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Abstract. The impact of a variable magnetic field, magne-
tically treated water and a combination of both these factors on the
germination of seeds and the final mass at the initial stage of growth
sunflower plants was presented. Investigations were carried out in
pots filled with sand, tin an air-conditioned plant house with no
access to daylight using fluorescent light as illumination. A statisti-
cal significance positive impact was achieved for the samples sub-
jected to the interaction of both stimulating factors simultaneously,
the magnetic field and the impact of treated water several times on
the speed of seed germination and final plant mass. Negative im-
pacts were obtained for the majority of the test cases, for the magne-
tically treated water, the short duration of activity of the magnetic
field and for the connection of the magnetic field and low-flow times.

Keywords: seed stimulation, magnetic field, magnetically
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INTRODUCTION

The most important roles play genetic and environ-
mental factors in the normal process of germination and
plant growth. A key role is also played by proper preparation
before sowing, which applies to chemicals (seed dressing,
growth regulators), scarification, seed stratification and
physical factors: fixed and variable magnetic and electrical
fields, microwave, ionizing and laser radiation), which
usually positively affects germination and plant growth and
the height of the yields obtained (Muszynski and Gtady-
szewska, 2008; Yi-Ping Chen et al., 2005). Four types of
fields were applied in the aim of studying the impact of
magnetic fields on plants, their germination and growth:
weak static fields, homogeneous magnetic fields (up to about
100 uT), with consideration to geomagnetic fields, strong ho-
mogeneous magnetic fields (of the order of mT to 1 T), strong
inhomogeneous magnetic fields and low frequency magne-
tic fields (ELF) of mT order (Galland and Talon, 2005). The
seeds of many crops were subjected to the activity of phy-
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sical stimulating factors: onion seeds were stimulated with
variable magnetic fields at a frequency of 50 Hz, the greatest
yield growths and greatest chive lengths were obtained at a sti-
mulation time of 15 s. For cabbage seeds and radish stimu-
lated with variable magnetic fields at induction of B =30, 60,
and 100 mT for stimulation times from 4 to 60 s, a positive
effect on germination rate and yields was obtained for in-
duction of 30 mT (Kornarzynski ef al., 2004).

Various ways of magnetically treating water are applied
in practice, which means varying values of induction of
magnetic fields, obtained with the aid of permanent magnets
or electromagnets, various configurations of homogeneous
and heterogeneous fields as well as various numbers of
repetitions of the process (flow revalations) and water flow
pressure (Coey and Cass, 2000). Water exposed to the acti-
vity of constant magnetic fields changes its conductivity,
surface tension and pH (Fathi et al,, 2006). The studies
demonstrated that the results achieved possess optimal va-
lues for specific parameters of magnetic water treatment,
where for example a change of content of calcium ions in
water depends on the length of the pathway in the field and
the flow rate (Gabrielli et al., 2001). Application for water
disinfection of permanent magnetic and electrical fields
causes a significant decrease of microorganismal and bacte-
rial content (Biryukov et al., 2005). Research carried out
over the years concerning the possibility of the application
of magnetically treated water in agriculture has generally
been concerned with determining of its usefulness for im-
proving seed germination and plant growth (Morejon et al.,
2007). Magnetically treated water has been utilized to
improve yielding conditions of desert soil in Egypt with high
salinity and calcification, where higher yields were obtained
for tomato, pepper, maize and wheat (Hilal and Helal, 2003).
Likewise, applying drinking water and water of varying sali-
nity (NaCl content from 1 000 to 3 000 mg kg'l) higher yields

© 2012 Institute of Agrophysics, Polish Academy of Sciences



272

may be obtained for celery and white peas where the increase
was similar to that of drinking water to that containing an
admixture of salt (Maheshwari and Rewal, 2009).

The garden sunflower is a plant which is often utilized
for laboratory testing due to its rapid growth, relatively
simple construction and low environmental requirements.
These properties facilitate observations and rendered them
the choice of plants for this study. Research of various crops
and their growth in terms of soil packing (Bayhan et al,
2002), sowing date and its density for different conditions of
hydration, access to light (Ferreira and Abreu, 2001), parasi-
tes (Grenz et al., 2008) and stress conditions were conducted
alongside the research of germination and growth of sun-
flowers. Sunflower kernels are a rich source of oil and may
be used for food (Mamat et al., 2005; Smith et al., 2007), as
ornamental flowers (Friedman et al., 2007), as an admixture
to diesel fuel as well as biodiesel in the form of methyl esters
made from sunflower oil (Rashid ef al., 2008).

The aim of the experiment was to investigate the in-
fluence of a variable magnetic field at a frequency of 50 Hz,
magnetically treated water at a constant field at induction of
150 mT, as well as both of these factors simultaneously on
the physical characteristics of garden sunflower seedlings.

MATERIALS AND METHODS

Individual samples of seeds were subjected to the influen-
ce of a magnetic field and magnetically treated water, which
passed between electromagnet pole pieces once, 3 and 10
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times. Magnetic seed stimulation took place at a research
post, where the seeds were placed between direct current
electromagnetic pole pieces at a frequency of 50 Hz for
durations of 15 and 30 s. The magnetic water treatment was
carried out at a measurement post, where the water flew
through a plastic tube placed between direct current electro-
magnet pole pieces at induction of 150 mT, through a seg-
ment length of =0.15 m, at a constant speed of v=0.55m """

Three series of measurements were performed, where
series I consisted of samples subjected to the activity of va-
rying magnetic fields. The influence of magnetically treated
water was investigated in series II. Measurements in series
IIT concerned the combination of both factors (Table 1).

The following markings will be applied in the remainder
of the work: MF —variable magnetic field at induction of 30 mT,
15 and 30 s — time of magnetic field stimulation, MWT —
magnetically treated water, x — revalations of water flow bet-
ween electromagnetic pole pieces, C — control sample.

The investigations were carried out in pots filled with
sand, in which 30 sunflower seeds were sown in each pot at
a depth of 1 cm in three replications for each sample. The
experiment was carried out in air-conditioned plant house
without access sunlight, at an average temperature of 24°C
and humidity maintained at 50-70%, in day-night conditions
(16 h of day, 8 h of night), applying fluorescent light irra-
diation of about 100 uM m™ s\, The seeds were watered one
time just after sowing with a Hoagland medium at a basic
concentration, and then, later in the experiment, watered with
magnetized water an average of every two days. Sprouted

T able 1. The parameters characterizing three series of experimental samples

Stimulation time

Parameters Sample

Revalations of water flow

(s) between electromagnetic pole pieces
Series |
P1 15 -
Varying magnetic field at induction P2 30 -
B=30mT P3 Control sample -
P4 - 1
Series 11
P5 - 3
Magnetically treated water ro - 10
P7 - Control sample
P8 15 1
Series 111
P9 15 3
Combination of both factors: P10 15 10
varying magnetic field at induction P11 30 1
B =30 mT and magnetically treated P12 30 3
water P13 30 10
P14 Control sample
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seeds were counted daily by counting the germs which were
notremoved and which grew to the end of the study, at which
time they were cut and weighed as the final mass.

Logistic function has been applied for the mathematical
description of seed germination (Torres and Frutos, 1990).
The capability of seed germination, N, (%), was calculated on
the basis of the results obtained according to the formula:

"k
N, =—100%,

(1
nC

where: nj— specifies the total number of germinated seeds of
a given sample, n,. — the total number of seeds sown. The
value of germination rate Sy (% h'l) of studied seeds was
calculated on the basis of the relationship:

n max

At

where: 7, — the maximum percentage of the number of
germinated seeds recorded during the counting for the in-
terval time A¢ between two successive countings.

The logistic function applied in the work possessed cha-
racteristic points and coefficients, thanks to which it is pos-
sible to compare and describe the various characteristics:

A3)

Sk = ; 2

Ny =Ngll+exp(B—K ),

where: Ny—number of seeds that sprouted in the time 7 (%),
Ny — number of final germinated seeds obtained by mode-
ling (germination capability, %), 8 and K — coefficients, /—time.
It is possible to mark the important parameters characte-
rizing the germination process through the application of
this version of logistic curve function: /gx — time of ob-
taining the point of inflection of logistic curve (#gx = 5/K),
Npk — the number of seeds germinated for logistical point of
inflection of the curve, v,,x — maximal rate of germination

for point of inflection of logistic curve the (viyax = NxK).
4

The Grapher program was utilized for the mathematical
description. A variation coefficient (%) being the ratio of
standard deviation and mean value of the ability to germi-
nate seeds of stimulated sprouts at a given temperature was
also utilized to assess the impact of selected factors. The
variation coefficient is a measure of diversity and distri-
bution characteristics and determines the absolute differen-
ces, thus is a relative measure dependant on the size of the
arithmetic mean. The analysis of results of a level statistical
significance was explored with the help of the Tukey test in
relation to control sample, for level significance p=<0.05.

RESULTS AND DISCUSSION

Figures 1-3 present the germination of sunflower seeds,
where the points on the graphs are the actual number of seeds
germinated at a given time obtained from the counting. The
various curves are the effect of logistic function fitting to
measurement points with the aid of a computer program.
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Table 2 shows the experimental data of kinetics of sun-
flower seed germination. The highest germination capacity,
exceeding 90%, were possessed by samples P2 (MF 30 s), P5
(MWT 3x), P7 (C, MWT), P9 (MF 15 s, MWT 3x) and P12
(MF 30 s, MWT 3x), the lowest, below 80% — samples P1
(MF 155),P6 (MWT 10x), P11 (MF 305, MWT 1x) and P14
(C MF and MWT).

However, the relative seed germination capacity was
highest for samples P2 (MF 30 s), P§ (MF 15 s, MWT 1x),
P9 (MF 155, MWT 3x), P10 (MF 155, MWT 10x), P12 (MF
30 s, 3x, MWT) and P13 (MF 30 s, 10x, MWT) for which
a positive effect of stimulating factors was obtained. This
confirms the results obtained for other seeds, where the
positive impact of stimulation with a variable magnetic field
at induction of 30 mT, frequency of 50 Hz and activity time
of 15-30 s for the majority of applied doses was confirmed.
These results were obtained wheat — grain, where yield in-
creases were obtained around twenty, 30% for different
times of stimulation and varieties of wheat (Kornarzynski
and Pietruszewski, 2005; Muszynski ef al., 2009).

Negative impact, being the lowest values occurred for
P1 (MF 155),P4(MWT 1x) and P6 (MWT 10x). So with the
exception of sample PI, the negative effect concerned
samples watered with magnetically treated water without
magnetic field stimulation (Table 2).

Magnetic field stimulation
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Fig. 1. Germination of sunflower seeds subjected to the activity of
a variable magnetic field.

Magnetic water treatment
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Fig. 2. Germination of sunflower seeds watered with magnetically
treated water.
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Magnetic field stimulation and magnetic water treatment
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Fig. 3. Germination of sunflower seeds subjected to the activity of a variable magnetic field for: a— 15 s, and b — 30 s, and watered with

magnetically treated water.

T a b 1e 2. Germination of sunflower seeds

Final number

Germination capacity

Variation coefficient Relative germination

Sample of germinated seeds (%) of germination capacity capacity of seeds
()
Series |
Pl 20.3%x1.2 67.7 5.9 0.772*
P2 29.3+0.9 97.7 3.1 1.114
P3 26.3 1.1 87.7 42 -
Series 11
P4 24.6+1.3 82.0 53 0.831%*
P5 27.6x1.5 92.0 5.4 0.932
P6 23.0%£1.9 76.7 8.3 0.777*
P7 29.3 0.7 98.7 2.3 -
Series 111
P8 26.6%0.8 88.7 1.9 1.194*
P9 273%x1.2 91.0 44 1.225*
P10 25.6*1.5 85.3 5.8 1.148*
P11 22.6x1.5 75.3 6.6 1.013
P12 30.0+0.0 100.0 0.0 1.346*
P13 26.3+0.9 87.7 3.4 1.180
P14 22.3+0.7 74.3 3.1 -

*Samples of statistical significance were marked. Explanations of the names of samples are describes in the Table 1.

Relative capacity of seed germination was also highest
for seeds treated with simultaneously subjected to magnetic
field stimulation and watered with magnetically treated
water samples stimulated for 15 and 30 s, for higher flow
revalations 3x and 10x. Studies conducted by other authors,
upon magnetic water treatment with the application of water
flow magnetizers allowed for the achievement of improved
emergence, a significant boost in seed yields (Carbonell et
al., 2004). For ground tomato seeds, in studies on Petri
dishes and pickles during potting trials (Pietruszewski et al.,

2007), the best results were also obtained for induction B =
150 mT at 3 and 10 times the number of flows between
electromagnet pole pieces.

For final plant masses subjected to the activity of the
stimulation, the greatest relative plant mass, being positive
effect (relative to control samples) was achieved for samples
P2 (MF 30s), P5 (MWT 3x), P8 (MF 15 s, MWT1x) P9 (MF
15s, MWT 1x) and P12 (MF 30 s, MWT 3x), lowest for P1
(MF 155s), P4 (MWT 1x), P6 (MWT 10x) and P11 (MF 30,
MWT 1x) (Table 3).
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Masses of samples after conversion to one plant, the
highest exceeding 0.6g was achieved for P1 (MF 15 s), P4
(MWT 1x), P5 MWT 3x), P9 (MF 155, MWT 3x) and P12
(MF 30 s, MWT 3x). The lowest levels of 0.5 g and lower
were obtained the P3 (MF C) and P11 (MF 30 s, MWT 1x).
Whereas for the relative masses of the samples converted to
one plant (obtained after conversion to one plant, relative to
control samples), the highest values were achieved by sam-
ples: P1 (MF 155), P2 (MF 30s), P4 (MWT 1x), P5 (MWT 3x),
P9 (MF 15 s, MWT 3x) and P12 (MF 30 s, MWT 3x), the
lowest: P6 (MWT 10x) and P11 (MF 30s, MWT 1x), being
similar to those for masses samples converted to one plant.

There is no complete and uniform theory explaining the
function of magnetic fields on the property changes of water.
Literature provides only a hypothetical mechanism of this
phenomenon, where, according to one theory, there occurs
polarization of external electron shells of water molecules
and ions under the influence of the magnetic field, which
changes the conditions of hydration of ions, which may
serve as crystallization germs upon disruption of the hydra-
tion shell. Theories which attempt to explain the biological
effects of the activity of electromagnetic fields have been
based on their possible impact on the permeability of ion
channels in the membrane, which may affect the transport of

T able 3.Final plant mass obtained after germination
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ions into the cells and lead to biological changes in the
organism. Another possible effect relates to the formation
of free radicals in cells as an effect of the field. Variable
magnetic fields may affect the biological functions of orga-
nisms through changes of hormone concentrations, changes
of enzyme functions or of transport of ions through the cell
membrane and through changes in DNA synthesis or
transmission (Strasak et al., 2002). If we are dealing with
electrical anisotropy of the structure of plant tissues and
cells, the magnetic field affects the work of ion pumps for
the transport of Ca*" ions (Piacentini ef al., 2001).
Magnetically treated water may cause an increase in
permeability of cell membranes in the seed, acting on cal-
cium ions and inhibiting the growth of harmful microorga-
nisms for the seed germination and plant growth processes.
This may be a result of Lorenz force activity on ions con-
tained in water, which causes their momentary polarization
in concord with the external magnetic field. This may have
an effect on the transport of ions through cell membranes —
upsetting the balance of ion concentration in the cell and
changes of intracellular pH. Magnetic water treatment also
causes increasing of electrical conductivity and decreasing
of surface tension. Applying the ‘free dipole’ model, in
which Lorenz strength acts in the magnetic field, causing the

Mass of samples Relative mass

Sample Final mass Variation coefficient Relative final mass after (.sonversion of the sampl.es
(2) of masses (%) to a single plant after conversion
(g) to a single plant
Series I
P1 12.66+1.03 8.14 0.951 0.624 1.233*
P2 16.53+1.56 9.44 1.242%* 0.564 1.115
P3 13.31+1.22 9.17 - 0.506 -
Series 11
P4 16.12+0.98 6.08 1.021 0.655 1.229%
P5 16.87+0.97 5.75 1.069 0.611 1.146*
P6 12.69+0.91 7.17 0.804* 0.552 1.036
P7 15.78+1.10 6.97 - 0.533 -
Series 111
P8 15.91+1.07 6.73 1.090 0.598 1.079
P9 17.54+1.23 7.01 1.202%* 0.642 1.126
P10 15.18+0.99 6.52 1.040 0.593 1.070
P11 8.58+0.81 9.44 0.588* 0.380 0.686*
P12 18.84+1.62 8.59 1.291% 0.628 1.134
P13 15.34+1.32 8.60 1.051 0.583 1.052
P14 14.59+1.28 8.77 - 0.554 -

*Explanations as in Table 1.
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polarization of the water molecules, it is possible to explain-
ed the changes in water properties and impurities contained
therein, and the activity of microorganisms present in the
water having an impact on seed germination of and plant
development (Biryukov et al., 2005).

The largest value of the maximum rate of germination,
Vmax» achieved thanks to logistic curve modeling for inter-
action with magnetic field occurred for sample P2 (MF 30s),
while for P1 (MF 15 s) it was the lowest, where the impact on
germination rate was negative relative to the control sample
(Table 4). In the case of seeds watered with magnetically
treated water, the highest value vy, was achieved for sam-
ple P5 (MWT 3x), and the smallest for P4 (MWT 1x). For
samples subjected to the activity of a variable magnetic field
for 15 s and watered with magnetically treated water, the
highest value vy, occurred for P8 (MF 15 s, MWT 1x),
whereas for stimulation time of 30 s, the highest value vax
occurred for P12 (MF 30 s, MWT 3x), and the smallest for
P11 (MF 30 s, MWT 1x). No stimulus impact was observed
for the remaining samples.

The dependence of sunflower seed germination rates
was obtained on the basis of Eq. (2) as a function of time
(Figs 4-6).

Table 5 contains the maximum rate of seed germination
SJ max read from the graphs S = f (¢) and durations of their
obtainment #,,,«. The accuracy of the reading of the maxi-
mum rate value came out to 0.05% h'l, obtainment — 2 h.

A. MATWIJCZUK et al.

Two methods were applied to determine the maximum
rate of sunflower seed germination: with the aid of logistic
curve modeling, and reading from the chart of germination
rates as a function of time, obtained from direct measure-
ments (Tables 4, 5). Maximum values correspond to the ger-
mination rates of samples P2, P5, P8, P9 and P12 for both
methods, where the highest values were obtained, and P1, P4
and P11, where the lowest values were obtained, although
reaching different values. Results do not overlap only in the
case of sample P13. This means that both methods for deter-
mining germination rates are satisfactory, and in the case of
the logistic curve application it is not necessary to perform
graph correlations.

The results for final number of germinated seeds, seed
germination ability relative to control samples, final plant
masses of products and relative masses of the samples, after
conversion to one plant, relative to the control samples
achieved positive impact of stimulation for P2 (MF 15 s), PS
(MWT 3x), P9 (MF 155, MWT 3x)and P12 (MF 30 s, MWT
3x), which (except P8) achieved a maximum seed germi-
nation rate. Negative impact was obtained for P1 (MF 15s),
P6 (MWT 10x) and P11 (MF 30 s, MWT 1x), which is also
negative for the sample mass after conversion to a single
plant, where the lowest rate of germination was obtained for
samples P1 and P11. While relative ability of seed germi-
nation in relation to the control samples and relative sample
masses, after conversion to one plant, in relation to the
control samples was positive for samples P2 (MF 15 s), P8

T able 4. Presents the parameters characterizing the germination of sunflower seeds obtained from the logistic curve modeling

Nx K

Tpk Nﬂ/ K Vmax

Sample (%) p ) () (%) (% ) R
Series 1
P1 60.82 2.149 0.020 107.45 36 0.304 0.951
P2 83.52 5.786 0.063 91.84 45 1.315 0.978
P3 78.74 5.378 0.055 97.78 43 1.082 0.986
Series 11
P4 77.32 5.116 0.040 127.9 37 0.773 0.988
P5 86.05 10.496 0.127 82.64 47 2.732 0.992
P6 75.00 5.269 0.078 67.55 38 1.462 0.992
P7 92.87 4308 0.063 68.38 48 1.463 0.993
Series 111
P8 83.79 10.034 0.128 78.39 44 2.681 0.995
P9 87.03 5.620 0.069 81.45 46 1.501 0.996
P10 75.00 5.268 0.079 66.68 18 1.481 0.992
P11 69.85 3.553 0.029 122.52 43 0.506 0.969
P12 100.00 6.557 0.097 67.59 48 2.425 0.995
P13 75.00 5.269 0.078 67.55 7 1.462 0.992
P14 92.87 4.309 0.063 68.39 8 1.462 0.993

Explanations as in Table 1.
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Magnetic field stimulation
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Time (h)
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Fig. 4. Germination rate of sunflower seeds subjected to the acti-
vity of a variable magnetic field.

Magnetic field stimulation and magnetic water treatment
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Magnetic water treatment
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Fig. 5. Germination rate of sunflower seeds watered with magne-
tically treated water.

b Magnetic field stimulation and magnetic water treatment
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Fig. 6. Germination rate of sunflower seeds subjected to the activity of variable magnetic field for: a — 15 s, and b — 30 s, watered with

magnetically treated water.

Table 5.Maximum value of sunflower seed germination rate

and obtainment time

Series Sample (OS/]; ‘ﬁ‘f’{) (tﬁ)
P1 0.45 68

1 P2 1.40 95
P3 1.20 92

P4 0.80 155

P5 2.40 92

1 P6 1.25 85
P7 1.45 72

P8 2.25 92

P9 1.40 92

P10 2.05 92

1 P11 0.75 120
P12 2.05 88

P13 0.65 116

P14 1.20 92

Explanations as in Table 1.

(MF 155, MWT 1x), P9 (MF 155, MWT 3x), P10 (MF 15,
MWT 10x) and P12 (MF 30 s, MWT 3x). It means that
positive effects were achieved for these same stimulations,
in terms of both impact, both germination ability and final
sample mass. In most cases this relates to positive effects of
combining both stimulations.

For magnetically treated water, the short duration of
activity of the magnetic field for the combining of the
magnetic field and low revelations of MWT obtained a ne-
gative effect for most of the indicators characterizing sun-
flower seed germination and plant growth.

CONCLUSIONS

1. It may be asserted that for the same doses of stimula-
tion, a positive impact was achieved on both germination
capacity and final sample masses. In most cases this relates
to the positive effect of a combination of both factors, being the
magnetic field and the activity of magnetically treated water.

2. For seeds watered with magnetically treated water,
the short duration of magnetic field activity and the combi-
nation and magnetic field and low revelations of MWT, a ne-
gative effect was obtained for most of the indicators cha-
racterizing sunflower seed germination and plant growth.
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