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A measuring instrument for analyzing the behavior of seeds of 
selected plant species exposed to a uniform electric field 

 
 

Abstract. The article reviews electrical separation techniques for processing seed mixtures and proposes a measuring instrument for analyzing the 
behavior of seeds of selected plant species exposed to a uniform electric field. By changing the intensity of the electric field, the device can be used 
in the process of cleaning and sorting seeds and other loose materials. The device can be applied to identify differences in the electric charge of the 
components of loose materials, which can provide a basis for developing new separation techniques. 
 
Streszczenie. W pracy przedstawiono przegląd technik elektroseparacji składników mieszanin nasiennych oraz propozycję urządzenia badawczego 
do identyfikacji reakcji wybranych gatunków nasion poddanych działaniu jednorodnego pola elektrycznego. Urządzenie może być wykorzystane w 
wspomaganiu procesów czyszczenia i sortowania mieszanin nasiennych oraz materiałów sypkich, dzięki przewidzianej możliwości zmian wartości 
natężenia pola elektrycznego. Umożliwia to wyznaczenie różnic w elektryzacji składników mieszanin, co może być podstawą do opracowania 
nowych technologii separacji. (Urządzenie badawcze do identyfikacji reakcji wybranych gatunków nasion poddanych działaniu 
jednorodnego pola elektrycznego). 
  
Keywords: electric field, separation of seed mixtures, measuring instrument. 
Słowa kluczowe: pole elektryczne, separacja składników mieszanin nasiennych, urządzenie badawcze. 
 
 

Introduction 
Seed quality is an important consideration in seed and 

food production. The entire production system should be 
geared towards achieving end products of the highest 
quality. In many cases, the quality of plant raw materials is 
determined by the effi-ciency of sorting and separation 
processes. Fractions with different properties should be 
effectively separated. Various separation methods are used 
to separate loose mate-rials based on their physical, 
aerodynamic, mechanical, and electrical properties or color. 
New machines and devices for separating components of 
seed mixtures are be-ing developed, and the existing 
devices are being improved by focusing on differences in 
seed attributes, including their electrostatic properties [1-4]. 
Mixtures of plant seeds are separated based on not only 
differences in their physical and mechanical proper-ties but 
also on differences in their biochemical properties [5]. The 
chemical composi-tion of sorted materials also affects their 
electrical properties, including electric per-mittivity. An 
electric field can be used as a supporting method [6-8] to 
effectively re-move impurities and undesirable components 
that are difficult to separate from the seed mixture. Some 
separators rely on the electrical properties of mixture 
components, and an electric field may be additionally 
applied to facilitate cleaning and sorting pro-cesses [9-11]. 

In agricultural production and processing, electric and 
electromagnetic fields are applied mainly to stimulate plant 
growth and development [12, 13], and to prolong the shelf 
life of agricultural products [14, 15]. Seed mixtures can be 
also cleaned and sorted based on the electrical properties 
of mixture components [16]. 
 
Review of techniques for the electrical separation of 
seed mixture components 

Electrical separation techniques are applied in many 
industries, including the seed production sector, to separate 
the components (particles) of loose materials and divide 
them into fractions. The components of seed mixtures can 
be separated with the use of an electric field. In many 
separation devices, mixture components are divided into 
fractions in an electric field (electrostatic or corona 

discharge field). Electrical separa-tors can be generally 
divided into three categories: polarizing, ionizing, and bifilar 
separators [17]. 

Polarizing separators polarize the components of the 
processed mixture and ori-ent them in a given direction by 
inducing an external electric field. These devices fea-ture a 
positive and a negative electrode that are separated by a 
certain distance. In the most popular polarization 
separators, the positive electrode is a drum which receives 
the separated mixture from a hopper. The negative 
electrode consists of several cables that are distributed 
parallel to the drum’s generatrix and are positioned along its 
cir-cumference. The mixture is separated into fractions 
under the influence of electro-magnetic, gravitational, and 
centrifugal forces, as well as the interactions between a 
charged particle and the drum (the positive electrode). The 
separated particles behave differently, depending on the 
sum of the applied forces. The first fraction consists of 
large, heavy, and moist particles with high electrical 
conductivity, and these compo-nents are separated first 
from the positive electrode. The second fraction comprises 
light and dry particles which adhere to the drum’s surface 
for a longer time. The third fraction is composed of the 
lightest and driest particles which are removed from the 
drum with a brush [17].  

Ionizing separators rely mainly on the corona discharge 
effect. The corona effect is an electrical discharge caused 
by the ionization of gas molecules in the air. The gener-ated 
stream of electrons and ions creates a negative charge in 
an ionizing electrostatic separator. Negatively charged 
particles are attracted to the positive electrode, and they 
lose their charge upon contact with the electrode. Particles 
with high electrical conductivity quickly lose their charge, 
and they fall away from the positive electrode to form the 
first separated fraction. In turn, particles with low electrical 
conductivity are transported across a longer distance and 
are separated into different compart-ments to form 
successive fractions. Ionizing separators also feature a 
discharge elec-trode (an additional deflection electrode), 
and particles are separated based on differ-ences in 
electrical conductivity, dielectric permittivity, density, and 
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dimensions. An additional deflection electrode is used to 
increase the number of separated fractions [2, 18].  

Bifilar electrostatic separators feature bifilar-wound coils 
composed of numerous wires with alternating poles. Bifilar 
coils generate a non-uniform electric field. Parti-cles 
become polarized when placed in the electric field. Bifilar 
separators are also known as dielectric separators because 
particles are sorted into fractions based mainly on their 
dielectric permittivity. Bifilar separators feature drums or 
belts [19, 20]. 
 
Rationale for the study 

According to researchers, electrotechnology 
applications in the agri-food sector remain insufficiently 
investigated. The existing knowledge is incomplete and 
limited to analyzing biophysical changes induced by the 
stimulation of plant growth and devel-opment, facilitating 
food processing operations, extending the shelf life of agri-
food products, and measuring selected parameters of raw 
materials and products. The same applies to the use of the 
electrical properties of seeds in technological operations 
such as the cleaning and sorting of seed mixtures [21, 22].  

A review of the literature indicates that the described 
seed separation methods and techniques have important 
practical implications and can be used to design sepa-ration 
devices and plan separation processes. However, their 
industrial applications are limited. According to Łuczycka 
[23], electrotechnology is not widely used in agri-culture, 
and research into the electrical properties of seeds is scant 
and does not fully account for the complexity of the 
problem. Therefore, the present study was under-taken to 
fill this knowledge gap and provide comprehensive 
information about varia-tion in the electrical properties of 
cereal grains grown in Poland. This study was also inspired 
by an analysis of monographs dedicated to buckwheat [24] 
and rapeseed cleaning [25]. Konopka [24] investigated 
whether the kernels of gluten-containing ce-reals (rye, 
wheat, oats, and barley) can be separated from buckwheat 
nutlets. In turn, Choszcz [25] demonstrated that the 
effective separation of cleavers seeds from oilseed rape 
seeds is problematic. Both cited authors concluded that the 
analyzed seed mix-tures could not be effectively separated 
with the use of traditional methods and devic-es (sieves, 
pneumatic separators, grain graders, or combinations of 
these devices) due to considerable similarities in seed 
characteristics (geometric properties, aerodynamic 
properties, mass). 

Meanwhile, raw material purity is one of the most 
important considerations in seed and food production 
(including gluten-free products, flour, groats, and rapeseed 
oil), and this trait can significantly contribute to the 
advantage of a given raw material over others [26]. It was 
found that the components of mixtures used as research 
mate-rials in this study (rye, wheat, barley, oats, buckwheat, 
oilseed rape, and cleavers) are seeds characterized by 
different shapes that can be described with the following 
geo-metric figures: cereal kernels – spheroid, buckwheat – 
regular tetrahedron, oilseed rape and cleavers – sphere. 
The seeds of the above plant species also differ in 
morphology, anatomy, and chemical composition. 
Therefore, exposure to an electric field can induce variation 
in their behavior, thus improving separation efficiency and 
the quality of the processed raw materials [22, 27]. 
 
Aim of the study 

The aim of this study was to design and build a 
measuring instrument for ana-lyzing the impact of a uniform 
electric field on the behavior of rye, wheat, barley, oats, 
buckwheat, oilseed rape, and cleavers seeds. 

Design and structure of the measuring instrument 
The instrument for analyzing the behavior of seeds of 

selected plant species ex-posed to a uniform electric field 
features two parallel conductive plates which act as 
electrodes and a power supply system (Fig.1). The top and 
bottom capacitor plates (4) are poly(methyl methacrylate) 
(PMMA) plates (2) (external and internal), measuring 
150×100×6 mm. In the center, the capacitor plates are 
separated by brass plates (3) measuring 120×70×0.5 mm. 
All components were permanently fixed with glue. The 
capacitor plates were connected to a mains power source 
with a cable (7) [28]. 

 

 
Fig.1. Test bench components: 1 – handgrip, 2 – plates (external 
and internal), 3 – brass plate, 4 – capacitor plates (electrodes), 5 – 
distance plate, 6 – supports, 7 – cable connecting the top and 
bottom capacitor plates with the power supply system [28] 
 

 
Fig.2. Power supply system: 1 – step down transformer, 2 – voltage 
converter, 3 – high-voltage transformer, 4 – fan [28] 
 

The negative terminal of the high-voltage cable was 
connected to the top plate, and the positive terminal of the 
high-voltage cable was connected to the bottom plate, thus 
turning both plates into electrodes. Both plates were 
connected to the power cable with elongated terminals. The 
top plate is not mechanically connected to the bottom plate. 
As a result, the top plate can be freely lifted and removed 
(with the use of a handgrip (1)) to easily manipulate the 
analyzed objects. The distance between elec-trodes was 
set with the use of distance plates (5) that were glued on 
both sides of the bottom plate (width, 17 mm). This 
parameter was set based on differences in the length of 
cereal kernels (Konopka, 2006). The distance between 
electrodes should also enable the user to register the 
kernels’ longitudinal orientation relative to the lines of force 
in a uniform electric field. Supports (6) were glued to the 
bottom plate to ensure the in-strument’s stability during 
measurements. Distance plates and supports were also 
made of PMMA. Brass plates were connected to a high-
voltage power source with a voltage control range of 7-19 
kV. The main components of the power supply system are 
presented in Figure 2. The control panel of the power 
supply system (main compo-nents) is presented in Figure 3 
[28]. 
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Fig.3. Setting the voltage between the capacitor plates (electrodes) 
on the external control panel: 1 – power switch, 2 – knob for 
adjusting initial voltage, 3 – digital panel displaying output voltage 
[28] 
 

The instrument is connected to mains power and turned 
on by pressing the main power switch (5) (Fig.4). 
Alternating current flows to the step down transformer, 
where the voltage of the incoming current is reduced from 
230 V to 12 V. The voltage converter changes the voltage 
supplied to the primary winding of the high-voltage 
transformer. The primary winding of the high-voltage 
transformer is activated by pressing the high-voltage switch 
(8). The high-voltage transformer is connected to a rectifier, 
and it transmits high voltage to the electrodes (brass plates) 
glued in between the capacitor plates (1 and 2). The output 
voltage supplied to the plates is controlled manually with a 
knob (6) and displayed on a digital display (7) on the main 
control panel of the power supply unit (4). The output 
voltage can be controlled to the nearest 0.1 kV. The power 
supply system is cooled with a built-in fan. The device has 
the form of a flat capacitor, and the studied objects are 
placed in the space between the elec-trodes. When the 
device is turned on, a uniform electrostatic field with vertical 
lines of force is generated between the electrodes. The field 
exerts force on objects placed be-tween the platers. The 
intensity of the electric field can be modified in the 
estimated range of 400-1100 kV/m [28]. 
 

 
 
Fig.4. General view of the test bench: 1 – top capacitor plate, 2 – 
bottom capacitor plate, 3 – cable connecting capacitor plates with 
the power supply unit, 4 – power sup-ply case, 5 – main power 
switch, 6 – knob for adjusting initial voltage, 7 – digital panel 
displaying the output voltage, 8 – high-voltage switch [28] 
 
An additional brass plate (Fig.5) (measuring 150×75×0.5 
mm) was connected to ground to remove electrical charges 
accumulated in the studied objects and to reuse the same 
objects in successive trials (the seeds of the analyzed plant 
species were ar-ranged in different configurations between 
the plates). 
 

 
 
Fig.5. Brass plate for removing electric charge during 
measurements [28] 
 
Conclusions 
The proposed instrument for analyzing the behavior of 
seeds of selected plant species in a uniform electric field 
can be used in the processes of cleaning and separat-ing 
seed mixtures to enhance the quality of agricultural raw 
materials. In the described solution, seeds are separated 
into fractions based on their electrostatic properties, ra-ther 
than differences in their anatomical structure, morphology, 
or chemical composi-tion. The device can minimize 
changes in the settings of other separation devices (such as 
the number of sieves with different mesh sizes). The 
intensity of the electric field (voltage between the plates) 
can be controlled, and objects with different size and mass 
can be arranged in various configurations. Therefore, the 
described approach can be used to separate various types 
of loose materials. 
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