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ABSTRACT

In this study, we evaluated the role of salicylic acid in diminishing fungal contamination in in vitro
cultures of date palm and the effect of salicylic acid on the regeneration of somatic embryos from callus
formed on shoot tips. The most prevalent fungi were Alternaria alternata (37%), Fusarium solani (25%),
Aspergillus fumigatus (18%), and Penicillium expansum (6%). Salicylic acid limited and at higher concen-
trations retarded mycelial growth using potato dextrose agar. Salicylic acid at concentrations of 1.5 and
2.0 mM added to MS medium with 2iP and NAA significantly increased the embryogenesis rate of calli
explants to 64.9% and 56.7%, respectively, compared with the control (12.3%). Salicylic acid also increased
plantlet development from embryos by about 27% compared with the control. Salicylic acid caused better
shoot and root growth and increased chlorophyll content. The results showed that the addition of salicylic
acid at 1.5 mM to the MS medium resulted in a significant increase in the concentrations of IAA and ABA,
as well as a decrease in the concentration of IBA in leaves.
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INTRODUCTION

Microbial contamination of date palm cultures

can occur at any stage of the in vitro culture process.

It may be derived from endogenous tissues of the
initial explants or introduced during processing
(Al-Mussawii 2010). Fungal contamination accounts
for 3—15% of in vitro losses. A previous study by
Jassim et al. (2021) identified the most common
fungal contaminants in in vitro date palm culture as
Alternaria alternate 45%., Fusarium spp. (32%), As-
pergillus spp. (17%), and Penicillium spp. (6%).
Salicylic acid (SA) is a phenol that affects fruit
ripening, senescence, growth, and quality. It also
activates the body’s defense system against local
and systemic infections (Chen et al. 2020). Studies
have shown that applying SA can improve shoot
and root development of treated plants. According
to Sanaa et al. (2001), SA promotes cell division,
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metabolism of natural hormones IAA, GAs3, and cy-
tokinins, absorption of nutrients and water, photo-
synthesis, production of plant pigments, and uptake
of most organic nutrients. The process by which SA
promotes growth may also be linked to variations in
other growth hormone levels. According to Santner
et al. (2009), SA can increase cell metabolism, re-
duce lipid oxidation, eliminate excess reactive oxy-
gen species from cells, strengthen the plant’s anti-
oxidant defense, and ultimately reduce the effects of
salt stress. These findings highlight the increasing
role of SA in phytotoxicology (Guo et al. 2019).
SA is crucial in activating plant disease re-
sistance mechanisms, such as systemic acquired
resistance (Ding et al. 2018). A study by Al-Ma-
yahi (2016) showed that the applying 50 mg-L"!
SA to date palms grown in vitro led to increased
shoot growth and the chlorophyll content enhanced
the activity of antioxidant enzymes SOD and APX.
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In a study by Suhaib et al. (2018), it was discovered
that under normal conditions, the application of SA
at concentrations of 0.25 mM and 0.50 mM resulted
in increased chlorophyll content compared to the
control group. Additionally, these concentrations
boosted root length by 49.5% and 42.9%, and shoot
length by 15.8% and 12.5%, respectively, compared
to the control. These results are consistent with
those of Jazi et al. (2011) who found that the plant
developed more shoots when Brassica napus was
exposed to SA under heavy metal stress. Turkyilmaz
(2012) discovered that applying SA in wheat plants
increased the shoot length.

SA has been identified as regulating several el-
ements of leaf physiology. It can control the quan-
tity of photosynthetic pigment, alter the activity of
carbon-absorbing photosynthetic enzymes, increase
the efficiency of the photosynthetic mechanism, and
regulate stomatal activity. Similar results were ob-
tained by Amin et al. (2008) when they sprayed
100 mg-L!' SA on the leaves of wheat plants (7rifi-
cum aestivum L.), improving growth parameters,
photosynthetic pigment content, and productivity.
In addition, SA was shown to increase the propor-
tion of total carbohydrates in wheat grains com-
pared to control plants. SA has also been shown to
have favorable effects on cowpea plants, including
an increase in the number of productive tillers per
plant, as well as improvements in plant height,
productivity, and photosynthetic pigment content
(El-Taher et al. 2022).

Several investigations have shown that SA has
an effect on microorganisms. It activates plant dis-
ease resistance mechanisms such as pattern-trig-
gered immunity, effector-triggered immunity, and
systemic acquired resistance (Ding et al. 2018; Ra-
have shown that SA demonstrates antifungal activ-
ity against Fusarium oxysporum and Penicillium ex-
pansum, preventing hyphal development and spore
germination (Wu et al. 2008; da Rocha Neto et al.
2015). According to Zamani et al. (2019), SA at
a dose of 4 mM inhibited conidia germination and
mycelium growth of the fungus Zymoseptoria tritici

when added to yeast malt dextrose agar. According
to Klessig et al. (2016), SA primarily activates aden-
osine monophosphate-protein kinase, a crucial reg-
ulator of cell development and metabolism. De
Vleesschauwer et al. (2013) state that plant hor-
mones are crucial for regulating plant growth and
development and prolonging plant life. These hor-
mones are essential for transmitting signaling path-
ways and facilitating cross-talk, which is necessary for
many biological processes. It also controls physiolog-
ical and biochemical processes throughout a plant’s
life cycle, particularly in response to biotic and abiotic
stress (Karuppaiah et al. 2003).

In this study, the effect of SA on the initiation
of in vitro culture of ‘Barhi’ date palm from shoot
tips derived from offshoots was investigated. The
scope of the study included fungal contamination,
embryogenesis, shoot development, and chlorophyll
content, as well as IAA, ABA, and IBA in leaves.

MATERIALS AND METHODS

Establishment of in vitro cultures

The study began by selecting healthy-looking
young offshoots from the mother date palm trees.
Offshoots 50—70 cm long, 3—4-year-old and weigh-
ing 4-8 kg, were detached from the mother trees and
transferred to the laboratory. Adventitious roots, fi-
brous sheath, and leaves were removed to reveal the
shoot tips. Explants were sterilized with 70% etha-
nol for 1 minute and 2.5% sodium hypochlorite for
20 minutes and then rinsed three times with sterile
distilled water. Apical buds (8—12 mm long) were
sectioned longitudinally into four parts. Explants
were transferred to MS basal medium (Murashige &
Skoog 1962) supplemented with 3 mg-L! 6-(y,y-di-
methylallylamino)purine (2iP), 30 mg L™ naphthy-
lacetic acid (NAA), 1.5 gL' activated charcoal
(AC) and solidified with agar-agar at 7.0 gL', SA
was added to the MS medium at four concentrations
(1.0, 1.5, 2.0, and 2.5 mM). Explants were kept in
complete darkness at 27 + 2 °C. They were trans-
ferred to fresh media of the same composition every
6 weeks until callus was initiated (two subcultures).
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Callus was excised and cultured on MS basal
medium as above, except for AC (0.5 m-L"). Cul-
tures were maintained at 25 +2 °C with cabinet
lighting of 1500-2000 1x, cool-white fluorescent
lamps, and a photoperiod of 16 h light/8 h dark.

The results of the experiments were evaluated
12 weeks after callus separation on MS medium sup-
plemented with SA concentrations (0.0, 1.0, 1.5, and
2.0 mM). There were twelve replicates of each treat-
ment and three calli per jar. We looked at the percent-
age of embryogenic callus and shoot growth. The
percentage of fungal contamination and callus
browning was also monitored. The percentage of
calli transformed into shoots, the number of prolifer-
ated shoots, and the length of shoots and roots were
also assessed. Finally, total chlorophyll content in
leaves was estimated according to Barnes et al.

(1992) as well as the contents of TAA, IBA, and ABA.

Samples of 1 gram of new fresh bulk of leaves
were homogenized and ground in liquid nitrogen.
Extraction was then carried out using 30 mL of 80%
cold methanol in the dark at 4 °C. The concentrate
was centrifuged at 5,000 rpm for 15 minutes at4 °C,
and the supernatant was collected in a microcentri-
fuge tube. The residue was resuspended in 15 mL of
extraction solvent and centrifuged, and the superna-
tant was combined with the microcentrifuge tube.
The methanol was separated and combined with
10 ml of methanol in a rotary evaporator. Abscisic
acid (ABA) was measured against a standard refer-
ence of ABA (Kamboj et al. 1999). The liquid chro-
matography method of Kelen et al. (2004) with the
Shimadzu HPLC/UHPLC/SFC system (Japan) was
used to measure indoleacetic acid (IAA) and indole-
butyric acid (IBA). The mobile phase for separation
was acetonitrile-water containing 30 mM phos-
phoric acid, pH 4.0, with a flow rate of 0.8 uL min™'.
Each extraction involved three separate injections.
The concentration of sample solutions were de-
tected at wavelengths of 208 nm, 265 nm, and
280 nm for TAA, ABA, and IBA, respectively.
Isolation and identification of fungi from con-
taminated cultures
Fungi in culture tubes were isolated using potato
dextrose agar (PDA) medium. After 4-7 days of
incubation, single-spore cultures were used to purify

fungal isolates and transfer them to new medium.
The fungi were then classified based on their mor-
phological properties, including colony morphol-
ogy, color, conidia, conidiophore and chlamydo-
spore formation. These characteristics were ob-
served under a light microscope after staining with
methylene blue dissolved in lactophenol (Olympus
CX21, Japan) (Barnett & Hunter 1972; Domsch et
al. 1993). The frequency of fungal contamination
was calculated in percentages.

Molecular identification was performed ac-
cording to Jassim and Ahmed (2024). Nucleotide
sequences were aligned and compared with se-
quences of fungal isolates available in the NCBI da-
tabase using the basic local alignment search tool
(BLAST). Phylogenetic analysis of all fungal nucle-
otide sequences was conducted using MEGA 6.
Effect of salicylic acid on isolated fungi
To 20 ml of potato dextrose agar (PDA) medium, 1.0,
1.5, 2.0, and 2.5 mM SA was added and poured into
each Petri dish (9 cm). Five-mm disks of 5-day-old
cultures of each test fungus were taken from the
edges of the fungal contamination plates, placed in
the center of the Petri dishes, and incubated at
28 +£2 °C. PDA medium without SA served as con-
trol. For each treatment, five replicates were evalu-
ated. Observations were recorded every 12 hours and
after the completion of growth of the mycelium col-
onies in the control (9 cm). The diameter of the my-
celium growth colony for each fungus was measured
in millimeters. The percentage of growth inhibition
(GI) was calculated using the following formula: GI
(%) = (dc — dt/dc) x 100; where dc is the growth rate
of mycelium colonies in the control and dt is the
growth rate of mycelium colonies in the SA concen-
tration treatments (Singh & Tripathi 1999).
Statistical analysis
Data were statistically analyzed using analysis of
variance (ANOVA). Statistically significant differ-
ences between treatments were detected using the
least significant difference (LSD) method and
a p value of 0.05. Statistical analysis was conducted
using the SPSS software package.
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RESULTS

Isolation and molecular identification of fungi
from contaminated cultures

The most frequently isolated fungi in the initial in
vitro cultures of date palm were Alternaria alternata
— constituting approximately 37%, followed by
Fusarium solani — 25%, Aspergillus fumigatus —
18%, and Penicillium expansum — approximately
6%. The genetic similarity between our fungi and
reference isolates from the NCBI database was
99.5% for A. alternata, 99% for F. solani, 99% for
A. fumigatus, and 100% for P. expansum.

The effect of salicylic acid on mycelium growth
The addition of SA to potato dextrose agar (PDA)
media at concentrations of 1.0, 1.5, 2.0, and 2.5 mM
decreased the mycelial growth of all fungi depend-
ing on the SA concentration. At concentrations of
1.5, 2.0, and 2.5 mM the growth of all fungal colo-
nies was reduced by 100%, and after adding 1 mM
SA to the PDA medium the growth of fungal colo-
nies was reduced by 57.5% compared to the control
without SA (Fig. 1).

Effect of salicylic acid on date palm explants

SA at concentrations ranging from 1.0 mM to
2.5 mM affected somatic embryogenesis formed on
callus (Table 1). Media with 1-2 mM SA added re-
acted at a higher percentage (38.6-64.9% compared
to 12% in the control). The highest percentage of re-
generation (65 and 56) and developed shoots (20

and 18 per jar) were observed on media containing
1.5 mM and 2.0 mM SA (Fig. 2A). At a concentra-
tion of 2.5 mM SA, regeneration was delayed, callus
did not develop and perished. After three months,
the average length of the longest shoots on 1.5 mM
and 2.0 mM SA media was 11.1 and 9.5 cm, respec-
tively, and the length of the roots was 7.7 and 5.9 c¢m,
respectively, while on the control medium these val-
ues were 6.3 and 3.3 cm, respectively (Fig. 2B).

The highest concentration of total chlorophyll
was detected in leaves obtained on media supple-
mented with 1.5 and 2.0 mM SA. The mean values
ranged from 6.2 to 6.3 mg-g’ fresh weight (FW),
while on the medium without SA addition (control)
this value was 4.8 mg-g! FW (Table 2).

On media without SA, 18.3% of cultures were
contaminated, whereas on media with 1 mM this was
6.2% and at 1.5 and 2.0 mM there was no contami-
nation. Callus browning reactions were observed on
the control medium — 14.7%, on the medium with 1.0
mM - 6.9%, and on the medium with 1.5 and 2.0 mM
—2.6% and 2.8%, respectively (Table 3).

The addition of SA to MS medium signifi-
cantly affected the levels of plant hormones. The
IAA content in leaves grown on SA medium in-
creased by 29-50% compared with the control.
ABA content was 44—82% higher after SA addition,
while IBA concentration decreased in media with
SA by 40-62% compared with the control (Table 4).

Figure 1. Effect of salicylic acid added to PDA medium on the growth of mycelia of Aspergillus fumigatus, Fusarium solani, and

Alternaria alternata
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Control 1mMSA 1.5 mM SA 2.0 mM SA

Control 1 mM SA 1.5 mM SA 2.0 mM SA

Figure 2. Effect of salicylic acid on shoot regeneration (A), shoot and root elongation (B) compared with the control (no SA added)

Table 1. Effect of salicylic acid supplemented to MS medium on the percentage of somatic embryogenesis and the
number of shoots regenerated from embryos

Salicylic acid (mM) Percentage of somatic embryogenesis Average number of shoots per jar
0.0 12.3¢+0.050 15.9b +0.04
1.0 38.6b +0.020 19.2b £ 0.04
1.5 64.9a+0.077 20.4a+0.031
2.0 56.7a+0.070 18.5a+0.03
2.5 0.9d +£0.00 3.0c £0.00
LSD 8.55 1.07

Note: Values followed with the same letters do not differ significantly from each other at p=0.05; LSD — least significant difference

Table 2. Effect of salicylic acid supplemented to MS medium on shoot and root length

Salicylic acid Length of longest roots Length of longest shoots Total chlorophyll content in leaves
(mM) (cm) (em) (mg'g' FW)
0.0 3.3b+£0.030 6.3b +0.020 4.75¢ +£0.025
1.0 6.6a+0.037 7.8b +0.064 5.44b £ 0.040
1.5 7.7a+0.062 11.1a+0.200 6.27a +0.020
2.0 6.0a+0.034 9.5ab+0.125 6.17a +0.037
LSD 0.05 2.30 29

Note: see Table 1
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Table 3. Effect of salicylic acid supplemented to MS medium on percentage of fungal contamination and callus

browning

Salicylic acid (mM)

Percentage of cultures with fungal contamination

Percentage of callus browning

0.0 18.3+£0.05 14.7b £ 0.08
1.0 6.2+0.02 6.9c +0.02
1.5 0 2.6d +0.00
2.0 0 2.8e £0.00
LSD 0.05 - 1.57

Note: see Table 1

Table. 4 Effect of salicylic acid supplemented to MS medium on the concentration of IAA, ABA, and IBA

Salicylic acid (mM) IAA ABA (pg~I§‘AFW)
0.0 0.038b +0.002 0.308d + 0.006 5.364ba =+ 0.004
1.0 0.052a + 0.003 0.562a + 0.007 3.228 +0.005
1.5 0.057aa + 0.004 0.485b +0.004 2.062d £ 0.002
2.0 0.049 £ 0.004 0.443c £ 0.0023 3.058¢ +0.006
LSD 0.05 0.015 0.023 0.140

Note: see Table 1

DISCUSSION

In our study, the most frequent fungi contami-
nating initial date palm cultures were A4. fumigatus,
F. solani, A. alternata, and P. expansum, which is
consistent with the results of other studies on differ-
ent date palm genotypes (Abass 2013).

SA significantly inhibited the growth of myce-
lium of contaminating fungi. Our study showed that
applying SA (1.5 and 2.0 mM) to MS medium elim-
inated fungal contamination. Qi et al. (2012) ob-
tained similar results when studying the effect of SA
on the fungus F. graminearum causing head blight
in wheat. Their findings revealed that SA substan-
tially affected the efficiency of conidia germination
and mycelium growth; a concentration of 4 mM was
adequate to prevent disease in susceptible and par-
tially resistant cultivars. According to Zamani et al.
(2019), exogenous administration of SA can effec-
tively stop hyphal development, spore formation,
and pathogenicity of F. oxysporum. Cowan (1999)

proposed that the toxicity of SA to microorganisms
is caused by oxidized molecules inhibiting enzyme
function, perhaps through reactions with sulfhydryl
groups. The number and location of hydroxyl
groups in the phenol group play a significant role in
their relative toxicity to pathogens. SA has an inhib-
itory effect on F. oxysporum by affecting the signal-
ing of the target of rapamycin pathway (TOR). The
TOR signaling system is essential in regulation of
cell development in several eukaryotes. However, it
is uncertain, whether this pathway plays any role in
controlling the virulence of plant pathogenic fungi
(Yuetal. 2014). According to Quiroz-Figueroa et al.
(2001), exogenous administration of SA in vitro cul-
ture increased somatic embryogenesis in Coffea
arabica.

Luo et al. (2001) found that SA stimulates or-
ganogenesis and embryogenesis by regulating cell
division, enlargement, or activating DNA replica-
tion. SA stimulates the growth and development of
shoots and roots of bean plants (Sanaa et al. 2001).
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In our experiment, except for the high concentration
of 2.5 mM, all concentrations of SA included in MS
medium greatly enhanced explant development,
number, and vegetative growth characteristics com-
pared with the control. The inhibitory effects of high
SA concentrations observed in previous investiga-
tions and the current study might be due to the toxic
effects of SA that have been described in some plant
species due to its stimulation of ROS biosynthesis
(Singh & Usha 2003; Sanzani et al. 2014).

In our experiment, SA treatments (1.0, 1.5, and
2.0 mM) enhanced the length of shoots and roots
and chlorophyll content. This beneficial effect of SA
promotes plant development, directly or indirectly.
According to a study by Alutbi et al. (2017), SA at
a concentration of 100 mg-L! significantly in-
creased the number of shoots and the length of
shoots and roots in tissue culture of Solanum tu-
berosum. Jesus et al. (2015), studying the role of
phytohormones in the response of Eucalyptus glob-
ulus plants to water deficit, used immunolocaliza-
tion techniques to visualize changes in IAA and
ABA levels after application of different SA con-
centrations (0.0, 0.75, 2.5, and 5.0 mM). The find-
ings of their study provided valuable insight into the
defense mechanisms of these plants. Multiple mech-
anisms are involved in the action of ABA as a neg-
ative regulator of signaling pathways that mediate
plant defense. Increased desiccation resistance and
inhibition of precocious germination promotes so-
matic embryogenesis and enhances the quality of
somatic embryos in vitro.

Additionally, it has been proposed that auxin
triggers a stage of plant development (Nic-Can &
Loyola-Vargas 2016). Auxin gradient formation is
essential for the initiation of somatic embryogenesis
in Eleutherococcus senticosus and the induction of
stem cell production in Arabidopsis embryonic calli
(Choi et al. 2001; Su & Zhang 2009). All these find-
ings emphasize the possibility of increasing the ef-
ficiency of somatic embryogenesis and enhancing
plant tissue culture methods.

CONCLUSION

Salicylic acid at concentrations of 1-2 mM re-
duced the mycelial growth of fungi isolated from
contaminated date palm cultures and lowered the
percentage of contaminated cultures and necrotic
calli. SA added to MS medium at concentrations of
1.0, 1.5, and 2.0 mM boosted the rate of embryo-
genic cultures, the number and length of shoots and
roots, and the chlorophyll content. These factors in-
creased ABA and IAA and decreased IBA concen-
tration in leaves. The recommended SA concentra-

tion in in vitro culture of date palm is 1.5 mM.
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