clearfield®
Plus production systems, depending on the type
of herbicide treatment, showed that the yield of
Clearfield® Plus sunflower hybrids is 0.21-0.34
t/na higher (9.8-15.3 %) on average over three
years and is statistically significant. The averag-
es for the entire period of research demonstrate
the superiority of the Clearfield® Plus produc-
tion system by 0.28 t/ha (+12.8 %).

Also, studies were conducted to compare
the tolerance of sunflower hybrids of the Clear-
field® production system (NK Neoma, ES Ge-
neralis CL, SY Barbati) and Clearfield® Plus
(SY Bacardi CLP, ES Loris CLP, ES Janis)
when applying Euro-Lightning® Plus and Pul-
sar® Flex herbicides to determine their phyto-
toxicity. Studies to compare the effect of these
herbicides on sunflower yield were conducted in
Reshetylivka, Poltava region, during 2021 and
2022. The maximum registered rate of Euro-
Lightning® Plus and Pulsar® Flex herbicide and
their double rates were applied.

The results of studies of the effect of the
above herbicides on the yield of Clearfield® and
Clearfield® Plus sunflower hybrids show that in
the absence of sunflower broomrape and hard-
to-control weed species, the highest yields were
in variants using Pulsar® Flex herbicide
(2.01/ha) — 1.76 and 1.92 t/ha in 2021, respec-
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tively (Fig. 3).

A high phytotoxic effect of a double rate
(5.0 I/ha) of Euro-Lightning® Plus herbicide on
hybrids of the Clearfield® production system
was found, which was up to 50 % on the 10"
day after the herbicide treatment and decreased
to 30 % on the 20" day of monitoring.

These results once again confirm the low-
er tolerance of Clearfield® hybrids to herbicides
that are intended for Clearfield® Plus hybrids. In
this case, a decrease in yield by 0.38 t/ha (22.1 %)
was observed (Fig. 4). It is important to remem-
ber that Euro-Lightning® Plus herbicide is not
registered for hybrids of the Clearfield® produc-
tion system due to the risk of phytotoxicity un-
der adverse weather conditions (prolonged peri-
od of cool and wet weather).

At the same time, the hybrids of the Clear-
field® production system were tolerant to a
double rate (4.0 I/ha) of Pulsar® Flex herbicide,
where the level of phytotoxic effects reached
10 % on the 10" day of monitoring and de-
creased to 5% on the 20" day. The yield de-
crease of 0.10 t/ha was within the statistical error.

It should be noted that the hybrids of the
Clearfield® Plus production system had practi-
cally no phytotoxic effect, even under double
rates of Euro-Lightning® Plus (5.0 I/ha) and
Pulsar® Flex (4.0 I/ha) herbicides. Their yield
level was within the statistical error for the maxi-
mum registered rates of 2.5 and 2.0 I/ha, res-
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Fig. 2. Sunflower yields of Clearfield® and Clearfield® Plus** production systems under different
herbicide protection variants, Reshetylivka, Poltava region (average for 2020-2022).
LSDys=0.20 t/ha — for herbicide treatment variants;
LSDys=0.12 t/ha — for comparing Clearfield® and Clearfield® Plus production systems.

Note. * Clearfield® hybrids: Barbati, Generalis, Diamantis, Experto, Zurimi, Coloris, Marquesa, Neoma,
Puntasol, Santos, Subella, Talento, Fortimi
** Clearfield® Plus hybrids: Bacardi, Drakaris, Europa, Katana, Loris, Lucia, Melita, Neostar, Paraizo
1000, Rosetta, Surprise, Janis, MAS 92, P64LP130, P64LP140.
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Fig. 3. Comparison of the phytotoxic effects of IMI herbicides on sunflower plants of Clearfield®
and Clearfield® Plus production systems, Reshetylivka, Poltava region, 2021.

LSDgs=0.37 t/ha — for all variants.
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pectively.

In 2022, a fairly high level of phytotoxi-
city was also recorded for hybrids of the Clear-
field® production system when using a double
rate of Pulsar® Flex herbicide (4.0 I/ha), which
reached 35 % on the 7™ day of monitoring and
decreased to 13.3 % on the 15" day (Fig. 4).
The yield decrease was within the statistical er-

40,0
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35,0

30,0

25,0

3,83
200 3,64

Phytotoxicity, %

15,0 13,3

10,0

4,7
5,0

0,0
0,0

ror of the experiment and was at the level of
0.19 t/ha. At the same time, no difference was
found in the signs of phytotoxic effects on the
hybrids of the Clearfield® Plus production sys-
tem under both the maximum registered and
double rate, which were within 3.3-5 % on the
7™ day of monitoring.

The data of our study on the phytotoxic

4,4
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40 £
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Bakapni, Jlopic, Snic (KJIIT)

Fig. 4. Comparison of the phytotoxic effects of IMI herbicides on sunflower plants of Clearfield®
and Clearfield® Plus production systems (Reshetylivka, 2022).

LSDg5=0.54 t/ha — for all variants.

effects of IMI herbicides on sunflower plants
confirm the prospects of introducing hybrids of
the Clearfield® Plus production system, which
are more tolerant to high rates of imidazolinone-
based active ingredients and to more active for-
mulations of herbicides with adjuvants. At the
same time, the application of such herbicides as
Euro-Lightning® Plus and Pulsar® Flex with
modern formulations allows to obtain higher
herbicidal efficiency compared to Pulsar® 40
and Euro-Lightning® herbicides.

Conclusions. It was found that the sun-
flower hybrid SY Bacardi CLP (Clearfield®
Plus) compared to the hybrid NK Neoma
(Clearfield®) on average in two locations pro-
vided a yield higher by 0.33 t/ha (13.2 %) over
the three years of research.

The analysis of a more extensive sampling
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of Clearfield® and Clearfield® Plus hybrids
showed that the hybrids of the Clearfield® Plus
production system had a yield of 0.28 t/ha higher
(12.8 %) compared to the Clearfield® hybrids.

The hybrids of the Clearfield® Plus pro-
duction system provided higher statistically sig-
nificant yields: with Euro-Lightning® (1.2 I/ha) —
by 0.29 t/ha (13.3 %); Euro-Lightning® Plus
(2.5 1/ha) — by 0.21 t/ha (9.8 %); Pulsar®
Flex (2.0 I/ha) — by 0.34 t/ha (15.3 %).

The sunflower hybrids of Clearfield® Plus
showed higher tolerance to IMI-herbicides and
stability of yields.

The results of the study demonstrate the
advantage and prospects of using sunflower hy-
brids of the Clearfield® Plus production system
with the application of Euro-Lightning® Plus
and Pulsar® Flex herbicides.

https://doi.org/10.31867/2523-4544/0337
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Yonoscokuii C. M. Ilopienanna eupobnuuux cucmem eupowyeannsn consmnuxy Clearfield®
ma Clearfield® Plus. Grain Crops. 2024. 8 (2). 235-243.

eporcasna ycmarnosa Incmunmym 3eprosux kywomyp HAAH, éyn. Bonooumupa Beprnaocvkoeo, 14, m. /[ninpo, 49009, Vrpaina

AxtyanbHicTb. Consimiauk (Helianthus annuus L.) € oxHi€to 3 NPOBIAHMX CLITBCHKOTOCTIONAPCHKHX
KyJbTYp B YKpaiHi Ta OCTaHHIMM pOKaMu 3aiiMae Iuroui Ha piBHI 5-5,5 muH ra. Cepen HU3KU BUPOOHUUIHMX
CHCTEM HOro BHPOIIYBaHHS, OJHI€I0 3 Haie()eKTUBHINIMX y KOHTPOJI BOBYKA COHSIITHHKOBOTO Ta CKJIATHO-
KOHTpOsIboBaHUX Oyp’sHiB, € cuctremu Clearfield® ta Clearfield® Plus. Mera. Busnauntu nepesaru BEpoO-
nuyoi cucremu Clearfield® Plus nopisusino 3 Clearfield®. Marepiaau i meroau. ITonbosi mocmiau npose-
neni Bupomnork 2020-2022 pp. BiMOBIAHO 10 3aralibHONMPHIHATOI METOJMKH JOCHITHOI cripaBu Ha 0asi roc-
nonapcts CTOB «I'oprBa» B M. Pemierniieka IlonraBebkoi obnacti Ta T/IB «Tepesune» B cMT. Tepe-3uHe
KuiBcpkoi obmacrti. Bei eneMeHTH arpoTexHiku — 3aralbHONPUIHATI jius 30HU Jlicocremy. Pesyabsraru.
BcranosieHo, mo ribpua consimuuky baxapai (Clearfield® Plus) y nopisusuui 3 ri6punom Heoma (Clear-
field®), y cepennboMy 1o 1BOX JIOKAIIifX, 32 TPM POKH JIOCIiKEHb, 3a0e31eUHB PiBEHb BPOKAMHOCTI BUIIMI
na 0,33 1/ra, (13,2 %). Ananiz mupmmoi subipku riopuzais Clearfield® ta Clearfield® Plus nokasas, mo
ribpuan BupobHuuoi cucremu Clearfield® Plus cpopmysanu Bpoxait ma 0,28 T/ra Bume, (12,8 %) y
nopisusaHHi 3 riopumamu Clearfield®. 3a cepennboro pisHs 3a0yp’iHEHOCTI, Ta BiZICyTHOCTI BOBYKA COHSILI-
HUKOBOTO Ta CKJIaJHOKOHTPOJILOBaHUX Oyp’siHIB JOCTOBIpHOI Pi3HMII B MOKAa3HUKAaX BPOXKAHHOCTI Mix
repGinumamu €spo-Jlaiitainr® (1,2 1/ra), €spo-Jaittainr® Ilmoc (2,5 n/ra) Ta [Myascap® dnexc (2,0 1/ra) B
Meskax KoxkHoi Bupo6Huuoi cuctemu Clearfield® Ta Clearfield® Plus ne Busieieno. Ilpore ribpuayu BUpoOHU-
yoi cuctemu Clearfield® Plus na xoxzOMy repGituHoMy (oHI 3a0€3MeUUIN BHIIi CTATHCTHYHO JOCTOBIpHI
TIOKa3HUKM BPOXKaWHOCTI: Mpu BukopucTanHi €po-Jlaittainr® (1,2 n/ra) — Ha 0,29 1/ra, (13,3 %); €spo-
Jaitraiar® Ilmoc (2,5 n/ra) — Ha 0,21 1/ra, (9,8 %); Iymscap® ®nexc (2,0 n/ra) — wa 0,34 1/ra, (15,3 %).
I'i6puan conssmuuky Clearfield® Plus nposisumu Buiry TonepanthicTs g0 IMI-rep6inuis Ta cTabiibHICTh
OTpMMaHUX BpOXkaiB. BucHoBkmM. [iOpumu comsmuuky BupoOHMuoi cuctemu Clearfield® Plus mpone-
MOHCTpYBaJIi TIEpeBard 3a BPOKAWHOCTIO Ta cTilikocTio a0 IMI-repOinmaiB y mopiBHSHHI 3 TiOpuaaMu
Clearfield® i € nepcniekTUBHUMHY [ TOAANBIIOTO 301IbIIEHHS iX MO BUPOILYBAHHS.

Kniouoei cnosa: conswumnux, 2ibpud, epoocatinicms, 2epbiyud, €spo-Jlatimninz® Inoc, ITynvcap®
Dnexc, pimomoxcuunicmo
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