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[bookmark: _GoBack]In agriculture, dormancy (also known as dormition) is identified as the period in the biological cycle of an organism in which growth, development and physical activity is temporarily suppressed, with the purpose of efficiently reducing metabolic activity contributing to the conservation of energy. In this sense, the objective of this work is to present to the international scientific community, an electromagnetic irradiation equipment, which, by means of the treatment of botanical seeds, has allowed an increase in productivity in biomass of annual crops. For its construction, pre-experimental and validation tests were carried out, sketches and design of plans of the team. Thus, it is that, by means of a touch screen and an electronic operation controller, the gearmotors are regulated and the operation of variables can be programmed, such as: the speed of the conveyor belt and the exposure time. In this way, the invention equipment is made up of mechanical, electronics and electromagnetic devices. The mechanical part fulfills the functions of support, reception of botanical seeds, dosing and transport, this last, made of insulating and / or dielectric material; the electronic components used to control the current, voltage and power of the equipment; whereas, the electromagnetic part is constituted by electrical circuits, power source and coils generating electromagnetic waves, connected and manipulated through an interface that has a variable control system from a programmable digital board. With the above, a patent was obtained (NC2019/0002674), being a functional equipment that allows to treat botanical seeds and eliminate dormancy, as well as increase productivity in biomass, especially by stimulating the synthesis of photosynthetic pigments in leaves.
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Introduction
A reality in current times is the adverse effects of climate change, which beyond what we can see in terms of changes in temperature and precipitation in the various regions of the planet, projected to affect biotic systems (Yoon et al., 2021). It is not only about the reduction in biomass production per surface unit, but also about its quality for different uses, whether industrial or direct use by humans (Zhao et al., 2020). Thus, it is imperative for current and future society to have technologies that help mitigate the effects, visible or not, of climate change. On the other hand, it should be noted that over a long period of time the negative effects mentioned above have been minimized, with respect to climate change on biological systems, through the use of genetic crosses, obtaining hybrid cultures, cloning processes, as well chemical and phytohormonal treatments on plant material (Sánchez-Soto et al., 2017). Today, other studies that have become relevant correspond to the determination of the effects of electromagnetic fields on orthodox seeds (Anaya et al., 2015). For this reason, the objective of these studies was to investigate how the effects could vary according to two exposure parameters: the intensity of the field (electromagnetic induction) and time. Among the first studies on the effects of this physical agent on plant tissues is the work of Sawostin in 1930, which investigated the incidence of 700 mT magnetic fields on physiological parameters and certain physiology at the cellular level in Nitella flexilis L. (Ortiz-Aguilar et al., 2015, cited by Suárez-Rivero D. et al., 2018). This is how, with the development of previous research, the creation of a machine was achieved that allowed treating orthodox seeds with electromagnetic fields and thus enhancing variables of growth, development and productivity, with low environmental impact, but with a high positive impact on production.

Material and methods
Based on preliminary studies aimed at characterizing the effect of electromagnetic fields on growth, development and productivity processes in cultivable plants, a functional equipment was designed for the generation of electromagnetic waves with their respective application in agriculture and linkage to biomass production. This invention relates to an electromagnetic energy irradiation equipment assembly for the treatment of botanical seeds in general and those in a state of dormancy. The designs were made in AutoCAD®, software that was used for Computer Aided Design (CAD) obtaining plans precise 2D as a result. For the construction of the equipment, the use of non-magnetic materials was considered, such as aluminum, acrylic and polymeric materials.

Results and discussion
The invention reported in this article (Patent granted by the Superintendence of Industry and Commerce of Colombia (SIC) with File Reference N° NC2019/0002674) consists of a novel device that allows the application of electromagnetic fields on botanical seeds, which they interact with the lines of force of these fields, cutting them so that the collapse of the fields generates electromagnetic lines, providing control mechanisms and feedback sensors in the device; in addition, an oscillation frequency of the electromagnetic fields with a specific time and intensity appropriate to their applications according to each plant species to be treated. Additionally, the invention is constituted as a piece of equipment capable of generating positive changes in the physiology of the seed, which allow accelerating the germination, growth, and development of cultivated plants. This equipment is made up of a mechanical part and an electromagnetic part. The mechanical part has the function of supporting, receiving, dosing and transporting the seeds, made of insulating and/or dielectric material; while the electromagnetic part is made up of electrical circuits, a power source, generating coils of the electromagnetic field and a programmable control board. It should be noted that this equipment is easy to operate and mobile.
Next, the equipment is described with its different parts, understanding that the numbers observed designate the parts in the different figures of the drawings, in which:

Figure 1 shows a general perspective view of the apparatus as well as its dimensions expressed in meters (m).[image: Diagrama, Dibujo de ingeniería
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Figure 1: Front and side view of the machine
In the same way, each of the parts of the invention with its function within the machine is detailed by means of figures:
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Figure 2: Seed reception hopper with discharge flow regulation
Figure 2 shows the seed reception hopper built in stainless steel. This one has 120 mm per each side at the top and 60 mm at the bottom. Right at the bottom there is a gate to regulate the flow of seed that enters the next component.
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Figure 3: Adjustable seed dispenser according to their size
Figure 3, right part, illustrates the seed dispenser (dispenser adjustable according to the type of seed to avoid jamming and universality of use of the machine) that feeds the third component, this allows feeding according to the programmed speed (on the touch screen) and according to the blades of the built-in reel. Additionally, the left part of the figure shows the dispenser jacket, made of stainless steel and which, in addition to protecting the dispenser, has the function of homogenizing the quantity of seeds to be served on the conveyor element.
[image: Diagrama, Dibujo de ingeniería
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Figure 4: Seed transport system

The seed transport system seen in Figure 4 is made up of a conveyor belt made of polystyrene. Additionally, it has a controllable geared motor and a non-magnetic aluminium frame. The speed of the band is adjustable by means of a touch screen in a range that goes from 0.01 mm/s to 60 mm/s. That is to say, as an example, for a length of 600 mm (60 cm), with the minimum speed value, this route will be achieved in a time of 16.66 h, on the contrary, if the maximum speed of 60 mm/s, this same path (60 cm) will do it in 10 s (the invention has intermediate speeds that can be typed on the touch screen).
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Figure 5: Adjustable seed dispenser according to their size
As a complement to the elements described in Figure 4, Figure 5 shows an acrylic frame (non-magnetic material) as an insulator of the internal body of the machine where the electromagnetic field is generated, supported on four aluminium posts (with wheels) that support the whole invention. Additionally, on the right side of the illustration you can see a small hopper, which has the function of receiving the electromagnetically treated material. The two holes that can be seen in the upper part of the acrylic frame are used to introduce sensors for electromagnetic and temperature monitoring inside the device.
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Figure 6: Electromagnetic field generating coils
For its part, Figure 6 shows the two circular coils (front and side view) that generate the electromagnetic field, although it is noteworthy that this has also been generated by means of coils or solenoids regardless of their type. The functional characteristics of the EMF generator circuit are described below.
In this sense, the artificially created electromagnetic fields from electronic circuits (interconnection of voltage sources, capacitors, resistors, coils, switches and semiconductors) interconnected, allowing the generation of electromagnetic waves, whose theoretical foundation is Maxwell's Laws, with the purpose of macroscopically describing the interaction of static or time-invariant loads and dynamic or time-varying loads. Said component arrangements create from one conductive loop to many of them, an intensity of electrostatic force, field and lines of force. As well as, the arrangement of sheets in parallel (similar to a capacitor) separated by an insulator, generating an electric dipole. The generation of electric dipoles, either from coils or sheets, creates a central field.
As a result of studies, the magnetic field has a mathematical basis carried out by authors such as Charles-Augustin de Coulomb (1736-1806), Carl Friedrich Gauss (1777-1855), André-Marie Ampère (1775-1836) and Michael Faraday (1791-1867) among others, which have allowed the work and application in the different study areas, which are used to determine the flux density and intensity of the field that is required. The magnetic flux density B in free space is related to the field strength from Eq 1.
                                                                                                                                                              (1)
Where  is known as the permeability constant in free space and equal to a .
Additionally, H is defined as the magnetic field intensity Eq 2. 
                                                                                                                                                   (2)
Eq 3. The following equation is used to find the magnetic field in the arrangement of coils proposed in the prototype:
                                                                                                                                                       (3)
Where: 
. Permeability in free space
Current applied to the electronic device
 Number of turns
 coil height

With the above, we have the two basic models of coils used and shown in Figures 7 and 8, highlighting in both cases the direction of the lines of force of the electromagnetic field. 
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Figure 7: Behaviour of the electromagnetic field of the technological prototype
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Figure 8: Behaviour of the electromagnetic field of a coil
It is important to highlight that the intensity of the electromagnetic field is controlled from a power source that can be seen in Figure 9. The distance between the two coils is adjustable and the conveyor belt passes through their center, from the point of reception (delivery by the dispenser) to the discharge point (reception hopper). 
[image: Un horno de microondas
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Figure 9: Power source
Figure 10 shows the control panel of the device. From this, the functionality of the dispenser and the speed of the conveyor belt are controlled (see description of the speed of the belt in the description of Figure 4). 
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Figure 10: Touch control panel (image on the left) and electrical system (image on the right)
On the other hand, Figure 11 shows the electrical plan of the device, which guarantees all the functionality and concordance between the different phases of the electromagnetic induction process.
[image: C:\Users\marin.olga\Desktop\DOCUMENTOS 2018\DOCUMENTOS PATENTE 2018\PATENTE\plano por partes\VISTA FRONTAL Y LATERAL\plano eléctrico.jpg]
Figure 11: Electrical system of the device
In this way and by means provided by the invention, in the described operation, the electromagnetic fields are obtained, which are induced, and which allow reaching a useful intensity for the objects of the invention. With this induced electromagnetic energy, the volume of seeds in translation on a conveyor belt is influenced, finding that it positively affects growth and development patterns. The invention that has been described, for one of its forms, is applied in the treatment of seeds used in agriculture and gardening, since it is possible with the device subject of the invention, to have electromagnetic fields necessary in intensity and duration, to obtain seeds with a higher germination potential, as well as higher growth and development indicators (see Physiological indices evaluated in previous articles such as those described by Ortiz-Aguilar et al. (2015) cited by Suárez-Rivero et al. (2017 and 2018).
Conclusions
Although the present invention is described in relation to particular embodiments thereof, it will be understood that numerous modifications may be made by those skilled in the art without actually departing from the scope of the invention. Therefore, modifications and equivalents can be resorted to that fall within the scope of the invention. Having sufficiently described the nature of the invention, as well as the way of operating it in practice, it should be noted that the provisions indicated above are susceptible to detailed modifications as long as they do not alter their fundamental principle. The speed is adjustable through the touch screen in a range that goes from 0.01 mm/s to 60 mm/s. This means that, for example, for a length path of 600 mm (60 cm), with the minimum speed value, this path will be achieved in a time of 16.66 hours, on the contrary, if the maximum speed of 60 mm/s is taken, this same route (60 cm) will do it in 10 s. Therefore, the exposure time of the seed to electromagnetic fields will depend on the type of seed and its morphological and physiological characteristics.
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