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Global climate change and increased population caused significant depletion of freshwater especially in
arid and semi-arid regions including Saudi Arabia. Saline water magnetization before irrigation may help
in alleviating the adverse effects of salinity on plants. The current study aimed to examine the potential
beneficial effects of water magnetization and soil amendments on growth, productivity, and survival of
Calendula officinalis L. plants. Three types of water (tap water ‘‘control”, well water, and magnetized well
water) and two types of soil amendments (Fe2SO4 and peat moss) were examined. Our results showed
that irrigating C. officinalis plants with saline well water (WW) adversely affected growth and flowering
as compared to tap water (TW). However, plants irrigated with magnetized water (MW) showed signif-
icant enhancement in all the studied vegetative and flowering growth parameters as compared to those
irrigated with WW. Furthermore, mineral contents and survival of C. officinalis plants irrigated with MW
were higher than those irrigated with TW. Irrigation with MW significantly reduced levels of NA+ and Cl�

ions in leaves of C. officinalis plants indicating the role of magnetization in alleviating harmful effects of
salinity. The current study showed that water magnetization enhanced water quality and increased
plant’s ability to absorb water and nutrients. Further studies are needed to examine the possibility of irri-
gating food crops with magnetized water.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Water scarcity is considered among the most important conse-
quences of global climate change. In arid and semi-arid areas e.g.
Saudi Arabia, more pressure has been put on fresh-water resources
because of increased demand and limited resources. Agricultural
sector in Saudi Arabia is the dominant user of freshwater using
around 88% of the total amount of water utilized for different pur-
poses (Gabr et al., 2020). Therefore, finding alternative sources for
irrigation water could significantly help in alleviating pressure on
limited fresh-water resources. Saline well water is one of the alter-
native options for irrigating crops especially ornamental plants.
However, application of high saline water has several adverse
effects on soil properties and plant growth and productivity. Some
studies claimed that using magnetized water in irrigation enhance
soil properties and reduce salinity and drought stresses on plants
(Kney and Parsons, 2006; Mostafazadeh-Fard et al., 2011). Water
is magnetized via passing through magnetic field converting the
present salts into inactive state and therefore reducing adverse
effects of salinity on plant growth (Teixeira da Silva and
Dobránszki, 2014). Furthermore, magnetic water enhances soil
properties via washing salts from the soil rhizosphere
(Maheshwari and Grewal, 2009). Magnetization enhances water
properties via increasing ability to penetrate root cells, reducing
water viscosity, inter-attraction of molecules, and breaking hydro-
gen bonds which promote water absorption in roots (Abdul-Qados
and Hozayn, 2010).

Soil organic and inorganic amendments could be used to reduce
the negative effects of salts’ accumulation in soil resulted from irri-
gation with saline water. Organic amendments provide soil with
organic matter that aids in moisture retention, soil aeration and
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porosity, and microorganisms activity (Goyal et al., 1999). Peat
moss and ferrous oxide (Fe2SO4) is considered among the most
important organic and inorganic soil amendments, respectively.

Calendula officinalis L. (Asteraceae) is an annual ornamental
herbaceous plant produced mainly for cut flowers. However, it is
used intensely in street and garden landscaping. C. officinalis is also
considered as a medicinal plant used for different therapeutical
purposes (Chaparzadeh et al., 2004). The yellow pigment extracted
from C. officinalis flowers is used as food coloring additive. Flower
decoction is utilized to treat cold, digestive system, and kidneys,
and contains antioxidants that stimulate the immune system
(Edwards et al., 2015). C. officinalis is considered as mild-tolerate
to salinity stress as it could grow normally under salinity levels
reaches 4–5 dS m�1 (Chaparzadeh et al., 2004). Therefore, the cur-
rent study aimed to examine the effects of irrigation with magne-
tized saline well water and addition of soil organic and/or
inorganic amendments on growth and productivity of Calendula
officinalis L. plants.
2. Materials and methods

2.1. Plant material and study site

The current study was conducted in the nursery of Sustainabil-
ity and Environmental Development Department, King Saud
University, Riyadh, Saudi Arabia. Seeds of C. officinalis L. cv. Bon-
Bon Orange were obtained from Muller Bloemzaden BV, Lisse,
The Netherlands. Purchased seeds were germinated in 454-hole
germination trays filled with peat moss only inside a plastic green-
house with 11 h of light at 24/20 �C day/night temperature and 70%
relative humidity. Seeds were left to grow for 30 days and then all
seedlings were transferred into 10-cm plastic pots and grown in
the plastic greenhouse under the same conditions but with 16 h
light period.

For the permanent cultivation of C. officinalis plants, the soil was
replaced in the cultivation area with sandy soil to a depth of 50 cm.
The experiment was designed following the split-plot design with
two factors namely irrigation water type (tap water ‘‘control”,
magnetized well water, and well water) and soil amendments
(without addition ‘‘control”, peat moss, ferrous oxide ‘‘Fe2SO4”,
and peat moss + Fe2SO4). Therefore, cultivation area was divided
into 12 different groups (plots) and each group was assigned a
treatment randomly. Each treatment group was replicated 3 times
in three different cultivation lines each of 1.6 m in length and 2 m
in width. The final area of each experimental unit contains 3 repli-
cates was 3.2 m2. Peat moss were added to the assigned plots at a
rate of 3:1 (v: v) sand: peat moss while iron was added in the form
of Fe2SO4 at a rate of 100 g per experimental unit to get final con-
centration of 20.5% Fe2+. Fe2SO4 was dissolved in 10 L of water and
added as a solution to the designated units after emergence of the
third leaf in C. officinalis plants. Plants were fertilized two times;
the first directly after cultivation and the second after two months
using Sangral NPK 20:20:20 (SQM Europe NV, Belgium).

Plants were irrigated with designated type of water via drip irri-
gation system equipped with three different 5000 L tanks: one for
tap water (TW) and the other two for well water (WW). WW were
magnetized using Model 8000 GMX Magnetic Fluid Conditioner
(GMX Corporation, California, USA) with three units each with
magnetic power of 1500 Gauss. Magnetization were performed
for the whole irrigation duration (10 min) of designated plots with
the magnetized well water (MW). In the drip irrigation system,
installed drippers had a flow of 8 L h�1 at 2 bar pressure. Each
experimental unit had three drip irrigation lines (25 mm diameter)
with length of 1.6 m. Each line had 4 drippers (one for each culti-
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vated plant) with 40 cm spaces in between. The spaces between
each line and the other were 40 cm also.
2.2. Soil analysis

Random samples at two different depths (0–30 and 30–50 cm)
were collected from the cultivation soil used in the study to exam-
ine the physical and chemical characteristics of the soil. The meth-
ods described by Black (1965) was followed to examine soil
texture. Moreover, soil pH, EC, cation exchange capacity (CEC),
and contents of organic matter (OM), CaCO3, N, P, and K were
determined (Page, 1982).
2.3. Irrigation water analysis

Samples of different irrigation water types (TW, MW, and WW)
were collected and analyzed to determine their pH, EC, sodium
adsorption ratio (SAR), and dissolved cations (K+, Ca2+, Mg2+, and
Na+) and anions (Cl�, SO4

2�, CO3
2�, and HCO3

�).
2.4. Measured parameters

2.4.1. Growth
At the end of the experiment (flowering stage) after 90 days of

cultivation in the permanent location, 6 plants were collected from
each treatment and used for further measurement of the studied
parameters. To examine variations in vegetative growth among
different treatments, plant height (cm), number of leaves per plant,
number of branches per plant, and stem diameter (cm) were deter-
mined. Moreover, leaf area (cm2) per plant was measured using LI-
3000C Portable Leaf Area Meter (LI-COR Biosciences GmbH, Hom-
burg, Germany). Shoot dry mass (SDM) in grams was measured
after air-drying of plants in the oven at 70 �C for 72 h.
2.4.2. Flowering
Changes in productivity of C. officinalis plants were measured

via calculating days to flowering starting from cultivation date
and number of flowers per plant under different treatments. Fur-
thermore, flower dry mass (FDM) under different treatments was
measured by weighting all flowers for each plant after air-drying
in oven at 70 �C for 72 h.
2.4.3. Survival percentage
Survival percentage under each treatment was measured as the

percentage of survived plants to the end of the experiment out of
total cultivated plants in each treatment.
2.4.4. Mineral contents
At the end of the experiment, dried plant material was

grounded into fine powder and used for estimation of mineral con-
tent. Contents of N, P, K, Ca, Mg, Fe, Na, and Cl were measured
(AOAC, 1990) in each plant sample collected from different treat-
ments. Analysis was replicated 3 times for each treatment.
3. Statistical analysis

Two-way analysis of variance (ANOVA) was applied to examine
the variation in the studied parameters resulted from irrigation
water type, application of soil amendments, and their interaction
using SAS v9.4 software. Values were reported as the mean of 3
replicates. Moreover, differences between means were identified
using least significant difference (LSD) test (P � 0.05).
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4. Results and discussion

4.1. Soil analysis

Analysis of soil texture showed that soil at different depths was
characterized by sandy texture with more than 90% sand. Clay per-
centage ranged from 5% to 7% while silt represented 2% of the cul-
tivation soil. EC of soil solution was roughly 1.5 dS m�1 at different
depths (Table 1). Cultivation soil solution was neutral with pH val-
ues of 7.68 and 7.71 at depths of 0–30 and 30–50 cm, respectively.
OM content was higher in surface layer of the soil (1.82%) than in
lower layer (1.31%). Therefore, CEC of the upper layer (35.99 meq
100 g�1) was higher as compared to the lower layer (33.87 meq
100 g�1). Calcium carbonate content ranged from 2.13% to 2.39%
at different depths. Cultivation soil characterized by high K (106
– 120 ppm) but low P levels (6 – 8 ppm). Nitrogen content in the
soil ranged from 45.82 ppm in the upper layer to 57.21 ppm in
the lower layer.

4.2. Water analysis

Chemical characteristics of different types of irrigation water
used in the current study were examined. TW (control) character-
ized by the lowest salinity level with the lowest EC (0.74 dS m�1)
and Na+ and Cl� contents (7.0 and 0.8 meq L�1, respectively). On
the other hand, MW was less saline (EC 3.7 dS m�1, Na+ content
21.6 ppm, Cl� content 28.0 ppm) than WW (EC 4.0 dS m�1, Na+

content 22.1 ppm, Cl� content 28.0 ppm). Indeed, both MW and
WW were characterized by significantly higher salinity as com-
pared to TW (Table 2). Furthermore, SAR were higher in MW and
WW as compared to TW. On the other hand, TW had the lowest
K content. MW showed the highest HCO3

� content while WW
showed the highest SO4

2� content. All water types used for irriga-
tion showed almost neutral pH, but WW was slightly alkaline
(pH 7.9).

4.3. Plant vegetative growth

Effects of different water irrigation types and/or addition of soil
amendments were examined on vegetative growth of C. officinalis
plants. The results showed that irrigation with saline water (MW
and WW) reduced plant growth in terms of plant height, stem
diameter, number of branches and leaves, leaf area, and SDM; how-
ever, plants irrigated with MW showed better growth than those
irrigated with WW (Table 3). Significant enhancements observed
Table 1
Physical and chemical characteristics of soil used for cultivation of Calendula officinalis
L. plants.

Soil characteristics Soil depth

(0–30) (30–50)

A. Physical
Sand (%) 90.32 92.32
Silt (%) 2.0 2.0
Clay (%) 7.68 5.68
Soil texture Sandy Sandy

B. Chemical
EC (dS m�1)* 1.42 1.57
pH 7.68 7.71
OM (%) 1.82 1.31
CEC (meq 100 g�1) 35.99 33.87
CaCO3 (%) 2.39 2.13
N (ppm) 45.82 57.21
P (ppm) 7.98 6.11
K (ppm) 120.14 106.73

* EC: electrical conductivity; OM: organic matter; CEC: cation exchange capacity.
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in plant vegetative growth parameters resulted from irrigation
with MW as compared to saline WW (Fig. 1a) could be attributed
to the role of water magnetization in strengthening the properties
of water by regulating charges and consequently changes in the
properties of water when placing water molecules within a mag-
netic field resulting in the dissociation of hydrogen bonds between
molecules (Hilal and Hilal, 2000a; Hachicha et al., 2018). On the
other hand, adverse effects of irrigation with WW may be due to
obstructing the absorption of some essential nutrients resulted
from the presence of salt ions in irrigation water or the permeabil-
ity of these elements to the tissues of the plant, which in turn leads
to the occurrence of ionic toxicity and metabolic changes causing
reduction in most of the vegetative growth characteristics of plants
(Hilal and Hilal, 2000b). Ionic toxicity further disrupts enzymes,
ruptures the plasma membrane, and thus slows main metabolic
processes e.g. photosynthesis, respiration, and protein synthesis
(Ferrante et al., 2011). Moreover, irrigation water salinity causes
damage to plant cell walls by saline tension and an increase in cell
wall thickness (Orcutt and Nilsen, 2000). It was reported that sal-
ine tension reduces plant hormones that participate in the cellular
division stage, which negatively affects plant height (Munns, 2002;
Kozminska et al., 2017).

Addition of soil amendments significantly enhanced all the veg-
etative growth studied parameters regardless the type of water
used for irrigation (Fig. 1b). The results showed that addition of
Fe2SO4 significantly enhanced C. officinalis growth as compared to
addition of peat moss or cultivating plants in sandy soils without
amendments. Furthermore, plants cultivated under the combined
addition of peat moss and Fe2SO4 showed the highest vegetative
growth parameters among all other treatments (Table 3). Improve-
ment of vegetative growth after addition of soil amendments may
be due to their positive roles in improving the physical, chemical,
and biological characteristics of the soil, as they contain many
essential nutrients for plants (Halvin et al., 2005). Abd Elrahman
et al. (2012) found that addition of Fe2SO4 increases the solubility
of CaCO3 and its replacement of Na+ and thus reduces the percent-
age of sodium exchanged in the soil.

Analysis of variance revealed that interaction between irriga-
tion water type and soil amendments affected all vegetative
growth parameters (P � 0.05). Plants irrigated with MW in soils
with peat moss and Fe2SO4 showed higher plant height, stem
diameter, and number of branches among all studied treatments
except those plants irrigated with TW (control) with addition of
peat moss and Fe2SO4 (Table 3). Under all irrigation water types,
addition of soil amendments significantly enhanced different plant
vegetative growth parameters with addition of both peat moss and
Fe2SO4 resulted in the highest enhancement. It was observed that
the growth of plants irrigated with MW without any addition of
soil amendments was better than those irrigated with untreated
WW in all cases even with the addition of peat moss and Fe2SO4

together. Reductions in number of leaves, leaf area, and dry matter
in plants irrigated with WW as compared to those irrigated with
MW or TW could be attributed to osmotic and toxic effects of
Na+, the imbalance between nutrients within plant tissues, and
the high osmotic pressure resulted from reduced amount of water
(Grieve et al., 2006).

4.4. Plant flowering and survival

Irrigating C. officinalis plants with MW or WW reduced produc-
tivity in terms of number of flowers and FDM as compared to
plants irrigated with TW; however, irrigation with MW showed
less reduction than irrigation with WW. On the other hand, plants
irrigated with TW showed delayed flowering (55.56 days to flow-
ering) as compared to other plants irrigated with MW (47.02 days
to flowering) and WW (41.82 days to flowering). Irrigation with



Table 2
Chemical characteristics of different water types used for irrigating Calendula officinalis L. plants.

Irrigation water EC (dS m�1) pH SAR* Dissolved cations and anions (meq L�1)

Cations Anions

Ca2+ Mg2+ Na+ K+ CO3
2� HCO3

� Cl� SO4
2�

TW 0.74 7.0 4.0 4.0 3.0 7.0 0.3 – 0.9 8.0 2.1
MW 3.7 7.2 7.2 5.0 3.8 21.6 3.8 – 1.3 28.0 2.8
WW 4.0 7.9 7.4 5.1 3.6 22.1 3.6 – 0.9 28.0 5.0

* Sodium adsorption ratio.

Table 3
Effects of irrigation water type and different soil additives on growth of Calendula officinalis L. plants.

Factors Plant height (cm) Stem diameter (cm) No. of branches No. of leaves Leaf area (cm2) SDM (g)

A. Single factors
1. Irrigation water type
TW 17.96 2.09 12.14 116.3 985.1 38.37
MW 16.88 1.88 10.69 104.5 862.6 36.81
WW 14.49 1.47 8.54 86.6 702.7 36.12
LSD (P � 0.05) 0.07 0.03 0.07 0.13 2.72 0.11

2. Soil additives
Cont. 14.88 1.52 8.40 99.6 793.2 35.80
PM 16.18 1.72 9.33 101.2 826.2 37.07
Fe2SO4 16.69 1.89 11.05 102.5 847.1 37.27
PM + Fe2SO4 18.02 2.13 13.04 106.5 934.0 38.26
LSD (P � 0.05) 0.82 0.56 1.09 1.58 21.89 1.22

B. Interaction
TW Cont. 16.23 1.82 9.76 113.2 919.2 36.98

PM 17.67 1.95 10.83 114.9 957.4 38.97
Fe2SO4 18.23 2.16 12.83 116.4 981.7 38.42
PM + Fe2SO4 19.70 2.43 15.15 121.0 1082.3 39.12

MW Cont. 15.30 1.56 8.59 101.6 804.9 35.59
PM 16.60 1.78 9.3 103.2 838.4 36.41
Fe2SO4 17.10 1.96 11.29 104.6 859.6 36.79
PM + Fe2SO4 18.51 2.23 13.33 108.6 947.8 38.45

WW Cont. 13.10 1.17 6.87 84.2 655.6 34.83
PM 14.27 1.43 7.62 85.5 682.9 35.83
Fe2SO4 14.73 1.56 9.02 86.6 700.2 36.61
PM + Fe2SO4 15.87 1.72 10.65 90.0 772.1 38.26

LSD (P � 0.05) 0.06 0.07 0.11 0.15 2.26 0.09

TW: tap water, MW: magnetized water; WW: well water; PM: peat moss; SDM: shoot dry matter; LSD: least significant difference.
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MW and addition of both peat moss and Fe2SO4 significantly
increased days to flowering (~51 days) to be comparable to control
plats irrigated with TW without addition of soil amendments
(Fig. 2a). The obtained results showed that addition of soil amend-
ments (peat moss and/or Fe2SO4) significantly enhanced number of
flowers and FDM under all irrigation water types (Fig. 2b–c). Peat
moss plays pivot roles in increasing soil’s OM content and cation
exchange capacity and thereby enhancing soil’s structure and tex-
ture leading to improvements in the ability to maintain water and
nutrient availability (Eyras et al., 2008). Furthermore, plants irri-
gated with MW combined with addition of both soil amendments
showed higher number of flowers than any other plants except
those irrigated with TW with addition of both amendments. Simi-
larly, FDM produced by plants irrigated with MW with addition of
both soil amendments was higher than any other plants except
those irrigated with TW with addition of peat moss only or with
Fe2SO4. The beneficial effects of irrigation with MW as compared
to WW may be due to the role of magnetization in increasing plant
growth via enhancing water absorption (Abdul-Qados and Hozayn,
2010). Moreover, MW is characterized by high solubility which
increased availability and uptake of nutrients (Hilal and Hilal,
2000b).

As shown in Fig. 2d, regardless of soil amendments, plants irri-
gated with TW showed the highest survival percentage (97.6%) fol-
lowed by those irrigated with MW (70.8%). Plants irrigated with
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WW showed the lowest survival percentage (51.34%). Lower sur-
vival rates of plants irrigated with WW could be due to reduced
vegetative growth resulted from inhibition of growth promoting
hormones e.g. cytokinins (Younis et al., 1987). Moreover, the
increased osmotic pressure in plants resulted from saline effects
of WW adversely affects absorption of water and nutrients neces-
sary for different biological processes e.g. photosynthesis (Prado
et al., 2000). Increased survival rates of plants irrigated with MW
compared to WW may be due to the positive effect of magnetiza-
tion in reducing the size of water molecules, which eases the per-
meability of water and nutrients that stimulates plant growth and
increase survival rate of plants (Noran et al., 1996). On the other
hand, addition of soil amendments significantly enhanced plant
survival percentages regardless of irrigation water type. Survival
percentages of plants irrigated with MW with addition of both
types of soil amendments was higher than that of plants irrigated
with TW without addition of any soil amendments (Fig. 2d). More-
over, plants irrigated with saline WW showed higher percentage
after addition of any soil amendment or both of them as compared
to plants irrigated with MW without any addition.

4.5. Mineral contents

Irrigating C. officinalis plants with WW adversely affected the
nutritional status in terms of N, P, K, Ca, Mg, and Fe as compared



Fig. 1. Morphological responses of Calendula officinalis L. plants to (a) irrigation with different water types and (b) addition of different soil amendments. TW: tap water, MW:
magnetized water; WW: well water; C: control; PM: peat moss.
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to irrigation with TW. However, irrigation with MW enhanced the
plants’ contents of these nutrients as compared to irrigation with
saline WW (Table 4). Increased dissolved salts in the soil reduces
osmotic potential of the soil solution (becomes more negative)
and thus increases the difference between the water potentials of
soil solution and plant root solution leading to reduction of water
and nutrient absorption (Boland, 2006). The weakened growth of
roots in saline soils could be one of the reasons behind reduction
in plant’s content of different nutrients (Flowers and Colmer,
2008; Elhindi et al., 2017). Addition of peat moss and Fe2SO4

enhanced plant contents of N, P, and Fe as compared to other treat-
ments of soil amendments. However, plants grown in soils with
Fe2SO4 only or peat moss and Fe2SO4 showed similar (P � 0.05)
K, Ca, and Mg contents which were higher than contents of plants
grown in soils without amendments or with peat moss only. In
general, plants irrigated with TW in soils with peat moss and Fe2-
SO4 additions showed the highest N, K, Ca, Mg, and Fe contents
among all treatments followed by those irrigated with MW in soils
with peat moss and Fe2SO4 additions. There was no significant dif-
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ference in K content in plants irrigated with TW or MW in case of
adding peat moss and Fe2SO4 as soil amendments (Table 4). Adding
soil amendments improves soil properties by increasing perme-
ability, water movement, porosity, moisture retaining, and cation
exchange capacity (Selim et al., 2009; Elhindi, 2012).

Plants irrigated with WW showed higher contents of Na and Cl
as compared to those irrigated with TW or MW (Table 4). Further-
more, addition of peat moss and/or Fe2SO4 significantly reduced
contents of Na and Cl in C. officinalis plants regardless of irrigation
water type. Irrigation with TW with addition of Fe2SO4 either only
or with peat moss resulted in the lowest contents of Na and CL in C.
officinalis plants. Similarly, addition of peat moss and Fe2SO4

decreased contents of Na and Cl in plants irrigated with MW as
compared to those irrigated with TW without soil amendments
or with peat moss only. The beneficial effects of water magnetiza-
tion could be mainly attributed to the reduction in surface tension
of MW that improves the ability of roots to absorb water and nutri-
ents, and thus improves different biosynthesis processes (Elhindi
et al., 2017).



Fig. 2. Effects of irrigation water type and different soil amendments on flower productivity and survival percentage of Calendula officinalis L. plants. TW: tap water, MW:
magnetized water; WW: well water.

Table 4
Effects of irrigation water type and different soil additives on macro and micronutrient contents of Calendula officinalis L. plants.

Factors N (%) P (%) K (%) Ca (%) Mg (%) Na (%) Cl (%) Fe (ppm)

A. Single factors
1. Irrigation water type
TW 3.83 0.49 3.12 0.89 3.62 0.36 0.52 248.9
MW 3.65 0.46 2.94 0.66 2.67 0.41 0.58 240.9
WW 3.74 0.34 2.23 0.57 2.14 0.57 0.82 196.9
LSD (P � 0.05) 0.09 0.01 0.22 0.05 0.17 0.03 0.04 0.19

2. Soil additives
Cont. 2.23 0.27 1.59 0.53 2.24 0.56 0.81 225.6
PM 3.03 0.38 2.48 0.64 2.59 0.48 0.66 228.3
Fe2SO4 3.71 0.47 3.20 0.76 3.15 0.40 0.59 229.7
PM + Fe2SO4 4.65 0.59 3.77 0.89 3.25 0.33 0.49 232.1
LSD (P � 0.05) 0.89 0.08 0.57 0.12 0.54 0.08 0.11 1.67

B. Interaction
TW Cont. 2.51 0.31 1.88 0.71 2.53 0.49 0.71 245.3

PM 3.41 0.43 2.92 0.86 3.31 0.39 0.56 248.2
Fe2SO4 4.17 0.54 3.63 0.96 4.31 0.31 0.46 249.7
PM + Fe2SO4 5.23 0.66 4.05 1.03 4.33 0.23 0.34 252.4

MW Cont. 2.39 0.29 1.72 0.51 2.14 0.54 0.78 237.3
PM 3.25 0.41 2.78 0.55 2.11 0.44 0.54 240.3
Fe2SO4 3.98 0.52 3.42 0.71 3.11 0.35 0.51 241.7
PM + Fe2SO4 4.99 0.63 3.82 0.86 3.32 0.32 0.47 244.3

WW Cont. 1.79 0.22 1.18 0.37 2.06 0.66 0.95 194.1
PM 2.42 0.31 1.73 0.51 2.35 0.61 0.88 196.5
Fe2SO4 3.04 0.36 2.56 0.61 2.02 0.55 0.79 197.6
PM + Fe2SO4 3.72 0.47 3.43 0.77 2.11 0.45 0.65 199.7

LSD (P � 0.05) 0.11 0.07 0.17 0.06 0.07 0.04 0.07 0.09

TW: tap water, MW: magnetized water; WW: well water; PM: peat moss; LSD: least significant difference.
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5. Conclusions

Climate change and increased population led to increased pres-
sure on freshwater resources in arid and semi-arid areas such as
Saudi Arabia. Therefore, finding alternative water resources for irri-
gation of ornamental crops attracts more research efforts. The
results obtained in the current study showed that irrigating C. offic-
inalis plants with high saline WW negatively affected vegetative
and flowering growth parameters in addition to reducing contents
of essential nutrients leading to lower survival rates of these
plants. However, magnetization of WW before irrigation aids in
recovering plant growth, productivity, and survival rate to levels
comparable to those of plants irrigated with TW (control). Further
studies to examine the potential of using MW in irrigation of food
crops are recommended.
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