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  Abstract 

 

The effects of electromagnetic field treatments of wheat seeds on germination and early seedling growth were 

studied under controlled 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. Most of seed 

treatments resulted in improved germination speed and spread, root and shoot length, seed soluble sugars and 

a-amylase activity. The results indicated that the effects of treatment depended on strength and period of 

exposure to magnetic field. Treatment of wheat 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 wheat seeds 

could be triggering the fast germination and early vigor of seedlings. The results suggest that magnetic field 

treatments of wheat seeds have the potential to enhance germination, early growth and biochemical parameters 

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 

magnetic fields is one of the safe and affordable 

potential physical pre-sowing treatments to enhance 

post-germination plant development and crop stand 

(Asgharipour and Razavi Omrani, 2011).  

 

All plants on earth live under an electric and magnetic 

field because the earth is a magnet (Muntz, 1996) and 

there is an electric field between clouds and the earth 

(Nagarajan et al., 2003). It has been reported that 

external electric and magnetic fields influence both 

the activation of ions and the polarization of dipoles 

in living cells (Shewry et al., 1995). Investigations into 

electromagnetic effects on plants have already been 

carried out in Russia (Ramakrishna and Ramakrishna 

Rao, 2005) with some remarkable results (Pandita et 

al., 2003). The optimal external electromagnetic field 

could accelerate the activation of seed germination 

(Bhatnagar and Deb, 1978). But the mechanism of 

these actions is still poorly understood (Ramakrishna 

and Ramakrishna Rao, 2005). Electric and/or 

magnetic treatments are assumed to enhance seed 

vigor by influencing the biochemical processes that 

involve free radicals and by stimulating the activity of 

proteins and enzymes (Shewry et al., 1995). 

 

Germination and seedling emergence demand high 

energy for respiration of the seed embryo and 

cotyledon. The mobilization of seed storage proteins 

represents one of the most important post-

germination events in the growth and development of 

the seedling. Proteolytic enzymes play a central role 

in the biochemical mechanism of germination 

(Shewry et al., 1995; Muntz, 1996). These proteases 

increase in the early stages of germination and later 

decrease (Ramakrishna and Ramakrishna Rao, 

2005). Bhatnagar and Deb (1978) reported that a-

amylaseactivityin wheat seeds exposed to magnetic 

fields reached maximum values during imbibition 

and then subsequently declined. Priming seeds of 

carrot and tomato improved seedling vigor and was 

related to the level of dehydrogenase activity 

(Nagarajan et al., 2003; Pandita et al., 2003). 

 

Field tests report greater than 10% increase in the 

field of maize and wheat, after submitting the seeds to 

carefully controlled electric fields (Nagarajan et al., 

2003). These effects were mainly attributed to the 

field-induced intensification of the biological 

processes in seeds. The crop increase could also be 

related to the sterilizing effect of high-voltage 

application. 

 

The present study using wheat seeds is focused on the 

magnetic field strength and duration of exposure in 

wheat seed germination and early seedling growth. 

 

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 wheat (Triticum 

aestivum) variety, Roshan, 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. 
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Wheats 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 strengths in a cylindrical-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 wheat 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

i

D

N 100
 

Where Di is the number of days after starting the 

experiment and Ni represent the total number of 

germinated seeds on the ith day. 

 

Statistical 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 wheats 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 5–11% 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 
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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 shoot length, root 

length total seedling length and seedling dry weight.  

Parameters Magnetic field strength (T) Control 5 min 10 min 15 min 20 min 

Shoot length (cm) 0 8.5 8.5 8.5 8.5 8.5 

 0.3 8.8 12.2 13.5 6.2 4.8 

 0.6 5.1 11.1 12.6 10.2 6.4 

 0.9 10.1 12.1 11.8 10.1 7.4 

 1.2 6.2 10.2 9.5 8.9 8.1 

 1.5 8.3 9.4 10.1 9.1 9.8 

LSD 0.6      

Root length (cm) 0 7.3 7.3 7.3 7.3 7.3 

 0.3 10.8 14.9 9.9 12.6 10.1 

 0.6 6.3 13.6 7.6 5.9 4.7 

 0.9 12.3 12.2 13.0 8.1 3.2 

 1.2 7.6 14.8 12.3 11.3 8.4 

 1.5 10.2 15.0 10.9 9.9 4.9 

LSD 1.8      

Total seedling length (cm) 0 15.8 15.8 15.8 15.8 15.8 

 0.3 19.6 27.1 18.0 22.9 15.6 

 0.6 11.4 24.7 13.8 10.7 17.2 

 0.9 22.4 22.2 23.6 14.7 18.1 

 1.2 13.8 26.9 22.4 20.5 14.3 

 1.5 18.5 27.3 19.8 18.0 12.1 

LSD 4.3      

Seedling dry weight (g) 0 0.041 0.041 0.041 0.041 0.041 

 0.3 0.025 0.053 0.025 0.030 0.023 

 0.6 0.048 0.048 0.48 0.050 0.032 

 0.9 0.030 0.057 0.32 0.048 0.044 

 1.2 0.042 0.058 0.043 0.042 0.039 

 1.5 0.042 0.58 0.32 0.039 0.049 

LSD 0.002      

 

Discussion 

Exposure of different magnetic fields in general 

stimulates the germination of wheat 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 
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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 wheat seedlings exposed to magnetic 

fields showed small but significant increases in total 

fresh weight, whereas dry weight and germination 

rates remained unaffected. 

 

Fig. 1. Effect of different doses and duration of magnetic field exposure of wheat seeds on germination 

percentage and mean germination time. 

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.

 

Fig. 2. Effect of different doses and duration of magnetic field exposure of lentil seeds on vigor index I and vigor 

index II. 

The reduced conductivity of leachate from seeds 

exposed to 50, 200 and 250 m T fields compared with 

control (Table1) indicates greater seed coat 

membrane integrity in these seeds. However, 

exposure of barley seeds to a 37.5 m T field had no 

effect on leakage of cellular electrolytes (Gusta et al., 

1978). In the field, the percent seedling mergence 

improved and the field emergence index increased 

significantly compared with controls; this is further 

supported our laboratory data. Similar observations 
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have been reported in maize (Florez et al.., 2007), in 

rice (Carbonell et al., 2000), in wheat (Bhatnagar and 

Deb, 1977; Martinez et al., 2002), and in barley 

(Martinez et al., 2000). Podlesny et al. (2004, 2005) 

validated the positive effect of magnetic treatment on 

the germination and emergence of both broad bean 

and pea cultivars. As are result of magnetic treatment, 

plant emergence was more uniform and emergence 

occurred 2–3 d earlier than the control. Such an 

increase in shoot and root weights of 1-month-old 

plants, and significantly improved root characteristics 

in plants from magnetically exposed seeds may lead 

to better performance under limited water availability 

and increased water uptake from the soil (Richard 

and Passioura, 1981). Rajendra et al. (2005) observed 

significant increases in the mitotic index as well as H-

thymidine in corporation in to DNA in seeds of V. 

faba exposed to a 100 mT power frequency 

electromagnetic field. There are clear indications of 

enhanced growth of seedlings exposed to a magnetic 

field. The authors suggest that the ion–cyclotron 

resonancemay interfere with the Ca2+ ion 

sequestering and there by enable an increase in free 

Ca2+ concentrations in the seedling system. The 

increased Ca2+ concentration possibly signals the cell 

to enter in to an early mitotic cycle. This is supported 

by the observation that increased uptake of Ca2+ ions 

in rice seedlings grown from seeds exposed to a 

pulsed magnetic field was found responsible for 

greater leaf growth and meristematic tissues in stems 

and roots (Saktheeswari and Subrahmanyam, 1989). 

The improved root length and root surface area help 

in extracting moisture from the soil. Among all 

magnetic field treatments with wheat seeds, 200m T 

exposure for 2h yielded the best results. Kiranmai 

(1994) reported that 2000 Gauss (200 mT) magnetic 

field exposure for 90 min produced positive 

mutations in wheat in terms of germination, plant 

height, days to flowering, days to maturity, yield of 

plant and oil content and oil quality. 

 

Conclusion 

Exposure of dry wheat 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 wheat 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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