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Shredding corn stubble during harvest: 
Insights from four years of on-farm 
experiments
Sebastian Ramm, Hans-Heinrich Voßhenrich, Yves Reckleben, Eberhard Hartung

Corn stubble remaining in the field after grain corn harvest plays a central role in integrated 
pest and residue management. This study investigated the integration of corn stubble shred-
ding into the harvesting process using the “Horizon Star* III” (HS3) header equipped with 
flail knives. Over four years and seven experimental sites, the single-step method was com-
pared with conventional post-harvest flail mowing. Under favorable conditions, both methods 
achieved similarly high shredding intensities for non-overrun corn stubble (>84% fully de-
stroyed). A key advantage of the HS3 was its superior performance in overrun areas, where 
conventional flail mowers showed a marked decline in effectiveness. The parameter node-to-
lowest-working-plane distance, which combines soil surface condition and node-to-ground 
distance, was identified as a key factor influencing corn stubble shredding intensity. The re-
sults demonstrate the potential of the HS3 to enhance field-wide shredding performance and 
point to promising opportunities for methodological advancement in future research.
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Corn (Zea mays L.) is one of the most significant cash crops globally, playing a crucial role in food 
security, animal feed, and biofuel production (OECD/FAO 2024). After harvest, substantial amounts 
of crop residues, consisting of corn stover and corn stubble, remain in the field. Corn stubble refers to 
the portion of stalks that remain rooted in the soil after harvest, while corn stover includes all plant 
parts lying loosely on the soil surface, such as stalks, leaves, cobs, and husks (Pordesimo et al. 2004, 
Shinners and Binversie 2007, D‘Amours et al. 2008, Lizotte et al. 2009). While corn stover can be 
utilized for bioethanol production, biomass power plants, or livestock use, its secondary use remains 
limited in Europe, with most residues left to decompose on-site (Fleschhut et al. 2016, Miranda et al. 
2021, Aghaei et al. 2022). Regardless of potential secondary uses for corn stover, corn stubble always 
remains in the field.

The management of corn residues is a key aspect of the corn production chain, serving multiple 
objectives. These include agronomic objectives focus on creating suitable conditions for the following 
crop (Sindelar et al. 2013, Hou et al. 2022) and nutrient management objectives aim to accelerate 
residue decomposition and enhance nutrient release (Stetson et al. 2018, Vogel and Below 2019). 
Phytosanitary goals seek to control pests like the European corn borer (ECB; Ostrinia nubilalis) and 
reduce infection pressure from pathogens like Fusarium spp. (Kirchmeier and Demmel 2008, Latsch 
et al. 2010, Grosa et al. 2016, Schneider and Lenz 2017, Zastempowski et al. 2024).
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Corn stubble management for ECB control
Corn stubble plays a crucial role in the context of ECB management. The primary damage caused 
by ECB results from larval feeding inside the corn stalks and ears, disrupting water, nutrients, and 
assimilate transport. This internal tunneling weakens the mechanical stability of the plant, making it 
more susceptible to stalk breakage, which can lead to harvesting difficulties and increased ear losses 
(Melchinger et al. 1998, Saß et al. 2007, Mason et al. 2018). In cases of heavy infestation, yield losses 
in grain corn can range from 5% to 40% (Götzke and Schröder 2007, Lenz 2007, Meissle et al. 2010). 
Beyond direct crop damage, ECB-induced wounds in the plant tissue serve as entry points for fungal 
pathogens, particularly Fusarium spp., further compromising yield quality (Sobek and Munkvold 
1999, Gatch and Munkvold 2002, Saß et al. 2007, Blandino et al. 2015, Scarpino et al. 2015). By the 
time of corn harvest, the majority of ECB larvae are located inside tunnels within the corn stubble, 
typically within the lower 30 cm of the stalk or from the second node downward, where they use the 
protected space for overwintering (Schaafsma et al. 1996, Schneider and Lenz 2017, Zastempowski 
et al. 2024). Therefore, shredding corn stubble is a recommended measure for preventive ECB control, 
as it destroys the insect’s winter habitat and helps to reduce the population surviving into the subse-
quent growing season (Uppenkamp 2012, Freier et al. 2015).

Previous studies have demonstrated the effectiveness of corn stubble shredding in controlling the 
ECB by comparing larval counts before and after shredding (Seidel et al. 2014, Freier et al. 2015, 
Grosa et al. 2016, Schneider and Lenz 2017). However, the precise relationship between the degree 
of stubble destruction and ECB larval mortality remains largely unexplored. It is assumed that merely 
crushing the stalks, such as by driving over them, is insufficient to eliminate the ECB’s overwintering 
habitat (Klingenhagen et al. 2014). For effective control, corn stalks and stubble must be shredded 
to a degree where they no longer provide sufficient space for the approximately 25 mm long larvae to 
overwinter or allowing water to penetrate (Schorling 2005, University of Minnesota 2025). There-
fore, the common objective is to completely destroy the corn stubble and shred it down to the root 
base.

Technical approaches for shredding corn stubble
The shredding of corn residues begins during harvest, with the configuration of the corn header 
playing a crucial role in determining the intensity of residue shredding. The intensity is primarily 
influenced by the design of the snapping rolls and the use of additional attachments such as horizon-
tal choppers. Most corn headers focus on shredding the stover while leaving the stubble intact and 
anchored in the soil. The only adjustable factor in this process is the stubble height, which can be 
adapted by altering the cutting height (Handler et al. 2005, Dutzi 2019, Ramm et al. 2024).

Typically, an additional post-harvest operation is required to shred corn stubble. For this purpose, 
various specialized implements have been developed. One example is the “Zünslerschreck® aktiv” 
by Knoche Maschinenbau GmbH (Bad Nenndorf, Germany), which uses “Stoppelmaxx” friction wheel 
modules by Baß Antriebstechnik GmbH (Gebsattel, Germany) to shred stubble by twisting it. Another 
is the “Stoppelschlitzer” by terratec GmbH (Halle/Westfalen, Germany), which presses the stubble 
into the soil and slices it laterally using blades (Uppenkamp 2016). More recently, Zastempowski et al. 
(2024) introduced a newly developed mechanism that not only shreds the above-ground stubble but 
also targets the root system. This is achieved by undercutting the soil and extracting the stubble along 
with its root system, which is then shredded using two vertical shafts equipped with discs to which 
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flails are mounted. Additionally, multi-purpose implements such as disc harrows and knife rollers, 
as well as rotary and flail mowers used for more intensive processing, are commonly employed. Field 
studies and trials have investigated a variety of implements for corn stubble shredding across forage, 
grain, and corn-cob-mix production systems. Most of these studies are published as gray literature, 
including project reports and articles in professional magazines, with considerable variation in the 
methodologies used to evaluate shredding intensity, making direct comparisons between results chal-
lenging. Assessments typically include measurements of stubble height and ratings of the structural 
integrity of corn stubble, though the criteria for distinguishing between different levels of destruction 
often differ between studies. In some cases, sieve analyses were also conducted to characterize the 
shredded corn residue. Nevertheless, several studies consistently indicate that flail mowers achieve 
the highest corn stubble shredding intensity, as evidenced by short residual stubble height and rela-
tively low numbers of stubble with intact internodes, making them a preferred choice for this appli-
cation (Latsch et al. 2010, Uppenkamp et al. 2011, Seidel et al. 2014, Grosa et al. 2016, Uppenkamp 
2016, Schneider and Lenz 2017, Uppenkamp and Furth 2020). Despite their overall effectiveness, 
flail mowers face significant challenges when processing overrun, flattened, or bent corn stubble. 
When stubble lies on the ground or lacks sufficient structural resistance, it may not be effectively 
engaged by the tools of flail mowers, resulting in longer residual stubble and an overall reduction in 
processing quality (Uppenkamp et al. 2011, Klingenhagen et al. 2014, Grosa et al. 2016, Brunotte 
and Vosshenrich 2017, Schneider and Lenz 2017). Additionally, Grosa et al. (2016) noted that 
the direction of flail mowing had an additional notable effect: mowing in the same direction as the 
orientation of the flattened stubble resulted in longer residual stubble compared to mowing against 
the orientation.

Depending on the working width of the corn header and the design (front or rear attachment) and 
working width of the flail mower, significant portions of the field may have been traversed by the 
vehicles’ tires or tracks before being processed by the flail mower. In the case study by Augustin et 
al. (2020), the proportion of area covered by the tires of the forage harvester (front tires: 800/70R38; 
rear tires: 600/65R38), operating at a working width of 6 m, during silage corn harvest was estimated 
at 36.1% of the total field area (based on modeled tracks derived from GPS position data). The work-
ing width of the forage harvester was identical to that of the corn header investigated in this study. 
Furthermore, the driving patterns of forage harvesters and combine harvesters are comparable if 
grain corn is unloaded on the go. The tracks created by vehicles used for the transportation of the 
harvested crop must additionally be considered. If a flail mower is used as a rear-mounted implement, 
the tractor tracks also need to be taken into account. Therefore, it can be assumed that with a working 
width of 6 m for the corn header, more than 35% of the total field area is regularly traversed during 
grain corn harvest.

In addition to the reduced shredding performance in areas where corn stubble has been overrun, 
the fact that conventional corn stubble shredding requires an additional post-harvest field pass has 
led to growing interest in developing solutions that combine harvesting and stubble shredding into a 
single operation. This concept is not new, Kirchmeier and Demmel (2008) studied the effects of corn 
residue shredding and tillage techniques on Fusarium infections in winter wheat. In their study, flail 
mowers were mounted on the corn header and the combine harvester to process the corn stubble and 
corn stover during the harvesting process. However, commercially available corn headers with inte-
grated stubble shredding functionality have only emerged in recent years. Previously, only custom 
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solutions or aftermarket modifications were available, such as the actively driven friction wheel mod-
ules “Stoppelmaxx” by Baß Antriebstechnik GmbH (Gebsattel, Germany), which could be retrofitted 
onto corn headers to shred corn stubble. Additionally, passive stalk rollers are available as retrofit 
solutions, like the “5000 Stalk Devastator™“ by Yetter Manufacturing Co., Inc. (Colchester, IL, USA). 
The “StalkBuster” by Maschinenfabrik Kemper GmbH & Co. KG (Stadtlohn, Germany), introduced in 
2017, was the first commercially available corn header with integrated stubble shredding functional-
ity specifically designed for forage harvesters used in silage corn harvesting. This header is equipped 
with a swing-mounted unit for each corn row, where rotating flails shred the corn stubble during the 
harvesting process. The “Horizon Star* III” (HS3) corn header, introduced in 2019 by Carl Geringhoff 
GmbH & Co. KG (Ahlen, Germany) and developed within this joint research project, was the first corn 
header for combine harvesters that integrated stubble shredding into the harvesting process of grain 
corn. It incorporates a novel toolset for horizontal choppers (flail knives) and the ability to guide the 
cutting tools close to the soil surface to efficiently shred corn stubble near ground level. For a compre-
hensive examination of the technical details and factors influencing its power consumption, refer to 
Ramm et al. (2023). In 2022, CLAAS Selbstfahrende Erntemaschinen GmbH (Harsewinkel, Germany) 
introduced the “Corio Stubble Cracker” corn header. The “Corio Stubble Cracker” system combines 
two rotating skids into one unit. Each skid follows one row of corn stubble, with the additional units 
mounted on swinging arms at the rear of the corn header to follow the ground contour. Each skid is 
equipped with two hammers to shred the corn stubble (Herter and Schwaer 2022). Thus, at present, 
two models of grain corn headers are available for processing corn stubble during harvest.

Research objectives
Given the wide range of available equipment for corn stubble shredding and the diverse approaches 
used to evaluate processing performance, a key practical question arises: Which technical approach 
or mechanism achieves which level of shredding intensity under specific field conditions? This, in 
turn, raises further questions regarding how shredding intensity can be reliably measured, which 
influencing factors should be considered to accurately describe site-specific conditions, and which 
assessment methods are best suited for this purpose.

Due to the technical characteristics of the machinery, such as large working widths and the need 
for consistent driving speeds, such investigations are best carried out in large-scale field trials, with 
on-farm experiments offering particularly suitable conditions. In this context, the rating system pub-
lished by Brunotte and Vosshenrich (2017) serves as an appropriate starting point for the further 
development of evaluation methods. The system was originally designed to help farmers to assess 
field conditions after corn harvest in order to determine the suitability for flail mower use. It also pro-
vides a basic framework for evaluating flail mower performance based on the degree of corn stubble 
shredding.

In this project, the intensity of stubble shredding achieved by the HS3 corn header was validated. 
Over a period of four years, on-farm experiments were conducted across seven trial sites. During 
these trials, the stubble shredding performance of the HS3 was compared with various models of flail 
mowers, with a variant where the stubble remained unshredded serving as the control. The aim of 
this paper is twofold: (1) to present the methods that have been continuously refined over the course 
of this project for capturing factors influencing the intensity of stubble shredding, and (2) to provide 
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a comparative assessment of the HS3 corn header with flail mowers used post-harvest, considering 
the factors that describe the operating conditions.

Material and Methods
Experimental approach
The on-farm experiments included three treatments (Table 1). As a single-step method treatment 
for corn stubble shredding, the “Horizon Star* III” (HS3; Carl Geringhoff GmbH & Co. KG, Ahlen, 
Germany) corn header was used, which shreds the corn stubble during the harvesting pass. Since 
tractor-driven flail mowers are regarded as the most effective option for post-harvest corn stubble 
shredding, as outlined in the Introduction, they were included as a benchmark in the two-step meth-
od. To distinguish the effects of stubble treatment, conventional harvest without stubble shredding 
was implemented as a third treatment and served as the control.

Table 1: Overview of corn stubble shredding methods evaluated in this research

Treatment
First Pass:  

Harvest (Configuration of the HS3) Second Pass:  
Post-Harvest Residue  

ManagementCutting Tools Cutting Height Setting

Single-step method Flail knives Lowest possible None
Two-step method Standard knives 15–25 cm stubble height Tractor-driven Flail Mowers
Control Standard knives 15–25 cm stubble height None

The HS3 corn header is designed to harvest eight rows with a row spacing of 75 cm. Each row unit 
is equipped with a horizontal chopper, fitted with two cutting tools. These specialized cutting tools 
consist of a sharp cutting edge and a dulled flail at the end of the tool. When operated close to the soil 
surface, the flail knives can break down the corn stubble all the way to the root base. The sharp cutting 
edge performs the horizontal cut, while the dulled flail hits and shreds the corn stubble (Figure 1).

Figure 1: Structural diagram of the „Horizon Star* III“ row unit and the tested cutting tools for the horizontal chop-
pers (top row, adapted with permission from Carl Geringhoff GmbH & Co. KG, 2023) and a photograph of the row 
unit with the horizontal chopper equipped with flail knives (bottom, © S. Ramm)
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The technical details of the HS3 have already been described by Ramm et al. (2023). The HS3 was 
utilized in two different configurations concerning the cutting tools. When equipped with the newly 
developed flail knives, the corn header was operated at the lowest possible cutting height setting 
to achieve the desired stubble shredding effect (Table 1). When the flail knives were replaced by 
standard knives (simple straight knives), the functionality corresponded to that of the conventional 
“Horizon Star* II” (HS2) corn header, without the ability to shred corn stubble. In this configuration, 
the cutting height was set to 15–25 cm, a typical stubble height in practice that can be easily achieved 
with conventional corn headers, which, in contrast to the HS3, are not specifically optimized for op-
eration extremely close to the soil surface (Table 1). At the same time, this setting ensured that the 
corn stubble could be processed unhindered by flail mowers, i.e., without colliding with the mower 
housing and being bent over. During the harvest, a constant speed of 6 km/h was maintained.

On-farm experiments were conducted at seven different sites across Germany from 2018 to 2021. 
These sites spanned from Baden-Württemberg in the south, through North Rhine-Westphalia and 
Lower Saxony, up to Schleswig-Holstein in the north, thereby representing the conditions of Germa-
ny’s grain cultivation regions. The field trials were designed as randomized complete block designs. 
The plot width corresponded to the working width of the corn header (6 m). Due to site-specific con-
ditions such as field size, tramline spacing, topography and the ongoing refinement of the methods 
applied, adjustments to the number of replications and plot lengths were necessary for the test sites 
(Table 2).

Table 2: Test sites

Year Site Flail Mower Plot Length in m Blocks

2018 Zeutern
(49.1786, 8.6587)

Sauerburger
(Y-Blades) 125 3

2018 Steinheim
(51.8460, 9.1316)

Müthing
(Hammer flails) 125 3

2019 Stettfeld
(49.1858, 8.6343)

Maschio
(Hammer flails) 75 6

2019 Bückeburg
(52.2676, 9.0851)

Müthing
(Hammer flails) 75 6

2020 Kraichtal
(49.1442, 8.7332)

Sauerburger
(Y-Blades) 75 6

2020 Timmaspe
(54.1348, 9.8916)

Sauerburger
(Hammer flails) 75 5

2021 Wöbs
(54.0690, 10.4754) None 75 6

All tractor-driven flail mowers and combine harvesters were provided by the respective experi-
mental farms. All combine harvesters were equipped with track systems. At the Steinheim, Bücke-
burg, Stettfeld, and Kraichtal sites, “Claas Lexion 760 TT” models were used. At the Timmaspe site, 
an “MF AGCO Ideal 8T” was employed, and at the Wöbs site, an “MF AGCO Ideal 9T”. Due to the track 
width and gauge of these machines, the combine harvesters continuously drove over two rows of 
corn stubble during harvesting. Given that the corn header had a working width of eight rows, which 
also matched the width of the experimental plots, 25% of the corn stubble was driven over. The Zeu-
tern site represents an exception. There, a “Claas Lexion 770 TT” (track gauge: 2.86 m; track width: 
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635 mm) was used. Owing to its specific undercarriage configuration, only a few corn stubbles were 
sporadically affected by the tracks. As a result, overrun corn stubble was not investigated at this site.

Due to a malfunction of the header height control system at the Stettfeld site, the corn header could 
not be operated as close to the ground as intended. As a result, no data from the single-step method 
treatment is available from this experimental site. At the Wöbs site, snowfall following the harvest 
prevented the use of the flail mower, and consequently, no results from the assessment of corn stub-
ble shredding intensity of the two-step method treatment are available from this site.

The plot boundaries were marked with spray paint and surveyed before harvesting using the “SST 
FieldRover II 10.4” software (SST Development Group Inc., Stillwater, OK, USA). This software visual-
izes and stores GPS positioning data, which is transmitted by the RTK-GPS rover (AgGPS 442; Trimble 
Inc., Sunnyvale, CA, USA) to the laptop.

Assessment of corn stubble structural integrity and influencing factors
In 2017, Brunotte and Vosshenrich (2017) published a rating system designed to help farmers 
assess field conditions after corn harvest to determine the suitability for flail mower use. The system 
also provides a framework for evaluating flail mower performance based on the degree of corn stubble 
shredding. The methods applied during the first year of this study closely followed this system, with 
minor adjustments to suit the experimental context, and were further refined as the study progressed.
Following the stubble treatment, the level of corn stubble shredding intensity was evaluated. The 
rating system used for this evaluation, shown in Table 3, is based on the five-level system developed 
by Brunotte and Vosshenrich (2017). For this study, more precise definitions of each rating level 
were established, specifying the key characteristics required to classify stubble into the respective 
categories.

Table 3: Scoring system for evaluating the level of corn stubble shredding intensity

Scoring level Definition

1 Corn stubble is completely frayed, or the sidewall is at least 50% opened
2 Between 30% and 50 % of the corn stubble’s sidewall is opened
3 Less than 30% of the corn stubble’s sidewall is opened, yet clearly damaged
4 Frontal section of the corn stubble is opened, node is missing, sidewall is mostly undamaged
5 Corn stubble is intact, both the frontal section and sidewall are undamaged

(adapted from Brunotte and Vosshenrich 2017)

This evaluation focused on all corn stubble still rooted in the soil. When multiple internodes were 
present, classification was based on the least damaged internode or the internode corresponding to 
the highest rating level. Internodes shorter than 3 cm were excluded from the evaluation because a 
minimum length of 3 cm was considered necessary for European corn borer larvae (Ostrinia nubila-
lis) to overwinter (Schorling 2005, University of Minnesota 2025). Consequently, short internodes 
located close to the ground were not considered. The evaluation was conducted separately in areas 
traversed by the combine harvester’s tracks and tires and unaffected areas, with stubble randomly 
selected within each zone.

The results of the corn stubble shredding intensity assessment presented in the Results section 
are aggregated, showing the mean relative frequencies for completely destroyed (Level 1), damaged 
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(Levels 2–4), and intact (Level 5) corn stubble, differentiated by non-overrun and overrun corn stub-
ble, as well as by site and treatment. Detailed representations of the results, broken down by all five 
rating levels and blocks, can be found in Table A1 to Table A7 in the Appendix). 

In addition to assessing the intensity of corn stubble shredding, stubble height was also measured. 
The procedure for measuring stubble height was adjusted starting from the second experimental 
year. As shown in Figure 2, separate measurements were taken for the height of the solid stubble 
segment and the total height of the corn stubble.

The results of the corn stubble total height and solid stubble segment height measurements pre-
sented in in the Results section are aggregated, showing the mean and standard deviation, differen-
tiated by non-overrun and overrun corn stalks, as well as by site and treatment. Detailed representa-
tions of the results by block can be found in Table A8 to Table A14 in the Appendix.

Consistent with the rating system published by Brunotte and Vosshenrich (2017), an additional 
assessment of soil surface conditions was conducted during the first experimental year in the two-
step method treatment plots. Soil surfaces were categorized into three distinct types: corn stubble 
standing on a ridge, on a level surface, or in a depression (Figure 3).

Figure 2: Corn stubble height measurement scheme (© S. Ramm)

Figure 3: Scoring system for evaluating the soil surface condition (adapted from Brunotte and Vosshenrich 2017)
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During the first experimental year, the importance of soil surface condition for successful corn 
stubble shredding became evident, particularly in relation to the position of the lowest node of the 
corn plant. Based on these insights, the method for assessing soil surface conditions was refined, and 
an additional pre-harvest assessment step was introduced.

Starting from the second experimental year, the initial rating scale for assessing soil surface condi-
tion (Figure 3) was replaced. To assess soil surface conditions, a 130 cm aluminum profile was placed 
across the corn rows on the soil surface as a reference. From this reference point, the depth of depres-
sions or the height of ridges on which the corn stubble stood was measured (Figure 4). Measurement 
of soil surface conditions was subsequently conducted for all treatments and integrated with the eval-
uation of corn stubble shredding intensity rather than performed as a separate assessment step.

Additionally, the distance between the lowest node and the soil surface (node-to-ground distance) 
was introduced as a pre-harvest assessment in the standing corn crop (Figure 5). Consistent with the 
procedure used for assessing stubble shredding intensity, internodes shorter than 3 cm were excluded 
from measurement, and the next higher node was used as the reference point.

Figure 4: Measurement scheme for assessing soil surface conditions (© S. Ramm)

Figure 5: Scheme for measuring the node-to-ground distance (© S. Ramm)
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Based on experience gained during the second experimental year, the pre-harvest assessment was 
further expanded. Starting from the third experimental year, measurement of soil surface conditions 
was also included in the pre-harvest assessment.

With the adaptation of the measurement scheme for assessing soil surface conditions (Figure 
4) and the introduction of the node-to-ground distance measurement (Figure 5) from the second 
experimental year onward, it became possible to derive an additional parameter based on the plot 
mean values of these two measurements. The node-to-lowest-working-plane distance describes the 
vertical distance between the lowest node of the corn plant and the lowest possible working plane of 
the shredding tools of the HS3 or flail mowers without making contact with the soil (Figure 6). Two 
different scenarios must be considered:

1) �Corn stubble located in depressions: By adding the measured depression depth (negative values) 
to the node-to-ground distance, the resulting value represents the node-to-lowest-working-plane 
distance. A positive value indicates that the shredding tools of the HS3 or the flail mower are 
potentially able to reach the lowest node of the corn plant without soil contact (Figure 6, top left). 
A negative value means that the lowest node lies below the lowest possible working height of the 
tools, making it inaccessible without soil contact (Figure 6, bottom left).

2) �Corn stubble located on ridges: In this case, the node-to-ground distance is equal to the node-to-
lowest-working-plane distance. Only positive values are possible (Figure 6, right).

Figure 6: Schematic representation of the node-to-lowest-working-plane distance under two conditions: (Left) corn 
stubble located in a depression; the measured node-to-ground distance plus the depression depth defines whether 
the lowest node lies above (positive) or below (negative) the reachable working plane of the shredding tools. (Right) 
corn stubble located on a ridge; the node-to-ground distance equals the node-to-lowest-working-plane distance and 
is always positive.
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Results
As outlined in the Materials and Methods section, the methodological approach was continuously 
refined over the course of the study. Considering this development, the Results section presents 
not only the findings of the data collection, but also highlights insights gained during the trials that 
led to subsequent methodological adjustments. Accordingly, the structure of the Results section is 
primarily organized by experimental year. The section concludes with a comprehensive evaluation 
covering the second to fourth experimental years, focusing on the combined influence of soil surface 
conditions and node-to-ground distance, expressed as the node-to-lowest-working-plane distance, on 
corn stubble shredding intensity.

Findings from the first year of field trials
The soil surface conditions at the Zeutern site appeared to provide favorable conditions for effective 
corn stubble shredding (Table 4). The assessment results from Zeutern show variation across all rat-
ing levels. On average, 20.0% of the corn stubble stood on ridges (Level 1), 51.7% on a level surface 
(Level 2), and 28.3% in depressions (Level 3). No clear trend was observed across repetitions, suggest-
ing that the soil surface was predominantly level. The conditions at the Steinheim site, however, were 
different. On average, 87.5% of the corn stubble stood in depressions (Level 3), which appears to have 
influenced the intensity of stubble shredding.

Table 4: Soil surface conditions at the Zeutern and Steinheim sites (first year of field trials), relative frequencies per 
rating level in the two-step method treatment (HS3 corn header equipped with standard knives at a cutting height of 
15–25 cm, followed by a tractor-driven flail mower) plots 

Site Block N1)
Rating level of soil surface condition in %2)

1 2 3

Zeutern 
(2018)

A 40 27.5 47.5 25.0
B 40 22.5 35.0 42.5
C 40 10.0 72.5 17.5

Mean 20.0 51.7 28.3

Steinheim 
(2018)

A 24 8.3 12.5 79.2
B 24 0.0 16.7 83.3
C 24 0.0 0.0 100.0

Mean 2.8 9.7 87.5

1) N = sample size.	 2) Level 1: corn stubble standing on ridges; Level 2: on a level surface; Level 3: in depressions.

With an average of 86.7% of corn stubble completely destroyed (Level 1) in the single-step method 
treatment at the Zeutern site, the newly developed HS3, equipped with flail knives, achieved a result 
comparable to the flail mower used in the two-step method treatment in terms of corn stubble shred-
ding intensity (Table 5). In the single-step method treatment, the proportion of completely destroyed 
corn stubble varied from 78,0% to 100,0% (Table A1 in the Appendix). In the two-step method treat-
ment, the proportion ranged from 78.0% to 98.0%, averaging 87.3% (Table A2 in the Appendix). In the 
control treatment, as expected, the highest proportion of intact corn stubble remained, with 86.0% 
retaining at least one undamaged internode (Level 5). As described in Material and Methods section, 
overrun stubble could not be evaluated at the Zeutern site due to the specific combine harvester 
model used.
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At the Steinheim site, only 54.4% of the non-overrun corn stubble in the single-step method treat-
ment were completely destroyed on average (Level 1), while 35.6% retained at least one intact in-
ternode corresponding to rating level 5 (Table 5). Similarly, in the two-step method treatment, the 
intensity of stubble shredding was significantly lower compared to the Zeutern site, with 51.7% of 
non-overrun corn stubble being fully destroyed (Level 1) and 35.0% retaining an intact internode 
(Level 5). 

Table 5: Corn stubble shredding intensity at the Zeutern and Steinheim sites (first year of field trials), mean relative 
frequencies per rating level

Site Treatment1)

Non-overrun stubble Overrun stubble

N2)
Level of corn stubble  

shredding in %3)
N2)

Level of corn stubble 
shredding in %3)

1 2–4 5 1 2–4 5

Zeutern 
(2018)4)

Single-step method 150 86.7 9.3 4.0 n.e. n.e. n.e. n.e.
Two-step method 150 87.3 4.0 8.7 n.e. n.e. n.e. n.e.

Control 150 0.7 13.3 86.0 n.e. n.e. n.e. n.e.

Steinheim 
(2018)5)

Single-step method 90 54.4 10.0 35.6 90 61.1 8.9 30.0
Two-step method 60 51.7 13.3 35.0 60 48.3 11.7 40.0

Control 90 0.0 0.0 100.0 90 10.0 28.9 61.1

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) Level 1: completely destroyed; Level 2-4: damaged; Level 5: intact corn stubble.
4) �As described in the Materials and Methods section, due to the specific combine harvester model used at the Zeutern site, no corn stubble 

was overrun (n.e.: not evaluated).
5) For mean value calculations in the two-step method treatment, block B was excluded.

For the calculation of mean values in the two-step method treatment, Block B was excluded at 
Steinheim site. In this repetition, the flail mower was inadvertently operated in the same direction as 
the harvest instead of in the opposite direction, which is known to reduce its working quality (Grosa 
et al. 2016). It is likely that these circumstances contributed to the low intensity of stubble shredding 
(Table A2 in the Appendix) and the increased height of the solid corn stubble segments (Table A9 in 
the Appendix) in this plot.

The crushing of corn stubble due to being overrun by the combine harvester’s tracks and tires 
was evident in the control treatment at the Steinheim site. On average, 28.9% of the evaluated corn 
stubble was classified as Level 2–4 (Table 5), with 21.3% specifically categorized as Level 3 (Table A2 
in the Appendix), indicating laterally split or crushed stubble. Given the already poor working quality 
observed in both the single-step method and two-step method treatments, no clear effect of stubble 
being overrun by the combine harvester on corn stubble shredding intensity was detected in either 
treatment.

The solid segment heights of corn stubble presented in Table 6 generally align with the results of 
the corn stubble shredding intensity assessment. The shorter the corn stubble, the higher the propor-
tion of completely destroyed stubble. 
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Table 6: Mean and standard deviation of the solid corn stubble segment height at the Zeutern and Steinheim sites 
(first year of field trials)

Site Treatment1)
Non-overrun stubble Overrun stubble

N2) Solid stubble height  
in cm (mean ± SD) N2) Solid stubble height  

in cm (mean ± SD)

Zeutern 
(2018)3)

Single-step method 150 2.8 ± 2.3 n.e. n.e.
Two-step method 150 5.1 ± 4.9 n.e. n.e.

Control 150 17.0 ± 3.5 n.e. n.e.

Steinheim 
(2018)4)

Single-step method 90 5.5 ± 6.2 90 4.4 ± 4.5
Two-step method 60 4.0 ± 2.9 60 6.2 ± 4.3

Control 90 22.1 ± 1.9 90 22.9 ± 2.7

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) �As described in the Materials and Methods section, due to the specific combine harvester model used at the Zeutern site, no corn stubble 

was overrun (n.e.: not evaluated).
4) For mean value calculations in the two-step method treatment, block B was excluded.

However, at the Steinheim site, the corn stubble in the two-step method treatment was shorter, 
despite the flail mower achieving lower shredding intensities compared to the Zeutern site. While the 
results are not directly comparable due to the use of different flail mower models, they are consistent 
with a frequently observed stubble pattern at the Steinheim site (Figure 7). Corn stubble with short 
intact internodes were standing in depressions. Apparently, the flail knives of the HS3 in the sin-
gle-step method treatment, as well as the tools of the flail mower in the two-step method treatment, 
were unable to reach the stubble sufficiently close to the soil surface. As a result, the shredding of 
the corn stubble was halted at the node. This underscores the significant influence of soil surface 
conditions, particularly in interaction with the position of the lower node of the corn plant, on the in-
tensity of corn stubble shredding. For comparison, Figure A1 in the Appendix provides an exemplary 
illustration of the intended stubble pattern for each treatment.

Figure 7: Typical stubble pattern at the Steinheim site (first year of field trials; © S. Ramm)
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Consequently, the methods were refined for the second experimental year, as described in the 
Material and Methods section: (1) the number of replications was increased to six, (2) a pre-harvest 
assessment was introduced to measure the node-to-ground distance, (3) the assessment of soil sur-
face conditions was replaced with a measurement of depression depth and ridge height, which was 
conducted alongside the evaluation of corn stubble shredding intensity in all treatments, and (4) in 
addition to measuring the height of the solid segment of the corn stubble, the total stubble height was 
also recorded.

Findings from the second year of field trials
Pre-harvest measurements of the node-to-ground distance in the standing crop at the Bückeburg and 
Stettfeld sites revealed large differences between the experimental sites. At Bückeburg, the node-to-
ground distance was approximately twice as large as at the Stettfeld site (Table 7).

Table 7: Node-to-ground distance at the Bückeburg and Stettfeld sites (second year of field trials)

Site Treatment1) N2) Node-to-ground distance  
in cm (mean ± SD)

Bückeburg 
(2019)

Single-step method 150 10.0 ± 3.3
Two-step method 150 10.4 ± 3.1

Control 150 10.4 ± 2.9

Stettfeld 
(2019)

Single-step method 240 5.3 ± 1.5
Two-step method 240 4.9 ± 1.7

Control 240 5.0 ± 1.6

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.

In comparison between the two sites, Bückeburg not only had a node-to-ground distance nearly 
twice as large as Stettfeld, but also a significantly smoother soil surface. In the single-step method 
and control treatment, corn stubble in non-overrun areas stood, on average, in −1.9 cm deep depres-
sions. In contrast, at the Stettfeld site, the depressions were nearly twice as deep, measuring −4.0 and 
−3.9 cm, respectively (Table 8). Hence, the conditions at the Bückeburg site were considerably better 
for corn stubble shredding.

A comparison between non-overrun and overrun areas further indicates that, at the Bückeburg 
site, the single-step method and control treatment exhibited an approximately 2 cm greater distance 
between the reference bar and the soil surface in areas where corn stubble had been overrun by the 
combine harvester (Table 8). This effect was not observed at the Stettfeld site, indicating that the 
combine harvester’s tracks and tires did not create deep ruts.
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Table 8: Post stubble treatment soil surface condition assessment for overrun and non-overrun corn stubble at the 
Bückeburg, and Stettfeld sites (second year of field trials)

Site Treatment1)
Non-overrun stubble Overrun stubble

N2) Soil surface condition 
in cm (mean ± SD) N2) Soil surface condition 

in cm (mean ± SD)

Bückeburg 
(2019)

Single-step method 160 −1.9 ± 0.8 160 −4.1 ± 1.2
Two-step method 160 −0.6 ± 1.9 160 −3.4 ± 1.3

Control 160 −1.9 ± 1.1 160 −4.2 ± 1.2

Stettfeld 
(2019)

Single-step method 240 −4.0 ± 1.4 240 −3.6 ± 1.4
Two-step method 240 −2.8 ± 1.3 240 −3.6 ± 1.3

Control 240 −3.9 ± 1.7 240 −3.9 ± 1.9

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.

Notably, at the Bückeburg site, depressions in the two-step method treatment were shallower both 
inside and outside the combine harvester’s track zones compared to the single-step method and con-
trol treatment. A similar pattern was observed in non-overrun areas at the Stettfeld site, likely due to 
the leveling effect of the support rollers off the flail mowers. This effect compromises the interpret-
ability of the measurements for the two-step method treatment. Consequently, starting from the third 
experimental year, the assessment of soil surface conditions was also conducted before harvest in the 
standing corn crop, alongside the node-to-ground distance.

The favorable conditions at the Bückeburg site are reflected in the results of the corn stubble 
shredding intensity assessment (Table 9). Both corn stubble treatments achieved a high intensity of 
shredding for stubble that had not been overrun by the combine harvester’s tracks and tires. In the 
single-step method, an average of 88.8% of the corn stubble was completely destroyed (Level 1), while 
only 7.5% remained intact (Level 5). Similarly, in the two-step method, 84.5% of the corn stubble was 
fully shredded (Level 1), with 11.0% remaining intact (Level 5), yielding comparable results. The ad-
vantage of the single-step method becomes evident in the combine harvester’s track zones. The flail 
mower in the two-step method treatment completely destroyed only 11.5% of the overrun corn stub-
ble, while 56.5% retained at least one intact internode—only slightly better than the results observed 
in the control treatment without stubble processing. The newly developed HS3, equipped with flail 
knives, is inherently unaffected by this limitation. In the single-step method treatment, an average 
of 95.4% of the overrun corn stubble was completely destroyed, with only 2.9% remaining intact. 
This suggests that the crushing effect of the combine harvester’s tracks and tires may have further 
enhanced the intensity of stubble fragmentation, particularly when applied to the short stubble pro-
cessed by the HS3 equipped with flail knives.

In the two-step method at the Bückeburg site, a clearly deviant rating was observed in block E. 
This value was excluded from the calculation of the means. The same applies to the calculation of the 
mean stubble height (Table 10). The cause could not be determined conclusively. It is presumed that 
the flail mower was not fully lowered.
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Table 9: Corn stubble shredding intensity at the Bückeburg and Stettfeld sites (second year of field trials),  
mean relative frequencies per rating level

Site Treatment1)

Non-overrun stubble Overrun stubble

N2)
Level of corn stubble  

shredding in %3)
N2)

Level of corn stubble  
shredding in %3)

1 2–4 5 1 2–4 5

Bückeburg 
(2019)4)

Single-step method 160 88.8 3.8 7.5 160 95.4 1.7 2.9
Two-step method 140 84.5 4.5 11.0 140 11.5 32.0 56.5

Control 160 0.0 11.3 88.8 160 4.2 35.0 60.8

Stettfeld 
(2019)5)

Two-step method 240 45.0 42.1 12.9 240 11.3 14.2 74.6
Control 240 0.4 1.3 98.3 240 17.5 8.3 74.2

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) Level 1: completely destroyed; Level 2-4: damaged; Level 5: intact corn stubble.
4) Block E was excluded from the two-step method treatment as outlier.
5) �As described in the Materials and Methods section, no results are available for the single-step method treatment due to a malfunction of 

the header height control system.

At the Stettfeld site, the less favorable conditions are evident in the two-step method treatment. 
The flail mower was able to fully destroy only 45.0% of the non-overrun corn stubble (Level 1). Howev-
er, the majority of the corn stubble was at least damaged, with only 12.9% classified as rating level 5. 
As described in the Materials and Methods section, no results are available for the single-step method 
treatment due to a malfunction of the header height control system.

The assessment of overrun corn stubble confirms observations from the Bückeburg site, showing 
that the flail mower was unable to effectively process the flattened stubble. An average of 74.6% of the 
overrun stubble were classified as rating level 5, indicating that these stubble retained an intact in-
ternode. A comparison with the control treatment reveals that, at this experimental site, flail mowing 
had no measurable effect on the overrun corn stubble (Table 9). This finding is further supported by 
the measured corn stubble heights (Table 10). In general, the average total heights and solid segment 
heights of the corn stubble align with the results of the assessment of corn stubble shredding inten-
sity from both sites, showing the same ranking of treatments and the treatment-dependent effect of 
stubble overrunning (Table 10).
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Table 10: Total corn stubble height and solid stubble segment height at the Bückeburg and Stettfeld sites (second 
year of field trials), mean and standard deviation

Site Treatment1)

Non-overrun stubble Overrun stubble

N2)
Corn stubble height  

in cm N2)
Corn stubble height  

in cm
Total Solid Total Solid

Bückeburg 
(2019)3)

Single-step method 160 6.7 ± 2.5 0.6 ± 1.9 160 5.2 ± 2.9 0.2 ±1 .2
Two-step method 140 7.8 ± 2.0 1.1 ± 2.8 140 15.2 ± 3.5 12.6 ± 6.5

Control 160 14.9 ± 1.8 14.9 ± 1.8 160 17.0 ± 2.5 15.0 ± 5.3

Stettfeld 
(2019)4)

Two-step method 240 6.5 ± 3.0 2.8 ± 2.8 240 14.5 ± 3.2 10.5 ± 6.1
Control 240 16.0 ± 1.9 15.8 ± 3.5 240 14.9 ± 2.5 10.0 ± 7.1

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) Block E was excluded from the two-step method treatment as outlier.
4) �As described in the Materials and Methods section, no results are available for the single-step method treatment due to a malfunction of 

the header height control system.

Findings from the third and fourth year of field trials
Differences in the node-to-ground distance were also observed in the third and fourth experimen-
tal years. At the northern German experimental sites, Timmaspe and Wöbs, the average distances 
ranged between 8.0 and 8.3 cm. In contrast, at the southern German experimental site, the distances 
were lower, averaging 6.1 to 6.5 cm (Table 11).

Table 11: Node-to-ground distance at the Kraichtal, Timmaspe and Wöbs sites (third and fourth year of field trials)

Site Treatment1) N2) Node-to-ground distance  
in cm (mean ± SD)

Kraichtal 
(2020)

Single-step method 240 6.5 ± 2.4
Two-step method 240 6.1 ± 2.2

Control 240 6.2 ± 2.4

Timmaspe 
(2020)3)

Single-step method 200 8.3 ± 3.1
Two-step method and Control 200 8.0 ± 2.8

Wöbs 
(2021)

Single-step method 240 8.3 ± 2.5
Two-step method 240 8.3 ± 2.7

Control 240 8.3 ± 2.6

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) The control and two-step method treatments were assessed sequentially in the same plots.

Starting from the third experimental year, the measurements assessing soil surface conditions 
were conducted not only after the corn stubble treatment but also before harvest in the standing corn 
crop, alongside the measurements of the node-to-ground distance. Table 12 presents the mean values 
of these measurements for the three sites, categorized by treatment.
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Notably, across all sites and treatments, a smoother soil surface was observed after stubble treat-
ment, as indicated by higher measured values compared to pre-harvest measurements in the standing 
corn crop. This suggests systematic underestimation in post-treatment assessments. Potential causes 
include not only the direct impact of the machinery but also the need to clear away corn stover lying 
on the soil surface before conducting the post-treatment measurements.

Although the node-to-ground distances were relatively small at the Kraichtal site, the exceptionally 
level soil surface provided favorable conditions for stubble shredding (Table 12). While the node-to-
ground distances at Timmaspe and Wöbs were similar, the sites differed in terms of soil surface condi-
tions. According to the newly introduced pre-harvest soil surface assessment, the average depression 
depth was measured at −4.0 cm at the Timmaspe site, compared to −2.3 and −2.5 cm at the Wöbs site. 
This indicates that soil conditions at the Wöbs site were more conducive to effective stubble shredding.

Table 12: Pre-harvest and post stubble treatment soil surface condition assessment for overrun and non-overrun 
corn stubble at the Kraichtal, Timmaspe, and Wöbs sites (third and fourth year of field trials)

Site Treatment1)

Pre-harvest Post stubble treatment

N2) Soil surface  
condition in cm 

(mean ± SD)

Non-overrun stubble Overrun stubble

N2)
Soil surface  

condition in cm 
(mean ± SD)

N2)
Soil surface  

condition in cm 
(mean ± SD)

Kraichtal 
(2020)

Single-step method 240 −0.9 ± 1.2 120 −0.4 ± 1.7 120 −0.4 ± 1.3
Two-step method 240 −0.5 ± 1.2 120 0.7 ± 1.0 120 −0.1 ± 1.2

Control 240 −0.7 ± 1.1 120 0.6 ± 1.3 120 −0.2 ± 1.3

Timmaspe 
(2020)3)

Single-step method 200 −4.0 ± 1.5 100 −3.0 ± 1.1 100 −4.3 ± 1.4
Two-step method 200 −4.0 ± 1.4 100 −1.9 ± 1.2 100 −2.7 ± 1.4

Control 200 −4.0 ± 1.4 100 −2.8 ± 0.9 100 −4.5 ± 1.1

Wöbs 
(2021)4)

Single-step method 240 −2.4 ± 0.9 120 −0.5 ± 1.5 120 −3.6 ± 1.19
Two-step method 240 −2.5 ± 1.0 n.e. n.e. n.e. n.e.

Control 240 −2.3 ± 0.9 120 −1.5 ± 1.3 120 −3.3 ± 1.4

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) The control and two-step method treatments were assessed sequentially in the same plots.
4) Due to snowfall, no measurements were available for the two-step method treatment after harvest (n.e.: not evaluated).

These findings are reflected in the results of the corn stubble shredding intensity assessment for 
non-overrun corn stubble in the single-step method treatment (Table 13). At the Timmaspe site, the 
HS3 equipped with flail knives achieved, on average, only 37.0% complete corn stubble destruction 
(Level 1), while 46.0% of the stubble remained with an intact internode. In contrast, results at the 
Wöbs site were better, though still not optimal: 73.0% of the corn stubble were completely destroyed 
(Level 1) in the single-step method, 16.0% showed partial damage (Level 2-4), and 11.0% remained 
with an undamaged internode (Level 5). The two-step method treatment at the Timmaspe site ap-
peared to be less affected by the challenging conditions (Table 13). The flail mower was able to com-
pletely destroy 76.0% of the non-overrun corn stubble (Level 1), while 22.0% of the stubble remained 
with an intact internode (Level 5).
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At the Kraichtal site, the flail mower achieved excellent results in the two-step method treatment, 
with 87.5% of the non-overrun corn stubble fully destroyed (Level 1) and 11.7% remaining with an 
intact internode (Level 5). In contrast, the HS3 equipped with flail knives yielded highly variable re-
sults in the single-step method treatment at the Kraichtal site (Table 13). Across repetitions B to F, the 
proportion of completely destroyed non-overrun corn stubble (Level 1) ranged from 45.0% to 80.0%, 
while the proportion of stubble with an intact internode (Level 5) varied between 10.0% and 40.0%. 
Repetition A was considered an outlier and excluded from the analysis, as 95.0% of the corn stubble 
remained with an intact internode (Level 5), and no corn stubble was fully destroyed (Table A5 in the 
Appendix). Plot A of the single-step method treatment had an average slope of 8.2° perpendicular to 
the combine harvester’s driving direction (based on a 1 × 1 m digital terrain model). It is possible that 
the HS3, as a row-dependent implement, was unable to properly reach the corn stubble due to the 
lateral inclination of the terrain.

Table 13: Corn stubble shredding intensity at the Kraichtal, Timmaspe and Wöbs sites, mean relative frequencies  
per rating level (third and fourth year of field trials)

Site Treatment1)

Non-overrun stubble Overrun stubble

N2)
Level of corn stubble  

shredding in %3)
N2)

Level of corn stubble 
shredding in %3)

1 2-4 5 1 2-4 5

Kraichtal 
(2020)4)

Single-step method 100 64.0 13.0 23.0 100 87.0 2.0 11.0
Two-step method 120 87.5 0.8 11.7 120 44.2 10.8 45.0

Control 120 0.8 5.0 94.2 120 35.0 12.5 52.5

Timmaspe 
(2020)5)

Single-step method 100 37.0 17.0 46.0 100 67.0 5.0 28.0
Two-step method 100 76.0 2.0 22.0 100 36.0 20.0 44.0

Control 100 0.0 3.0 97.0 100 39.0 12.0 49.0

Wöbs 
(2021)6,7)

Single-step method 100 73.0 16.0 11.0 100 94.0 2.0 4.0
Control 120 0.8 0.0 99.2 120 24.2 20.8 55.0

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) Level 1: completely destroyed; Level 2-4: damaged; Level 5: intact corn stubble.
4) Due to an outlier in Repetition A of the single-step method treatment, only five repetitions were included in the calculation of the mean. 
5) The control and two-step method treatments were assessed sequentially in the same plots. 
6) Due to snowfall, no measurements are available for the two-step method treatment.
7) Due to an outlier in Repetition C of the single-step method treatment, only five repetitions were included in the calculation of the mean.

A comparison of the two-step method treatment results for non-overrun and overrun stubble at 
the Kraichtal and Timmaspe sites highlights the significant impact of corn stubble overrun on the 
shredding intensity of the flail mowers (Table 13). At both sites, the number of fully destroyed corn 
stubble within the combine harvester’s wheel and track paths were approximately halved compared 
to non-overrun stubble. Simultaneously, the proportion of stubble with an intact internode increased 
dramatically. As previously noted, the HS3 equipped with flail knives is not affected by this effect. On 
the contrary, at all three sites, the proportion of fully destroyed corn stubble was significantly higher in 
the wheel tracks of the combine harvester, while the proportion of intact stubble was substantially re-
duced. This suggests that the overrunning of already shortened corn stubble contributes to this effect.
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Table 14 confirms that the findings from the corn stubble shredding intensity assessment are 
consistently reflected in the measured stubble heights. In particular, the comparison of total stubble 
height and the height of the solid stubble segment between the single-step and two-step method treat-
ments at the Kraichtal and Timmaspe sites illustrates that even small differences in cutting height 
can have a significant impact on corn stubble shredding intensity.

Table 14: Total corn stubble height and solid stubble segment height at the Kraichtal, Timmaspe, and Wöbs sites, 
mean and standard deviation (third and fourth year of field trials)

Site Treatment1)

Non-overrun stubble Overrun stubble

N2)
Corn stubble height  

in cm N2)
Corn stubble height  

in cm
Total Solid Total Solid

Kraichtal 
(2020)3)

Single-step method 100 8.0 ± 2.2 4.3 ± 2.4 100 6.1 ± 2.4 2.0 ± 2.0
Two-step method 120 7.5 ± 2.1 3.1 ± 2.3 120 9.9 ± 3.3 5.9 ± 4.4

Control 120 12.6 ± 1.2 12.4 ± 1.6 120 11.5 ± 2.5 6.7 ± 4.8

Timmaspe 
(2020)4)

Single-step method 100 10.5 ± 3.0 6.6 ± 3.8 100 11.1 ± 3.5 3.9 ± 3.3
Two-step method 100 10.0 ± 2.9 3.4 ± 3.2 100 16.2 ± 4.1 9.6 ± 7.3

Control 100 17.9 ± 2.4 17.5 ± 2.7 100 18.2 ± 2.4 9.3 ± 7.2

Wöbs 
(2021)5,6)

Single-step method 100 5.8 ± 2.3 3.7 ± 2.2 100 4.9 ± 2.6 2.1 ± 1.5
Control 120 21.3 ± 2.5 20.7 ± 2.7 120 21.0 ± 4.4 12.3 ± 8.0

1) �Single-step method: HS3 corn header equipped with flail knives, operating at the lowest possible cutting height; Two-step method: HS3 
corn header equipped with standard knives at a cutting height of 15–25 cm, followed by a tractor-driven flail mower; Control: HS3 corn 
header with standard knives at a cutting height of 15–25 cm, no additional corn stubble treatment.

2) N = sample size.
3) Due to an outlier in Repetition A of the single-step method treatment, only five repetitions were included in the calculation of the mean. 
4) The control and two-step method treatments were assessed sequentially in the same plots. 
5) Due to snowfall, no measurements are available for the two-step method treatment.
6) Due to an outlier in Repetition C of the single-step method treatment, only five repetitions were included in the calculation of the mean.

Influence of soil surface conditions and node-to-ground distance on corn stubble shred-
ding intensity, based on data from the second to fourth year of field trails
In the preceding chapters, soil surface condition and node-to-ground distance were identified as key 
factors influencing corn stubble shredding intensity. This relationship is particularly important con-
sidering the observation that nodes positioned below the working plane of the shredding tools can 
halter the shredding of the corn stubble (Figure 7). It became evident that the combination of low 
node-to-ground distances and corn stubble standing in deep depressions significantly reduces shred-
ding intensity. This is typically reflected in a lower relative frequency of completely destroyed corn 
stubble (Level 1). As described in the Materials and Methods section, the interaction between these 
two factors can be expressed through the derived parameter node-to-lowest-working-plane distance 
(Figure 6). This metric represents the vertical distance between the lowest node of the corn plant and 
the lowest possible working plane of the shredding tools without soil contact. The trend depicted in 
Figure 8 supports these findings. It illustrates the relationship between node-to-lowest-working-plane 
distance and the relative frequency of totally destroyed corn stubble (Level 1), based on plot means for 
the single-step and two-step method treatments, considering only non-overrun corn stubble. An in-
crease in node-to-lowest-working-plane distance generally results in a higher frequency of completely 
destroyed corn stubble (Level 1).
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For the calculation of the node-to-lowest-working-plane distance, data from the post-harvest as-
sessments of soil surface conditions were used. As previously mentioned, depression depths tend to 

be systematically underestimated in post-harvest measurements, which should be taken into account 
when interpreting the results. In the case of the two-step method treatment, it must also be consid-
ered that the measurements may have been affected by the leveling effect of the flail mower’s support 
rollers. Moreover, different flail mower models were used at the various sites, which could further 
influence the comparability of results.

Discussion
Experimental approach and methods for assessing corn stubble shredding intensity
The implementation of the field trials as randomized complete block designs in the form of on-farm 
experiments proved to be both appropriate and feasible. In light of the considerable variation in the 
corn stubble shredding intensity ratings within individual sites, the decision to double the number 
of replications to six from the second experimental year onward was justified. This variation was not 
limited to a specific corn stubble treatment but occurred across both the single-step method (Table A5 
in the Appendix) and the two-step method (Table A3 in the Appendix). The reduction in plot length 
to 75 m, which was introduced in conjunction with the increased number of replications, also proved 
sufficient for reliable data collection. However, it should be noted that such field trials are time-in-
tensive, especially when additional analyses such as corn stover sampling are included (cf. Ramm et 
al. 2024). Planning must also account for weather-related uncertainties during grain corn harvest in 
Germany.

1) �HS3 corn header equipped with flail knives, operating at the 
lowest possible cutting height; At the Kraichtal site, block A, 
and at the Wöbs site, block C were excluded as outliers.

2) �HS3 corn header equipped with standard knives at a cutting 
height of 15–25 cm, followed by a tractor-driven flail mower; 
at the Bückeburg site, block E was excluded as an outlier.

Figure 8: Relative frequencies of totally destroyed corn stubble (Level 1) as a function of node-to-lowest-working-
plane distance for non-overrun corn stubble. Left: Single-step method treatment at the Bückeburg (second year 
of field trails), Kraichtal and Timmaspe (third year of field trails), and Wöbs (fourth year of field trails) sites. Right: 
Two-step method treatment at the Bückeburg and Stettfeld (second year of field trails), as well as Kraichtal and Tim-
maspe (third year of field trails) sites. Values are based on plot means.
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Originally developed as a decision-support tool for farmers regarding the use of flail mowers, the 
rating system proposed by Brunotte and Vosshenrich (2017) has proven to be a suitable starting 
point for further developing scientific methods for assessing corn stubble shredding performance. In 
particular, the five-level rating scale enables a detailed classification of corn stubble according to the 
degree of shredding intensity (Table 3). While in most cases a simplified grouping into intact (Level 
5), damaged (Levels 2–4), and fully destroyed stubble (Level 1) is sufficient, the finer differentiation 
within Levels 2 to 4 provides valuable insights into the mechanisms of action, such as the crushing ef-
fect caused by overrunning the stubble. Moreover, this intermediate range would likely become more 
relevant if the study were extended to include not only actively driven implements, but also passive 
devices such as crimping rollers.

Another valuable and easily measurable indicator is the total height of the remaining corn stubble. 
However, this parameter alone is insufficient for assessing shredding intensity. A more informative 
approach is to also measure the height of the solid stubble segment, as this reveals how much of the 
stalk was effectively shredded by the implement. For instance, at the Bückeburg site, the flail knives 
of the HS3 in the single-step method treatment shredded an average of 6.1 cm of the corn stubble 
(Table 10), whereas at the Timmaspe site only 3.9 cm were shredded (Table 13). This highlights the 
importance of recording both total corn stubble heights and solid segment heights. Furthermore, the 
shredding depth below the cutting height likely depends strongly on both the design of the shredding 
tool and site-specific conditions, especially the soil surface condition and the node-to-ground distance.

Determinants of corn stubble shredding intensity
With regard to site-specific conditions, the methods originally proposed by Brunotte and Vosshen-
rich (2017) proved insufficient for research applications. The sole assessment of soil surface conditions 
using the three-level rating system, differentiating between stubble standing on ridges (Level 1), on 
a level surface (Level 2), and in depressions (Level 3) (Figure 3), did not provide the level of precision 
required for a scientific evaluation. The measurement approach introduced in the second experimental 
year, using an aluminum reference bar placed across the rows as a fixed reference point, proved to be 
a more robust method for quantifying soil surface variation (Figure 4). However, as described before, 
it is recommended that this measurement be conducted prior to harvest in the standing crop, together 
with the assessment of node-to-ground distance, to avoid any potential influence from the implements 
used. This approach was adopted starting from the third experimental year (Table 13).

As a complementary or alternative approach, it may also be worth considering a further adap-
tation of the soil surface condition measurement method. Instead of limiting the reference bar to a 
single corn row, it could be extended across the entire working width of the stubble shredding imple-
ment. This would be particularly relevant for implements with a rigid frame, where the highest points 
within the working width determine the implement‘s effective cutting height. In this approach, all 
corn stalks aligned along a single cross-section of the implement’s working width should be included 
in the measurement. For example, in the case of the HS3, which has a working width of 6 m and a row 
spacing of 75 cm, this would correspond to eight rows of corn plants being assessed simultaneously. 
However, implementing this method in the standing crop is likely to be challenging. In practice, it 
may require the removal of selected plants to make it possible to position such a wide reference bar 
across multiple rows. Despite these logistical constraints, this approach would provide a more com-
prehensive representation of the actual working conditions faced by full-width implements.
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The combination of soil surface condition and node-to-ground distance, expressed as the param-
eter node-to-lowest-working-plane distance, emerged as a key influencing factor for corn stubble 
shredding intensity (Figure 8). The lower the node-to-ground distance and the deeper the depression 
in which the stubble stands, i.e., low node-to-lowest-working-plane distance, the more difficult it be-
comes to achieve sufficient shredding performance. The investigations have shown that these param-
eters can vary significantly between sites, with node-to-ground distances ranging from 4.9 cm at the 
Stettfeld site to 10.4 cm at the Bückeburg site (Table 7), and soil surface condition measurements 
ranging from −4.0 cm at Stettfeld site (Table 8) to 0.7 cm at Kraichtal site (Table 12). For this reason, 
recording this site-specific parameters is strongly recommended in future studies. 

Considerations for refining data collection in future studies
In the present study, pre-harvest and post-harvest assessments were conducted on different corn 
stubble, which limited the analysis to plot mean values. Establishing a consistent dataset at the in-
dividual corn stubble level would allow for a more detailed and statistically robust evaluation of the 
relationships between shredding intensity and influencing variables. To achieve this, it would be nec-
essary to mark specific corn stubble before harvest and relocate them after stubble treatment. While 
this approach may be challenging due to the thick layer of plant residue left on the field, it offers the 
potential for significantly more precise and comprehensive data analysis.

As described in the Material and Method section, internodes shorter than 3 cm were excluded from 
both the assessment of corn stubble shredding intensity and the measurement of node-to-ground dis-
tance, based on the assumption that this length is insufficient to accommodate overwintering Euro-
pean corn borer (ECB) larvae. However, this exclusion was not solely based on space requirements. 
In practice, it was observed that none of the tested corn stubble shredding implements were able to 
effectively process these extremely short internodes. Consequently, including these internodes in 
the evaluation would have obscured treatment differences, as none of the implements were capable 
of processing them effectively. If future studies follow the earlier proposed approach, consistently col-
lecting all relevant parameters on the same individual corn stubble, it would be possible to extend the 
data collection during the node-to-ground distance measurement by recording the position of both the 
lowest and second-lowest nodes, regardless of their absolute length. This would allow researchers to 
determine, during subsequent shredding assessments, whether differences exist between treatments 
in their ability to engage even very short internodes. Such an approach could contribute to a further 
generalization and refinement of the methodology, enhancing the resolution and robustness of treat-
ment comparisons. In addition, for multi-year studies at different sites, it may be advisable to consider 
corn stubble moisture content as a further influencing factor.

Brunotte and Vosshenrich (2017) also proposed the assessment of corn stubble condition after 
harvest and prior to flail mowing as a potential influencing factor. In this method, corn stubble is 
classified into three categories: (1) firmly standing, (2) bent, and (3) lying flat on the ground. Within 
the original framework, this classification was intended to help farmers assess whether the number 
of corn stubble potentially beyond the effective reach of the flail mower’s shredding tools was already 
too high to justify flail mowing from a practical standpoint. In the present study, this rating was also 
conducted for plots of the two-step method treatment, separately for overrun and non-overrun stub-
ble. However, the results (not shown) only reflected the effect of traffic, i.e., whether the stubble had 
been run over or not. No further trends within these groups were present. It is conceivable that if all 
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parameters were recorded consistently on the same individual corn stalks, as proposed earlier, this 
structural rating might yield more differentiated insights. In such a framework, trends in stubble 
condition could potentially emerge, allowing for a more nuanced interpretation of treatment effects.

Study design constraints on the comparison of tested corn stubble shredding methods
When interpreting the results of the corn stubble shredding intensity assessment, several study de-
sign-related aspects need to be considered, as they impose constraints on the comparison of the tested 
methods. To put the corn stubble shredding performance of the HS3 into perspective, the two-step meth-
od treatment was implemented in this study as a benchmark. Since several studies have shown that 
tractor-driven flail mowers used after harvest represent the most effective method for intensive corn 
stubble shredding, flail mowers were selected as a best-practice strategy and thus served as the bench-
mark (Latsch et al. 2010, Uppenkamp et al. 2011, Seidel et al. 2014, Grosa et al. 2016, Uppenkamp 
2016, Schneider and Lenz 2017, Uppenkamp and Furth 2020). At the different test sites, various types 
of flail mowers were used (Table 2). While this approach limits comparability across sites, it captures a 
broad range of models available on the market, against which the HS3 has to compete.

To enable a comparison as close to practical conditions as possible, the HS3 was equipped with 
standard knives to simulate the conventional corn header “Horizon Star* II” when harvesting the 
plots of the two-step method treatment. A cutting height of 15–25 cm was chosen (Table 1), represent-
ing a typical stubble height in practice that can be easily achieved with conventional corn headers, 
which, in contrast to the HS3, are not specifically optimized for operation extremely close to the soil 
surface. This setting also ensured that the corn stubble could be processed unhindered by flail mow-
ers, i.e., without being bent over by colliding with the mower housing. It should be noted, however, 
that the choice of cutting height may influence the stubble shredding intensity of the flail mowers 
used, an aspect that was not investigated in this study.

General comparison of shredding performance under varying site-specific conditions
Already at the beginning of the project, results from the Zeutern and Steinheim sites, and later 

from the Bückeburg site, showed that the HS3, equipped with newly developed flail knives and used 
in the single-step method treatment, achieved a shredding intensity comparable to that of conven-
tional flail mowers in the two-step method treatment. Under favorable conditions, both shredding 
methods were capable of completely destroying more than 84% of the non-overrun corn stubble. 
Consistent with previous findings, the flail mowers used here were able to reliably engage and shred 
firmly standing corn stubble (Latsch et al. 2010, Uppenkamp et al. 2011, Grosa et al. 2016, Schnei-
der and Lenz 2017).

However, the results also clearly show that when site-specific conditions are unfavorable, partic-
ularly due to low node-to-lowest-working-plane distances, the shredding performance of both treat-
ments is significantly reduced (Figure 8). Even a few centimeters‘ difference can have a considerable 
impact. For farmers, this highlights the importance of ensuring a level soil surface during tillage and 
corn planting. 

The data further suggests that the negative effect of a low node-to-lowest-working-plane distance 
on shredding intensity was more pronounced for the HS3 in the single-step method treatment than 
for the flail mowers in the two-step method treatment. This was particularly evident at the Timmaspe 
site, where the average node-to-lowest-working-plane distance was only 4.9 cm, compared to 7.4 cm at 
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the Bückeburg site. Although the total stubble height in the single-step method treatment at the Tim-
maspe site was only 0.5 cm higher than in the two-step method treatment, the solid segments of the 
corn stubble averaged 6.6 cm compared to just 3.4 cm in the two-step method treatment, indicating 
much less fragmentation, as reflected in the rating results with 37% and 76% completely destroyed 
corn stubble in the single-step and two-step method treatments, respectively. 

This is likely attributable to two main factors. First, tractor-driven flail mowers can generally be 
operated at a lower cutting height, since occasional soil contact poses less of a risk. In contrast, the 
HS3 corn header must avoid ground contact to prevent engine speed drop and overloading of the 
combine harvester’s drive system (Ramm et al. 2023). Second, the tool design plays a crucial role. The 
hammer flails used in the flail mower have a high momentum and can perform a low, horizontal cut 
close to the soil surface. In contrast, the angled design of the HS3’s flail knives limits how close they 
can operate to the ground, likely contributing to the higher proportion of undisturbed solid stubble 
segments under unfavorable conditions (Figure 1).

Initially, the poor shredding performance of the HS3 at the Timmaspe site was attributed to the 
absence of an automatic row guidance system on the combine harvester, which may have caused 
the row-dependent flail knives of the HS3 to engage the stubble at suboptimal angles. However, the 
insights gained from the newly introduced parameter node-to-lowest-working-plane distance strongly 
suggest that the unfavorable conditions at this site—rather than issues of tool alignment—were the 
primary reason for the reduced shredding intensity.

At the Kraichtal site, particularly large variations were observed in the assessment results for corn 
stubble shredding intensity within the single-step method treatment. Although the soil surface was 
very even, the node-to-lowest-working-plane distance averaged only 5.7 cm due to a comparatively 
low node-to-ground distance. Additionally, some plots exhibited considerable lateral slope, most no-
tably in Block A with an average inclination of 8.2°. In this plot, the HS3 equipped with flail knives 
was unable to completely destroy any corn stubble. These findings support the hypothesis that lateral 
slope may negatively affect the working quality of the row-guided HS3 header.

Shredding tool positioning and corn header design approaches
The findings presented above underline the importance of correct positioning of the shredding tools 
relative to the corn stubble in order to achieve the desired shredding effect. For the HS3, this position-
ing depends on the precision of the header’s height guidance system, which is linked to the electrohy-
draulic controls of the combine harvester. The signals from the HS3 are processed by this system to 
adjust the feederhouse position and tilt angle, so that the responsiveness and accuracy of the combine 
harvester directly influence the shredding quality of the HS3.

Another approach has been introduced by Claas Selbstfahrende Erntemaschinen GmbH (Harse​win-
kel, Germany) with the “Corio Stubble Cracker” system. In contrast to the integrated tool concept of 
the HS3, this system consists of separate shredding units mounted on swinging arms at the rear of the 
corn header. Each unit combines two rotating skids, with each skid following one row of corn stubble. 
The vertical movement of the units and their ability to compensate for tilt allows each unit to follow 
the ground contour independently of the corn header (Herter and Schwaer 2022). While this design 
may help to improve contour following, it also increases the mechanical complexity of the corn header.

However, based on the currently available data, a direct comparison between the “Corio Stubble 
Cracker” system and the HS3 is not possible. This applies in particular in light of the present findings, 
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which clearly demonstrate how strongly varying field conditions influence shredding performance. 
Further trials would therefore be required to assess the potential of such systems under comparable 
site conditions.

Effect of overrun corn stubble on shredding performance
The main advantage of combining corn harvesting and corn stubble shredding into a single pass 
became particularly evident in the combine harvester’s track zones, i.e., in the case of overrun corn 
stubble. As demonstrated in previous studies, flail mowers often encounter significant difficulty 
in effectively engaging and shredding stubble that has been flattened by the combine harvester’s 
tracks and tires (Uppenkamp et al. 2011, Klingenhagen et al. 2014, Grosa et al. 2016, Brunotte and 
Vosshenrich 2017, Schneider and Lenz 2017). This issue was clearly reflected in the results of the 
two-step method treatment. At the Bückeburg site, the proportion of completely destroyed overrun 
corn stubble was 72 percentage points lower compared to non-overrun stubble. At the Kraichtal site, 
the difference was 43.3%. At locations where the overall shredding intensity was already reduced due 
to unfavorable conditions, the effect of overrunning was correspondingly smaller. For example, the 
differences between overrun and non-overrun stubble were 40.0%, 33.7%, and 3.4% at the Timmaspe, 
Stettfeld, and Steinheim sites, respectively.

In contrast, the results for the HS3 in the single-step method treatment revealed a distinctly dif-
ferent pattern. At every site, the proportion of completely destroyed corn stubble was consistently 
higher in the combine harvester’s track zones compared to non-overrun areas. Increases of around 
6–7% were observed at the Steinheim and Bückeburg sites. At the Kraichtal and Wöbs sites, the dif-
ferences were more pronounced, reaching 23% and 21%, respectively. The greatest increase was re-
corded at the Timmaspe site, where overrun corn stubble showed a 30% higher destruction rate than 
non-overrun stubble. This effect can be attributed to the sequence of operations in the single-step 
method: the stubble is first cut short by the HS3’s flail knives before being run over by the combine 
harvester‘s tracks and tires. The reduced leverage of the shortened stubble prevents it from bending 
or folding. Instead, the stubble tends to split open when driven over, thereby enhancing the overall 
shredding intensity.

As outlined in the Introduction and based on findings by Augustin et al. (2020), it can be assumed 
that during grain corn harvest with an 8-row corn header and 75 cm row spacing, at least 35% of the 
corn stubble is driven over by the tracks and tires of the combine harvester. When the results from 
the assessment of corn stubble shredding intensity are weighted accordingly, i.e., assuming 65% 
non-overrun and 35% overrun corn stubble, the advantage of track-independent shredding becomes 
even more apparent. At the Bückeburg site, the flail mower in the two-step method treatment would 
have achieved only 59% completely destroyed corn stubble when weighted, despite processing over 
84% of the non-overrun stubble effectively. In contrast, the HS3 in the single-step method treatment 
would have achieved 91% completely destroyed corn stubble, thanks to its superior performance in 
the overrun zones. At the Timmaspe site, the flail mower would have reached 63% destruction on 
a field-average basis, while the HS3 would have achieved 47.5%, despite destroying only 37% of the 
non-overrun corn stubble. This outcome highlights the compensating effect of improved shredding 
intensity in the overrun zones for the HS3. At the Wöbs site, the effect is also noteworthy: 73% de-
struction in non-overrun areas and 94% in overrun zones translate into a field-average shredding in-



agricultural engineering.eu 80(3) 248

tensity of 80% completely destroyed corn stubble when weighted. These figures clearly demonstrate 
the significant impact that combine harvester traffic lanes have on overall shredding performance.

Conclusions
This study demonstrates the potential of combining grain corn harvest and stubble shredding into a 
single operation to optimize both processing effectiveness and operational efficiency, while also iden-
tifying opportunities to improve the experimental approach. The key recommendations are as follows:

	� Further methodological improvements: As outlined in the discussion, several refinements are 
recommended to improve data consistency and enable a deeper understanding of influencing 
factors on shredding intensity. Future studies should consider the following approach:
-	� Measurement of soil surface conditions across the full working width of the corn stubble 

shredding implement, conducted prior to harvest in the standing crop.
- 	 Simultaneous measurement of node-to-ground distances on the same corn plants.
-	  �Marking of the stalk base and surrounding area of the examined plants to allow for post-har-

vest reassessment.
- 	� After stubble treatment, assessment of shredding intensity, total stubble height, and height of 

the solid stubble segment, recorded at the previously marked corn stubble, differentiated for 
overrun and non-overrun corn stubble.

- 	 Measurement of the rut depth caused by the combine harvester’s tracks and tires.
This procedure would allow for consistent, plant-specific datasets rather than plot averages, en-
abling more detailed statistical analyses and a more precise evaluation of interaction effects. The 
practical feasibility of this approach should be tested in future field trials.

	� Benchmark comparison and agronomic implications: 
-	� The HS3, equipped with newly developed flail knives, achieved shredding intensities for 

non-overrun corn stubble comparable to those of conventional, tractor-driven flail mowers 
used post-harvest, provided that site-specific conditions were favorable.

-	� The key advantage of the HS3 lies in its independence from the adverse effects of combine 
harvester tracks and tires. While conventional flail mowers showed a significant decline in 
performance on overrun stubble, the HS3’s single-pass system—cutting the stubble short be-
fore it is run over—increased shredding intensity in these areas. As a result, overall field-wide 
processing quality can be significantly improved. 

-	� The HS3 enables the elimination of an additional field pass for stubble shredding. This study 
demonstrates that, where a level soil surface has been established through precise tillage and 
sowing, the single-step method can offer both agronomic and operational advantages over con-
ventional two-step systems.

-	� The combination of node-to-ground distance and soil surface condition into the composite pa-
rameter node-to-lowest-working-plane distance proved to be a key determinant of shredding 
success. The data suggest that shredding performance with the HS3 was more negatively 
affected by low node distances above the working plane than with post-harvest flail mowers 
used in the two-step method.

-	� The results indicate that the performance of the row-guided HS3 may be compromised in areas 
with considerable side slope inclination. This warrants further investigation in future field tri-
als. In contrast, conventional flail mowers are unaffected by slope due to their full-width design.



agricultural engineering.eu 80(3) 249

References
Aghaei, S.; Karimi Alavijeh, M.; Shafiei, M.; Karimi, K. (2022): A comprehensive review on bioethanol production from 

corn stover: Worldwide potential, environmental importance, and perspectives. Biomass and Bioenergy 161, 
106447, https://doi.org/10.1016/j.biombioe.2022.106447

Augustin, K.; Kuhwald, M.; Brunotte, J.; Duttmann, R. (2020): Wheel Load and Wheel Pass Frequency as Indicators for 
Soil Compaction Risk: A Four-Year Analysis of Traffic Intensity at Field Scale. Geosciences 10(8), 292,  
https://doi.org/10.3390/geosciences10080292

Blandino, M.; Scarpino, V.; Vanara, F.; Sulyok, M.; Krska, R.; Reyneri, A. (2015): Role of the European corn borer 
(Ostrinia nubilalis) on contamination of maize with 13 Fusarium mycotoxins. Food additives & contaminants:  
Part A 32(4), pp. 533–543, https://doi.org/10.1080/19440049.2014.966158

Brunotte, J.; Voßhenrich, H. (2017): Neues Bonitursystem für Maisstoppelbearbeitung zur Anwendung in der Praxis.  
In: Stroh- und Stoppelmanagement nach Mais, Hg. Deutsches Maiskomitee e.V., S. 18–23

D’Amours, L.; Savoie, P.; Lavoie, F.; Lefsrud, M. (2008): Vertical partition of corn stover fractions prior to harvest.  
In: 2008 ASABE Annual International Meeting, American Society of Agricultural and Biological Engineers,  
June 29 - July 2, Rhode Island, https://doi.org/10.13031/2013.24804

Dutzi, S. (2019): Körnermaisanbau weltweit – Maispflücker dominieren. Innovation 3, S. 18–19

Fleschhut, M.; Hülsbergen, K.-J.; Thurner, S.; Eder, J. (2016): Analysis of different corn stover harvest systems. 
Landtechnik 71(6), pp. 252–270, https://doi.org/10.15150/lt.2016.3147

Freier, B.; Wendt, C.; Neukampf, R. (2015): Zur Befallssituation des Maiszünslers (Ostrinia nubilalis) und Westlichen 
Maiswurzelbohrers (Diabrotica virgifera virgifera) in Deutschland und deren Bekämpfung. Journal für Kulturpflanzen 
67(4), S. 113–123, https://doi.org/10.5073/JFK.2015.04.01

Gatch, E.W.; Munkvold, G.P. (2002): Fungal Species Composition in Maize Stalks in Relation to  
European Corn Borer Injury and Transgenic Insect Protection. Plant Disease 86(10), pp. 1156–1162,  
https://doi.org/10.1094/PDIS.2002.86.10.1156

Götzke, G.; Schröder, G. (2007): Der Maiszünsler (Ostrinia nubilalis Hbn.) in Brandenburg - Besonderheiten und 
Versuchsergebnisse aus dem Oderbruch. Nachrichtenblatt des Deutschen Pflanzenschutzdienstes 59(11), S. 275

Grosa, A.; Bögel, T.; Edler v. d. Planitz, B. (2016): Mulchen von Maisstoppeln. Optimierung des Mulchereinsatzes zur 
wirksamen Bekämpfung von Fusariumerkrankungen und Maiszünslerbefall im pfluglosen Ackerbau. Schriftenreihe 
des LfULG 15, Dresden, Landesamt für Umwelt, Landwirtschaft und Geologie

Handler, F.; Nadlinger, M.; Paar, J. (2005): Comparison of different systems of stalk choppers for corn headers.  
In: International Conference on Agricultural Engineering, 4–5 Nov 2005 in Hannover, VDI-Verlag GmbH, pp. 417–
423 

Herter, F.; Schwaer, C. (2022): Valuation Method for Corn head integrated Stubble Cracker System. In: AgEng-Land.
Technik 2022, 22–23 Nov 2022 in Berlin, VDI Verlag GmbH, pp. 173–177

Hou, S.; Wang, X.; Ji, Z.; Chen, H.; Zhou, C. (2022): Experiments on the Influence of Corn Straw Morphological 
Combinations on Timely No-Tillage Sowing Soil Temperature and Moisture in Cold Regions. Agriculture 12(9), 
1425, https://doi.org/10.3390/agriculture12091425

Kirchmeier, H.; Demmel, M. (2008): The effects of maize straw chopping and tillage techniques on fusarium infections 
in winter wheat. Landtechnik 63(3), pp. 150–151, https://doi.org/10.15150/lt.2008.799

Klingenhagen, G.; Furth, U.; Johnen, A.; Götz, R. (2014): Attacke gegen Maiszünsler. Top Agrar 5, S. 70–75

Latsch, R.; Vogelgsang, S.; Sauter, J.; Delestra, E. (2010): Zerkleinerung von Maisstroh und Fusarienbefall von Weizen. 
Hammer- und Y-Schlägel im Vergleich. ART-Bericht 783, Tänikon, Agroscope

Lenz, M. (2007): Auftreten des Maiszünslers in Hessen. Nachrichtenblatt des Deutschen Pflanzenschutzdienstes 
59(11), S. 261–263

Lizotte, P.-L.; Savoie, P.; Lefsrud, M.; Ouellet-Plamondon, C. (2009): Corn Stover Fractions during Extended Harvest.  
In: 2009 Reno, Nevada, 21–24 June, 2009, American Society of Agricultural and Biological Engineers,  
https://doi.org/10.13031/2013.26930



agricultural engineering.eu 80(3) 250

Mason, C.E.; Rice, M.E.; Di Fonzo, C.D.; Porter, R.P.; and 20 others (2018): European Corn Borer – Ecology and 
Management and Association with Other Corn Pests. Iowa State University, Extension and Outreach, NCR 0327

Meissle, M.; Mouron, P.; Musa, T.; Bigler, F.; Pons, X.; Vasileiadis, V.P.; Otto, S.; Antichi, D.; Kiss, J.; Pálinkás, Z.; Dorner, 
Z.; van der Weide, R.; Groten, J.; Czembor, E.; Adamczyk, J.; Thibord, J.-B.; Melander, B.; Nielsen, G.C.; Poulsen, 
R.T.; Zimmermann, O.; Verschwele, A.; Oldenburg, E. (2010): Pests, pesticide use and alternative options in 
European maize production: current status and future prospects. Journal of Applied Entomology 134(5),  
pp. 357–375, https://doi.org/10.1111/j.1439-0418.2009.01491.x

Melchinger, A.E.; Kreps, R.; Späth, R.; Klein, D.; Schulz, B. (1998): Evaluation of early-maturing  
European maize inbreds for resistance to the European corn borer. Euphytica 99(2), pp. 115–125,  
https://doi.org/10.1023/A:1018305316853

Miranda, M.T.; García-Mateos, R.; Arranz, J.I.; Sepúlveda, F.J.; Romero, P.; Botet-Jiménez, A. (2021): Selective Use of 
Corn Crop Residues: Energy Viability. Applied Sciences 11(7), https://doi.org/10.3390/app11073284

OECD/FAO (2024): OECD-FAO Agricultural Outlook 2024-2033, OECD

Pordesimo, L.O.; Edens, W.C.; Sokhansanj, S. (2004): Distribution of aboveground biomass in corn stover.  
Biomass and Bioenergy 26(4), pp. 337–343, https://doi.org/10.1016/S0961-9534(03)00124-7

Ramm, S.; Hasler, M.; Reckleben, Y.; Hartung, E. (2023): Single-Pass Grain Corn Harvest and Stubble Shredding: 
Performance of Three Corn Header Configurations as Effected by Harvesting Speed and Cutting Height. 
Agriculture 13(4), 833, https://doi.org/10.3390/agriculture13040833

Ramm, S.; Voßhenrich, H.H.; Hasler, M.; Reckleben, Y.; Hartung, E. (2024): Comparative Analysis of Mechanical In-Field 
Corn Residue Shredding Methods: Evaluating Particle Size Distribution and Rating of Structural Integrity of Corn 
Stalk Segments. Agriculture 14(2), 263, https://doi.org/10.3390/agriculture14020263

Saß, M.; Schorling, M.; Goßmann, M.; Büttner, C. (2007): Artenspektrum und Befallshäufigkeit von Fusarium spp.  
in Bt- und konventionellem Mais im Maiszünsler-Befallsgebiet Oderbruch. Gesunde Pflanze (59), S. 119–125,  
https://doi.org/10.1007/s10343-007-0161-3

Scarpino, V.; Reyneri, A.; Vanara, F.; Scopel, C.; Causin, R.; Blandino, M. (2015): Relationship between European Corn 
Borer injury, Fusarium proliferatum and F. subglutinans infection and moniliformin contamination in maize.  
Field Crops Research 183, pp. 69–78, https://doi.org/10.1016/j.fcr.2015.07.014

Schaafsma, A.W.; Melochie, F.; Pitblado, R.E. (1996): Effect of Mowing Corn Stalks and Tillage on Overwintering 
Mortality of European Corn Borer (Lepidoptera: Pyralidae) in Field Corn. Journal of Economic Entomology 89(6), 
pp. 1587–1592, https://doi.org/10.1093/jee/89.6.1587

Schneider, M.; Lenz, M. (2017): Möglichkeiten zur Bekämpfung von Maiszünsler und Fusarium. Vorteile der 
Strohzerkleinerung und Stoppelbearbeitung nutzen. In: Stroh- und Stoppelmanagement nach Mais. Hg. Deutsches 
Maiskomitee e.V., S. 3–11

Schorling, M. (2005): Ökologische und phytomedizinische Untersuchungen zum Anbau von Bt-Mais im Maiszünsler-
Befallsgebiet Oderbruch. Dissertation, Universität Potsdam, Potsdam

Seidel, C.; Dölling, H.; Rennert, G.; Pölitz, B.; Jäckel, U.; Schmidt, W. (2014): Vorsorge gegen den Maiszünsler im 
pfluglosen Anbau. Dresden, Landesamt für Umwelt, Landwirtschaft und Geologie

Shinners, K.J.; Binversie, B.N. (2007): Fractional yield and moisture of corn stover biomass produced in the Northern 
US Corn Belt. Biomass and Bioenergy 31(8), pp. 576–584, https://doi.org/10.1016/j.biombioe.2007.02.002

Sindelar, A.J.; Coulter, J.A.; Lamb, J.A.; Vetsch, J.A. (2013): Agronomic Responses of Continuous Corn to Stover, 
Tillage, and Nitrogen Management. Agronomy Journal 105(6), pp. 1498–1506, https://doi.org/10.2134/
agronj2013.0181

Sobek, E.A.; Munkvold, G.P. (1999): European Corn Borer (Lepidoptera: Pyralidae) Larvae as Vectors of Fusarium 
moniliforme, Causing Kernel Rot and Symptomless Infection of Maize Kernels. Journal of Economic Entomology 
92(3), pp. 503–509, https://doi.org/10.1093/jee/92.3.503

Stetson, S.J.; Lehman, R.M.; Osborne, S.L. (2018): Corn Residue Particle Size Affects Soil Surface Properties. 
Agricultural & Environmental Letters 3: 180004, https://doi.org/10.2134/ael2018.01.0004

University of Minnesota (2025): European Corn Borer. Integrated Pest Management, Pest Monitoring Network,  
https://ipm.missouri.edu/pestmonitoring/ecb/images/ecb.pdf, accessed on 07 Aug 2025



agricultural engineering.eu 80(3) 251

Uppenkamp, N. (2012): Zerkleinern von Maisstoppeln und Maisstroh. Innovation 3, S. 20–22

Uppenkamp, N. (2016): Stroh- und Stoppelmanagement bei und nach der Maisernte. Neue technische Lösungen 
ergänzen bisherige Geräte. Mais 43(3), S. 108–112

Uppenkamp, N.; Demmel, M.; Kirchmeier, H. (2011): Maisstoppeln und Maisstroh - Den Mulchern gehört die Zukunft. 
Mulchgeräte verschiedener Bauart und Zerkleinerungswerkzeuge im Test. Mais 38(1), S. 30–33

Uppenkamp, N.; Furth, U. (2020): Maiszünsler sicher mechanisch bekämpfen. Bauernblatt (17. Oktober), S. 33–36

Vogel, A.M.; Below, F.E. (2019): Residue and Agronomic Management to Reduce the Continuous Corn Yield Penalty. 
Agronomy 9(10), pp. 1–28, https://doi.org/10.3390/agronomy9100567

Zastempowski, M.; Lamparski, R.; Bochat, A.; Kaszkowiak, J.; Sendel, S.; Gierz, Ł. (2024): Problems of Sustainable 
Agriculture with Regard to the Destruction of the European Corn Borer in Maize Plantations. Sustainability 16(22), 
9685, https://doi.org/10.3390/su16229685

Authors
Sebastian Ramm, M.Sc. is a research associate at the Faculty of Agriculture, Kiel University of Applied Sciences, 24783 
Osterrönfeld, Germany, and a doctoral candidate at the Institute of Agricultural Engineering, Christian-Albrechts-University 
of Kiel, 24118 Kiel, Germany. Email: sebastian.ramm@fh-kiel.de
Dr. habil. Hans-Heinrich Voßhenrich (retired) was formerly a senior scientist at the Thünen Institute of Agricultural 
Technology, 38116 Braunschweig, Germany, and a private lecturer (Privatdozent) at the Institute of Agricultural 
Engineering, Christian-Albrechts-University of Kiel, 24118 Kiel, Germany.
Prof. Dr. Yves Reckleben is a professor of agricultural engineering in the Faculty of Agriculture, Kiel University of Applied 
Sciences, 24783 Osterrönfeld, Germany.
Prof. Dr. Eberhard Hartung is Head of the Institute of Agricultural Engineering, Christian-Albrechts-University of Kiel, 
24118 Kiel, Germany.

Notes and acknowledgements
We thank all participating farmers and contractors for their support in carrying out the field trials. We also acknowledge 
Carl Geringhoff GmbH & Co. KG for providing the corn header and technical support. Appreciation is extended to all 
individuals who contributed to the implementation of the experiments.
This research was funded by The German Federal Environmental Foundation (Deutsche Bundesstiftung Umwelt DBU), 
grant number 34090/01.


