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ABSTRACT

The work aimed to determine the effects of magnetic bio-stimulation on tomato plants Lycopersicon
esculentum (Mill) cv. Castlrock, under NPK fertilizer levels. The experiment was conducted at the experimental
farm, Desert research center, Ras Suder region, South Sinai Governorate, Egypt. The experiment design was
split-split plot with three replicates, irrigation water treatments (magnetized and ordinary) were arranged in the
main plots, pre-sowing seed treatments (magnetized and untreated) were distributed in the sup-plots and three
NPK levels (50, 75 and 100% of recommended rate) were assigned in the sub-sub plots. Using magnetic
stimulated seeds or irrigation with magnetized water were better compared to the control treatments , i.e. gave
taller and heavier plants, increased the contents of P in plant and soil, Ec value and total yield while reduced pH
value of soil extraction, and did not affect Na concentration in both plant and soil solution. The results indicated
also that magnetized irrigation water led to decrease availability of soil sulfur but the magnetic pre-sowing seed
treatment led to an increase in soil sulfur concentration. Magnetic treatments for both seeds and irrigation water
under 75 or 100% NPK of recommended levels gave the best results. Finally we emphasized that the technique
of magnetic field in agricultural fields could be a promising technique for agricultural improvement but
extensive research is still required to emphasize in the future.

Key words: tomato, Lycopersicon esculentum Mill, pre-sowing magnetized seed, magnetized water, NPK
fertilizers.

Introduction

For many years up to now studies have been carried out on showing the effects of magnetic fields on
biological systems. Magnetized water is obtained by passing of water through the permanent magnets or through
the electro magnets installed in/on a feed pipeline. The literature review refers that there are some beneficial
effects of magnetic field treatments either the pre-sowing seed treatment or irrigation with magnetized water.
Magnetic field improved the plant growth characteristics (Esitken and Turan, 2004; Maheshwari and Grewal,
2009; Mostafazadeh et al., 2011; Carbonell et al., 2011; Radhakrishnan and Kumari, 2012), root function
(Vashisth and Nagarajan, 2010; Aladjadjiyan, 2010), influenced the chemical composition of plants (Harari and
Lin, 1992; Maheshwari and Grewal, 2009; Radhakrishnan and Kumari, 2012), affect soil nutrient availability
(Harari and Lin, 1992; Noran et al.,1996; Maheshwari and Grewal, 2009; Mostafazadeh et al., 2011), activate
plant enzymes (Alikamanoglu and Sen, 2011; Shabrangi et al., 2011) and increased the yield of cabbage
(Bogoescu, 2000), pea plants (Podlesny and Gendarz, 2008), wheat (Hozayn and Abdul Qados, 2010), Maize
(Zepeda et al., 2011) and soybean (Radhakrishnan and Kumari, 2012).

In a few words, irrigation with magnetically treated water or/and magnetic seed treatment are friendly
environmental techniques. Therefore, they take an important place in the list of environmental clean methods
and harmless technology (Aguilar et al., 2009; Nimmi and Madhu, 2009), biological farming (Aladjadjiyan,
2010; Bilalis et al., 2012), dormancy-breaking (Carbonell et al., 2004), improve the microorganisms content of
soils (Ratushnyak et al., 2008), make plants more resistant to unfavorable environment conditions (Pittman,
1977 and Alikamanoglu and Sen, 2011). Moreover, Magnetized water for irrigation is recommended to save
irrigation water (Mostafazadeh et al., 2011). Wherefore, bio-magnetic stimulation is applied widely in
agricultural fields (Balouchi and Sanavy, 2009). For all this, the magnetic field application should be
recommended for applying in agriculture fields in our country.

In this study we attempted to investigate the possible effects of pre-sowing magnetized seeds and
magnetized irrigation water on plant growth and soil characteristics, as well as, utilization the positive effects of
magnetic field to reduce fertilizer additions for tomato plants.
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Materials And Methods

The experiment was conducted in Desert Research Center, Ras Suder station, at South Sinai Governorate,
Egypt, during two seasons, i.e., 2010 and 2011, to study the effect of magnetic biostimulation whether by pre-
sowing seeds and (or) irrigation with magnetized water on tomato growth under different levels of N, P and K
fertilizers.

Treatment types:

a. Water treatments: Two sources of water were used, the first was magnetized and the second was
normal ordinary saline irrigation water (4500 ppm) pumped from a well (control).

b. Seed treatments: Two treatments of seed were tested, magnetized seeds with strength of 100 gauss for
10 min (Shalaby, 2008) and non-treated seeds (control).

¢. NPK fertilization: Three levels of NPK fertilizers, namely 50, 75 and 100% (control) of the
recommended dose (Nitrogen at 110 Kg, potassium at 100 Kg and phosphorus at 50 Kg) were used according to
the Ministry of Agriculture and Land Reclamation for tomato crop.

The design of the experiment was split-split plot with three replicates. Every replicate included 12
treatments which were the combinations among two pre-sowing seed treatments, two irrigation water treatments
and three levels of NPK fertilizers. The main plots were devoted to the irrigation water treatments, while the
sub-plots were occupied with seed treatments and the levels of NPK fertilizers were allotted in sub-sub plots.
The experimental unit area was 16 m* contained 1 dripper's line with 16m length for each and 1 m width. The
distance between drippers was 50cm and 50 cm between plants.

Magnetic seed treatment:

The tomato seeds Lycopersicon esculentum. (Mill.) cv. Castlrock (Namdhari Seeds Comp. India) were used
in this experiment, The magnetic treatment of the seeds was carried out in 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. The induction of magnetic field was B = 100 gauss for 10 min, measured with a tesla meter
(Misr Fatramo Comp. Egypt). The suitable magnetic field induction value was chosen according to (Shalaby
2008).

Magnetic water treatment:

In our study, we manufactured the devices which were used for the treatment of magnetized irrigation
water, both in the nursery and the field, as homemade devices. The device used for irrigation in the nursery was
identically as reported by Shalaby (2008). The device used in the magnetization of irrigation water in the field
was manufactured using a plastic tube, which is used in plant irrigation lines, with 16 ml in diameter and 60 cm
length. Ten units of identical permanent magnets arranged in unipolar configuration (facing the magnetic poles),
so that the distance between the magnet and the other was 8 cm. with regard to the specifications of the magnet
units, the intensity of the magnet was 800 Gauss. These devices have been installed in the foreword of the
irrigation lines in the field treatments that were irrigated with magnetically treated water.

Experiment procedure:

After the treatment of seeds with adequate magnetic field, treated and untreated tomato seeds were sown on
5™ of February 2010 and 2011 in foam trays (84 eyes) filled with a mixture of peatmoss and vermiculite (1:1
volume basis) and calcium carbonate was added to modify the pH. After germination, the trays were kept under
greenhouse conditions with all agriculture managements required for production of whole tomato transplants.
The seedlings of tomato were transplanted on 20™ of March in both seasons. All plots received farmyard manure
by rate of 20 m*/fed in addition to the recommended mineral fertilizers before transplanting (100 kg of
ammonium sulfate, 50 kg potassium sulfate, 250 kg calcium superphosphate, 50 kg magnesium sulfate and 150
kg sulfer, as the recommended by Ministry of Agriculture and Land Reclamation). The control treatment was
the standard dose of NPK recommended by the ministry of agriculture in Egypt. Plants were fertilized weekly
through the drip irrigation system. The ideal agricultural practices were carried out as usual. Injecting fertilizers
into a drip-irrigation system began early in the crop cycle with small amounts of nutrients, then increasing the
rate of application of the nutrients as crop growth rate and nutrient demand increase.

The fertigation method was used in the experiment by saline ground water (4500 ppm). The mechanical
and chemical analyses of the experimental soil are presented in Tables (1 and 2).
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Data recorded:

Plant and soil samples were taken at two times (45 and 75 days after transplanting). Plant height, leaf
number, branch number, fresh weight and total yield were recorded. Leaf samples were washed with distilled
water and dried at 70 ‘C for 48 h in an air-forced ventilated oven. Samples were ground and digested by H,So,+
H,0,; then diluted with 50 mL distilled water. Phosphorus percentage in tomato leaves was measured with
spectrophotometer at 880 nm according to the method described by Rowell (1993). Sodium concentration was
determined using flame photometer according to the method described by Irri (1976). Sulphur content was
determined by the terbidimetric method according to Rowell (1993). With regard to soil analysis, Na
concentration was measured according to Soltanpour (1985), P was measured according to Olsen et al. (1954)
and So, was estimated according to Rainwater and Thacher (1979) using spectrophotometer. pH value was
measured using pH meter as described by Jackson (1973) and electrical conductivity value (Ec) was measured
using digital conductivity bridge (Jackson, 1973).

Statistical analysis:
Data of all experiments were arranged and statistically analyzed using Mstatic Software (Freed, 1988). The
comparisons among the means of different treatments were followed as described by Snedecor and Cochran

(1982).

Table 1: Mechanical properties of the experimental soil.

. Silt Clay
Coarse sand Fine sand Total  sand Class
Depth (cm) CaCOz% (0.002 - <
(0.5— Imm) (0.1- 0.25 mm) 0.05mm) (0.1-1mm) (0.002mm) texture
%
0-30 56.99 38.68 42.60 8.57 81.28 10.79 Sandy loam
30-60 52.48 36.74 41.34 10.59 78.08 6.33 Sandy loam
Table 2: chemical properties of the experimental soil
- Saturation soluble extract Auvailable nutrients
5 £ _(my100g) ' (mgKg')
= %_ < Cations Anions
2 N P K F
E 9 ¢ Mg Na co, Hco, ¢ SO ¢
0-30 7.7 8.65 24.5 52 57.2 0.0 6.0 61.5 26.2 26.0 5.1 51.5 4.2
30-60 7.9 7.35 16.8 3.8 425 0.0 3.5 49.0 23.5 18.5 3.4 353 3.4

Results And Discussion
Growth parameters:

Data in Tables (3 and 4) showed that plant height and fresh weight were higher in plants grown with
magnetic treatments (seeds or irrigation water) than those grown without magnetic treatment (control). The
vegetative characteristics increased linearly in response to NPK fertilizer levels. Similar enhancing effect of
magnetized irrigation water were reported on gladiolus plants (Khattab et al., 2000), Calendula officinalis and
Dimorphotheca ecklonis (Mostafa, 2002), celery and snow peas plants (Maheshwari and Grewal, 2009) and flax
(Abdul Qadose and Hozayn, 2010). On the other hand, the same trend was found in response to pre-sowing
seeds by Rochalska et al. (2008) on sugar beet, Nimmi and Madhu (2009) on chilli, Pietruszewski and Kania
(2010) and Alikamanoglu and Sen (2011) on wheat plants, Carbonell et al. (2011) on pea, Radhakrishnan and
Kumari (2012) on soybean plants. In addition, Ghaffoor et al. (2003) on onion, Kakar et al. (2002) on pea and
Ayeni (2010) on tomato and Kehinde et al. (2011) on eggplant reached to gradually increase in vegetative
characteristics with raising the application of NPK fertilizer levels.

With regard to the effect of interactions among water treatments, seed treatments and NPK levels on
vegetative growth. Plants emerged from magnetically treated seeds and irrigated by magnetized water combined
with addition of 75 or 100% NPK fertilizers gave significantly the highest values of vegetative growth
parameters than other treatments at 45 and 75 days after transplanting during two seasons.

Mineral percent:

The results indicated that the phosphorus percent was increased, meanwhile, the sulfur percent was
decreased and sodium percent was not affected in leaves of plants produced from magnetized treatments
comparing to the control treatment at 45 or 75 DAP (Tables 5, 6, and 7). Similar conclusions were also obtained
with magnetized irrigation water on phosphorus concentration (Harari and Lin, 1992; Noran et al., 1996; and
Maheshwari and Grewal, 2009), and S (Hilal and Hilal, 2000; Esitken and Turan, 2003 and 2004). As for the Na
content, Hilal and Hilal (2000), Khattab et al (2000) and Maheshwari and Grewal (2009) noticed that using
magnetized water reduced sodium percentage in tomato leaf, while, Harari and Lin (1992), Esitken and Turan
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(2003, 2004), Dhawi et al. (2009) and Radhakrishnan and Kumari (2012) concluded that the magnetic field
treatments increased sodium content of plant leaf. As for the pre-sowing magnetized seeds, the results obtained
for phosphorus are not compatible with Esitken and Turan (2003, 2004) and Dhawi et al (2009).

Table 3: Effect of magnetized irrigation water, magnetized seed and NPK levels on plant height (cm) of tomato plants at 45 and 75 days
after planting in both seasons.

Treatments First season 2010 Second season 2011
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 38.83a 3533 cd 32.50ef 3556a 4033 a 37.83 abe 35.33cde 3783 a
Control 38.17 ab 36.67bc  33.00ef 3594a  38.67 ab 36.17bcde 35.33cde 36.72a
Control Magnetized 34.33 de 30.17gh  31.17fg 31.89b  37.50bcd 34.83 de 32.00 f 34.78 a
Control 31.33 fg 29.00h  26.17i 28.83¢c  33.50ef 29.00 g 25.83h 29.44b
Magnetized 38.50a 36.00b  32.75¢  3575A 39.50a 37.00 b 35330 37.28 A
Control 32.83¢ 29.58d  28.67d  3036B  35.50b 31.92¢ 28.92d 32.11B
Magnetized 36.58a 3275¢  31.83c¢ 3372A 3892a 36.33b 33.67¢ 3631 A
Control 34.75b 32.83¢c  29.58d  3239A 36.08b 32.58¢ 30.58d 33.08 B
Mean 35.67A 3279B  30.71C 37.50 A 3446 B 32.13C
75 days after transplanting
Magnetized Magnetized 52.00a 50.00bc 47.67de  49.89a 54.67a 51.33 be 49.67 cd 51.89a
Control 50.33 ab 4733 de 4633 ¢ 48.00 ab 52.33b 49.67 cd 48.67 de 5022 a
Control Magnetized 48.67bcd 4833 cd 46.33e 47.78 ab 51.67b 52.00b 47.67 ¢ 50.44 a
Control 47.33 de 46.00e  43.33f 4556b  48.67de 4533 f 44.67 f 46.22 b
Magnetized 51.17a 48.67b  47.00c 4894A 5350a 50.50 b 49.17 be 51.06 A
Control 48.00 be 47.17¢c  4483d 46.67B  50.17b 48.67 ¢ 46.17d 48.33B
Magnetized 5033 a 49.17ab  47.00c 4883 A 53.17a 51.67b 48.67 ¢ 51.17 A
Control 48.83 b 46.67c  44.83d 4678 A  50.50b 47.50 cd 46.67d 48.22B
Mean 49.58 A 47.92B  4592C 51.83 A 49.58 B 47.67 C

Table 4: Effect of magnetized irrigation water, magnetized seed and NPK levels on fresh weight (gm) of tomato plants at 45 and 75 days
after planting in both seasons.
Treatments First season (2010) Second season (2011)
NPK% NPK%
100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized 338.67a  296.33d  251.67i 29556a  344.00a 328.00b 304.33d 32544a

Water Seed

Magnetized ) 32533b  294.00¢  25533h  291.56b  329.67b  301.67¢  280.00h  303.78b
Control Magnetized ~ 312.33¢  273.67f  259.67g 281.89¢  318.00c  29933f 275331  297.56¢
Control 27333f 235337 21000k  239.56d 29133g 261.33j 23133k  261.33d
Magnetized 332002 295.17b  253.50d 293.56 A  336.83a 31483b 292.17d 31461 A
Control 292.83¢  254.50d  234.83e 26072B  304.67c 28033e  253.33f 279.44B
Magnetized  325.50a  285.00c  255.67¢ 288.72A  331.00a 313.67b  289.83d 31150A
Control 29933b  264.67d  232.67f 26556B  310.50c  281.50e  255.67f 282.56B
Mean 31242A 27483B  244.17C 32075 A 297.58B  272.75C
75 days after transplanting
Magnetized ~ Magnetized 729232 68413d 643635 68567a 758902  71603d  67653h  717.16a
Control 70557b  658.60e  591.93i  652.03b  740.57c  709.60e  668.37i  706.18 b
Control Magnetized ~ 689.40c  627.00h  576.13k  630.84c  743.93b  691.77f  66423j  699.98 ¢
Control 64640f 58137 514201 580.66d 689.27g 61483k  543.631 61591d
Magnetized 71740a  67137b  617.78d G68.85A 749.73a 712.82c  67245d 71167 A
Control 667.90c  604.18e  54517f 60575B  716.60b  65330e  603.93f  657.94B
Magnetized 709322 655.57c  609.88¢  65826A 75142a 703.90c  670.38d  708.57 A
Control 67598b  619.98d  553.07f 61634B  71492b  66222e  606.00f  661.04 B
Mean 692.65A 637.77B  581.48C 733.17A  683.06B  638.19C

Regarding the effect of NPK fertilizer levels, it was found that there were gradual increments in P and S
contents in leaves with increasing the NPK levels (Tables 5, 6, and 7). While the leaf sodium content decreased
with increasing NPK levels. The same results were attained with P (Badr et al., 2010; Imamsaheb et al., 2011).
Both of Badr and Talaab (2008) and Blanco et al. (2008) reported that the Na content was decreased with the
high level of fertilization.

For the assemblage interaction among water treatment, seed treatment and NPK levels, the highest values of
P was observed by addition of 100 or 75% of NPK fertilizers combined with magnetized seeds and irrigation
water. The same treatments gave the lowest concentrations of Na in tomato leaves. The highest value of sulfur
content was found by 100% NPK fertilizers with untreated seeds and ordinary irrigation water.

Some physical and chemical properties of the soil:

Tables (8, 9, 10, 11 and 12) showed that there were increments in available phosphorus, soluble Na and Ec
value in soil extraction, meanwhile pH values was decreased as a result of magnetic treatments whether of pre-
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sowing seeds or for irrigation water. As for the availability of SO, in the soil, the results indicated that the
magnetized irrigation water led to a decrease in the soil content of SO, while the pre-sowing seed treatments
increased it at the two sampling dates.

Table 5: Effect of magnetized irrigation water, magnetized seed and NPK levels on total phosphorus content (%) of tomato leaves at 45 and
75 days after planting in both seasons.

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 0377 a 0.355d 0344 ¢ 0.358 a 0.478 a 0.425b 0.416d 0.440 a
Control 0.359b 0357bc  0.334f 0.350b 0418 ¢ 0395 f 0.381h 0.398 b
Control Magnetized 0356cd 0343¢ 0.312h 0.337¢ 0.407 ¢ 0387 ¢g 03751 0.390 ¢
Control 0320 g 0.301 i 0.268 j 0.296 d 0.356 j 0331k 0.2931 0.327d
Magnetized 0.368 a 0.356 b 0.339¢ 0.354 A 0.448 a 0.410b 0399 ¢ 0.419 A
Control 0.338 ¢ 0.322d 0.290 ¢ 0.317B 0.381d 0.359 ¢ 0334 f 0.358 B
Magnetized 0.366 a 0.349b 0.328d 0.348 A 0.443 a 0.406 b 0.396 ¢ 0.415A
Control 0.340 ¢ 0.329d 0301 e 0.323 B 0.387d 0.363 ¢ 0.337f 0.363 B
Mean 0.353 A 0.339B 0.314C 0415A  0.385B 0.367 C
75 days after transplanting
Magnetized Magnetized 0.305a 0.288d 0.278 0.290 a 0.319a 0.281 f 0274 ¢ 0.291 a
Control 0.308 a 0.292 ¢ 0.277 e 0.292 a 0.308 ¢ 0.300 ¢ 0274 g 0.294 a
Control Magnetized 0.298 b 0.277 e 0.249 g 0.275b 0.316b 0.303d 0.266 h 0.295 a
Control 0.259 f 0.242h 0.221i 0241 ¢ 0.267 h 0.253 i 0.224 0.248 b
Magnetized 0.306 a 0.290 b 0.277 ¢ 0.291 A 0314 a 0291 b 0.274d 0.293 A
Control 0.278 ¢ 0.260d 0.235 ¢ 0.258 B 0.291 b 0.278 ¢ 0.245 ¢ 0.271B
Magnetized 0.301 a 0.283 b 0.263 d 0.282 A 0.317a 0.292b 0.270 e 0.293 A
Control 0.283 b 0.267 ¢ 0.249 ¢ 0.266 B 0.288 ¢ 0.277d 0.249 0.271B
Mean 0.292 A 0.275B 0.256 C 0.302 A 0.284 B 0.259 C

Table 6: Effect of magnetized irrigation water, magnetized seed and NPK levels on total sulfur content (%) of tomato leaves at 45 and 75
days after planting in both seasons.

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 0.607 bc 0.543 ¢ 0.588bcd  0.579b  0.605 def 0.586 efg 0.575 fgh ~ 0.589 ab
Control 0.621 ab 0.563 de 0.556de  0.580b  0.618bcde  0.547 h 0.569 gh 0.578 b
Control Magnetized 0.575 cde 0.605 be 0.558de  0.579b  0.645 abc 0.662 a 0.622bcd 0.643 a
Control 0.653 a 0.612b 0.616 b 0.627a  0.650 ab 0.616bcde  0.612cde  0.626 ab
Magnetized 0.614a 0.553d 0.572cd 0580 A 0.612ab 0.566 b 0.572 ab 0.583 B
Control 0.614 a 0.608 ab 0.587bc 0.603 A  0.648a 0.639 ab 0.617 ab 0.635 A
Magnetized ~ 0.591b 0.574 b 0.573b  0.579A 0.625a 0.624 a 0.599 b 0.616 A
Control 0.637 a 0.588 b 0.586b  0.604 A 0.634a 0.582 b 0.590 b 0.602 A
Mean 0.614 A 0.581 B 0.580 B 0.630 A 0.603 B 0.595B
75 days after transplanting
Magnetized Magnetized ~ 0.449abcd  0.339 de 0.326 ¢ 0371b  0.456 ef 0.365 h 0.398 gh 0.406 ¢
Control 0.389%bcde  0.44labecd  0.365cde 0.398b  0.526b 0.486 cde 0.432 fg 0.481b
Control Magnetized 0.499 ab 0.475 abe 0.456 abc  0.477a  0.498 bed 0.515 be 0.477 de 0.497 b
Control 0.537 a 0.508 a 0.474 abc  0.506a  0.563 a 0.528 b 0.513 be 0.534 a
Magnetized 0.419 bed 0.390 cd 0.345d 0385B 0.491b 0.425¢ 0.415¢ 0.444 B
Control 0.518 a 0.492 ab 0.465abc 0492 A  0.531a 0.521a 0.495b 0.516 A
Magnetized  0.474 a 0.407 ab 0391b 0424 A 0477 ab 0.440 b 0.438b 0.452 B
Control 0.463 ab 0.475 a 0.419ab 0452 A 0.545a 0.507 ab 0.472 ab 0.508 A
Mean 0.468 A 0.441 AB 0.405B 0511 A 0.473 AB 0.455B

These results coincide with those of Noran et al. (1996) who indicated that the concentration of phosphorus
increased in soil extraction by magnetized irrigation water. For the soil sulphate content, Mostafazadeh et al.
(2011) showed that the mean soil sulphate ions for the magnetized irrigation water treatment are less than the
non-magnetized irrigation water, on contrast of Hilal and Hilal (2000) who found that the irrigation with
magnetic treated water increased the sulfur solubility in the soil. With respect to soil Ec, Harari and Lin (1992),
Hilal and Hilal (2000) and Maheshwari and Grewal (2009) demonstrated that the Ec of soil solution was
increased with magnetized irrigation water. In addition, Hilal and Hilal (2000) and Maheshwari and Grewal
(2009) observed a decrease in the soil pH with magnetized irrigation water.

The application of 100% NPK level led to the highest P, SO, and Ec values, and the lowest values of pH
and soluble Na comparing to the other levels. These results are in corresponding with those of Agbede et al.
(2010) and Ayeni (2010) who showed that the high levels of NPK fertilizer led to significant increase in soil
phosphorus concentration. Blanco et al. (2008) found that the Ec of soil extraction increased according to the
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NPK application. In addition, Blanco et al. (2008) showed that the pH value was reduced in soil solution with
the higher level of NPK fertilizers.

Table 7: Effect of magnetized irrigation water, magnetized seed and NPK levels on total sodium concentration (%) of tomato leaves at 45
and 75 days after planting in both seasons.

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 0.67f 0.72def 0.82bcd 0.73 a 0.66 cd 0.63d 0.74abcd 0.68a
Control 0.73 def 0.68 ef 0.89 ab 0.76 a 0.68bcd 0.74abcd 0.80 a 0.74 a
Control Magnetized 0.71 def 0.77cdef 0.82bcd 0.77 a 0.72abced 0.75 abc 0.78 ab 0.75a
Control 0.78bcde 0.88abc 0.94 a 0.87a 0.74abcd 0.77 abc 0.81a 0.77 a
Magnetized 0.70 ¢ 0.70 ¢ 0.85a 0.75 A 0.67 ¢ 0.69 be 0.77 a 0.71 A
Control 0.75 be 0.83 ab 0.88a 0.82 A 0.73 abc 0.76 ab 0.80a 0.76 A
Magnetized 0.69 ¢ 0.75 be 0.82b 075A  0.69b 0.69b 0.76 ab 0.71 A
Control 0.76 be 0.78 b 091 a 082A 0.71b 0.75 ab 0.81a 0.76 A
Mean 0.72B 0.76 B 0.87 A 0.70 B 0.72B 0.78 A
75 days after transplanting
Magnetized Magnetized 0.85¢ 0.83 cd 0.87 be 0.85b 0.84 cd 0.90 bed 0.91abed 0.88 a
Control 0.73d 0.83 cd 0.96 ab 0.84b 0.81d 0.84 cd 0.87 bed 0.84a
Control Magnetized 0.87 be 0.87 be 0.93 abe 0.89ab  0.86 bed 0.88 bed 0.94 abc 090 a
Control 0.89 abc 0.93 abc 0.99a 0.94a 0.90 bed 0.97 ab 1.02a 097 a
Magnetized 0.79 ¢ 0.83 be 092a 0.84A 083c 0.87 be 0.89 be 0.86 A
Control 0.88 ab 0.90 ab 0.96 a 091 A  0.88bc 0.93 ab 0.98 a 0.93 A
Magnetized 0.86 be 0.85 be 0.90 b 087A 0.85b 0.89 ab 0.93 ab 0.89 A
Control 0.81¢c 0.88 be 0.98 a 089A 0.86b 0.91 ab 0.95a 0.90 A
Mean 0.83 B 0.86 B 0.94 A 0.85B 0.90 AB 0.94 A

Table 8: Effect of magnetized irrigation water, magnetized seed and NPK levels on available-P (mg. Kg™) cultivated soil at 45 and 75 days
after planting in both seasons.

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 339a 3.13b 2.88¢ 3.13a 380a 3.62 ab 3.21abed 355a
Control 3240 296 ¢ 291c 3.04a 3.73 ab 337abc  3.78 ab 3.63a
Magnetized 2.70d 234 2.26¢ 243b 3.18 2.92 cd 2.63 de 291 a
Control bed
Control 224¢ 1.94f 1.63 g 1.94¢ 2.26 ef 1.92f 1.73 f 1.97b
Magnetized 332a 3.05b 290 ¢ 3.09 A 377 a 3.50a 350a 359 A
Control 247d 2.14¢ 1.95f 2.18 B 2.72b 2.42 be 2.18 ¢ 2.44B
Magnetized 3.05a 2.74b 2.57c¢ 2.78 A 349 a 3.27 ab 2.92 be 323 A
Control 2.74b 245d 227e 249B 3.00 be 2.65¢ 2.76 ¢ 2.80 B
Mean 2.89 A 2.59B 242C 324 A 296 AB  2.84B
75 days after transplanting
Magnetized Magnetized 292a 2.34d 1.88 f 238a 2.65a 2.25b 1.94d 2.28a
Control 2.76 b 2.56¢ 222¢ 251a 254a 2330 2.12¢ 233a
Control Magnetized 2.38d 1.95f 1.69 g 2.01b 2.11c¢ 1.76 ¢ 142 f 1.76 b
Control 1.67 g 1.44 h 1.23 1 1.45¢ 1.71e 1.53 f 1.28 g 1.51¢
Magnetized 2.84a 2.45b 2.05¢ 245 A 2.59a 2.29b 2.03¢ 230 A
Control 2.03 ¢ 1.70d 1.46 ¢ 1.73B 1.91d 1.65¢ 1.35f 1.64 B
Magnetized 2.65a 2.15b 1.79d 220 A 2.38a 201c¢ 1.68d 2.02A
Control 2.22b 2.00¢ 1.73d 1.98 B 2.13b 193¢ 1.70d 1.92 A
Mean 244 A 2.07B 1.76 C 225 A 1.97B 1.69 C

As for the second order interactions among irrigation water treatments, seed treatments and NPK levels, the
highest values of available P and Ec, and the lowest values of pH and soluble Na were recorded in magnetized
treatments of both of seeds and irrigation water combined with 75 or 100% of the recommended NPK fertilizers.
On the other hand, the highest concentration of soluble SO, was recorded by addition of 100% NPK fertilizers
combined with magnetized seeds and ordinary irrigation.

Total yield:

It is clear from results presented in Table (13) that the application of magnetized irrigation water
significantly increased the total yield per feddan as compared with untreated irrigation water. Similar
conclusions were also obtained by Tian et al. (1989) who concluded that the irrigation with magnetized water
increased rice yield. Harari and Lin (1992) on muskmelon, Bogoescu (2000) on cabbage, Khattab et al. (2000)
on gladiolus, Mostafa (2002) on Calendula officinalis and Dimorphotheca ecklonis, Podlesny and Gendarz
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(2008) on pea, Maheshwari and Grewal (2009) on snow pea, celery and pea plants, Abdul Qadose and Hozayn
(2010) on flax and Hozayn and Abdul Qados (2010) on wheat reported similar results.

Table 9: Effect of magnetized irrigation water, magnetized seed and NPK levels on soluble-So, (mg. Kg™') of cultivated soil at 45 and 75
days after planting in both seasons.

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 681 Db 670 ¢ 659 de 670 be 688 cd 674 ¢ 645 ¢ 670 b
Control 685b 682 b 663 cde 677b 681 de 673 ¢ 658 f 671 b
Control Magnetized 703 a 700 a 690 b 698 a 725 a 709 b 695 ¢ 710 a
Control 671 ¢ 668 cd 655¢ 664 ¢ 671e 674 £ 650fg 665 b
Magnetized 683 ab 676 be 661d 673 B 684 b 674 c 652d 670 B
Control 687 a 684 a 672 ¢ 681 A 698 a 692 ab 673 ¢ 687 A
Magnetized 692 a 685 a 674 b 684 A 707 a 692 b 671 ¢ 689 A
Control 678 b 675b 659 ¢ 671 B 676 ¢ 674 ¢ 654d 668 B
Mean 685 A 680 A 667 B 691 A 683 B 662 C
75 days after transplanting
Magnetized Magnetized 656 cd 657 ¢ 6161 643 be 659b 638 de 605 f 634 b
Control 652 de 647 f 641 g 647 b 651 be 655 be 634 ¢ 647 b
Control Magnetized 688 a 686 a 674 b 682 a 684 a 679 a 675a 679 a
Control 649 ef 638 ¢ 628 h 638 ¢ 646 cd 632 ¢ 616 f 632 b
Magnetized 654 ¢ 652 cd 628 ¢ 645B 655 be 647 cd 620 ¢ 640 B
Control 668 a 662 b 651 ¢ 660 A 665 a 656 b 646 d 656 A
Magnetized 672 a 671 a 645 ¢ 663 A 671 a 659 b 640 d 656 A
Control 650 b 642 ¢ 634d 642 B 649 ¢ 644 cd 625¢ 639 B
Mean 661 A 657B 640 C 660 A 651 B 632 C

Table 10: Effect of magnetized irrigation water, magnetized seed and NPK levels on soluble-Na (meq/L) of cultivated soil at 45 and 75
days after planting in both seasons.
Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized 72.67ef  76.00cde 76.33 cd 75.00 b 74.67 bc 74.33bc  75.00 bc 74.67 a

Magnetized

Control 81.33b 7833 bc 8533 a 81.67a 75.67abc 77.00ab  79.00 a 7722 a
Control Magnetized 71.00 f 72.00 f 74.00 def  72.33bc  74.67 b 7633 ab  77.33 ab 76.11 a
Control 66.00 g 71.00 f 73.33def  70.11c¢ 63.67d 65.67d 72.33 ¢ 67.22b
Magnetized 77.00 b 77.17b 80.83 a 78.33 A 75.17 a 75.67 a 77.00 a 75.94 A
Control 68.50d 71.50cd  73.67c¢ 71.22B  69.17b 71.00 b 74.83 a 71.67B
Magnetized 71.83 ¢ 74.00cb  75.17b 73.67 A 74.67 a 7533 a 76.17 a 75.39 A
Control 73.67d 74.67bc 7933 a 7589 A 69.67b 71.33b 75.67 a 7222 B
Mean 72.75B 74.33 B 77.25 A 72.17B 7333 B 7592 A
75 days after transplanting
Magnetized Magnetized 82.67de  79.33ef  88.00c 83.33b 82.67 cd 78.00 ¢ 85.00bcd 81.89b
Control 83.67d 9533ab  92.00b 90.33ab  82.33d 9333a 88.33b 88.00 a
Control Magnetized 84.67cd 95.67a 96.33 a 9222 a 86.00 be 88.00 b 94.67 a 89.56 a
Control 65.67 h 77.00fg 7533 g 72.67 ¢ 73.00 £ 7333 f 78.33 e 74.89 ¢
Magnetized 83.17 ¢ 87.33b 90.00 a 86.83A  82.50b 85.67 a 86.67 a 84.94 A
Control 75.17d 86.33 b 85.83 b 8244B  79.50c¢ 80.67bc  86.50 a 82.22 A
Magnetized 83.67 ¢ 87.50b 92.17 a 8778 A 84.33D 83.00b 89.83 a 85.72 A
Control 74.67d 86.17b 83.67 ¢ 81.50B  77.67c¢ 83.33a 83.33a 81.44 A
Mean 79.17B 86.83 A 87917 A 81.00 C 83.17B 86.58 A

As for pre-sowing seeds, the higher total yield per feddan was obtained by magnetized seeds as compared to
the control (untreated seeds). These results are harmonious with those obtained by Pittman (1977) who showed
that the pre-sowing magnetic treatment of barley and wheat grains led to increase total yield. Similar results
were also reported by Esitken and Turan (2003, 2004) on strawberry, De Souza et al (2005) on tomato,
Rochalska et al. (2008) on sugar beet, Pietruszewski and Kania (2010) on wheat, Zepeda et al. (2011) on maize
and Radhakrishnan and Kumari (2012) on soybean plants.

Total yield was gradually increased with increasing NPK fertilizer level. Our results are in accordance with
those obtained by Ghaffoor et al. (2003) who demonstrated that NPK application increased onion total yield.
Similar results were found by Kakar et al. (2002) on pod pea, Abd El-Aal et al. (2008) on potatoes, Kehinde et
al. (2011) on eggplant, and Law-Ogbomo and Egharevba(2009), Ayeni (2010), Badr et al. (2010) and
Imamsaheb et al. (2011) all on tomatoes

The interactions among the three factors indicated that the addition of 100% or 75% of the recommended
NPK fertilizers combined with the magnetic treatments, for both pre-sowing seeds and irrigation water, gave the
highest total yield per feddan.
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Table 11: Effect of magnetized irrigation water, magnetized seed and NPK levels on Ec (mS/cm) of cultivated soil at 45 and 75 days after
planting in both seasons.

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mcan 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized  10.59 abc 9.10bed  8.13 cd 9.28 a 12.14 ab 11.48abc 8.66 ¢ 10.76 a
Control 11.72 a 9.36abcd 8.83bcd 9.97a 12.74 a 10.62 bed 9.95cde 11.10a
Control Magnetized 11.27ab  10.30abc 9.78 abcd 10.45a 12.16 ab 11.19abed  10.26¢cde 11.20a
Control 9.61 abcd 8.41cd 7.61d 8.54b 10.67bcd 9.53 de 8.68 ¢ 9.63 b
Magnetized 11.16 a 9.23 be 8.48 ¢ 9.62 A 12.44 a 11.05b 9.30¢ 1093 A
Control 10.44ab  9.35bc 8.70 be 9.50 A 11.41 ab 10.38 be 947 ¢ 1043 A
Magnetized 1093a 9.70abc  8.96 bc 9.86 A 12.15a 11.33a 9.46 b 10.98 A
Control 10.66 ab  8.89 ¢ 8.22¢ 9.26 A 11.71a 10.07 b 9.31b 10.36 A
Mean 1080A 929AB  8.59B 11.93 A 10.70 B 9.39C
75 days after transplanting
Magnetized Magnetized 1271 a 10.92b 10.13 ¢ 11.25a 13.35a 12.63 ab 10.53cde 12.169 a
Control 11.13b 8.89 de 8.39 ef 9470 11.85 be 10.20 de 9.25 ef 10.43 ab
Control Magnetized 10.14 ¢ 9.27d 8.80 de 9.41b 11.43bcd 10.52 cde  9.64 ef 10.53 ab
Control 9.22d 8.07f 731g 8.20 ¢ 10.46 de 9.43 ef 8.32f 9.403 b
Magnetized 11.92a 991b 9.26 ¢ 1036 A 12.60a 11.42b 9.89 de 11.30 A
Control 9.68 be 8.67d 8.06 ¢ 8.80 B 10.94 be 9.98cd 8.98 ¢ 997 B
Magnetized 1143 a 10.10b 9.47¢ 1033 A 12.39a 11.57 ab 10.09 ¢ 11.35A
Control 10.18 b 8.48d 7.85¢ 884 B 11.15b 9.82 ¢ 8.78 d 992 B
Mean 1080 A  9.29B 8.66 C 11.77 A 10.70 B 943 C

in both seasons.

Table 12: Effect of magnetized irrigation water, magnetized seed and NPK levels on pH of cultivated soil at 45 and 75 days after planting

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
45 days after transplanting
Magnetized Magnetized 7.46 cd 7.45 cd 7.44 cd 7.45b 7.51bcd 7.44d 7.47 cd 7.47b
Control 7.41 cd 7.49 cd 7.46 cd 7.45b 7.45 cd 7.47 cd 7.40 d 7.44 b
Control Magnetized 7.43 cd 7.39d 7.41 cd 7.41b 7.55 be 7.51bcd  7.46¢cd 7.51b
Control 7.80 a 7.63 b 7.52¢ 7.65a 7.78 a 7.74 a 7.61b 771a
Magnetized 743 b 7.47b 745b 745 A 7.48 be 745¢ 744 ¢ 746 B
Control 7.61 a 7.51b 7.46b 753 A 7.67a 7.62a 7.54b 7.61 A
Magnetized 745¢ 742 ¢ 743 ¢ 743 A 7.53 be 747 ¢ 747 ¢ 749 A
Control 7.60 a 7.56 ab 7.49 be 755A 7.61a 7.60 ab 751c¢ 757 A
Mean 752 A 749AB  746B 7.57TA 754AB  749B
75 days after transplanting
Magnetized Magnetized 7.33 cd 7.30d 7.36 cd 7.33b 7.36 de 731e 7.35 de 7.34b
Control 7.37 cd 741bcd 7.41bed 7400 7.34 de 7.36 de 731e 7.34b
Control Magnetized 7.38 cd 7.37 cd 7.37 cd 737b 7.48 be 7.44 cd 739cde  7.44 ab
Control 7.64 a 7.52b 7.42 be 7.52a 7.62a 7.55 ab 7.44 cd 7.54 a
Magnetized 735¢ 7.36¢ 7.38 be 736 A 7.35be 733 ¢ 733 ¢ 734B
Control 7.51a 7.44 ab 7.39 be 745 A 7.55a 7.49 a 7.41b 749 A
Magnetized 7.36 ¢ 734c¢ 7.36 ¢ 735 A 7.42 ab 7.37b 737b 7.39 A
Control 7.51a 7.47 ab 7.41 be 7.46 A 7.48 a 7.45a 737b 744 A
Mean 743 A 7.40 A 739 A 745 A 741AB  737B

in both seasons.

Table 13: Effect of magnetized irrigation water, magnetized seed and NPK levels on total yield of tomato at harvesting date plants (ton/fad)

Treatments First season (2010) Second season (2011)
NPK% NPK%
Water Seed 100 75 50 Mean 100 75 50 Mean
Magnetized Magnetized 6.30 a 5220 395e 5.16a 6.57 a 5.65¢ 448e 557a
Control 6.03a 5.04 be 390 ¢ 499a 6.02b 522d 3.90 fg 5.05 ab
Control Magnetized 5370 4.72 c¢d 3.63¢ 4.57a 5.89 be 5.14d 3.78¢g 4.94b
Control 446d 383e 299 f 3.76b 494d 4.19 ef 321h 411c¢
Magnetized 6.16 a 5.13b 3.93d 5.07 A 6.29 a 543b 419 cd 531 A
Control 491b 427¢ 331e 4.17B 541b 4.67 be 3.49d 452B
Magnetized 583a 497 ¢ 379e 4.86 A 623 a 5.39b 4.13 cd 525A
Control 5240 443d 345f 438B 5.48 ab 4.70 be 3.56d 458 B
Mean 5.54 A 4.70B 3.62C 585A 5.05B 3.84C

Despite of all these advantages of the magnetic treatments in the plant characteristics, chemical
composition and availability of nutrients in the soil, as well as the increments of total yield, the mechanism of
action of magnetic field treatment in the plants is still unknown until now, but several theories had been
proposed to explain this action. Phirke et al. (1996), Turker et al. (2007), Maheshwari and Grewal (2009),
Hozayn and Abdul Qados (2010) associated the mechanism of magnetic field with the activation of phyto-
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hormone such as gibberellic acid-equivalents, indole-3-acetic acid and trans-zeatin as well as activation of the
bio-enzyme systems which leads to the growth improvement and increase the crop yield.

Stange et al (2002) cited that the electromagnetic fields modify the rate of ion transport across the plasma
membrane or otherwise affect the structure of cell membrane lipid protein dynamics, this may cause the
alteration in the permeability of the plasma membrane of plant roots. In the same manner, Taia et al. (2007)
found significant increase in the rate of water absorption, and explained the results by the variations induced by
magnetic fields in the ionic currents across the cellular membrane with leads to change in the osmotic pressure.
In the same trend, Balouchi and Sanavy (2009) reported that the magnetic field influences the structures of cell
membranes and in this way increases their permeability and ion transport through the ion channels, which then
affects various metabolic pathway activities. In addition, Vashisth and Nagarajan (2009) demonstrated that the
leachate conductivity of magnetic-exposed seeds was lower than unexposed seeds, suggesting better membrane
integrity in magnetically-exposed seeds. In the magnetic-treated seeds, weak binding sites were more and strong
and multi-molecular binding sites were less compared to the unexposed seeds. Total binding sites were more in
unexposed control seeds. The modification of binding properties of seed water and increased seed membrane
integrity in magnetically -exposed seeds might have enhanced the germination traits and early seedling growth
of maize.

Lin and Yotvat (1989) indicated that the irrigation with magnetic treated water may reduce the fertilizer
portion. Also, Harari and Lin (1992) pointed out that the irrigation with nutrient solutions containing
considerably lower concentrations of fertilizer, since the concentrations measured in soil solutions were
appreciably higher when irrigation by magnetized water. Moreover, Ratushnyak et al. (2008) showed that the
magnetic seed treatment increased the amount of microbial content of the soils such as nitrogen-fixation
bacteria, this increasing in microorganisms may improve the availability of elements in the soil to plant uptake.
This in turn led to avoid the use of a big amount of mineral fertilizers. Consequently, the activity and
proliferation of microorganisms in the soil may explain the increase of soil acidity in the study by Maheshwari
and Grewal (2009) who attributed the relatively greater of soil acidification to the release of greater organic
acids in the rhizosphere by celery and snow pea plants irrigated with magnetic treated water compared to
untreated plants. Organic acids released in rhizosphere may be responsible, thus making the nutrients more
available to plant uptake.

Grewal and Maheshwari (2011) reported that there are some changes occurred in the physical and chemical
properties of water according to magnetic treatment, mainly hydrogen bonding, polarity, surface tension,
conductivity, pH and solubility of salts, and these changes in water properties may be capable of affecting the
growth of plants. They deduced that the reduction in water pH and increase in Ec in magnetic treated water may
be due to changes in hydrogen bonding and increased mobility of ions.

It could be concluded that treated tomato seeds (cultivar Castle Rock) with magnetic field by 100 gauss for
15 minutes with magnetically treated irrigated water improved vegetative growth, increased total phosphorus
content of tomato leaves and total yield while reduced pH value in soil extraction.

References

Abd El-Aal, F.S., A M. Shaheen and F.A. Rizk, 2008. The effect of foliar application of Ga3 and soil dressing
of NPK at different levels on the plant productivity of potatoes (Solanum tuberosum L.). Research Journal
of Agriculture and Biological Sciences, 4(5): 384-391.

Abdul Qadose, A.M.S. and M. Hozayn, 2010. Response of growth, yield, yield components and some chemical
constituents of Flax for irrigation with magnetized and tap water. World Applied Science Journal, 8 (5):
630-634.

Agbede, T.M., T.O. Oladitan, S.A. Alagha, A.O. Ojomo and M.O. Ale, 2010. Comparative evaluation of
poultry manure and NPK fertilizer on soil physical and chemical properties, leaf nutrient concentrations,
growth and yield of yam (Dioscorea rotundata Poir) in southwestern Nigeria. World Journal of
Agricultural Sciences, 6 (50): 540-546.

Aguilar, C.H., A.D. Pacheco, A.C. Carballo, A.C. Orea, R. Ivanov, J.L.L. Bonilla and J.P.V. Montanez, 2009.
Alternative magnetic field irradiation effects on three genotype Maize seed field performance. Acta
Agrophysica, 14(1): 7-17.

Aladjadjiyan, A., 2010. Influence of stationary magnetic field on lentil seeds. Int. Agrophys., 24: 321-324.
Alikamanoglu, S. and A. Sen, 2011. Stimulation of growth and some biochemical parameters by magnetic field
in wheat (Triticum aestivum L.) tissue cultures. African Journal of Biotechnology, 10(53): 10957-10963.
Ayeni, L., S.2010. Effect of Cocoa Pod Ash, NPK fertilizer and their combinations on soil chemical properties
and yield of Tomato (lycopersicon lycopersicum) on two soil types. New York Science Journal, 3 (4):1-11.

(c.f. www.sciencepub.net).

Badr, M.A. and A.S. Talaab, 2008. Response of tomatoes to nitrogen supply through drip irrigation system

under salt stress conditions. Australian Journal of Basic and Applied Sciences, 2(1): 149-156.



2097
J. Appl. Sci. Res., 8(4): 2088-2099, 2012

Badr, M.A., S.D. Abou Hussein, W.A. El-Tohamy and N. Gruda, 2010. Nutrient uptake and yield of tomato
under various methods of fertilizer application and levels of fertigation in arid lands. Gesunde Pflanzen, 62:
11-19.

Balouchi, H.R. and S.A.M.M. Sanavy, 2009. Electromagnetic field impact on annual medics and dodder seed
germination. Int. Agrophysics, 23: 111-115.

Bilalis, D.J., N. Katsenios, A. Efthimiadou, A. Karkanis and P. Efthimiadis, 2012. Investigation of pulsed
electromagnetic field as a novel organic pre-sowing method on germination and initial growth stages of
cotton. Electromagnetic Biology and Medicine, Posted online on January 23, 2012.
(doi:10.3109/15368378.2011.624660).

Blanco, F.F., M.V. Folegatti and D.H. Neto, 2008. Doses of N and K in tomato under saline stress: I.
Concentration of nutrients in the soil solution and plant. R. Bras. Eng. Agric. Ambiental, 12(1): 26-33.

Bogoescu, M., 2000. The water quality and irrigation method influence about the autumn white cabbage yield.
Acta Horticulture, 533: 447-450.

Carbonell, M.V., E. Martinez, J.E. Diaz, JM. Amaya and M. Florez, 2004. Influence of magnetically treated
water on germination of signalgrass seeds. Seed Science and Technology, 32(2): 617-619.

Carbonell, M.V., M. Florez, M, E. Martinez, R. Maqueda and J. M. Amaya, 2011. Study of stationary
magnetic fields on initial growth of pea (Pisum sativum L.) seeds. Seed Science and Technology, 39(3):
673-679.

De Souza, A., D. Garcia, L. Sueiro, L. Licea and E. Porras, 2005. Pre-sowing magnetic treatment of tomato
seeds: effects on the growth and yield of plants cultivated late in the season. Spanish Journal of
Agricultural Research, 3(1): 113-122.

Dhawi, F., M.J. Al-Khayri and E. Hassan, 2009. Static Magnetic Field Influence on Elements Composition in
Date Palm (Phoenix dactylifera L.). Research Journal of Agriculture and Biological Sciences, 5(2): 161-
166.

Esitken, A. and M. Turan, 2004. Alternating magnetic field effects on yield and plant nutrient element
composition of strawberry (Fragaria x ananassa cv. camarosa). Acta Agriculturae Scandinavica, Section B
- Plant Soil Science, 54(3): 135-139.

Esitken, A. and M. Turan, 2003. Alternating magnetic field effects on yield and plant nutrient element
composition of strawberry (Fragaria x ananassa cv. Camarosa). Acta gric. Scand. Sect. B. Soil and Plant
Sci., 54: 135-139.

Ghaffoor, A., M.S. Jilani, G. Khaliq and K. Waseem, 2003. Effect of different NPK levels on the growth and
yield of three onion (Allium cepa L.) varieties. Asian Journal of Plant Sciences, 2(3): 342-346.

Grewal, H.S. and B.L. Maheshwari, 2011. Magnetic treatment of irrigation water and snow pea and Chickpea
seeds enhances early growth and nutrient contents of seedlings. Bioelectromagnetics, 32: 58-65.

Harari, M. and LJ. Lin, 1992. Water exposed to magnetic treatment: Muskmelon (Cantaloupe) growing.
Magnetic and Electrical Separation, 3: 93-104.

Hilal, H.M. and M.M. Hilal, 2000. Application of magnetic technologies in desert agriculture 11- Effect of
magnetic treatments of irrigation water on salt distribution in olive and citrus fields and induced changes of
ionic balance in soil and plant. Egypt. J. Soil. Sci., 40(3): 423-435.

Hozayn, M. and A.M.S. Abdul Qados, 2010. Magnetic water application for improving wheat (Triticum
aestivum L.) crop production. Agric. Biol. J. N. Am., 1(4): 677-682.

Imamsaheb, S.J., M.G. Patil and D.K. Harish, 2011. Effect of different levels of fertigation on productivity and
nutrients uptake in processing Tomato (Solanum lycopersicum) genotypes. Research Journal of
Agricultural Sciences, 2(2): 217-220.

Irri, A., 1976. Laboratory Manual for Physiological Studies on Rice . 3™ ed . (Souchi Youshidu D.A frono, J.H.
Cook and K.A. Gomezeds) 17-23 The International Rice Research Institute, Los Banos Phillipines.

Jackson, M.L., 1973 Soil Chemical Analysis, Prentice Hall of India Pvt. Ltd. New Delhi, p: 187.

Kakar, A.A., M. Saleem, R. Shah and S.A.Q. Shah, 2002. Growth and marketable green pod yield performance
of pea (Pisum sativum L.) under varying levels of NPK fertilizers, Asian Journal of Plant Sciences, 1(5):
532-534.

Kehinde, N.A., T. Adeniyi, A.M. Olabiyi and C.V. Okechukwu, 2011. Effects of NPK fertilizer on growth,
drymatter production and yield of eggplant in southwestern Nigeria. Agriculture and Biology Journal of
North America, 2(7): 1117-1125.

Khattab, M., M.G. El-Torky, M.M. Mostafa and M.S. Doaa Reda, 2000. Pre treatment of gladiolus cormels to
produce commercial yield: 1- effect of GA3, seawater and magnetic system on the growth and corms
production. Alex. J. Agric. Res., 45(3): 181-199.

Law-Ogbomo, K.E. and R.K.A. Egharevba, 2009. Effects of planting density and NPK fertilizer application on
yield and yield components of Tomato (Lycospersicon esculentum Mill) in forest location. World Journal
of Agricultural Sciences., 5(2): 152-158.



2098
J. Appl. Sci. Res., 8(4): 2088-2099, 2012

Lin, I. and J. Yotvat, 1989. Treatment of drinking and irrigation water in animal and plant husbandry by
electromagnetic technology. Magnetic Separation News, 2: 179-187.

Maheshwari, B.L. and H.S. Grewal, 2009. Magnetic treatment of irrigation water: its effect on vegetable crop
yield and water productivity. Agriculture Water Management, 96: 1229-1236.

Mostafa, M.M, 2002. Effect of biofertilization, salinity and magnetic technique on the growth of some annual
plants. Alex. J. Agric, Res., 47(2): 151-162.

Mostafazadeh, F.B., M. Khoshravesh, S. Mousavi and A. Kiani, 2011. Effects of magnetized water on soil
sulphate ions in trickle irrigation. 2nd International Conference on Environmental Engineering and
Applications, IPCBEE vol.17 (2011) © (2011) IACSIT Press, Singapore.

Nimmi, V. and G. Madhu, 2009. Effect of pre-sowing treatment with permanent magnetic field on germination
and growth of chilli (Capsicum annum. L.). Int. Agrophysics, 23: 195-198.

Noran, R., U. Shani and I. Lin, 1996. The effect of irrigation with magnetically treated water on the
translocation of mineral in the soil. Magnetic and Electrical Separation, 7: 109-122.

Olsen, S.R., C.V. Cole, F.S. Watanabe and L.A Dean, 1954. Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. USDA Circular 939:1-19. Gov. Printing Office Washington D.C.

Phirke, P. S., A.B. Kubde and S.P. Umbarkar, 1996. The influence of magnetic field on plant growth. Seed
Science and Technology, 24(2): 365-373.

Pietruszewski, S. and K. Kania, 2010. Effect of magnetic field on germination and yield of wheat. Int.
Agrophys., 24: 297-302.

Pittman, U.J., 1977. Effects of magnetic seed treatment on yields of Barley, Wheat, and Oats in southern
Alberta. Can. J. plant Sci., 57: 37-45.

Podlesny, J. and M. Gendarz, 2008. Effect of magnetic-conditioned water on growth, development and yielding
of two Pea genotypes. Acta Agrophysica, 12(3): 767-776.

Radhakrishnan, R. and B.D.R. Kumari, 2012. Pulsed magnetic field: A contemporary approach offers to
enhance plant growth and yield of soybean. Plant Physiology and Biochemistry, 51: 139-144.

Rainwater, F.H. and Thacher, 1979. Methods of collection and analysis of water samples. Geof. Surv: Water
Supply. Paper No.1454, Washington.

Ratushnyak, A.A., M.G. Andreeva, O.V. Morozova, G.A. Morozov and M.V. Trushin, 2008. Effect of
extremely high frequency electromagnetic fields on the microbiological community in rhizosphere of
plants. Int. Agrophysics, 22: 71-74

Rochalska, M., K. Grabowska and A. Ziarnik 2008. Impact of low frequency magnetic fields on yield and
quality of sugar beet. Int. Agrophysics., 23: 163-174.

Rowell, D.L., 1993. Soil Science Methods and Applications. Dept. of Soil Science, Univ. of Reading. Co
published in The US with John Willey and Sons Inc., New York. pp: 350.

Shabrangi, A., A. Majd and M. Sheidai, 2011. Effects of extremely low frequency electromagnetic fields on
growth, cytogenetic, protein content and antioxidant system of Zea mays L. African Journal of
Biotechnology, 10(46): 9362-9369.

Shalaby, 2008. Influence of magnetic field treatment on germination and growth of Tomato plants under saline
conditions. M.Sc. Thesis. Horticulture Dept. Agric., Ain Shames Univ.

Snedecor, G.W. and W.G. Cochran, 1982. Statistical methods. 7" ed. Towa state Unv. Press Lowa, U.S.A., pp:
485.

Soltanpour, P.N., 1985. Use of ammonium bicarbonate DTPA soil test to evaluate elemental availability and
toxicity. Commun. Soil Sci. Plant Anal., 16(3): 323-338.

Stange, B.C., R.E. Rowland, B.I. Rapley and J.V. Podd, 2002. ELF magnetic fields increase amino acid uptake
into Vicia faba L. roots and alter ion movement across the plasma membrane. Bioelectromagnetics, 23:
347-354.

Taia, W.K., H.S. Al-Zahrani and A.M. Kotbi, 2007. The effect of static magnetic forces on water contents and
photosynthetic pigments in Sweet Basil Ocimum basilicum L. (Lamiaceae). Saudi Journal of Biological
Sciences, 14(1): 103-107.

Tian, W.X., Y.L. Kuang, Y.L. and Z.P. Mei, 1989. Effect of magnetic water on seed germination, seedling
growth and grain yield of rice. Journal of Jilin Agricultural University, 11(4): 107-108.

Turker, M., C. Temirci, P. Battal, M.E. Erez, 2007. The effects of an artificial and static magnetic field on plant
growth, chlorophyll and phytohormone levels in maize and sunflower plants. Phyton Ann. Rei Bot., 46:
271-284.

Vashisth, A. and S. Nagarajan, 2009. Characterization of water binding and germination traits of magnetically
exposed maize (Zea mays L.) seeds equilibrated at different relative humidities at two temperature. Indian
Journal of Biochemistry & Biology, 46: 184-191.

Vashisth, A. and S. Nagarajan, 2010. Effect on germination and early growth characteristics in sunflower
(Helianthus annuus) seeds exposed to static magnetic field. Journal of Plant Physiology, 167: 149-156.



2099
J. Appl. Sci. Res., 8(4): 2088-2099, 2012

Zepeda, R.B., C.A. Hernandez, F.L. Suazo, A.P. Dominguez, A.O. Cruz, E.O. Martinez and L.M.S. Hernandez,
2011. Physical characteristics of maize grain and tortilla exposed to electromagnetic field. Int. Agrophys.,
25:389-393.



