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Abstract: An experiment was conducted during 2017/2018 and 2018/2019 seasons to evaluate the response of
Cymbopogon flexuosus L. and Cymbopogon citratus L. lemongrass plants to spraying of Chitosan either alone
or loaded with magnesium nanoparticles under Siwa Oasis region conditions. The treatments were control,
chitosan 0.2%, chitosan + 0.1 g/L magnesium nanoparticles, chitosan + 0.2 g/L magnesium nanoparticles and
chitosan + 0.3 g/L magnesium nanoparticles. Plant height (cm), fresh and dry weights/ plant (g), estimated fresh
and dry weights (kg) /fed., total chlorophyll (reading) and Mg % were recorded. However, volatile oil attributes
including volatile oil %, volatile oil content/ plant (ml) and estimated yield of volatile oil per fed. (L) were
determined. However, volatile oil constituents resulted from the used treatments in both species of lemongrass
was also determined in the first season. The great effect on studied measurements were obtained with chitosan
loaded with 0.3 g/L Mg nanoparticles, however, all used treatments were recorded higher values than control.
Sometimes the treatment of chitosan + 0.2 g/L Mg exhibited similar values to those obtained in chitosan + 0.3
g/L Mg especially in fresh weights per plant or per fed. On the other hand, C. flexuosus L. was superior than
C. citratus in most measurements except fresh weights values where they exhibited similar values in the first
cut but C. flexuosus was superior in the second cut. The treatments of chitosan loaded with 0.3 g/L nano Mg
exhibited higher values of Mg and this finding was correlated with higher values of volatile oil %, volatile oil
yield/plant (ml) and yield of volatile oil per fed. (liter). However, C. citratus was superior than C. flexaosus in
Mg content and consequently in volatile oil production. Data also showed that the volatile oil attributes were
decreased in the second cut than in the first one. Regarding volatile oil fractions, data showed that the main
component was Citral in both species of lemongrass. The used treatments greatly affected volatile oil fractions
than control. Generally, it could be extracted that the higher volatile oil fractions values in C. flexuosus were
Citral, Benzene methoxy, Geranyl acetate, Octane dimethyl and Hydroxy methylpropyl. However, in C. citratus
the main components were Citral, Myrcene, Geraniol, Bicyclo heptan and Linalool oxide.
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INTRODUCTION Cymbopogon flexuosus, East Indian origin, (E) its

Lemongrass (Cymbopogon flexuosus), lemongrass for a variety of fitness conditions. Recent scientific
(Cymbopogon citratus), plamarosa (Cymbopogon research have furnished proof supporting its
martini) and citronella (Cymbopogon winterianus) are the antimicrobial, antioxidant, antifungal and anti-
elite members of genus Cymbopogon. Lemongrass is an inflammatory. However, Cymbopogon citratus, West
essential aromatic cum medicinal herb. It belongs to the Indian origin, (W) which has a place with fam. Poaceae, is
family Poaceae and genus Cymbopogon, which consist of one of the basic  oil  crops. It is developed in numerous
extra than eighty species. tropical  nations  in  South  America,  Asia  and  Africa [1].

integral oil has  been  traditionally  used  as  a  treatment
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Both species are turfed lasting grass with various CO  expands photosynthesis force, prompting expanded
hardened stems emerging from a short, rhizomatous carbon take-up and digestion, consequently expanding
rootstock. The leaves are 100 cm long and 3 cm wide and plant development [15]. The beneficial outcomes of
utilized as a wellspring of cellulose and paper creation [2]. lithovit compound on plant development and concoction
Fundamental oil substance of the stems and leaves normal constituents were accounted for by Abd El Ghafar et al.
0.25-0.35% with citral being the primary segment (80-86%). [16] on onion plants, Abo-Sedera et  al. [17]  on  snap
They used for its lemon flavor and aroma. It is utilized in bean plants, Abou-Shleell [12] on Moringa  oleifera.
cooking as a significant wellspring of lemon enhancing. They announced that foliar application with lithovit at 500
Therapeutically, it is calming, antidiabetic, pain relieving, ppm fundamentally expanded all the concentrated
anthelmintic, antibacterial, antifungal, anticancer, cancer vegetative development parameters and substance
prevention agent, antiplatelet, hepatoprotective, narcotic structure of moringa plants.
and vasorelaxant. Citral is the significant constituent of its Chitosan, a direct polysaccharide evaluated by
fundamental oil. The oil is carminative, depressant, pain Azuma et al. [18]; Jayakumar et al. [19] and Merzendorfer
relieving, antipyretic, antibacterial and antifungal [3-6]. [20] connected 2-amino-deoxy- -D-glucan, is a

Magnesium is a piece of chlorophyll in green plants deacetylated subsidiary of chitin, which is the second
and it helps in initiation of many plant compounds most plenteous polysaccharide found in nature after
required for development [7]. Numerous examiners cellulose. Chitosan has been seen as non-harmful,
announced the invigorating impact of applied mineral and biodegradable, biofunctional, biocompatible and is
micronutrients as foliar splash on development and accounted for by a few specialists to have solid
blossoming of various therapeutic and sweet-smelling antimicrobial and antifungal exercises [21]. It can frame a
plants. In this regard El-Khyat [8] on Rosmarinus film on products of the soil surfaces and diminishes
officinalis and Amran [9] on Pelargonium graveolens, breath rate by changing the penetrability of carbon
outlined that foliar utilization of Mg improved the dioxide and oxygen. The 3 - NH+ gathering of chitosan
development and substance arrangement of  the  plants. may likewise limit the proliferation of hurtful germs,
In addition, Youssef [10] on Echinacea purpurea, therefore adequately controlling organic product rot.
Yadegari [11] on borago,  thyme  and  marigold  and Considering these predominant properties of chitosan, it
Abou-Shleell [12] on Moringa oleifera who referenced has been effectively utilized in numerous post harvested
that foliar use of Mg in chelated structure at 500 ppm organic products, vegetables or their crisp cut examples
altogether expanded all the concentrated vegetative [22]. Nowadays numerous reports including chitosan
development parameters  and   synthetic  organization  of covering for the most part center around the assortments
the  plants. In addition, magnesium is basic to every living of foods grown from the ground or compound covering
cell, where it assumes a critical job in controlling dependent on chitosan [23, 24]. Be that as it may, with
significant  organic   polyphosphate   compound  like respect to the saving attributes, for example, physiological
ATP, DNA and RNA. It is has basic parts or as protein quality, biochemical parameters, microbial markers and
co-factors for plant digestion. The advancement of supplement status of post-reap leafy foods, there is no
nanoscale of Mg may subsequently help in setting off the definite report at present. This audit endeavors to
metabolic pathways including photosynthesis prompting condense the impact of chitosan coatings on saving
better development and better return of plant. character  of   post-gather  foods  grown  from  the

Nano-particles applied science are utilized to assess ground. We expect that this survey will give bits of
their consequences for plant development, yield and for knowledge to analysts dealing with post-collect
the control of plant sicknesses [13]. Late investigations conservation. [25, 26]. As of late, a few specialists
indicated that nano-particles actuate an advantageous announced that chitosan upgraded plant development
impact on plant development and improvement [14]. and improvement [27-29]. They detailed that utilization of
Lithovit compound particles contain calcium carbonate chitosan expanded key compounds exercises of nitrogen
(80%), magnesium carbonate  (4.6%)  and  Fe  (0.75%). digestion (nitrate reductase, glutamine synthetase and
The helpful impact of this compound is being contains protease) and improved the transportation of nitrogen (N)
calcium carbonate (CaCO ) disintegrates to calcium oxide in the practical leaves which upgraded plant development3

(CaO) and carbon dioxide (CO ) in leaves stomato and this and advancement.2

2
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The main target of this work was to evaluate the which were cooled in an ice bath. The suspension was
efficacy of chitosan either alone or loaded with centrifuged for 30 min at 4000 rpm and the supernatant
magnesium nanoparticles on growth, volatile oil was discarded.
production and components of Cymbopogon flexuosus Lemongrass plants were propagated vegetative
(East Indian lemongrass, E) and Cymbopogon citratus through slips obtained by the splitting up of individual
(West Indian lemongrass, W) plants under Siwa Oasis adult clumps. The rooted slips were cultivated on 15  of
conditions. April during the two successive seasons the experiment

MATRIALS AND METHODS (16800 plant/ fed) under drip irrigation system with the

This work was conducted during the two successive The experiment was laid out in split plot design with three
seasons of 2017/2018 and 2018/2019 in north western replicates (each replicate contained 22 plants). The two
desert of Egypt, Siwa Oasis region at the Agricultural species of Cymbopogon were arranged in the main plot
Experimental  Station of the Desert Research Center and the applied treatments of magnesium nanoparticles
(29.21° N and 25.40° E) to evaluate the response of loaded on chitosan were hold in sub-main plots. The used
Cymbopogon flexuosus (East Indian lemongrass, E) and treatments were as follows:
Cymbopogon citratus (West Indian lemongrass, W) Control
plants to spraying of chitosan either alone or loaded on Chitosan, 0.2 % 
magnesium nanoparticles under sandy soil conditions. Chitosan, 0.2 % + 0.1 g /L magnesium nanoparticles

Chitosan nanoparticles molecular weight (71.3 kDa,) Chitosan, 0.2 % + 0.2 g /L magnesium nanoparticles
was purchased from Polymar Ciência e Nutrição S/A Chitosan, 0.2 % + 0.3 g /L magnesium nanoparticles
(Fortaleza, Brazil). Magnesium oxide (MgO) and
methacrylic acid were purchased from Sigma-Aldrich. All treatments were applied  as  foliar  spraying after

Preparation of Magnesium Oxide (MgO) Nanoparticles: carried out again after 15 and after 45 days from the first
A Nd:YAG laser was used for preparing the magnesium cut date.
oxide (MgO) nanoparticles. Output laser power was All agricultural practices of growing lemongrass
100mJ/, wavelength was 1064nm, repetition rate was 7ns plants were adopted when ever needed.  Compost  at a
and pulse duration was 8ns. The beam with a diameter of rate of 10 m /feddan  and  Calcium  superphosphate
6 mm. Using pulsed laser ablation in ethanol. Magnesium (15.5% P O ) at a rate 100 kg/fed were added during soil
oxide (MgO) was in purity of 99.9%). preparation. All treatments were fertilized with 200 kg/fed

Preparation of Chitosan Nanoparticles: Firstly, chitosan sulphate (48% K O). Nitrogen and potassium fertilizers
was dissolved in a methacrylic acid solution (0.5 in-v:v%) were applied in two equal doses in the season. The first
for 12 h under magnetic stirring. The chitosan dose was added 30 days after transplanting, the second
concentration was 0.2% (w/v). dose was added one week after the first cut of plants

Magnesium oxide (MgO) nanoparticles at 0.1, 0.2 and (Recommendation Ministry of Agriculture).
0.3 g was added to 1 liter of the chitosan solution under Soil and irrigation water analysis of experiment were
continuous stirring at 70°C for 1 h, leading to the determined according to Page et al. [30] and Rainwater
formation  of   chitosan   magnesium   oxide  nanoparticles, and Thatcher [31].

th

at spacing of 50 cm between hills and 50cm between rows

drippers of four liters / hr for one hour twice every week.

30 and after 60 days from transplanting date and were

3

2 5

ammonium sulphate (20.5% N) and 50 kg/fed potassium
2

(A). The mechanical analysis of the experimental soil area.
Depth (cm) Sand (%) Silt (%) Clay (%) Soil texture
0-30 92.91 5.21 1.88 Sandy

(B). The chemical analysis of the experimental soil area.
Soluble anions (meq/L) Soluble cations (meq/L)
-------------------------------------------------------- ---------------------------------------------------------------

pH EC (ds/m) O.M. (%) CO HCO Cl SO Ca Mg Na K3 3 4
- - - - - - ++ ++ + +

7.5 4.1 0.5 - 3.6 31.3 6.1 8.6 7.5 0.2 24.7
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(C). The chemical analysis of irrigation water.
Soluble anions (meq/L) Soluble cations (meq/L)
------------------------------------------------------------- ---------------------------------------------------------------------

EC (ds/m) ppm CO HCO Cl SO Ca Mg Na K3 3 4
- - - - - - ++ ++ + +

4.23 2709.60 - 2.17 22.02 15.77 9.47 7.75 21.75 0.99

Lemongrass plants were harvested twice per season Magnesium content (%) in leaves: were determined
on November 15  and February 4  by cutting the according to Pohl et al [35].th th

vegetative parts of plants 15 cm above the soil surface. The differences between means were assessed using

The Following Data Were Recorded using computer program of Statistix version [36].
Vegetative Growth Parameters and Yield Attributes:
Plant height (cm), fresh weight /plant (g), estimated fresh RESULTS AND DISCUSSION
weight of herb /fed. (kg), dry weight/plant (g) and
estimated dry weight of herb/fed.(kg). Vegetative Characters

Chemical Analyses: Volatile oil percentage (%): was treatments either chitosan only or loaded with magnesium
determined in the air dried herb by hydrodistillation for 3 nanoparticles greatly increased plant height in the two
hours using a Clevenger apparatus. The volatile oil (%) lemongrass species. The highest values of plant height
was calculated as a relative percentage (v/w) according to (80.2 and 68.6 cm) were obtained with chitosan + 0.3 g/L
British Pharmacopoeia [32], volatile oil yield / plant (ml) magnesium nanoparticles in the first and second cuts in
and estimated volatile oil yield / fed. (L). the first season. However, chitosan + 0.2 g/L nano

Volatile Oil Constituents: Were determined by using the recorded descending values and all values were
GC-MS analysis of volatile oils was conducted in the significantly differed. However, C. flexuosus (East Indian
second season using Gas Chromatography-Mass lemongrass, E) was superior than C. citratus (West Indian
Spectrometry instrument stands at the Laboratory of lemongrass, W) in the first and second cuts of both
Medicinal and Aromatic Plants, National Research Center, seasons regardless of the used treatments. Interaction
Egypt by the method described by Adame [33] with the between lemongrass species and the used treatments was
following specifications. Instrument: a TRACE GC Ultra significant, the highest interaction values (91.5 and 92.0
Gas Chromatographs (THERMO Scientific Corp., USA), cm) of plant height were obtained with C. flexuosus
coupled with a THERMO mass  spectrometer  detector treated with chitosan + 0.3 g/L Mg nanoparticles in the
(ISQ Single Quadrupole Mass Spectrometer). The GC-MS first cut of the two seasons respectively.
system was equipped with a TR-5MS column (30 m x 0.32
mm i.d., 0.25 µm film thickness). Analyses were carried out Herb Fresh Weight/ Plant (g): Data in (Table 2) showed
using helium as carrier gas at a flow rate of 1.3 ml/min at a that the values of fresh weights/plant in C. flexuosus and
split ratio of 1:10 and the following temperature program: C. citratus were superior than control due to Chitosan
80°C for 1 min; rising at 4°C/min to 300°C and held for 1 and Mg nanoparticles treatments during two studied
min. The injector and detector were held at 220 and 200°C, seasons. The treatment of chitosan with 0.3 g/L nano Mg
respectively. Diluted samples (1:10 hexane, v/v) of 1 µL of recorded the highest values of plant fresh weight in the
the mixtures were always injected. Mass spectra were two cuts of both seasons. However, the treatments of
obtained by electron ionization (EI) at 70 eV, using a chitosan with 0.2 g/L nano Mg or with 0.1 g/L or chitosan
spectral range of m/z 40-450. The separated components alone recorded values of fresh weights were arranged in
of the volatile oil were identified by matching with the descending orders. The two species of lemongrass were
National Institute of Standards and Technology (NIST) similar  in   their  fresh  weight  in  the  first  cut  whereas
published. C. flexuosus (E) were superior than C. citratus (W) in

Total chlorophyll content in leaves: were measured second cut of the two seasons. The highest values of
as SPAD units using Minolta chlorophyll meter (model interaction between the two studied  factors  were
SPAD 502). Chlorophyll measurements were made using recorded in the two cuts  in  the  two  studied  seasons
the recently fully expanded leaf and 10 readings were with C. flexuosus (E) treated with chitosan with 0.3 g/ L
averaged per experimental unit according to A.O.A.C [34]. nano Mg.

the least significance difference (L.S.D.) test at 5% by

Plant Height (cm): It is clear from data in Table (1) that all

magnesium, chitosan + 0.1 g/L nano and chitosan
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Table 1: Effect of chitosan and magenisum nanoparticles on plant height (cm) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W) lemongrass
species during 2017/ 2018 and 2018/ 2019 seasons. 

1  cut 2  cutst nd

---------------------------------- ----------------------------------
Treatments E W Mean E W Mean

            First season
Control 74.3 e 62.0 h 68.1E 56.6 h 60.6 ef 58.6 E
Chitosan 81.0 d 64.0 h 72.5 D 58.3 gh 64.6 d 61.5 D
Chitosan +Mg 0.1 g/L 84.9 c 65.0 g 74.9 C 59.6 fg 66.6 c 63.1 C
Chitosan +Mg 0.2 g/L 88.1 b 66.0 g 77.0 B 62.3 e 70.3 b 66.3 B
Chitosan +Mg 0.3 g/L 91.5 a 65.0 f 80.2A 64.6 d 73.0 a 68.6A
Mean 84.0 A 65.2 B 84.0 A 65.2 B

         Second season
Control 72.5 d 59.0 i 65.7E 59.0 f 63.6 e 61.0 D
Chitosan 81.2 c 61.3 h 71.2 D 60.6 ef 66.6 cd 63.6 C
Chitosan +Mg 0.1 g/L 83.9 b 63.6 g 73.7 C 61.6 fg 68.6 c 65.1BC
Chitosan +Mg 0.2 g/L 86.0 b 66.3 f 76.1 B 62.6 e 70.3 b 66.3 B
Chitosan +Mg 0.3 g/L 92.0 a 70.0 e 81.0A 65.3 d 74.0 a 69.6A
Mean 83.1 A 64.0 B 84.0 A 65.2 B

Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

Table 2: Effect of chitosan and magenisum nanoparticles on herb fresh weight / plant (g) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W)
lemongrass species during 2017/ 2018 and 2018/ 2019 seasons

1  cut 2  cutst nd

----------------------------------- -----------------------------------
Treatments E W Mean E W Mean

First season
Control 127.1 g 155.5 fg 141.3 E 285.8 ef 167.2 h 226.1 E
Chitosan 154.8 fg 195.0 de 174.9 D 316.1 c-e 221.7 g 268.6 D
Chitosan +Mg 0.1 g/L 185.7 ef 224.1 cd 204.9 C 327.2 cd 257.5 f 292.3 C
Chitosan +Mg 0.2 g/L 252.2 bc 242.7 bc 247.5 B 361.9 b 301.1 de 331.5 B
Chitosan +Mg 0.3 g/L 345.0 a 265.0 b 305.0 A 410.0 a 337.2 bc 373.6 A
Mean 213.0 A 216.5 A 340.2 A 256.8 B

Second season
Control 143.1 h 174.6 f 158.9 E 290.5 d 252.2 h 271.3 C
Chitosan 157.2 g 212.8.0 e 185.0 D 317.8 c 225.7 g 271.8 C
Chitosan +Mg 0.1 g/L 206.2 e 235.1 c 220.6 C 332.1 c 349.5 f 317.3 B
Chitosan +Mg 0.2 g/L 212.8 d 244.0 b 232.9 B 347.6 b 287.0 de 340.8 A
Chitosan +Mg 0.3 g/L 336.1 a 248.0 b 292.1 A 394.9 a 269.6 bc 345.7 A
Mean 212.9 A 222.9 A 336.9 A 282.2 B

Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

Herb Fresh Weight per Fed. (Kg): As it is shown in improving estimated herb fresh weight per fed. than
Table (3) estimated herb fresh weight  per  fed. followed control with significant  differences  between  all
the same trend of results  which  is  found  in  fresh treatments  and    between    treatments    and   control.
weight/  plant.   As   it   mentioned   later,   the   number  of The two species of lemongrass were similar in their
lemongrass plants/ fed. are 16800 plants it as a result of estimated fresh weight  per  fed.  in  the  first cut, whereas
applying 50 x 50 cm  distance between plants, so the in second cut C. flesxuosus was significantly superior2

estimated  fresh  weight  increased from 2375 Kg for than C. citratus. The highest interaction values were
control to 5124 Kg for chitosan with 0.3 g/L nano Mg. recorded by C. flexuosus sprayed with chitosan with 0.3
However,  all  used  treatments  were effective in g/L nano Mg.
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Table 3: Effect of chitosan and magenisum nanoparticles on herb fresh weight /fed. (Kg) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W)
lemongrass species during 2017/ 2018 and 2018/ 2019 seasons

1  cut 2  cutst nd

------------------------------------- -----------------------------------
Treatments E W Mean E W Mean

First season
Control 2137 g 2613 fg 2375 E 4802 ef 2809 h 3806 E
Chitosan 2602 fg 3276 de 2939 D 5310 c-e 3714 g 4512 D
Chitosan +Mg 0.1 g/L 3120 ef 3766 cd 3443 C 5497 cd 4326 f 4912 C
Chitosan +Mg 0.2 g/L 4237 bc 4078 bc 4158 B 6080 b 5058 de 5569 B
Chitosan +Mg 0.3 g/L 5796 a 4452 b 5124 A 6888 a 5665 bc 6277 A
Mean 3578 A 3637 A 5715 A 4315 B

Second season
Control 2405 h 2933 f 2699 E 4881 d 2237 e 4559 C
Chitosan 2641 g 3575 e 2108 D 5339 c 3793 f 4566 C
Chitosan +Mg 0.1 g/L 3464 e 3951 c 3707 C 5580 c 5871 b 5331 B
Chitosan +Mg 0.2 g/L 4727 d 4100 b 4914 B 5840 b 4822 d 2726 A
Chitosan +Mg 0.3 g/L 5647 a 4169 b 4908 A 6635 a 4982 d 5809 A
Mean 3577 A 3746 A 5655 A 4741 B
Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W)

Table 4: Effect of chitosan and magenisum nanoparticles on herb dry weight / plant (g) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W)
lemongrass species during 2017/ 2018 and 2018/ 2019 seasons

1  cut 2  cutst nd

------------------------------------- -----------------------------------
Treatments E W Mean E W Mean

First season
Control 46.7 g 52.9 g 49.8E 114.7cd 67.4 g 91.1 D
Chitosan 54.0 fg 64.3 de 59.1 D 120.8b-d 89.0 f 104.9 C
Chitosan +Mg 0.1 g/L 62.6 ef 72.4 cd 67.5 C 124.2bc 102.1 e 113.1 C
Chitosan +Mg 0.2 g/L 82.8 b 77.8 bc 80.3 B 132.4 b 111.7 de 122.0 B
Chitosan +Mg 0.3 g/L 111.2 a 84.0 b 97.6 A 146.4 a 127.2 a 136.8A
Mean 71.5 A 70.3 B 127.7 A 99.5 B

Second season
Control 49.1 g 69.1 ef 54.6 E 113.1 d 81.1 f 99.6 D
Chitosan 55.7 fg 71.2 cd 63.4 D 117.8 cd 99.7 e 108.7 C
Chitosan +Mg 0.1 g/L 67.8 de 75.9 b-d 71.9 C 120.8 cd 111.6 d 116.2 B
Chitosan +Mg 0.2 g/L 79.7 bc 78.1 bc 78.9 B 127.9 bc 118.0 cd 123.0 B
Chitosan +Mg 0.3 g/L 108.6 a 81.5 b 95.1 A 145.9 a 135.5 b 140.7 A
Mean 72.2 A 73.3 B 125.1 A 110.2 B
Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

Herb Dry Weight/ Plant (g): It is  clear  from  data in treatments, East Indian lemongrass was superior in herb
Table (4) that herb dry weight of the two studied dry weights than West Indian in the two cuts of the two
lemongrass plants  was  greatly  affected  with  the studied seasons. Interaction values showed that C.
studied species and the applied treatments. However, all flexuosus sprayed with chitosan loaded with 0.3 g/L Mg
treatments were  superior  than  control  in  producing exhibited the highest values of plant herb dry weight/
high herb dry weight / plant in the two cuts of the two plant.
studied seasons. The great effect to the used treatments
was obtained with chitosan with all nano Mg Herb Dry Weight / Fed. (kg): Maximum values of
concentrations, as nano Mg concentrations increased the estimated herb dry weight per fed, (Table 5) were obtained
herb dry weight/ plant of the two species of lemongrass with chitosan loaded with 0.3 g/L nano Mg in the two cuts
plant was increased. However, regardless of the used and  the  two  studied  seasons.  Generally, estimated herb
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Table 5: Effect of chitosan and magenisum nanoparticles on estimated herb dry weight/ fed. (Kg) of Cymbopogon flexuosus L (E) and Cymbopogon citratus
L (W) lemongrass species during 2017/ 2018 and 2018/ 2019 seasons.

1  cut 2  cutst nd

-------------------------------------- -------------------------------------
Treatments E W Mean E W Mean

First season
Control 785.1 g 889.8 g 837.4 E 1927.9c-e 1133.8 g 1530.8 E
Chitosan 907.9 fg 1080. 0de 994.1 D 2031.0b-d 1495.7 f 1763.4 D
Chitosan +Mg 0.1 g/L 1051.1ef 1217.1 cd 1134.5 C 2086.8 b-d 1716.4 e 1901.6 C
Chitosan +Mg 0.2 g/L 1392.9 b 1308.5 bc 1350.3 B 2225.2 b 1877.1 de 2051.2 B
Chitosan +Mg 0.3 g/L 1869.4 a 1411.8 b 1640.6 A 2460.1 a 2137.2 b 2298.6 A
Mean 1201.3 A 1181.5 A 2146.2 A 1672.0 B

Second season
Control 825.3 g 100.1 ef 917.5 E 1900.5 d 1447.8 f 1674.2 E
Chitosan 935.7 fg 1196.1 cd 1065.9 D 1979.9 cd 1675.1 e 1827.5 D
Chitosan +Mg 0.1 g/L 1140.6 de 1276.5 b-d 1208.5 C 20.29.5 cd 1876.1 d e 1952.8 C
Chitosan +Mg 0.2 g/L 1339.4 bc 1312.2 bc 1325.6 B 2149.7 bc 1983.5cd 2066.6 B
Chitosan +Mg 0.3 g/L 1825.1 a 1370.3 b 1597.7 A 2452.7 a 2276.4 b 2364.5 A
Mean 1213.2 A 1233.1 A 2102.5 A 1851.4 B

Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

dry weight per fed. increased from 837.4 kg / fed in control In another explain Uthairatanakij et  al.  [42]
to 1640.6 Kg/fed. in chitosan with 0.3 g/L nano Mg treated mentioned that chitosan as a biological stimulus may
plants. No significant differences were detected between induce signs for the synthesis of plant hormones such as
the two lemongrass species in their estimated dry weights auxin and gibberellin and improvement plant growth and
per fed. in the first cut in both seasons, but C. flexuosus herbs by some signaling pathways related to auxin
exhibited higher values  of  estimated  dry  weights  than biosynthesis and the dependent pathway of tryptophan.
C. citratus in the second cut.  Interaction  between  the It is also known that magnesium has an essential role in
two studied  factors  was  significant  in  most  cases cell energy balance due to its interaction with various
where the highest values in this respect was recorded metabolites, mainly nucleoside tri- and di- phosphates
with C. flexuosus treated with chitosan loaded with 0.3 g [43]. Mg also serves as the regulator to balance the
nano Mg. cation-anion in cell and as osmotic active ion to regulate

The obtained data are in harmony with those found cell turgor together with K [44, 45]. Particularly, Mg is
by Guan et al. [37] who reported that the stimulating most important to plants, about 75 % of the leaf Mg
effect of chitosan on plant growth may be attributed to an involves in protein synthesis and amount between 15 %
increase in the availability and uptake of water and and 20 % of total Mg is associated with chlorophyll
essential nutrients through adjusting cell osmotic pigments [46]. Mainly acting as a cofactor of a series of
pressure and increasing enzyme activities However, in enzymes involved in photosynthetic carbon fixation and
another studies application of chitosan at 200 and 500 metabolisms [47-49].
ppm promoted plant height growth of Majorana vulgare
sp. whereas 50 and 200 ppm regulated the content of Chemical Constitutes
polyphenols [38]. On fennel plants, El-Bassiony et al. [39] Volatile Oil %: All treatments in this study (Table, 6)
indicated that foliar spray of chitosan gave the highest greatly affected volatile oil % in the two studied species
leaves number,  dry  weight  of  leaves  and  total  yield. of lemongrass in the two cuts of in both seasons, than
On snapdragon plants application of chitosan control. The highest volatile oil (2.01%) and (1.20%) were
significantly  increased  total   carbohydrates  and N, P obtained with chitosan + 0.3 g/L nano Mg in the first and
and K % in plant organs [40]. the second cuts in the first season, respectively.

Massoud  et al. [41] on Coriandrum sativum showed However, the other treatments recorded less values of
that chitosan significantly affected growth characters, volatile oil % than the mentioned treatment with
fruit yield and essential oil productivity. significant differences between them.
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Table 6: Effect of chitosan and magenisum nanoparticles on volatile oil % of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W) lemongrass species
during 2017/ 2018 and 2018/ 2019 seasons

1  cut 2  cutst nd

---------------------------------- ----------------------------------
Treatments E W Mean E W Mean

            First season
Control 0.74 g 2.73 d 1.74 D 0.20 h 1.76 d 0.98 D
Chitosan 0.74 g 2.87 c 1.81 C 0.21 h 1.84 c 1.03 C
Chitosan +Mg 0.1 g/L 0.78 fg 2.92 bc 1.85 BC 0.24 gh 1.85 bc 1.05 C
Chitosan +Mg 0.2 g/L 0.82 f 2.94 b 1.88 B 0.29 g 1.92 b 1.11 B
Chitosan +Mg 0.3 g/L 0.91 e 3.10 a 2.01 A 0.39 f 2.00 a 1.20 A
Mean 0.80 B 2.91 A 0.27 B 1.88 A

            Second season
Control 0.76 h 2.58 d 1.67 D 0.19 h 1.78 d 1.00 D
Chitosan 0.77 gh 2.86 c 1.82 C 0.21 h 1.83 cd 1.02 D
Chitosan +Mg 0.1 g/L 0.82 f 2.92 c 1.87 C 0.28 g 1.88 bc 1.08 C
Chitosan +Mg 0.2 g/L 0.87 ef 3.10 b 1.99 B 0.35 f 1.92 ab 1.14 B
Chitosan +Mg 0.3 g/L 0.93 e 3.45 a 2.19 A 0.46 e 1.95 a 1.21 A
Mean 0.83 B 2.98 A 0.30 B 1.87 A
Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

Table 7: Effect of chitosan and magenisum nanoparticles on volatile oil yield per plant (ml) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W)
lemongrass species during 2017/ 2018 and 2018/ 2019 seasons. 

1  cut 2  cutst nd

---------------------------------- ----------------------------------
Treatments E W Mean E W Mean

First season
Control 0.34 i 1.45 e 0.90 E 0.23 h 1.19 e 0.71 E
Chitosan 0.40 hi 1.85 d 1.13 D 0.25 h 1.64 d 0.95 D
Chitosan +Mg 0.1 g/L 0.49 h 2.11 c 1.30 C 0.30 gh 1.89 c 1.10 C
Chitosan +Mg 0.2 g/L 0.68 g 2.28 b 1.48 B 0.39 g 2.14 b 1.27 B
Chitosan +Mg 0.3 g/L 1.01 f 2.60 a 1.81 A 0.59 f 2.53 a 1.56 A
Mean 0.58 B 2.06 A 0.35 B 1.88 A

Second season
Control 0.37 i 1.55 e 0.96 E 0.21 i 1.53 e 0.87 E
Chitosan 0.42 i 2.03 d 1.23 D 0.25 hi 1.83 d 1.04 D
Chitosan +Mg 0.1 g/L 0.55 h 2.23 c 1.39 C 0.34 gh 2.10 c 1.22 C 
Chitosan +Mg 0.2 g/L 0.70 g 2.42 b 1.53 B 0.44 g 2.26 b 1.35 B
Chitosan +Mg 0.3 g/L 1.01 f 2.81 a 1.91 A 0.68 f 2.64 a 1.66 A
Mean 0.61 B 2.21 A 0.38 B 2.07 A
Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

Also,  it   is   clear   that   volatile   oil  %  values  were 3.45%) were recorded by C. citratus lemongrass plants
superior in the first cut than in the second cut and this with chitosan loaded with 0.3 g/L nanoparticles Mg in the
finding was correlated with the same trend found in Mg first cut in the first and second seasons, respectively. 
result which discussed later. However, C. citratus was
superior and recorded higher significant values of volatile Volatile Oil Yield/ Plant (ml): As it shown in Table (7), all
oil % than C. flexuosus in the two cuts of the two studied applied treatments were effective than control in
seasons. Chitosan treatment or chitosan + 0.1 g/L increasing volatile oil content/ plant of the two species of
nanoparticles Mg were similar in their effect on volatile oil lemongrass. The highest volatile oil yield values (1.81 &
% and exhibited similar non-significant values in most 1.56 ml / plant) were obtained with chitosan loaded with
cases. The higher volatile oil % interaction values (3.10 & 0.3 g/L  nanoparticles  magnesium  in  the first and second
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Table 8: Effect of chitosan and magenisum nanoparticles on volatile oil yield / fed. (L) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W)
lemongrass species during 2017/ 2018 and 2018/ 2019 seasons 

1  cut 2  cutst nd

---------------------------------- -----------------------------------
Treatments E W Mean E W Mean

First season
Control 5.84 g 24.34 d 15.09 D 3.79 g 20.00 e 11.90 D
Chitosan 6.75 g 31.05 c 18.90 C 4.34 g 27.48 d 15.91 C
Chitosan +Mg 0.1 g/L 8.26 fg 35.54 b 21.90 C 5.01 g 31.82 c 18.42BC
Chitosan +Mg 0.2 g/L 11.47 f 38.59 b 25.03 B 6.55 fg 35.92 b 21.24 B
Chitosan +Mg 0.3 g/L 17.02 e 43.79 a 30.41 A 9.53 f 42.48 a 26.01 A
Mean 9.87 B 34.66 A 5.84 B 31.54 A

Second season
Control 6.30 g 26.07 d 16.19 D 3.61 g 25.79 d 14.70 C
Chitosan 7.20 g 34.17 c 20.69 C 4.09 g 30.21 c 17.15 C
Chitosan +Mg 0.1 g/L 9.36 fg 37.37 bc 23.37BC 5.68 fg 35.21 b 20.45 B
Chitosan +Mg 0.2 g/L 11.70 f 40.68 b 26.19 B 9.70 ef 37.96 b 23.83 B
Chitosan +Mg 0.3 g/L 16.99 e 47.33 a 32.16 A 11.57 e 44.41 a 27.99 A
Mean 10.31 B 37.12 A 6.93 B 34.72 A

Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W)

cuts, respectively in the first season. However, C. citratus Volatile Oil Constituents:
was superior than C. flexuosus regardless of the used Cymbopogon flexuosus L. (East Indian Lemongrass, E):
treatments and exhibited higher values of volatile oil yield/
plant in the two cuts of the two studied seasons. It is clear
that values of volatile oil content and volatile oil% which
discussed later both were correlated with the trend of Mg
content of the plant. Interaction between the two studied
factors was significant in most cases, where the higher
values of volatile oil yield (2.81 ml/plant) was recorded
with West Indian lemongrass sprayed with chitosan
loaded with 0.3 g/L nano Mg in the first cut of the second
season.

Volatile Oil Yield per Fed. (L.): Table (8) showed that the
same trend of results found in volatile oil content per
plant was also found in the trend of estimated yield of
volatile oil per fed. The most effective treatment in this
respect was those of chitosan loaded on 0.3 g/L
nanoparticles of magnesium where it recorded 30.41 and
26.01 L/fed in the first and second cuts, respectively in the
first season. The significant differences between the used
treatments and compared with control were clear in both
studied seasons. Also, C. citratus produced higher
values of volatile oil per fed. than C. flexuosus in most
cases. The higher value of interaction between the two
factors (47.33L/fed) of volatile oil was recorded by West
Indian lemongrass plant treated with chitosan + 0.3 g/L
nanoparticles Mg in the first cut of the second season.

It is clear from data in Table (9) that volatile oil fractions
were greatly affected with different treatments applied in
C. flexuosus plant.

The main component in volatile oil was Citral
followed by Benzene methoxy, Geranyl acetate and
Octane dimethyl. However Citral recorded the highest
value with chitosan loaded with 0.2 g/l nano Mg (83.17 %)
against 56.03 % in control. However, Benzene methoxy
recorded 8.24% in control compared to 10.13% in Chitosan
and 4.87 in Chitosan with 0.1 g/L nano Mg whereas it did
not appear in chitosan either with 0.2 or 0.3 g/L nano Mg.
However, Geranyl acetate compound recorded 6.63% in
control whereas all used treatments reduced it. 

Finally, Octane dimethyl and Hydroxy methyl propyl
components were only present in control and chitosan
treatment whereas they were not detected in other
treatments which included nano Mg.

Cymbopogon citratus L. (Wast Indian Lemongrass, W):
Data in Table (10) showed that Citral was the main
component in volatile oil fractions in Cymbopogon
citratus plant. However, all used treatments greatly
increased Citral percentage than  control  where it
recorded 54.01% in control increased to 80.73 % in
chitosan treatment. The  second  component  was
Myrcene   followed    by    Geraniol,   Bicyclo   heptan  and
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Table 9: Effect of chitosan and magenisum nanoparticles on volatile oil fractions of Cymbopogon flexuosus L (E).
Area %
------------------------------------------------------------------------------------------------------------------------------------------------------

Component name Control Chitosan Chitosan + Mg 0.1 g/L. Chitosan + Mg 0.2 g/L. Chitosan + Mg 0.3 g/L.
Citral 56.03 55.09 60.85 83.17 66.80
Benzene methoxy 8.24 10.13 4.87 -- --
Geranyl acetate 6.63 4.80 4.41 1.53 4.15
Octane dimethyl 3.85 4.37 -- -- --
Hydroxy methylpropyl 3.72 4..84 -- -- --
Geraniol 2.32 -- 2.24 3..89 4.60
Myrcene 2.27 0.49 0.62 1.01 0.70
Caryophyllene Oxide 1.34 1.06 1.26 1.78 --
Trimethyl Phenylthio 1.33 -- 2.00 0.57 --
Citronellol 1.01 0.89 0.94 -- --
Pyrole Propanoic acid 0.96 0.62 -- -- --
Camphor 0.91 0.86 -- -- --
Linalool Oxide 0.88 0.98 2.66 1.21 8.49
Cadinene 0.86 1.47 1.39 -- --
Mentha 2,8 diene 0.81 3.24 1.03 1.10 3.63
Bicyclo heptan 0.77 -- 2.11 1.34 1.68
Verbenol 0.70 0.50 -- -- 0.52
Trimethyl 2 Oxabicyclo 0.56 1.45 2.79 -- 3.89
Buten1one, 0.48 0.48 0.19 0.51 --
Trimethyl bicyclo -- 1.61 2.59 -- --
Juniper Camphor -- -- 0.90 0.86 0.68
Total 93.67 92.88 90.85 96.97 95.14
Unknown 6.23 7.12 9.15 3.03 5.86

Table 10: Effect of chitosan and magenisum nanoparticles on volatile oil fractions of Cymbopogon citratus L (W).
Area %
------------------------------------------------------------------------------------------------------------------------------------------------------

Component name Control Chitosan Chitosan + Mg 0.1 g/L. Chitosan + Mg 0.2 g/L. Chitosan + Mg 0.3 g/L.
Citral 54.01 80.73 61.19 75.29 76.10

 Myrcene 9.60 2.29 6.67 6.9 6.05
Geraniol 6.08 -- 6.37 3.98 5.42
Bicyclo heptan 3.71 1.12 0.59 0.72 0.85
Linalool Oxide 3.22 1.24 2.00 2.00 2.20
Caryophyllene Oxide 2.21 2.65 1.27 0.71 1.04
Citronellol 1.50 0.74 0.46 0.48 0.47
Juniper Camphor 1.36 0.70 0.88 0.15 0.40
Hydroxy methyl 1.31 -- -- 0.17 0.16
Dimethyl dienal 1.28 0.40 -- -- 0.26
Dimethyl 3pentenyl 0.76 0.40 0.25 -- 0.20
Octadien dimethyl 0.76 0.30 -- 0.91 --
Mentha diene 0.68 1.52 0.31 0.91 0.33
Verbenol 0.63 -- 0.72 0.46 0.23
Buten trimethy 0.62 0.22 -- -- --
Cyclopropane methanol 0.59 -- 0.13 0.21 --
Eucalyptol 0.53 0.38 0.48 -- --
Trimethyl phenylthio -- 1.37 1.10 0.17 --
Thiogeraniol -- 0.46 0.20 -- --
Undecanone -- -- 0.50 0.61 0.63
Tridecanone -- -- 0.50 0.40 0.28
Dimethyl methylene -- 0.21 0.19 -- --
Methyl butenyl -- -- 0.11 0.89 0.25
Cyclohexene carboxaldehyde -- 0.80 0.70 0.53 0.35
Total 88.85 95.53 84.62 95.49 95.22
Unknown 11.15 4.47 15.38 4.51 4.78
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Table 11: Effect of chitosan and magenisum nanoparticles on total chlorophyll (meter reading) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L
(W) lemongrass species during 2017/ 2018 and 2018/ 2019 seasons.

1  cut 2  cutst nd

---------------------------------- ----------------------------------
Treatments E W Mean E W Mean

First season
Control 20.8 f 24.7 d 22.3 D 20.5 f 23.1 e 21.8 E
Chitosan 22.2 e 26.5 c 24.3 C 21.9 e 24. 6 d 23.3 D
Chitosan +Mg 0.1 g/L 23.0 e 27.3 bc 25.1 C 22.4 e 26.5 c 24.5 C
Chitosan +Mg 0.2 g/L 25.2 d 27.8 b 26.5 B 23.1 e 30.0 b 26.5 B
Chitosan +Mg 0.3 g/L 27.0 bc 29.2 a 28.1 A 26.2 c 31.2 a 28.7 A
Mean 23.6. B 27.1 A 22.8. B 27.1 A

Second season 
Control 22.3 g 24.1 f 23. 2 E 21.6 h 22.3 gh 22.0 E
Chitosan 24.1 f 25.2 e 24.6 D 23.6 fd 28.3 d 25.3 D
Chitosan +Mg 0.1 g/L 26.3 d 26.7 d 26.5 C 24. 6 ef 31.0 c 28.2 C
Chitosan +Mg 0.2 g/L 26.8 cd 28.9 b 27.9 B 25.9 e 32.6 b 29.2 B
Chitosan +Mg 0.3 g/L 27.7 c 30.2 a 28.7 A 28.1 d 36.9 a 32.5 A
Mean 25.4. B 27.0 A 24.8. B 30.2 A
Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W)

linalool oxide. In addition, the applied treatments show extracted that the primitive effect of chitosan on
some components in volatile oil fraction in Cymbopogon chlorophyll content and photosynthetic rate, through
citratus did not appear in control such as Trimethyl adjusting cell osmotic pressure and increasing enzyme
phenylthio, Thiogeraniol, Uvdecanone Tridecanone, activities.
Mythyl butenyl, Dimethyl methylene and Cyclohexene
carboxaldehyde. Mg %: It is clear from data in Table (12) that Mg was %

However, chitosan has been proven to stimulate and clearly affected with chitosan and magnesium
increase volatile oil yield and its composition can lead to nanoparticles treatments than control in both studied
the synthesis of secondary metabolites, such as seasons. The highest values of Mg % were obtained with
polyphenols, lignin and flavonoids, increased growth rate chitosan + 0.3 g/L nano Mg in the two cuts of the two
and induced a significant increase in the oil studied seasons. Significant differences between different
concentrations [50-53]. On Ruta graveolens it has been treatments were recorded in most cases, although in first
stated that, chitosan significantly season no significant differences were obtained between

Total Chlorophylls (Meter Reading): Table (11) showed C. citratus was superior than C. flexuosus in Mg content
that the used treatments and lemongrass species both in the two cuts of the two seasons. Interaction values
greatly  affected  total  chlorophyll  values  during  the between the two studied factors showed that highest
two cuts of the two studied seasons, The highest values values were obtained with C. citratus treated with
of total chlorophyll were recorded by chitosan 0.3 g/L chitosan + 0.3 g/L nano Mg in the two cuts in both
nano   Mg    followed by    other   treatments.  However seasons.
C. citratus exhibited higher significant values of total Magnesium has a number of key functions in plants
chlorophyll than C. flexuosus regardless of the used particular metabolic processes and reactions that are
treatments. influenced by Mg include photophosphorylation,

However, interaction between the used treatments photosynthetic carbon dioxide (CO2) fixation, protein
and lemongrass species was significant in most cases. synthesis, chlorophyll formation, phloem loading,
The  highest interaction   values   were   recorded  with partitioning and utilization of photoassimilates and
C. citratus treated with chitosan in combined with 0.3 g/L photooxidation in leaf tissues. Consequently, many
nano Mg in the two cuts of the two studied seasons. critical physiological and biochemical processes in plants

Chitosan is a natural biopolymer has been proven to are adversely affected by Mg deficiency, leading to
stimulate chlorophyll content, photosynthetic and impairments in growth and herb yield in many ornamental
chloroplast enlargement [50-51]. Also, Salachna et al. [52] and medicinal plants [54, 45].

chitosan treatment and control. Generally, it is clear that
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Table 12: Effect of chitosan and magenisum nanoparticles on Mg (%) of Cymbopogon flexuosus L (E) and Cymbopogon citratus L (W) lemongrass species
during 2017/ 2018 and 2018/ 2019 seasons

1  cut 2  cutst nd

---------------------------------- -----------------------------------
Treatments E W Mean E W Mean

First season
Control 0.19 g 0.23 ef 0.21 D 0.17 f 0.19 ef 0.18 D
Chitosan 0.20 fg 0.25 de 0.23 D 0.18 f 0.21 de 0.19 D
Chitosan +Mg 0.1 g/L 0.23 ef 0.28 cd 0.25 C 0.22 de 0.25 c 0.23 C
Chitosan +Mg 0.2 g/L 0.26 de 0.32 b 0.29 B 0.24 cd 0.29 b 0.26 B
Chitosan +Mg 0.3 g/L 0.31 bc 0.37 a 0.34 A 0.27 bc 0.33a 0.30 A
Mean 0.24 B 0.29 A 0.22 B 0.25 A

Second season
Control 0.20 e 0.20 e 0.20 D 0.17 e 0.18 e 0.18 E
Chitosan 0.21 de 0.24 cd 0.23 C 0.19 e 0.23 d 0.21 D 
Chitosan +Mg 0.1 g/L 0.23 d 0.27 bc 0.25 C 0.23 d 0.26 cd 0.25 C
Chitosan +Mg 0.2 g/L 0.28 b 0.33 a 0.30 B 0.27 d 0.30 ab 0.28 B
Chitosan +Mg 0.3 g/L 0.32 a 0.35 a 0.33 A 0.30 ab 0.32 a 0.31 A
Mean 0.20 B 0.28 A 0.23 B 0.25 A
Values followed by the same letter (s) are not significantly different at 5% level
Cymbopogon flexuosus L= East Indian lemongrass (E) 
Cymbopogon citratus L = West Indian lemongrass (W) 

The great role of nano-compounds are attributed to 4. AbeSato, S.Y., S. Inoue, H. Ishibashi, N. Maruyama
that they are quickly absorbed by plants and supply the and T. Takizawa, 2002. Anti-Candida albicans activity
plants with required nutrients. Therefore, an increase in of essential oils including Lemongrass (Cymbopogon
plant growth and herb yields occurs with the  use of citratus) oil and its component, Citral. Jap J. Med.
nano-materials [55]. Mycol., 44: 285-91.

Some compounds of nanoparticles of magnesium 5. Tyagi, A.K. and A. Malik, 2012. Morphostructural
(MgONPs) have been recognized as safe materials by the damage in food-spoiling bacteria due to the Lemon
United States Food and Drug Administration. Recent grass oil and its vapor: SEM, TEM and AFM
advances have led to conspicuous developments with investigations. Biology, Medicine Published in
enormous potential in plants and medicines [56]. Evidence-Based Complementary Alternat Med.

Generally, it could be concluded that spraying of 6. Negrelle, R.R. and E.C. Gomes, 2007. Cymbopogon
Cymbopogon flexuosus L. (East Indian lemongrass, E) citratus DC. Stapf: chemical composition and
and Cymbopogon citratus L. (West Indian lemongrass, biological activities. Rev. Bras. Pl Med., 9: 80-92. 
W) plants with chitosan loaded with 0.1, 0.2 or 0.3 g/L 7. Jedrzejczak, R., W. Reczajska and B. Szteke, 1999.
nanoparticles of magensium greatly improved the yield of Magnesium and other macronutrients in edible plant
herb, volatile oil yield and active ingredients of volatile oil raw materials. Biul. Magnezol., 4(1): 72-76.
components such as Citral, Myrcene and Geraniol. 8. El-Khyat, L.A., 2013. Effect of chemical and bio

REFERENCES rosemary plants. M.Sc. Thesis Fac. Agric.

1. Bagaturiya, N.S., 1990. Lemongrass essential oil. 9. Amran, K.A.A., 2013. Physiological studies on
Pishch Prom-st. (Moscow). 10: 48. Pelargonium graveolens L. plant. Ph.D. Thesis, Fac.

2. Ciaramello, D., 1973. Preliminary study of the use of of Agric., Moshtohor, Benha. Univ. Egypt.
citronella, lemongrass, palmarosa and vetiver for 10. Youssef, A.S.M., 2014. Influence of some amino acids
cellulose and   paper   production.    Biol.   Tech. and micro-nutrients treatments on growth and
(Inst. Agronomy, Campinas). 1: 24. Campinas, Brazil. chemical  constituents  of  Echinacea  purpurea

3. Tiwari,   M.,   U.N.    Dwivedi   and    P.  Kakkar, 2010. plant:  J.    Plant    Production,    Mansoura   Univ.,
Suppression of oxidative stress and pro-inflammatory 5(4): 527-543.
mediators by Cymbopogon citratus DC. Stap of 11. Yadegari, M., 2015. Foliar application of
extract in lipopolysaccharide stimulated murine micronutrients on essential oils  of  borago, thyme
alveolar   macrophages.     Food     Chem.   Toxicol., and marigold: Journal of Soil Science and Plant
48: 2913-2919. Nutrition, 15(4): 949-964.

fertilizer on growth and chemical composition of

Moshtohor, Benha Univ., Egypt.



Am-Euras. J. Agric. & Environ. Sci., 20 (1): 24-37, 2020

36

12. Abou-Shleell, M.K., 2017. Botanical studies on 24. Eijsink, V., I. Hoell and G. Vaaje-Kolstada, 2010.
moringa plant: Ph.D. Thesis, Fac. of Agric.,
Moshtohor, Benha. Univ., Egypt.

13. Nair,  R.,   S.H.   Varghese,  B.G.  Nair,  T.  Maekawa,
Y. Yoshida and D.S. Kumar, 2010. Nanoparticulate
material delivery to plants. Plant Sci., 179: 154163.

14. Roghayyeh, S., M.  Sedghi,  M.T.  Shishevan  and
R.S. Sharifi, 2010. Effects  of  Nano-Iron Oxide
Particles on Agronomic Traits of Soybean. Not. Sci.
Biol., (2): 1-22.

15. Carmen, B., R. Sumalan, S. Gadea and S. Vatca, 2014.
Physiological indicators study involved in
productivity increasing in tomato. Pro-environment,
7: 218-222.

16. Abd El Ghafar, M.S., M.T. Al-Abd, A.A. Helaly and
A.M. Rashwan, 2016. Foliar application of lithovit
and rose Water as factor for increasing onion seed
production, Nat. Sci., 14(3): 53-61. 

17. Abo-Sedera, F.A., A.S. Shams, H.M. Mohamed and
H.M. Hamoda, 2016. Effect of organic fertilizer and
foliar spray with some safety compounds on growth
and productivity of snap bean, Annals of Agric. Sci.,
Moshtohor, 54(1): 105-118.

18. Azuma, K., R. Izumi, T. Osaki, S. Ifuku, M. Morimoto
and H. Saimoto, 2015. Chitin, chitosan and its
derivatives for wound healing: old and new materials.
Journal of Functional Biomaterials, 6(1): 104-42.

19. Jayakumar, R., M.  Prabaharan,  K.P.  Sudheesh  and
S.V. Nair, 2011. Tamura H. Biomaterials based on
chitin and chitosan in wound dressing applications.
Biotechnology Advances, 29(3): 322-337.

20. Merzendorfer, H., 2006. Insect chitin synthases: a
review. Journal of Comparative Physiology B,
Biochemical, Systemic and Environmental
Physiology, 176(1): 1-15.

21. Itoh, T., T. Hibi, Y. Fujii, I. Sugimoto, A. Fujiwara and
F. Suzuki, 2013. Cooperative degradation of chitin by
extracellular and cell surface-expressed chitinases
from Paenibacillus sp. strain FPU-7. Applied and
Environmental Microbiology, 79(23): 7482-7490. 

22. Cantarel,   B.L.,     P.M.     Coutinho,     C.   Rancurel,
T. Bernard, V.  Lombard  and  B.  Henrissat,  2009.
The Carbohydrate-Active Enzymes database (CAZy):
an expert resource for Glycogenomics. Nucleic Acids
Research. 37: D233-8. Database issue. 

23. Dahiya, N., R. Tewari and G.S. Hoondal, 2006.
Biotechnological aspects of chitinolytic enzymes: a
review. Applied Microbiology and Biotechnology,
71(6): 773-782.

Structure and function of enzymes acting on chitin
and chitosan. Biotechnology & Genetic Engineering
Reviews, 27: 331-366.

25. Okazaki, K., Y.  Yamashita,  M.  Noda,  N.  Sueyoshi,
I. Kameshita and S. Hayakawa, 2004. Molecular
cloning and expression of the gene encoding family
19 chitinase from Streptomyces sp. J-13-3.
Bioscience,   Biotechnology   and  Biochemistry,
68(2): 341-351.

26. Ueda, M.,  M.  Kojima,  T.  Yoshikawa,  N.  Mitsuda,
K. Araki and T. Kawaguchi, 2003. A novel type of
family 19 chitinase from Aeromonas sp. No.10S-24.
Cloning, sequence, expression and the enzymatic
properties. European Journal of Biochemistry/ FEBS.,
270(11): 2513-2520.

27. Khan, W.M., B. Prithiviraj and D.L. Smiyh, 2002.
Effect of foliar application of chitin oligosaccharides
on photosynthesis of maize and soybean.
Photosynthetica, 40: 621-624.

28. Chibu, H. and H. Shibayama, 2003. Effects of chitosan
application on the growth of several crops. In: Chitin
and chitosan in life science. T. Uragami, K Kurita and
T. Fukamizo (eds.). Yamaguchi, Japan. pp: 235-239.

29. Gornik,K., M. Grzesik and B.R. Duda, 2008. The effect
of chitosan on rooting of grapevine cuttings and on
subsequent plant growth under drought and
temperature stress. J. Fruit  Ornamental  Plant  Res.,
16: 333-343.

30. Page, A.L., R.H. Miller and D.R. Keeney, 1984.
Methods of Soil Analysis. part 2: Chemical and
Microbiological Properties. Second edition.
Agronomy J. 9: 2, Am. Soc. Agron. Inc., Soil Sci. Soc.
Am. Inc. Pub. Madison, Wisconsin, USA.

31. Rainwater, F.H. and L.L. Thatcher, 1960. Methods for
collection and analysis of water samples. U.S. Geol
Surv. Water supply. pp: 1454.

32. British, Pharmacopoeia, 1963. In “Determination of
Volatile Oil in Drugs”. The Pharmaceutical Press,
London.

34. A.O.A.C., 1990. Official Methods of Analysis.
Twelfth ed. Published by the association of official
analytical chemists.

35. Pohl,    P.,      A.      Dzimitrowicz,     D.    Jedryczko,
A. Szymczycha-Madeja, M. Welna and P. Jamroz,
2016. The determination of elements in herbal teas
and medicinal plant formulations and their tisanes. J.
Pharm. Biomed. Anal., S0731-7085(16) 30042-30045. 



Am-Euras. J. Agric. & Environ. Sci., 20 (1): 24-37, 2020

37

36. Analytical software, 2008. Statistix Version 9, 47. Hermans, C., S.J. Conn, J. Chen and Q.N. Xiao, 2013.
Analytical Software, Tallahassee, Florida, USA. Verbruggen, An update on magnesium homeostasis

37. Guan, Y.J., J. Hu, X.J. Wang and C.X. Shao, 2009. mechanisms in plants, Metallomics, 5: 1170-1183.
Seed priming with chitosan improves maize 48. Cakmak, I. and E.A. Kirkby, 2008. Role of magnesium
germination and seedling growth in relation to in carbon partitioning and alleviating photooxidative
physiological changes under low temperature stress. damage. Physiol. Plant., 133: 692-704.
J. Zhejiang Univ. Sci., 10: 427-433. 49. Maathuis, F.J., 2009. Physiological functions of

38. Yin,   H.I.,    X.C.  Fretté,    L.P.     Christensen   and mineral  macronutrients,  Curr.   Opin.   Plant  Biol.,
K. Grevsen, 2012. Chitosan oligosaccharides promote 12: 250-258.
the content of polyphenols in Greek oregano 50. Hadwiger, L.A., 2013. Multiple effects of chitosan on
(Majorana vulgare sp. hirtum). J. Agric. Food Chem., plant systems: Solid  science  or  hype.  Plant  Sci.,
11, 60(1): 136-143. 208: 42-49.

39. El-Bassiony,  A.M.,  Z.F.  Fawzy,  M.F.  Zaki  and 51. Malekpoor, F.A., G. Pirbalouti and A. Salimi, 2016.
M.A. El-Nemr, 2014. Increasing productivity of two Effect of foliar application of chitosan on
sweet fennel cultivars by foliar spraying of some bio morphological and physiological characteristics of
and organic compounds. Middle East J. Applied Sci., basil under reduced irrigation. Research on Crops,
4(4): 794-801. 17(2): 354-359.

40. El-Attar, A.B., 2017. Is the performance of 52. Salachna,  P.,   A.   Byczy ska,  I.  Jeziorskaand and
Snapdragon plants (Antirrhinum majus L.) influenced E. Udycz, 2017. Plant growth of Verbena bonariensis
by some Bio-stimulators under salinity stress Journal L. after chitosan, gellan gum or iota-carrageenan
of Hort. Sci. & Ornamental Plants, 9(2): 52- 64. foliar applications. World Scientific News, 62: 111-

41. Massoud, H.Y., H. Abdelkader, E.A. El-Ghadban and 123.
R.M. Mohammed, 2016. Improving growth and active 53. Orlita, A., M.S. Gorycka, M. Paszkiewicz, E. Malinski,
constituents of (Coriandrum sativum l.) plant using J.   Kumirska,     M.     Sied,     P.     Stepnowski   and
some natural stimulants under different climate E. Lojkowska, 2008. Application of chitin and
conditions. J. Plant  Production,  Mansoura  Univ., chitosan  as  elicitors of coumarins and
7(6): 659-669. furoquinolone alkaloids in Ruta graveolens L.

42. Uthairatanakij,  A.,   P.   Jitareerat,  S.  Kanlayanarat, (common rue). J.  Biotech.  and  Applied  Biochem.,
C. Piluek and K. Obsuwan, 2006. Efficacy of chitosan 51: 91-960.
spraying on quality of Dendrobium Sonia 17 54. Cakmak,  I.   and A.M.   Yazici,   2010.   Magnesium:
inflorescence. 27  International Horticultural A forgotten element in crop production. Betterth

Congress& Exhibition, Korea, pp: 150. (Abstract). Crops., 94(2): 23-25.
43. Igamberdiev, A.U. and L.A. Kleczkowski, 2003. 55. Mohammadipour,  E.,   A.  Golchin,  J.  Mohammadi,

Membrane potential, adeny-late levels and Mg 2+ are N. Negahdar and M. Zarchini, 2012. Effect of humic
interconnected via adenylate kinase equilibrium in acid on yield and quality of marigold (Calendula
plant cells. Biochim Biophys Acta, 1607: 111-119. officinalis L.). Ann. Biolog. Res., 3(11): 5095-5098.

44. Marschner, H., 2012. Mineral nutrition of higher 56. Krishnamoorthy, K., J.Y. Moon, H.B. Hyun, S.K. Cho
plants, 3  Edn. Acad. London. and S. Kim, 2012. Mechanistic investigation on therd

45. Gerendás, J.  and  H.  Führs,  2013.  The significance toxicity of MgO nanoparticles toward cancer cells. J.
of  magnesium  for  crop  quality,  Plant  and  Soil, Mater. Chem., 22: 24610-24617.
368: 101-128.

46. White, P.J. and M.R. Broadley, 2009. Biofortification
of crops with seven mineral elements often lacking in
human diets--iron, zinc, copper, calcium, magnesium,
selenium and iodine, New Phytol., 182: 49-84.


