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Abstract: The framework conditions for chemical weed control in oilseed rape (OSR) are becoming
increasingly unfavorable in Central Europe. On the one hand, weed resistance is spreading and, on
the other, there is a growing social desire to reduce or eliminate the use of chemical crop protection
products. In a field experiment, hoeing, as a weed control measure performed two times per growing
season (one time in autumn and one time in spring) in oilseed rape (Brassica napus; two varieties), was
compared to chemical control by herbicides and a combination of hoeing and herbicide application
(five treatments altogether). The chemical control by herbicides consisted of a broad-spectrum pre-
emergence treatment and a post-emergence graminicide application. The trial was set up in each
of three periods (years 2014/2015, 2015/2016, and 2016/2017) at the experimental station Ihinger
Hof, University of Hohenheim, Stuttgart, Germany. The effect of the treatments on weed plant
density, weed biomass at the time of harvesting, and on OSR grain yield was investigated. Weed
plant density was measured four times per trial year, each time before and after hoeing. In 2015/2016
after spring hoeing, and in 2016/2017 at all data collection times, weed plant density was significantly
higher in hoeing without herbicide application than in the other variants. No significant differences
occurred at the other data collection times. The weed plant density ranged from 0.5 to 57.8 plants m−2.
Regardless of the trial year, pure hoeing always resulted in a significantly higher weed biomass at the
time of harvesting than the herbicide applications or the combinations. The weed biomass at the time
of harvesting ranged between 0.1 and 54.7 g m−2. No significant differences in grain yield between
hoeing and herbicide application occurred in all three trial years. According to the results, hoeing is a
suitable extension of existing integrated weed control strategies in OSR.

Keywords: canola; herbicides; inter row

1. Introduction

Weeds can cause several agronomic problems in oilseed rape (OSR), for example, by
competition for nutrients, water, light, and space, and thus lead to a reduction in yield
and seed quality [1–3]. Weeds can also cause harvest complications due to their moisture
content, and slow the mechanical harvest process. In addition, OSR grains are often soggier
after harvest if they had close contact to weed biomass during the threshing process,
whereby storability decreases [2,4].

Weed control in OSR is usually performed by herbicides. However, herbicide strategies
have to be reconsidered in light of herbicide tolerant crops, a continuing trend to reduced
tillage and occurrence of herbicide resistant weeds, and increasing safety concerns about
the use of some herbicides [5–12].

A direct way of weed control without herbicides is mechanical control. It could have
a more holistic and sustainable effect on weed reduction than herbicide-only measures
when implemented in the weed management strategy [8,13–15]. Before herbicides were
developed, mechanical weed control was the standard tool for reducing weeds [13]. In
organic agriculture, and in low-input agricultural systems, especially in less developed
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countries, mechanical weed control is still the main tool to actively control weeds [14,16].
The main advantage of mechanical weed control is primarily consistent efficacy; weeds can-
not develop resistance. In addition, it can be realized with only a modest investment [16,17].
On the other hand, mechanical weed control can also have disadvantages, especially in
comparison with the use of herbicides. It is not selective, the crop can also be damaged,
mostly high effectiveness is achieved only in early stages of development of the weed, its
effectiveness depends on weather and soil conditions., and the implementation can be very
time-consuming, depending on the method [13,16–18].

OSR plants are very sensitive and are thus not suitable for full-surface harrowing.
Therefore, the most promising option is inter-row cultivation, for example, by hoeing. In
order to create space for the hoeing tines, the row spacing for OSR can be increased to up
to 50 cm without yield reduction [19]. During hoeing, weeds are destroyed by flat cutting,
uprooting, and burying [19–23]. The efficiency of the hoe is higher when weeds are in an
early stage of development, the general weed pressure is low, and when its performed
under dry soil conditions [19–22]. OSR should have emerged earlier than the weeds and
thereby be more resistant to possible damage by hoeing. In addition, crop damage can be
prevented by a larger row spacing, the use of camera-guided hoeing systems, and active
implement steering especially when hoeing is performed in large scale [19–21,24,25]. In
addition, camera-guided hoeing systems make the weed control process more efficient, as
higher driving speeds can be applied [18]. Between 65% and 90% of the weeds between
the rows can be controlled by hoeing [25,26]. In maize, hoeing significantly reduced the
number of weeds, but did not achieve herbicide efficacy, and yield was lower [21]. For
beans (Vigna sinensis L.), mechanical and chemical weed control were found to show no
significant differences in weed occurrence and yield [27]. A study with lentils (Lens culinaris)
concluded that an integrated approach consisting of increased sowing density, mechanical
weed control, and reduced herbicide application rate had the same effect on yield and
weed suppression as the standard approach of standard sowing density, full herbicide
application and no mechanical weed control [28]. In a study with organically cultivated
OSR hoeing significantly reduced the number of weeds [29]. Weed control between the
rows may be sufficient to prevent crop depression, as OSR is highly competitive and can
effectively shade the soil and other weeds through its branches [19].

The aim of this study is to evaluate hoeing as mechanical inter-row weed control
compared with a common herbicide strategy with regard to weed appearance, weed
biomass, and OSR grain yield. We hypothesize that hoeing has similar efficacy on weed
control such as herbicides; mechanical and chemical weed control result in similar OSR
grain yield.

2. Materials and Methods

A three-year field trial with oilseed rape (OSR, Brassica napus L.) was conducted in the
years 2014/2015, 2015/2016, and 2016/2017 at the experimental station ‘Ihinger Hof’ of the
University of Hohenheim, Stuttgart, South-West Germany (Luvisol, soil type: loam). The
average annual precipitation of the location is 690 mm and the average annual temperature
is 7.9 ◦C. The monthly average temperature and the monthly precipitation for the entire
trial period are provided in Figure 1.
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Figure 1. Monthly average temperature and total monthly precipitation for the trial years 2014/2015 
(A), 2015/2016 (B), 2016/2017 (C); experimental station Ihinger Hof, Germany. 

The trial was set up with two factors in a split-plot design with four replicates. The 
main factor (factor 1) was weed control, consisting of the treatments hoeing combined 

Figure 1. Monthly average temperature and total monthly precipitation for the trial years 2014/2015
(A), 2015/2016 (B), 2016/2017 (C); experimental station Ihinger Hof, Germany.

The trial was set up with two factors in a split-plot design with four replicates. The
main factor (factor 1) was weed control, consisting of the treatments hoeing combined with
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usage of a common herbicide strategy (HO + HE), hoeing without herbicide application
(HO) and the usage of a common herbicide strategy without hoeing (HE). In the treatments
HO and HO + HE hoeing was performed twice per trial year. The first hoeing in autumn
was performed as soon as the OSR had reached the 6-leaf growth stage and soil and weather
conditions were suitable for the operation. The second hoeing was performed in spring
as soon as the soil was trafficable. To enable hoeing the row spacing was 24 cm in all
treatments. The tines of the hoe had a width of 16 cm and a cutting distance of 24 cm.
Working depth was 4 cm. Factor 2 was the variety of winter OSR in two levels (varieties),
variety 1 and variety 2. The sowing density was 45 seeds m−2. The experiment was blocked
by replicate and weed control. The experiment was conducted on a different field of the
experimental station in each growing season. The preceding crop was winter barley in each
case. Before sowing, conventional tillage was carried out with the plough and subsequent
cultivation with the rotary harrow.

The sowing, harvest, and hoeing dates of all trial years are displayed in Table 1. During
the growing season the weed plant density (WPD) was counted. Data were collected shortly
before mechanical weed control and three weeks after weed control to describe the efficacy
of hoeing (Table 1). WPD was counted ten times per plot with a 0.1 m2 frame and calculated
to plants m−2.

Table 1. Sowing, hoeing, weed count, and harvest dates of a three-year weed control experiment in
oilseed rape at the research station Ihinger Hof, SW Germany.

Process 2014/2015 2015/2016 2016/2017

Sowing 3 September 27 August 25 August
Weed count 24 October 30 September 30 November

Hoeing autumn 28 October 1 October 2 December
Weed count 17 November 19 October 20 December
Weed count 16 March 22 March 20 March

Hoeing spring 18 March 24 March 21 March
Weed count 10 April 18 April 12 April

Harvest 28 July 30 July 29 July

The plant protection program, consisting of insecticides, herbicides and fungicides,
and the fertilizer strategy of the experiment is provided in Table 2.

The above-ground weed biomass (WBM) was sampled at four spots of 0.5 m2 each in
the plot within one week before harvest, dried for 24 h at 95 ◦C, and then weighed. The
OSR harvest was carried out with a plot combine. A strip of 2 m × 6 m was harvested
in the middle of each plot. Based on the amount harvested per strip, the grain yield was
calculated in t dry matter per ha. To calculate dry matter, grain samples from each plot
were dried at 95 ◦C for 24 h, and then weighed.

Statistical Analysis

The statistical analysis as Student’s t-test was performed using the Glimmix and Mixed
procedures of the SAS 9.3 software. Data of weed biomass and grain yield were statistically
analyzed by using the procedure mixed. Data of weed plant density were analyzed by
using the procedure Glimmix. In the statistical model, the following factors were defined as
fixed effects: weed control; variety; interactions of weed control, and variety. The following
factors were defined as random effects: replicate; interactions of replicate, and weed control.
Transformations were partly necessary to reach normal distribution of data. In the statistical
analysis of weed plant density, the data were logarithmically transformed. In terms of
weed biomass, the data from 2014/2015 and 2016/2017 were square-root transformed, the
year two was logarithmically transformed. A transformation was not required for the grain
yield data. For presentation purposes, the following figures show only back-transformed
data.
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Table 2. Application date of insecticide, fungicide, herbicide, and fertilizer treatments, including
agent, trade name and manufacturer, during a three-year weed control experiment in oilseed rape.

2014/2015 2015/2016 2016/2017

Treatment Date Agent Date Agent Date Agent

Insecticides

9 September 7.5 g ha−1 deltamethrin 5 April 57.5 g ha−1 etofenprox 5 October 7.5 g ha−1

beta-cyfluthrin
26 September 7.5 g ha−1 deltamethrin 11 April 72 g ha−1 thiacloprid 3 April 57.5 g ha−1 etofenprox

15 April 57.5 g ha−1 etofenprox 22 April 40 g ha−1 acetamiprid
20 April 25.5 g ha−1 indoxacarb

6 May 48 g ha−1 tau-fluvinate
300 g ha−1 citric acid

Herbicides
10 September

500 g ha−1 metazachlor
31 August

500 g ha−1 metazachlor
1 September

500 g ha−1 metazachlor
500 g ha−1

dimethenamid-P
500 g ha−1

dimethenamid-P
500 g ha−1

dimethenamid-P
250 g ha−1 quinmerac 250 g ha−1 quinmerac 250 g ha−1 quinmerac

20 October 80 g ha−1 propaquizafop 8 October 80 g ha−1 propaquizafop 5 October 80 g ha−1 propaquizafop

Fungicides

6 May 250 g ha−1 azoxystrobin 26 October
96 g ha−1

prothioconazole 3 April
96 g ha−1

prothioconazole
192 g ha−1 tebuconazole 192 g ha−1 tebuconazole

5 April
96 g ha−1

prothioconazole
192 g ha−1 tebuconazole

Nitrogen
fertiliser

1 October 40 kg N ha−1 calcium
ammonium nitrate 15 March

90 kg N ha−1

ammonium sulphate
nitrate

21 October 30 kg N ha−1 calcium
ammonium nitrate

10 March 90 kg N ha−1 ammonium
sulphate nitrate 7 April

90 kg N ha−1

ammonium sulphate
nitrate

15 March
80 kg N ha−1

ammonium sulphate
nitrate

8 April 90 kg N ha−1 ammonium
sulphate nitrate 6 April

90 kg N ha−1

ammonium sulphate
nitrate

3. Results
3.1. Weeds

The following weeds occurred during the trial period: Thlaspi arvense L., Stellaria media
L., Hordeum vulgare L., Sonchus arvensis L., Veronica agrestis L., Lamium purpureum L., Galium
aparine L., Capsella bursa-pastoris L., Geranium rotundifolium L., Matricaria chamomilla L.,
Cirsium arvense L., Falopia convolvulus L., Fumaria officinalis L., and Alopecurus myosuroides
Huds. The dominant weeds in the trial year 2014/2015 were Thlaspi arvense L. and Stellaria
media L. In the trial years 2015/2016 and 2016/2017 the dominant weeds were Fumaria
officinalis L., Thlaspi arvense L., and Stellaria media L.

The WPD in trial year 2015/2016 decreased in all treatments during the season, as
mean over both OSR varieties. The WPD ranged from 2.2 plants m−2 (HO + HE/counting 4;
Figure 2) to 34.4 (HO/counting 1). Across all countings, HO resulted in the highest number
of weeds.

The level of weed infestation in trial year 2015/2016 was lower compared to 2014/2015
(Figure 2), and ranged between 0.6 plants m−2 (HO + HE/counting 3) and 7.5 plants m−2

(HO/counting 4). From counting 1 to 3, weed number stayed within a narrow range from
0.6 (HO + HE/counting 3) to 4.5 plants m−2 (HO/counting 1) At counting 4, weed numbers
in HO (7.5 plants m−2) were significantly higher than in HE (0.7 plants m−2) and HO + HE
(1.0 plants m−2).

The highest number of weeds of all trial years was observed in trial year 2016/2017
(Figure 2) and ranged between 0.5 plants m−2 (HO + HE/counting 3) and 57.8 (HO/counting 1).
There were significantly more weeds in all countings in treatment HO compared to
HO + HE and HE. Weed numbers in HO + HE and HE were quite similar, except in
counting 4, where significantly more weeds were observed in HE.
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Figure 2. Weed plant density in number of weed plants m−2 in winter oilseed rape (mean of two
varieties) before (1) and after (2) hoeing in autumn, and before (3) and after (4) hoeing in spring
as effect of the weed control strategies: hoeing + herbicide application (HO + HE); hoeing without
herbicide application (HO); herbicide application without hoeing (HE); herbicides as depicted in
Table 2; values within the same time of survey with different letters within are significantly different;
non-significant differences are indicated by the abbreviation ‘ns’. (Student’s t-test on transformed
values; α = 0.05); experimental station Ihinger Hof, Germany.

The fixed effects of the statistical analyses of WPD for the four annual weed counts in
the three trial years are shown in Table 3. If significant effects occurred, then only in the
weed control factor. The factor variety and interactions from the factors variety and weed
control had no significant influence.

WBM was highest in HO in all years, and ranged from 0.1 (HE, 2015/2016) to
107.6 g m−2 (HO, 2014/2015; Figure 3). Independent of trial year WBM in HO + HE
and HE was by 76 to 99% lower compared to HO. The years differed in weed with WDM of
HO as reference: 2015/2016 (HO: 18.1 g m−2); 2016/2017 (HO: 54.7 g m−2); and 2014/2015
(HO: 107.6 g m−2).
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Table 3. Degrees of freedom (DF), F value and probability level (Pr > F) of the fixed effects weed
control (WC), variety (V), and their interactions (WC × V) of the statistical analyses of the weed plant
density of four annual weed counts in a three-year weed control experiment in oilseed rape at the
research station Ihinger Hof, SW Germany.

DF F Value Pr > F

Weed count 1

2014/2015
WC 2 0.77 0.5050
V 1 0.02 0.8879

WC × V 2 2.29 0.1567

2015/2016
WC 2 3.07 0.1205
V 1 0.05 0.8275

WC × V 2 0.50 0.6229

2016/2017
WC 2 42.84 0.0003
V 1 0.59 0.4631

WC × V 2 0.67 0.5337

Weed count 2

2014/2015
WC 2 2.90 0.1316
V 1 1.68 0.2269

WC × V 2 0.81 0.4732

2015/2016
WC 2 2.94 0.1288
V 1 0.64 0.4432

WC × V 2 3.81 0.2634

2016/2017
WC 2 49.18 0.0002
V 1 0.70 0.4237

WC × V 2 0.53 0.6043

Weed count 3

2014/2015
WC 2 3.16 0.1155
V 1 0.39 0.5461

WC × V 2 0.20 0.8221

2015/2016
WC 2 3.03 0.1230
V 1 2.97 0.1188

WC × V 2 0.38 0.6919

2016/2017
WC 2 114.78 <0.0001
V 1 1.36 0.2730

WC × V 2 0.36 0.7050

Weed count 4

2014/2015
WC 2 1.15 0.3783
V 1 0.29 0.6018

WC × V 2 0.15 0.8668

2015/2016
WC 2 16.41 0.0037
V 1 18.08 0.1521

WC × V 2 5.47 0.4279

2016/2017
WC 2 23.80 0.0014
V 1 1.24 0.2941

WC × V 2 0.44 0.6556
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Figure 3. Weed biomass (g m−2) in winter oilseed rape (mean of two varieties) in the trial years
2014/2015, 2015/2016, and 2016/2017 depending on weed control: hoeing + common herbicide
strategy (HO + HE); hoeing without any herbicides (HO); common herbicide strategy without
hoeing (HE). Different letters within one trial year indicate significant differences (Student’s t-test on
transformed values; α = 0.05); experimental station Ihinger Hof, Germany.

The fixed effects of the statistical analyses of WPD in the three trial years are shown
in Table 4. If significant effects occurred, then only in the weed control factor. The factor
variety and interactions from the factors variety and weed control had no significant
influence.

Table 4. Degrees of freedom (DF), F value and probability level (Pr > F) of the fixed effects weed
control (WC), variety (V), and their interactions (WC × V) of the statistical analyses of the weed
biomass in a three-year weed control experiment in oilseed rape at the research station Ihinger Hof,
SW Germany.

Trial Year Effect DF F Value Pr > F

2014/2015
WC 2 6.32 0.0333
V 1 3.32 0.1015

WC × V 2 0.44 0.6601

2015/2016
WC 2 9.29 0.0145
V 1 5.24 0.0578

WC × V 2 0.29 0.7553

2016/2017
WC 2 5.61 0.0422
V 1 10.24 0.0708

WC × V 2 9.45 0.1062

3.2. Oilseed Rape Grain Yield

The grain yield ranged from 2.9 t DM (HO, 2015/2016) to 3.9 t DM ha−1 (HO + HE,
2016/2017; Figure 4). Significant differences between the treatments occurred only in
2016/2017; lowest grain yield however, was always obtained in treatment HO. The signifi-
cant yield gap between HO and HO + HE in 206/2017 was 0.6 t ha−1.



Crops 2022, 2 9Crops 2021, 1, FOR PEER REVIEW 9 
 

 

 
Figure 4. Grain yield of two oilseed rape varieties (t dry matter (DM) ha−1) in the trial years 
2014/2015, 2015/2016, and 2016/2017 dependent of the weed control strategy: hoeing + common 
herbicide strategy (HO+HE); hoeing without any herbicides (HO); common herbicide strategy with-
out hoeing (HE). Different letters within one trial year indicate significant differences; if no signifi-
cant differences (ns) occurred, the standard error of mean (SE) was displayed as error bar in the 
figure (Student’s t-test; α = 0.05); experimental station Ihinger Hof. 

The fixed effects of the statistical analyses of the grain yield in the three trial years 
are shown in Table 5. If significant effects occurred, then only in the weed control factor. 
The factor variety and interactions from the factors variety and weed control had no sig-
nificant influence. 

Table 5. Degrees of freedom (DF), F value and probability level (Pr >F) of the fixed effects weed 
control (WC), variety (V), and their interactions (WC × V) of the statistical analyses of the grain yield 
in a three-year weed control experiment in oilseed rape at the research station Ihinger Hof, SW Ger-
many. 

Trial Year Effect DF F Value Pr > F 

2014/2015 
WC 2 0.49 0.6332 
V 1 0.48 0.5069 

WC × V 2 0.63 0.5536 

2015/2016 
WC 2 2.74 0.1429 
V 1 0.22 0.6528 

WC × V 2 1.53 0.2685 

2016/2017 
WC 2 6.93 0.0276 
V 1 1.90 0.2014 

WC × V 2 0.06 0.9408 

4. Discussion 
The success of hoeing in controlling weeds and promoting high OSR grain yield de-

pends on the general weed pressure, and on the weather conditions, dry soils allow a 
higher efficiency of the hoeing [23]. The general weed pressure differed over the three trial 
years. When comparing WPD and WDM (Figures 2 and 3), the general weed pressure in 
the test years 2014/2015 and 2016/2017 appears to be higher than in the test year 2015/2016. 
This may be due to soil seed banks of different sizes and species composition on the re-
spective trial fields. In addition, the annual weather conditions can have an influence on 
the emergence of weeds. In particular, it is noticeable that there were hardly any sunshine 
hours in the trial year 2015/2016 (Figure 1B), which meant that less light reached the soil 
and fewer weeds were stimulated to germinate. In addition, September and October of 

Figure 4. Grain yield of two oilseed rape varieties (t dry matter (DM) ha−1) in the trial years
2014/2015, 2015/2016, and 2016/2017 dependent of the weed control strategy: hoeing + common
herbicide strategy (HO + HE); hoeing without any herbicides (HO); common herbicide strategy
without hoeing (HE). Different letters within one trial year indicate significant differences; if no
significant differences (ns) occurred, the standard error of mean (SE) was displayed as error bar in
the figure (Student’s t-test; α = 0.05); experimental station Ihinger Hof.

The fixed effects of the statistical analyses of the grain yield in the three trial years are
shown in Table 5. If significant effects occurred, then only in the weed control factor. The
factor variety and interactions from the factors variety and weed control had no significant
influence.

Table 5. Degrees of freedom (DF), F value and probability level (Pr > F) of the fixed effects weed
control (WC), variety (V), and their interactions (WC × V) of the statistical analyses of the grain
yield in a three-year weed control experiment in oilseed rape at the research station Ihinger Hof,
SW Germany.

Trial Year Effect DF F Value Pr > F

2014/2015
WC 2 0.49 0.6332
V 1 0.48 0.5069

WC × V 2 0.63 0.5536

2015/2016
WC 2 2.74 0.1429
V 1 0.22 0.6528

WC × V 2 1.53 0.2685

2016/2017
WC 2 6.93 0.0276
V 1 1.90 0.2014

WC × V 2 0.06 0.9408

4. Discussion

The success of hoeing in controlling weeds and promoting high OSR grain yield
depends on the general weed pressure, and on the weather conditions, dry soils allow a
higher efficiency of the hoeing [23]. The general weed pressure differed over the three trial
years. When comparing WPD and WDM (Figures 2 and 3), the general weed pressure
in the test years 2014/2015 and 2016/2017 appears to be higher than in the test year
2015/2016. This may be due to soil seed banks of different sizes and species composition
on the respective trial fields. In addition, the annual weather conditions can have an
influence on the emergence of weeds. In particular, it is noticeable that there were hardly
any sunshine hours in the trial year 2015/2016 (Figure 1B), which meant that less light
reached the soil and fewer weeds were stimulated to germinate. In addition, September
and October of the year were relatively dry and counteracted strong weed emergencies
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(Figure 1). Nevertheless, the higher number of weeds was mostly found in the HO variant.
Even though these differences were only partially significant, a clear tendency can still be
seen with higher weed pressures (trial years 2014/2015 and 2016/2017). The differences in
efficiency in HO can be explained by the fact that hoeing does not take place over the entire
surface, and therefore parts of the surface cannot be cultivated [26]. With a row spacing
of 24 cm between the OSR plants, only 16 cm were cultivated by the hoeing coulter per
row, while weeds on the remaining 8 cm could not be controlled. The effect of hoeing on
weeds is based on uprooting, flat cutting, and burying [19–23]. It cannot be excluded that
cut-off weeds can sprout again or re-grow especially if they are in an advanced growth
stage [19–22]. The number of weeds in the HE and HO + HE variants was similar, and in the
years 2014/2015 and 2016/2017, was either tending or significantly lower than the number
of weeds in the HO variant. The lower number of weeds in the HE and HO + HE variants,
compared to the HO variant, especially in the trial years 2014/2015 and 2016/2017, is due to
the fact that weed control by the herbicides took place over the entire area and their efficacy
is higher. For better mechanical weed control within the rows by hoeing, specialised hoes
can also be equipped with intra-row elements. This could control up to 78% of the weeds
within the rows and could lead to smaller differences between the chemical and mechanical
variants of weed control [25]. Surprisingly, the number of weeds in HO + HE was less than
in HE. As hoeing is an intervention in the soil, it would be likely that the active agent layer
formed above the soil by the herbicides would be damaged and that as a result more weeds
would emerge. In some cases, however, the opposite was true. Especially in counting 2
in the trial year 2014/2015 and counting 4 in the trial years 2014/2015 and 2016/2017
(Figure 2). In counting 2 of the trial year 2014/2015, the effect of the herbicide had probably
not yet fully taken impact due to the weather conditions. Compared to the other two
trial years, the months September to November (time between sowing and counting 2)
were relatively warm, with high precipitation and hours of sunshine (Figure 1). These
vigorous conditions could lead to an increased weed emergence, so that new weeds may
have emerged between the counting 1 and counting 2; and the weeds could be more vital,
which may cause them to react later to herbicide application. Weeds that did not yet show
lethal symptoms and died later in the year may have been counted. As the year progressed,
the effectiveness of the soil herbicide probably decreased and new weeds could accumulate
in the HO variant during the fourth counting period [30,31]. This loss of efficacy was
compensated by hoeing in the HO + HE variant. Such a trend cannot be detected for the
2015/2016 trial year because the general weed pressure was probably too low.

As the number of weeds in the counting 4 at least tended to indicate, the weed mass
at harvesting in the HO variant is significantly higher in all trial years than in the other
two variants. The reason for the different weed masses in the three experimental years is
the difference in the weight of the individual weed plants, which occur due to different
weather conditions and a specific weed composition.

With regard to grain yield, no significant differences were found in all three trial years
between the herbicide application method used in conventional agricultural practice in
the HE variant and the hoeing method without the use of herbicides in the HO variant.
The competitive capacity of OSR, based mainly on the formation of branches, seemed to be
greater than the effect of weeds on yield [4,19]. The combination of hoeing and herbicide
use in HO + HE resulted in a significantly higher yield in the trial year 2016/2017 than in
HO, and can probably be explained by a significantly lower weed amount in combination
with a tendency to lower weed mass at harvest.

According to the results, hoeing as a mechanical weed control option can be regarded
as an alternative to the herbicide use previously practiced in conventional agriculture.
However, if the hoe is used over a large area at higher speeds, care must be taken not to
damage the OSR plants, which could also have a negative effect on grain yield [18]. It
would be advisable to use camera-guided systems for this purpose and to choose a row
spacing between 24 and 50 cm, then the occurrence of damage would be unlikely [18–21].
However, the renunciation of herbicides resulted in an increased number of weeds. It
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can be assumed that weeds that have not been controlled before the threshing stage of
the OSR will reach seed maturity, and that weed seeds will accumulate increasingly in
the soil seed bank and that the general weed pressure could increase in the following
years. The comparison of WPD (Figure 2) shows that the effectiveness of hoeing is lower at
higher weed pressure (comparison of the test years 2014/2015 and 2017/2018 with higher
weed pressure with the test year 2016/2017 with lower weed pressure). If herbicides are
consistently avoided for several years during mechanical weed control by hoeing, it is likely
that the effectiveness of hoeing will decline further due to the increasing weed pressure.
In order to successfully control weeds without herbicides over several years, holistic
approaches are needed in addition to direct mechanical weed control, including long crop
rotations, mulching, adapted tillage, optimized sowing operation, and the use of selected
intercrops [3,32–36]. However, hoeing is particularly suitable in an environment of social
desire for more ecological agriculture, where there are increasing bans or restrictions on the
use of herbicides and a lack of approval of new herbicidal active agents as a supplement to
chemical crop protection, therefore providing an additional way of controlling weeds that
became difficult to control chemically [18,25,37].

5. Conclusions

Hoeing is a suitable option for weed control in OSR. Compared to chemical herbicide
application, weeds can be controlled less efficiently by hoeing. However, this is not
necessarily related to yield losses. This is especially true when highly competitive hybrid
oilseed rape varieties are used [38]. Moreover, hoeing can be combined with a chemical
weed control strategy, which can be expected to improve the control of resistant weeds.
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