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Introduction

Infiltration plays an effective role in hydrologic cycle, regional ecology, run-off rate, soil erosion
and degradation, solute transport, and groundwater pollution (Hillel, 1998). Water infiltration is
strongly dependent on soil structure, and thus, the limitation of water infiltration is related to poor
soil structure (Conolly, 1998). Magnetic water can be obtained by letting water pass through a
permanent magnet or electromagnet, which is installed in or on a feeder pipeline (Herzog et al.,
1989). Magnetized water has been studied by many researchers (Srivastava et al. 1976; Carbonell et
al., 2002; and Mostafazadeh-Fard et al., 2012).
The objective of the present research was to investigate effect of irrigation with magnetized water on
infiltration and soil salinity in comparison with non-magnetized water in three different soil textures.

Methodology

In this study, three different agricultural fields were selected in Khorasan Razavi province, Iran.
The primary experimental treatment was soil texture (silty clay, silty, and sandy loam), and the
secondary treatment was magnetized and non-magnetized irrigation water. The experimental design
was a compound decomposition as a complete randomized block design with three replications for
each treatment. Physical properties of the soils in these fields are shown in Table 1.

Table 1- Some physical characteristics of the selected soils

Texture Clay Silt Sand Initial Moisture Content Porosity Bulk Density
) (%) (%) (%) (%) (g/cm3)

Silty Clay 426 473 101 24.1 45.04 1.33

Silty 86 8L7 97 215 36.25 1.59

Sandy Loam 18.3 145 67.2 18.8 27.91 1.77
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In each field, three points were selected and a double-ring infiltrometer was used to measure the
infiltration rate. After four hours, infiltration rate reached almost to a constant value. Using these
measurements, the infiltration rate at any given moment, the final infiltration rate, and also
cumulative water infiltration were calculated. As initial soil moisture affects the infiltration
characteristics, before running the experiments, soil moisture was measured gravimetrically by taking
soil samples from 0 to 15 cm depth. In order to investigate the effect of magnetic water on the
accumulation of salinity in soil, all soil samples were taken from different depths and their electrical
conductivity was determined. Before performing the experiment, sampling was performed at depths
of 0-0, 20-40, and 40-60 cm in order to measure the electrical conductivity of the soil saturated
extract. To create a magnetic field, a permanent ceramic magnet was used in the irrigation system.
Magnetized water was obtained by passing through a magnetic field with strength of 0.4 Tesla, which
was installed on the main feed pipe.

Final infiltration rate, cumulative water infiltration depth, and soils salinity were analyzed using
Excel and SAS (v9.1) software. The mean values comparison for each treatment was performed with
Least Significant Different (LSD) test at P=0.01 and P=0.05 levels.

Results and Discussion

Analysis of variance showed that the effects of soil texture and magnetized irrigation water
on cumulative water infiltration and infiltration final rate were significant at P = 0.01 level
and these parameters for magnetized water were greater than that for non-magnetized water.
Also, results showed that the final infiltration rate and cumulative water infiltrated were
profoundly different among all treatments at (P < 0.05), and sandy loam soil had the highest
values.

Figures la-1c show variation of infiltration rate with time for magnetized and non-
magnetized water in different experimental soils. The difference in infiltration rate is
obvious from the early moments of the experiment. As can be seen in Figures la-1c, the
vertical distance between the magnetized and non-magnetized treatments is reduced from
fine-textured to coarse-textured soils.This means that the magnetic effect on water
infiltration rate is most effective in fine textured soils. Figures 1d-1f show variation of
cumulative water infiltration with time for magnetized and non-magnetized water for the
three studied soils. On these figures, the measured amount of cumulative water infiltration is
shown. As can be seen in Figures 1d-1f, the vertical distance between the magnetized and
non-magnetized treatments is reduced from fine-textured to coarse-textured soils. Again,
This means that the magnetic effect on water infiltration is most effective in fine-textured
soils.
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Figure 1- Variation of infiltration rate and cumulative water infiltration versus time for
magnetized and non-magnetized water in silty clay soil (a and d), silty (b and €) and sandy loam (a
and f) soil.

There are two reasons for greater infiltration of magnetized irrigation water. Firstly, under
magnetized conditions, the water molecules, which are influenced by hydrogen bonds and
Van der Waals forces and in reactions with the ions, are released and become more cohesive
(Lungader Madsen, 2004). Therefore, the water molecules easily attach to the soil particles
and do not move to the lower soil depths. Secondly, changes in structure and physical
characteristics take place when water passes through a magnetic field. In the magnetized
water, the existing free gases in water are reduced (Jacob, 1999).

The comparison of the mean soil electrical conductivity results showed that the electrical
conductivity of the soil increased with increasing depth. The electrical conductivity at
different depths of the soil was less than non-magnetic water in the treatment of magnetic
water. Salhi (2005) conducted experiments on soil chemical properties using magnetic
irrigation and showed that salinity, acidity, and calcium carbonate in soil solution using
magnetic water decreased significantly.

Nowadays, with new developments in mechanization of agriculture 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 silty clay soils, compared with other coarse-textured
soils. As a result, the infiltration potential of these compacted soils can be improved using
magnetized irrigation water. This practice has other beneficial effects such as reduction of
surface run-off and soil water evaporation.

Conclusions

Effect of magnetized and non-magnetized irrigation water was studied for three soil
textures of silty clay, silty, and sandy loam. Cumulative water infiltration and final
infiltration rate in these soils increased under magnetized irrigation water. However, the
effect was more pronounced in silty clay soil. Magnetic water reduced the soil salinity at
different depths and this effect was significant at P = 0.01 level. Therefore, using magnetized
irrigation water in heavy soils is recommended to improve water infiltration capacity.
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