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Abstract. This paper presents an analytical review of the influence of wind speed on the uniformity of
mineral fertilizer distribution and the possibilities for its compensation using the WindControl system.
The analysis is based on scientific literature, technical documentation, and publicly available manufacturer
data and illustrations related to the operation of the ArgusTwin and WindControl systems. The integration
of the system with ISOBUS and CAN communication technologies is examined, along with its operating
principle, in which wind speed and direction data are used for automatic adjustment of the fertilizer spreader
parameters. A comparative interpretation of the published data indicates that, without the WindControl
system activated, coverage quality deteriorates at wind speeds above approximately 1.5 m/s, whereas with
the system in operation, a more stable distribution is maintained at wind speeds of up to about 4.5-5 m/s.
The synthesized findings suggest that WindControl has the potential to improve fertilization accuracy and

extend the operational range under unfavorable wind conditions.
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Introduction

Fertilization is one of the fundamental
agrotechnical operations in modern agriculture,
as its efficiency has a direct impact on crop
yields, product quality, and the sustainable use of
resources (Raza et al., 2023). Under conditions of
intensive agriculture and increasing environmental
sustainability requirements, the precise distribution
of mineral fertilizers has become a key factor for
optimizing production (Lu et al., 2022; Wang
et al., 2025). Current trends in the agricultural
sector are directed toward the implementation of
precision agriculture technologies, which enable
the management of spatial variability within the
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field and improve the efficiency of input use
(Auernhammer, 2001; Morales and Sheppard,
2024; Adamchuk et al., 2004).

One of the main challenges in mineral fertilizer
application, particularly when using centrifugal
spreaders, is achieving uniform transverse
distribution (Hijazi et al., 2014). The uniformity
of spreading depends on a number of factors,
including machine design, operating parameters,
and the physical and mechanical properties of the
fertilizer (Zhou et al., 2024). Despite technological
advancements, environmental factors continue to
have a significant influence on fertilization quality
(Bille and Rogna, 2020). Previous studies have
also provided insights into the influence of particle



physical properties - such as friction coefficient,
restitution, and shape - as well as their bulk behavior
on the resulting spreading pattern (Liedekerke
et al., 2009). Among these factors, wind plays a
particularly important role (Cool et al., 2016).
Airflow directly affects the trajectory of fertilizer
particles, causing deviations from the intended
spreading pattern. Studies have shown that even at
moderate wind speeds (around 3 m/s), significant
deviations in particle landing position, reaching
several meters, can occur (Cool et al., 2016). This
results in deformation of the distribution curve,
which becomes asymmetrical-compressed on one
side and extended on the other.

As a result, non-uniform fertilization is observed,
leading to a number of negative consequences,
including  local  over-application,  nutrient
deficiencies in certain areas, and increased fertilizer
losses beyond the treated field (Bongiovanni and
De Boer, 2004). In addition, wind may increase the
drift of fertilizer outside the target area and reduce
nutrient uptake efficiency by plants (Kyeremeh
et al., 2024). Such effects are also associated
with increased environmental risks, including
environmental pollution and elevated ammonia
emissions under unfavorable weather conditions
(Sommer et al., 2004).

With the development of precision agriculture
technologies, intelligent systems have been
introduced that allow agrotechnical operations
to be adapted to current conditions in real time
(Khosla, 2010). Precision agriculture represents an
approach based on the use of data, sensors, and
automated control systems, aiming to optimize
input use and reduce losses (Zhang et al., 2002;
Adamchuk et al., 2004). Inthis context, variable rate
technology (VRT) systems enable the application of
fertilizers according to the specific needs of crops
and soil characteristics (Adamchuk et al., 2004).

Recent developments in fertilizer spreading
machinery include the implementation of sensor
systems and intelligent control algorithms that
improve application accuracy (Raza et al., 2023).
Review studies indicate that significant progress
has been made in recent years in machine design,
control methods, and the use of simulation models
for process optimization (Wang et al., 2025).

Particular attention has been given to modeling
particle motion and applying computational fluid
dynamics (CFD) and discrete element methods
(DEM) to analyze interactions between airflow and
fertilizer particles.

Nevertheless, even with optimally adjusted
machines, wind remains a difficult factor to control.
This necessitates the development of systems
capable of actively compensating for its effects.
Such systems utilize sensors to measure wind
speed and direction and adapt machine operating
parameters in real time. By adjusting disc rotational
speed and fertilizer feed position, the trajectory
of particles can be corrected and a symmetrical
spreading pattern maintained.

In addition to conventional ground-based
systems, recent studies have also examined the
influence of airflow in emerging technologies
such as unmanned aerial vehicles. Modeling of
airflow and its impact on fertilizer distribution
demonstrates that the interaction between the
air medium and particles is a complex process
requiring precise analytical and control methods
(Xunwei et al., 2026).

Despite significant advances in this field,
there remains a need in practice for systematic
evaluation and critical interpretation of available
technical information on wind compensation
systems. It is particularly important to distinguish
between results obtained from independent field
experiments and data published by manufacturers
and technical sources, as the latter are primarily
demonstrative and application-oriented in nature.

The aim of this study is to analyze the influence of
wind speed on fertilization uniformity and to provide
a comparative assessment of the capabilities
of the WindControl system based on published
scientific literature, technical documentation, and
manufacturer-provided data.

Material and methods

The present work has an analytical and review-
oriented applied character. The analysis is based
on published scientific literature, technical
documentation, standards, and publicly available
manufacturer materials from AMAZONE describing

57



the operating principles of the ArgusTwin and
WindControl systems. The presented figures
are used as illustrative material to explain the
technological concept and to provide a comparative
assessment of system performance with and
without the WindControl system activated.

Object of the study

The object of the analysis is the technological
configuration of a centrifugal fertilizer spreader
with a twin-disc system, equipped with the
ArgusTwin automatic spreading control system
and the WindControl wind compensation system.
The communication between the machine and
the tractor via the ISOBUS standard (ISO 11783,
2017) is also considered, enabling real-time data
exchange and control of operating parameters.

Analyzed systems and technical components

The analysis considers the following main
technical components:

1) a fertilizer spreader with a twin-disc system;

2) the ArgusTwin sensor system, including 14
radar sensors (7 on each side);

3) a sensor for measuring wind speed and
direction;

4) an onboard computer for data processing;

9) published manufacturer graphs and diagrams
used for evaluating transverse fertilizer distribution.

The ArgusTwin system represents an integrated
solution for controlling the transverse distribution
of fertilizer, using radar sensors to monitor the
spreading process in real time. The sensors are
positioned symmetrically on both sides of the
spreader, enabling continuous monitoring of the
working width and distribution uniformity (Figure 1).

Figure 1. ArgusTwin sensor system mounted on the fertilizer
spreader: 1 - radar sensors; 2 - ArgusTwin system; 3 -
spreading discs (AMAZONE ZA-X Perfect 602)
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The position of fertilizer feeding onto the
spreading discs determines the shape of the
spreading pattern (Figure 2).

Figure 2. Fertilizer feed position and formation of the
spreading pattern

The sensor system includes 14 radar sensors
arranged symmetrically on both sides of the
machine (Figure 3).

Figure 3. Control of fertilizer spreading using 14 radar
Sensors

The data collected from the sensors are
transmitted to the onboard computer, where they
are processed in real time and the parameters are
visualized via an operator terminal (Figure 4).
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Figure 4. System for data control and visualization via an
operator terminal: (a) schematic diagram; (b) terminal

(https://amazone.net/en/products-digital-solutions/
agricultural-technology/fertilising-technology/windcontrol-
calm-conditions-at-the-touch-of-a-button)



Methodology of the analysis

The methodology includes a systematic review
and interpretation of published technical data
regarding the operation of the WindControl system.
First, the operating principle of the ArgusTwin
sensor system and its relationship to the control
of the fertilizer feed point on the spreading discs
are examined. Subsequently, the role of the wind
sensor is analyzed, along with the way in which
the measured wind speed and direction are used to
adjust the machine operating parameters.

The comparative assessment is carried out for
two technological operating modes described in
the manufacturer’s materials:

1. Fertilization without the WindControl system
activated,;

2. Fertilization with the WindControl system
activated.

Since the data are derived from technical and
manufacturer sources, the values for wind speed
and coverage percentage are considered indicative
and demonstrative rather than results obtained
from independently conducted experiments.

Analyzed technological parameters

The following parameters were taken into
account in the interpretation of the published data:

1) working width: 30 m;
2) system status: without WindControl activated
and with WindControl activated;

3) process type: spreading of granular mineral
fertilizer;

4) wind speed speed: from low values up
to approximately 4.5-5 m/s, according to the
published manufacturer graphs.

Evaluation criteria

The evaluation was performed through a
comparative analysis of published distribution
schemes and graphs showing the percentage
of working width coverage under different wind
conditions. A coverage level above 80% was
considered an indicative threshold for effective
fertilization, while values below this limit were
interpreted asanindicator of deteriorated transverse

distribution.

On this basis, a comparison was made between
operation without the WindControl system and
operation with the system activated, analyzing the
influence of wind speed on spreading quality and
the possibilities for its compensation.

Analysis and discussion

Based on published technical data and
manufacturer graphs, an analysis was carried out
on the influence of wind speed on the uniformity
of mineral fertilizer distribution, as well as on
the capabilities of the WindControl system to
compensate for this effect.

The analysis indicates that, without the
WindControl system activated, even at relatively
low wind speeds, a deterioration in the transverse
distribution of fertilizer is observed. The distribution
curve becomes deformed, with a shift in the main
deposition zone of particles and reduced uniformity
in the opposite part of the working width.

According to the reviewed manufacturer data,
at wind speeds above approximately 1.5 m/s,
the coverage of the working width begins to fall
below the adopted indicative efficiency threshold,
indicating a risk of non-uniform fertilization and
increased fertilizer losses.
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Figure 5. Working width distribution without the

WindControl system
(https://amazone.net/en/plan-learn/learn/-intelligent-
crop-production/area/windcontrol-duengetechnik-59018)
The data presented in Figure 5 indicate that, with
increasing wind speed, a deterioration in spreading
uniformity occurs. This effect may lead to uneven
fertilization of the field, creating conditions for
nutrient deficiency or excess in certain areas.

When the WindControl system is activated,
according to the operating principle described
by the manufacturer, automatic adjustment of
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the machine operating parameters is performed,
including the rotational speed of the spreading
discs and the fertilizer feed position. In this way,
the system aims to compensate for the deviation of
fertilizer particles caused by wind speed.

Figure 6. Computer-based representation of wind influence:
a) without the use of the WindControl system; b) with the
WindControl system applied

(https://amazone.net/en/plan-learn/learn/-intelligent-
crop-production/artikel/stillness-at-the-touch-of-a-
button-1035464)

As shown in Figure 6, under windy conditions,
the WindControl system adjusts the operating
parameters in real time by increasing the rotational
speed of the spreading disc on the wind-exposed
side and decreasing it on the opposite side. At the
same time, the fertilizer feed position is modified,
allowing for partial or complete compensation of
particle deviation within the specified operating
range.

This adjustment aims to maintain a more
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symmetrical fertilizer distribution across the
working width and to reduce the negative impact of
unfavorable meteorological conditions.

b)

Figure 7. Percentage coverage of the working width
without the WindControl system: a) fertilizer distribution;
b) working width coverage without WindControl

(https://amazone.net/en/products-digital-solutions/
agricultural-technology/fertilising-technology/windcontrol-
calm-conditions-at-the-touch-of-a-button)

The comparative analysis of the data presented
in Figure 7 shows that, when operating without
the WindControl system, fertilization efficiency
decreases with increasing wind speed, and at
values above approximately 1.5 m/s, coverage may
fall below 80%, which is considered the threshold
for effective application.

In contrast, when the WindControl system is
used (Figure 8), the published manufacturer data
indicate a more stable coverage of the working
width, with the system presented as capable of
compensating for the influence of wind speed at
speeds of up to approximately 4.5-5 m/s.



b)

Figure 8. Percentage coverage of the working width when
using the WindControl system: a) fertilizer distribution; b)
working width coverage with WindControl

(https://amazone.net/en/products-digital-solutions/
agricultural-technology/fertilising-technology/windcontrol-
calm-conditions-at-the-touch-of-a-button)

The analysis of the presented materials highlights
the potential advantages of the WindControl system
when fertilizing under wind speed conditions.
The system can improve spreading uniformity
and extend the range of conditions under which
fertilization can be performed with acceptable
quality.

An additional advantage is the ability to monitor
wind parameters in real time. When critical values
are reached, the system provides a warning to the
operator, supporting decision-making regarding
the continuation or interruption of the operation.

It should be emphasized that the present
assessment is based on published manufacturer
and technical sources. Therefore, the results have
an analytical and application-oriented character

and may serve as a basis for future experimental
studies under specific field conditions.

Conclusion

The analysis shows that: (i) wind speed has a
significant influence on the uniformity of mineral
fertilizer  distribution, potentially leading to
deformation of the distribution curve and uneven
coverage of the working width; (i) according to
the reviewed manufacturer data, when operating
without the WindControl system, fertilization
quality deteriorates at wind speeds above
approximately 1.5 m/s, and coverage may fall
below the indicative threshold of 80%; (iii) the
WindControl system is designed to compensate
for wind influence through automatic adjustment
of the fertilizer spreader operating parameters in
real time; (iv) the published technical data indicate
that the application of WindControl can maintain a
more uniform distribution at wind speed of up to
approximately 4.5-5 m/s; (v) the system extends
the potential operating range and may contribute
to reducing fertilizer losses; (vi) since the present
study is based on literature and manufacturer
sources, the conclusions should be regarded as an
analytical assessment that requires confirmation
through independent field experiments.
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