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Salt and drought stress exhibits oxidative stress and modulat-
ed protein patterns in roots and leaves of date palm (Phoenix 
dactylifera L.)

Abstract: The formation of new proteins under the influ-
ence of harsh environmental conditions is a plant adaptation 
reaction. Two-year-old date palm tissue culture-derived plants 
from ‘Barhee’ grown in the field were subjected to salt stress 
(70 g l-1 NaCl) and dehydration-induced by applying 70 g l-1 
polyethylene glycol or without irrigation and withholding ir-
rigation (0 g l-1) for one month. The soluble carbohydrate con-
tent increased in response to salinity and polyethylene glycol 
treatment in leaves compared to the control and drought treat-
ment without irrigation. Proline increased in all treatments. 
Malondialdehyde and hydrogen peroxide increased under 
salinity. Salinity treatment increased the activity of ascorbate 
peroxidase and catalase enzyme. Salinity and polyethylene gly-
col treatments increased abscisic acid, whereas the indoleacetic 
acid level decreased. The protein pattern of roots and leaves in 
one-dimensional polyacrylamide gel electrophoresis showed 
that the stress conditions led to new protein bands’ appearance 
and other proteins’ disappearance. A comparison of protein 
patterns between the control and stress treatments revealed 
that the relative intensity of proteins in roots and leaves were 
more associated with salinity treatment than the drought. The 
results may be clearing important the molecular mechanism of 
tolerance under the influence of extreme environmental stress.

Key words: abscisic acid; ascorbate peroxidase; lipid per-
oxidation; malondialdehyde; polypeptide

Solni in sušni stres se izražata kot oksidacijski stres in vpliva-
ta na vzorce beljakovin v koreninah in listih dateljeve palme 
(Phoenix dactylifera L.)

Izvleček: Tvorba novih beljakovin je pod vplivom neu-
godnih okoljskih razmer prilagoditveni odziv rastlin. Dvoletne 
dateljeve palme, vzgojene v tkivnih kulturah iz sorte ‘Barhee’, 
posajene na prostem, so bile izpostavljene solnemu stresu 
(70 g l-1 NaCl) in dehidraciji z uporabo 70 g l-1 polietilen glikola 
ali brez zalivanja za en mesec (0 g l-1). Vsebnost topnih ogljiko-
vih hidratov se je v listih povečala kot odziv na slanost in obrav-
navanje s polietilen glikolom v primerjavi s kontrolo in obrav-
navanjem s sušo brez zalivanja. Vsebnost prolina se je povečala 
v vseh obravnavanjih. Vsebnosti malondialdehida in vodikove-
ga peroksida sta se povečali v razmerah slanosti. Obravnavanje 
s slanostjo je povečalo aktivnosti encimov askorbat peroksidaze 
in katalaze. Obravnavanji s slanostjo in polietilen glikolom sta 
povečali vsebnost abscizinske kisline, a zmanšali vsebnost indo-
locetne kisline. Vorec beljakovin v koreninah in listih določen z 
enodimenzionalno poliakrilamidno gelsko elektroforezo je po-
kazal, da so stresne razmere vodile k novemu vzorcu beljakovin 
v stresnih razmerah in izginjanju drugih. Primerjava vzorcev 
beljakovin med kontrolo in stresnimi obravnavanji je pokazala, 
da je relativna jakost pojavljanja beljakovin v koreninah in listih 
bolj povezana z obravnavanjem s slanostjo kot s sušo. Rezultati 
bi lahko bili pomembni pri pojasnitvi molekularnega mehaniz-
ma tolerance pod vplivom ekstremnega okoljskega stresa.

Ključne besede: abscizinska kislina; askorbata peroksida-
za; peroksidacija lipidov; malondialdehid; polipeptid
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1 INTRODUCTION

Protein pattern analysis is a helpful instrument for 
testing plants’ reactions to abiotic stress (Piasecka et al., 
2019). Changes in natural conditions influence the quality 
and amount of plant proteins. Protein groups react signif-
icantly to ecological stress, for example, drought (Hellal 
et al., 2018)a laboratory experiment was conducted in a 
factorial randomized complete design with four replica-
tions. The controlled experiment included ten of Egyp-
tian barley cultivars namely; (Giza 123, 124, 125, 126, 127, 
129, 130, 134, 135 and 2000 and salt stress (Patankar et al., 
2018)the molecular basis of this tolerance is complex and 
poorly understood. Therefore, this study aimed to identify 
the genes involved in salinity tolerance using a basic yeast 
functional bioassay. To achieve this, a date palm cDNA 
library was overexpressed in Saccharomyces cerevisiae 
cells. The expression levels of selected genes that make 
yeast cells tolerant to salt were subsequently validated in 
the leaf and root tissues of date palm seedlings using a 
quantitative PCR method. About 6000 yeast transformant 
cells were replica printed and screened on a synthetic 
minimal medium containing 1.0 M of NaCl. The screen-
ing results showed the presence of 62 salt-tolerant trans-
formant colonies. Sequence analysis of the recombinant 
yeast plasmids revealed the presence of a group of genes 
with potential salt-tolerance functions, such as aquapo-
rins (PIP. Salt stress is a major limiting factor in plant de-
velopment and can lead to water stress (Elsheery et al., 
2020; Shareef et al., 2020). Salinity reduces the plant’s abil-
ity to absorb water (Naeem et al., 2013). Acosta-Motos et 
al. (2017) explained the mechanism of a direct effect of 
salinity on plants by triggering specific morphological, 
physiological, and biochemical changes. Determination 
of stress resistance involves useful molecules that induce 
adaptation reactions of the developing plant under stress 
conditions, such as specific proteins ( Ghatak et al., 2017; 
Mohamed et al., 2018). 

The root is the vital organ that first experiences salt 
stress in the plant (Komatsu & Hossain, 2013). Some pro-
teins respond to salt stress induced in the roots more than 
other plant parts. The main proteins produced by salinity 
or drought stress are linked to carbohydrates and energy 
metabolism (Xu et al., 2015). Paul et al. (2015) stated that 
the main class of specific proteins resulting from stress ul-
timately leads to oxidative stress. These defense proteins 
accumulate in plant roots and play an initial role in plant 
endurance to drought (Omar et al., 2018).

A plant’s tolerance to water stress or its avoidance 
depends on multiple mechanisms activated by different 
molecular signals in the roots, stimulated by abscisic acid 
such as SnRK2-interacting calcium sensor and AREB/
ABFs-ABRE-binding protein/ABRE-binding factor to 

send the message to the leaf to start the endurance mecha-
nisms (Chae et al., 2007)we have isolated a dehydration-
inducible gene (designated OSRK1. Abscisic acid repre-
sents the long-distance signal that moves from the roots 
to the leaves, increasing its concentration in the leaves 
due to expressing genes responsible for ABA biosynthesis, 
which leads to stomatal closure (Lokhande & Suprasanna, 
2012; De Smet & Zhang, 2013).

Drought and salinity are essential environmental 
issues prevailing in date palm (Phoenix dactylifera L.) 
cultivation regions where they can negatively impact 
growth and productivity (Al-Khayri & Al-Bahrany, 2004; 
Al-Bahrany & Al-Khayri, 2012; Shareef, 2019). Several 
types of genetic markers have been used to characterize 
date palm varieties under different stress conditions based 
on phenotypic (Elsafy et al., 2015), biochemical (Yaish et 
al., 2015)little is known about the underlying molecular 
mechanisms that contribute to its salt tolerance. Only re-
cently, investigators have uncovered microRNA-mediated 
post-transcriptional gene regulation, which is critical for 
typical plant development and adaptation to stress con-
ditions such as salinity. To identify conserved and novel 
miRNAs in date palm and to characterize miRNAs that 
could play a role in salt tolerance, we have generated 
sRNA libraries from the leaves and roots of NaCl-treated 
and untreated seedlings of date palm. Deep sequencing 
of these four sRNA libraries yielded approximately 251 
million reads. The bioinformatics analysis has identified 
153 homologs of conserved miRNAs, 89 miRNA variants, 
and 180 putative novel miRNAs in date palm. Expression 
profiles under salinity revealed differential regulation of 
some miRNAs in date palm. In leaves, 54 of the identi-
fied miRNAs were significantly affected and the majority 
(70%, and molecular markers (Al Kharusi et al., 2017). 
Ponnaiah et al. (2019)crude protein (CP has shown that 
changes in the levels of proteins of pearl millet under 
salinity and drought conditions have helped to identify 
the genes involved in controlling tolerance to these stress 
conditions. In a previous experiment, El Rabey et al. 
(2015) used date palm seedlings to analyze proteomics for 
salinity and sensitive protein associated with water stress 
resulting from gene expression of salinity and dehydra-
tion in leaves. The current experiment aimed to analyze 
the protein pattern change and oxidative stress response 
in offshoots from tissue culture (true to type) date palms’ 
leaves and roots exposed to drought and salinity.

2 MATERIALS AND METHODS

2.1 PLANT MATERIAL AND STRESS CONDITIONS

Two-year-old date palm plants ‘Barhee’ regenerated 
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from tissue culture were used in this experiment, which 
was conducted at Alharthah, Basrah, Iraq (30°38’47.1”N 
47°45’08.2”E) during 2019. The plants were grown in silty 
clay loam soil with an organic fertilizer in September and 
expanded the offshoot cultivation area. On 1 October, the 
treatments were conducted. The minimum temperature 
was 18 °C, the maximum 32 °C, the relative humidity was 
30 %, and the light intensity 1350 μmol m-2 s-1. Five repli-
cates of each treatment were investigated. The treatments 
consisted of regular irrigation, (control) withholding irri-
gation for one month, induced drought stress with field ca-
pacity was 12.5 % (20 ml depth of water), induced drought 
stress using 70 g l-1 polyethylene glycol (PEG), and salinity 
stress with 70 g l-1 sodium chloride. Field capacity was 75 % 
(120 ml depth of water) for PEG and salt treatment. After 
30 days, samples were washed with distilled water, dry mat-
ter taken, whereas fresh samples frozen in liquid nitrogen.

2.2 ESTIMATION OF TOTAL CARBOHYDRATE 
CONTENT

The amount of total soluble sugar was estimated spec-
trophotometrically at 490 nm following the phenol sulfuric 
acid reagent method of Dubois et al. (1951). The leaves and 
roots (100 mg) segments were homogenized in 80 % etha-
nol and centrifuged at 2000 x g for 25 min. The supernatant 
(1 ml) was mixed with 0.05 % phenol (2 ml) (pH 6) and 
98 % sulfuric acid (2 ml). The blends were hatched at 80 
ºC for 20 min in a water bath. Total soluble carbohydrate 
content was calculated using a standard curve of glucose 
and expressed as mg g-1 F.M. 

2.3 DETERMINATION OF PROLINE

Proline was extracted and estimated, according to 
Bates et al. (1973). Root and leaf (0.5 g dry matter) samples 
were homogenized separately in cold aqueous sulfosalicyl-
ic acid 3 % (10 ml). The homogenate was sieved through 
Whatman No. 2 paper. In a test tube, 2 ml of the filtrate 
was blended with acidic ninhydrin (2 ml) and glacial acetic 
acid (2 ml) and incubated in a 100 ºC water bath for 1 hr. 
After quick cooling in an ice bath, toluene (4 ml) was in-
cluded, and the mixture was shaken by hand. The toluene 
phase, containing the chromophore, was aspirated, and the 
absorbance of this phase, using samples of 1 ml, was deter-
mined at 520 nm. 

2.4 MEASUREMENT OF LIPID PEROXIDATION

Lipid peroxidation was determined by evaluating 

malondialdehyde (MDA). MDA was estimated depen-
dent on the strategy of Esterbauer & Cheeseman (1990). 
A blend of 0.6 g fresh plant tissue and TCA 5 % (5 ml) was 
centrifuged at 12000 x g for 25 min. The supernatant was 
blended in thiobarbituric acid 0.67 % (2 ml) and heated for 
30 min at 100 °C in a water bath. Sample absorbance was 
evaluated at 450, 532, and 600 nm using a blank contain-
ing all reagents. MDA content of the sample was calculated 
using the formula:

C (μmol g-1) = 6.45 (A532 – A600) – 0.56 A450. 

2.5 ESTIMATION OF HYDROGEN PEROXIDE 

Leaves and roots (500 mg) samples were crushed in 
trichloroacetic acid (TCA) 5 %, and the mixture was uti-
lized for the assurance of H2O2 by the technique of Sagisaka 
(1976). The response blend with 50 % of TCA, 10 mmol 
ammonium sulfate ferrous, 2.6 mol potassium thiocyanide, 
and plant separate, the 480 nm used to read absorbance. 

2.6 EXTRACTION OF ANTIOXIDANT ENZYMES

Leaves and roots (200 mg) samples were absorbed in 
fluid nitrogen and crushed in an extraction buffer (2.0 ml): 
100 mmol potassium phosphate (pH 7.8), 0.1 mmol ethyl-
ene diamine tetraacetic acid (EDTA), and 10 mmol ascor-
bic acid. 13000 xg for 15 min at 4 °C used to centrifuged 
the mixture. The catalase activity (CAT) and ascorbate 
peroxidase (APX) was measured by collecting the super-
natant. All proteins were resolved with a similar support 
arrangement. Also, the evaluation was made utilizing the 
Bradford (1976) strategy. CAT activity determined by the 
technique depicted by Azevedo (1998) was utilized with 
specific alterations. Its operation was checked by a spec-
trophotometer assessing the H2O2 at 240 nm for 2 min in 
a response medium containing 100 mmol potassium phos-
phate buffer (pH 7.0), 12.5 mmol H2O2, and 50 µl of plant 
separate incubated at 28 °C. As a new solution, a similar 
response medium free of separate was utilized. The activ-
ity of APX was resolved following Nakano & Asada (1981) 
by observing the ascorbate’s oxidation pace at 290 nm. The 
response medium was incubated at 28 °C. It was com-
prised of 100 mmol potassium phosphate buffer (pH 7.0), 
0.5 mmol ascorbic acid, and 0.1 mmol H2O2. The reduction 
in absorbance was observed for 2 min from the beginning 
of the response.

2.7 HORMONES ANALYSIS 

Five grams of a fresh tissue sample, which was homog-
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enized in 70 % methanol, was stirred overnight at 4 °C. The 
extract was filtered through Whatman filter paper (No.1) 
and evaporated under a vacuum. The pH of the aqueous 
phase was adjusted to 8.5, using 0.1 mol phosphate buf-
fer. Later the aqueous phase was partitioned twice using 
methanol. A rotary evaporator removed the methanol 
phase. The aqueous phase pH was adjusted to 2.5, using 
1 N hydrochloric acid (HCl). The injection of the con-
centrate determined phytohormones into a reversed-
phase HPLC, C18 column in an isocratic elution mode 
utilizing a portable stage comprising of acetone: water 
(26:74) with 30 mmol phosphoric acid as per Tang et al. 
(2011). The pH was kept up at 4, utilizing 1 N sodium hy-
droxide. The temperature was kept at 25 ºC. The flux rate 
was 0.8 ml min-1, and the elution of the phytohormones 
was observed at 208 and 265 nm for indoleacetic acid and 
abscisic acid, respectively. 

2.8 EXTRACTION OF PROTEINS AND GEL ELEC-
TROPHORESIS

Proteins were extracted by homogenizing the 
300 mg of solidified dried leaf in 1 ml of extraction buf-
fer [0.2 mol, tris-hydroxymethyl aminomethane (Tris) 
+ 0.001 mol ethylenediamine tetra acetic acid + (Na2 + 
EDTA) + 12 % glycerol + 0.01 M dithiothreitol (DTT) 
+ 0.05 mmol phenylmethylsulfonyl fluoride (PMSF)] 
and homogenized by a mortar and pestle. At that point, 
the samples were centrifuged at 15,000 ×g for 15 min; 

the buffer consisted of 0.125 M Tris HCl (pH 6.8) + 4 % 
SDS + 20 %, glycerol + 10 % b-mercaptoethanol + 0.01 % 
bromophenol blue. Protein samples were denaturized by 
heat in the water bath at 90 °C for 3 min. Protein elec-
trophoresis was performed in SDS polyacrylamide gel 
following procedures described by Laemmli (1970). The 
protein bands demonstrated clear changes, which were 
investigated by ImageJ programming.

2.9 STATISTICAL DESIGN AND ANALYSIS

The experiment was conducted according to the 
completely randomized blocks design for four treat-
ments: control, drought, polyethylene glycol, salinity, 
with five replications per treatment. The mean values ± 
the standard error were displayed. The data were subject-
ed to analysis of variance (ANOVA) utilizing IBM (SPSS 
Statistics V23.0), and Duncan’s multiple range test at p < 
0.05 were separated by the means.

3 RESULTS 

3.1 ANTIOXIDATIVE AND OXIDATIVE RE-
SPONSE TO DROUGHT AND SALINITY 
STRESS

Drought and salinity treatments altered soluble car-
bohydrate and proline in roots and leaves (Fig. 1a,b). Af-

Figure 1: Oxidation change in response to drought, PEG and salinity stress, (a) Soluble carbohydrate, (b) Proline, (c) Malondialde-
hyde (MDA), (d) Hydrogen peroxide. Data are shown as means (of five replicates) ±S.E. Different letters indicate significant differ-
ences between treatments of leaves and roots (p < 0.05)
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ter one month of treatment, the soluble carbohydrates’ 
content increased significantly in response to salinity 
and PEG treatments in leaves related to the control and 
drought treatment. In contrast, without irrigation, the 
drought treatment decreased carbohydrates’ content 
considerably in the roots (Fig. 1a). 

Proline in leaves and roots increased significantly 
in all treatments related to the control (Fig. 1b). Salin-
ity treatment increased MDA in leaves and roots related 
to the control (Fig. 1c). In contrast, drought treatment 
showed no significant difference in MDA compared to 
the control in roots. Salinity treatment increases the hy-
drogen peroxide in roots and leaves related to other treat-
ments. In contrast, drought treatment had no significant 
difference in H2O2 related to the control in both roots and 
leaves (Fig. 1d).

3.2 ENZYMES ACTIVITY AND HORMONAL 
LEVELS IN RESPONSE TO DROUGHT AND 
SALINITY STRESS

Salinity treatment increased APX enzyme activity 
by 16.46 and 49.19 % higher than the control in roots and 
leaves, respectively. At the same time, the drought treat-
ment reduced APXenzyme activity by 20.81 and 15.65 % 
compared to the control in roots and leaves, respectively 
(Fig. 2a). The CAT enzyme activity decreased significant-
ly in response to drought in the roots and leaves related 
to the control. In contrast, the salinity treatment signifi-

cantly increased CAT activity in leaves related to the con-
trol treatment (Fig. 2b).

Salinity and PEG treatments increased ABA’s level 
in the leaves significantly by 47.86 and 216.02 % com-
pared to the control, respectively. Also, both the salinity 
and PEG treatments increased ABA’s level significantly in 
the roots by 38.85 and 33.63 % related to the control, re-
spectively (Fig. 2 c). In the roots, the IAA level decreased 
significantly in response to salinity, 32.85 % compared to 
the control. Whereas, in leaves, the IAA level decreased 
significantly in response to drought treatment, where 
46.60 % reduction was observed compared to the control 
(Fig. 2d). 

3.3 PROTEIN PATTERN CHANGES IN RESPONSE 
TO DROUGHT AND SALINITY STRESS

The protein patterns of roots and leaves in one-
dimensional polyacrylamide gel electrophoresis (SDS-
PAGE) and subsequent examination by the ImageJ 
program demonstrated some striking contrasts (Fig. 3). 
The root protein patterns and relative intensity of pro-
tein expression showed that the appearance of protein 
bands 7 and 8 (molecular mass 59.492 and 37.410 kD, 
respectively) was up-managed by drought, while the ex-
pression of protein bands 4 and 5 (molecular mass 97.400 
and 97.391 kD, respectively) was down-controlled under 
drought. The relative intensity of protein expression in 
protein bands 4, 5, and 7 was up-managed, while protein 

Figure 2: Enzymes activity and hormonal levels in response to drought, PEG and salinity stress, (a) Ascorbate peroxidase activity 
(APX), (b) Catalase activity (CAT), (c) Abscisic acid (ABA), (d) Indoleacetic acid (IAA). Data are shown as means (of five replicates) 
± S.E. Different letters indicate significant differences between treatments of leaves and roots (p < 0.05)
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bands 1, 3, 8, and 9 (molecular mass 185.674, 114.794, 
37.410, and 16.658 kD, respectively) were down-con-
trolled by PEG. The relative intensity of protein expres-
sion in protein bands 4, 5, and 7 was up-managed, while 
protein bands 1, 3, 8, and 9 (molecular mass 185.674, 
114.794, 37.410, and 16.658 kD, respectively) were down-
controlled by PEG and salt stress except for protein band 
3 which was not present in the salt stress treatment. The 
appearance of novel protein bands (including band 1 
and 7 with molecular mass 147.222 and 59.492 kD, re-
spectively) by drought, EPG, and salt stress related to the 
control, whereas band 6 (molecular mass 87.059 kD) was 
detected at PEG treatment and band 4 (molecular mass 
97.391 kD) was found in the presence of salt stress treat-
ment. 

The leaf protein patterns and relative intensity of 
protein expression showed that the appearance of pro-

tein band 2 (molecular mass of 106.588 kD) was up-man-
aged by drought. In contrast, the expression of protein 
bands 3, 4, 5, 6, and 7 (molecular mass 97.758, 75.875, 
61.825, 46.900, and 27.626 kD, respectively) was down-
controlled under drought. The relative intensity of pro-
tein expression in protein band 2 was up-managed, while 
protein bands 3, 4, and 5 were down-controlled by PEG. 
The relative intensity of protein expression in protein 
band 3 was up-managed, while protein bands 2, 5, and 
6 were down-controlled by salt stress. The appearance of 
new protein bands, including band 1 with a molecular 
mass of 177.221 kD by drought, EPG, and salt stress com-
pared to the control.Whereas band 1 (molecular mass 
136.349 kD) was not present in all treatments. The ap-
pearance of novel protein bands, including band 8 with a 
molecular mass of 16.658 kD, responded to drought. The 
protein bands 6 and 7 with a molecular mass of 43.888 

Figure 3: Analysis of protein patterns by one-D SDS-PAGE extracted from root and leaf, showing protein pattern changes in re-
sponse to drought, PEG, and salinity stress

Figure 4: Dendrogram of hierarchical clustering to root (R) and the leaf (L) of date palm offshoot under drought, polyethylene glycol 
(PEG), and salinity stress by using protein patterns
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and 23.789 kD responded to EPG. Also, bands 4 and 
7 (with molecular mass 87.059 and 31.799 kD, respec-
tively) appearance by salt stress (Fig. 3). Comparing the 
protein pattern in the control and all stress treatments 
revealed that the relative intensity in roots and leaves was 
associated more with salinity treatment than other tested 
factors.

3.5 CLUSTER ANALYSIS OF PROTEIN PATTERN 
TO ROOT AND LEAF IN RESPONSE TO 
DROUGHT AND SALINITY STRESS

Hierarchical cluster analysis of the protein pattern 
to root and leaf in response to drought and salinity stress 
(Fig. 4) showed two distinct clusters. The first group in-
cluded drought, PEG, salinity, and control treatments to 
leaf (L-drought, L-PEG, L-Salinity, L-Control) and root 
control (R-Control). A significant similarity was ob-
served between the drought treatments (L-drought) and 
PEG (L-PEG) in the leaf ’s protein pattern. At the same 
time, the second group included drought, PEG, and sa-
linity treatments (R-Drought, R-PEG, R-Salinity), which 
showed the similarity between the treatments drought 
and PEG in the protein pattern of the root.

4 DISCUSSION 

Salt and water stress are among the most severe en-
vironmental stress factors determining plant growth and 
development (Elsheery & Cao, 2008). The relationship 
between new proteins and tolerance to extreme environ-
mental conditions is essential for environmental stress 
research. Drought and salinity treatments alter soluble 
carbohydrates’ and proline concentration in roots and 
leaves (Fig. 1). Soluble carbohydrates contribute to os-
motic adjustment during stress and protect giant mole-
cules and membranes' structure during extreme environ-
mental conditions (De Lacerda et al., 2005; Helaly et al., 
2018). Carbohydrates play an essential role as an antioxi-
dant resulting from plant tissue damage (Al Hassan et al., 
2015). Soluble carbohydrates contribute to IAA build-
ing, especially glucose, which increases the IAA primers, 
such as (ANT and TRP) (Sairanen et al., 2013). The root 
is known to be a sink organ of carbohydrates. The carbo-
hydrates are reduced under drought treatment (Fig. 1a). 
Decreased polysaccharides’ content in the root under the 
influence of dehydration results from sugars' consump-
tion in the process of respiration (Jaleel et al. 2009). 

Proline concentration in leaves and roots increased 
significantly in all treatments than the control (Fig. 1b). 
Proline increases in plants that are more tolerant to harsh 

environmental conditions. One of the most important 
adaptations to the surrounding conditions is the accu-
mulation of proline under the influence of drought or salt 
stress (Amini & Ehsanpour, 2005). Proline has a vital role 
in protecting the plant, promoting growth, and effective 
antioxidants in water stress conditions on the date palm 
(Dhawi & Al-Khayri 2008; Butt et al. 2020). Also, proline 
helps protein inversion and a regular signal that activates 
multiple planting adaptation responses to extreme en-
vironmental conditions (Khedr et al., 2003). Increasing 
the proline concentration provides for protein building 
because it is an amino acid and improves endurance by 
maintaining cell water potential, osmotic balance, and 
membrane stability by preventing leaching. 

Salinity treatment resulted in a significant increase 
in MDA and H2O2 in leaves and roots (Fig. 1 c,d). The 
high MDA and H2O2 content shows increased oxidative 
stress and reflect tissue damage due to environmental 
stress (Ben Abdallah et al., 2017). The accumulation of 
sodium and chloride causes plant tissue damage, thus 
activating oxidative stress (Baghalian et al., 2008). MDA 
modifies many proteins into the photosynthetic center II 
(PSII) to stimulate the plant to adapt to environmental 
stress (Chen et al., 2018). Proteins are significant focuses 
for radicals and two-electron oxidants in biological sys-
tems because of their plenitude and high rate constants 
for the response (Davies, 2016). Hydrogen peroxide's 
most essential property is the capacity to cross cell mem-
branes freely, which superoxide generally cannot do 
(Kurutas, 2016). High-level H2O2 can stimulate new 
enzymatic proteins such as APX and CAT enzymes that 
scavenge free radicals (Sofo et al., 2015). 

Salinity treatment increased APX and CAT activity 
in leaves and roots (Fig. 2 a,b). APX activity increased 
under saline stress conditions due to gene expression that 
contributes to the maintenance of enzyme activity and 
physiological processes ( Omar et al., 2012; Khan et al., 
2020b). Gene expression of the enzyme is regulated dur-
ing plant development responds to environmental stress 
(Huseynova et al., 2013). The effectiveness of APX direct-
ly contributes to the protection of plants against extreme 
environmental conditions (Khan et al., 2020a). Also, the 
APX enzyme's high activity can reduce the damage of 
reactive oxygen species (ROS) in the roots and thus in-
crease the conversion of ROS to H2O2 and the use of the 
enzyme to maintain root cells (Huang et al., 2019). 

Dehydration leads to reduced growth in general and 
thus affects gene expression resulting in reduced synthe-
sis of enzymes. Different enzyme activity under various 
stress factors confirms the validity of the antioxidant 
system (Khan et al., 2019). The high activity of the CAT 
enzyme in the leaves is attributed to the stability of the 
tolerance of environmental conditions in plants (Kawa-
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mura & Muraoka, 2018). Reduced enzyme activity un-
der drought stress compared to the standard conditions 
showed the role of H2O2 as a signal transmitted from 
the root to the leaf and thus reduced the concentration of 
H2O2 in the roots (Fig. 1d). 

Salinity and PEG treatments increased ABA lev-
els in the leaves and roots (Fig. 2c). The ABA signaling 
pathway receives and transmits hormonal stimulation to 
activate several events towards the plant's ability to adapt 
to environmental conditions (Vishwakarma et al., 2017). 
ABA signaling pathway affects building many proteins 
that lead to plant adaptation to extreme environmental 
conditions (Mittler & Blumwald, 2015). The accumula-
tion of ROS contributes to collecting the ABA required 
to activate the gene expression process (Vishwakarma et 
al., 2017).

Salinity and drought treatments decreased the level 
of IAA in the leaves and roots (Fig. 2d). IAA is involved 
in stimulating the construction of proteins such as H+-
ATP (Salehin et al., 2019). Environmental stress modi-
fies IAA transmission and its placement in the roots, so 
the auxin concentrations in the roots decrease when the 
plant is exposed to stress (Tanimoto, 2005). The reduc-
tion of IAA in the roots and leaves due to the imbalance 
in the growth regulators and the enzymes' inhibition is 
responsible for building auxin. 

Comparing protein patterns in the control and stress 
treatments revealed that the relative intensity in roots 
and leaves was more significantly associated with salinity 
treatment than other factors (Figs. 3, 4). Cluster analysis 
showed the convergence of the effect of PEG and drought 
stress on protein patterns, whether in leaf or root, while 
distinguishing the impact on drought and salinity. Plant 
growth and adaptation to environmental conditions are 
strongly influenced by protein metabolism (Ghatak et 
al., 2017). Various investigations have indicated that the 
construction of new proteins is associated with changes 
in plant environmental conditions such as salinity (Yaish 
et al., 2015) drought (El Rabey et al., 2015), which causes 
an increase or decrease in polypeptides. The results in-
dicate that the environmental conditions of stress led to 
the emergence of new proteins and other proteins' dis-
appearance, accompanied by unmatched stress proteins' 
appearance. The formation of new proteins under dehy-
dration's influence refers to creating these proteins ear-
lier on cell death programming as we observed shrinkage 
and stiffness in plants prone to dehydration.

5 CONCLUSION

One of the most challenging difficulties in recent 
literature related to plant endurance is to explain the mo-

lecular basis of adaptation to environmental stress fac-
tors. A change in gene expression by drought stress leads 
to a cascade of changes, including the protein patterns. 
Exposure of date palm offshoots to dehydration creates 
specialized proteins whose primary function is to close 
the conveying channels in roots, close stomata, shrink 
cells, reduce vital processes, and maintain water in the 
tissues critical to maintaining plant survival. Exposure 
the plant to salinity builds multiple specialized proteins 
that improve the tolerance mechanism by modifying the 
roots’ selective channels, closing the stomata, and acti-
vating the defense mechanism against oxidative stress.
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