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Abstract: This article describes the results of the studies related to the occurrence of the European
corn borer (Ostrinia nubilalis Hbn) pest carried out at the Technical University of Bydgoszcz. The
studies concerned the real occurrence of the pest in corn stubble (cultivated variety SY Collosseum).
The research issue undertaken is in line with an IPM (integrated pest management) system and is
important since the feeding of the European corn borer can lead to large, direct yield losses estimated
nationally at an average of up to about 20%, which does not differ significantly from that of world
crops. Corn, for the purposes of this study, was harvested for green fodder in September, and for
grain in November 2022, using a John Deere X9 1110 harvester. The average stubble height when cut
for green fodder was 280 mm, while for grain it was 265 mm. The experimental studies conducted
clearly showed that European corn borer larvae colonized as much as 12% of corn samples harvested
for grain at an average stubble height of 155 mm, and 19% of corn samples harvested for grain at
an average height of 75 mm. The conducted studies also showed that the average diameter of the
stems at the height of the residence of the corn borer larvae when harvested for green fodder is
19.80 mm, and 21.80 mm for grain. The studies conducted by the authors showed the randomness of
the locations of the pest larvae, which clearly indicates that the generally known and used mechanical
methods of its control are not fully effective. Therefore, the authors presented their own design of
a machine construction (filed with the patent office of the Republic of Poland) for destroying the
European corn borer in a mechanical way without the use of crop protection chemicals. The presented
research problem in this paper is of national and global importance considering the fact that corn
is grown on an area of nearly 162 million hectares, where we have to deal with the European corn
borer pest. In the case of implementing the design of the construction of a machine for destroying
the pest, there will be no need to use chemical pesticides, which will significantly contribute to

environmental protection.

Keywords: European corn borer; new method of pest control in corn; new design of corn stubble
mulching device; sustainable agriculture in corn cultivation

1. Introduction

Maize is a cereal that is cultivated on a large scale in many parts of the world. The
most popular of its species is maize (Zea mays L.), which is used for its properties and
versatility in various economic sectors, including among others the following;:

1.  Inthe food industry for the production of flour, glucose syrup, breakfast cereals and
corn oil and as an ingredient in many processed products;
2. For animal feed: the main ingredient in feed for cattle, pigs and poultry;

Sustainability 2024, 16, 9685. https:/ /doi.org/10.3390/5u16229685

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su16229685
https://doi.org/10.3390/su16229685
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-6492-6281
https://orcid.org/0000-0003-3516-4948
https://orcid.org/0000-0003-0769-7077
https://orcid.org/0000-0003-0796-2993
https://orcid.org/0000-0001-9956-2043
https://orcid.org/0000-0003-4040-5718
https://doi.org/10.3390/su16229685
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16229685?type=check_update&version=1

Sustainability 2024, 16, 9685

20f12

3. In the chemical and biofuel industry for the production of bioethanol and biodegrad-
able plastics, as well as modified starches used in various industrial processes;

4. Inthe pharmaceutical industry as a raw material for the production of medicines and
diet supplements [1].

The volume of maize grain production both in the EU and worldwide fluctuates
mainly due to weather and economic conditions. In recent years, an upward trend has
been observed, especially in regions with stable climatic conditions and high demand
for feed and biofuels. The area sown each year is successively increasing and will reach
36.8 million hectares in the 2023 /2024 season. The leading global producers of maize grain
are the United States, China and Brazil. In the European Union, the biggest producers are
France and Poland, which is second on the list of producers as of 2022, with a projected 17%
share of the European Union production. The statistics for the grain maize harvest in the
European Union were as follows: in 2022—53 million tons; in 2023—66 million tons; in 2024,
it is forecast at 69 million tons. On the other hand, on a global scale, in 2022, 1.15 billion
tons were harvested, with 1.21 billion tons in 2023, and 1.22 billion tons are projected to be
harvested in 2024 [1].

Maize is of great importance in the global economy due to its versatile use, while its
production is dependent on weather conditions and pests that affect the yields obtained.
One of the predominant groups of pests is the European corn borer (Ostrinia nubilalis
Hbn.), whose feeding can lead to direct yield losses estimated at up to an average of 20%
nationwide [2—4].

In Poland, the European corn borer reproduces one generation per year. The first
butterflies in maize plantations are usually observed from the middle of June. The turn
of June/July is the period when the pest lays its eggs. The caterpillars of the European
corn borer are usually present on maize plants from the end of June until the end of the
plants’ vegetation period, i.e., until September, October or November. The first fully grown
caterpillars (in the L5 developmental stage) that are capable of overwintering properly
usually appear from the middle of August or early September. The pest overwinters in
the fully grown larval stage (L5) and is triggered by the shortened day length and a drop
in temperature [5,6]. Surveys are also carried out in other regions of the world [7] during
perennial periods [8].

The economic threshold of harmfulness caused by the corn borer is the finding of
6-8 egg deposits per 100 plants at wax maturity, 15% of plants damaged in grain crops, or
30—40% in crops grown for CCM (Corn-Cob-Mix) and silage. Therefore, the reproduction of
the pest is often addressed in the literature [9,10].

At present, protection against pests is one of the basic measures in maize cultivation;
however, increasing acreage and warming of the climate are encouraging the spread and
appearance of new pests. The most important pest of maize is the European corn borer,
the development of which is favoured by any simplification of agro-technology, maize
monoculture and the practice of leaving crop residues in the field.

Therefore, the authors of this study have conducted surveys aiming to determine the
extent of the occurrence of the European corn borer in fields belonging to the Bydgoszcz
University of Technology. The main objectives of these activities were as follows:

(a) Determine the relationship between the residence height of European corn borer
larvae in stubble and the height of stalk cutting during harvesting for green fodder
and grain;

(b) Determine the relationship between the residence height of European corn borer
larvae in stubble and the diameter of corn stalks (at the residence height of the larvae)
for plants destined for green fodder and grain.

Implementing the objectives of the actions formulated in points a and b will expand
the body of knowledge on the residence of the European corn borer in the corn stubble in
terms of cutting height and stalk diameter during the harvest of corn for green fodder and
for grain.
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2. Materials and Methods

The authors” own research involved 3 stages: collection of residues after maize harvest
in the field, laboratory evaluation of larvae colonization in the stalk residues and analysis
of the results of the research.

Entomological surveys were carried out in a field belonging to the Bydgoszcz Uni-
versity of Technology (53.173581, 17.746191). The material for the research was maize (the
cultivar SY Collosseum). Sowing was carried out on 25 April on a field where maize was
also a forecrop. A row spacing of 750 mm was used, with a sowing rate of 75,000 seeds/ha.
Maize plants were growing on soil that had a soil quality class IVb, a pH of 6.0, a nu-
trient abundance of P,O5 22.4 mg/100 g (very high), K;O 30.6 mg/100 g, (very high)
Mg 7.0 mg/100 g. Maize cultivation was carried out using ploughed tillage technology.
Fertilizer components were applied in soil and foliar on 20 April: urea 46%N—300 kg/ha;
polyphoska 5 (NPK-5-15-30)—200 kg /ha; Yara zinc F—0.5 L/ha. A weed control treatment
was carried out at the BBCH 14 stage (10 June): Gardo Gold 500 SE 2.5 L/ha, Impreza
max 040 OD 1 L/ha. Diseases and pests were not controlled. Maize for green fodder was
harvested in September (stage BBCH 80). A yield of 40 t/ha, 35% DM, was obtained. The
harvest was carried out with a self-propelled forage harvester with a rowless harvesting
attachment. In contrast, harvesting of maize for grain was performed in November with a
John Deere X9 1110 combine, with a Geringhoff 16-row maize attachment, with stalk and
leaf cutter. The height of the maize plant shear for the forage cutter (for green fodder) was
on average 280 mm, while the combine cut maize for grain at 265 mm from the ground
surface, as shown in Figure 1.
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Figure 1. Cutting height of maize stalks during harvesting for green fodder and for grain.

The material for testing was always taken in 4 replicates—one replicate was a random
selection of 25 maize plant remains. Samples obtained in this way were cut with a knife
in order to check whether there was a predeveloped European corn borer larva inside the
stalk. The stems without the larvae were left in the field, while those with the larvae in
them were carefully protected to prevent the insect from escaping, cut exactly at the level of
the field surface, described and sealed in a mill gauze bag Subsequently, in the laboratory,
the min and max diameter of the maize stalk at the height at which the European corn borer
larva was found was measured with a Limit CDJ, Luna AB, SE-44180 Alingsas, Sweden
electronic calliper—from each of the 2 measurements, an average result was determined
for each stalk.

To illustrate the research conducted, Figure 2 presents a view of the field from which
corn stalks were sampled. A characteristic feature of the harvest shown in Figure 2a, which
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is for green fodder, is the absence of residual shredded stalks. The cut material undergoes
shredding with the drum cutting unit of an agricultural forage harvester and is entirely
destined, for example, for animal feed. On the other hand, when corn is harvested for grain,
the remaining parts of the plant, i.e., the stalk, leaves and threshed cob are shredded into
chaff by the flail cutting unit on the equipment of the combine harvester and left on the
field (Figure 2b).

(b)

Figure 2. View of the field after corn harvest: (a) harvesting corn for green fodder, (b) harvesting corn
for grain.

Figure 3 presents the stalks harvested from the field and infested by the European
corn borer. The stalks were secured with string to prevent the insect from escaping into the
field. Due to the different timing of field work for harvesting corn for grain and for chaff,
the number of inhabited stalks is different.

(a) (b)

Figure 3. View of collected samples for testing: (a) parts of corn stalks harvested for green fodder,

(b) parts of corn stalks harvested for grain.

Figure 4 presents an example of a pest larva identified during the research.
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Figure 4. View of an exemplary cut corn stalk with the pest visible in its centre.

For the purposes of analyzing the obtained research results, the Statistica 14 software
package was used. The obtained data were summarized and illustrated in graphs. In
addition, for each type of crop, corn for green fodder and for grain, the average values
of these parameters are indicated on the graphs. Among other things, the following
were analyzed:

—  The height of residence of larvae;

—  The height of the stem cut;

—  The maximum diameters of the stem corresponding to the presence of the pest.

—  Inthe next step, the correlation of the following variables was conducted:

—  The height of the stem cut relative to the larvae residence height;

—  The height of the larvae relative to the diameter of the stem at the insect’s resid-
ence height;

—  The height of the stem cut relative to the height of the insect’s larvae residence in
the stem;

—  The height of the larvae relative to the diameter of the stem at the location of
the larvae.

For the above-mentioned relationships, Pearson’s correlation coefficient R was ana-
lyzed, and then the coefficient of determination R? was calculated.

3. Results and Discussion

Studies conducted by the authors showed the presence of the European corn borer
larvae in significant numbers (Table 1). From the samples analyzed, it was found that up to
12% of maize samples harvested for green fodder and 19% of samples of plants harvested
for grain were colonized by the larvae.

Table 1. Occurrence under field conditions of the European corn borer larvae in stubble in the
post-harvest period of maize for green fodder and for grain.

Replication
Designation
1 2 3 4 On Average
For green fodder [%] 8 28 4 8 12
For grain [%] 16 16 20 24 19

Analyzing the findings described by the authors in relation to other papers [11], in
their studies, they noted that during the period of conducting their research, the percentage
of plants colonized in the fields by the European corn borer ranged from 20% to even a few
larvae per plant, and that the type of damage to maize plants caused by the European corn
borer caterpillars depended largely on their abundance [12].

It was found that the average height at which the European corn borer larvae resided
in stubble (in maize stalks) when plants were harvested for green fodder was 151.6 mm
(Figure 5). However, after one month (at the beginning of November 2022), when plants
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were harvested for grain, the insects were already found at an average height of 75.6 mm.
Also, from other authors, it can be found that in November, the distance of larvae in maize
residues ranged from 140 to 230 mm counting from the line of the supporting roots [13].
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Figure 5. Residence height of the European corn borer larvae in maize stubble intended for green
fodder and grain.

An analysis of the papers from other researchers confirms the observations of the
authors of this article that the later the season, the closer the larvae are located to the
ground surface [14]. They also confirm that the distance the larvae are located from the
ground surface in late autumn is very important [15], which informs them of the need to
completely destroy the stubble in autumn—the post-harvest residue—by ploughing or
otherwise damaging the stalks at the end of autumn [15].

In our own research, an assessment of the diameter of the residual stalk where the pest
larvae were found showed that, when harvested for forage, the larvae are still quite high
from the ground surface (150 mm), and these are not optimal conditions for overwintering
as the stalk does not have an optimal diameter for them—198.8 mm was found to be
optimal. As the days went by, that is, during the period of harvesting for grain, it was
found that the diameter of the maize in which the larvae were found was larger, as much
as 218.6 mm (Figure 6).
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Figure 6. Maize stalk diameter at the residence height of the European corn borer larvae for plants
intended for green fodder and for grain.
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It follows from this that the larvae digging a downward corridor for proper overwin-
tering should have enough space to successfully survive the overwintering period. It is
important to state that it has been noted there is a correlation between the thickness of
the maize stalk and the number of larvae—the authors obtained a positive correlation
here—indicating that the larvae are more interested in thicker stalks, which give them a
better chance of successfully passing through the winter diapause period [13].

In our own studies, the dependence of the residence height of the European corn borer
larvae in maize stubble on the height of stalks cut during harvesting intended for green
fodder and grain was established—the higher the height of stalks (stubble) left in the field,
the higher the height of larvae found in stalks, as shown in Figures 7 and 8.
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Figure 7. Dependence of the residence height of European corn borer larvae in maize stubble on the
height of stalk cutting during harvest intended for green fodder.
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Figure 8. Dependence of the residence height of the European corn borer larvae in maize stubble on
the height of stalk cutting during harvest intended for grain.

Similarly, the dependence of the residence height of the European corn borer larvae in
stubble on the diameter of maize stalks (at the residence height of the larvae) for plants
destined for green fodder and for grain was also established. The results of this study are
presented in Figures 9 and 10. In the figures, the coefficient of determination is denoted
as R2.
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Figure 9. Dependence of the residence height of European corn borer larvae in stubble on maize stalk
diameter (at the height of larvae residence) for plants intended for green fodder.
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Figure 10. Dependence of the European corn borer larvae residence height in stubble on maize stalk
diameter (at larval residence height) designed for grain crops.

4. Modern Technologies for the Destruction of the European Corn Borer

Among the known methods of control of the European corn borer, we can distinguish
between chemical and non-chemical methods.

The difficulty in the use of plant protection products when controlling the pest consists
of the fact that the guaranteed effectiveness of the action is related to the timing of the
agrotechnical treatment, which falls during the panicle period [16]. At that time, the plants
are high enough that specialized sprayers with a stilt design must be used [17,18]. Studies
conducted on a long-term basis have shown that the effects of chemicals on the European
corn borer are not sufficiently effective [19].

The non-chemical methods of corn protection against the European corn borer are as
follows: correct agrotechnology, crop rotation, selection of varieties less susceptible to the
pest, ploughing, discing, balanced fertilization (especially with nitrogen), spatial isolation
(from other corn fields, corn residues and other host plants, among others, hops, millet),
use of biopreparations, early harvesting of the crop, shredding and deep ploughing of
crop residues immediately after harvesting, collection of crop residues from the field and
their processing into briquettes, and deep autumn ploughing. These last recommendations
(shredding of crop residues), in the authors’ opinion, is a measure that fits perfectly into the
criteria of integrated pest management (IPM) [13,20]. IPM has become officially recognized
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and promoted by various agricultural and environmental organizations and government
agencies around the world as part of sustainable agriculture and environmental practices.
Through the IPM approach, farmers can effectively manage pests while minimizing the
negative impacts on ecosystems, human and animal health and ensuring safe and sustain-
able food production [20]. There are also studies available in the literature related to the
use of natural substances and microbial activities in the control of the corn borer [21,22].

However, in agriculture, strip-till or direct seeding methods are increasingly being
used, resulting in an increasing problem with pests, including the European corn borer,
which, in the case of strip-till, for example, has better conditions to survive the winter and
to reproduce. The issue of new cultivation methods, in terms of pathogen development, is
also being addressed by scientists [23,24].

The management of stubble and crop residues should be carried out as soon as possible
after the completion of harvesting, because the longer the period of their decomposition
after mixing with the soil, the more nutrients will be available to plants the following year.
In addition, the larvae of the European corn borer overwinter in the stubble. For this reason,
it is recommended to additionally grind the stubble after corn with rotary shredders, which,
however, is associated with high energy expenditure. The importance of this treatment is
not negligible, which is also addressed in the literature in terms of the development of the
pest [25].

Definitely the most effective method is active machines. In addition to those dedicated
to mulching plant residues and, in a number of cases, also mixing them into the soil, there
are often used machines that are constructed for the shredding of cuttings or branches.
They use chains or flails as working elements. The devices used for active mulching are
usually based on flail shredding units. Their working elements can be knives, hammers
and knife-hammers. They constitute the most popular group of mulchers. They are driven
from the tractor’s power take-off. The designs of these devices differ in working width
(1-6 m), and thus in productivity and power requirements. Adjustment of the height of
the stubble left behind is controlled by skids, jockey wheels or a combination of these.
Another solution is rotary mulchers, in which the working elements are blades rotating
in a horizontal plane. It is possible to find solutions in which counter blades are used to
improve shredding of crop residues.

5. Patents

The authors designed a machine for destroying the European corn borer. There are
known numerous design solutions of machines for grinding the aboveground layer of corn
stubble using the impact method. The researchers of Bydgoszcz University of Technology
have been working for a long time with scientists from Poznan University of Technology in
order to develop the design of a machine to effectively neutralize the European corn borer.
The first solutions for new equipment for mulching crop residues have been developed.
However, the authors’ later research, presented in this article on the location of pests in
corn elements, showed the disadvantages and inconveniences of the existing machines.
The disadvantages and inconveniences of the known design solutions of mulchers are
the relatively low productivity with high power requirements of the agricultural tractor
and practically no destructive effect on the roots of corn stubble, where, according to the
literature data and the authors” own research, a great number of corn borer larvae nest after
harvesting corn for grain or animal feed. As a result, it provides very good conditions for
overwintering and destroying new corn plantations.

The purpose of this invention is to remove known disadvantages and inconveniences
by constructing a machine with a new design of the working unit for shredding corn
stubble, especially its aboveground and underground layer—roots. The machine, with a
new design of the working unit, will provide an increase in the effectiveness of destroying
the European corn borer and will be characterized by a higher efficiency of the process
while decreasing the power requirements of the agricultural tractor.
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The objective of this invention is the working unit of a machine for the in-row shred-
ding of corn stubble, both its aboveground and underground layers. The diagram of the
working unit, a new structural solution of the machine for the effective control of the Euro-
pean corn borer, is shown in Figure 11. The structural solution of the machine designed by
the authors will ensure an increase in the effectiveness of the destruction of the European
corn borer pest, and will also ensure an increase in the efficiency of the process while
decreasing the energy demand for its implementation.

LA

Figure 11. New design of the working unit of the machine for effective control of the European corn
borer in corn plantations: 1—body; 2—rotors; 3—angle-tooth gearbox; 4—shaft; 5—disc; 6—pins;
7—flappers; 8—extractor unit; 9—extractor unit shanks; 10—support frame.

The essence of this invention is the working unit of a machine with a frame structure
suspended from the TUZ of an agricultural tractor, to which two separate rotors are
attached in the form of shafts equipped with discs, with rectangular flails fixed detachably
through pins. Between the rotors but at the front, a specially designed working element
is embedded, which is used to undercut the soil and pull out the roots with the stubble
stalks. The above- and belowground elements of the corn are then shredded by the flails.
Shredding the material, that is, cutting it into small pieces, will also ensure the destruction
of the European corn borer.

The working unit of the machine for the in-row pulling out of the soil and shredding
of corn stubble consists of a body (1), in which two rotors (2), driven by means of bevel
gears (3), are symmetrically seated and bearing. The rotor consists of a shaft (4), on which
at least five double-discs (5) are seated. Between the discs, plate-type flails (7) for shredding
stubble with roots are fixed by means of pins (6). On the perimeter of the discs, four
flails are fixed symmetrically. The rotor beaters grind the corn stubble into pieces after
it has been pulled out of the soil by means of a pulling work piece (8) mounted on two
identical shanks (9), which are attached to the body. The given working unit is mounted
on the supporting frame (10) of the machine, which is suspended from the three-point
linkage of an agricultural tractor and is driven from its PTO power take-off shaft through a
Cardan shaft, a main gear of the angular type and intermediate gears of the angular type to
individual rotors.

6. Conclusions

1. The conducted experimental studies clearly showed that corn borer larvae colonized
as much as 12% of corn samples harvested for grain at an average stubble height of
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155 mm and 19% of corn samples harvested for grain at an average height of 75 mm,
and it should be considered that a large amount of this pest remained in the stubble.

2. The conducted experimental studies also showed that the average diameter of stalks
at the residence height of European corn borer larvae when harvested for green fodder
is 198 mm, and 218 mm for grain.

3.  The experimental studies confirm the relationship between the date of corn harvest
and the distance of the location of the larva from the ground surface. The later the
harvest, the closer to the ground surface the corn borer larva is located. Therefore,
the results obtained unequivocally indicate variable random locations of the pest.
This proves the argument of this article’s authors, which is that effective control by
currently known mechanical methods does not occur due to the presence of European
corn borer larvae at different heights of stubble.

4. The presented design of our own construction of a machine (submitted to the patent
office of the Republic of Poland) for destroying the European corn borer in a mechani-
cal way without the need to use plant protection chemicals will, in the opinion of the
authors of this paper, meet the requirement of not only destroying the European corn
borer larvae residing in the stubble stalks but also in their roots.
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