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Abstract: The use of magnetic technology in irrigation is increasing significantly in the world as it has
been established in several research studies that its application on irrigation water can improves crop
productivity and even alleviate plant salt stress. The aim of this study was to investigate the effect
of magnetic treatment of saline water on greenhouse tomatoes in Morocco. The preliminary results
showed significant decrease in soil conductivity measured at different depths. The soil irrigated with
magnetically treated water had a high-water retention capacity. A slight increase in the yield with
plants exhibiting an early flowering was recorded, and fruit quality was also improved in terms of
weight and juice content.
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1. Introduction

Some studies report that magnetic treatment of water improves water quality by
breaking water clusters into smaller water clusters [1,2] and reducing the surface water
tension [3] that affects the water’s hydrophobicity, and some reports also mention reducing
water conductivity [3,4].

Also, it has been found that magnetic treated water had an impact on some properties
of the soil such as decrease of soil NaCl content, which causes salinity, in some case with
magnetic treated water irrigation [5,6]; increase in soil nutrient content and microbial
activity [7]. Some trials with saline water have given satisfactory results both on the
vegetative development of plant and on the yield [8–10].

The aim of this study is to determine the effects of magnetic treatment of saline
irrigation water on plants and soils in order to investigate the possibility of using saline
water for agriculture by magnetic treatment.

2. Materials & Methods
2.1. Experimental Site

The study was conducted at the ASNI domains (NL 30◦19′1′ ′; WL 9◦30′11′ ′) located
in the rural commune of Inchaden, circle of Belfaa, Province of Chtouka-Ait Baha (Souss-
Massa Region) from July to October 2021. The soil (loamy soil) and water mineral analysis
results are reported in the tables below (Tables 1 and 2).
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Table 1. Water irrigation analysis.

pH EC HCO3 Cl− SO42− NO3− Ca2+ Mg2+ Na+ K+ B

dS/m 25◦ meq/L meq/L meq/L meq/L meq/L meq/L meq/L meq/L mg/L

7.35 2.02 3.80 11.7 1.07 0.38 3.95 5.53 9.44 0.07 0.21

Table 2. Soil mineral analysis.

pH EC H2PO4 Cl− SO42− NO3− NH4
+ Ca2+ Mg2+ Na+ K+ B

dS/m 25◦ mg/L meq/L meq/L meq/L meq/L meq/L meq/L meq/L meq/L mg/L

6.47 4.52 27.9 10.8 11.5 9.26 0.22 10.2 7.70 16.3 5.34 0.97

2.2. Treatment Device

The magnetic treatment of water was done with magnet device Alva5 from the com-
pany AlvaTech Water Revolution. The Alva5 device is presented as an irrigation pipe
(50 cm diameter and 81 cm length) with a control box.

The irrigation water was magnetically treated by passing once through this device. In
the following document, the treated water with the Alvatech device will be noted T1.

2.3. Experimental Design

The experimental setup chosen for this study is a complete randomized block design
consisting of 6 blocks of 5 m width (i.e., two ridges) and in each block there are two
replicates for the different treatments (T0: untreated water the control and T1) represented
by the experimental units. The experimental units are as wide as the blocks and 6 m long.
In total we have 12 repetitions for each treatment.

2.4. Data Recorded

The data recorded during this study can be divided into three main groups. The first
is the parameters related to plant growth and development of the plant. The second is the
parameters related to yield and fruit quality, followed by soil parameters. The flowering
tomato plant index was calculated to estimate early plant maturity. The first metric is the
percentage of flowers opened through the truss and the second is the percentage of flowers
set through the truss.

2.5. Statistical Analysis

The data collection and organization were made with EXCEL spreadsheet. The analysis
of variance (ANOVA) was performed with the MINITAB 16 software. Tukey’s test was
adopted to compare the means between different treatments, at 5% significance level.

3. Results
3.1. Yield and Fruit Quality

In this part, three parameters were studied. The first is the earliness of the plants, it is
based essentially on the flowering and setting of the truss. Statistical tests of the calculated
values show that there is a highly significant difference between treatments for the %Open
flower Truss N◦1 and %Open flower Truss N◦2 index, but not for the two others Table 3
below summarizes the precocity index.

Table 3. Precocity index. The means followed by the same letter are not statistically different at
p < 5% according to the Tukey test.

%Open Flower
Truss N◦1

%Set Flower
Truss N◦1

%Open Flower
Truss N◦2

%Set Flower
Truss N◦2

T0 10.72 ± 8.23 (a) 88.53 ± 8.57 20.56 ± 9.00 (a) 28.21 ± 24.29

T1 3.54 ± 3.84 (b) 94.03 ± 7.39 31.59 ± 7.99 (b) 29.61 ± 10.11
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In the same perspective of evaluating earliness, the distances between trusses were
also measured, from the base to the fourth truss. However, the statistical analysis of these
data indicates that there is no significant difference between the two treatments. Same
results were obtained with the yield even if the treated plot produced 10% more than the
control. The statistical tests of the data of the analysis of the quality of the fruits obtained
indicate that there is a significant difference between the average weight of the fruits, the
firmness of the fruits and the juice content of the fruits.

3.2. Soil Parameters

The installation of capacitive sensors allowed us to monitor the soil moisture over
several depths. The measurements were taken every 15 min and stored in a cloud file
on the website http://cloud.yobeen.com/ (accessed on 1 August 2021). Thus, the graphs
above represent the evolution of soil moisture at 10 cm depth from 4–11 October 2021 and
from 11–19 October 2021. The Figure 1 shows clearly a difference between the evolution
of the moisture in the soil. The soil irrigated with treated water hold more water and the
decrease of the soil moisture is slower.
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Figure 1. Evolution of soil moisture at 10 cm depth (a) From 4 to 11 October.

The electric conductivity (EC1/5: (dS/m) and pH of the different layers were measured
from representative samples of the plots. The measured values show that at all horizons,
the electrical conductivities of the plot irrigated with magnetically treated water are lower
than those of the control, Table 4 bellow summarizes the variation of conductivity and pH.

Table 4. Soil Conductivity and pH.

Layer1 0–20 cm Layer2 20–40 cm Layer3 40–60 cm

EC (dS/m) pH EC (dS/m) pH EC (dS/m) pH

T0 5.5 7.94 4.1 7.84 4.5 7.89

T1 3.0 7.85 2.9 7.94 4.1 7.83

4. Discussion

The results obtained in soil conductivity are partly due to the leaching capacity of mag-
netically treated water. In addition, it prevents the build-up of soil salinity [6] because the
treated water has a greater affinity to bind with soil particles and therefore percolates with
more difficultly [3] solubilizing by the way more mineral elements. This same phenomenon
could also explain the evolution of moisture at the soil level.

http://cloud.yobeen.com/
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Since the plant has better water and mineral status, it’s more likely to produce more
with better quality fruit than stressed plant. Similar results as ours concerning yield and
fruit quality were obtained in other studies [7–10].

5. Conclusions

Magnet processing technology as a means to utilize resources affected by salinity for
production. As we demonstrated in our study, magnetically treated water was able to
reduce soil conductivity by nearly half and keep it within a range that is favorable for plant
development. On the other hand, irrigation with magnetically treated water improves the
moisture status of the soil by retaining more water. Under these conditions, even if the
irrigation water is salty, it creates an ideal environment for plants to grow.
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