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Abstract

Split plot field experiments were conducted at Khamisa village, Siwa Oasis during 2016 and 2017 seasons to study the effect of
NPK doses (main plot) and spraying with some growth stimulators (control, and extracts of compost tea, Spirulina platensis algae
and lithovit) as sub plot on vegetative growth traits and essential oil productivity of lemongrass. The obtained results indicated that
NPK full dose significantly improved vegetative growth traits and essential 0il% and yield per plant and fedd. over than NPK half
dose in the two cuts for both seasons. Compost tea had caused significant increases in vegetative growth traits and oil yield/ plant
and fedd. in comparison of the other growth stimulators, while lithovit significantly enhanced 0il% than the other growth
stimulators for the two cuts in the two seasons. For the interaction between NPK doses and the growth stimulators data pointed out
that NPK full dose combined with compost tea had resulted in the best values of vegetative growth traits and essential oil yield per
plant and fedd. On the other side, the highest essential 0il% was found in the treated plants with either NPK full dose or NPK half
dose combined with lithovit for the two cuts in both seasons. Nine compounds of essential oil of lemongrass were identified. The
main components were citral A (geranial), followed by citral B (neral), then D-limonene which were resulted from the plants had
been received NPK dose combined with compost tea and 1/2 NPK dose combined with either algae extract or lithovit, respectively.
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1. Introduction

The medicinal and aromatic plants are great importance in
many purposes (perfumery, cosmetics, soap, toothpastes, treat
many diseases and safety natural alternatives for chemical
drugs). These plants are the most important agricultural export
products and are an important source of revenue and foreign
currency. Recently, Egypt has taken an interest in improving
the growth and production of various medicinal and aromatic
plants suitable for climatic and agricultural conditions.
Lemongrass (Cymbopogon citratus (DC.) Stapf. is a perennial
plant, it's propagated by slips or offsets and divided the plants.
It's like remain to over 10 years. A grassy, long - lasting
grassy plant reaches 120 cm in height, with curved, round
stalks, a sword - like striped paper that has a distinctive
aromatic smell that is similar to the lemon fruits smell. It does
not bloom in compact soil which may retain stagnant water
groups. Warmth and sunshine lead to varying percentages of
oil in the plant. In regions of abundant rainfall the plant may
be harvested more frequently, during the year, than is possible
in dry regions, but the oil will be lower of citral content [},
The importance of lemongrass is concentrated in its leaves
that are extracted from lemon oil. This is due to the presence
of citral compound in the oil, which reaches 55-85% of the
essential oil components. Beside of citral the oil contains
myrcine (10-30%), geraniol (1-2%), limonene, nerol and
linalool 2 81, The herb tea of lemongrass is used in treatment
of digestive disorders, reduced blood pressure, cholesterol and
heat, antioxidant, antifungal and insects, antidiabetic, diuretic

and strengthens the nervous system. Also, its oil is used in
soap, cosmetics and little in perfumes [ %1,

The fertilization is one of the important factors affecting the
growth, chemical composition and active materials in the
aromatic and medicinal plants. N, P and K fertilizers are very
important elements that partake in many compounds in the
plant cells (carbohydrates, proteins, lipids, amino acids,
nucleic acids, energy compounds and regulation of water
relation) as reported by [, Also, lithovit is a compound made
of limestone (CaCos) and limestone of CaMg (Cos), found in
abundance in nature. Experiments have shown that the use of
lithovit has increased the production by 50% in some crops
and increased the ability of the plant to withstand the different
environmental conditions of heat, frost, salinity, water
shortage and increased the plant ability to resist disease [7:8 9,
As well as, compost tea is a liquid contains nutrients,
microorganisms and plant hormones that promoting plants
growth and production [, In addition, Spirulina plantensis
algae is a species of blue green algae found in nature. Its
extract containing 62% amino acids and a mixture of carotene
dyes and xanthophyll, which is a source of V.Bi2, macro and
micro elements, antioxidants, poly screed and plant hormones
such as auxin, cytokinin which are important and vital factor
for plant growth and production %121,

This study was carried out to find out the best fertilization
treatment which achieves the best growth, chemical
composition and essential oil productivity of lemongrass plant
will using lithovit, compost tea and Spirulina platensis algae
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under Siwa Oasis conditions.

2. Materials and Methods

Field experiments were done in the Agricultural Experimental
Station of the Desert Research at Khamisa village during two
seasons of 2016 and 2017 to study the effect of NPK
fertilizers and foliar application of lithovit, compost tea and
Spirulina plantensis algae extract on vegetative growth and
essential oil productivity of lemongrass (Cymbopogon citratus
(DC.) stapf.) under Siwa Oasis conditions.

2.1 The cultivated adult plants in the Agricultural
Experimental Station were the source of lemongrass slips. The
rooted slips were cultivated under drip irrigation system on
March 29" and 5™ for the two seasons, respectively. The
planting was in rows 75 c¢cm apart and 50 cm between hills
(11200 plant/fedd.) Drip irrigation system was used with
emitters (GR, 50 cm dripper spacing) with a nominal emitter’s
discharge of 4 I/h. Soil samples of the experimental area were
taken at 0-30 cm before planting. The soil texture was sandy
(92.91% sand, 5.21% silt and 1.88 clay). The chemical
analysis of the used soil and irrigation water are shown in
Tables 1 and 2, respectively.

Table 1: The chemical analysis of the experimental soil area (average
two seasons)

green algae (extract of Spirulina platensis) at the rate of 5 ml /
I 2 and 4-lithovit at the rate of 5 g / | 16 it is a natural
intensified CO, foliar fertilizer. Foliar application was
conducted after 45 and 90 days of planting date and repeated 3
weeks after the first cut. The plants had been sprayed to run
off. The chemical analysis of aqueous extract of compost tea,
Spirulina platensis and lithovit are presented in Table 4.

Table 4: The chemical analysis of aqueous extracts of compost tea,
Spirulina platensis and lithovit

Properties Compost teaSpirulina platensis extract|Lithovit
Mineral elements
N (%) 7.40 1.60 0.40
P (%) - 0.01 0.70
K20 (%) 0.98 0.90 0.98
Fe (mg/l) 14.8 269.00 -
Mn (mg/l) 4.00 89.00 18.10
Zn (mg/l) - 81.00 1.60
Cu (mg/l) - 54.00 -
MgCOs "micron™ (%) - - 41
CaCOsz "micron" (%) - - 24
Phytohormones:
Cytokinin (mg/l) 999.13 428.70 -
Gibberellic acid (mg/l)] 1936.40 1770.10 -
Auxin (mg/l) 269.20 256.30 -

0.M.| Soluble anions (meg/l) | Soluble cations (meg/l)

PH|E.C.(ds/m)| o) [cO, THCO,] CF SO, | Ca* | Mg*™ [Na*| K*

7.5 41 05| - 36 [31.3/ 6.1 | 86 | 75 |0.2]|247

Table 2: The chemical analysis of irrigation water (average along the
experimental period)

Soluble anions (meg/l) | Soluble cations (meg/l)

PH|E.C.(PPM) [55 “Tieo, cF [so. | Ca™ [Mg™ | Na* | K*

7.00] 2824 - 1.57 ]16.68]22.73|11.43| 8.98 | 19.800.77

2.2 Experimental factors

221 N, P and K treatments: Full dose of NPK as 400 kg
ammonium sulphate (20.5% N), 300 kg calcium
superphosphate (15.5% P,0s) and 100 kg potassium sulphate
(48% K0) / fedd. / season and half NPK dose were applied.
Whereas, calcium superphosphate and organic manure
(applied for all treatments, Table 3) at rate of 10 m¥/ fedd.
were added at soil preparation before planting as one dose.
Ammonium sulphate was divided into 3 equal doses, the first
and second ones were applied after 45 and 90 days from
planting and the third one was added two weeks after the first
cut. Potassium sulphate was divided into two equal doses, the
first one was utilized 45 days after the planting and the second
dose was done two weeks after the first cut [** 4],

Table 3: The chemical analysis of used organic manure

H EC OM. |[C/Nratio| N| P | K|Fe[Mn| Zn Cu
P @sim) | (%) (%) 1(%0)|(%0)|(%0)|(%0)(%0)(mg/kg)(mg/kg)

8.15 6.49 | 33.21 | 1:12.35 [1.560.11j1.080.22/0.1]163.00| 27.10

2.2.2 The growth stimulators treatments: These treatments
were used as foliar spray as follows: 1-control (without
growth stimulators), 2-compost tea, it was prepared by
soaking compost in water (1: 4 v/v) for 24 hours and plants
were sprayed with water extract of the compost *°l; 3-blue-

2.3 Experimental design: The experiment was designed as a
split plot design, whereas, NPK doses were the main plots and
the foliar application of plant growth stimulators were
arranged as sub plots. The experiment was included 8
treatments (2 NPK doses x 4 foliar applications). Each
treatment was replicated 4 times. All agricultural practices as
irrigation, weeding, insecticides and pesticides control... etc.
were done when it’s needed.

2.4 Harvesting: Lemongrass plants were harvested by cutting
the vegetative parts of plants at 15 cm above soil surface, on
7" Oct. and 27" Dec. in the first season and 23™ Sept. and 24"
Dec. in the second one.

2.4.1 Vegetative growth traits: Plant height (cm), number of
tillers / plant and fresh and dry weights of herb/ plant (g) and
per fedd (ton).

2.4.2 Essential 0il% and oil yield / plant and / fedd.

Essential 0il% was estimated according to 7], as 0il% =
oil in graduate tube (ml) x100
Sample weight (g)

Oil yield / plant (ml) = 0il% x plant dry weight and oil yield /
fedd. (I) = oil yield / plant x plant numbers / fedd.

2.5 Statistical analysis: L.S.D test at 0.05 was used to compare
the means of treatments, according to ('8, SPSS Software was
used for conducting the statistical analysis.

3. Results and Discussion

3.1 Effect of NPK doses

3.1.1 Vegetative growth traits

Data are presented in Table 5 clear the effect of full and half
doses of NPK on plant height, number of tillers/ plant and
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fresh and dry weights of plant and fedd. during the two cuts in
the both seasons. It noticed from data that NPK full dose
resulted in significant increases values of the traits mentioned
before in comparison of NPK half dose for the two cuts in the
two seasons, exception of plant height at the first cut in the
first season whereas, the difference between NPK doses did
not reach the significant level. It% obvious that the values of
vegetative traits under either NPK full dose or NPK half dose
at the first cut higher than the second cut for the both season.
Its might be due to environmental condition (temperature,
day light period, RH) are more suitable during 1% cut time
(April to Oct.) than 2" cut (Oct. to Dec.). These results may
be due to that NPK full dose rich the root zone with sufficient
amount of N, P and K which essential nutrients for many
processes in plant cells. N plays an important role in the
synthesis of plant components through the work of various
enzymes, and also, in the structure of the protein part and
effects the quantity and quality of plant secondary metabolites
(191 N is an integral part of biological critical molecules such
as nucleic acids, structure and catalytic production, which are
not eliminated as plant nutrients for successful fertilization [2°,
Also, P is a necessary nutrient in metabolic processes and a
main constituent of energy compounds, nucleic acids,
phospholipids and co-enzymes 1. P plays a central and
regulatory role in metabolism and relationship between many
physiological and biochemical processes in plants, in addition,
photosynthesis, energy conservation, inter- and intracellular
co-ordination of carbohydrate metabolism and in energy
transfers 2%, Over all K plays an essential role in activating
the enzyme and protein synthesis, photosynthesis,
osmoregulation, stomatal movement, energy transfer, phloem
transport, cation-anion balance, and stress resistance [& %1, All
the NPK functions are dependent on the amount of them in the
root zone and its uptake by plant roots and that effects on the
plant growth. Some researchers have found that 80 kg N/ ha/
year lead to an increase in the total production of biomass of
Cymbopogen martinii 4, urea at 150 kg / fedd. Resulted in
the highest harvest in the two cuts of the season in relative to

70 kg urea/ fedd. A, the application of 60 + 30 + 30 and 90 +
45 + 45 kg NPK/ ha gave a significant improvement in quality
standards of C. flexuosus and 120+ 60+ 60 kg/ ha was superior
in growth parameters 2% and [?61 found that 300 kg urea/ fedd.
gave a significant increase in the plant height, leaves number
and herb fresh and dry weights.

3.1.2 Essential oil productivity

Data of the effect of NPK treatments on essential 0il% and
essential oil yield plant™ and fedd. During the two cuts in the
both seasons are presented in Table 5. The obtained results
indicated that NPK full dose caused a significant increase in
0il% during the first cut and non-significant increase during
the second cut in relative to the half NPK dose for the two
seasons. Also, it% clear that 0il% is higher in the second cut
than the first cut. This may be referred to the high temperature
during the first cut than the second cut, which lead to a
fractional loss in the essential oil. The results showed that
NPK full dose had resulted in a significant increment in
essential oil yield plant® and fedd!. For the two cuts in the
two seasons. Too, it’s noticed that the oil yield of either plant
or fedd. in the first cut is much more than the second cut in the
both seasons. This fact may be attributed to the highest herb
dry weight in the first cut in comparison of the second cut.
The enhancing effect of NPK full dose may be due to more
NPK elements in the root zone and more uptake, because the
element play important role in secondary metabolites,
especially N element, consequently more essential oil amount.
The obtained results have been supported by 1 who stated
that N applications increase the oil yield in aromatic plants by
encouraging the amount of biomass yield per unit of land area.
Essential oil yield of Mentha ardencies increased with
increasing NPK levels, the maximum oil yield was with the
application of N, P and K kg/ha, respectively 281, The highest
values of volatile 0il% of sage plant was at 230 kg N with 80
kg P/ ha 9. Likewise, oil yield of mint was maximum with
NPK at 150, 45 and 45 kg/ ha (39,

Table 5: Effect of NPK fertilization on vegetative growth and essential oil traits during 2016 and 2017 seasons

First season 2016 Second season 2017
Traits 15 cut 2" cut 1% cut 2" cut
¥ NPK NPK | % NPK NPK | % NPK NPK | % NPK NPK
Plant height (cm) 64.36 65.34 61.03 63.86 59.06 60.93 57.71 59.24
LSD 0.05 n.s. 1.66 1.61 1.47
Number of tillers/plant 29.84 | 32.78 2818 | 3163 2238 | 2572 2163 | 24.29
LSD 0.05 0.67 1.00 0.85 0.84
Fresh weight of herb/plant (g) 183.78 | 204.71 | 149.37 [ 168.83 | 142.73 | 166.22 | 11575 | 139.87
LSD 0.05 6.22 6.13 3.08 3.66
Fresh weight of herbi/fed. (ton) 206 | 229 168 | 1.89 1.60 [ 187 130 [ 157
LSD 0.05 0.07 0.08 0.03 0.04
Dry weight of herb/plant (g) 6279 | 69.92 4776 | 54.18 5710 | 66.40 3785 | 45.77
LSD 0.05 2.06 1.96 1.24 1.21
Dry weight of herb/fed. (ton) 070 | 0.78 054 | 061 064 | 075 043 | 052
LSD 0.05 0.02 0.02 0.02 0.01
Essential oil percentage 159 | 1.63 178 | 1.82 142 | 150 176 | 1.76
LSD 0.05 0.02 n.s. 0.06 n.s.
Essential oil yield/plant (ml) 097 | 113 085 | 098 081 | 1.00 067 | 079
LSD 0.05 0.04 0.04 0.03 0.03
Essential oil yield/fed. (I) 1084 | 12.65 9.46 | 10.93 0.04 | 11.26 742 | 883
LSD 0.05 0.48 0.42 0.32 0.35
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Table 6: Effect of foliar spray treatments with some growth stimulants on vegetative growth and essential oil traits during 2016 and 2017 seasons

Traits

First season 2016

Second season 2017

1t cut

2" cut

1t cut

2" cut

Control

Compost
tea

Algae
extract

Lithovit

Control

Compost
tea

Algae
extract

Lithovit

Control

Compost
tea

Algae
extract

Lithovit

Control

Compost
tea

Algae
extract

Lithovit

Plant height
(cm)

63.98

66.53

64.87

64.02

59.28

67.82

62.31

60.38

56.91

64.83

59.97

58.27

54.94

64.15

58.42

56.40

LSD

2.27

Number of
tillers/plant

24.49

46.80

25.42

25.42

26.29

20.55

29.25

24.92

21.48

18.57

31.04

20.04

LSD

1.20

herb/plant (g)

Fresh weight of

160.10

174.64

130.24

145.75

124.87

193.67

159.25

140.12

98.82

175.77

105.57

LSD

4.36

herb/fed. (ton)

Fresh weight of

1.79

2.73

1.96

1.46

1.64

141

2.17

1.79

1.57

111

1.97

1.19

LSD

0.05

Dry weight of
herb/plant (g)

54.75

83.34

59.69

41.74

46.72

49.91

77.41

63.58

56.10

32.33

57.56

34.51

LSD

1.76

Dry weight of
herb/fed. (ton)

0.62

0.93

0.67

0.47

0.53

0.56

0.87

0.72

0.64

0.36

0.65

0.39

LSD

0.02

Essential oil
percentage

1.66

1.50

1.69

177

2.00

1.43

1.45

1.44

1.52

1.73

1.72

1.86

LSD

0.09

Essential oil
yield/plant (ml)

0.91

1.26

1.01

0.74

0.93

0.72

1.13

0.92

0.86

0.56

0.96

0.64

LSD

0.04

Essential oil
yield/fed. (1)

10.15

14.03

11.30

8.18

10.46

8.18

12.61

10.25

9.55

6.26

10.72

7.15

LSD

0.46
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3.2 Effect of the growth stimulants

3.2.1 Vegetative growth traits

Data in Table 6 pointed out that the treated plants with
compost tea, algae extract and lithovit had recorded significant
increases in the values of plant height, tillers numbers / plant
and fresh and dry weights of plant and fedd. over than
untreated plants in the two cuts during the both seasons,
exception the difference between lithovit plants and untreated
plants did not reach the significant level in case of tillers
number per plant in the two cuts for both seasons. The sprayed
plants with compost tea achieved the highest significant
values of the aforementioned growth parameters in
comparison of the other treatments for the two cuts in the both
seasons. The enhancing effect of the growth stimulants was in
order of compost tea > algae extract > lithovit. The superiority
of compost tea in relative to the other used stimulators,
because it’s a liquid contains nutrients, microorganisms and
plant hormones, and its benefits are to supply the plant with
macro and micro nutrients which are absorbed by the plant
through leaves, in addition to protecting plant tissues from
pathogenic factors, promoting growth and increasing
production 19 therefore compost tea may be the suitable
stimulator for lemongrass much more than the other ones.
Similarly, B4 found that 20 1./fed. of compost tea significantly
increased plant height, fresh and dry weights of aerial parts
and flowers and branches number and suckers of borage plant
in relative to control. Spraying Silybum marianum with
compost tea led to an increase in growth and vyield
measurements 2. Spraying mint and capsicum plants with
lithovit increased the total vegetative growth and roots in
comparing to the control 1261, Spraying Aloe vera plants with
blue green algae extract led to an increase in plant height,
number, weight and width of leaves 31, In the same direction,
sprinkling garlic plants with Spirulina platensis extract
increased the yield compared to the control plants 4,
Likewise, spraying fenugreek plants with Spirulina platensis
caused an increase in plant height, number of leaves and
branches and fresh and dry weights of vegetative growth 2,

3.2.2 Essential oil productivity

Its obvious from data in Table 6 that the treated plants with
lithovit have the highest essential 0il% when compared to the
other growth stimulators in the two cuts for the two seasons.
Too, the 0il% during the second cut is more than it in the first
one. It may be due to that temperature was higher during the
first cut than the second one. On the other side, the
significantly maximum essential oil yield of plant and fedd.
was achieved from the sprayed plants with compost tea in the
two seasons for the both cuts. In general the oil yield plant?
and fedd™ in the first cut were higher than in the second one.
This fact may be referred to the increase in herb yield in the
first cut from application of compost tea in comparison of the

other growth stimulants treatments. In the majority of cases
the difference among the used growth stimulators for 0il% and
yield reached the significance level during the two seasons for
the both cuts. Application of lithovit improved essential 0il%
than the other growth stimulators may be due to that it the
ease to be released into the active carbon dioxide needed for
metabolism, and lithovit has increased the production by 50%
in some crops and increased the ability of the plant to
withstand the different environment conditions of heat, frost,
salinity....etc [ ¥, Also, compost tea caused an increase in
essential oil yield that may be due to it has enhanced the herb
dry weight by its contents from macro and micro elements and
hormones, which reflected on the oil yield 1, These results
are in harmony with those of 4 who concluded that manure
applications were effective on the increase of the essential oil
content and per plant oil quantity of sage. Compost tea had a
significant effect on essential oil components of coriander
fruits %1, Also, 5t FYM/ ha led to an increase in oil yield of
lemongrass 21,

3.3 Effect of interaction between NPK doses and the
growth stimulators

3.3.1 Vegetative growth traits

Data are tabulated in Table 7 cleared that the interaction
treatments between NPK doses and the used growth
stimulants have significantly exhibit effects on the growth
traits (plant height, tiller number/ plant and fresh and dry
weights of plant and fedd.) during the two cuts in the both
seasons. In the majority of cases, the differences among the
interaction treatments have reached the significant level for all
the vegetative parameters under study in the two cuts during
the two seasons. Over all the highest significant values of the
above mentioned traits had been resulted from NPK full dose
combined with compost tea, while the least significant values
of them were been recorded for half NPK dose without any
stimulator in comparison of the other treatments in the two
cuts during the two seasons. The improving effects of compost
tea combined with NPK full dose on vegetative growth of
lemongrass much more than the other used treatments may be
referred to the same aforementioned reasons in case of effect
of either NPK doses or growth stimulators on vegetative
growth traits. Our results have been supported by results of [
who recommended to spray Plantago arenaria plants with
compost tea with half the amount of chemical fertilization to
obtain the highest fresh and dry grass yield. 5t / ha of FYM
plus 40+ 40+ 12 kg NPK/ ha recorded the highest average
seed yield B8, 5 t/ ha organic fertilizer plus 75 kg NPK/ ha
resulted in the best values of leaf numbers, yield performance,
plant highest and stem diameter of Jute mallow B7, Likewise,
all agronomic trails of rosemary were very affected
significantly by manure and chemical fertilizers compared to
the control (%81,
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Table 7: Effect of interaction between NPK doses and foliar spray with some growth stimulants on vegetative growth and essential oil traits during 2016 and 2017 seasons

First season 2016 Second season 2017
Traits 1%t cut 2" cut 15t cut 2" cut
Control Compost Algae Lithovit|Control Compost |~ Algae Lithovit|Control Compost |- Algae Lithovit|Control Compost |~ Algae Lithovit
tea extract tea extract tea extract tea extract
Plant height (cm) %% NPK 63.54 65.21 64.71 63.96 | 58.71 66.21 60.04 59.17 | 56.52 64.17 58.75 56.79 | 53.84 63.29 58.08 55.62
NPK 64.41 67.84 65.02 64.08 | 59.84 69.42 64.58 61.59 | 57.29 65.48 61.19 59.75 | 56.04 65.00 58.75 57.17
LSD 3.47 3.33 3.21 2.93
Number of %% NPK 23.59 44.34 27.29 24.13 | 24.00 33.29 30.42 25.00 | 18.85 27.71 23.29 19.67 | 17.67 29.04 20.75 19.04
tillers/plant NPK 25.38 49.25 29.79 26.71 | 26.84 39.08 33.00 27.58 | 22.25 30.79 26.54 23.29 | 19.46 33.04 23.63 21.04
LSD 1.33 2.00 1.70 1.68
Fresh weight of % NPK 158.35 215.43 190.63 170.70 | 115.25 | 183.45 155.17 | 143.60 | 111.44 | 182.86 147.02 | 129.61 | 89.86 154.04 122.06 97.04
herb/plant (g) NPK 161.85 272.70 205.70 178.57 | 145.23 | 208.07 174,13 | 147.90 | 138.29 | 204.48 171.48 | 150.62 | 107.77 | 197.50 140.10 | 114.10
LSD 12.45 12.26 6.17 7.31
Fresh weight of % NPK 1.77 241 2.14 191 1.29 2.06 1.74 1.61 1.25 2.05 1.65 1.45 1.01 1.72 1.37 1.09
herb/fed. (ton) NPK 1.81 3.05 2.30 2.00 1.63 2.33 1.95 1.66 1.56 2.29 1.92 1.69 1.21 2.21 1.58 1.29
LSD 0.14 0.15 0.07 0.08
Dry weight of %% NPK 54.20 73.57 65.10 58.30 | 36.90 58.95 49.17 46.00 | 44.54 73.19 58.73 51.95 | 29.44 50.44 39.89 31.62
herb/plant (g) NPK 55.30 93.10 70.20 61.07 | 46.57 66.80 55.90 47.43 | 55.28 81.63 68.43 60.24 | 35.21 64.67 45.82 37.39
LSD 4.13 3.92 2.49 2.43
Dry weight of %% NPK 0.61 0.82 0.73 0.65 0.41 0.66 0.55 0.52 0.50 0.82 0.66 0.59 0.33 0.57 0.45 0.36
herb/fed. (ton) NPK 0.62 1.04 0.79 0.68 0.52 0.75 0.63 0.53 0.62 0.92 0.77 0.68 0.39 0.73 0.52 0.42
LSD 0.05 0.05 0.03 0.03
Essential oil 2 NPK 1.58 1.46 1.54 1.76 1.83 1.73 1.61 1.94 1.36 1.39 1.39 1.52 1.72 1.73 1.74 1.86
percentage NPK 1.73 1.54 1.63 1.62 1.70 1.73 1.78 2.05 1.50 1.51 1.48 1.52 1.74 1.71 1.74 1.86
LSD 0.05 0.11 0.12 0.12
Essential oil % NPK 0.86 1.08 0.91 1.03 0.68 1.02 0.79 0.89 0.61 1.02 0.82 0.79 0.51 0.87 0.70 0.58
yield/plant (ml) NPK 0.96 1.43 1.15 0.99 0.79 1.15 0.99 0.97 0.83 1.24 1.01 0.92 0.61 1.05 0.80 0.70
LSD 0.09 0.08 0.06 0.06
Essential oil %% NPK 9.59 12.05 10.19 1152 | 7.54 11.45 8.85 10.01 | 6.78 11.39 9.13 8.84 5.66 9.73 7.78 6.52
yield/fed (1) NPK 10.70 16.01 12.82 11.08 | 8.82 12.91 11.09 10.90 | 9.58 13.82 11.36 10.26 | 6.86 11.71 8.95 7.78
LSD 0.96 0.84 0.65 0.69

Table 8: Essential oil constituents of lemongrass as affected by NPK doses and some growth stimulants at 1% cut in the second season

NPK + compostt NPK +algae | NPK + % NPK + % NPK + algae | %2 NPK +

Compounds (%) NPK tea i extractg lithovit 72 NPK compost tea extract ’ lithovit
D-Limonene 7.54 6.05 6.63 7.73 6.71 6.49 7.24 8.43
Linalool 1.07 1.11 1.09 1.78 1.16 1.43 1.08 1.05
Nerol 1.72 1.77 1.66 2.64 1.64 2.27 2.15 1.53
Borneol 2.67 2.84 2.46 1.11 2.98 2.66 2.46 2.40
Citral B (Neral) 33.32 33.51 33.38 33.80 33.29 33.57 34.14 33.02
Citral A (Geranial) 49.17 51.51 50.27 50.37 51.05 50.72 50.48 50.58

Methyl geranate 0.43 - 0.17 - 0.79 - - -

Beranyl acetate 1.40 1.21 1.11 1.11 0.24 2.66 1.34 1.17
n-hexadecane 0.11 0.24 0.58 0.24 0.33 0.24 0.32 0.22
Total citral content 82.49 85.02 83.65 84.17 84.34 84.29 84.62 83.60
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3.3.2 Essential oil productivity

Data in Table 7 pointed out that the highest significant
essential oil% resulted from the plants treated with lithovit
combined with half NPK dose and those received NPK full
dose only in the first cut and in the second one it was recorded
for the plants treated by lithovit combined with either NPK
full dose or NPK half dose during the first season. The
differences between such treatments didn’t reach the
significant level during the two cuts. In the second season, the
highest 0il% was recorded for the treated plants by lithovit
combined with either NPK full dose or NPK half dose and
those treated by NPK full dose only and NPK full dose
combined with compost tea or blue green algae without
significant differences among themselves in the first cut.
While in the second cut higher 0il% was resulted from the
same treatments in the first cut, exception NPK full combined
with compost tea. It 5 clear that the difference among the used
treatments didn’t reach the significant level in the majority of
cases in the two cuts during the two seasons for the 0il%. On
the other side, the significantly highest essential oil yield per
plant and fedd. Resulted from the treated plants with NPK full
dose plus spray by compost tea, while the least significant oil
yield per plant and fedd. Was recorded for plants had been
fertilized by NPK half dose only during the two cuts in the
both seasons. Similarly, B mentioned that essential 0il% and
yield were higher in the treatments containing both chemical
fertilizer and organic manure. Application of Royal Ofert
biohumus and chemical fertilizers significantly increased
essential oil content in anise. Although differences in the
essential oil content of caraway and coriander were not
significant, the two above mentioned fertilizers and
vermicompost show the best results 9. Applying NPK at
150+ 45+ 45 kg/ha and FYM 8t/ha resulted in maximum oil
yield of mint 3%,

3.3.3 Essential oil components

Among the essential oil constituents of lemongrass, it can be
identified nine compounds are namely: D-limonene, linalool,
nerol, borneol, citral B (neral), citral A (geranial), methyl
geranate, beranyl acetate and n-hexadecane (Table 8).
Whereas, the highest D-limonene% was found to be in the
received plants to 1/2 NPK dose combined with lithovit as
listed 8.43% against 6.05% for NPK dose plus compost tea
which recorded the least% of D-limonene. Higher linalool and
nerol% was resulted from NPK combined with lithovit
treatment (1.78 and 2.64%), while the least% of them (1.05
and 1.53%) was been recorded for the treatment of 1/2 NPK
plus lithovit. Higher borneol% was found in the leaves of
applied plants by 1/2 NPK only (2.98), but lower percentage
of it was recorded for NPK combined with lithovit (1.11).
Also, the treatments of 1/2 NPK combined with algae extract
and NPK plus compost tea are the best to rich the essential oil
of lemongrass with citral B (neral) and citral A (geranial) as
gave 34.14 and 51.51%, respectively. Only, NPK, NPK
combined with algae extract and 1/2 NPK treatments had
exhibited methyl geranate in the essential oil. The treated
plants by 1/2 NPK with compost tea and NPK with algae
extract had induced essential oil has the highest beranyl
acetate and n-hexadecane percentage as listed 2.66 and 0.58%,
respectively. It's noticed from data that NPK doses combined

with used growth stimulators had remarkable differently
effects on the essential oil compounds of lemongrass. These
results are in agreement with researches of [4%: 42 431 who stated
that the chemical composition of lemongrass oil was affected
by different farming practices.

4. Conclusion

It can suggests that to obtain the best results for vegetative
growth and essential oil productivity of lemongrass, it must be
fertilized by 400 kg ammonium sulphate (20.5% N), 300 kg
calcium superphosphate (15.5% P,0s) and 100 kg potassium
sulphate (48% K,0) per fedd. Combined with compost tea.
Whereas, calcium superphosphate is added at the soil
preparation as one does. Nitrogen fertilizer is divided into 3
equal doses and it is added after 45 and 90 days from planting
and two weeks after the first cut. Potassium fertilizer is
divided into 2 equal doses and it is added after 45 days from
planting and two weeks after the first cut. Compost tea is
sprayed 3 times, 45 and 90 days from planting and 3 weeks
after the first cut.

5. References

1. Guenther E. The Essential Oils, D. Van Nostrland Comp.
Inc., New York, 1961.

2. El-Gendy AG, Hegazy TA, El-Sayed SM. Effect of
biofertilizers and/or urea on growth, yield, essential oil
and chemical compositions of Cymbopogon citratus
plants. J Appl. Sci. Res. 2013; 9(1):309-320.

3. Lwu MM. Handbook of African Medicinal Plants. 2"
edition, CRC Press, 2014.

4. Dubey NK. Plants as a Source of Natural Antioxidants.
CABI, 2014.

5. Reuber B. 21% Century Homestead:
Lulu.com, 2015.

6. Devlin RM. Plant physiology. 3¢ Ed. Affiliated East
West Press, New Delhi, 1975.

7. Byan UAI. Influence of using some safety materials on
water requirement and water use efficiency of snap bean
plant. Arab Univ. J Agric. Sci. 2014; 22(2):381-393.

8. Maswada HF, Abd EI-Rahman LA. Inducing salinity
tolerance in wheat plants by hydrogen peroxide and
lithovit a nano-COs; fertilizer. J Agric. Res., Kafr El-
Sheikh Univ. 2014; 40(4):696-719.

9. Moisa R, Berar V. Researchers regarding the growth of
tomato seedlings under different treatments with natural
fertilizers. J Hortic, Forest. And Bio techn. 2015;
19(2):82-86.

10. Gharib FA, Moussa LA, Massoud O. Effect of compost
and bio-fertilizers on growth, yield and essential oil of
sweet marjoram (Majorana hortensis) plant. Int. J Agric.
Biol. 2008; 10:381-387.

11. Shalaby TA, El-Ramady H. Effect of foliar application of
bio-stimulants on growth, yield, components, and
storability of garlic (Allium sativum L.). Aust. J Crop Sci.
2014; 8(2):271-275.

12. Tarraf SA, Talaa IM, El-Sayed AEK, Balbaa, LK.
Influence of foliar application of algae extract and amino
acids mixture on fenugreek plants in sandy and clay soils.
Nusantara bio scie. 2015; 7(1):33-37.

Beekeeping.

54



International Journal of Botany Studies

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Ahmed SK. Lemongrass. Bulletin No. 1270, Egyptian
Ministry of Agriculture and Land Reclamation, 2012.
C.A.AEESS. Lemongrass. Egyptian  Ministry  of
Agriculture and Land Reclamation, 2014.

Said-Al Ahl HA, Khalid KA. Response of Coriandrum
sativum L. essential oil to organic fertilizers. J Essent. Oil
Bear. PI. 2010; 13(1):37-44.

Bilal AB. Recommended application of lithovit on
different plants. Presented at the 3 e conference on
Agriculture Bio. Sciences 1eCAB, 2010.

British Pharmacopoeia. Determination of Volatile Oil in
Drugs. The Pharmaceutical Press, London, 1963.
Snedecor GW, Cochran WG. Statistical Methods. The
lowa State Univ., Press, Ames, lowa, USA, 1982.

Sifola MI, Barbieri G. Growth, yield and essential oil
content of three cultivars of basil grown under different
levels of nitrogen in the field. Sci. Horti. 2006; 108:408-
413.

Wu F, Wu LH, Xu F. Chlorophyll meter to predict
nitrogen side dress requirements for short-season cotton
(Gossypium hirsutum). Field Crop Res. 1998; 56:309-
314.

Hafez MA, Mahmoud AR. Effect of natural and chemical
phosphorus fertilization as individually and/or mixed on
the productivity of eggplant. Res. J Agric. & Biol. Sci.
2009; 5(4):344-348.

Adel S, Ticconi CA, Delatorre CA. Phosphate sensing in
higher plants. Physio. Plant. 2002; 115:1-8.

Bashir S. Response of brown sarson to NPK application
under early, normal and late sown conditions. Ph. D.
Thesis., Division of Agronomy, SKUAST-K, 2012.

Rao BRR, Rao EVSP, Singh K, Singh M, Kaul PN,
Bhattacharya AK. Ferilizer effect on palmarosa
(Cymbopogon  martinii) under semi-arid tropical
conditions of India. Indian J Agric. Sci. 1991; 61(7):499-
501.

Gajbhiye BR, Momin YD, Puri AN. Effect of FYM and
NPK fertilization on growth and quality parameters of
lemongrass (Cymbopogon flexuosus), Agric. Sci. Res. J
2013; 3(4):115-120.

El-Shafie SES. Influence of irrigation with magnetized
water and biofertilizers application on the growth and
essential oil content of lemongrass plants. M.Sc. Thesis,
Fac. Agric, Minoufiya Univ, Egypt, 2015.

Sangwan NS, Faroogi AHA, Shabih F, Sangwan RS.
Regulation of essential oil production in plants. Plant
Growth Regul. 2001; 34:3-21.

Anwar SC, Patra DD. Effect of graded levels of NPK on
fresh herb yield, oil yield and oil composition of six
cultivars of menthol mint (Mentha arvensis Linn.) Ind. J
Natu. Prod. & Reso. 2010; 1(1):74-79.

Abbas IS. The study of biometric and volatile oil quantity
of sage plant (Salvia officinalis) as medicinal plant
affected by nitrogen and phosphorus fertilizers. Int. J
Pharm. Sci. 2014; 6(6):82-83.

Izhar M, khan M, Yasmin T, Zahid NY. Differential
effect of fertilizers on menthol contents in mint (Mentha
arvensis).Am. Res. J Agric. 2015; 1(1):2378.9018.

Ezz EI-Din A, Hendawy SF. Effect of dry yeast and
compost tea on growth and oil content of Borago

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

officinalis. Plant. Res. J Agric. & Biol. Sci. 2010;
6(4):424-430.

Hendawyi SF, Hussein MS, Youssef AA, El-Mergawi
RA. Response of Silybum marianum plant to irrigation
intervals combined with fertilization. Bio sci. 2013;
5(1):22-29.

Moorthy K, Malliga P. Effect of cyanospray fertilizer on
plant morphological, biochemical characteristics and leaf
gel yield of Aloe barbadensis miller (Aloe vera) in pot
experiment. Int J Environmental Sci. 2012; 2(3):1512-
1520.

Kaplan M, Kocabas I, Sonmez I, Kalkan H. The effects of
different organic manure applications on the dry weight
and the essential oil quantity of sage (Salvia Fruticosa
Mill.). Acta Hort. (ISHS). 2009; 826:147-152.

Hendawy SF. Comparative study of organic and mineral
fertilization on Plantago arenaria plant. J Appl Sci Res.
2008; 4(5):500-506.

Arjun S, Kumar A, Dharmaraj PS, Basavaraj K. Response
of safflower to organic manure, inorganic fertilizer and
micronutrients. Karnataka J Agric. Sci. 2009; 22(4):883-
886.

Aluko OA, Olanipekun TO, Olasoji JO, Abiola 10,
Adeniyan ON, Olanipekun SO, et al. Effect of organic
and inorganic fertilizer on the yield and nutrient
composition of jute mallow. Global J Agric. Res. 2014;
2(3):1-9.

Roghaya S, Valiki H, Ghanbari S. Comparative
examination of the effect of manure and chemical
fertilizers on yield and yield components of rosemary
(Rosemarinus officinalis L.). Int. J Agron. & Agric. Res.
2015; 6(2):29-37.

Abbaszadeh B, Saeed FK, Ashourabadi ES, Teymoori M,
Mafakheri S. Improving Thymus daenensis L. growth and
essential oil through integrated nutrient management. Int.
J Bio sci. 2013; 3(8):31-39.

Acimovic MG, Dolijanovic ZK, Oljaca SlI, Kovacevic
DD, Oljaca MV. Effect of organic and mineral fertilizers
on essential oil content in caraway, anise and coriander
fruits. Acta Sci. Pol., Hortorum Cultus 2015; 14(1):95-
103.

Harridy IMA. Physiological, chemical and biological
studies on lemongrass Cymbopogon citratus (DS) Stapf in
response to diazotrophic bacteria. J Agric. Sci. Mansoura
Univ. 2001; 26(10):6131-6152.

Ledn-Anzueto E, Abud-Archila M, Dendooven L,
Ventura-Canseco L, Gutiérrez-Miceli F. Effect of
vermicompost, worm-bed leachate and arbuscular
mycorrhizal fungi on lemon grass (Cymbopogon citratus)
growth and composition of its essential oils. Electronic J
Bio technol. 2011; 14:1-9.

Hamed ES, Toaima WIM, El-Shazly M. Effect of
planting density and biofertilization on growth and
productivity of Cymbopogon citratus (DC.) Stapf.
(Lemongrass) plant under Siwa Oasis conditions. J Med.
Plants. Stud. 2017; 5(2):195-203.

55



