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Abstract: Due to rapid population growth and pressure on water resources, it is necessary to use
economic and non-traditional techniques for irrigation. One of these techniques is the use of salt
water after treatment with a magnetic force. A simulation experiment was conducted with soil
columns using three quantities of saline water: 0, 3, and 6 g L−1 (S0, S3, and S6). Magnetic forces
of 0, 1000, 2000, 3000, 4000, 5000, 6000, and 7000 gauss were used to study the effects of magnetic
forces on leachate and soil physicochemical properties at different depths. The results at all soil
depths showed that the pH decreased with increasing salinity from S0 to S3 and S6 by an average
of 8.44, 8.28, and 8.27%, respectively. Soil EC decreased significantly with depth by 10–35%. The
maximum SAR, SSP, and CROSS values (16.3, 51.1, and 17.6, respectively) were reported when no
magnetic force was used, while the lowest values (13.9, 49.9, and 15.3) were recorded when using
3000 gauss under S6 within the soil profile. Magnetizing the water halved the EC of the leachate
under S0, while it decreased the EC by 12.4% under S3. Increasing the magnetic force enhanced the
leachate SAR, SSP, and CROSS values by 4.9–20.4% on average under S3 and S6. Magnetic forces
augmented the hydraulic conductivity at the same salinity level and with increasing salinity, resulting
in an increment of 50% at S3 and S6 compared with S0. After nine hours, the maximum cumulative
infiltration rate was under 1000 and 4000 gauss. Our results demonstrated the important effects of
magnetically treated irrigation water and could therefore support its application in agriculture under
conditions of low water resources and quality.

Keywords: magnetic force; saline water irrigation; soil leachate; soil sector

1. Introduction

Globally, major arid and semi-arid regions are more likely to experience higher temper-
atures, lower precipitation, and reduced snowmelt due to climate change [1,2]. A particular
concern expressed in the Intergovernmental Panel on Climate Change (IPCC) report was
that these impacts would lead to more volatile water supplies and more droughts around
the world [1]. In China, for example, high evaporation and low rainfall in arid and semi-
arid regions have led to a shortage of water resources, which in turn has hampered local
agricultural development [3]. Hence, the use of alternative water sources for irrigation
could help to significantly reduce the pressure on limited freshwater resources, especially in
arid and semi-arid regions. Saline water is an alternative option for irrigation purposes [4].
Nevertheless, the use of highly saline water has implications for soil properties, plant
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growth, and productivity. Currently, the use of magnetized water (MW) for agricultural
irrigation is gaining more attention as an effective strategy to reduce water and salt stress
on agricultural soils, especially in arid and semi-arid regions [4,5]. Water magnetization
technology is a promising approach in agriculture that offers numerous benefits, including
soil desalination and improved crop growth and production [6]. The magnetization of
water occurs as it passes through a magnetic field, which converts the present salts into an
inactive state [7,8], reducing the negative effects of salinity on plant growth [9].

Exposing water to a magnetic field changes its properties, including its electromag-
netism, thermodynamics, dielectric constant, mechanics, freezing and boiling points, sur-
face tension, electrical conductivity (EC), and viscosity [10,11]. Since water molecules are
linked via hydrogen bonds to form multiple clusters, magnetic field waves lead to water
clusters with smaller structures by affecting the bonds among them. Thus, the physico-
chemical properties of water can be manipulated in response to magnetic fields [12,13].
Numerous agricultural applications of MW, including irrigation, soil salinity remediation,
and soil fertility maintenance, have been studied [14]. MW has been shown to improve
soil properties by leaching salts from the soil rhizosphere [8]. Zhang et al. [15] showed
that MW could accelerate the downward migration of water from the soil rhizosphere in
saline soils, and that soil water content and salt leaching reached their maximum values
at a magnetic field strength of 3000 gausses. MW also affects soil nutrient availability [8];
plays a central role in cation uptake capacity; and promotes the uptake of immobile nu-
trients by plants [16]. Previous studies have reported the effects of MW on reducing soil
alkalinity and salinity [6,17]; dissolving poorly soluble salts (carbonates, sulfates, and
phosphates); increasing soil water uptake; and improving nutrient availability [18]. The
use of MW also increases the physiological production potential of irrigation water and
thus improves the overall efficiency of irrigation water use in agricultural soils [5,19]. Com-
pared to soils irrigated with non-magnetized water, soils irrigated with MW had lower
salinity levels [14]. The magnetic treatment of irrigation water also affects the soil moisture
content [6] and improves the soil pore structure [20]. Khoshravesh et al. [21] showed that
MW can effectively improve the infiltration performance and soil moisture distribution of
clay soils. Wang et al. [22–24] proposed using the relative reduction in surface tension as a
quantitative evaluation standard for the magnetization effect of brackish water; they found
that the magnetization effect was linked with the magnetic field strength and salinity, and
the soil irrigated with magnetized brackish water also had obvious effects. Desalination
can effectively increase soil organic carbon and nitrogen content [20,25], improve soil salt
ion exchange characteristics and ion composition, increase soil mineral content [26], and
increase the soil nutrient fixation capacity. However, the mechanism of magnetization is
not yet fully understood scientifically. In addition, the effects of MW on soil salinity and
alkalinity are unclear.

Although several field-scale and laboratory experiments have been conducted to
investigate how MW improves plant growth and yield; soil nutrient availability; and even
soil properties (e.g., soil pH and EC), there are still some gaps in our knowledge, such as:
(1) no attempts have been made so far to investigate salt accumulation and soil infiltration
in soils treated with MW when the soil has a lower salinity than the irrigation water; (2) no
evidence has been provided for the effect of MW on other important chemical properties,
e.g., the sodium adsorption ratio (SAR), the cation ratio of structuration stability (CROSS),
and the soluble sodium percentage (SSP), in soil and leachates; and (3) little is known about
the effects of MW on soil infiltration properties. Therefore, the present study aimed to
fill the gaps mentioned above and contribute to an adequate discussion of the effects of
magnetic water treatment on the behavior of water and salts in soil by simulating the soil
sector through experiments with soil columns.



Water 2022, 14, 4048 3 of 15

2. Materials and Methods
2.1. Soil Sampling

The soil used in this study was collected in June 2020 from a field irrigation station
(34◦20′ N, 108◦24′ E; 521 m above sea level (a.s.l)) at the Northwest Agriculture and Forestry
University, Yangling, Shaanxi Province, China. The climate in this region is semi-humid.
The average annual precipitation, temperature, and evapotranspiration are 632 mm, 13 ◦C,
and 1500 mm, respectively. The work was carried out in the Agriculture and Water
Engineering Laboratory at the Institute of Water Saving Technology and the irrigation
station affiliated with the university, which was the nearest place for soil sampling.

Soil samples (0–50 cm) were collected from three typical sites (three replicates) in
the field. At each site, 10 kg of topsoil (50 cm) was randomly collected from 10 locations
using the S-shaped sampling method [23,27] and then mixed well to obtain a representative
sample. The collected soil was air-dried at 20 ± 3 ◦C, sieved through a 2 mm nylon sieve to
remove stones and plant residues, and then stored at room temperature for further use. The
investigated soil was silty clay loam with 8.0%, 75%, and 17% sand, silt, and clay content,
respectively. The field capacity (FC), permanent wilting point (PWP), and bulk density (BD)
averaged 24.0% (0.268 cm3 cm−3), 8.5% (0.138 cm3 cm−3), and 1.35 g cm−3, respectively [28].
The physical and chemical properties of the soil were: pH, 8.14; total available nitrogen,
45.3 mg kg−1; total phosphorus, 18.5 mg kg−1; total potassium, 102 mg kg−1; and organic
matter, 11.9 g kg−1.

2.2. Experimental Layout

A laboratory experiment was conducted in the Key Laboratory of Agricultural Soil
and Water Engineering in Arid and Semi-arid areas of the Ministry of Education at the
Northwest Agriculture and Forestry University. The temperature in the laboratory was
controlled at about 23 ± 2 ◦C. The experiment was configured to follow a split-plot design
with triplicate treatments (Figure 1). The main plots represented three salinity levels (0, 3,
and 6 g L−1) of NaCl dissolved in freshwater (tap water) (i.e., S0, S3, and S6), which were
then divided into subplots subjected to different magnetic field treatments (0, 1000, 2000,
3000, 4000, 5000, 6000, and 7000 gauss).
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2.3. Material Preparation

To perform this experiment, soil columns (6 cm inner diameter, 50 cm height) were
custom-made with a base of four 10 cm high Perspex cylinder stands (Figure 1). Each
column had 14 opposing holes, with inner diameters of 2 cm and a vertical distance of
5 cm between the holes, at depths of 1, 2, 3, 4, 5, 6, and 7, i.e., 0:5, 5:10, 10:15, 15:20, 20:25,
25:30, and 30:37 cm of the soil surface. The holes were sealed with foam from the outside.
A filter membrane was attached to the bottom of each soil column. To avoid the possible
penetration of the membrane by soil sediments, a 2 cm layer of fine gravel in combination
with 1 cm of coarse gravel was placed over the membrane [29]. A total of 1374.12 g of
soil was added to each column in 12 batches (i.e., 114.51 g of soil per batch). To maintain
a uniform bulk density (1.53 g cm−3) across all soil columns, the soil was continuously
knocked and compacted in each batch (i.e., every 3 cm in height) until reaching the final
height of 37 cm. After filling the soil column, another filter membrane was placed over the
upper soil layers to prevent it from being stirred up by the water currents. The bottom of
each soil column was provided with holes for drainage and the collection of the drainage
water in a glass canister.

A CHQ-type magnetic device with permanent magnets, manufactured by Baotou
Xinda Magnetic Material Factory, located seven kilometers from Baobai Road, Jiuyuan
District, Baotou City, Inner Mongolia Autonomous Region, China, was used to treat the
water with different magnetic strengths ranging from zero to 7000 G. The magnetic unit
was cylindrical, with outer diameters of 139.13, 139.33, 139.33, 139.2, 142.22, 183.15, and
183.15 cm corresponding to 1000, 2000, 3000, 4000, 5000, 6000, and 7000 G, respectively; the
inner diameter was 71.85 mm and the length was 15 cm. The magnetic field strength was
measured using a Gauss meter (Model HT20 Yu Yao Key Li Magnetics Co., Ltd., Ningbo,
China). A glass Markov tube column, 65 cm high, was stood on an iron disk that was
moved up and down on 4 iron rods to control the column height and balance and stabilize
the height of the water head above the soil (Figure 1). To ensure adequate exposure to the
magnetic field, the water column was located at the center of the magnetic field. Each water
column was filled with irrigation water solutions and placed in the center of the magnetic
unit. The water in the Markov tube column was exposed to the magnetic field for one hour
before the start of the experiment to ensure that the time of irrigation water exposure to the
magnetic field was fixed for all treatments. A 15 cm pipe was placed directly below the
magnetic unit to direct the water from the water column to the surface of the soil column,
and a valve was added to control the start of irrigation and end it when the experiment
was completed.

2.4. Sample Collection and Calculations

To measure the velocity of water seepage through the soil sector and the velocity of
soil water wetting, we recorded the decrease in water height in the water column and the
depth of wetness reached by the water through the soil sector over time. The velocity
of water permeability through the soil sector was determined by recording a reasonable
volume of drainage water over time. The hydraulic conductivity (ks mm h−1) of the
infiltrated solutions through the soil columns was determined using Equation (1) following
Bardhan et al. [30].

ks =
V × L

A× t× ∆H
(1)

where V is the volume of water collected under the soil column (cm3); L is the length of
the soil column (37 cm); A is the internal diameter of the soil column (28.2743 cm2); t is the
water collection time (min); and ∆H is the difference in water head (cm, i.e., 2 cm).

After the water was collected, the connections between the water column and the soil
column were removed. Then, the foam material was removed from the lateral openings,
and two soil samples were taken from these openings, representing the depths of the soil in
the soil column. The first set of soil samples was dried in an oven at 105 ◦C for at least 24 h
to calculate the percentage of moisture. The second set of soil samples was air-dried at room
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temperature for two weeks and stored until analysis. The physicochemical characteristics
were analyzed by standard methods according to Sparks et al. [31], as follows: the soil
electrical conductivity (EC) was tested in a 1:5 soil: water extract using an EC meter (DDS-
11A, Shanghai Precision & Scientific Instrument Co., Ltd., Shanghai, China), while the
pH was measured in a 1:2.5 soil: water suspension by a pH meter (PHS-3C, Shanghai
Precision & Scientific Instrument Co., Ltd., Shanghai, China). Soluble cations (Ca2+, Mg2+,
K+, and Na+) were measured by a Flame Atomic Absorption Spectrometer (pinAAcle900F;
PerkinElmer, Waltham, MA, USA) as described by Bao [32]. The sodium adsorption ratio
(SAR), cation ratio of structuration stability (CROSS), and soluble sodium percentage (SSP)
were calculated by molar concentration (Equations (2)–(4)) [33]:

SAR =
Na+

(
Ca+++Mg++

2 )
0.5 (2)

CROSS =
Na+ + 0.33K+

(
Ca+++0.0758Mg++

2 )
0.5 (3)

SSP =
Na+

Na+ + Ca++ + Mg++ + K+ (4)

where Na+, Ca2+, and Mg2+ are the concentrations in mill equivalents per liter (meq L−1) in
the soil paste extract. The characteristics (pH; EC; and Na, Ca, Mg, and K concentrations) of
the infiltrated solutions in the bottom of the soil columns were analyzed, and the SAR, SSP,
and CROSS of the infiltrated solutions were calculated. All soil and water measurements
were performed in triplicate (n = 3).

2.5. Statistical Analysis

Data were compiled and processed using Microsoft Excel 2016 (Microsoft Corporation,
Albuquerque, NM, USA). Linear regression modeling was used to predict the effects of the
different irrigation water salinities and magnetic forces on the infiltrated water volume
and time using Microsoft Excel 2016. One-way analysis of variance (ANOVA) was used
to evaluate significant differences in the independent variables between treatments using
COASTAT software (Sun Microsystems, Inc., Santa Clara, CA, USA). The means of the
treatments were compared using Duncan’s multiple-range test. The differences were
considered significant at p ≤ 0.05. Origin 2021b was used for visualization.

3. Results
3.1. Effects of Magnetized Saline Water Irrigation on Chemical Properties of Soil

Our results showed slight differences in the soil pH within the soil profile as the
salinity increased, with S0, S3, and S6 presenting values of 8.44, 8.28, and 8.27, respectively
(Figure 2A–C). Increasing the magnetic force from 1000 to 7000 at the same depth decreased
the pH by 1.4% under S0, while it increased the pH by 2.6% under S3 and had no effect
under S6. It is worth noting that the pH at depth 7 was decreased by 3.6% compared to
depth 1, and this reduction increased with an increase in the magnetic force. The lowest
pH (7.9) was recorded at the 30–37 cm depth under salinity level S6 and a magnetic force of
7000 gauss. On the other hand, the highest pH values (8.8–8.9) resulted from the application
of magnetic forces of 6000–7000 gauss to water at salinity level S6 and a depth of 0–5 cm. The
results showed that the soil EC decreased significantly with depth under S0, demonstrating
a 10–35% reduction between depths 1 and 7, while it increased notably with depth under
S3 and S6 (Figure 2D–F). The use of water magnetized at any force reduced the increase
in the soil EC with depth from 10% at 0 gauss to 35% at 7000 gauss for S0. Contrarily,
increasing the magnetic force from 0 to 1000–7000 gauss improved the increase in the soil
EC with depth by 2–6 folds under S3 (Figure 2E). On the other hand, increasing the magnetic
force decreased the increase in the soil EC with soil depth, with a reduction recorded for
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7000 gauss under S6 (Figure 2F). The minimum EC values (132, 442, and 737 ds m−1) were
recorded at different depths under the magnetic forces of 4000, 4000, and 7000 gauss for
salinity levels S0, S3, and S6, respectively.
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Figure 2. Effect of magnetic force on soil pH (A–C) Salinity levels: S0 (control, 0 g L−1); S3 (3 g L−1);
and S6 (6 g L−1), respectively. and soil electrical conductivity (EC) (D−F) Salinity levels: S0 (control,
0 g L−1); S3 (3 g L−1); and S6 (6 g L−1), respectively, changes with depth at different levels of irrigation
water salinity. MF0, MF1, MF2, MF3, MF4, MF5, MF6, and MF7 are the magnetic forces of 0, 1000,
2000, 3000, 4000, 5000, 6000, and 7000 gauss, respectively.

The soil SAR, SSP, and CROSS values were highest at depths 2, 3, and 4 under
all magnetic forces except 3000 and 4000 gauss, which displayed maximum values at
depths 3, 4, and 5 (Figure 3). Neglecting the effect of salinity, soil SAR, SSP, and CROSS
decreased with depth (from depths 1 to 7) by 54.2, 25.7, and 53.2% under water with
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zero magnetization. However, using magnetized water disturbed this reduction trend,
decreasing the reduction in SAR and CROSS with depth under 1000 and 5000 gauss and
augmenting the decrease in these parameters with depth under 2000 and 7000 gauss.
Contrastingly, soil SAR increased with depth to a greater extent under 3000, 4000, and
6000 gauss compared to the control (Figure 3A–C), and so did SSP (Figure 3D–F) under
6000 gauss and CROSS (Figure 2G–I) under 4000 and 6000 gauss. Moreover, magnetized
water decreased soil SAR, SSP, and CROSS compared to water with no magnetic force under
S0 (Figure 3A,D,G), while it had no effect on these parameters under S3 (Figure 3B,E,H). It
is worth mentioning that the magnetic force of 3000 gauss caused the minimum SAR, SSP,
and CROSS values under S6 (13.9, 49.9, and 15.3, respectively—the values for 0 gauss were
16.3, 51.1, and 17.6; Figure 3C,F,I). At salinity levels S0, S3, and S6, the magnetic forces of
6000, 0, and 3000 gauss resulted in the lowest SAR (1.3, 8.2, and 13.9, respectively); SSP
(14.6, 38.6, and 49.9, respectively); and CROSS values (1.6, 8.9, and 15.3, respectively).
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Figure 3. Effect of magnetic forces on changes in sodium adsorption ratio (SAR), soluble sodium
percentage (SSP), and cation ratio of structuration stability (CROSS) with depth at different levels of
irrigation water salinity: (A,D,G) 0 g L−1 (S0, control); (B,E,H) 3 g L−1 (S3); (C,F,I) 6 g L−1 (S6). MF0,
MF1, MF2, MF3, MF4, MF5, MF6, and MF7 are the magnetic forces of 0, 1000, 2000, 3000, 4000, 5000,
6000, and 7000 gauss, respectively.

3.2. Effects of Magnetized Saline Water Irrigation on Chemical Properties of Leachate

Our results showed an overall decrease in leachate pH by 2.2% under S3 and S6
compared with S0 (Figure 4C). The highest pH (6.7) was reported in the S0 treatment under
2000 gauss, while the lowest pH (6.3) was recorded in the S3 and S6 treatments under
6000 and 7000 gauss. Magnetized water halved the leachate EC under S0, decreased it by
12.4% under S3, and increased it by 4% under S6 (Figure 4D). None of the magnetic force
levels reduced the leachate EC under saline water.
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Figure 4. Effect of magnetic forces on (A) sodium adsorption ratio (SAR), (B) hydraulic conductivity
(ks), (C) soil pH, (D) soil electrical conductivity (EC), (E) soluble sodium percentage (SSP), and
(F) cation ratio of structuration stability (CROSS) of the leachate at different levels of irrigation water
salinity (S0, 0 g L−1; S3, 3 g L−1; and S6, 3 g L−1).

Increasing the magnetic force from 0 to 7000 gauss increased the leachate SAR, SSP, and
CROSS by 7.8, 13.5, and 4.9% under S3 and by 13.2, 20.4, and 10.2% under S6, respectively
(Figure 4A,E,F). On the other hand, the highest magnetic force (7000 gauss) increased
the SAR and SSP by 3.9 and 48.2%, respectively, while the CROSS decreased by 11.6% as
compared with 0 gauss under S0. The highest values for SAR, SSP, and CROSS (4.7, 13.7,
and 8.2, respectively) were recorded in S0 under 6000 gauss, while the lowest values (2.2,
2.8, and 6.2) were reported in S6 under 0 gauss for SAR and SSP, but in S0 under 4000 gauss
for CROSS.

3.3. Effects of Magnetized Saline Water Irrigation on Soil Infiltration Properties

The ks increased as the magnetic force increased at the same salinity level, and the
highest value (0.69 cm h−1) was recorded for 7000 gauss under S0 (Figure 4B). Magnetic
forces higher than 5000 gauss resulted in the highest ks for all salinity levels, with the
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maximum force (7000 gauss) doubling the ks under S0 and increasing it by 50% under S3
and S6. Increasing the salinity level raised the ks by 50% under S3 and S6 as compared
with S0.

The infiltration curves were identical for the first two hours, especially under saline
water (S3 and S6), as shown in Figure 5. The infiltration curves under different magnetic
forces became more differentiated after two hours under S0 and S6, indicating larger
variations in cumulative infiltration (cm3 min−1). The cumulative infiltration after nine
hours increased with an increases in water salinity from 342 cm3 min−1 under S0 to 13 and
12.6 cm min−1 under S3 and S6, respectively (Figure 5). The highest magnetic forces
(6000 and 7000 gauss) had insignificant effects on cumulative infiltration under S0, while
forces between 1000 and 5000 gauss had a significant effect. In contrast, magnetic forces of
6000 and 7000 gauss had a significant effect on cumulative infiltration under S3 and S6, while
magnetic forces of 1000 and 4000 gauss exerted the strongest effect (about 14 cm min−1)
compared to 0 gauss (12.7 cm min−1 averaged over S3 and S6). The slope of the infiltration
curve (b), which indicates the momentum of the infiltration rate (IR), followed the same
trend as cumulative infiltration (Table 1).

Table 1. Parameter values of coefficient of the regression models between the infiltrated water volume
and time under different irrigation water salinities and magnetic forces.

Salinity MF Equation a b R2

TW 0 y = 0.0198x + 2.1666 0.0198 2.1666 0.9598
1000 y = 0.0208x + 1.9345 0.0208 1.9345 0.9632
2000 y = 0.025x + 1.8526 0.025 1.8526 0.9515
3000 y = 0.0222x + 1.7509 0.0222 1.7509 0.9645
4000 y = 0.0226x + 1.7968 0.226 1.7968 0.9716
5000 y = 0.0243x + 1.9066 0.0243 1.9066 0.9627
6000 y = 0.0196x + 2.0982 0.0196 2.0982 0.9579
7000 y = 0.0182x + 2.0764 0.0182 2.0764 0.955

S3 0 y = 0.0248x + 1.9881 0.0248 1.9881 0.9611
1000 y = 0.0254x + 2.1281 0.0257 2.1281 0.9627
2000 y = 0.0231x + 1.7258 0.0231 1.7258 0.9595
3000 y = 0.0238x + 1.5418 0.0238 1.5418 0.967
4000 y = 0.0252x + 1.7493 0.0252 1.7493 0.9673
5000 y = 0.0259x + 1.846 0.0259 1.846 0.9668
6000 y = 0.024x + 1.6524 0.024 1.6524 0.9707
7000 y = 0.0258x + 1.6558 0.0258 1.6558 0.9677

S6 0 y = 0.0248x + 1.9881 0.0248 1.9881 0.9611
1000 y = 0.0254x + 2.1281 0.0254 2.1281 0.9627
2000 y = 0.0231x + 1.7258 0.0231 1.7258 0.9595
3000 y = 0.0238x + 1.5418 0.0238 1.5418 0.967
4000 y = 0.0252x + 1.7493 0.0252 1.7493 0.9673
5000 y = 0.0259x + 1.846 0.0259 1.846 0.9668
6000 y = 0.024x + 1.6524 0.024 1.6524 0.9707
7000 y = 0.0258x + 1.6558 0.0258 1.6558 0.9677

S0 (control, 0 g L−1); S3 (3 g L−1); and S6 (6 g L−1) indicate the level of irrigation water salinity. MF0, MF1, MF2,
MF3, MF4, MF5, MF6, and MF7 are the magnetic forces of 0, 1000, 2000, 3000, 4000, 5000, 6000, and 7000 gauss,
respectively. a is the gradient, b is the slope of the infiltration curves, and R2 is the coefficient of determination.
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Figure 5. The effect of magnetic forces on changes in cumulative infiltration (Q; cm min−1) with
depth at different levels of irrigation water salinity: (A) 0 g L−1 (S0, control); (B) 3 g L−1 (S3); and
(C) 6 g L−1 (S6). MF0, MF1, MF2, MF3, MF4, MF5, MF6, and MF7 are the magnetic forces of 0, 1000,
2000, 3000, 4000, 5000, 6000, and 7000 gauss, respectively.

4. Discussion
4.1. Chemical Properties of Soil and Leachate

Magnetic treatments led to a decrease in EC in all solutions with different salinity
levels except tap water, while the pH increased in all solutions. On the other hand, the effect
of magnetized water was nullified after 108 h, and the pH and EC of the solutions returned
to the original values. The increase in pH and decrease in EC in magnetically treated water
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could be due to the changes in hydrogen bonding and the increased mobility of ions. The
decrease in EC could be due to the increased ability of electrolytic substances to sediment, as
the magnetized water contains tiny colloidal molecules that respond to magnetic treatment.
Similarly, researchers have indicated that the physicochemical properties of water, such
as the hydrogen polarity, bonding, surface tension, pH, conductivity, solubility of salts,
and refractive index, change due to the effect of magnetic fields [34,35]. In addition, the
effects of magnetically treated water on soil properties led to a decrease in EC [36] and the
sedimentation of salts [37]. However, Maheshwari and Grewal [8] reported that irrigation
with magnetized water decreased soil pH. In addition to breaking hydrogen bonds, the
electromagnetic fields could disrupt the gas–liquid interface, generating reactive oxygen
species and affecting the hydration of carbon dioxide [38]. Our results demonstrated the
inverse relationship between pH and EC [39] and that the application of magnetic force
strengthened this relationship by affecting water movement in the soil profile (infiltration
properties, Figure 4B and Table 1) and the distribution of salts (cations and anions) [40].

These effects impacted the soil chemistry along the column and thus influenced the
chemical properties of the leachate. Our results indicated that the distribution of salts in the
soil layers was changed by the application of magnetically treated water, with decreased
salt content in the higher layers. The accumulation rate of soil salts decreased compared to
soils irrigated with untreated saline leaching solution Zlotopolski [6]. The results of the
current study are more reliable than the results of field experiments due to the controlled
conditions in the laboratory. The effects of the magnetization force on the leachate were
directly related to the changes in the infiltration rate and thus the leachate volume [6]. The
soil columns treated with magnetized water were able to hold 25% more water compared to
those treated with non-magnetized water, possibly due to the decline in surface tension. In
addition, the magnetic force changed the microscopic molecular structure of the marginal
irrigation water, enhancing the crystallization of cations and the viscosity, which in turn
affected the chemical properties at depth and in the leachate [40]. Because salinity does not
always influence the entire soil profile equally, salt profiling can be used to comprehensively
represent the vertical distribution of salts in terms of composition and content [41]. The
greater accumulation of salts in the soil columns in response to magnetic treatment resulted
in a lower EC in the leachate and thus a higher pH. Magnetic treatment does not change the
chemical parameters of water. However, it does affect the physical parameters, decreasing
the viscosity, surface tension, diffusion, solubility, and zeta potential [42,43].

To consider the various impacts of cations on soil structure, CROSS (improved irri-
gation water and soil quality parameter) was introduced to replace SAR [44]. Under this
arrangement, the detrimental effect of K+ was one third that of Na+, while the effect of Ca2+

was 13 times that of Mg2+. Therefore, CROSS was expected to be a more representative
parameter to evaluate the positive and negative impacts of cations more accurately on soil
structure in various soils [45]. These changes in the soil and leachate are interrelated and
could be explained by changes in the cation composition and balance. Mg2+ had the highest
correlation with Ca2+, which emphasized the similar effect of both cations on soil structure
maintenance according to soil solidity and irrigation water evaluation [45]. Accordingly,
more K+ was displaced by other cations from soil particles by cation exchange [46]. The
divalent cations such as Ca2+ and Mg2+ were expected to replace the adsorbed Na+ and
lead to colloidal flocculation, which would in turn improve the soil structure [47,48]. The
accumulation of Ca2+ and Mg2+ indicated the lower mobility of bivalent cations with water
flow, which was consistent with previous findings [49].

4.2. Soil Physical Properties

Our results indicated that applying magnetic treatments enhanced the hydraulic
conductivity of the clay soil by 50%, which agreed well with the findings of Abd-Elhady
and Rady [50], who reported an increment of 31% in the ks. This effect was related to the
role of the magnetic field in weakening the cohesive and adhesive forces between water
molecules and soil particles [50,51]. Magnetic fields can change the surface tension of water
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by impacting the microscopic structure of water molecules [52]. We recorded a significant
increase in ks with increasing water salinity, which was consistent with the results of Yilmaz
et al. [53] and Basile et al. [54]. However, some studies have produced contradictory results
due to the fact that the matrix potential of soil increases with increasing salinity, which in
turn may lead to a decrease in ks [55].

The current study suggested that the magnetization of water could play an important
role in improving the infiltration of clay soils and thus reducing waterlogging under such
conditions for two main reasons. First, water molecules that are adhered by Van der
Waals forces and hydrogen bonds in reactions with other ions become less cohesive and
are released under magnetized conditions [56]. This also corresponds to the increased
infiltration rate (curve slopes, b) with the increase in magnetic force (Table 1). Additionally,
water molecules easily percolate into soil micro spaces [21,57]. Second, the magnetic
treatment of water affects the physical characteristics of soil by breaking down the free
gasses present in the water [57]. A decrease in contact angles results in an increase in
hydrophobic materials and a decrease in their surface tension forces compared to untreated
water. This increases the solubilizing power of water molecules, which easily percolate into
the soil micro spaces [7].

5. Conclusions

In this study, we investigated the effect of eight magnetic forces on soil chemical
and physical properties under three salinity levels (S0, S3, and S6) at seven depths using
soil columns in a controlled laboratory environment. The results showed that magnetic
treatment decreased the soil pH and electrical conductivity and improved the hydraulic
conductivity and infiltration parameters under the three salinity levels. An increase in
magnetic force caused a decrease in soil pH and a decrease in soil EC with depth under
salinities of S3 and S6 compared to S0. The soil SAR, SSP, and CROSS displayed the highest
values at depths 2, 3, 4, and 5 under all magnetic forces. In the leachate soil column study,
the use of saline irrigation water under the same magnetic forces resulted in an increase in
soil EC and a decrease in soil pH. An increase in magnetic force corresponded to an increase
in ks at the same salinity level. An increase in salinity increased ks under S3 and S6 compared
to S0. As salinity increased, the cumulative infiltration increased after nine hours, and the
effect of magnetic forces on the cumulative infiltration rate varied: magnetic forces of 6000
and 7000 gauss had a significant effect, while magnetic forces of 1000 and 4000 gauss had
the highest effect under salinity levels S3 and S6. These results emphasize the importance
of the magnetization of saline water for sustainably improving soil properties and avoiding
soil degradation when using marginal water. Our study revealed a significant change in
soil properties in response to magnetized saline water, which must be considered when
planning irrigation with MW. This study served as a field simulation that allowed us to
predict and understand the impact on yield. However, there is still a need to evaluate and
generalize our initial results at the field level.

Author Contributions: Conceptualization, F.Z.; methodology, A.E.A. and J.L.; software, A.E.A.;
validation, M.G.A. and K.M.E.; formal analysis, A.E.A.; investigation, A.E.A.; resources, F.Z.; data
curation, A.E.A.; writing—original draft preparation, A.I.A.; writing—review and editing, F.Z., A.I.A.,
and Y.X.; visualization, Y.X.; supervision, F.Z.; project administration, F.Z.; funding acquisition, F.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by National Key Research and Development Program of China
(2022YFD1900401) and the National Natural Science Foundation of China (51979231).

Data Availability Statement: All data will be made available on request to the correspondent
author’s email with appropriate justification.

Acknowledgments: The researcher A.E.A. gratefully acknowledges the scholarship (A24262628-
2019GBJ003185) under the joint executive program of the Arab Republic of Egypt and China.



Water 2022, 14, 4048 13 of 15

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationships that could have influenced this work.

References
1. Connor, J.D.; Schwabe, K.; King, D.; Knapp, K. Irrigated agriculture and climate change: The influence of water supply variability

and salinity on adaptation. Ecol. Econ. 2012, 77, 149–157. [CrossRef]
2. Ragab, R.; Prudhomme, C. Climate change and water resources management in arid and semi-arid regions: Prospective and

challenges for the 21st century. Biosyst. Eng. 2002, 81, 3–34. [CrossRef]
3. Zhou, B.; Yang, L.; Chen, X.; Ye, S.; Peng, Y.; Liang, C. Effect of magnetic water irrigation on the improvement of salinized soil

and cotton growth in Xinjiang. Agric. Water Manag. 2021, 248, 106784. [CrossRef]
4. Elhindi, K.M.; Al-Mana, F.A.; Algahtani, A.M.; Alotaibi, M.A. Effect of irrigation with saline magnetized water and different soil

amendments on growth and flower production of Calendula officinalis L. plants. Saudi J. Biol. Sci. 2020, 27, 3072–3078. [CrossRef]
[PubMed]

5. Zhao, G.; Mu, Y.; Wang, Y.; Wang, L. Magnetization and oxidation of irrigation water to improve winter wheat (Triticum aestivum L.)
production and water-use efficiency. Agric. Water Manag. 2022, 259, 107254. [CrossRef]

6. Zlotopolski, V. The impact of magnetic water treatment on salt distribution in a large unsaturated soil column. Intern. Soil Water
Conserv. Res. 2017, 5, 253–257. [CrossRef]

7. Pang, X.F.; Deng, B. Investigation of changes in properties of water under the action of a magnetic field. Sci. China Ser. G-Phys.
Mech. Astron. 2008, 51, 1621–1632. [CrossRef]

8. Maheshwari, B.L.; Grewal, H.S. Magnetic treatment of irrigation water: Its effects on vegetable crop yield and water productivity.
Agric. Water Manag. 2009, 96, 1229–1236. [CrossRef]

9. Teixeira da Silva, J.A.; Dobránszki, J. Impact of magnetic water on plant growth. Env. Exp. Biol. 2014, 12, 137–142.
10. Selim, A.H.; El-Nady, M.F. Physio-anatomical responses of drought stressed tomato plants to magnetic field. Acta Astron. 2011, 69,

387–396. [CrossRef]
11. Teixeira da Silva, J.A.; Dobránszki, J. Magnetic fields: How is plant growth and development impacted? Protoplasma 2016, 253,

231–248. [CrossRef] [PubMed]
12. Aliverdi, A.; Parsa, M.; Hammami, H. Increased soyabean-rhizobium symbiosis by magnetically treated water. Biol. Agric. Hortic.

2015, 31, 167–176. [CrossRef]
13. Wang, Y.; Wei, H.; Li, Z. Effect of magnetic field on the physical properties of water. Results Phys. 2018, 8, 262–267. [CrossRef]
14. Hachicha, M.; Kahlaoui, B.; Khamassi, N.; Misle, E.; Jouzdan, O. Effect of electromagnetic treatment of saline water on soil and

crops. J. Saudi Soc. Agric. Sci. 2018, 17, 154–162. [CrossRef]
15. Zhang, R.; Wang, W.; Chu, G. Impacts of magnetized water irrigation on soil infiltration and soil salt leaching. Sci. Agric. Sin.

2014, 47, 1634–1641. (In Chinese)
16. Estiken, A.; Turan, M. Alternative magnetic field effects on yield and plant nutrient elements composition of strawberry (Fragaria

x ananassa cv. Camarosa). Acta Agric. Scand. Sect. B Soil Plant Sci. 2004, 54, 135–139. [CrossRef]
17. Abedinpour, M.; Rohani, E. Effects of magnetized water application on soil and maize growth indices under different amounts of

salt in the water. J. Water Reuse Desalin. 2017, 7, 319–325. [CrossRef]
18. Mostafazadeh-Fard, B.; Khoshravesh, M.; Mousavi, S.F.; Kiani, A.R. Effects of magnetized water and irrigation water salinity on

soil moisture distribution in trickle irrigation. J. Irrig. Drain. Eng. 2011, 137, 398–402. [CrossRef]
19. Esmaeilnezhad, E.; Choi, H.J.; Schaffie, M.; Gholizadeh, M.; Ranjbar, M. Characteristics and applications of magnetized water as a

green technology. J. Clean. Prod. 2017, 161, 908–921. [CrossRef]
20. Wang, L.; Guo, J.; Bi, S.; Zhang, Z.; Wang, H.; Liu, X.; Zhu, H.; Tang, J.; Chen, S.; Cong, G. Effects of irrigation with magnetized

saline water on Vitis vinifera growth and soil mineral nutrients. J. Fruit Sci. 2019, 36, 1683–1692. (In Chinese)
21. Khoshravesh, M.; Mostafazadeh-Fard, B.; Mousavis, S.F.; Kiani, A.R. Effects of magnetized water on the distribution pattern of

soil water with respect to time in trickle irrigation. Soil Use Manag. 2011, 27, 515–522. [CrossRef]
22. Wang, Q.; Zhang, J.; Men, Q.; Tan, S.; Zhou, L.; Liu, X. Experiment on physical and chemical characteristics of activated brackish

water by magnetization or ionization. Trans. CSAE 2016, 32, 60–66. (In Chinese) [CrossRef]
23. Wang, Q.; Xu, Z.; Shan, Y.; Zhang, J. Effect of salinity of magnetized brackish water on salt and water movement. Trans. Chin. Soc.

Agric. Mach. 2017, 48, 198–206. (In Chinese) [CrossRef]
24. Wang, Q.; Xie, J.; Zhang, J.; Wei, K.; Sun, Y.; Li, Z. Effects of magnetic field strength on magnetized water infiltration and soil

water and salt movement. Trans. Chin. Soc. Agric. Mach. 2020, 51, 292–298. (In Chinese)
25. Ding, Q. Study on Soil Water and Salt Distribution and Cotton Growth Characteristics of Drip Irrigation with Film under Magnetized

Brackish Water; Xi’ An University of Technology: Xi’An, China, 2018; pp. 113–124. (In Chinese)
26. Hilal, M.H.; Hilal, M.M. Application of magnetic technologies in desert agriculture. II- Effect of magnetic treatments of irrigation

water on salt distribution in olive and citrus fields and induced changes of ionic balance in soil and plant. Egypt J. Soil Sci. 2000,
40, 423–435.

27. Eltohamy, K.M.; Li, J.; Gouda, M.; Menezes-Blackburn, D.; Milham, P.J.; Khan, S.; Li, F.; Liu, C.; Xu, J.; Liang, X. Nano and fine
colloids suspended in the soil solution regulate phosphorus desorption and lability in organic fertiliser-amended soils. Sci. Total
Environ. 2023, 858, 160195. [CrossRef]

http://doi.org/10.1016/j.ecolecon.2012.02.021
http://doi.org/10.1006/bioe.2001.0013
http://doi.org/10.1016/j.agwat.2021.106784
http://doi.org/10.1016/j.sjbs.2020.09.015
http://www.ncbi.nlm.nih.gov/pubmed/33100867
http://doi.org/10.1016/j.agwat.2021.107254
http://doi.org/10.1016/j.iswcr.2017.05.009
http://doi.org/10.1007/s11433-008-0182-7
http://doi.org/10.1016/j.agwat.2009.03.016
http://doi.org/10.1016/j.actaastro.2011.05.025
http://doi.org/10.1007/s00709-015-0820-7
http://www.ncbi.nlm.nih.gov/pubmed/25952081
http://doi.org/10.1080/01448765.2014.996253
http://doi.org/10.1016/j.rinp.2017.12.022
http://doi.org/10.1016/j.jssas.2016.03.003
http://doi.org/10.1080/09064710310019748
http://doi.org/10.2166/wrd.2016.216
http://doi.org/10.1061/(ASCE)IR.1943-4774.0000304
http://doi.org/10.1016/j.jclepro.2017.05.166
http://doi.org/10.1111/j.1475-2743.2011.00358.x
http://doi.org/10.11975/j.issn.1002-6819.2016.10.009
http://doi.org/10.6041/j.issn.1000-1298.2017.07.025
http://doi.org/10.1016/j.scitotenv.2022.160195


Water 2022, 14, 4048 14 of 15

28. Yan, F.; Zhang, F.; Fan, X.; Fan, J.; Wang, Y.; Zou, H.; Wang, H.; Li, G. Determining irrigation amount and fertilization rate
to simultaneously optimize grain yield, grain nitrogen accumulation and economic benefit of drip-fertigated spring maize in
northwest China. Agric. Water Manag. 2021, 243, 106440. [CrossRef]

29. Eltohamy, K.M.; Liu, C.; Khan, S.; Niyungeko, C.; Jin, Y.; Hosseini, S.H.; Li, F.; Liang, X. An internet-based smart irrigation
approach for limiting phosphorus release from organic fertilizer-amended paddy soil. J. Clean. Prod. 2021, 293, 126254. [CrossRef]

30. Bardhan, G.; Chaudhari, S.K.; Mohapatra, P.K. Effect of irrigation water quality on saturated hydraulic conductivity of typic
haplustert, vertic haplustept, and lithic ustorthent soils. J. Agric. Physics. 2007, 7, 38–46.

31. Sparks, D.L.; Page, A.L.; Helmke, P.A.; Loeppert, R.H.; Soltanpour, P.N.; Tabatabai, M.A.; Johnston, C.T.; Sumner, M.E. Methods of
Soil Analysis—Part 3: Chemical Methods; Soil Science Society of America: Madison, WI, USA, 1996; pp. 15–60.

32. Bao, S.D. Soil analysis in agricultural chemistry. Agric. Sci. 2005, 11, 5–20. (In Chinese)
33. Shahid, S.A. Developments in soil salinity assessment, modeling, mapping, and monitoring from regional to submi-croscopic

scales. In Developments in Soil Salinity Assessment and Reclamation: Innovative thinking and Use of Marginal Soil and Water Resources in
Irrigated Agriculture; Springer: Dordrecht, The Netherlands, 2013; pp. 3–43. [CrossRef]

34. Amiri, M.C.; Dadkhah, A.A. On reduction in the surface tension of water due to magnetic treatment. Colloids Surf. A Physicochem.
Eng. Asp. 2006, 278, 252–255. [CrossRef]

35. Chang, K.T.; Weng, C.I. An investigation into the structure of aqueous NaCl electrolyte solutions under magnetic fields. Comput.
Mater. Sci. 2008, 43, 1048–1055. [CrossRef]

36. Sadeghipour, O.; Aghaei, P. Improving the growth of cowpea (Vigna unguiculata L. Walp.) by magnetized water. J. Biodivers.
Environ. Sci. 2013, 3, 37–43.

37. Zúñiga, O.; Benavides, J.A.; Ospina-Salazar, D.I.; Jiménez, C.O.; Gutiérrez, M.A. Magnetic treatment of irrigation water and seeds
in agriculture. Ing. Y Compet. 2016, 18, 217–232. [CrossRef]

38. Kney, A.D.; Parsons, S.A. A spectrophotometer-based study of magnetic water treatment: Assessment of ionic vs. surface
mechanisms. Water Res. 2006, 40, 517–524. [CrossRef]

39. Aizat, A.M.; Roslan, M.K.; Sulaiman, W.N.; Karam, D.S. The relationship between soil pH and selected soil properties in 48 years
logged-over forest. Int. J. Environ. Sci. 2014, 4, 1129–1140.

40. Zhou, B.; Liang, C.; Chen, X.; Ye, S.; Peng, Y.; Yang, L.; Duan, M.; Wang, X. Magnetically treated brackish water affects soil
water-salt distribution and the growth of cotton with film mulch drip irrigation in Xinjiang, China. Agric. Water Manag. 2022,
263, 107487. [CrossRef]

41. Daliakopoulos, I.N.; Tsanis, I.K.; Koutroulis, A.; Kourgialas, N.N.; Varouchakis, A.E.; Karatzas, G.P.; Ritsema, C.J. The threat of
soil salinity: A European scale review. Sci. Total Environ. 2016, 573, 727–739. [CrossRef]

42. Cho, Y.I.; Lee, S. Reduction of the surface tension of water due to physical water treatment for fouling control in heat exchangers.
Int. Commun. Heat Mass Transf. 2005, 32, 1–9. [CrossRef]

43. Chang, K.T.; Weng, C.I. The effect of an external magnetic field on the structure of liquid water using molecular dynamics
simulation. J. App. Phys. 2006, 100, 43917–43922. [CrossRef]

44. Smith, C.J.; Oster, J.D.; Sposito, G. Potassium and magnesium in irrigation water quality assessment. Agric. Water Manag. 2015,
157, 59–64. [CrossRef]

45. Zhang, T.; Zhan, X.; He, J.; Feng, H.; Kang, Y. Salt characteristics and soluble cations redistribution in an impermeable calcareous
saline-sodic soil reclaimed with an improved drip irrigation. Agric. Water Manag. 2018, 197, 91–99. [CrossRef]

46. Zhang, J.E.; Ouyang, Y.; Ling, D.J. Impacts of simulated acid rain on cation leaching from the Latosol in south China. Chemosphere
2007, 67, 2131–2137. [CrossRef] [PubMed]

47. Zhang, X.C.; Norton, L.D. Effect of exchangeable Mg on saturated hydraulic conductivity, disaggregation and clay dispersion of
disturbed soils. J. Hydrol. 2002, 260, 194–205. [CrossRef]

48. Jalali, M. Effect of sodium and magnesium on kinetics of potassium release in some calcareous soils of western Iran. Geoderma
2008, 145, 207–215. [CrossRef]

49. Mahmoodabadi, M.; Yazdanpanah, N.; Sinobas, L.R.; Pazira, E.; Neshat, A. Reclamation of calcareous saline sodic soil with
different amendments (I): Redistribution of soluble cations within the soil profile. Agric. Water Manag. 2013, 120, 30–38. [CrossRef]

50. Abd-Elhady, E.S.; Rady, O.M. Magnetized water effect on some soil properties and growth of maize plant (zea maize). Bull. Fac.
Agric. 2017, 68, 207–221.

51. Al-Ogaidi, A.A.; Wayayok, A.; Rowshon, M.K.; Abdullah, A.F. The influence of magnetized water on soil water dynamics under
drip irrigation systems. Agric. Water Manag. 2017, 180, 70–77. [CrossRef]

52. Pang, X.F.; Deng, B. The changes of macroscopic features and microscopic structures of water under influence of magnetic field.
Phys. B Condens. Matter 2008, 403, 3571–3577. [CrossRef]

53. Yilmaz, G.; Yetimoglu, T.; Arasan, S. Hydraulic conductivity of compacted clay liners permeated with inorganic salt solutions.
Waste Manag. Res. 2008, 26, 464–473. [CrossRef]

54. Basile, A.; Buttafuoco, G.; Mele, G.; Tedeschi, A. Complementary techniques to assess physical properties of a fine soil irrigated
with saline water. Environ. Earth Sci. 2012, 66, 1797–1807. [CrossRef]

http://doi.org/10.1016/j.agwat.2020.106440
http://doi.org/10.1016/j.jclepro.2021.126254
http://doi.org/10.1007/978-94-007-5684-7
http://doi.org/10.1016/j.colsurfa.2005.12.046
http://doi.org/10.1016/j.commatsci.2008.02.020
http://doi.org/10.25100/iyc.v18i2.2170
http://doi.org/10.1016/j.watres.2005.11.019
http://doi.org/10.1016/j.agwat.2022.107487
http://doi.org/10.1016/j.scitotenv.2016.08.177
http://doi.org/10.1016/j.icheatmasstransfer.2004.03.019
http://doi.org/10.1063/1.2335971
http://doi.org/10.1016/j.agwat.2014.09.003
http://doi.org/10.1016/j.agwat.2017.11.020
http://doi.org/10.1016/j.chemosphere.2006.12.095
http://www.ncbi.nlm.nih.gov/pubmed/17307220
http://doi.org/10.1016/S0022-1694(01)00612-6
http://doi.org/10.1016/j.geoderma.2008.03.005
http://doi.org/10.1016/j.agwat.2012.08.018
http://doi.org/10.1016/j.agwat.2016.11.001
http://doi.org/10.1016/j.physb.2008.05.032
http://doi.org/10.1177/0734242X08091586
http://doi.org/10.1007/s12665-011-1404-2


Water 2022, 14, 4048 15 of 15

55. Amézketa, E. Soil aggregate stability: A review. J. Sustain. Agric. 1999, 14, 83–151. [CrossRef]
56. Madsen, H.E. Crystallization of calcium carbonate in magnetic field ordinary and heavy water. J. Cryst. Growth 2004, 267, 251–255.

[CrossRef]
57. Bogatin, J.; Bondarenko, N.P.; Gak, E.Z.; Rokhinson, E.E.; Ananyev, I.P. Magnetic treatment of irrigation water: Experimental

results and application conditions. Environ. Sci. Technol. 1999, 33, 1280–1285. [CrossRef]

http://doi.org/10.1300/J064v14n02_08
http://doi.org/10.1016/j.jcrysgro.2004.03.051
http://doi.org/10.1021/es980172k

	Introduction 
	Materials and Methods 
	Soil Sampling 
	Experimental Layout 
	Material Preparation 
	Sample Collection and Calculations 
	Statistical Analysis 

	Results 
	Effects of Magnetized Saline Water Irrigation on Chemical Properties of Soil 
	Effects of Magnetized Saline Water Irrigation on Chemical Properties of Leachate 
	Effects of Magnetized Saline Water Irrigation on Soil Infiltration Properties 

	Discussion 
	Chemical Properties of Soil and Leachate 
	Soil Physical Properties 

	Conclusions 
	References

