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Abstract

Keywords

The biological effects produced by low-frequency of the electromagnetic fields on the seed ger-
mination of the wheat were studied on Triticum aestivum L. Electromagnetic fields with frequencies 
between 10 and 200 Hz and an increasing of the intensity up to 5 Hz have been used. The density value 
applied to the electromagnetic fields was 2mT. Wheat (Triticum aestivum) seeds were used as biologi-
cal material. The biological response was established by determining seed germination and it was per-
formed by measuring the length of the germinated seed seedlings hypocotyls. The peroxidase level has 
been used as biological marker for both seedling hypocotyls and rootlets. The biological response was 
very complex; depending on the frequency of the fields, the effect can be stimulating or inhibitory. 

low-frequency EMF, wheat, germination, hypocotyls, peroxidase.
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Introduction
The species Triticum aestivum  L., common wheat is 

one of the parental species from the Graminaceae family, 
together with other species and the wheat genotypes; their 
seeds have a complex chemical structure and have been sci-
entifically analyzed [1-6]. From the organoleptic studies, to 
the sensory indicators (the presence of pests), from the bio-
chemical markers to the fungal indicators, etc., we have been 
shown that the seeds of this species (Triticum aestivum L.), 
are a true chemical ecosystem [4, 5, 7- 9].

From the chemical markers studied, in wheat seeds (Trit-
icum aestivum L. etc.) we can mention some oxidoreductase 
enzymes (peroxidase, catalase, amylase, etc.,), with oxida-
tive stress effect [10-17].

The biochemical researche at the level of the wheat seed 
have been varied. Some of the results shown the identification 
of chemical substances such as phosphorus, cobalt, cadmium, 
NaCl. etc., hydrates carbon, which can be essential or toxic, 
as mycotoxins, etc.,  [8, 18-23]. The researche on fungal in-
dicators, with microbial analysis of the wheat seed have also 
shown the identification of fungal strains, such as Fusarium 
graminearum, Puccinia recondita, Rhizopus sp., Alternaria 
sp., Aspergillus sp., which developed various diseases, some 
of which had been used in biotechnology [5, 20, 24 - 28]. 

The results of the research carried out on the Triticum 
aestivum L. have been numerous but they can be comple-
mented with results from the application of low–frequency 
electromagnetic fields against the germination of wheat 
seeds [29, 30]. 

The explosive increasing presence of the electromagnetic 
fields (EMF) in everyday life imposes a systematic study of 
their biological effects, especially for some particular EMF, 
such as some extreme low frequencies, radio frequencies 
and static magnetic fields. Besides the well-known thermal 
effects, EMF present a large palette of non-thermal biologi-
cal effects with complex and yet not well-known effects on 
living organisms [31-35]. 

As such, electromagnetic fields induce various biologi-
cal responses, either in cereals [31, 36- 40] or in the other 
plant species [37, 39 - 42]. 

Microorganisms are also known to be influenced by 
EMF [29, 43 - 46], in all situations the biological responses 
depending on the frequencies used and the fields intensities. 
Regarding the possible mechanisms of the interaction be-
tween EMF and the living matter, various hypotheses have 
been proposed in order to satisfactorily explain the effects of 
EMF [44, 47, 48].

According to these models, besides the classical ther-
mal effects, more non-thermal effects, are discussed includ-

ing: free radical effects, resonance effects (connected to the 
concept of “biological windows”) or coherence effects in-
duced by EMF in the living matter  [5, 44, 47, 48]. Other 
studies have shown that ELF-EMF may lead to the alteration 
of the ion channels permeability, especially Ca2+, in the cell 
membrane [1, 34, 49].

The effect of some frequencies has been explained 
based of different activities of various ions (especially K+) 
in the replacing calcium ions, by using ion-cyclotron reso-
nance  [49, 50]. The frequency that activates the “frequen-
cy window” corresponding to the ion-cyclotron resonance 
values, and their harmonics, are related to the biological 
involved ions (mainly potassium and calcium). The results 
show either the increase or decrease of the permeability of 
the membrane, depending on the involved ion, which, in 
turn, may lead to the stimulation or inhibition of the plant 
cells growth [51]. 

Other models used to explain the biological effects of 
ELF-EMF include the interaction between ferrymagnetic 
crystals  (such as crystalline magnetite Fe3O4, ε-Fe2O3 and 
hematite α-Fe2O3) present in the plant cells and the EMF, 
interaction that leads to a torque under weak magnetic fields, 
which is strong enough to lead modifications of the mem-
brane permeability in the case of ions such as potassium and 
calcium [34, 44, 52]. 

Other studies suggest that EMF induces changes in the 
structure of the water molecules, due to the quantum coher-
ence [53], this type of molecules being one of the possible 
primary targets responsible for nonthermal biological effects 
of EMF. Other models such as the radical-pair mechanism 
have also been used [49, 53]. 

ELF-EMF may also have an effect on several cellular 
functions, such as cell proliferation and differentiation, the 
DNA synthesis, the RNA transcription, the ATP synthesis 
and the hormone production. 

Previous studies have concluded that biological cells 
are bio-electrochemical structures which interact with their 
environment in various ways:  physically, chemically, bio-
chemically, and electrically.

This paper studies the biological effects on seed ger-
mination of wheat, produced by extremely low frequen-
cy (ELF),  (i.e. in a frequency window ranging from 10 to 
200 Hz) and a magnetic field of 2mT. The biological re-
sponse was established by germination determinations, and 
by the measuring the length of the seeds germinated seed-
lings hypocotyls. 

The germination test determines that germination poten-
tial within a series of seed samples can be used to compare 
the quality of different series and estimate the field plant-
ing values. The aim of these researche is to determine the 
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biological response of the germinated seeds under various 
external stimuli conditions. Nevertheless, germination tests 
are very simple, little time- consuming, cheap and, there-
fore, could be ideal methods to test the influence of external 
factors, such as ELF-EMF. Thus, we selected this method 
due to its simplicity, speed and sensitivity [54,55].

Materials and Methods
The EMF has been obtained by a homemade system com-

porting a magnetic coil with a ferromagnetic core stimulated 
by an amplified sinusoidal that allows tuning its frequency. 
The germination tests were performed in a growth chamber 
Conviron MP4030, model G30, with programmed tempera-
ture, humidity and light. 

Seed samples of wheat (Triticum aestivum L.), were ob-
tained from S.C.D.A. Suceava, and their germination rate 
was measured.

Electromagnetic fields with frequencies varying between 
10 and 200 Hz by steps of 5 Hz were used. The flux density 
value of the applied magnetic fields was 2mT and it was 
measured with a KOSHAVA 5 telemeter.

A series of tests have been conducted on three replicates 
of 100 seeds. Each series of seeds was characterized by dried 
weight (12%). Seeds were exposed to the electromagnetic fields 
in test tubes for 30 minutes, and sown on filter paper placed 
in Petri dishes using bi-distilled water in a growth chamber 
Conviron MP4030, model G30. An unexposed blank (3 x 100 
seeds) batch was also used in these experiments. Seeds were 
maintained in the growth chamber at constant temperature and 
humidity regimes (20°C and 85%, respectively), in the dark, 
until an embryo elongation (hypocotyls and rootlets) was es-

tablished. Seeds with visible coleorhizae were considered as 
germinated. The seeds were periodically moistened and the 
percent of germinated seeds  (the germination rate, GR) was 
reported after 7 days. Young wheat plants were subsequently 
harvested from their seeds and measured. The average length 
of hypocotyls, LH, were expressed in cm. 

The peroxidase level was measured on both hypoco-
tyls and rootlets, whereas an oxidoreductase induces an 
important metabolic answer in the living organism under 
stress [53]. In our case the stress stimulus was the applied 
electromagnetic field at different frequencies. To this end, 5 
mg of vegetal material (rootlets, hypocotyls) were grinded 
using quartz sand in an ice bath. The extract mixed with a 
buffer solution (pH 7) and the resulting homogenous mix-
ture were centrifuged for 15 minutes at 3000 rotation/min. 
The supernatant selection represents the enzyme source. The 
peroxidase was identified with o - dianisidine and expressed 
as peroxidase units (PU), namely the amount of enzyme that 
decompose the hydrogen peroxide (UP/mg/min) [2,56].

The data were validated by the variance analysis and the 
t test [50,57].

Results and Discussions
Experiments have been conducted to determine the in-

fluence of the electromagnetic field on the germination of 
wheat seed (hypocotyls length, peroxidase level at hypoco-
tyl and rootles). The results obtained from these experiments 
are presented in the Table 1 and Figures 1-3. 

The results regarding the increase in length (LH) of the 
wheat hypocotyls were statistically interpreted, expressed 
by the growth deviation between the samples and the refer-

Table 1. Average values of the hypocotyls length (LH), in mm, of germinated wheat seeds as an effect of the 
electromagnetic fields at various frequencies

Frequency 
(Hz) LH (mm) Difference (+/-) Significance Frequency 

(Hz) LH (mm) Difference (+/-) Significancemm % mm %
reference 75.1±1.83 - - - 105 70.5±2.02 -4.59 -6.11 0

10 78.0±2.01 2.94 3.91 - 110 39.4±1.44 -35.70 -47.54 000
15 63.9±1.66 -11.13 -14.83 00 115 79.5±2.39 4.39 5.85 *
20 71.3±2.17 -3.73 -4.97 0 120 70.3±1.95 -4.76 -6.34 0
25 53.2±1.44 -21.84 -29.08 000 125 77.5±2.44 2.46 3.28 -
30 76.5±1.58 1.47 1.96 - 130 78.6±2.75 3.56 4.74 *
35 70.9±1.55 -4.17 -5.55 0 135 94.7±3.04 19.61 26.11 ***
40 108.2±2.88 33.12 44.21 *** 140 81.9±2.62 6.85 9.12 *
45 64.5±1.62 -10.53 -14.02 00 145 84.0±3.05 8.94 11.90 **
50 74.6±1.84 -0.43 -0.57 - 150 77.0±2.59 1.98 2.64 -
55 76.2±1.91 1.11 1.48 - 155 60.1±2.29 -15.00 -19.97 000
60 72.0±1.83 -3.06 -4.07 - 160 83.4±1.88 8.37 11.15 **
65 71.4±2.32 -3.63 -4.83 0 165 77.4±1.83 2.32 3.09 -
70 60.4±2.00 -14.68 -19.55 000 170 69.6±2.01 -5.45 -7.26 0
75 72.7±1.79 -2.34 -3.12 - 175 86.4±2.11 11.37 15.14 **
80 74.5±2.69 -0.55 -0.73 - 180 86.0±2.24 10.96 14.59 **
85 77.0±2.53 1.98 2.64 - 185 65.4±1.68 -9.63 -12.82 00
90 74.3±2.06 -0.75 -1.00 - 190 95.3±2.22 20.31 27.04 ***
95 72.9±1.67 -2.15 -2.86 - 195 86.9±2.54 11.85 15.78 **
100 75.1±1.91 0.04 0.05 - 200 91.1±2.87 16.00 21.30 ***

(signify cance levels) : *and 0 (α = 0.10); ** and 00 (α = 0.05); *** and 000 (α = 0.01); - not significant; * positive and 0 
negative deviations)
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ence, under the influence of the frequency electromagnetic 
field. Positive growth deviations were obtained at a frequen-
cies of 40, 135, 190, 200Hz; while negative growth devia-
tions were recorder under the influence of frequencies of 45, 
70, 110, 155, 175 Hz., for other frequencies the results were 
not significant (table 1).

A first remark is that the treatments influenced the hy-
pocotyls growth only; the germination rates were not in-
fluenced significantly. On the one hand, a series of elec-
tromagnetic frequencies inflicts significant changes on the 
hypocotyls elongation in such a way that the biological 
response has a very complex pattern. Thus, frequencies 
of 40, 135, 190 and 200 Hz, induced substantial stimula-
tion (over 20 %) of the hypocotyls growth, with the maxi-
mum value (44 %) observed for a frequency of 40 Hz. On 
the other hand, frequencies of 25, 70, 110 and 155 Hz in-
duce very significant inhibitions; at 110 Hz the inhibition 
were almost 50% (figure 1).

The theoretical considerations presented above cannot 
completely account for the processes observed experimen-
tally. This is because the seeds were electro-magnetically 
treated prior to germination, while in dormancy status 
whereby the embryo’s metabolic processes were inhibited 
to a maximum level. The «  water hypothesis» is also un-
satisfactory because the water content of seeds was very 
low  (12%) during the ELF-EMF exposure, and therefore, 
the EMF was unable to induce different (stimulations or in-
hibition of over 40 %!) in the germination process. On the 
other hand, the assumptions considered in this study, such 
as ion-cyclotron resonance or the radical-pair formation can 
only partly explain the stimulating or inhibiting events, or 
the absence of these events, as a function of the frequency of 
the applied ELF-EMF.

We hypothesize that the information transmitted only 
by certain frequencies, signal forms and intensities of ELF-
EMF interfere with the wheat embryo biostructure, thereby 

inducing, through the coordination between levels, changes 
in the molecular structure observed experimentally in the 
above-mentioned studies.

Moreover, the amount of peroxidase of the samples stud-
ied was higher than that of the reference sample and this 
content increased with the frequency (Figures 2 and 3).

The process is similar to the disruption of the functioning 
of some electronic equipment by an external signal with cer-
tain parameters. In support of this claim it can be observed 
that the peroxidase levels increased, both in the germinated 
wheat hypocotyls, wheat rootlets. The peroxidase activity 
recorded different value under the influence of the entire fre-
quency spectrum. At the wheat hypocotyls the peroxidase 
activity was stimulated at a frequency of 175 -200 Hz., with 
a value of 0, 08 PU/ mg/min., (figure 2). 

At the wheat rootlets the peroxidase activity was stimu-
lated by the same frequency electromagnetic field, with a 
value of 0, 06 PU/ mg/min. As frequencies and waveforms 
of the EMF signal used by us were conventionally select-
ed  (sinusoidal signal, beginning from 10 Hz with a 5 Hz 
increment); only those signals that are located in the sensible 

Fig. 1. Fig. 2.

Fig. 3.
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“area” of the bio-field created by the embryo biostructure 
could resonate with it, leading to the producing of the effects 
observed macroscopically (figure 3).

A finer modulation of EMF values could highlight the 
fine energetic structure of the studied plants. Further inves-
tigations are necessary in order to establish all the aspects 
of the intimate action mechanism of ELF-EMF against the 
seeds germination.

Our results are edifying and together with existing 
ones [5, 7, 8, 25, 47] they come to confirm that wheat seeds 
have a metabolic plasticity and remain on open path for the 
applying research ideas.

Conclusions
The effect of ELF-EMF on the germination and seed-

ling growth of wheat seed were investigated. The length of 
hypocotyls varied as a function of the EMF frequency. The 
biological response, stimulation or inhibition of the hypoco-
tyls growth was found to depend on the applied frequency 
of the EMF.

The biological response is considered as a result of the 
interference between the EMF and the field produced by the 
living bio - structured fields, in our case by the wheat em-
bryos. The intensity of the biological response depends on 
the resonance level between the applied fields and the bio - 
structured field of the wheat seeds.

All of our research was statistically validated.

Conflict of interest
The authors declare that they have no conflicts 

of interest.

Funding
This work was partially supported by the Core-Program, 

within the National Plan for Research, Development and In-
novation 2022-2027, developed with the support of the Ro-
manian Ministry of Research Innovation and Digitalization 
project, 7N/ 23020402/2023

References
Branlard G, Dardevet M, Saccomano R, Lagoutte F, 1.	
Gourdon J. Genetic diversity of wheat. Storage pro-
teins and bread wheat quality. Biol. Rev. Camb. Philos. 
Soc. (2022) 97(4):1511-1538. doi:10.1111/brv.12852.
Cojocaru DC, Olteanu Z, Cojocaru E, Oprică L, Co-2.	
jocaru SI. Enzimologie generală. Editura Tehno-
press. (2007). 

FAO/IAEA Mutant variety database of the joint FAO/3.	
IAEA division on nuclear techniques in food and agri-
culture. (2020).
ISO. International Standard 7970-2021, wheat  (4.	 Triti-
cum aestivum L.). Specification. ( 2021). 
Ismail F, Amssa M. Effect of the concentration of NaCl 5.	
on somatic embryogenesis and the regeneration capaci-
ties of wheat. J. Afr.Crop. Sci. (2002) 10(3): 195-200.
Pasha I, Anjum FM, Morris CF. Grain hardness. A major 6.	
determinant of wheat quality. Food Sci. Technol. (2010) 
16 (6): 511-22. doi: 10.1177/1082013210379691.
Krishnamurthy A, Rathinasabapathi B. Oxidative stress 7.	
tolerance in plants. Novel interplay between auxin 
and reactive oxygen species signaling, Plant Signal-
ing Behavior.  (2013) 18; 8(10):e25761. doi:10.4161/
psb.25761.
Oudija F, Ismail M, Amssa M. Effect of the concentra-8.	
tion of NaCl on somatic embryogenesis and the regen-
eration capacities of wheat. J. Afr. Crop. Sci.  (2002) 
10 (3):211-219.
Popova OG, Grabovetsa AI. Breeding of winter triticale 9.	
for use. In: Confectionery Productyon, Russian Agricul-
tural Sciences. (2015) 41(6): 411- 414.
Han A, Hong M, Nam B, Kim B, Park H, Baek I, Kil 10.	
Y, Nam J, Jin C, Kim J. Comparision flavoid profiles 
in sproutus of radiation breeding wheat lines  (Triti-
cum aestivum L.). In: Agronomy. (2020) 10(10): 1489. 
doi:org/10.3390/agronomy10101489.
Harakam N, Udupa S, Rabha A, Ibriz M, Iraqi D. Effi-11.	
cient callus induction and plantlets regeneration in bread 
wheat using immature and mature embryos. In:  In-
ternational J. of biotechnology and research.  (2015) 
18 (3-4)331-335. doi:10.1007/s00299005058.1.
Kaaby E, Al-Jibouri A, Alsalhy A, Al- Aubaidy A, Zam-12.	
il Q. Effect of gamma radiation on callus induction and 
plant regeneration of four wheats Triticum aestivum L., 
genotypes. In Baghadad Science J. 2021; 4(3): 363-368. 
doi:10.21123/bsj.4.3.363-368.
Ma Z, Yu M, She Y, Hao Z, Islam S. Wheat gluten pro-13.	
tein and its impacts on wheat processing quality. Front. 
Agric. Sci. Eng. (2019) 6 (3): 279-287. doi:10.15302/J-
FASE-2019267.
Ngo T. Peroxidase in chemical and biochemical analy-14.	
sis, Analytical Letters.  (2010) 43(10-11):  1572-1587.
doi.org/10.1080/00032711003653874.
Oikonomou NA, Bakalis S, Rahman MS, Krokida 15.	
MK. Gluten index for wheat products:  Main vari-
ables in affecting the value and nonlinear regres-
sion model. Int. J. Food Prop.  (2015) 18(1). doi:  10. 
1080/10942912.2013.772198.



Low-frequency electromagnetic fields and germination of wheat (Triticum aestivum L.) seeds

4167

Royo C, Ramagosa I. Yield component stability in 16.	 Triti-
cum aestivum L. on Triticum turgidum var. durum. Cer. 
Res.Com. (1988) 16(1-2): 77- 83.
Rustgi S, Shewry P, Brouns L, Deleu J, Delcour JA. 17.	
Wheat seed proteins. Compr. Rev. Food. Sci. Saf. (2019) 
18(6):1751-1769. doi: 10.1111/1541- 4337.12493. 
Biel W, Kazimierska K, Bashutska U. Nutritional val-18.	
ue of wheat, triticale barley and oat grains. Acta Sci.
Pol. Zootechnica.  (2020) 19 (2): 19-28. doi:10.21005/
asp.2020.19.2.03.
Esmaili A, Noroozi V, Karbasdehi R, Saeedi M, Ma-19.	
hammadi J, Sobhani T, Dabaradaran S. Data on heavy 
metal levels (Cd, Co and Cu) in wheat grains cultured 
in Dashtestan Country, Iran. Data Br. (2017) 2(10):543-
547. doi.org/10,1016/j.dib.2017.08.012.
Grozea I. Entomologia generală, Edit. Eurobit.  (2015) 20.	
155-200. 
Hede AH. Phosphorus use efficiency grain, grain, yield and 21.	
quality of triticale and durum wheat under irrigated condi-
tions. Proceedings of the 5th International Triticale Sympo-
sium, Annex june-july 5, Radzikow, Poland. (2002). 
Hong M, Kim D, Nam B, Ahn J, Kwon S, Seo Y, Kim JJ. 22.	
Biological effect of gamma rays according to exposure 
time on germination and plant growth in wheat. In: Ap-
plied Sciences.  (2022) 12(6):  3208. doi.org./10.3390/
app12063208.
Prodi A, Tonti S, Nipoti P, Pancaldi D, Pisi A. Identifi-23.	
cation deoxynivalenol and nivalenol producing chemo 
types of Fusarium graminearum isolates from durum 
wheat in a restricted area of northern Italy, Journal of 
Plant pathology. (2011) 64:76-80. doi:10.2478/v10129-
011-0030-1. 
Bhowmik TP. Plant disease report. J. Agronomie. (1969) 24.	
8 (12) 53: 77-80. doi: 10.3390/agronomy12081869.
Bley HL. Wheat:  soil troubles and seed deterioration, 25.	
North Dakota Agriculture Experiment Station Bulletin, 
North Dakota. (1913) 107.
Jurcoane Ș. Biotehnologii, Editura tehnică. (2007). 26.	
Krasimira T, Bozhanova V, Petrova I. Variability, heri-27.	
tability and genetic advance of some grain quality traits 
and grain yield in durum wheat genotypes. In. Bulgari-
on J. of Agricultural Science. (2019) 25 (2):288-295. 
Takamitsu A, Kato, Jeremy S Haskins.28.	  Mitotic index 
analysis. In. Methods in Molecular Biology.  (2023) 
2519:17-26. doi:10.1007/978-1-0716-2433-3-3.
Fojt L, Strasak L, Vetterl V, Smarda J. Comparison of the 29.	
low-frequency magnetic fields effects on bacteria Escher-
ichia coli, Leclerciaade carboxylata and Staphylococ-
cus aureus. Bio electrochemistry. (2004) 63(1-2): 337- 
41.doi:10/1016/j.bioelechem.2003.11.010. 

Foster KR. The mechanisms paradox. In:  Ayrapetian 30.	
SN and Markov MS.  (Eds.) Bio electromagnetics. 
Current Concepts. Dordrecht:  Springer.  (2006) 17-29. 
doi:org/10.1007/1-4020-4278-7.
Aksenov SI, Bulychev AA, Grunina TY, Turovetskii 31.	
VB. Effect fallow-frequency magnetic field on esterase 
activity and change in pH in wheat during swelling of 
wheat seeds. Biofizika. (2000) 45:737-745.
Belyavskaya NA. Biological effects due to weak mag-32.	
netic field on plants. Adv. Space Res. (2004) 34 (7):1566-
1574.doi.org/1016/j.asr.2004.01.021.
Costanzo E. Influence of extremely low-frequency elec-33.	
tric fields on the growth of seedlings. Bio electromag-
netics. (2011) 32(7):589-92. doi:10.1002/bem.20666. 
Kirschvink JL, Kobayashi - Kirschvink A, Woodford 34.	
BJ. Magnetite bio mineralization in the human brain. 
Proc. Natl. Acad. Sci. USA.  (1992) 89  (16):7683-7, 
doi:10.1073/pnas.89.16.7683.
Shavrukov Y. Organ-specific expression of genes in-35.	
volved in iron homeostasis in wheat mutant lines with 
increasing grain iron and zinc content. In: Peer J. (2022) 
10(10): e13515. doi:10.7717/peerj.13515.
Aladjadjiyan A. Study of the influence of magnetic field 36.	
on some biological characteristics of Zea mays, J. Cent. 
Eur. Agric. (2002) 3(2): 89-94.
Cakmak T, Dumlupinar R, Erdal S. Acceleration and 37.	
early growth of wheat and bean seedlings grown un-
der various magnetic field and osmotic conditions. Bio 
electromagnetics.  (2010) 31(2):120-9. doi:  10.1002/
bem.20537.
Davies MS. Effects of 60 Hz electromagnetic fields 38.	
on early growth in three plant species and a rep-
lication of previous results. Bio electromagnet-
ics.  (1996) 17(2):154-61.doi:10. 1002/  (SICI) 1521-
186x(1996)17:2/154::AID-BEM10/3.0.CO;2-S.
Fisher GM, Tausz M, Kock M, Grill D. Effects of 39.	
weak162/3Hz magnetic fields on growth parameters of 
young sun flower and wheat seedlings, Bio electromag-
netics. (2004) 25(8):638 - 41. doi:10.1002/bem.20058.
Peñuelas J, Llusià J, Martinez B, Fontcuberta J. Dia-40.	
magnetic susceptibility and root g rowth response 
stomagnetic fields in Lens culinary, Glycine soju and 
Triticum aestivum. Electromagnet. Biol. Med.  (2004) 
23 (2):97-112.doi:10.1081/LEBM-200032772.
Sahebjamei H, Abdolmaleki P, Ghanati F. Effects of 41.	
magnetic field on the antioxidant enzyme activities of 
suspension-cultured tobacco cocells. Bioelectromagnet-
ics. (2007) 28 (1):42-7. doi:10.1002/bem.20262.
Shine MB, Guruprasad KN, Anand A. Enhancement 42.	
of germination, growth, and photosynthesis in soy-



P. Grădinariu et al.

4168

bean by pre-treatment of seeds with magnetic field. Bio 
electromagnetics.  (2011) 32(6):  474-84.doi:10. 1002/
bem.20656.
Cellini L, Grande R, Di Campli E, Di Bartolomeo S, 43.	
Di Giulio M, Robuffo I, Trubiani O, Mariggio MA. 
Bacterial response of 50 Hz electromagnetic fields. Bio 
electromagnetics.  (2008) 29(4):302-11. doi:10.1002/
bem.20391.
Dejardinis AE, Proctor RH. Molecular biology of 44.	
Fusarium mycotoxins. Int. J. Food. Microbiol.  (2007) 
119(1-2):47-50.doi:10.1016/j.ijfoodmicro.2007.07.024.
Gao M, Zhang J, Feng H. Extremely low frequency 45.	
magnetic field effect son metabolite of Aspergillus ni-
ger. Bio electromagnetics.  (2011) 32(1):73-8. doi:10-
1002/bem.20619.
Justo OR., Perez VH., Alvarez DC., Alegre RM. 46.	
Growth of Escherichia coli under extremely low-
frequency electromagnetic fields. Appl. biochem. 
biotechnology.  (2006)134(2):155-63.doi:10.1385/
abab:134:2:155.
Hilbert DB, Gooding JJ. Data analysis for chem-47.	
istry. An Introductory Guide for Students and 
laboratory scientists. Oxford, New York:  Oxford 
University Press.  (2006) 99-126. doi:10-1093/
oso/9780195162103.001.0001.
Markov MS. Thermal vs. non thermal mechanisms of in-48.	
teractions between electromagnetic fields and biological 
systems. In: Ayrapetian SN and Markov MS. (Eds.) Bio 
electromagnetics. Current Concepts. Dordrecht: Spring-
er. (2006) 1-15.

Liboff AR. Geomagnetic cyclotron resonance in living 49.	
cells. Biol. Phys. (1985) 13:99-102.
Liboff AR. Electric field ion cyclotron resonance. Bio 50.	
electromagnetics. (1997) 18(1):85-7.
Goldsworthy A. Effects of electrical and electromag-51.	
netic fields on plants and related topics. In: Volkov A.G. 
Plant ectrophysiology. Theor. and Methode. Berlin, 
Heidelberg: Springer Verlag. (2006) 247-267.
Mc Clean RG, Schofield MA, Kean WF, Sommer CV, 52.	
Robertson DP, Toth D, Gajdardziska - Josifovska M. 
Botanic aileron minerals: correlation between nanocrys-
tal structure and modes of biological self-assembly. Eur. 
J. Mineral.  (2001) 13(6):1235-1242.doi:10.1127/0935-
1221/0013-1235.
Galland P, Pazur A. Magneto reception in plants. J. Plant. 53.	
Res. (2005) 118 (6): 371- 89. doi:10.1007/s10265-005
-0246-y.
Bartakova I, Kummerova M, Mandl M, Pospisil M. Phy-54.	
totoxicity of ironing relation to its solubility conditions 
and the effect of ionic strength. Plant and soil.  (2001) 
235 (1):45-51. doi:10.1023/A:1011854031273.
Bartakova I, Kummerova M, Mandl M, Pospisil M. Phy-55.	
totoxicity of ironing relation to its solubility conditions 
and the effect of ionic strength. Plant and soil.  (2001) 
235 (1):45-51. doi:10.1023/A:1011854031273.
Bisswanger H. Practical Enzymology. Second Edition. 56.	
Weinheim: Wiley-VCH Verlag. (2011) 115-116.
Norman GR, Steiner DLP. Biostatistics. The 57.	
Bare Essentials. Hamilton, London:  B.C. Decker 
Inc. (1998) 57-98.


