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Abstract

Field of nanotechnology is an innovative science, which can develop a numerous of agriculture fields, as plant growth enhancing and crop
incomes, nanoparticles (NPs) can be applied to plant tissue culture but with definite protocol of NPs concentration to encourage explants
germination and decrease contamination. The present study aims to investigate the effects of two nanoparticles, zinc oxide and silver, on
micropropagation of three olive genotypes, Koroneiki, Dolcie, and Kalamata. Additionally, a strategy to reduce contamination and promote
the sprouting of olive explants in tissue culture lab is being determined. Three nanoparticle concentrations 312.5, 156.25, and 78.125 mg/1
were employed; based on the antimicrobial experiment's minimum inhibition concentration (MIC). Olive media (OM) was used as starting
medium, and standard Morishige and Skoog (MS) medium was utilized as the multiplication medium. Occasionally, OM was modified
media by adding 4 mg/l of zeatin instead of 2 mg/l to encourage the germination of dolcie and kalamata genotypes explant buds. After
assessing all of the outcomes, study focused upon analyzing the first set of data, results revealed that, in general, the Koroneiki genotype was
the most successful at sprouting through tissue culture methods; however, dolcie and kalamata proved to be quite challenging to
micropropagate. Koroneiki olive was chosen for the rest of the study and dilute the NPs concentration to new ones 160, 80 and 40 mg/L. At
the end of the study data revealed that contamination percent decreased as NPs concentration increase, while other growth parameters (bud
germination), shoot length mean, number of leaves/ shoot and number of shoots/explant) were improved with using NPs. Additionally, zinc
oxide NPs outperformed silver nanoparticles in terms of effectiveness, and when utilizing the Koroneiki cultivar as explants, the
concentration of 40 mg/l was the most significant in growth parameters outcomes. Using NPs in olive micropropagation depends on genotype
and dose, whereas, koroneiki cultivar is more reliable to micropropagate protocols than dolcie and kalamata cultivars. The usage of NPs in the
micropropagation culture of plants enables the possibility to learn about many features of plant growth and development in controlled
environmental conditions.
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Introduction

Overview along with the large-scale breeding of endangered species (1), plant micropropagation has made a substantial
contribution to the research of their growth and improvement as well as the impact of environmental conditions on them (2).
However, there are a number of issues with woody plant species micropropagation, such as shoot tip necrosis (3), challenging
shootlet rooting (4), hyperhydricity (5), phenolization (6), and a low morphogenetic capacity of the in vitro shoots (7).

There are numerous methods for micropropagating olive trees, including suckering, cuttings, and seeds (8). Stem cutting
is the primary method of propagating olives to encourage the emergence of roots, although it has a very poor effectiveness (9)
and is not appropriate for commercial production in order to prevent pests and illnesses. Many investigations, including (8, 10,
11, 12), were fearless in their attempts to cultivate various olive cultivars in vitro. Olives (Olea europaea L.), a Mediterranean
tree, are distributed around the world but are most commonly utilized in Mediterranean nations. They have been used as
traditional agricultural trees since antiquity (12, 13, 14,15).

The main obstacle preventing woody plant propagation is bacterial and fungal contamination (16). According to Dabai et
al. (17), there are numerous ways to reduce in vitro contamination, including the use of antibiotics. However, employing
antibiotics lead to the possibility to release bacterial resistance and/or impact the growth and responsiveness of the explants.
Mercuric chloride was previously employed to reduce internal contaminations in the micropropagation of olive and certain
woody plants (18). Martino et al. (19) discovered that mercuric chloride is extremely harmful to olive explants and can harm
completely explants. Thus, researchers have discovered more safe methods for managing contamination in olive tissue culture
laboratories.
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Recently , nanotechnology permeates every aspect of our lives, including clothing, cosmetics, tools, applications, food, and
the surroundings. Whether we like it or not, nanomaterials are present in and around us (20). The foundation of plant biology is
plant micropropagation, which is essential for plant conservation, genetic modification, large-scale propagation, the synthesis
of bioactive compounds, and plant improvement. Applications of nanoparticles have successfully reduced the amount of
microbiological pollutants, demonstrated a progressive improvement of the callus induction, genetic transformation,
organogenesis, somaclonal variation, somatic embryogenesis, and secondary metabolite production. this may led to develop
germination of seeds, enhancement plant growth and harvest, facilitate the plant genetic variation and succeed in plant safety
(20, 21).

Rostami and Shahasavar (8) discovered that sliver nanoparticles have non-toxic and strong antimicrobial properties
against bacteria ,viruses and fungi. About 600 microorganisms have been shown to benefit from nano-silver's beneficial
properties (22). This is due to the release of tiny silver particles, which have the power to eradicate viruses as well as bacteria
and fungi (23). When nanoparticles are added to tissue culture media, It can increase the morphological potential of cultured
samples and eliminate bacterial contamination. It also leads to somaclonal variation (20).

In latest eras Zn oxide NPs have been further destructive to bacteria and scarcer sensitive to human cells when compared
to other metal oxides (24, 25). Since ZnO NPs have a tremendous antibacterial mechanism based on the potentiality to
produce the reactive oxygen species (ROS) which destroy bacterial cells (26, 27). The information about Zn particles toxicity
and its mechanism is not revealed yet, generally these NPs revealed negative effects on the tested organisms used (28, 29)
also, have a dose dependent response (30). Zinc oxide improved the content of flavonoids, anthocyanins, phenolic compounds
glycyrrhizin and tannins (31).

In recent decades, the consumption of metal NPs has extremely enlarged. In agriculture, NPs are utilized as fertilizers like
Ag, Se, Au, Mg, Si, however, others are used as pesticides or pesticide carriers like Fe304, S, CuO, chitosan, or Ca-alginate-
chitosan NPs, (32, 33). Moreover, currently several industries included depend on NPs usage. Widespread usage of NPs can
have a harmful influence on the environment and could be known as a contaminant product (34). However NPs such as Ag,
Zn, iron and CuO, could be showed plant growth promotion, on the other hand they have also been associated to phytotoxicity
(35, 36).

This research study the effect(s) of the addition of three different concentrations of two nanoparticles types namely silver
and zinc oxide on contamination percentage and growth parameters for explants of three olive genotypes Koroneiki, dolcie
and Kalamata.

2. Materials and methods:

2.1. Nanoparticles:

Two types of readymade nanoparticles were used:

a-Silver nanoparticles characterized by Size: 5 - 28 nm, Shape: spherical and Methods: chemical synthesis (Alex
biotechnology lab. product).

b-Zinc oxide nanoparticles, characterized by Size: 23-222 nm, Shape: spherical and Methods: chemical synthesis (Alex
biotechnology lab. product).

2.2. Characterization of nanoparticles:

Characterization of nanoparticles was done with transmission electron microscope (TEM).

Transmission Electron Microscope (TEM):

The images of transmission electron microscopy were used to determine of the particle size, size distribution and shape of the
nanoparticles. Imaging direct gives a fast automated image to analysis solution.

2.3. Plant materials:

Small, green and fresh branches of three genotypes cultivars of olive (Olea europaea), (Kalamata, Dolcie and Koroneiki) were
used in this experiment with the same media and culture conditions. Four branch cuts were used in each jar as explants.
Branches of koroneiki cultivar were only used in the rest of the study.

2.4. Culture media:

Starting medium : Olive medium + 2 mg/l or 4 mg/l zeatin + 0.1 mg/l IBA (Indole Butyric Acid) + 1mg/l BA + 30 gm
sucrose+ 1.0 gm/l PVP (polyvinyl pyrolidone) + 0.3 GA3 +1ml/l capanthocyanide + 7 gm agar, pH5.7.

Modified olive medium : The components of the previous olive medium modified with 4 mg/l zeatin instead of 2mg/1 to
promote dolce and kalamata varieties.

Multiplication medium: MS medium + 0.1 IBA+ 1mg/l BA+ 30 gm sucrose+ 1.5 gm PVP (polyvinyl pyrolidone) + 1ml/l Ca-
panthocyanide + 7 gm agar, ph 5.7.

2.5. Nanoparticles addition:

Firstly, three concentrations from the readymade powder silver and zinc oxide nanoparticles were added to media (78.125 =
C, 156.25 = B and 312.5 = A mg/L), previous concentrations concluded after determination of MIC (Minimum Inhibition
Concentration) by antimicrobial activity experiment for each nanoparticles used, besides jars without any nanoparticles as
control with dolcie, kalamata and koroneiki genotypes as explants. Then, after evaluating the first data we were diluting the
NPs concentrations were dilutes into new ones 160, 80 and 40 mg/L.

2.6. Sterilization procedure:

Branches of the olive plant were cut into pieces with 3cm in length and leaves were removed. Plant pieces kept in water with
Clorox for 30 minutes, then washed with running tap water for one hour, after that plant pieces were soaked in mixture of
citric acid (150 mg/L) and ascorbic acid (100 mg/ L) for 1 hour. Finally, they sprayed with 70% ethyl alcohol and transferred
to culture cabinet.
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Inside cabinet plant pieces were soaked in 20% Naocl2 for 15 minutes, after that they were kept in 0.1 HgCl, for 2 minutes
and washed with sterilized distilled water for 3 times, in last step they were immersed in 9.9% H>O» for 1 minute then washed
once.

2.7. Antimicrobial activity:

In vitro antibacterial and antifungal assay;

Antimicrobial activity was measured by an agar diffusion method (37, 38). The compounds were tested against reference

strains, (Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922 and Salmonella
enterica ATCC 255606), yeast (Candida albicans ATCC10321, Candida tropicalis ATCC750), fungi (Fusarium oxisporium
and A. niger), Bacteria and yeast strains were obtained from the American Type Culture Collection Thiophenicol
(Thiamphenicol, Sanofiaventis, France) and Treflucan (Fluconazole, Egyptian International Pharmaceutical Industries
Company EIPICO) were used as antibacterial and antifungal positive controls, respectively, in a concentration of 100 pg/disk
(diagram 1).
Different concentrations of silver and zinc oxide nanoparticles (1000, 800, 600 pg/5 ul) (table 1), were dissolved in dimethyl
sulfoxide (DMSO) and spotted on paper disks prepared from blotting paper (5 mm diameter) with a concentration of
DMSO/disk for isolated compounds. The disks were applied on inoculated agar plates and incubated for 24 h at 30 °C for
bacteria and 72 h at 28 °C for fungi strains. The zone of inhibition was recorded and compared with the control treatments.

Diagram (1): Illustrate the microorganisms distribution used in antimicrobial activity experiment.

Table (1): Nanoparticles types used and its concentrations used in antimicrobial activity experiment..

Type of Concentration Disk No.
nanoparticles

Silver 1000 ug 1

Silver 800 ug 2

Silver 600 ug 3

Zinc oxide 1000 ug 4

Zinc oxide 800 ug 5

Zinc oxide 600 ug 6
Control Positive Control 7

2.8. Data Recorded:

Four weeks later after cultured on starting medium, the bud germination percentage, average no. of shoot/explant, no. of
leaves/explant, shoot length (cm) and contamination percentage were recorded. After two successive subcultures the same
data were recorded. Subculture was done every 30 days.

2.9. Statistical analysis:

This study was conducted using a two-way factorial experiment arranged in a completely randomized design (CRD) with
three replicates, each consisting of five glass jars. Analysis of variance (ANOVA) was employed to determine statistical
differences, and the significance of differences between means + SE (standard error) was assessed using Duncan’s multiple
range test at p < 0.05, using Genstat (21st Edition) software.

3. Results and discussion:

Olive micropropagation is affected by numerous factors including growth medium, cytokinin type, plant genotype,
contamination, phenolic compounds oxidation, imperfect proliferation rates and concentration (39, 40).

Nowadays, application of NPs has enormously increased in agriculture, NPs of Ag, Si, Au, Mg and Se are employed as
fertilizers, whereas Ca-alginate-chitosan or Fe304, S, CuO and chitosan NPs, are used as pesticides and/or In the same time,
many studies exclude that NPs such as Ag, Zn, CuO, and iron, in addition to some other studies, have been found to stimulate
development of plant, nevertheless they have also been associated toxicity to plants (35, 36, 41).

3.1. Characterization of nanoparticles:

TEM: Determination the NPs particle size, distribution and shape by transmission electron microscopy (figure 1). As shown
in figure (1a) silver nanoparticles were round shape with different sizes ranged from 5 nm to 28 nm as well as figure (1b) zinc
oxide nanoparticles were different shapes as oval and rounded with different sizes ranged from 23 nm to 222 nm.
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Results of transmission electron microscope showed that silver nanoparticles have different sizes ranged from 5 to 28 nm
(figure 1a). Moreover, the small particle size (5-28 nm) of Ag NPs have ability to interactions and binding of Ag with proteins
of cell membrane, which leads to cell death (14, 23). Numerous studies approved the inhibition potential of nanoparticles on
microorganisms growth in plant micropropagation media (42, 43). Whereas, Ag nanoparticles have high ability for removing
infectious contamination from culture medium; Ag nanoparticles verified the lowest contamination percent. Also, their
antimicrobial action may be related to the strong toxicity of these ions to a widespread range of microbes (14, 44, 45).

Zinc oxide nanoparticles size found ranged from 23-222 nm (figure 1b) which is a wide range of sizes. Recently zinc
oxide nanoparticles have gained much interest because of their distinctive properties compared to their bulky complements, in
which their use in biological applications increased (46). Since ZnO NPs have an unique antibacterial activity established by
the formation of ROS (reactive oxygen species) that can destroys bacteria (26, 27). Zinc oxide NPs have been more
antibacterial activity and less reactive to human cells when compared to other metal oxides (24, 25).

3.2. Antimicrobial activity:

MIC measurement: The two nanoparticles were assessed for their minimal inhibitory concentration MIC. Zinc oxide and
silver NPs were estimated at the final concentrations; 1000, 800 and 600 pg (table 1). The lowermost concentration display
inhibition zone around the disk was taken as the MIC as shown in table (2) and figure (2), MIC was recorded 312.5 mg/L.
Olive branches were used as explants, and three concentrations of silver nanoparticles and zinc oxide nanoparticles were used
as the following; 78.125 (C)(25%), 156.25 (B)(50%), and 312.5 (A) (100%), mg/L (figure 2), the concentrations were
determined according to antimicrobial activity test, which determined by MIC value.

Figure 1: Transmission electron microscopy for a) Silver and ‘b) Zinc oxide NPs.

Table (2): Antimicrobial characterization of silver and zinc oxide nanoparticles. The inhibition zone diameter (IZD)
was measured using the agar diffusion technique and expressed in millimetres (mm). Positive controls, thiophenicol
and Treflucan, were utilized at a 100 pg/disk concentration.

Inhibition zone diameter (mm)

Microorganism Gram positive bacteria | Gram Fungi

negative

bacteria

B. subtilis | S. aureus | E. coli C. C. F. A. niger

Nanoparticles tropicalis albicans oxysporium
Silver (1000ug) 0.9 0.7 0.9 N.A N.A 0.7 N.A
Silver (800ug) 0.9 0.7 0.8 N.A N.A N.A N.A
Silver (600ug) 0.8 0.7 0.8 N.A N.A N.A N.A
Zinc oxide 1.0 0.8 0.9 0.7 N.A 1.1 0.9
(1000ug)
Zinc oxide 0.9 0.8 0.9 N.A N.A 1.1 0.8
(800ug)
Zinc oxide 0.8 0.7 0.8 N.A N.A 1.1 0.8
(600ug)
Positive control 2.7 2.7 1.6 0.7 N.A 1.7 0.7
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Figure 2: Agar Diffusion Technique and the Inhibition Zone Diameter with the examined microorganisms treated with
different concentrations (1000, 800, 600 pg/S pl) of nanoparticles to determine MIC.

3.3. Guidance experiment:

Three olive genotypes and two NPs with three concentrations beside control were used as shown in tables (3&4), dolcie
and kalamata explant branches never respond to show germination in any medium with or without NPs, as well as not
germinate in medium contains 2 mg/l zeatin or 4 mg/l zeatin. Only Koroneiki genotype was respond in medium contains 2
mg/l zeatin with NPs and control (figure 3), and so study was completed by using Koroneiki genotype as explant for the rest
of the research

Table (3): Percentage of buds germination and contamination were recorded after using zinc oxide NPs for three olive
cultivars Koroneiki, dolcie and kalamata. (guidance experiment)

Zinc oxide NPs

Concentratio | Control A (312.5 mg/L) B (156.25 mg/L) C (78.125 mg/L)
n

% % % % % % % %
Olive germinatio | contaminatio | germinatio | contaminatio | germinatio | contaminatio | germinatio | contaminatio
cultivar n n n n n n n n
Koroneiki (21 ¢ 49 8 12 31 15 39 18
mg/l zeatin)
Dolcie 210 0 0 0 0 0 0 0
mg/l zeatin)
Dolcie “410 0 0 0 0 0 0 0
mg/l zeatin)
Kalamata (2 | 0 0 0 0 0 0 0 0
mg/l zeatin)
Kalamata(4 0 0 0 0 0 0 0 0
mg/l zeatin)
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Table (4): Buds germination percentage and contamination percentage were recorded after using silver NPs for three
olive cultivars from Koroneiki, dolcie and kalamata. (guidance experiment)

Silver NPs

Concentratio | Control B (156.25 mg/L) C (78.125 mg/L)

n

A (312.5 mg/L)

Olive
cultivar

%
germinatio

%
contaminatio

%
germinatio

%
contaminatio

%
germinatio

%
contaminatio

%
germinatio

%
contaminatio

n n n n n n n n

Koroneiki 5 9 18 10 22 15
2 mg/l | 28 49
zeatin)

Dolcie 0 0 0 0 0 0 0 0
2 mg/l
zeatin)

Dolcie 0 0 0 0 0 0 0 0
4 mg/l
zeatin)

Kalamata 0 0 0 0 0 0 0 0
2 mg/l
zeatin)

Kalamata 0 0 0 0 0 0 0 0
4 mg/l

M

L

Figure 3: The response of three olive cultivars explanted on control medium during guidance experiment, a) Dolcie, b)
Koroneiki and c¢) kalamata.

3.4. Koroneiki genotype (second experiment):

In this experiment NPs concentrations were diluted, as shown in (table 5 & figures 6,7) when branches of koroneiki olive
genotype used as an explant, and addition of two types of nanoparticles zinc oxide and silver (each one found in three
concentrations) to OM media where. The results of contamination percentages were significantly decreased after all NPs
addition when compared with control, the lowest contamination percent was found with nano-silver 160 mg/ (fig. 4).

In the same time the buds germination percentage of the explant branches were recorded the maximum and significant
increase after addition of nano-zinc (40 mg/L) but the lowermost was recorded after addition of nano-silver (160 mg/L). In
case of number of shoots/explant the resulted differences were between results was found not significant (table 5 & fig. 4).
The best outcomes of all NPs treatments almost noted after the addition of nano-zinc (40 mg/L).

Compared with bulk material Ag nanoparticles have an extensive applications in numerous fields because of their
superior biological, physical and chemical characteristic (47). Ag NPs have vital properties which depend on the particle’s
shapes and size (48). Furthermore, the effect of Ag nanoparticles is vastly dependent on plant genotype, the little quantity of
Ag nanoparticles can decrease shoot length in Hordeum vulgare, but 100mg/L of Ag nanoparticles has no significant
influence on Lactuca sativa and Cucumis sativus (49). Additionally, Ag nanoparticles at 1020 mg/L stimulate Eruca sativa
growing whereas higher concentration (100 mg/L of Ag nanoparticles) recorded lower growing values (50).

Data of this study revealed that nanoparticles using in vitro growth of different olive cultivars could be depends on
genotypes of the plants used where koroneiki genotype respond to addition of zinc oxide and silver NPs but dolcie and
kalamata genotypes have not any response, also NPs using is dose dependent where, addition of 40 mg/L from zinc oxide
NPs is best dose for koroneiki growth parameters. Whereas, Hasanin et al., (13) found that effect of NPs could be depend on
genotypes where their experiment data when they used picual and dolcie cultivars as explants. Their results disclosed that the
good influence of Ag nanoparticles on shoot growth of in vitro olive shoots is high dependent on olive cultivar genotype and
NPs concentration. Where, picual cv. recorded higher values of shoot growing parameters compared with dolcie cv. Ag NPs
addition to the culture media affected significantly the development of in vitro olive shoots. But the higher concentration of
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Ag nanoparticles damaged the growth parameters of dolcie genotype and recorded lower growth values. Ag nanoparticles
effect significantly on morphology and anatomical leaf structure.

Table (5): The effect of different types of silver and zinc oxide NPs of different concentrations, Contamination
percentage, buds germination and vegetative growth parameters (shoot length by cm, number of shoots/explant and
number of leaves/shoot) of Koroneiki olive cultivar as affected by using NPs during second experiment. Means

followed by different letters are significantly different at p < 0.05

Treatment Contamination Bud germination | Mean of Shoot | No. of | No. of leaves/
(starting) % (%) length (cm) shoots/explant shoot

Control 46.00 a 42.00 e 2.10 b 1.27 a 8.01 b
ngo'zmc 1100 d 1700 b 217 be | 109 a 508 f
Nano-Zinc 80 12.00 cd 43.00 e 2.45 d 1.32 a 7.00 c
Nano-Zinc 40 15.00 c 57.00 f 2.79 e 1.48 a 9.77 a
Iﬁg‘go's‘lver 13.00  od 13.00 a 1.99 a 1.13 a 491 g
Nano-silver 80 | 10.00 d 25.00 ¢ 2.15 bc 1.22 a 6.52 e
Nano-silver 40 | 18.00 b 29.00 d 2.21 c 1.29 a 6.94 d

3.5. Multiplication experiment:

After 4 weeks the germinated explants from koroneiki genotype were sub-cultured twice into MS medium, the results of
the experiment were shown in table (5& fig. 8). Contamination percent was improved and decreased after almost all
treatments when compared with starting experiment, as well as contamination decreased significantly after treated with all
NPs addition when compared with control (table 6 & fig. 5). Data of shoot length mean (by cm), number of leaves/shoot and
number of shoots/explant were found all measurements changed significantly when compared to control. As well as starting
experiment, the best outcomes of all NPs treatments almost noted after the addition of nano-zinc C (40 mg/L).

Nanoparticles have distinctive property enable them extremely applicable in many sciences such as chemistry, physics,
biology and environment (51). Many studies have demonstrated the optimistic effects of nanoparticles in plant
micropropagation, as shoot multiplication, callus induction and plant development (52).

The plant tissue phytotoxicity of higher nanoparticles concentrations demonstrated by many researches (53). Most
nanoparticles can change the physiological, biochemical, genetic structures, morphological and anatomical of the treated plant
tissue (54). Plants treated with nanoparticles this can be affect the genetic structures through the mitotic cycle and change the
protein and DNA profile (55). Phytotoxicity of Ag nanoparticles may be produced by the creation of ROS (Reactive Oxygen
Species), this lead to proteins destruction, lipid peroxidation and DNA damage. Silver nanoparticles may be induce variation
in morphology and anatomy of callus and enlarged somaclonal variation in calli and regenerated shoots (56, 57).

Table (6): The effect of different types of silver and zinc oxide NPs of different concentrations, contamination
percentage buds germination and vegetative growth parameters (shoot length by cm, number of shoots/explant and
number of leaves/shoot) for Koroneiki olive cultivar as affected by NPs during second experiment, a after 8 weeks of
culturing in multiplication media during second experiment. Means followed by different letters are significantly
different at p < 0.05

Treatment L. Mean of Shoot | No. f

(miﬂtip?ication) Contamination % ler?gth (c?n) shoo sh(())ots/explant ° No. of leaves/ shoot
Control 41.00 a 4.10 b 1.53 a 15.81 b
Nano-Zinc 160 9.00 d 3.83 d 1.12 e 8.41 d
Nano-Zinc 80 11.00 cd 3.95 c 1.36 b 6.58 e
Nano-Zinc 40 14.00 c 4.27 a 1.55 a 17.09 a
Nano-silver 160 13.00 cd 2.13 g 1.16 de 5.35 f
Nano-silver 80 11.00 cd 2.45 f 1.25 cd 7.36 e
Nano-silver 40 15.00 b 3.57 e 1.31 bc 11.39 c

Egypt. J. Chem. 68, No. 7 (2025)



542

Abdel-Rahman et al

s0

30

Contamination %
~

20

10

& L

d survival (%)

EEE

o

f leaves/ shoot

~ 16
14

O. oT sliootsiexplant -

N
12
1
os
06
oa
02
o

O
N
Viean of Shoot length

{cm

Figure 4: The effect of different types of nanoparticles (zinc oxide and silver) on contamination, bud germination
percentage and vegetative growth parameters (shoot length by cm, number of shoots/explant and number of leaves/
shoot) during starting experiment for Koroneiki olive cultivar.
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Figure 5: The effect of different types of nanoparticles (zinc oxide and silver) on contamination, bud germination
percentage and vegetative growth parameters (shoot length by cm, number of shoots/explant and number of leaves/
shoot) during multiplication experiment for Koroneiki olive cultivar.
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Figure 6: The response of koroneiki olive cultivar as affected by three different concentrations of silver NPs cultivated
on OM media after 4 weeks of culture.

Figure 7: The response of koroneiki olive cultivar as affected by three different concentrations of zinc oxide NPs
cultivated on OM media after 4 weeks of culture.
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Figure 8: The response of koroneiki olive cultivar as affected by two different concentrations of silver and zinc oxide
NPs cultured on OM media after two subcultures.

Results of these study support that silver nanoparticles can lead to an enhancement in plant growth and decrease
contamination, nevertheless olive koroneiki genotype growth parameters not improved with any concentration used from
silver nanoparticles, but contamination percentage improved. Data showed that Ag nanoparticles had stimulate the shoot
regeneration of micropropagation culture the shoots of koroneiki cultivar and the impact of NPs on shoot growth was high
dependent on nanoparticles concentration as many previous studies (13, 14). It is clearly that Ag NPs most decreased and the
efficiency of nanoparticles is dose dependent, which is reliable with many studies (12, 13, 14).

Koroneiki genotype showed improvement in some growth parameters in this study. Ag ions have positive effects on
micropropagation of growing shoots, for example, improved explants survival and delayed their senescence (58), as well as
shoot multiplication rate increased, shoot growth and organogenesis improved (59). Many other researchers concluded that
shoot growth and number of shoots/explant were improved in Vanilla planifolia, Brassica juncea and Tecomella undulate
Roxb. cultured on media supplemented with silver nanoparticles (60) which was related to the effect of silver ion as an
ethylene blockage factor; as the addition of cytokinin to culture medium is known to enable ethylene production; Ag+ would
produce blocking of ethylene action and encourage shoot regeneration and delay explant senescence. Moreover, Syu et al.
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(61) indicated that silver nanoparticles inhibited ethylene action through reduced the expression of ACC synthase 7 and ACC
oxidase 2.

Many studies applied in different plants support our finding, as Vigna radiate was recorded increase in the dry weight
when treated with 500, 1000, 2000, and 4000 ppm of zinc oxide nanoparticles (62). wheat was recording an increase in the
growth, seed germination and chlorophyll content after seed priming with zinc oxide nanoparticles (63, 64).

In this research contamination decreased as NPs concentration increase, this is evidence to the presence of antimicrobial
activity recorded in this study after using zinc oxide and silver NPs. The outcome results recommended a considerable
difference between the various nanoparticle types and concentrations on explant growth and microbial contamination whereas,
zinc oxide NPs found to be more effective in explant growth than silver NPs, where the addition of 40 mg/L from zinc oxide
NPs is the most effective concentration, but both were effective against microbial contamination. The inhibition possibility of
NPs agents micropropagation of microorganisms confirmed by numerous studies about the antimicrobial action of the tested
nanoparticles (14, 43, 44, 48, 65).

In the present study, three concentrations of ZnO NPs were used to evaluate their outcome on the growth and
contamination of olive koroneiki explants. The optimistic results here from the addition of 40 mg/L to micropropagation of
koroneiki which recorded the best data for explant growth may attributed to that Zn is essential trace element with low
toxicity. Zn is a fundamental portion of several enzymes and cofactors that are involved in photosynthesis (66). Also, is
considered as a micronutrient, essential by plants in a minor amount for their proper growth. It is involved in DNA/RNA
metabolism, is part of the structure of transcription factors, and confirms the stability and normal functioning of chromatin
(67). It also e affects the production of plant growth hormones, as it is required for the biosynthesis of tryptophan, a precursor
of indole-3-acetic acid (68).

The present outcomes of our present study obviously indicate that the higher levels of zinc oxide nanoparticles leads to a
negative effect on explants, and so, it was concluded to be dose dependent. Alsuwayyid et al., (69) found that the plant Zn
necessitates up to 0.05 ppm for typical growing, and unnecessary zinc may lead to plant toxicity (69). The present results are
reliable with previous studies carried on ryegrass, lettuce, maize, cucumber and radish (70, 71), peanut (72), wheat (69), in
addition to, soybean seedlings cytotoxicity at 4000 ppm of zinc oxide nanoparticles (73). Regni et al., (74), study the effect of
ZnO NPs on olive micropropagation and highlighted that zinc oxide nanoparticles exerted beneficial effects on the olive
explants in vitro, improving the efficiency of the micropropagation procedure.

The broad usage of NPs can lead to a negative effects on the environment and may be considered a pollutant (34).
Furthermore, if they move to the food chain they may source for many hazardous effects (75). Consequently, it is essential to
estimate the effect of these NPs on plants and other living beings. Many scientists have described both the positive and
negative effects of different NPs on living organisms. But, extensive investigations are required in this field since there is a
shortage of definite information about the impact of NPs on all living beings specially plants (69).

4. Conclusion:

Established on the data achieved in the current study, nanoparticles can be applied to plant tissue culture but with definite
protocol of NPs concentration to encourage explants germination and decrease contamination. Also, it can be concluded that
adding zinc oxide nanoparticles is more effective than silver nanoparticles (Ag NPs) which were both added to Olive media at
low concentrations of 40 mg L-1 where improved the bud survival percentage and shoot growth and decreases contamination
percentage. Zeatin at 4mg /L cannot improve the proliferation rate and growth of olive dolcie and kalamata cultivars during
starting stage. Thus, these results will be helpful in the refinement of protocol for olive in vitro propagation. Finally, using
NPs in olive micropropagation depend on genotype, also is dose dependent, whereas, koroneiki cultivar is more reliable to
micropropagate protocols than dolcie and kalamata cultivars. The usage of NPs in the micropropagation culture of plants
enables it possible to learn about many features of plant growth and development in controlled environmental conditions.
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