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SUMMARY

In this research, the effects of magnetic field generated by Schloder MGA
1033 magnetic field simulator model on germination percentage of the seeds of
oriental beech (Fagus orientalis Lipsky.) and on the development of seedlings
are investigated. In this respect, differences emerged in percentages of seeds
applied with magnetic field in proportion to control group. accordingly, it has
been determined that the germination percentage of the seeds that have been
applied with magnetic field since 10" week has reached much higher levels in
proportion to those in control group. Accordingly, it has been found that the
germination percentages of beech seeds applied with magnetic field for 15 and 20
times were much higher than the germination percentages of those located in
control parcel and not exposed to magnetic field. The root length of the oriental
beech seedlings emerging as a result of the germination of the seeds was
investigated as a development and growth parameter. Accordingly, it has been
found that the root length of the seedlings emerged as a result of the germination
of the seeds exposed to magnetic field for 5 times was longer than that of
seedlings in control group and other magnetic field application groups (9.2 cm).
It has been determined that the number of seedlings emerging as a result of
germination of the seeds in control parcel was much higher than the number of
seedlings in magnetic field application parcels (mean 65.2 pcs). According to
these investigations, the beech seedlings in control parcels took place in first
group (mean 17.2 cm).

Keywords: Oriental Beech, magnetic field, germination percentage,
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INTRODUCTION
Being under effects of various ecological conditions, Turkey has a very
rich gene sources in terms of forest asset and diversity of the forest trees.
According to the researches made, the total forest asset in Turkey is 21.7 million
ha, and that this area covers 27.6% of total surface of the country (Anonymous,
2014). But of this forest area, 53.3% is productive, while 46.7% is unproductive.
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Inappropriate silvicultural implementations, illegal lumbering, pillage, forest
fires, and especially the use of non-qualified and non-reconditioned seed
materials in foresting activities have effects on these structural imperfections and
productivity losses in Turkey (Ata 1995). This causes the herbal biological
diversity in national forests to decrease. According to latest statistical
information, there are 12,000 plant tractions in Turkey, and 2,400 of them are
facing with the threat of extinction (Avci, 2005). On the other hand, the mean
annual increase in forests of Turkey is 3.7m*ha. The same value is 5.3 m*/ha in
Greece, 7.2 m*/ha in Spain, and 8.7 m*ha in England.

The main way of compromising this increase in Turkey’s forests and the
decrease in productivity is the carry out the foresting and plantation activities by
using saplings obtained from qualified seeds, germination limitations of which
have been eliminated. Hence, as well as the decrease in pressure on natural forest
sources, the continuity of functional benefits of the forests can be ensured
(Urgeng, 1998). Having moderate and rainy climate type in general, Turkey’s
forests include broad-leaved species as well as needle-leaved species that show
natural distribution along the forests. One of the leading species is the oriental
beech (Fagus orientalis Lipsky.). With its area of distribution of 1.9 million ha, it
is the species having 4™ widest natural distribution area, and it is widely used in
today’s many artificial regeneration and forest restoration activities. But 63.7%
of oriental beech forests has ruined structure, and is waiting for being made
productive again. For this purpose, within the wide geographical distribution area
from Thrace to the Caspian Sea, 58 seed stands have been registered in order to
collect seeds, and 38 of them are located in Turkey (Ozel, 2007). Use of these
seed stands located in various altitude levels are carried out according to seed
transfer zoning (Atalay, 1992). The strong seeds of oriental beech generally start
falling since 2™ week of October. During natural seed fall, the moisture of the
seeds is approximately 25-32%. The mean seed folding temperature in natural
distribution area is approximately 3+2°C. Since beech seeds have physiologic
dormancy, in order for seeds to germinate, the folding at 3+2°C is required.
During the folding operation, the moisture content of the seed must be at
maximum level (40%). When moisture-controlled naked folding is applied,
30+2% moisture content is ideal. In order to remove the physiological dormancy
in beech seeds, they should be kept within 27% moisture content for 8-10 weeks
(Yilmaz, 2010). As it can be understood from here, long period of time is
required for optimal germination of beech seeds. But thanks to certain technigques
developed nowadays and certain chemicals applied, the dormancy duration in
species having germination limitations can be effectively decreased
(Pietruszewski et al., 2007). The leading one of these techniques is the magnetic
field implementation. The initial studies on the effects of magnetic field on
herbal development have been carried out by. Ssawostin (1930) has determined
that there has been 100% increase in heights of the wheat seedlings due to
magnetic field effect (Mericle et al., 1964). In other studies, it has been reported
that the productivity in species such as sunflower, cereal and soybean has been
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affected positively by magnetic field (Bosica and Zeriu, 1990; E-Ws Lian et al.,
1990; Phirke et al., 1996). The effects of magnetic field implementations at
various intensities on seed germination, productivity, respiration rate,
temperature loss, and seedling development characteristics have been discussed
in studies. In magnetic field studies on various plant species, increases in
germination percentages have been detected in proportion to control groups
(Gubbels, 1982). Magnetic field is also effective on root growth of the plants. In
a study, it has been reported that 25% longer root growth in corn plant could be
achieved by applying 5000 gauss magnetic field at the roots (Kato, 1988).
Martinez et al. (2002) have utilized various magnetic fields in their study on
wheat, and determined that increases occurred in heights and weights of the
plants in parallel with increase in magnetic field intensity. In a study of Dardeniz
and Tayyar (2007), they have determined that low-frequency electromagnetic
field has positive effects on some of rooting and vegetative development
parameters of Cardinal grape species (Yalgin and Tayyar, 2011).

It has been reported in many studies that magnetic field leads to various
changes in different characteristics of the plants (Belyavskaya et al., 1992).
Pietruszewski et al. (2007) have investigated the physiological and cytological
effects of the electromagnetic field on plant development, and they have
determined the positive effects of magnetic stimulation on seeds. Moreover, it
has been reported that the pre-planting application of electromagnetic field may
have positive effects on germination percentage, growth rate, and germination
ratio, and that it can be very important for the seeds having low germination
capacity. In many studies, positive effects of magnetic field on seed germination
ratios have been determined (Yalgin and Tayyar, 2011; Odhiambo et al., 2009).

Being one of the essential forest trees, the seeds of oriental beech can
germinate within 8-10 weeks. One of the most general effects of magnetic field
implementation on the plants is the positive effect on seed germination. No study
investigating the magnetic field implementation on oriental beech seed
germination, growth and development could be found. Hence, in this study, it
was aimed to determine the effects of magnetic field on seed germination, growth
and development of oriental beech, and to research the future practical magnetic
field implementation opportunities.

MATERIAL AND METHODS

The oriental beech seeds used in this study as material were obtained from
Filyos State Forest Nursery. The seeds obtained from the nursery were Devrek-
Akgasu-originated ones, and they were collected from seed stand at 980m
altitude and northwestern exposure. Seeds are kept in chill store of the nursery at
-10°C temperature. Within the scope of the study, in order to determine the
germinations in 5 different periods, a total of 1000 healthy seeds were utilized.
The vital controls of the seeds were carried out via flotation and cutting
experiments.
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Within the scope of this study, in order to determine the optimal intensity
of magnetic field, the seeds were put into nylon bags and, at 20°C room
temperature, were exposed to magnetic field by passing from magnetic field
simulator having 4.8-5.6 mT created by Schléder MGA 1033 in Biotechnology
Laboratory of Berlin Technische Universitét for 5, 10, 15 and 20 times.

The oriental beech seeds passed through magnetic field were germinated
on moist filter papers within petri boxes in drying oven at 18°C. For this purpose,
each of implementations was triplicated, and 90 seeds were used in each of
repetition. By observing the germination of the seeds at 2", 6", 10", 14™ and 18"
weeks, the germination percentages were calculated and root lengths were
measured in order to determine the optimal magnetic field intensity. For
calculating the germination percentage, the formula below was utilized.

_Tni
GP—T x 100

GP: Germination percentage (%)
ni: the number of seeds germinated in i day
N: the number of seeds put into germination test

In order to determine the effect of magnetic field on seedling development,
the seedling heights were measured at the end of 18" week. For this purpose, the
seeds exposed to magnetic field were planted in plastic pots. For each treatment,
90 seeds were planted according to randomized blocks pattern. Then the pots
were placed in cultivation rooms, where the pots were controlled in terms of
temperature and light.

The statistical evaluations of the data obtained as a result of research was
carried out though variance analysis according to randomized blocks
experimental design. In order to determine the difference between the averages,
the Duncan test was utilized.

RESULTS

In order to determine the optimal intensity of magnetic field, the
germination percentage values of beech seeds were calculated. For this purpose,
the beech seeds in experiment groups were exposed to magnetic field for 5, 10,
15 and 20 times. The germination percentages of beech seeds at 2™, 6", 10", 14",
and 18" weeks, the variance analysis and Duncan test results are presented in
Table 1.

As a result of variance analysis applied to mean germination percentage
values transformed with Arc. Sin transformation, it has been determined that the
highest germination percentage values achieved with oriental beech seeds were
achieved at 18" week (94-98%) (P<0.01) (Table 1). On the other hand, as a result
of magnetic field implementation, it has been determined that the germination
didn’t occur at 2™ and 6" weeks, and that the germination percentage values of
oriental beech seeds exposed to magnetic field for 15 and 20 times since 10"
week were significantly higher than other magnetic field implementations.
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Accordingly, it has been determined that the germination percentage of oriental
beech seeds reached at 98% as a result of magnetic field implementations for 15
and 20 times (Table 1).

Table 1 The effects of magnetic field applied to beech seeds on germination
percentages

Magnetic Field F=196.33**
Implementation Germination Pircentage (%) i
(Times) nd th 10' th 18'
2" Week | 6" Week Week 14" Week Week
5 - - 83" 87° 94°
10 - - 85" 92 96"
15 - - 88" 96° 08°
20 - - 92° 98° 98°
- - 56° 64° 77
Control c c C B AT

*: The difference between the mean values presented with different letters are significant (p<0.05).

In this study, in order to determine the effects of magnetic field on
development of beech seedlings, their root lengths were measured at the end of
18" week. The results of variance analysis and Duncan test applied to
measurement results are presented in Table 2. Moreover, the root growth values
of beech seedlings as a result of magnetic field are presented in Figure 1.

Table 2. The Effects of Magnetic Field applied to Oriental Beech Seeds on root
length

Magnetic Field Implementation F=56.72**
(Times) Root Length (cm)
5 9.2+1.5%*
10 6.8+2.1°
15 6.6+£2.3°
20 5.3+2.6°
Control 7.242.4°

*: The difference between the mean values presented with different letters are
significant (p<0.05).

Given the values presented in Table 2, it has been determined that there is
statistically significant difference between the root lengths of oriental beech
seedlings as a result of magnetic field implementations at various intensities
(p<0.01). According to the results of Duncan test applied within this context, it
has been determined that the root lengths of the seedlings germinated from beech
seeds exposed to magnetic field for 5 times were much longer than control group
and other magnetic field treatment groups (9.2 cm).
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This group is followed by beech seeds exposed to magnetic field for 10
and 15 times and the ones exposed to magnetic field for 20 times (p<0.05) (Table
2). According to this result, the root lengths of beech seedlings at the end of 18"
weeks don’t increase with magnetic field implementation applied. Hence, it is
obvious that the root lengths of the seedlings germinated from seeds in control
group and the ones exposed to magnetic field for 5 times are much higher than
the root lengths of the beech seedlings germinated from the seeds exposed to
magnetic field for 10, 15 and 20 times.

Figure 1. Root lengths of oriental beech seedlings as a result of magnetic field
implementation (a: 5 times of magnetic field implementation, b: 10 times of

magnetic field implementation, c: 15 times of magnetic field implementation and
d: 20 times of magnetic field implementation)

In this study, the effects of magnetic field on the number and heights of the
seedlings obtained from the germination of beech seeds exposed to magnetic
field were also investigated. For this purpose, the number and the heights of the
seedlings at the end of 18" week were determined.

Table 3 The effects of magnetic field applied to oriental beech seeds on the
number and height of seedlings

Magnetic Field F=142.56** F=84.59**
Implementation Number of Seedlings Seedling Height (cm)
(Times) (pcs)
5 48.6+1.32” 6.4+1.23%
10 51.8+1.45° 9.9+1.15°
15 52.5+2.24° 11.7+41.13%
20 60.6+2.197 16.8£1.097
Control 65.2+£2.10% 17.2+1.03%

*: The difference between the mean values presented with different letters are significant (p<0.05).
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The results of variance analysis and Duncan test applied to counting and
measurement results are presented in Table 3. In addition, the growth values of
the seedlings growing from the germination of beech seeds exposed to magnetic
field are presented in Figure 2.

-3 e A %
Figure 2 The number and heights of oriental beech seedlings as a result of
magnetic field implementation (a: 5 times of magnetic field implementation, b:
10 times of magnetic field implementation, c: 15 times of magnetic field
implementation, d: 20 times of magnetic field and e: Control).

Given the values presented in Table 3, a statistically significant (P<0.01)
was found between the number of oriental beech seedlings germinated from the
seeds exposed to various magnetic field implementations. According to the
results of Duncan test applied within this context, it has been determined that the
number of beech seedlings from the beech seeds in control parcel was much
higher than the seedlings from the seeds in magnetic field implementation parcels
(mean 65.2 pcs). From the aspect of the number of seedlings, the control group is
followed by the seedlings from the beech seeds exposed to magnetic field for 20
times (P<0.05) (Table 3). On the other hand, the height elongation of the beech
seeds at the end of 8" week was also investigated. According to those
examinations, it has been determined that there was a statistically significant
difference between the control and magnetic implementation groups in terms of
the number of seedlings (P<0.01). According to the Duncan test implemented,
the beech seedlings in control parcel took place in the 1% group in terms of
seedling height (mean 17.2cm). From the aspect of seedling height, this group
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was followed by the beech seedlings germinated from beech seeds exposed to
magnetic field for 20 and 15 times (Table 3). According to this result, it can be
concluded that the number and height of the beech seedlings at the end of 18"
week don’t increase depending on magnetic field implementation applied. Hence,
it has been determined that the number and height of the seedlings in control
group that have not been exposed to magnetic field were higher than the number
and height of the seedlings germinated from the beech seeds exposed to magnetic
field for 10, 15, and 20 times.

DISCUSSION

In this research, the effects of magnetic field on oriental beech seeds’
germination, and the root and stem development were investigated. In this
respect, it has been determined that there were significant differences between
germination percentages of the seeds exposed to magnetic field (P<0.01).
Accordingly, it has been found that the germination percentages of the beech
seeds exposed to various number of magnetic field implementation were much
higher than the germination percentages of the seeds in control parcel (Table 1).
Accordingly, it has been determined that the germination percentage of the beech
seeds exposed to magnetic field for 15 and 20 times were much higher than the
germination percentage of the beech seeds in control parcel, where no magnetic
field implementation has been implemented. On the other hand, from the aspect
of germination durations of the beech seeds, it has been determined that there
were significant differences between these durations (P<0.01), and that the
highest germination percentage has been achieved at the end of 18™ week (Table
1). There is not enough number of studies on this topic. Most of the studies made
are on agriculture and decoration plants. Within this context, the results obtained
from this study that exposed the oriental beech seeds to magnetic field are similar
with the results obtained from the studies on the seeds of Melissa officinalis L.,
Albizia procera Roxb. and Leucaena leucocephala Lam. (Mericle et al., 1964;
Yalgm and Tayyar, 2011; Nar and Hfh, 2010). Aladjadjiyan and Ylieva (2003),
in their study with magnetic field, have determined that the magnetic field led to
increase in germination percentage of the seeds. Rochalska and Grabowska
(2007) have revealed that changes occurred in alpha amylase, beta amylase and
glutation S-transferase enzymes playing important role in germination of wheat
seeds exposed to magnetic field and in satisfying the nutrition requirements of
the seeds during germination. Gholami and Sharafi (2010), in their study, have
applied 125-1250 mT of magnetic field on wheat seeds for various durations, and
they have determined that the germination percentages of the seeds exposed to
magnetic field increased in proportion to control seeds. In another study carried
out with wheat, it has been determined that the magnetic field implementation
increased the fresh and dried root weights, and enhanced the germination
percentage (Yal¢in and Tayyar, 2011). In addition, as the explanation of this
topic from the physiological aspect, the magnetic field leads to certain changes in
the intensities of ionic current passing through cell membrane. This interaction
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leads to osmotic pressure and the cells’ capacity of water absorption. Magnetic
field affects the ionic current intensity, membrane permeability, ionic
concentration at both sides of the membrane, osmotic pressure, and water intake
of the seeds. The increase in water intake of the seeds due to magnetic field
implementation is explained with increase of the germination rate of the seeds
exposed to fixed magnetic field (Yal¢in and Tayyar, 2011 ).

The root lengths of the oriental beech seedlings germinated from the beech
seeds exposed to magnetic field were also investigated as a development and
growth parameter. Accordingly, as a result of variance analysis applied to results
of root measurement, it has been determined that there was a statistically
significant difference between the root lengths of oriental beech seedlings
(P<0.01). According to the results of Duncan tests made, the root length of the
seedlings germinated from the seeds exposed to magnetic field for 5 times was
much longer than the root lengths of the oriental beech seedlings germinated
from the seeds in control parcel and from the seeds in other magnetic field
treatment groups (9.2cm). This group is followed by beech seeds exposed to
magnetic field for 10 and 15 times and the ones exposed to magnetic field for 20
times (p<0.05) (Table 2). According to this result, the root lengths of beech
seedlings at the end of 18" weeks do not increase with magnetic field
implementation applied. Hence, it is obvious that the root lengths of the seedlings
germinated from seeds in control group and the ones exposed to magnetic field
for 5 times are much higher than the root lengths of the beech seedlings
germinated from the seeds exposed to magnetic field for 10, 15 and 20 times. In a
study carried out on this topic with sunflower plants, increases in root lengths
were observed in 1, 3 and 9 times magnetic field implementations in 96 hours
(Olcaday, 2002). In another study, it has been observed that the magnetic field
implementation at low frequency had positive effects on root and leaf
development in sugar beet plant (Yal¢in and Tayyar, 2011).

In this study, the numbers and the heights of the seedlings germinated from
the seeds exposed to magnetic fields for various times were counted and
measured. In this respect, given the values presented in Table 3, it has been
determined according to variance analysis applied that there were statistically
significant differences between the numbers of oriental beech seedlings
germinated from seeds exposed to various numbers of magnetic field (P<0.01).
According to the results of Duncan test implemented, it has been found that the
number of beech seedlings germinated from the seeds in control parcel were
much higher than the number of seedlings germinated from the seeds in magnetic
field treatment groups (mean 65.2 pcs). From the aspect of the number of
seedling, the control group was followed by the beech seed group exposed to
magnetic field for 20 times (p<0.05) (Table 3). Within this context, similar
results were in studies on the seeds of Melissa officinalis L., Albizia procera
Roxb. and Leucaena leucocephala Lam. (Yal¢in and Tayyar, 2011).

On the other hand, also the height increase of the beech seedlings at the
end of 18" weeks was examined. It has been found that there was statistically
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significant difference between the control and magnetic field implementation
groups, as well as it was in the number of seedlings (p<0.01). According to the
result of Duncan test applied, the seedlings in control parcel took place in 1%
group in terms of seedling height (mean 17.2 cm). From the aspect of seedling
height, this group was followed by the beech seedlings germinated from the
seeds exposed to magnetic field for 20 and 15 times (Table 3). According to this
result, the number and height of the beech seedlings at the end of 18" week don’t
increase depending on the magnetic field implementation applied to the seeds.
Hence, it has been determined that the number and height of the seedlings in
control group that have not been exposed to magnetic field were higher than the
number and height of the seedlings germinated from the beech seeds exposed to
magnetic field for 10, 15, and 20 times. These results obtained in the numbers
and heights of the seedlings indicate that the magnetic field implementation
doesn’t affect the number and height of the oriental beech seedlings so much.
Hence, Racuciu et al. (2007) have determined that the height of the corn plant, at
11" day of its development, exposed to magnetic field between 50 and 250 mT
was shorter than the height of control group plant. But, despite these results
achieved, it has been reported in another studies performed that the magnetic
field increased the sapling height in tomatoes and sapling growth in tomatoes
(Vashisth and Nagarajan, 2010). The effect of magnetic field on plant growth
may arise from the effects of hormones on especially the auxin, cytokine, and
gibberellin metabolism. The most important effect of the cytokines in plants is
the increase in cell division, and the most important effect of auxin and
gibberellins is the increase the cell elongation (Gouda and Amer, 2009). The
increase in the synthesis or activity of auxin, cytokine and gibberellin in plant as
a result of magnetic field implementation might lead to increase in number of
leaves, area of the leaves, petiole length, tillering, and root length. In addition, in
some of the studies, lower fresh and dried root weights have been determined in
plants exposed to magnetic field implementation, in proportion to control groups.
As the reason of this negative effect, the increase in synthesis or activity of the
gibberellin and cytokine may be considered. While gibberellins have negative
effects on root growth, cytokines may affect the side-root development at root
tips negatively (Celik et al., 2008). In studies carried out in order to determine the
effects of magnetic field ono meristem cells of the plants, it has been determined
that magnetic field is a factor affecting the normal metabolism of the cells, and it
is also effective on cell reproduction in those cells. Celik et al. (2009) have
determined that the high-intensity magnetic field implementations, even if for
short durations, affected the mechanisms stimulating the mitosis, and inhibited
the division. Hence, as a result of the studies, it has been concluded that the low
intensity magnetic field stimulates the division, while the high intensity magnetic
fields inhibit it (Atak et al., 2007). In this study, as a result of shorter heights of
the seedlings germinated from oriental beech seeds exposed to magnetic field
than seedlings germinated from the seeds in control parcel, where no magnetic
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field has been implemented, the inhibition of mitosis division in apical meristem
by increase in magnetic field intensity may be considered.

CONCLUSIONS
This study has the characteristic of being a pre-study for determining the
effects of various numbers of magnetic field implementation on parameters such
as germination percentage, number of seedling, root length, and seedling heights
in oriental beech seeds. In this respect, this research should be enhanced and the
effects of magnetic field implementation on the genetic structure of the plant
should also be investigated. And by making this implementation more practical,
it should be brought to the level, where it can be utilized in growing the beech
seedlings to be used especially in artificial regeneration and rehabilitation
activities.
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