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Abstract: Application of various chemical fertilizers and other inorganic inputs are used to 

enhance the production of the crops. The over usage of these inorganic inputs may affect the 

production of food and food produced by over usage of chemical fertilizer can possess a 

threat to human health. The study was designed to see the response of magnetic and electric 

treatments with different intensity and time duration on paddy to find out the effect of electric 

and magnetic field on different seedling parameters such as germination percent, root length, 

shoot length, seedling length, fresh weight, dry weight, vigour index, electrical conductivity 

and biochemical analysis such as amylose content and dehydrogenase activity on paddy as a 

step towards chemical less farming. The seeds of Pusa 1121 variety collected from the 

department of Genetics and Plant Breeding was treated by using an AC magnetic flux 

intensities ranging from 100 mT to 150 mT for 5 and 10 minutes in the magnetic field and 

AC electric field ranging from 100 mA to 400 mA for 1 and 3 minutes, treatments with 

corresponding equal rest time periods. It is found that magnetic field, electric field and 

combination of both treatments showed improved performance than untreated seeds, but it 

was observed that seed treated with magnetic field (150 mT for 10 minutes) performed better 

in germination percent (96.50 %), root length (21.49 cm), shoot length (15.81 cm), seedling 

length (37.30cm), seedling fresh weight (0.88 g), seedling dry weight (0.41 g), electrical 

conductivity (0.926 dSm-1) vigour index-I (3599.45), vigour index-II (39.57), amylose 

content (5.49%) and dehydrogenase activity (0.367 ODg-1ml-1). This study can be helpful 

to reach new horizons of research in the field of agro physics and seed technology to 

overcome the germination problem and improving crop stand and ultimately the yield. 
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1. Introduction 

Rice (Oryza sativa L.) is the most important staple food crop among the cereals consumed by 

more than half of the world’s population. India has the largest cultivation area under rice in 

the world and ranks second in production. The genetic classification of rice plant belongs to 

genus Oryza of family Gramineae (Poaceae). The genus Oryza includes 24 species of which 22 

are wild and 2 viz., Oryza sativa and Oryza glaberrima are cultivated. Human population is 

increasing every year around the world but the cultivable land area for crops on the earth 

remains same, for the rapid growth of population it is mandatory to increase the global food 

production within the limited area for cultivation. The huge amount of chemical fertilizers 
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and pesticides were used to increase the crop yieldwhich causes a serious negative impact on 

the natural environment, the food chain and quality and in the public health (1). The wide 

consumption of these food materials having the effects of chronic poisoning by pesticides and 

their residues in the food and feed sources of wildlife, domestic animals and humans leads to 

hazardous effects. In recent days efforts are made to mitigate this problem with the physical 

treatment of seeds to increase the seedling vigor and yield which is also eco-friendly as well 

as non-polluting to the soil and environment. Bio-stimulators can improve the growth, 

resistance and crop yield but the main advantage of using these electric and magnetic field 

treatment instead of chemical treatments on seeds is lacking toxic residues (2) 

It has been reported that magnetic field pre-sowing seed treatment increased water uptake in 

seed (De souza et al., 2014), accelerated nutrient uptake (3), enhanced enzymatic 

activityduring germination and seedling growth (4). Magnetic field treatment showed 

enhancement in many crop plants in growth parameters such as germination rate, seedling 

length, fresh weight, dry weight and vigor indices. Electric field may cause lethal damage to 

cells, or induce sub lethal stress by transient permeability of cell membranes and 

electrophoretic movement of charged species between cellular compartments. Pulsed electric 

field enhances the radicle emergence without significantly affecting gross metabolic activity 

of malting barley seeds in aerated water for 24h at the varying voltages (5) and increase oil 

yield by 4.9% in sesame seeds (6). Dehydrogenase is an enzyme which accomplishes 

intracellular oxidation and reduction by transfer of hydrogen atom from one kind of 

molecules to another (7). By anaerobic respiration, initially stored food in the seed cotyledon 

is liberated during germination due to the activity of enzymes such as dehydrogenase which 

catalyse catabolic chemical process in this condition (8). 

Poor germination and non-uniform seedling establishment in direct dry-seeded system of rice 

production are major problems for achieving optimum growth of crops as well as bumper 

harvestunder water deficit conditions during emergence. Thus, employing sustainable 

approaches for improving seed germination, seedling emergence and growth under both 

normal and drought conditions with a view to minimize poor yields are of utmost importance 

for rice production which guarantee food for increasing population (9). In this study the effects 

of AC electric field, AC magnetic field have been carried out experimentally to investigate the 

seedling parameters and biochemical analysis on paddy with variety Pusa 1121. 
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2. Materials and methods 

2.1. Seed materials 

PUSA1121 rice seeds (Oryza sativa L.) variety was obtained from the department of genetics 

and plant breeding, Sam Higginbottom University of Agriculture Sciences and Technology, 

Prayagraj and kept at room temperature. The experiments were conducted in March, 2022. The 

climatic conditions recorded from the university meteorological station. The mean values of 

temperature, relative humidity, sun- shine, rainfall and wind speed were 29.8oC, 51%, 7.9h, 

7.4mm and 7.21km/h respectively. 

2.2. Seed treatment methods 

The magnetic and electric field treatment was performed in the department of Physics. The 

procedure for magnetic field has already been reported (10). An electromagnetic field 

generator “Omega EMU- 10” with variable horizontal magnetic field strength (50-400 mT) 

with a gap of 5cm between pole pieces was fabricated. The pole pieces were 15cm in diameter, 

40 cm in length. The numbers of turns per coil were 2000 and the resistance of the coil was 

20 ohm. A DC power supply (80V/10A) with continuously variable output current was used 

for the electromagnet. A digital gauss meter OMEGA DGM-20 (230V AC+10% at 50 Hz) 

was used to monitor the field strength produced between the poles. The metallic probe made 

of indium arsenide crystal and encapsulated to a non-magnetic sheet of 5 mm x 4mm x 1mm 

could measure 0-2 T with full scale range in increments of5 mT. An electric field generator 

was fabricated by using sodium as electrolyte with copper (+) and zinc (-) electrodes. A 

battery of 24V AC was used as the power source for the electrolytic treatment of paddy. The 

two electrodes were placed vertically inside the plastic tray parallel to each other. In the 

plastic tray seed material were placed in already prepared electrolyte solution (2% Nacl) in 

such a way that upper level of electrolyte solution lies below the level of electric cord 

connecting point. Electric power cords were connected with power supply unit in respective 

places. An electric current of AC 24V was passed at required intensities for the treatments. 

The seeds of rice were exposed to the magnetic field strength of 100 mT, 125 mT, 150 mT 

with difference in the time duration of 5 and 10 minutes in a sample holder which was 

cylindrical in shape and made of non-magnetic thin plastic sheet. In electric field treatment 

rice seeds were exposed to the 100 mA, 200 mA, 300 mA, 400 mA with the time duration of 1 

and 3 minutes, and also seeds were treated with the combination of these magnetic and 

electric field treatments. All 21 treatments in the experiment under magnetic and electric field 

treatments were performed simultaneously along with control under similar condition in the 
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absence of magnetic and electric field (table 1). 

2.3. Seed quality parameters 

The seedling parameters were calculated on the 14th day and the germination percent and 

other related parameters was recorded as per to ISTA, 2011. Germination percent was 

estimated using relation, germination percent=(number of seed germinated/ total number of 

seeds kept for germination) X 100 (ISTA, 2011), seedling length(cm) was measured from 10 

randomly selected seedlings at the time of final count on germination and these seedlings 

were then kept in a hot air oven at 105oC for 2 h for the recording of dry weight of seedling 

and measured in (g) using the electronic weighing balance, the vigour index I and II was 

calculated as per Abdul-Baki and Anderson (1973), vigour index I = germination (%) X 

seedling length (cm) whereas, the vigour index II = germination (%) X dry weight (g). 

Electrical conductivity of seed leachates was measured, 50 seeds were soaked in 75mL 

deionised water and kept at room temperature for 24h. Using deionised water as a control, 

samples were analysed by digital conductivity meter and expressed in dsm-1 (11). 

2.4. Biochemical parameters 

Amylose content was determined as outlined by Sadasivam and Manickam (1996), 100 mg 

powdered sample 1 ml distilled ethanol and 10ml 1N NaOH was added and left overnight, 

volume made up to 100 ml with distilled water, to the 2.5 ml of extract, 20 ml distilled water 

and 3 drops of phenolphthalein was mixed and add 0.1 N HCL drop until pink colour just 

disappears then pipetted0.2, 0.4, 0.6, 0.8 and 1 ml standard amylose solution, dilute 1 ml 

iodine reagent to 50 ml with distilled water for blank and add 1 ml iodine reagent and volume 

made up to 50 ml and colour read at 590nm in spectrophotometer. Dehydrogenase activity 

(12) was measured as per the procedure by using 0.5% tetrazolium solution; 200 mg sample 

flour prepared was soaked in 5mL of 0.5% tetrazolium chloride solution at 380C for 4 h. After 

soaking it was centrifuged at 10,000 rpm for3 minutes and the supernatant was discarded. The 

formazan from the sediment was extracted with 10 ml acetone for 16 hours followed by 

centrifugation and the absorbance was recorded at 480 nm in a spectrophotometer and 

enzymatic activity was expressed as ODg-1ml-1 (13). 

2.5. Statistical analysis 

To determine the mean significant differences among the magnetic and electric field 

treatment and the control samples for the seedling parameters and biochemical analysis, 4 

replicates of 100 seeds each was kept under the completely randomized design so that the data 

were analysed by one way analysis of variance (ANOVA) using the software opstat version 
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14.139.232. Least significant difference (LSD) was calculated for each treatment at 5% 

significant level. 

3. Results 

In present study, effect of various magnetic field, electric field, and combination of both 

treatments and their effect on seedling parameters were studied and it was noticed in 

germination percent, seedling length, fresh and dry weight of seedling, vigour indices, 

electrical conductivity and enzymatic activities such as amylose content and dehydrogenase 

activity. Rice seed treatment augmented the germination, plant development and enzymatic 

activities considerably. 

Germination percent of treated seeds with magnetic field (T6) of 150mT for 10 minutes 

performed better with 96.50 percent followed by (T5) with 96.25 percent whereas minimum 

was noticed under control (88.50 percent). The increase in the root length, shoot length and 

seedling length of the seeds treated with magnetic field of 150mT for 10 minutes T(6) shows 

the best result followed by T(5) with magnetic field of 150mT for 5 minutes compared to 

control T(0). In another study, it was found that the magnetic field treatment increased the 

root length in response of 120 mT for 10 minutes or 80 mT for5 minutes (14). There is 

improvement in the fresh and dry weight when seeds treated with magnetic field and electric 

field, better performance was noticed in 150mT for 10 minutes T(6) as compared to control 

and the seeds treated with combination of electric and magnetic field donot show much 

response in enhancing the fresh and dry weight of seedlings. Our study also indicate that paddy 

showed higher vigour index length I and vigour index length mass II response at high 

intensity of magnetic field with 150mT for 10 minutes T(6) as compared to control To 

determine the membrane damage the electrical conductivity test was conducted and it was 

noticed that (T6) has minimum EC value, compared to control. The magnetic field influence 

the structures of cell membranes which increase their permeability and ion transport through 

the ion channels, which than affects various metabolic activities (15). Results showed that 

amylose content and dehydrogenase activity can be enhanced by applying the magnetic field, 

T(6) 150mT for 10 minutes was found more effective as compared to other levels of 

magnetic field and electric field dose and exposure time. 

4. Discussion 

Magnetic and electric field treatment on seeds revealed that treated seeds enhanced the 

germination percent than control seeds. Increase in the intensity and duration of the magnetic 
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field, increases the germination percent of seeds. Electric field treatment also shows the 

significant result compared to the untreated seeds. Due to electromagnetic exposure on the 

surface of seed forms minute cracks on the surface of the seed coat. These minute hair cracks 

make it permissible for the exchange of gases and water from the environment to the seeds. 

Enzymes and biochemical get triggered due to the exchange of these vital factors and the 

process of germination inside the seeds gets activated (16). Magnetic field treatment 

enhances the germination and early growth in maize seeds (17). The results clarifies that a 

magnetic field and electric field showed positive effect on seedling length, similar results 

were reported in wheat seeds when treated with 50 mT for 30 minutes showed the increased 

root length and radical length (18). The improvement induced by the magnetic field was 

consistent with the results of (14) which also report remarkable increase in fresh and dry 

weight of the seedling. It was found that, higher root and shoot dry weight, root length was 

observed in one month old maize seedlings raised from magnetic field treated seeds have been 

reported (19). The improvement in performance of seeds could be attributed to stimulation of 

biochemical processes which affect activities of various metabolic pathways such as protein 

formation and activation of enzymes (15). The effects of static magnetic field on the 

germination and growth of sunflower seeds revealed that vigour indices increased as a result 

of magnetic field treatment (5). Stimulation of germination might be attributed to a combined 

effect of physiological, biochemical, metabolic and enhanced enzymatic action. Magnetic 

field alters the cell membrane permeability and transfer water and energy signals into the 

cells (20). The enhanced growth and development of rice might be attributed to the 

dehydrogenase activities (19), because enzymes are responsible for the degradation of food 

reserves stored in seed during germination and seedling growth. Electromagnetic field 

exposure activates the biochemical reaction inside the seeds without any damage of seeds 

(21). The magnetic field affects the abilities of cellular tissues to absorb water and magnetic 

energy inside the cell and thus leading to make biological changes in the organism (22). 

Magnetically treated cumin seeds showed increase in germination as a consequence of 

increased activity of enzymes, amylase, dehydrogenase and protease (23). Higher activities of 

hydrolytic enzymes in magnetically treated soyabean and maize seeds which might be 

responsible for increased germination and seedling length (24). The early germination in 

magnetically exposed seeds might be due to higher activity of germination related enzymes, 

early hydration of membranes as well as greater molecular mobility of bulk and hydration 

water fractions (5). 
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Table 1: Different magnetic and electric field treatments for paddy 

 
S.No. 

 
Treatment 

 
Electric field / Magnetic field/ Electromagnetic 

field 

 
Intensity 

 
Duration 

1 T0 Control - - 

2 T1 Magnetic field 100 mT 5 minutes 

3 T2 Magnetic field 100 mT 10 minutes 

4 T3 Magnetic field 125 mT 5 minutes 

5 T4 Magnetic field 125 mT 10 minutes 

6 T5 Magnetic field 150 mT 5 minutes 

7 T6 Magnetic field 150 mT 10 minutes 

8 T7 Electric field 100 mA 1 minute 

9 T8 Electric field 100 mA 3minutes 

10 T9 Electric field 200 mA 1 minute 

11 T10 Electric field 200 mA 3minutes 

12 T11 Electric field 300 mA 1 minute 

13 T12 Electric field 300 mA 3minutes 

14 T13 Electric field 400 mA 1 minute 

15 T14 Electric field 400 mA 3minutes 

16 T15 Magnetic field+ Electric field 100 mT+100 mA 5 minutes+ 3minutes 

17 T16 Magnetic field +Electric field 100 mT+100 mA 10 minutes+ 3minutes 

18 T17 Magnetic field +Electric field 125 mT+100 mA 5 minutes+ 3minutes 

19 T18 Magnetic field +Electric field 125 mT+100 mA 10 minutes+ 3minutes 

20 T19 Magnetic field +Electric field 150 mT+100 mA 5 minutes+ 3minutes 

21 T20 Magnetic field +Electric field 150 mT+100 mA 10 minutes+ 3minutes 
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Table 2: Analysis of variance for overall treatments evaluated in paddy 

S.no Characters Treatments 

(df=20) 

Error (df=63) 

1 Germination percent 17.915* 0.464 

2 Root length 20.079* 1.414 

3 Shoot length 2.128* 0.615 

4 Seedling length 27.631* 2.960 

5 Seedling fresh weight 0.036* 0.005 

6 Seedling dry weight 0.002* 0.001 

7 Vigour index – I 10,709.180* 387.221 

8 Vigour index – II 42.608* 0.019 

9 Electrical conductivity 0.618* 0.001 

10 Amylose 1.146* 0.001 

11 Dehydrogenase activity 0.011* 0.001 
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Table 3: Mean performance of paddy for seedling characteristics and enzyme activities 

Treatments Germination 

% 

Root length 

(cm) 

Shoot length 

(cm) 

Seedling length 

(cm) 

Seedling fresh weight 

(g) 

Seedling dry weight 

(g) 

VI-I VI- II EC 

(dsm-1) 

Amylose (%) DHA (ODg-1ml-1) 

TO 88.50 14.17 13.20 27.37 0.55 0.28 2422.25 24.78 2.474 3.57 0.145 

T1 92.25 16.83 14.51 31.34 0.73 0.34 2891.12 31.37 1.826 4.53 0.154 

T2 91.75 15.18 13.74 28.92 0.58 0.30 2653.41 27.53 2.296 3.76 0.148 

T3 95.25 20.73 15.56 36.29 0.85 0.39 3456.62 37.15 1.387 5.23 0.215 

T4 90.25 15.68 13.78 29.46 0.39 0.33 2658.77 29.78 2.126 3.92 0.147 

T5 96.25 21.27 15.76 37.03 0.85 0.39 3564.14 37.54 1.021 5.40 0.252 

T6 96.50 21.49 15.81 37.30 0.88 0.41 3599.45 39.57 0.926 5.49 0.367 

T7 90.25 15.68 14.14 29.82 0.65 0.34 2691.26 30.69 1.942 4.18 0.148 

T8 92.75 18.45 14.81 33.26 0.75 0.35 3084.87 32.46 1.511 4.79 0.163 

T9 93.75 19.24 14.85 34.09 0.75 0.36 3195.94 33.75 1.469 4.79 0.167 

T10 95.50 20.79 15.59 36.38 0.85 0.39 3474.29 37.25 1.134 5.31 0.244 

T11 95.25 20.67 15.12 35.79 0.85 0.38 3409.00 36.20 1.399 5.23 0.195 

T12 94.50 19.33 14.87 34.20 0.75 0.36 3231.90 34.02 1.465 4.88 0.168 

T13 95.00 20.44 15.10 35.54 0.85 0.37 3376.30 35.15 1.400 5.14 0.194 

T14 92.50 18.33 14.81 33.14 0.75 0.35 3065.45 32.38 1.645 4.70 0.156 

T15 92.50 17.99 14.66 32.65 0.73 0.34 3020.13 31.45 1.711 4.62 0.154 

T16 93.50 18.93 14.82 37.75 0.75 0.35 3529.63 32.73 1.479 4.79 0.165 

T17 94.50 19.56 15.02 34.58 0.65 0.36 3267.81 34.02 1.434 4.88 0.169 

T18 92.00 16.38 14.49 30.87 0.78 0.34 2840.04 31.28 1.835 4.44 0.154 

T19 95.00 20.27 15.05 35.32 0.80 0.37 3355.40 35.15 1.420 5.14 0.184 

T20 91.75 16.07 14.16 30.23 0.65 0.34 2773.60 31.20 1.886 4.36 0.153 

Grand Mean 93.30 18.45 14.75 33.22 0.73 0.35 3121.97 33.11 1.60 4.72 0.183 

F-test S S S S S S S S S S S 

SEm± 0.341 0.595 0.392 0.849 0.036 0.013 9.839 0.087 0.017 0.015 0.001 

SE(d) 0.482 0.841 0.554 1.200 0.050 0.019 13.914 0.123 0.024 0.021 0.001 

CD (P=0.05) 0.965 1.685 1.110 2.405 0.101 0.037 27.872 0.246 0.048 0.042 0.003 

Range 96.50 -88.50 21.49 –14.17 15.81 -13.20 37.30-27.37 0.88 -0.55 0.41 -0.28 3599.45 - 

2422.25 

39.57- 

24.78 

2.474 -

0.926 

5.49- 3.57 0.367- 

0.145 
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Fig.1. Effect of magnetic field, electric field and their combination pre-sowing seed treatment on 

amylose content (%). 

 

 

Fig.2. Effect of magnetic field, electric field and their combination pre-sowing seed treatment on 

dehydrogenase activity (ODg-1ml-1). 
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Conclusion 

In summary, it was observed that magnetic, electric and combination of these treatments with 

different time duration had a positive effect on the growth parameters and enzymatic activity 

of the paddy. Magnetically treated seeds with 150 mT for 10 minutes showed increased 

germination percent, seedling length, fresh and dry weight of seedling, vigour indices and 

enzymatic activities. Results showed that the seeds treated with magnetic field demonstrated 

remarkable effects on germination, growth parameters and enzymatic activities of paddy. Both 

the electric and magnetic field treatment of seeds is likely to be plays an important role in 

production of food free from toxic and chemical residues which is beneficial for human and 

cattle consumption. 
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