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Abstract

A great challenge for the agricultural sector is to produce more food from less water, particularly in arid and semi-arid
regions which suffer from water scarcity. Utilization of magnetic water technology is considered as a promising
technique to improve water use efficiency and crop productivity. Two field trials using wheat (Var. sakha-93), faba
bean (var., nubaria-1 ), chick-pea (var. giza-3) , lentil (var. Giza-9), canola (var. sero-6) and flax (var. sakha-1) were
conducted at Research and Production Station, National Research Centre, Alemam Malek village, Al Nubaria district,
Al Behaira Governorate, Egypt in 2009/10 and 2010/11 winter seasons to study and evaluate the effects of magnetizing
irrigation water on growth, yield and yield components of mentioned winter crops. The results showed significant
positive effect of magnetic treatment on all studied parameters. The percent of increase in economic yield (ton ha) in
response to magnetized water application reached to 13.71% at wheat, 8.25% at faba bean, 21.8% at chick pea,
29.53% at lentil, 36.02% at canola, 22.37% at flax and 19.05% at sugar beet crop as compared with normal water
application. Similar trend was obtained for water use efficiency was. It appears that utilization of magnetized water can
led to improve yield and water productivity of tested crops under newly reclaimed sand soil. So, using magnetic water
treatment could be a promising technique for agricultural improvements but we need extensive research in this field.
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INTRODUCTION of sugar beet yield and quality and water
productivity under field conditions.
A great challenge for the agricultural sector is  In aboard, many works have been reported to

to produce more food from less water,  exert a positive effect of magnetic fields on the
particularly in arid and semi-arid regions which  germination of seeds, plant growth and
suffer from water scarcity. development, the ripening and yield of field

Utilization of magnetic water technology is  crops (De Souza et al., 2006; Shabrangi and
considered as a promising technique to improve  Majd 2009). Where, magnetic field was shown
water use efficiency and crop productivity. to induce germination traits in wheat, soybean,
Our previous and promising studies (Hozayn  cotton (Phirke et al., 1996), barley (Martinez et
and Amira, 2010 a&b; Amira and Hozayn 2010 al., 2000), rice (Carbonell et al., 2000), corn
a&b; Hozayn et al., 2010) under greenhouse  (Florez et al., 2007), and chickpea (Vashisth
condition observed that, wheat, lentil,  and Nagarajan, 2008).

chickpeas, flax, sunflower, as well as on  When the seeds were exposed to magnetic field,
ground nut, faba bean and mung bean (data  the percentage of germination increased while
unpublished) irrigated with magnetized water  the time required for germination decreased.

gave more value of all recorded parameter. The positive effects of magnetic field were also
The increase in yield per plant ranged between shown on metabolic substance i.e., protein
11-47% depended on tested plants. biosynthesis, cell reproduction, photochemical

So, the main objective of this study to clarify  activity, respiration rate, enzyme activities,
the role of magnetic water on increasing yields

197



nucleic acid content, and growth-development
period (Stange et al., 2002).

Moreover, in macro trials, application of
variable electro and static magnetic fields with
different frequency showed a yield increase up
to 144,8% in potato (Marinkovic et al., 2002),
rice by 13-23% (Tian et al., 1991), pepper by
64,9% (Takac et. al. 2002), soybean from 5 to
25%, with a higher quantity of oil and protein
and at sunflower from 13,2 to 17,3%
(Crnobarac et al. 2002), cereal by 20%
(Marinkovic et al. 2000), wheat by 6.3 — 10.6%
(Kordas 2002), broad bean and pea by 10 and
15%, respectively (Podlesny et al., 2004 and
2005). In addition, Vasilevski (2003) shows a
94% increase of the root mass of sugar beet,
leaf surface up to 52%, yield to 12,88 t/ha and
the percentage of sugar was increased for
0.70%.

In similar trials performed with corn a higher
root mass (55.0%), vegetative mass (57.0%)
and yield (18.7%) was achieved.

Consequently, the magnetic field effect can be
used as an alternative to the chemical methods
of plant treatment for improving the production
efficiency (Aladjadjiyan, 2002 and 2003).

So, in this study will look at an innovative
water treatment to study the physical, chemical
and biological changes occurring in soil and
water after treatment with a no uniform
magnetic field and its effects on productivity of
some winter crops under newly reclaimed sand
soil

MATERIALS AND METHODS

Six field trials using wheat (var. Sakha-93),
faba bean (var. Nubaria-1 ), chick-pea (var.
Giza-3), lentil (var. Giza-9), canola (var. Sero-
6) and flax (var. Sakha-1) were conducted at
Research and Production Station, National
Research Centre, Alemam Malek Village, Al
Nubaria district, Al Behaira Governorate,
Egypt in 2009/2010 and 2010/11 winter
seasons to study and evaluate the effects of
irrigation with magnetic water on growth,
chemical constituent, yield and yield
components of mentioned winter crops.

The experimental area is located at the North of
Cairo (30.8667 N latitude and 31.1667 E
longitude) at an elevation of 21 m above the sea
level. It has a semi-arid climate with cool
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winters and hot dry summers prevailing in the
experimental area.

The experimental soil and water were analyzed
according to the method described by Chapman
and Pratt (1978) (Table 1).

Table 1. Soil and water analysis for site experiments

Soil depth Irrigation water

‘ Before After
Parameters 0-15 15-30 magnetic magnetic
Particle size distribution
Coarse sand 48.20 54.75
Fine sand 49.11 41.43
Clay + Silt 2.69 3.82
Texture Sandy Sandy . ...
PH (1:2.5) 8.22 7.94 7.25 7.13
EC(dSm
H(1:5) 0.20 0.15 0.50 0.40
Organic
matter (%) 0.67 0.43
Soluble cations (mq/l)
Ca*™* 0.60 0.50 2.15 2.05
Mg 0.50 0.30 0.50 0.65
Na™ 0.90 0.80 3.00 3.00
K" 0.20 0.10 0.31 0.31
Soluble anions (mgq/l)
co? - - 0.01 0.01
HCO? 0.60 0.40 233 2.46
cr 0.75 0.70 2.17 1.72
so™ 0.85 0.60 145 1.82

Grains and seeds of the respective crops were
obtained from Field Crop Research Institute,
Agriculture Research Centre, Giza, Egypt.
Recommended rates of grains and seeds of each
crop were planted in plots (10 length m x 10
width m) at the last week of November. Four
replications were used in each treatment.
Control treatment was irrigated with normal
water, while the other treatment (magnetized
water) was irrigated with water after
magnetization through a two inch Magnetron
[U.T. 3, Magnetic Technologies LLC PO Box
27559, Dubai, UAE].

The recommended NPK fertilizers for each
crop were applied through the period of
experiment. Sprinkler irrigation was applied as
plants needed. The layout of experiment was
shown in (Figure 1).

After 85 days from sowing plant height, fresh
and oven dry weight of ten plants from each
crop were determined. Photosynthetic pigment
contents (chlorophyll a, chlorophyll b and
carotenoids) of leaves were estimated
spectrophotometrically as the method described
by Moran (1982). At harvest yield and yield
components of tested crops were determined.
Statistical analysis was carried out using SPSS
program Version 16. An independent t-test was



also carried out to find the significant
differences between magnetic and nonmagnetic
water treatments.

10m

S S

et —
Iu = R2

Non Magnetic

b R4

————— o ae e e e .

Magnetic device
Pt

v
———— ']
12 R2
t—‘—-—‘—-—m 1

Water Flow Qrection

water

Magnetic

F4

X

Maln Line. - o, Sprinklar

N Gate Valve

Manlfold

Figure 1. Layout of experiment design under solid set
sprinkler system

RESULTS AND DISCUSSIONS

Dry weight

Results illustrated in Figure 2 showed the effect
of using magnetized water on dry weight of
plant. This parameter could use as effective
indicator that reflect the increase in all growth
parameters (shoot length, leaves number and
area and fresh weight/plant). Dry weight/plant
as a result of irrigation with normal and
magnetic water ranged between 0.46-7.46 and
0.54-7.96, respectively according to the plant
type. It's obvious that irrigation with
magnetized water improved dry matter
accumulation at all tested plants compared to
control treatment. The maximum percent of
increase was obtained at dry weight of flax by
23.01% followed by lentil by 15.88% and chick
pea by 13.59%. The lowest percent of increase
was recorded at wheat by 7.45 followed with
faba bean by 7.99% and canola by 8.33%. The
increase in dry weight/plant as a result of plant
irrigation with magnetized water may be
attributed to the increase all growth parameters
(data not seen) which accompanied with
increase in total pigment contents (Figure 3),
increase in  photosynthetic =~ pigments,
endogenous promoters (IAA) and increase
protein biosynthesis (Hozayn and Amira, 2010
a&b and Amira and Hozayn 2010 a&b). These
results are in good harmony with those
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obtained by Hozayn et al., (2011) and Ijaz et al.
(2012). In this connection Also, Alikamanoglu
et al. (2007) suggested that, magnetic water
treatment improved seed inhibition, vigor and
germination rate, and seedling treatment
promoted NPK absorption and increased root
number, stem thickness, dry weight/100 plants
and tillers number. Moreover, Celik et al.
(2008) and Nasher (2008) concluded that,
magnetized water increased growth and
consider an important factor for inducing plant
growth. Moreover, the influence of the
magnetic field on plants, sensible to it increases
its energy. Later this energy is distributed
among the atoms and causes the accelerated
metabolism and, consequently, to better
germination. Magnetic treatment of water has
been reported to change some of the physical
and chemical properties of water, mainly
hydrogen bonding, polarity, surface tension,
conductivity, pH and solubility of salts (Amiri
and Dadkhah, 2006; Otsuka and Ozeki, 2006).
These changes in water properties may be
capable of affecting the growth of plants.

ONormal water  @Magnetic water

Dry weight
(@/plant)

ol

Chick-
pea
Legume

I

Wheat

| i

Flax

Lentil Faba

been

Canola
Grain 0il
Winter crops

Figure 2. Dry weight (g/plant) at 85 days after sowing for
winter crops irrigated with normal and magnetized water.
Mean values of 2 seasons, N=8 in each crop, t-test was
significant at 0.05 in all tested crops, error bars in each
crop expressed as standard deviation

Pigment contents

Pigment content is an indicator of plant health
and productivity. Results in figure 3 reflect the
response of tested crops when irrigated with
magnetized water to total pigment contents.
The pigment contents ranged between 17.7-
27.85 mg/100g fresh weight for irrigation with
normal according to tested crops. Irrigation
with magnetized water caused an increase in
pigment content (22.14-35.83 mg/100 g fresh
weight) according to tested crops.



Chick pea 9.14% < lentil 11.18% < canola
13.50% < flax 17.58% < wheat 36.77% and
faba bean 50.68%.The increase in pigment
content under irrigation with magnetized water
was accompanied with the increase in growth
(Figure 2).

These increments must supported by the
increase in growth promoters (auxins and
cytokinins) which responsible on increasing
growth.

The stimulatory effect of magnetic water on
photosynthetic pigment contents may be due to
the effect of magnetic treatment on alteration
the key of cellular processes such as gene
transcription which play an important role in
altering cellular processes.

The same result was obtained by Atak et al.
(2003 and 2007) who found an increase in
chlorophyll content specifically appeared after
exposure to a magnetic field for a short time.
They also suggested that, increase all
photosynthetic pigment through the increase in
cytokinin synthesis which accompanied by the
increase in auxin synthesis that induced by
magnetic field treatment of soybean plants.
Recently Hozayn and Abdul Qados (2010 a and
b), Abdul Qados and Hozayn (2010 a and b)
and Hozayn et al., (2011) reported that,
magnetic treatment increased photosynthetic
pigment contents via increasing growth
promoters (IAA). Helal, (2011) reported that,

irrigation with magnetic water exhibited
marked  significant  increase in  the
photosynthetic  pigments  (chlorophyll a,

chlorophyll b, and carotenoids), photosynthetic
activity, and translocation efficiency of the
photo assimilates of common bean over the
control.

These results for increasing photosynthetic
activity are confirmed with that of (Mihaela et
al., 2007; Mihaela et al., 2009). They showed
an increase in chlorophyll and carotenoids
content specifically appeared after treatment
with magnetic water. Al-Khazan et al. (2011)
reported that the magnetically treated water
treatment has an enhancing effect on the
photosynthetic pigments compared to the
control treatment.
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Figure 3. Total pigment contents in the leaves of winter
crops irrigated with normal and magnetized water. Mean
values of two seasons, N=8 in each crop, t-test was
significant at 0.05 in all tested crops, error bars in each
crop expressed as standard deviation.

Plant height at harvest

Figure 4 cleared the result of using magnetized
water on plant height at harvest of tested crops.
Plant height at harvest as a result of irrigation
with normal water ranged between 38.63 —
131.63 cm according to the plant type.
Magnetized water increased this range to 45.00
— 147.88 cm according to the plant type.
Legume crops (chick-pea and lentil) came in
the first order in response of irrigation with
magnetic water where gave the maximum
increase percentage (18.99% and 16.50%,
respectively).
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Figure 4. Plant height at harvest for winter crops
irrigated with normal and magnetized water. Mean
values of two seasons, N=8 in each crop, t-test was

significant at 0.05 in all tested crops, error bars in each
crop expressed as standard deviation

While wheat as grain crop came in the last
order by 4.11% increases.

The increments in plant height for the other
crops ranged between 11.56 — 13.54%.



These increments may be attributed to the role
of magnetized water in increasing growth
(Figure 1), photosynthetic pigment (Figure 2).
The same trend was observed by Hozayn &
Abd AlQodos (2010a and b) on wheat and
chick-pea and Abd Algodos and Hozayn
(2010a and b) on lentil and flax under
greenhouse condition

100-seed weight

100 seeds or grains weight in gram is a measure
of seed size.

Data illustrated in Table 2 showed the effect of
using magnetized water on 100-seed weight of
tested winter crops.

The weight of 100-seed ranged between
0.42-87.62 g according to the plant type.
Irrigation of plants with magnetized water
increased 100-seed weight at all crops under
study except canola.

The percent of increase reached to 5.19% at
wheat, 10.10 at lentil, 9.34% at chick-pea,
10.72% at faba bean and 37.88% at flax. On the
other hand the reduction percent reached to
5.36% at canola.

The same trend was observed by several
investigators (Abd Algodos and Hozayn 2011a
&b; Hozayn and AbdAlqodos 2011a&b and
Hozayn et al. (2011) who found an increase in
the yield of various agronomic crops (chick—
pea, lentil, flax and wheat) in response to
magnetic water treatments.

Economic yield (ton/fed)

The response of some winter crops to irrigation
with magnetized water was reflected of crop
yield (ton/fed) (Figure 5).

The results showed that, the yield of plant
irrigated with normal water ranged between 0.5
— 1.55 ton/fed according to the plant type.

The irrigation plants with magnetized water
increased these yield to range between 0.7 —
1.72 ton/fed according to the plant type. Tested
winter crops differed in response for irrigation
with magnetized water.

Oil crops (canola and flax) came in the first
order in response of irrigation with magnetic
water where gave the maximum increase
percentage over control (38.72% and 42.23%,
respectively), followed by legume crops (chick-
pea and lentil) by increasing value (27.01% and
29.53%, respectively).
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Table 2. 100-seeds or grains weight for winter crops
irrigated with normal and magnetized water. Mean
values of two seasons, N=8 in each crop, t-test was
significant at 0.05 in all tested crops, SD standard

deviation
Increase (+)
d
Treatment Mean = SD ((1; (;: )rz:sei
control
Normal Magnetic
water water
Crop (control)
Wheat 3.764+0.13 3.96+0.11 5.19
Lentil 2.525+0.11 2.78+0.12 10.10
Chick-pea | 17.10+0.67 18.70+0.45 9.34
Faba bean | 87.62+1.73 | 97.01+0.98 10.72
Flax 0.61+0.03 0.84+0.03 37.88
Canola 0.42+0.04 0.40+0.02 -5.36

While, wheat as grain and faba bean as legume
crops came in the last order by 10.65% and
8.04% increases, respectively.

These results are logical to improvement
growth parameters (Figure 1), photosynthetic

pigments (Figure 2) and increases in
photosynthetic pigments, endogenous
promoters (IAA) and increase protein

biosynthesis (Hozayn and Amira, 2010 a&b
and Amira and Hozayn 2010 a&b). The
remarkable improvement induced by the
magnetic treatment was consistent with the
results of other studies on several crops like
cereal, sunflower, flax, pea, soybean, broad
bean, wheat, rice, pepper, tomato, potato and
sugar beet.
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Figure 5. Economic yield (ton/fed) for winter crops
irrigated with normal and magnetized water. Mean
values of two seasons, N=8 in each crop, t was
significant at 0.05 in all tested crops, error bars in each
crop expressed as standard deviation

In these studies the crop yield were increased
(e.g., Tian et al., 1991, Marinkovic et al. 2000,
Marinkovic et al., 2002, Aladjadjiyan, 2002



and 2003, Vasilevski 2003, Podlesny et al.,
2004 and 2005, Souza et al. 2006, Selim 2008,
Hozayn et al. 2013).

Moreover, Maheshwari and Grewal (2009)
suggest that the effects of magnetic treatment
varied with plant type, and there were
statistically significant increases in plant yield
of snow pea, celery and pea plants.

Water use efficiency (WUE)

Similar to economic yield per feddan, there was
differential impact of magnetic treatment on
water productivity (kg of yield produced per L
of water used) (Figure 6). Normal water use
efficiency in this study ranged between 0.17 —
0.62 according to the plant type. Magnetized
water use efficiency ranged between 0.23 - 0.69
according to the plant type. The percent of
increase in water use efficiency ranged between
8.04% at faba bean to 42.23% at flax. Mulook
Al-Khazan et al. (2011) recorded that irrigation
of jojoba plants with magnetized water led to
increase water use efficiency under normal and
drought water stress as compared to the
recommended irrigation. Magnetic treatment of
irrigation water is an acknowledged technique
for achieving high water use efficiencies due to
its effect on some physical and chemical
properties of water and soil (Noran, et al. 1996;
Basant et al., 2007; Basant and Harsharn 2009).
These changes result in an increased ability of
soil to get rid of salts and consequently better
assimilation of nutrients and fertilizers in plants
during the vegetative period.
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Fig. 6. Water use efficiency (kg/litter water) for winter
crops irrigated with normal and magnetized water. Mean
values of two seasons, N=8 in each crop, t was
significant at 0.05 in all tested crops, error bars in each
crop expressed as standard deviation
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CONCLUSIONS

The present studies confirmed the promising
and previous studies under greenhouse
condition. Generally, the present findings have
shown that irrigation with magnetized water
can be considered as one of the most valuable
modern technologies that can assist in saving
irrigation water and improving yield and
quality of sugar beet under newly reclaimed
sandy soil. The usage of magnetic water in the
agricultural production will enable intense and
more quantities and qualitative production.

ACKNOWLEDGEMENT

This work was funded by The National
Research Centre through the project entitled
“Utilization of magnetic water technology for
improving field crops under normal and
environmental stress in newly reclaimed sandy
soil. Project No. 9050102 (In-house projects
strategy 2010-2013). The principal investigator
Prof. Dr. Mahmoud Hozayn Mahmoud.

REFERENCES

Aladjadjiyan A., 2002. Study of the influence of
magnetic field on some biological characteristics of
zea mais. J. of Central Eur. Agric. 3, p. §9-94.

Aladjadjiyan A., 2003. Use of physical factors as an
alternative to chemical amelioration. J. Environ.
Protec. and Ecol. 4, p. 662-667.

Yaycili C.A., Rzakoulieva A., 2007. Effect of magnetic
field and gamma radiation on paulowinia tomentosa
tissue culture. J. Biotech. & Biotech. Equip., 21, p.
49-53.

Amera M.S., Abd El-Qodos, Hozayn M.., 2010 a.
Magntic water technology, a novel tool to increase
growth, yield, and chemical constiuents of lentil
(Lens esculenta) under greenhouse condition.
American-Eurasian Journal of Agricultural &
Environmental Science, 7(4):457-462.

Amera M.S., Abd EI-Qodos, Hozayn M.. 2010 b.
Response of growth, yield, yield components and
some chemical constituent of flax for irrigation with
magnetized and tap water. World Applied Sciences
Journal, 8(5):630-634.

Amiri M.C., Dadkhah A.A., 2006. On reduction in the
surface tension of water due to magnetic treatment.

Colloids Surf A Physicochem Eng. Aspects,
278:252-255.
Anonymous, 2003. Agricultural Statistics. Vol.l.

Ministry of Agriculture and Land Reclamation,
Economic Affairs.

Atak C., Emiroglu O., Aklimanoglu S., Rzakoulieva A.,
2003. Stimulation of regeneration by magnetic field



in soybean (Glycine max L. Merrill) tissue cultures. J
Cell Mol. Biol., 2:113-119.

Basant L.M., Harsharn S.G., 2009. Magnetic treatment
of irrigation water: Its effects on vegetable crop yield
and water productivity. Agric. Water Manage., 96(8):
1229-1236.

Basant, M., Bunce S., Harshan G., 2007. Irrigation and
water saving potential of magnetic treated water in
vegetable crops. Research Direction Office of
Research Services, Sydney, Australia, p. 12-22.

Cakmak T., Dumlupinar R., Erdal S., 2009. Acceleration
of germination and early growth of wheat and bean
seedlings grown under various magnetic field and
osmotic  conditions.  Bioelectromagnetics, 31
(2):120-129.

Carbonell M.V., Martinez E., Amaya J.M., 2000.
Stimulation of germination in rice (Oryza Sativa L.)
by a static magnetic field, Electro- and Magneto
biology , 19(1), p. 121-128.

Celik O., Atak C., Rzakulieva A.. 2008. Stimulation of
rapid regeneration by a magnetic field in paulownia
node cultures. J. of Central Europ. Agric., 9
(2):297-303.

Cottenie A., Verloa L., Hiens L., Velghe G., Camarlynch
R., 1982. Chemical analysis of plant and soil. Lab. Of
Analytical and Agrochemichemistry, State Univ.,
Ghent, Belgium.

Crnobarac J., Marinkovic B., Tatic M., Malesevic M.,
2002. The effect of REIS on startup growth and seed
yield of sunflower and soybean. Biophysics in
agriculture production, University of Novi Sad,
Tampograf.

De Souza A., Garcia D., Sueiro L., Gilart F., Porras E.,
Licea L., 2006. Pre-sowing magnetic treatments of
tomato seeds increase the growth and yield of plants.
Bioelectromagnetics, 27, p. 247-257.

Florez, M., Carbonell M.V., Martinez E., 2007. Exposure
of maize seeds to stationary magnetic fields: Effects
on germination and early growth. Environ Exp Bot
59:68-75.

Govedarica M., Milosevic Effect of

N., 2002.

electromagnetic stimulation on soil microbial activity.

Biophysics in agriculture production, University of
Novi Sad, Tampograf.

Helal M.R., 2011. The Impact of Magnetic Water
Application for Improving Common Bean (Phaseolus
vulgaris L.) production. New York Science Journal,
4(6), p. 15-20.

Hozayn M., Abdel-Monem A.A., Abdul Qados A.M.S.,
Abd El-Hameed H.M., 2011. Response of some food
crops for irrigation with magnetized water under
green house condition. Australian journal of Basic
and Applied Science, 5(12):29-36.

Hozayn M., Abd El Monem A.A., Abdelraouf R.E.,
Abdalla M.M., 2013 a. Do Magnetic Water affect
Water Use Efficiency, Quality and yield of Sugar
Beet (Beta vulgaris L.) plant under Arid Regions
Conditions?.Journal of Agronomy, 34(1), p. 1-10.

Hozayn M., Amera M.S. Abd EI-Qdoos, 2010a.
Irrigation with magnetized water enhances growth,
chemical constituent and yield of chickpea (Cicer
arietinum L.). Agriculture and Biology Journal of
North America, 1(4):671-676.

203

Hozayn M., Amera M.S. Abd El-Qdoos, 2010b.
Magnetic water application for improving wheat
(Triticum aestivum L.) crop production. Agriculture
and Biology Journal of North America, 1(4):677-682.

Hozayn M., Abd El-Monem A.A., Abdelraouf R.E.,
2013 c. Magnetic technology, a novel tool for
correction ground water and improving crops and
water productivity. The first international conference
"Water desalination in the Arab world", 26 May,
Cairo, Egypt.

Hozayn M., Abd El-Monem A.A., Elwia T.A., 2013 b.
Irrigation with magnetic water, a novel tool for
improving crop productivity and water use efficiency.
The 28th Meeting of Saudi Biological society, 9-11
April, Hail University, Hail, Saudi Arabia.

Koper R., Wojcik S., Kornas-Czuczwar B., Bojarska U..
1996. Effect of the laser exposure of seeds on the
field and chemic composition of sugar beet roots. Int.
Agroph., 10:103-108.

Kordas L., 2002. The effect of magnetic field on growth,
development and the yield of spring wheat. Polish J.
of Environmental Studies, 11 (5):527-530.

Malesevic M., Marinkovic B., Crnobarac J., 2002.
Resonant impulse electromagnetic stimulation and its

effects on wheat production. Biophysics in
agriculture production, University of Novi Sad,
Tampograf.

Marinkovie B., Grujie M., Marinkovia D., Crnobarac J.,
Marinkoviae J., Jazimovie G., Mircov D.V., 2008.
Use of biophysical methods to improve yields and
quality of agricultural products. J. Agric. Sci.,
53(3):235-241.

Marinkovic B., Grujic M., Crnobarac J., Malesevic M.,
2000. Received results in trials and production with
biophysics application (Non-published).

Marinkovic B., Ilin Z., Marinkovic J., Culibrk M.,
Jacimovic G., 2002. Potato yield in function variable
electromagnetic field. Biophysics in agriculture
production, University of Novi Sad, Tampograf.

Martinez E., Carbonell M.V., Amaya J.M., 2000. A static
magnetic field of barley (Hordeum vugare L.).
Electro and Magnetobiol, 19:271-277.

Martinez E., Florez M., Maqueda R., Carbonell M.V.,
Amaya J.M., 2009. Pea (Pisum sativum L.) and Lentil
(L7ens culinaris, Medik) Growth Stimulation Due to
Exposure to 125 and 250 mT Stationary Fields.
Polish J. of Environ. Stud. Vol. 18, No. 4, p. 657-663.

Mihaela R., Dorina C., Carmen A., 2007. Biochemical
changes induced by low frequency magnetic field
exposure of vegetal organisms. Rom. J. Phys., 52(5-
7):645-651.

Mihaela R., Simona M., Dorina E.C., 2009. The response
of plant tissues to magnetic fluid and electromagnetic
exposure. Romanian J. Biophys., 19(1):73-82.

Moran R., 1982. Formulae for determination of
chlorophyllous pigments extracted with N, N-
dimethylformamide. Plant Physiol. 69, p. 1371-1381.

Mousa H.R., 2011. The Impact of Magnetic Water
Application for Improving Common Bean (Phaseolus
vulgaris L.) production. New York Science Journal,
4(6), p. 15-20.

MSTAT-C. 1988. MSTAT-C, a microcomputer program
for the design, arrangement and analysis of



agronomic research. Michigan State University, East
Lansing.

Mulook Al-Khazan, Batoul M., Nabila A., 2011. Effects
of magnetically treated water on water status,
chlorophyll pigments and some elements content of
Jojoba (Simmondsia chinensis L.) at different growth
stages. African Journal of Environmental Science and
Technology Vol. 5(9), p. 722-731.

Nasher S.H., 2008. The Effect of magnetic water on
growth of chick-pea seeds. Eng. & Tech. 26,4 pages.

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

Otsuka L., Ozeki S., 2006. Does magnetic treatment of
water change its properties?, J. Phys. Chem. B, 110
(4), p. 1509-1512..

Phirke P.S., Patil N.N., Umbarkar S.P., Dudhe Y.H.,
1996.The application of magnetic treatment to seeds:
methods and responses. Seed Sci Technol 1996;
24:365-373.

Pietruszewski S., Wojcik S., 2000a. Effect of magnetic
field on yield and chemical composition of sugar beet
roots. Int. Agroph., 14:89-92.

Pietruszewski S., Wojcik S., 2000b. Effect of magnetic
field on yield of sugar beet cultivar kalwia and polko.
Ing. Rol., 5(16): 207-210 (in polish) .

Podlesny J., Pietruszewski S., Podleoena A., 2004.
Efficiency of the magnetic treatment of broad bean
seeds cultivated under experimental plot conditions.
Int. Agrophysics, 18, p. 65-71

Podlesny J., Pietruszewski S., Podleoena A., 2005.
Influence of magnetic stimulation of seeds on the
formation of morphological features and yielding of
the pea. Int. Agrophysics 19, p. 1-8.

Prooeba-Bia£Czyk U., Szajsner H., Grzyoe E., Demczuk
A., SacatA E., 2011. Effect of seeds stimulation on
sugar beet productivity. Listy cukrovarnicke a
reparske, 127: 344-347 (in czech).

Rochalska M., Orzeszko-Rywka A., 2005. Magnetic
field treatment improves seed performance. Seed Sci.
Technol., 33, p. 669-674.

204

Rochalska M., Orzeszko-Rywka A., 2008. Influence of
alternating magnetic field on respiration of sugar beet
seeds. Int. Agrophysics, 22, p. 255-259

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

Selim M.M., 2008. Application of Magnetic
Technologies in Correcting Under Ground Brackish
Water for Irrigation in the Arid and Semi-Arid
Ecosystem. The 3rd International Conference on
Water Resources and Arid Environments (2008) and
the 1st Arab Water Forum.

Shabrangi A., Majd A., 2009. Effect of magnetic fields
on growth and antioxidant systems in agricultural
plants. PIERS Proceedings, Beijing, China, March
23-27.

Stange B.C., Rowland R.E., Rapley B.1., Podd J.V., 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.

Takac A., Gvozdenovic G., Marinkovic B., 2002. Effect
of resonant impulse electromagnetic stimulation on
yield of tomato and pepper. Biophysics in agriculture
production, University of Novi Sad, Tampograf.

Tian W.X., Kuang Y.L., Mei Z.P., 1991. Effect of
magnetic water on seed germination, seedling growth
and grain yield of rice. Field Crop Abstracts, 044-
07228.

Vashisth A., Nagarajan S., 2008. Exposure of seeds to
static magnetic field enhances germination and early
growth characteristics in chickpea (Cicer arietinum
1.). Bioelectromagnetics, 29, p. 571-578

Vasilevski G., 2003. Perspectives of the application of
biophysical methods in sustainable agriculture. Bulg.
J. Pplant Physol., Special Issue, p. 179-186

Wilczek M., Koper R., Awintal M., Korni owicz-
Kowalska T., 2005. Germination capacity and health
status hybrid alfalfa seeds after laser treatment. Int.
Agrophysics, 19, p. 257-261.





