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Abstract: Oilseed rape production is under pressure due to a limited availability of herbicides.
Therefore, the performance in terms of management intensity (MI) and herbicide strategy (HS) and
the involved yield formation was evaluated in a two-year Clearfield® oilseed rape field experiment.
Furthermore, weed density and weed composition were also investigated. The variants of MI were
standard sowing density (StS; seed rate: 50 seeds m−2, primary tillage: plow, row width: 12 cm),
reduced sowing density (RD; seed rate: 25 seeds m−2, primary tillage: plow, row width: 50 cm), and
strip-till (ST; seed rate: 25 seeds m−2, primary tillage: strip tillage, row width: 50 cm). The variants
of HS were preemergence strategy (PES; application of dimethachlor, napropamide, clomazone in
preemergence and application of prapaquizafop in postemergence) and Clearfield® strategy (CLS;
application of imazamox, quinmerac in preemergence, no postemergence herbicide application).
In the first year of the trial, there were no interactions between the factors in terms of grain yield.
Grain yield in StS was 3.85 t and 5.2% significantly lower than in ST, and the value of RD was not
significantly different from StS and ST. Grain yield in CLS was 3.7 t and 2.7% lower than in PES. In
the second year of the trial, the grain yield in ST CLS was significantly lower, and there were no
significant differences between the other variants. Higher weed emergence was observed in CLS RD
(2.7 to 4 times higher weed density compared to PES RD) and CLS ST (2.8 to 4.5 times higher weed
density compared to PES ST). No significant differences existed between StS PES and StS CLS in both
trial years. The Clearfield® system offers significant advantages in the control of cruciferous weeds.
Although these did not occur on the trial fields, the Clearfield® system in this study showed to be
an alternative to the more common pre-emergence system, especially with regard to the parameter
grain yield.
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1. Introduction

Oilseed rape (OSR) plays an important role worldwide as a break and oilseed cash
crop [1]. Weed competition is one of the main yield-limiting factors in modern OSR
cultivation and can cause yield reduction up to 70 percent depending on weed pressure
and weed composition [1–6]. In recent decades, herbicide strategies have been developed
to secure the yield potential. This is normally done by applying herbicides in different
growth stages throughout the season, which can lead to up to three applications for certain
crops. In addition, these herbicides are often less effective or cannot be controlled if the
crop and weed belong to the same family. To overcome these issues, cropping systems that
use herbicide-tolerant crops, for example, with crops resistant to glyphosate, glufosinate,
or triazine, extend the available agronomic tools considering weed control but are also
discussed controversially [7,8]. An additional tool represents the Clearfield® (CL)-system
in OSR which consists of a broad-spectrum herbicide in combination with a tolerant OSR
variety. The herbicide contains an active agent of the chemical group Imidazolinones [9] and
belongs to the herbicide class of acetolactate synthase inhibitors (ALS; HRAC class: B). It is
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applied as imazamox in the herbicide Clearfield® Vantiga® D in Germany (company: BASF,
Germany). Imidazolinone tolerance was implemented in the OSR genome by conventional
breeding methods due to mutagenesis [10]. Non-CL OSR varieties would perish after an
imidazolinone treatment [11].

This offers several agronomic advantages. CL herbicides have high efficacy against
cruciferous weeds, which are hard to control with common agents in OSR. Common OSR
volunteers can be controlled in CL OSR crops, and thus, the CL-System can contribute
to a reduction of an OSR soil seed bank as long as its prevention strategies are working
after the establishment of CL OSR in a crop rotation [7,10,11]. Greenhouse trials have
shown that when = CL varieties are grown, similar yields are achieved as when non-CL
varieties are used. A yield depression in the field due to the variety is therefore not to
be expected [12]. The development of new herbicides with new modes of action is not
expected in the near future. Approval procedures are time-consuming and cost-intensive.
There is a desire in society for environmentally friendly agriculture, and widely used
cultivation systems consisting in the use of a total herbicide with a crop that is tolerant
to it are cost-effective. Newly developed, expensive herbicides would therefore be at a
competitive disadvantage [13]. The application of the CL system enables the more effective
use of existing herbicidal active substances. In addition, farmers’ workload peaks are
reduced due to the application time of CL Vantiga® D in a post-emergence stage. The
possible application period of the CL herbicide is relatively long without damaging the OSR
crop [14]. In locations with high occurrences of non-CL volunteer OSR, the CL system can
lead to their reduction. Non-CL volunteer OSR is effectively controlled by CL herbicides
in a CL oilseed rape crop [11]. The agronomic disadvantages associated with volunteer
OSR can thus be reduced. Volunteer OSR competes with the cultivated crop [15], and in
grown hybrid oilseed rape, it reduces the yield per unit area, as it has a lower genetic
yield potential [16,17]. Volunteer OSR is a vector of pathogens in the crop rotation [18],
frost tolerance of grown OSR is reduced, as a higher plant density in autumn leads to a
critical stimulation of length growth, and oil quality of the grown OSR can be influenced
negatively [19].

Critically must be considered, that the herbicide tolerance will be inherited to proge-
nies of the CL OSR crop. Moreover, there is a cross tolerance to some sulfonyl ureas [11].
Under unfavourable conditions regarding to tillage timing and weather conditions seeds
from harvest losses or natural pod shatter can enter the soil seed bank which will appear
later as volunteers [20–22]. These seeds emerge in subsequent crops where chemical control
is more challenging [23,24]. Other risks in confusing herbicides exist, especially if CL and
non-CL varieties are grown on the same farm. Applying CL-herbicides on non-CL varieties
could lead to a total loss. In addition, there is an increased likelihood of weed resistance
developing in ALS inhibitors when CL-herbicides are applied, as ALS inhibitors are com-
monly used in crop rotation, but they are not applied in non-CL OSR. The additional
application in CL OSR provides higher selection pressure on weeds [25,26].

Previous studies have shown that modern, hybrid oilseed rape varieties can achieve
similar yields under different management intensities (MI) due to their competitive ability.
In particular, with respect to different seed densities, row widths, and types of tillage. Weed
emergence and weed composition may differ among these variants [1,2,27–31].

The performance of the CL-System in OSR under different MI in terms of grain
yield criteria and weed emergence compared to a more common practice pre-emergence
herbicide strategy (HS) has not yet been scientifically evaluated under Central European
conditions. The aim of the study is to conduct such an assessment. We hypothesised
that (i) the applied CL-herbicides and these of the common agricultural practice show
comparable efficacies, (ii) MI has an effect on weed emergence but does not affect yield,
and (iii) the HS does not affect the yield.
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2. Materials and Methods

A two-year field experiment (2014/2015 and 2015/2016) with three management
intensities (MI; main factor) and two herbicide strategies (HS; sub factor) of Clearfield®

oilseed rape (Brassica napus; winter variety ‘PT228CL’; CL OSR) was conducted. The trial
was set up in a split-plot design with a plot size of 10 m × 6 m and four replicates at the
agricultural experiment station, ‘Ihinger Hof,’ of the University of Hohenheim, Renningen,
South-West Germany. The predominant soil type is classified as Luvisol on both fields,
with loam as the soil type. The long-term mean annual temperature of the site was 8.3 ◦C,
and the average annual precipitation of the location was about 690 mm.

MI was defined as a combination of primary tillage, sowing density, and row spacing.
It consisted of three treatments: (i) standard sowing density (StS), (ii) reduced sowing
density (RD), and strip-till (ST). In NS, sowing was performed by a drill with a sowing
density of 50 seeds m−2 and a 12 cm row spacing after primary tillage by mouldboard
ploughing at 25 cm depth. In RD, precision seeding was performed with 50 cm row spacing
and a sowing density of 25 seeds m−2, also after mouldboard ploughing at 25 cm. For ST,
sowing density and row spacing were the same as in RD, but strip tillage was conducted
instead of ploughing. In the trial year 2015, the previous crop was winter barley (Hordeum
vulgare), and in the trial year 2016, it was winter wheat (Triticum aestivum).

There were two HS treatments: (i) pre-emergence strategy (PES) and (ii) Clearfield®

strategy (CLS). In PES, Colzor® Trio was applied at pre-emergence of the crop, for a broad-
spectrum weed control, and Agil®-S was applied post-emergence to control grass weeds,
especially volunteer cereals (Table 1). In CLS, Clearfield®-Vantiga® D was applied at
post-emergence at the same time as Agil®-S in PES. In CLS, no graminicide was applied
because Clearfield®-Vantiga® D has a partial control effect on grass weeds, according to
the company.

For all treatments, the CL OSR variety PT228CL was sown (Table 1). In 2016, Fusilade
Max® was applied as a graminicide to all plots due to a high density of emerged volunteer
wheat, especially in ST CLS. All agronomic operations during the experiment are presented
in Table 1. Weed density and composition was recorded by using a 1 m2 estimation frame
on 18 April 2015 and 12 April 2016 at OSR BBCH 57.

In the centre of each plot, a 2 × 10 m strip was harvested with a plot combine. The
grain yield in t dry weight (DW) per ha was calculated from the strip harvested after
cleaning and drying each sample (24 h at 95 ◦C until constant weight).

Statistical Analysis

The statistical analysis was accomplished using the procedure MIXED of the software
package SAS 9.3 (SAS Institute, Cary, NC, USA). To ensure variance homogeneity, the weed
density data of 2016 were square root transformed. For all other data sets, a transformation
was not necessary. If a factor was identified to be significant at α = 0.05, the means were
compared using the Student’s t-test. For presentation purposes, means and standard errors
of means were back-transformed after statistical analysis.
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Table 1. Agronomic treatments during the Clearfield® OSR management intensities experiment.

Date (dd.mm.yy) Treatment Active Agent Trade Name/Company Herbicide Strategy

2015

22.08.14 Sowing - PT228CL/Pioneer PES, CLS

23.08.14 Herbicide
750 g ha−1 dimethachlor

Colzor® Trio/Syngenta PES750 g ha−1 napropamide
120 g ha−1 clomazone

16.09.14 Herbicide 70 g ha−1 prapaquizafop Agil®-S/Adama PES

16.09.14 Herbicide
750 g ha−1 metazachlor

Clearfield®-Vantiga® D /BASF CLS12.5 g ha−1 imazamox
250 g ha−1 quinmerac

09.09.14 Insecticide 7.5 g ha−1 deltamethrin Decis® flüssig/Bayer
CropScience

PES, CLS

26.09.14 Insecticide 7.5 g ha−1 deltamethrin Decis® flüssig/Bayer
CropScience

PES, CLS

15.04.15 Insecticide 57.5 g ha−1 etofenprox Trebon® 30 EC/BASF PES, CLS
23.04.15 Insecticide 72 g ha−1 thiacloprid Biscaya®/Bayer CropScience PES, CLS
06.05.15 Insecticide 48 g ha−1 tau-fluvalinate Mavrik® Citro Pack/Adama PES, CLS
06.05.15 Fungicide 250 g ha−1 azoxystrobin Ortiva®/Syngenta PES, CLS

01.10.14 Fertiliser calcium ammonium nitrate (40
kg N ha−1)

YaraBela® EXTRAN 27®/Yara
International

PES, CLS

10.03.15 Fertiliser ammonium sulphate nitrate
(90 kg N ha−1)

Domogran® 45/Domo
Chemicals

PES, CLS

08.04.15 Fertiliser ammonium sulphate nitrate
(90 kg N ha−1)

Domogran® 45/Domo
Chemicals

PES, CLS

22.07.15 Harvest PES, CLS
2016

26.08.15 Sowing - PT228CL/Pioneer PES, CLS

26.08.15 Herbicide
750 g ha−1 dimethachlor

Colzor® Trio/Syngenta PES750 g ha−1 napropamide
120 g ha−1 clomazone

30.09.15 Herbicide 70 g ha−1 prapaquizafop Agil®-S/Adama PES

30.09.15 Herbicide
750 g ha−1 metazachlor

Clearfield®-Vantiga® D /BASF CLS12.5 g ha−1 imazamox
250 g ha−1 quinmerac

05.04.16 Insecticide 57.5 g ha−1 etofenprox Trebon® 30 EC/BASF PES, CLS

05.04.16 Fungicide 56 g ha−1 prothioconazole
Tilmor®/Bayer CropScience PES, CLS

112 g ha−1 tebuconazole
11.04.16 Insecticide 72 g ha−1 thiacloprid Biscaya®/Bayer CropScience PES, CLS
12.04.16 Herbicide 125 g ha−1 fluazifop-p-butyl Fusilade Max®/Syngenta PES, CLS
22.04.16 Insecticide 40 g ha−1 acetamiprid Mospilan® SG/Cheminova PES, CLS

10.03.16 Fertilizer ammonium sulphate nitrate
(78 kg N ha−1)

Domogran® 45/Domo
Chemicals

PES, CLS

07.04.16 Fertilizer ammonium sulphate nitrate
(100 kg N ha−1)

Domogran® 45/Domo
Chemicals

PES, CLS

22.07.15 Harvest PES, CLS

3. Results
3.1. Grain Yield

In 2015, the OSR grain yield ranged between 3.6 t ha−1 (ST CL) and 3.9 t ha−1 (StS
PES; Figure 1, 2015). The effects of the main factors, MI and HS, were significant, but their
interactions had no significant effect. The herbicide strategy PES (3.8 t ha−1) yielded 2.7%,
significantly higher than CLS (3.7 t ha−1; not shown graphically). The statistical analysis
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for MI revealed significant differences between StS (3.9 t ha−1) and ST (3.6 t ha−1). Neither
treatments differed significantly from RD (3.8 t ha−1; not shown graphically).
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Figure 1. Grain yield of Clearfield®-oilseed rape (t DW ha−1) as effect of different management intensities and herbicide
strategies in the years 2015 and 2016, experimental station Ihinger Hof. StS: standard sowing (mouldboard ploughing,
50 seeds m−2, 12 cm row spacing); RD: reduced sowing density (mouldboard ploughing, 25 sown seeds m−2, 50 cm row
spacing); ST: strip-till (strip tillage, 25 seeds m−2, 50 cm row spacing); PES: pre-emergence application of Colzor® Trio and
post-emergence application of Agil®-S. CLS: post-emergence application of Clearfield®-Vantiga®-D. Values labelled by the
same letter are not significantly different. 2015: letters refer to the main effects of StS, RD and ST, for 2016: letters refer to the
interactions (p ≤ 0.05; Student’s t-test). Error bars: standard error of mean.

In 2016, the OSR grain yield ranged from 2.4 t ha−1 (ST CLS) to 3.9 t ha−1 (RD CLS;
Figure 1, 2016). The interactions between MI and HS were significant. The variant ST CLS
yielded between 36% and 38%, significantly lower than the others, which did not differ
among themselves.

3.2. Grain Yield Structure

The grain yield structure elements PD, PpP, SpP, and TKW were mainly influenced by
the factor MI (Table 2). The effects of HS occurred exceptionally in 2016 for PpP and TKW.
PD was highest in StS (2015: 36.0, 2016: 35.1; main effects of MI and HS not shown in the
table). PD of RD (2015: 15.6, 2016: 19.7) and ST (2015: 15.5, 2016: 17.3) did not significantly
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differ within one year. In 2015, PpP in StS (334.2) was significantly lower compared to
RD (552.9) and ST (482.7), which did not significantly differ among themselves. In 2016,
PpP of StS (567.1) and RD (635.3) were higher than in ST (361.1), and CLS resulted in
higher values (566.7) than PES (475.6). In 2015, SpP of StS (11.6) differed from ST (22,1),
whilst both showed no differences with RD (16.6). In 2016, SpP of StS (7.4) and RD (11.8)
were significantly lower than in ST (19.7). TKW of RD (3.373 g) and ST (3.488 g) were
significantly lower than StS (3.644 g) in 2015. In 2016, TKW ranged from 3.4463 g (ST CLS)
to 3.6355 g (RD PES). HS variants of StS and ST did not differ significantly. The highest
TKWs were observed in RD, in which PES reached a significantly higher value than CLS
(3.5365 g).

Table 2. Grain yield structure of Clearfield®-oilseed rape as effect of different management intensities (MI) and herbicide
strategies (HS) in the years 2015 and 2016, experimental station Ihinger Hof. StS: standard sowing (mouldboard ploughing,
50 seeds m−2, 12 cm row spacing); RD: reduced sowing density (mouldboard ploughing, 25 sown seeds m−2, 50 cm row
spacing); ST: strip-till (strip tillage, 25 seeds m−2, 50 cm row spacing); PES: pre-emergence application of Colzor® Trio and
post-emergence application of Agil®-S. CLS: post-emergence application of Clearfield®-Vantiga®-D. Grain yield structure
elements: plant density (PD) in plants m−2, pods per plant (PpP), seeds per pod (SpP) and thousand-kernel weight (TKW)
in g. Values labelled by the same letter are not significantly different. Capital letters refer to effects of MI; lowercase letters
refer to interactions of MI × HS (p ≤ 0.05; Student’s t-test).

Factor Grain Yield Structure

MI HS
2015 2016

PD PpP SpP TKW PD PpP SpP TKW

StS
PES 35.4

A
384.8

B
10.4

B
3.587

A
35.4

A
605.2

A
6.8

B
3.4465 c

CLS 36.5 283.5 12.8 3.700 34.7 529.0 8.0 3.5135 bc

RD
PES 15.8

B
529.9

A
15.7

AB
3.338

B
19.5

B
681.5

A
11.2

B
3.6355 a

CLS 15.3 575.9 17.4 3.407 19.8 589.0 12.3 3.5365 b

ST
PES 15.8

B
425.1

A
20.8

A
3.501

B
20.5

B
413.4

B
19.4

A
3.4673 bc

CLS 15.1 540.2 23.4 3.475 14.0 308.8 19.9 3.4463 c

3.3. Weed Density and Composition

While the weed flora was composed by barley volunteers and a variety of wild
plants such as Viola arvensis and Stellaria media in 2015, wheat volunteers dominated in
2016 (Figure 2). In both years, significant interactions occurred in weed density between
management intensity and herbicide strategy. The highest weed numbers were observed
in 2015 under the herbicide strategy CLS in strip-till (ST) and in reduced sowing density.
In ST, barley volunteers were the major group of weeds. In 2016, weed density (mainly
wheat volunteers) was clearly highest in ST with CLS.

CLS and PES resulted in similar weed densities when plants were managed in StS
(2015 and 2016) or in RD (2016).
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Figure 2. Weed density and weed composition in plants m−2 in Clearfield®-oilseed rape as effect of different management
intensities and herbicide strategies in the years 2015 and 2016, experimental station Ihinger Hof. StS: standard sowing
(mouldboard ploughing, 50 seeds m−2, 12 cm row spacing); RD: reduced sowing density (mouldboard ploughing, 25 sown
seeds m−2, 50 cm row spacing); ST: strip-till (strip tillage, 25 seeds m−2, 50 cm row spacing); PES: pre-emergence application
of Colzor® Trio and post-emergence application of Agil®-S. CLS: post-emergence application of Clearfield®-Vantiga®-D.
Values labelled by the same letter are not significantly different; letters refer to the total number of weeds per variant (α =
0.05; Student’s t-test). Error bars: standard error of mean. Experimental station: Ihinger Hof.

4. Discussion

The application of the Clearfield® system in OSR resulted in similar grain yields as
the usual, pre-emergence system independent of MI, although weed emergence was higher
in the RD and ST variants in particular than in the StS variant. The OSR hybrid variety,
PT228CL, showed a high competitive strength, which is very common for modern OSR
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hybrid varieties, and showed no yield depression [29–32]. The only exception was the ST
CLS variant in 2016, where a lower grain yield was recorded. Yield differences in terms
of management intensities in 2015 can likely be attributed to better emergence conditions
due to differences in tillage. The use of the plough in StS and RD showed advantages that
which were mainly due to a clean and reconsolidated seedbed, faster soil warming, and
better weed control. The often-described advantage of the strip-till system’s lower water
requirements and better seed placement did not show an effect. This can be traced back to
the favourable weather and growing conditions at the trial site [27,28].

The yield structure was mainly influenced by MI and is dependent on OSR plant
density and the spatial distribution of OSR plants. Differences in the yield structure resulted
from the effects of intraspecific competition. The higher the plant density and the smaller
the distance between the plants, the higher the intraspecific competition and the lower
the yield per individual plant. The OSR plants react, in particular, with changes in the
number of pods and the number of grains per pod [33]. A high plant density (StS) leads to
higher intraspecific competition due to the smaller distance between the plants and thus,
a lower number of pods per plant and a lower number of seeds per pod. The opposite
could be observed with low OSR plant density (RD, ST). In particular, the pods per plant
ranged from 283.5 in StS CLS 2015 to 681.5 in RD PES 2016, and the seeds per pod ranged
from 6.8 in StS PES 2016 to 23.4 in ST CLS, which shows a strong adaptability of OSR
using different sowing rates and the associated cropping system. This was also reported in
previous studies [29,33–35]. This exhibits a high degree of flexibility for farmers to choose
the right sowing density without expecting yield losses.

Both trial years differed in weed density and weed composition. In 2015, winter barley
(Hordeum vulgare L.) was the preceding crop; in 2016, it was winter wheat (Triticum aestivum
L.). While various dicot weeds and volunteer barley occurred in 2015, volunteer wheat was
predominant in 2016. Within MI, smaller differences occurred between PES and CLS in
weed density in 2015 compared to 2016, especially for the ST variants. The differences in
weed composition in both years resulted from the rotation of the experimental field and
from different previous crops. It can be assumed that different soil seed banks were present
on both trial fields, which resulted in the emergence of different weeds. The higher density
of volunteer wheat in 2016, especially in the ST CLS variant, may be due to higher seed
potential or lower efficacy of Clearfield® Vantiga®-D against volunteer wheat compared
to volunteer barley. The cause of an increased seed potential could be due to suboptimal
combine settings or harvest conditions which resulted in a higher loss during the wheat
harvest.

In both trial years, weed density was lowest in the StS PES and RD PES variants.
This was due to the broad efficacy of the PES herbicide system and the weed-reducing
effect of plowing. It ensures deep burial of emerged weed plants and weed seeds, which
results in fewer emerging weeds during the vegetation period and can be considered as
a sustainable weed control effect. This is especially true for the StS variant, as 50 seeds
were sown instead of 25 compared to RD. This ensures faster shading of the soil and thus a
lower weed emergence in StS [1,36]. As a result, no significant differences in weed density
were found in the StS variant between PES and CLS in either trial year. However, in the
CLS variant using the other two management intensity variants (RD, ST), partly higher
weed densities were found. It can therefore be assumed that the Clearfield® herbicide
Vantiga®-D shows a lower effectiveness in weed control, but this could be compensated by
a higher seed rate in the StS variant.

In the strip-till method, higher rates of volunteer emergence from the previous crop
can generally be expected resulting from the method of soil tillage and could be observed
in both years. Volunteers from seed losses are less controlled or buried due to a lack of
tillage between rows before sowing the next crop. On the other hand, other weeds hardly
emerged, as they are not stimulated to germinate by a lack of tillage. As a result, there is a
strong weed pressure due to volunteers. Consequently, this led to a drop in grain yield in
ST CLS 2016, while the other variants did not differ significantly in 2016. Fewer volunteer
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cereals occurred overall in the PES variants. An additional herbicide treatment with the
foliar active ingredient, prapaquizafop, in postemergence provided a reliable control.

The Clearfield® system in OSR was developed primarily for sites where cruciferous
weeds are difficult or impossible to control with existing herbicides in oilseed rape, or
where an increased emergence of non-Clearfield® OSR volunteers is to be expected. There
were no difficult-to-control cruciferous weeds on the trial fields, nor was there an increased
incidence of volunteer oilseed rape on these fields. Nevertheless, the Clearfield® system
in this study was shown be an alternative to the more common pre-emergence system,
especially with regard to the parameter grain yield. However, one application of the
foliar-active grass herbicide could be saved compared to the pre-emergence system. As a
result, depending on MI, the partly increased emergence of volunteer cereals (especially in
the trial year 2016) can be prevented in agricultural practice by the additional application
of such a grass herbicide (such as propaquizafop in this study). It can be assumed that
the Clearfield® system performs better than the pre-emergence system in terms of both
yield and weed control effectiveness, particularly in areas where cruciferous weeds pose a
challenge to oilseed rape cultivation.

5. Conclusions

The Clearfield® herbicide system in oilseed rape can achieve similar grain yields
as a more common, pre-emergence herbicide system. With larger row spacing or lower
tillage intensity, higher weed pressure may be expected when using the Clearfield® system.
However, this does not necessarily have a negative effect on grain yield. Reduced effects
of the Clearfield® system on grasses or volunteer cereals can be countered in agricultural
practice with the additional application of a graminicide. The Clearfield® system expands
farmers’ options for chemical weed control in oilseed rape.
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27. Bečka, D.; Bečková, L.; Kuchtová, P.; Cihlář, P.; Pazderů, K.; Mikšík, V.; Vašák, J. Growth and yield of winter oilseed rape under
strip-tillage compared to conventional tillage. Plant Soil Environ. 2021, 67, 85–91. [CrossRef]
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