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Abstract

Date palm (Phoenix dactylifera L.) is one of the strategic plants in Egypt and the Middle
East.Date palm (Phoenix dactylifera L.) is a crucial crop in arid and semi-arid regions. Tissue
culture, a modern propagation technique, is often hindered by contamination. This study
investigated the potential of silver nanoparticles (AgNPs) and silver nitrate (AgNO3) to enhance
date palm tissue culture by controlling contamination and promoting growth. AgNPs were
synthesized and characterized, exhibiting an absorption peak at 405 nm and a particle size of 43.8
nm. The minimum inhibitory concentration (MIC) of AgNPs and AgNO; against Bacillus subtilis
was determined. AgNPs at 100 mg/L exhibited the highest antimicrobial activity.AgNPs and
AgNO; were applied to date palm immature female inflorescence explants at various
concentrations. AgNPs at 50 mg/L significantly increased embryo and shoot formation.
Biochemical analysis revealed that AQNO; at 50 and 100 mg/L elevated total phenol and IAA
levels, while AgNPs at 100 mg/L increased gibberellins. Antioxidants were significantly higher in
explants treated with 25 mg/L AgNPs.Genetic stability analysis using ISSR-PCR confirmed that
the treatments did not induce significant genetic alterations.These findings highlight the potential
of AgNPs and AgNOs; as effective agents for improving date palm tissue culture efficiency and
quality.

Keywords: Date palm (Phoenix dactylifera L.), sliver nanoparticles, AgNPs, silver
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Introduction

Date palm (Phoenix dactylifera L.) considered a cornerstone of agriculture in many
arid and semi-arid regions worldwide for millennia, particularly in the Middle East
and North Africa. Its economic importance is multifaceted, spanning food production,
trade, and cultural significance (Marinova et al., 2011). This importance is rooted in
its versatile products, adaptability to harsh environments, and role in supporting
livelihoods (Soomro and Shaikh, 2023). Date fruits are a staple food in many countries
that provide essential nutrients such as carbohydrates, fiber, vitamins, and minerals.
They are a particularly important source of energy and nutrition for people living in
regions with limited agricultural resources (Ghnimi et al., 2017). It can be processed
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into various products, including dry dates, jam, syrup, chutney, date bars, butter,
candy, concentrated juice, relish, date paste, pickles, and date sugar, expanding their
culinary applications and nutritional value. (Oladzad et al., 2021). Vegetative
propagation of date palms using offshoots and tissue culture technique (a modern
technique) is generally used in economic propagation protocol (Elaziem and Mahfouz
2023). Many problems are faced in the propagation of date palms in the tissue culture
technique. Contaminations (including bacteria and fungi) are considered the major
problem facing this technique (Abdel-Karim, 2017). Female immature inflorescence
explant culture is considered one of the sources of vegetative propagation to avoid
problems that face the shoot tip explant like a high percentage of contamination
(Malhat et al., 2019). Nanotechnology offers a promising solution to these challenges
(Manimaran, 2015). Silver nanoparticles (AgNPs) and silver nitrate (AgNO3) are
potent antimicrobial agents that can enhance tissue culture success rates by inhibiting
microbial growth (Ruttkay-Nedeoky et al., 2017). Silver ion has a broad spectrum
range of anti-microbes (bacteria and fungi). It is used for controlling bacterial growth
in many fields (Jung et al., 2008). AgNPs was used as supplemented in media of
tissue culture as an anti-contaminant (Alfarraj et al., 2023). This study aims to
investigate the efficacy of AgNPs and AgNQOs3 in promoting germination and reducing
contamination during the tissue culture of date palm (cv. Sewi). By comparing the
effects of these silver-based agents, we seek to optimize the efficiency and reliability
of date palm propagation.

Materials and methods

The Tissue Culture Lab was the site of this investigation at the Agricultural Genetic
Engineering Research Institute (AGERI) and Central Laboratory for Research and
Development of Date Palm (CLPRD), Agricultural Research Center, Ministry of
Agriculture, Giza, Egypt.

2.1. Source of date explants

Immature female inflorescences (5-7cm) were collected in late January to early February
from a farm at Abu Suwir, Ismailia Governorate, Egypt with a geographic location
30°29'37.3"N 32°11'20.6"E from mature palm (Sewi cultivar) with age about 15 years.
Inflorescences were cultured on MS medium as mentioned by Murashige and Skoog
(1962). According to Malhat et al., (2019), MS media was supplemented with 100 mg/I
Glutamine, 100 mg/l Myo inositol, 1mg/l Biotein, 5mg/l Thiamin HCI, 409/l sucrose, and
6 g/l agar. The pH was adjusted to 5.7-5.8. Inflorescence explants were grown from
initiation, and maturation to germination stages to be ready in this study.

2.2. Silver nanoparticles (AgNPs) synthesis

Silver nanoparticles (AgNPs) were synthesized according to Sileikaité et al., (2006) as
follows: 50 ml of ImM AgNOg; (prepared in deionized water) was boiled on the heater.
Then, a solution of sodium citrate (1% w/v) was added by dropping to the boiled AgNO;
in the presence of stirring. The previous process continued till the color of the mixture
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solution converted to a light yellowish. The mixture was lifted from the heater and left to
cool at room temperature. Finally, the cooled mixture was centrifuged and the pellet was
collected and was weighted and resuspended in deionized water to obtain a solution with
a concentration of 100 mg/ml.

2.3. AgNPs characterization
2.3.1. Optical characterization of AgNPs

The absorbance of synthesized AgNPs was assayed as mentioned by Alfarraj et al.,
(2023). The absorbance was carried out using a UV/Visible spectrophotometer (Orion-
Aguamate 8000 UV/VIS) at a wavelength range from 300 to 500nm with an interval
wavelength of 5 nm.

2.3.2. Particle size analysis of AgNPs

The synthesized AgNPs were diluted using deionized water. Then, the particle size
analysis of AgNPs was measured at the Nanotechnology and Advanced Materials Central
Lab. (NAMCL), Agriculture Research Center (ARC) using a laser particle-size analyzer
(Zeta sizer nano series- Nano ZS-ZEN3600, Malvern, UK).

2.4. Effect of AgNPs and silver nitrate on the bacterial contamination growth
2.4.1. Bacterial contamination source

Identified isolate of Bacillus subtilis which was dicussed by Lewaa et al., (2023) as a
bacterial contamination in date palm was kindly obtained from the Dept. of Central Lab's
Date Palm Pests and Diseases, Central Lab. for Date Palm, Agric. Res. Center, Giza,

Egypt.
2.4.2. AgNPs and silver nitrate versus B.subtilis

To study the effect of AgNPs and silver nitrate on B.subtilis and reach to minimum
inhibitory concentrations (MIC) that can inhibit B.subtilis growth. Three different
concentrations of each AgNPs and silver nitrate (25, 50, and 100 mg/l) were added to
flasks that containing 50 ml of nutrient broth media. Each concentration was separately
with 3 replicates to each substance and then the flasks were autoclaved. Afetr
sterilization, each concentration was inoculated with 1 ml of of B.subtilis (1x10%cfu/ml)
and incubated at 37°c/24hrs/150 rpm. After incubation, the bacterial growth was
measured on a spectrophotometer (Orion-Aguamate 8000 UV/VIS) at ODggo. This test
was carried out according to Dove et al., (2023).

2.5. Effect of AgNPs and silver nitrate on the growth of somatic embryos.

In the germination stage, clusters of somatic embryos (3-4 embryos) were used as explant
materials. The explants were cultured in jars containing 20 ml of MS media with added
AgNPs (with concentrations 25, 50, and 100 mg/l) and another MS media with added
silver nitrate (with concentrations 25, 50, and 100 mg/l). The treated jars were incubated
in a controlled growth chamber at 27+2°C. Clusters were cultured for three subcultures
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(one-month intervals). Finally, the growth and development of somatic embryos from the
germination and multiplication stages were noticed and recorded.

2.6. Biochemical changes and genetic stability on treated explants
2.6.1. Biochemical changes

Three replicas of each treatment were used to assess the biochemical change. To 1gm of
each treatment sample, ten milliliters of 80% ethanol were applied. Using a pestle and
mortar, each sample was homogenized, and it was then stored in the dark at 4°C for 24
hours. The sample was then centrifuged at 13000xg/5min, and the supernatant was
moved to the test for total amino acids, total phenol, total indols, antioxidants, flavonoids,
indol acetic acid (IAA), and gibberellins (GA3).

2.6.1.1. Total phenol

As mentioned by Ainsworth and Gillespie (2007) and modified by Patel et al., (2010), the
total phenol contents were estimated as follows: One ml of the previously extracted
sample was put into a tube and 5 ml of dH20 and about 500ul of Folin-Ciocalteu reagent
(F-C) were added and the mixture was vortexed for 5min. Then, 1.5 ml of sodium
carbonate (20%) was added and the total volume was completed up to 10 ml. In the dark
room, the tubes were incubated at room temperature for 2 hrs. Finally, the results were
recorded using wavelength 765 nm on a spectrophotometer (Orion AquaMate 8000).

2.6.1.2. Total indol

The following method of estimating the total indol contents was used as mentioned by
Selim et al. (1978): After transferring one milliliter of the aliquot sample to a tube, 4
milliliters of para di-amino benzoate (PDAB) were added. The tubes were then incubated
at 37°C for one hour. Samples were read at 530 nm using the Orion AgquaMate 8000
spectrophotometer.

2.6.1.3. Total amino acids

According to Mc. Grath (1972), after adding one milliliter of the extracted sample and
four milliliters of deionized water to fill the remaining space, one milliliter of ninhydrin
was added as a reagent. At 100°C for 15 minutes, the tubes were covered and placed in
the water. Following a submersion of the tubes in cooled water, 1 milliliter of 50%
ethanol was added. At last, samples were red on the Orion AquaMate 8000
spectrophotometer at wavelength 570 nm.

2.6.1.4. Gibberellins (GA3)
2.6.1.4.1. Gibberellins extraction

Gibberellins were extracted as mentioned by Sayed et al., (2019) as following: The pH of
the obtained filtrate was adjusted to 2.8 using HCI (1N) and extracted using ethyl acetate
(3 times when the aqueous phase was discarded each time). The ethyl acetate phase was
collected and GA3 began ready to be assayed.
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2.6.1.4.2. Gibberellins assaying

The method of gibberellins estimation was carried out according to Udagwa and
Kinoshita (1961) as follows: About 300ul of collected ethyl acetate phase was mixed
well with 1ml of HCI (10N) in a test tube and 1ml of Folin- Ciocalteau reagent was added
followed by 3ml H,O and the mixture was vortexed well. After being submerged in a
bath of boiling water for five minutes, the test tubes were allowed to cool to room
temperature. Finally, samples were red at wavelength 750 nm on the spectrophotometer
(Orion AguaMate 8000).

2.6.1.5. Antioxidant activity

The activity of antioxidants in extracted samples was evaluated using 2,
2’diphenylpicrylhydrazyl (DPPH). The activity of antioxidants was estimated according
to Burits and Bucar (2000) as follows:

One ml of the extracted sample was added to the test tube with 1 ml of 0.004% (w/v) of
DPPH (dissolved in 95% methanol) and the mixture was incubated for 30 min at room
temperature. After that, samples were red on the Orion AgquaMate 8000
spectrophotometer at 517nm and compared to DPPH (as blank) using quercetin as a
positive control. The percentage activity of antioxidants (%l) was calculated according to
the formula:

1% = (Ablank - Asample I Aplank) X 100

While 1%: The antioxidant activity as a percentage
Apiank: the positive control's absorbance
Asample: the tested sample's absorbance

2.6.1.6. Total flavonoids

Total flavonoids were estimated according to Christel et al., (2000) as follows: One ml of
extracted sample was added to the test tube with 1 ml of 2% aluminum chloride
(dissolved in methanol) and 0.2 ml of 1M of potassium acetate. After 30 min of
incubation at room temperature, the mixture was red on Orion AquaMate 8000
spectrophotometer at 430nm.

2.6.1.7. Indol acetic acid (I1AA)

Estimation of indol acetic acid (IAA) was performed as described by Glickmann and
Dessaux (1995) as follows: One ml of extracted sample was mixed with 1 ml of
salkowski reagent (12 g/l of Fecls, 7.9M H,SO,) in a test tube and the mixture was
incubated in darkness for 30min. At wavelength 530nm on Orion AguaMate 8000
spectrophotometer, the mixture was red to estimate I1AA.

2.6.2. Genetic stability

The treated explants in the multiplication stage with AgNPs and silver nitrate were tested
for stability on the level of genetics by using fingerprinting for the treated samples
compared with control using inter simple sequence repeat (ISSR)-PCR.
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2.6.2.1. DNA extraction

Plant tissue's DNA was extracted according to Arif et al., (2010) as follows: One hundred
milligrams of plant tissue was grounded in mortar with 500pl of lysis buffer (100ml/pH
8.0 containing 0.4g Na2EDTA, 1.21g tris-base, 8.12g NaCl, 2.0g CTAB, and 2.0g PVP).
In a 1.5 ml Eppendorf tube, the grounded tissue was transferred and kept in a water-bath
at 60°c/ 30min. After that, samples were centrifuged at 9500xg/5min and the supernatant
was transferred to a new Eppendorf. An equal volume of mixture chloroform: isoamyl-
alcohol (24:1) was added to the transferred supernatant and vortexed well and the
samples were centrifuged at 9500xg/5min. The aqueous phase was transferred to new
Eppendorf and 10% of the transferred volume was added from 3M of potassium acetate
and 500pl of cool isopropanol was added and mixed gently and the samples were
centrifuged at 11500xg/10min. The supernatant was discarded and 500pl of cool ethanol
was added and samples were centrifuged at 7000xg/5min. The pellet was resuspended in
100ul of sterilized dH20 and kept at 4°C until use.

2.6.2.2. Fingerprinting assays

Fingerprinting for the treated plant's DNA was carried out using ISSR primers (10
primers) as shown in table (1). The PCR reaction (25ul) containing 2 pl of DNA (~250-
400ng), 2 pl of each primer (10 p.mol), 12.5ul of TagMan (OmniPCR, BIO-HELIX), and
6.5ul of dH,0. The program of PCR amplification was carried out using MJ-Research
thermo-cycler (PTC-200) was 94°/5min, 35 cycles consisting of 94°c/45sec,
50.5°c/45sec, and 72°c/90 s., and 72 °C/7min. Electrophoresis was carried out using
agarose (1.2%) and the samples were electrophoresed at 120V/30min and using ethidium
bromide stain (1mg/ml) to stain the gel.

2.6.2.3. Analysis of data

Amplified fragments of ISSR-PCR were scored as present (1) or absent (0) and only clear
fragments were scored. Using Past program (version 4.03), a matrix of similarity using
Jaccard’s coefficient was used to analyze the obtained data.

Table (1): List of ISSR primer sequences used in PCR

No. Name of Sequence 5'-3'
primer
1 ISSR-1 AGAGAGAGAGAGAGAGYC
2 ISSR-2 AGAGAGAGAGAGAGAGYG
3 ISSR-3 ACACACACACACACACYT
4 ISSR-4 ACACACACACACACACYG
5 ISSR-5 GTGTGTGTGTGTGTGTYG Abouseada et al.,
6 ISSR-6 CGCGATAGATAGATAGATA (2023)
7 ISSR-7 GACGATAGATAGATAGATA
8 ISSR-8 AGACAGACAGACAGACGC
9 ISSR-9 GATAGATAGATAGATAGC
10 ISSR-10 GACAGACAGACAGACAAT
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2.7. Statistical analysis of data

All collected data were statistically examined utilizing SPSS version 23 and one method
of analysis of variance (ANOVA), following Snedecor and Cochran (1980).

Results

Spectroscopy characterization

UV/Visible spectrophotometer was used to record the absorbance spectrum for
synthesized AgNPs at wavelength range from 300 to 500nm with interval wavelength
5nm and determination of the peak. The obtained results as shown in fig (1) showed that
the maximum absorbance at 405nm.
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Fig. (1): Absorbance spectrum of synthesized AgNPs

Particle size analysis

The size of AgNPs was measured using particle zeta sizer analysis using deionized water
as a dispersant with a refractive index: of 1.330 and with viscosity: of 0.8872cP. From the
results of zeta sizer analysis as shown in Fig (2), the average of synthesized AgNPs
diameter was 43.82nm.
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Fig. (2): Particle size analysis of AgNPs
Effect of AgNPs and silver nitrate on bacterial growth

The effectiveness of AgNPs and silver nitrate (with different concentrations) in reducing
the bacterial growth (B.subtilis) as a contaminant bacterium was evaluated by inoculation
of B.subtilis inoculum in nutrient broth medium supplemented with several
concentrations and after 24 hrs from incubation at 37°c, the bacterial growth mass was
evaluated at ODgy on a spectrophotometer. MIC was recognized as the lowest
concentration which inhibited the bacterial growth and measured by <0.1 at ODggo The
result as shown in Fig (3) mentioned that each increase in AgNPs and silver nitrate
concentration corresponds to a decrease in bacterial growth until reaching a concentration
of 100 mg/l of AgNPs which is considered the MIC of bacterial growth because it gave
the lowest concentration of bacterial growth (ODggo< 0.1).

0.7 Bacterial growth

0.4
0.3
0.2
: =

Control AgNPs AgNPs AgNPs AgNO3 AgNO3 AgNO3
(25) (50) (100) (25) (50) (100)

Absorbance of bacterial growth

Fig (3): Effect of AgNPs and silver nitrate on bacterial growth
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Effect of AgNPs and silver nitrate on the germination stage

Growth of embryos and shoots (after 3 subcultures) from the germination stage on MS
media which was treated with different concentrations of AgNPs and silver nitrate (25,
50, and 100mg/I) was noticed and illustrated in Fig (4). Results as shown in table (2) and
in fig (5) referred to the treatments with different concentrations of AgNPs were better
than the treatments with different concentrations of silver nitrate. In addition to that,
50mg/l of AgNPs was more significant on the number and growth of embryos and shoot
formation compared with all treatments.

Fig. (4): Effects of different concentrations of AgNPs and silver nitrate on germination Stage
A) Control, B) AgNPs (25 mg/l), C) AgNPs (50 mg/l), D) AgNPs (100 mg/l), E) AgNO3 (25
mg/l), F) AgNO3 (50 mg/l), G) AgNO3 (100 mg/l)

Table (2): Effect of AgNPs and silver nitrate concentrations on the number of embryos
and shoots during the germination stage.

Treatment No. of embryos No. of shoots

Control 14.67° 2.33°
AgNPs (25) 10.3® 21°

AgNPs (50) 26° 13.33°
AgNPs (100) 14,67 7.67°
AgNO; 25) 5 3.67°
AgNO; 50) 3 433"
AgNO;100) 2.67° 2.33°
P-value 0.01 0.01

LSD 54 2.1
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Fig (5): Effect of AgNPs and silver nitrate concentrations A) on embryo number
B) on shoot number

Biochemical changes

Some of the biochemical (total phenol, total indol, total amino acid, gibberellins, anti-
oxidants, total flavonoids, and indol acetic acid) in the treated explants with different
concentrations with AgNPs and silver nitrate were assayed and recorded in Table (3) and
illustrated in Fig (6). Data showed that there is significant diversity in total phenol in all
treatments excepting the treated explants with a concentration of AgNPs 50 and 100 mg/I
and also the concentration of AgNO3 50 and 100 mg/l and there was the high
concentration of total phenol when the low concentration was in control data showed
there is no significant between each both treatments. Total indol was estimated in all
treatments. The results showed significant differences between the treatments but there
was non-significant between the treatment of 50mg/l of AgNPs and control and also
between AgNO; with concentration 25 and AgNPs 50, and 100 mg/l and the high level of
total indol was in the treatment of AgNO; with concentration 100mg/l and the low level
was in the control sample and treatment of AgNPs 50mg/l. Estimation of total amino acid
was carried out. Data showed that the low concentration of amino acid was in AgNO3;
with 25mg/Il and the high concentration was in control and AgNO3z 100mg/l. While data
showed that there is no significant between AgNPs 25 and 50mg/l and between AgNPs
50 and 100mg/l. The obtained data referred to the level of gibberellins (GA3) was
different in all treatments and the high level was in AgNPs 100mg/I and the low level was
in 50 mg/l of AgNO3. Anti-oxidants in the treatments were evaluated. Results showed
that there was no significant between control and AgNO3; 50 and 100 mg/l while there
was a significant between all treatments except AgNPs 25mg/l, and AgNO3 25mg/l. The
high level of anti-oxidants was in AgNPs 25mg/l, and AgNO3; 25mg/l (91.1%) and the
low level was in AgNPs 100mg/l (66.83%). Total flavonoids were determined and the
results showed that there is no significant between all concentrations of AgNPs and
AgNO;, Data showed that the high level of total indol acetic acid (IAA) was in AgNO3
50 and 100mg/l (0.0092 mg/g) and the low level was in control, AgNPs 25mg/l, and
AgNO; 25mg/I (0.0029mg/qg).
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Table (3): Biochemical changes on treated explants.

Total Total To_tal Anti- Total I ndc_>|
. amino GA3 . . acetic
Treatments | phenol indol : oxidants | flavonoids .
ma/ ma/ acid mg/g o ma acid
Control 15.08° | 0.01° 0.34° 24.54° 83.17° 1.3° 0.0029°
AgNPs (25) | 47.82° | 0.05° 0.09% 21.23° 91.17¢ 1.78° 0.0029°
AgNPs (50) 28.46° | 0.02% 0.19" 23.73° 68.67" 1.24° 0.0071°
AgNPs (100) | 30.12° | 0.03° 0.28“ 29.17° 66.83" 1.29° 0.0071°
AgNO; (25) 18.06° | 0.03" 0.03° 19.61™ 91.17° 0.99° 0.0029°
AgNO; (50) 53.35° | 0.06° 0.17" 13.36° 84.25° 1.26° 0.0092°
AgNO;(100) | 52.80° | 0.09° 0.39° 19.11° 83° 1.9° 0.0092°
P-value 0.001 | 0.001 0.001 0.001 0.001 0.001 0.001
LSD 2.15 0.012 0.11 3.1 2.15 0.96 0.0016
60 Total phenol -
50 it Total Indol z'i Total amino acid
po .
e s 0.06 20 0.3
0.02 0.1
dl J ; :
o \ Q 060\ 906;\ 9\"@ be\ ’b&\ %@Q\ QQQ\ i 6’\
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2 80 e
218 2 % B
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0.01 Indol acetic acid
0.008
=0 0.006
= 0.004
0.002

0
Control AgNPs AgNPs AgNPs AgNO3 AgNO3 AgNO3
(25) (50) (100) (25) (50) (100)

Fig (6): Biochemical changes on treated explants
Genetic stability

Genetic stability on the treated samples with several concentrations of AgNPs and silver
nitrate was carried out using ISSR-PCR using 10 ISSR primers and the result of PCR
fragments on electrophoresed gel for each primer was recorded and the similarity and
distance indices were calculated. From the obtained results of the ISSR-PCR test, as
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presented in Fig (7), there was no change in the results of the fragments formed in the
PCR gel, and therefore the similarity result was stable at 100% in all treated samples.

Fig. (7): Gel profile for treated samples with several concentrations of AgNPs and silver nitrate
using ISSR-PCR technique using ISSR-4 primer in (A) and ISSR-7 (B). M: Marker (1Kb), C:
control sample, 1: AgNPs (25mg/l), 2: AgNPs (50mg/l), 3: AgNPs (100mg/l), 4: AgNO;
(25mg/l), 5: AgNO; (50mg/l), and 6: AgNO; (100mg/l)

Discussion

Many methods were documented to prepare silver nanoparticles like chemical and
physical methods. The chemical method depends on reducing agents such as sodium
citrate, hydrazine hydrate, and sodium hydroxide. In this study silver nanoparticles
(AgNPs) were prepared using sodium citrate. The prepared solution of AgNPs was
stopped based on the color of the solution (light yellowish). Each nanoparticles metals get
several colors based on the type, shape, and size of synthesized nanoparticles. In the case
of silver nanoparticles, the color reflected from AgNPs formed was light yellowish and
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stopped before it turned yellow to brown to get the shape, and size of AgNPs in tiny
range. This preparation method agreement with Zhang et al., (2011) and Tessema et al.,
(2023) absorption and size of AgNPs from exposure to wavelength in the range 300 to
500nm with interval wavelength 5nm measured by nano-sizer were carried out. The
results observed that the maximum absorbance to the synthesized AgNPs was 405nm and
the size of the particles was 43.8nm. In this case, the peak’s range which formed from the
absorbance to AgNPs had to lie between 400-420nm depending on the size, purity, and
concentration of AgNPs (Christopher et al., 2011). Particle radius in theoretical
calculations ranged from 5 nm to 100 nm based on the preparation method and purity. As
described by Guzman et al., (2009), AgNPs was prepared using hydrazine hydrate as a
reducing agent and the maximum absorption band was at 418nm and the range of particle
size was between 8-50nm. Also, Kumar et al., (2017) reported that the absorption peak for
AgNPs was at 411 nm with a size of 20 £ 2 nm Alfarraj et al., (2023) noted that
absorption' maximum of synthesis AgNPs was at 415nm and the size of AgNPs was in
range 21-26nm. On the other hand, Sileikaite et al., (2006) referred to the absorption's
peak of synthesized AgNPs that was at 445nm while the particle size of AgNPs was about
240-400nm. Minimum inhibitory concentrations (MIC) of AgNPs and silver nitrate for
B.subtilis as contamination bacteria were evaluated by incubation of the nutrient broth
supplemented with several concentrations of AgNPs and silver nitrate (25, 50, and
100mg/l) and inoculated with B.subtilis (1x10%cfu). The culture was measured at ODggo
and the results which get < 0.1 consider MIC. From the obtained results, AgNPs with a
concentration of 100 mg/l get 0.1 at ODggo. Kumar et al., (2017) referred to MIC of
synthesized AgNPS against staphylococcus aureus (MRSA), E.coli, pseudomonas
aeruginosa, and klebsiella pneumoniae was estimated and found that a concentration of
10ml/I from AgNPs consider MIC for all previous bacteria. Dove et al. (2023) mentioned
that MIC of AgNPs was estimated for E.coli and the results showed that MIC was 3ul/l.
Also Alfarraj et al., (2023) mentioned that AgNPs was used as an antibacterial agent for
Bacillus pumilus as a contaminant bacterium in tissue culture of rumex nervosus plants.
Results showed that a concentration of 40mg/l of AgNPs was MIC for the contaminant
bacterium. Synthesized AgNPs and silver nitrate were used as supplements in MS media
for date palm explants in the germination stage with several concentrations (25, 50, and
100 mg/l). After 3 subcultures (with 1-month intervals) the number of embryos and shoot
formation was observed and the results showed that the concentration of 50 mg/l of
AgNPs was significantly increased in embryos and shoots. Alfarraj et al., (2023)
represented that 40mg/l of AgNPs was the best concentration for rumex nervosus plants in
tissue culture. Genetic stability of treated explants with several concentrations from
AgNPs and silver nitrate (25, 50, and 100mg/l) was assayed using ISSR-PCR technique
using 10 inter simple sequence repeat (ISSR) primers. From the obtained results, the
genetics of treated explants didn't change compared with the control explant. In agreement
with Al-Mayahi, (2022), the genetic stability of date palm explants (cv. Barhee) were
assayed after treating the explants with the combination of chitosan and thidiazuron.
Genetic stability was assayed using random amplified polymorphic DNA (RAPD) using
RAPD-PCR and the results referred to the genetic stability of explants didn't change
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compared with control. Also Arafa et al., (2023a) mentioned that iron nanoparticles
(FeNPs) was used with different concentrations (0.5, 1, 2, 4 mg/l) to enhance the growth
of explants of date palm (cv Bartmoda) in tissue culture technique and the genetic stability
of treated explants was assayed by using 7 RAPD primers. RAPD-PCR technique was
used and the results represented that the genetic stability of explants didn't change
comparing with control. Arafa et al., (2023b) tested the genetic stability of an explant of
date palm (cv. Zaghloul) that was produced from tissue culture and compared with the
mother plant using ISSR-PCR technique. Results showed that there are no differences in
similarity between explants and mother plants.

Conclusion

In conclusion, the study demonstrated that silver nanoparticles (AgNPs) and silver nitrate
(AgNO3) effectively enhance the tissue culture efficiency of date palm (Phoenix
dactylifera L.) by controlling microbial contamination and promoting growth. AgNPs at
50 mg/L significantly improved embryo and shoot formation, while higher concentrations
of AgNO3 elevated phenolic and IAA levels. Additionally, treatments did not induce
genetic alterations, indicating the safety of these agents for improving tissue culture
practices. These findings suggest that AgNPs and AgNO3 can be valuable tools in the
propagation of date palms, contributing to better crop production in challenging
environments.
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