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APRESENTACAO

O livro “Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e
Engenharias” de publicacédo da Atena Editora apresenta em seu primeiro volume 35
capitulos relacionados tematicas de area multidisciplinar associadas a Educacéo,
Agronomia, Arquitetura, Matematica, Geografia, Ciéncias, Fisica, Quimica, Sistemas
de Informacgéo e Engenharias.

No ambito geral, diversas areas de atuacdo no mercado necessitam ser
elucidadas e articuladas de modo a ampliar sua aplicabilidade aos setores
econdmicos e sociais por meio de inovagdes tecnolbdgicas. Neste volume encontram-
se estudos com teméaticas variadas, dentre elas: estratégias regionais de inovacéo,
aprendizagem significativa, caracterizacao fitoquimica de plantas medicinais, gestao
de riscos, acessibilidade, analises sensoriais e termodinamicas, redes neurais e
computacionais, entre outras, visando agregar informacdes e conhecimentos para a
sociedade.

Os agradecimentos do Organizador e da Atena Editora aos estimados autores
que empenharam-se em desenvolver os trabalhos de qualidade e consisténcia,
visando potencializar o progresso da ciéncia, tecnologia e informacao a fim de
estabelecer estratégias e técnicas para as dificuldades dos diversos cenarios
mundiais.

Espera-se com esse livro incentivar alunos de redes do ensino basico, graduacéao
e pos-graduacdo, bem como pesquisadores de instituicdes de ensino, pesquisa e
extenséo ao desenvolvimento estudos de casos e inovagdes cientificas, contribuindo
entdo na aprendizagem significativa e desenvolvimento socioeconémico rumo a
sustentabilidade e avancos tecnologicos.

Cleberton Correia Santos
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CAPITULO 7

STATIC MAGNETIC TREATMENT OF IRRIGATION
WATER ON DIFFERENTS PLANTS CULTURES
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Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias

IMPROVING DEVELOPMENT

(UFMS)
Campus Chapadao do Sul - MS, Brasil

ABSTRACT: The need of increase food
production in Cuba has to look for cultivation
methods and tools to develop this sector in
the country. Among these techniques is the
application of magnetically treated water (MTW)
or magnetic fields (MF) in the stimulation of the
development of different crops. This work shows
a part of the research that has been carried out
in Cuba related to the application of MTW and
MF in agriculture. It was compiled the main
results obtained in studies with medicinal plant
and vegetable cultures. The beneficial effects
of MTW and MF application were observed
on different plant species of economic interest
as Rosmarinus officinalis L. (Lamiaceae)
and Solanum lycopersicum L. (Solanaceae).
Responses varied according to plant species,
magnetic inductions and exposure times tested,
as well as in function of different experimental
conditions (in vitro, greenhouse and field).
Results evidenced the potential of MTW and
MF techniques in the plant development and,
consequentely, in productivity and survival of
different plant species; thus a simple technique
and without eletric energy consumption.

KEYWORDS: magnetically treated water,
vegetables, magnetic field, medicinal plants,
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static magnetic field.

TRATAMENTO MAGNETICO ESTATICO DA AGUA DE IRRIGACAO EM
DIFERENTES CULTURAS DE PLANTAS MELHORAM O DESENVOLVIMENTO

RESUMO: Em vista da necessidade de aumentar a producéo de alimentos em Cuba,
a procura por métodos e ferramentas de cultivo visa ao desenvolvimento da agricultura
no pais. Dentre essas técnicas esta a aplicacdo de agua tratada magneticamente
(ATM) ou campos magnéticos (CM) na estimulacédo do desenvolvimento de diferentes
cultivos. Esse trabalho mostra uma parte das pesquisas que tém sido realizadas em
Cuba, relacionadas a aplicagdo de ATM e CM na agricultura. Foram compilados os
principais resultados obtidos em experimentos com plantas medicinais e hortalicas.
Verificou-se o efeito benéfico da aplicacdo de ATM e CM em diferentes espécies vegetais
de interesse econémico, como Rosmarinus officinalis L. (Lamiaceae) e Solanum
lycopersicum L. (Solanaceae). As respostas variaram conforme a espécie vegetal, a
induc&o magnética e os tempos de exposi¢ao, assim como, em funcao das diferentes
condi¢cdes de experimentacao (in vitro, casa de vegetacdo e campo). Os resultados
mostraram o potencial que tem a aplicacdo de ATM e CM no desenvolvimento vegetal
e consequentemente no aumento da produtividade e sobrevivéncia de diferentes
espécies vegetais; sendo uma técnica simples e sem consumo de energia elétrica.
PALAVRAS-CHAVE: agua tratada magneticamente, hortalicas, campo magnético,
plantas medicinais, campo magnético estatico.

11 INTRODUCTION

Climate changes may resultin increases in temperatures with severe heatwaves,
alteration in rainfall patterns, affect a variety of factors associated with drought; as well
the disruption of the water cycle (SCHIERMEIER, 2018). These changes decrease
water availability for irrigation causing negative impacts on agricultural sector and
reduce productivity. The water is a crucial source for the ecologic relationship and
agricultural systems. Large quantities of water are used in crop production (PIMENTEL
et al., 2004). Long term and frequent droughts and competing water demands in most
parts of the world have caused pressure on water resources and is a limiting factor
in the initial phase of plant growth and establishment (YADOLLAHPOUR et al., 2014;
BAGHEL et al., 2018). Therefore new strategies to reduce consumption of water is
highly desirable.

Among the measures applied in agriculture to mitigate the effects of water
shortages is the use of magnetic fields (MFs) in irrigation water of plant crops.
Magnetically-treated water (MTW) is a promising agricultural technology, offering a
wide range of benefits: removal of excess soluble salts/desalinization, lowering of
pH values, and the dissolving of slightly soluble components such as phosphates,
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carbonates and sulfates (ZLOTOPOLSKI, 2017). Various studies have revealed that
magnetic treatment of irrigation water can conserve quantity and quality of water
and crop yield (MENDEZ et al., 2005; HERNANDEZ, 2010; BOIX et al., 2012;
DUBOIS et al., 2013; AGUILERA AND MARTIN, 2016; NYAKANE et al., 2018).
Pang et al. (2012) demonstrated when water is exposed to MFs, the macroscopic
properties of magnetically treated water are due to the variations of distribution
and microscopic structures of water molecules. For example, the distribution of
electrons, displacements of atoms and polarization of molecules, dipole-moment of
transition and vibrational states of molecules, under the action of MF. Also in Pang’s
theory, showed the treatment in the water is thought to be caused by the changes of
distribution and features of water molecules arising from the magnetic interactions
among the “molecular electric current” elements, which is generated by the proton
conductivity in the closed hydrogen-bonded chains of water molecules under the
action of Lorentz force of the MF, based on the theories of proton conductivity in
hydrogen bonded systems of ice, if water is exposed to a MF. These effects can be
measure by infrared specitra.

Many plant species have subjected to irrigation with MTW, varying expositions
times, magnetic induction, and magnetic advises. According to Maffei (2014) it
proposes that positive effects are promoted in the growth and development of many
crops such as Glycine max L., Zea mays L., Vicia faba L. (Fabaceae). Reports show
that exposure to MF improve physiological and morphological features of plants
(SHINE et al., 2011). Magnetic field also have applied as strategies to enhance
secondary metabolite production (SHANG et al., 2004; BOIX et al., 2016; 2018)

In Cuba, the magnetic field (MF) was used in agriculture from the year 1990
onwards. Different researches allowed to corroborate the beneficial effects of the
application of MF in in vitro (ALEMAN et al., 2018) and field conditions (MENDEZ et
al., 2005; HERNANDEZ, 2010; BOIX et al., 2012; DUBOIS et al., 2013; AGUILERA
and MARTIN, 2016; AGUILERA et al., 2018), and thus recommended their use in
different systems of food production.

The foundation of National Center for Applied Electromagnetism (CNEA), in
Cuba, allowed the targeting of researches, protocols and methods aimed at the
applications of magnetic fields in plant systems. In this institution every two years
there is a meeting that has been internationally recognized by the wide participation
of Cuban and foreign researchers related to this theme. Thus, the applications of
magnetic fields result in a sustainable strategy that allows the increase of horticultural
productions in the conditions of Cuba and other countries such as Russia, India,
China, Japan and Australia.

Magnetic field is and efficient and eco-friendly technology based on physical
treatments. This study gather culture plants subject to effects of water irrigation with
static magnetic field (SMF) - experiences in Cuba, as one of the techniques that
improve plant development and, consequently, productivity with low disturbance to
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the environment.

2| MATERIAL AND METHODS

The experimental work was carried out in different production systems such
as greenhouse, protected crop houses, experimental plots, in association with the
Centro Nacional de Electromagnetismo Aplicado (CNEA), National Center for Applied
Electromagnetism, that belongs to the University of Oriente (UO) in Cuba.

The CNEA is an Entity of Science, Technology and Innovation, attached to the
Universidad de Oriente. ltsmissionistoinvestigate, innovate and develop technologies,
applying electromagnetism to achieve impacts in industry, health, the environment
and agriculture. Specifically for use in agriculture, devices for electromagnetic field
(EMF) treatment are designed, constructed and characterized. Among the devices
that generate EMF are the permanent magnet conditioners according to the protocol
of (GILART et al., 2013), they generate a static magnetic field (SMF), stationary or
constant, with a frequency of 0 Hz and different magnetic inductions (Figure 1, Table
1)

This study was evaluated with two treatments: 1) irrigation water without magnetic
treatment (control) and another with irrigation water treated with SMF (Figure 1). The
magnetic conditioner employed was built and rated CNEA. Magnetic induction (mT)
of irrigation water varied in different crops (Table 1). The application of this technology
and evaluation of plant development followed methodologies of the good practices,
the time of irrigation was 30 minutes, twice a day, accompanying every productive
cycle. Plants studied are popularly used as medicinal or in food preparation.
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Figure 1. Cultures subject to irrigation treated with static magnetic field. A. Magnetic conditioner
with permanent Iman: N — North and S- South pole. B. Culture of Origanum majorana irrigated
with water treated magnetically (WTM) (100-150 mT). C. Culture of Rosmarinus officinalis
(rosemary) irrigated with WTM (100-150 mT). Arrows indicate garden hose.

3 | RESULT AND DISCUSSION

The development of practices that contribute to the best use of water in the
present times is necessary, in the face of the challenges associated with climate
change. Cuba as an island located in the Caribbean Sea with a tropical climate,
maintains a constant effort to develop agriculture in the middle of the limitations that
the country has today. This development is only possible if practices are applied that
improve the use of the soil and the water resource, associated with management
practices that potentiate the agricultural production. Based on this need, the use of
magnetic fields is an important tool that has been implemented in several sectors of
the economy, with agriculture being one of the most striking results.

The main results obtained in experiments with the application of magnetically
treated water are shown in Table 1. Several species of plants were evaluated in
works that have been conducted since 1990 until today, carried out by a group of
researchers mainly of the CNEA and the Institute of Investigations Jorge Dimitrov,
both research centers renowned nationally and internationally.

The work carried out has been focused on crops of national and strategic
interest, such as tomato, coffee, pineapple, and medicinal plants (Table 1). Several
combinations of magnetic induction and exposure times were evaluated in the
different cultures, and the responses were dependent on the culture, which at one
point requires more than one test to determine the best treatment. The magnetic
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inductions employed in the works that are sampled in Table 1 ranged from 2 to 200
mT. The works were carried out in several conditions, highlighting evaluations in in
vitro conditions, greenhouses and field. Among the crops the most explored has been
the tomato, with experiments ranging from the stimulation of the seed to stimuli in the
field production and controlled conditions.

When considering the variables tested, it is possible to observe how certain
variables related to the vegetative, productive and enzymatic development of
different crops were obtained, all of them positive effects when compared to the
magnetic treatment in the irrigation water and the treatment direct from seeds in
relation to control. Among improve features in plant development, we indicate the
height of shoot, quantity of trichomes, variation in primary and secondary metabolites
production as terpenes, carbohydrates, and phenolic compounds. The magnitude
of the effects obtained is variable and in response to the combination of magnetic
inductions, exposure times, plant species and type of treatment (treated water or
direct magnetic field).

Changes in the physicochemical properties of MTW affect directly or indirectly
several physiological processes in plants, altering responses to growth and
development (ZUNIGA et al., 2016). All the experiments show the potential of this
technique of applying magnetic fields in the development of the productive potential
of crops with the use of this simple technique but energy consumption.

Plant species _ Maqnetlc Effects Production Reference
(Family) induction (mT) system

Adenanthera pavonina L Increase in the survive; MEDEIROS
(Fabaceae) p " ~95 diameter and height of Green house RAPOSO et

shoot al., 2013; 2014
Rosmarinus officinalis L. 100-150 Major number of trichomes Exoerimental plot BOIX et al.,
(extracts) (Lamiaceae) and chemical compounds P P 2018
Rosmarinus officinalis L. 100-150 Increase of volatile Experimental plot BOIX et al.,
(extracts) monoterpenes 2016
Justicia pectoralis Jacq BOIX et al
(Acanthaceae) 60 High survival rate (7.8%) Production crop 2012 v
Solanum lycopersicum L. i Increase of secondary DUBOIS et al.,
(extracts) (Solanaceae) 80-150 metabolites. Green house 2013
Spathoglottis plicata BI. . . : AGUILERA et
(Orchidaceae) 120 High survival rate Experimental plot al., 2018

Acceleration of seed

germination with 36%
Solanum Iveopersicum L more; stimulation of AGUILERA

0o yeop 120 height of plant with 97% Green house and MARTIN,

hibrido FA-516 )

more; 12% more to shoot 2016

diameter and 5% for the

number of leaves.

Reduction in 5% of fungal &
Solanum lycopersicumL.  50-150 disease (Oidium sp.); Green house I2-|(I)E1I?)NANDEZ,

increase in weight of fruits
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Origanum majorana L. 100-150
(extracts) (Lamiaceae) carbohydrate metabolites

Increase of phenols and Exoerimental plot FERREIRO et
P POt a1, 2018

Table 1. Different plant species cultivated with water-Static Magnetic Field (SMF).

CONCLUSIONS

The irrigation water with SMFs is a technology very important to reduce the
consume of resource water, and increase the production crop and quality in different
plant species. Also, allows an increase in stem length between 10-30%; increase in
the number of fruits between 2-3%, greater weight of the fruits (8-15%); Increase in
production (2-25%); increase in germination (10-45%); reduction of germination time
(5-30%); increased concentration of photosynthetic pigments (3-15%) and secondary
metabolites with different chemical structure.

Irrigation with MTW results in positive responses to increase crop productivity, at
different stages of plant development, from germination to flowering, also considering
plant metabolism.
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