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ABSTRACT

The effect of magnetic water compared with sa-
line water, nano-Mg at 100 and 200 ppm and nano-
Zn at 50 and 100 ppm treatments and their combi-
nations on lemongrass plants (Cymbopogen citra-
tus L.) was studied during 2018/2019 and
2019/2020.

Vegetative growth parameters including plant
height, number of tillers/ plant, leaf area, herb fresh
and dry weights were greatly affected by both stud-
ied factors. Magnetic water treatments recorded the
highest values of all vegetative growth parameters
compared with saline water. However, all nanopar-
ticles of Mg and Zn treatments were superior than
control in promoting vegetative growth parameters
and the treatments of 100 ppm nano-Zn and 200
ppm nano-Mg recorded the maximum values of
vegetative growth parameters. The combined treat-
ments showed that the highest values of vegetative
growth measurements were obtained in plants irri-
gated with magnetic water and sprayed with 100
ppm nano-Zn, in both cuts In 1%t and 2" seasons.

N, P, K and Mg contents were significantly
higher in lemongrass plants irrigated with magnetic
water than those irrigated with saline water. Moreo-
ver, the treatments of 100 ppm nano-Zn exhibited
the highest significant values of N, P, K, whereas
100 and 200 ppm of nano-Mg treatments were su-
perior in recording the highest values of Mg content,
in the two seasons. The combination treatments of
lemongrass plants irrigated with magnetic water and
sprayed with 100 ppm nano-Zn or 200 ppm nano-
Mg produced the richest values of N, P and K%
D.W., whereas, the treatments of magnetic water

combined with 100 or 200 ppm of nano-Mg pro-
duced the best Mg content.

A great effect of magnetic water irrigation on in-
creasing Fe and Zn contents than saline water treat-
ments. The treatments of 50 and 100 ppm of nano-
Zn were more effective than control and other treat-
ments in maximizing Fe and Zn levels.

The combined treatments of lemongrass plants
irrigated with magnetic water and sprayed with 100
ppm of nano-Zn exhibited the highest values of Fe
and Zn% D.W. in most cases. Additionally, total
chlorophyll greatly increased in lemongrass plants
irrigated with magnetic water than those irrigated
with saline water, whereas the treatment of 200 ppm
nano-Mg increased it than others. Interaction effect
showed that, plants irrigated with magnetic water
and sprayed with nano-Mg at 200 ppm exhibited the
highest values of total chlorophyll.

Proline and glycine betaine contents were
greatly decreased with magnetic water treatment
compared with saline water. Meanwhile, all applied
treatments were effective in decreasing the levels of
both constituents than control, which considered a
good indicator to alleviation of water salinity stress
on lemongrass plants through magnetic water and
nanoparticles of Mg and Zn applications. Finally,
volatile oil %, was greatly increased in lemongrass
plants irrigated with magnetic water, especially the
treatment of nano-Zn at 100 ppm as compared of
others in this respect in both cuts and the two stud-
ied seasons. The interaction between the two stud-
ied factors was significant which means that both
factors act together in improving volatile oil content
in lemongrass herb.
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INTRODUCTION

Lemongrass plant (Cymbopogon citratus L.) is
the important individuals from Cymbopogon, is a
basic fragrant cum therapeutic spice. It has a place
with the family Poaceae and Cymbopogon genus,
which comprise of extra than eighty species.
Cymbopogon citratus L., is one of the fundamental
oil crops productivity, created in various tropical
countries in South America, Asia and Africa (Baga-
turiya, 1990), it is turfed enduring grass with differ-
ent solidified stems rising up out of a short, rhizom-
atous rootstock. The leaves are about one meter
long and 3 cm wide and used as a high source of
cellulose and paper creation (Ciaramello, 1973).
Production of volatile oil of the stems and leaves
ranged from 0.25 to 0.35%, utilized for its lemon fla-
vor and smell. It is used in cooking as a critical well-
spring of lemon improving. Restoratively, it is quiet-
ing, antidiabetic, anthelmintic, antibacterial, antifun-
gal, anticancer, antiplatelet, hepatoprotective, opi-
ate and vasorelaxant. The unstable oil is carmina-
tive, depressant, torment easing, antipyretic (Abe-
Sato et al 2002.Tiwari et al 2010 and Tyagi and
Malik 2012)

Saltiness is the main abiotic stress factor, it con-
fines the food creation and break down the develop-
ing interest of food crops. Saltiness is the significant
worry of applied researchers to achieve the food
gap around the world. Since, greater part of harvest
plants species have a place with glycophyte class
which they are vulnerable to salt pressure, thus it is
the most basic natural pressure that can handicap
crop efficiency around the world (Flowers. 2004
and Munns and Tester 2008). Saltiness stress
causes negative effects on different biochemical
and physiological procedures which are related with
plant development and yield as photosynthesis, pro-
tein amalgamation and lipid digestion systems
which in this manner are seriously influenced by
saltiness disorder inside a plant (Parida and Das
2005). Plant development is truly influenced by salt
pressure, and plants adjust to this abiotic condition,
Through embracing a modificated systems (Jha et
al 2010 and Shabala and Munns, 2012). Overa-
bundance of salt particles in either water or soil
causes huge changes in morphological, physiologi-
cal and biochemical properties of plants, it incites
osmotic disturbance in plants, decrease in photo-

synthetic pathway, indistinct of colors, and uneven-
ness of water assimilation and ions take-up. Salt
harm is reliant on various factors, for example, cul-
tivars, development stage, plant feeding types and
other natural variables (Fatma et al 2016 and Chen
et al 2017).

Magnetically treated water (MTW) is water
which has been gone through a magnetic field be-
fore use by the plant. There are great advantages to
utilizing such rewarded water, in spite of the fact that
there is as yet extensive discussion with regards to
its productivity. In this regard Deng and Feng,
(2007) examined the component of polarization of
water and proposed a hypothesis dependent on the
sub-atomic structure of water. In the system pro-
posed by Pang and Deng, (2008), the communica-
tion of the remotely applied attractive field with the
electric momentum emerging from the protons (or
hydrogen particles) upgrade conductivity along the
shut hydrogen reinforced chains of atoms happen-
ing in water.

MTW expands the capacity of soil to trade parti-
cles and subsequently better absorption of supple-
ments and mineral by plants. Utilization of MTW
pulls in uncommon consideration because of its ab-
sence of contamination, wellbeing and effortless-
ness and it might assume a significant position in
the rundown of naturally clean strategies (Bogatin,
1999). It might likewise be utilized to enhance water
use efficiency because of its impacts on some phys-
ical and chemical properties of both the water and
the soil (Noran et al 1996 and Flores et al 2007).
MTW improved seed germination and seedling de-
velopment of an assortment of many crops in saline
calcareous soils (Hilal and Hillal, 2000), it addition-
ally expanded tallness, size and number of leaves
of maize seedlings (Flores et al 2007), sunflower
(Maitwijczuk et al 2012) and wheat and vegetables
(Waleed et al 2013)

Ongoing investigations demonstrated that nano-
particles initiate an advantageous impact on plant
development and improvement, and control plant
disorgers (Roghayyeh et al 2010 and Nair et al
2010). Nano fertilizers are utilized as of late as an
option in contrast to traditional sources because of
moderate discharge and high effective use by
plants. Use of nano fertilizers are among the most
encouraging strategies, which can possibly improve
plant use effectiveness and decrease natural poi-
sonousness. Plant use considerably less sum con-
coction chemical and pesticides than the sum ap-
plied in the soil, in this manner, rest of the synthetic
substances stay unused and collect in soil to build
soil harmfulness. The utilization of nano chemical
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fertilizers could be an expected way to deal with ad-
dress such issues of soil harmfulness and other re-
lated pressure issues. (Yang et al 2007 and Disfani
et al 2017).

ZnO nano particles (nano-ZnO) have been gen-
erally applied to plants because of their exceptional
physiochemical properties and huge explicit surface
area (Xu et al 2009 and Yang et al 2019). Nano-
materials control plant development and improve-
ment at various levels (Kwak and An 2016). For ex-
ample, the advantageous impact of nano-ZnO at
low fixations has been very much recorded in pea-
nut (Prasad et al 2012), mung bean (Mahajan et al
2011), and tomato (Singh, et al 2016), proposing
that nano particles create the resilience to different
abiotic stresses, including dry season (Zaimenko et
al 2014), saltiness (Almutairi, 2016) and low tem-
perature (Hawrylak-Nowak et al 2010). The mitiga-
tion of abiotic disorder by nano particles was regu-
larly connected with the improved cancer prevention
agent catalysts exercises (Sturikova et al 2018).

Magnesium (Mg) is essential macro element for
the chlorophyll synthesis and contributes up to 10%
of the total Mg in the chlorophyll structure (Wil-
kinsan et al 1990). Mg2+ is involved in several vital
processes of plants including the formation of ATP
in chloroplasts, CO: stabilization, protein synthesis,
chlorophyll formation, development of phloem, and
optical oxidation in leaves, it activates a large num-
ber of enzymes such as vas ATP-as enzymes,
RuBP, RNA polymerases, and protein kinase
(Cakmak and Yazici, 2010). However, Kumar et al
(2006) emphasized that chlorophyll and carotenoids
in rice plant decrease due to Mg deficiency while an
increase in Mg in wheat plant induced more chloro-
phyll accumulation (El-Metwally et al 2010). Mg is

a critical element which is required to maintain a
high pH level in chloroplasts and cytoplasm. Ac-
cording to Wang et al (2004), the total amount of
protein and soluble sugars in plant leaves de-
creased under the Mg insufficiency condition, and
proline content. (Lesko et al 2002).

The target of present work is to evaluate the im-
pact of magnetically treated water, nanoparticles of
Mg and Zn and their interaction to minimize or alle-
viate salinity stress disorders through their effect on
vegetative growth, chemical constituents and vola-
tile oil content of lemongrass (Cymbopogon citratus
L.) plant.

MATERIAL AND METHODS

This work was carried out during two successive
seasons of 2018/2019 and 2019/2020 in Wadi El-
Natron region, Behira Governorate to evaluate the
effect of irrigation with magnetic water and spraying
of magnesium and zinc nanoparticles on
Cymbopogen citratus L. plant. The experiment in-
cluded ten treatments, two irrigation water treat-
ments (saline and magnetic water) and five nano-
particles treatments (two nano- levels Mg at 100,
200 ppm and two nano-levels Zn at 50, and 100
ppm, in addition to control).

Lemongrass plants were propagated vegetative
through slips obtained by the splitting up of individ-
ual adult clumps. The rooted slips were cultivated
on first week of April during the two successive sea-
sons at spacing of 50 cm between hills and 100 cm
between rows under drip irrigation system with 4 li-
ters/hr. drippers for an hour three times in week. The
chemical analysis of the used water (saline water)
is illustrated in the following table:

Soluble anions meg/L

Soluble cations meg/L

H m
P PP COs~ HCOs Cl-

COg4~ Ca*™ Mg** Na* K*

7.8 2820 0.2 1.96 215

16.08 9.60 7.45 21.25 1.44

Regarding to magnetic water, it was obtained by
magnetic field apparatus where irrigation water
passed through a magnetic device which comprised
of two magnets arranged to the north and south
poles and installed on the main irrigation line before
application to the lemongrass plants. The ten treat-
ments were arranged in split plot design with four
replicates were the two types of irrigation water
were designed as in the main plots and the foliar

spraying of nanoparticles treatments were randomly
arranged in the sub-plots. All normal horticulture
practices were done as usual in this respect.

The used treatments were as follows

1. Control irrigated with saline water

2. Control irrigated with magnetic water

3. Nano Mg at 100 ppm irrigated with saline water.
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4. Nano Mg at 100 ppm irrigated with magnetic

water.

Nano Mg at 200 ppm irrigated with saline water.

6. Nano Mg at 200 ppm irrigated with magnetic

water.

Nano Zn at 50 ppm irrigated with saline water.

8. Nano Zn at 50 ppm irrigated with magnetic
water.

9. Nano Zn at 100 ppm irrigated with saline water.

10.Nano Zn at 100 ppm irrigated with magnetic
water.

The foliar sprays of Nano Zn and Nano Mg were
carried out three times namely, at mid of May, mid
of June and mid of July in both studied seasons and
first cut was done in mid of November. However, the
second stage of spraying was repeated at first of
December and again second in 1t of January in
both seasons and second cut was adopted at first of
February in both studied seasons. The following
data were recorded at the two cuts:

a

N

1- Vegetative growth parameters

Plant height (cm), number of tillers/plant, leaf
area (cm?), herb fresh weight/ plant (g) and herb dry
weight/ plant (g).

2- Chemical constituents
2-1- Mineral contents

The herb of lemongrass plants were collected
washed and dried at 70°C until a constant weight
and then ground for nutrient elements determina-
tion. Nitrogen was measured according to Guebel
et al (1991), phosphorus was measured according
to Bringham (1982), potassium was measured ac-
cording to Westerman (1990) and magnesium was
determined according to Pohl et al (2016). Data of
macroelements were expressed as ¢/100g dry
weight (%). However, Fe and Zn contents were de-
termined according to Chapman and Pratt (1982).

2-2 Total chlorophyll (meter reading)

It was measured as SPAD units using Minolta
chlorophyll meter (model SPAD SO2) according to
AOAC (1990)

2-3 Proline amino acid content (ug/g dry weight)
was determined in lemongrass herb according to
Bates et al (1973).

2-4 Glycine betaine content (ng/g dry weight)
was determined according to Escalante-Magana et
al (2019).

2-5 Volatile oil % was determined in the air dried
herb by hydrodistillation for 3 hours using a
Clevenger apparatus. The volatile oil (%) was cal-
culated as a relative percentage (v/w) according to
British Pharmacopoeia (1963)

Statistical analysis

The obtained data were statistically analyzed
and the differences between the means of different
treatments and their interactions subjected to anal-
ysis of variance (ANOVA) as factorial experiments
in split plot design described by Snedecor and
Cochran (1990) extracted from Waller and Dun-
can (1969).

RESULTS AND DISCUSSION
1- Vegetative growth parameters
1-1-  Plant height (cm)

Data in Table (1) show the effect of magnetic
water and nano materials of Mg and Zn treatments
on plant height (cm) of lemongrass (Cymbopogen
citratus L.) during 2018/2019 and 2019/2020 sea-
sons.

Magnetic water was superior in the two cuts and
the two studied seasons than normal irrigation water
(saline water) in increasing plant height with signifi-
cant differences between them. However, nano-Zn
at 100 ppm and nano-Mg at 200 ppm were effective
than the other treatments or the control in improving
plants height of lemongrass plants. The combined
treatments gave the tallest plants were recorded in
lemongrass plants irrigated with magnetic water and
sprayed with 100 ppm of nano-Zn. Generally, it
could be noticed that plant height values were
higher in second cut than in first one, irrespective of
the used treatments.

Lemongrass plant is the elite member of the ge-
nus Cymbopogon cultivated for an essential aro-
matic cum medicinal herb (Bagaturiya, 1990).
Nano-Zn application became usual for fertilization of
horticulture fruits for many favorable benefits spe-
cially peerless physical properties and big specific
area (Xu et al 2009 & Yang et al 2019).
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Table 1. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on plant height (cm) of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons

Plant height (cm)
2018/2019 Season
Treatments 1t cut 2nd cut
. Magnetic Mean Saline water | Magnetic Mean
Saline water
water water
Control 4479 51.4 efg 48.1D 62.0 h 65.0 f 63.5D
Nano Mg 100 ppm 53.2 ef 65.8 bc 595C 64.0 h 81.0d 725C
Nano Mg 200 ppm 61.3 cd 70.8 ab 66.1 AB 66.0g 88.1b 77.1B
Nano Zn 50 ppm 57.1 de 68.2 ab 62.8 BC 65.0 g 84.9c 745 BC
Nano Zn 100 ppm 64.3 bc 75.3a 69.8 A 74.3 e 915a 829 A
Mean 56.1 B 66.3 A 65.9B 82.1A
2019/2020 Season
Nano Mg 100 ppm 40.2 f 61.5cd 50.1D 61.6 h 68.6 ef 65.1D
Nano Mg 200 ppm 48.4 e 66.5 bc 575C 63.3 gh 69.6 d 66.5 CD
Nano Zn 50 ppm 60.2 cd 68.9 ab 64.6 B 67.3 e 75.3b 71.3AB
Nano Zn 100 ppm 56.9d 62.6 bcd 59.7C 64.6 fg 716c 68.1BC
Nano Mg 100 ppm 63.1 bc 73.8a 68.5 A 69.6d 78.0a 73.8 A
Mean 53.8 B 66.7 A 62.3 B 72.6 A

Values followed by the same letter (s) are not significantly different at 5% level

Magnetically water treatment reduces the bond
angle of the hydrogen-oxygen within the water mol-
ecule, so, these formatting smaller clusters of water
molecule than in ordinary water and then itis leads
to enhanced absorption of water into the cell
(Verma, 2011). Itis well known that Zn involved in
the structural of phosphorus components and mobi-
lizing of some enzymes such as phytase and phos-
phatase. So, application of nano-Zn promoting the
growth of plants through mobilization of phosphorus
from inactive to active form (Tarafdar and Claas-
sen 2003).

1-2- Number of tillers/ plant

A great effect to both studied factors on the num-
ber of tillers/ plant of lemongrass were recorded (Ta-
ble 2). It is important to pointed out that increasing
of number of tillers in lemongrass plant are consid-
ered a good finding due to increasing of fresh and
dry weights, the economic parts in lemongrass
plant. The higher values in this regards were ob-
tained by magnetic water treatments in the two cuts
of both seasons, with significant differences than
saline water treatment. However, nano-Zn at 100
ppm was superior than other nano-treatments or
control in recording the highest number of tillers/
plant. Interaction between the two studied factors

was significant in most cases, the higher interaction
values (36.5 and 51.3 tillers/ plant) were obtained
with plants irrigated with magnetic water and
sprayed with 100 ppm nano Zn in first and second
cuts in first season only.

Recent studies showed that nano-particles in-
duce a beneficial effect on plant growth and devel-
opment (Roghayyeh et al 2010).

1-3 Leaf area (cm?)

It is clear from data in Table (3) that leaf area
was greatly affected by both irrigation water quality
and spraying of nano-Mg and Zn in in most cases.
However, magnetic water treatment exhibited the
largest leaves of lemongrass plant in the two cuts of
both seasons, with clear significant effects between
them. Saline water had a negative effect on leaf
area, where it depressed the vegetative growth pa-
rameters which previously discussed and conse-
quently it negatively affected average leaf area val-
ues. Moreover, nano Mg at 200 ppm and nano-Zn
at 100 ppm recorded the maximum values of leaf
area than other treatments or control in the cuts in
both studied seasons. However, no significant dif-
ferences were obtained between the two mentioned
treatments in the first season in both cuts, but in
second one nano-Zn at 100 ppm was superior than
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Table 2. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on number of tillers
Iplant of lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons

No. of tillers /plant
2018/2019 Season
Treatments 15t cut 2nd cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 204 e 23.7 de 221D 22.8h 25.7¢g 243 F
Nano Mg 100 ppm 215e 27.3 bed 24.4C 335f 393e 36.4D
Nano Mg 200 ppm 24.6 de 32.1ab 28.4B 40.7 de 48.8 ab 44.8B
Nano Zn 50 ppm 23.1 de 30.4 bc 26.7B 384e 43.4 cd 409 C
Nano Zn 100 ppm 25.7cd 365a 311A 44.6 bced 513a 48.0 A
Mean 23.1B 30.0 A 36.0B 41.7 A
2019/2020 season
Control 18.2 e 21.7 de 20.0D 224 f 27.1 ef 24.7d
Nano Mg 100 ppm 20.8 de 24.8 cd 228C 26.5 ef 31.7cd 29.1C
Nano Mg 200 ppm 23.3cd 30.5ab 26.9B 30.6 de 37.1ab 33.98B
Nano Zn 50 ppm 24.8 cd 27.1bc 26.0B 28.7 de 37.4 bc 33.1B
Nano Zn 100 ppm 25.4 bed 334a 29.4 A 32.3 bed 415a 36.9A
Mean 22.6 B 275A 28.1 B 35.0 A

Values followed by the same letter (s) are not significantly different at 5% level

Table 3. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on leaf area (cm?) of

lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

Leaf area (cm?)

2018/2019 Season
Treatments 1st cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 37.2f 43.1de 40.2C 45.6 g 49.7 f 47.7D
Nano Mg 100 ppm 40.7 ef 44.7 de 42.7C 46.6 f 57.1cd 519C
Nano Mg 200 ppm 54.4c¢c 66.0 a 60.2 A 53.2 de 68.2 a 60.7 A
Nano Zn 50 ppm 48.0d 58.3 bc 53.1B 51.4 ef 64.3 ab 57.9B
Nano Zn 100 ppm 55.4¢ 62.6 ab 59.0 A 61.3 bc 65.8 ab 63.4 A
Mean 47.1B 549 A 51.6B 61.0 A
2019/2020 Season
Control 40.2 f 44.7 de 425C 40.9¢ 45.0 fg 43.0D
Nano Mg 100 ppm 41.9 ef 48.4d 451C 47.0 ef 48.8 def 479 C
Nano Mg 200 ppm 46.2d 60.2 bc 53.2B 52.3 cd 61.4 ab 56.9B
Nano Zn 50 ppm 444 e 62.6 a 53.5B 50.6 de 57.2 bc 53.9B
Nano Zn 100 ppm 56.9c¢c 61.5 ab 59.2 A 56.5 bc 63.9a 60.2 A
Mean 45.9B 55.5 A 49.5B 61.3 A

Values followed by the same letter (s) are not significantly different at 5% level
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200 ppm of nano-Mg in this respect. However, inter-
action values showed that lemongrass plant irri-
gated with magnetic water and sprayed with 200
ppm nano-Mn produced the largest leaves in both
cuts in the first season of study.

1-4- Herb fresh weight (g/plant).

Data illustrated in Table (4) showed that the
fresh weight of lemongrass plant was greatly im-
proved with the both studied factors during the two
cuts and the two studied seasons. However, mag-
netic water was superior than normal irrigation wa-
ter (saline water) in recording the highest values of
herb fresh weight in the two cuts and in both studied
seasons.

Nano-Mg and Zn treatments greatly improved
herb fresh weights of lemongrass plants than con-
trol in all cases, the treatments of nano-Zn at 100
ppm was superior than others, followed by 50 ppm
nano-Zn and 200 ppm nano-Mg ,whereas the treat-
ment of 100 ppm of nano-Mg came later. The com-
bination treatments were scored significant in most
cases, where the higher interaction values were rec-
orded by lemongrass plants irrigated with magnetic
water and sprayed with 100 ppm of nano-Zn in both
cuts and both studied seasons.

Overabundance of salt particles in either water
or soil causes huge changes in morphological,
physiological and biochemical properties of plants,
it incites osmotic disturbance in plants, decrease in
photosynthetic pathway, indistinct of colors, and un-
evenness of water assimilation and ions take-up.
Salt harm is reliant on various factors, for example,
cultivars, development stage, plant feeding types
and other natural variables (Fatma et al 2016 and
Chen et al 2017).

1-5 Herb dry weight (g/plant)

A similar trend to those found on herb fresh
weight values was also obtained on herb dry weight
of lemongrass plant (Table 5).The heaviest herb dry
weights were recorded by lemongrass plants irri-
gated with magnetic water against saline water in
both cuts and both studied seasons with significant
differences between them in all cases. Regarding
the effect of different treatments of nanopatrticles of
Mg and Zn, it is clear that 100 ppm of nano-Zn treat-
ment was more effective than other treatments or
control in producing high values of herb dry weights
in both cuts and both seasons. No significant differ-
ences were recorded between 50 ppm nano-Zn and

200 ppm nano-Mg treatments concerning herb dry
weights of lemongrass plant in all cases. Values of
interaction between the two studied factors showed
that the highest herb dry weights of lemongrass
plants were recorded in both cuts and both seasons
in plants irrigated with magnetic water and sprayed
with 100 ppm nano-Zn.

Since, majority of major crop plants species be-
long to glycophyte category, they are susceptible to
salt stress hence is most critical environmental
stress that can cripple crop productivity worldwide
(Flowers 2004 & Munns and Tester 2008).

Nano-fertilizers are used recently as an alterna-
tive to conventional fertilizers due to slow release
and efficient use by plants. Application of nano fer-
tilizers are among the most promising method which
can potentially enhance plant resource use effi-
ciency and reduce environmental toxicity due to ac-
cumulation of unused chemical fertilizers and pesti-
cides in the soil (Disfani et al 2017).

2- Chemical constituents

2-1-N, P and K (% D.W.)

Data presented in Tables (6, 7 and 8) show the
effect of magnetic irrigation water, nano-Mg and Zn
and their interactions on N, P and K% D.W. of
lemongrass plant. The higher values of N, P and K%
D.W. were recorded gained in lemongrass plants ir-
rigated with magnetic water in both cuts and both
studied seasons. However, all applied treatments of
nano particles were effective in increasing the levels
of N, P and K compared to control, the treatment of
100 ppm nano-Zn was more pronounced treatments
in positive effect in this respect. N% was 1.66% in
magnetic water treated plants against 1.38% in sa-
line water irrigated plants, P% was 0.25% against
0.21% and K% recorded 1.55% composed to
1.37%.

However, the highest N, P and K% were 1.74%,
0.26 and 1.81% with 100 ppm of nano-Zn against
1.30%, 0.19% and 1.11% for control lemongrass
plants which declare the great effect to nanoparti-
cles of Mg and Zn application in improving the nutri-
tion status of the treated plants. Interaction values
were act together in significant effect in this regard ,
the highest interaction values of the three macro el-
ements were recorded in lemongrass plants irri-
gated with magnetic water and sprayed with the 100
ppm of nano-Zn. Plant use considerably less sum
concoction chemical and pesticides than the sum
applied in the soil, in this manner, rest of the syn-
thetic substances stay unused and collect in soil to
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plant (g) of lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

Herb fresh weight / plant (g)
2018/2019 Season
Treatments 1st cut 2nd cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 137.2f 1845e 160.9D 215.7¢g 252.2f 234.0D
Nano Mg 100 ppm 174.1e 225.8 cd 200.0C 235.5fg 317.8d 276.7 C
Nano Mg 200 ppm 206.7d 2845b 2456 B 2785e 369.6 b 2741 C
Nano Zn 50 ppm 212.8.d 244.0c 228.4B 267.0e 347.6c 3073 B
Nano Zn 100 ppm 235.1¢c 336.1a 285.6 A 332.1c 3949 a 363.5A
Mean 193.2B 255.0 A 265.8 B 316.4 A
2019/2020 Season
Control 12719 1555 f 141.3E 189.3G 2475e 2184 D
Nano Mg 100 ppm 154.8 f 195.0e 174.9D 221.7f 265.1 de 2434 C
Nano Mg 200 ppm 185.7 e 295.0b 2404 C | 251.4de 337.2b 2943 B
Nano Zn 50 ppm 224.1d 242.7 cd 233.48B 269.1d 327.2 bc 298.2 B
Nano Zn 100 ppm 252.2c 345.0a 298.6 A 316.1c 3719a 3440 A
Mean 188.8 B 246.6 A 2495 B | 309.8 A

Values followed by the same letter (s) are not significantly different at 5% level

Table 5. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on herb dry weight /

plant (g) of lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

Herb dry weight / plant (g)
2018/2019 Season
Treatments 1st cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 5219 71.1 ef 61.6 D 821g¢g 98.1 ef 90.1 D
Nano Mg 100 ppm 66.2 f 85.9 cd 79.1C 89.3 fg 1234c 106.4 C
Nano Mg 200 ppm 75.6 ef 106.3 b 91.0B 109.2d 144.3 ab 1235B
Nano Zn 50 ppm 80.9 de 92.7c 86.8 B 102.6 de 1375b 120.1 B
Nano Zn 100 ppm 89.4 cd 131.9a 110.7 A 126.7c 1489 a 137.8 A
Mean 72.8B 97.6 A 102.0 B 129.8 A
2019/2020 Season
Control 48.6 g 62.4 f 555D 72.2f 97.2c 84.7D
Nano Mg 100 ppm 62.4 f 76.0e 69.2 C 85.5d 100.7 c 93.1C
Nano Mg 200 ppm 70.2 ef 114.1b 92.2B 975¢c 130.6 b 114.1 B
Nano Zn 50 ppm 85.5d 93.1cd 89.3B 102.6 c 129.1b 115.9B
Nano Zn 100 ppm 99.4c 136.5a 118.0A 123.2b 1444 a 133.8A
Mean 73.2B 96.4 A 96.2 B 120.4 A

Values followed by the same letter (s) are not significantly different at 5% level
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Table 6. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on N% D.W. of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

N% (D.W.)
2018/2019 Season
Treatments 15t cut 2nd cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 1.20e 1.39cd 130D 115e 142d 129D
Nano Mg 100 ppm 1.26 de 1.55 bc 141C 1.36d 1.67c 152C
Nano Mg 200 ppm 1.42 cd 1.83a 1.63B 1.70c 1.93b 1.82B
Nano Zn 50 ppm 1.40 cd 1.70 ab 155B 1.69c 1.82 bc 1.76 B
Nano Zn 100 ppm 1.63b 1.85a 1.74 A 1.81 bc 217a 1.99A
Mean 1.38 B 1.66 A 1.54 B 1.80 A
2019/2020 Season
Control 1.18e 146 cd 132D 1.21le 1.35de 128D
Nano Mg 100 ppm 1.39d 1.50 cd 145C 1.42cd 1.51cd 147C
Nano Mg 200 ppm 1.42d 184a 1.63B 158¢c 1.76 ab 1.67B
Nano Zn 50 ppm 1.42d 1.76 ab 1.59B 1.53 cd 1.78 ab 1.66 B
Nano Zn 100 ppm 1.63 bc 1.93a 178 A 1.77b 1.98a 1.88A
Mean 1.40B 1.70 A 1.50 B 1.68 A

Values followed by the same letter (s) are not significantly different at 5% level

Table 7. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on P% D.W. of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.
P% (D.W.)
2018/2019 Season
Treatments 18t cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean

water water water water
Control 0.17c 0.21bc 0.19C 0.19¢c 0.21c 0.20C
Nano Mg 100 ppm 0.20 bc 0.23ab 0.22B 0.22 bc 0.27 ab 0.25 AB
Nano Mg 200 ppm 0.20 bc 0.25a 023 AB 0.21c 0.27 ab 0.24B
Nano Zn 50 ppm 0.23ab 0.27a 0.25 AB 0.23 abc 0.28 a 0.26 AB
Nano Zn 100 ppm 0.24ab 0.28a 0.26 A 0.28 a 0.26 a 0.27 A

Mean 0.21B 0.25A 0.23B 0.26 A

2019/2020 Season

Control 0.17 ¢ 0.22 bc 0.20C 0.14d 0.18 cd 0.16 C
Nano Mg 100 ppm 0.23b 0.28 a 0.26 AB 0.22 bc 0.25ab 0.24B
0.Nano Mg 200 ppm 0.22b 0.27 ab 0.25B 0.22 bc 0.28 a 0.25 AB
Nano Zn 50 ppm 0.25 ab 0.28 a 0.27 AB 0.23 bc 0.28 a 0.26 AB
Nano Zn 100 ppm 0.27 ab 0.29 a 0.28 A 0.27 ab 0.29 a 0.28 A

Mean 0.23 B 0.27 A 0.22 B 0.26 A

Values followed by the same letter (s) are not significantly different at 5% level
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Table 8. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on K% D.W. of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

K % D.W.
2018/2019 Season
Treatments 1t cut 2nd cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 1.08 f 1.14 ef 1.11D 1.19e 1.32de 1.26C
Nano Mg 100 ppm 1.12 ef 1.32de 122C 1.33 de 161b 1.47B
Nano Mg 200 ppm 1.42 cd 1.78 ab 1.60 B 1.57 bc 1.70 ab 1.64 A
Nano Zn 50 ppm 1.49 cd 1.63 bc 1.64B 1.40 cd 1.59 bc 1.50 B
Nano Zn 100 ppm 1.74 ab 1.88a 1.81A 1.51 bc 1.83a 1.67 A
Mean 1.37B 155A 1.40B 1.61 A
2019/2020 Season
Control 1.10d 1.27 cd 1.19D 1.16e 1.34 de 125D
Nano Mg 100 ppm 1.22 cd 142c 132C 1.20e 1.56 bc 1.38C
Nano Mg 200 ppm 140c 1.72ab 1.56 B 1.53 cd 182a 1.68 B
Nano Zn 50 ppm 1.32c 1.66 ab 1.49B 1.45cd 1.74 ab 1.64 B
Nano Zn 100 ppm 1.63 b 1.84a 1.74 A 1.76a 191a 1.84 A
Mean 1.33B 1.58 A 1.42B 1.67 A

Values followed by the same letter (s) are not significantly different at 5% level

build soil harmfulness. The utilization of nano chem-
ical fertilizers could be an expected way to deal with
address such issues of soil harmfulness and other
related pressure issues. (Yang et al 2007 and Dis-
fani et al 2017).

2-2Magnesium (Mg) %

Data presented Table (9) suggested that an ev-
ident positive effect to both studied factors on Mg %
of lemongrass plants, but with a different trend.
However, irrigation with magnetic water exhibited
the higher Mg% D.W. in both cuts and both studied
seasons, compared to those plants irrigated with sa-
line water. All applied treatments recorded higher
values of Mg% D.W. than control especially, with
100 and 200 ppm of nano-Mg but 200 ppm was su-
perior in this respect. The increase in Mg% with
lemongrass plants treated with nanoparticles of Mg
is expected and logic due to the accumulation of Mg
ions in lemongrass plant tissue due to the applied
treatments. Interaction values were higher and sig-
nificant with lemongrass plants irrigated with mag-
netic water and treated with nano-Mg either at 100
or 200 ppm in both cuts and both studied seasons.

Magnesium (Mg) is essential for the chlorophyll
synthesis and contributes up to 10% of the total Mg
in the chlorophyll structure (Wilkinsan et al 1990).
Mg?* is involved in several vital processes of plants
including the formation of ATP in chloroplasts, CO2

stabilization, protein synthesis, chlorophyll for-
mation, development of phloem, and optical oxida-
tion in leaves (Cakmak and Yazici, 2010). Mg is a
critical element which is required to maintain a high
pH level in chloroplasts and cytoplasm. According
to Wang et al (2004), the concentration of protein
and soluble sugars in plant leaves decreases in the
Mg insufficiency condition. Further, Mg2 + defi-
ciency reduces the proline content which has been
confirmed by Lesko et al (2002).

4- Fe and Zn (ppm)

As illustrated in Tables (10 and 11), it is clear
that the two studied factors greatly increased Fe
and Zn levels in lemongrass plants. However,
lemongrass plants irrigated with magnetic irrigation
water recorded the highest values of Fe and Zn in
both cuts and both studied season. For instance,
lemongrass plants irrigated with magnetic water
contained 306.0 and 23.9 ppm of Fe and Zn, re-
spectively against 276.6 and 20.7 ppm for saline
water treatment. The effective treatments in in-
creasing Fe and Zn contents were nano-Zn at 100
and 200 ppm in both cuts and both seasons. Inter-
action between the two studied factors was signifi-
cant in most cases, but high interaction values for
Fe and Zn were recorded by lemongrass plants irri-
gated with magnetic water and treated with 50 and
100 pm of nano-Zn.
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Table 9. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on Mg % D.W.of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

Mg % ( D.W.)
2018/2019 Season
Treatments 15t cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 0.32¢c 0.40 bc 0.36 C 0.24e 0.32e 0.28C
Nano Mg 100 ppm 0.45 ab 0.53a 0.49 A 0.46 cd 0.57 ab 0.52B
Nano Mg 200 ppm 0.47 ab 0.55a 0.51A 0.48 bcd 0.63 a 0.56 A
Nano Zn 50 ppm 0.44 b 0.48 ab 0.46 AB 0.41d 0.52 bc 0.47B
Nano Zn 100 ppm 0.42b 0.46 ab 0.44B 0.42d 0.54 abc 0.48 B
Mean 0.42B 0.48 A 0.40B 0.52 A
2019/2020 Season
Control 0.37d 0.43 cd 0.40B 0.42d 0.46 cd 0.44D
Nano Mg 100 ppm 0.45 bcd 0.53 ab 0.49 AB 0.49 bc 0.63 a 0.56 AB
Nano Mg 200 ppm 0.50 abc 0.56 a 0.53 A 0.53 bc 0.68 a 0.61 A
Nano Zn 50 ppm 0.41cd 0.50 ab 0.46B 0.44 cd 0.58 ab 051C
Nano Zn 100 ppm 0.42cd 0.55a 0.49 AB 0.48 cd 0.58 ab 0.53B
Mean 0.43 B 0.51 A 0.47 B 0.59 A

Values followed by the same letter (s) are not significantly different at 5% level

Table 10. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on Fe (ppm) of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

Fe (ppm)
2018/2019 Season
Treatments 1t cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 200 e 221 e 210.5D 193 f 220 ef 206.5 E
Nano Mg 100 ppm 253d 261d 257.0C 237 e 276d 256.5D
Nano Mg 200 ppm 302c 340 ab 321.0B 281d 352b 316.5C
Nano Zn 50 ppm 312 bc 352 a 332.0A 337 bc 388 a 3625 A
Nano Zn 100 ppm 316 bc 356 a 336.0 A 314 ¢ 362 ab 338.0B
Mean 276.6 B 306.0 A 372.48B 3196 A
2019/2020 Season
Control 219 e 257 cd 238.0D 201 f 256 e 228.5D
Nano Mg 100 ppm 233 de 300 b 266.5 C 247 e 260 e 2535C
Nano Mg 200 ppm 270c 302 ab 286.0B 300d 364 a 332.0 B
Nano Zn 50 ppm 254 cd 320 ab 287.0B 332 bc 357 ab 3445 A
Nano Zn 100 ppm 268 c 332 a 300.0 A 312 cd 382 a 347.0A
Mean 248.8 B 302.2 A 278.4B 323.8 A

Values followed by the same letter (s) are not significantly different at 5% level
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lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons.

Zn (ppm)
2018/2019 Season
Treatments 1t cut 2nd cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 16.2 f 198e 18.0D 15.3f 20.6 e 18.0D
Nano Mg 100 ppm 20.6 e 22.6 cd 216C 22.1de 23.6 bcd 229C
Nano Mg 200 ppm 21.7 cd 23.2cd 225BC 23.2cd 256 b 24.4B
Nano Zn 50 ppm 21.2de 258D 23.2B 25.2b 276 a 26.4 A
Nano Zn 100 ppm 23.7c 28.2a 26.0 A 24.2 be 289a 26.6 A
Mean 20.7B 239A 22.0B 25.3A
2019/2020 Season
Control 16.3 f 213e 18.8D 206 e 232e 219D
Nano Mg 100 ppm 23.7 de 27.8 abc 258C 22.8¢€ 28.7 cd 285C
Nano Mg 200 ppm 24.3d 26.2 bed 253C 26.1d 342a 31.2B
Nano Zn 50 ppm 25.6 cd 28.8 ab 27.2B 27.7cd 32.6ab 30.2B
Nano Zn 100 ppm 27.7 abc 30.6 a 29.2 A 30.3 bc 355a 329A
Mean 23.5B 26.9 A 25.5B 30.8 A

Values followed by the same letter (s) are not significantly different at 5% level

2-3Total chlorophyll (meter reading values)

Table (12) data declared that lemongrass plants
irrigated with magnetic water exhibited higher val-
ues SPAD of total chlorophyll than those irrigated
with saline water in both cuts and both seasons.
However, nano-Mg treatments at 100 and 200 ppm
were effective than control or nano-Zn of the two
used concentrations in recording higher values of
total chlorophyll in the two cuts of both seasons. The
treatment of nano-Zn at 100 ppm was also effective
in some case in increasing total chlorophyll values.
The combined treatments of the two studied factors
was significant in affecting total chlorophyll of
lemongrass plants, where the highest interaction
values were recorded by lemongrass plants irri-
gated with magnetic water and sprayed with 200
ppm of nano-Mg in the two cuts and both studied
seasons.

Saltiness stress causes negative effects on dif-
ferent biochemical and physiological procedures
which are related with plant development and yield
as photosynthesis, protein amalgamation and lipid
digestion systems which in this manner are seri-
ously influenced by saltiness disorder inside a plant
(Parida and Das 2005). Plant development is

truly influenced by salt pressure, and plants adjust
to this abiotic condition, Through embracing a mod-
ificated systems (Jha et al 2010 and Shabala and
Munns, 2012).

Magnetically treated water (MTW), increases
the ability of soil to exchange ions and produced
good conditions for absorbance of fertilizers by
plants. Use of MTW attracts special attention due to
its lack of pollution, safety and simplicity, and it may
create suitable condition environmentally and good
practical application (Bogatin, 1999).

2-4Proline amino acid content (ug/g d.wt)

It is clear from data in Table (13) that proline
amino acid content was significantly increased in
lemongrass plants irrigated with saline water com-
pared with magnetic water treatment. It is well
known that the accumulation of proline in a many
group of plants due to different types of stresses
(Szabados and Savoure 2010). The levels of pro-
line considered a good indicator and vary between
species and reached to 100 times higher with water
disturbance in comparison with well-watered condi-
tions (Verbruggen and Hermans, 2008).
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Table 12. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on total chlorophyll,
SPAD (meter reading) of lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020
seasons.

Total chlorophyll , SPAD (meter reading)
2018/2019 Season
Treatments 18t cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 223e 23.1e 22.7C 21.4f 22.3f 219D
Nano Mg 100 ppm 25.7 cd 26.7 bc 26.2B 25.9d 30.0 ab 27.8B
Nano Mg 200 ppm 26.8 bc 30.2a 284 A 28.1 bc 319a 30.0A
Nano Zn 50 ppm 24.1 de 26.3c¢C 25.2B 23.2e 24. 4 de 23.8C
Nano Zn 100 ppm 27.2 bc 28.9 ab 28.1 A 26.8¢c 28.1 bc 275B
Mean 2558B 27.0 A 25.1 B 27.3A
2019/2020 Season
Control 206 f 22.8¢€ 217D 205e 23.1cd 218E
Nano Mg 100 ppm 25.0cd 275b 26.3B 23.1c 24.6 bc 239C
Nano Mg 200 ppm 27.7b 29.8 a 288 A 26.2b 30.0a 28.1A
Nano Zn 50 ppm 23.4 de 26.5 bc 25.0C 21.9de 26.5b 24.2C
Nano Zn 100 ppm 24.7 cd 274b 26.1B 22.4d 312a 26.8B
Mean 24.3 B 26.7 A 22.8B 27.1 A

Values followed by the same letter (s) are not significantly different at 5% level

Table 13. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on proline amino acid
content (Ug/g D.wt) of lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 sea-
sons.

Proline amino acid content (ug/g D.wt)
2018/2019 Season
1st cut 2" cut
Treatments -
Saline Magnetic Mean Saline Mag- Mean
water water water netic wa-
ter
Control 91.7a 629e 77.3 A 98.0 a 729 cd 855A
Nano Mg 100 ppm 87.7a 60.1e 73.9B 829 b 5739 70.1B
Nano Mg 200 ppm 78.2¢c 52.3f 65.3C 67.1de 64.8 ef 66.0 C
Nano Zn 50 ppm 82.7b 58.7 e 70.7B 76.0c 63.2 ef 69.6 B
Nano Zn 100 ppm 68.9d 47.8 f 58.4 D 61.9f 53.5¢9 57.7D
Mean 81.8 A 56.4 B 77.2 A 62.3B
2019/2020 Season
Control 93.3a 61.9d 77.6 A 914 a 78.0c 84.7 A
Nano Mg 100 ppm 87.0b 56.2 e 71.6B 82.0 bc 68.6 d 75.6 B
Nano Mg 200 ppm 85.3b 56.8 e 71.1B 84.0b 62.1e 73.1B
Nano Zn 50 ppm 76.4 c 60.3 de 68.4 C 78.0c 59.0e 68.5 C
Nano Zn 100 ppm 61.8 d 49.7 f 55.8D 68.1d 51.1f 59.6 D
Mean 80.8 A 57.0 B 80.4 A 63.8 B

Values followed by the same letter (s) are not significantly different at 5% level
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In the first cut of first season, lemongrass plants
irrigated with saline water recorded 81.8 ng pro-
line/g d.wt compared to 56.4 ng proline/g d.wt for
magnetic water irrigated lemongrass plants. How-
ever, all applied treatments were effective in reduc-
ing proline levels than control with significant differ-
ences between them. The least proline values were
recorded by 100 ppm nano-Zn treatment in both
cuts of both seasons, whereas least interaction val-
ues of proline were detected by the lemongrass
plants irrigated with magnetic water and sprayed
with 100 ppm nano-Zn. It is suggested that proline
acts in membrane and protein protection against the
effects of the high concentration of inorganic ions
and temperature extremes, in the stabilization of cell
structures and detoxification of free radicals (Ver-
bruggen and Hermans, 2008) and as a way to
store carbon, nitrogen and energy (Hare and
Cress, 1997). The reduction of proline amino acid
level is an evident indicator to that the plant did not
suffers from abiotic or biotic stress due to the ap-
plied treatments. Proline accumulation in the leaves
of plants exposed to drought stress is not only as-
sociated with an increased expression of the some
gene but also with the decreased expression of pro-
line dehydrogenase genes (PDH) coding for the en-
zymes of proline degradation (Miller et al 2009).

2-2Glycine betaine content (ug/g d.wt)

Table (14) show the effect of both quality of irri-
gation water and nano particles of Mg and Zn spray-
ing on glycine betaine levels of lemongrass plants.
Glycine betaine (GB) component is synthesized via
two distinct pathways from two distinct substrates,
choline and glycine (Ashraf and Foolad, 2007).
The osmolyte GB can accumulate in a several or-
ganisms such as plants, animals, bacteria, cyano-
bacteria, and algae (Rhodes and Hanson, 1993);
Generally, values of glycine betaine as an indicator
for plant stress were registered the lowest values of
proline content although both components are con-
sidered great indicators for suffering of plants from
different types of stress. Lemongrass plants irri-
gated with saline water exhibited higher values of
glycine betaine than those irrigated with magnetic
water which explained the relationship between
stress and accumulation of glycine betaine compo-
nent. It is important to mention that accumulation of
GB provides protection against

several environmental factors such as drought, sa-
linity, and cold (Chen and Murata, 2008). GB is bi-
osynthesized in plants when exposed to diverse en-
vironmental factors that cause stress, such as salin-
ity. It has been observed that GB can be synthe-
sized and accumulated; however, some species
such as Oryza sativa, Arabidopsis thaliana, and Ni-
cotiana tabacum do not produce GB naturally
(Rhodes and Hanson, 1993).

However, the treatment of 100 ppm nano-Zn
was more effective in reducing glycine betaine level
than other treatments or control in both cuts and
both seasons. Interaction values were significant in
most cases where the least values of glycine beta-
ine were recorded in lemongrass plants irrigated
with magnetic water and sprayed with 100 ppm of
nano-Zn. Other explains suggested that osmotic
stress-induced GB biosynthesis occurs via
jasmonate signal transduction, which not only has a
key role in osmotic stress resistance but also con-
tributes to tolerance (Xu et al 2018). Furthermore,
GB maintained a higher photosynthesis rate,
thereby increasing the production and translocation
of sucrose via phloem loading to enhance the plant
response to low-phosphate stress (Li et al 2019).
However, Wei et al (2017) demonstrated that GB
might regulate ion channel and transporters, result-
ing in high potassium and low sodium levels to en-
hance salt tolerance in transgenic plants under salt
stress conditions.

2.6. Volatile oil content (%)

At it shown in Table (15), lemongrass plants ir-
rigated with magnetic water produced higher volatile
oil % than those irrigated with saline water in the two
cuts and two studied seasons. However, in first cut
in first season, volatile oil %, of lemongrass plants
irrigated with magnetic water was 1.48% against
0.83% in saline water irrigated plants. Regarding
the effect of the used treatments, it is clear that all
applied treatments increased volatile oil % than con-
trol except the treatment of 100 ppm of nano-Mg.
The higher volatile oil % were obtained with 100
ppm of nano-Zn treatments, where it was superior
than others in both cuts and both studied seasons.
Interaction between the two studied factors was sig-
nificant in most cases, the highest values in this re-
spect were recorded in the lemongrass plants irri-
gated with magnetic water and sprayed with 100
ppm of nano-Zn.
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Table 14. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on glycine betaine
content (Ug/g D.wt) of lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 sea-
sons.

Glycine betaine content (ug/g D.wt)
2018/2019 Season
1t cut 2nd cut
Treatments -
Saline Magnetic Mean Saline Mag- Mean
water water water netic wa-
ter

Control 415a 20.5d 31.0A 420a 24.0 de 33.0A
Nano Mg 100 ppm 352b 18.1 de 26.7B 355b 23.6 de 296 B
Nano Mg 200 ppm 32.8bc 149e 22.9CD 32.3bc 229e 27.6 BC
Nano Zn 50 ppm 30.3 bc 17.1 de 23.7C 29.7c 234e 26.6C
Nano Zn 100 ppm 27.2¢c 14.7 e 21.0 D 28.3cd 208 e 246D

Mean 349A 19.1B 336 A 2298B

2019/2020 Season

Control 39.2a 25.1cd 322 A 43.0a 27.7d 354 A
Nano Mg 100 ppm 369a 21.2 de 29.1B 38.8 ab 23.1de 31.0B
Nano Mg 200 ppm 31.7b 183 e 25.0C 35.3 bc 20.7 ef 28.0C
Nano Zn 50 ppm 29.7 bc 20.6 de 252¢C 40.0 ab 19.9 ef 30.0B
Nano Zn 100 ppm 27.8 bc 178 e 22.8D 334c 175f 255D

Mean 33.1A 20.6 B 38.1A 21.8B

Values followed by the same letter (s) are not significantly different at 5% level

Table 15. Effect of magnetic water, nanoparticles of Mg and Zn and their interactions on volatile oil % of
lemongrass (Cymbopogon citratus L.) plant, during 2018/2019 and 2019/2020 seasons

Volatile oil % (air dried herb)
2018/2019 Season
Treatments 1t cut 2" cut
Saline Magnetic Mean Saline Magnetic Mean
water water water water
Control 0.54f 0.88 de 0.71D 0.31f 0.66 cde 0.49D
Nano Mg 100 ppm 0.70 ef 1.13c 0.79D 0.58 e 0.84c 0.71C
Nano Mg 200 ppm 0.91d 1.82 ab 1.37B 0.79cd 1.21 ab 1.00 A
Nano Zn 50 ppm 0.83 de 1.67b 1.25C 0.62 de 1.06b 0.84B
Nano Zn 100 ppm 1.17c 1.92a 155A 0.81c 1.35a 1.08 A
Mean 0.83B 148 A 0.62 B 1.02A
2019/2020 Season
Control 04le 0.82 cd 0.77C 0.45e 0.78 cd 0.62C
Nano Mg 100 ppm 0.68d 0.96 bc 0.82C 0.61 de 0.83¢c 0.72C
Nano Mg 200 ppm 0.82 cd 1.28a 1.05B 0.89c 1.36 ab 1.13A
Nano Zn 50 ppm 0.87 bc 1.05 b 0.96 B 0.77 cd 1.17b 0.97 B
Nano Zn 100 ppm 0.93 bc 147 a 1.20A 0.96 ¢ 151a 1.24 A
Mean 0.74 B 1.12 A 0.74B 1.13A

Values followed by the same letter (s) are not significantly different at 5% level
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