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Abstract: The purpose of the study was to determine theteffea permanent magnetic field together with the
shielding of an alternating electric field on seadour and germination of carrot cultivars 'Perfekcand
‘Nantejska’. An ADR-4 AdvancedDielectric Radiation Trap) apparatus constructed of the poceuamic with
embedded water in a crystalline form was used énettperiment. This material has a very strong gimgleffect
on alternating electric fields in the low frequerrapge from 1% Hz to 16 Hz. The maximum dielectric loss is
reached at about 50 Hz. Ten ferrobaryte permanegneis were placed on the dielectric in a wellrdefi
configuration. During germination seeds were exgdeehe action of the ADR-4 apparatus, the ceramaterial
without magnets and magnets alone. Seed vigougamdination were evaluated at°20in the dark. Seed vigour
was determined by means of the rate and uniforofityeed germination. The percentage of germinatesegls,
germination capacity, the percentages of diseasediaformed seedlings and dead seeds were evalddd&d4
did not affect seed vigour, but improved the geation capacity of seeds and decreased the pereeofag
diseased seedlings. In cv. ‘Nantejska’ a lower gati@ge of dead seeds was observed compared witiortitel.
The ceramic dielectric without magnets accelergtthination of ‘Perfekcja’ seeds at the initial ppaimproved
germination capacity and decreased the number ad deeds in cv. ‘Nantejska’. ‘Perfekcja’ seeds eggoto
magnetic field alone germinated faster than undébaeeds, whereas in case of cv. ‘Nantejska’ ay delaeed
germination was found. In cv. ‘Perfekcja’ a loweargentage of diseased seedlings and in cv. ‘Néatepn
improved germination capacity were observed.
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Organic crop production demands even higher qusdigds than conventional farming.
Preventive and control measures using chemicalpratebited and competition with weeds
requires high vigour propagation material. Moregver organic farmers, seed health is
very important. Hence, physical methods of imprgweed quality have been the subject of
intense research. First successful attempts toowepquality of seeds by their exposure to
magnetic or electromagnetic fields were carried iouthe 1930s. At present research
concerning this area is still being continued, mith a better understanding of the
mechanism of action of magnetic fields on planteshd&hcement of seed vigour and
germination of different species by treating seaith magnetic or electromagnetic fields
has been confirmed by many scientists [1-6]. Vdlkhisnd Nagarajan [7] reported
a 46+71% increase in chickpea seed vigour, a 58-@@8ovement in seedling root length
and a 25+47% increase in seedling dry weight. Hemewot all results are so spectacular.
They depend to a large extent on the conditiorexpériments.

The purpose of the study was to determine the teffe@a permanent magnetic field
together with the shielding of an alternating eiedield on seed vigour and germination in
carrot cultivars 'Perfekcja’ and ‘Nantejska’.

Methods and materials

In the experiment a ADR-4 platddvancedDielectric Radiation Trap) constructed of
a porous ceramic with embedded water in a crystafiorm and ten permanent magnets was
used [8]. Magnets made of ferrobaryte of magnétid induction ca 40 mT were placed on
the ceramic in a well-defined configuration. Therareic dielectric shows a strong,
characteristic, low-frequency absorption of an gleccomponent of the electromagnetic
wave in the frequency range from i@z to 16 Hz at room temperature. The ceramic
exhibits a broad low-frequency dielectric anomalguad the temperature of 273 K. The
size and shape distribution of pores in the ceratd@ment is responsible for a broadening
of the dielectric anomaly related to freezing of tonfined water. The effect is a strong
absorption of an electric field from the surrourgdimedium. The maximum dielectric loss
is reached at about 50 Hz (Figures 1-3).
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Fig. 1. Topography of surface of ceramic fracture aa compressing pressure of 20 MPa and
a temperature of 1100°C shown on a SEM image
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Fig. 2. Results of electric testing dielectric loddeasurement taken with an Impedance Analyzer
HP4192A, at 16°C and relative humidity of 65%
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Fig. 3. Spatial distribution of [Hz] magnetic fieldtensity over ADR-4™

The effect of the ADR-4 plate, the ceramic dieliectvithout magnets and magnetic
elements without the ceramic dielectric on vigond germination of carrot ‘Perfekcja’ and
‘Nantejska’ seeds was examined in the experiment.

Seed vigour was evaluated at°€0in the dark on 8 replicates of 50 seeds from each
treatment. Seeds were placed in 9 cm diameter &etres containing 6 layers of blotting
paper moistened with distilled water. The Petrhdswith seeds were placed directly on
the top of ADR-4 plates, ceramic dielectrics ortba top of plates which contained only
magnetic elements. Germinating seeds, i.e. showingsible root protrusion through the
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pericarp, were counted daily until no new germseaped and they were removed from
Petri dishes. Values ofJ (time to 10% of the total number of germinatingd® and d
(time to 50% of the total number of germinatingd®ewere calculated. These parameters
describe the rate of seed germination. The unifigrofiseed germination was evaluated by
means of 5 (time between 75 and 25% of the total number aomgeating seeds).
Untreated seeds constituted the control.

Germination tests were conducted on 8 replicateS0oseeds from each treatment.
Seeds were incubated under the same conditioneswilled above. After 14 days of
incubation, the percentages of normal seedlingsrigation capacity), diseased seedlings,
deformed seedlings and dead seeds were evaluatexidang to the ISTA Rules [9].
Moreover, G,y (the percentage of germinating seeds) was detethmin

The SeedCalculator version 2.1 software [10] wadieg to calculate T, Tso, U7s.05
and G, parameters. All vigour and germination results evervaluated by means of
variance analysis followed by the Duncan test.

Results

ADR-4 did not affect seed vigour, but improved giration capacity of seeds and
decreased the percentage of diseased seedlingshircidtivars. In cv. ‘Nantejska’ a lower
percentage of dead seeds was observed after tkeasere to the action of ADR-4
compared with the control (Tables 1-3).

Table 1
Effects of treatment on seed vigour
‘Perfekcja’ ‘Nantejska’
Seed treatment T10 Tso T1o Tso
days] | [days] | U] | jgays) | [aays) | Uresldaye]
Untreated seeds 2.354 3.01a 0.83 a 2.27|ab 3.11b 099a
ADR-4 2.29 ab 2.98 ab 0.86 a 2.24 ab 3.07/b 1.07a
M1 2.18b 2.90 ab 0.93 a 2.210 3.08p 1.08 a
M2 2.15b 2.86b 091a 2.42 a| 3.26 @ 1.02a

Means in columns followed by the same letters aesignificantly different atd] = 0.05 level according to
Duncan’s test.

ADR-4 - AdvancedDielectricRadiation Trap.

M1 - ceramic dielectric without magnetic elements.

M2 - ten magnets in the same configuration as ilRADwithout ceramic dielectric.
T1o - time to 10% of the total number of germinatiegds.

Tso - time to 50% of the total number of germinatiegds.

Urs.25- time between 75 and 25% of the total numbereoininating seeds.

Ceramic dielectric without magnets increased geation rate of ‘Perfekcja’ seeds at
the initial phase. The ;fvalue was significantly lower than that for untezhtseeds. In cv.
‘Nantejska’ this treatment improved seed germimatioapacity and decreased the
percentage of dead seeds (Tables 1-3).

Magnets without the ceramic dielectric acceleragedmination of ‘Perfekcja’ seeds.
The Tjpand T values were significantly lower than those forreated seeds. On the other
hand, this treatment had an adverse effect on geedination rate in cv. ‘Nantejska’. The
Tso value was significantly higher than that in thentrol (Table 1). Exposure to magnetic
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field improved germination capacity of ‘Nantejsks®eds and decreased the percentage of
dead seeds. In cv. ‘Perfekcja’ a lower percentafjediseased seedlings and higher
percentage of deformed seedlings were observed thfte treatment compared with the
control (Tables 2 and 3).

Table 2
Effects of treatment on germination of ‘Perfekgatds
A . Diseased Deformed Dead
treifn?gnt ([%)Z]ax Germlnat[lt;)o? capacity seedlings seedlings seeds
[%0] [%0] [%0]
Untreated | g3 4 56.5b 353a 13b 7.0a
seeds
ADR-4 93.0a 64.3 a 26.5 bc 2.8ab 6.5 4
M1 91.8a 56.5b 31.5ab 2.8 ab 9.3 4
M2 91.0a 62.3 ab 24.0c 4.8a 9.0 3|

Means in columns followed by the same letters aesignificantly different atd] = 0.05 level according to
Duncan'’s test.

ADR-4 - AdvancedDielectricRadiation Trap.

M1 - ceramic dielectric without magnetic elements.

M2 - ten magnets in the same configuration as ilRADwithout ceramic dielectric.

Gmax - the percentage of germinating seeds.

Table 3
Effects of treatment on germination of ‘Nantejskaéds
Seed G Germina_tion Disea_sed Deformed Dead seeds
treatment [%)] capacity seedlings seedlings %]
[%] [%] [%]
Untreated seeds$ 913a 50.5b 345a 0 15.0 4
ADR-4 90.8 a 67.8 a 215b 0 9.3 bc
M1 90.0 a 69.0 a 233 a 0 6.3 bc
M2 88.8a 64.0 a 28.0a 0 7.3 bc

Means in columns followed by the same letters aesignificantly different atd] = 0.05 level according to
Duncan’s test.

ADR-4 - AdvancedDielectricRadiation Trap.

M1 - ceramic dielectric without magnetic elements.

M2 - ten magnets in the same configuration as ilRADwithout ceramic dielectric.
Gmax - the percentage of germinating seeds.

None of the treatments applied influenced the umifty of germination or the
percentage of germinating seeds (Tables 1-3).

Discussion

Both seed samples used in the study were of poalitguGermination capacity of
untreated seeds was low and a high percentagesefsbd seedlings was observed. Seed
health evaluation showed that seeds were infecteddrge extent by two pathogenic fungi
Alternaria dauci (J.G. Kiihn) J.W. Groves & Skolko amd radicina Meier, Drechsler &
E.D. Eddy, which cause seedling damping-off (unjshield data).

This study showed that exposure of seeds from bathples to ADR-4 plates or the
ceramic dielectric in general did not affect thagour. The influence of magnets alone on
seed vigour was differentiated. Magnetic field dewded seed germination in cv.
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‘Perfekcja’, but delayed it in cv. ‘Nantejska’. Hewer, ADR-4 improved seed germination
to a larger extent than the ceramic dielectrichar magnetic field alone. It increased seed
germination capacity and decreased the percentadsaased seedlings in both samples.
All treatments decreased the percentage of deals seev. 'Nantejska’.

The range of permanent magnetic fields appliednttuée seed germination is from
several to 500 mT [11], while for alternating matmdields it is 0.1uT+30 mT, 1 Hz to
100 Hz, respectively [11-14Boltani et al [15] found that in a magnetic fiell ©mT
asparagus seeds imbibed and germinated more ragidsd germination percentage and
epicotyl and hypocotyls lengths were also signiftbahigher than without the influence of
a magnetic field. Carbonnel et al [6] reported thaan germination time dfestuca
arundinacea Schreb. andLolium perenne L. seeds was reduced by more than 10%,
compared with controls, when the seeds were exptsadagnetic fields of 125 mT
or 250 mT. The roots of treated grass seedling® wagnificantly longer than those of
untreated ones when seeds were permanently expgelseelz et al [2] found that the higher
germination rate of rice seeds treated with staggnetic fields of 125 mT or 250 mT was
in agreement with the higher lengths and weightscefplants exposed to a magnetic field.

Mano et al [3] found that an extremely low frequemeagnetic field (60 Hz, 5 mT)
applied toArabidopsis thaliana (L.) Heynh.,Lactuca sativa L. and Zinnia elegans Jacq.
seeds suppressed the reduction in germinationedaog seed incubation at high relative
humidity (90%) and temperature (37°C). The authsuggested that the magnetic field
suppressed the irreversible deterioration of sga@venting water absorption.

The main phenomenon investigated by different asthfound to be responsible for
enhanced seed germination capacity and accelertimorphogenetic processes, is increased
water absorption by seeds [14-16]. Water subjeitéde action of a magnetic field is altered
in a certain way so that it not only penetratetdaseeds faster, but also affects the rate of
enzymatic reactions. In the first phase acceleratbibition is observed in seeds subjected to
the action of a magnetic field and their weighréases. Additionally, a plant weight increase
may also be connected, apart from effects relatdth aster metabolism, with
higher water content in plants, including fruit§].1

The influence of a magnetic field on seeds mayhoetgerm, e.g. 10 min, followed by
the effect in the form of increased water absorptocurring after several hours and lasting
for at least several days [14]. This fact is canéd by the variant, in which an effective
action of a magnetic field on plants, including geration, may be replaced by the action
on water or substrate which is used to water pldrits17]. In this respect it is important to
remember that studies on water exposed to theraatia magnetic field indicate an altered,
usually reduced, surface tension, viscosity [18]well as heat of evaporation, manifested
in a faster vaporization of such water [11, 19]e3é three phenomena are interrelated by
the power of actions defined as hydrogen bondsn@ms in these parameters result in
a faster penetration of water inside seeds and #iss faster and more effective
germination [11, 15]. This facilitated penetratioihwater solutions is confirmed by a more
efficient extraction of chemicals from plant ma#&{20]. Moreover, changes in activity are
observed in these enzymes, for which water is ireelin the notation of their reaction.
Such an enhanced enzymatic activity under the eénfte of a permanent or alternating
magnetic field is observed in case of catalase, [2diseradish peroxidase (the participation
of H;0O" ion), esterase [11], amylase, protease and lipa8k Bome of these enzymes
participate in seed germination.
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The above-mentioned extended action after wateseeds cease to be exposed to the
action of a magnetic or electromagnetic field ibechwater memory. Probably the primary
role is played here by the reversal of nuclearsspirhydrogen atoms in the water molecule
[23], leading to the parallel or antiparallel oigiion of hydrogen nuclear spins in the water
molecule and determining the occurrence of two mwnof water -ortho andpara. These
isomers are of limited stability and in case oftilesl water they spontaneously reach the
state of dynamic balance in a matter of severagédazinutes [24]. These isomers affect the
formation and stabilization of specific structucgdsvater bound by hydrogen bonds, with an
opposite effect also occurring - structures of wateengthened e.g. by the presence of ions
may increase many-fold the time, over which watepprties changed by the magnetic
field are retained [25]. Baran and Degtyarev [28fgn before reports on the separation of
water into ortho- and para-isomers was published, had interpreted the infleeof
a magnetic field on water as its effect on the natigrmoment of protons participating in
the hydrogen bond, resulting in a loosening of thad. In reference tortho- and
para-hydrogen they also reported that clusters formgdwhter are controlled by the
orientation of proton spins, by which the energyimérmolecular interactions of water in
clusters is weakened and ion hydratation in thetewl increases [26].

Sensitivity to the action of a magnetic or electagmetic field covers especially the
period from the dry kernel phase before sowingperax. 17+-24 h swelling period (in case
of wheat) [12]. The time of the action of infornmtiintroduced by the magnetic field is
limited, although it lasts for many days. An ingean plant weight at the vegetative stage
is much more marked than at the generative stageeXample, after the activation of seeds
by a field of 90 mT and 60 Hz for 10 min, the leaka increment in tomato at the
vegetative stage was 58% and at the generative &tags 22% [4]. Moreover, it was also
significant that an advantageous effect of the exp® of seeds to the action of a magnetic
field is found mainly in seeds with low viabilit{ .

Krélicka et al [27] found a two-fold higher accuratibn of umbelliferone in
transformedAmmi majus L. callus grown on a medium exposed to ADR-4. Fartlesearch
on the accumulation of secondary metaboliteArmmi majus L. callus treated with ADR-4
or its components separately, as in our experingaywed the effect of the interaction of
the magnetic field and the ceramic dielectric (Uijshed data).

The decrease in the number of diseased seedlingsaa seeds observed in our study
suggests that the treatments controlled to sonenegtie growth of fungi. Nagy and Fischl
[28] investigated the effect of a static magneitidf of 0.1, 0.5 and 1 mT on the growth of
selected phytopathogenic microscopic furgternaria alternata (Fr.) Keissley Curvularia
inaequalis (Shear) Boedijn andrusarium oxysporum Schlecht. The magnetic field
decreased the growth of colonies by 10%. Lipieal ¢§29] found that oscillating magnetic
field pulses reduced the number of bacté&tiainia carotovora (Jones) Bergey et al and
Sreptomyces scabies (Thaxter) Waksman et Henrici in a liquid nutrientedium
4 000 times and the number of the fungiternaria solani (Ellis & Martin) Jones & Grout
30 times.

Conclusions

1. The ADR-4 plate AdvancedDielectric Radiation Trap) did not affect the rate and
uniformity of germination of carrot seeds.
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Exposure to ADR-4 improved germination capacitycafrot seeds and decreased the
percentage of diseased seedlings in both cultivArscv. ‘Nantejska’ a lower
percentage of dead seeds was observed.

The ceramic dielectric without magnets accelergtunination of ‘Perfekcja’ seeds at
the initial phase and improved germination capaaitg decreased the number of dead
seeds in cv. ‘Nantejska’.

‘Perfekcja’ seeds exposed to magnetic field aloeeminated faster than untreated
seeds, whereas in case of cv. ‘Nantejska’ a delagéd germination was found. In cv.
‘Perfekcja’ a lower percentage of diseased seesllingd in cv. ‘Nantejska’ an
improved germination capacity were observed.
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Abstrakt: Celem prowadzonych batldylo okrélenie wplywu stalego pola magnetycznego z réwnoozes
ekranowaniem przemiennego pola elektrycznego narwidgietkowanie nasion marchwi odmiany ‘Perfekcja’
i ‘Nantejska’. W déwiadczeniu wykorzystano wdzenie o nazwie ADR-4AdvancedDielectric Radiation Trap)
zbudowane z porowatej ceramiki, w ktorej znajdujeveoda w postaci krystalicznej. Tak wytworzony méstier
ma silip zdolng¢ do ekranowania przemiennego pola elektrycznegoniskich czstotliwosciach, to jest
w granicach od 18 do 16 Hz, przy czym maksimum tangensa delta (stigtrmla elektrycznego) poprzez
proces technologiczny zostalo wyznaczone dla ol&flo Hz. Na takiej bazie dielektrycznej umieszczono
10 elementéw magnetycznych wykonanych z ferrytolmaokrelonej konfiguracji. Przez caty okres kietkowania
nasiona poddano dziataniu wdzenia ADR-4, a tate samego dielektryku ceramicznego bez elementéw
magnetycznych oraz samego pola magnetycznegoadanie elementy magnetyczne). Ogerwigoru

i kietkowania nasion przeprowadzono w temperati@eC w ciemnéci. Wigor nasion okrdono za pomog
parametrow opisagych szybké¢ i wyréwnanie kietkowania. Przy ocenie kietkowamasion okréano ogéln
liczbeg kietkujacych nasion, zdolrigé kietkowania, odsetek siewek z objawami chorobowymmieksztatconych
oraz nasion martwych. Poddanie nasion dziatanigdzenia ADR-4 nie wplygto na ich wigor, ale stwierdzono
poprawe zdolnaci kietkowania i zmniejszenie liczby siewek z obgmi chorobowymi. U odmiany ‘Nantejska’
obserwowano réwniemniej nasion martwych aiw kontroli. Zastosowanie samego dielektryka cecamego
przyspieszyto kietkowanie nasion odmiany ‘Perfekejgpocztkowej fazie oraz poprawito zdolsokietkowania

i zmniejszylo liczly nasion martwych u odmiany ‘Nantejska’. Nasiona @iy ‘Perfekcja’ poddane dziataniu
samego pola magnetycznego kietkowaty szybcigjnaisiona kontrolne, natomiast w przypadku nasianiady
‘Nantejska’ stwierdzono opienie kietkowania. U odmiany ‘Perfekcja’ notowanmiej siewek z objawami
chorobowymi, a u odmiany ‘Nantejska’ obserwowanprpog zdolngci kietkowania nasion.

Stowa kluczowe:state pole magnetyczne, zmienne pole elektryamaechew, wigor nasion, kietkowanie



