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Abstract

As the green tactics for enhancing plant growth and production using naturally occurring materials are highly needed, it is
important to use the nanoformulation of these materials as an attractive novel technique. Therefore, this research has been
performed to evaluate the plants’ morphological traits, the qualitative parameters, and molecular genetic characteristics using
random amplified polymorphic DNA (RAPD) of French basil independence on growth biostimulators and their nanocomposite.
The treatments included normal formulations and nanocomposite formulation of humic acid (5 mM HA), salicylic acid (1.4 mM
SA), and glycyrrhizic acid ammonium salt (0.4 mM GA) and control treatment (water application). The results show that foliar
spray with HA, SA, GA, and their nanocomposites significantly increased (p < 0.05) on all vegetative growth characters,
photosynthetic pigments, oil yield/plant, mineral content, and antibacterial activity as compared with control plants. Also, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) values of different samples used varied from 70.63 to 74.93%, with a significant increase
compared to untreated plants. The most marked increases have been observed in treated plants with biostimulants in the
nanocomposites form than in the natural form. On the other hand, GA and its nanocomposite showed variable effects on basil
plants and gave the lowest increase values in all parameters than the other biostimulant but have high antimicrobial activity. For
the molecular study, ten selected primers displayed a total of 288 amplified fragments scored per primer ranging from 7 to 46
fragments; 157 bands were polymorphic with 69% polymorphism. It could be concluded that humic acid and its nanocomposite
are the most effective biostimulants that increased plant productivity and oil content.
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Introduction

The rising trend in the use of medicinal plants worldwide is
increasingly concerned about their cultivation and
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development. Since medicinal plants are more natural com-
patible, herbal treatments have recently received particular
attention, and the use of medicinal plants has become wide-
spread and popular. Basil (Ocimum basilicum L.) is cultivated
in temperate tropical, subtropical, and warm climates. Egypt,
France, Spain, and Hungary are the world’s main producers of
basil (Jadczak et al. 2006). It belongs to the Lamiaceae family.
Basil products are fresh and dried herbs used for seasoning,
but their extracts and oil are utilized in the food and perfume
industries (Purushothaman et al. 2018). Basil herbs and oils
are typically used to treat a wide range of illnesses, such as
headache, cough, diarrhea, constipation, warts, worms, break-
down of the kidneys, antispasmodic, carminative, expectorat-
ing, and antimalarial (Pandey et al. 2014). The herb contains
0.04-0.70% essential oil, and its specific aromas are dominat-
ed by linalool, methyl chavicol, 1,8-cineol, and eugenol
(Purushothaman et al. 2018).
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There is currently a great deal of interest in agriculture
(horticulture) in natural products which will increase the
yields and at the same time the biological value of the crop
without having any harmful effects on the natural environ-
ment (El-Beltagi et al. 2020a, b). These products are plant
growth biostimulants that can be used in sustainable agricul-
ture successfully by improving plant productivity and using
environmental limited resources (e.g., water) (Jardin 2015).
Plant biostimulants are various compounds from a natural
origin and sources that have positive effects on the regulation
and improvement of plant metabolic processes, therefore,
boosting their vigor, yield, and quality (Sofy et al. 2020a;
Akladious and Mohamed 2018). In addition, biostimulants
do not provide plants with sufficient quantities of essential
nutrients but increase their absorption by the root system and
boost the growth of a stressed plant because of increased an-
tioxidants (Sofy et al. 2020b). Plant-based biostimulants were
widely regarded as environmentally friendly farming and are
now among the instruments used in sustainable agriculture.

Humic acid (HA) formed from humic substances, known
as humus, is a common plant biostimulant that triggers plant
growth and development through nutrition, hormones, and
elicitor paths (Conselvan et al. 2017). In addition, HA is
shown to increase phenylpropanoid biosynthesis in maize in
addition to its primary role in the absorption of nutrients
(Schiavon et al. 2010). Many have assumed that the addition
of HA would boost the biosynthesis of secondary metabolites
in medicinal plants.

Salicylic acid (SA) is among the most readily accessible
plant growth regulators which is effective in other forms such
as acetylsalicylic acid and methyl salicylate in plants as well
(Raskin 1992). SA is known as a plant growth regulator and a
phenolic compound and serves as the central regulator of the
signaling network in environmental conditions (Naeem et al.
2020; El-Beltagi et al. 2017). SA is directly involved in plant
growth, ion absorption, yield, improvement in the quality of
the chlorophyll pigments, and activities of certain essential
enzymes (Sofy et al. 2020b; Moustafa-Farag et al. 2020). In
addition, SA serves as a stress messenger that stimulates the
plant to resist the susceptibility of plants to infection by mi-
croorganisms (Klessig and Malamy 1994). The percentage of
essential oil contents and oil yield/plant (ml) as a result of
salicylic acid or humic acid treatments was reported by
Khazaie et al. (2011) who mentioned that the use of concen-
trations from 0- to 300-ml/l humic acid gave the highest pro-
duction of total essential oil of hyssop plants; also, Abdol
Rahman et al. (2013) on cumin and Farhood et al. (2017)
noticed that coriander plants treated with salicylic acid had
higher seed oil content and yield compared with untreated
plants.

Glycyrrhizic acid (GA) is a triterpene glycoside that is nat-
urally produced in the roots of licorice plants (Glycyrrhiza

glabra) and is a plant grown in Egypt and many other world
countries. Licorice’s root extract contains many compounds
that have a similar effect to those stimulating production such
as minerals, phenolics, flavonoids, amino acids, and vitamins
(Abd El-Azim et al. 2017). GA is the most effective active
ingredient in licorice and has a variety of pharmacological and
biological activities (Yong 2012). The use of bio-fertilizer or
licorice root extracts for agriculture in sandy soils gave en-
hancement effects on the plant growth and essential oil of
Foeniculum valgare Mill (Abd El-Azim et al. 2017).

Furthermore, the use of nanoparticles in plant science
draws the researchers’ interest because of its greatest benefits
(Sofy et al. 20020c). Currently, nano-agro-technology is
targeted by nanoparticles (NPs) with specific properties for
improving crop productivity (Batsmanova et al. 2013).
Natural nanoparticles may boost the nonactivity of natural
products against plant pathogens, raise fruit shelf life at room
temperature, reduce pesticide impact and toxicity, and reduce
the negative impact of the use of insecure nanoparticles
(Shoala 2018). The mobility of nanoparticles is extremely
high, leading to fast nutrient transport to all parts of the plants
(Sofy et al. 2020c). The nanosized mineral nutrient formula-
tion may enhance solubility and dispersal of nutrient insoluble
in the soil, minimize soil absorption and fixation, and boost
the nanostructured particle bioavailability. Thus, nano nutri-
ents (nano fertilizers) improve the nutrient quality and the
plant’s ability to use nutrients Naderi and Danesh-Shahraki
(2013).

Molecular markers help to complement a morphological
and physiological plant characterization; for example, because
they have many benefits, they are abundant and independent
of the environmental effects and early in cultivar identity dur-
ing plant production (Mohamed and Abdel-Hamid 2013;
Mohamed, 2014; Ashry et al. 2018; Mohamed et al. 2018).
Random amplified polymorphic DNA (RAPD) markers am-
plify anonymous DNA products with single, short, and arbi-
trary primers. Due to their simplicity, RAPD has found a wide
range of uses in many biological fields because no previous
understanding of a DNA sequence is needed. A significant
proportion of genetic polymorphism is associated with
RAPD markers (Williams et al. 1990). In comparison to mor-
phological and physiological markers, the number of DNA
markers is not restricted and does not suffer from plant growth
stages (Collard et al. 2005).

Based on novel results from the application of some nano
biostimulator sprays on some quantitative and qualitative pa-
rameters of marjoram and basil (Amer and Shoala 2020;
Hammam and Shoala 2020), this comparative study was de-
signed to examine the effect of some biostimulators and their
nanoparticles on growth and phytochemical parameters as
well as molecular genetic characteristics using the RAPD
marker.
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Materials and methods

Preparation and characterization of the growth
stimulators nanoparticles

Nano synthesis of humic acid

Humic acid was purchased from Sigma-Aldrich company;
22.7 mg of humic acid was dissolved in 100-ml water and
sonicated (XUBA3Analogue Ultrasonic Bath, Grant
Company) with an ultrasonic power and frequency of
50 kHz for 2 h at room temperature (25°C). The concentration
was prepared and applied to 1 and 5 mM in the normal and
nanoform.

Nano synthesis of salicylic acid

Salicylic acid was purchased from Sigma-Aldrich company;
10 mg of SA was dissolved in 10-ml absolute ethanol and
sonicated (XUBA3Analogue Ultrasonic Bath, Grant
Company) with an ultrasonic power and frequency of
50 kHz for an hour at room temperature (25°C). The concen-
tration was prepared and applied to 0.7 and 1.4 mM in the
normal and nanoform.

Nano synthesis of glycyrrhizic acid ammonium salt

Glycyrrhizic acid ammonium salt will be purchased from
Sigma-Aldrich company; 0.1 mg of glycyrrhizic acid ammo-
nium salt was dissolved in 1-ml absolute ethanol and sonicat-
ed (XUBA3Analogue Ultrasonic Bath, Grant Company) with
an ultrasonic power and frequency of 50 kHz for an hour at
room temperature (25°C). The concentration was prepared
and applied to 0.2 and 0.4 mM in the normal and nanoform.

Characterization of nanomaterials by using dynamic light
scattering (DLS)

Measurements of nano-humic acid nanoparticles (HA NPs),
nano-salicylic acid nanoparticles (SA NPs), and nano-
glycyrrhizic acid ammonium salt nanoparticles (GA NPs) dis-
tribution and size were performed by a dynamic light scatter-
ing method using Zetasizer Nano ZS (Malvern Instruments,
UK) at room temperature. Prior to measurement, 30 pl of the
nanoparticles were diluted with 3 ml of water at 25°C. Particle
size data were expressed as the mean of the Z average of three
independent batches of the nanoparticles.

Experimental material

The field experiment was carried out in the period 2019 and
2020 at the Farm of Medicinal and Aromatic Plants Research
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Department, El-Kanater El-Khairiya, Kalubeia Governorate,
Egypt (30°19' N, 31°13" E, 16.9 m above sea level rise).
French basil seeds (cv. Grand verde) have been obtained from
Medicinal and Aromatic Plants Research Department, Dokki,
Giza, Egypt.

Experimental design

Basil seeds were sown at the beginning of April in both sea-
sons in a seedbed mixture of vermiculite and peat moss (2:1).
When the basil seedling reached 10 cm in plant height (45
days old), they were transplanted at a spacing of 60 % 25 cm
on one side of the row. The experimental plots were 3.0 x 2.50
m, with 3 rows at a distance of 60 cm between them.
Phosphorus fertilizer was mixed with soil before transplanting
(200 kg/fed as calcium superphosphate); potassium sulfate (as
a source of K) was applied at 75 kg/fed. Nitrogen (N) was
applied at a rate of 300 kg/fed using ammonium nitrate. Half
doses of N and K were applied 21 days after planting, and the
second one was applied 1 month later. The physical and chem-
ical analyses of the experimental soil were texture class: clay,
organic matter 2.17%, electrical conductivity (dS/m) 0.26, and
pH 7.5. Irrigation and other field practices had been done as
needed. The experimental protocol was based on a random-
ized complete block design, with three replicates. Each repli-
cate was composed of seven plots, each plot representing one
group. The first group was foliar sprayed with distilled water
(control); the second group was foliar sprayed with HA NPs;
the third group was foliar sprayed with normal HA; the fourth
group was foliar sprayed with SA NPs; the fifth group was
foliar sprayed with normal SA; the sixth group was foliar
sprayed with GA NPs; and the seventh group was foliar
sprayed with normal GA. All groups were foliar sprayed twice
at 60 and 90 days after sowing and during growth stages and
cultivation season of basil. Sprays were carried out by means
of an atomizer sprayer in a way that all above-ground parts of
rosemary plants were covered. To increase the absorption of
solutions by plants, foliar application of the treatments was
done in conditions without wind and rain and before sunrise
when plant stomata are open. Two cuts were achieved: in the
middle of both July and September at the full bloom stage by
cutting the herb at a height of about 5 cm. The data were
calculated on the basis of two cutting means. The plants of
the second year were recorded on the gas chromatography
with flame ionization detection (GC-FID) analysis of oil, min-
eral content, antioxidant activity, and molecular traits.

Vegetative growth characters

Plant height, number of branches per plant, and fresh and dry
weight of herb (g/plant).
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Biochemical analysis
Determination of photosynthetic pigments

The photosynthetic pigment contents were determined in the
fresh leaves in accordance with the extraction procedure de-
scribed by Frooq et al. (2016). The aqueous acetone, 85%,
was used for photosynthetic pigment extraction from 10 mg
of fresh leaf disks. The extinction was evaluated against a
blank of a pure 85% acetone at wavelengths of 663, 645,
and 452.5 nm for Chl a, Chl b, and total carotenoids, respec-
tively. Calculations were made as mg/g tissue according to the
equations proposed by Porra et al. (1989):

Chlorophyll a=9.784 X Aes3—0.99 X Agss (V/IOOO X W)
Chlorophyll b = 21.426 x Agss—4.65 x Aggz (V/1000 x W)
Total Carotenoids = (4.695%A4s525—0.268 X (Ages + Agss)) (V/1000 x W)

Determination of essential oil % and GC-FID analysis

The essential oil obtained was analyzed in the Laboratory of
Medicinal and Aromatic Plants Research Department,
Horticulture Research Institute, using a DsCrom 6200 gas
chromatograph equipped with a flame ionization detector
(GC-FID) for separation of volatile oil constituents. The anal-
ysis conditions were as follows: the chromatograph fitted with
capillary column DP-WAX-122-7032 polysillphenylene—
siloxane 30 x 0.25 mm ID x 0.25 p film and the temperature
program ramp increase rate of 13°C/min from 60°C to 220°C.
Flow rates of gases were nitrogen at 1 ml/min, hydrogen at 30
ml/min, and 330 ml/min for air detector; and injector temper-
atures were 280°C and 250°C, respectively. Standard com-
pounds «-pinene, 3-pinene, limonene, linalool, camphor, «-
terpinol, geranyl acetate, eugenol, and 3-caryophyllene ob-
tained from Sigma-Aldrich were used to the chemical com-
pounds of the essential oils from the basil oil. The obtained
chromatogram and report of GC-FID analysis for each sample
were analyzed to calculate the percentage of main components
of essential oils.

Determination of mineral content

The herb of basil was carefully washed with double-distilled
water to remove all debris and apoplastic contents. The dried
plant samples were further digested using the method pro-
posed by Linder (1944). For digestion, 200 mg of powdered
sample was taken which was then digested in aqua regia
(H,SO4:HNO5:HCI1Oy, v/v) in ratio 1:3:1 using glass beakers
on a hot induction plate. After that, digested samples were
cooled and filtered using 0.22-um nylon syringe filters. The
samples were further diluted using double-distilled water to
make up the final volume to 50 ml. These digested samples
were stored at room temperature and used for further analysis.

Nitrogen was determined using the micro-Kjeldahl apparatus
of Parnos—Wagner as described by Van Schouwenburg and
Walinga (1978). Phosphorus was estimated colorimetrically
by using the chlorostannous-reduced molybdophosphoric
blue color method according to Chapman and Parker (1961).
Potassium was determined using the flame photometer ac-
cording to the method described by Brown and Lilliland
(1964).

Determination of antioxidant activity (DPPH)

One gram of each sample was weighed in vials, each with a
20-ml capacity, using a Mettler Toledo MS304 sensitive bal-
ance. All vials containing samples and solvent (ethanol) were
allowed to macerate for 3 days. Finally, the supernatants were
collected for DPPH free-radical scavenging activity analysis
as described by Alam et al. (2013). The solution for the 70%
(v/v) methanol DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma-
Aldrich) was prepared, resulting in a DPPH concentration of
0.25 mM. In 335 ul of DPPH solution, various volumes have
been added (from 2 to 10 pl) to the methanol leaf extract,
reaching a final volume of 1 ml. The mixture was vortexed
and stayed 30 min in the dark at room temperature. By mixing
70% methanol with radical DPPH solution, a blank solution
(control) was formed. The absorbance was read at 517 nm
using a spectrophotometer and using ascorbic acid as stan-
dard. The radical scavenger activity was expressed in terms
of the amount of antioxidants necessary to decrease the initial
DPPH absorbance by 50% (IC50). The IC50 value for each
sample was determined graphically by plotting the percentage
disappearance of DPPH as a function of the sample
concentration.

The DPPH radical scavenging (%) was calculated using the
formula:

— AO-Al
= ALAL 100

where A, is the absorbance of the control and A; is the
absorbance of the sample.
IC50 refers to its concentrations for 50% inhibition.

Antibacterial activity for essential oil

The paper disc diffusion method was used to determine anti-
bacterial activities of essential oils (Berghe and Vlietinck
1991; Cappuccino and Sherman 1998). The gram-positive
(Bacillus sp.) and gram-negative (Pseudomonas sp.) bacteria
were used in these experiments. Nutrient agar medium has
held the cultures of microorganisms. Briefly, microorganism
suspensions were distributed over solid medium plates of
Muller—Hinton (107-108 colony-forming units [CFU]/ml).
Filter paper discs, 4-mm diameter (Whatman No. 1), were
individually impregnated with 10 pl of each essential oil ex-
tracted from each treatment and then placed onto the surfaces
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of the inoculated plates. Positive antibacterial was formed by
the presence of the measurable inhibition zone at the end of
the incubation period (24 h at 37°C for bacteria) and registered
in its width (mm) that comprises a disc diameter. Three repli-
cates were conducted for each test.

Molecular analysis
DNA isolation

Leaves of seven French basil were collected for DNA isola-
tion by Doyle and Doyle (1987) method.

RAPD analysis polymerase chain reaction (PCR)

RAPD-PCR analyses were performed as described by Williams
et al. (1990) with some modifications. Amplifications were
carried out in an Eppendorf Mastercycler Gradient
Thermocycler. In total, 10 oligonucleotides arbitrary primers
from Operon Technologies Inc. (Alameda, CA, USA) were
used for RAPD amplification. Ten primers were selected based
on the repeatable and scorable banding patterns to detect the
polymorphisms of French basil. Polymerase chain reactions
were performed in a final volume of 20 pl containing 50-ng
DNA template, 4-ul Taq buffer, 10 mM each dNTP, Operon
Primer Technologies, and 5 units of Taq DNA polymerase
(Sigma). RAPD-PCR conditions were as follows: initial DNA
denaturation for 5 min at 94°C and DNA amplification for 35
cycles (30 s at 94°C, 45 s at 37°C, and 1 min 30 s at 72°C). In
the end, the reaction products were stored at 4°C after a con-
cluding elongation for 5 min at 72°C. After PCR amplification,
amplified DNA fragments were separated by gel electrophore-
sis on a 2% (w/v) agarose gel, in a 1x TAE buffer solution for
2 h at4 V/em. The gels were stained for 15 min with ethidium
bromide (5 mg/ml) and visualized under UV transillumination
(UV Star 365 nm, Biometra). The reproducibility of the ampli-
fication products was checked for each primer. Table 1 lists the
RAPD primer sequences producing informative polymorphic
bands.

Statistical analysis

The experimental design was completely randomized, and
statistical analysis was performed using SPSS (Social
Science version 26.00) statistical software at a significance
level of 0.05 (Gomez and Gomez 1984). Quantitative analyses
were obtained using one-way ANOVA with Fisher’s post hoc
test variance analysis with the parametric distribution of
Levene’s sample. The confidence interval was set at 95%
and the negotiated margin of error at 5%. The genetic similar-
ity between individual genotyping pairs was analyzed using
the computer NTSYSpc 2.1 (Rohlf 2008) and was determined
by comparing all basil treatments with MEGA 5.2.2 in a
similar manner.

Results
Dynamic light scattering (DLS)

Dynamic light scattering technique was performed to under-
stand the size distribution and the stability of prepared HA,
SA, and GA nanoparticles, showing that the size distribution
ranges mainly within 100-110, 20-26.6, and 5-10 nm, re-
spectively, as shown in Figs. 1, 2, and 3. The zeta potential
is a key indicator of the stability of colloidal dispersions. So
colloids with high zeta potential (positive) are electrically sta-
bilized (Figs. 4, 5, and 6).

Vegetative growth characters

The studied plant vegetative growth parameters detected sig-
nificant effects concerning the foliar spray with the different
treatments (Table 2). In comparison with control plants, all
treatments cause a substantial boost in all plant growth char-
acteristics. The maximum values for both seasons of plant
height were about 23.2% and 28.05%; the number of
branches/plant (87.4% and 52.4%), fresh weight/plant
(172.2% and 164.9%), and dry weight/plant (151.7% and
146.6%) were obtained from a plant treated with HA NPs.
In addition, in both seasons, foliar spray with GA illustrated

Table 1 List of RAPD primer sequences producing informative polymorphic bands

Code Primer Sequences Code Primer Sequences

1 BA-10 5'-GGAC 6 D-10 5-GGTCTACACC-3'

GTTGAG-3'

2 AH-05 5'-TTGCAGGCAG-3' Z-10 5'-CCGACAAACC-3'
3 AN-01 5'-ACTCCACGTC-3’ 0-01 5'-GGCACGTAAG-3'
4 C-20 5'-ACTTCGCCAC-3’ O-16 5-TCGGCGGTTC-3’
5 D-12 5'-CACCGTATCC-3' 10 Z-04 5-AGGCTGTGCT-3'
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the lowest increases in plant height, about 10.9% and 7.4%;
the number of branches/plant (20.4% and 10.5%); fresh
weight/plant (5.7% and 3.8%); and dry weight/plant (11.0%
and 10.6%) as compared with control plants. Nanocomposite
biostimulants were observed to cause the most marked in-
crease in vegetative growth characteristics than natural
biostimulants.

Biochemical analysis
Photosynthetic pigments

The treatment with HA, HA NPs, SA, SA NPs, GA, and GA
NPs caused substantial increases in Chl a, Chl b, carotenoid,
and total chlorophyll as compared to control plants (Table 3).
Moreover, treatment with GA in the two seasons showed the
lowest increases in Chl a (16.3% and 13.3%), Chl b (36.5%
and 28.4%), carotenoid (25.8% and 25.6%), and total chloro-
phyll content (22.6% and 19.9%) as compared to untreated
plants. The higher values of Chl a are about (54.4% and
48.9%); Chl b (84.1% and 82.1%), carotenoid (74.2% and
75.0%), and total chlorophyll content (65.8% and 63.0%)
were recorded in plants treated with HA NPs in both seasons.
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Table 2 Effect of HA, SA, GA, and their nanocomposite on vegetative growth of French basil in the two successive seasons
Treatment  Plant height (cm) No. of branches Fresh weight/plant (g) Dry weight/plant (g)

1st season 2nd season 1st season 2nd season 1st season 2nd season 1st season 2nd season
Control 5471 +025° 57.75+£022° 422+0.02f  657+03" 11344 +0.66° 118.44+0.54% 2588+02" 2678 +0.3F
HANPs  72.33+031°  73.95+0.14* 791 +0.04* 1001 +£0.02° 308.76+0.64° 313.76+037° 65.14+0.16* 66.04 +0.28°
HA 67.27+022° 7042+027° 6.87+0.03° 9.01+0.03  301.94+047° 306.93+0.52> 63.71+022° 64.61 +0.26°
SA NPs 69.38 +0.19°  71.78 £0.33%  7.41+0.02° 9.70+0.04°>  223.68+0.41¢ 228.68+0.33¢ 56.18£0.34° 57.08 +0.19°
SA 65.77+035%  6623+041° 5.87+0.03% 810+0.02¢ 22498+0.55° 229.98+0.6° 56.78 £0.18°  57.68 +0.24°
GANPs  6530+028" 66.77+025 541+0.01%° 7.87+0.02° 129.08+0.43° 134.09+0.59° 3542+0.119 36.32 +0.34¢
GA 60.67 +0.33°  62.02+0319 5.08+0.02° 726+0.01° 11993+0.727 122.93+0.60° 2873 +0.33° 29.63 +0.2°

Means (+ SE standard error) followed by the different letters are significantly different at the 0.05 level among treatments according to Fisher’s test

Moreover, the foliar plants sprayed with nanocomposites have
seen the most marked increases in chlorophyll content.

Essential oil content and GC-FID analysis

The percentage of essential oil content ranged from 0.12 to
0.32% in the first season and 0.14 to 0.34% in the second
season (Table 4). All biostimulants in the natural form or nano-
composite form caused a considerable increase in % of oil and
oil yield/plant. The highest values (0.32% and 0.34%) were
observed in the treatment with HA NPs, while the lowest
values (0.16 and 0.18%) were verified in the plants treated
with natural biostimulant SA and GA in both growing seasons.
Moreover, Table 4 indicated that the uppermost values from
oil yield per plant were 89.5 and 84.8 and 72.5 and 79.8 ml/
plant and were shown in the application of HA NPs and HA,
respectively, followed by SA NPs (49.2 and 54.9 ml/plant).
With regard to GC-FID analysis, it is clear that there were
varying chemical compositions of essential oil in the treated
basil plants (Fig. 7). The results of GC-FID analysis of the
French basil volatile oils in the second season showed that the
major compounds identified were alpha-pinene, beta-pinene,

limonene, linalool, camphor, alpha-terpinol, geranyl acetate,
eugenol, and beta-caryophyllene (Fig. 7). The oxygenated
monoterpenes (linalool) are considered the main components,
and their content ranged from 51.02% in the control to
57.30% in the treatment of HA natural. Monoterpene hydro-
carbons (limonene) showed content ranging from 13.38 for
HA to 15.82 for SA NPs %, and the range of monoterpene
ketone (camphor) being 5.12% for SA NPs to 9.41% for HA.
The B-caryophyllene compound (sesquiterpene hydrocar-
bons) was found and ranged from 5.63% in plants treated with
HA NPs % to 8.79% in the control.

Mineral content

Data demonstrated in Fig. 8 clearly indicated significant dif-
ferences between the treatments in N, P, and K % contents of
basil dried leaves relative to control. In plants treated with
foliar application of HA NPs, they showed the highest
amounts of N, P, and K (5.06%, 1.46%, and 6.53%, respec-
tively); while the SA NPs and GA NPs were the favored
treatment for increasing nitrogen (4.87% and 4.57%),

Table 3  Effect of HA, SA, GA, and their nanocomposite on chlorophyll content (mg g ') on leaves of French basil in two successive seasons
Treatment Chlorophyll a Chlorophyll b Carotenoids Total chlorophyll

1st season 2nd season 1st season 2nd season 1st season 2nd season 1st season 2nd season
Control  0215+0.01° 0.225+0.01° 0.063 £0.003° 0.067 +0.001° 0.155+0.002¢ 0.156 +0.02¢  0.433+£0.0017 0.448 +0.03F
HANPs  0332+0.02° 0.335+0.01° 0.116+0.004° 0.122+0.001* 0.270+0.001* 0273 +0.01* 0.718 +0.002* 0.730 + 0.02*
HA 0300 +0.01° 0.303+0.02% 0.108 +0.005° 0.115+0.002° 0.245+0.001° 0.245 +0.002° 0.653 + 0.003° 0.663 + 0.02°
SANPs  0310+0.02° 0.313+0.03° 0.122+0.002° 0.126 +0.001* 0.245+0.001> 0.250 +0.001° 0.677 +0.02°  0.689 + 0.001°
SA 0286 +0.01° 0.290 +0.01°¢  0.120 +0.001* 0.125 +0.002° 0.247 +0.002° 0.250 + 0.001°> 0.653 +0.02°  0.665 + 0.03°
GANPs  0.286+0.03° 0.290+0.02°¢ 0.105+0.003° 0.106 £ 0.002° 0.240 + 0.001° 0.240 + 0.001° 0.631+0.02¢  0.636 = 0.02¢
GA 0250 £0.01¢  0.255+0.01° 0.086 = 0.001¢  0.086 = 0.003¢ 0.195+0.001° 0.196 £ 0.002° 0.531+0.03° 0.537 = 0.03°

Means (+ SE standard error) followed by the different letters are significantly different at the 0.05 level among treatments according to Fisher’s test
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Table 4  Effect of HA, SA, GA, and their nanocomposite on essential
oil and oil yield of French basil in two successive seasons

Treatments Essential oil % Oil yield (ml/plant)
1st season 2nd season st season 2nd season

Control 0.12+0.02° 0.14+0.02" 13.61+02% 16.58 +0.35%
HANPs  032+0.01*° 034+0.01* 89.54+03* 84.72 +0.25°
HA 024+0.01° 026+0.01° 72.47+0.15> 79.80 +0.6°
SANPs  022+0.02° 024+0.02° 49.21+0.24° 54.88 +0.24°
SA 0.16 +0.03° 0.18+0.03° 36.00+0.26% 41.40 +0.21¢
GANPs  0.18+0.01¢ 020+0.019 23.23+0.33° 26.82+0.15°
GA 0.16£0.01° 0.18+£0.01° 19.19+027 22.13+0.22"

Means (+ SE standard error) followed by the different letters are signifi-
cantly different at the 0.05 level among treatments according to Fisher’s
test

phosphorus (1.05% and 0.98%), and potassium (4.09% and
3.65%) as compared to control plants.

Antioxidant DPPH scavenging activity

The free-radical scavenging activity of basil leaves was mea-
sured by the DPPH assay. The results of antioxidant activity of
the extracted basil leaves of plants sprayed by the treatments
are reported in Fig. 9. DPPH values of different samples used
varied from 70.63 to 74.93%, with a significant increase com-
pared to untreated plants. The highest DPPH scavenging ac-
tivity corresponds to the plants foliar sprayed with HA NPs,
being of 74.93% with IC50 (42.2 pg/ml), followed by the
treatment of SA NPs and GA NPs which showed 73.89%
and 72.74% with IC50 (45.5 and 49.6 pg/ml), respectively,
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Fig. 7 Effect of HA, SA, GA, and their nanocomposite on GC-FID anal-
ysis of the essential oil of French basil during the second growing season
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Fig. 8 Effect of HA, SA, GA, and their nanocomposite on mineral
content (%) in dried basil leaves during the second growing season.
According to Fisher’s test, the different letters are significantly different
between treatments at the 0.05 level. Vertical bars represent the means of
three independent determinations + standard error (SE)

as compared to control plants (70.63%) with IC50 (55.3
pug/ml), while the other treatments showed slight increases
in DPPH.

Antibacterial activity of essential oil

Using the filter paper disc method for the examination of
antibacterial activity of the essential oils extracted from differ-
ent treatments against the reference bacteria of gram-positive
Bacillus sp. and gram-negative Pseudomonas sp., Fig. 10
shows images of zones of inhibition around filters loaded with
oils extracted from the different plant treatments and were
found to inhibit bacterial strains with different inhibition de-
grees based on inhibition zone size, the essential oil extracted
from basil treated with SA NPs followed by GA NPs, showing
the highest antibacterial activity of the tested bacteria of gram-
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Fig. 9 Effect of HA, SA, GA, and their nanocomposite on antioxidant
activity (%) in dried basil leaves during the second growing season.
According to Fisher’s test, the different letters are significantly different
between treatments at the 0.05 level. Vertical bars represent the means of
three independent determinations + standard error (SE)
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negative Pseudomonas sp., while the oil extracted from basil
treated with HA NPs, GA, SA NPs, and SA showed the
highest antibacterial activity of the tested bacteria of gram-
positive Bacillus sp. (Table 5). Moreover, the inhibition zone
observed on the extracted oil from basil treated with HA natural
indicated that it had the minimum antibacterial properties of
gram-negative Pseudomonas sp. and positive bacteria
Bacillus sp. On the other hand, Bacillus sp. and Pseudomonas
sp. were sensitive strains to the essential oils extracted from
untreated basil plants.

Molecular analysis
RAPD markers analysis

Genetic analyses were derived directly from differences in the
plant genome. The genetic relationships of French basil treat-
ed with HA, SA, GA, and their nanocomposites using RAPD
markers were identified during the present research. Ten
RAPD primers were used, 228 bands were obtained, and
157 bands were polymorphic with 69% polymorphism.
Total bands, polymorphic bands, and unique bands were pre-
sented in Tables 6, 7, 8, and 9 and Fig. 11. Primer BA-10 had
the largest number of bands (46 bands), and primer AN-01
have the lowest number of bands (7 bands). The data in
Table 6 show that the highest number of bands was detected
in plants foliar sprayed with HA NPs about 36 bands, follow-
ed by GA NPs which recorded 34 bands than SA NPs which
showed 33 bands.

The highest polymorphism was obtained by primer O-16
with polymorphism 76.7%, and the lowest polymorphism was
6.7% with primer D-12. Control characterized with 4 unique
bands: three bands were obtained with primer C-20 at (130-
720-950 bp) and one band was detected with primer Z-10 at
800 bp. GA was characterized by four unique bands: two
bands were detected with primer BA-10 at 500 and 900 bp,
one with primer O-01 at 700 bp, and one with primer Z-04 at
650 bp. While HA NPs were characterized with two unique
bands at 950 and 400 bp with primer BA-10 and D-10, re-
spectively. Unique bands 400, 480, and 700bp characterized

plants treated with HA, SA NPs, and SA, respectively, with
primer C-20, BA-10, and D-12.

A significant genetic variation was identified within avail-
able basil treatments with genetic similarities between 40%
and 80%. The highest genetic similarity is 80% between GA
NPs and SA, and the lowest similarity is 40% between GA
and HA NPs. The dendrogram resulted by RAPD marker
divided French basil treated with nanomaterial into two
groups each having two subclusters: the first cluster has two
groups, the first has HA and GA and the second group has SA
NPs and GA NPs. While the second cluster has two subclus-
ters, separating control in one subcluster and the other sub-
cluster has HA NPs and SA (Fig. 12).

Discussion

The use of fertilizers has exponentially increased in recent years
worldwide, causing severe environmental problems. The incre-
ment use of fertilizer in the soil and plant systems may accu-
mulate heavy metal and may reach the food supply chain. So it
is very important to use nano fertilizer to reduce the aggregation
in soil. Natural or synthetic nanoparticles are materials of 1 to
100 nm in size (Kelkar et al. 2014). Due to their high surface
area, high reactivity, pores, and morphology, nanoparticles
have special physical-chemical properties. A major scope is
opened for new applications in the biotechnological, agricul-
tural, and fertilizer industries (Siddiqui et al. 2015).

In comparison with control plants, foliar spray with HA,
SA, GA, and their nanoparticles caused enhancement in
growth characteristics, photosynthetic pigments, oil %, and
mineral content (N, P, K %) as compared to control plants.
The biostimulants in the form of nanocomposites were more
effective than in the natural form. These findings are related to
Roosta et al. (2015) who observed that the use of various
levels of nano-fertile fertilizer containing 60% humic acid
boosts the fresh and dry weight of shoot and root, chlorophyll,
and soluble sugar contents of mint plants as related to untreat-
ed plants. Enhancement of plant production and improved
physiological process may be associated with increased con-
tent in plants of K, P, Ca, Fe, Mn, and Cu. In addition, salicylic

Table 5 Size of inhibition zones

Gram-positive (Bacillus sp.)

Gram-negative (Pseudomonas sp.)

(mm) measured from the edge of Treatments

the filter discs to the edge of the

bacterial lawn around the filters Control -
HA NPs +H+
HA +
SA NPs +H+
SA +++
GA NPs ++
GA e+
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Fig. 10 Image showing inhibition
zones of the microbial growth of
tested microorganisms: a gram-
positive (Bacillus sp.) and b
gram-negative (Pseudomonas
sp.) as affected by the different
treatments

acid nanoparticle pretreatment has substantially boosted the
shoots and roots fresh weight of Isatis cappadocica (Souri
etal. 2017).

Earlier studies on humic acid influence relate to improving
root nutrition via various mechanisms. An important contri-
bution of humic acids to root nutrition is the increased absorp-
tion and translocation of nutrients, which also help to stimu-
late plasma membrane H*-ATPases, transferring the free en-
ergy released through ATP hydrolysis into the transmembrane
electrochemical potential used to supply nitrate and other nu-
trients (Jardin 2015). In addition to nutrient absorption,
ATPase membrane pump protons also lead to the loosening
of cell walls, and expansion and elongation of cells which lead
to an increase in plant growth and chlorophyll content (Afify
et al. 2012; Abdelgawad et al. 2018;). Also, the use of humic
acid induces changes in plant gene expression and the content
of the primary and secondary metabolite compounds (Jindo
et al. 2020) that participate in various plant physiological pro-
cesses (e.g., Krebs cycle, metabolism, photosynthesis)
(Conselvan et al. 2018; Sofi et al. 2018).

SA NPs may have a positive impact on the growth criteria
as it may affect germination rate, cell proliferation, respiration,

stomatal closure, and fruit yield (Yusuf et al. 2013; Khokon
et al. 2011) and increase phenolics accumulation (Kovacik
et al. 2009) and enhance the oxidative stress tolerance (Li
etal. 2014). This is due to the fact that the synthesis or signal-
ing of some hormones, such as ethylene, jasmonic acid, and
auxin, is modulated indirectly by SA (Bagherifard et al. 2015).
Moreover, enhanced vegetative growth, nutrient uptake, pho-
tosynthesis, and changes in the number of secretory glands of
essential oil in the leaves and flowers may lead to a boost
production of essential oils (Gharib 2007). The role of SA in
boosting rubisco activity, photosynthesis, and chlorophyll
content (Gao et al. 2012) and thus improving the output of
dry matter can be a reason for increasing the secretory glands
of essential oil (Singh and Usha 2003). In some studies, sec-
ondary metabolites of plants may be affected by SA applica-
tion and therefore cause an increment in the essential oils in
Ocimum basilicum L. (Mirzajani et al. 2015) and triterpenes in
Nigella sativa (Elyasi et al. 2016).

GA is abundant in antioxidants; amino acids; prolines; sol-
uble sugars; salicylic acid; ascorbic acid; glutathione; vita-
mins; selenium; phytohormones including substantial quanti-
ties of auxin, gibberellins, and cytokinins (zeatin); and

Table 6 Total number of bands

obtained from RAPD marker for Primers HA NPs HA SA NPs SA GA NPs GA Control Total bands

French basil treated with HA, SA,

GA, and their nanocomposites BA-10 9 4 8 7 5 8 5 46
AH-05 6 6 3 1 5 3 1 25
AN-01 1 1 1 1 1 1 1 7
C-20 2 2 2 3 2 2 5 18
D-12 1 1 1 2 1 1 1 8
D-10 5 2 4 4 4 2 4 25
Z-10 4 5 1 5 1 3 3 22
0-01 2 1 4 1 4 3 1 16
0O-16 1 6 5 2 7 6 3 30
Z-04 5 5 4 4 4 6 3 31
Total 36 33 33 30 34 35 27 228
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Table7  Total Number of polymorphic bands and polymorphism (P%)
obtained from RAPD marker

Table 9  Similarity matrix among basil treated with growth stimulators
and its nanocomposites using RAPD bands

Primers  Total bands ~ Polymorphic bands  Polymorphism (P%) Treatments HANPs HA SANPs SA GANPs GA Control
BA-10 46 33 71.7 HA NPs

AH-05 25 25 0 HA 62

AN-01 7 7 SA NPs 57 59

C-20 18 18 SA 64 62 62

D-12 15 1 6.7 GA NPs 49 67 80 43

D-10 25 11 44 GA 40 69 54 46 62

Z-10 22 22 0 Control 52 43 37 57 52 37

0-01 16 9 56.25

O-16 30 23 76.7

Z-04 29 15 317 and El-Amary, 2015). In addition, the low concentrations of
Total 228 157 69%

nutrients (Thanaa et al. 2016). The positive effect of GA and
GA NPs may be due to its effect in increasing endogenous
hormones such as GAj; in treated plants which increased the
metabolic processes role and its effect on the mineral content
in tissues (Al-Obady 2015; El-Gohary et al. 2021). The
spraying of plants with the licorice extract resulted in in-
creased flowering (%) of the plant. This increase may be due
to the similarity of licorice extract in its behavior with GAj in
stimulating flowering, increasing plant height, number of
branches, and decreasing the fresh and dry weight of plants.
It contains mephalonic acid which improves vegetative
growth as a result of stimulating the enzymes necessary for
the conversion of complex compounds into simple com-
pounds and energy-efficient processing required for plant
growth (Cuong et al. 2017). The application of licorice extract
maintains a suitable level of endogenous GA in various phases
for stimulated growth which activates cell division and length-
ening and stay-green effect of cytokinins found in licorice
extract, which promotes photosynthesis (Abd El-Hamied

GA have numerous cellular benefits such as antioxidants and
antimicrobial effects (Wang et al. 2015).

All biostimulants in the natural form or nanocomposite
form caused a considerable increase in % of oil and oil
yield/plant. These results are in accordance with Talaat et al.
(2014), reporting that in plants treated with phenolic com-
pounds such as salicylic and amino acids, the fruit production
and oil yield (ml plant ") increased. The increase in the per-
centage of oil and protein may be caused by increasing
vegetative growth and absorption of nutrients. In addition,
Noreen and Ashraf (2010) referred to the high concentrations
of salicylic acid led to marked rises in the content of the sun-
flower achene oil and certain important fatty acids. The effect
of different treatments on essential oil and its constituents may
be due to its effect on enzyme activity and metabolism of
essential oil production (Talaat et al. 2014). Also, SA may
change secondary metabolites and their pathway by effects
on plastid, chlorophyll level, and tolerate condition stress.
The SA-like stress manipulated the quality and quantity of
essential oil of Salvia macrosiphon. The yield of essential
oil was increased (Talaat et al. 2014). Furthermore, the rise
of the humic acid concentration in comparison with the

Table 8 Number of unique bands

obtained from RAPD marker for HA NPs HA

Primers

SA NPs SA GA NPs GA Control

basil treated with HA, SA, GA,

and their nanocomposites BA-10 950 -

AH-05 - -
AN-01

C-20 -
D-12 - -
D-10
Z-10 - -
0-01 - -
0O-16 - -
Z-04 - -
14 2 1

480 - - 500-900 -

130-720-950
- 700 - - -

- - - - 800
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Fig. 11 Amplification patterns of
basil plants treated with HA, SA,
GA, and their nanocomposites
generated using arbitrary different
primer. M, marker; 1, HANP; 2,

HA; 3, SANP; 4, SA; 5, GANP; 209
6, GA; 7, control see
400

control increased the essential oil content of Thymus vulgaris.
The oil content of essential oil ranged from 0.8 (control) to
2.0% (75 g m %) (Noroozisharaf and Kaviani 2018).

Basil leaves contain a number of secondary metabolites
such as flavonoids, alkaloids, phenol, and essential oil. The
main group of phenolic compounds consists of flavonoids.
Due to its antioxidant ability, the interest in phenolic and fla-
vonoid compounds increased over the last 10 years. Their
radical-scavenging features help avoid stress-related chronic
and oxidative stresses (Mohamed et al. 2016, 2018a, b). The
antioxidants activity of basil oil may be due to that, containing
high concentrations of flavonoids, phenolic, and methyl euge-
nol in basil (3.68%) (Warsi and Sholichah 2017). The highest
DPPH scavenging activity corresponds to the plants foliar
sprayed with HA NPs, followed by the treatment of SA NPs
and GA NPs as compared to control plants, while the other
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treatments showed slight increases in DPPH. Similar findings
showed that SA promotes the antioxidant activity of
Alternanthera tenella leaves and can be linked to an increase
in betacyanin contents which are compounds with an antiox-
idant action recognized (Rodrigues-Brandao et al. 2014).
Moreover, yellow pepper treated with biostimulants had been
significantly higher in DPPH and ABTS (p < 0.05)
(Paradikovi et al. 2011).

In the antibacterial activity test, our findings showed dif-
ferent sensitivity to the bacteria used. Essential oils are related
specifically to their chemical composition by their antibacte-
rial activity (Akhtar et al. 2014; Swamy et al. 2016). Essential
oils are a complex combination of compounds from plants that
are commonly known for their scents, flavors, primarily
monoterpenes, sesquiterpenes, and their corresponding oxy-
genated derivatives (alcohols, aldehydes, esters, ethers,
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Fig. 12 The UPGMA
dendrogram based on RAPD
marker for basil treated with HA,

SA, GA, and their nanocomposite
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ketones, phenolics, and oxides). Previous studies indicate that
the key component that is responsible for antibacterial activi-
ties is oxygenated monoterpenes; linalool, oxygenated mono-
terpene (Chaturvedi et al. 2018; Hussain et al. 2008) which
affect cell membrane integrity and function, alter membrane
potential, causing loss of cytoplasmic material and obstructing
the respiratory chain (Greay and Hammer 2015). Studies have
shown that camphor has substantial antifungal activity along
with 1,8-cineole, as shown against Candida albicans and
Candida krusei (Viljoen et al. 2003). The antimicrobial activ-
ity exhibited may have a major or minor component present in
the essential oil (Lopes-Lutz et al. 2008). Most studies pro-
mote direct cell membrane disruption and concentration-
dependent cytotoxic effects, though some studies indicate that
the essential oil components are able to penetrate the micro-
organism and respond to enzyme sites and/or interfere with
cell metabolism (Aly et al. 2013).

In addition, our findings suggest that gram-positive bacteria
are more susceptible to basil oil than gram-negative bacteria.
Besides, some oils seemed more specific to inhibit gram-
positive bacteria, but gram-negative bacteria are often reported
to be more resistant to essentially plant-based oils (Smith-
Palmer et al. 1998; El-Beltagi et al. 2018, 2019a, b).
Lipopolysaccharides significantly constitute the hydrophilic cell
wall structure of gram-negative bacteria which is able to spread
out the hydrophobic oil and prevent essential oils from accumu-
lating in the target cell membrane (Bezic et al. 2003). This is the
reason that gram-positive bacteria were found more susceptible
to essential oils, methanol extracts, and various subfractions of
basil than gram-negative bacteria (Hossain et al. 2010)

In the RAPD markers analysis in the different treatments of
basil plants, a total of 10 RAPD primers were included in the
evaluation and a total of 228 bands were obtained. DNA mo-
lecular analysis is commonly used in herbal medicinal analy-
sis for the authentication of medicinal plant species (Giachino
et al. 2014). The base sequences, total band numbers, and
polymorphic band numbers of polymorphic band ratios are
presented in Tables 6, 7, and 8. Giachino et al. (2014) used
24 RAPD primers to characterize essential oil in Turkish basil,
and 273 out of a total of 375 bands provided by RAPD primers
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were polymorphically observed and genetic similarity ranging
from 46 to 87%. The polymorphic band ratios of primers
varied from 6.7 (D-12) to 76.7% (O-01). These values indicate
that there is a large variance in the polymorphic band ratio of
primers. The genetic similarity index values among the basil
genotypes were stated in the RAPD study by De Masi et al.
(2006), ranging from 0.64 to 1.00. Genetic similarity values
for 12 adhesions of Ocimum gratissimum present in previous
analysis have shifted between 0.20 and 067 Vieira and Simon
(2001). Vieira et al. (2003) have also identified a narrow ge-
netic variation of RAPD markers in O. basilicum genotypes.
The results have shown that foliar spray with the
biostimulants affected the genome response of basil plants.
The highest number of bands was detected in plants foliar
sprayed with HA NPs of about 36 bands followed by GA
NPs which recorded 34 bands than SA NPs which showed
33 bands. Also, the total number of bands in natural
biostimulants reported the highest number in plants foliar
spraying with GA (35 bands) and then HA (33 bands) and
SA (30 bands) as compared with untreated plants (30 bands).
Similar results are reported by Razna et al. (2018) who found
that seed priming with the plant-derived elicitor affected the
genome response of wheat. DNA fingerprinting generated by
RAPD polymorphism has sensitively reflected different con-
centrations of cobalt diglycyrrhizinate, while this response
was tissue specific, as confirmed by several experiments.
Priming treatments were found to induce DNA replication in
the embryo root meristems. A significant difference was ob-
served in DNA content in priming seeds when compared with
the unprimed seeds (Razna et al. 2018). The significant effect
of cobalt diglycyrrhizinate seed priming was observed and
represented genomic changes of the wheat genomes detect-
able by RAPD molecular markers. These changes located in
primer binding sites create polymorphism. The changes
caused by the elicitor’s treatment may be due to the differen-
tial expressions of plant genes, which do not have to directly
relate to plant protection mechanisms. In this way, the onto-
genesis or metabolism of the plants is regulated (Chandra and
Gunasekaran 2017). In addition, data palm offshoot (Phoenix
dactylifera L.) cultivars showed that RAPD technology shows
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Fig. 13 Model showing the
effects of HA, SA, GA, and their " X
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polymorphism between some of the treatments such as
salicylic acid and humic acid. Differences in the primers’ con-
nection with DNA or for the deletion or addition of a base or
number of nitrogen base composites composed of a bar of
DNA or of a replacement, reversing and rearrangement pro-
cesses will result from those polymorphisms in the DNA frag-
ments (Shareef et al. 2017). This would serve to activate spe-
cific genes (gene on) or silence other genes (gene off) (Kunert
et al. 2003).

For instance, in dendrograms, all genotypes were located in
two clusters (Fig. 12, cluster I: control, HA NPs, and SA;
cluster II: HA, GA, SA NPs, and GA), Furthermore, the
RAPD analysis clustered the genotypes in cluster I: cluster
control C separated from HA NP and SA; and cluster II have
two groups: one of them has HA and GA and the other group
has SA NP and GA NP. De Masi et al. (2006) observed the
two separated dendrograms by using the Euclidian and
unweighted pair group method with arithmetic mean
approaches in essential oil and RAPD basil genotype
analysis. In addition, Trindade et al. (2008) observed that
two distinct clusters of Thymus caesptitius essential oils were
obtained by using RAPD markers and genetic analysis.

Conclusion

HA, SA, GA, and their nanocomposites are realistic techniques
to increase the productivity characteristics of basil crops and
essential oil. All the biostimulants used increased vegetative
growth, chlorophyll content, mineral content, antioxidant ac-
tivity, and antimicrobial activity (Fig. 13). The most pro-
nounced increases were observed in plants treated with humic
acid. In addition, the biostimulants in nanocomposites form are
more effective than in natural form. The results indicate that

Vegetative growth characters
Oil yield/plant
Photosynthetic pigments
Mineral content
Antibacterial activity
Antioxidant activity

RAPD analysis

RAPD markers are very useful to study the effect of different
biostimulants on basil. These data will make breeding studies
of the basil species and treatments substantially easier. On the
basis of the results of the current study, it appears that using
nanocomposites from biostimulants that play an important role
in sustainable agriculture will reduce the use of chemical fer-
tilizers that increased environmental pollution.

Abbreviations RAPD, random amplified polymorphic DNA; HA, hu-
mic acid; HA NPs, nanocomposite of humic acid; SA, salicylic acid; SA
NPs, nanocomposite of salicylic acid; GA, glycyrrhizic acid; GA NPs,
nanocomposite of glycyrrhizic acid; DNA, deoxyribonucleic acid;
DPPH, 1,1-diphenyl-2-picrylhydrazyl; PCR, polymerase chain reaction;
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