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ABSTRACT 
 

This experiment was carried out during the two growing seasons 2012/2013 and 2013/2014 at the 
experimental farm of Unit for Strawberry and Non Traditional Horticulture Crops, Horticulture Department, 
Faculty of Agriculture, Ain Shams University, Egypt, in order to investigate the effect of magnetic field on 
germination of true potato seeds (TPS), vegetative growth and potato tubers characteristics of potato plants “cv. 
Spunta”. The true potato seeds were exposed to three magnetic field strengths: 20-30-40 mT for three periods: 5, 
10 and 15 minutes compared to untreated true potato seeds (control). Results indicated that, magnetic field 
treatments significantly increased the germination percentage of true potato seeds, vegetative growth parameters 
and improved potato tubers characteristics. Where, true potato seeds were exposed to 30 mT (magnetic strength) 
for 10 minutes produced the highest significant values of germination percentage, plant length, number of leaves 
per plant, fruit yield characteristics (number of tubers, fresh weight of tubers per plant and potato tuber 
diameter) as well as chemical contents of potato tuber (K and P contents). While, the obtained results did not 
have a trend for nitrate and starch contents of potato tubers. It is concluded that, magnatic field techniques can 
be considered as a promising technique in the future for improving the seeds germination, vegetaive growth and 
fruit yield of vegetables crops. 
 
Key words: Potato, Solanum tuberosum, Spunta, Magnetic field, Seed germination, Growth parameters, Tubers 

characteristics 

 

Introduction 
 

Magnetic field treatment is one of the physical treatments that have been reported to enhance the 
performance of various crops. The physical treatments influence the physiological and biochemical process in 
seeds and thereby contribute in a greater vegetative growth and improve crop yield and quality. Magnetic 
treatments are being used in agriculture, as a new environmental friendly technique, to improve the germination 
of seeds and increase crops and yields (Martınez et al., 2009). All plants on earth live under an electromagnetic 
field because the earth has properties of magnet. The external electromagnetic fields have been reported to 
influence both the activation of ions and the polarization of dipoles in living cells (Moon and Chung, 2000). 
Researchers consider that the prospect of using cheap magnetic energy to improve the properties of soil and 
plant growth and development may be of great practical importance (Mohamed and Ebead, 2013). In this 
concern, Magnetic Field (MF) pre-sowing seed treatment is secure and inexpensive physical method to enhance 
the seed germination and seedling growth (Podlesny, 2004). In addition, magnetic field enhances the 
concentration of ions, free radicals and electrical charges physically without any degradation or alteration in the 
chemical profile of seed and resultantly makes the membranes permeable.  

On tomato seeds, it has been found that the percent germination rates of the treated tomato seeds were 
accelerated about 1.1 to 2.8 times compared with that of the untreated seeds, while an inhibitory effect on 
germination was shown in the case of the electric field more than 12 kV/cm and the exposure time more than 60 
seconds (Moon and Chung, 2000). Moreover, regarding the vegetative stage, the treatments led to a significant 
increase in leaf area, leaf dry weight, and specific leaf area per plant. Also, the leaf, stem, and root relative 
growth rates of plants derived from magnetically treated seeds were greater than those shown by the control 
plants. In the generative stage, leaf area per plant and relative growth rates of fruits from plants from 
magnetically exposed seeds were greater than those of the control plant fruits (De Souza et al., 2006). In the 
same trend, it has been reported that treated tomato seeds with magnetic field by 100 gauss for 15 minutes with 
magnetically treated irrigated water improved vegetative growth, increased total phosphorus content of tomato 
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leaves and total yield, and reduced pH value in soil extraction (Abou El-Yazied et al., 2012). Recently, 
Efthimiadou et al. (2014) studied the effect of magnetic field exposure (12.5 mT for 0, 5, 10, and 15 minutes) on 
tomato seeds. Results revealed that the use of pulsed electromagnetic field as a pre-sowing treatment was found 
to enhance plant growth in tomato plants especially the exposure of 10 and 15 minutes gave the best results in 
all measurements (transplanting percentage, shoot diameter, number of leaves per plant, fresh weight, dry 
weight, number of flowers and yield). Yield per plant was higher in magnetic field treatments, compared to 
control. MF-15 treatment yield was 80.93% higher than control treatment. 

Furthermore, magnetic fields were used widely as pre-sowing seed treatments to increase seed vigor, 
seedling growth and yield (Soltani et al., 2006). Also, magnetic field improved the plant growth characteristics 
(Carbonell et al., 2011; Radhakrishnan and Kumari, 2012), root function (Aladjadjiyan, 2010), influenced the 
chemical composition of plants (Radhakrishnan and Kumari, 2012), affected soil nutrient availability 
(Mostafazadeh et al., 2011), increased the yield of cabbage (Bogoescu, 2000), and soybean (Radhakrishnan and 
Kumari, 2012).  

Potato (Solanum tuberosum L.) is a major food crop in many countries, it rates the fourth ranking among 
the world’s various agricultural products in production volume, and it comes after wheat, rice and corn (Fabeiro 
et al., 2001). The first scientific report about magnetic stimulation of potato was published by (Pittman, 1972), 
using permanent magnetic field with induction of 115 mT to stimulate fresh potato tubers. The results showed 
that the mass of leaves and stems, number and mass of tubers and yield of commercial tubers increased by 20% 
with magnetic field treatments. Therefore, the objective of this study was to investigate the effect of magnetic 
field treatment on germination of true potato seeds, seedlings growth and potato tubers characterizes. 
 
Materials and Methods 
 

The experiment was conducted during the two successive seasons of 2012/2013 and 2013/2014 at the 
experimental farm of Unit for Strawberry and Non Traditional Horticulture Crops, Horticulture 
Department, Faculty of Agriculture, Ain Shams University, Egypt, in order to investigate the effect of 
magnetic field on germination of true potato seeds (TPS), vegetative growth and potato tubers 
characteristics of potato plants (Solanum tuberosum L.) cv. Spunta. 
The magnetic field treatments for the true potato seeds were carried out at the Physics Department, 
Faculty of Science, Ain Shams University by using a magnet type N100 (Oxford Company, England) 
device for the pre-sowing seed treatment by magnetic field equipped with an electromagnet with 
continuous adjustment of magnetic induction. 
 
Magnetic seeds treatment: 

The true potato seeds were exposed to three magnetic field strengths: 20- 30- 40 mT (measured 
with a tesla meter, Misr Fatramo Comp. Egypt) for three periods: 5, 10 and 15 minutes and compared 
to untreated true potato seeds (control).  

The treated true potato seeds were sown in plastic pots containing peatmoss and vermiculite 
(1:1 v/v) under tunnel, in the experimental farm of Unit for Strawberry and Non Traditional 
Horticulture Crops, Horticulture Department, Faculty of Agriculture, Ain Shams University. The 
plants were irrigated and fertilized as reported by CIP, (2011). 
 
Experimental design: 

The design of the experiment in the field was Completely Randomized Block Design with three 
replicates, each replicate contained of 9 pots.  
 
The following measurements were recorded:  
- Germination percentage of true potato seeds (%). 

Five plants were randomly chosen from three replications at 90 days from seedling date to 
determine the following characteristics:  
1- Plant length (cm). 
2- Number of leaves per plant. 
3- Number of potato tubers per plant. 
4- Fresh weight of potato tubers per plant (g). 
5- Diameter of potato tubers (cm). 
6- Nitrate content of potato tubers (ppm) was determined according to Cataldo et al. (1975). 
7- Potassium content of potato tubers (ppm) was determined by Flame photometer according to Price, 

(1979). 
8- Phosphorus content of potato tubers (ppm) was determined by Spectrophotometer according to 

Watandabe and Olsen, (1965). 
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9- Starch content of potato tubers (%) was determined according to Nelson (1974). 
 
Statistical analysis 

All data of the experiment were subjected to proper statistical analysis of variance according to 
Snedecor and Cochran (1980). Means were compared by Duncan's multiple range tests at the 5% level 
of probability in the two seasons of the experiment. Data were statistically analyzed using the analysis 
of variance adopting a MSTAT package. 

 

Results and Discussions 
 

Germination and vegetative growth characteristics of potato plants 
Data in the Table (1) reveal the effect of magnetic field treatments on germination percentage of true 

potato seeds. The results showed that magnetic field treatments significantly affected the germination 
percentage of true potato seeds. Where, the highest significant values were obtained by 20 and 30 mT 
(magnetic field strengths) with all of exposure periods (5, 10 and 15 minutes), in the first season. While in 
the second season, true potato seeds were treated by 20 mT (for 15 minutes) and 30 mT (for 5, 10 and 
15 minutes) produced the highest significant values. These results are in harmony with those obtained 
by Abou El-Yazied et al. (2011) on tomato, Iqbal et al. (2012) on garden pea, Mousavizadeh et al. (2013) on 
lettuce and Ahamed et al. (2013) on sweet pepper. In addition, Rochalska et al. (2008) reported that the 
beneficial influence of magnetic field treatment on sugar beet seeds appeared on all treated seeds with magnetic 
field. Treated seeds germinated faster and produced the highest values of fresh weight of plants compared to 
untreated seeds. 
 

Table 1: Effect of magnetic field treatments on germination percentage (%) of true potato seeds during two 
experimental seasons 

Serial Treatments The percentage of germination 

Strength of magnetic field 
(mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 0.8 bc 0.8 bc 0.8 bc 
2 

20 
5 0.9 ab 0.8 bc 0.9 ab 

3 10 0.9 ab 0.8 bc 0.9 ab 
4 15 0.9 ab 0.9 ab 0.9 ab 
5 

30 
5 1.0 a 1.0 a 1.0 a 

6 10 1.0 a 1.0 a 1.0 a 
7 15 0.9 ab 0.9 ab 0.9 ab 
8 

40 
5 0.7 cd 0.7 cd 0.7 cd 

9 10 0.5 de 0.7 cd 0.6 d 
10 15 0.4 e 0.6 d 0.5 de 

Mean 0.8 a 0.8 a 0.8  
Values followed by the same letter (s) within column are not significantly different (P<0.05) 
 

Data present in the Table (2) illustrated that, there were significant effects for magnetic field 
treatments on plant length of potato plants. The results revealed that potato plants which were exposed 
to magnetic field strength (30 mT) for 10 minutes produced the highest significant values for plant length, 
in the two tested seasons. Similar results were recorded by  Abou El-Yazied et al. (2011) on tomato, Rio 
and Rio (2013) on tomato and eggplant and Ahamed et al. (2013) on sweet pepper.  They demonstrated 
that plants grew from seeds treated by magnetic fields had the highest significant values of plant length 
compared to untreated plants (control). 
 
Table 2: Effect of magnetic field treatments on plant length (cm) of potato plants during two experimental 

seasons. 
Serial Treatments Length of plant (cm) 

Strength of magnetic field 
(mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 23.7 cd 25.1 cd 24.4 cd 
2 

20 
5 24.0 cd 29.0 c 26.5 c 

3 10 27.6 cd 29.3 bc 28.5 bc 
4 15 27.9 cd 29.4 bc 28.7 bc 
5 

30 
5 37.4 ab 36.7 ab 37.1 ab 

6 10 43.3 a 44.7 a 44.0 a 
7 15 23.3 cd 24.7 cd 24.0 cd 
8 

40 
5 20.0 de 21.4 de 20.7 d 

9 10 13.2 e 14.6 e 13.9 de 
10 15 12.9 e 13.0 e 13.0 de 

Mean 25.3 a 26.8 a 26.1 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 
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Data in the Table (3) show the effect of for magnetic field treatments on number of leaves per plant. 
The results indicated that, potato plants which treated by magnetic field strength (30 mT) for 10 minutes 
produced the highest significant values for number of leaves per plant, in the both tested seasons. 
These results are in agreement with those obtained by De Souza et al. (2005) on tomato, Rochalska et 
al. (2008) on sugar beet, Marks and Szecowka (2010) on potato and Ahamed et al. (2013) on sweet 
pepper. They recommended that plants from magnetized seeds produced a greater number of leaves per plant 
compared to untreated plants. Moreover, in a recent research on garden pea seeds, of the various combinations 
of field strengths and exposure time, 60 mT and  180 mT for 5 min treatments gained the better results (Iqbal et 
al., 2012). 
 
Table 3: Effect of magnetic field treatments on number of leaves per plant of potato plants during two 

experimental seasons 
Serial Treatments Number of leaves/plant 

Strength of magnetic field  
(mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 8.3 d 8.2 d 8.3 de 
2 

20 
5 9.1 cd 9.0 cd 9.0 d 

3 10 10.6 bc 10.4 bc 10.4 cd 
4 15 10.5 bc 10.6 bc 10.6 c 
5 

30 
5 11.4 b 11.4 b 11.4 b 

6 10 14.8 a 14.9 a 14.8 a 
7 15 10.4 bc 10.3 cd 10.3 cd 
8 

40 
5 8.3 d 8.2 d 8.2 de 

9 10 6.2 de 6.3 de 6.3 e 
10 15 5.0 e 4.9 e 4.9 ef 

Mean 9.4 a 9.5 a 9.4 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 
 

Yield of potato tubers and its components 
 

Data in the Table (4) showed that magnetic field treatments significantly affected the number of 
potato tubers per plant. Where, the highest significant values were obtained by 30 mT with exposure 
period of 10 minutes. These results are in harmony with those obtained by Esitken and Turan (2004) on 
strawberry, Radhakrishnan and Kumari  (2012) on sweet pepper, Ahamed et al. (2013) on tomato and 
Rio and Rio (2013) on eggplant. All authors indicated that fruit number per plant increased with low 
magnetic field strength treatments compared to control plants. On the other hand, the higher magnetic field 
strengths reduced the fruit number per plant. 
 

Table 4: Effect of magnetic field treatments on number of potato tubers per plant during two experimental 
seasons. 

Serial Treatments Number of tubers/ plant 

Strength of magnetic field 
(mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 1.8 f 1.9 f 1.9 ef 
2 

20 
5 2.2 ef 2.6 de 2.4 cd 

3 10 2.5 e 2.9 cd 2.7 cd 
4 15 2.7 de 3.1 c 2.9 c 
5 

30 
5 3.3 b 3.5 b 3.4 b 

6 10 3.7 a 3.9 a 3.8 a 
7 15 2.3 ef 2.7 de 2.5 d 
8 

40 
5 2.4 e 1.9 f 2.2 e 

9 10 1.4 g 1.6 fg 1.5 f 
10 15 1.7 fg 1.8 f 1.8 ef 

Mean 2.4 b 2.6 a 2.5 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 
Data present in the Table (5) illustrated that, there were significant effects for magnetic field 

treatments on fresh weight of potato tubers per plant. The results revealed that potato plants which 
were exposed to magnetic field strength (30 mT) for 10 minutes produced the highest significant values for 
fresh weight of potato tubers per plant, in the two tested seasons. Similar results were recorded by 
Pittman (1977) on potato, Esitken and Turan (2004) on strawberry,  De Souza et al. (2005) on tomato, 
Podlesny et al. (2005) on pea, Rochalska et al. (2008) on sugar beet, Rio and Rio (2013) on tomato 
and eggplant, Ahamed et al. (2013) on sweet pepper and Mousavizadeh et al. (2013) on lettuce. 

Data in the Table (6) show the effect of magnetic field treatments on diameter of potato tubers. The 
results showed that potato plants were treated by magnetic field strength (30 mT) for 10 minutes (in the 
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first season) 5 and 10 minutes (in the second season) produced the high values followed by the same letter (s) 
within column are not significantly different (P<0.05) highest significant values for diameter of potato 
tubers. These results are in agreement with those obtained by Ahamed et al. (2013) on sweet pepper, 
and Rio and Rio (2013) on tomato and eggplant. They recommended that electromagnetic field 
treatments increased fruit diameter compared to untreated plants. 

 

Table 5: Effect of magnetic field treatments on fresh weight (g) of potato tubers per plant during two 
experimental seasons 

Serial Treatments Fresh weight of tubers/ plant (g) 

Strength of magnetic field 
(mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 2.3 i 2.5 hi 2.4 g 
2 

20 
5 3.4 gh 3.6 gh 3.5 f 

3 10 4.1 g 4.9 ef 4.5 d 
4 15 5.2 de 5.9 d 5.6 c 
5 

30 
5 8.2 b 8.4 b 8.3 b 

6 10 9.9 a 10.1 a 10.0 a 
7 15 4.3 fg 4.0 g 4.2 e 
8 

40 
5 2.5 hi 2.5 hi 2.5 g 

9 10 2.1 ij 2.3 i 2.2 h 
10 15 1.8 k 1.9 k 1.9 i 

Mean 4.4 b 4.6 a 4.5 
 

Table 6: Effect of magnetic field treatments on diameter of potato tubers (cm) during two experimental seasons  
Serial Treatments Diameter of tubers/ plant (cm) 

Strength of magnetic field 
(mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 2.2 e 3.1 c 2.7 cd 
2 

20 
5 2.1 ef 3.0 cd 2.6 cd 

3 10 2.3 e 3.2 c 2.8 c 
4 15 2.5 de 3.4 bc 3.0 bc 
5 

30 
5 3.0 ab 3.9 ab 3.5 ab 

6 10 3.3 a 4.2 a 3.8 a 
7 15 2.8 d 3.7 b 3.3 b 
8 

40 
5 2.1 ef 3.0 cd 2.6 cd 

9 10 1.5 f 2.4 e 2.0 d 
10 15 1.6 f 1.5 f 1.6 e 

Mean 2.3 b 3.1 a 2.7 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 
 

Chemical characteristics of potato tubers 
 

Data in the Table (7) reveal the effect of magnetic field treatments on nitrate content of potato 
tubers. The results showed that magnetic field treatments significantly affected the nitrate content of 
potato tubers. While the obtained results did not have a trend for nitrate content of potato tubers, in 
the both tested seasons. However, Esitken and Turan (2004) concluded that magnetic field treatments 
significantly increased the nitrate concentration in strawberry fruits. On the other hand, Ahamed et al. 
(2013) suggested that nitrate content of sweet pepper fruits were not affected by magnetic field treatments. 

Data present in the Table (8) illustrated that, there were significant effects for magnetic field 
treatments on potassium content of potato tubers. The results revealed that potato plants were exposed 
to magnetic field strength (30 mT) for 5 and 10 minutes produced the highest significant values for 
potassium content of potato tubers, in the two tested seasons. Similar results were recorded by Esitken 
and Turan (2004) on strawberry and Ahamed et al. (2013) on sweet pepper. Whereas, Ahmed et al. 
(2013) mentioned that magnetic field treatments significantly increased potassium concentration in the fruits of 
sweet pepper. 

Data in the Table (9) show the effect of magnetic field treatments on phosphorus content of potato 
tubers. The results showed that, potato plants which were treated by magnetic field strength (30 mT) for 5 
and 10 minutes produced the highest significant values for phosphorus content of potato tubers, in the 
both tested seasons. These results are in agreement with those obtained by Esitken and Turan (2004) 
on strawberry. Ahamed et al. (2013) on sweet pepper found that magnetic field treatments increased 
significantly phosphorus concentration in sweet pepper fruits.  
 

 
 
 
 



Middle East J. Agric. Res., 5(1): 74-81, 2016 
ISSN: 2077-4605 

 

79 

Table 7: Effect of magnetic field treatments on nitrate content of potato tubers (ppm) during two experimental 
seasons. 

Serial Treatments Nitrate content/plant (ppm)  

Strength of magnetic field 
(mT) 

Time of 
treatment 

(min) 

First season Second season Mean 

1 0 0 501.3 ab 520.2 ab 510.8 ab 
2 

20 
5 475.0 b 493.9 ab 484.5 c 

3 10 480.2 b 499.1 ab 489.7 c 
4 15 532.8 ab 551.7 a 542.3 b 
5 

30 
5 564.3 a 583.2 a 573.8 ab 

6 10 590.6 a 609.5 a 600.1 a 
7 15 476.1 b 492.1 ab 484.1 c 
8 

40 
5 477.0 b 494.5 ab 485.8c 

9 10 469.7 b 488.6 b 479.2 c 
10 15 468.1 b 454.1 b 461.1 c 

Mean 503.5 b 518.7 a 511.1 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 
 

Table 8: Effect of magnetic field treatments on potassium content of potato tubers (ppm) during two 
experimental seasons 

Serial Treatments Potassium content/plant (ppm)  

Strength of magnetic 
field (mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 25095.4 bc 25224.3 bc 25159.9 bc 
2 

20 
5 23821.4 d 23950.3 d 23885.9 cd 

3 10 24076.2 c 24205.1 c 24140.7 c 
4 15 26624.1 b 26753.0 b 26688.6 b 
5 

30 
5 28152.8 ab 28281.7 ab 28217.3 ab 

6 10 29426.8 a 29555.7 a 29491.3 a 
7 15 23821.4 d 23952.3 d 23886.9 cd 
8 

40 
5 23831.4 d 23950.3 d 23890.9 cd 

9 10 23566.6 d 23695.5 d 23631.1 cd 
10 15 23821.4 d 23950.3 d 23885.9 cd 

Mean 25223.8 a 25351.9 a 25287.8 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 

Table 9: Effect of magnetic field treatments on phosphorus content of potato tubers (ppm) during two 
experimental seasons 

Serial Treatments Phosphorus content/plant (ppm)  
Strength of magnetic 

field  (mT) 
Time  
(min) 

First season Second season Mean 

1 0 0 1197.4 bc 1211.2 b 1204.3 b 
2 

20 
5 1136.2 bc 1150.0 bc 1143.1 bc 

3 10 1148.4 bc 1162.2 bc 1155.3 bc 
4 15 1270.8 b 1284.6 b 1277.7 b 
5 

30 
5 1344.1 ab 1357.9 ab 1351.0 ab 

6 10 1405.3 a 1419.1 a 1412.2 a 
7 15 1136.3 bc 1155.2 bc 1145.8 bc 
8 

40 
5 1136.4 bc 1157.3 bc 1146.9 bc 

9 10 1123.9 bc 1137.7 bc 1130.8 bc 
10 15 1136.2 bc 1150.0 bc 1143.1 bc 

Mean 1203.5 a 1218.5 a 1211.0 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 
Data in the Table (10) reveal the effect of magnetic field treatments on starch content of potato 

tubers. The results showed that magnetic field treatments significantly affected the starch content of 
potato tubers. Where, the highest significant values were obtained by 30 mT (magnetic field strength) 
with exposure periods (5 and 10 minutes), in the first season. While in the second season, potato plants 
which treated their seeds by 20, 30 and 40 mT for all of exposure periods (5, 10 and 15 minutes) as well 
as control plants had high values of starch content in potato tubers with some significant differences 
among them. These results are in harmony with those obtained by Han et al. (2009) on corn plants. They 
showed that starch content in grain corn increased with the electromagnetic treatments. 
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Table 10: Effect of magnetic field treatments on starch content of potato tubers (%) during two experimental 
seasons 

Serial  Treatments Starch content/plant (%)  

Strength of magnetic 
field (mT) 

Time  
(min) 

First season Second season Mean 

1 0 0 18.8 b 20.2 ab 19.5 bc 
2 

20 
5 15.3 bc 19.1 ab 17.2 cd 

3 10 15.7 bc 19.3 ab 17.5 cd 
4 15 17.6 b 21.4 ab 19.5 bc 
5 

30 
5 19.9 ab 21.4 ab 20.7 b 

6 10 21.2 a 23.8 a 22.5 a 
7 15 16.5 bc 19.1 ab 17.8 cd 
8 

40 
5 16.8 bc 19.1 ab 18.0 c 

9 10 16.9 bc 18.9 b 17.9 cd 
10 15 17.3 b 19.1 ab 18.2 c 

Mean 17.6 b 20.1 a 18.9 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 

Conclusion 
 
It can be concluded that, the pre-sowing magnetic field treatments for true potato seeds improved 

germination of potato tubers, vegetative growth, potato yield and potato tubers and its components compared to 
control treatment (untreated seeds). Furthermore, magnatic field techniques can be considered as a promising 
technique for agricultural improvements but extensive research is still required. 
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