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ABSTRACT

In this study, Atriplex seedlings were cultivated during the 2021-2022 and 2022-2023 seasons at the
Faculty of Agriculture, Mansoura University, Egypt in order to evaluate effects of saline irrigation water on plant
performance at different concentrations of diluted seawater. The irrigation treatments included: 100% Nile water
(control), 25% saline water, 50% saline water, 25% magnetized saline water, and 50% magnetized saline water.
Seawater was used as a source of saline water and was diluted with Nile water. Thereafter, magnetization process
was carried out using a magnetic water treatment device. Results showed that magnetized saline water (MSW)
resulted in a decrease in water pH and the water salinity which has a positive impact on soil, water and plant
properties, where decrease in soil salinity was observed by 8.63% and 10.22% using 25% and 50% magnetized
saline water, while enhanced soil nutrients availability and plant content of macro and micronutrients (e.g. N, P,
Cu, Zn, and Mn). Irrigation with magnetized saline water effectively reduced soil concentrations of available Na,
Cl and ESP. Moreover, Atriplex plants tolerated up to 50% magnetized saline water with no significant negative
impact on vegetative growth, fresh and dry weight, chlorophyll and proline content compared to the control
treatment. Additionally, 25% and 50% magnetized saline water achieved higher drought resistance indices (DRI)
than their non-magnetized counterparts in both seasons. Also, These treatments demonstrated high potential to
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save about 25-50% of the total irrigation water required for Atriplex cultivation during various growth stages.
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INTRODUCTION

Among the Chenopodiaceae family, Atriplex is the
most diverse genus. It is commonly found in the Karoo region
of Southern Africa and in subtropical saline environments
along the Mediterranean. Atriplex species are capable of
growing to significant heights in urban areas with saline soils,
typically where water and soil pollution are prevalent (Mulas
and Mulas, 2004). These species are notable for their high
biomass production, efficient use of solar energy, and strong
resistance to both drought and salinity (Lombardi et al.,
2022). Forage Atriplex also contributes meaningfully to
livestock diets, particularly in arid conditions where water and
vegetation are scarce, by supplementing grass forage and
supporting year-round grazing (Falasca et al., 2014).

Consequently, treating saline water and reusing it for
irrigation is considered one of the most efficient methods to
address water scarcity in agriculture.

Salinity is one of the most critical environmental
challenges in agriculture, affecting approximately 6% of
cultivated land globally (Rabhi et al., 2010). Elevated soil
salinity significantly reduces plant growth and crop
productivity (Nounjan et al., 2012). In Egypt and many other
countries, a key agricultural issue is the reliance on poor-
quality irrigation water with high salinity levels (Amer ef al.,
2014). Reclaiming saline and arid lands requires further
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research and the adoption of appropriate cultivation strategies
to ensure agricultural sustainability.

Magnetic water treatment operates on the principle
that as water flows through a magnetic device, a Lorentz force
acts on each ion in opposite directions. This redirection
increases the frequency of collisions between oppositely
charged ions, promoting the formation of insoluble
compounds or metal precipitates (Moon and Chung, 2000).
Applying magnetic treatment to saline irrigation water has
shown promise as an effective method for soil desalination. It
reduces the hydration shells around colloids and salt ions,
enhances salt crystallization, accelerates coagulation, and
increases salt solubility (Hilal and Hilal, 2000a). In a study
conducted in Egypt, salt accumulation persisted longer in pots
irrigated with untreated saline water (EC = 8.2 dS m™)
compared to those irrigated with magnetized saline water
(Hilal and Hilal, 2000b). When water is treated with a
magnetic field, its physical and chemical properties are
changes, which can improve soil properties and plant growth
(Aladjadjiyan, 2010; Talat Rashad, 2022) . Irrigation water
deficiency is a bigger issue worldwide, particularly in arid and
semi-arid areas where agricultural practices is the main source
of income. Innovative approaches to water management are
needed to solve this challenge such as reuse magnetically
treated of wastewater in agriculture. Using magnetically
treated water for irrigation is one such strategy that is
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becoming more and more popular. Magnetized water
treatment has shown great promise in environmental and
agricultural applications, as well as in the conservation of
water resources, which will soon be important (Yadollahpour
etal.,2014).

Various studies have explored eco-friendly magnetic
water treatments to enhance plant growth and productivity
under salinity stress, with a focus on promoting sustainable
agriculture (Aly et al., 2015; Abobatta, 2019; Mohamed and
Sherif, 2020). Abdelghany et al. (2022) examined the impact
of magnetic forces on physicochemical characteristics of soil
at varying salinity levels and depths, utilizing soil columns in
a controlled laboratory setting. Magnetic treatment enhanced
the hydraulic conductivity and infiltration parameters while
decreasing the pH and electrical conductivity of the soil.

These results emphasized the importance of the
magnetization of saline water for sustainably improving soil
characteristics. Magnetized water systems are increasingly
considered effective for reclaiming saline soils and improving
the usability of poor-quality water in agriculture. Irrigation
with magnetically water improved in all the measures tested
such as physiochemical properties, biochemical content,
quality characteristics and yield indicators of fruits and
nutrients uptake. In addition, several chemical properies of
soil showed also reductions such as pH, EC, Na, and Cl
concentrations (Awad and Ahmed, 2025).

The findings indicate that more nutrients from the top
layer were dissolved in the water that had been magnetically
treated. However, the middle and bottom soil layers showed
a notable rise in the content of nutrients. This demonstrated
how water that has been magnetically treated can increase the
nutrients that are available to the plant in its root zone (Hassan,
2015).When irrigating Guinea grass plants with magnetically-
treated seawater, the content of proline was significantly
decreased while the content of chlorophyll a, b, and
carotenoids in the leaves was significantly increased (Alfaidi
etal.,2017). Magnetized treated seawater irrigation alongside
with biofertilizer was more beneficial in decreased salinity
stress. Which led to increase height growth, leaves area and
root length, nitrogen, phosphorus and potassium % content
in leaves. While led to reduced total chlorophyll in leaves,
total carbohydrate in stem and absorption sodium% which led
to the increases in ratio K : Na (Sarhan ef al., 2020). Using
magnetically treated seawater to irrigate three different wheat
cultivars or using magnetized wheat seeds improved seed
germination, shoot length, and root length (EI-Mugrbi et al.,
2022).

The primary objective of this study was to assess the
influence of magnetized water treatment in mitigating the
effects of saline water irrigation stress on soil nutrients
availability and Chemical Properties of Water, Soil and
Biochemical Attributes and Growth of Atriplex Nummularia.

MATERIALS AND METHODS

Experimental Design and Treatments

Two pot experiments were conducted at the
Arboretum of Omamental Plants, Horticulture Department,
Faculty of Agriculture, Mansoura University, Egypt, during
two consecutive winter seasons (2021/2022 and 2022/2023).

The aim was to investigate the effects of saline
water irrigation at different concentrations on growth
parameters, physiological traits, drought resistance index

percentage, and selected chemical constituents of 6-
month-old Atriplex seedlings.

The experiment included five treatments: 100% Nile
water (control), 25% saline water (25%SW) water, 50%
saline water (50% SW), 25% magnetized saline water
(25%MSW), and 50% magnetized saline water (50%MSW).
Seawater was used as a source of saline water in different
proportions and diluted with Nile water. then the
magnetization process was carried out using a magnetic water
treatment device. These treatments were arranged in a
completely randomized block design (CRBD) with three
replicates. A total of 90 seedlings (5 treatments x 3 replicates
x 6 seedlings) were transplanted into pots (30 cm in diameter,
30 cm in depth, and 7 kg soil capacity) filled with a 1:1 (v/v)
mixture of sand and clay soil. Transplanting was performed
on October 10 in both seasons.

After 15 days of initial irrigation with Nile water,
Atriplex seedlings were subjected to saline water treatments.
To determine the appropriate irrigation volumes, five pots
filled with the soil mixture (without seedlings) were used to
measure water consumption for each saline treatment level.
Weighing was performed every three days, and the amount of
water lost was added accordingly throughout the experiment.
Field capacity was calculated following the method described
by Cong et al. (2014).

Basal doses of nitrogen, phosphorus, and potassium
were applied wusing ammonium sulfate, single
superphosphate, and potassium sulfate at rates of 140 mg kg™
(N), 60 mg kg (P20s), and 40 mg kg (K»O), respectively,
at 25, 45, and 65 days after planting. In addition, calcium
nitrate was applied weekly as a foliar spray starting 25 days
after planting and continued until the end of the experiment.
All standard agronomic practices were followed throughout
the study. In each season, three plants were randomly selected
from each experimental unit for analysis.

Magnetized irrigation water was prepared using
Magnolith permanent magnets (EWL Umelttechnick
GMBH, Germany), which consist of south and north poles
arranged to pass through 88 cascaded magnetic fields. This
system was connected to the irrigation pipeline (2-inch
internal diameter), and the magnetic field strength ranged
between 20004000 Gauss (Fig. 1).

Souith North
2 Water pipe < %:9
Noril South

Freml

Fig. 1. The magnetisation tool

Magnet

Analysis

Particle size distribution of soil comprising sand, silt,
and clay was determined using the pipette method, following
Gee and Bauder (1986). Soil pH and electrical conductivity
(EC) were measured in a 1:2.5 soil-to-water suspension using a
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Hanna 211 pH meter and a Jenco 3173 EC meter, respectively,
as described by Gavrilescu (2021) and Pansu (2006).

Available phosphorus (P) was extracted using 0.5 mol
L™ sodium bicarbonate (NaHCOs, pH 8.5) and measured
with a spectrophotometer. Available nitrogen (N) was
extracted using 2.0 M KCl and quantified using the automatic
Kjeldahl method. The concentrations of total carbon and
nitrogen in plant samples were measured using a CNS
analyzer (Thermo Scientific Flash 2000).

Plant samples were digested using concentrated nitric
acid (HNOs, 65%) and hydrogen peroxide (H,O5, 30%) in a
microwave digestion system (Ethos Easy Milestone),
following the method described by Lu (1999). Total

phosphorus, potassium, and the micronutrients copper (Cu),
zinc (Zn), iron (Fe), and manganese (Mn) in plant tissues were
determined according to AOAC (1990). Macronutrients and
micronutrients in both plant and water samples were
determined using an Inductively Coupled Plasma
Spectrophotometer (ICP). Available potassium (K), calcium
(Ca), magnesium (Mg), sodium (Na), and micronutrients in
the soil were extracted with 1.0 M ammonium acetate
(NH4CH3CO: @ pH 7.0) and analyzed using an ICP (model
ICP/Thermo Scientific iCAP 7400). Table 1 presents the
average physical and chemical properties of the soil mixture
across the two seasons. The chemical composition of the
irrigation water used in the experiment is shown in Table 2.

Table 1. Physical and chemical properties of experimental farm soil (average of two seasons)

Particle size Clay (%) Silt (%) Sand (%) Soil texture
distribution% 29.23 28.02 42.75 clay loam
Soil pH EC(dS m™) Soluble Ions (mmol L) Available (mg kg™!)
1:25 suspension 1:2.5 extract Ca?*  Mg?* Na' K" COs*  HCOs Cl SO+ N P K
7.78 041 1.832 1.14 089 0.25 ND 1.07 307 084 127 46 510
* ND; Not detected
Table 2. Chemical analysis of used water in the experiment during both seasons.

Soluble ions (mg L)
Water 1%season
type pH EC Na Ca Cl K Mg Fe Cu Zn Mn P
NW 7.52 12 205.3 434 1352 11.0 17.8 0.25 ND 0.01 023  0.60
25 % SW 743 26.4 4728.1 821.7 5913.2 198.8 524.1 078 012 008 022 038
50 % SW 7.38 354 6124.0 1537.0 8025.0 3054 7270 091 015 003 022 032
25 % MSW 7.63 15 2564.9 496.5 3379.0 89.9 3114 088  0.11 007 030 053
50 % MSW 7.58 25 4157.6 789.9 5744.2 160.5 597.3 1.10 013 010 034 043

2Mgeason

W 7.65 1.22 204.0 47.8 141.7 14.43 16.0 0.24 ND ND 023 059
25 % SW 755 2596 49144 8454 60347 2204 4848 078 0.0 0.19 021 041
50 % SW 747 3564  5698.7 1471.8 7936.0 3030 7060 089 014 003 022 035
25 % MSW 7.81 1553  2644.1 513.6 3415.7 86.6 3200 089 012 009 028 0.51
50 % MSW 768 2492 41214 798.2 5684.6 163.0 5820 1.11 0.13 0.11 033 043

Plant height, stem diameter, and number of branches
per plant were recorded at three time points: 50, 100, and 150
days after planting. Total fresh and dry weights per plant were
measured at 150 days after planting. Stem diameter was
measured using a vernier caliper at 15 cm above the soil
surface.

The drought resistance index (DRI) was calculated
using the formula reported by Bidinger et al. (2007):
DRI (%)=

(Mean total dry weight of water-stressed plants / Mean total

dry weight of control plants irrigated with normal water) x 100.

Photosynthetic pigments (chlorophyll a + b and
carotenoids) were quantified using the method of Sadasivam
and Manickam (1992). Proline content was determined
colorimetrically using ninhydrin complex formation in toluene,
with absorbance measured at 528 nm against a standard L-
proline calibration curve. Fresh leaves were homogenized in 5
mL of 3% (w/v) sulfosalicylic acid and centrifuged at 10,000
rpm for 10 minutes. Two milliliters of the supernatant were
reacted with ninhydrin reagent and toluene to determine proline
concentration (mg g dry weight), following the procedure
outlined by Mohamad et al. (2021).
Statistical Analysis:

Data from the present study were statistically
analyzed using Statistix software, Version 9 (Statistix, 2008).

Treatment means (saline water irrigation types) were
compared using the least significant difference (LSD) test at

the 5% probability level. Differences between treatment
means were considered statistically significant when they
exceeded the LSD value. To identify the statistical difference
between multiple mean values at the 95% significance level,
the Duncan test was employed.

RESULTS AND DISCUSSION

Results
Soil pH, EC and Nutrient Availability

Magnetized saline water (MSW) resulted in a decrease
in some water properties such as sodium, calcium, chloride,
potassium, magnesium, cupper (Cu), pH and water salinity.
Conversely, the content of iron, zinc, manganese and
phosphorus increases in magnetized water (Table 2). These
results had a positive impact on soil, water and plant properties.

During the second season, the use of magnetized
saline water (MSW) led to a reduction in both soil pH and EC.
The lowest recorded soil pH value was 8.18 when 25% of the
saline water was magnetized , where the reduction rate was
2.7%. The electrical conductivity (EC) of soil that was
irrigated with magnetically treated water was significantly
lower than that of soil that was watered with saline water that
was not magnetized, the lowest soil EC value (1.66 dS m™)
was observed when 50% of the saline water was magnetized,
with a decrease rate of 44.9%. Also in the first season, a
decrease in soil salinity was observed by 8.63% and 10.22%
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using 25% and 50% magnetized saline water , respectively
compared to the untreated one. (Table 3). Overall, soil pH and
EC were markedly reduced after irrigating Atriplex plants
with magnetized saline water.

Furthermore, the effects of both non-magnetized and
magnetized saline water on available soil N, P, K, Ca, Mg,
Na, and Cl are presented in Table 3. Magnetized saline water
significantly increased the availability of soil nitrogen (N) and
phosphorus  (P) compared to untreated saline water.
Conversely, the availability of potassium (K*), calcium
(Ca*), magnesium (Mg™), sodium (Na*) and chloride (Cl") in

the soil was significantly reduced by the magnetized saline
water treatment. A similar trend was observed for
exchangeable sodium percentage (ESP) under both types of
saline water irrigation.

The current study also found an increase in the
availability of soil micronutrients (Fe, Cu, Zn, and Mn),
particularly under irrigation with magnetized saline water. This
suggests that magnetization may enhance the solubility and
availability of these nutrients. The concentrations of nutrients
extracted from soils irrigated with magnetized water were
considerably higher than those from non-magnetized sites.

Table 3. Effect of magnetized saline water irrigation on soil nutrients availability

1% season

:yV::er i‘;'ll y dgﬁ_l) N P K Ca Mg Na Cl Fe Cu Zn Mn ESP

1:2.5 1:25 mg kg! cmolckg! mg kg! %
NW 825b 142e 6731a 29.76a  535.15a 1668.80¢ 717.15d 921.62¢ 047¢ 1.31a 042bc 0.12d 14d 4.74c
25%SW  84la 22c 44.03¢c 1881d 319.26c 2117.66¢c 978.90b 2446.20b 4.73¢ 0.26e 0.39¢ 0.25¢ 1.31d 6.76b
50%SW  8.19b 5.38a 56.52b 14.73e  449.15b 2581.92b 1059.75a2984.14a 830a 0.52¢ 045b 0.37b 1.70c 7.83a
25%MSW 842a 2.01d 52.5bc 2447b  318.57c 2025.19d 803.11c 1327.94d 2.77d 0.46d 0.44b 0.003¢ 1.96b 1.4e
50% MSW 824b 4.83b 72.77a 19.88¢c  443.86b 2801.80a 989.86b 1911.80c 6.29b 1.21b 0.54a 045a 2.15a 2.02d
F_test sk sk sk 3k 3k 3k 3k sk sk sk 3k sk sk ek

2m season

NW 833bc 1.53c¢ 70.32bc 30.08a 531.2a 1829.57d 997.17¢ 910.81e 0.55¢ 1.29a 0.50a 0.18d 1.68c 4.90c
25%SW  84lab 293a 6226c 22.66d 437.52b 2467.66b 1129.46b 2148.68b 4.16a 0.36e 028d 0.23¢ 1.27e 7.36b
50%SW  826cd 3.0la 674bc 21.82¢e 418.89c 2633.09a 1206.16a 3027.99a 3.79b 0.40d 0.35¢ 0.25b 1.39d 9.0la
25%MSW 8.18d 294a 7423b 28.46b 319.83d 1887.72c 724.00d 1418.60d 2.61d 046¢ 0.39c 0.27a 1.87b 197e
50% MSW 847a 1.66b 85.57a 24.77c 246.51e 1824.14¢ 689.82¢ 1829.43¢ 2.96¢c 0.95b 0.44b 0.27a 2.02a 2.48d

ok ok 3k sk sk sk

F - test

ok ek 3k ek ek sk ek 3k

Additionally, ESP decreased under magnetized saline
water irrigation throughout all seasons compared to untreated
saline water. the maximum decrease of exchangeable sodium
percentage determined in first season with 25% MSW
(79.29%). While, in the second season, the percentage
reduction in ESP using 25% magnetized saline water was
73.23% relative to 25% saline water without magnetization.
Plant Nutrient Content

Table 4 compares the nutrient contents in Atriplex
plants irrigated with both untreated and magnetized saline
water at a 25% and 50% concentration. In general, irrigation
with magnetized saline water increased plant contents of K
and P, while N and C content was significantly affected,
particularly under 50% MSW treatment. However, no

significant differences in N concentration were observed
between magnetized and non-magnetized treatments in the
second season.

Micronutrient content (Cu, Zn, and Mn) was notably
enhanced in all magnetized treatments during both the first
and second seasons. Specifically, in the second season, the
contents of Cu, Zn, and Mn in Atriplex plants irrigated with
25% magnetized saline water were 22.90, 53.07, and 48.11
mg kg, respectively, compared to 9.00, 37.29, and 44.09 mg
kg™ in plants irrigated with 25% non-magnetized saline
water. On the contrary, no significant differences in Fe
concentration were observed between magnetized and
unmagnetized treatments in both seasons.

Table 4. Effect of magnetic treatment on nutrients content of atriplex plants after 150 days from planting date

Water 15t season

type N C P K Na Ca Mg C/N Fe Cu Zn Mn
% Ratio mg kg'!

NW 3.19p  2926c 029¢ 3.16a 11.72b 1.26b  1.10b 9.17b 5327a 14.03¢ 57.22a 3891c¢

25 % SW 3.09b 29.55¢ 029¢ 2.82b 13.06a 137a 1.28a 9.57a 41.08a 9.94d 43.41b 36.12¢

50 % SW 342a 3245a 0.32bc  1.94e 11.37bc 1.08c 093¢ 9.49a 44 .35a 8.81e 35.29¢ 35.70c

25%MSW  3.15b 30.33b 0.39ab  2.54d 10.60d 1.23b  0.95¢ 9.63a 5642a 18.69b  52.80a 48.47b

50% MSW  342a 3236a 043a 2.71c 10.95¢d 1.07¢c  092c 9.46a 63.26a 26.13a  57.06a 55.22a

F—test ksk sk * sk sk sk sk skk NS skek skk kok

2" season

Water N C P K Na Ca Mg C/N Fe Cu Zn Mn

type % Ratio mg kg'!

NW 3.22a 2947¢ 029 3.23b 11.52b 1.22¢ 1.10b 9.15b 5499a  1420c  5298a 414lcd

25 % SW 3.13a 29.5¢  03b 3.05b 12.18a 1.39a  1.00c 9.42a 5241a  9.00e 3729¢c  44.09bc

50 % SW 323a  31.72b 032b 236d  11.06¢c 1.05d  0.99¢ 8.73d 46.81a  924d 4627b  37.46d

25%MSW 3.18a  3228a 043a 3.22b 9.39d 1.23bc  0.87d 8.96¢ 6793a 229b  5307a  48.11b

50%MSW 33la 2854d 048a 3.35a 12.51a 127b  123a  8.88cd 70.83a 30.66a 56.37a 57.67a

F _test NS sksk sksk K3k sk 3k 3k 3k NS 3k sk sksk

* ND; Not detected NS; Non-significant
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Growth Parameters

As shown in Figure 2 and Table 5, Atriplex plant
height, stem diameter, and number of branches per plant were
significantly affected by irrigation with both magnetized and
non-magnetized seawater. These reductions were notable at
100 and 150 days after planting during both seasons.
Magnetized seawater at 25% and 50% significantly improved

growth parameters compared to non-magnetized seawater at
the same concentrations in both seasons. For example, the
increase in plant height using 25% magnetized seawater was
approximately 13.51% and 1.94% in the first season, and
25.16% and 38.13% in the second season after 100 and 150
days from planting, respectively.
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Fig. 2. Effect of magnetized saline water on atriplex nummularia plants hight (cm) (a and b) and stem diameter (cm) (¢

and d) after 50, 100 and 150 days from planting
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Table 5. Effect of magnetized saline water irrigation on
total plant fresh and dry weights and number of
branches of

Number of Fresh Dry weight

Water branches/d weight (g) (2
type 50 100 150 150 150

1% season
W 8.67a 11.83a 17.00a  1103.40a 61.02a
25 % SW 9.00a 11.33a 14.83a 492.10d 30.62d
50 % SW 7.83a 11.17a 13.83a 353.40e 23.95¢
25%MSW  8.50a 12.17a 16.50a 812.50b 54.73b
50% MSW  9.0a 13.00a 18.67a 598.60c 37.33¢
F —test NS NS NS ** ok

2rd season
NwW 8.33a 11.00b 17.00a 940.61a 41.96a
25 % SW 8.50a 11.33b 13.67a 492.05d 31.40b
50 % SW 9.67a 11.83b 14.17a 257.65¢ 17.23¢
25% MSW 8.33a 14.83a 18.17a 843.50b 41.43a
50% MSW 8.33a 11.17b 15.67a 626.48¢c 41.23a
F —test NS * NS ** *k

atriplex plants after 50, 100 and 150 days from planting.

All irrigation treatments, regardless of magnetization,
recorded significantly lower total fresh and dry weights of
Atriplex compared to the control in both seasons (Table 5).
Nevertheless, significant differences in biomass (fresh and dry
weights) were observed between magnetized and non-
magnetized seawater irrigation. Specifically, in the 1st and 2nd
seasons, total dry weight increased by approximately (78.74%
and 31.94%) and (55.87% and 139.29%) respectively, under
25% and 50 % magnetized seawater compared to non-
magnetized seawater of the same concentration.

Drough Resistance Index (DRI%)

As presented in Table 6, the drought (salt) resistance
index—a reliable indicator of salinity tolerance—was 100% for
control plants irrigated with regular water. Remarkably, this
index also reached 100% in Atriplex plants irrigated with either

freshwater or 25% magnetized saline water in the second
season. This suggests that magnetic treatment plays a vital role
in enhancing Atriplex tolerance to salinity, likely by increasing
herb dry weight. Generally, 25% and 50% magnetized saline
water achieved higher drought resistance indices than their non-
magnetized counterparts in both seasons.

Table 6. Effect of magnetized saline water irrigation
concentrations on drought resistance index
(DRI) (%) of atriplex plants after 150 days from

planting date

Treatments 1st season 2nd season
NwW 100.00a 100.00a
25% SW 45.30d 54.80c

F -test 3221e 28.09d
25% MSW 76.68b 100.60a
50% MSW 56.49¢ 71.72b

F -test Hk **

Biochemical Content of Atriplex

In the first season, compared to the control, irrigation
with saline water led to an increase in total chlorophyll content
(Table 7). The highest chlorophyll (a, b and a+b) values were
observed at 25% MSW (3.07, 1.52 and 4.59 mg 100 g,
respectively), exceeding all other treatments tested. Total
Carotenoids content increased in treatments irrigated with 25
% MSW in 1st season (2.76 mg 100 g') compared to the
control, with an increase rate of 14.52%. While, total proline
content increased in treatments irrigated with 50% saline
water (SW) in both seasons, reaching 9.41 mg g and 8.99 mg
g, respectively, compared to the control, with an increase
rate of 186.01% and 161.33%, respectively. The results of
irrigation with magnetized water indicate a decrease in the
concentration of proline in the plant,, which indicates the
importance of irrigation with magnetized saline water
compared to non-magnetized saline water.

Table 7. Effect of saline water irrigation concentrations on chlorophyll a, b and a+b and carotenoids contents and
proline content of atriplex plants after 150 days from planting date

Water Chlorophyll "a" Chlorophyll "b"  Chlorophyll "a+b"  Carotenoids content  Proline content
type mg 100 g’! mg g’!
Ist season

NW 2.92ab 1.12¢ 4.04b 241ab 3.29¢
25% SW 2.88abc 1.18bc 3.95bc 2.33b 6.24b
50 % SW 2.54¢c 1.32b 3.86bc 2.59ab 94la
25 % MSW 3.07a 1.52a 4.59a 2.76a 3.83¢
50 % MSW 2.68bc 0.73d 341c 229 4.59bc
F -test NS *k * NS K

2nd season
NW 2.90a 1.16b 4.06a 243a 3.44c
25% SW 2.38b 1.28ab 3.66a 2.17a 6.44b
50 % SW 2.67ab 1.16b 3.83a 240a 8.99a
25 % MSW 2.64ab 1.10b 3.73a 2.30a 3.92¢
50 % MSW 2.59ab 1.38a 397a 237a 441c
F -test NS * NS NS K
Discussion leaching of salts to deeper soil layers. Our results are

Soil pH, EC and Nutrient Availability

We noticed an unclear trend in the pH results in the
experiment. According to the literature, the pH change varies
from experiment to experiment, and the experimental settings
were a major factor in these variations (Hassan, 2015) . Soil
salinity increased with rising water salinity in the absence of
magnetic treatment. However, when magnetized water was
used for irrigation, soil salinity decreased due to enhanced

consistent with Hassan, (2015) and Jawad e al., (2023), who
found that when comparing magnetically treated water to
untreated water, the pH and electrical conductivity decreased.
During this process, soluble salts moved with the soil water,
either temporarily adsorbing to soil particles or precipitating
when concentrations exceeded solubility limits. Magnetized
water has been shown to increase the solubility of inorganic
salts—especially those typically considered insoluble—by
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enhancing the bonding of salt ions with surrounding water
molecules. This reduces the likelihood of salt precipitation
(Xin et al., 2024).

As a result, magnetized saline water was able to
dissolve more salts in the topsoil, effectively transporting
them to deeper layers. This demonstrates the remarkable
capacity of magnetized water to aid in salt leaching and
drainage. These findings align with the results of Hachicha et
al. (2018), who reported significantly reduced soil EC, Na*,
and CI” levels when saline water was magnetically treated,
compared to non-treated saline irrigation.

Similarly, other studies using molecular dynamics
simulations have revealed that magnetic fields reduce the
force between water and salt ions. Specifically, when a
chloride solution is exposed to a magnetic field intensity of
0.2 T, there is a reduction in solvent-separated ion pairs and
an increase in contact ion pairs. This results in a lower anion
diffusion coefficient and a higher cation diffusion coefficient
(Guo et al., 2011; Mohamed and Ebead, 2013). Therefore,
magnetization effectively reduces soil salinity after saline
water irrigation.

Soils irrigated with magnetized saline water showed a
positive shift in pH compared to those irrigated with non-
magnetized saline water, likely due to the buffering effect of
magnetic treatment. Several authors have reported that
magnetic treatment alters soil mineral solubility and pH,
thereby enhancing nutrient uptake by plants (Sarraf et al.,
2020b; Faridvand et al., 2021).

Magnetized water may improve phosphorus
availability by reducing calcium phosphate formation due to
decreased calcium concentrations. Furthermore, magnetic
treatment has been linked to reduce salt ion concentrations,
which promotes salt crystallization and coagulation. This
enhances the adsorption of phosphorus and nitrogen on soil
colloids and improves fertilizer efficiency and nutrient
mobility in the soil (Mohamed and Ebead, 2013; Abd-
Elrahman and Shalaby, 2017).

Additionally, magnetized water enhances soil moisture
retention, improves the solubility of mineral elements, and
decreases both soil salinity and alkalinity. These favorable
conditions promote microbial proliferation, which further
increases nitrogen availability (Jiang et al., 2024). Collectively,
these findings suggest that magnetically treated irrigation water
offers significant benefits for nutrient availability and helps
mitigate the adverse effects of saline irrigation.

Plant nutrient content

Magnetized water may also enhance the desorption of
elements from soil colloids, making them more available to
plants and thereby supporting improved growth and
productivity. In the present study, Atriplex plants irrigated
with magnetized saline water exhibited increased
concentrations of phosphorus and potassium, indicating
greater nutrient uptake, assimilation, and translocation within
the plant. These improvements likely contributed to better
plant health and growth.

Duarte Diaz et al. (1997) reported that magnetic
treatment improved nutrient absorption in tomatoes.
Similarly, Hilal ez al. (2002) found that magnetically treated
water significantly increased phosphorus levels in citrus
leaves. Hozayn et al. (2016) also observed notable differences
in micronutrient concentrations between plants irrigated with
magnetized and non-magnetized water. The magnetic effect

enhances nutrient leaching, root absorption, and transport
within the plant, thereby increasing microelement content.
Grewal and Maheshwari (201 1) reported significantly higher
levels of K, Ca, Zn, Fe, and Mn in snow peas and chickpeas
irrigated with magnetically treated water compared to
controls. Overall, magnetic field treatment of saline irrigation
water has been shown to significantly improve the availability
of macro- and micronutrients in both soil and plants.
Growth Parameters

Despite plant height, stem diameter and number of
branches per plant of Atriplex were decreased by using with or
without magnetized sea water for irrigating compared to control
(irrigated with normal water), but we noticed also from data
presented indicate that plant height, stem diameter and number
of branches per plant of Atriplex were decreased by using with
or without magnetized sea water for irrigating compared to
control (irrigated with normal water). These findings are
consistent with previous research. Aly ef al. (2015) observed
improved growth in Valencia orange trees irrigated with
magnetized water. EI-Gindy et al. (2018) reported that using
magnetic technology with low-salinity irrigation water (1,000
mg L) significantly improved pear seedling growth, while
higher salinities (4,000-5,000 mg L) without magnetic
treatment were detrimental. Similarly, Hozayn et al., (2021)
found that magnetized saline water improved all measured
growth parameters (plant height, branches number per plant as
well as dry matter of total plant) in canola cultivars compared
to saline water without magnetization.

Drough Resistance Index (DRI1%)

Increasing the concentration of saline water, whether
magnetized or not, progressively decreased the drought
resistance index (DRI) during both seasons. Supporting this
trend, Trebbi et al. (2007) reported enhanced stress resistance
in tobacco plants exposed to extremely low-frequency
magnetic fields. Similarly, Migahid et al., (2019) found that
magnetic fields enhanced the salinity tolerance of Silybum
marianum. The results underscore the potential for magnetic
treatment of saline water to revolutionize crop production by
improving water and nutrient use efficiency and increasing
stress tolerance (Sarraf et al., 2020a).

Biochemical Content of Atriplex

Atriplex plants tolerated magnetized saline water up to
a 50% concentration without any significant reduction in leaf
chlorophyll percentage relative to the control. Might be, total
chlorophyll content in Atriplex leaves increased following
foliar application of calcium nitrate (3 g L") applied weekly
from 25 days after planting until the end of the experiment in
both seasons; however, the increase was not statistically
significant. But it is known that Calcium is a vital
macronutrient that contributes to cell wall structure, acts as an
intracellular messenger, facilitates the uptake of other
nutrients, and regulates enzymatic activity, and Several
authors have reported that Calcium’s most definitive
physiological role is in stabilizing the cell wall by increasing
rigidity. it is essential for proper cell wall organization
(Burstrom, 1968). Furthermore, chlorophyll fluorescence
parameters in NaCl-stressed plants improved following foliar
Ca(NOs). application, indicating a partial alleviation of
salinity stress (Murillo-Amador et al., 2006). Also, Calcium
ions can also alleviate damage from sodium and chloride in
sensitive crops. For instance, in salt-stressed strawberry
plants, shoot and root dry weights improved when a 10 mM

193



Hegazy, A. A. etal.

calcium nitrate foliar spray was applied (Yildirim et al.,
2009). In Calendula officinalis, using saline water (3000 ppm)
combined with potassium silicate (8 cm® L™) increased
chlorophyll a, chlorophyll b, and proline contents in the leaves
(Attia and Elbohy, 2019). Under salinity stress, rice plants
benefited from foliar sprays of Ca(NOs):, which helped
mitigate stress effects by enhancing dry matter accumulation,
increasing grain yield, and improving photosynthesis-related
traits (Lombardi ef al., 2022).

Our results illustrate that the highest salinity treatment
(50% saline water SW) caused significant increases of proline
concentrations, one common reaction to hyperosmotic salinity
is proline accumulation, which is thought to play a role in the
process of salt resistance. Also, Total carotenoids content
increased in treatments irrigated with 25 % MSW. These results
are consistent with the findings of some other studies, Proline a
proteinogenic amino acid with unique conformational rigidity,
accumulates in plant tissues under various stress conditions,
such as drought and salinity (Abdelhamid ez al.,2013; Tabot and
Adams, 2014). Additionally, proline enhances antioxidant
defenses, boosts growth and physiological functions, and
improves anatomical features in salt-stressed plants (Dawood et
al., 2014). When irrigating Guinea grass plants with seawater
magnetically, the content of proline was significantly decreased
while the content of chlorophyll a, b, and carotenoids in the
leaves was significantly increased (Alfaidi et al., 2017). Proline
plays a critical role in osmoregulation, contributing to plant
adaptation under adverse environmental conditions like salinity.
It also helps stabilize membranes and proteins, supports growth,
and serves as a reserve of carbon, nitrogen, and energy. Also, Its
accumulation is often accompanied by increases in sugars, sugar
alcohols, and other nitrogen-containing solutes such as
quaternary amino acid derivatives (Mansour, 2000).

CONCLUSION

In this study, irrigation with magnetized saline water
effectively reduced soil concentrations of available Na* and
CI'. A similar trend was observed for exchangeable sodium
percentage (ESP), where magnetized saline water had a
mitigating effect compared to non-magnetized saline water.
Additionally, magnetized saline water enhanced the solubility
of essential soil macro and micronutrients such as N, P, Cu,
Zn, and Mn, which may have contributed to improved plant
growth and overall plant health. Compared to the control
treatment in the first season, irrigation with varying
concentrations of saline water resulted in increased total
chlorophyll content during both the first and second seasons.
Notably, the highest values for these parameters were
recorded under the 25% magnetized saline water (MSW)
treatment. Furthermore, total proline content was significantly
increased under the 50% saline water (SW) treatment
compared to the control in both seasons, indicating a possible
stress adaptation response. In conclusion, although the current
study provides a basic understanding of the use of magnetized
saline water in irrigation, further research is needed to provide
much-needed insights into the use of magnetized seawater for
irrigating salinity-tolerant crops, which could potentially free
up Nile water for irrigating non-salinity-tolerant crops.

ACKNOWLEDGMENTS

The authors would like to acknowledge Lab of Soil
Fertility Tests and Fertilizers Quality Control, Mansoura

University, Egypt for contributing to the soil, water and
plant analysis.

REFERENCES

Abd-Elrahman, S.H., Shalaby, O.A.-E., 2017. Response of
wheat plants to irrigation with magnetized water under
Egyptian soil conditions. Egyptian Journal of Soil
Science 57, 477-488.

Abdelhamid, M.T., Rady, M.M., Osman, A.S., Abdalla, M.A.,
2013. Exogenous application of proline alleviates salt-
induced oxidative stress in Phaseolus vulgaris L.
plants. The Journal of Horticultural Science and
Biotechnology 88, 439-446.

Abdelghany, A. E., Abdo, A. L., Alashram, M. G., Eltohamy,
K. M, Li, J, Xiang, Y., & Zhang, F. (2022).
Magnetized saline water irrigation enhances soil
chemical and physical properties. Water, 14(24), 4048.

Abobatta, W.F., 2019. Overview of role of magnetizing
treated water in agricultural sector development. Adv.
Agric. Technol. Plant Sci 2, 180023.

Aladjadjiyan A. (2010).Influence of stationary magnetic field
on lentil seeds. Int Agrophysics, 2010, 24(3): 321-324

Aly, M., Thanaa, M.E., Osman, S., Abdelhamed, A., 2015.
Effect of magnetic irrigation water and some anti-
salinity substances on the growth and production of
Valencia orange. Middle East Journal of Agriculture
Research 4, 88-98.

Amer, M., El Sanat, A., Rashed, S.H., 2014. Effects of
magnetized low quality irrigation water on some soil
properties and soybean yield (Glycine max L.) under
salt affected soils conditions. Journal of Soil Sciences
Agricultural Engineering 5, 1377-1388.

Alfaidi, M. A., Al-Toukhy, A. A., Al-Zahrani, H. S., &
Howladar, M. M. (2017). Effect of irrigation by
magnetized sea water on Guinea grass (panicum
maximum) leaf content of chlorophyll a, b,
carotenoids, pigments, protein & proline. Advances in
Environmental Biology, 11(1), 73-84.

AOAC, 1990. Official methods of analysis of the Association
of Official Analytical Chemists. Association of official
analytical chemists.

Attia, K., Elbohy, N.F., 2019. The influence of spraying with
potassium silicate and irrigation with saline water in
sandy soil on Calendula officinalis L. The Future
Journal of Biology 2, 39-56.

Awad, O., & Ahmed, A. F. (2025). Influences of Magnetically
Treated Water on Physicochemical Properties of
Water and Soil, Vegetative Growth, Biochemical
Content, Fruit Quality, and Yield of Superior
Grapevines. Egyptian Journal of Soil Science, 65(1).

Bidinger, F.R., Nepolean, T., Hash, C.T., Yadav, R.S,,
Howarth, C.J., 2007. Quantitative Trait Loci for Grain
Yield in Pearl Millet under Variable Postflowering
Moisture Conditions. Crop Science 47, 969-980.

Burstrom, H.G., 1968. CALCIUM AND PLANT GROWTH.
Biological Reviews 43, 287-316.

Dawood, M.G., Taie, H. A.A., Nassar, RM.A., Abdelhamid,
M.T., Schmidhalter, U., 2014. The changes induced in
the physiological, biochemical and anatomical
characteristics of Vicia faba by the exogenous
application of proline under seawater stress. South
African Journal of Botany 93, 54-63.

194



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 16 (6), June, 2025

Duarte Diaz, C.E., Riquenes, J.A., Sotolongo, B., Portuondo,
M.d.1A., Quintana, E.O., Pérez, R., 1997. Effect of
magnetic treatment of irrigation water on the tomato
crop. Agrotecnia de Cuba 27, 107-110.

El-Gindy, A., Arafa, Y., Abd El-Hady, M., Mansour, H.,
Abdelghany, A., 2018. Effect of drip irrigation system
salinity and magnetic water treatment on turnip yield
and yield characters. WWIMRD 4, §9-96.

El-Mugrbi, W., Bashasha, J., & Mohammeda, S. (2022).
Protective role of magnetic treatments for seeds and
sea water on germination of Triticum Aestivum
L.(Wheat). AlQalam Journal of Medical and Applied
Sciences, 89-97.

Falasca, S.L., Pizarro, M.J., Mezher, R.N., 2014. The agro-
ecological suitability of Atriplex nummularia and A.
halimus for biomass production in Argentine saline
drylands. International Journal of Biometeorology 58,
1433-1441.

Faridvand, S., Amirmia, R., Tajbakhsh, M., El Enshasy, H.A., Sayyed,
R.Z., 2021. The Effect of Foliar Application of Magnetic
Water and Nano-Fertilizers on Phytochemical and Yield
Characteristics of Fennel. Horticulturae.

Gavrilescu, M., 2021. Water, Soil, and Plants Interactions in a
Threatened Environment. Water.

Gee, G.W., Bauder, J.W., 1986. Particle-size Analysis.
Methods of Soil Analysis, pp. 383-411.

Grewal, H.S., Maheshwari, B.L., 201 1. Magnetic treatment of
irrigation water and snow pea and chickpea seeds
enhances early growth and nutrient contents of
seedlings. Bioelectromagnetics 32, 58-65.

Guo, B.,Han, H.-b., Chai, F., 2011. Influence of magnetic field
on microstructural and dynamic properties of sodium,
magnesium and calcium ions. Transactions of
Nonferrous Metals Society of China 21, s494-s498.

Hachicha, M., Kahlaoui, B., Khamassi, N., Misle, E., Jouzdan,
0., 2018. Effect of electromagnetic treatment of saline
water on soil and crops. Journal of the Saudi Society of
Agricultural Sciences 17, 154-162.

Hassan K. (2015). Magnetic treatment of brackish water for
sustainable agriculture. master's thesis, the American
University in Cairo. AUC Knowledge Fountain.
https:/fount.aucegypt.edu/etds/12

Hilal, M., Hilal, M., 2000a. Application of magnetic technologies in
desert agriculture. I-Seed germination and seedling
emergence of some crops in a saline calcareous soil. Egyptian
Journal of Soil Science, 40, 413-422.

Hilal, M., Hilal, M., 2000b. 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. Egyptian
Journal of Soil Science 40, 423-435.

Hilal, M., Shata, S., Abdel-Dayem, A., Hilal, M., 2002. Application of
magnetic technologies in desert agriculture: III. Effect of
magnetized water on yield and uptake of certain elements by
citrus in relation to nutrients mobilization in soil. Egyptian
Journal of Soil Science, 42, 43-55.

Hozayn, M., Abdallha, M., AA, AE.-M., El-Saady, A.,
Darwish, M., 2016. Applications of magnetic
technology in agriculture: A novel tool for improving
crop productivity (1): Canola. African journal of
agricultural research 11, 441-449.

Hozayn, M., Azza, S., Abd El-Monem, A., El-Mahdy, A.,
2021. Salinity stress mitigation of some canola
cultivars grown under South Sinai conditions using
magnetic water technology. African Journal of Food,
Agriculture, Nutrition Development 21, 17234-17253.

Jawad, S. 1., Karkush, M., and Kaliakin, V. N. (2023). Alteration of
physicochemical properties of tap water passing through
different intensities of magnetic field. Journal of the
Mechanical Behavior of Materials, 32(1), 20220246.
doi.org/10.1515/jmbm-2022-0246

Jiang, Z., Wang, Q., Ning, S., Lin, S., Hu, X., Song, Z., 2024.
Application of Magnetized Ionized Water and Bacillus
subtilis Improved Saline Soil Quality and Cotton
Productivity. Plants.

Lombardi, T., Bertacchi, A., Pistelli, L., Pardossi, A., Pecchia,
S., Toffanin, A., Sanmartin, C., 2022. Biological and
Agronomic Traits of the Main Halophytes Widespread
in the Mediterranecan Region as Potential New
Vegetable Crops. Horticulturae 8, 195.

Lu, R., 1999. Analytical methods of soil agrochemistry. China
Agricultural Science Technology Press, , 85-96.

Mansour, M.M.F., 2000. Nitrogen Containing Compounds
and Adaptation of Plants to Salinity Stress. Biologia
Plantarum 43, 491-500.

Migahid, M., Elghobashy, R., Bidak, L., Amin, A., 2019.
Priming of Silybum marianum (L.) Gaertn seeds with
H202 and magnetic field ameliorates seawater stress.
Heliyon 5.

Mohamad, M.E., Awad, A., Gendy, A., 2021. Influence of
calcium carbonate and kaolin on growth, drought
resistance index and physiological traits of Paulownia
(Paulownia tomentosa, Thunb.) seedlings under
drought stress conditions. Plant Archives 21.

Mohamed, A L, Ebead, B.M., 2013. Effect of magnetic treated
irrigation water on salt removal from a sandy soil and
on the availability of certain nutrients. International
Journal of Engineering 2, 2305-8269.

Mohamed, A.S., Sherif, A.E., 2020. Effect of magnetic saline
irrigation water and soil amendments on growth and
productivity of Kalamata olive cultivar. Egyptian
Journal of Agricultural Research 98, 302-326.

Moon, J.-D., Chung, H.-S., 2000. Acceleration of germination
of tomato seed by applying AC electric and magnetic
fields. Journal of Electrostatics 48, 103-114.

Mulas, M., Mulas, G., 2004. The strategic use of Atriplex and
Opuntia to combat desertification. J Sassari, Italia,
Desertification Research Group, University of Sassari.

Murillo-Amador, B., Jones, H.G., Kaya, C., Aguilar, R.L.,
Garcia-Hernandez, J.L., Troyo-Diéguez, E., Avila-
Serrano, N.Y., Rueda-Puente, E., 2006. Effects of
foliar application of calcium nitrate on growth and
physiological attributes of cowpea (Vigna unguiculata
L. Walp.) grown under salt stress. Environmental and
Experimental Botany 58, 188-196.

Nounjan, N., Nghia, P.T., Theerakulpisut, P., 2012.
Exogenous proline and trehalose promote recovery of
rice seedlings from salt-stress and differentially
modulate antioxidant enzymes and expression of
related genes. Journal of Plant Physiology 169, 596-
604.

195



Hegazy, A. A. etal.

Pansu, M., 2006. Handbook of soil analysis. Springer.

Rabhi, M., Giuntini, D., Castagna, A., Remorini, D., Baldan,
B., Smaoui, A., Abdelly, C., Ranieri, A., 2010.
Sesuvium portulacastrum maintains adequate gas
exchange, pigment composition, and thylakoid
proteins under moderate and high salinity. Journal of
plant physiology 167, 1336-1341.

Sadasivam, S., Manickam, A., 1992. Biochemical methods for
agricultural sciences. Wiley eastern limited,India.

Sarhan, A. M., Soliman, A. S., El Atrash, E. N., & Sakran, A.
M. (2020). Impact of magnetized seawater application
and biofertilization on seedlings growth and chemical
constituents of Swietenia macrophylla king seedlings.

Sarraf, M., Kataria, S., Taimourya, H., Santos, L.O.,
Menegatti, R.D., Jain, M., Ihtisham, M., Liu, S., 2020a.
Magnetic field (MF) applications in plants: An
overview. Plants 9, 1139.

Sarraf, M., Kataria, S., Taimourya, H., Santos, L.O.,
Menegatti, R.D., Jain, M., Ihtisham, M., Liu, S,
2020b. Magnetic Field (MF) Applications in Plants:
An Overview. Plants.

Software, A., 2008. Statistix 9. Tallahassee, Florida, USA. 72,
82.

Tabot, P.T., Adams, J.B., 2014. Salt secretion, proline
accumulation and increased branching confer
tolerance to drought and salinity in the endemic
halophyte Limonium linifolium. South African
Journal of Botany 94, 64-73.

Talat Rashad, R. (2022). Soil Magnetism and Magnetically Treated
Water and Possible Role for Sustainable Agriculture: A
review. Egyptian Journal of Soil Science, 62(1), 73-83. DOL:
10.21608/EJSS.2022.135265.1500

Trebbi, G., Borghini, F., Lazzarato, L., Torrigiani, P., Calzoni,
G.L., Betti, L., 2007. Extremely low frequency weak
magnetic fields enhance resistance of NN tobacco
plants to tobacco mosaic virus and elicit stress-related
biochemical activities. Bioelectromagnetics: Journal
of the Bioelectromagnetics Society, The Society for
Physical Regulation in Biology Medicine, The
European Bioelectromagnetics Association 28, 214-
223.

Xin, M., Zhao, Q., Qiao, Y., Ma, Y., 2024. Magnetized Saline
Water Drip Iirigation Alters Soil Water-Salt
Infiltration and Redistribution Characteristics. Water.

Yadollahpour, A., Rashidi, S., Ghotbeddin, Z., Jalilifar, M.,
and Rezaee, Z. (2014). Electromagnetic fields for the
treatments
of wastewater: a review of applications and future
opportunities. Journal of Pure and Applied
Microbiology, 8(5), 3711-3719.

Yildirim, E., Karlidag, H., Turan, M., 2009. Mitigation of salt
stress in strawberry by foliar K, Ca and Mg nutrient
supply. Plant Soil Environ 55, 213-221.

il 4 g passll ciliiall 4y i) g plall dibaassll aibuadd) g 40380 pualial) o Aathaal) dadlall obsal) il

LY 3455 Gl )

"sdmall Cadag fdly pae ¢ famad) daaa ¢ olad (i) ¢ Yol Bl ¢ Y laa daal

raa—5 ) guaiall dada - Al ) WA - A5y padl) and !
ae— Ll dads del ) M AK (hj\)uuwleua
a)ya.\a“ﬂ\:u\.& 4;\))“44&5@4\)3(\(“5"

s — )A)Y\AML; dclyMaK. ahA\,Gm\ﬂ\e“s

gadlal)

éc&u\gj\chn)uu_mﬂ J..AA»)}.AAAS\W\A&&G\J}\ME@V CYYY VY}V dYY_Y Y

DLtA/YD c(dj).us)d.ub\.m/\
(MSW) datradll Al oluall u\ C_lhﬂ\ A_UQ.L‘ aL\A“AJ:.ﬂ.A)L@A ?\ML' M\M&: ;u)ﬁ

aLu/c }MJ:MAA;LD\_\A/VC MAaL\A/D o

PVESYE, EQERS I D JEFSER - W T PRV
d)l‘h_\)\Al&Ah_\XAu} w‘)ﬂ‘auwmu\)ﬁje‘wbum\
‘M\ahmunAch\amnM)aﬂ\aum\ daiacdale

ARBARYAS WW‘@:\«;}L@U&M\A}&%uu\j;ubm)mumua‘__;c@\x\)ui.uu\suud)n;mﬁ}n}«a}uﬁ}@uaum\gw\
)}M}ﬂ\}&})ﬂ‘JA&)»AU&).\S“A.\.\L\:J\)mbﬂ\wuu\djujﬂ)ﬂ\g@\.\ﬂ\)m\_\d\}\ywumfuug;‘fg w\w\&_\d\w/o }/Yae\.\;.uh
i s Gl o 8 5dle a8l 0 el Aot Ly 20 3 i) 35S0 5 g gl 38 5 S ) ALl el sl 0 (ool sintal 5 ol 05 (odal
JJJAASS\‘\AA\JU&M)\&A6&})ﬁ\}dﬁ}J}E§\@)&}“_i\a.“‘jcj.u\ujjs\}cd)aa.“}Aﬂ\‘;c}m‘;\hﬁmd\ujﬁw\w\bu\w/° ‘_Jd.ahxuaﬂ.u)ﬂ
o3 el LS Cpans sl DS 3 Aaiiadd e Lo b (o S 5 (DRI) i a i e 70+ 5 7170 Aty Aiad) Al sl i el ) i)

AL g Ja) e DA (Sl e ) e 50 (5l dhge enl (e 70+ 5770 Grle 55 A< Ul

196



