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Abstract: Literature sources state that an electromagnetic field causes physiological-biochemical 
changes in seeds. Water assimilation becomes faster, breathing of a germinating seed intensifies and its 
viability improves. The effect of lentil (Lens culinarisMedik) seed pretreatment by stationary magnetic 
field on germination and early growth has been studied under laboratory conditions. Dried seeds were 
exposed to magnetic field of strength from 0 to 1.5 T in steps of 0.3 T for different time periods of 5 to 
20 min in steps of 5 min. Thereafter, the seeds were incubated for a total period of 7 days to germinate. 
The germinating seeds were counted every 24 h during the incubation period of 7 days. Germination 
percentage, mean germination time, vigor index were evaluated. The results indicated that the effects of 
treatment depended on strength and period of exposure to magnetic field. Treatment of lentil seeds in 
these magnetic fields increased mean germination time, seedling length and seedling dry weight. The 
greatest increases of the various treatments were obtained for plants exposed to 0.3 and 1.2 T for 10 
min. The higher enzyme activity in magnetic-field-treated sunflower seeds could be triggering the fast 
germination and early vigor of seedlings. 
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INTRODUCTION 

 
 Modern agricultural efforts are now in search of an efficient ecofriendly production technology based on 
physical treatment of seeds to increase the seedling vigor and crop establishment. Exposure of seeds to those 
electromagnetic (electric and magnetic) fields is one of the safe and affordable potential physical pre-sowing 
treatments to enhance post-germination plant development and crop stand (Florez et al., 2007). It has been 
observed that electromagnetic origin factors cause physiological biochemical changes in seeds. Water 
assimilation becomes faster, breathing and photosynthesis of germinating seeds intensifies; all these factors 
improve germination of the viable seed (Podlesny et al., 2004). 
 The effects of Electromagnetic fields as pre-sowing seed treatments on germination of seeds and growth of 
plants, have been the object of numerous researches (Florez et al., 2004; Soltani et al., 2006; Carbonell et al., 
2008). Enhancement of seed vigour and germination of different species by treating seeds with magnetic or 
electromagnetic fields has been confirmed by many scientists (Martinez et al., 2000; Florez et al., 2004; Mano 
et al., 2006; De Souza et al., 2006; Soltani et al., 2006; Carbonell et al., 2008).  
 Vashisth and Nagarajan (2008) reported a 46-71% increase in chickpea seed vigour, a 58-90% 
improvement in seedling root length and a 25-47% increase in seedling dry weight. Onion and rice seeds 
exposed to a weak electromagnetic field for12h showed significantly increased germination as well as shoot and 
root length of seedlings (Alexander and Doijode, 1995). Harich et al. (2002) also observed that seed treatment 
with a magnetic field (10 �T; 40h) increased plant height, seed weight per spike and subsequent yield of wheat 
crops. Exposure of maize seeds to a 150 m T magnetic field stimulated shoot development and led to an increase 
in germination, fresh weight and shoot length of maize plants (Aladjadjiyan, 2002). Florez et al. (2007) reported 
that the germination and early growth of maize seedlings were enhanced when seeds were exposed to a 
stationary magnetic field. Fischer et al., (2004) reported that sunflower seedlings exposed to vertical magnetic 
fields showed small but significant increases in total fresh weight, shoot fresh weight and root fresh weight, 
while the dry weight and germination rates remained unaffected. Growth of germinated Viciafaba seedlings was 
enhanced by the application of power frequency magnetic fields (100 �T), supported by an increased mitotic 
index and 3H-thymidine uptake (Rajendra et al., 2005). Aksenov et al. (2001) ascertained that electromagnetic 
field with the frequency of 50 Hz stimulated imbibition of wheat seeds and increased the length of seedlings by 
activating esterases. Likholat et al. (1999)asserted that the influence of AMF with the frequency of 30–35 Hz 
and maximum amplitude of about 30 mT on pea, sunflower and wheat seeds imbibing in water improved their 
germinating. Sirotina et al. (1973) observed an enhanced formation of lateral roots in millet after seed treatment 
with a weak pulsating field (50 Hz) with the intensity of 8 A/m.  
 Thus far, little has been reported on investigation of effects of different duration of electromagnetic field on 
plant seeds. Thus, the objective of this study is to investigate the possible effect of stationary electromagnetic 
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field strength and duration of exposure on the germination of maize seeds and first stages of growth of the 
seedlings.  
 

MATERIALS AND METHODS 
  
Plant materials: 
 The experiment was carried out in April 2010 at the Biotech Research Center of the University of Zabol, 
Zabol, I.R. Iran. Certified seeds of lentil (Lens culinarisMedik) variety, Ziba, being widely planted all over Iran, 
was used in this study. Seeds were kindly provided by Zabol Agricultural Research Center. Prior to germination, 
seeds were disinfected with 3% Formaldehyde for 10 minutes, washed thoroughly under tap water and finally 
with distilled water.  
 Seed moisture content was determined by oven drying seeds at 85 °C to constant weight. Moisture content 
(%) was calculated as [(W1–W2/W2]×100, where W1 was the initial weight of the seed and W2 was the final 
weight of the seed after drying. A moisture content of 7.0% was used for all treatments and experiments. 
 
Magnetic Treatment:  
 An electromagnetic field generator with variable horizontal magnetic field strength (0.3–1.5T) with a gap of 
5 cm between pole pieces was fabricated. The pole pieces were cylindrical in shape, 9 cm in diameter and 16 cm 
in length. ADC power supply (80V/10A) with a continuously variable output current was used for the 
electromagnet. 
 Lentils seeds were exposed to the magnetic field of 0 to 1.2Tin steps of 0.3T for 5, 10, 15 and 20 min for all 
field strengthsinacylindrical-shaped sample holder of 20 cm3 capacity, made of anon-magnetic thin transparent 
plastic sheet. 50 visibly sound, mature, healthy seeds were held in the plastic container at a volume between the 
poles of the electromagnet having a uniform magnetic field for the required duration.  
 
Seed Germination:  
 After electromagnetic field treatments 25 lentil seeds were then germinated in sterilized Petri dishes, 100 
mm in diameter, on Whatmann filter-paper moistened with 10 mL of either double-distilled water. Petri dishes 
were subsequently kept in the dark, at 25 °C, for a span of 10 days. The solutions were renewed after 3 days. 
 After 10 days, germinated seeds were grouped as normal, abnormal, fresh un-germinated and dead seeds. 
The germination percentage was calculated based on normal seedlings. Ten such seedlings from each replicate 
were randomly selected to measure shoot and root length. Dry weight was also evaluated after drying the 
specimens (10 seeds) for 72 hours at 76 °C. 
 During the experiment, germinated seeds were counted on a daily. Seed germinability was assessed by the 
final cumulative percentage of germination at the end of the tests. Here, germination was considered only when 
the radicles were longer than 2 mm. Seedling vigor was calculated following Abdul-Baki and Anderson (1973) 
as; 
 
Vigor index I = Germination% × Seedling length (Root + Shoot): 
Vigor index II = Germination% × Seedling dry weight (Root + Shoot): 
 Mean germination time was calculated according to the equation below (Nascimento, 2003): 

Mean germination time =  






 

i
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whereDi is the number of days after starting the experiment and Ni represent the total number of germinated 
seeds on the ith day. 
 
Statistic Analysis: 
 The data were analyzed using SPSS Ver. 8 software. Two factor analysis of variance (ANOVA) was 
performed on a factorial design, “magnetic field” and “duration of exposure”. The significant levels of 
difference between the treatments for germination percentage, mean germination time, seed weight, radicle 
length, radicle weight and radicle weight ratio among magnetic fields, duration and their interactions were 
expressed as significant at levels of p≤0.05 and p≤0.05.Conventionally, if P < 0.05, the result is statistically 
significant and if P < 0.01, the result is highly significant with more confidence of true effect. 
 

RESULTS AND DISCUSSION 
 
 Exposure of lentils seeds to different intensities of magnetic fields prior to germination significantly 
increased germination-related characters, such as germination percentage, mean germinationtime, shoot and root 
length, seedling dry weight and calculated vigor indices. The improvement over untreated control seeds was 5–
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11% for germination, 9–15% for mean germination time, 6–41% for shoot length, 16–80% for root length, 12–
57% for total seedling length and 5–13% for seedling dry weight. The calculated vigor indices I and II also 
increased by 18–74% and 10–25%, respectively. The percent enhancement of different parameters was not 
linearly related to magnetic field strength. Among the various magnetic treatments, 0.3, 0.9 and 1.2 T for 10 min 
exposure were more effective than others in increasing most of the seedling parameters. Magnetic field exposure 
time of 5-20 min significantly increased germination characteristics. However, exposure 10 min duration was 
more effective compared to the others in enhancing seed germination characters. 
 The interaction of magnetic field and duration of exposure are provided in Tables1–3. With most of the 
field strengths, enhancement of germination percent was noted for the 10 min duration. mean germination time 
was significantly higher than control in 0.3 T (10 and 20 min) 0.6 T (5 min), 0.9 T (15 min), 1.2 T (5 and 10 
min) and 1.5 T (10 and 15 min). Shoot length of seedlings showed significantly greater response for most fields 
and exposure times. However, there was a reduction in shoot length compared to unexposed controls for some 
exposures, including 0.6 T (5, 15 and 20 min) and 0.9 T (20 min) and 1.2 T (5 min). The maximum value was 
observed for 10 min exposure of 1.2 T followed by 0.3 and 1.5 T fields. A similar response was obtained for 
seedling root length in 0.3, 1.2 and 1.5 T fields for 10 min exposure. Root length was reduced compared to 
controls in 0.6 T (5, 15 and 20 min), 0.9 T (20 min) and 1.2 T (5 min) fields. Seedling dry weight was greatest in 
0.3, 1.2 and 1.5 T for 10 min exposure and the values were significantly higher than the controls in 0.3 T (5, 10 
and 20 min) 0.6 T (10 min), 0.9 T (5 min), 1.2 T (10 min) and 1.5 T (5 and 10 min) treatments. Seedling vigor I 
based on seedling length and germination percent showed a trend similar to seedling shoot and root length. 
Seedling vigor II values based on seedling dry weight and germination percent were highest for 0.3, 1.2 and 1.5 
T magnetic fields at 10 min exposure.  
 From the analysis of the data, it appeared that, when all germination characteristics were taken into 
consideration, the best results were observed in 0.3, 1.2 and 1.5 T magnetic fields for 10 min exposures.  
 
Table 1: Effect of different doses and duration of magnetic field exposure of lentil seeds on germination percentage and mean germination 

time. 

 
Discussion:  
 Exposure of different magnetic fields in general stimulates the germination of sunflower seeds (Tables 1-3). 
Such enhanced performance of seeds exposed to magnetic fields has been reported previously by workers 
dealing with various crop seeds (Aladjadjiyan, 2002; Fischer et al., 2004; Florez et al., 2007). Vashisth and 
Nagarajan (2007) noted that there is a significant increase in germination, seedling vigor and shoot/root growth 
in maize and chickpea seeds exposed to static magnetic fields. Florez et al. (2007) reported faster germination of 
maize seeds when exposed to magnetic field of 125 or 250 mT for varying periods of time. Total length and 
fresh weight of 10-d-old seedlings were highest when their seed-lot was exposed to 125 or 250 mT. Fischer et 
al. (2004) reported that sunflower seedlings exposed to magnetic fields showed small but significant increases in 
total fresh weight, whereas dry weight and germination rates remained unaffected. 
 The interaction of magnetic field and exposure time indicates that certain combinations of magnetic field 
and duration, such as 0.3, 0.6 and 1.5 T for 10 min, are highly effective in enhancing germination (Tables 1-3). 
This observation indicates that the internal energy of the seed responds positively when there is an appropriate 
combination of magnetic field and exposure time (Bhatnagar and Deb, 1977). Kavi (1983) reported that, in ragi 
(Eleusinecoracana) seeds exposed to 100 mT, a magnetic field changed the internal potential energy and 
suggested that by selecting a suitable combination of magnetic field and exposure time, it may be possible to 
obtain higher yields. 
 
 

Parameters 
Magnetic field 
strength (T) 

 5 min 10 min 15 min 20 min 

Germination 
percentage (%) 

0.3  91.2 94.5 86.3 88.1 
0.6  86.2 85.8 86.3 92.2 
0.9  86.9 93.5 91.7 87.1 
1.2  91.1 97.2 90.0 87.4 
1.5  83.7 91.6 84.7 91.2 
0 82.2     

LSD 4.3      

Mean germination 
time (h) 

0.3  61.6 64.4 61.4 63.8 
0.6  64.0 63.2 56.8 60.1 
0.9  63.9 63.8 64.3 63.4 
1.2  64.5 66.1 55.5 56.9 
1.5  55.7 64.2 63.9 60.7 
0 55.2     

LSD 1.8      
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Table 2: Effect of different doses and duration of magnetic field exposure of lentil seeds on shoot length, root length total seedling length 
and seedling dry weight. 

 
Table 3: Effect of different doses and duration of magnetic field exposure of lentil seeds on vigor index I and vigor index II. 

Parameters Magnetic field 
strength (T) 

 5 min 10 min 15 min 20 min 

Vigor index I 0.3  2368 3278 2181 2769 
0.6  1378 2984 1672 1297 
0.9  2716 2689 2850 1779 
1.2  1672 3251 2716 2475 
1.5  2234 3305 2395 2181 
0 1512     

LSD 89      
Vigor index II 0.3  4.1 5.7 3.8 4.8 

0.6  2.5 5.2 3.0 2.3 
0.9  4.7 4.7 5.0 3.1 
1.2  3.0 5.6 4.7 4.3 
1.5  3.9 5.7 4.2 3.8 
0 2.8     

LSD 0.12      

 
Conclusion:  
 Exposure of dry sunflower seeds to static magnetic fields significantly increased germination, mean 
germination time, seedling length and dry weights compared to unexposed controls. Among the various 
combinations of field strength and duration, 0.3 and 1.2 T for 10 min exposure yielded superior results. The 
improved functional root parameters suggest that magnetically treated sunflower seeds can be used in practical 
agriculture under rainfed farming, where better root growth will enable extraction of moisture from deeper soil 
layers. 
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