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APRESENTACAO

Este e-book intitulado: “Ciéncia, Tecnologia e Inovagdo: A Nova Produgdo do
Conhecimento 2” é composto por vinte e nove capitulos de livros que foram organizados
e divididos em trés grandes areas tematicas: (/) ferramentas tecnoldgicas aplicadas na
educacgao e outros seguimentos; (i) agroneg6cio, meio ambiente e extragcdo de produtos
naturais para diferentes aplicagdes e (ii) economia solidaria e saude.

A primeira tematica € constituida por onze trabalhos na qual se avaliou a importancia
das ferramentas tecnologicas voltadas para o processo de ensino-aprendizagem na
educagao basica e superior durante o periodo de pandemia do COVID-19, no qual se
destaca as vantagens que o ensino remoto pode proporcionar, bem como demonstrou
um problema grave: a falta de pré-requisitos em relag@o para potencializar o uso de tais
ferramentas. Além disso, apresenta trabalhos que prop&e o uso da tecnologia por intermédio
da inovacao tecnoldgica no setor publico; o uso de novas ferramentas no seguimento
automotivo e outros setores e os efeitos da computagdo no dmbito profissional e no atual
cenario pandémico pela qual assola o mundo.

O segundo tema é formado por doze trabalhos que se inicia com um trabalho que
relata o pioneirismo do estado da Bahia na criacdo da fundacdo de amparo a pesquisa
neste estado e a importancia do ilustre Anisio Teixeira para o desenvolvimento cientifico e
tecnoldgico do estado e de todo o Brasil. Posteriormente, sdo apresentados dois trabalhos
que tratam da importancia da cultura organizacional e uma andlise critica das Startups no
setor de agronegécio. Em seguida sdo apresentados trabalhos experimentais que abordam:
i) a utilizacdo de produtos naturais como fonte de obtencéo de corantes naturais, bebidas
(chas), principios ativos para agéo flngica e obtencéo de 6leo essencial para a producao
de hidrogéis; i) influéncia do campo magnético na germinacdo de sementes de café e
determinacao do teor de ferro em feijao e ii)) estudos voltados para reciclagem de materiais
eletrénicos, remogéo do farmaco paracetamol utilizando membranas e relacdo do uso de
pesticidas com a diminuicdo e extingdo de espécies de abelhas.

Na terceira e ultima teméatica séo apresentados seis trabalhos que fazem referéncia
a: i) importancia do conjunto da Pampulha como patriménio cultural do Brasil e do mundo;
ii) contexto e importéncia do desenvolvimento da economia solidaria para as diferentes
classes sociais que ndo possuem atengéo e interesse por parte do poder publico e ii) a
importancia de uma maior humanizag¢ao nos cuidados paliativos a pacientes e a reviséo de
estudo em relagdo a sensacgdo da presenca de membros do corpo que foram amputados
(membros fantasmas).

Neste sentido, a Atena Editora vem trabalhando e buscando cada vez mais a
exceléncia em publicagdo de livros e capitulos de livros de acordo com os critérios
estabelecidos e exigidos pela CAPES para obtengéo do Qualis L1. Com o compromisso de



colaborar e auxiliar na divulgacao e disseminagéo de trabalhos académicos provenientes
das inumeras instituicdes de ensino publicas e privadas de todo o Brasil, a Atena Editora
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MAGNETIC FIELD IN COFFEE SEED GERMINATION
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ABSTRACT: The effective production of coffee
seedlings faces many challenges, including
seed germination. Therefore, a reduced seed
germination period can be one of the most
relevant contributions to enhance the testing and
production of robust seedlings. The objective
of this research was to evaluate the effects of
a constant magnetic field on the germination of
coffee seeds (Coffea arabica L.). The analyses
were performed using a biospeckle laser (BSL)
in conjunction with traditional seed viability tests.
The coffee seeds were subjected to magnetic
fields of constant intensity at values of 10 mT

Ciéncia, Tecnologia e Inovacao: A Nova Producao do Conhecimento 2

and 28 mT for a time interval of 6 days during
their germination process. The embryo region
was illuminated, and the images obtained by the
BSL were processed. The activity levels of this
region were compared with the data obtained
using traditional physiological seed analysis. In
addition to the results of BSL activity, the results
of the seed analysis, such as isoenzymatic
catalase (CAT), esterase (EST), superoxide
dismutase (SOD), malate dehydrogenase
(MDH) and endo-B-mananase, membrane
integrity, germination, germination speed
index (GSI), emergence speed index (ESI),
and radicular protrusion levels, were obtained
during the germination process. In conclusion,
magnetic pretreatment with both intensities
during the first six days of germination improved
the permeability of the cellular membranes
and advanced the activation of the antioxidant
system, thus promoting faster and more uniform
seed germination.

KEYWORDS: Magnetism, breaking dormancy,
BSL.

CAMPO MAGNETICO NA GERMINACAO
DA SEMENTE DE CAFE

RESUMO: A producao de mudas de café para o
plantio apresenta diversos entraves sendo talvez
o longo periodo de germinacdo das sementes
um dos principais. A minimizacao do intervalo de
tempo de germinacéo traz inUmeros beneficios
como, por exemplo, a disponibilizacdo das
mudas para plantio na melhor época do ano.
Nesta pesquisa, objetivou-se avaliar os efeitos
da aplicacao de um campo magnético constante
sobre a germinacdo de sementes de café
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(Coffea arabica L.). As analises foram realizadas por meio do Biospeckle Laser (BSL)
consorciadamente aos testes tradicionais de viabilidade de sementes. As sementes de café
foram submetidas a campos magnéticos de intensidade constante e valores de 10 mT e 28
mT por um mesmo intervalo de tempo de 6 dias durante seu processo de germinacédo em
germinadores. lluminou-se a regido do embrido e as imagens obtidas pelo Biospeckle Laser
foram processadas e, em seguida, os resultados dos niveis de atividade desta regido foram
posteriormente comparados com os dados obtidos pela anélise fisiologica tradicional de
sementes. Além dos resultados de atividade do BSL, foram obtidos resultados das analises
de sementes durante o processo de germinagdo, tais como: isoenzimatico - catalase
(CAT), esterase (EST), superéxido dismutase (SOD), malato desidrogenase (MDH) e endo-
B-mananase -, integridade de membranas, germinacgéo, indice de velocidade de germinacao
(IVG), indice de velocidade de emergéncia (IVE) e protrusdo radicular. Concluiu-se que
o pré-tratamento magnético com ambas intensidades durante os primeiros seis dias de
germinacédo, propiciou uma melhora na permeabilidade das membranas celulares, uma
ativagdo precoce do sistema antioxidantes, além de promover uma germinagéo mais rapida
e uniforme das sementes.

PALAVRAS-CHAVE: Magnetismo, quebra de dorméncia, BSL.

INTRODUCTION

Currently, coffee plants are exploited for shorter time periods, and when they become
older and less productive, they are replaced by new plants. The replacement of a coffee
plant for a more efficient plant isa designated process of coffee renewal (Matiello; Garcia;
Almeida, 2009). One of the largest obstacles for renewingcoffee plants is the slow germination
of coffee seeds, whichgreatly compromises the dynamics of this process.

The slow germination of coffee seeds coupled with the quick loss of germination
power creates situations inwhich the results of germination tests may no longer reflectthe true
physiological state of the seed to be planted (Dias; Silva, 1986), and their predisposition to
pathogen attacksseriously impairs germination.

Eira et al. (2006) noted that the loss of germination power in coffee seeds is due to
changes imposed on the structure of the cell membranes, with consequent loss inselective
permeability though exposure to high or very low temperatures, variations in air moisture,
and injuries to the seeds. In this sense, pregerminative treatments have beenused as an
alternative to increase germination uniformityand speed (Guimaraes et al., 2013).

Recent studies have addressed the positive influence of magnetic fields (MFs) on
seed germination (Baghel; Kataria; Guruprasad, 2016; Igbal et al., 2016; Baghel; Kataria;
Guruprasad, 2017). Despite the observed influence of MFs on seeds, an increased
knowledge of the effect of MFs in seed physiology is required (Silva; Dobresnski, 2016).

The magnetic pretreatment of coffee seedsto optimize germination is still an
emergent process. Aleman et al. (2014) analysed the effects of magnetism on seedlings at
different developmental stages and concludedthat the application of an electromagnetic field

Ciéncia, Tecnologia e Inovacao: A Nova Producao do Conhecimento 2 Capitulo 15 m



promotedan increase in nutrient absorption from the culture medium. This conclusion was
directly correlated with cellmetabolism and the energy production necessary for celldivision
to increase seedling size and development.

Magnetic pretreatment is known as magneto- priming and is used to enhance the
germination and vigour of seeds (Rathod; Anand, 2016). Therefore, it is considered an
alternative to traditional methods based onchemical products, which are expensive and require
human intervention (Araujo et al., 2016).

The main hypothesis of this work is that coffee seeds treated with an MF demonstrate
improved germination. Thus, this work exposed coffee seeds to a continuous MF, varying
its intensity on two treatments and monitoring the process through traditional tests anda

nondestructive optical method.

MATERIAL AND METHODS

Biological material

The coffee seeds used in this work were Coffea arabica L., cultivar Catuai Vermelho
144, from the 2017 harvest, sieve 19. All seeds were harvested while in the cherry stage
and subsequently mechanically pulped, with the mucilage removed by fermentation in
water. The endocarps were removed manually. The seeds were subjected to a magnetic field
for 6 days(Vivas et al., 2016) within a germinator at 30 °C and 100% moisture, according to
the standard germination test (Brasil, 2009).

Figure 1 demonstrates the distribution and sequence of tests employed for the seeds
and the detailed division of seeds per test.

The seeds were removed from the magnetic stimulus after 6 days of 10 mT or 28 mT
MF exposure within the germinators and analysed according to different tests.
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Physiological Analysis

N7 7z

Seed control Seeds in the magnetic field
50 seeds per analysis. 5 replicates, 50 seeds per analysis with 5 replicates separated from
separated from enzymes. enzymes.
The seeds were maintained in The seeds were magnetized in germinators at 30 °C and
germinators at 30 °C and 100% 100% moisture for 6 days.
moisture for 6 days.

N L

BSL, protrusion, germination, GSI,

- BSL, protrusion, germination, GSI, ESI, enzymes, and
ESL, SNZymes and electric electric conductivity.
conductivity.

Figure 1: Dynamics of Analysis.

Magnetic treatment of the seeds

The seeds were magnetically treated using permanent magnets, as shown in Figure
2. The intensity of the field was obtained by coupling magnets. Two fields, 10 mT and 28
mT, were set and verified using a Gaussian meter (MGM 20) to assure the intensity and
homogeneity with the permanent magnet.

12 mm

é22mm>i
<« 63mm —M8M>

Figure 2: Dimensions of the Permanent Magnet.

The seeds were placed in the central hole of the permanent magnetic field (Figure
2) within an envelope inthe form of a strip made of Germitest paper, as shown in Figure
3. The strip presented an individual placement foreach seed, totalling 50 placements. The
seeds were placedin the strip with the embryo always facing the south pole ofthe magnet. The
orientation of the seeds with the embryotowards the south magnetic pole was intuitive since
the magnetic field works on moving electrical loads, as is the case for the ions. Thus, for
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those ions that were already directed to the embryonal region, they would not deviate intheir
path. Lorentz’s law guarantees that electric loads thatdisplace in the direction of a magnetic
field do not suffer from deviations by electric force, remembering that a field’s direction moves
from the north pole to the south pole.

A

I
Seed

Figure 3: Germitest moistened paper built in a strip with envelopes for placing the seeds.
The strips were curled up, forming a cylinder to beinserted into the hole (Figure 4). The

paper with the seedsplaced inside the envelopes was moistened to 2.5 times theweight of the
dry paper with distilled water.

PVC cylinder
®=75 mm. alt=30 mm

Figure 4: Curled strip with the seeds inside.

The cylinders with the seeds were placed in two germinators, one as a control and
the other with the magnets.

Optical test - biospeckle laser index

On the 6™ day of germination, 750 seeds (250 for each treatment) were removed from
the germinators and analysed using the biospeckle laser technique (Vivas et al., 2016), as
presented in Figure 5. A biospeckle laser was used as a supplemental test to physiologically
measure embryonic activity without destroying the seed.
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Figure 5: Experimental configuration of the backscattering approach with the optical elements
and the image assembly and processing devices.

The experimental configuration was based on a backscattering approach with a CCD
camera (jAi CV-S 3200), a HeNe laser of 632 nm and 10 mW, a neutral lens, abeam splitter, and
mirrors, all installed on an optical table.The images from the illuminated seeds were acquired
at 0.08 s with a resolution of 480-640 pixels.

Image processing was conducted using numerical methods and the biospeckle laser
index (BLI). In this case,the inertia moment (IM) (Braga et al., 2001) and absolutevalue of the
differences (AVD) (Arizaga; Trivi; Rabal, 1999) were obtained in the OCTAVE environment
usingopen-source routines (www.nongnu.org./bsltl/).

Equation 1 presents the IM BLS:

MI:ZijMij (i_j)z (1)

where M,-j is the occurrence matrix formed by the time history of the speckle pattern
and iand jare the coordinatesof the points in the matrix.
Equation 2 presents the AVD BSL:

AVD = ZiJij [ )

which uses the same occurrence matrix of the IM equation. The numerical methods that
presented the level of changein the illuminated seed were applied in the restricted areaof the
embryo.

Germination test

For each treatment, 250 seeds were placed in Germitest paper saturated with distilled
water at 2.5 times the weight of the dry paper and stored in a germinator at 30 °C. After 30
days, germination was evaluated following the Rules for Seed Analysis (Brasil, 2009).
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Root protrusion

During the germination test, the protrusion test was conducted on the 15" day,
counting the number of seeds with roots of at least one millimetre.
Germination Speed Index (GSI)

During the germination test, the germination speed index was evaluated by daily
observation of the seeds regarding the percentage of germination. The daily index was
obtained by dividing the number of germinations by the number of days monitored and the
total index obtained by the total sum.

Emergence Speed Index (ESI)

We distributed 250 seeds from each treatment into plastic boxes filled with a mixture
of sand and soil in a proportion of 2:1, which was stored in a growth chamber at 30 °C. The
boxes were moistened every 2 days and limited to 70% of the substrate field capacity. The
ESI was obtained using the protocol proposed by Maguire (1962), and the data obtained
were the daily count of emerged seedlings.

Enzyme analysis

Complimentary analyses were conducted to validate the traditional germination tests
and were based on the enzyme expression of catalase (CAT), superoxide- dismutase (SOD),
esterase (EST), malate dehydrogenase (MDH) and endo-B-mannanase (END) enzymes.
We prepared 50 seeds for each enzyme, which were ground and placed in microtubes to
receive 300 pL of extraction buffer (50 mM tris-HCI-7.5; 500 mM NaCl; 5 mM MgCl,; 1 mM
PMSF) and an antioxidant in a proportion of 5 mg to each mL of buffer. The tubes were
placed in a vortex and centrifuged at 14.000 g for 20 min at 40 °C.

The supernatant was incubated in a water bath at 85 °C for 15 minutes and
centrifuged again for 30 minutes. The supernatant was placed in microtubes, and the pellet
was discarded. Prior application, the microtubes containing 45 mL protein extract + 23 mL
sample buffer (5 mL glycerol, 2.5 mL concentrating gel buffer solution, 2.5 mL bromophenol
blue, completing the volume with distilled water) were placed in a boiling bath for 5 minutes.
Subsequently, 40 pL of each sample was added to polyacrylamide gel SDS-PAGE at 12.5%
(separating gel) and 6% concentrating gel. The revelation for detecting the isoenzymes was
conducted according to the methodology described by Alfenas et al. (2006).

The extraction of the endo-B-mananase enzyme was performed using 50 ground
seeds from each treatment, mixing 200 mg of the ground material with 600 ul extraction
buffer (0.1 m hepes/0.5 m NaCl and 9.5 mg ascorbic acid per ml of buffer solution) at a pH
of 8.0. The samples were centrifuged for 30 min at 10000 g, and 2 pL of the supernatant
was applied to a gel containing 6 mL of LBG (Locust Bean Gum), 0.24 g agarose, and 24
mL 5.0 pH buffer (1 M citric acid/0.4 M NapHPO4.2H50). The aliquots were placed in 2
mm holes on the gel. The gel was incubated for 21 hours and revealed according to the
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methodology proposed by Silva et al. (2005). The activity of the endo-B-mananase enzyme
was calculated according to Downie, Hilhorst and Bewley (1994).

After acquiring the traditional image of the enzyme expression, such as the one
presented in Figure 6, the images were digitally processed using a threshold (Figure 7) and

area count (in pixels?) for each treatment.

Control 10 mT 28 mT

Figure 6: Example of the expression of the CAT enzyme in three treatments; control, 10 mT, and
28 mT.

Control 10 mT 28 mT

Figure 7: Example of digital image processing using a threshold.

Electrical conductivity test

The electrical conductivity tests were performed using 250 seeds from each treatment
(50 seeds with 5 replicates). We placed 50 seeds in plastic cups with 75 ml of distilled
water and later transferred them to a BOD at 25 °C for 96 hours. The measurements were
performed using a conductivimeter (DIGIMED CD-21).

Statistical Analysis

The statistical design was completely randomized and compared three treatments
of magnetic field exposure (control, intensities of 10 mT and 28 mT), with five replicates
of 50 seeds. Statistical analyses were performed using variance analysis with the aid of
Sisvar® software (Ferreira, 2014) at 5% probability by the F test (p<0.05). The averages
were analysed using the Tukey test at 5%.
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RESULTS AND DISCUSSION

BSL analysis

Table 1 shows the numerical values for the BSL, AVD and IM of the embryos
after 6 days in the germinators. The Tukey test at 5% probability indicated that the BSL
can statistically distinguish the elevation of the activity in the treatments submitted to
magnetization when compared to the control seeds. The IM values were also sensitive to
the changes caused by the magnetization treatments.

Treatments AVD Treatments M
Control 16.726b Control 460.712c
10mT 22.729a 10mT 673.473b
28 mT 22.795a 28 mT 857.816a

Mean values followed by the same letter in the column do not differ by the Tukey test at 5%
probability.

Table 1: Statistical results of the BSL, AVD and IM indexes for three treatments.

Since the BSL is based on the entire biological activity of the seed, all the changes
caused by enzyme activation were summed into one index.
Furthermore, as a non-destructive test that can be conducted after only 6 days of

magnetization, it can reduce time consumption and costs for the analysis.
Germination test

The seeds submitted to the magnetic field presented higher germination rates than
the control (Table 2). There was no significant difference in germination between the treated
seeds using MF, but there was a significant difference between the treated and untreated
seeds (control).

Treatments Germination (%)
Control 39.500b
10 mT 66.500a
28 mT 70.500a

Mean values followed by the same letter do not differ by the Tukey test at 5% probability.

Table 2: Statistical results of germination (%).
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The significant difference between the treated seeds using the magnetic field and
those without treatment was presented by Osorio, Aranzazu-Osorio and Carbonell-Padrino
(2015), who used magneto priming in tomato and soybean seeds. The same result was
achieved by Menegatti et al. (2019) in passion fruit seeds.

The magneto-priming technique increased germination speed compared to the
control treatment (no exposure of seeds to MF), suggesting a certain influence of MFs on
the processes of water absorption by seeds, a fact that may have resulted in increased
speed and uniformity of the germination process (Osorio; Aranzazu-Osorio; Carbonell-
Padrino, 2015). The alteration of the water properties (with greater circulation capacity) and
the possible action on the cell membrane permeability allow elucidation of the mechanism

of magnetic field action on seed germination promotion (Menegatti et al., 2019).

Protrusion

The protrusion of seeds presented the same behaviour as the germination test, with
the two magnetic field treatments presenting higher protrusion than the control (Table 3).

Treatments Protrusion mean
Control 71.500b
10 mT 83.500a
28 mT 87.000a

Mean values followed by the same letter do not differ by the Tukey test at 5% probability.

Table 3: Statistical results of protrusion (%).

These results support the hypothesis suggested by Tai, Wu and Chang (2008) that
the exposure of seeds to a magnetic field increases the capacity of water movement in
the substrate and inside the organ, facilitating the imbibition process and promoting the
resumption of embryo growth and development more quickly.

Germination Speed Index (GSI)

The GSI followed the tendency of the germination and protrusion tests, indicating
the influence of MF on the increase in seed germination. These results are highly expected
since these tests are closely connected to the same germination process (Table 4).

Menegatti et al. (2019) addressed the effects of magnetic fields on the germination
index GSI and obtained a 36.94% higher GSI for seeds submitted to magneto priming.
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Treatments GSI Mean

Control 4.185b
10mT 4.991a
28 mT 5.155a

Mean values followed by the same letter do not differ by the Tukey test at 5% probability.

Table 4: Statistical results of GSI.

The positive influence of the MF on the germination rate was also observed by

Florez, Carbonell and Martine (2007) in maize seeds.

Emergency Speed Index - ESI

The ESI demonstrated the influence of the MF on seed germination only when
adopting the highest value (28 mT) of the magnetic field. Thus, the 10 mT field presented
the same result as the control from the statistical perspective of the ESI (Table 5).

Treatments ESI
Control 0.485b
10 mT 0.557b
28 mT 0.777a

Mean values followed by the same letter do not differ by the Tukey test at 5% probability.

Table 5: Statistical results of ESI. Treatments

Figure 8 shows the difference between the number of developing seedlings for all

three treatments at the same interval of time.

(b)

Figure 8: Comparison of the seedlings for treatments: (a) control, (b) 10 mT, and (c) 28 mT on
the seventy- sixth day of sowing.
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Aghamir et al. (2015) and Aguilera and Martin (2016) observed that magnetized
water used in the irrigation of maize seeds increased the physiological features related to
germination compared to the control seeds without magnetized water.

In relation to the potential of MF to change the properties of water to make it more
mobile and improve its action on the permeability of cell membranes, thus facilitating the
transport of ions and water, it is noteworthy that the exposure of coffee seeds to MF provided
higher performance regarding seed germination and emergence when compared to the
seeds not exposed to MF.

Enzyme tests

Catalase - CAT

The CAT enzyme presented an electrophoretic pattern highly accentuated in the
seeds submitted to the MF. The areas of enzyme expression were obtained by image
processing and were used to compare the influence of the MF on seed germination. The
numerical values are presented in Figure 9, where the expressions of the 10 mT and 28
mT treatments were 1.17 and 1.92 times that of the control, respectively. Thus, the higher
the MF strength is, the higher the generation of free radicals, especially H,O,, indicating
oxidation stress that forces the activation of the catalase enzyme as a defence response.

control 10mT 28 mT

50000

(%] w -
8 8 8
o o (=3
o o o

Area of the bands (pixel2)
8
o
o

o

Figure 9: Quantification of catalase enzyme expression area.

Puntarulo and Boveris (1990) confirmed the increase in the production of catalase as
a response to accelerated ageing that is also related to free-radical stress. Similarly, there
are reports connecting free radicals to scavenging enzymes such as catalase.

Superoxide dismutase (SOD)

The enzyme superoxide dismutase (SOD) presented higher activity as a result of the
increase in the intensity of the MF. A similar digital image processing was conducted with
the enzyme expression bands and areas in pixel? in the treatments, which is demonstrated
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in Figure 10. As occurs with CAT, the SOD enzyme presented an increase in the expression
band as a response to both MFs, at a rate of 1.22 for 10 mT/control and 1.52 for 28 mT/
control.

10.000 -
8.000 -
6.000
4.000 A

2.000 A

Area of the band (pixel?)

Control 10 mT 28 mT

Figure 10: Quantification of SOD enzyme expression area.

Goel, Goel and Sheoran (2003) reported that the decrease in the expression of SOD
in seeds was connected to its loss of viability. Therefore, an increase in the expression of

SOD due to MF can be connected to the increase in germination, as expected and observed.

Esterase (EST)

The enzyme esterase was only positively affected by the 28 mT field, while in the 10 mT
field, its expression was reduced by half (Figure 11). Since the enzyme esterase is inversely
connected to the integrity of the phospholipid membranes, the 28 mT MF increased the
expression of esterase 2.45 times, thus increasing membrane rupture and the amount of
leachate.

80000
70000
60000
50000
40000
30000

Area of the band (pixel2)

20000

0

Control 10 mT 28 mT

Figure 11: Quantification of the esterase enzyme expression area.
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Both enzymes play a key role in the germination process. The decrease in the
expression of esterase caused by the 10 mT field cannot be explained by the data we
obtained. However, Chauhan, Gopinathan and Babu (1985) observed a positive correlation
between esterase and membrane disruption.

Malate dehydrogenase (MHD)

The change in the expression of MHD was positively correlated with the MF, where
the areas in pixel? provided by the image processing increased at a rate of 1.03 times from
the control to 10 mT and 1.08 times from the control to 28 mT (Figure 12).

8.000 -
6.000 A
4.000 A

2.000 A

Enzymatic expression
pixel

Control 10 mT 28 mT

Figure 12: Quantification of the malate dehydrogenase enzyme expression area.

Endo-B-mannanase

The endo-B-mananase enzyme is directly connected to coffee germination at an
early stage. This enzyme can degrade the walls around the embryo, thus helping in the
emergence of the radicle (Silva et al., 2005). Figure 13 shows the activity of the endo-
B-mananase enzyme present in all three treatments. The expression of the enzyme is
connected to the diameter of the circle, which was digitally measured.

Downie, Hilhorst and Bewley (1994) reported that the diameter of the light circle is
inversely proportional to the enzyme activity; thus, we obtained the circular areas digitally
based on Table 6 and Figure 13.

Treatments Activity
Control 140179.056¢
10 mT 200980.573b
28 mT 335546.313a

Mean values followed by the same letter do not differ by the Tukey test at 5% probability.

Table 6: Endo-B-mananase enzyme activity in pmol min'' g-.
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The enzyme endo-B-mananase was sensitive to the MF and caused a separation
of the three treatments. The increase in germination speed due to the influence of the MF
in the seeds also influenced the activity of the enzyme endo- B-mananase to degrade cell
walls for radicular protrusion, showing a direct correlation with the physiological results.

Electric conductivity

The electrical conductivity was only reduced by a magnetic field of 10 mT (Table 7).
The lower electrical conductivity at the MF intensity of 10 mT is in line with the result obtained
with the electrophoretic expression of the EST enzyme, for which the lowest activity was for
the 10 mT magnetization, indicating a better organization of plasma membrane structure.

Figure 13: Expression of the endo-B-mananase enzyme.

Treatments Electrical conductivity means
Control 22.002b
10 mT 12.460a
28 mT 17.264b

Mean values followed by the same letter do not differ by the Tukey test at 5% probability.

Table 7: Mean values of electrical conductivity in uS cm™ g™

CONCLUSIONS

Biospeckle laser monitoring was efficient in detecting differentiated embryonic activity
due to the exposure of the seeds to the magnetic fields. The magnetization of coffee seeds
is efficient for reducing the germination period, regardless of the values of the magnetic field.
The magnetization of coffee seeds is a promising process in the pregermination conditioning
of coffee seeds in view of the results obtained. For both magnetic field intensities, there were
both beneficial and deleterious effects on the germination process. However, the harmful
effects were not significant in the germination process. The magnetization process can be
inexpensive, functional, and replicable outside laboratory situations.
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