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ABSTRACT

This study was conducted during the two successive seasons 2022 and 2023 at Wadi El-Natron
west Nile Delta (EL-Behera governorate) to evaluate three commercial magnetic devices “Water
magnetizers” of different manufacturers (Nefertari Biomagnetic 6000 Gauss, Magnolith 8000 Gauss,
Delta Water 14000 Gauss), and to figure out which is more effective to reduce the negative effect of
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irrigating olive trees with saline water. The study examined the effect on vegetative growth, leaf
mineral contents, leaf chlorophyll content, leaf proline content, and relative water content of
Manzanillo olive trees. The experiment confirmed that olive trees can be irrigated with water
containing 3500 ppm without causing high salt stress. Data also showed a positive effect of
magnetically treated water on all vegetative growth characters (growth rate, stem diameter, number
of green leaves), an increase in all elements content in experimental plant leaves except sodium
and chloride, an increase in leaf chlorophyll content, decreased leaf proline content and increase
relative water content. In terms of determining whether commercial devices are more effective than
others, the Magnolith has been demonstrated to achieve the best results when compared to other
devices, in most cases the difference between using "Delta Water" or "Nefertari" was not big
enough to be significant. "Nefertari" recorded almost the lowest values of the studied vegetative
growth characters, leaf chlorophyll, and relative water content. This indicates that the strength of the
magnets alone is not the only thing that affects how well the device works; furthermore, it depends
also on how the magnetic fields are configured and the manufacturing expertise.

Keywords: Olive; magnetically treated irrigation water; survival percentage; vegetative growth; leaf
mineral contents; leaf chlorophyll content; leaf proline content.

1. INTRODUCTION

Salinity in the soil becomes a problem when the
total amount of salts that accumulate in the root
zone reaches a level that negatively affects soil
structure and plant growth. Salinity can affect
plants in three different ways: osmotic stress,
specific ion toxicity, and nutritional imbalance.
Salty solutions have a higher boiling and lower
freezing point than pure water, which means that
more energy is needed to produce steam or ice
when salts are present. Similarly, a plant must
expend more energy to obtain water from the soil
if sufficient salts are present to affect the osmotic
potential [1]. In 2010 studied the effects of
salinity on the growth of young olive trees, plants
that were one year old were planted in 30 L pots,
the osmotic potential became more negative
when salt concentrations increased, cultivars
showed symptoms of toxicity in leaves and
shoots which indicates that they accumulate toxic
ions in the youngest leaves. High salinity levels
induce ionic imbalance given higher Na* and CI-
concentrations in leaves and roots. Because of
the accumulation of these ions, the K*
concentration decreased resulting in a low ratio
of K*/Na* [2].

In addition, saline stress has a significant impact
on Photosystem Il (PSIl) by impeding the
disintegration of water molecules to obtain the
necessary electrons for photochemistry, which
diminishes the maximum quantum vyield [3,4].

Some efficient strategies to overcome salinity
problems were: 1-leach salts out of the root zone
using suitable irrigation management to prevent
the accumulation of the salt within the soil profile

[5,6], 2- Blending saline water with less-saline
water [7,8], 3-Mulching treatment [9,10], 4-
Implementing subsurface irrigation systems
[11,12], 5- Planting higher salt tolerance cultivars
[13-15], 6- Application of some saline correctors,
such as salicylic acid [16], humic substances
tend to regulate soil pH and soil salinity and help
to retain organic matter in the surface layer,
meanwhile the salt content is leaching out from
the surface layer accumulating in the layers
below [17], and foliar application by ascorbic acid
[18].

Passing the irrigation water through the
permanent magnets or the electromagnets
installed infon a feed pipeline alters several
physical characteristics of the water [19-22].
Bogatin, et al. [23] concluded that magnetic
water treatment enhances root layer conditions
by (1) removing excess salts, (2) improving
irrigated water permeability, and (3) improving
mineral fertilizers dissociation. According to Hilal
and Hilal [24], magnetic treatment of saline
irrigation water can be employed as an effective
method of soil desalinization. The application of a
magnetic field to water reduced the hydration of
salt ions and colloids, improving salt solubility,
and accelerating coagulation, and crystallization.
Mostafazadeh-Fard, et al. [25] used a trickle
irrigation method in an experimental field. The
results showed that magnetized irrigation water
treatments reduced soil sulfate ions by up to 37.3
percent when compared to non-magnetized
irrigation water treatments. The reduction of soll
sulfate ions decreased the likelihood of calcium
sulfate precipitation in the soil and increased the
likelihood of salts draining from the soil profile,
resulting in better soil conditions for plant growth.
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Al-Busaidi and Ullman [26] irrigated grass with a
sprinkler irrigation system and discovered that
soil samples collected from magnetized sites had
lower salt than soil samples taken from non-
magnetized locations. They concluded that
magnetic treatment of irrigation water aids
leaching by increasing salt solubility. More
experiments investigated how salinity in the soil
was affected by magnetic irrigation water [27-28].
They noticed that, at various depths, irrigation
with magnetic water resulted in much lower EC
values than irrigation with non-magnetic water
[29].

Soil salinity (ECe) as well as Na* and CI-
contents of soils irrigated with
electromagnetically  treated saline  water
decreased significantly when compared to soils
irrigated with non-treated saline water [29]. How
potato (Solanum tuberosum L.) var. Diamont
growth was affected by magnetic irrigation water
(water passed through a 1000-gauss magnetron
unit) investigated by Ahmed et al. [28]. The
application of magnetic water raised plant height,
leaf area, leaf number, haulm fresh, and dry
weights much more than non-magnetic water,
according to the results. However, the main stem
number was unaffected in either season. The
electromagnetic treatment had a significant effect
on the accumulation of Na* in Spunta potatoes
[29]. It decreased the toxicity in all tissues.
However, the electromagnetic treatment of saline
water increased significantly K+, N, and P
adsorption in all tissues of the potato and
decreased significantly the adverse effects of
saline water. The magnetically treated water had
a positive impact on all vegetative growth
characteristics (growth rate, stem diameter, and
number of green leaves), as well as an increase
in all element content in experimental plant
leaves (olive, fig, and pomegranate) except
sodium and chloride, increase leaf chlorophyll
and relative water contents [30].

The field experiment was implemented to
examine the impact of magnetized irrigation
water on the growth of Arbequina olive trees
under drip irrigation with saline water. They
discovered that the treatment of irrigation water
with electromagnetic energy elevates soil
moisture levels and facilitates the absorption of
nutrients, including N, P, K+, and Na+, by the
leaf tissues of the olive tree. Additionally, the
water use efficiency (WUE) in the plot irrigated
with treated water was found to be 1.3 times
higher than that of the plot irrigated with
untreated water. Consequently, there was a 30%

improvement in yield when using treated water
[31].

On the other hand, the most important question
for customers is whether or not the magnetic
water treatment devices work as advertised or
not. The primary topic of this article focuses
specifically on three commercial water
conditioners from different manufacturers that
are tested scientifically under the same
conditions. The investigation is done in an olive
farm where high-salinity well water is used to
irrigate the trees.

2. MATERIALS AND METHODS

The present study was conducted during the
2022 and 2023 growing seasons at Wadi El-
Natron West Nile Delta (EL-Behera governorate),
Egypt (longitude 30°29'16"N & latitude 29°53'43"
E). The study was carried out on five-year-old
trees of "Manzanillo" spaced at 6x6 growing in
loamy sand soil and irrigated with underground
water having a salinity level of approximately
3500 ppm. The soil was kept free of weeds
through the use of herbicides. The trees in the
study had a single trunk with branches ranging
from 0.6 to 0.7 meters above the ground. The
experiment included three magnetic devices for
the treatment of irrigation water, one supplied by
Nefertari Biomagnetic (Egypt) with a strength of
approximately 6000 Gauss, the second supplied
by "Magnolith" EWL Umwelttechnik GMBH, a
German company, consisting of a series of
permanent magnet pairs with north and south
poles, and 88 cascaded magnetic fields with
alternating strengths of 4500-8000 Gauss. The
third device was supplied by Delta Water (Egypt)
and had a strength of approximately 14500
Gauss (1.45 Tesla).

The initial and final lengths of the trees in
centimeters were measured at the beginning and
the end of each experimental season, and the
growth rate was calculated according to the
following equation:

Growth rate= (Final length-Initial
length)/(Initial length)x100

The diameter of the trunks (thickness) of the
trees was measured at a height of 5 cm above
ground level. Ten branches were selected and
labeled around each treated tree to count the
number of green leaves and calculate the
average. The fresh and dry weights of the green
leaves were also recorded. However, the leaf
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area was determined by collecting sufficient
samples from each plant. The estimates of leaf
area were obtained using the following equation:

Leaf area=X/Y

where (X) is the weight in grams (g) of the area
covered by the leaf outline on a millimeter graph
paper, and (Y) is the weight of a square
centimeter (cm?) of the same graph paper,
according to the method by Pandey & Singh [32].

Leaf samples were thoroughly washed with
distilled water and then dried in an oven at 70°C
until they reached a constant weight to determine
dry matter. Afterward, the dried leaves were
finely ground using a stainless-steel knife mill
and stored in small light bags for the
determination of N, P, K, Ca, Mg, Cl, and Na.
The samples were then digested using Sulphuric
acid and hydrogen peroxide, a method that was
first introduced by Evenhuis and de Waard [33]
to prepare them for mineral analysis. Total
nitrogen by micro-Kiel Dahl method as outlined
by Jackson [34]. Phosphorus using a
spectrophotometer at 88.2 U.V. according to the
method described by Murphy & Riley [35].
Potassium and Sodium were estimated using the
methods recommended by Chapman & Pratt
[36]. Calcium and magnesium were determined
using an atomic absorption spectrophotometer
"Perkin EImer 3300" [37].

Leaf total chlorophyll content (SPAD Unit) has
been estimated in 30 randomly sampled fresh
green leaves using a portable chlorophyll meter
(Minolta SPAD-502) as recommended by Peryea
et al. [38].

Proline was determined spectrophotometrically
using the acid ninhydrin method described by
Bates [39]. Acid-ninhydrin was prepared by
warming 1.25 g ninhydrin in 30 ml glacial acetic
acid and 20 ml 6 M phosphoric acid, with
agitation until dissolved. Kept cool (stored at
4°C). Approximately 0.5g of plant material was
homogenized in 10 ml of 3% aqueous
sulfosalicylic acid and the homogenate was
filtered through filter paper. Two ml of filtrate was
reacted with 2 ml acid ninhydrin and 2 ml of
glacial acetic acid in a test tube for 1 hour at
100°C, and the reaction terminated in an ice
bath) The reaction mixture was extracted with 4
ml toluene, and mixed vigorously with a test tube
stirrer for 15-20 sec) The chromophore
containing toluene was aspirated from the
aqueous phase, warmed to room temperature

and the absorbance read at 520 nm using
toluene for a blank) The proline concentration
was determined from a standard curve and
calculated on a dried weight basis.

To evaluate the water status, Relative Water
Content (RWC) was determined according to
Morgan [40]. It is a useful indicator of the state of
water balance of a plant essentially because it
expresses the absolute amount of water, which
the plant requires to reach artificial full saturation.

RWC=( fresh weight-dry weight )/(saturated
weight-dry weight)x100

Fresh leaf material was sampled from each
replicate and immediately weighed (fresh weight,
FW). Samples were put in a Petri dish full of
distilled water overnight under dark conditions
(keep away the sample from physiological
activity), so that, the leaves will become fully
hydrated and weighed to determine saturated
weight (turgid weights, TW). The samples were
then dried in an oven at 80 °C for 24 hours and
weighed (DW).

By the end of September, the olives had reached
their full maturity, and the yield was measured in
kilograms per tree. Additionally, the
characteristics of the fruit were determined, with
a total of ten fruits collected from each treatment
to calculate the average weight of the fruits in
grams and the flesh-to-fruit weight ratio as a
percentage.

The experiments were planned wusing a
completely randomized design. Four replications
were used in each treatment with one tree per
replicate. The data was analyzed using CoStat
Version (6.400) CoHort Software. The mean of
all treatments was compared by the least
significant difference (L.S.D.) at a 5% level of
probability according to Oehlert [41].

3. RESULTS AND DISCUSSION
3.1 Chemical Properties of the
Experimental Soil

Data presented in Table (1) showed the values of
physical and chemical properties of the
experimental soil before the study, while data in
Table (2) showed some chemical properties of
the experimental irrigation water.

At the end of the experiment, soil electrical
conductivity (ECe), pH, soluble cations (Na*,
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Table 1. Physical and chemical properties of the experimental soil before the study

Texture class

Particle size distribution (%)

Sand Silt Clay
Loamy Sand 85.52 4 10.48
Depth Saline pH meq/L
(cm) ppm Na* K* Ca* Mg*™ CI CaCOs3 HCOgz* S04~
0-30 6336 8.30 1v8.26 0.20 16.57 10.05 18.86 78.38 2.40 10.42
30-60 6320 890 170.45 0.24 1590 8.39 1757 76.20 2.12 14.30
60-90 5696 890 170.38 0.65 10.88 8.03 16.58 76.38 4.47 13.89
Table 2. Some chemical properties of the experimental irrigation water

pH EC* TDS** Cations (meqg/L) Anions (meq/L) Fe

(dSm?) (ppm) Na* K* Ca™ Mg*t CI HCO3s S04 (ppm)
7.40 5.28 3596 43.90 0.65 4.60 9.20 44.00 6.00 8.35 0.0041

* EC: Electrical conductivity. ** TDS: Total dissolved solids

Ca*™, and Mg** meg/L), soluble anions (CI,
HCO3- and SO4- meg/L), and N, P, K, Fe, Mn,
Zn, and Cu determined in the different soil layers
and presented in Table (3).

Table 3 presents data comparing various
parameters across different soil layers under
different water treatments: untreated water,
Nefertari, Magnolith, and Delta water. The data is
organized based on the soil layers, denoted as
"1st," "2nd," and "3rd.".

The data provided offers valuable insights into
the effectiveness of various magnetic water
treatments in reducing soil salinity within the root
zone of olive trees. Across different soil layers,
the Magnolith treatment consistently
demonstrated the most substantial reduction in
electrical conductivity (ECe), indicating lower
salinity levels compared to other treatments. In
both the first and second soil layers, Magnolith-
treated soils exhibited notably lower ECe values
than those treated with Nefertari, Delta water, or
untreated water. This consistent trend suggests
that the Magnolith magnetic device is particularly
effective at mitigating soil salinity, crucial for
promoting optimal conditions for root growth and
nutrient uptake in olive trees.

Furthermore, the Magnolith treatment also
yielded the lowest total dissolved solids (TDS)
concentrations across all soil layers, indicating a
comprehensive reduction in dissolved salts.
Lower TDS levels are indicative of improved
water quality and reduced salinity stress on plant
roots. This outcome underscores the efficacy of
the Magnolith magnetic device in enhancing soil
health and promoting a more favorable

environment for olive tree cultivation. The
significant reduction in TDS levels associated
with Magnolith treatment suggests its potential as
a practical solution for addressing salinity issues
in agricultural soils, particularly within the root
zone of olive trees where optimal soil
conditions are critical for sustained growth and
productivity.

In addition to reducing salinity, the Magnolith
treatment demonstrated favorable effects on
nutrient availability and soil pH, which are vital

factors influencing plant growth and
development. The Magnolith-treated soils
exhibited balanced nutrient levels and
maintained near-neutral pH levels across

different soil layers, contributing to improved
nutrient uptake and overall plant health.

Across all soil layers, the pH values in soils
treated with magnetic water, particularly with
Nefertari and Magnolith treatments, tended to be
slightly higher than those in untreated soils. This
suggests that magnetic water treatments may
have a slight alkalizing effect on the soil pH.
However, the differences in pH values between
treated and untreated soils were generally small,
indicating that magnetic treatment alone may not
exert a significant influence on soil acidity or
alkalinity. Further studies may be needed to
explore the long-term effects of magnetic water
treatment on soil pH dynamics and its
implications for plant growth and nutrient
availability. Some studies have indeed reported
slight increases in soil pH following magnetic
water treatment [42,43] and other studies
reported a reduction of the pH in the soil with
magnetic treatment [44].
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Table 3. Chemical properties of the experimental soil at the end of the study

Magnetic treatments Untreated water Nefertari Magnolith Delta water
Soil Iayers* st 2nd  Jed st 2nd  Jed st 2nd  Jed st 2nd  Jed
ECe (dSm?) 6.365 5.640 4.855 1.615 1.69 2.215 0.840 1.12 1.265 1.165 1.46 2.43
TDS (ppm) 4073.6 3609.6 3107.2 1033.6 1081.6 1417.6 537.6 716.8 809.6 745.6 9344 1555.2
pH 8.08 8.12 8.29 8.63 8.64 8.62 8.64 8.72 8.43 8.61 8.62 8.78
Cations Na* 8.3 8.2 6.25 271 2.85 3.13 1.67 2.15 2.26 2.15 2.29 3.79
& Ca** 4.2 25 2.8 14 15 21 0.8 14 1.2 1 1.9 2.2
Anions Mg+ 0.6 0.7 0.4 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.2
mea/L HCO3s 14 14 1.2 1.8 1.6 14 15 1.8 1.7 1.6 1.6 2.6
Cl- 7.8 6.6 4.8 24 1.8 2 1 14 15 14 1.2 2.6
SO4- 4.38 3.79 3.82 0.42 1.48 2.72 0.48 1.04 154 0.74 2.37 1.48
ppm N 10.14 14 12 14 16 16 22 24 26 22 14 12
P 85.2 82.1 27.4 16.1 12.7 14.7 11.6 14.2 11.3 275 11.8 15.6
K 304 288 328 256 256 392 192 232 112 128 344 368
Fe 1.62 1.53 1.77 1.27 1.97 1.74 112 1.14 0.86 1.06 1.61 1.39
Mn 1.04 0.89 1.31 0.89 1.36 1.12 0.56 0.87 0.79 0.74 0.89 1.06
Zn 0.26 0.32 0.17 0.31 0.28 0.9 0.37 0.44 0.26 0.34 0.41 0.47
Cu 0.29 0.33 0.41 0.27 0.32 0.36 0.16 0.34 0.31 0.27 0.28 0.29

* Soil layers: 15t (0-30 cm), 2" (30-60 cm) and 3¢9 (60-90 cm)
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3.2 Survival Percentage

Olive is considered a moderately salt-tolerant
plant, it can be irrigated with water containing up
to 3500 mg/l of salt, producing new growth.
Irrigation water with (ECw of 13.7 dS/m) is the
tolerance limit for olive trees [45]. Olive growth is
reduced only by 10% when the electrical
conductivity of the soil saturation extract (ECe) is
4-6 dS/m. This value can be as high as 6-8
dS/m in soils with high calcium status [46]. The
results obtained during both experimental
seasons confirmed that irrigating olive trees with
water containing 3596 ppm of salt (EC of 5.28
dS/m) did not highly suffer salt stress, as the
survival rate was 100% for all treatments.

3.3 Vegetative Growth

The changes in vegetative growth characteristics
(growth rate, stem diameter, number of green
leaves, and leaf area) at the end of the two
experimental seasons of olive plants irrigated
with magnetically treated water and untreated
water are presented in Table (4).

In the first season, data indicated that magnetic-
treated water significantly increased the plant's
growth rate as compared with plants irrigated
with untreated water (control). The data also
showed that the use of Magnolith, however, was
significantly higher than the use of other devices.
No significant differences were found between
using Delta Water or Nefertari and the data
obtained in the second season showed the same
trend.

Regarding the trunk diameter, data obtained
during the first season indicated that
magnetically treated water significantly increased
the plant's stem diameter as compared with

plants irrigated with untreated water (control).
Using Magnolith or Delta Water showed an
increase in the stem diameter over Nefertari and
the difference was significant. Moreover, the data
obtained for the second season was nearly the
same as that of the first one.

According to the number of green leaves, data
obtained from the two experimental seasons
indicated that trees irrigated with Magnetic
Treated Water (MTW) had more green leaves
than those irrigated with Untreated Water (UTW).
Furthermore, using Magnolith or Delta Water
resulted in a higher number of green leaves

compared to using Nefertari, although the
differences were not always statistically
significant.

Concerning the effect of MTW on the leaf area
(cm?), the data in Table (4) show a significant
increase when irrigating plants with magnetically
treated water as compared with the control
(UTW), whereas the difference between using
Nefertari, Magnolith, or Delta Water was not big
enough to be significant.

Generally, it was clear that the vegetative growth
characters (growth rate, stem diameter, number
of green leaves) responded in the same manner
to the application of magnetically treated water
and magnetic strength (different manufacturers),
while the leaf area was only affected by the
magnetically treated water. The data obtained
during the second experimental season showed
almost the same trend in the first season for all
vegetative growth characters.

The positive effect of magnetically treated water
on the vegetative growth characters reported in
this study may be due to its role in stimulating
nutrient assimilation and absorption, and its role

Table 4. Effect of the magnetic strength of the water salts treatment devices on vegetative
growth characters (growth rate, stem diameter, number of green leaves, and leaf area) of olive
plants during the two successive seasons 2022 and 2023

Magnetic  Growth rate (%) Trunk diameter Number of green Leaf area (cm?)
devices (cm) leaves

Season Season Season Season Season Season Season Season

1 2 1 2 1 2 1 2
Untreated 9.82°¢ 9.925¢ 6.60°¢ 8.09¢ 247v 284.25¢  3.54b 4.13°
Nefertari 13.25P 13.975b  7.30° 8.92b 303.25%  338bbc 3.952 4952
Magnolith  16.102 17.052 9.102 10.622 370.52 408.25%  4.352 5.202
Delta 13.57° 13.925P 8.872 10.122 342.52 381520  4.202 5.092
Water

Means followed by the same letter within a column are not significantly different according to the least significant
difference (L.S.D. 0.05)
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in decreasing the soil salinity. Certain
researchers [47-49] have indicated that
magnetically treated water is more solvent and
has a lower surface tension; therefore, nutrients
are absorbed greater in the water. Furthermore,
the root growth of various plant
species can be enhanced using the MTW
technique [50,51].
These findings are in harmony with those
obtained on pear seedlings, who found a
significant increase in plant height, leaves
number/ plant, fresh weight and dry weight as a
result of irrigating plants with magnetically
treated water [52]. The increase in shoot length,
leaf area, shoot number, and shoot thickness of
Valencia orange when irrigated with magnetizing
water [47]. Magnetized water positively affects
potato growth characteristics (plant height, leaf
area, leaf number, haulm fresh and dry weights
[28].

3.4 Leaf Mineral Content

In the first season, the leaf nitrogen content of
the olive plants varied significantly depending on
the application of MTW. It was almost three times
as high as that of the control. The average leaf
nitrogen content for the control plants was 0.5%
of dry matter, while it reached about 1.5% for

those treated with MTW. Regarding the impact of
magnetic strength from different devices on leaf
nitrogen content, there were slight differences
between (Nefertari) and (Delta Water) that were
not statistically significant, whereas using
(Magnolith) resulted in higher values for nitrogen
leaf content (Table 5). In the second
experimental season, there was a significant
increase in nitrogen content in the leaves of
MTW plants compared to those in the control
group. The trend observed during this season
mirrored that of the first one. When considering
different devices' effects, Magnolith led to a
notable increase in leaf nitrogen content
compared to other devices which showed similar
results.

The mean values of leaf phosphorus content
indicated that the using of MTW significantly
affected the leaf phosphorus content in the first
experimental season, and the data of the second
season confirmed the findings of the first one.
The differences between using (Nefertari) and
(Delta Water) were too slight to be significant as
well as between (Delta Water) and (Magnolith).

The leaf potassium content of the different
treatments in the two experimental seasons is
presented in Table (5). In both seasons, olive
trees irrigated with MTW had significantly higher

Table 5. Effect of the magnetic strength of the water salts treatment devices on leaf NPK (as a
percentage of dry matter) of olive trees during the two successive seasons 2022 and 2023

Magnetic Nitrogen (%) Phosphorus (%) Potassium (%)
devices Season 1 Season 2 Season 1l Season 2 Season 1 Season 2
Untreated 0.50¢ 0.49¢ 0.12¢ 0.14¢ 0.63¢ 0.66¢
Nefertari 1.41° 1.41° 0.17°" 0.18" 0.79°b 0.82°
Magnolith 1.542 1542 0.212 0.222 0.942 0.932
Delta Water 1.44b 1.42b 0.192b 0.20ab 0.84b 0.80°"

Means followed by the same letter within a column are not significantly different according to the least significant
difference (L.S.D. 0.05)

Table 6. Effect of the magnetic strength of the water salts treatment devices on leaf Ca, Mg, Na,
and Cl (as a percentage of dry matter) of olive trees in the two successive seasons 2022 and

2023

Magnetic Ca (%) Mg (%) Na (%) Cl (%)
devices Season Season Season Season Season Season Season Season

1 2 1 2 1 2 1 2
Untreated 1.12° 1.11° 0.10Qb 0.11b 0.322 0.312 0.462 0.432
Nefertari 1.322 1.332 0.132 0.122 0.13b 0.12b 0.452 0.422
Magnolith  1.392 1.402 0.142 0.132 0.04¢ 0.04¢ 0.432 0.412
Delta 1.312 1.322 0.142 0.122 0.04¢ 0.04¢ 0.422 0.432
Water

Means followed by the same letter within a column are not significantly different according to the least significant
difference (L.S.D. 0.05)
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leaf potassium content than those irrigated with
untreated water (UTW).The leaf potassium
content on a dry weight basis was 0.63 and
about 0.86 % for the UTW and MTW,
respectively. Regarding the magnetic strength
(various devices), no significant differences were
found between (Nefertari and Delta Water) wear
as (Magnolith) recorded the height values.

The data presented in Table (6) indicated that in
the first season, the application of MTW
increased the leaf calcium content as compared
with the control (UTW). In the treatment of MTW,
the leaf calcium content was higher (19.6%) than
that with UTW which contained 1.12%, while the
MTW contained 1.34% of dry matter. As for the
effect of magnetic strength (various devices), no
significant differences were found. Likewise, in
the second season, the application of MTW
increased the leaf calcium content as compared
with the control (UTW). Moreover, no significant
differences were found between different
devices. This trend was also observed in the leaf
content of magnesium.

The effect of magnetic treatment of irrigation
water on the leaf sodium content of the
experimental olive trees is shown in Table (6).
The data indicated that the application of MTW
decreased the leaf sodium content as compared
with the control (UTW). As for the effect of
different devices on the sodium leaf content, no
significant differences were found between
(Magnolith and Delta Water) wear as (Nefertari)
recorded the height values.

The effect of the MTW treatment on the leaf
chloride content of the experimental olive trees is
shown in Table (6). The data indicated that no
significant differences were found between the
MTW and UTW in the two experimental seasons.

Generally, it was noticed that irrigation with
magnetically treated water led to an increase in
all elements content in olive plant leaves except
sodium and chloride. Magnetic water caused an
increase in N, P, K, Ca, and Mg in leaves of
Manzanillo olive, this increase may be due to that
the magnetic water treatment showed higher
values for mobile forms of nitrogen and improved
the dissolution of fertilizers in the soil irrigated
with magnetically treated water and increase in
the rate of water absorption. On the other hand,
leaf sodium content was reduced while leaf
chloride content was not significantly affected.
Magnetized water removed 50 to 80% of soil Cl-,
compared to the removal of only 30% by normal

irrigation water [53]. Irrigation with magnetically
treated water is most effective for soils with high
soda content, COz forms H2COs, which converts
insoluble carbonates into soluble bicarbonates.
Bicarbonates exchange with Na of the cation
exchange complex (CEC). As a result of the
exchange reaction, Na is removed from CEC into
the soil, which improves the properties of alkaline
soils and accelerates their leaching. Acidification
of soil moisture accelerates the transfer of
phosphoric fertilizers into a more soluble form
and becomes additional nutrition for plants [23].

In field experiments worked on salt-sensitive
Bean and salt-tolerant Cotton, grown on a
nutrient medium containing 0 or 50 mM NacCl.
They reported that in bean plants the 50 mM
NacCl treatment resulted in a marked decrease in
the accumulation rate of other major cations (K*,
Ca**, Mg**) in the shoot but not in roots. On the
contrary, in cotton plants, the salt treatment did
not affect the accumulation rate of other cations
in shoots or roots. Saline treatments led to an
accumulation of C1-in 11 parts of the plants. The
distributions of Na* and C1- within the plants,
however, differed with the plant species. The
accumulation rates of N were lowered, especially
in bean and cotton shoots, by feeding plants with
50 mM NaCl. Furthermore, NOs~ uptake and N
flows within the plants were negatively altered by
salinity. This effect was more pronounced for
beans, in which NOs uptake was inhibited by
47%, than for cotton, in which it was inhibited by
33%. In both species, salinity decreased NOgz
transport rate [54].

NOs uptake by roots of barley seedlings was
decreased by the addition of salt to the nutrient
solution [55].

The above-mentioned findings are corroborated
by the results of many researchers indicating that
the nutrient contents of plants were significantly
influenced by MTW. Grewal and Maheshwari [48]
found that the MTW treatment significantly
increases the N, K, Ca, and Mg contents in snow
pea seedlings. However, the P contents were not
significantly affected.

On other hand tomato plants, reported that the
phosphorus percent was increased, meanwhile,
the sulfur percent was decreased and sodium
percent was not affected in leaves of plants
produced from magnetized treatments compared
to the control treatment [56]. While irrigated the
seeds of the broad bean with magnetic water
exhibited an increase in potassium, calcium, and
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phosphorous contents in all parts (roots, stems,
leaves, and seeds) of the broad bean plant
compared with the control (tap water) plant,
whereas, sodium content tended to decreased
significantly in all plant parts (roots, stems,
leaves and seeds) irrigated with magnetic water
than tap water (control) plants [57]. Also, on pear
seedlings. The results showed that irrigation with
magnetic water improved significantly the
nitrogen and phosphorus percentage of pear
seedlings as compared with non-magnetic water
[52]. Magnetic water caused an increase in
nitrogen, phosphorus, potassium, calcium, and
magnesium in leaves Valencia orange [47].
Other researchers reported that irrigation of
potato plants using magnetic water significantly
increased N, P, and K, in both leaves and Tubers
[28, 29].

According to field experiment findings, the levels
of available soil nitrogen and phosphorus were
significantly greater following magnetic treatment
compared to the non-magnetized control. They
attributed this increase to the effect of magnetic
treatment on the desorption of nitrogen and
phosphorus  from  soil-adsorbed  colloidal
complexes, which increased their availability to
plants and ultimately led to better plant growth
[58].

3.5 Leaf Chlorophyll Content

Chlorophyll content serves as an indicator of
plant health and vigor, playing a crucial role in
the growth and productivity of plants. Data
presented in Table (7) shows the effect of
variable magnetic strengths (as found in
commercial devices) on leaf chlorophyll content
which is measured as an additional indicator of
plant health.

The results of the study showed that all magnetic
water salt treatment devices had a positive
impact on leaf chlorophyll content compared to
the control trees (UTW). The devices significantly
increased leaf chlorophyll content in both
seasons. These findings suggest that magnetic
water salt treatment devices can enhance the
resilience of olive trees to salinity stress by
improving their chlorophyll content.

Since the results obtained indicated that, MTW
increases the leaf N and Mg content. Mg is
probably best known for its central position in the
chlorophyll molecule where it coordinates
covalently with four nitrogen atoms from the
porphyrin ring [59], these findings may explain
why MTW increases the leaf chlorophyll
contents. The improvement of photosynthetic

Table 7. Effect of magnetic strength of the water salts treatment devices on leaf chlorophyll
content, leaf proline content, and relative water content of olive trees in the two successive
seasons of 2022 and 2023

Magnetic Chlorophyll Total proline Relative water
devices (SPAD Unit) (mg/g dry weight)

Season 1 Season 2 Season 1l Season 2 Season 1 Season 2
Untreated 66.5° 68.75° 0.702 0.612 74.00¢ 73.75¢
Nefertari 73.252 73.752 0.45b 0.44b 79.00° 80.00°
Magnolith 73.752 75.502 0.38¢ 0.37¢ 82.502 85.502
Delta Water 73.502 74.752 0.36¢ 0.40¢vc 81.752 84.002

Means followed by the same letter within a column are not significantly different according to the least significant
difference (L.S.D. 0.05)

Table 8. Effect of the magnetic strength of the water salts treatment devices on total yield/tree
and fruit characteristics of olive trees in the two successive seasons of 2022 and 2023

Magnetic Total yield/tree (kg) Fruit weight (gm) Flesh/fruit weight (%)
devices Season 1 Season 2 Season 1 Season 2 Season 1 Season 2
Untreated 14.10¢ 9.22d 4.19¢ 4.16¢ 81.48b 81.07b
Nefertari 16.50°b 13.75¢ 4,72b 4,72b 81.06P 82.622
Magnolith 18.872 16.322 5.252 5.222 84.392 83.132
Delta Water 17.372 15.12b 4.75b 4,892b 82.992b 83.232

Means followed by the same letter within a column are not significantly different according to the least significant
difference (L.S.D. 0.05)
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pigments was recorded in sunflowers [60], and
soybeans [61] when seeds or explants were
exposed to a magnetic field for a short time.

Similar results were observed on date palms,
reported that the photosynthetic pigments
(chlorophyll a and chlorophyll b pigments) were
significantly increased under a static magnetic
field [62]. Similarly, chickpea plants when
irrigated with magnetic water recorded significant
increases in pigment fractions [63]. Same trend
the results indicated that the magnetically treated
water has an enhancing effect on the
photosynthetic pigments content of Jojoba
compared to the control [64], and indicated that
irrigation with magnetic water induces a positive
effect on chlorophyll content [65].

3.6 Leaf Proline Content

The effect of the MTW treatment on the leaf
proline content of the experimental olive trees is
shown in Table (7). The data of the first season
showed that the proline content of the leaves
decreased significantly when olive trees were
irrigated with MTW as compared with the control
(UTW). The averages were 0.65 and 0.40 for the
UTW and MTW, respectively. The decrease
obtained was about 62.5 % as the control. As for
the effect of various devices, no significant
differences were found between (Magnolith and
Delta Water) wear as (Nefertari) recorded the
height values. In the second season, the same
trend of results was obtained and the results
followed the same trend as reported on pear
seedlings, they concluded that the proline
increased by irrigated with non-magnetic water
compared with magnetic one [52].

On the other hand, the findings obtained here did
not agree with those reported [57], who found
that magnetic water irrigation exhibited a marked
significant increase in total proline contents at all
plant parts (leaves, stems, roots) of broad bean
compared with control plants.

Proline has been known to be involved in the
response to several environmental stresses,
particularly salt and drought stress. Osmotic
stresses are caused by excessive accumulation
of salt in the soil, either directly, because of
salinization, or indirectly, because of water loss.
The decrease in soil water potential led to an
alteration of the plant water status which may
cause stomatal closure, photosynthesis
reduction, and thus growth inhibition. Proline is a
low molecular weight osmoprotectant that helps

to preserve structural integrity and cellular
osmotic potential within different compartments
of the cell [66]. In the present study, there was a
positive correlation between proline accumulation
and salt stress. However, the accumulation of
proline was decreased when plants were
irrigated with MWT.

3.7 Relative Water Content (RWC)

The effect of the MTW treatment on the relative
water content of the experimental olive trees is
shown in Table (7). The values of relative water
content in the first season increased in the plants
irrigated with MTW than in those of the control
(UTW), the mean values were 74 and 81 for the
UTW and MTW, respectively. The data also
showed that the use of Magnolith, however, was
significantly higher than the use of Nefertari. No
significant differences were found between using
Magnolith and Delta Water. Moreover, data
obtained in the second season showed the same
manner. The mean values were 73.75 and 83.16
for the UTW and MTW, respectively.

RWC is the appropriate measure of plant water
status in terms of the physiological consequence
of cellular water deficit [67]. Perhaps the reason
for this increase is the ability of these plants to
absorb water, as a result of an increase in the
root length of these plants [64]. The relative
decrease of RWC in normal water plants might
be due to greater resistance to water flow at the
soil rate interface as a result of salt (mainly
sodium accumulation). Similarly, the results
obtained on jojoba [64], on celery [68], and the
irrigation of snow peas with magnetically treated
water did not affect the relative water content as
compared with the control. [69].

3.8 Yield Parameters

The data presented in Table 8 shows that the
magnetic strength of water salt treatment devices
has a significant effect on the total yield per tree.
The untreated trees had the lowest total yield in
both season 1 and season 2, indicating that the
use of magnetic devices can have a positive
impact on olive productivity. Among the treated
trees, Magnolith had the highest total yield per
tree in both seasons, followed closely by Delta
Water and then by Nefertari. This suggests that
the strength of the magnetic device plays a
crucial role in determining the effectiveness of
water salt treatment in increasing the total yield.
Moreover, there was a similar effect on both fruit
weight and the ratio of flesh to fruit weight.
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These results are consistent with findings from
other research indicating that the effect of
magnetic water treatment on crop yield and fruit
quality is positive [70-72].

Overall, the results demonstrate that there is a
clear correlation between the magnetic strength
of water salt treatment devices and total yield per
tree. Trees treated with stronger magnetic
devices such as Magnolith showed significantly
higher yields compared to those treated with
weaker devices or left untreated. This highlights
the importance of using high-quality and effective
magnetic devices in agricultural practices to
maximize  crop  production and ensure
sustainable farming practices. Further research
into optimizing magnetic treatments for different
types of crops and environmental conditions
could potentially lead to even greater
improvements in agricultural productivity.

4. CONCLUSION

Water salinity is a major issue faced by farmers,
and the use of magnetic devices for treating this
problem has been gaining traction. However, it's
essential to understand that magnetic forces
alone do not determine the quality and
effectiveness of these devices. The
manufacturing method and arrangement of
magnetic forces play a crucial role in giving the
device its effective effect.

While Delta Water devices are considered the
strongest, with a measurement of 14000 Gauss,
Magnolith device stands out with a strength of
8000 Gauss, and Nefertari has a strength of
6000 Gauss, studies have shown that the
Magnolith device consistently outperforms the
other two.

It's essential to subject magnetic devices to
academic evaluation before they are approved in
the market to protect farmers from ineffective
products that lead to unsuccessful agriculture. In
some research and experiments, the use of
magnetic devices for treating salinity in irrigation
water did not have significant effects, leading to a
negative impression.

Although the effect of magnetic treatment of
irrigation water with these devices did not exceed
the improvement rate of 20%, they are still
considered an effective means of treatment and
improvement that can lead to successful
agriculture.
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