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ABSTRACT

Water shortages and salinity are chronic problems in many areas globally. In the present study, the
magnetization of water of the river of General Down Stream) AL-Massab AL-Aam(in Iraq was investigated.
The effect of the magnetic field was observed by measuring some physical properties of treated and untreated
water. Furthermore, the suitability of magnetized water for the irrigation of legumes and barley plants was
studied. The results showed that there is a noticeable change in some properties of the treated water such as
pH, dissolved Oxygen and turbidity. On the other hand, there was no significant change in density. Moreover,
it was found that the magnetic treatment of salty water improved its suitability for the cultivation of legumes
and barley plants. The germination of the two plants was enhanced by 15 and 10% for barley and legumes
respectively. Additionally, there was a noticeable improvement in the growth of the two plants when they
were irrigated with the magnetized water.
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Introduction

Water is the most liquid required for our life and for
all other living things such as animals and plants.
Therefore, there is no probable life on our planet
without wate (Pang et al., 2008). Civilizations flour-
ish wherever water is abundantly available, and it is
the resource that has become more significant than
other natural resources. Its shortage, decrease or
even a change  in the quality have serious economic,
social and environmental effects (Gaafar et al., 2015).
Simply, Water molecule consists of two hydrogen
atoms and one oxygen atom covalently linked. Wa-
ter molecules are linked with each other by hydro-
gen bonds which are responsible of many unique
properties for water. These include surface tension,
relatively high boiling point compared to other liq-

uids. Additionally, water molecule is stable and oc-
tet rule can be applied on it, there are no unpaired
electrons in the water molecule (Gaafar et al., 2015).
Naturally, water cannot be pure, it mostly contains
many different organic and inorganic compounds,
elements and impurities (Kredy, 2006).

Salinity of the water

Soil salinity could be one of the most serious prob-
lems in the agricultural sector worldwide. The main
reason for this salinity might be the accumulation of
salts in the root capillaries of the soil. This soil salin-
ity will lead to a sharp decrease in the crop produc-
tion or even to the death of plants.

During the past decades, many researchers stud-
ied the effects of magnetic fields on irrigation water
and soil; interestingly new applications have been
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developed and tested in many areas including the
United States of America (USA), Europe, the Middle
East, Africa and Australia. The magnetic field water
treatment process has been known for many years
and has been reported to be effective in many cases
(Ayers et al., 1985). The indiscriminate and ill-con-
sidered use of irrigation water, especially saline wa-
ter, will lead to negative returns on the yield and the
soil. Consequently, it is necessary to find or develop
means and mechanisms to treat saline water and
remove or reduce its negative impacts on agricul-
tural production (Gallon, 2004).

On the other hand, the moisture depletion leads
to a shortage of water available for the plants which
affects the natural growth of the plants (Lowe,
1996). Plants are adversely affected by the increase
in elements and salts of the irrigation water. This
increase will cause a rise in the osmotic pressure of
the soil solution, which  makes the plants’ absorp-
tion of water difficult. Occasionally, the presence of
some salts could have a toxic impact on the plants
(Reminick, 2001).

The problem of salinity is one of the main prob-
lems that hardly influenced the soil of Iraq, particu-
larly in central and southern Iraq. This problem has
received great attention and many attempts have
been made to investigate and find ways to treat or
tackle this problem. A significant change has been
observed in the physical and chemical properties
and consequently quality in the water of the two
main rivers in Iraq Tigress and Euphrates. Salinity
increased due to the continuous wash of the soil, the
impact of evaporation, the lack of water levels and
the lack of rain (Sarhan et al., 2011; Vasilevski, 2003).

To introduce practical solutions to the problem of
salinity and decrease the pollution in Tigress and
Euphrates the General Downstream Project (Al-
Musab Al-Aam) was established. The aim of the es-
tablishment was to discharge wastewater of neigh-
boring agricultural lands and water from civil and
industrial activities away to the sea. The river has a
length of about 665 km, and it extends from the
north of Baghdad City in the city of Ishaqi until
Khor Al-Zubair.

The importance of the downstream project is that
it could be the key to the success in the agricultural
field in the country of Iraq. It helps in treating salin-
ity in areas of up to six million hectar and also as-
sists open river navigation in central and southern
Iraq. Moreover, the quality of the water of the Tigris
and Euphrates rivers could be noticeably improved
and this is due to decrease in salt concentrations (Al-
Ani, 2008).

The effect of magnetic field on water

As a result of the scientific and technical develop-
ment and the need to find sound scientific means in
treating irrigation water and rationalizing its con-
sumption, scientific techniques have recently ap-
peared in water treatment, including the magnetic
technique (water magnetization), which have been
used in various applications including agricultural,
industrial, medical and civil fields. The question is
what happens to the water when it enters the mag-
netic field? Many explanations were introduced,
one of them is that water is a dipolar liquid. Conse-
quently, its magnetic or electric field can be changed
by the rotation of the molecule in one direction to

Fig. 1. The extension of General Downfall Project (Al-Musab Al-Aam)
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take a high voltage, either negative or positive, de-
pending on the magnetic field used on a positive or
negative north pole (Hong et al., 1997).  This might
mean that magnetic water treatment leads to re-
structuring and arranging water molecules into hex-
agonal groups. Therefore, it easy for water to
penetrat plant and animal cell membranes
(Harichand et al., 2002)

On the other hand, some studies have shown that
the magnetic treatment of water leads to a reduction
in the bonding angle of hydrogen and oxygen inside
the water molecule from 104.45 to 103 degrees
(Gang et al., 1995) . Additionally, the magnetic treat-
ment also adapts the properties of water and makes
it more soluble and has a high ability to wash out
the salts in the soil, as well as increases the readiness
of the nutrients in the soil. It found that irrigation
with magnetized water increases plant growth and
yield by 45% (Takatshinko, 1997). In this study, it
was claimed that the effect of magnetization on the
water’s properties was directly reflected on the
plant in light of increased production as well as im-
proved quality (Altamimi et al., 2014).

Recently, the concept of using magnetized water
technologies in agriculture (magnetic technology)
has emerged, or the so-called biomagnetic stimula-
tion to raise crop yields by creating desirable stimuli
such as accelerating plant metabolism and changes
in the properties of living membranes (Alaa et al.,
2012). Reported significant differences in dry
weight, plant height, and root weight of peas and
barley for fresh and salty irrigation water, magne-
tized and non-magnetized. The highest plant
heights were achieved in the case of irrigation with
magnetized fresh water. The plant height in the first
season was 125.8 and 123.3 cm. The first and the
third, and the second season to 128.5 and 110.0 cm
respectively, the reason for the increase in the plant
height and dry weight is that the roots of the yellow
corn plant when irrigated with magnetized water
leads to an increase in the readiness of nutrients and
ready water for the plant in light of the increased
ability of the soil to retain water Al-Ani, 2002. Inves-
tigated the effect of treating yellow corn seeds with
magnetized water with different intensities for peri-
ods ranging from a few minutes to 21 hours. They
found that there was an increase in the percentage
of seed germination, root length, number of root
hair, plant leaf area, and the ratio of shoots to roots.
The optimum conditions were observed when seeds
were treated with magnetic field with an intensity

of 1150 - 1200 T for a period of 15-20 minutes (Ela,
2007; Schroeder, 1985) .

Another study investigated the effect of different
magnetic technologies on the growth characteristics
of two types of wheat, it was found that there were
physiological differences in seedlings vitality, bud
growth, leaf length, and root length between treated
and untreated seeds. Furthermore, it was found that
the response of the two wheat classes to the mag-
netic technologies differed according to the different
types of magnetic technologies used (Schroeder,
1985). Takatshinko observed that the magnetized
water could reduce the resistance of cell walls to
elongation during the growth process. This action
will led to an increase in the leaf area and vegeta-
tion, which increased carbohydrate photosynthesis
products and thus increased dry matter
accumulation(Takatshinko, 1997).

Location and experimental part

Study Site

The General Downstream Project passes through
the city of Nasiriya, to the north of the Euphrates
River, and it passes through many agricultural ar-
eas. An area near the Dutch bridge, located in the
coordinates (31 ° 05’47.0 “N 46 ° 14’45.7" E), was
chosen for sampling (Figure 2). The site is located
within the borders of the city of Nasiriyah. Environ-
mental information for the research was obtained,
and a number of physical and chemical variables
were studied according to the standard methods
were used

Fig. 2. The site of sampling area of the general down-
stream project

Experimental part

To performe the experimental work of the present
study, water samples were taken from the river
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(AL-Massab AL-Aam) and treated with a magnetic
field. To do this job, a magnetized tube with a mag-
netic force of 12,000 kauss was used; it had a length
of 85 cm and made by Delta Water Company. The
used pipe had a diameter of 5 cm. Some physical
properties of the treated and untreated samples
were measured to examine the effect of the used
magnetic field on these properties. The treated and
untreated water was used for the irrigation of the
plants which were cultivated in the present study.

To obseve the effect of magnetized water on
plants, two types of plants were considered and
planted in the area of the study (Department of
Chemistry, College of Science, University of Thi-
Qar). The two plants were Legumes and barley, an
area of 0.5 m2 was prepared for each plant. The area
of each plant was divided into two equal halfs (0.25
m2 each). One of them was watered with the treated
water while the second one was watered with the
untreated water. Figure 3 shows the area used for
the plants cultivation. The area of the cultivation
was prepared and divided by using a wooden slats
and consequently four equal parts were made, two
parts were used for Legumes and the others were
used for barley. Peat moss fertlizer was mixed with
local soil and used in all cultivated area to make
sure for better germination. Irrigation was per-
formed with the same amount of water and same
considered areas were calculated and the growth of
the plants were monitored.

Results and Discussion

To investigate the effect of magnetization on the
water of the AL-Massab AL- Aam, all tests men-

tioned in Table 1 were analysed. This could be
helpeful for the comparison between the two types
of water (mangnetized and non-magnetized). The
results confirmed the existence of a mixed and con-
vergent effect in some cases on the chemical and
physical properties when treating water with a
magnetic field of 12000. A length of 85 cm, and a
constant flow rate  of 5 l/m were considered. The
water was also treated with the same system more
than once, and the extent of the magnetic field’s ef-
fect on the water was observed. All measurements
are listed in Table 2.

 In general,The acidic function is the measure-
ment that determines whether a liquid is acidic, ba-
sic, or neutral. As commonly known that the pH
scale ranges from 0 to 14, and therefore if the pH
value of water is 7, it is considered neutral, and it is
equal to the pH of pure water at a temperature of 25
degrees Celsius. As can be observed from Table 2
that pH values increase when water is treated. This
increase becomes bigger when time of expossure
increaed by repeating the megnetization process
and this was performed by circulating water in the
magnetized tube (AL-Mosuly, 2013).

Total Dissolved salts (TDS) have an
importantance since they indicate the amount of
dissolved salts that cannot be removed by tradi-
tional filtration methods. TDS  are used to classify
water, whether it is fresh, salty or semi-salty. Water
with soluble substances less than 1500 mg/L is clas-
sified as fresh, while whenwater has soluble sub-
stances range between (1500-5000) mg/L is  semi-
salty water. Finally, water withtotal soluble sub-
stances exceed 5000 mg/L is considered  as salty
water. It can be  noted from Table 2  that there is a

Fig. 3. Area of  the plant cultivation, it is located in the department of Chemistry, College of Sciences, University of Thi-
Qar, Nasiriya City, south of Iraq
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reduction in TDS in general, and there is a notice-
able change from 3430 to 3310 (mg/l) when the pe-
riod of exposur increases by repeating the
manetization process. Studies have also shown the
possibility of using salty water by treating it mag-
netically, and this leads to the dismantling of dis-
solved salt compounds and converting them into
ions, which causes their decrease and consequently
a decrease in TDS and elimination tothe harmful
effects of TDS (Wassef, 1996).

Density of the collected samples were measured
by utilizing  a density pycnometer with a volume of
25 cm3. The pycnometer was washed well with dis-
tilled water and acetone, and then its was weighted
when it was empty (M1). Then it was  filled with the
required liquid, closed tightly and dried from the
outside, and its weight (M2) was measured. The
mass of the liquid was determined by applying
Equation 1.

M = M2-M1 .. (1)

The absolute liquid density is calculated from the
following relationship:

.. (2)

The measured density was the water density of
the General Downstream Project and itwas 1.0298
g/ml on average. It is higher than the density of of

pure water, which is 0.997 g/ml at a temperature of
25 degrees Celsius. This might be as a result of dis-
solved salts increase the mass of water without
causing a significant change in its volume. Water
density was measured before and after magnetiza-
tion. The results showed that there are slight differ-
ences in the average values of water density (Table
2). This can be explained by the fact that water mol-
ecules are linked with each other by hydrogen
bonds. These bonds may be double or multiple, up
to tens of bonds. The level of union of water mol-
ecules with each other reduces the number of water
groups connected to each other, and thus the den-
sity of magnetized water will decrease compared to
the normal or non-magnetized water (Al-Hassan,
2011).

Daniel indicated that the boiling point of water
decreases with the increase in its purity and the ab-
sence of salts (Daniel, 1990). The increase in the sa-
linity of water as a result of the increase in the
concentration of ions in the water leads to a de-
crease in the movement of these ions. This means a
decrease in their energy. Consequently, the salty
water needs more energy compared to the pure
water. In other words, it needs a higher boiling
point to disengage the ions first, then boil and
evaporate secondly. Interestingly, it was observed
that the value of the boiling point of magnetized

Table 1. The effect of magnetization on the water of the AL-Massab AL- Aam

No. Type of analysis Method of analysis

1 pH HANNA PH211 Microprocessor PH Meter
2 Total Dissolved Solid Salts (TDS) Hanna InstrumentsTM HI-2550/TDS
3 The electrical conductivity of EC water EC 214 Conductivity meter HANNA
4 Surface tension Practical experience
5 Viscosity Brookfield Viscometer
6 Dissolved oxygen Multi Direct From a company Lovibond
7 Boiling point Practical experience
8 Turbidity Multi-Direct From a company Lovibond
9 Density Pycnometer

Table 2. Water property measurements

Times of treatment Untreated water one treatment Two treatments Three treatments

pH 7.85 8.36 8.43 8.50
TDS 3430 3400 3380 3310
Density 1.0298 1.0262 1.0241 1.0223
Boiling point 104 103 103 102
Surface tension 45.5032 44.3805 44.2754 44.2134
Dissolved oxygen 59 76 84 86
Turbidity In NTU 17 16 13 10
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water is slightly less than that of non-magnetized
water (Table 2). The reason behind this behavior
could be that the magnetization of water contrib-
uted to reducing the salt effect as it gave higher en-
ergy to water ions and thus helped to disentangle
the ions from some of them. Moreover, a decrease in
the number of hydrogen bonds, and thus the escape
of water molecules from the surface and evapora-
tion will be faster and in a shorter period of time
compared to saltyuntreated water.

The phenomenon of surface tension of water oc-
curs as if it is covered by an elastic membrane,
which leads to a shrinkage of the surface. The sur-
face tension of water depends on the strength of the
relationship between the water molecules itself as
well as the pressure applied to it and the degree of
salinity. When the bonding forces between water
molecules and solute are greater than the cohesion
forces between the water molecules themselves, the
surface tension increases. Based on that the tension
in salts solutions is greater and vice versa if the co-
hesive attraction between the liquid molecules is
greater than the attraction with the solute molecules
on the melt, the solute moves away and is concen-
trated more towards the surface (Daniel, 1990). The
results of the present study (Table 2) showed that
there is a decrease in the values of average surface
tension of magnetized water compared to the nor-
mal water. This could be explained by that magne-
tization gives more energy to the water. Thus, the
solute particles can be easily escape to the surface,
which leads to a decrease in the surface tension of
the water (AL-Mosuly, 2013).

As shown in Table 2, the results demonstrate that
the values of dissolved oxygen in the magnetized
water reached  a value of 86 mg/l. This means that
there is a significant increase in  dissolved oxygen
when water is magnetized. This is in accordance
with the findings of Al-Mawsili, 2013 who found

that when water is exposed to a magnetic field, the
oxygen concentration increased by 10% and  this
percentage will positively affect the respiration and
growth of the root system of plants (Brown et al.,
2009).

The final measured property is the water turbid-
ity, it can be defined as the amount of light absorbed
or scattered in a sample of water, and it is measured
by a unit calledNTU (Units Turbidity Nephelomet-
ric), suspended matter, clay, organics, and microele-
ments can contribute to increased turbidity (Al-
Hassan, 2011). Turbidity measurement is an impor-
tant indicator of the type of liquid. The presence of
a cloud or fog inside any fluid is caused by small
particles (suspended objects in the water) and often
cannotbe seen with the naked eye, which is similar
to smoke in the air. The high turbidity may mean
the presence of high concentrations of harmful bac-
teria or algae (pesticides) or minerals. Therefore, a
sudden change in the turbidity may be an indication
of the presence of a new source of pollution (bio-
logical, organic or inorganic) in natural waters
(Wassef, 1996). Brown and Foos, 2009 stated that
measuring turbidity is a fundamental process in
testing water quality (Brown, 2009). The results ob-
tained in the present study (Table 2) showed that
the magnetic field clearly and strongly affects val-
ues of turbidity. There is a significant reduce in the
turbidity of magnetized water since it decreases
from 17 t0 10 NTU.

In parallel with the measurements of the proper-
ties of magnetized and normal water. This water
was used in the irrigation of two plants Legumes
and barley. This process was performed to examine
the effect of magnetization on the plantation and
growth of the two plants. It is believed that field
study can introduce useful results which can be
used to improve agriculture. Lin and Yotvat, 1988
studied the effects of magnetizing irrigation water

Table 3. Germination

AL- Plant type Planting The The Growth (height in cm)
Massab date number of  percentage of 15 day 30 day 60 day 90 day
AL-Aam seeds sown germination

Legumes Regular irrigation water 20/10/2020 50 19% 6cm 13cm 38 cm 49cm
Magnetized irrigation 21/10/2020 50 29% 8cm 19cm 46 cm 59 cm
water

Barley Regular irrigation water 19/10/2020 100 82 % 12 cm 27cm 60 cm 71cm
Magnetized irrigation 20/10/2020 100 97 % 16 cm 30 cm 68 cm 82cm
water
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and its agricultural applications. It was conducted
that the magnetization treatment affected the qual-
ity of irrigation water (AL-Mosuly, 2013). As previ-
ously mentioned, the field experimentswere carried
out at the Department of Chemistry, College of Sci-
ence, University of Thi-Qar (Figure 3). The results of
cultivation are listed in Table 3.

The results of monitoring germination speed,
percentage of germination, as well as the average
rate of rise of the barley plant indicate that there are
significant differences between the magnetized and
normal water (Table 3). It is apparent that the germi-
nation percentage is 97% for the magnetized water
while it is 82 for the normal water. An increase with
15% was achieved when water was magnetized,
and this means an increase in the productivity when
the crops are harvested. The results listed in Table 3
also showed a clear variation in the growth of the
plant, as well as in the height of the plant and the
weight of the dry and fresh crop, as well as the av-
erage weight of the barley grain.

Likewise, for Legumes plant, the germination
rate was 19% when irrigated with regular water,
while it was 29% when watered with magnetized
water (Table 3). It is clear from Table 3 that the
growth of plants watered with magnetized water is
significantly quicker than plants watered with un-
treated water. The germination and growth of the
two selected plants are shown in Figures 4 and 5 for

This increase might came as a result of the low level
of salinity, which is necessary for the growth and
expansion processes of the plant cells, as well as in
the absorption of water and ions and the building of
plant hormones necessary for the growth, and thus
led to an increase in the occasional expansion of
cells. This matches with what was found by
Mousavi; Chartzoulakis, who found that the de-
crease in stem diameter is a result of high salt levels
that negatively affect the various other activities of
plants (Alaa et al., 2012; Ela, (2007).

Magnetic field might break the large crystals into
small crystals, to pass easily through the capillaries
of the roots of plants and the pores of the soil.
Therefore,there is no significant decrease in the

Fig. 4. The germination and plant growth of barely
plant, the growth is after 10, 20, 30, 60, and 90
days.

the barley plant and Figure 6 for the legumes plant.
Significant differences were also observed in the

number of leaves, leaf area and main stem diameter.

Fig. 5. The leaves and crops of barely plant.

Fig. 6. The germination and plant growth of legumes
plant, the growth is after 15, 30, 60, and 90 days.
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amount of salts dissolved in water; however, salts
harmful effect will be reduced noticeably. This is be-
cause the plant will take all its need only to grow.
The rest of the salt crystals and other useless compo-
nents will be easier to pass through the soil pores, to
reach the ground water drains in the lower layers of
the soil. The previous explanation is shown in Fig-
ure 7.

Conclusion

Magnetic water treatment technology is a simple
and cost-effective method to be used in the agricul-
tural sector to enhance the suitability of salty water
for farming applications. In this paper, water of the
river of AL-Massab AL-Aamin Iraq was investi-
gated and magnetically treated. Some physical
properties of the water were measured before and
after the treatment. It was found that there was a
change in The pH and TDS and dissolved oxygen.
While there was no significant change in the den-
sity. It was also found that the magnetization of
water enhanced the germination and growth of le-
gumes and barely plants.
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