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Abstract
Background  This study investigates a novel idea about the foliar application of nanoparticles as nanofertilizer 
combined with a natural stimulant, blue-green algae Spirulina platensis L. extract, as a bio-fertilizer to achieve safety 
from using nanoparticles for enhancement of the growth and production of the plant. Thus, this experiment aimed 
to chemically synthesize copper nanoparticles via copper sulfate in addition to evaluate the impact of CuNPs at 500, 
1000, and 1500 mg/L and the combination of CuNPs with or without microalgae extract at 0.5, 1, and 1.5 g/L on the 
morphological parameters, photosynthetic pigments accumulation, essential oil production, and antioxidant activity 
of French basil.

Results  The results revealed that foliar application of CuNPs and its interaction with spirulina extract significantly 
increased growth and yield compared with control, the treatments of 1000 and 1500 mg/L had less impact than 
500 mg/L CuNPs. Plants treated with 500 mg/L CuNPs and 1.5 g/L spirulina extract showed the best growth and 
oil production, as well as the highest accumulation of chlorophylls and carotenoids. The application of CuNPs 
nanofertilizer caused a significant increase in the antioxidant activity of the French basil plant, but the combination of 
CuNPs with spirulina extract caused a decrease in antioxidant activity.

Conculosion  Therefore, foliar application of natural bio-fertilizer with CuNPsis necessary for obtaining the 
best growth and highest oil production from the French basil plant with the least damage to the plant and the 
environment.
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Background
The basil plant is one of the most important and econom-
ical annual herbaceous plants in the Lamiaceae family [1, 
2]. Basil (Ocimum basilicum L. var. Grand Vert) is a vari-
ety that is well adapted to various growing conditions; 
furthermore, it has been cultivated for the highly impor-
tant value of its volatile oil [3], which has antimicrobial, 
diuretic, analgesic, anti-inflammatory, antiviral, and anti-
oxidant properties [4]. Egypt, Spain, Hungary, and France 
are the world’s main producers of basil [5]. Not only does 
basil have traditional uses, but it also has super-effective 
anti-kidney disorders, colds, and diarrhea due to its rich-
ness in bioactive compounds, in addition to protecting 
against cardiovascular diseases and nerve pains [6]. As 
well as, researchersproved the biological activities of basil 
essential oil and aqueous extracts as antidiabetic and der-
matoprotective effects [7].

The main compounds of basil essential oil are phenyl-
propanoids and terpenes as a complex structure; there-
fore, basil is unique among the best aromatic plants in 
the world in folk medicine and the food, perfume, and 
cosmetics industries [8]. According to [9], the essential 
oils extracted from basil parts are abundant with vola-
tile organic compounds thus, basil essential oil is valu-
able for food and pharmaceutical industries with strong 
market demand. Furthermore, another research [10] 
discussed that Ocimum basilicum L. is thought to have 
immunomodulatory and antioxidant properties. Linalool, 
1,8-cineole, methylchavicol (estragole), and eugenol are 
the most significant chemical components of basil essen-
tial oil [11]. Additionally [12], documented that a basil 
ethanolic extract containing eugenol exhibited lethal 
effects on human laryngeal carcinoma cells. Many studies 
reported that the essential oil content of the herb is about 
0.04–0.70% [13]. Also, basil herbs contain flavonoids, 
including quercetin and kaempferol glycosides, as well as 
phenolic acids with a majority of caffeic acid [14]. Several 
species have also been defined as linked with essential oil 
constituents (chemotypes) [15].

Nanotechnology has received much attention 
because of its distinctive properties and many applica-
tions in various fields furthermore, it is a new approach 
towardincreasing agricultural production with pre-
mium quality, environmental safety, biological support, 
and financial stability also, eco-friendly technology is 
becoming increasingly important in modern agricultural 
applications as an alternative to traditional fertilizers 
and pesticides so, nanotechnology offers an alternative 
solution to overcome the disadvantages of conventional 
agriculture therefore, recent developments in using 
nanoparticles in agriculture should be studied [16]. 
Nanoparticles (NPs) are tiny molecules with a small size 
range of 1–100 nm with different physiochemical proper-
ties than bulk materials [17]. Based on the previous study 

[18], NPs were improved their physical, chemical, and 
biological properties and functions due to their expanded 
surface area-to-volume ratio. Nano-fertilizers provide 
some nutrients in nanoform, enhancing plant growth and 
production [19].

The advantage of foliar fertilizers is that they avoid the 
toxicity that happens with soil application of the micro-
elements [20]. Therefore, using foliar sprays with fertiliz-
ers containing microelements such as manganese (Mn), 
iron (Fe), Zn, B, and copper (Cu), which affect plants 
effectively and rapidly, has a great response [21]. The 
evaluated studies examined the effects of several metal 
nanoparticles (NPs) on a variety of crop plants, including 
copper, silver, zinc, gold, and titanium, and they noted 
significant morphological changes in the plants [22]. 
Copper-based nanoparticles are among the most prom-
ising nanomaterials to replace conventional agrochemi-
cals hence, most of the studies have been performed with 
the three Cu-based NPs, CuONPs have been shown to 
have some advantages compared to their micrometer-
sized counterparts but all nanomaterials, the response of 
plants is linked to varietal differences, applied concentra-
tions, application mode, and the culture medium [23].

Recently, biofertilizer application has led to crop sus-
tainability with eco-friendly microalgae [24]. One of the 
vital cyanobacteria is the blue-green microalga, Spirulina 
platensis extracts increase plant growth, seed germina-
tion, fruit production, and flowering by enhancing min-
eral nutrient utilization also, spirulina is rich in organic 
and inorganic nutrients [25, 26]. According to [27], spiru-
lina is applied to numerous crops using a variety of appli-
cation techniques, either alone or in combination with 
other organic fertilizers, achieving super-environmental 
agriculture.Therefore, for cost-effective fennel produc-
tion, utilizing algal extracts of Spirulina platensis and 
compost tea as biological stimulants along with only 75% 
of the recommended dose of nitrogen fertilizer [28], pre-
vious studies reported that foliar sprays of various bios-
timulators in nanoform affected the properties and oil 
yield of marjoram and basil plants [29–31]. Considering 
novel findings on the positive effects of nanofertilizers by 
[3, 32, 33] for basil plants [34], chili, and [35] peppermint. 
Additionally, high efficiency in enhancing photosynthesis 
[36] and antioxidants [37]; on the contrary, high concen-
trations of CuNPs in cucumber may also lead to phyto-
toxicity in lettuce and Oryzasativa, according to [38, 39]. 
At the same time, cyanobacteria can decrease the stress 
faced by recent agriculture [40].

The purpose of our study was to investigate the 
response of French basil growth, yield quantity and 
chemical composition of essential oil, pigment content, 
quality, and antioxidant enzymeactivity as a result of a 
modern tactic with foliar application of nano fertilizer 
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(copper nanoparticles) individually and combined with 
biofertilizer (spirulina extract) at various concentrations.

Materials and methods
This study was carried out during two successive seasons 
(2020 and 2021) of pot experiments in natural field con-
ditions on the farm of the Medicinal and Aromatic Plants 
Department, Horticulture Research Institute, Agriculture 
Research Center, Giza, Egypt.

Synthesis of copper nanoparticles
The chemical synthesis of copper nanoparticles accord-
ing to [41] was prepared using H2SO4 or NaOH solu-
tions to adjust pH to the same value. The CuSO4 solution 
was then dispersed with 1% gelatin (mass fraction). The 
CuSO4 solution was then added drop by drop to the 
NaBH4 solution, which was stirred in a beaker at 313 K 
with a magnetic rod. The original blue color of the mix-
ture turned brown as the Cu nanoparticles precipitated, 
as shown in Fig. 1.

Characterization of copper nanoparticles
At the Regional Centre for Mycology and Biotechnol-
ogy (RCMB), the generated CuNPs in aqueous solution 
were analyzed using the morphology image and size dis-
tribution graph using transmission electron microscopy 
(TEM) as follows: CuNPs were added to a drop that was 
applied to carbon-coated copper grids (CCG) and sub-
jected to infrared light for 30 min. The JEOL-JEM 1010 
transmission electron microscope analyzed the micro-
graph at 70  kV in the RCMB, Al-Azhar University. The 
X-ray diffraction (XRD-Model-D8 advance, BRUKER 
Germany) was used to evaluate the size and purity of the 
copper nanoparticles. The wide-angle X-ray diffraction 
spectrum of Cu-Ka radiation (λ = 0.1542  nm) The range 
of the spectrum is 4° to 70° in a step size of 0.02° (2θ) at 
40 kV and 40 mA.

Experimental design
Blue-green alga Spirulina sp. extract was obtained from 
the Unit of Algal Biotechnology, National Research Cen-
tre, Dokki, Egypt.The plants were sprayed with Spirulina 
sp. extract, which was added to distilled water to prepare 
the concentrations. In addition to the treatments with 
CuNPs and control plants (only treated with distilled 
water), there were a total of 13 treatments in this study. 
The seedlings were sprayed with treatments: CuNPs at 
three concentrations (500, 1000, and 1500  mg/L), and 
the interaction was as follows: (500 mg/L CuNPs + 0.5 g/L 
spirulina), (500 mg/L CuNPs + 1 g/L spirulina), (500 mg/L 
CuNPs + 1.5  g/L spirulina), (1000  mg/L CuNPs + 0.5  g/L 
spirulina), (1000  mg/L CuNPs + 1  g/L spirulina), 
(1500  mg/L CuNPs + 0.5  g/L spirulina), (1500  mg/L 
CuNPs + 1 g/L spirulina), and (1500 mg/L CuNPs + 1.5 g/L 
spirulina).

Pot experiment
French basil seedlings (Ocimum basilicum L var. Grand 
Vert) have been obtained from the El-Kanater El-Khair-
iya farm in Kalyobia Governorate, which is associated 
with the Medicinal and Aromatic Plants Department 
of the Horticulture Research Institute. In both seasons, 
seeds were sown in the nursery in 14th -16th February at 
(11- 24oC and 50% humidity). After that, seedlings were 
planted in 1st April at (17- 29oC and 43% humidity). In 
our research, we used 30 cm-diameter pottery pots. Each 
pot was filled with 10 kg of a soil mixture (Table 1). The 
first half of the nitrogen and potassium fertilizer was 
applied 45 days after transplanting, and the second half 
was applied 45 days later. Every pot included two seed-
lings and was put in the complete sun under natural con-
ditions in the Giza governorate. Plants were irrigated 
to field capacity with tap water for about 3 weeks while 
waiting for the development of basil plants. Throughout 
the growth phases and agricultural seasons of basil, the 
first foliar spraying was when the plant reached to the 

Fig. 1  Scheme of copper nanoparticle preparation
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height 10–15 cm and the second spraying repeated after 
10 days. Sprays were applied to every side of the leaves 
and stems with an atomizer sprayer, covering all above-
ground parts of the basil plants. For better plant absorp-
tion of solutions, we must apply foliar spraying before 
sunrise, when the plant’s stomata are open and there is 
no wind or rain. The plants were irrigated regularly dur-
ing the two seasons, in addition to other agricultural 
processes as usual. At the blooming stage, every mea-
surement had been taken in May at (20- 32oC and 48% 
humidity).

Vegetative growth characteristics
Plant fresh, dry weights (g), plant height, and number of 
branches were recorded at the stage of 50% flowering in 
the two seasons for each cut.

Biochemical analysis
Determination of essential oil % and yield
According to the methods of [42] for determining the 
essential oil percentage, samples of fresh leaves (100  g) 
were subjected to hydro-distillation using a Clevenger 
apparatus. The distillation duration was 3 h for all sam-
ples. Also, oil yield (ml) per plant was calculated by mul-
tiplying the oil percentage by the fresh weight.

Determination of photosynthetic pigments
According to [43], chlorophyll (a, b) and total carotenoids 
(mg/g fresh weight) were determined in fresh basil leaf 
samples. Fresh leaf samples of 0.2  g were homogenized 
in acetone (85% v/v) containing trace amounts of silica 
quartz and Na2CO3. Following that, the samples were 
passed via a glass funnel (G4) in the center. The remain-
ing substance was washed several times with acetone 
until the filtrate became colorless. To the specified vol-
ume (25  ml), the whole extract was diluted with 85% 
acetone. At wavelengths of 660, 640, and 440  nm, the 
pigments have been compared to a blank of pure 85% 
acetone using a spectrophotometer. The following formu-
las were used to calculate the contents of the various leaf 
pigments:

Chlorophyll a (mg/L) = 9.784 E 660–0.99 E 640.
Chlorophyll b (mg/L) = 21.426 E 640–4.65 E 660.
Carotenoids (mg/L) = 4.695 E 440–0.268 (a + b).

Chemical analysis of the essential oil using gas 
chromatography–mass spectrometry
The hydro-distilled essential oils were analyzed by gas 
chromatography-mass spectrometry (GC-MS) at the 

National Institute of Standard and Technology, NIST. 
using agarose chromatography (Hewlett-Packard model 
5890), joined to a mass spectrometer (Hewlett-Packard-
MS model 5970), and equipped with a DB5 fused silica 
capillary column (60 m, 0.32 mm i.d., 0.25 mm film thick-
ness). The oven’s temperature was first kept at 50  °C for 
5 min and then programmed from 50 to 250 °C at a rate 
of 4 °C/min. As the carrier gas, helium was employed at 
a flow rate of 1.1 mL/min. Diethyl ether (30 mL essential 
oil/mL diethyl ether) was used to dissolve the essential 
oil, and 2 mL of this solution was then injected into the 
GC with a split ratio of 1:10. The injection temperature 
was 220  °C. At 70  eV, electron impact mode (EI) mass 
spectra were produced, with a scan m/z range of 39 to 
400 amu. By comparing the data from the NIST library 
of mass spectra with those of real compounds and pub-
lished standards, isolated peaks were found [44]. The 
calculation of percentage composition of each oil was 
computed by the normalization method, which calculates 
the GC peak area by averaging three injections.

Determination of lipid peroxidation
Malondialdehyde (MDA) contents were determined by 
the method designed by [45, 46]. Read the absorbance 
of the sample against the blank and standard against dis-
tilled water at 534 nm.

Determination of enzymatic activity
For the reaction mixture extraction as described by [47], 
the fresh basil leaf sample was homogenized in 5 to 10 ml 
of cold buffer (50 mM potassium phosphate, pH 7.4, 1 
mM EDTA, and 1 mL/L Triton X-100) per gram of tis-
sue. After that, the mixture extraction was centrifuged 
for 15  min at 4,000  rpm at 4  °C. The supernatant was 
removed for assay and kept on ice.

Catalase activity
Catalase (CAT) reacts with a known quantity of H2O2 
by the [47] approach. The remaining hydrogen peroxide 
(H2O2) combines with 4-aminophenazone (AAP) and 
3,5-dichloro-2-hydroxybenzene sulfonic acid (DHBS) 
to create a chromophore with a color intensity that is 
inversely proportional to the quantity of catalase in the 
initial sample. With a catalase inhibitor, the reaction is 
stopped after exactly one minute. At 510  nm, compare 
the sample to the sample blank and the standard to the 
standard blank.

Table 1  The physical and chemical characteristics of the soil
Clay% Silt% Fine sand% Coarse sand% Soil texture pH N P2O5 K2O Zn Fe B Mn Cu

(ppm)
39.23 24.34 27.13 2.24 Clay sand 7.33 22.41 103.9 154 3.29 1.94 2.29 0.47 0.46
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Glutathione peroxidase activity
The glutathione peroxidase (GPx) activity was assayed by 
a description of [48]. The enzyme reaction is started by 
adding the substrate (H2O2) and measuring the reaction’s 
absorbance at 340  nm. Then note the decline in absor-
bance at 340 nm/min over three minutes in comparison 
to deionized water. (GPx) activity in the sample is directly 
proportional to the rate of decline in the absorbance at 
340 nm.

Superoxide dismutase activity
SOD analysis depends on the enzyme’s capacity to pre-
vent the phenazine methosulphate-mediated reduction 
of nitro blue tetrazolium dye, according to the assay cre-
ated by [49]. For both the control and the sample, record 
the increase in absorbance at 560 nm for 5 min at 25 °C.

Statistical analysis
This study used a completely randomized experimental 
design with three replicates. Applying the statistical anal-
ysis system (SAS) [50], we compared the one-way analy-
sis of variance methods and treatment methods utilizing 
the LSD technique at P ≤ 0.05 of probability.

Results and discussion
Characterization of Cu-nanoparticles synthesized
TEM analysis demonstrated the size and shape of syn-
thesized CuNPs, as shown in Fig.  2. From the images, 

it is obvious that the morphology of CuNPs is almost 
spherical, having a size of less than 10  nm. Nanopar-
ticles exhibit better physical properties if they are pro-
duced in small sizes, as the good fertilizer properties of 
copper nanoparticles are size-dependent. The micro-
graph in Fig.  2 showed nearly spherical nanoparticles 
with a meandiameter of 4.51  nm. The mean diameter 
wastaken from 9 nanoparticles; the minimum diameter 
was 2.68  nm, the maximum diameterwas 6.05  nm, and 
Dev(rms) = 0.945 nm.

The sample was examined using an X-ray powder dif-
fractometer (XRD) to determine the structure and crys-
talline nature of the CuNPs. When the XRD spectrum 
data were compared to standards, it was discovered that 
the CuNPs generated peaks at 2 µ values, which cor-
respond to 1.52667, 2.08955, 2.32762, and 2.44519 of 
44,519 Bragg reflections for copper metal (Fig. 3).

The pattern exhibited four intense peaks in the spec-
trum of 2 theta: 36.725, 38.652, 43.264, and 60.605. From 
the XRD results, the crystallite size was synthesized with 
an average size of 4.2 nm. A face-centered cubic phase of 
crystalline copper was indicated by the presence of Bragg 
reflections that matched card number 174,091 from the 
ICSD card, which corresponds to the (0 1 1), (1 1 1), and 
(0 0 2) planes, these findings were in agreement with [51, 
52].

According to the results in Table  2, the fresh and dry 
weight increased with 500  mg/L Cu NPs achieving the 

Fig. 2  Transmission Electron Microscope (TEM) image of spherical copper nano particles
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highest fresh and dry weight as follows 85.12, 102.687 g 
and 22.94, 17.09 g at the two seasons, respectively, then 
decreased with increasing CuNPs concentration. Along 
the same line [53], confirmed that spraying CuNPs at 50, 
100, and 200  mg/L on pepper seedlings increased the 
shoot biomass, while treatments at 200  mg/L recorded 
the highest biomass. Furthermore, the superinfluence 
of CuNPs on the growth of pigeon pea (Cajanuscajan 
L.) seedlings was significant, whereas treatment with 
20 ppm CuNPs presented a highly significant increase 
in fresh and dry biomass compared with untreated 
plants [54]. Additionally [55], indicated that the appli-
cation of CuO nanoparticles significantly improved the 
biomass of wheat plants. Therefore [56], explained that 
CuO nanoparticles increased ion release and greater 

bioavailability due to the size-dependent physiochemical 
characteristics of soil nanoparticles over bulk particles, 
making them more capable of maximizing crop output 
[57]. As indicated in Table  1, the interaction between 
the foliar spray of CuNPs and spirulina extract was 
more effective than the treatment of CuNPs individually. 
Therefore, foliar spray of 500  mg/L of CuNPS + 1.5  g/L 
algae extract was the best treatment on fresh and dry 
weight as follows 122.257, 169.713 g, and 27.87, 24.04gat 
the two seasons, respectively. Our results are in harmony 
with [32], who recorded that the combination of 2000 
ppm CuNPs with 4000 ppm ZnNPs achieved the best 
fresh and dry weight of basil roots, while the minimum 
dry root weight was noted in the plants treated with dis-
tilled water, which was followed by 4000 ppm CuNPs 

Table 2  Fresh and dry weights of French basil plants, after the treatments foliar spraying
Treatment Fresh weight(g) Dry weight(g)

Season(1) Season(2) Season(1) Season(2)
Control 71.45 ± 0.5 i 92.77 ± 0.77h 17.91 ± 1.4h 15.67 ± 0.7cd

500 mg/L CuNPs 85.12 ± 1.1e 102.69 ± 0.69e 22.94 ± 1.0ef 17.09 ± 1.0c

1000 mg/L CuNPs 80.61 ± 0.3f 88.02 ± 1.0i 21.45 ± 1.2fg 14.44 ± 1.2d

1500 mg/L CuNPs 73.99 ± 0.1h 64.51 ± 0.8k 20.73 ± 1.0g 14.34 ± 0.9d

500 mg/L CuNPs + 0.5 g/L spirulina 93.41 ± 0.4d 115.69 ± 1.0d 25.86 ± 1.1bc 21.95 ± 1.0b

1000 mg/L CuNPs+ 0.5 g/L spirulina 86.08 ± 1.0e 100.5 ± 1.5fg 23.32 ± 1.1de 14.58 ± 1.3d

1500 mg/L CuNPs+ 0.5 g/L spirulina 74.29 ± 0.3h 85.97 ± 1.0j 21.89 ± 1.1fg 16.7 ± 1.1c

500 mg/L CuNPs + 1 g/L spirulina 95.85 ± 0.9c 136.69 ± 1.0b 27.17 ± 1.0ab 21.98 ± 1.0b

1000 mg/L CuNPs + 1 g/L spirulina 92.19 ± 1.0d 123.56 ± 1.0c 24.16 ± 1.0cde 20.38 ± 1.1b

1500 mg/L CuNPs + 1 g/L spirulina 76.697 ± 0.1g 99.06 ± 1.0g 23.15 ± 1.0def 17.2 ± 1.1c

500 mg/L CuNPs + 1.5 g/L spirulina 122.26 ± 1.0a 169.71 ± 1.1a 27.87 ± 1.9ab 24.0 ± 1.0a

1000 mg/L CuNPs + 1.5 g/L spirulina 101.66 ± 1.2b 102.1 ± 1.0ef 25.09 ± 1.0cd 21.23 ± 1.1b

1500 mg/L CuNPs + 1.5 g/L spirulina 92.94 ± 1.0d 100.1 ± 1.0g 24.23 ± 1.1cde 20.87 ± 0.9b

LSD 1.398793343 1.678332759 2.000540928 1.74274742
Data are expressed as mean values ± standard deviation; LSD refers to the least significant difference test. In each column, the same letter means non-significant 
difference, while different letters mean significant difference at p ≤ 0.05

Fig. 3  X-Ray diffraction plot
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without ZnNPs. However [58], found that increasing spi-
rulina algae from 25:100 when combined with nitrogen 
fertilization at 80 and 100 kg/fed improved considerably 
wheat growth and yield.

Concerning our results in Table  3, we found that the 
highest plant height (48.067  cm and 47.933  cm) and 
number of branches (7 and 6) were achieved by spray-
ing 500  mg/L of CuNPs, in the two seasons, respec-
tively, followed by spraying 1000  mg/L of CuNPs, while 
the least plant height and number of branches resulted 
from untreated plants followed by 1500 ppm of CuNPs. 
It is likely that [32] noticed that a better leaf number was 
achieved by spraying basil plants with 1000 ppm CuNPs 
than with 2000 and 4000 ppm CuNPs. Many research-
ers have shown that foliar spraying chili plants with 
CuNPs improved leaf number, pod number, pod length, 
and plant heightas well as [34, 54], and found that the 
maximum shoot and root length of the pigeon pea plant 
occurred with CuNPs application. Additionally, foliar fer-
tilizers aid in preventing toxicity symptoms that could 
develop after applying the same microelements to the 
soil [20]. In this research we found that plant height and 
the number of leaves were increased with the combina-
tion of CuNPs with biofertilizer (spirulina) at various 
concentrations therefore, the spraying of 500  mg/L of 
CuNPs + 1.5 g/L algae extract produced significantly best 
plant height and a number of branches in both seasons 
as follows (51.567, 51.900 cm/plant) (9.00, 10.00 /plant), 
respectively.These findings were in line with those of [59], 
who proved that the effectiveness of the combined treat-
ment of 200 mM NaCl with 100 mg/L of Spirulina pla-
tensis enhanced growth with increasing photosynthetic 
pigment content and plant yield, which is due to reduced 
ROS-induced oxidative damage and decreased the dam-
age to DNA in salt-stressed Phaseolus vulgaris compared 

with treatments of salt stress without spirulina. Simi-
larly [60], who found the application of 192 kg of fertil-
izer N/ha combined with destructed spirulina at 6, 12, 
or 18 g cells/ha on cotton, recorded the highest number 
of open bolls and, additionally, the best plant height and 
fiber length. Furthermore [61], obtained similar trends 
by combining spirulina and organic manure in a 50:50 
ratio with the Phaseolusaureus plant, which significantly 
improved shoot growth and yield.

Chemical analysis
Essential oil percentage (%) and yield
In terms of oil percentage, we found that CuNPs had a 
stimulatory effect on oil yield generally since CuNPs 
at 500  mg/L recorded the best of other CuNP concen-
trations on essential oil (%) and essential oil yield (ml), 
which recorded 0.120, 0.100% and 8.593, 10.9531  ml/
plant in both seasons, respectively (Table  4), and the 
yield decreased with increasing concentration of CuNPs. 
Additionally, non-sprayed plants had the lowest value fol-
lowed by 1500 mg/LCuNPs, then 1000 mg/L CuNPs. This 
was a result of stimulation of fresh material or plants, 
photosynthetic activity, and essential oil products.

Similar to our study [35], applied CuNPs as a foliar 
spray at 0.5, 1.0, and 1.5  g/L, which improved essential 
oil percentages more than untreated plants, and recorded 
that 1.5 g/LCuNPs achieved the highest value of oil yield 
and essential oil percentage of peppermint.

The results indicated that the interaction of CuNPs and 
Spirulina extract was better at improving oil percentage 
and oil yield than the individual treatments. 500 mg/L Cu 
NPs with 1.5 g/L presented a remarkable increase in oil% 
and yield. Application of 0.1% spirulina extract combined 
with Cd and Pb on rosemary plants, increasing oil% and 
yield better than spirulina with Cd, which enhanced oil 

Table 3  Plant height and the number of branches of French basil plantafter the treatments foliar spraying in two seasons
Treatment Plant height(cm) Number of branches /plant

Season (1) Season(2) Season(1) Season(2)
Control 41.40 ± 0.4f 35.80 ± 0.4h 5.00 ± 1.00c 5.76 ± 1.00bc

500 mg/L CuNPs 48.07 ± 1.0bc 47.93 ± 1.0de 7.00 ± 1.00ab 6.00 ± 1.00bc

1000 mg/L CuNPs 46.53 ± 0.01de 44.47 ± 0.001f 5.00 ± 1.00c 5.00 ± 1.00c

1500 mg/L CuNPs 45.67 ± 1.0e 43.30 ± 1.00g 5.00 ± 1.00c 5.00 ± 1.00c

500 mg/L CuNPs + 0.5 g/L spirulina 48.73 ± 1.0bc 48.60 ± 1.00cd 8.00 ± 1.00a 6.00 ± 1.00bc

1000 mg/L CuNPs+ 0.5 g/L spirulina 46.33 ± 1.1de 48.17 ± 0.001cde 7.00 ± 1.00ab 6.00 ± 1.00bc

1500 mg/L CuNPs+ 0.5 g/L spirulina 46.30 ± 1.0de 43.43 ± 0.01fg 6.00 ± 1.00bc 6.00 ± 1.00bc

500 mg/L CuNPs + 1 g/L spirulina 51.03 ± 0.01a 49.07 ± 0.01c 8.00 ± 1.00a 7.00 ± 1.00ab

1000 mg/L CuNPs + 1 g/L spirulina 49.26 ± 1.1b 48.60 ± 1.4cd 8.00 ± 1.00a 7.00 ± 1.00ab

1500 mg/L CuNPs + 1 g/L spirulina 47.53 ± 1.0cd 47.27 ± 0.001e 7.00 ± 1.00ab 6.00 ± 1.00bc

500 mg/L CuNPs + 1.5 g/L spirulina 51.57 ± 0.01a 51.90 ± 0.1a 9.00 ± 1.5a 8.00 ± 1.00a

1000 mg/L CuNPs + 1.5 g/L spirulina 51.50 ± 0.1a 50.17 ± 0.005b 9.00 ± 1.5a 7.00 ± 1.00ab

1500 mg/L CuNPs + 1.5 g/L spirulina 47.97 ± 0.01c 49.20 ± 0.2bc 8.00 ± 1ab 7.00 ± 1.00ab

LSD 1.290086696 1.290086696 1.762300627 1.678332759
Data are expressed as mean values ± standard deviation; LSD refers to the least significant difference test. In each column, the same letter means non-significant 
difference, while different letters mean significant difference at p ≤ 0.05
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production compared with control [62]. On the other 
hand [28], used a combination of 10% spirulina extract 
and 6.72 mL of compost tea; additionally, 50 and 75% 
nitrogen fertilizer were applied to fennel plants, result-
ing in no differences in the percentage of essential oils 
produced from treated and untreated plants.In addition, 
spirulina is used as a great natural biofertilizer due to its 
ability to supply high amounts of bioactive compounds 
(polysaccharides, amino acids, phytohormones, etc.), 
which improve the growth of plants and their capacity to 
adapt to biotic and abiotic stresses [63].

Photosynthetic pigments analysis
Our work proved that when CuNPs were applied at 
any concentration (500, 1000, and 1500  mg/L), they 

stimulated photosynthetic pigments better than control. 
As shown in Table  5, we found that 500  mg/L resulted 
in the highest content of chlorophyll “a”, chlorophyll “b,” 
and carotenoids in the two seasons, respectively. The sec-
ond enhancing treatment was 1000  mg/L, followed by 
1500 mg/L. CuNPs have a stimulatory effect on growth. 
This is due to the ability of CuNPs to play an important 
role in photosynthesis, improve phosphorylation, and 
transport electrons through the light reaction to auto-
matically increase enzyme activity in the dark phase and 
initiate carbon and nitrogen metabolism [64].

Our results were confirmed by [32], who treated basil 
plants with 0 ppm ZnNPs and 2000 ppm CuNPs, which 
resulted in the maximum chlorophyll content (0.38 mg/g 
FW). Corn plant leaves showed a positive response to Cu 

Table 4  The essential oil percentage (%) and yield ml/plant of the French basil plant after treatment foliar application in two seasons
Treatment Oil % Oil yield ml /plant

Season (1) Season (2) Season (1) Season(2)
Control 0.055 ± 0.001h 0.067 ± 0.011g 4.202 ± 0.10l 6.164 ± 0.111k

500 mg/L CuNPs 0.120 ± 0.010d 0.100 ± 0.001f 8.593 ± 0.10i 10.953 ± 0.011g

1000 mg/L CuNPs 0.100 ± 0.001efg 0.067 ± 0.001g 8.394 ± 0.06j 9.027 ± 0.011i

1500 mg/L CuNPs 0.093 ± 0.001g 0.060 ± 0.001g 8.031 ± 0.01k 5.929 ± 0.010l

500 mg/L CuNPs + 0.5 g/L spirulina 0.120 ± 0.010d 0.109 ± 0.001def 11.528 ± 0.11e 12.397 ± 0.101c

1000 mg/L CuNPs+ 0.5 g/L spirulina 0.093 ± 0.001g 0.105 ± 0.001ef 10.114 ± 0.06h 11.377 ± 0.11f

1500 mg/L CuNPs+ 0.5 g/L spirulina 0.110 ± 0.010def 0.100 ± 0.002f 8.403 ± 0.10j 6.857 ± 0.111k

500 mg/L CuNPs + 1 g/L spirulina 0.173 ± 0.011b 0.123 ± 0.001c 15.071 ± 0.01b 17.595 ± 0.101c

1000 mg/L CuNPs + 1 g/L spirulina 0.099 ± 0.001fg 0.120 ± 0.010cd 10.761 ± 0.11f 13.114 ± 0.001d

1500 mg/L CuNPs + 1 g/L spirulina 0.113 ± 0.011de 0.113 ± 0.011cde 10.482 ± 0.11g 10.543 ± 0.111h

500 mg/L CuNPs + 1.5 g/L spirulina 0.380 ± 0.010a 0.163 ± 0.011a 21.174 ± 0.11a 23.689 ± 0.110a

1000 mg/L CuNPs + 1.5 g/L spirulina 0.173 ± 0.011b 0.153 ± 0.011a 13.209 ± 0.10c 18.862 ± 0.111b

1500 mg/L CuNPs + 1.5 g/L spirulina 0.133 ± 0.001c 0.140 ± 0.010b 12.317 ± 0.001d 13.174 ± 0.001d

LSD 0.012902719 0.012250915 0.173442611 0.14305719
Data are expressed as mean values ± standard deviation; LSD refers to the least significant difference test. In each column, the same letter means non-significant 
difference, while different letters mean significant difference at p ≤ 0.05

Table 5  Chlorophyll (a, b) and carotenoids content in fresh leaves of French basil plants after foliar application in two seasons
Treatment Clorophyl (A) Clorophyl (B) Carotenoids

Season (1) Season(2) Season(1) Season(2) Season(1) Season(2)
Control 0.476 ± 0.001i 0.536 ± 0.001g 0.224 ± 0.01k 0.251 ± 0.01j 0.334 ± 0.01h 0.362 ± 0.001g

500 mg/LCuNPs 0.809 ± 0.001e 0.841 ± 0.011cd 0.317 ± 0.001f 0.331 ± 0.001g 0.389 ± 0.001d 0.394 ± 0.001d

1000 mg/L CuNPs 0.747 ± 0.001g 0.742 ± 0.001e 0.306 ± 0.001g 0.310 ± 0.01h 0.374 ± 0.001e 0.384 ± 0.01e

1500 mg/L CuNPs 0.688 ± 0.001h 0.637 ± 0.001f 0.263 ± 0.001j 0.275 ± 0.001i 0.354 ± 0.001g 0.372 ± 0.001f

500 mg/L CuNPs + 0.5 g/L spirulina 0.860 ± 0.01b 0.843 ± 0.001cd 0.345 ± 0.001c 0.362 ± 0.001e 0.409 ± 0.001b 0.419 ± 0.001b

1000 mg/L CuNPs+ 0.5 g/L spirulina 0.799 ± 0.001f 0.744 ± 0.001e 0.320 ± 0.001ef 0.341 ± 0.001f 0.386 ± 0.001d 0.397 ± 0.001d

1500 mg/L CuNPs+ 0.5 g/L spirulina 0.747 ± 0.001g 0.739 ± 0.001e 0.276 ± 0.001i 0.281 ± 0.001i 0.364 ± 0.001f 0.382 ± 0.001e

500 mg/L CuNPs + 1 g/L spirulina 0.817 ± 0.001df 0.847 ± 0.001bc 0.358 ± 0.001b 0.395 ± 0.001ab 0.422 ± 0.005a 0.423 ± 0.001b

1000 mg/L CuNPs + 1 g/L spirulina 0.815 ± 0.001df 0.853 ± 0.001ab 0.325 ± 0.001d 0.384 ± 0.001c 0.390 ± 0.001d 0.408 ± 0.001c

1500 mg/L CuNPs+ 1 g/L spirulina 0.810 ± 0.001e 0.747 ± 0.01e 0.301 ± 0.001g 0.340 ± 0.001f 0.378 ± 0.001e 0.398 ± 0.001d

500 mg/L CuNPs + 1.5 g/L spirulina 0.90 ± 0.001a 0.856 ± 0.01a 0.374 ± 0.001a 0.399 ± 0.001a 0.428 ± 0.001a 0.432 ± 0.001a

1000 mg/L CuNPs + 1.5 g/L spirulina 0.847 ± 0.001g 0.836 ± 0.001d 0.348 ± 0.001c 0.389 ± 0.001bc 0.400 ± 0.001d 0.421 ± 0.001b

1500 mg/L CuNPs + 1.5 g/L spirulina 0.818 ± 0.001d 0.747 ± 0.01e 0.322 ± 0.001de 0.371 ± 0.001d 0.386 ± 0.001d 0.411 ± 0.001c

LSD 0.008066928 0.008468771 0.008066928 0.008468771 0.00728105 0.004926238
Data are expressed as mean values ± standard deviation, LSD refers to least significant difference test, in each column the same letter means non-significant 
difference, while different letters mean significant difference at p ≤ 0.05
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treatments in terms of chlorophyll concentration [65]. 
Along with [66], copper spraying had a favorable impact 
on the chlorophyll content of sub-tropical peaches, which 
is consistent with the findings of the current study. On the 
other hand [67], indicated that nanoparticles, especially 
metals, can accumulate chlorophyll content through 
photosynthesis and chlorophyll content. Regarding the 
reproductive stage, the application of copper nanopar-
ticles helps to promote flowering in plants, which stimu-
lates fruiting per plant [68]. Using 30 ppm CuNPs with 
soil produced greatly developed the chlorophyll content 
of the wheat plants. In our work, in general, the maxi-
mum accumulation of basil photosynthetic pigments was 
achieved with the combined treatments of biofertilizer 
(Spirulina) and nanofertilizer (CuNPs) compared to each 
treatment alone. Thus, 500 mg/L CuNPs + 1.5 g/L spiru-
lina extract resulted in the highest content of chlorophyll 
“a”, chlorophyll “b,” and carotenoids during two seasons, 
respectively. Followed by 1000  mg/L CuNPs + 1.5  g/L 
spirulina extract; moreover, 1500  mg/L CuNPs + 1.5  g/L 
spirulina resulted in the least content. Our results match 
those obtained in previous studies that sprayed basil 
plants with the combined treatment of CuNPs with Zn 
NPs and found a high increase in chlorophyll a, chloro-
phyll b, total chlorophyll, and carotenoids contents in 
the leaves [69]. Previous research proved that biofertil-
izers like Spirulina platensis have biological functions in 
the detoxification of some plant organic compounds and 
the absorption of heavy metals [70–72]. At the same line 
[62], achieved a great improvement in photosynthetic 

pigments (mg/g dry weight leaves) in rosemary plants 
by treating plants with Spirulina platensis as foliar appli-
cation combined with heavy metal. In addition, the 
interaction treatment was better than the heavy metal 
individual. Furthermore [73], applied a good combina-
tion of 50% N (inorganic N) with 50% plant compost 
supplemented with Spirulina platensis at 10 mL on sweet 
grapevines, resulting in significantly enhanced growth 
features, yield, berry cluster weight, and quality. Similarly 
[60], reported that foliar spray, the interaction between 
N fertilizer application and Spirulina (destructed cells), 
accumulated the maximum content of photosynthetic 
pigments in cotton plants. Previous research proved that 
using an extract of Spirulina platensis as a foliar spray 
with plants led to super enhancement due to Spirulina 
being rich in plant hormones such as auxins, cytokinins, 
gibberellins, free amino acids, and nutritive compounds, 
which are growth promoters for improving plant growth 
and yield [74–76]. Therefore [77], reported the chloro-
phyll “a”, chlorophyll “b,” and carotenoids contents of the 
Faba L. plant improved considerably under salt stress 
after applying spirulina extract to the plant to overcome 
salt stress.

Chemical analysis of the essential oil
In our work, GC–MS via chemometric techniques for 
analysis of the volatile components of French basil (Oci-
mum basilicum L var. Grand Vert) plants with foliar spray 
application of CuNPs and spirulina as shown in Table 6. 
In our leaves essential oil samples, there were approxi-
mately 18 components identified for every treatment.

According to our study, we found that the major com-
pounds of basil essential oil were linalool, methyl chavi-
col, eugenol, methyl eugenol, and α-trans-Bergamotene. 
Using foliar applications of biofertilizer and nanofertil-
izer caused a positive effect on the biosynthesis of highly 
valuable compounds in essential oils. Linalool recorded 
a maximum value of 38.19%, which was obtained with 
the combined treatment (500  mg/LCuNPs + 1.5  g/L spi-
rulina), followed by control and 500 mg/L CuNPs. Simi-
larly [78], produced the maximum level of the main 
component Linalool by treating the Ocimum basilicum 
L. plant with 6 g/L dry yeast and 0 g/L seaweed.In addi-
tion, the greatest content of eugenol andmethyl chavicol 
was obtained from plants treated with 500 mg/LCuNPs, 
followed by 500  mg/L CuNPs + 1.5  g/L spirulina and 
control. Additionally, the percentage of methyl chavi-
col ranged from 1.31% in the untreated plants to 1.45% 
in plants treated with 500  mg/L nanocopper, whereas 
the highest content of methyl eugenol occurred with 
500  mg/L CuNPs followed by control and 500  mg/L 
CuNPs + 1.5 g/L spirulina.

In our observation, the maximum content of linalool 
and methyl chavicol was found in plants treated with 

Table 6  The influences of spraying a combination of 500 mg/
LCuNPs + 1.5 g/L spirulinaon the composition of essential oil 
French basil leaves in the first year of the experiment
(%)Components Control 500 mg/L 

CuNPs
500 mg/
LCuNPs + 1.5 g/L 
spirulina

Linalool 30.33 28.71 38.19
Eugenol 11.59 18.94 15.63
Methyl chavicol 1.31 1.41 1.45
Methyl Eugenol 2.19 3.05 2.16
Geranyl propanoate 0.94 1.4 1.03
Bornyl acetate 1.37 1.29 1.3
Carvacrol 0.42 --- ----
α-Cubebene 0.5 0.67 0.56
β –Elemene 4.58 ---- ----
α-trans-Bergamotene 4.06 4.47 6.32
β-Farnesene 0.45 0.59 0.56
γ-Muurolene 0.57 0.78 0.7
α-selinene 2.56 3.55 2.85
β-Bisabolene 1.76 2.87 1.77
γ-Cadinene 0.62 0.31 0.71
δ-Cadinene 3.03 4.3 3.61
cis-Nerolidol 0.55 0.88 0.46
γ-Eudesmol 1.05 1.47 1.11
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500  mg/L CuNPs + 1.5  g/L spirulina, while the greatest 
amounts of eugenol and methyl eugenol were achieved 
in plants treated with 500  mg/L CuNPs. On the other 
hand, CuNps affected some contents negatively, such 
as carvacrol and β-elemene, compared to the control.
Notably, Geranyl propanoate, α-Cubebene, β-Farnesene, 
γ-Muurolene,α-selinene, β-Bisabolene, γ-Cadinene, 
δ-Cadinene, cis-Nerolidol, and γ-Eudesmol increased sig-
nificantly with 500  mg/L CuNPs, followed by 500  mg/L 
CuNPs + 1.5  g/L spirulina compared with control. At 
the same time, Bornyl acetate and α-trans-Bergamotene 
increased with 500 mg/L CUNPs + 1.5 g/L spirulina, fol-
lowed by 500 mg/L CuNPs compared with control [79]. 
reported that dealing basil plants with organic foliar fer-
tilizers led to an accumulation of oil content; additionally, 
it enhanced biosynthesis of the important compounds 
of essential oils; and it recorded the presence of linalool, 
methyl chavicol, eugenol, γ-cadinene, α-bergamotene, 
cubenol, and β-elemene as major compounds in every 
sample.Our findings were in contrast with [80], who 
referred to the essential oil of O.basilicum as having 
four main chemotypes (linalool, methyl chavicol, methyl 
eugenol, and methyl cinnamate), which have superoxide 
scavenging activity and DPPH reduction. Furthermore 
[81], proved that when using the NPK with active dry 
yeast with Ocimum basilicum L. plants, the identifica-
tion of essential oil basil leaves showed that 19 compo-
nents were detected at every treatment. Linalool was 
also one of the four main constituents. In addition, the 
combination of the NPK with active dry yeast with every 
treatment individual had a substantial impact on the pri-
mary chemical constituents of the Ocimum basillicum 
leaf essential oil. Moreover [82], studied the essential oils 
extracted from basil leaves using hydro-distillation and 
found the presence of linalool 48.4%, methyl chavicol 

14.3%, methyl eugenol 3.7%, α-bergamotene 2.5%, euge-
nol 2.4%, 1,8-cineole 7.3%, (E)-Methylcinnamate 2.3%, 
and α-bisabolol 4.1%.

Lipid peroxidation quantification
Our results presented in Fig. 4 showed that MDA activity 
in fresh basil leaves recorded a significant increase (72.2 
nmol/g tissue) with nano fertilizer application (500 mg/L 
CuNPs), though the control recorded 57.39 nmol/g tissue. 
On the other hand, spraying (500 mg/L CuNPs + 1.5 g/L 
spirulina) reduced the MDA level to 42.787 nmol/g tis-
sue compared to 500  mg/L CuNPs.Previous research 
indicated that raising the contents of MDA and ROS acti-
vation via the application of CuO nanoparticles with vari-
ous concentrations [83] Furthermore [84], reported that 
the application of CuNPs also produced copper ions on 
Elodeadensa plants, indicating an increase in lipid per-
oxidation MDA content. Also [56], explained that MDA 
contents and reactive oxygen species (ROS) are directly 
related to each other as they are considered indicators of 
slight oxidative stress via CuO nanoparticle treatments.

It is important to point out that nano-priming causes 
highly antioxidant activity and the production of sec-
ondary metabolites as a result of eliciting reactive oxy-
gen species (ROS), which is the first signal for different 
biological reactions that occur for stress tolerance [85]. 
On the contrary, foliar application of biofertilizer S. pla-
tensis (100  mg/L) on Phaseolus vulgaris plants under 
salinity stress achieved decreasing DNA damage along 
with ROS-induced oxidative damage. Thus, the growth 
improvement of S. platensis is due to its bioactive com-
pounds, plant growth regulators, which scavenge ROS; 
therefore, algal application has been used in recent sus-
tainable agriculture to decrease stress hazards [59].

Fig. 4  The influence offoilar application of 500 mg/LCu NPsand 500 mg/ LCuNPs+. 1.5 g/L spirulina extract on the content MDA compared with control 
in French basil plants. Vertical bars represent the means of three independent determination standard error (SE). The different letters are significantly 
different between treatments at the 0.05 level
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Enzymatic activity assays
Effects of nano fertilizer and combination with biofertil-
izer (spirulina) application related to induced resistance 
and basil plant defense enzymes were studied from the 
experiment on treated and untreated basil leaves. In 
this study, all treatments caused a significant change in 
the enzyme activity of CAT, GPx, and SOD. According 
to Fig. 5, given result, it was reported that the activity of 
CAT increased with the application of 500 mg/L CuNPs 
followed by 1.5  g/L spirulina extract + 500  mg/L CuNPs 
as follows 27.18, 22.65 U/g tissue, respectively, com-
pared with the control, which recorded 20.59 U/g tissue, 
although CAT activity decreased with the application of 
spirulina extract at 1.5 g/L as follows (21.313 U/g tissue).
Moreover, GPx activity increased with 500  mg/LCuNPs 
followed by 1.5  g/L spirulina extract + 500  mg/LCu 
NPs as follows 20.711, 19.342 U/g tissue, respectively, 

compared with control, whereas using 1.5  g/L spirulina 
extract decreased GPx activity as follows 17.57 U/g tis-
sue. Additionally, SOD activity recorded the highest 
value with 500 mg/L CuNPs, followed by 1.5 g/L spirulina 
extract + 500  mg/L CuNPs as follows 16544.12, 11026.4 
U/g tissue, and the least value observed with 1.5 g/L spi-
rulina extract, which recorded 10029.4 U/g tissue com-
pared with control.

Our results, in agreement with many research studies 
[32], proved that foliar application to basil plants with the 
interaction of 4000 ppm ZnNPs and 2000 ppm CuNPs 
had a positive impact on the antioxidant activity of the 
basil plants. Similarly [86], reported that CuNPs appli-
cation with tomato plants achieved a positive impact on 
CAT and SOD activity, which played an important role 
in removing ROS and, in addition, enhancing bioac-
tive constituents for high-quality fruits. Therefore [64], 

Fig. 5  The influence of the application of 500 mg/LCuNPsand a combination of 500 mg/LCuNPs and 1.5 g/L spirulina extract on the enzyme activity of 
(a) CAT, (b) GPx, and (c) SOD (U/g tissue) in French basil plants. Vertical bars represent the means of three independent determination standard error (SE). 
The different letters are significantly different between treatments at the 0.05 level
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explained that CuNPs improved photosynthesis, light 
reactions, and the chain of electron transport, which 
induced the activity of enzymes. Also [87], revealed that 
Cu with a high concentration causes cellular damage as 
a result of the increasing activity of ROS and enzymes 
(CAT, SOD, APX).Conversely, with the application 
of spirulina with Viciafaba L. plants salt stressed, the 
enzymes sodium oxide dismutase and catalase recorded 
high values in plants with salinity alone and reduced 
enzyme activity when the combined treatment of spiru-
lina with salt stress was used [77]. Along with this [88], 
indicated that using 5% of spirulina application had a 
positive effect on the growth and enzyme activity of the 
Eruca sativa plant. According to our result [89], affirmed 
that through activating the antioxidant defense system to 
reduce the negative effects of oxidative stress achieved 
with foliar application, the combined treatments of car-
bonate-precipitating bacteria (CCPB) and Si-NPs were 
superior to the separate treatments of CCPB or Si-NPs in 
enhancing physio-biochemical characteristics and enzy-
matic antioxidant activities. This increased tolerance and 
improved wheat plant (Triticuma estivum L.) production 
in sandy soils under semi-arid environmental conditions 
Hence, these methods, when paired with others, caused 
plant leaves to stay green, postponed senescence, and 
increased photosynthetic efficiency and chlorophyll con-
tent to maintain healthy plants. Therefore, these advance-
ments in antioxidant defense mechanisms aid in limiting 
oxidative damage.

Conclusion
According to the results of this work, applying foliar 
spraying of CuNPs in French basil suggests a stronger oxi-
dative stress response on the plants than the treatment of 
the combination between spirulina extract and CuNPs in 
different concentrations, we found that the treatment of 
500 mg/L CuNPs + 1.5 g/L spirulina extract had the best 
effect in increasing growth parameters, essential oil per-
centage, and pigments, when compared with control and 
other treatments. Also, these treatments showed signifi-
cant differences in enzyme activities. Finally, our results 
approved that the combination of CuNPs and green algae 
could have a positive effect as a biofertilizer more than 
the individual application of nanoparticles. Therefore, 
the research on different plant materials for fertilization 
with other nano-particles and green synthesizers would 
be important for the future study.
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