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Abstract: This work was carried out during the two successive seasons of 2019/2020 and 2020/2021 at the farm
of the Medicinal and Aromatic Plant Research Department in El-Kanater El- Khaireya, Qalubeia Governorate,
Horticulture Research Institute, Agricultural Research Center, Dokki, Giza. The aim of the study was to
investigate the effect of zinc, tryptophan and ascorbic acid in different concentrations on the growth, yield,
essential oil productivity, antioxidant activity and antimicrobial properties of geranium plant. The results were
summarized as follows, growth parameters of geranium plants showed a stimulation effect due to tested three
factors, i.e. zinc, tryptophan and ascorbic acid at all concentrations compared to control plants. Ascorbic acid
at rate 200 mg/1 significantly increased each of plant height, number of branches, fresh and dry weights per
plant and per feddan as well as essential oil percentage, essential oil yield (ml/plant and L/ feddan),
photosynthetic pigments, antioxidant and antimicrobial activity of geranium oil.
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INTRODUCTION

Recently, the general public has become interested
in the use of medicinal and aromatic plants instead of
synthetic drugs, since they can provide natural
compounds often without side effects and are less costly
[1]. There are several types of natural substances,
including secondary metabolites from plants, including
essential oils and volatile substances, flavonoids and
phenolic compounds are of particular interest because of
their health benefits [2, 3]. According to a number of
researchers, the production or chemical structure of
essential oils, as well as their possible biological
characteristics, have also been discovered to vary widely.
A number of factors contribute to this variation, including
geographical location, the environment conditions,
cultivars, transplanting date, intercropping, distillation
method, post-harvest and storage conditions [4].

Rose geranium (Pelargonium graveolens L.’ Herit.
ex Ait) is perennial aromatic herb belonging to
Geraniaceae family. Its essential oil is highly valued,
Pelargonium graveolens is widely cultivated in several
countries, mainly in Egypt, Russia, Algeria, Morocco and

Japan. The most common countries where geranium is
cultivated commercially are Algeria, Egypt, Morocco,
India and China. Rose geranium essential oil is used in
cosmetics and fragrance industries, making it is one of the
twenty most important oils in the world [5].

Because geranium oil has strong anti-inflammatory,
immune-modulating, antibacterial and antifungal qualities,
it is frequently used to treat haemorrhoids, dysentery,
cancer and other inflammatory conditions [6, 7].
Many of these activities are attributed to its oxygenated
monoterpenes content; including geraniol, citronellol,
linalool and geranyl formate [8].

Zinc is a micronutrient that is important for numerous
physiological functions, a deficiency of zinc will reduce
crop yields. Zinc acts as a functional, structural, or
regulatory cofactor of a large number of enzymes and is
required for protein synthesis, photosynthesis and the
synthesis of auxin. Additionally, it is required for the
synthesis of tryptophan, which is a precursor for IAA and
a growth-promoting compound, cell division and function
and sexual fertilization [9]. In previous studies, Zn was
found to have a strong impact on the essential oil
biosynthesis of Ocimum sanctum [10]. Foliar application
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of zinc increased essential oil of Peppermint plant [11].
Misra et al. [12] reported that Zinc deficiency had a
significant effect on the production of geranium essential
oil.

In plant tissues and organs, amino acids act as a
source of energy, carbon and nitrogen [13]. L-tryptophan
is an important amino acid. The common precursor of the
plant hormone auxin is L-tryptophan which is a
physiological precursor of indole acetic acid, its
application at the right amounts may promote plant
growth [14]. It may act as an ion transport regulator,
osmolyte and modulates stomatal opening in plants [15].

Previous studies have indicated that amino acids
have a positive impact on the production and components
of essential oils in aromatic plants. For example, geranium,
thyme, philodendron, navel orange, hyssop and lemon
plants treated with amino acids have higher essential oil
compositions than the untreated control [16-21].

Ascorbic acid is found in all living plant cells, but is
most abundant in the leaves and flowers, where the plant
is actively growing. AsA is an important molecule
involved in cell division and osmotic regulation [22].
Ascorbic acid plays different roles in plant development,
such as regulating the biological process, cell membranes
growth, chemical change, flowering, senescence [23].
Undoubtedly, ascorbate in the leaves could control plant
development by interacting with phytohormones [24].
It is an important co-factor in the formation of the many
plant hormones such as gibberellin (GA) and abscisic acid
(ABA), that effectively development growth and chemical
compounds [25, 26].

According to available data on chemical composition
of geranium essential oil, indicate that the main
components were citronellol, geraniol and citronellyl
formate [27]. Numerous researches have demonstrated
the antibacterial and antifungal properties of
Pelargonium graveolens essential oil and extracts [28].
The considerable cytotoxic effect that P. graveolens
extracts gave and the probable positive contribution of
flavonoid derivatives to this biological activity can be
linked to the antimicrobial activity of these extracts. There
have been reports of P. graveolens' antioxidant and
antitermitic properties [29].

The main purposes of this study are investigation the
effect of Zinc, Tryptophan and Ascorbic on yield and its
components of geranium plants as essential oil
productivity and studying the changes in chemical
composition, antioxidants activity and antimicrobial
induced of geranium oil by foliar application of Zinc,
Tryptophan and Ascorbic acid on oil of geranium plants.
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MATERIALS AND METHODS

This research was carried out in the farm of the
Medicinal and Aromatic Plant Research Department in
El-Kanater El- Khaireya, Qalubeia Governorate,
Horticulture Research Institute, Agricultural Research
Center, Dokki, Giza, during the two successive season
2019/2020 and 2020/2021. Cuttings of geranium [15-20 cm
long] obtained from the same farm. In both seasons,
cuttings were planted on 15" October. Cuttings were
planted to the plots (2 x 2.5 m?) that were prepared in the
experimental field, with each plot containing three rows.
The rows within each plot were 2 meters in length and
60 cm apart. Each plot contained 18 cuttings, at a spacing
of 30 cm between plants. The physical and chemical
characteristics of the soil of the experimental field are
shown in Table (1).

The experiment design was a randomized complete
blocks design, as described by Snedecor and Cochran
[30], with 10 different treatments and three replicates
(blocks). The plants were sprayed with zinc and
tryptophan at rates (100, 150 and 200 mg/L) and Ascorbic
acid at rates (50, 100 and 200 mg/L), in addition to the
untreated plants (control). Six foliar spray treatments were
applied, the first dose was four months after planting
(on February 13" in both seasons) and were repeated
5 times at one-month intervals on 10™ March, 14" April
before the first cut and on 7" July, 4™ August and 8"
September before the second cut.

The recommended NPK fertilization consisted of
calcium super phosphate (15.5% P,0O;) at the rate of
300 kg/fed and potassium sulphate (48% K,0) at the rate
of 150 kg/fed. were added during soil preparation. But,
Ammonium sulphate (20.5% N) at the rate of 450 kg/fed.
was added as six equal portions (each 75 kg/fed.), i.e three
portions were added before the first cut at 120, 150 and
180 days from transplanting date. While the other three
portions were added after 30, 60 and 90 days from the first
cut in July, August and September in both seasons.

Plants were harvested twice each season, on 1% June
and 10" October. Plant shoots were cut to a height of
15 cm above the soil surface.

Data Recorded

Growth Characteristics: In both seasons, the following
growth characteristics were recorded; plant height, shoots
number, fresh weight and dry weight per plant.

Yield Productivity: Fresh yield per feddan (ton/fed.) for
the both seasons was recorded.
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Table 1: Physical and chemical analysis of the soil used for growing Pelargonium graveolens L. plants during the 2019/2020 and 2020/2021 seasons

Physical characteristics

Chemical characteristics

First Season (2019)

Clay% Silt%  Fine sand% Coarse sand% Soil type pH

N (ppm) P205 (ppm) K20 (ppm) Zn (ppm) Fe (ppm) B (ppm) Mn (ppm) Cu (ppm)

41.65 26.74  29.17 2.44 Clay sand 7.22 27.3

108

180 5.54 3.77 1.24 0.75 0.51

Second Season (2020)

Clay% Silt%  Fine sand% Coarse sand% Soil type pH

N (ppm) P205 (ppm) K2O (ppm) Zn (ppm) Fe (ppm) B (ppm) Mn (ppm) Cu (ppm)

4131 25.65 3043 2.61 Clay sand 7.40 26.8

111

171 5.37 3.64 1.38 0.77 0.53

Essential Oil Productivity: The percentage of essential oil
was determined in the fresh herb by hydrodistillation for
3 hours using a Clevenger type apparatus. The essential
oil content was calculated as a relative percentage (v/w)
[31]. Essential oil yield (ml/plant) and (L/fed.) were
recorded.

Gas Chromatography Analysis: Samples taken from the
essential oil obtained in the first cut of the first season
were analysed using gas liquid chromatographic analysis
(DsChrom 6200 Gas Chromatograph), to determine their
main constituents [32].

Photosynthetic Pigments: Chlorophyll a, b and total
carotenoids were measured in fresh green leaves
according to Saric et al. [33].

Antioxidant Activity Using DPPH Radical Scavenging
Activity: The hydrogen electron donating ability of the
corresponding volatile oils was measured from the
bleaching of the purple colored methanol solution of 2,
2-diphenyl — picrylhydrazyl (DPPH) [34]. 3 ml of oil was
added to 1 ml of methanolic solution of DPPH and
measured by spectrophotometer, the absorbance was
read against blank at 517 nm. The antioxidant capacity to
scavenge the DPPH radical for the oils was calculated by
the following equation:

SCaVenging effeCt (%) = [(Ablmxk - As(zmple) /Ablmxk] x 100

where A,,, is the absorbance of control reaction
(containing each reagent except the sample) and 4, is
the absorbance of sample.

Test Bacteria and Fungi: The bacterial strains were
Escherichia. coli ATCC 8739, Bacillus subtilis ATCC
6633,  Staphylococcus  aureus  ATCC 6538,
Staphylococcus  epidermidis ~ATCC 12228 and
Salmonella enterica subsp. ATCC 14028. The tested
fungus was Aspergillus ATCC 16404.
One strain of yeast was investigated in this study;
Candida albicans ATCC 10231. The bacterial isolates

brasiliensis
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were subcultured on Nutrient agar and yeast on potato
dextrose agar and incubated aerobically at 37°C.

The Methods: Various concentrations (5, 10 and 20 pL) of
P. graveolens essential oil samples extracted from plants
treated Ascorbic acid, zinc and tryptophan at rate 200 mg/1
were evaluated using agar well diffusion method [35].
The Mueller Hinton agar was used for testing of bacterial
strains Escherichia. coli ATCC 8739, Bacillus subtilis
ATCC 6633, Staphylococcus aureus ATCC 6538,
Staphylococcus  epidermidis  ATCC 12228 and
Salmonella enterica subsp. ATCC 14028 and potato
dextrose agar was used for testing of fungal strains
Aspergillus brasiliensis ATCC 16404 and Candida
albicans ATCC 10231, for determination the Minimum
Inhibitory Concentrations (MIC) where the agar plates
were inoculated with bacterial and fungal strains under
aseptic conditions and wells (diameter=8mm) were filled
with 5, 10 and 20 pL of the test essential oil extracts.
The plates were left for 90 minutes at 4°C to allow the
diffusion of the essential oil extracts and then they were
incubated at 37°C for 24 hours and at 25°C for 5 days,
respectively. After the incubation period, the diameter of
the growth inhibition zones was measured in millimeter
(mm) according to Andrews [36]. Eighteen to 24 hrs single
colonies on agar plates were used to prepare the bacterial
suspension with the turbidity of 0.5 McFarland (1-2x10%)
CFU/ml, the yeast suspension with the turbidity of 0.5
McFarland (1-5x10°) CFU/ml and the molds the yeast
suspension with the turbidity of 0.5 McFarland (0.4-5%10°
CFU/ml [37-39].

RESULTS AND DISCUSSION

Growth Characteristics

Plant Height (cm): Data presented in Table (2) showed
the effect of zinc, tryptophan and ascorbic acid on plant
height of geranium plants. All tested factors significantly
increased the plant height (cm) compared to the control in
both seasons. Zinc treatment at rates (100, 150 and 200
mg/l) improved the plant growth in term of plant height as
compared with the control. Values of plant height showed



Hort. Sci. & Ornamen. Plants, 14 (2): 84-97, 2022

Table 2: Effect of foliar application with Zinc, Tryptophan and Ascorbic acid on plant height (cm) and number of shoots/plant of Pelargonium graveolens

plants during the 2019/2020 and 2020/2021 seasons

Plant height (cm)

First Season Second Season

Number of shoots/plant

First Season Second Season

Treatments Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2
Control 56.00 54.00 63.67 61.33 13.00 17.33 12.33 15.00
Zn 1 58.00 57.33 66.67 63.33 14.33 22.00 16.00 19.00
Zn2 62.33 60.00 73.33 67.67 17.33 26.00 19.33 21.33
Zn3 67.00 64.33 74.40 72.33 17.33 27.00 23.00 25.67
Try 1 70.67 65.33 74.00 72.33 22.67 24.00 21.67 25.33
Try 2 74.33 70.67 81.60 75.10 24.00 26.00 24.67 26.33
Try 3 81.67 75.00 86.53 77.33 26.33 29.67 28.33 30.67
ASA 1 74.33 70.67 78.33 75.33 19.33 23.00 25.33 26.00
ASA2 82.00 78.33 86.33 83.00 20.33 29.33 27.67 29.33
ASA3 87.67 83.67 91.67 85.67 30.00 32.33 32.67 35.67
L.S.D 0.05 1.51 245 2.75 1.33 3.02 3.32 2.99 347

*Znl= Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate 200 mg/L, Tryl=Tryptophan at rate 100 mg/l, Try2=Tryptophan at rate
150 mg/l, Try3=200 mg/L, ASA1= Ascorbic acid at rate 50 mg/l, ASA2= Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/l

a gradual increase with increasing zinc levels, the tallest
plants were obtained by the highest concentration of zinc
in the two growing Many researchers
discovered that Zn spraying led to an increase in
plant height, such as Hendawy and Khalid [40] on
Salvia officinalis plant, Pande et al [41] on mint plant
and Said-Al-Ahl and Omer [42] on Coriandrum sativum,
they came to the conclusion that Zn spraying the plants
considerably boosted their height. The fact that zinc
accelerates cell division and regulates the metabolism
of auxin may be the cause of zinc's beneficial influence
on plant height [43]. Also, it could be observed that in
the two seasons, three rates 100, 150 and 200 mg/L of
tryptophan significantly increased plant height of
geranium plants. The highest values of plant height were
recorded for those plants sprayed with the highest
concentration of tryptophan. Tryptophan-induced plant
height increases may be ascribed to increased [AA
availability, which promotes cell division and cell
elongation. According to Mohite [44], treated plants'
readily available tryptophan is transformed into IAA,
which increases plant height. In addition, ascorbic acid at
rates 200 mg/l in both seasons were sharp efficacy on
increasing plant height (cm) than other treatments
and control. Values of plant heights of geranium
gradually increased with the increasing ascorbic acid
levels, in the two seasons. The highest values were
87.67, 83.67, 91.67 and 85.67 cm in the first and second
cuts for the first and second seasons respectively, in
case of those plants sprayed with the highest
concentration of ascorbic acid at rate 200 mg/l in
comparison with other treatments. Ascorbic acid's

s€asons.
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stimulation of vegetative growth was observed in
several medicinal and aromatic plants, like as, Reda et al.
[45]1on Thymus vulgaris, Hendawy and Ezz El-Din [46]
on Foeniculum vulgare, Soltan et al. [47] on Calendula
officinalis, Azoz et al. [48] on Ocimum basilicum and
El-Moghazy and Al-Azzony [49] on Pelargonium
graveolens. All of which are consistent with the
current findings. It is important to note that the
growth-promoting effects of ascorbic acid on various
plant species depend on the tested concentration, the
genotype used for the plant species, the time of
application and the suggested procedures followed for
the used genotype.

Number of Shoots/Plant: Data presented in Table (2)
indicated that the number of shoots formed by geranium
plants was significantly affected by the tested treatments.
In both seasons, the highest concentration (200 mg/1)
of zinc and tryptophan gave highly significant increase in
number of shoots/plant compared to control. As well as,
Ascorbic acid (ASA3) at rate of 200 mg/1 gave the highest
number of shoots/plant with values (30 and 32.33) in both
cuts of the first season and 32.67 and 35.67 shoots/plant
in the first and the second cuts of the second season,
respectively. Due to the way ascorbic acid (ASA) affects
cell division and differentiation, it is currently believed
that ASA controls plant growth and development.
The interaction of ascorbate with phytohormones may
be the mechanism by which it controls plant growth
and development and a cofactor for the manufacture of
a number of phytohormones, including ethylene,
gibberellins (GA) and abscisic acid, is ascorbate (ABA).
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Table 3: Effect of foliar application with Zinc, Tryptophan and Ascorbic acid on herb fresh and dry weight/plant (g) of Pelargonium graveolens plants during

the 2019/2020 and 2020/2021 seasons

Herb fresh weight/plant (g)

Herb dry weight/plant (g)

First Season Second Season

First Season Second Season

Treatments Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2

Control 421.55 530.47 534.43 584.67 97.03 106.72 115.95 128.51
Zn 1 474.94 548.28 596.22 623.99 107.29 125.31 129.17 142.49
Zn2 522.50 622.76 611.02 643.69 119.82 134.86 130.39 139.35
Zn3 566.58 641.25 627.50 692.11 134.42 147.37 142.30 159.06
Try 1 531.33 569.39 611.33 633.33 116.80 125.67 134.60 14591
Try 2 555.14 659.69 638.79 680.48 125.94 136.51 144.73 156.51
Try 3 593.92 680.55 653.85 703.55 140.39 167.86 153.76 173.47
ASA 1 529.22 585.28 634.62 660.52 116.43 129.67 139.62 146.14
ASA?2 572.72 644.85 671.53 701.49 125.82 143.44 147.98 163.65
ASA3 694.50 762.14 721.93 779.83 152.89 183.02 161.19 192.34
L.S.D 0.05 21.41 18.03 12.42 10.71 9.69 11.29 8.51 12.28

*Znl=Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate 200 mg/L, Try 1=Tryptophan at rate 100 mg/l, Try2=Tryptophan at rate
150 mg/l, Try3=200 mg/L, ASA1= Ascorbic acid at rate 50 mg/l, ASA2= Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/1

Plants' ascorbic acid may control growth by interacting
with phytohormones [24]. These findings were consistent
with those reported by El-Gabas [50] who discovered that
spraying ascorbic had a positive impact on the growth
characteristics of sunflowers. Additionally, ascorbic acid
has a considerable impact on the growth of German
chamomile, according to Bahram et al. [51].

Fresh Herb/Plant (g): Data presented in (Table 3)
indicated that foliar application with zinc, tryptophan and
ascorbic acid were found to significantly increased fresh
weighs (g/plant) when compared with the control
treatment in both seasons. Plants sprayed with zinc (Zn3)
and tryptophan (Try3) at rate 200 mg/1 gave significantly
heavier herb fresh weights, in comparison with control.
Also, ascorbic acid at 200 mg/l in the two seasons was
more effective on increasing fresh weights (g/plant) than
other treatments. Values of herb fresh weight in the first
season recorded 694.50 and 762.14 g/plant. while, in the
second season the values were 721.93 and 779.83 g/plant
for the first and the second cuts, respectively. These
results agree with those of Ghazal [52], who demonstrated
that ascorbic acid foliar spray at various concentrations
considerably increased the fresh weight of the herb
(Thymus vulgaris L.) compared to untreated plants.
According to Zewail [53], ascorbic acid has a stimulatory
effect on many physiological processes, including
respiration, cell division and the activity of numerous
enzymes. Helsper et al. [54] have also emphasized the
importance of ascorbic acid's role in the regulation of
photosynthetic carbon reduction. In general, it could be
concluded that, geranium growth was stimulated by
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ascorbic acid. Therefore, geranium plants showed
increments in height and branching consequently the
fresh weight.

Herb Dry Weight (g)/Plant: Also, the results presented
in Table (3) generally showed that zinc, tryptophan,
ascorbic acid gave significantly heavier herb dry weights,
in comparison to control. As for the effect of zinc, it was
noticed that spraying geranium plants with Zn3 at rate
200 mg/l achieved significantly increases in dry weights
in the two seasons. In the first season, values were
134.42 and 147.37 g/plant dry weight compared to
untreated plants (control), in the first and second cuts,
respectively. Also, in the second season, plant dry weight
values were 142.30 and 159.06 g/plant dry weight
compared to untreated plants (control) in the two cuts.
Zinc application increased the photosynthetic activity
which ultimately resulted in improving the growth [55].

The addition of tryptophan (Try3) at 200 mg/1 had a
significant effect on dry weight of geranium plants in both
seasons. In the first season, Try3 showed an increase of
dry weight (140.39 and 167.86 g/plant in the first and
second cuts, respectively). The same trend was observed
in the second season the values were (153.67 and 173.47
g/plant) compared to the control in the first and second
cuts, respectively. Tryptophan's ability to stimulate
activity by enhancing the production of phytohormones
may also be responsible for this promoting impact [56].
Villareal et al. [57] also indicate that the higher observed
increase in yield components by tryptophan application
might be attributed to the greater enzymatic activities and
rapid release of the nutrients in the soil.
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Table 4: Effect of foliar application with Zinc, Tryptophan and Ascorbic
acid on fresh herb yield/fed. (ton) of Pelargonium graveolens
plants during the 2019/2020 and 2020/2021 seasons

Yield of fresh herb/plant (ton/fed.)

First Season Second Season

Treatments Cutl Cut2 Cutl Cut2

Control 9.27 11.67 11.76 12.86
Zn'1 10.45 12.06 13.12 13.73
Zn2 11.50 13.70 13.44 14.16
Zn3 12.46 14.11 13.81 15.23
Try 1 11.69 12.53 13.45 13.93
Try 2 12.21 14.51 14.05 14.97
Try 3 13.07 14.97 14.38 15.48
ASA1 11.64 12.88 13.96 14.53
ASA 2 12.60 14.19 14.77 15.43
ASA3 15.28 16.77 15.88 17.16
L.S.D 0.05 0.80 0.40 0.30 0.44

*Znl= Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate
200 mg/L, Tryl=Tryptophan at rate 100 mg/l, Try2=Tryptophan at rate
150 mg/l, Try3=200 mg/L, ASAl= Ascorbic acid at rate 50 mg/l, ASA2=
Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/1

As previously shown in vegetative growth
parameters, raising the application rate of ascorbic acid
resulted in steady increases in the dry herb weight
(in most cases). So, it was found that, ascorbic acid at rate
200 mg/l in the two seasons was more effective on
increasing dry weights than other treatments. Values of
herb dry weight in the first season recorded 152.89 and
183.02 g/plant and in the second season the values were
161.19 and 192.34 g/plant for the first and second cuts,
respectively. Similar results were obtained by Balbaa and
Talaat [58] who noted that with ascorbic acid application
significantly increased dry herb weights of rosemary
plants.

Yield of Fresh Herb (ton/fed.): The values of fresh herb
yield per feddan as affected by foliar spray with various
concentrations of zinc, tryptophan and ascorbic acid are
presented in Table (4). the results showed the same trend
that previously recorded in case of the effect of zinc,
tryptophan and ascorbic acid on morphological characters
of vegetative growth was also recorded in yield of fresh
herb per feddan. In both seasons, zinc and tryptophan
gave significantly higher values of herb fresh yield than
control. Spraying of geranium plants with high level of
zinc or tryptophan at rate 200 mg/l was more effective in
increasing the yield of fresh herb per fed. in comparison
to control.
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In addition, the most effective treatment in this
respect was ascorbic acid 200 mg/l which giving the
highest yields in both seasons (15.28 and 16.77 tons/fed.
in the first and second cut of the first season), while, in
the second season, values were 15.88 and 17.16 tons/fed.
in the first and second cuts, respectively). The increase in
geranium plant biomass due to spraying with ascorbic
acid confirms the role of vitamin C in regulation of
photosynthesis processes and growth activation [59].
The results were consistent with those reported by
El-Quesni et al. [60] on Hibiscus rosa sineses; Hendawy
and Ezz El-Din [46] on Foeniculum vulgare; Khalil et al.
[61] on Ocimum basilicum and Nikee et al. [62] on
Satureja hortensis.

According to recent research findings, ascorbate's
interaction with phytohormones may be the mechanism
by which it controls plant growth and development.
Ascorbate is cofactor for the synthesis of a number of
phytohormones, including ethylene, gibberellins (GA)
and abscisic acid. The endogenous ascorbate
influences the biosynthesis of phytohormones, as well
as the signal transduction pathway mediated by
phytohormones [24].

Essential Oil Productivity

Essential Oil Percentage: Data recorded on the essential
oil production of geranium plants in the two seasons
(Table 5) showed that, significant increase of essential
oil percentage of geranium plants were recorded in
case of those plants sprayed with ascorbic acid,
tryptophan and zinc at rate 200 mg/l compared to
untreated plants (control) in both cuts in the first and the
second seasons, respectively. In general, the most
effective treatment in this regard was ASA3 at 200 mg/1
which gave the highest oil percentage in two cuts of the
two seasons.

Essential Qil Yield/Plant (ml): Data in Table, 5 illustrated
the essential oil yield per plant in response to zinc,
tryptophan and ascorbic acid, Generally, the yield of
essential oil (ml/plant) was increased due to the tested
factors. Spraying tryptophan increased the essential oil
yield per plant comparing with spraying geranium plants
with zinc in most cases. However, all tested ascorbic acid
concentrations significantly increased essential oil yield/
plant comparing to the rest of the treatments and control.
In both seasons, ascorbic acid at rate 200 mg/l gave the
highest essential oil yield / plant with values of 0.97 and
0.99 ml/plant in the first and second cuts of the first
season and 0.87 and 0.94 ml/plant in the first and second
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Table 5: Effect of foliar application with Zinc, Tryptophan and Ascorbic acid on essential oil production of Pelargonium graveolens plants in the 2019/2020

and 2020/2021 seasons

Essential oil %

Essential oil yield/plant (ml)

Essential oil yield/fed. (L)

First Season Second Season

First Season

Second Season First Season Second Season

Treatments Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2
Control 0.10 0.09 0.07 0.06 0.42 0.48 0.37 0.35 9.27 10.50 8.23 7.72

Zn 1 0.09 0.09 0.09 0.07 0.43 0.49 0.54 0.44 9.40 10.86 11.81 9.61

Zn2 0.10 0.11 0.10 0.09 0.52 0.69 0.61 0.58 11.50 15.07 13.44 12.75
Zn3 0.12 0.12 0.11 0.10 0.68 0.77 0.69 0.69 14.96 16.93 15.19 15.23
Try 1 0.09 0.10 0.10 0.08 0.48 0.57 0.61 0.51 10.52 12.53 13.45 11.15
Try 2 0.11 0.11 0.11 0.09 0.61 0.73 0.70 0.61 13.43 15.96 15.46 13.47
Try 3 0.12 0.12 0.11 0.10 0.71 0.82 0.72 0.70 15.68 17.97 15.82 15.48
ASA 1 0.10 0.11 0.10 0.09 0.53 0.64 0.63 0.59 11.64 14.16 13.96 13.08
ASA 2 0.13 0.11 0.11 0.10 0.74 0.71 0.74 0.70 16.38 15.61 16.25 15.43
ASA3 0.14 0.13 0.12 0.12 0.97 0.99 0.87 0.94 21.39 21.80 19.06 20.59
L.S.D 0.05 0.02 0.01 0.02 0.02 0.10 0.13 0.11 0.19 2.11 1.33 1.53 1.21

*Znl= Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate 200 mg/L, Tryl=Tryptophan at rate 100 mg/l, Try2=Tryptophan at rate
150 mg/l, Try3=200 mg/L, ASA 1= Ascorbic acid at rate 50 mg/l, ASA2= Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/l

cut of the second season, respectively. These values were
significantly higher than those obtained from control as
well as the other treatments. Similar results were
previously published by Noor El-deen [63] on Majorana
hortensis, Said-Al Ahl et al. [64] on coriander and
Nasiri et al. [65] on Dracocephalum moldavica.

Essential Qil Yield/fed. (L): Results also showed that the
effect of various concentrations of zinc, tryptophan and
ascorbic acid on essential oil yield /fed. The results
recorded in the two seasons (Table 5) also showed that,
an increments in oil yield/fed in response to these
tested factors. The highest oil yields were obtained from
the highest concentrations of zinc, tryptophan and
ascorbic acid. On the other hand, untreated (control)
plants gave significantly lower essential oil yield/fed.
9.27 and 10.50 L/ fed. in both cuts of the first season and
8.23 and 7.72 in the first and second cuts of the second
season, respectively, compared to all tested factors.
In both seasons, the highest essential oil yield/fed.
(21.39 and 21.80 L/fed.) in the two cuts in the first season
and (19.06 and 20.59 L/fed.) in the two cuts in second
season, respectively were produced by plants treated with
ascorbic acid at rate 200 mg/l. It was worthy to note that
these positive effects of ascorbic acid on geranium herb
yield and essential oil percentage and its yield/ plant were
reflected on results essential oil yield/fed. These results
agree with those obtained by Taraf et al. [66] on
lemongrass, Youssef and Talaat [67] on rosemary,
Eid et al. [68] on Jasminum grandiflorm, as well as
El-Lethy et al. [69] on geranium reported that foliar
application of ascorbic acid caused pronounced increased
in the yield of essential oil.
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Ascorbic acid increases the ability of meristematic
cells to synthesise the active substrate required for the
biosynthesis of essential oils, which is one of the
favourable impacts of ascorbic acid on essential oil
production [70]. Ascorbic acid, which is widely used as a
growth regulator, can enhance the production of EO either
directly or indirectly by promoting plant growth and
facilitating enzymatic processes [59].

Essential Oil Composition: The obtained results
indicated that the chemical composition of Pelargonium
graveolens volatile oil had been affected by the different
concentrations of zinc, tryptophan and ascorbic acid
(Table 6). These results can be summarized as follows:

Results of the chromatographic analysis of oil
samples extracted from (Pelargonium graveolens) plants
in the first cut of the first season (Table 6) showed that
Citronellol was the most important essential oil
component (with contents of 22.24-30.073%), followed by
Geraniol (with contents of 6.34-17.07%), Citronellyl
formate (with contents 6.84-13.26%), then linalool
(with contents of 5.51-12.26%). The presence of these
compounds in the essential oil of Pelargonium
graveolens have been already reported in studies of
Wang et al. [71] and Guenther [72].

Rose-like odour of geranium oil is a mixture of
citronellol, geraniol and other alcohols. The quality of
geranium oil is mainly determined by citronellol,
geraniol contents and the ratio of citronellol: geraniol
(Table 6). Citronellol content is a very important
feature of the evaluation of geranium oil [72]. Citronellol
is used in perfumes and insect repellent Taylor and
Schreck [73].
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Table 6: Effect of foliar application with Zinc, Tryptophan and Ascorbic acid on Essential oil composition of Pelargonium graveolens in first cut of the

2019/2020 season
Treatments
The components (%) of the essential oil ~ Control Znl Zn2 Zn3 Tryl Try2 Try3 ASA1 ASA2 ASA3
w-pinene 1.54 0.8 0.46 1.86 1.67 1.55 0.69 0.89 0.7 1.23
[B-pinene 1.95 0.68 1.29 1.21 1.17 1.88 0.98 0.79 0.95 0.73
D-Cymene 1.32 1.63 0.37 228 1.77 2.61 0.67 0.96 1.43 1.54
Limonene 8.31 7.76 6.44 6.67 6.83 5.49 6.38 5.7 4.99 5.93
Linalool 12.26 7.51 6.94 6.9 6.09 7.07 5.51 11.06 9.02 11.15
Isomenthone 7.47 9.26 10.47 9.98 9.03 9.54 9.37 7.89 6.74 7.81
a-Terpineol 3.17 5.51 5.43 3.64 8.9 5.34 6.9 5.51 5.53 5.92
Nerol 2.85 1.76 2.11 2.34 2.64 1.98 229 2.71 2.56 2.07
Citronellol 23.44 30.07 28.1 24.98 24.45 23.97 24.03 26.12 22.24 22.26
Citral 1.28 1.21 1.26 241 1.11 1.69 1.9 1.33 2.51 1.59
Geraniol 6.34 11.64 11.7 10.84 9.68 10.09 12.11 16.76 17.07 17.59
Geranyl butrate 1.28 1.89 1.41 1.53 1.93 2.45 1.18 1.02 0.9 1.16
Citronellyl formate 6.84 10.23 12.04 9.8 13.01 10.55 13.26 10.3 11.13 10.56
Geranyl acetate 3.37 4.17 3.22 4.34 3.92 5.42 5.37 3.87 4.2 4.16
p-Caryophyllene 2.56 3.6 1.72 3.67 2.1 2.18 4.4 3.28 2.19 4.49
Other Components 16.02 2.28 7.04 7.55 5.7 8.19 4.96 1.81 7.84 1.81
C:G ratio 3.70 2.58 2.40 2.30 2.53 2.38 1.98 1.56 1.30 1.27

*Znl= Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate 200 mg/L, Tryl=Tryptophan at rate 100 mg/l, Try2=Tryptophan at rate
150 mg/l, Try3=200 mg/L, ASA 1= Ascorbic acid at rate 50 mg/l, ASA2= Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/l

The highest mean Citronellol content (30.07%)
was found in the oil of those plants sprayed with
Znl at 100 mg/l, followed by plants sprayed with Zn2 at
rate 150 mg/l (with Citronellol content of 28.10%) and
ASA1 at rate 50 mg/1 (26.12%). A decrease in Citronellol
content was observed with an increase in the
concentration of zinc, tryptophan and ascorbic acid.
While, the highest geraniol percentage (17.59%) was
recorded in oil samples extracted from plants sprayed
with ASA3 at 200 mg/l, followed by plants sprayed with
ASA2 at 100 mg/l (17.07%) then ASA1 at 50 mg/l
(16.76%). A C:G ratio of 1:1 — 3:1 is acceptable, while the
most desirable ratio is 1:1. Oil with a C:G ratio of more than
3:1 is considered to be of poor quality for the perfume
industry, but it can still be used by other industries for the
manufacture of creams, soaps, toiletries and aromatherapy
products [74].

The results showed that the C: G ratio was affected
by different concentration of zinc, tryptophan and
ascorbic acid. The citronellol: geraniol ratio was within the
desired limit at (1.56, 1.30 and 1.27) with Ascorbic acid at
rate 50, 100 and 200 mg/l, respectively), Tryptophan at rate
100, 150 and 200 mg/l gave (2.53 and 2.38 and 1.98,
respectively) and Zinc at rate 100, 150 and 200 mg/1 gave
(2.58, 2.40 and 2.30, respectively). but control Exceed
acceptable limits of C: G ratio (3.70). Best quality (low C:G
ratio) was found in the oil of the plants treated with
ascorbic acid ASA3 (200 mg/1). From the previous results
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the producers can choose spray geranium with Ascorbic
acid at rate 200 mg/1 to suit their desired oil composition.

Chemical Composition:

Photosynthetic Pigments: Chlorophyll b and
carotenoids content of geranium plants (Table 7)
demonstrated, in most cases, consistent and gradual
increases in response to the various treatments. Zinc,
tryptophan and ascorbic acid treatments provided a
higher values of photosynthetic pigments in the first and
second seasons compared to control plants. The highest
level of ascorbic acid (200 mg/l) gave the highest values
of leave pigments (chl. a, b and carotenoid) compared to
control as well as the rest treatments in both cuts, during
the two seasons, followed by ascorbic at rate 150 mg/1 in
most cases. Therefore, ascorbic treatments led to a
significant increase in the plant fresh weight
consequently this positive effect was reflected in herb
fresh yield. The role of ascorbic acid in enhancing
photosynthetic pigments in leaves of different medicinal
and aromatic plants was reported by EI-Quesni et al. [60];
Khalil et al. [61]; Nikee et al. [62] and Heikal and Helmy
[75].

The activity of photosynthesis depends largely on
photosynthetic pigments (chl. a, b and carotenoid).
Changes in the content of photosynthetic pigments affect
the level of metabolism and the intensity of plant growth
and development [76].

a’
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Table 7: Effect of foliar application with Zinc, Tryptophan and Ascorbic acid on chlorophyll a, b and carotenoids (mg/g fresh weight) of Pelargonium

graveolens plants during the 2019/2020 and 2020/2021 seasons

Chlorophyll a (mg/g fresh weight)

Chlorophyll b (mg/g fresh weight)

Carotenoids (mg/g fresh weight)

First Season Second Season

First Season

Second Season First Season Second Season

Treatments Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2
Control 0.57 0.64 0.64 0.56 0.23 0.14 0.15 0.13 0.75 0.71 0.72 0.75
Zn 1 0.71 0.75 0.70 0.61 0.25 0.16 0.19 0.16 0.77 0.95 0.79 0.83
Zn2 0.74 0.78 0.75 0.67 0.27 0.19 0.24 0.18 0.80 0.97 0.82 0.86
Zn3 0.78 0.78 0.79 0.69 0.27 0.24 0.27 0.23 0.86 1.02 0.86 0.91
Try 1 0.76 0.81 0.75 0.64 0.28 0.26 0.20 0.21 0.90 0.98 0.82 0.86
Try 2 0.78 0.84 0.79 0.68 0.30 0.28 0.25 0.24 0.91 1.04 0.85 0.86
Try 3 0.80 0.85 0.83 0.76 0.33 0.32 0.27 0.26 0.95 1.12 0.90 0.92
ASA 1 0.86 0.86 0.80 0.67 0.29 0.29 0.22 0.26 0.95 1.00 0.83 0.95
ASA?2 0.88 0.90 0.82 0.71 0.31 0.33 0.28 0.29 0.97 1.12 0.87 1.00
ASA3 0.93 0.95 0.86 0.81 0.36 0.37 0.31 0.34 1.01 1.28 0.95 1.16
L.S.D 0.05 0.02 0.03 0.03 0.05 0.01 0.02 0.02 0.02 0.01 0.02 0.04 0.05

Znl= Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate 200 mg/L, Try1=Tryptophan at rate 100 mg/1, Try2=Tryptophan at rate 150 mg/l,
Try3=200 mg/L, ASA1= Ascorbic acid at rate 50 mg/l, ASA2= Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/I.

Table 8: Effect of foliar application with Zinc, Tryptophan and Ascorbic
acid on Antioxidant activity of Pelargonium graveolens oil during
the 2019/2020 and 2020/2021 seasons

First Season Second Season

Treatments First Cut Second Cut First Cut Second Cut
Control 49.07 50.25 46.26 52.7
Zn 1 54.54 56.29 47.59 54.90
Zn?2 56.16 59.23 53.77 57.25
Zn3 59.56 60.85 57.69 62.00
Try 1 57.68 61.55 53.91 63.00
Try 2 60.40 62.20 57.32 67.21
Try 3 62.68 63.22 62.77 69.69
ASA 1 59.34 61.86 58.14 66.90
ASA?2 62.30 63.56 63.99 69.54
ASA 3 66.27 67.25 66.77 74.08
L.S.D.at0.05 2.54 3.18 2.39 3.41

*Znl= Zinc at rate 100 mg/l, Zn2= Zinc at rate 150 mg/l, Zn3= Zinc at rate
200 mg/L, Tryl=Tryptophan at rate 100 mg/l, Try2=Tryptophan at rate
150 mg/l, Try3=200 mg/L, ASAl= Ascorbic acid at rate 50 mg/l, ASA2=
Ascorbic acid at rate 100 mg/l and ASA3= Ascorbic acid at rate 200 mg/1

Antioxidant Activity of Pelargonium graveolens Oil:
Data in (Table 8) showed that foliar application of zinc,
tryptophan or ascorbic acid led to significant increases in
antioxidant activity (as DPPH- radical scavenging
capacity). This positive effect in an antioxidant activity
was found to be depend on concentration of zinc,
tryptophan and ascorbic acid used. So, antioxidant
activity was gradually increased with increasing
concentrations of these treatments compared to control.
The highest antioxidant activity of geranium oil (66.27 and
67.25 % in both cuts during first season) and (66.77 and
74.08% in both cuts during second season) were recorded
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in plants sprayed with ASA3 at rate 200 mg/1. On the other
hand, the lowest antioxidant activity of geranium oil
(49.07 and 50.25% in both cuts during first season) and
(46.26 and 52.70% in both cuts during second season)
were obtained in control plants. The increase in
antioxidant activity can be regarded an advantage of
Ascorbic acid used [77].

Anti-Microbial Activity: P. graveolens essential oil
samples extracted from plants treated by Ascorbic acid,
zinc and tryptophan at rate 200 mg/l exhibiting
antibacterial activity on both Gram Positive and Negative
bacterial strains with varied zone of inhibitions.

Data in Table (9) clarify the antimicrobial potency and
its variance between essential oil semples extracted from
P. graveolens plants treated with Ascorbic acid, zinc and
tryptophan.

Whereas, the zone of inhibition of the essential oil
extracted from plants treated with Ascorbic acid against
E. coli, B. subtilis, S. aureus, S. epidermidis, Salmonella
enterica, C. albicans and A. brasiliensis was 11 mm,
20 mm, 16 mm, 15 mm, 13 mm, 26 and 27 mm respectively.
The MIC of the Ascorbic acid was 5 pL against E. coli,
B. subtilis, S. aureus, Salmonella enterica, C. albicans
and A. brasiliensis and 10 plL against S. epidermidis.
However, of the essential oil extracted from plants treated
with Zinc against S. aureus, S. epidermidis, Salmonella
enterica, C. albicans and A. brasiliensis was 22 mm,
13 mm, 12 mm, 22 mm and 15 mm respectively. The MIC
of the Zinc treatment was 5 pl. against S. aureus,
S. epidermidis, Salmonella enterica, C. albicans and
A. brasiliensis.
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Table 9: Antimicrobial activity of oil samples of Pelargonium graveolens L. against tested strains

Treatments
Ascorbic acid (200 mg/1) Zinc (200 mg/l) Tryptophan (200 mg/1)
Oil concentrations (uL)

5 10 20 5 10 20 5 10 20
Tested Microorganism Diameter of inhibition zone (mm)*
E. coli 11 17 28 - - - - - -
S. aureus 16 20 20 22 35 29 - - -
S. epidermidis - 15 17 13 14 16 - - -
B. subtilis 20 24 25 - - - - - -
S. enterica 13 14 21 12 13 15 - - 12
C. albicans 26 31 35 22 29 26 0 15 37
A. brasiliensis 27 32 40 15 16 37 0 17 38

On the other hand, the zones of inhibition of the essential
oil extracted from plants treated Tryptophan were 12 mm,
15 mm and 17 mm against Salmonella enterica,
C. albicans and A. brasiliensis respectively. The MIC of
the Tryptophan was 20 pL against Salmonella enterica
and 10 pL against C. albicans and A. brasiliensis.

The above results in Table (9) concluded that the
essential oil obtained from P. graveolens plants treated
with Ascorbic acid consider the best treatment because
of its antimicrobial effect against E. coli, B. subtilis,
S. epidermidis, Salmonella enterica and A. brasiliensis.
While that obtained from Zinc treatment had higher
antibacterial activity against S. aureus, also it was
indicated that the essential oil extracted from
P. graveolens plants treated with Tryptophan had higher
antifungal activity against A. brasiliensis.

The antimicrobial activities of the samples were
measured in essential oils. The disk diffusion assay
results for the growth inhibition zones of microorganisms
considered are shown in (Table 9). The antimicrobial
properties of essential oils were more efficient against
bacteria than fungus and may be sources of novel
antimicrobial agents in the future. The essential oils
extracted from P. graveolens plants treated with Ascorbic
acid exhibited the highest antibacterial activity against
Escherichia. coli ATCC 8739, Bacillus subtilis ATCC
6633,  Staphylococcus  aureus  ATCC 6538,
Staphylococcus  epidermidis  ATCC 12228 and
Salmonella enterica subsp. ATCC 14028. the more
effective concentration of essential oil 20 mL, while that
obtained by treatment with Zinc and tryptophan showed
the highest antifungal activity against Aspergillus
brasiliensis ATCC 16404 and Candida albicans ATCC
10231 with concentration 20 ml. Our results were similar to
those reported by Silva and Fernandes [78], who

investigated the antimicrobial activity of P. graveolens
against pathogenic bacteria.

Previous researches would indicate that the
bactericidal and fungicidal activities of the essential oil
could be explained by the presence of high
concentrations of oxygenated monoterpenes [79].
The two main monoterpenes in geranium oil, citronellol
and geraniol, have been shown to have antibacterial
properties [80-81]. Moreover, Zore et al. [82] have
reported that the anti-Candida activity of geraniol, geranyl
acetate and citronellol appears to be associated with
their ability to damage membrane integrity. They inhibit
germ tube induction at very low concentrations and arrest
C. albicans cell cycle., geraniol and geranyl acetate have
fungicidal activity at 0.064%v/v concentrations, i.e.
MICs (561 mg/mL and 584 mg/mL, respectively) and killed
99.9% of inoculum within 15 and 30min of exposures,
respectively.

CONCLUSION

This study suggests that geranium plants sprayed by
200 mg/1 of ascorbic acid might be used by farmers to get
the highest yield and essential oil. The use of ascorbic
acid concentrations resulted in increases in enhancing
growth, fresh herb yield, essential oil yield, antioxidant
and antimicrobial properties of essential oil.

REFERENCES

1. Balahbib, A., N. El-Omari, A. Sadak, Y. Bakri and
A. Bouyahya, 2020. Antileishmanial properties of
moroccan medicinal plants and mechanism insights
of their main compounds. Biointerface Res. Appl.
Chem., 10: 7162-7176.



10.

Hort. Sci. & Ornamen. Plants, 14 (2): 84-97, 2022

Sharifi-Rad, J., A. Dey, N. Koirala, S. Shaheen,
N. El-Omari, B. Salehi, T. Goloshvili, N. C. Cirone

Silva, A. Bouyahya and S. Vitalini, 2021.

Cinnamomum species: Bridging phytochemistry

knowledge, pharmacological  properties
toxicological safety for health benefits.
Pharmacol., 12: 600139.

Ben El-Hadj Alj, 1., F. Tajini, A. Boulila, M. A. Jebri,
M. Boussaid, C. Messaoud and H. Sebai, 2020.
Bioactive compounds from Tunisian Pelargonium
graveolens (L’Hér.) essential oils and extracts: o-
Amylase and acethylcholinesterase inhibitory and
antioxidant, antibacterial and phytotoxic activities.
Ind. Crops Prod., 158: 112951.

Bouyahya, A., O. Belmehdi, J. Abrini, N. Dakka and
Y. Bakri, 2019. Chemical composition of Mentha
suaveolens and Pinus halepensis essential oils and
their antibacterial and antioxidant activities. Asian
Pac. J. Trop. Med., 12: 117.

Mazeed, A., P. Maurya, D. Kumar, S. S. Yadav and
P. Suryavanshi, 2022. Efficient nutrient management
for rose scented geranium (Pelargonium graveolens
L' Herit ex Ait), Journal of Applied Research on
Medicinal and Aromatic Plants, 31: 1-6.

Kang, H.Y., S.S. Na and Y .K. Kim, 2010. Effects of oral
care with essential oil on improvement in oral health
status of hospice patients. Journal of Korean
Academy of Nursing, 40: 473-481.

Saraswathi, J., K. Venkatesh, N. Baburao, M.H. Hilal
and AR. Rani, 2011. Phytopharmacological
importance of Pelargonium species. Journal of
Medicinal Plant Planta Medica,
5:2587-2598.

Boukhris, M., F. Hadrich, H. Chtourou, A. Dhouib,
M. Bouaziz and S. Sayadi, 2015. Chemical
composition, biological activities and DNA damage
protective effect of Pelargonium graveolens L'Hér.
essential oils at different phenological stages.
Industrial Crops and Products, 74: 600-606.

Rudani, K., V. Patel and K. Prajapati, 2018. The
importance of zinc in plant growth — a review.
International Research Journal of Natural and
Applied Sciences, 5(2): 38-48.

Misra, A., S.A. Dwivedi, K.D. Srivastava, K. Tewari,
A. Khan and R. Kumar, 2007. Analysis of growth,
physiology, photosynthesis, essential monoterpene
oil(s) yield and quality in Ocimum sanctum L.

and
Front.

Research:

genotypes. Biosci. Res., 4(1): 01-05.

94

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Akhtar, N., A.M. Sarker, M.H. Akhter and M. Nada,
2009. Effect of planting time and micronutrient as
zinc chloride on the growth, yield and oil content of
Mentha piperita. Soil Sci. J., 44(1): 125-130.

Misra, A., AK. Srivastava, N.K. Srivastava and
A. Khan, 2005. Zn-acquisition and its role in growth,

photosynthesis, photosynthetic ~pigments and
biochemical changes in essential monoterpene oil(s)
of  Pelargonium  graveolens. Photosynthetica,

43(1): 153-155.

Bromke, M.A., 2013. Amino acid biosynthesis
pathways in diatoms. Metabolism, 3: 294-311.
Zahir, A.Z., M.A. Rahman Malik and M. Arshad,
2000. Improving crop yield by the application of an
auxin precursor L-TRP. Pak. J. Biol. Sci., 3: 133-135.
Hussein, M.M., S.Y. Faham and A K. Alva, 2014. Role
of Foliar Application of Nicotinic Acid and
Tryptophan on Onion Plants Response to Salinity
Stress. Journal of Agricultural Science, 68: 41-51.
Talaat, .M., 2005. Physiological effect of salicylic
acid and tryptophan on Pelargonium graveolens.
Egyptian Journal of Applied Sciences, 20: 751-760.
Orabi, S., I. Talaat and L. Balbaa, 2014. Physiological
and biochemical responses of thyme plants to some
antioxidants. Nusantra Bioscience, 6: 118-125.

Abd El-wahed, M.S.A., M.E. El-Awadi, D.M. Salama,
and W.M. Haggag, 2016. Application of nitrogen,
tryptophan and their relation on growth, yield
and some chemical constituents in green onion.
Journal of Chemical and Pharmaceutical Research,
8:694-701.

Aghaei, K., A.G. Pirbalouti, A. Mousavi, H.N. Badi
and A. Mehnatkesh, 2019. Effects of foliar spraying
of L-phenylalanine and application of bio-fertilizers
on growth, yield and essential oil of hyssop
[Hyssopus officinalis L. subsp. Angustifolius
(Bieb.)]. Biocatalysis and Agricultural Biotechnology,
21(10): 13-18.

Khalid, AK., AE. El-Gohary, AM.A. Ahmed,
F.M.AM. Elkady and I.M. Talaat, 2019. L-tryptophan
affects the essential oil of navel orange under various
growing regions. Biocatalysis and Agricultural
Biotechnology, 20: 10-18.

Khalid, A.K., A.E. El-Gohary and A.M.A. Ahmed,
2020. Raising the efficiency of lemon trees to produce
essential oil by exogenous cysteine under various
soil structures. Journal of Essential Oil Bearing
Plants, 23: 194-203.



22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Hort. Sci. & Ornamen. Plants, 14 (2): 84-97, 2022

Smirnoff, N., 2018. Ascorbic acid metabolism and
functions: A comparison of plants and mammals.
Free Radical Biology and Medicine, 122: 116-129.
Barth, C., M. De. Tullioand and P.L. Conklin, 2006.
The role of ascorbic acid in the control of flowering
time and the onset of senescence. J. Exp. Bot.,
57: 1657-1665.

Pastori, G.M., G. Kiddle, J. Antoniw, S. Bernard,
S. Veljovic-Jovanovic, P.J. Verrier, G. Noctor and
C.H. Foyer, 2003. Leaf vitamin C contents modulate
plant defense transcripts and regulate genes that
control development through hormone signaling.
Plant Cell, 15: 939-951.

De Tullio, M.C. and O. Arrigoni, 2003. The ascorbic
acid system in seeds: To protect and to serve. Seed
Sci. Res., 13: 249-260.

Ebrahim, M.K., 2005. Amelioration of sucrose
metabolism and yield changes, in storage roots of
NaCl-stressed sugar beet, by ascorbic acid.
Agrochimica, XL?X(3-4): 93-103.

Ghannadi, A., M.R. Bagherinejad, D. Abedi, M. Jalali,
B. Absalan and N. Sadeghi, 2012. Antibacterial
activity and composition of oils from Pelargonium
graveolens L’Her and Vitex agnus-castus L. Iranian
Journal of Microbiology, 4: 171-176.

Dorman, H.J.D. and S.G. Deans, 2000. Antimicrobial
agents from plants, antibacterial activity of plants
volatile oils. Journal of Applied Microbiology,
88:308-316.

Eavar, S. and M. Maksimovie, 2012. Antioxidant
activity of essential oil and aqueous extract of
Pelargonium graveolens 1’. Her. Food Control,
23:263-267.

Snedecor, G.W. and W.G. Cochran, 1989. Statistical
Methods, 8" Ed., Iowa State University Press,
pp: 153.

British Pharmacopoeia,
Volatile Oil in Drugs. The Pharmaceutical Press,
London.

Dzamié, A.M., D.M. Sokovi¢, S.M. Risti¢, S.M. Gruji¢,
S.K. Mileski and P.D. Marin, 2014, Chemical
composition, antifungal and antioxidant activity of
Pelargonium graveolens essential oil. Journal of
Applied Pharmaceutical Science, 4(3): 001-005.
Saric, M., R. Kastrori, R. Cuic, T. Cupina and L. Geric,
1967. Chlorophyll determination. Univ. Uneven Sodu
Parktikum is Fizologize Biljaka, Beogard, Hauncna,
Anjiga, pp: 215.

1963. Determination of

95

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Brand-Williams, W., M.E. Cuvelier and C. Benset,
1995. Use of free radical method to evaluate
antioxidant activity. Lebensm. Wiss. Technol.,
28: 25-30.

Balouiri, M., M. Sadiki and S.K. Ibnsouda, 2016.
"Methods for in vitro evaluating antimicrobial
activity: Areview” Journal of Pharmaceutical
Analysis, 6: 71-79.

Andrews, J.M., 2006. "Determination of Minimum
Inhibitory Concentrations". March 2006 Chapter
under review.

Clinical and Laboratory Standards Institute (CLSI),
2012. Clinical and Laboratory Standards Institute
(CLSI) CLSI document M02-A11. Wayne: Clinical and
Laboratory Standards Institute; 2012. Performance
standard for antimicrobial disk susceptibility tests;
approved standard-Eleventh Edition.

Clinical and Laboratory Standards Institute (CLSI)
2009. Method for antifungal disk diffusion
susceptility testing of yeasts; approved guideline, 2™
edition, M44A2, Agosto, Wayne, Pennsylvania,
USA.

Clinical and Laboratory Standards Institute (CLSI)
2010. Method for Antifungal Disk Diffusion
Susceptility ~ Testing of  Nondermatophyte
Filamentous Fungi; Approved Guideline: M51-A.
Hendawy, S.F. and K.A. Khalid, 2005. Response of
sage (Salvia officinalis, L.) plants to zinc application
under different salinity levels. J. Appl. Sci. Res.,
1: 147-155.

Pande, P., M. Anwar, S. Chand, V.K. Yadav and
D.D. Patra, 2007. Optimal level of iron and zinc in
relation to its influence on herb yield and production
of essential oil in menthol mint. Communications in
Soil Science and Plant Analysis, 38(5&6): 561-578.
Said-Al-Ahl, H.A.H. and E.A. Omer, 2009. Effect of
spraying with zinc and / or iron on growth and
chemical composition of coriander
(Coriandrum sativum, L.) harvested at three stages
of development. Journal of Medicinal Food Plants,
1: 30-46.

Amberger, A., 1974. Micronutrients dynamics in the
soil and function in plant metabolism. Proc. Egypt.
Bot. Soc. Workshop. I, Cairo.

Mohite, B., 2013. Isolation and characterization of
indole acetic acid (IAA) producing bacteria from
rhizospheric soil and its effect on plant growth.
J. Soil Sci. Plant Nutr., 13(3): 638-649.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Hort. Sci. & Ornamen. Plants, 14 (2): 84-97, 2022

Reda, F., G.S.A. Baroty, .M. Talaat, I.A. Abdel-Rahim
and H.S. Ayad, 2007. Effect of some growth
regulators and vitamins on essential oil, phenolic
content and activity of oxidoreductase enzymes of
Thymus vulgaris L., World Journal of Agricultural
Sciences, 3(5): 630-638.

Hendawy, S.F. and A.A.Ezz El-Din, 2010. Growth and
yield of Foeniculum vulgare var. azoricum as
influenced by some vitamins and amino acids. Ozean
Journal of Applied Sciences, 3(1): 113-123.

Soltan, Y., R.S. Vahid and AMM. Ali, 2014.
Response of growth, flowering and some biochemical
constituents of Calendula officinalis L. to foliar
application of salicylic acid, ascorbic acid and
thiamine., Ethno-Pharmaceutical Products.,
1(1): 37-44.

Azoz, S.N., AM. El-Taher, M.S. Boghdady and
D.M.A. Nassar, 2016. The Impact of Foliar Spray with
Ascorbic Acid on Growth, Productivity, Anatomical
Structure and Biochemical Constituents of Volatile
and Fixed Oils of Basil Plant (Ocimum basilicum L.).
Middle East Journal of Agriculture Research,
5(4): 549-565.

El-Moghazy, T.F.A. and E.A.A. Al-Azzony, 2019.
Effect of Ascorbic, Folic acids and Hibiscus Extract
on Geranium (Pelargonium graveolens). American
Journal of Plant Biology, 4(4): 46-56.

El-Gabas, N.M.M., 2006. Physiological Studies on
The Effect of Ascorbic Acid and Micronutrients on
Sunflower Plants Grown Under Salinity Stress. M.Sc.
Thesis (Botany), Fac. Sci., Al-Azhar Univ.

Bahram, R., S.S. Ranjbar and A. Omid, 2014. Growth
and essential oil responses of German chamomile to
thiamine and ascorbic acid. Pharmacology and Life

Sciences Bull. Env. Pharmacol. Life Sci., 3(7): 51-53.

Ghazal, G.M., 2015. Growth and oil yield of
Thymus vulgaris plant as influenced by some
amino acids and ascorbic acid, World J. Pharm. Sci.,
3(10): 1957-1966.

Zewail, Y.M.R., 2007. Improvement of wheat
productivity by using some biofertilizers and
antioxidants. M.Sc. These, Fac. Agric., Moshtohor,
Benha Univ., Egypt, pp: 223.

Helsper, J.P., J. Kagan, J.M. Maynard and F.A.
Loewas, 1982. Ascorbic acid biosynthesis
Ochromonasdanica. Plant Physiol., 69: 458-468.
Chanchan, M., JK. Hore and S. Ghanti, 2013.
Response of garlic to foliar application of some
micronutrients. Journal of Crop and Weed, 9(2):138-
141.

in

96

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Spaepen, S. and J. Vanderleyden, 2011. Auxin and
Plant-Microbe Interactions. Cold Spring Harb
Perspect Biol., 3(4): a001438.

Villareal, S.Q., N.Z. Hernandez, 1.L. Romero, E.A.
Lazcano and A.R. Dorantes, 2012. Assessment of
plant growth promotion by rhizobacteria supplied
with tryptophan as phytohormone production elicitor
on Axonopus affinis. Agri. Sci. Res. J., 2(11): 574- 580.
Balbaa, L.K. and .M. Talaat, 2007. Physiological
response of rosemary plants (Rosmarinus officinalis
L.) to ascorbic acid, phenylalanine and ornithine.
Egypt. J. Appl. Sci., 22(11B): 375-385.

Zhang, Y., 2013. Ascorbic acid in plants:
biosynthesis, regulation and enhancement. Springer
Briefs in Plant Science. New York: Springer, pp: 132.
El-Quesni, F.EM., N.G. Abd El-Aziz and M.M.
Kandil, 2009. Some studies on the effect of ascorbic
acid and 4- tocopherol on the growth and some
chemical composition of Hibiscus rosa sineses L. at
Nubaria. Ozean J. Appl. Sci., 2(2): 159-167.

Khalil, S.E., N.G. Abd El-Aziz and B.H. Abou Leila,
2010. Effect of water stress, ascorbic acid and
spraying time on some morphological and
biochemical composition of Ocimum basilicum plant.
J. Ame. Sci., 6(12): 33-44.

Nikee, E., A. Pazoki and H. Zahedi, 2014. Influences
of ascorbic acid and gibberellin on alleviation of salt
stress in summer savory (Satureja hortensis L.).
Int. J. Biosci., 5(4): 245-255.

Noor El-deen, T.M., 2005. Physiological studies on
marjoram plants (Majorana hortensis M.). M. Sc.
Thesis, Faculty of Agriculture, Banha, Moshtohor,
Zagazig University, Egypt, pp: 154.

Said-Al Ahl, H.A.H., A.G. El-Gendy and E.A. Omer,
2014. Effect of Ascorbic acid, Salicylic acid on
Coriander productivity and essential oil cultivated in
two different locations. Advances in Environmental
Biology, 8(7): 2236-2250.

Nasiri, Y., H. Zandi and M.R. Morshedloo, 2018.
Effect of Salicylic acid and Ascorbic acid on essential
oil content and composition of Dragonhead
(Dracocephalum moldavica L.) under organic
farming. Journal of Essential Oil-Bearing Plants,
21:362-373.

Taraf, S.A., K.M. Gamal El-Din and L.K. Balbaa, 1999.
The response of vegetative growth and essential
oil of lemongrass (Cymbopogon citrates Hort) to
foliar application of ascorbic acid, nicotinamid
and some micronutrients. Arab Univ. of Agric. Sci.,
7:247-259.



67.

68.

69.

70.

71.

72.

73.

74.

75.

Hort. Sci. & Ornamen. Plants, 14 (2): 84-97, 2022

Youssef, A.A. and .M. Talaat, 2003. Physiological
response of rosemary plants to some vitamins. Egypt.
Pharm. J., 1: 81-93.

Eid, R.A., S.T. Lobna and M.M. Soad, 2010.
“Physiological properties studies on essential oil of
Jasminum grandiflorum L. as affected by some
vitamins." Ozean J. Appl. Sci., 3(1): 87-96.

El-Lethy, S.R., H.S. Ayad and F. Reda, 2011. Effect of
riboflavin, ascorbic acid and dry yeast on vegetative
growth, essential oil pattern and antioxidant activity
of geranium (Pelargonium  graveolens L.).
American-Eurasian J. Agr and Environmental Sci.,
10: 781-786.

Reda, F., E.A. Abdel-Rhim, G.S.A. El-Baroty and
H.A. Ayad, 2005. Response of essential oils, phenolic
components and poly phenol oxidase activity of
thyme (Thymus vulgaris L.) to some bio regulators
and vitamins. International Journal of Agricultural
and Biology, 7(5): 735-739.

Wang, M., A.G. Chittiboyina, C. Avonto, J.F. Parcher
and LA. Khan, 2014. Comparison of Current Chemical
and Stereochemical Tests for the Identification and
Differentiation of Pelargonium graveolens L'Hér.
(Geraniaceae) Essential Oils: Analytical Data for (-)-
(18, 4R, 55)-Guaia-6, 9-diene and (-)-(7R, 10S)-10-epi--
Eudesmol. Rec. Nat. Prod., 8(4): 360-372.

Guenther, E., 1972. The Essential Oils. Vol. Il and IV,
Van Nostrland Comp. Inc., New York.

Taylor, W.G. and C.E. Schreck, 1985. Chiral- phase
capillary gas chromatography and mosquito repellent
activity of some oxazolidine derivatives of (+)- and (-
)-citronellol. Journal of Pharmaceutical Sciences,
74(5): 534-539.

Nejad, A.R. and A. Ismaili, 2014. Changes in growth,
essential oil yield and composition of geranium
(Pelargonium graveolens L.) as affected by growing
media. J. Sci. Food Agric., 94: 905-910.

Heikal, A.AM. and S.S. Helmy, 2018. Effect of
nitrogen fertilization and ascorbic acid on growth,
essential oil and chemical composition of rosemary
plant. Zagazig J. Agric. Res., 45(1): 87-103.

97

76.

77.

78.

79.

80.

81.

82.

Zaika, V. and T. Bondarenko, 2018. The content of
chlorophyll a and chlorophyll b in leaves of
undergrowth species in hornbeam-oak forest stands
of the forest-steppe zone in Western Ukraine. Lecene
Prace Badawcze Forest Research Papers., 79(1): 23-28.
Sadak, M.Sh., 2016. Mitigation of drought stress on
Fenugreek plant by foliar application of trehalose.
International Journal of Chem. Tech. Research,
9(2): 147-155.

Silva, N.C.C. and A.J. Fernandes, 2010. Biological
properties of medicinal plants: a review of their
antimicrobial activity. Journal of Venomous Animals
and Toxins including Tropical Diseases, 16: 402-413.
Singh, P., B. Srivastava, A. Kumar, R. Kumar,
N.K. Dubey and R. Gupta, 2008. Assessment of
Pelargonium  graveolens oil as plant-based
antimicrobial and aflatoxin suppressor in food
preservation. J. Sci. Food Agric., 88: 2421-2425.
Inouye, S., T. Takizawa and H. Yamaguchi, 2001.
Antibacterial activity of essential oil and their
major constituents against respiratory tract
pathogens by gaseous contact. J Antimicrob
Chemother, 47: 565-573.

Lorenzi, V., A. Muselli and A. Bernardini, 2009.

Geraniol restores antibiotic activities against
multidrug-resistant isolates from gram-negative
species.  Antimicrob Agents  Chemother,

53:2209-2211.

Zore, G.B., A.D. Thakre, V. Rathod and S.M.
Karuppayil, 2009. Evaluation of anti-Candida
potential of geranium oil constituents against clinical
isolates of Candida albicans differentially sensitive
to fluconazole: inhibition of growth, dimorphism and
sensitization. Mycoses doi:10.1111/5.1439-
0507.2009.01852.



