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Abstract 
Al-Asadi, A.Z.R., Al-Mayahi, A.M.W., Awad, K.M., 2024. Effects of dicamba and casein hydrolysate on 
in vitro growth and shoot regeneration of date palm (Phoenix dactylifera L.) cv. Barhee. Folia Oecologica, 
51 (1): 56–65.
 
The investigation was carried out to evaluate the influence of the dicamba (3,6-Dichloro-2-methoxybenzoic 
acid) (DIC) and casein hydrolysate (CH) on the callus growth, shoot multiplication, and some biochemical 
constituents of date palm cv. Barhee cultured in vitro. Both DIC and CH were required for callus growth 
and shoots regeneration. The medium supplemented with 4.0 mg l−1 DIC in combination with 1.0 g l−1 CH 
gave the highest callus weight (287 mg), while the maximum response rate and the number of shoots per jar 
(86.67% and 15.07 shoots/jar) were found in MS media equipped with 4 mg l−1 DIC and 0.5 mg l−1 CH com-
bination. The total amount of phenolic compounds was significantly reduced to 0.82 and 0.79 mg GAE g–1 in 
shoots cultured in the medium equipped with 4.0 mg l−1 DIC with 0.5 and 1.0 g l−1 CH, which is reflected in 
the rate of browning. The results showed that the highest shoots content of endogenous IAA (3.71 and 3.50 
μg g−1), were obtained in response to 4 mg l−1 DIC + 1.0 g l−1 CH and 4.0 mg l−1 DIC + 0.5 g l−1 CH, respec-
tively. The macronutrient K, P, Ca, and free amino acids content significantly increased in the in vitro shoots 
regenerated on the media supplemented with 4.0 mg l−1 DIC + 1.0 g l−1 CH. The genetic stability of this study 
was confirmed by the DNA-based fingerprinting method RAPD. The RAPD binding patterns indicated no 
variation among tissue culture-derived plants. The in vitro propagation protocol described herein can be 
introduced to the production of genetically stable date palm plants.
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Introduction

Date palm (Phoenix dactylifera L.) is a flowering plant be-
longing to the monocotyledonous family Arecaceae and is 
an economically important tree species. Dates are a major 
food source and income source for local populations in the 
Middle East and North Africa (Al-Khalifah  et al., 2013). 
 The traditional vegetative method of date palm 
propagation is by offshoots, what is inefficient because 

each tree produces only a few offshoots, especially in some 
elite varieties, and fruit-bearing can take up to seven years 
(Gantait et al., 2018). The second way of propagation is 
by seeds, but it has many limitations including low rate of 
germination and progeny variations (Chand and Singh, 
2004). With all these facts, in vitro propagation is the most 
promising method for the rapid propagation of date palms 
to overcome the decline in the number of desirable cul-
tivars (Al-Mayahi, 2019; Abdalla et al., 2022). Plant 
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tissue culture effectivity as a means of plant propagation 
is greatly affected by selecting the proper culture medium 
(Al-Mayahi et al., 2010; Al-Mayahi and Ali, 2021).  
 Auxins are widely used in plant tissue culture, es-
pecially for callus induction and tissue and organ differ-
entiation. Auxin and cytokinin ratio during in vitro tissue 
culture can play a critical role to induce the response in 
higher plants. Auxins are available in both natural and syn-
thetic forms.
 Auxinic herbicides are synthetic auxins and may 
also be described as active growth regulators with a 
growth-regulating effect. Dicamba, also known as 3, 6-Di-
chloro-2-methoxybenzoic acid (DIC), is an herbicide that 
acts as a phytohormone. It tends to show higher activity 
compared to other auxins, which promotes somatic embry-
onic development in tissue culture (Phillips and Garda, 
2019). DIC was shown to surpass 2, 4-dichlorophenoxy-
acetic acid (2, 4-D) in inducing shoot regeneration in cere-
als tissue culture (Trifonov et al., 2001; Przetakiewicz 
et al., 2003). Filippov et al., 2006 reported that adding a 
higher level of DIC to the callus medium could greatly pro-
mote the frequency of the formation of callus and regener-
ated shoots of wheat. On the other hand, complex organic 
additives promote the growth and differentiation of plant 
cultures in vitro. It has been reported that culture medium 
supplemented with casein hydrolysate (CH) can improve 
callus growth and somatic embryogenesis in various plants 
including date palm (Khalda and Forkan, 2006; Ageel 
and Elmeer, 2011; Al-Khayri, 2011). High regeneration 
capacity from commercial date palm varieties is a primary 
requirement for efficient genetic modification. Molecular 
markers had become a promising method in fingerprinting 
and genetic analysis (Saad-Allah and Youssef, 2018). 
Out of various molecular markers applied to evaluate in vi-
tro proliferated plants’ genetic fidelity, RAPD is one of the 
simplest, quick and cost-effective techniques and require 
only small amounts of DNA (Chaudhary et al., 2015).  
Srivashtav et al., (2013) reported that RAPD markers are 
more efficient markers than ISSR for evaluating genetic 
variation in date palms. Despite many advantages, micro-
propagation of date palm still faces many problems, and 
research related to studying the effects of DIC and CH on 
the growth and development of date palm in vitro cultures 
is scarce. Therefore, the aim of this study was to evaluate 
the impact of these two compounds on callus growth, mul-
tiplication shoots, and some biochemical traits of the date 
palm cv. Barhee cultivated in vitro. Genetic stability was 
also analyzed in the tissue culture-derived plantlets, and 
Random Amplification of Polymorphic DNA (RAPD) in-
dicators were used to determine the protocol effectiveness.  

Materials and methods

Tissue cultures experiments 

Impact of dicamba (DIC) and casein hydrolysate (CH) 
on growth and development of callus and shoot regen-
eration of date palm cv. Barhee

 The experiments were carried out in the tissue cul-
ture laboratory for Date Palm Research Centre at Basrah 
University, Basrah, Iraq.                                     
 Young offshoots (2–3 years old) of date palm cv. 
Barhee were detached from the parent palm. Outer leaves 
and fibrous tissues at their bases were removed gradu-
ally 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 sterile distilled water. For 
callus induction, explants were cultured on the MS basal 
medium (Murashige and Skoog, 1962) with the addi-
tion of 3.0 mg l−1 6-(dimethylallyl amino purine) (2iP), 
30 mg l−1 of 1-naphthalene acetic acid (NAA), 30 g l−1 
of sucrose, 2.0 g l−1 of activated charcoal, and solidified 
with 6.0 g l−1 agar–agar. The cultures were transferred to 
fresh media, with the same composition every 6 weeks 
until the callus began to initiate. All cultures were incu-
bated in a culture room under darkness at 27 ± 2 °C for 
180 days to initiate callus. 
 To study the effects of dicamba (DIC) and casein 
hydrolysate (CH), supplementation of these compounds at 
various concentrations in the growth media was assessed. 
The induced callus was separated from the apical buds, 
weighed, and cultured (100 mg per jar) on MS medium, 
with the addition of growth regulators NAA at 6.0 mg 
l−1 and 2iP at 2.0 mg l−1. To study the effects of dicam-
ba (DIC) and casein hydrolysate (CH) on callus growth, 
supplementation of these compounds at different concen-
trations in the growth medium was assessed. MS medium 
was supplemented with 0.0, 2.0, 4.0, and 6.0 mg l−1 DIC 
(Sigma-Aldrich, St. Louis, MO) or 0.0, 0.5, and 1.0 g l−1 
CH, or added together at 4.0 mg l−1 DIC + 0.5 g l−1 CH, and 
4.0 mg l−1 DIC + 1.0 g l−1 CH. The pH of the medium was 
adjusted to 5.7–5.8 before the addition of agar. Media were 
dispensed into culture 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 irradiance 
of 13.5 μmol m−2 s−1 provided by cool white fluorescent 
lamps at the light intensity of 2,000 lux.  
 For differentiation and multiplication, the callus 
on growth media was divided and subcultured on differ-
entiation and multiplication media supplemented as men-
tioned above, except for the plant growth regulators 1 mg l−1 
(NAA), 0.5 mg l−1 6-benzyladenine (BA), and 0.5 mg l−1 
kinetin (K). It was also supplemented with the same DIC 
and CH concentrations to study their effects on buds multi-
plication and some changes in phytochemicals properties. 
The cultures were maintained under room temperature 27 
± 2 °С, with a photoperiod of 16/8 h day/night. The light 
intensity was 2,000 lux provided by cool white fluorescent 
lamps. There were 18 replicates 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. 

Browning percentage (%)

The browning percentages were scored according to the 
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following: (–) No tissue browning; (+) Moderate tissue – 
browning; (+++) Severe tissue – browning.

Biochemical analysis

Total phenolic content
The total phenolics content was extracted according to the 
method described by Singleton and Rossi (1965). Gallic 
acid was used as a reference standard. The results were 
expressed in mg equivalent of gallic acid per gram (mg 
GAE g–1).

Free amino acids 
The free amino acids were determined according to the 
method of Lee and Takahashi (1966) by utilizing ninhy-
drine reagent.

Extraction and measurement of auxin Indole-3-acetic 
acid (IAA)
Auxin was extracted and quantified according to the meth-
od of  Nagar and Sood (2006). Five grams of shoots after 
various treatments with DIC or CH and their combinations 
were homogenized using 80% methanol. The extract was 
filtered through the Whatman filter paper (no.1) and evapo-
rated at 4 °C in dark conditions. The supernatant was dried 
in vacuum, and withdrawn by a 0.1 M potassium phosphate 
(pH 8.1). Eluate obtained was evaporated to dryness, taken 
up in water and pH adjusted to 2.5 with 1 N HCl and then 
partitioned (4×) with diethyl ether. Combined ether phases 
were evaporated to dryness in vacuum and the residue was 
dissolved in methanol for the estimation of free auxins up 
to 80%. The remaining aqueous phase was hydrolyzed at 
pH 7.0 for 3 h at 100 °C (Sundberg et al., 1994). The 
hydrolysate was cooled, neutralized with 1 M HCl up to 
pH 3.0 and finally partitioned against diethyl ether. The 
combined ether phases were evaporated in vacuum, and 
taken up in methanol (HPLC grade) for the estimation of 
bound auxins. For the estimation of endogenous contents 
of auxins, methanolic extracts ready for HPLC analysis 
were filtered through 0.45 µM Millipore filters. Elution 
was carried out with Methanol (40%) in 30 mM acetic acid 
(HPLC grade) at a flow rate of 1 ml min–1. Column eluents 
were passed through a UV detector (2996 PDA detector) at 
280 nm was passed through the column eluants and auxins 

were characterized and quantified. Standard auxins were 
used as reference (IAA).

Determination of macronutrient content
The content of potassium (K), calcium (Ca), and phospho-
rus (P) in shoots were measured by the method of Cresser 
and Parsons (1979). Phosphorus was measured by a spec-
trophotometer at 880 nm, according to Murphy and Riley 
(1962). K and Ca were determined by atomic absorption 
spectrometry, according to the method described by Black 
(1968). There were three replicates of each analysis.

DNA isolation and RAPD analysis                                   
Total genomic deoxyribonucleic acid (DNA) was isolated 
from regenerated date palm shoots using the CTAB method 
as described in Rogers and Bendich (1985). Polymerase 
chain reaction (PCR) reactions were performed using a set 
of three arbitrary 3-mer primers. These primers and their 
sequences are presented in Table 1.

Primer Sequence CG (%)

OPD-10 GGTCTACACC 60
OPO-07 CAGCACTGAC 60
OPA-02 TGCCGAGCTG 70

The PCR mixture
The reaction mixture (20 μl) contained 10 ng DNA, 200 
μM deoxynucleotide triphosphates (dNTPs), 1 μM primer, 
0.5 units of Red Hot Taq polymerase (AB-gene Housse, 
UK) and 10-X Taq polymerase buffer (AB-gene Housse, 
UK). For DNA amplification, a Perkin Elmer thermal cy-
cler (2720) was used with following program: initial dena-
turation: 95 °C for 5 min followed by 94 °C for 0.45 min, 
annealing (35 cycles) 35 °C for 1 min, and extension step 
first at 72 °C for 1.5 min and 30 s and then at 72 °C for 7 
min (Adawy et al., 2004). The amplification products were 
separated in 1% (w/v) agarose gel in 1× Tris/Borate/Ethy-
lene diaminetetra acetic acid (TBE) buffer and visualized 
by staining with ethidium bromide. The reproducibility of 
DNA profiles was determined by replicating all RAPD re-

Table 1. RAPD primers and their sequences used  for the ge-
netic fidelity evaluation

Treatments Callus weight (mg) Frequency (%) Shoot number

0.0 120.0 g ± 7.33 33.34 f ± 4.05 3.40 e ± 0.50
2 mg l–1 DIC  189.0 de ± 3.60 60.00 cd ± 3.89 7.44 c ± 0.19
4 mg l–1 DIC  227.0 c ± 2.21 73.34 b ± 4.60 9.36 b ± 0.22
6 mg l–1 DIC  201.0 d ± 2.21 66. 67bc ± 6.80 7.80 c ± 0.58
0.5 g l–1 DIC 145.0 f ± 3.60 53.34 de ± 3.05 5.38 d ± 0.80
1.0 g l–1 DIC 171.0 e ± 2.21 46.67 e ± 3.89 5.14 d ± 0.59
4.0 mg l–1 DIC + 0.5g l–1 CH 255.0 b ± 7.33 86.67 a ± 6.40 15.07 a ± 0.42
4.0 mg l–1 DIC + 1.0 g l–1 CH 287.0 a ± 4.79 80.00 a ± 6.40 13.83 a ± 0.40

± Standard error (n = 15). Values followed by the same letter are not significantly different at 5% level by (LSD) test.

Table 2. Effect of dicamba (DIC) and casein hydrolysate (CH) on in in vitro growth of date palm cv. Barhee
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actions at least three times using DNA markers. The primers 
were evaluated from wise pair comparison for the propor-
tion of shared bands amplified (Nei, 1978). The similari-
ty coefficient was calculated using the statistical software 
package STATISTICA-SPSS Version 18.0 (Stat Soft Inc.). 

Statistical analysis 

The experiments were conducted in a completely random-
ized design (CRD). Data were analyzed by one-way anal-
ysis of variance (ANOVA) using Statistical Package for 

Fig. 1. Callus profileration on MS medium with (a) control, (b) 2.0 mg l–1 DIC, (c) 4.0 mg l–1 DIC, (d) 6.0 mg l–1 DIC, (e) 0.5 g l–1 
CH, (f) 1.0 g l–1 CH, (g) 4.0 mg l–1 DIC + 0.5 g l–1 CH, (h) 4.0 mg l–1 DIC + 1.0 g l–1 CH, (× 0.8).

Fig. 2. Bud induction on MS media with (a) control, (b) 2.0 mg l–1 DIC, (c) 4.0 mg l–1 DIC, (d) 6.0 mg l–1 DIC, (e) 0.5 g l–1 CH, 
(f) 1.0 g l–1 CH, (g) 4.0 mg l–1 DIC + 0.5 g l–1 CH, (h) 4.0 mg l–1 DIC + 1.0 g l–1 CH, (× 0.8).
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Social Sciences (SPSS) software version 18.0. Treatment 
means were compared using the least significant difference 
test (LSD, P < 0.05).  

Results

Callus growth occurred at all DIC concentrations tested in 
this study although the significantly higher weight was at 
4.0 mg l−1 (Table 2, Fig. 1c). The data show an increase in 
callus weight as a result of increasing CH concentration, 
which reached 171.0 mg of callus weight at a concentra-
tion of 1.0 g l –1 (Table 2, Fig. 1f). The combination of 4.0 
mg l−1 and 1.0 g l–1 CH gave the significantly highest cal-
lus weight rate (287.0 mg l−1) compared to the other treat-
ments (Fig. 1) after 8 weeks on the respective medium.
 Callus tissues implanted in 4.0 mg l−1 DIC com-
bined with 0.5 g l−1 CH showed better results in the per-
centage of shoot production from callus (86.67%) with 
the highest number of shoots formation (15.07 shoots/jar), 
compared to the other treatments (Fig. 2). The maximum 
reduction in growth parameters was observed in cultures 
implanted in the control medium.

Changes of browning percentage and phenolic content 
of date palm cultures

The results in Table 3 showed that various concentrations of 
DIC and CH had significant effects on the browning percent-
age. The cultures grown on the medium supplemented with 
4.0 mg l−1 DIC combined with 0.50 or 1.0 g l−1 CH, showed the 
best results in reducing the browning degree to zero (−), as 
compared with no additives (control treatment) or with their 
individual application (Fig. 3 and 4). The control treatment 
aggravated the occurrence of browning to (+++) (Table 3).
 The highest phenolic compounds were recorded 
in the tissues of the cv. Barhee, in the control treatment, 
which had 2.01 mg GAE g–1. At the same time, a significant 
decrease was recorded in a media supplemented with 4.0 

Treatments
 

Browning 
Phenolic 

 
degree

 compounds  
  (mg GAE g–1)

0.0   +++ 2.01 e ± 0.25*
2.0 mg l−1 DIC + 1.03 c ± 0.02
4.0 mg l−1 DIC + 0.92 b ±0.01
6.0 mg l−1 DIC + 1.10 c ±0.05
0.5 g l−1 CH + 1.45 d ±0.12
1.0 g l−1 CH + 1.39 d ±0.10
4.0 mg l−1 DIC+ 0.5 g l−1 CH − 0.82 a ±0.06
4.0 mg l−1 DIC+ 1.0 g l−1 CH − 0.79 a ±0.09

Table 3. Effect of dicamba (DIC) and casein hydrolysate (CH) 
on a browning degree and total phenolic compounds (mg 
GAE g–1) of date palm buds cv. Barhee cultivated in vitro

*± Standard error, ** Means within each column followed by 
the same letter are not significantly different at 5% level by 
(LSD) test, *** − no browning response, + poor, ++ moder-
ate, +++ high.

Fig. 3. Effect of dicamba (DIC) and casein hydrolysate (CH), 
control (a), 4.0 mg l–1 DIC + 1.0 g l–1 CH (b) on callus brown-
ing of date palm cv. Barhee.

mg l−1 DIC combined with 0.50 or 1.0 g l−1 CH, which were 
0.82 and 0.79 mg GAE g–1, respectively (Table 3).  

Endogenous indole-3-acetic acid (IAA)

Figure 4a shows the effect of DIC and CH on endogenous 
IAA content under in vitro conditions. Increasing the DIC 
concentration of the culture medium from 0.0 to 6.0 mg l−1 
resulted in a proportionally increasing content of endog-
enous IAA of tissues, as also observed when CH concen-
tration was increased from 0.0 to 1.0 g l−1. The highest IAA 
content (3.716 μg g−1) in the shoots was obtained in the MS 
medium supplemented with 4.0 mg l−1 DIC + 1.0 g l−1 CH. 
The lowest content (0.91 μg g−1) was recorded in shoots 
grown in the control medium. 

Free amino acids content

According to the results (Fig. 4b), increasing the DIC 
concentration of the medium to 4.0 mg l−1 increased free 
amino acid content. However, free amino acids content 
was decreased with an increase in the concentration of 
DIC to 6 mg l−1 in the culture media (Fig. 4b). The oppo-
site trend of results was seen with free amino acids con-
tent in treated cultures with CH, thus, was evident by the 
increase of free amino acids content from 1.91 mg g–1 to 
2.21 mg g–1 for CH treatments at 0.50, and 1.0 g l–1 respec-
tively. However, the combination of 4.0 mg l−1 DIC + 1.0 g 
l−1 CH application gave the highest free amino acids con-
tent (2.690 mg g–1) (Fig. 4b), as compared with absence 
(control treatment) or individual application of additives 
after 6 weeks of culture.

Macronutrient content 

Statistical analysis showed that DIC and CH treatments 
significantly affected the accumulation of macronutrients 
in shoot tissues of date palms implanted in vitro. A signifi-
cant increase of K, P, and Ca (19.79% 3.80, and 4.16 mg g–1 
DW, respectively) was recorded in the shoots tissues im-
planted on media equipped with 4.0 mg l−1 DIC + 1.0 g l−1 
CH as compared with no additives (control treatment) or 
with their individual application (Table 4).
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Molecular analysis

The PCR amplification results showed that all tested primers 
in vitro derived date palm plants produced a monomer-
ic band, confirming the genetic uniformity of the mi-
cro-propagated material. Whereas, RAPD analysis of in vi-
tro propagated plants (P. dactylifera L. cv. Barhee) revealed 
a profile similar to that of the control treatments that clear-
ly demonstrated the genetic stability of those plants (Fig. 
5) and the accuracy of the in vitro propagation protocol to 
produce true-to-type date palm plants, indicating that the 

use of DIC and CH during micropropagation stages did 
not cause any variation in the plants of this date palm cv. 
Barhee.

Discussion

According to the results obtained, using dicamba (DIC) 
and casein hydrolysate (CH) plays a synergistic role in en-
hancing callus growth and shoot formation of date palms 
cultured in vitro. Our experiments indicate that both DIC 

Fig. 4. Effect of dicamba (DIC) and casein hydrolysate (CH) on (a) endogenous indole acetic acid (IAA) content, (b) free amino 
acids, in the calli tissues of in vitro cultivated date palm cv. Barhee, bars with the same letter are not statistically different at the 
5% level by (LSD) test. ± Standard error.
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Fig. 5a, OPD 10; b, OPO 07; and c, OPA 02. RAPD pattern of 
regenerated plants of Phoenix dactylifera L. cv. Barhee on MS 
medium supplemented with dicamba (DIC) alone or in com-
bination with casein hydrolysate (CH): M: Protein molecular 
marker; (1) control treatment; (2) 2 mg l–1 DIC, (3) 4.0 mg l–1 
DIC, (4) 6.0 mg l–1 DIC, (5) 0.5 g l–1 CH, (6) 1.0 g l–1 CH, (7) 4.0 
mg l–1 DIC + 0.5 g l–1 CH, (8) 4.0 mg l–1 DC + 1.0 g l–1 CH, (× 0.8).

and CH had a beneficial effect on most of the growth pa-
rameters studied compared with no additions (control 
treatment) or with their single application. The presence 
and concentration of DIC in the culture medium highly 
affect callus growth and shoot regeneration. DIC is consid-

ered a growth regulator in plant tissue cultures. In general, 
the concentration of PGRs varies to achieve optimal callus 
growth, development, and regeneration (Jasim et al., 2009, 
Ibrahim et al., 2013).
 On the other hand, it is shown that CH can im-
prove callus growth and regeneration frequencies. CH 
contains many substances such as carbohydrates, proteins, 
fats, and many vitamins, and it is a source of a mixture of 
up to 18 amino acids (Dehestani-Ardakani et al., 2017). 
The data of this study show an increase in callus weight 
as a result of increasing CH concentration, which reached 
171.0 mg of callus weight at a concentration of 1.0 g 1–1, 
as compared with no additives (control treatment) that re-
sulted in 120.0 mg. A culture medium with CH was found 
to be the best medium composition for callus induction 
of sorghum (Indra and Krishnaveni, 2009). The effect of 
different CH supplements on date palm callus growth was 
determined by Abdel-Rahim et al., 1998 who observed 
that the weight callus rate gave the highest values during 
the cultivation period. Amino acids are organic sources of 
nitrogen that are rapidly absorbed by plants rather than 
N-inorganic (Al-Mayahi, 2010). CH can enhance the ef-
ficiency of callus formation and shoot regeneration of the 
callus Phoenix dactylifera L. cv. Bream (Khierallah and  
Hussein, 2013). These findings are in harmony with those 
of Afolabi et al. (2008), Shahsavari (2010) in which the 
positive effect of casein hydrolysate had been shown in dif-
ferent plant species such as, rice and date palm. The data 
indicated that DIC treatments of tissue cultures at lower 
concentrations were beneficial in delaying tissue browning 
and phenolic substances accumulation in implanted tis-
sues (Table 3). The lowest phenolic content was recorded 
in MS culture media equipped with 4.0 mg l− 1 DIC and 
1.0 or 0.5 g l−1 of CH (Fig. 3), with significant differenc-
es compared to other treatments. Browning is one of the 
problems facing the practical applications of date palm 
propagation in vitro, and eliminating or minimizing this 
phenomenon is essential to establishing a successful cul-
ture (Al-Mayahi et al., 2020; Al-Mayahi and Ali, 2021). 
Phenolic compounds production is correlated with the 
browning intensity of date palm tissues cultures, and many 
authors proved these findings in their studies (Al-Mayahi 
et al., 2018; Shehata et al., 2014), however, Mustafa et 
al. (2013) demonstrated that high concentrations of auxins 
led to accumulating of phenolic compounds and inhibited 
the growth of cultures.
 Tissue exposure to increasing levels of DIC (0.0 to 
6.0) leads to IAA accumulation in shoots. The results also 
showed that the presence of CH had a positive effect on the 
IAA levels of the tissues compared to those implanted in a 
CH-free medium. Thus, the interaction between 4.0 mg l− 1 
DIC with 1.0 or 0.5 g l−1 of CH recorded the highest content 
of IAA (3.617 and 3.507 µg g−1), compared with treatments 
with no additives or with one additive alone (Fig. 4a). Aux-
in is one of the plant hormones’ essential classes for the 
growth and development of in vitro organs (Al-Mayahi, 
2021). IAA is produced in response to many physiologi-
cal or metabolic changes (Asami and Nakagawa, 2018). 
Additionally, IAA is the most abundant naturally occur-
ring auxin and is involved in many aspects of plant growth 
and development, such as cell division, differentiation, and 
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elongation (Chudasama and Thaker, 2007; Mano and 
Nemoto, 2012). These results indicate that IAA is import-
ant for stimulating tissue growth.  
 The DIC and CH treatments led to significant ef-
fects on the accumulation of macronutrients and amino 
acids in the shoots. Shoots cultured in the medium supple-
mented with 4.0 mg l−1 DIC in combination with 1.0 g l−1 CH 
caused significant (p ≤ 0.05) increase of K (4.160 mg g–1 
DW), P (3.809 mg g–1 DW), Ca (19.790 mg g–1 DW), and 
amino acids (2.690 mg g–1) in shoot tissue compared with 
no additives (control treatment) or with their individual 
application (Fig. 4b). Macronutrients play an important 
role in plant metabolism, and their availability at adequate 
levels is essential to achieving optimum physiological per-
formance.  
 DIC and CH can have many effects on plant func-
tions and some of them may modulate, directly or indi-
rectly, ion uptake. CH contains several elements including 
calcium, phosphate, etc. (Ageel and Elmeer, 2011). It is 
noted that casein hydrolysate enhances growth in cultures 
where phosphate deficiency inhibits it, indicating that this 
deficiency is compensated by amino acids. They are con-
stituents of proteins and play an essential role in plant me-
tabolism and growth.  
 Our findings using the RAPD molecular markers 
indicated that there was no genetic variation among the 
treatments of cv. Barhee date palm plants production in vi-
tro. The detected bands were 100% monomorphic, indicat-
ing that the use of DIC and CH during micropropagation 
stages did not cause any difference in tissue culture-de-
rived cultures of this date palm genotype.
 Most of the previously mentioned studies on field 
evaluation of tissue culture-derived date palms rely on 
morphological parameters, which are prone to changes, 
as a result of environmental factors and other agricultural 
treatments. Molecular techniques are more advantageous 
than other methods because they are not influenced by 
environmental factors and generate reliable and reproduc-
ible results. Clonal alteration is often induced by culture 
media and subculture cycles (Bidabadi et al., 2010). Mi-
cropropagation cannot be considered fully successful un-
less complete genetic fidelity is maintained. The utility of 
molecular analysis of regenerated cultures in vitro has been 
well-documented by several authors (Piatcza et al., 2015; 
Bhalang et al., 2018). Similarly, no variation appeared in 
genetic variation using RAPD has been reported in date 
palm plants derived from tissue culture (Al-Mayahi, 
2022a, and 2022 b). A successful propagated in vitro meth-
od should give true-to-type plantlets without any genetic 
or morphological variation (Prakash et al. 2016; Safar-
pour et al., 2017; Khattab and Yusuf, 2018). It has been 
previously reported that micro-propagated plants main-
tain genomic stability (Borsai et al., 2020).

Conclusion

To the best of our knowledge, this is the first report on the 
efficacy of dicamba (DIC) and casein hydrolysate (CH) to-
gether on multiple-shoot developments of in vitro cultivat-
ed date palms. The present study demonstrates that DIC 

alone or in combination with CH plays a synergistic role 
in improving callus induction, differentiation, and multi-
plication of shoots. Adding 4.0 mg l−1 DIC to the medium 
equipped with 1.0 and 0.5 g l−1 CH was the best combi-
nation to promote the growth of date palm cv. Barhee as 
it resulted in the highest callus weight, response rate, and 
number of shoots. The macronutrient K, P, Ca, free ami-
no acids, and IAA content significantly increased in the in 
vitro shoots regenerated on the media supplemented with 
4.0 mg l−1 DIC + 1.0 g l−1 CH. Observations showed that 
combined use between 4.0 mg l−1 DIC and 0.5 or 1.0 g l−1 
CH eliminated the browning. Furthermore, RAPD-PCR of 
DNA from treatments with DIC and CH showed genetic 
similarity among tissue culture-derived plants. The in vi-
tro propagation protocol developed in this study could be 
applied for the large-scale production of genetically stable 
date palm cv. Barhee.

References

Abdalla, N., El-Ramady, H., Seliem, M.K., El-MAHROUK, 
 M.E., Taha, N., Bayoumi, Y.,Shalaby, T.A., Dobranszki, 
 J.,  2022. An academic and technical overview on plant 
 micropropagation challenges. Horticulturae, 8: 677.                                                                              
Abdel-Rahim, E.A., Abdel-Fatah, O.M., El-Shemy, H.A.I, 
 Abd Elsamei, M.B.,  1998. Growth of date palm callus as 
 affected by amino acids as organic nitrogen source. In 
 First international conference on date palms. Al-Ain, 
 United Arab Emirates, March 8–10. Proceedings. Al-Ain: 
 United Arab Emirates University, p. 234–240.
Adawy, S.S., Hussein, E.H.A, Saker, M.M., El-Itriby, H.A.,  
 2004. Intra- and inter-varietal variation of Upper Egypt 
 date palm cultivars (Phoenix dactylifera L.): I. as revealed 
 by RAPD and inter simple sequence repeat markers. 
 In Proceedings of the international conference of ge-
 netic engineering and its application. Sharma El-Sheikh, 
 South Sinai, Egypt, April 8-11, 2004. The Egyptian Society 
 of Genetics and Suez Canal University, p. 165–179.
Afolabi, A.S., Ovebanji, O., Odusany, O., Abo, M.E. Misra, 
 M., Ogbadu, G.H.,  2008. Regeneration of plants from 
 rice caryopsis derived callus culture of Nigerian local 
 cv. Suakoko 8 and a NERICA cv. FARO 55. African Journal 
 of Plant Science. 2: 109–112.
Ageel, S., Elmeer, K., 2011. Effects of casein hydrolysates 
 and glutamine on callus and somatic embryogenesis of 
 date palm (Phoenix dactylifera L.). New York Science 
 Journal, 4 (7): 121–125.
Al-Khalifah, N.S., Askari, E., Shanavaskhan, A.E., 2013. 
 Date palm tissue culture and genetical identification of 
 cultivars grown in Saudi Arabia. Riyadh: KACST Press. 207 p.
Al-Khayri, J.M.,  2011. Influence of yeast extract and casein 
 hydrolysate on callus multiplication and somatic embryo-
 genesis of date palm (Phoenix dactylifera L.). Scientia 
 Horticulturae, 130: 531–535.
Al-Mayahi, A.M.W, 2010. The effect of amino acids and sil-
 ver nitrate in the growth and organogenesis of adventitious 
 buds for date palm (Phoenix dactylifera L.) cv. Showaithy 
 by in vitro. Damascus University Journal of Agricultural 
 Science, 26 (2): 97–110.
Al-Mayahi, A.M.W., Ahmed, A.N., Al-Khalifa, A.A., 2010. 
 Isolation and diagnose of fungi associated with the 
 cultivation of tissues of five cultivars of date palm (Phoe-



64

 nix dactylifera L.) and the effect of fungicide Benlate in 
 control. Basrah Journal for Date Palm Research, 9 (2): 
 79–97.                                
Al-Mayahi, A.M.W., 2019. Effect of aluminium on the 
 growth of the in vitro culture tissues of the date palm 
 (Phoenix dactylifera L.) cv. Um-Adelhin. Folia Oecologi-
 ca, 46 (2): 164–169. https://doi.org/10.2478/foecol-
 2019-0019.
Al-Mayahi, A.M.W.,  2021. In vitro plant regeneration system 
 for date palm (Phoenix dactylifera L.): effect of chelated 
 iron sources. Journal of Genetic Engineering and Biotech-
 nology Research, 19: 83. https://doi.org/10.1186/s43141-
 021-00177-4.                                                                                                                                                 
Al-Mayahi, A.M.W.,  2022a. The effect of polyamines and silver 
 thiosulphate on micropropagation of date palm followed 
 by genetic stability assessment. World Journal of Micro-
 biology and Biotechnology, 38: 124. https://doi.org/10.1007/
 s11274-022-03305-5.
Al-Mayahi, A.M.W.,  2022b. In vitro propagation and assess- 
 ment of genetic stability in date palm as affected by chi-
 tosan and thidiazuron combinations. Journal of Genetic 
 Engineering and Biotechnology, 20: 165. https://doi.org/
 10.1186/s43141-022-00447-9.
Al-Mayahi, A.M.W., Ali, A.H., 2021. Effects of different 
 types of gelling agents on in vitro organogenesis and 
 some physicochemical properties of date palm buds, 
 Showathy cv. Folia Oecologica, 48 (1): 110–117. https://
 doi.org/10.2478/foecol-2021-0012.
Al-Mayahi, A.M.W., Ali, A.H., Shareef, H.J.,  2018. Influ-
 ence of cold pretreatment on shoot regeneration from 
 callus in date palm (Phoenix dactylifera L.) cv. Barhee. 
 Journal of Genetic Engineering and Biotechnology Research, 
 16: 607–612. https://doi.org/10.1016/j.jgeb.2018.07.002.
Al-Mayahi, A.M.W., Jafar, O.N., Mohsen, K.A.,  2020. Effect 
 of glutathione (GSH) on date palm (Phoenix dactylifera 
 L.) micropropagation. Folia Oecologica, 47 (1): 64–69. 
 https://doi.org/10.2478/foecol-2020-0008.
Asami, T., Nakagaw, Y., 2018. Preface to the special issue: 
 brief review of plant hormones and their utilization in 
 agriculture. Pesticide Science, 43:154–158. DOI: 10.1584/
 jpestics.M18-02
Bates, L.S., Waldren, R.P., Teare, I.D.,  1973. Rapid deter-
 mination of free proline for water-stress studies. Plant 
 and Soil, 39: 205–207. https://doi.org/10.1007/BF00018060.
Bhalang, D., Prabhuling, G, Hipparagi, K., Raghavendra, 
 S., Prakash, D.P., Babu, A.G.,  2018. Analysis of the ge-
 netic stability of banana tissue culture propagated plant-
 lets cv. Ney Poovan (AB) using morphological and mo-
 lecular markers. International Journal of Current Micro-
 biology and Applied Sciences, 7 (1): 1007–1018. https://
 doi. org/10.20546/ijcmas.2018.701.121.
Bidabadi, S.S, Meon, S., Wahab, Z., Mahmood, M.,  2010. 
 Study of genetic and phenotypic variability among so-
 maclones induced by BAP and TDZ in micropropagated 
 shoot tips of banana (Musa spp.) using RAPD markers. 
 Journal of Agricultural Science, 2: 49–60.
Black, C.A.,  1968. Methods of Sei analysis part 1. Physical 
 properties. Am. Soc. Agron. Inc. Publisher, Madison 
 Wisconsin, USA pollen and flowers of five male cultivars 
 of Iraqi date palm (Phoenix dactylifera L.). Date Palm 
 Journal, 2 (2):111–207.
Borsai O., Harta, M., Szabo, K., Kelemen, C.D., Andrecan, 
 F.A., Codrea, M.M., Claapa, D., 2020. Evaluation of 
 genetic fidelity of in vitro-propagated blackberry plants 

 using RAPD and SRAP molecular markers. Horticultural 
 Science, 47: 21–27. https://doi.org/10.17221/20/2019-
 HORTSCI.
Chand, S., Singh, A.K., 2004. In vitro shoot regeneration 
 from cotyledonary node explants of amultipurpose le-
 guminous tree, Pterocarpus marsupium roxb. In Vitro 
 Cellular and Developmental Biology - Plant, 40: 167–170.
Chaudhary, D.S., Kajla, A., Poonia, B., Brar, S., Duhan, 
 J.S.,  2015. Molecular assessment of genetic stability using 
 ISSR and RAPD markers in commercial banana cultivar 
 cv. Robusta. Indian Journal of Biotechnology. 14 (3): 420–424.
Chudasama, R.S., Thaker, V., 2007. Free and conjugated 
 IAA and PAA in developing seeds of two varieties of pi-
 geon pea (Cajanus cajan). General and Applied Plant 
 Physiology, 33: 41–57.    
Cresser, M.S., Parsons, J.W., 1979. Sulphuric perchloric acid 
 digestion of plant material for the determination of ni-
 trogen, phosphours, potassium, calcium and magnesium. 
 Analytica Chimica Acta, 109: 43–436.
DehestanI-Ardakani, M., Kamali, K., Rezaie, S., 2017. 
 The effect of some plant growthregulators (PGRs), coco-
 nut milk and casein hydrolysate on somatic embryoge-
 nesis of Stevia (Stevia rebaudiana) as an anti-diabetic 
 medicinal plant. Electronic Journal of Biology, 13 (4): 
 343–347.
Filippov, M., Miroshnichenko, D., Vernikovskaya, D., 
 Dolgovl, S.,  2006. The effect of auxins, time exposure 
 to auxin and genotypes on somatic embryogenesis from 
 mature embryos of wheat. Plant Cell, Tissue and Organ 
 Culture, 84: 213–222.
Gantait, S., El-Dawayati, M.M., Panigrahi, J. , Labrooy, 
 C., Verma, S.K.,  2018. The retrospect and prospect of 
 the applications of biotechnology in Phoenix dactylifera 
 L. Applied Microbiology and Biotechnology, 102: 8229–
 8259. https://doi.org/10.1007/s00253-018-9232-x.
Ibrahim, M.A, Waheed, A.M., Al-Taha, H., Al-Taha, H.,  
 2013. Plantlet regeneration from root segments of Date 
 palm tree (Phoenix dactylifera L. cv. Barhee) producing 
 by in vitro culture. Advances in Agriculture and Botanics-
 International Journal of the Bioflux Society, 5 (1): 45–50.
Indra, P, Krishnaveni, S.,  2009. Effect of hormones, explants 
 and genotypes in in vitro culturing of sorghum. Journal 
 of Biochemical Technology, 1 (4): 96–103.
Jasim, A.M, Al-Mayahi, A.M.W., Attaha, A.H.M.,  2009. 
 Propagation of four rare cultivars of date palm (Phoenix 
 dactylifera L.) by tissue culture techniques. Basrah Journal 
 for Date Palm Research, 8 (1): 72–99.
Khaleda, L., Al-Forkan, M.,  2006. Stimulatory effects of 
 casein hydrolysate and proline in in vitro callus induction 
 and plant regeneration from five deepwater rice (Oryza 
 sativa L.). Biotechnology, 5 (3): 379–384. DOI: 10.3923/
 biotech.2006.379.384.
Khatab, I.A., Youssef, M.S., 2018. Micropropagation and 
 assessment of genetic stability of Musa sp. cv. Williams using 
 RAPD and SRAP markers. Egyptian Journal of Botany, 
 58 (3): 371–380. DOI: 10.21608/ejbo.2018.3199.1161.
Khierallah, H.S.M., Hussein, Nahla, H.,  2013. The role of 
 coconut water and casein hydrolysate in somatic em-
 bryogenesis of date palm and genetic stability detection 
 using RAPD markers. Research in Biotechnology, 4 (3): 
 20–28.
Lee, Y. P., Takahashi, T.,  1966 An improved colorimetric de-
 termination of amino acids with the use of  ninhydrine. 
 Analytical Biochemistry, 14 (1): 71–77. https://doi.org/



65

 10.1016/0003-2697(66)90057-1.
Mano, Y. Nemoto, K.,  2012. The pathway of auxin biosyn-
 thesis in plants. Journal of Experimental Botany, 63: 2853– 
 2872. https://doi.org/10.1093/jxb/ers091.                                        
Murashige, T., Skoog, F., 1962. A revised medium for rapid 
 growth and bioassay of tobacco tissue cultures. Physiologia 
 Plantarum, 18: 100–127.                                    
Murphy, T, Riley, J.R.J., 1962. A modified single solution 
 method for the determination of phosphate in natural 
 waters. Analytica Chimica Acta, 27: 31–36.
Mustafa, N.S., Taha, R.A., Hassan, S.A.M., Zaid N.S.M., 
 Mustafa, E.A.,  2013. Overcoming phenolic accumula-
 tion of date palm in vitro cultures using α-tochopherol 
 and cold pre-treatment. Middle-East Journal of Scientific 
 Research, 15 (3): 344–350.
Nagar, P.K., Sood, S., 2006. Changes in endogenous auxins 
 during winter dormancy in tea (Camellia sinensis L.) O. 
 Kuntz. Acta Physiologiae Plantarum, 28 (2): 165–169.    
Nei, M.,  1978. Estimation of average heterozygosity and ge-
 netic distance from a small number of individuals. Ge-
 netics, 89: 583–590. 
Phillips, G.C., Garda, M.,  2019. Plant tissue culture media 
 and practices: an overview. In Vitro Cellular and De-
 velopmental Biology - Plant, 55 (3): 242–257. https://doi.
 org/10.1007/s11627-019-09983-5.
Piatcza, E., Kuzma, L, Sitarek, P., Wysokinska, H., 2015. 
 Shoot organogenesis, molecular analysis and secondary 
 metabolite production of micropropagated Rehmannia 
 glutinosa Libosch. Plant Cell, Tissue and Organ Culture, 
 120: 539–549. https://doi.org/10.1007/s11240-014-0620-3. 
Prakash, L., Middha, S.K., Mohanty, S.K., Swamy, M.K.,  
 2016. Micropropagation and validation of genetic and 
 biochemical fidelity among regenerants of Nothapo-
 dytes nimmoniana (Graham) Mabb. employing ISSR 
 markers and HPLC. 3 Biotechnology, 6: 1–9. https://doi.
 org/10.1007/s13205-016-0490-y.
Przetakiewicz, A., Orczyk, W., Nadolska-Orczyk, A.,  
 2003. The effect of auxin on plant regeneration of wheat, 
 barley and triticale. Plant Cell, Tissue and Organ Culture, 
 73: 245–256. https://doi.org/10.1023/A:1023030511800.
Rogers, S.O., Bendich, A.J.,  1985. Extraction of DNA from 
 milligram amounts of fresh, herbarium and mummified 
 plant tissues. Plant Molecular Biology, 5: 69–76. https://
 doi.org/10.1007/BF00020088.
Saad-Allah, K.M., Youssef, M.S.,  2018. Phytochemical and 

 genetic characterization of five quinoa (Chenopodium 
 quinoa Willd.) genotypes introduced to Egypt. Physiology 
 and Molecular Biology of Plants, 24: 617–629.
Safarpour, M., Sinniah, U.R., Subramaniam, S., Swamy, 
 M.K.,  2017. A novel technique for Musa acuminata Col-
 la ‘Grand Naine’ (AAA) micropropagation through 
 transverse sectioning of the shoot apex. In Vitro Cellular 
 and Developmental Biology - Plant, 53 (3): 226–238. https://
 doi.org/10.1007/s11627-017-9809-6.
Santos, M. A., Camara, T., Rodriguez, P., Claparols, I., 
 Dan Torne, J.M., 1996. Influence of exogenous proline 
 on embryogenic and organogenic maize callus subjected 
 to salt stress. Plant Cell, Tissue and Organ Culture, 49: 
 59–65. https://doi.org/10.1007/BF02318966. 
Shahsavari, E.,  2010. Evaluation and optimizations of media 
 on the tissue culture system of upland rice. International 
 Journal of Agriculture and Biology, 12: 537–540.
Shehata, W.F., Aldaej, M.I., Altuki, S.M., Ghazzawy, H.S.,  
 2014. Effect of ammonium nitrate on antioxidant pro-
 duction of date palm (Phoenix dactylifera L.) in vitro. 
 Biotechnology, 13 (3): 116–125. DOI: 10.3923/biotech.
 2014.116.125.
Singleton, V. L., Rossi, J. A.,  1965. Colorimetry of total phenolics 
 with phosphormolybdic-phosphotungstic acid reagents. 
 American Journal of Enology and Viticulture, 16 (3): 144–158.
Srivashtav, V.S., Kapadia, C.V., Mahatma, M.K., Jha, S.K., 
 Jha, S., Ahmed, T.,  2013. Genetic diversity analysis of 
 date palm (Phoenix dactylifera L.) in the Kutch region 
 of India using RAPD and ISSR markers. Emirates Jour-
 nal of Food and Agriculture, 25 (11): 907–915. DOI: 
 http://dx.doi.org/10.9755/ejfa.v25i11.14325. 
Sundberg, B., Tuominen, H., Anthony, L.C.H., 1994. Ef-
 fects of the indole-3-acetic acid (IAA)transport inhibi-
 tors N-1-Naphthylphthalamic acid and morphactin on 
 endogenous IAA dynamics in relation to compression 
 wood formation in 1-year old Pinus sylvestris (L.) shoots. 
 Plant Physiology, 106: 469–476. DOI: 10.1104/pp.106.2.469.
Trifonova, A., Madsen, S., Olesen, A.,  2001. Agrobacterium 
 mediated transgene delivery and integration into barley 
 under a range of in vitro culture conditions. Plant Science, 
 161, 871–880. https://doi.org/10.1016/S0168-9452(01)
 00479-4.

Received August 19, 2023
Accepted December 19, 2023


