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Abstract: The effect of magnetization of saline irrigation
water from Almasab Alam on some soil physical proper-
ties was investigated in this study. The soil was taken
from the study site and placed in pots that were identical
in all aspects and planted with onion plants in three
replications for each case, with the average results taken.
The only difference is the quality of the water used in
irrigation, which was tested in seven different ways,
including irrigating with Almasab Alam drainage salty
water without magnetization (NMW), irrigating with river
water (CW) from the Mashroa Almusyyab Al-Kabeer river,
and irrigating with magnetized Almasab Alam water with
five different magnetic intensities (1,000, 2,000, 3,000,
5,000, and 7,000 gauss). When magnetized water with a
strength of 3,000 gauss is used, the highest decrease in
the bulk density of the soil is 27.30%, and the highest
increase in the porosity and permeability of the soil is
64.52 and 651.54%, respectively. Using magnetic tech-
nology has made saline Almasab Alam water and drai-
nage water suitable for irrigating crops and also overcome
the study area’s water scarcity. Using the magnetic tech-
nique of irrigation water also improved the physical prop-
erties of the soil, including density, porosity, and perme-
ability, in the study area by washing or planting it with
crops.

Keywords: magnetization, Almasab Alam, soil, bulk den-
sity, porosity, permeability, irrigation water

1 Introduction

Studies have proven the possibility of using saltwater in
irrigation by magnetizing it, as this process reduces the
effect of harmful ions on the plant, improves soil proper-
ties, and reduces its salinity by washing salts away and
ridding the irrigated area of its damage [1].

1.1 Soil salts leaching

Magnetically treated water can remove 50–80% of soil
salts, compared to 30% with regular irrigation water. It
also improves the properties of the soil and reduces the
harmfulness of its salinity by increasing the speed of
washing salts and ridding the root zone of its harmful-
ness [2]. Magnetized water is used to remove salts from
the soil and wash them. It restores the matter of the soil
destroyed due to the use of high concentrations of syn-
thetic fertilizers, as the ability to remove salts from mag-
netized water is twice that of ordinary water [3]. Soil
salinity is one of the biggest problems in agriculture as
the accumulation of salts in the soil pores leads to a
severe decrease in its energy and in the concentration
of salts in the capillaries of the roots of plants, which
leads to a reduction in the plant’s yield over the amount
of its nutritional needs, which leads to wilting and then
the death of the plant.

The task of the magnetic systems is to break the large
crystals into small crystals and allow them to pass easily
through the capillaries of the roots of plants and the
pores of the soil. Therefore, the amount of salt in the
water does not decrease. Still, it is not harmful because
the plant will take all the nutrients it needs for its growth
from this type of water and throw the rest of the salt
crystals and other components that are useless into the
drains. The small salt crystals and their components will
be easier to pass through the soil pores to reach the
groundwater drains in the lower layers of the soil. Some
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research has indicated that the magnetic technique is
followed to obtain magnetically treated water. In agricul-
ture, it increases the solubility of water and leaches salts
from the soil [4,5].

1.2 Fertility of the soil

The magnetism technique adapts the water and makes it
more capable of dissolving and has a high ability to wash
salts from the soil as well as increase the readiness of
the nutrients in the soil, as it was found that irrigation
with magnetized water increases the speed of washing
chloride by 50–80% compared to normal water at 30%
and bicarbonate by a percentage of 30%, in addition to
doubling the sulfate washing as the increase in the dis-
solved oxygen content is 10% [5,6]. The magnetized
water improves the soil surface by reducing the surface
tension and reducing the viscosity and osmotic pressure.
It also helps to enhance the building of the soil, increase
the solubility with water, and works to break up the soil
masses surrounding the roots. Thus, it encourages the
roots to penetrate into the soil, which in turn increases
the growth and productivity of the conductive plant [2,7].
Magnetically treated water increases the readiness of
nutrients in the soil through its role in dissolving salts
and minerals, and this leads to an increase in the absorp-
tion of the basic elements needed by the plant, which
results in increased productivity [8,9].

1.3 Reducing soil surface crust

The crust formed on the surface of the soil is usually
characterized by high hardness, which is reflected in
poor aeration conditions in the soil and some physical
characteristics that are not suitable for plant growth and
development. In recent times, magnetically treated water
has been used to control the crust formed on the soil due
to the change in its physical and chemical properties
as a result of magnetic treatment. It works to increase
the solubility by changing the ionic state of some and
reducing the concentrations of others, especially sodium
salts, thus preventing the sodium ion from sticking to the
soil. It reduces the negative effect of increasing the hard-
ness of the surface crust of soil, meaning that the water
is magnetically treated, which reduces the hardness of
the surface crust. Also, it has the ability to remove the
negative effect of sodium salts and improve some of the
soil characteristics related to construction [5].

2 Materials and methods

The project, Almasab Alam, is a major development pro-
ject in Iraq because it is essential to transfer saltwater
extracted from land reclamation in central and southern
Iraq through the interconnected network of drainage
starting from all drainage fields covered to collected
drainage. The study area is located between the stations
360 + 000 with coordinates (519,159, 3,563,531) and 441+000
with coordinates (461,006, 3,630,087), representing the
site of Almasab Alam in the governorate of Babylon,
Iraq, as shown in Figure 1.

The soil was taken from the study site and placed in
pots that were similar in all specifications and planted
with onion plants, with three replications for each case,
and the average results were taken. The only difference
is in the quality of the irrigation water with which these
pots were irrigated. Seven types of irrigating water were
used. They are: Almasab Alam drainage salty water
without magnetization; irrigating with river water
located in the study area, which is the Mashroa Al-
Musayyab Al-Kabeer; as well as irrigating with magne-
tized Almasab Alam water with five magnetic intensities
(1,000, 2,000, 3,000, 5,000, and 7,000G). The samples are
identified as magnetic water (MW), no magnetic water
(NMW) for Almasab Alam water, control water (CW) for
river water, MW1 (1,000 G), MW2 (2,000G), MW3 (3,000G),
MW4 (5,000G), and MW5 (7,000G), and the soil before the
experiment (SBE).

3 Magnetized water device

The magnetized water equipment was developed at Al-
Nahrain University with five different intensities (1,000,
2,000, 3,000, 5,000, and 7,000 G). The magnetic device is
constructed from a 16mm diameter plastic tube and sur-
rounded by a constant magnetic strength required for
each device. Figure 2 shows the experimental setup,
which was packed from the outside by another plastic
tube. The velocity of water through the system is constant
for all tests and equal to 0.67 m/s. The tests were con-
ducted for the samples in three laboratories, and the
results were very close so that the average of these read-
ings was taken for analysis. Table 1 shows the specifica-
tions of the irrigation water used in the study.

The physical properties of the soil were examined
before the beginning of the experiment, as shown in
Table 2. After the end of the winter agricultural season
of onion plants, the effect of magnetized water (MW) on
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Figure 1: Study area.
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soil physical properties of the soil of the study area are
investigated. This soil is characterized by silty clay loam.

4 Results of tests

Table 3 shows the results of the tests for some important
physical properties such as the bulk density, porosity,

and permeability of the soil of the study area before the
start of the experiments (SBE) and after the end of the
onion-planting season.

Figure 2: Schematic diagram of the experiment.

Table 1: The average characteristics of the studied river and saltwater from Almasab Alam drainage before and after the magnetization

Water type River Almasab 1,000 G 2,000 G 3,000 G 5,000 G 7,000 G

Ec (µs/cm) 0.97 5.84 5.85 5.86 5.88 5.90 5.96
TDS (ppm) 665 3,700 3,704 3,711 3,715 3,741 3,774
Cl (ppm) 68 568 568 554 501 516 565
SO4 (ppm) 295 823 824 829 839 844 848
Na+ (ppm) 142 392 392 395 399 401 403
K (ppm) 8.1 9.5 9.50 9.50 9.75 9.50 9.60
Mg2+ (ppm) 50 110.5 111 114 126 128 130
Ca2+ (ppm) 164 254.5 255 263 290 295 301
NO3 (ppm) 1.4 1.3 1.30 1.53 1.85 1.32 1.39
PO4 (ppm) 0.72 0.27 0.27 0.32 0.66 0.40 0.45
pH 7.62 7.90 7.90 7.97 8.10 8.20 8.25
T.H (pm) 441 966 1,014 1,043 1,146 1,162 1,189
Do (ppm) 14.50 9.50 9.50 9.96 10.90 10.10 10.35

Table 2: The physical properties of the soil before the beginning of
the experiment

Physical
property

Bulk density
(g/cm3)

Porosity (%) Permeability
(cm/s)

SBE 1.87 31 1.18 × 10−6

Table 3: The physical properties of the soil before and after the
experiments

Physical
properties

Bulk density
(g/cm3)

Porosity (%) Permeability
(cm/s)

SBE 1.87 31 1.18 × 10−6

NMW 1.98 28 1.0 × 10−6

CW 1.70 45 2.98 × 10−4

MW1 1.82 32 1.20 × 10−6

MW2 1.67 46 3.80 × 10−4

MW3 1.36 51 7.70 × 10−4

MW4 1.78 40 4.30 × 10−5

MW5 1.50 48 5.12 × 10−4
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4.1 Bulk density

The results in Table 4 indicate that the values of the bulk
density of the soil decreased when irrigated with river
water, and in all cases of magnetized Almasab Alam
saline water. The value of the bulk density of the soil in
the study area increased when it was irrigated with saline
Almasab Alam water without magnetization. The percen-
tages of decrease and increase in soil density are shown
in Table 4 and Figure 3.

The decrease in bulk density ranged from 2.70% to
27.30%. The lowest value of the reduction in the bulk
density of the soil occurs in the case of magnetized water
with a strength of 1,000 G (MW1), while the highest per-
centage of decrease (27.30%) occurs in the case of irriga-
tion with magnetized water of a strength of 3,000 G
(MW3). In the case of irrigation with river water (CW),
the percentage decrease is 9.10%. The bulk density of
the soil increases when irrigated with the saline, non-
magnetized Almasab Alam water (NMW) (5.90%) due to
the salt content increase in the soil, which in turn leads to
a decrease in porosity and an increase in the hardening of
the surface crust of the soil. This finding is consistent
with refs. [9,11].

4.2 Porosity

The results in Table 5 indicate that the porosity of the soil
is increased when irrigated with river water and when
irrigated in all the cases of magnetized Almasab Alam
saline water. The value of the porosity of the soil in the
study area decreases when it is irrigated with saline
Almasab Alam water without magnetization. The percen-
tages of increase and decrease in the porosity of the soil
are shown in Table 5 and Figure 4.

The increase ranged from 3.23 to 64.52%. The lowest
value (3.23%) of the increase in the porosity of the
soil occurred in the case of magnetized water with a
strength of 1,000 G (MW1), while the highest percentage
of increase (64.52%) occurred in the case of irrigation
with magnetized water of a strength of 3,000 G (MW3).
In the case of irrigation with river water (CW), the increase
is 45.16%. The porosity of the soil decreases when irrigated
with the saline, non-magnetized Almasab Alam water
(NMW) (9.60%) due to the increase in salts in the soil,
which in turn leads to a decrease in porosity and an
increase in the hardening of the surface crust of the soil
And this goes back to the role of magnetized water in
improving the physical properties of the soil, as mentioned

Table 4: The percentage of decrease and increase in the amount of
bulk density of the soil

Soil case Bulk density
(g/cm3)

The difference with bulk density
for SBE (%)

SBE 1.87 —
NMW 1.98 +5.90
CW 1.70 –9.10
MW1 1.82 –2.70
MW2 1.67 –10.70
MW3 1.36 –27.30
MW4 1.78 –4.80
MW5 1.50 –19.80
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Figure 3: Bulk density of the soil.

Table 5: The percentage of increase and decrease in the amount of
porosity of the soil

Soil case Porosity (%) The difference with bulk density for
SBE (%)

SBE 31 —
NMW 28 –9.60
CW 45 +45.16
MW1 32 +3.23
MW2 46 +48.39
MW3 51 +64.52
MW4 40 +29.03
MW5 48 +54.48
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Figure 4: The porosity of the soil.
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previously, and as mentioned in [11], which was reflected
in reducing the bulk density as shown in Table 4.

The magnetization also helps to reduce the salinity
effects near the root area as a result of washing salts from
the root area. The increase in plant activity, penetration,
and improvement of the root system in the soil led to an
increase in its porosity. Improving the soil structure and
increasing its volume led to a decrease in its bulk density
and, thus, an increase in its porosity. This is what we
have noticed at the end of the planting season compared
to before planting. These results are consistent with what
was obtained in [13], which indicated that improving
soil structure leads to an increase in porosity, and the
increase in the penetration and spread of the root system
in the soil makes it more porous [5,9,13].

4.3 Permeability

The results in Table 6 indicate that the permeability of the
soil is increased when irrigated with river water and
when irrigated in all the cases of magnetized Almasab
Alam saline water. The value of the porosity of the soil
in the study area decreased when it was irrigated with
saline Almasab Alam water without magnetization. The
percentages of increase and decrease in the amount of
permeability of the soil are shown in Table 6 and Figure 5.

The increase in permeability ranged from 16.95 to
651.54%. The lowest value (16.95%) of the increase in
the permeability of the soil occurs in the case of magne-
tized water with a strength of 1,000 G (MW1), while the
highest percentage of growth (651.54%) occurs in the
case of irrigation with magnetized water of a strength of
3,000 G (MW3). In the case of irrigation with river water
(CW), the increase is 251.54%. The permeability of the soil
decreased when irrigated with the saline, non-magne-
tized Almasab Alam water (NMW) (15.25%) due to the

increase in salts in the soil and its high bulk density,
which in turn leads to a decrease in porosity and an
increase in the hardening of the surface crust of the soil
It goes back to the role of magnetized water in improving
the physical properties of the soil, as mentioned pre-
viously and mentioned in [12], which was reflected in
reducing the bulk density, as shown in Table 4.

The magnetization also helps to reduce the salinity
effects near the root area because it washes salts from
the root area. The increase in plant activity, penetration,
and improvement of the root system in the soil led to
the rise in its porosity and permeability. Improving the
soil structure and increasing its volume led to a decrease
in its bulk density and thus increased the porosity and
permeability, which is what we noticed at the end
of the planting season compared to before planting.
These results are consistent with those obtained in
[12], which indicated that improving soil structure leads
to an increase in porosity. The increase in the penetra-
tion and spread of the root system in the soil makes it
more porous [5,9,14].

5 Discussion

The results found that irrigation with magnetized water
from the Almasab Alam in cases of 2,000, 3,000, and
7,000 G outperformed irrigation with river water, and
found that the best percentage of the increase occurred
when irrigating with magnetized water at a strength of
3,000 G. This is due to the source of magnetized water in
improving the physical properties of the soil by improving
its structure and pushing the negative effects of salts away
from the root area [12,14,15]. As the use of magnetized
water increases the volume of pore spaces per unit volume
when the roots penetrate into the soil, it increases the
porosity and decreases the values of the bulk density.

Table 6: The percentage of increase and decrease in the amount of
permeability of the soil

Soil
case

Permeability (%) The difference with bulk density
for SBE (%)

SBE 1.18 × 10−6 —
NMW 1.0 × 10−6 –15.25
CW 2.98 × 10−4 +251.54
MW1 1.20 × 10−6 +16.95
MW2 3.80 × 10−4 +321
MW3 7.70 × 10−4 +651.54
MW4 4.30 × 10−5 +35.44
MW5 5.12 × 10−4 +432.89
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Figure 5: The permeability of the soil.
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It is noted above that the reason for the increase in
the permeability of the soil in the study area is the
increase in the porosity of the soil and the decrease in
the bulk density. Also, it confirmed that plant roots
reduce the bulk density of the surface layer, increase
its porosity, and secrete some resinous materials that
improve its structure. Thus, it causes an increase in the
value of permeability as the plant progresses in growth as
a result of moisture treatments. And that is what we have
noticed at the end of the planting season. By analyzing
the results of the effect of the magnetization of saline
waters of the general estuary on the physical properties
of the soil of the study area, it is possible to take advan-
tage of this saline water, which is not suitable for irri-
gating, especially sensitive crops, after each growing
season. The use of the magnetization technology on
this water turned it into water suitable for irrigation
and even for sensitive crops, as well as improved the
physical properties of the soil so that it became arable
soil after it was highly saline soil and not suitable for
agriculture. It is concluded that by using water magneti-
zation technology, saline water can be used for irrigation
purposes and overcome severe water scarcity, especially
in Iraq.

It is also possible to cultivate highly saline soils and
turn them into arable land, especially in central and
southern Iraq, because the soils of these areas are highly
saline. In most cases, magnetized water has outper-
formed river water in changing the properties of the soil
for the better, and the best case is magnetized water with
a strength of 3,000 G. Using magnetic technology, we can
say that any soil can be cultivated, regardless of its sali-
nity, and sewage water can be used for irrigation, regard-
less of its salinity.

6 Conclusion

Based on the results of the experimental test, the fol-
lowing main conclusions can be drawn:
• The bulk density decreases, and the porosity and per-
meability of the soil increase after it is irrigated with
magnetized Almasab Alam water and river water.

• The highest percentage of decrease in the bulk density
of the soil is 27.30%, and the highest increase in the
porosity and permeability of the soil is 64.52 and 651.54%,
respectively, when using magnetized water with a strength
of 3,000G.

• We recommend the use of magnetized water of 3,000 G
for irrigation in the study area, and it is considered the

best of all irrigation conditions, including irrigation
with river water.

• The use of saline Almasab Alam water without magne-
tization in the study area leads to damage to the proper-
ties of the soil. It increases the hardening of its surface
crust.

• Providing water suitable for irrigating crops from the
saline Almasab Alam water and drainage water using
magnetic technology and overcoming the water scar-
city in the study area.

• Improving the physical properties of soil density, por-
osity, and permeability of the study area by washing it
or planting it with agricultural crops using the mag-
netic technique of irrigation water.
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