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ABSTRACT

Article History:

The leaching of salts through facilitating the permeability process is very important for irrigation systems
planning. The negative effect of soil compaction on plant growth is an integration of multidirectional
influences, such as the reduction of aeration to the roots. This research was done at Babolsar city, Mazandaran
province, Iran to investigate the effect of magnetized water and different irrigation water salinity treatments
on cumulative and final infiltration rate and soil electrical conductivity. The experimental treatments include
magnetized and non-magnetized irrigation water, different level of irrigation water salinity (0.58 dSm -1, 6.5
dSm-1, and 13 dSm-1) and variable soil texture (loamy-sand, loam, and clay). The factorial experiment was
conducted with a complete randomized block design with three replications. Magnetized water was obtained
by passing the water via a strong magnetic field installed on the irrigation pipeline. The results exposed that
the effects of soil texture and magnetized irrigation water on the final infiltration rate and cumulative
infiltration were significant (P<0.01). Final infiltration rates and cumulative infiltration in magnetized water
treatment was greater than non-magnetized treatment. The magnetized irrigation water had the most effect
on the infiltration capacity of clay soil. Also, the results showed that magnetized water could decrease soil
electrical conductivity in the soil profile, and this effect at a 1% level was significant. It was concluded that
magnetized water can be used as an effective technique for desalinization in agriculture.
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1. INTRODUCTION
Infiltration is the downward movement of water into the soil.
Understanding the influential factors and processes governing water
infiltration in the soil is of special importance because by recognizing
these factors, it is possible to examine the optimal water management in
farms and by achieving sufficient knowledge in this field, better
environmental programs Executed (Chen et al., 2018; Gelaye et al., 2019;
Liu et al., 2020). Also, the infiltration has an effective role in the hydrologic
cycle, regional ecology, runoff rate, soil erosion and degradation, solute
transport, and groundwater pollution (Ajwa et al., 2006; Fentaw et al.,
2018). Understanding the infiltration process is necessary for planning
and management in irrigation systems (Radcliffe and Rasmussen, 2000;
Khoshravesh et al., 2011; Javadinejad et al., 2019). Due to water scarcity,
it seems necessary to use non-conventional water such as salt water.
Therefore, in this study, the combination of magnetized water and salinity
on soil permeability will be investigated.
From an agricultural point of view, infiltration is an important physical
property of soils (Lit et al., 2020). Irrigation system type selection for an
area depends on water infiltration features. The infiltration rate depends
on factors such as soil physical properties, initial soil moisture content,
slope and surface roughness of soil, percentage, and type of vegetation,

and water quality. The infiltration slow rates on the fields can result in the
high runoff, requiring longer irrigation durations and a greater frequency
to meet irrigation demands. Slow infiltration on the fields with surface
irrigation can consequence in crop damage due to inadequate aeration in
the root zone, and can even result in algae growth on the soil surface (Ajwa
and Trout, 2006). In arid and semi‐arid regions, farmers use low-quality
groundwater because of the limited availability of good-quality irrigation
water; instead, magnetized water can be used for irrigation given its better
quality (Gelaye et al., 2019; Fentaw et al., 2018). Magnetized water is
obtained by passing the water via permanent magnets or through electro‐
magnets installed on a feeding pipeline (Khoshravash et al., 2011).
Water scarcity and soil salinity are the two main issues of restrictive
sustainable agriculture in the arid and semiarid areas in the world (Chen
et al., 2010; Javadinejad et al., 2019; Kang et al., 2017). Also, soil salinity is
one of the most important issues that restrict the development of plants
cultivation. The irrigation water quality has an important impact on
growth of plants, yield, productivity and other soil physical conditions
(Krouma 2009; Öğütçü et al., 2010). Therefore, it is vital to use saline water
efficiently to supply agricultural irrigation provided that avoiding
secondary salinity (Chen et al., 2018).
Magnetic water is gotten bypassing of water via a magnetic field by
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permanent ceramic magnets installed around the incoming water pipe (Du
Toit et al., 2009). When water passes via the magnetic field, some physical
properties such as salt solubility capacity, density, and deposition ratio of
solid particles will change (Higashitani et al., 1993; Khoshravesh et al.,
2011; Mohamed and Ebead, 2013). When water is exposed to a magnetic
field, it causes changes in its properties including viscosity, dielectric
constant, surface tension force, the boiling and freezing points, and electric
conductivity compared to pure water (XiaoFeng and Bo, 2008). Thus,
magnetized water has wide applications in different sectors (Fathi et al.,
2006; Kney and Parsons, 2006).

The inner and outer rings had a diameter of 25 and 50 cm, respectively.
The double-ring was installed on surface soil which was almost free of
vegetation, without cracks, unplowed, and relatively flat slope. Upon
penetrating 10 cm of the rings into the soil, the protective and inner rings
were filled with water and the falling of water level was measured with
time. Throughout the experiments, the minimum depth of water in
cylinders was held at a level of 10 cm. After 4 hours, the infiltration rate
reached almost to a constant value. Using these measurements, the
infiltration rate at any given moment, the final infiltration rate (also called
infiltration capacity), and also accumulated depth of water was calculated.

Ghauri and Ansari showed that a relatively weak magnetic field increased
the viscosity of water, which was ensured by the stronger hydrogen bonds
under the magnetic field (Ghauri and Ansari, 2006). Jacob showed that the
use of magnetically treated water can be improved the water quality of
irrigation (Jacob, 1999). A studied the effect of solubility of NaCl and
Na2CO3 salts in the magnetized water and proposed to use magnetized
water for leaching of saline or alkaline soils (Srivastava et al., 1976). A
group researchers showed that irrigation with magnetized water
improved soil moisture up to 7.5% as compared to the non-magnetized
water and this increase was significant (P<0.01) (Mostafazadeh-Fard et al.,
2011).

The average infiltration rate for an interval of time is calculated as:

A group researchers examined the effects of magnetized water on the
distribution pattern of soil water with respect to time in trickle irrigation
(Khoshravesh et al., 2011). The results show that the differences in soil
moisture for days 1, 2 and 3 after irrigation with magnetized irrigation
water were lesser than those for the non‐magnetized irrigation water
treatments. In other study, researchers also examined a novel
phytoremediation method assisted by magnetized water to
decontaminate soil Cd based on harvesting senescent and dead leaves of
Festuca arundinacea (Luo et al., 2020). The results showed that after
irrigation with magnetized water, the biomass of senescent and dead
leaves increased from 15.7 and 6.4% to 17.2 and 11.6%, respectively, and
a significantly higher amount of Cd (˜23.6%) was redistributed into dead
leaves compared with the control.
As water scarcity increases and agricultural products need more water,
farmers use low-quality surface and groundwater, which is detrimental to
soil health and reduces crop yields. Therefore, magnetic irrigation is a
method that can be used in agriculture by improving water quality as well
as desalination of saline water, and in this way, will improve the condition
of water resources. To date, there is a few research about the effects of
magnetized saline water on soil Permeability capacity. The objective of the
present research was to investigate soil infiltration capacity under
different level of saline water using magnetized water in different soil
textures.

𝑓=

𝑧𝑛 − 𝑧𝑛 − 1
𝑡𝑛 − 𝑡𝑛 − 1

)1 (

Where, f is the average infiltration rate (cm/min), zn is cumulative
infiltrated depth at time tn (cm), zn-1is cumulative infiltrated depth at time
tn-1 (cm), and t and tn-1 are time (min).
The experimental treatments were types of irrigation water (W1=
magnetized and W2= non-magnetized water), irrigation water salinity
(S1=0.58 dSm-1, S2=6.5 dSm-1 and S3=13 dSm-1) and soil texture (T1=
loamy-sand, T2= loam, and T3= clay). The factorial experiment was laid
out with a complete randomized block design with three replications.
The changes produced by the magnetic water depend on many aspects,
such as direction and strength of the magnetic field, a flow rate of the
solution, duration of operation and acidity (Baker and Judd 1996; Parsons
et al. 1997; Gabrielli et al. 2001; Chibowski et al. 2005). To create a
magnetic field, a permanent ceramic type magnet was used in the
irrigation system. Magnetized water was obtained bypassing water
through the magnet with the trade name of Saba Poul and a strength of 0.3
Tesla was installed on the main pipe. The North Pole and the South Pole
were located in the top and the down of the pipe respectively, in the way
different pole were close together. The arrangement of the north and the
south poles and the direction of the magnetic field generated are shown in
Figure 2. The device consists of a 400 mm long polycarbonate pipe with an
internal diameter of 60 mm. The permanent magnets were made of
Neodymium Ferrite Boron (NdFeB).

2. MATERIALS AND METHODS
In this study, three different agricultural fields were selected at Babolsar
city, Mazandaran province, Iran. Figure 1 shows the geographical location
of the study area. Physical soil properties in these fields are shown in Table
1. In each field, three points were selected, and a double-ring instrument
was used to measure the infiltration rate.
Table 1: Some physical characteristics of the selected soils
Clay
Silt
Sand
Porosity Bulk density
Texture
(%)
(%)
(%)
(%)
(gr/cm3)
Loamy-Sand
9.5
10.1
80.4
27.54
1.78
Loam

20.6

49.8

29.6

34.61

1.62

Clay

52.3

26.2

21.5

39.88

1.49

Figure 2: The magnetic device with two permanent magnets showing
their north and south poles
The values of the magnetic field intensity (Bx) generated by the two
magnets varied from 0.006 to 0.2855 Tesla along the axis pipe
(centerline). The intensity was measured along with the longitudinal and
cross-sectional directions of the pipe using a Tesla meter (Magna-MG
701). For the magnetically treated water, the irrigation water was exposed
to a static non-uniform magnetic field for about 0.4 s by passing water
through the magnetic treatment device with magnetic induction in the
range of 0.006-0.2855 Tesla. The final infiltration rate, the cumulative
water infiltration depth, and soil salinity were analyzed using Excel and
SAS software. Mean values Comparison for each treatment was performed
with the LSD test at 1% and 5% significance levels.

3. RESULTS AND DISCUSSION

Figure 1: Geographical location of the study area

Variance analysis displayed that the effects of soil texture, irrigation water
salinity, and magnetized water on the final rate of infiltration and
cumulative infiltration were significant at 1% probability level. But there
was no significant effect in irrigation water salinity treatment on the final
infiltration rate and cumulative infiltration. The combined effects of
treatments including, irrigation water and soil texture, irrigation water
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and irrigation water salinity, soil texture, and irrigation water salinity on
final infiltration rate and cumulative infiltration were not significant
(Table 2).
Table 2: Variance analysis for the parameters
Parameter

Mean squares

Degrees of freedom

fc

F

block

2

0.0043

0.213

T

2

0.083**

476.08**

W

1

0.189**

1011.21**

2

0.016ns

16.13ns

T×W

2

0.009ns

89.95**

T×S

4

0.006ns

19.87ns

S×W

2

0.012ns

9.14ns

T ×W × S

4

0.016ns

34.66ns

S

As seen in Figures 3 to 5, the vertical distance (the difference of cumulative
infiltration (cm)) between the magnetized and non-magnetized
treatments is reduced from fine-textured to coarse-texture soils. This
could be interpreted that the magnetic field has the most effect on
cumulative infiltration is in fine-textured soils.

Error
34
0.01
17.59
Note: **, * and ns represent significance at 1% level, significance at 5%
level, and non-significant, respectively.
Comparison of the final infiltration rate and the cumulative water
infiltration showed that the final infiltration rate and cumulative water
infiltration for magnetized water were better than non-magnetized water.
Also, the final infiltration rate and cumulative water infiltrated were
significantly different among all soil textures and types of irrigation water
treatments (P<0.05). Among the soil textures, loamy sand had the highest
cumulative water infiltrated (Table 3).

Figure 4: Cumulative water infiltration variation versus time for
magnetized and non-magnetized water in loam soil

Table 3: The comparison of average final infiltration rate and
cumulative water infiltration for different treatments
fc
F
Treatment
(cm/min)
(cm)
Soil texture
T1
0.0575 a
34.12 a
0.0391 b
21.41 b
T2
0.0308 c
17.56 c
T3
Type of irrigation water
0.0532 a
28.98 a
W1
W2
0.0302 b
18.46 b
Irrigation water salinity
S1
S2
S3

0.0461 a
0.0432 a
0.0405 a

25.25 a
24.88 a
24.59 a

In each column, means followed by the same letter are not significantly
different at 5% level.
Figures 3, 4, and 5 show the comparison of cumulative infiltration versus
time between magnetized and non-magnetized water in loamy-sand, loam,
and clay soil, respectively. It is clear in Figure 3 that cumulative infiltration
in magnetized water treatment is greater than that of non-magnetized
water treatment. This difference in infiltration is obvious from the early
moments of the experiment.

Figure 3: Cumulative water infiltration variation versus time for
magnetized and non-magnetized water in loamy sand soil

Figure 5: Cumulative water infiltration variation versus time for
magnetized and non-magnetized water in clay soil
There are two reasons for the greater infiltration of magnetized irrigation
water in comparison with non-magnetized irrigation water. First, under
magnetized conditions, the water molecules which have been influenced
by hydrogen bonds and Van der Waals forces and were in reactions with
the ions are released and become more cohesive (Dobrevski et al., 1993;
Madsen, 1995; Madsen, 2004). Therefore, the water molecules simply
attribute to the soil particles and do not transfer to the lower soil depths.
Also, the water molecules easily infiltrate into the micro spaces of the soil
particles (Jacob, 1999; Madsen, 2004; Hozayn and Qados, 2010;
Mostafazadeh-Fard et al., 2011). Second, changes in structure and physical
characteristics took place when water passes via a magnetic field.
Magnetized water causes a reduction in the existing free gases in water
(Jacob, 1999).
Therefore, the matric suction of soil is increased with magnetized water,
and thereby water infiltration increases. Due to higher matric suction in
the clay soil, as compared to the loamy-sand and loam soils, the increase
in water infiltration with magnetized water is more pronounced. Some
researchers stated that the surface tension reduction observed in
magnetic water results in better infiltration of water and in water and
chemical use (Goldsworthy et al., 1999). The final infiltration rates after 4
hours of running the experiments for different treatments are shown in
Table 4. In this table, it is obvious that the infiltration rates in magnetized
water treatment are greater than that of non-magnetized water. As seen
in Table 4, the infiltration rate (cm/min) difference between magnetized
and non-magnetized water treatments is reduced from fine-textured to
coarse-texture soils. Again, this means that the magnetic effect on water
infiltration rate is the most effective in fine-textured soils.
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Table 4: Final infiltration rates, after 4 hours of running the
experiments, for different treatments (cm/min)
Cumulative
infiltration

Infiltration
rate

Treatments

Cumulative
infiltration

Infiltration
rate

W1S1T1

40.8

0.076

W2S1T1

29.3

0.046

W1S1T2

25.4

0.053

W2S1T2

17.2

0.030

W1S1T3

26.2

0.046

W2S1T3

12.7

0.022

W1S2T1

40.4

0.073

W2S2T1

29.1

0.046

W1S2T2

25

0.050

W2S2T2

16.7

0.026

W1S2T3

25.7

0.042

W2S2T3

12.3

0.020

W1S3T1

40.2

0.073

W2S3T1

28.7

0.043

W1S3T2

24.5

0.042

W2S3T2

16.4

0.023

W1S3T3

25.2

0.043

W2S3T3

11.9

0.016

Treatments

Nowadays, with new developments in agriculture mechanization and also
increases in size and weight of machines, soil density has been increased
in agricultural practices. This increase in density is more obvious in clay
soils, compared to other coarse-textured soils. As a result, the infiltration
rate of these compacted soils can be improved using magnetized irrigation
water. This practice has other beneficial effects such as reduction of
overland runoff and soil-water evaporation (Carbonell et al., 2004).
Analysis of variance presented in Table 5 shows that the effect of
magnetized irrigation water and irrigation water salinity on soil electrical
conductivity at all soil depths was significant at the 1% probability level.
But soil textures had no significant effect on soil electrical conductivity.
The combined effects of soil texture and irrigation water treatment,
irrigation water, and irrigation water salinity, soil texture, and irrigation
water salinity on soil electrical conductivity were not significant (Table 5).
Table 5: Analysis of variance for soil electrical conductivity
Mean squares
Parameter Degrees of freedom
0-20 cm 20-40 cm 40-60 cm
block
2
0.024
0.029
0.013
T
2
0.014**
0.019**
0.016**
W
1
0.198**
0.216**
0.244**
S
2
0.178**
0.202**
0.239**
T×W
2
0.010ns
0.009ns
0.015ns
T×S
4
0.011ns
0.018ns
0.016ns
ns
ns
S×W
2
0.028
0.031
0.044*
ns
ns
T×W×S
4
0.021
0.015
0.030ns
Error
34
0.007
0.010
0.019
Note: **, * and ns represent significance at 1% level, significance at 5%
level and non-significant, respectively
The comparison of average soil electrical conductivity showed that soil
electrical conductivity for magnetized water was lower than that for nonmagnetized water (Table 6). The higher soil leaching using magnetized
water happened due to higher salt solution capacity in magnetized water
and cause lower soil electrical conductivity. Higher soil moisture contents
with magnetized water, increase soil salt leaching, and reduce soil salt
concentration (Mostafazadeh-Fard et al., 2011).
Table 6: The comparison of average soil electrical conductivity
Treatment
Soil texture
T1
T2
T3
Type of irrigation water
W1
W2

A group scientist analysis displayed that the key properties of magnetized
water were the change of the free gas content and the increase of the
number of crystallization centers (Bogatin et al., 1999). Degassing of water
increases permeability in the soil which causes a considerable
enhancement for irrigation efficiency. In some study, stated that the low
surface tension and high potential of magnetized water in a solution of
some salts, increase the leaching of Na (Bogatin et al., 1999). Hilal and Hilal
stated that sandy loam soil pots irrigated with highly saline water of an
electrical conductivity equal to 8.2 mmohs/cm retained salts compared to
pots irrigated with magnetized saline water (Hilal and Hilal, 2000). They
showed that magnetic water increased the leaching of excess soluble salts
and lowered soil alkalinity (Hilal and Hilal 2000).
A group researchers showed that the magnetic field increases the mobility
of the Na+ and Cl- ions in different concentration solutions (Chang et al.,
2008). In other hand, some researchers reported that laboratory tests
have shown that the desalination of a saline soil was 29% larger in the first
leaching and 33% larger in the second leaching with magnetized water as
compared to the non-magnetized water (Zhu et al., 1986). Mohamed and
Ebead showed that total salt deletion from the soil after further leachates
was significantly improved with magnetized water as compared to the
normal water (Mohamed and Ebead, 2013).
Saliha conducted field experiments on the effect of magnetized water on
soil chemical and physical properties and concluded a significant
reduction in soil EC, pH, and CaCO3 in soil solution (Saliha, 2005). They
confirmed the effect of magnetized water on salt leaching and dissolution
of CaCO3 and showed that the use of magnetized water for agricultural
purposes increases irrigation water quality and improves soil
characteristics. Our results are in agreement with those obtained (Saliha,
2005). A studied the effects of magnetized water on soil leaching and
concluded higher soil infiltration and reduction of sodium, chloride, and
sulfate of soil due to higher soil leaching (Jacob, 1999). The above leaching
results are consistent with the results obtained in this paper.

4. CONCLUSION
The high salinity of irrigation water decreases crop yield, or even causes
failure of crop establishment, due to specific ion effect, or total salt builds
up in the root zone. Therefore, soil amendment for agricultural proposes
is essential. The effect of magnetized saline water was studied for three
soil textures including loamy-sand, clay, and loam. The final infiltration
rate and cumulative water infiltration in these soils increased under
magnetized irrigation water. But, the effect was more pronounced in finetextured soils. Therefore, using magnetized irrigation water in finetextured soils is recommendable to improve their water infiltration
capacity. Also, magnetized water caused lower soil electrical conductivity
as compared to the non-magnetized water. This study showed that
magnetized water breaks down the salt crystals faster than nonmagnetically treated water allowing the salt to be leached from the soil.
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