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ABSTRACT: This investigation was carried out at the experimental farm of the faculty of
Agriculture, Menoufia Univ. at Shiben EI-Kom during to growing the seasons of 2017 and 2018 to study
the effect of some magnetized water and biofertilization on the growth, herb yield and essential oil
content of Majorana hortensis L. plants. The N,-fixing bacterial strains of Rizobium, Azospirillium and
Azotobacter were used as biofertilizers in current study. The plants were irrigated either with normal or
magnetized irrigation water. The magnetized water was obtained by passing the water through magnetron
tube of 2 inches diameter and 4000 Gauss's strains. The obtained results showed that the growth and herb
yield parameters were markedly improved as a result of watering with magnetic water besides using bio
fertilizers (Rhizobium, Azotobacter and Azospirillium). The best results in this respect were obtained by
using magnetic water and Azotobacter fertilizer application compared to the control during both
experimental season. Furthermore, the highest essential oil content and the percentages of N, P and K
were enhanced as well by the combined application of magnetized water and Azotobacter application.
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INTRODUCTION

In recent decades, the cultivation of
medicinal and aromatic plants had noticeably
increased and has considered a good source of
foreign currency. Improving the productivity of
medicinal plants has been the focus of interest

medicine, as spices in the industry of food, also
used in perfumes, cosmetics and pharmaceutical
industry for its antibacterial, antimicrobial,
antifungal, anti-inflammatory, antidote,
anticonvulsant, anti-anxiety anti-gout,
antidiabetic, antitumor, Hepatoprotective and

for researchers worldwide to avoid the side
effects of chemical therapy on human health
through utilization of the medical herbs.
Furthermore,  following  the  appropriate
agricultural practices in growing such crops
provide the producers with higher income, in
comparison with many other traditional crops
(Hassan, 2009).

Marjoram (Majorana hortensis, M.) is an
aromatic and medicinal perennial plant belongs
to Lamiaceae (Labiatae) family that native to
Mediterranean region and commonly known as
sweet marjoram (Kumar, 2011). Marjoram plant
was known to the ancient Egyptians as flavor
food and a miraculous herb to cure various
diseases. Now the plant is cultivated as one of
the important economic export crops for its
preservative and medicinal properties. The
essential oil isolated from herb used in traditional

antioxidant activity (Burdock, 1995; Tiziana and
Dorman, 1998 and Tripathy et al., 2017). Bio-
fertilizers have beneficial return to increase
population of soil microorganisms, especially in
the surface layer of root rhizosphere, that create
substances which stimulate plant growth.
Therefore, it is considered as very important
method of providing the plants with their
nutritional ~ requirements  without  having
undesirable impact on the environment. It also
provides the means for stabilizing soil fertility
and has fabulous tendency for decreasing the
requirement of chemical fertilizers without
compromising on crop yield (Kahil et al., 2017).

The use of the magnetic field as a treatment
of water was observed for many industrial
purposes. Agricultural and medical terms were
used by Shimazaki Seed Company of the
magnetic field in improvement of seed
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germination and acceleration of growth. Many
studies on using magnetized irrigation water
were carried out (Nasher, 2008 and Hozayn and
Abdul Qados, 2010), on paulownia ,vegetable
crop (Celik et al., 2008) and chickpea
(Maheshwari and Grewal, 2009). Despite the
effective role of biofertilizers and magnetic water
in improving the productivity of several crops,
little is known about the interactive effects of
both of them on growth and secondary
metabolites accumulation in medicinal plants
including sweet marjoram. To the best of our
knowledge, few studies have been performed so
far to investigate the effect of bio-fertilizers
interacted with magnetic water on medicinal
plants. So, the objective of this experiment was
to investigate the effect of bio-fertilizers and
magnetic water treatments on the growth, yield
and essential oil content of sweet marjoram.

MATERIALS AND METHODS

This investigation was carried out at the
experimental farm of the faculty of Agriculture,
Menoufia University at Shiben EI-Kom during
tow growing the seasons of 2017 and 2018. The
aim of this study was investigate the effect of
bio-fertilization with N,-fixing bacterial strains
as well as irrigation with magnetized water on
the growth, yield and essential oil content of
Majorana hortensis L. plants

The seedlings were obtained from Medicinal
and aromatic plants Department, Horticulture
Research Institute, Ministry of Agriculture,
Egypt and transplanted at the Experimental Farm
on 12" of April in both seasons. During soil
preparation, constant doses of calcium super
phosphate 150 kg/fed (15.5% P,0s) and 100
kg/fed potassium sulphate (48% K,0) were
added in each growing season.

The bacterial strains were obtained from
National Research Center, Giza, Egypt. The bio-
fertilizers were added in two equal side dressings
to the soil in each experimental season and the
treatments were as follows:

1. Control without bio (B0)

2. Biofertilization with Rizobium (B1).

3. Biofertilization with Azospirillium (B2).
4. Biofertilization with Azotobacter (B3).

The magnetized water was obtained by
passing the water through magnetron tube of 2
inches diameter and 4000 Gauss's strains
according to Amin and Qaseem (2009). The
previous biofertilizer treatments were applied
under either normal irrigation water (MO) or
magnetized water (M1). The treatments of this
experiment were arranged in spilt-spilt design
with three replicates for each treatment. The
plants were cultivated at 50 cm apart and the
plant density was 16000 plant/fed.

In each experimental season the plants were
harvested three times. The plants were cut off
about 15 cm above the soil surface. The first cut
was done at 12" of June, while the second and
the third cuts were performed by the end of
August and October, respectively in each
growing season. For each cut the following data
were recorded:

Growth and yield parameters:
- Plant height in cm.

- Number of branches /plant.

- Fresh weight of herb/plant (g).

- Dry weight of herb/plant (g).

Essential oil determination:

The essential oil percentage was determined
in fresh herb samples collected from each cut in
both seasons according to the method described
in British Pharmacopea (1963). The essential oil
percentage (v/w) was calculated according to the
following equation:

Essential oil percentage =
Observed oil in graduated tube (mL)

x 100
Weight of sample (g)

The essential oil yield / plant (mL) and per
fed (L) were then calculated.

Chemical analysis of herb:

The leaves were oven dried at 70°C for 72
hours until constant weight and kept as powder
for chemical analysis.

- Mineral content:
Nitrogen was determined by Kjeldahl
procedure (Bremmer, 1996). Phosphorus was
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determined by using  Spectophotometer
(Richards, 1954). Potassium was determined by
using Flame photometer (Wettstein, 1957).

Statistical analysis:

The obtained results were subjected to
statistical analysis and analysis of variance
(ANOVA) was performed using Michigan
Statistical Program Version C (MSTATC).
Means were compared by Least significant
difference (L.S.D.) value at 0.05 probability level
as mentioned by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION
1. Vegetative growth:

1.1. plant height and number of branches:

The recorded data in Table (1) indicate that,
the Majorana hortensis L. plants grown under
different kinds of bio-fertilizers and irrigated
with magnetized water were taller than those
grown under the individual application of them
in the two experimental seasons. The tallest
plants were obtained by the combined treatment
of Azotobacter and magnetized water (M1 x B2)
that reached in the third cut to 45.2 and 40.6 cm
in the first and second seasons, respectively.
Contrary, the control plants (MO x BO) resulted

in the shortest plants and recorded in the third cut
27.3 and 27.8 cm in both seasons, respectively.
In the same line, the interaction treatment of
magnetized water and biofertilizers increased the
branch number in the two experimental seasons.
The highest number of branches / plant was
obtained in the third cut of the two growing
seasons. The highest branch number was
obtained by the combined treatment of
Azotobacter and irrigation with magnetically
treated water (M1 x B2). By applying this
treatment, the branch number was 29.7, 44.1 and
44.9 in the first season while, it was 31.3,41.8
and 47.3 in the second one for the three cuts,
respectively.

Increasing the growth due to biofertilizers
may be ascribed to the role of such bacterial
strains  in  increasing the  endogenous
phytohormones such as GA3, |AA and cytokinins
and consequently stimulated cell division and
building more vascular tissues. Such effect has
been previously reported in Nigella sativa (Harb
et al., 2011) Carum carvi (Mazrou, 2013),
Foeniculum vulgare (Kusuma et al., 2019) and
Origanum vulgare (Nikou et al., 2018).

Table (1). Effect of interaction between irrigation with magnetized water and bio-fertilization on
plant height and number of branches of Majorana hortensis L. plant during 2017 and

2018 growing seasons.

Plant height (cm) Number of branches/plant
The first season The second season The first season The second season

Treatments (201V) (2018) (2017) (2018)
First | Second | Third | First | Second | Third | First | Second | Third | First | Second | Third
cut cut cut | cut cut cut | cut cut cut | cut | cut cut
BO [23.2| 255 | 273 |225| 258 | 278 |13.2| 242 | 251 |17.0| 240 | 26.3
Mo | B1 |28.2| 285 | 29.8 |26.8| 304 | 30.8 |17.5| 27.7 | 30.8 |[195| 28.8 | 32.9
B2 |35.2| 344 | 358 (32.7| 346 |354|239| 370 | 378 |229| 359 | 406
B3 |315| 322 | 327 (294| 316 |333|223| 312 |328|20.0| 32.0 | 358
BO |[28.9| 319 | 325 (29.3| 29.6 |30.8 |19.1| 29.7 | 30.6 |{19.8| 29.2 | 319
M1 B1 |31.3| 350 | 358 (33.2| 335 |342|233| 341 |353|228| 344 | 381
B2 [40.6| 423 | 452 |37.8| 39.6 | 40.6 |29.7| 44.1 | 449 |31.3| 418 | 473
B3 |349| 398 |39.6 [344| 36.8 |37.2|27.7| 39.4 | 415 |282| 37.7 | 439
LSD(5%) |1.44| 171 1.33 |1.37| 083 | 0.78 |146| 166 | 0.62 |1.42 14 0.76

MO = not magnetized water, M1 = magnetized water, BO = without biofertilizers; B1 = Rhizopium; B2 = Azotobacter; B3

= Azospirillum.
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Additionally, these results may be explained
by the role of magnetized water on increasing the
soil content from available N, P and K and also
enhanced their absorption by plant roots, which
was reflected in promoting plant growth
parameters (Midan and Tantawy, 2013). Similar
trend has been previously observed in Origanum
majorana (Khater, 2019), Rosmarinus officinalis
(Zedan et al., 2020) and Majorana hortensis
(Khater, 2020). The increment in plant height
and number of branches as a result of applying
the combined treatment of magnetized water and
biofertilzers could be explained through the
effective role of both of them in increasing the
plant height when solely applied. These results
are in agreement with Khater (2019), who
reported the same promotion effect of
magnetized water and biofertilzers on plant
height and number of branches.

1.2. Fresh and dry weight:

Data presented in Table (2) show that the
herb fresh and dry weight per plant were
positively influenced by the combined
application of magnetized water and biofertilizer
treatments in the two experimental seasons. All
biofertilizers used considerably increased the

herb fresh and dry weights compared to the
control whether plants irrigated with magnetized
water or ordinary one; however, the increment by
magnetized water was significantly higher. This
trend was observed in both seasons in the three
cuts. The most effective interaction treatment
was M1 x B2 which maximized the herb fresh
and dry weights per plant. By applying this
treatment, the total fresh herb yield was 338.1
and 308.4 g/plant while the untreated plants
recorded 154.7 and 159.2 g/plant in the two
seasons, respectively. The same direction was
observed concerning the dry herb yield since the
herb yield under M1 x B2 treatment was
increased by 132.28 and 130.32% relative to the
control in the first and second seasons,
respectively. These results are inagreement with
those of Khater (2020) who reported that the
interaction between magnetized water and
biofertilizer increased the fresh and dry weight of
herb in Majorana hortensis L. plants.
Furthermore, the same trend was observed in
servel aromatic herbs like Origanum majorana
(Khater, 2019), Rosmarinus officinalis (Zedan et
al., 2020) and Majorana hortensis (Khater,
2020).

Table (2). Effect of interaction between irrigation with magnetized water and bio-fertilization on
fresh and dry weight of Majorana hortensis L. plant during 2017 and 2018 growing

seasons.
Fresh weight /plant (g) Dry weight /plant (g)
The first season The second season The first season The second season
Treatments (2017) (2018) (2017) (2018)
First | Second | Third | First | Second | Third |First|Second | Third | First | Second | Third
cut cut cut | cut cut cut cut cut cut cut cut cut
BO [29.1| 512 | 744 |31.0| 554 728 | 73| 203 | 235 | 7.9 | 15.03 | 205
MO | B1 |33.7| 845 | 89.8 |36.2| 818 904 | 96| 293 | 329 | 9.8 | 23.05 | 25.6
B2 [46.2| 1125 |124.7|43.1| 100.4 | 1105 |14.2| 412 | 412 | 125 | 28.8 | 35.8
B3 |41.1| 99.8 |103.2|40.4| 92.3 |104.03|11.7| 348 | 356 | 114 | 26.2 | 31.3
BO [35.2| 88.6 | 91.8 |38.1| 816 88.8 [11.4| 295 | 347|111 | 250 | 29.6
Bl [41.3| 1035 [109.8|43.5| 985 | 107.3 |15.2| 379 | 40.6 | 129 | 28.4 | 36.6
M1 B2 [53.7| 135.6 [148.8|52.2| 1214 | 1348 |185| 475 | 527 |15.03| 37.6 | 474
B3 [48.7| 118.7 |131.6|47.1| 110.7 | 1275 |158| 43.6 | 439 | 138 | 31.9 | 447
LSD (%) | 42 | 428 | 163 (0.97| 215 1.74 [096| 189 | 093|042 | 137 | 053

MO = not magnetized water, M1 = magnetized water, BO = without biofertilizers; B1 = Rhizopium; B2 = Azotobacter; B3
= Azospirillium.
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1.3. Essential oil percentage:

From data in Table (3) it could be noticed
that the combined treatment of magnetized water
and bio-fertilizers improved the essential oil
percentage compared to the control in both
seasons. All biofertilizer treatments produced
higher essential oil percentage when applied
under magnetized water than under the ordinary
water in both seasons Among all interaction
treatments, M1 x B2 treatment resulted in the
highest essential oil percentage in the two
growing seasons. Plants that received this
treatment recorded 58.66 and 78.04% higher
essential oil percentage relative to the control
(MO0 x BO) in the second cut during the first and
second seasons, respectively. The improvement
in the essential oil percentage as a result of the
combined application of magnetized water and
biofertilizer treatment might be due to the role of
magnetized water in inducing enhancement in
the mechanism of metabolic process in the plant
which  was reflected in improving the
biosynthesis of essential oil in the leaves
(Esfandiar et al., 2012). Furthermore, the
important role of the bacterial strains in
stimulating the endogenous phytohormone that
participating in essential oil metabolism may
explain this increase in essential oil. This

magnetized water in inducing enhancement in
the mechanism of metabolic process in the plant
which  was reflected in improving the
biosynthesis of essential oil in the leaves
(Esfandiar et al., 2012). Additionally, the
bacterial strains in biofertilizer stimulates the
endogenous phytohormone that participating in
essential oil metabolism (Youssef et al., 2004).
Similar trend has been observed by Abido et al.
(2011) on spearmint, Nikou et al. (2018) on
Origanum vulgare and Zedan et al. (2020) on
Rosmarinus officinalis.

1.4. Essential oil yield per plant:

From data in Table (4) it could be noticed
that the combined treatment of magnetized water
and bio-fertilizers improved the essential oil
yield per plant compared to the control in both
seasons. The biofertilizer treatments produced
higher essential oil yield when applied under
magnetized water than under ordinary one.
Among all interaction treatments, M1 x B2
treatment resulted in the highest essential oil
yield (mL/plant) in the two growing seasons.
Plants those received this treatment recorded
364.6 and 294.9% higher essential oil yield /
plant compared to the control (MO x BO) in the
second cut during the first and second seasons,

increase may be ascribed to the

role of

respectively.

Table (3). Effect of interaction between magnetized water and bio-fertilization on essential oil
percentage of Majorana hortensis L. plant during 2017 and 2018 growing seasons.

The first season (2017) The second season (2018)
Treatments First Second cut Third First Second cut Third
cut cut cut cut
BO 0.57 0.75 0.33 0.29 0.41 0.28
B1 0.71 0.89 0.49 0.40 0.50 0.40
MO B2 0.87 1.07 0.68 0.67 0.71 0.53
B3 0.75 0.95 0.58 0.63 0.65 0.48
BO 0.67 0.94 0.50 0.46 0.48 0.39
B1 0.84 1.08 0.66 0.55 0.57 0.59
Mt B2 1.05 1.19 0.82 0.76 0.73 0.71
B3 0.89 1.11 0.73 0.69 0.68 0.66

MO = not magnetized water, M1 = magnetized water, BO = without biofertilizers; B1 = Rhizopium; B2 = Azotobacter; B3 =

Azospirillium.
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Table (4). Effect of interaction between irrigation with magnetic water and bio-fertilization on
essential oil yield in ml / plant of Majorana hortensis L. plant during 2017 and 2018

growing seasons.

The first season (2017) The second season (2018)
Treatments First Second cut Third First Second cut Third
cut cut cut cut
BO 16.54 38.27 24.55 9.22 22.44 20.57
Mo B1 23.97 75.84 44.23 14.57 41.11 36.39
B2 40.15 119.81 84.79 28.77 71.03 54.87
B3 30.93 94.56 59.34 25.25 60.23 49.67
BO 23.48 86.29 44,52 17.53 38.96 35.08
M1 Bl 34.55 118.04 68.05 23.71 55.65 64.11
B2 56.06 177.82 110.51 39.41 88.62 95.37
B3 43.09 145.75 86.35 32.49 74.72 84.47
L.S.D (5%) 2.54 2.19 1.001 1.28 1.42 0.76

MO = not magnetized water, M1 = magnetized water, BO = without biofertilizers; B1 = Rhizopium; B2 = Azotobacter; B3 =

Azospirillium

Increasing the essential oil yield due to the
combined application of magnetized water and
biofertilizer treatment might b2e explained
through the dual role of both treatments in
inducing the mechanism of metabolic process in
the plant which reflected in improving the
biosynthesis of essential oil in the leaves
(Esfandiar et al., 2012). Furthermore, inoculation
with bacterial strains as biofertilizer stimulates
the endogenous phytohormone that participating
in metabolism of essential oil and therefore the
essential oil yield was increased. These results
are in agreement with those of Abido et al.
(2011) on spearmint, Zedan et al. (2018) on
lavender, Nikou et al. (2019) on Origanum
vulgare and Zedan et al. (2020) on Rosmarinus
officinalis.

2. Chemical constituents:

2.1. Total N, P and K percentage:

From data in Tables (5 and 6) it could be
noticed that the combined treatment of
magnetized water and bio-fertilizers improved
the total N, P and K percentage compared to the
control in both seasons, the biofertilizer
treatments produced higher total N, P and K
percentage when applied under magnetized water
than under ordinary water. Among all interaction
treatments M1 x B2 resulted in the highest total
mineral content percentage in the two growing

seasons. Plants that received this treatment
recorded 48.08 and 47.24% higher total nitrogen
percentage to the control (MO x BO) in the
second cut during the first and second seasons,
respectively. By applying this treatment the
phosphorus percentage was 0.58, 0.60 and 0.48%
in the first season while, it was 0.34,0.41 and
0.29% in the second one for the three cuts,
respectively. Additionally, plants that received
this treatment recorded 21.58 and 49.21% higher
potassium percentage to the control (MO x BO) in
the second cut during the first and second
seasons, respectively.

These results are in agreement with those
obtained by Al-Nimer et al. (2011) who found
that the magnetized treated water was an
effective solvent and has ability to dissolve the
nutrient elements easier and faster than purified
water (non-magnetized treated). Additionally,
biofertilizer led to an increase in mineral content
in several aromatic species such as Hibiscus
sabdariffa (Mazrou, 2013), Nigella sativa
(Khalid and Mahmoud, 2015) and Majorana
hortensis (Kandeel et al., 2016). Similar results
have been reported also by Ghatas and Mohamed
(2018) on Cymbopogon citrates, Khater (2019)
on Origanum majorana, Nikou et al. (2018) on
Origanum vulgare L. and Khater (2020) on
Majorana hortensis L.
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Table (5). Effect of interaction between irrigation with magnetized water and bio-fertilization on
total N, P and K percentages of Majorana hortensis L. plant during the growing season of

2017.
The first season (2017)

Treatments First cut Second cut Third cut
N% P% K% N% P% K% N% P% K%
BO 1.32 0.29 1.18 1.56 0.38 1.39 1.36 0.23 1.05
MO B1 1.57 0.35 1.34 1.79 0.42 1.45 1.53 0.28 1.15
B2 1.86 0.41 1.47 2.09 0.51 1.55 1.82 0.34 1.36
B3 1.64 0.36 1.34 1.87 0.44 1.45 1.66 0.29 1.29
BO 1.67 0.37 1.45 1.9 0.47 1.46 1.59 0.34 1.16
M1 B1 1.84 0.52 1.55 2.08 0.54 1.56 1.88 0.42 1.33
B2 211 0.58 1.68 2.31 0.60 1.69 2.12 0.48 1.53
B3 1.94 0.55 1.55 2.08 0.56 1.59 1.91 0.45 1.38

Table (6). Effect of interaction between irrigation with magnetized water and bio-fertilization on
total N, P and K percentages of Majorana hortensis L. plant during the growing season of

2018.
The second season (2018)
Treatments First cut Second cut Third cut
N% P% K% N% P% K% N% P% K%
BO 1.23 0.22 1.25 1.27 0.29 1.26 1.15 0.20 1.29
MO B1 1.45 0.26 1.38 1.50 0.33 1.47 1.41 0.23 1.47
B2 1.64 0.29 1.58 1.69 0.36 1.73 1.62 0.27 1.64
B3 1.50 0.28 1.51 1.58 0.34 1.65 1.52 0.24 1.54
BO 1.41 0.26 1.48 1.41 0.34 1.54 1.31 0.23 1.39
M1 B1 1.65 0.30 1.66 1.65 0.38 1.69 1.52 0.26 1.59
B2 1.86 0.34 1.82 1.87 0.41 1.88 1.72 0.29 1.87
B3 1.69 0.31 1.73 1.74 0.38 1.75 1.62 0.27 1.78
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