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Abstract: Plants are able to recognize and respond to environmental stresses. Electromagnetic waves, 
is one of the stress factors which affecting plants. In this study, in order to examine the effect of 
electromagnetic fields on seed germination and seedling growth of Satureja bachtiarica, petri dishes 
containing seeds that were soaked in water for 5 hours, was placed on the screen, between the two 
parallel coils electromagnetic generating device and were under electromagnetic irradiation with one 
mT intensity with connection to the electricity for two hours. Control seeds were treated in the same 
condition as other samples, but they were not affected by electromagnetic waves. Three replicates were 
used in the experiment with 30 seeds in each sample. Number of seeds, to check the speed of 
germination were kept in Petri and some were transferred to soil pots after treatment. Germination 
speed showed a significant increase in the treated samples compared to control. More study conducted 
on the 30-day seedlings. Morphological comparison of the treated and control samples showed a 
significant decrease in the mean shoot length, leaf area, fresh and dry weight. In anatomical studies, 
mean shoot diameter and diameter of metaxylem in treated samples compared to controls showed a 
significant increase. mesophilic parenchymal cells in leaf treatmnt samples, showed less density and 
stomatal density was increased compared to control. Chemical analysis showed a significant reduction 
in the amount of chlorophyll a and b in the treated samples compared to control. The carotenoids, 
antioxidant compounds, including phenol, flavonoid and proline content in treated samples compared 
to control increased, the increase was significant. 
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INTRODUCTION 
 
 There are about 30 species in the genus Satureja that Satureja bachtiarica Bunge is one of endemic species 
of this genus in Iran. Savory is a medicinal plant and contains useful chemical compounds. In this research the 
effect of electromagnetic radiation as a stressor factor on the morpho-anatomical changes and antioxidants in 
essential oil of Satureja bachtiarica has been studied. Environmental stress by inducing oxidative stress, exert 
their destructive effects., and have different effects on metabolism, growth and development of plants and 
inducing structural and functional changes in plants (Alia, K. and P.P. Saradhi, 1991; Apel, K. and H. Hirt, 
2004; Srivastava, G., 2012). Electromagnetic waves is one of the environmental stresses that can increase the 
production of reactive oxygen species (ROS) and oxidative stress and causes changes in growth, structure ,the 
chemical content of cells thus cause induction of specific metabolic responses to stress in plants (Smirnoff, N. 
and Q.J. Cumbes, 1989; Kim, S.Y., 2005).  
 Plants can have an effective antioxidant system against stress which increases their resistance against stress 
(Smirnoff, N. and Q.J. Cumbes, 1989). Production of metabolites such as phenolic compounds, flavonoids and 
proline is among them (Shao, H.B., 2008). Each of these components has a specific structure and biochemical 
properties and take place with different mechanisms of oxygen radical cleansing. Flavonoids are the largest 
group of phenolic compounds that play a role in the defense against stress (Tevini, M., 1991). Plants,with 
flavonoids production and accumulation in vacuoles of leaf and stem epidermis cells,used of it as a wave 
absorber[9]. Plants against oxidative stress caused by electromagnetic waves also increase phenolic compounds 
in plant tissue is very important for improving the defense mechanisms (Mittler, R., 2002; Mittler, R., 2004). 
Production and accumulation of proline was also one of the important physiological adaptations in plants under 
stress. Proline accumulation in higher plants with increased ROS, increased (Hare, P.D., 1999; Hare, P.D., et al., 
2003). 
 Oxidative stress caused by electromagnetic radiation is also effective on photosynthetic pigments (Foyer, 
C., 1994). The carotenoids have been as protective equipment in photosynthetic organelles within the cell. 
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Increased carotenoid biosynthesis during stress can reduce the harmful effects of electromagnetic waves on to 
the Chlorophyll (IIao, B.A., 1997). 

 
MATERIALS AND METHODS 

 
 For this research, Satureja bachtiarica seeds, were obtained from Seed and Plant Improvement Agriculture 
Institute, Karaj, Iran. Seeds were first surface sterilized with 30% bleach for 15 min, followed by an 80% 
alcohol wash for 2 min. Seeds were then washed for three times in sterile distilled water. After the final wash, 
seeds soaked in water for 5 hours. Petri dishes containing moist seeds were placed horizontal screen between the 
parallel coil electromagnetic waves generating which is based of Helmholtze coil was designed and built, and by 
connecting to the machine power for two hours under one mT intensity placed(Figure1). The experiments with 
three replications were conducted at 25 ± 2 °C. Untreated seeds were used control under similar condition , but 
they were not affected by electromagnetic waves. The number of turns per coil winding machine is 100 rpm, 
and the radius of the circle is 0.21 mm. For, having a mT field, the current equivalent of 1.16 mA is passed 
through the coils. Number of seed were placed in Petri dish and germination speed were compared . Number of 
seeds after treatment were transferred to soil pots. More study were performed on the 30-day seedlings. Stem 
length, leaf area, fresh and dry weight were measured in samples of treated and control samples. The shoots of 
leaves (first true leaf), stem (first internode) cut by hand or microtome Were prepared, stained and were 
photographed. On microscopic examination, stem diameter and its metaxylem diameter,in each plant ,with the 
help of a calibrated lens was determined separately. In addition to the anatomical structure of leaves, Trichome 
density in epidermal surface of leaves and density of stomata on the lower epidermis of the leaf in the control 
samples, the wet treatment was determined and compared. In the leaves of the 30-day seedlings, photosynthetic 
pigments, metabolites such as phenolic compounds and flavonoids and proline were measured. Statistical 
analysis of data was performed by calculating. Comparisons between treatment and control groups based on 
Duncan test by statistical SPSS18 for three replicates at P <0/05 was done (Mean±SE), and graphs were plotted 
by using Excel software. 
 

 
 
Fig. 1: Electromagnetic field exposure arrangement. 
 
The Rate of Germination: 
 The following formula was used to calculate the germination speed (Maguire, J.D., 1962).  
Speed of germination = No. of seeds germinated /Days of first count + No. of seeds germinated / Days of final 
count. 
 
Determination of Photosynthetic Pigments: 
 Rate of photosynthetic pigments were determined follows. Fresh leaves (0.2 g) were homogenized in 80% 
acetone and centrifuged at 10,000×g for 10 min. The supernatant was subjected to spectrophotometeric analysis 
of 646.8 , 663.2 and 470 nm respectively. Chlorophyll a, chlorophyll b, total Chlorophyll and carotenoid content 
was determined and expressed in mg g-1 fw. Chl.a, Chl.b, total Chl. and carotenoid content were calculated 
using the following formulas (Lichtenthaler, H.K., 1987): 
Chl. a = (12.25A663.2 – 2.79A646.8) × volume of supernatant (ml) × dilution factor/sample weight (g) 
Chl. b = (21.21A646.8 – 5.1 A663.2) × volume of supernatant (ml) × dilution factor/sample weight (g)  
Car. = [(1000A470 - 1.8 Chl. a - 85.02 Chl. b) /198] × volume of supernatant (ml) × factor /sample weight (g) 
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Determination of Total Flavonoid: 
 Aluminum chloride colorimetric method was used for flavonoids determination (Change, C., 2002). Each 
extract of the plant material (0.5 ml of 1:10 g/ml) in methanol was separately mixed with 1.5 ml of methanol, 
0.1 ml of 10% aluminum chloride, 0.1 ml of 1 M potassium acetate, and 2.8 ml of distilled water. The extract 
remained at room temperature for 30 min and the absorbance of the reaction mixture was measured at 415nm 
with UV-VIS spectrophotometer. The calibration plot was generated using quercetin solution. Total flavonoid 
values were expressed in mg g – 1dw. 
 
Determination of Total Phenol: 
 Total phenol content was determined by method of Folin Ciocalteu reagent  (McDonald, S., 2001). A dilute 
solution of extract (0.5 ml of 1:10 g ml - 1) or gallic acid (standard phenolic compound) was mixed with Folin 
Ciocalteu reagent (5ml ,1:10 diluted with distilled water) and aqueous Na2CO3 (4 ml,1 M). The mixture was 
allowed to stand for 15 min and the phenols were determined by colorimetry at 765 nm. The standard curve was 
prepared by 0, 50, 100, 150, 200, and 250 mg ml- 1 solutions of gallic acid in methanol: water (50:50, v/v). Total 
phenol values were expressed in terms of gallic acid equivalent (mg g – 1dw). 
 
Determination of Proline Content: 
 Free proline content in the leaves was determined (Bates, L.S., 1973). Leaf samples (0.5g) were 
homogenized in 5mL of sulfosalycylic acid (3%) using mortar and pestle. About 2mL of the extract were taken 
in a test tube and to it 2mL of glacial acetic acid and 2mL of ninhydrin reagent were added. The reaction 
mixture was boiled in a water bath at 100 oC for 30min. After cooling the reaction mixture, 6mL toluene were 
added and then transferred to a separating funnel. After thorough mixing, the chromophore containing toluene 
was separated and absorption was read at 520 nm on a spectrophotometer. Toluene was used as blank. 
Concentration of proline was estimated by referring to a standard curve of proline. Calculate the absorbance of 
the diluted sample and it was converted to µM g-1 fw. 
 
Results: 
 Moist seed germination, 45 hours after exposure to electromagnetic waves began meanwhile, the control 
samples germination after 49 hours began. Comparison of germination of treated samples compared to control 
samples showed accelerated germination in treated samples(Table 1). germination speed in treated samples 
compared to control samples, 31/33 percent increased, and the differences in the level of 0/05 was significant. In 
30-day-old seedlings of the treated samples compared to control samples, the average shoot length was 
significantly decreased and was added to the branches(Figure 2). Measurement of leaf area showed, reduce of 
leaf area in treated samples compared to control samples (Table1). Calculations showed, that leaf area, fresh and 
dry weight of the treated samples, significant reduced. The rate of chlorophyll a, b and carotenoids were 
measured in samples of treated and control that the results are listed in Table 2. Studies indicate a significant 
decrease in chlorophyll a and b in the treated samples compared to control. carotenoids content in treated 
samples showed a significant increase compared with control. Content of phenolics, flavonoids and proline in 
treated samples compared to control, a significant increase showed in the level of 0.05 (Table 3). 
 
Table 1: Effect of electromagnetic radiation on parameter growth in S.bachtiarica. 

Dry weight
(g plant-1) 

 

Wet weight 
(g plant-1) 

Leaf area
(cm2 plant -1) 

Shoot lenght
(cm) 

Germination Speed  

05/0±53/009/0±16/2  13/0±81/210/0±82/562/0±27/22  Wet treatment 
03/0±35/014/0±48/1  05/0±32/216/0±20/495/0±69/29  Control 

* **** P 
Results are means±SE of 3 replicates. *, indicate significant and at %5 level. 
 
Table 2: Effect of electromagnetic radiation on photosynthetic pigments in S.bachtiarica. 

Carotenoid
(mg g-1fw) 

Total Chlorophyl
(mg g-1fw) 

Chlorophyl b
(mg g-1fw) 

Chlorophyl a 
(mg g-1fw) 

 

 

01/0±11/408/0±87/4005/0±58/108/0±28/3  Wet treatment 
06/0±32/413/0±20/402/0±51/113/0±68/2  Control 

* *** P 
Results are means±SE of 3 replicates. *, indicate significant and at %5 level. 
 
Table 3: Effect of electromagnetic radiation on antioxidant compounds in S.bachtiarica. 

proline 
(µM g-1 fw) 

flavonoid
(mg g -1dw) 

Phenol
(mg g -1dw) 

 

 

002/0±04/0  04/0±43/102/0±37/1Wet treatment 
004/0±07/0  15/0±05/209/0±48/2Control 

* **P 
Results are means±SE of 3 replicates. *, indicate significant and at %5 level.  
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 According to Figure 3 and Table 4, In treated samples, stem diameter and its metaxylems diameter, 
significant increased compared to control. In the stele, the abundance of xylem in treated samples increased 
compared with control. In shoot epiderm, Trichome density in treated samples increased. In cross section of 
stem, in Corner below the epidermis, Collenchym cells density, with thick cellulose walls is seen and in treated 
samples row cells Collenchyma was increased. According to Figure 4, the leaves of treated samples compared 
with control, mesophilic cells, showed a lower density. Palisade parenchyma, become narrower and more 
elongated and spaces between them has increased and spongy parenchyma cells become smaller, and stomata 
density in the treated samples increased in compared to control samples(Figure 5). The vegetative shoot 
meristem in treated samples compared to controls Was wider and longer (Figure 6). In treated samples 
compared to control, the medulla cells in vegetative shoot meristem was elongated and was accelerated in the 
formation of the vascular system. 
 

 
 
Fig. 2: Comparison of shoot elongation in control(A) and treated(B) samples in S.bachtiarica. 
 
Table 4: Effect of electromagnetic radiation on anatomical characteristics of the stem. 

Metaxylem diameter 
Mic 

 

Stele diameter 
mm 

Stem diameter 
mm 

 

17/1±36/32  01/0±88/0  02/0±29/1  Wet treatment 
20/1±04/37  05/0±15/1  02/0±46/1  Control 

* * * P 
Results are means±SE of 3 replicates. *, indicate significant and at %5 level. 
 

  
 
Fig. 3: Comparison of stem anatomical structure in control(A) and treated(B) samples in S.bachtiarica. 
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Fig. 4: Comparison of leaf anatomical structure in control(A) and treated(B) samples in S.bachtiarica. 
 

  
 
Fig. 5: Comparison of leaf stomata density in control(A) and treated(B) samples in S.bachtiarica. 
 

  
 
Fig. 6: Comparison of leaf vegetative meristem of shoot in control(A) and treated(B) samples in S.bachtiarica. 
 
Discussion: 
 Due to the electromagnetic waves are carrying energy, obviously, has effects on living organisms, including 
plants. The low frequency electromagnetic waves can affect on seed vigor. Plants are able to identify and 
respond to the stresses of their environment plants, like other organisms,in the biological and non-biological 
stress, reactive oxygen species (ROS) are produced which Can cause damage (Gill, S.S. and N. Tuteja, 2010). 
Environmental stress by inducing oxidative stress, exert their destructive effects (Blokina, O., 2003). In our 
study, the seeds that were under the influence of electromagnetic waves compared to the seeds, which were not 
received waves, speed of germination increased. This may be due to increasing metabolism under irradiation 
and increase of more water absorption and substance consumption of grain under effect of waves (Maguire, 
J.D., 1962; Shabrangi, A. and A. Majd, 2009; Shabrangi, A., 2011). It is also possible that the amount of 
electromagnetic radiation inducible genes in the nucleus of cells increases so that changes in plant metabolism 
and thus accelerate germination (Moon, J.D. and H.S. Chung, 2000; Yao, Y., 2006). In The treated samples 
compared to control samples, were seen reduction of shoot length and increase of branches. Seems that the 
waves, destructive effect on the growth regulator such as indol-3-acetic acid (IAA) (Ros, J.M. and M. Tevini, 
1995). By changes in the enzyme concentration, longitudinal growth were reduced. This causes changes in the 
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enzyme concentration that the result is reduction in longitudinal growth of the plant. Another reason, may be 
peroxidase production during stress that can act as an auxin oxidase, leading to a decomposition of the auxin. 
Reduction of auxin, caused decrease of the flexibility of the cell wall and thus caused reduction plant growth. 
However, removal of apical auxin source, leads to a reduction in apical dominance. removal of apical auxin 
source, leads to reduction in apical dominance that caused ,increase the possibility of further growth of side 
branches. Increase of branches in treated plants cause decreased relative contribution of chlorophyll content per 
leaf and leaf area. Branches increased in treated plants, which can be a desirable feature in the agriculture 
industry, and also used to produce animal feed. Reduction of leaf area under electromagnetic radiation is a 
response that can limit the damage to leaf tissue caused by radiation (Jansen, M., 1998). Reduction in leaf area 
thus reducing cell division occurs. Radiation exposure due to Reduction in mitotic cells division or increase time 
spent to cell division (Hopkins, L., 2002). Fresh and dry biomass weight loss may be due to reduction of the leaf 
area. Reduction in leaf area may be due to decreased chlorophyll and photosynthesis under waves. The decrease 
may be due to inhibition of chlorophyll-producing genes or decomposition of chlorophyll precursors under 
electromagnetic radiation (Jansen, M., 1998). Reduce of chlorophyll pigments because of chlorophyll 
degradation or negative effects of radiation on chlorophyll synthesis precursors (Caldwell, M.M., 1983). The 
other hand increase in carotenoid biosynthesis reosen for protect the organelles from the damaging effects of 
radiation is accumulation of carotenoids in the chloroplast.Carotenoids are able to obtain high-energy of short-
wavelength and Take off and reactive oxygen and by takingthe oxygen radicals, do antioxidant role (Tevini, M., 
1981). Because of the accumulation of carotenoids in chloroplasts, this organells protect from damaging effect 
of radiation (IIao, B.A., 1997). Photosynthetic membrane can easily damage from absorbing large amounts of 
energy through a pigment. If this energy can be saved as a photochemical,in this case, a protective mechanism is 
needed. The increase in the biosynthesis of carotenoids, causing protect the organelles from the damaging 
effects of radiation. probably the biosynthetic pathway of carotenoids might be less influenced than that of 
chlorophyll . Protective mechanism can be considered as a safety valve to excess energy out. If this ecited form 
of chlorophyll, does not subside quickly then reaction with molecular oxygen occurs, leading to the formation of 
single oxygen. Excited state of carotenoids lacking the energy to form a single oxygen and with the loss of 
energy as heat, returns to the initial state (Yao, Y., 2006).  
 Increasing the number of stem Trichome, Increasing frequency and diameter xylem elements,increasing the 
collenchyma cell row with thick cellulose walls in treated cells in comparition to controls which can increase 
plant resistance against stress. Reduced density and compactness parenchymal mesophilic cells and increasing 
the spaces between them and stomatal density in the treated samples compared to control makes this posibility 
that plant for better air exchange increased leaf pores and pore density (Angel, D., 2005). Larger and more 
elongated vegetative meristems in treated samples compared to control may be a symptoms of more active 
divisions in the area affected by electromagnetic waves.On the other hand, our study on the vegetative shoot 
meristem Suggests, medulla meristem cells in treated samples compared to control is consistent with the rise of 
stele diameter. In treated samples compared to control, accelerate the formation of the vascular system was seen 
which consistent with the frequency of xylem in cross section. probably that one of the reasons increased 
synthesis of lignin is production of peroxidase.  
 Plants can produce effective antioxidant against stressor factors (Hosseini Sarghein, S., 2011). In fact one of 
the most important plant defense systems to control and neutralize free radicals is inducing synthesis of 
antioxidant compounds (Pittman, U.J., 1977). Many non-enzymatic antioxidant defense mechanisms are 
activated to prevent the damaging effects of stress (Smirnoff, N., 1995). These compounds react with free 
radicals and by giving electrons to reactive radicals, converting them to form their own stable (Smirnoff, N., 
1993). Phenyl propanoids pathway, is responsible for making such flavonoids and phenolic compounds, induced 
in stress. Electromagnetic waves can cause Sinamic acid synthesis and activation Flavonoids biosynthesis 
pathway and there by reduce the stress (Shao, H.B., 2008; Smirnoff, N., 1998). Flavonoids are the largest group 
of phenolic compounds that have defense role against stress. Application of phenyl alanine ammonia Lyase, and 
inhibition of the biosynthesis of flavonoids, Increase the susceptibility of plants to the wave. Using mutants that 
lack the power to make these compounds showed the importance of this compounds in plant resistance to 
radiations. Flavonoids accumulate under stress as Protective mechanism against waves. Flavonoids are 
antioxidant compounds that are important not only to destroy free radicals but also avoid of producing them 
(Tevini, M., 1981). Plants,with the production and accumulation of flavonoids and Phenolic compounds in cell 
vacuoles of epidermal layers of leaves and stems can cause radiation absorbtion and prevent the critical wave 
reach to the organelles such as chloroplasts and thus reduce the effects of oxidative stress (Sakihama, Y., 2002). 
Accumulation of phenolic compounds in plant tissues for enhanced photosynthetic carbon fixation is very 
important as a defense mechanism. Free hydroxyl groups attached to the aromatic ring of phenols by eliminating 
radicals and other defense mechanisms such as single oxygen subsided ,with the metal chelate, by binding toxic 
ions,caused reduce of oxidative damage and therefore, the cellular structures was protected from the negative 
effects of stress. Accumulation of phenolic compounds in trichome, the vacuole and the walls of the epidermal 
cells, prevents damage to the underside cells (Jansen, M., 1998; Flint, S.D., 1985). These compounds with 
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absorbing the electromagnetic radiation spectrum, with potential antioxidant and detoxification of oxygen 
radicals increased the resistance of plants to radiation.  
 Proline as a defense amino acid can protect cells against damage caused by stress (Maggio, A., 2002; 
Szabados, L. and A. Savoure, 2009). Thus, during stress increases as a defensive or adaptive response and plays 
a role in osmotic pressure adjustment and is a good source of energy, carbon and nitrogen in the tissue repair 
(Saradhi, P.P., 1995; Kostal, V., 2011; Hare, P.D., et al., 2003; Hare, P.D., 1999). Also it was stated that 
increased proline under stress could be due to stimulate the production of proline from glutamic acid (Chu, 
T.M., 1978; Lakobashvil, R. and A. Lapidot, 1999). Proline effects on free radicals, osmoregulation, contribute 
to the sustain ability of the natural form of protein, and preserve the natural structure of the protein monomers 
and oligomeric proteins complex, prevent deformation of enzymatic compounds in stress, and contributing to 
membrane stability and decrease the negative effects of stress on the cell membrane and on the other as a source 
of carbon and nitrogen caused increased plant tolerance and resistance to stress (Siripornadulsil, S., 2002; 
Verbruggen, N. and C. Hermans, 2008). 
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