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Abstract 
Al-Mayahi, A.M.W.,  2024. Triacontanol ‘TRIA’ application to mitigate the adverse effects of drought and 
salinity stress under in vitro culture of date palm plants. Folia Oecologica, 51 (2): 250–262.

This study was conducted to attempt adaptation to combined drought and salt stresses (DS) (PEG- 6000 + 
NaCl) in date palm cv. Barhee implanted in vitro, keeping in mind the detrimental influence of DS. In vitro 
experimentation was executed on P. dactylifera L. to examine the efficacy of the application of triacontanol 
(TRIA), on growth attributes, and some biochemical constituents under DS. The optimal treatment was 10 
µg l–1 TRIA. Such treatment under DS improved the callus growth and increased its weight to 215.0 mg. 
This treatment also showed the highest response rate and the number of shoots per jar (72.23% and 10.30 
shoots, respectively) under DS stress. TRIA enhanced DS tolerance by increasing the contents of osmoreg-
ulatory substances such as proline, total soluble carbohydrates, and total soluble proteins, were obtained by 
adding 20 and 10 mg l–1 TRIA. This treatment was also more effective under DS in increasing Ca2+, Mg2+, 
and K+, as well as Fe2+, and chlorophyll pigment. These results also indicate that using 10 µg l–1 TRIA as a 
supplement under DS can increase SOD, APX, and PAL activity, to 31.68, 3.377 unit g–1 min–1, and 33.78%, 
respectively. Data analysis also indicated that the application of 10 µg l–1 TRIA countered the DS-induced 
harmful effects by reducing the content of malondialdehyd (MDA) and H2O2 in stressed tissues to 1.06, and 
1.278 μMg of fresh weight (FW). Our work could reveal detailed changes in the quantity and number of 
protein bands by SDS-PAGE. New protein bands appeared in both stressed with TRIA-treated plants. The 
result of the present study will be useful for rapid clonal propagation of date palm which can be used to 
enhance the tolerance of plants to drought and salt stress.
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Introduction

Date palm (Phoenix dactylifera L.), which belongs to the 
Arecaceae family, is a multipurpose tree with nutrition-
al, medicinal, and ornamental importance, and today its 
worldwide production, utilization, and industrialization 
are continuously increasing. Due to the increasing demand 
for date palm plantlets, production is carried out in large 
areas (Jasim et al., 2009). Various climate changes greatly 
affect agricultural systems around the world (Goharrizi 
et al., 2021). Drought and salinity are known to be the two 

most important abiotic stresses affecting plant growth, 
development, and productivity (Ma et al., 2020). The fo-
cus on plant stress-related research has gained substantial 
momentum over the past decades. Screening plants for 
different stress conditions is essential in breeding and se-
lecting elite varieties. Most experiments screening plants 
for stressors are performed at field conditions, but their 
management is very difficult and is subject to various risks 
due to dynamic external environments. The application 
of plant tissue culture-based techniques in the laboratory 
has allowed the development of biotechnological tools to 
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address obstacles to improving plants for sustainable ag-
riculture (Ibrahim et al., 2013; Al-Mayahi  et al., 2010; 
Al-Asadi et al., 2019; Al-Mayahi, 2021; 2022a). The 
use of tissue culture increases the possibility of intensive 
screening and selection of more drought and salt-tolerant 
genotypes. Several factors regulate in vitro plant growth 
and development among them, the culture medium is the 
most important (Al-Mayahi, 2019; 2022b, c; Awad et al., 
2020; Al-Mayahi and Ali, 2021). Plant hormones play a 
vital role in the growth and development of plants and also 
represent an important line of defense during the plant is 
exposed to stress (Rasool, 2022). Triacontanol (TRIA) 
has been of interest to researchers working to promote 
plant growth under abiotic stress conditions, due to its stim-
ulatory effects on water and nutrient uptake, photosynthesis, 
enzyme activities, membrane stability, and gene regulation 
(Perveen et al., 2012 a, b). TRIA (C30H61OH) is a saturat-
ed primary alcohol and has a newly discovered as a plant 
growth regulator that is a component of the epicuticle wax-
es that contribute to promoting plant growth under abiotic 
stresses (Karam and Keramat, 2017). In addition to the vital 
role that TRIA plays in plants, it also can be used in media 
as an effective growth regulator in micropropagation (Mal-
abadi et al., 2005; Parimalan et al., 2009). As an important 
growth regulator, TRIA has attracted much attention regard-
ing the classification of its physiological effects on several 
plants. Plant growth regulators can be used to ameliorate 
stress-induced growth decrease (Islam and Mohannad, 
2020). It is believed that hormonal changes are sometimes 
necessary to regulate plant growth under environmental 
stresses (Keskin et al., 2010). The palm tree is negatively 
affected by the combination of salinity and drought during 
all stages of growth in cultivated areas. The adverse effects 
of salinity combined with water scarcity on osmotic stress 
greatly increased the sensitivity of reproductive develop-
ment. It is necessary to establish breeding programs to de-
velop stress-tolerant date palm genotypes. TRIA is known 
to have growth-promoting activities in several plants under 
normal and stress conditions (Verma et al., 2009). The de-
velopment of in vitro selection technology, combined with 
molecular approaches will provide a new opportunity to 
promote stress tolerance in plants. Hence, this study aimed 
to evaluate the protective effect of TRIA in drought and/or 
salt stressed date palm explants under in vitro conditions. 

Materials and methods

The experiments were carried out in the tissue culture lab-
oratory of Date Palm Research Centre at Basrah Universi-
ty, Basrah, Iraq.

Young offshoots (2–3 years old) were collected from 
palm trees grown in Abu Al-Khaseeb district, Basrah City, 
southern Iraq. Outer leaves and fibrous tissues at their bas-
es were removed gradually until the shoot tip zone was 
exposed. Sterilization of explants was performed using 
70% ethanol for 1 min and 2.5% sodium hypochlorite for 
20 min. Explants were then rinsed three times with ster-
ile distilled water. To induce callus induction, explants 
were cultured on the MS basal medium (Murashige and 
Skoog, 1962). It was combined with Gamborg’s vitamins 
and supplemented with 3 mg l−1 6-(dimethylallyl amino) 
purine (2iP), 30 mg l−1, naphthalene acetic acid (NAA), 
30 g l−1 sucrose, 2.0 g mg l−1 activated charcoal, and so-
lidified with agar–agar at 6.0 g l−1 were used. The pH of 
the medium was adjusted to 5.7 with 0.1N NaOH or HCl, 
before the addition of agar. Cultures were kept under com-
plete darkness at 27 ± 2 °C. The cultures were transferred 
to fresh media, with the same composition every 6 weeks 
until callus induction.

The induced callus was separated, weighed, and cul-
tured (100 mg per jar) on MS medium added with 100 mg l–1 
glutamine, 5 mg l–1 thiamine HCl, 1 mg l–1 biotin, 30 g l–1 
sucrose, and solidified with agar at 7.0 g l–1 and 0.5 g l–1 
activated charcoal, with the addition of growth regulators 
Naphthalene Acetic Acid (NAA) at 6 mg l–1 and 6-(dimeth-
ylallyl amino purine) (2iP) at 2 mg l–1, and triacontanol 
(TRIA) to tolerance drought (PEG-6000) and salt (NaCl) 
stresses. The pH of the medium was adjusted to 5.7–5.8 
before the addition of agar. Media was dispensed into cul-
ture containers and autoclaved at 121 °C and 1.04 kg cm–2 
for 20 min. The cultures were kept in a culture room at 
27 ± 2 °C with 16 h light and eight-hour dark provided by 
cool white fluorescent bulbs. To study the effects of TRIA 
on callus growth, supplementation of this substance at dif-
ferent concentrations in the growth medium was assessed 
under combined drought and salt stresses (DS). To study 
the effects of TRIA on callus growth, supplements of this 
substance at different concentrations (after dissolving it in 
chloroform) in the culture medium were evaluated under 
combined drought and salt stress (DS) conditions. Treat-
ments consisted of 12 media, TRIA purchased from (Sig-
ma-Aldrich Company Ltd.), with two doses of polyeth-
ylene glycol (PEG-6000, Sigma-Aldrich Company Ltd.) 
and sodium chloride (NaCl), as shown in Table 1.   

For differentiation and multiplication, the callus on 
growth media was divided and subcultured on differentiation 
and multiplication media supplemented as mentioned above, 
except for the plant growth regulators 1 mg l–1 (NAA), 0.5 
mg l–1 (BA), and 0.5 mg l–1 kinetin (K) (Al-Mayahi, 2022b). 
The same treatments mentioned in Table 1 were also used 
to study their effect on bud multiplication and some changes 

No Treatments No Treatments 
T1 0% PEG-6000, 0% of NaCl, no TRIA (control) T5 0% PEG-6000, 0% of NaCl, with 20 µg l–1 TRIA 
T2 10% PEG-6000, 1% of NaCl, no TRIA T6 10% PEG-6000, 1% of NaCl, with 5  µg l–1  TRIA 
T3 0% PEG-6000, 0% of NaCl, with 5 µg l–1 TRIA T7 10% PEG-6000, 0% of NaCl, with 10 µg l–1 TRIA 
T4 0% PEG-6000, 0% of NaCl, with 10 µg l–1 TRIA T8 10% PEG-6000, 1% of NaCl, with 20 µg l–1 TRIA

Table 1. Treatments that are applied in this work
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in phytochemical properties. The cultures were maintained at 
room temperature 27 ± 2 °С, under a photoperiod of 16-h 
day/8-h night cycles. The light intensity was 2,000 lux pro-
vided by cool white fluorescent lamps. There were 18 repli-
cates of each treatment. The percentage of bud regeneration 
and bud number per jar were recorded at 12 weeks from the 
inoculation of callus on the media.

Physiological and biochemical attributes

Total soluble carbohydrates
The anthrone technique adopted by Watanabe et al. (2000) 
quantified the total carbohydrates as glucose.

Total soluble protein
Total soluble proteins were quantified using the procedure of 
Bradford (1976). 

Proline content
Proline content was measured by the method of Bates et al., 
(1973).  

Malondialdehyde (MDA) content 
MDA was quantified as a marker of membrane lipid peroxi-
dation, according to Heath and Packer (1969). 

Hydrogen peroxide (H2O2) content 
Hydrogen peroxide (H2O2) content was measured calorimet-
rically at 390 nm according to Sergiv et al. (1997).

SOD, APX, and PAL assay
Extractions of superoxide dismutase (SOD; EC1.15.1.1.), 
ascorbate peroxidase (APX; EC 1.11.1.11.), and determi-
nations of their activities were carried out according to the 
methods of Kawakami et al., (2000) and Nakano and Asada 
(1981), respectively.

Phenylalanine ammonia-lyase (PAL) activity was as-
sayed following the method of (Syklowska-Baranek et 
al., 2012).

Mineral content in in vitro-grown shoots
The content of total Na+ (sodium), Ca2+ (Calcium), Mg2+ 
(Magnesium), K+ (Potassium), and Fe2+ (iron) in shoots were 
analyzed according to the method described by Cresser and 
Parsons (1979). Chemical analyses were performed using 
the following methods: Na, K, Ca, and Mg, which were de-
termined by atomic absorption spectrometry, according to the 
method described by Black (1968). Fe was determined by 
ICP method (PerkinElmer Optima 7000 DV, US) (Gupta et 
al., 2007). 

Chlorophyll content
The concentration of chlorophylls in the leaves was esti-
mated by the method described by Porra (2002).

Extraction of protein and gel electrophoresis
Proteins were extracted by homogenizing the 0.333 gm 
freeze-dried shoot sample in pre-chilled mortar and pestle 
using 1 ml of extraction buffer consisting of 0.2 M, tris 

hydroxymethyl aminomethane (Tris); 0.001 M ethylene 
diamine tetra acetic acid (Na2 EDTA); 12%, glycerol; 
0.01 M, dithiothreitol (DTT); and 0.05 mM phenyl methyl 
sulfonyl fluoride (PMSF). Protein samples (~500 µg) were 
electrophoresed in a discontinuous SDS polyacrylamide 
gel following Laemmli (1970) using a 12% resolving gel 
(0.375 M, Tris–HCl; pH 8.8) and 4% stacking gel (0.125 
M, Tris–HCl; pH 6.8) in Tris–glycine buffer (0.025 M, 
Tris; pH 8.3; 0.192 M, glycine; 0.1%, SDS) for 16 h, con-
stantly at 20 mA. Staining of the gel was done using 0.2% 
(w/v) Coomassie Brilliant Blue R-250 in 12.5% (w/v) tri-
chloroacetic acid (TCA). The position of the protein band 
in the gel was expressed to compare with standard protein 
markers with known molecular weight.

Experimental design and statistical analysis

The experiments were carried out using a completely ran-
domized design (CRD). Data were analyzed using vari-
ance (ANOVA) analysis using Statistical Package for 
Social Sciences (SPSS) software version 20. Treatment 
means were compared using the least significant difference 
(LSD) at the P < 0.05 level.

Results 

Growth parameters

Based on the results of this study, it was observed that 
adding TRIA to the growth medium resulted in improved 
growth characteristics in all DS, non-stressed cultures 
compared to the control. Maximum reduction in growth 
characteristics was recorded in cultures implanted under 
DS at a concentration of 10% PEG-6000 and 1% NaCl in 
the absence of TRIA, the callus tissues exhibited a slight 
growth and a brown color. Furthermore, the development 
of shoots was also low (Fig. 1b). The highest fresh weight 
of date palm callus, the highest response rate, and the 
number of shoots per jar (294 mg, 88.87%, and 13.5, re-
spectively), were associated with callus tissues implanted 
under no DS stress, combined with the application of 10 
µg l–1 TRIA, compared to other treatments (Table 2, Figs 
1 and 2). 

Total carbohydrates, total proteins, and proline 

The results obtained, in Figs 3, a and b, revealed the car-
bohydrates and free proline in date palm cultures. Both 
of these two traits increased under DS. In the control and 
stress treatments, application TRIA resulted in higher 
contents of total soluble carbohydrates and free proline. 
In contrast, the highest content of these compounds was 
associated with the plants implanted under DS with a 
concentration of 10% PEG-6000 and 1% NaCl combined 
with 10 and 20 µg l–1 TRIA. According to the results (Fig. 
3c), the total soluble protein value was significantly de-
creased (p < 0.05) under DS induced by PEG (10%) and 
1% NaCl as compared with the other treatments, while 
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Fig. 1. Callus proliferation on MS culture × medium with: (a) control, (b) 10% PEG6000 + 1.0% NaCl, (c) 0.0% PEG6000 +  0.0% 
NaCl + 5 µg l–1 TRIA, (d) 0.0% PEG6000 + 0.0% NaCl + 10 µg l–1 TRIA, (e) 0.0% PEG6000 + 0.0% NaCl + 20 µg l–1 TRIA, 
(f) 10%  PEG6000 + 1.0% NaCl + 5 µg l–1 TRIA, (g) 10% PEG6000 + 1.0% NaCl + 10 µg l–1 TRIA, (h) 10%  PEG6000 + 1.0%
NaCl + 20 µg l–1 TRIA.

Treatments Callus weight Frequency Shoot number
(mg) (%)
146.0 d ± 7.60 44.45 e ± 3.89   4.88 f ± 0.40 
111.0 e ± 7.23 33.34 f ± 4.05   3.60 g ± 0.50
179.0 c ± 9.44 55.56 cd ± 3.05   7.20 e ± 0.19
294.0 a ± 12.33 88.87 a ± 6.40 13.50 a ± 0.42
226.0 b ±  9.23 77.78  b ± 6.40 11.85 b ± 0.80
151.0 d ± 7.49 50.00 de ± 4.60   5.56 f ± 0.80 
215.0 b ± 13.21 72.23  b ± 6.40 10.30 c ± 0.90

T1  0% PEG-6000, 0% of NaCl, no TRIA (control)
T2  10% PEG-6000, 1% of NaCl, no TRIA 
T3  0% PEG-6000, 0% of NaCl, with 5 µg l–1 TRIA 
T4  0% PEG-6000, 0% of NaCl, with 10 µg l–1 TRIA 
T5  0% PEG-6000, 0% of  NaCl, with 20 µg l–1 TRIA 
T6  10% PEG-6000, 1% of NaCl, with 5  µg l–1  TRIA 
T7  10% PEG-6000, 1% of NaCl, with 10 µg l–1 TRIA 
T8  10% PEG-6000, 1% of NaCl, with 20 µg l–1 TRIA 182.0 c ± 9.44 61.12 c ± 3.89   8.90 d ± 1.30

Table 2. Effect of triacontanol (TRIA) on in in vitro growth traits of date palm cv. Barhee under combined drought and salt 
stresses (DS). ± Standard error (n = 18). Values followed by the same letter are not significantly different at P < 0.05.

Fig 2. Effect of triacontanol (TRIA) on shoots multiplication in the date palm cv. Barhee under combined drought and salt 
stresses (DS): (a) control, (b) 10% PEG6000 + 1.0% NaCl, (c) 0.0% PEG6000 + 0.0 % NaCl + 5 µg l–1 TRIA, (d) 0.0%  
PEG6000 + 0.0% NaCl + 10 µg l–1 TRIA, (e) 0.0% PEG6000 + 0.0% NaCl + 20 µg l–1 TRIA, (f) 10% PEG6000 + 1.0% NaCl 
+ 5 µg l–1 TRIA, (g) 10% PEG6000 + 1.0% NaCl + 10 µg l–1 TRIA, ( h) 10% PEG6000 + 1.0% NaCl + 20 µg l–1 TRIA.
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Fig. 3. Effect of triacontanol (TRIA) on (a) Total soluble carbohydrates, (b) Proline, (c) Total soluble protein, (d) Malondialde-
hyde (MDA), (e) Hydrogen Peroxide (H2O2), (f) Superoxide oxidase (SOD), (g) Ascorbate peroxidase (APX), (h) Phenylala-
nine ammonia-lyase (PAL) in the date palm cv. Barhee, treated with PEG6000 + NaCl, TRIA: (T1) control, (T2) 10% PEG6000 
+ 1.0% NaCl, (T3) 0.0% PEG6000 + 0.0 % NaCl + 5 µg l–1 TRIA, (T4) 0.0% PEG6000 + 0.0% NaCl + 10 µg l–1 TRIA, (T5)
0.0%  PEG6000 + 0.0% NaCl + 20 µg l–1 TRIA, (T6) 10% PEG6000 + 1.0% NaCl + 5 µg l–1 TRIA, (T7) 10%  PEG6000 +
1.0% NaCl + 10 µg l–1 TRIA, ( T8) 10% PEG6000 + 1.0% NaCl + 20 µg l–1 TRIA.
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the application of TRIA caused an increase in total solu-
ble protein value under stress and non-stress conditions. 
The highest value of total soluble protein is associated 
with the cultures implanted under non-DS stress in com-
bination with the addition of 10 µg l–1 TRIA.

Malondialdehyde (MDA) and hydrogenperoxide (H2O2) 
content

Malondialdehyde (MDA) and hydrogenperoxide (H2O2) 
as an indication of the rate of harm caused by ROS to cul-
tures were measured; the data presented in Fig. 3, d and 
e, showed that MDA and H2O2 content was increased in 
treated cultures with DS, hence, this was evident by in-
creasing their contents under stress conditions as com-
pared with the control treatment (Fig. 3, d and e). The use 
of TRIA somewhat improved the negative effect of DS, by 
reducing MDA and H2O2 levels. The lowest levels of MDA 
and H2O2 were associated with cultures implanted under 
non-DS stress in combination with the application of 10 
µg l–1 µg l–1 TRIA. 

APX, SOD, and PAL activities 

Figures 3f, g, and h show that the highest activity of SOD, 
APX, and PAL occurred in the shoots cultured under DS 
10% PEG6000 and 1% NaCl in combination with 10 µg 
l–1 TRIA, compared to other treatments. The study results 
also indicate that the least activity of SOD, APX, and PAL 
were achieved in no application of TRIA with no DS stress 
condition (control treatment).

Nutrient content in in vitro shoots

Combined drought and salt stresses (DS) reduced the Mg2+, 

K+, and Fe2+ levels, and increased the Na+ and Ca2+, while 
TRIA application resulted in the accumulation of these nu-
trients in the shoots and reduced the Na+ in the shoots (Table 
3). The highest Ca2+, Mg2+, K+, and Fe2+ values are associ-
ated with cultures implanted under no DS stress in combi-
nation with the use of 10 µg l–1 TRIA. In contrast, the low-
est content of Ca2+, Mg2+, K+, and Fe2+ are associated with 
cultures implanted under DS without TRIA (0 µg l–1). The 
lowest Na+ content occurred in the shoots implanted under 
no DS stress, as well as the use of 20 µg l–1 TRIA compared 
to the other treatments.

Chlorophyll content 

Table 4 shows that the Chl (a, b), and total chlorophyll val-
ues were significantly reduced (p < 0.05) under DS com-
pared to other treatments, while the application of TRIA 
caused an increase in chlorophyll content under stress and 
non-stress conditions. The highest content of Chl a, Chl b, 
and total chlorophyll are associated with cultures that were 
implanted under non-DS stress in combination with the ad-
dition of 10 µg l–1 TRIA.

SDS-PAGE protein patterns

Alterations in protein patterns in tissues of date palm cv. 
Barhee were analyzed in laboratory culture conditions to 
detect any possible changes in gene expression in cul-
tures implanted under DS conditions (PEG-6000 + NaCl) 
in the absence or addition of TRIA compared with non-
stressed (control treatment), by applying SDS-PAGE. 
 Some protein types appear as a result of 
PEG-6000+NaCl (DS), while others decrease in concen-
tration or disappear compared with the control treatment. 
Stress treatments induced new bands with molecular 

Treatments Na K Mg Ca Fe
(mg g–1 DW*) (mg g–1 DW) (mg g–1 DW) (mg g–1 DW) (µ.g–1 DW)

T1  0% PEG-6000, 0% of NaCl,  2.234 c ± 0.18 3.783 d ± 0.20  11.834 e ± 1.01 10.032 e ± 1.01 1.137 e ± 0.21
no TRIA (control)
T2  10% PEG-6000, 1% of NaCl,  3.024 d ± 0.42 2.076 f ± 0.40 10.938 g ± 1.4l 11.400 d ± 1.4l 0.741 f ± 0.04l
no TRIA
T3  0% PEG-6000, 0% of NaCl, 1.754 b ± 0.19 3.955 c ± 0.50 12.519 cd ± 1.50 11.594 d ± 1.30 1.290 d ± 0.30 
with 5 µg l–1 TRIA
T4  0% PEG-6000, 0% of NaCl, 1.109 a ± 0.13 4.808 a ± 0.80 13.034 a ± 1.20 13.288 abc ± 1.08 1.794 a ± 0.08
with 10 µg l–1 TRIA
T5  0% PEG-6000, 0% of  NaCl,  1.089 a ± 0.12 4.676 b ± 0.75 12.754 b ± 1.00 12.693 bc ± 1.20 1.648 b ± 0.20
with 20 µg l–1 TRIA
T6  10% PEG-6000, 1% of NaCl,  2.433 c ± 0.18 2.824 e ± 0.18 11.288 f  ± 1.06 12.519 c ± 1.06 1.084 e ± 0.06
with 5  µg l–1  TRIA
T7  10% PEG-6000, 1% of NaCl, 1.907 b ± 0.20 3.955 c ± 0.40 12.619 bc ± 1.49 13.619 a ± 1.02 1.477 c ± 0.023 
with 10 µg l–1 TRIA
T8  10% PEG-6000, 1% of NaCl, 1.824 b ± 0.19 3.888 cd ± 0.8 12.385 d ± 1.21 13.570 ab ± 1.04 1.313 d ± 0.019 
with 20 µg l–1 TRIA

Table 3. Content of Ca, Na, Mg, K+, and Fe of in vitro cultures of date palm Barhee exposed to drought and salt stresses im-
planted in the presence of triacontanol (TRIA). ± Standard error (n = 9). Values followed by the same letter are not significantly 
different at P < 0.05.

*mg – milligrams; g – gram; DW – Dry Weight; µ.g – microgram.
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weights of 19, 29, 38.0, 40.0, and 48.6 kD in cultures under 
DS (Fig. 4, lane 2). Analysis of protein patterns also shows 
that in non-stressed cultures and implanted in culture media 
equipped with TRIA, protein bands were not altered, com-
pared to the control treatment, while in stressed cultures use 
of TRIA contributed to the induction of new protein bands 
and the disappearance of other protein bands. Stressed cul-
tures (PEG-6000 + NaCl) and those treated with 10 and 20 
µg l–1 TRIA showed the greatest improvement in protein 
synthesis, compared to other treatments. In cultures treated 
with 10 and 20 µg l–1 TRIA bands were recorded as 14.3, 
19.0, 29.0, 38.0, 48.6, and 68.0 KD; and 14.3, 19.0, 29.0, 
38.0, 54.0 and 72.0.0 at 10 % PEG-6000, 1% of NaCl, re-
spectively (Fig. 4, lane 7 and 8).

SDS-PAGE protein patterns

Alterations in protein patterns in tissues of date palm cv. 
Barhee were analyzed in laboratory culture conditions to 
detect any possible changes in gene expression in cultures 
implanted under DS conditions (PEG-6000 + NaCl) in the 
absence or addition of TRIA compared with non-stressed 

Treatments Chl a Chl b Chl t 
T1  0% PEG-6000, 0% of NaCl, no TRIA (control) 0.748 f ± 0.04 0.248 e ± 0.030 1.032 f ± 0.05
T2  10% PEG-6000, 1% of NaCl, no TRIA 0.585 g ± 0.075 0.195 f ± 0.020 0.780 g ± 0.03
T3  0% PEG-6000, 0% of NaCl, with 5 µg l–1 TRIA 0.917 e ± 0.065 0.271 cd ± 0.03 1.188 e ± 0.07  
T4  0% PEG-6000, 0% of NaCl, with 10 µg l–1 TRIA 1.395 a ± 0.065 0.330 a ± 0.020 1.725 a ± 0.080
T5  0% PEG-6000, 0% of  NaCl, with 20 µg l–1 TRIA 1.267 b ± 0.035 0.308 ab ± 0.03 1.575 b ± 0.023 
T6  10% PEG-6000, 1% of NaCl, with 5  µg l–1  TRIA– 0.741 f ± 0.030 0.250 de ± 0.01 0.991 f ± 0.040
T7  10% PEG-6000, 1% of NaCl, with 10 µg l–1 TRIA 1.205 c ± 0.070 0.290 bc ± 0.20 1.495 c ± 0.05
T8  10% PEG-6000, 1% of NaCl, with 20 µg l–1 TRIA 1.068 d ± 0.085 0.280 c ± 0.070 1.348 d ± 0.100

Table 4. Effect of triacontanol (TRIA) on the chlorophylls (a, b) and total chlorophyll content in date palm cv. Barhee under 
differenct combined dorught and salt stresses (DS). ± Standard error (n = 9). Values followed by the same letter are not signifi-
cantly different at P < 0.05

(control treatment), by applying SDS-PAGE. 
 Some protein types appear as a result of PEG-6000+Na-
Cl (DS), while others decrease in concentration or disappear 
compared with the control treatment. Stress treatments in-
duced new bands with molecular weights of 19, 29, 38.0, 
40.0, and 48.6 kD in cultures under DS (Fig. 4, lane 2). Anal-
ysis of protein patterns also shows that in non-stressed cul-
tures and implanted in culture media equipped with TRIA, 
protein bands were not altered, compared to the control treat-
ment, while in stressed cultures use of TRIA contributed to 
the induction of new protein bands and the disappearance of 
other protein bands. Stressed cultures (PEG-6000 + NaCl) 
and those treated with 10 and 20 µg l–1 TRIA showed the 
greatest improvement in protein synthesis, compared to other 
treatments. In cultures treated with 10 and 20 µg l–1 TRIA 
bands were recorded as 14.3, 19.0, 29.0, 38.0, 48.6, and 68.0 
KD; and 14.3, 19.0, 29.0, 38.0, 54.0 and 72.0.0 at 10 % PEG-
6000, 1% of NaCl, respectively (Fig. 4, lane 7 and 8).

Discussion 

Environmental extremes are known to cause various abiotic 

Fig. 4. SDS-PAGE of protein extracted from regenerated shoots of Phoenix dactylifera L. cv. Barhee, treated with PEG6000 + 
NaCl, TRIA as shown in Table 1.

M Con.1 2 3 4 5 6 7

116 76.0 48.6 76.0 76.0 76.0 66.0 68.0
97.40 66.0 40.0 66.0 66.0 66.0 42.37 48.0
66.20 42.37 38.0 42.37 42.37 42.37 38.0 38.0
37.60 21.0 29.0 21.0 21.0 21.0 29.0 29.0
25.5  19.0    19.0 19.0
12.9      14.3 14.3
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stresses (particularly drought and salinity) on plant fitness 
and performance (Kaushal and Wani, 2016). In vitro se-
lection carried out under controlled environment conditions 
in confined spaces is highly effective.  Micropropagation of 
date palms requires improving protocols and adaptation to 
specific cultivar requirements. Our study showed that tri-
acontanol (TRIA) treatment has beneficial effects on date 
palm cultures propagated in vitro. Moreover, TRIA contrib-
utes to alleviating the negative effects caused by DS. TRIA 
is known to have growth-promoting activities in plants 
(Malabadi et al., 2005). TRIA also regulates the growth 
and development of plants under normal and stressful con-
ditions (Verma et al., 2009; Parimalan et al., 2009). Among 
the different treatments tested, 10 µg l–1 TRIA was found 
most effective in increasing the callus fresh weight (294 
and 215 mg jar–1), percentage of bud production (88.87% 
and 72.23%), and the number of shoots (13.50, and 10.30), 
which were higher as compared with under non-stress and 
stress treatments, respectively (Figs 1 and 2). This proves 
that TRIA improves callus growth and shoot regeneration. 
TRIA is one of the plant growth regulators that plays an im-
portant role in plant growth and development (Obulreddy 
et al., 2002; Verma et al., 2022). TRIA plays a vital role in 
alleviating stress-induced changes in plants by modulating 
the activation of stress resistance mechanisms. (Khan et 
al., 2020; Verma et al., 2022). TRIA has been shown to 
play an essential role in the defensive response to stresses 
in many plant species (Shahbaz et al., 2013; Perveen et 
al., 2016; Weremczuk-Jezyna et al., 2022). The positive 
effects of TRIA might be attributed to its role in enhancing 
mineral nutrient uptake, cell division, and the permeabil-
ity of the membrane (Chen et al., 2003; Perveen et al., 
2012a, b). Previous studies on TRIA application on differ-
ent plants showed higher accumulation of nutrients by ex-
citation of the signaling molecule L (+) adenosine leading 
to improved plant growth and development (Waqas et al., 
2016). Also, TRIA can interact with cytokines and gibber-
ellic acid to regulate growth and metabolic processes in 
cultures (Segura and Joaquin, 2021). TRIA effectively 
mitigates the harmful effects of stress and regulates plant 
growth under stressed and normal conditions (Naeem et 
al., 2011; Khan et al., 2020). During the experiment under 
study, TRIA suggested enhancement in growth may be due 
to the upregulation of genes that are related to the pho-
tosynthetic (Chen et al., 2003), and improvement in the 
activities of antioxidant enzymes (Perveen et al., 2012a, 
2014). In addition, TRIA also enhances nutrient absorption 
and uptake under stress conditions (Krishnan and Ku-
mari, 2008). Mineral contents may stimulate plant growth 
and development. The DS affects the physiological and 
biochemical processes of plants, especially the synthesis 
and accumulation of secondary metabolites. During DS, 
the accumulation of many solutes, such as total soluble 
carbohydrates, proteins, and free amino acids, including 
proline, which is one of the most widely compatible sol-
utes that accumulate in plants during adverse environmen-
tal restrictions and plays an essential role in plant stress 
tolerance (Ghaderi et al., 2018).
 To ensure relative stability of osmotic potential un-

der DS, our results revealed increased values of osmo-
regulation compounds such as free proline, soluble total 
carbohydrates, and total soluble proteins, with the applica-
tion of TRIA. Proline is an important osmotic regulatory 
substance, which can contribute to reducing the osmotic 
potential and maintaining turgor pressure. Proline is the 
biochemical parameter most predictive of stress among the 
traits studied. Besides being an excellent osmolyte, proline 
plays many vital roles during stress. In addition, proline 
contributes to many functions, such as scavenging reactive 
oxygen species (ROS) and protecting the plasma mem-
brane, etc. (Molinari et al., 2007; Tuteja, 2007; Gupta 
and Huang, 2014). Our results were consistent with pre-
vious studies on the positive effect of TRIA on enhanc-
ing proline accumulation under stress conditions in the 
studied plants (Perveen et al., 2016; Khan et al., 2020). 
Carbohydrate accumulation in response to various abiotic 
stressors has been reported to have potential roles in stress 
adaptation. Total protein values decreased significantly 
with increasing DS. Furthermore, a lower protein content 
than the control may indicate a higher catabolic than ana-
bolic process. Plants activate some internal mechanisms to 
prevent stress. Some of them are the synthesis of protec-
tive molecules, including the synthesis of some stress-in-
duced proteins (Büyük et al., 2012). Under stress, TRIA 
has been observed to enhance mineral nutrient uptake, in-
crease the activities of antioxidant enzymes, and promote 
the synthesis of various organic substances (Naeem et al., 
2009; Gupta and Huang, 2014; Aziz and Shahbaz, 2015; 
Karam and Keramat, 2017; Zaid et al., 2019). TRIA, like 
other plant hormones, may activate enzymes or alter the 
membrane, leading to increased metabolism and accumu-
lation of various important intermediate substances.    
 Our results suggested an increase in MDA and H2O2 
values in cultures exposed to DS. These increases in MDA 
and H2O2 in leaves reflect oxidative damage to membrane 
lipids and other biomaterials. MDA and H2O2 as indica-
tors representing the severity of stress (Al-Mayahi et al., 
2020). In contrast, MDA and H2O2 content were signifi-
cantly reduced by TRIA addition to date palm cultures 
media that were suffering from osmotic stress. Our re-
sults also showed that antioxidant enzymes responded to 
DS stress. To cope with oxidative stress, it was found that 
treatment with TRIA enhanced the activities of SOD, and 
APX in date palm plantations. Hence, TRIA reduces H2O2 
and MDA content via antioxidant enzymatic activity in P. 
dactylifera, confirming that TRIA alleviates DS via activa-
tion of antioxidant enzymatic activity. Membrane stability 
is an important property required for the functional surviv-
al of plants under abiotic stress because damage to it will 
lead to cell death (Shah et al., 2020; Koleva et al., 2022). 
Among all types of ROS, H2O2 is a key player in stress sig-
nal transduction pathways related to tolerance to various 
stresses (Guler and Pehlivan, 2016). Furthermore, H2O2 
directly regulates the expression of many genes involved 
in plant defense and related pathways such as antioxi-
dant enzymes, defense proteins, and transcription factors 
(Huang and Guo, 2005). Thus, TRIA reduced the harmful 
effects on the treated date palm tissues. The high nega-
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tive correlation values between H2O2 and MDA with SOD, 
APX, and PAL in the current study under both normal and 
DS conditions, confirm the importance of antioxidant en-
zymatic protection in ROS detoxification. Perveen et al. 
(2016) showed that plant cells produce different reactive 
oxygen species (ROS) in response to exposure to stress. 
Many studies have shown that TRIA enhances enzymatic 
antioxidant activity in plants exposed to drought or salt 
stresses (Perveen et al.. 2016; Shahbaz et al., 2013; Islam 
et al., 2020). Therefore, we hypothesized that TRIA utiliz-
es enzymatic antioxidant mechanisms in addition to PAL 
that mitigate oxidative stress and plant growth under DS 
stress. SOD is the first enzyme in detoxification process-
es, catalyzes the dismutation of O2 to H2O2 and O2. SOD 
and APX can eliminate H2O2 via different mechanisms 
(Gill and Tuteja, 2010). Similarly, Grzegorczyk et 
al. (2006) reported that TRIA treatment increased the 
antioxidant activities of S. officinal. Stimulation of the 
antioxidant defense system is one of the responses of 
plants to combat drought and salinity stress. Phenylal-
anine ammonia-lyase (PAL) is an inducible enzyme that 
responds to various stresses. Regarding the activity of 
PAL, a key enzyme involved in the biosynthesis of an-
ti-oxidative compounds (Gholizadeh, 2011; Al-Mayahi 
et al., 2020), our results indicate the importance of PAL 
in date palm plant defense response to DS. A positive 
correlation can be observed in PAL activity and accumu-
lation of TSPCs (total soluble carbohydrates), indicating 
increased content of TSPCs due to increased PAL activ-
ity. In the current study, the DS increased the Na+ (so-
dium), and Ca2+ (calcium) content, but decreased Mg2+ 
(magnesium), K+ (potassium), and Fe2+ (iron) content in 
tissues cultured. TRIA application reduced the Na+ value 
in stressed plants and increased nutrients content of Ca2+, 
Mg2+, K+, and Fe2+. TRIA enhances nutrient absorption 
and uptake under stress conditions, which to some extent 
reflects the plants’ ability to resist stress (Krishnan and 
Kumari, 2008; Kilic, et al., 2010). The increase in nu-
trient levels can be attributed to the prominent effect of 
TRIA in enhancing their absorption (Chen et al., 2003; 
Perveen et al., 2012b). Increased calcium content can in-
duce some types of proteins (calmodulin) that modulate 
transcription factors (MYB, GTL, and CAMTA3) and 
thus lead to the phosphorylation of growth, development- 
and defense-related genes (Tang et al., 2020). Magne-
sium and potassium are necessary to activate the different 
enzymes and metabolic processes in plants (Keramat et 
al., 2017). Iron plays a vital role in the synthesis of chlo-
rophyll, an essential molecule in photosynthesis during 
plant growth (Bello-Bello et al., 2017).
 The chlorophyll values in date palm cultures exposed 
to DS were significantly decreased as shown in Table 4. 
The accumulation of toxic ions resulting from salinity 
stress and physiological water deficiency in leaves delayed 
chlorophyll biosynthesis as well as accelerated chloro-
phyll degradation (Mahboob et al., 2017). The decreased 
chlorophyll value could be due to the increased activity of 
chlorophyllase, a chlorophyll-degrading enzyme (Reddy 
and Vora, 1986). The decrease in chlorophyll content may 

be associated with increased H2O2 levels. TRIA is known 
to increase chlorophyll content, as in our results, 10 µg l–1 

TRIA proved to be the most effective in retaining the high-
est Chl (a, b) and total chl contents (Table 4). TRIA acts as 
a signaling molecule that induces plants to resist various 
abiotic stresses (Waqas et al., 2016). The enhanced chlo-
rophyll content due to exposure to TRIA is presumably 
related to the strength of the stability membrane, which 
remains intact in response to TRIA under DS conditions. 
Decreased chlorophyll due to stress is related to increased 
production of ROS in the cell. These free radicals cause 
oxidation, disintegration, and reduction of chlorophyll 
content in plants under stressful conditions. Photosynthe-
sis is the main cause of oxidative stress when plants are 
exposed to unfavorable conditions. The beneficial effects 
of TRIA treatments on the stimulation of chlorophyll pig-
ments may be a result of its role in increasing the uptake 
of water and mineral nutrients (Krishnan and Kumari, 
2008; Perveen et al., 2012c), which increases stomatal 
conductance and thus affects the rate of photosynthesis by 
stabilizing carbon dioxide (Moutuchilian et al., 2003). 
 SDS-PAGE analysis showed some novel polypeptide 
bands in all TRIA-treated plants, representing a defense 
strategy facing drought and salt stress (DS). Exposure to 
DS also stimulated the synthesis of several low molecular 
weight proteins, which contributed to some extent to pro-
tecting the implanted tissues from injury caused by DS.
 New bands of proteins in stressed cultures treated 
with TRIA may be due to stimulation of the production 
of these proteins. Changes in protein induction under DS 
stress conditions may be due to changes in mRNA transla-
tion efficiency or regulation of RNA transcription, which 
depends on the tissue’s need and response to the type of 
stress it is exposed to ensure control of these stresses. The 
expression of DS-proteins is associated with the process of 
adaptation of tissue to DS as well as with the genetic com-
position of selected DS-resistance genotypes. These in-
duced proteins may have a specific function in protecting 
date palm tissue cultures from more harmful stresses and 
are considered a means of defense against stresses. Sever-
al stress-induced polypeptides have been shown in sever-
al reports and are postulated to play an important role in 
stress resistance (Jiang and Huang, 2002). These results 
confirmed the study reported by Hussein et al. (2015), who 
showed that one of the effective mechanisms contributing 
to protecting the cell from stresses is the induction of new 
proteins. In our current study, the promoted expression of 
a 72-kDa protein at TRIA indicated that TRIA may have 
stimulated protein synthesis under DS stress conditions. 
TRIA can promote plant growth and increase tolerance 
under DS through mechanisms such as the induction of 
specific stress proteins. Such changed and improved pro-
tein expression may be responsible for the growth and 
development of cultures under high-stress levels. These 
novel peptides may have vital roles in DS binding and 
may be low molecular weight proteins produced in cul-
tures in response to abiotic stress (Duressa et al., 2010). 
On the other hand, the disappearance of some polypep-
tides in DS-stressed cultures in the absence of TRIA may 
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be associated with enhanced RNAse hydrolysis activity 
(Kong-Ngern et al., 2005). 

Conclusions

To the best of our knowledge, this study is the first to show 
the beneficial effects of TRIA on the growth and develop-
ment of in vitro-cultivated date palm plants, with or with-
out drought and salt stress (DS) (PEG-6000 + NaCl) stress. 
In conclusion, TRIA application was shown to alter the 
physiological and biochemical dynamics of P. dactylifera 
under DS in date palm cultures under laboratory condi-
tions. Treatment with TRIA reduced the harmful effects of 
DS stress by reducing membrane injury. Improved DS tol-
erance may relate to high chlorophyll content besides anti-
oxidant enzyme activity and PAL, the accumulation of sol-
utes, and the appearance of new protein bands. Altogether, 
our results indicate that the application of 10 µg l–1 TRIA 
was more effective in reducing the negative effect of DS.
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