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Abstract 

In this study the effects of different intensities of AC (2.7 mT and 3.5 mT) and DC (3.7 mT and 4.5 mT) mag-
netic fields and exposure times (30, 60 and 90 min) on germination and primary growth of lentil seeds have been 
investigated. The treated and untreated seeds were cultivated under an identical condition of the water-bedded Petri-
dish in a temperature, lighting and relative humidity. Growth indices were measured every day at the same time for 
a week. It was found that the magnetic fields have no effect on the percentage of germination rates of the treated 
lentil seeds compared with that of the untreated seeds. The length of roots were increased about 16-31 % in AC 
magnetic field intensities of 2.7 mT and 3.5 mT and 10-13 % in DC magnetic field intensities of 3.7 mT and 4.5 mT 
different in exposure times compared with controls. The stem’s length were increased about 29-35 % in 2.7 mT and 
decreased about 3-15 %, in higher intensities of 3.5 mT, 3.7 mT and 4.5 mT compared with controls. According to 
the results, magnetic fields can affect the early growth of lentil seeds and these effects are altered with different in-
tensities and times of exposure. 
 

PACs: 87.10.Vg; 87.17.Ee; 87.18.Np; 87.19.Ix 
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1. Introduction  
 

Because of the important role of plants on the 
earth, studying about the factors that affect plants 
growth is very important. Among these, the effects of 
electric and magnetic fields have attracted considera-
ble attention. All plants on the earth live under an 
electric and magnetic fields, because the earth is a 
magnet and there is an electric field between clouds 
and the earth [1]. It has been reported that external 
magnetic field influences both the activation of ions 
and the polarization of dipoles in living cells [2]. 

The impact of magnetic fields may be positive or 
negative on biological systems, depending upon the 
prevailing conditions where the event occurs. The 
magnetic field sometimes perturbs the structural or-
ganization of cells, involving enzymes and mem-
branes, and resulting in unusual metabolism and func-
tions [3]. A magnetic field applied to dormant seeds 
was found to increase the rate of subsequent seedling 
growth of barely, corn, beans, wheat, certain tree 
fruits, and other tree species [4]. Kato reported the 
effects on plant materials of DC magnetic fields of 
0.005 µT, which is much lower than the local geo-
magnetic field [5]. Kuzin and coworkers studied sti-
mulation of plant growth using a magnetic field vary-
ing linearly from 10000 µT to about the strength of the 
local geomagnetic field within 3 seconds [6]. Sprout-

ing and early growth of radish seeds were studied us-
ing combined fields of AC magnetic fields (60 Hz, 
40 µT peak to peak) and DC fields satisfying the cyc-
lotron resonance (CR) equation conditions for either 
calcium (78.3 µT) or potassium (153.3 µT) to study 
effects of the ion CR [7].The effects of an electromag-
netic field from a high voltage transmission lines on 
the yield of agricultural crops cultivated underneath 
and near the transmission lines were studied by Soja 
[8]. In terms of CR effect, biological effects of ELF-
AC magnetic fields were analyzed [9]. Exposure of 
hornwort seeds to a magnetic field, increased the rate 
of germination [10]. In this investigation, we at-
tempted to examine the effect of different intensities 
(2.7 mT, 3.5 mT, AC, and 3.7 mT, 4.5 mT, DC) of 
magnetic fields and exposure time (30, 60, and 90 
min) on germination and primary growth of lentil 
seeds.  
 
2. Experimental details 
 

As the Fig. 1 shows the experimental set up for 
the magnetic fields treatment was consisted of a sole-
noid with diameter of 12 centimeters, height of 30 
centimeters and 1200 turns. Seeds wave located in this 
magnetic field. Two out puts were considered for so-
lenoid, first 600 turns and the second 1200 turns. The 
circuit consisted of a transformer (u1 = 220 V, 
u2 = 2 V, I2 = 4.16 A), diode rectifier, capacitor 
(1000 μF, 16 V) and resistor (10 kΩ), connected in 
parallel with the solenoid. The circuit could produce 
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DC current (with diodes) and AC current (without 
diodes) by that distinct AC (2.7 mT, 3.5 mT) and DC 
(3.7 mT and 4.5 mT) magnetic fields produced inside 
the solenoid. The magnetic fields were measured by a 
digital teslameter (holaday three-D sensor, made in 
Japan). 

Lentil seeds (Lens culinaris) were selected as the 
sample seeds which were distributed by an agricultural 
agent (Advand institute). The seeds were selected as 
being similar in size, color and shape. The lentil seeds 
usually germinate in 24 hours at normal temperatures 
(20-25 ºC) and have a high rate of germination 
(>80%). Fifty seeds were selected for each experi-
ment. They were placed in the region of diameter 8 cm 
on wet filter papers in a lidded Petri dish of diameter 
10 cm. 

The treated and untreated seeds were then culti-
vated under an identical condition of the water–
bedded Petri-dish in a temperature and relative humid-
ity- controlled incubation room. All lidded Petri-
dishes arranged with seeds were placed on the hori-
zontal shelf under wide-spectrum fluorescent illumina-
tion at 12 klux in the incubator. The light cycle was 14 
h on (8:00 a.m. - 10:00 p.m.) with temperature of 28 
ºC and 10 h off (10:00 p.m. - 8:00 a.m.) with tempera-
ture of 22 ºC. The growth index (germination, length 
of roots, length of stems) were measured every day at 
the same time for a week. After experiments the data 
analyzed by SPSS.  

 

 
Fig. 2. Germination percent rate of lentil seeds in differ-
ent magnetic fields and times of exposure. 

3. Results  
 

Table 1 and Fig. 2 show the results of mean + SE 
(standard error) for the percentage germination rate of 
lentil seeds for various applied magnetic field intensi-
ties and exposure time period. The germination per-
cent of lentil seeds began to increase rapidly in a day 
(>85%) but saturated after two days (>94%).There 
were no significant effect on germination rates in any 
magnetic field and exposure time. 

Table 2 and Fig. 3 show the results of mean + SE 
(standard error) for the root’s length of lentil seeds in 
various applied magnetic field intensities and expo-
sure time periods. The length of roots show the in-
crease value of 16-31 % when the magnetic field of 
2.7 mT was applied, and 15-22 % when the magnetic 
field of 3.5 mT was applied, compared with the un-
treated seeds. Maximum growth was obtained at expo-
sure time of 60 and 90 minutes. Significant increases 
(p < 0.01) were observed for exposure time of 60 and 
90 min and significant difference (p<0.05) were ob-
tained in exposure time of 30 min. When DC magnetic 
fields of 3.7 and 4.5 mT were applied, the length of 
roots increased about 10-13 %. Maximum growth of 
root’s length was obtained at B = 4.5 mT and expo-
sure time of 60 and 90 min. Significant increases were 
obtained at the 5% significance level (p < 0.05) for 
exposure time of 60 and 90 min. 

Table 3 and Fig. 4 show the results of mean + SE 
(standard error) for the stem’s length of lentil seeds in 
various applied magnetic field intensities and expo-
sure time periods. When the magnetic field of 2.7 mT 
were applied the length of stems were increased about 
29-35 % compared with untreated seeds. Significant 
increases (p<0.001) were obtained for exposure time 
of 30 min and  significant  difference (p < 0.01) were 
observed for exposure time of 60 and 90 min com-
pared with controls. When the magnetic fields higher 
than 2.7 mT were applied the length of stems de-
creased about 3-15% compared with controls. Signifi-
cant decreases were obtained at the 0.1 % (p < 0.01) 
and 5 % (p < 0.05) significance level for B = 3.5 mT 
and exposure time 30 and 60 min, and 5 % significant 

 
T: transformer; D: diodes rectifier; R: resistor; C: capacitor 
L: solenoid  
Fig. 1. Schematic diagram of experimental set up for 
magnetic field treatment. 
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Fig. 3. Root’s length of the lentil seeds in different 
magnetic fields and times of exposure. 
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level (p < 0.05) for B = 3.7 mT and exposure time of 
60 min. 
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Fig 4. Stem’s length of the lentil seeds in different mag-
netic fields and times of exposure. 
 
4. Discussion 
 

According to our investigation, AC and DC mag-
netic fields in the applied intensities had no effect on 
lentil seeds germination. Our results are compatible 
with Gusta’s results that showed exposure of dry seeds 
of wheat, barley, and wild oats to a magnetic field had 
no effects on germination [11].Our study shows that 
the length of roots increased in all magnetic field in-

tensities but this increase was more sensible in 2.7 mT 
and 3.5 mT. Maximum growth (about 30 %) were 
obtained at B = 2.7 mT and exposure time of 60 min. 
It is assumed that MFs may have caused a change in 
synthesization of protein. changed. It is deduced that 
gene expression has changed. The same results re-
ported by Racuciu that said magnetic fields can in-
crease roots growth of corn seedlings [12]. Adversely 
Penuelas and coworkers reported that magnetic fields 
of 176 G and 21 G reduce root growth of L. culinaris 
by 37% and 13 % respectively [13]. Our results also 
indicate despite the fact that the stem’s length was 
increased about 29 - 35 % in 2.7 mT, higher fields of 
3.5 mT AC and 3.7 mT and 4.5 mT DC, at all expo-
sure times, induce an inhibitory effect upon the stems 
length of the seedlings. 

  Electromagnetic fields interact with biological 
molecules via exerting some forces on bound or free 
charges by changing the size and shape of the energy 
levels or chemical processes [14]. Then a series of 
cascade events at the molecular, cellular and tissue 
level take place and induce biological effects [15]. A 
great number of reports about the mechanism of EMF 
interaction have pointed to the effects of the fields on 
the calcium channels. According to the reports, the 
magnetic and electric fields affect the electrical 
charges of the calcium channels and cause the opening 
of the channels and increasing the intracellular con-

      Table 1. Germination percent rate of lentil seeds in different magnetic fields and times of exposure. 
 

Time (min.) 
 
 

B (magnetic field) 

t = 0  
mean + SE 

(%) 

t = 30  
mean + SE

(%) 
P value 

t = 60  
 mean + SE

(%) 
P value 

t = 90  
mean + SE 

(%) 
P value 

B1 = 2.7mT (AC) 94+ 0.01 95+ 0.01 n.s 96+ 0.01 n.s 95+ 0.01 n.s 

B2 = 3.5mT (AC) 94+ 0.01 94+ 0.01 n.s 91+ 0.01 n.s 95+ 0.01 n.s 

B3 = 3.7mT (DC) 94+ 0.01 91+ 0.01 n.s 94+ 0.01 n.s 94+ 0.01 n.s 

B4 = 4.5mT (DC) 94+ 0.01 96+ 0.01 n.s 95+ 0.01 n.s 94+ 0.01 n.s 
 

50 seeds were used in each experiment. Mean of germination rate (%) and SE (standard error) were obtained for three replications. (n.s: none 
significant) 

Table 2. Root’s length of the lentil seeds in different magnetic fields and times of exposure. 
 

Time (min.) 
 

 
B (magnetic field) 

t=0  
mean + SE 

(mm) 

t=30  
mean + SE

(mm) 
P value 

t=60  
 mean + SE 

(mm) 
P value 

t=90  
mean + SE 

(mm) 
P value 

B1 = 2.7mT (AC) 15.45+ 0.66 17.89+ 0.61 < 0.05 20.2+ 0.61 < 0.001 18.2 + 0.63 < 0.01 

B2 = 3.5mT (AC) 15.45+ 0.66 17.98+ 0.71 < 0.01 18.93+ 0.71 < 0.001 18.52 + 0.75 < 0.001 

B3 = 3.7mT (DC) 15.45+ 0.66 17.2 + 0.65 < 0.05 16.1   + 0.65 n.s 15.9+ 0.65 n.s 

B4 = 4.5mT (DC) 15.45+ 0.66 15.48+ 0.62 n.s 17.33   + 0.62 < 0.05 17.43 + 0.62 < 0.05 

 
50 seeds were used in each experiment. Mean of root’s length (mm) and SE (standard error) were obtained for three replica-
tions. (n.s: none significant)  
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centration of calcium [16]. Calcium as a second mes-
senger can lead to activation of many factors of the 
gene expression and then protein biosynthesis in the 
cells [17, 18, and 19]. 

It is believed that only special combination of 
frequency and intensity of magnetic field can induce 
biological effects. It is seemed that transfer of energy 
from magnetic field takes place, when its frequency 
coupled with the cyclotron resonance, frequency of 
the mobile ion in static magnetic fields [20]. Behavior 
of biological macromolecules is related to their three 
dimensional structure. If the structure of a cytoplasm 
or membrane or protein alters by magnetic field, its 
function as an enzyme [21, 22], receptor or ionic 
channel will change [18]. The intensity and frequency 
of magnetic field is the critical factors in structural and 
functional changes of proteins and cells. Electromag-
netic fields can transfer energy via induced currents, 
by inducing or coupling capacitor. Different macro-
molecules such as channel proteins in membranes 
have a variety of innate intra structural movement, 
such as vibration, tension, and chemical bond spin-
ning. These localy structural movements encompass 
electrical charge and dipoles movement and also hy-
drophobic segments. Intra structural movements at 
whole can involve in opening and closing of channels 
or substrate–enzyme interactions. These events can 
lead to changing in cell function such as gene expres-
sion [23], rate of mitotic division, intracellular reac-
tions and so on [24]. 
 
5. Consolation 
  

In this research the effect of external low fre-
quency magnetic field on the lentil germination and 
seedling growth is investigated. It is found that this 
magnetic field doesn't affect the germination rate in 
the range of our work, however applying magnetic 
field will increase the root seedlings. There is an op-
timum magnitude of magnetic field for growth of 
stems, found to be about 2.7 mt in our experimental 
condition.  

As an overall result the effects of magnetic fields 
on primary growth of lentil seeds sometimes are not 

following the dose-response relationship, especially in 
the case of stem growth. With magnetic fields, biolog-
ical effects or changes appear at certain intensity, dis-
appear at higher intensity, and only appear again at 
still higher levels. Because of the various processes 
that magnetic fields interact with biological systems, 
its effects some times may be very confusing. Depend-
ing on the mechanism of interacting, kinds of orga-
nelles, cells and tissues, stage of growth or differentia-
tion and physiological condition of organism and also 
the type of the field, intensity, frequency and time of 
exposure, the effects of magnetic fields can be differ-
ent. [25]. 
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