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ABSTRACT

To evaluate the effect of biological elicitors, including fungi and bacteria, on resistance to salinity stress in the date
palms. The experiment was conducted in a factorial, completely randomized design (CRD) with two factors, i.e.,
salinity with three levels (0, 150, and 300 mM) and the fungal and bacterial elicitors at five levels. The elicitors
treatments were comprised of fungal consortium (BFC), fungal elicitor at 1,000 ppm concentration (EL1), fungal
elicitor at 2,000 ppm concentration (EL2), and the bacteria (BS), Bacillus safensis, and Bacillus pumilus. The results
showed that the lowest hydrogen peroxide content (278 pmol/g) was found in the seedling treated with elicitor of
B. safensis at the zero salinity level. Catalase enzyme activity was higher in plants treated with fungal elicitor at
2,000 ppm concentration and the zero salinity level, B. safensis at the 150 mM salinity level, and fungal consortium
at the 300 mM salinity level. The hydrogen peroxide content in the plant decreased as the activity of PAL and PPO
enzymes increased. Applying an elicitor may reduce the effects of salinity stress in the date palm, but the stress level

could determine the impact of each elicitor.
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INTRODUCTION

Iran is one of the largest producers of date pal-
ms (Phoenix dactylifera), which ranks third in the
world for production after Egypt and Saudi Arabia
[FAOSTAT 2021]. Salinity stress is one of the factors
limiting the growth and yield of plants in Iran. About
50% of the country’s lands are salinin [Yousefi et al.
2020] Under salinity conditions and saline soils, high
osmotic suction reduces water absorption by plant
roots, which leads to osmotic stress, imbalance, and
ionic toxicity, as well as a lack of nutrients in plants
[Kabiria and Hogue 2019]. Salinity stress also causes
the accumulation of sodium and chlorine ions in plant
tissues in soils with high concentrations of sodium and
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chlorine, followed by the nutritional balance being lost
and their excessive absorption causing severe physio-
logical disorders. The main metabolic processes and
some cellular structures, such as biological membra-
nes, would be damaged following the salinity stress
in plants. In saline soils, the high concentration of
sodium ions by reducing the absorption of potassium
ions leads to a decrease in growth and yield and even
drying plants. There is severe competition between the
absorption of sodium and potassium [Hazzouri et al.
2020]. Soil microbial compounds play a significant
role in the growth and development of host plants un-
der biotic and abiotic stress factors. Soil fungi may be
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effective in plant growth and development [El Kinany
et al. 2022]. The flexibility of soil fungi by multiple
options is required to regulate plant growth, and the
production of plant growth-regulating substances such
as auxin [Rashid et al. 2012], cytokinin, and gibbe-
rellin are among those noticeable options [Bhore et
al. 2010]. Most of these substances prevent ethylene
production produced when faced with environmen-
tal stress conditions. Soil fungi also produce secon-
dary metabolites, directly provide food, i.e., nitrogen
and phosphate, break down waste materials resulting
from plant metabolism and convert them into usable
materials by plants such as ammonium ions, and also
transfer carbon in two directions [Indeiragandhi et al.
2008]. Among different bacteria and fungi, PGPRs
play a significant role in managing biotic and abiotic
stress factors [Kumar et al. 2020]. PGPRs are a large
group of bacterial microorganisms that live in the plant
rhizosphere and colonize the plant root system. Others
are endophytes in seeds and other plant organs. In ad-
dition to controlling pathogens, these factors increase
root growth, leaf area, chlorophyll, protein, nitrogen,
and magnesium levels. In this regard, these bacterial
factors increase the resistance to drought and salinity
stress, increase the branch weight, and delay the aging
of the leaves [Singh et al. 2022]. In a research con-
ducted by El Kinany et al. [2022] on the use of orga-
nic fertilizers and microbial agents in increasing the
growth of date palms, they found that the treatments
of compost, mycorrhiza (MycENA16), and Pantoea
agglomerans in the presence of each other are effec-
tive in stimulating the growth of date palms. Yais et
al. [2015] reported that growth-promoting bacteria in
date palms could change the level of internal ethylene
production and the IAA content, affect the absorption
of nutrients by the roots, and improve the growth and
development of date palms under salinity stress con-
ditions. Evaluation of the activities of defense enzy-
mes has shown different activity patterns of oxidase,
peroxidase, and polyphenol oxidase enzymes under
stress conditions. The enzyme phenylalanine ammo-
nia-lyase is a central component in the biosynthesis of
propanoids, and these compounds play a crucial role
in the challenges of salinity stress [Gholizadeh et al.
2010]. The current research aimed to obtain an effec-
tive elicitor in increasing the resistance and efficiency
of date palms to salinity stress.
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MATERIAL AND METHOD

Isolation of fungal and bacterial agents: preparation
of fungal consortium (bioactive)

First, soil sampling was done in Abadan County
from five different rhizosphere regions to collect fun-
gal isolates. Fungal isolates collected from soil in Dox
agar medium, containing concentrations of 0, 5, 10,
15, and 20 g/l of sodium chloride prepared by mix-
ing with the culture medium, were cultivated to iso-
late salinity-resistant fungal isolates. The isolates that
had the highest growth rate and the lowest inhibition
percentage at the highest salinity concentrations were
used as representative isolates for investigation in in
vitro studies. 500 g of pearled barley was poured into
a 500 ml Erlenmeyer flask and sterilized by autoclave
to prepare the inoculum stock. After sterilization of
pearled barley, five pieces of the desired fungus col-
ony were inserted into the Erlenmeyer flask and incu-
bated for seven days. During this time, the Erlenmeyer
flask was stirred every 24 hours to spread the fungi
evenly. After the preparation of the inoculum stock, it
was added to the soil.

Preparation of fungal elicitor

We extracted fungal elicitors from the method of
Farakya et al. [2005]. First, the selected isolates were
added to a 250 ml Erlenmeyer flask containing 50 ml
of culture medium (three g/l of malt extract, 3 g/l of
yeast extract, five g/l of peptone, and ten g/l of glu-
cose) with pH 2.6 and placed on a shaker for six days
at a speed of 200 rpm and a temperature of 25°C with
a cycle of 16 hours of light and eight hours of dark-
ness. Then, we collected the liquid phase of the culture
medium by passing through the Whatman filter paper
grade 1 and centrifuged the resulting solution at 5,000
rpm for 15 minutes. The obtained solution was divided
into two parts. The first part of the solution passing
through a 0.22 mm filter was used as a fungal elicitor.
The second part was autoclaved at a pressure of 15 psi
and 121°C for 20 minutes, and then it was considered
a fungal elicitor. The fungal body was also washed
several times with distilled water, dried in an oven at
40°C, and crushed in a mortar. Then, we dissolved ten
grams of it in 100 ml of distilled water, autoclaved at
a pressure of 15 psi and 121°C for 20 minutes, and
centrifuged at a speed of 5,000 rpm for ten minutes.

https://czasopisma.up.lublin.pl/index.php/asphc



Sadeghi, B., Abdossi, V., Zarrinnia, V., Hasanzadeh, N. (2023). Evaluation of the effect of biological elicitors on the resistance to salinity
stress in the date palm (Phoenix dactylifera L., cv. Stameran). Acta Sci. Pol. Hortorum Cultus, 22(6), 103-113. https://doi.org/10.24326/

asp.hc.2023.5048

Table 1. Fungal primer sequences

Its1

TCCGTAGGTGAACCTGCGG

Its4

TCCTCCGCTTATTGATATGC

Table 2. Sequences of general primer pair used in molecular analysis of bacteria

5’-CGGGATCCAGAGTTTGATCCTGGTCAGAACGAACGCT-3 P1

5’-CGGGATCCTACGGCTACCTTGTTACGACTTCACCCC-3’ P6

We collected the supernatant as a cell extract and used
the obtained solution as a fungal elicitor. The obtained
fungal elicitor was kept at 4°C.

Bacterial elicitor

Fresh leaf and root samples were prepared from
date palms. The samples were washed with tap water
for 20 minutes to separate the soil particles attached to
the sample’s surface. The washed samples were sur-
face sterilized with 0.5% sodium hypochlorite solu-
tion for 30 minutes. Then, they were rinsed at least
three times with sterile distilled water and then cut into
5- to 8-mm pieces. After being pressed with sterile for-
ceps, these pieces were transferred to tubes containing
nutrient agar (NA) culture medium and incubated for
two to three days. Selected bacterial strains were pu-
rified and kept in slanted agar tubes for further studies
[Yaish et al. 2015, Rashid et al. 2012].

The selected bacteria were cultured on NA medium
containing different levels of salinity, i.e., 1, 2, 3, 4, 5,
6,7,8,9,and 10 mg of NaCl/100 ml culture medium.
The Petri plates were placed in the incubator at 37°C.
The growth rate of bacteria was investigated. Also, the
suspension of the mentioned bacteria was prepared
at a concentration of 106 cfu/ml, and the roots of the
seedlings were placed inside them for some time, and
then they were cultivated.

Salinity stress (greenhouse experiment)

Palm seedlings (cv. Stameran), which were pre-
pared by tissue culture method at six leafs stage, were
used to examine the activity of bio-elicitors to reduce
the salinity stress. The greenhouse experiment was
conducted in factorial completely randomized design
(CRD) with two factors (salinity x bio elicitors). It in-
cludes 1) salinity stress at three levels of NaCl (zero,
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150, and 300 mM), ii) different types and concentra-
tions of bio elicitors (bacterial and fungal elicitors)
(Tab. 3). Three replications were used in this exper-
iment, where a total of forty-five units experiment,
each unit included three palm seedlings.
PCR-based identification

Bacterial DNA was extracted by the alkaline ly-
sis method [Elboutahiri et al. 2009], and fungal DNA
was extracted by the methods of Walsh et al. [1991],
Suenaga et al. [2005], and Conlon et al. [2021]. Fungal
primer sequences and sequence of general primer pair
used in the molecular analysis of bacteria are in Table
1 and Table 2.
Plant sample collection

Plant samples were collected in two stages of
growth: the first stage, one month after the application
of elicitors, and the second stage, three months after
salinity. The plant samples were kept in a freezer at
—80°C until the time of content measurement and en-
zyme evaluation.
Measurement of hydrogen peroxide content

The hydrogen peroxide content was determined
based on the reaction of hydrogen peroxide with po-
tassium iodide (KI) [Loreto et al. 2001]. In this meth-
od, 0.5 g of fresh leaf tissue was macerated in 0.1%
TCA. The resulting extract was centrifuged at 13,000
rpm for 15 minutes. Then, 500 ul of 100 mM potassi-
um phosphate buffer (pH = 7) and 2 ml of 1M potas-
sium iodide were added to 500 ul of the supernatant
solution. The reaction mixture was placed in the dark
at room temperature for one hour, then the absorbance
of the samples was measured at 390 nm with a spec-
trophotometer. A standard curve was used to calculate
the hydrogen peroxide content.
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Table 3. Factors and treatments applied in the research

Factors Treatments
Elicitors BFC 1. Fungal suspension
Elicitors Fungal 2. Concentration number 1: 1,000 ppm (EL1)
3. Concentration number 2: 2,000 ppm (EL2)
Elicitors Bacteria 4. Selected bacterium from sample 1: BP
5

. Selected bacterium from sample Root 2: BS

Salinity stress treatment at three levels

Stress level

1. Concentration: Control

2. Concentration: 150 mM

3. Concentration: 300 mM

Assay of defense enzyme activities

The frozen leaves were poured into a porcelain
mortar, and liquid nitrogen was added to extract and
measure enzymes. Then, the leaves were beaten well
until they were thoroughly crushed. One gram of the
ground powder was transferred to 2 ml microtubes and
vortexed by adding two ml of phosphate buffer with
pH = 7.6 and immediately centrifuged at 14,000 rpm
for 15 minutes at 4°C. After centrifugation, extract
samples were prepared.
Phenylalanine ammonia-lyase (PAL) activity

We used the method of Beaudion-Eagan and
Thrope [1985] to measure the PAL enzyme. The reac-
tion mixture was 0.5 mM Tris-buffer with pH = 8 and
6 uM phenylalanine and 200 pl of enzyme extract, and
it was kept at 37°C for 60 minutes. The reaction was
stopped after 60 minutes by adding 50 pl of standard
HCI. Then, the absorbance of the samples was deter-
mined spectrophotometerly at 290 nm. PAL activity is
determined by cinnamate production. Enzyme activity
was expressed in pmol per milligram of fresh weight
per minute.
Peroxidase (POX) activity

We used the method of Hammerschmidt et al.
[1982] to assay POD activity. 490 pl of 225 mM
hydrogen peroxide solution and 490 pl of 45 mM
guaiacol solution were mixed, and 20 pl of plant sam-
ple extract was added. Absorbance changes were read
at 470 nm using a spectrophotometer. In the blank
solution, 50 mM phosphate buffer was used instead of
the extract. The activity of this enzyme was calculated
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using Beer—Lambert’s law and with the quenching co-
efficient of guaiacol peroxidase equal to 26 mM'cm™,
and, finally, it was expressed in pmol per gram of fresh
tissue per minute.
Catalase (CAT) activity

The method of Luck [1974] was used with some
modifications to assay CAT activity: 20 pl of enzyme
extract was mixed with 980 pl of phosphate buffer con-
taining 2-mM hydrogen peroxide, and their absorbance
changes were recorded at 240 nm with a spectropho-
tometer as absorbance changes over time (OD/min).
Enzyme activity was calculated using Beer—Lambert’s
law and with the quenching coefficient of catalase equal
to 39.4 mM'cm™! and, finally, was expressed in pl per
gram of fresh tissue.
Polyphenol oxidase (PPO) activity

The amount of PPO was measured by Gregory and
Bendali’s method [1966]. The reaction medium con-
tained 50 ul of 0.02 pyrogallol, 3,000 ul of phosphate
buffer (pH = 7), and 50 pl of enzyme extract. Enzyme
activity was calculated based on pyrogallol oxidation
values at 420 nm. Finally, the enzyme activity was re-
ported in terms of absorbance changes of the samples
at 420 nm per minute per milligram of fresh weight.
Data analysis

The data were recorded in Excel software and then
analyzed by using SAS 9.1 statistical software. The
Duncan’s multiple range (DMR) test at a 5% level was
used to compare the means of the treatments.
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RESULTS

The results of PCR product sequences of repre-
sentative fungal isolates selected in the NCBI BLAST
database: Aspergillus tubingensis, Aspergillus niger,
Penicillium chrysoyenum, and Fusarium solani.

Bacteria identified: Bacillus pumilus and Bacillus
safensis.
Analysis of variance of the data

The results showed that the individual effects of
elicitor as well as salinity were significant effects on
hydrogen peroxide, polyphenol oxidase, phenylalani-
ne ammonia-lyase, catalase, and peroxidase activity.
Furthermore, there was a significant interaction be-
tween the elicitor and salinity on the mentioned enzy-
mes at p <0.01 (Tab. 4).
Hydrogen peroxide

The interaction of salinity levels and elicitors on hy-
drogen peroxide showed that in bacterial elicitors (BS
and BP), hydrogen peroxide first increased and then de-
creased with increasing salinity. In fungal elicitors (EL1
and EL2), hydrogen peroxide first decreased and then
increased with increasing salinity so that the highest

amount of hydrogen peroxide was found in the fungal
elicitor (EL1) at 1000 ppm (945 pumol/g) at a salinity of
300, which was significantly different from other elici-
tors. The lowest amount was observed in BS elicitors
at the zero salinity level and in BFC at Zero and 150
mM salinities (278, 268, and 260 pmol/g, respectively)
(Fig. 2).
Antioxidant enzyme activities

Catalase (CAT). The interaction of salinity levels
and elicitors on CAT showed that the amount of CAT
In BFC and fungal elicitors (EL1 and EL2), the amo-
unt of CAT decreased first and then increased with
increasing salinity. Thus, the highest amount of CAT
was observed at zero salinity, related to EL2 (0.211
umol/mg). It should be noted that in these three tre-
atments at 300 salinity, the amount of CAT increased
significantly compared to the control (Fig. 3).

Production of peroxidase (POX). The interaction
of salinity levels and elicitors on POX showed that the
amount of POX did not change in the EL2 elicitor with
increasing salinity. In EL2 and BFC, we were able to
significantly increase the amount of POX compared to
the control so that the maximum amount of POX was

Table 4. Probability of analysis of variance of the data regarding the effect of elicitors on the traits under salinity

conditions
Hydrogen
Trait PPO PAL CAT POX )
peroxide
Elicitor (A)D.F =4 1857+ 0.440%* 0.713%%  14472%  1340.6%*
Sources of variation . 0.878%* 0.138%* 0.500%* 7.162%* 890.9%*
(mean squares/MS) Salinity (B)D.F =2
0.577** 0.078** 1.143** 15.637** 629.7*%*
Interaction (AB)D.F =8
0.002 0.003 0.003 0.004 1.9
Error D.F =30
Coefficient of variation/ CV% 2.4 8.5 10.1 1.9 3.2
** shows significance at a 1% level
https://czasopisma.up.lublin.pl/index.php/asphc 107
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Fig. 1. Hydrogen peroxide standard curve
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Fig. 2. Interaction effect of salinity and elicitors on the level of hydrogen peroxide. Columns with different alphabet letters are
considered significant differences at a level less than 0.01 according to the DMR test
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Fig. 3. Interaction of salinity levels and elicitors on the amount of CAT. Columns with different alphabet letters are considered
significant differences at a level less than 0.01 according to the DMR test
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Fig. 4. Interaction of salinity levels and elicitors on the amount of CAT. Columns with different alphabet letters are considered
significant differences at a level less than 0.01 according to the DMR test
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significant differences at a level less than 0.01 according to the DMR test

110

https://czasopisma.up.lublin.pl/index.php/asphc



Sadeghi, B., Abdossi, V., Zarrinnia, V., Hasanzadeh, N. (2023). Evaluation of the effect of biological elicitors on the resistance to salinity
stress in the date palm (Phoenix dactylifera L., cv. Stameran). Acta Sci. Pol. Hortorum Cultus, 22(6), 103-113. https://doi.org/10.24326/

asp.hc.2023.5048

observed at zero salinity related to BP (0.712 pmol/
mg), followed by EL1 at 150 mM salinity (0.632
umol/mg) (Fig. 4).

Phenylalanine ammonia-lyase (PAL). The interac-
tion of salinity levels and elicitors on PAL showed that
in BS and BP elicitors and the fungal elicitor EL2, with
increasing salinity, the amount of PAL did not change
and even decreased. The fungal consortium and the
fungal elicitor EL1 were able to significantly increase
the amount of PAL at 300 mM salinity so that the hi-
ghest amount of PAL was found at 300 mM salinity for
1000 ppm fungal elicitor (EL1) and fungal consortium
(1.067 and 1.041 umol/mg, respectively) (Fig. 5).

Polyphenol oxidase (PPO). The interaction of
salinity levels and elicitors on PPO showed that in
Bacillus safensis and fungal elicitors (EL1 and EL2),
with increasing salinity, the amount of PPO first decre-
ased and then increased. The fungal consortium (BFC)
was the opposite of this situation. The highest amount
of PPO was observed at zero salinity for the treatment
EL2 (0.286 umol/mg) (Fig. 6).

DISCUSSION

We measured the PPO, PAL, CAT, and POX ac-
tivities. The results showed that the amount of PPO
activity increased significantly under stress. Under
salinity stress, the activity of this enzyme was the
highest in the treatments of EL2 at salinity levels of
zero and 300 mM and BFC at salinity levels of zero
and 150 mM. The amount of PAL activity before and
after applying stress in the presence of different eli-
citors did not change significantly, but its amount in
the treatment EL1 at 300 mM salinity level and BFC
in all three salinity levels showed the highest activity
of this enzyme. In addition, the treatment BP at zero
salinity level, EL1 at 150 mM salinity level, and BFC
at 300 mM salinity level had the highest POX acti-
vity. As can be seen, at each stress level, a specific
elicitor reduces the effect of salinity stress better than
other treatments.

The activity of antioxidant enzymes in response
to environmental stress factors differs depending on
plant species, genotype, and stress duration and in-
tensity. In stresses that lead to plant stomatal closu-

https://czasopisma.up.lublin.pl/index.php/asphc

re, such as drought and salinity stress applied to the
plant, Rubisco oxygenation (i.e., photorespiration)
increases and leads to increased production of H,0,
in peroxisomes. Since catalase activity is crucial in
H,O, removal, an increase in catalase activity under
stress conditions may be related to the need to deal
with the production and inhibition of H,O, caused
by photorespiration. Catalase is an enzyme in almost
all organisms that uses oxygen and converts hydro-
gen peroxide into water and oxygen. Catalase is one
of the enzymes with the highest catalytic efficiency
(Kcat/Km), and one molecule of catalase can convert
millions of hydrogen peroxide molecules into water
and oxygen. This enzyme is a tetramer whose chain
has about 500 amino acids and contains four heme
porphyrin groups that allow it to react with hydrogen
peroxide. Any heavy metal ion (such as the copper
cation in copper sulfate) can react with catalase as
a non-competitive inhibitor. Cinnamide, a toxic sub-
stance, can competitively react with catalase and stop
enzyme activity by forming a strong bond with the
heme catalase center [Mane et al. 2011]. In the pre-
sent study, catalase activity was higher in the treat-
ment EL2 (zero salinity), Bacillus safensis (150 mM
salinity), and BFC (300 mM salinity). At any salinity
level, if the goal is to increase the catalase activity,
these elicitors can be used. The results of this research
are consistent with studies conducted by Bagheri and
Khosrovinejad [2017]. Their results showed that en-
dophytic fungi increased the activity of antioxidant
enzymes such as ascorbate peroxidase, catalase, and
superoxide dismutase and decreased malondialdehy-
de production in rice-inoculated plants compared to
control plants at all salinity levels. Therefore, it can
be concluded that the endophyte fungus moderates
the risks caused by the effect of salinity stress on rice
plant growth in terms of improving the antioxidant
defense system. The cause of the increase in antioxi-
dant enzyme activities in the presence of endophytic
fungi has not yet been determined. However, these
fungi have likely caused a positive rise in morpho-
logical, physiological, and biochemical characteri-
stics of symbiotic plants by activating various me-
chanisms whose nature has not yet been determined
[Rodriguez et al. 2004].
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CONCLUSIONS

Salinity stress is one of the factors limiting the gro-
wth and yield of plants in Iran. In this research, we
concluded that some bacterial elicitors extracted from
roots and leaves of date palms and soil fungi, with in-
creasing antioxidant enzyme activities, can play a si-
gnificant role in the salinity of seedlings. Unknown me-
chanisms of these bacteria and fungi function towards
salinity stress could not also be denied. It requires fur-
ther research on all host plant endophytes.

SOURCE OF FUNDING

This study was supported by Islamic Azad uni-
versity, Science and Research branch,Tehran, Iran.
We are realy grateful to Islamic Azad university, for
providing financial assistance of this research..

REFERENCES

Baghery, A.A., Khosravinezhad, F. (2017). The effect of en-
dophytic fungi Piriformospora indica on improment of
growth indicators and activity of antioxidant enzymes in
rice (Oryza sativa L.) under salt stress. J. Dev. Biol.,9,
2, 58-71.

Beaudion-Eagan, L.D., Thorpe, T.A. (1985). Tyrosine and
phenylalanine ammonialyase activities during shoot
initiation in tobacco callus cultures. Plant Physiol., 78,
438-441. https://doi.org/10.1104/pp.78.3.438

Bhore, S.J., Ravichantar, N., Loh, C.Y. (2010). Screening
of endophytic bacteria isolated from leaves of Sambung
Nyawa [Gynura procumbens (Lour.) Merr.] for cyto-
kinin-like compounds. Bioinformation, 1, 191-197.
https://doi.org/10.6026/97320630005191

Conlon, B.H., Gostin¢ar, C., Fricke, J., Kreuzenbeck,
N.B., Daniel, J.M., Schlosser, M.S., Peereboom, N.,
Aanen, D.K., De Beer, Z.W., Beemelmanns, C., Gunde-
Cimerman, N. (2021). Genome reduction and relaxed
selection is associated with the transition to symbiosis in
the basidiomycete genus Podaxis. iScience, 24, 102680.
https://doi.org/10.1016/].is¢1.2021.102680

Elboutahiri, N.I., Thami-Alami, E., Zeid, S., Udupa, M.
(2009). Genotypic characterization of ondigenous
Sinorhizobium meliloti and Rhizobium sullae by rep-P-
CR, RAPD and ARDRA analyses. Afr J Biotechnol.,
8, 979-985.

112

ElKinany, S., El Hilali, R., Achbani, E. (2022). Encancement
of date palm growth throw the use of organic fertilizer
and microbial agents. J. Soil Sci. Plant Nutr., 22, 1468—
1477. https://doi.org/10.1007/s42729-021-00746-z

FAOSTAT (2021). Crop Statistics FAO. Available at: https://
www.fao.org/faostat/en/#rankings/countries_by com-
modity [Date of access: 15.12.2021].

Farakya, S., Julka, A., Mehra, R., Datta, V., Srivastava, A.K.,
Bisaria, V.S. (2005). Enhanced production of secondary
metabolites by biotic elicitors in plant cell suspension
cultures. 5th Asia Pacific Biochemical Engineering
Conference, May 15-19. Jeju Island, Korea.

Gholizadeh, A., Baghban Kohnerouz, B. (2010). Activation
of phenyalanine ammonia lyase as a key component
of the antioxidative system of salt-challenged ma-
ize leaves. Bra. J Plant Physiol., 22, 217-223. https://
doi.org/10.1590/S1677-04202010000400001

Gregory, R.P.F., Bendali, D.S. (1966). The purification and
some properties of the polyphenol oxidase from Tea
(Camellia sinensis L.). Biochem. J., 101, 569-581.
https://doi.org/10.1042/bj1010569

Hammerschmidt, R., Nuckler, E.M., Kuc, J. (1982).
Association of enhanced peroxidase activity with indu-
ced systemic resistance of cucumber to Colletotrichum
lagenaricum. Physiol. Plant., 20, 73-82.

Hazzouri, K.M., Jonathan, F., Roy Nelson, D. (2020).
Prospects for the study and improvent of abiotic
stress tolerance in date palms in the post-genomics
era. Front. Plant Sci., 11, 293. https://doi.org/10.3389/
fpls. 2020. 00293

Indeiragandhi, P., Anandham, R., Madahiyan, M., Sa,
T.M. (2008). Characterization of plant growth-pro-
moting traits of bacteria isolated from larval guts of
diamondback moth Plutella xylostella (lepidoptera:
plutellidae). Curr. Microbiol., 56, 327-33. https://
doi.org/10.1007/500284-007-9086-4

Kabiria, M.G., Hoque, A. (2019). A review on plant re-
sponses to soil salinity and amelioration strategies.
Open J. Soil Sci., 9, 219-231. https://doi.org/10.4236/
0jss.2019.911013

Kumar, A., Singh, S., Kumar, G., Srivatara, S., Prakash
Verma, J. (2020). Plant growth-promoting bacteria:
biological tools for the mitigation of salinity stress.
Front Microbiol., 11, 1216. https://doi.org/10.3389/
fmicb.2020.01216

Loreto, F., Velikova, V. (2001). Isoprene produced by leaves
protects the photosynthetic apparatus against ozone da-
mage, quenches ozone products, and reduces lipid pe-
roxidation of cellular membranes. Plant Physiol., 127,
1781-1787.

Luck, H., Bergmeyer, J., Grabi, M. (1974). Methods of
Enzymatic Analysis. Academic Press, New York

https://czasopisma.up.lublin.pl/index.php/asphc



Sadeghi, B., Abdossi, V., Zarrinnia, V., Hasanzadeh, N. (2023). Evaluation of the effect of biological elicitors on the resistance to salinity
stress in the date palm (Phoenix dactylifera L., cv. Stameran). Acta Sci. Pol. Hortorum Cultus, 22(6), 103-113. https://doi.org/10.24326/

asp.hc.2023.5048

and London., 885-894. http://dx.doi.org/10.1016/
B978-0-12-395630-9.50158-4

Mane, A.V., Deshpande, T.V., Wagh, V.B., Karadge, B.A.,
Samant, J.S. (2011). A critical review on physiologi-
cal changes associated with reference to salinity. Int. J.
Environ. Sci., 1, 1193-1216.

Rashid, S., Charles, T.C., Glick, B.R. (2012). Isolation and
characterization of new plant growth-promoting bacte-
rial endophytes. Appl. Soil Ecol., 61, 217-224. https://
doi.org/10.1016/j.aps0il.2011.09.011

Rodriguez, R.J., Redman, R.S., Henson, J. (2004). The
role of fungal symbiosesin the adaptation of plants
to high stress environments. Mitig. Adap. Strateg.
Glob. Change, 9, 261-272. https://doi.org/10.1023/
B:MITIL.0000029922.31110.97

Singh, PR., Ma, Y., Shadan, A. (2022). Perspective of
ACC-deaminase producing bacteria in stress. Agric.
J. Biotechnol., 352, 36-46. https://doi.org/10.1016/
j-jbiotec.2022.05.002

https://czasopisma.up.lublin.pl/index.php/asphc

Suenaga, E., Nakamura, H. (2005). Evaluation of three
methods for effective extraction of DNA from hu-
man hair. J. Chromatogr. Sci., 820, 137—141. https://
doi.org/10.1016/j.jchromb.2004.11.028

Walsh, P.S., Metzger, D.A., Higuchi, R. (1991). Chelex 100
as a medium for simple extraction of DNA for PCR-
based typing from forensic material. Biotechniques, 10,
506-513.

Yaish, M., Antony, 1., Glick, R. ( 2015). Isolation and cha-
racterization of endophytic plant growth-promoting
bacteria from date palm and their potential role in salini-
ty tolerance. Anton. Leeuw. Int. J. G., 107, 1519-1532.
https://doi.org/10.1007/s10482-015-0445-z .

Yousefi, R., Pourghayoumi, M., Dayalmi, H. (2018). The
role of potassium and silicon nutrients in the toleran-
ce of plants to salinity stress, the second international
conference on salinity, Yazd, Iran. https://civilica.com/
doc/1135277.

113



