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Abstract 

The effects of medium strength as well as different antioxidant types and concentrations on adventitious shoot bud 
multiplication, hyperhydricity and tissue browning of date palm cv. Aziza Bouzid were evaluated. Organogenic cultures 
of date palm cv. Aziza Bouzid were cultured on semi-solid Murashige and Skoog medium at half-strength (MS/2) or one-
third-strength (MS/3), supplemented with 0.5 mg/L 2-naphthoxyacetic acid (NOA), 0.5 mg/L kinetin, and different 
concentrations of activated charcoal and polyvinylpyrrolidone (PVP). The findings of the present study showed that the 
use MS/3 media resulted in lower hyperhydricity rates than MS/2 media. Besides, activated charcoal significantly 
reduced tissue browning. The lowest rates of hyperhydricity (35%) and tissue browning (20%) were observed in MS/3 
medium supplemented with 1.5 g/L activated charcoal. Interestingly, this culture medium showed also the highest 
number of adventitious shoot buds per explant (35.20), with a significant difference with all the other media (25.55-
30.15 adventitious shoot buds per explant). Increasing the concentration of activated charcoal to 2 g/L did not 
decreased the browning rate. The use of PVP alone showed tissue browning rates varying from 30 to 55% while 
combining PVP and activated charcoal showed browning percentages ranging from 20 to 30%. Shoot elongation and 
rooting were successfully achieved and plantlet were acclimatized and showed normal growth and development under 
the greenhouse conditions.  
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1. Introduction

Date palm is a multipurpose plant species widely cultivated in the Middle East and North Africa (MENA) region. It 
belongs to the family Arecaceae (Palmae). Date palm is an economically important species mainly cultivated for its 
delicious and nutritious fruits. However, it is also used to create favorable microclimate for agriculture and as shelter in 
the extreme conditions of desert. Besides, date palm plants are used to make paper and fibers and to 
manufacture handicraft products, thus contributing to the income of the inhabitants of the arid and semi-arid 
regions [1]. 

In Morocco, date palm is threatened by bayoud, a very dangerous wilt disease caused by the fungus Fusarium oxysporum 
f. sp. albedinis and that killed millions of date palm plants [2]. To date, the only way to fight bayoud and to preserve the
best date palm genotypes is through rapid and large-scale propagation [3]. 

Date palm propagation can be achieved either conventionally by seeds or offshoots, or through in vitro culture 
techniques [4]. Propagation through seedlings cannot be used for the large-scale production of true-to-type plantlets, 
while propagation through offshoots is hampered by the limited number of offshoots produced by a date palm plant, 
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rooting difficulty and the risk of pathogen propagation [4]. In the recent years, propagation through tissue culture 
techniques has become the main method used for the rapid and large-scale production of date palm plantlets in many 
date producing countries [1].  

Micropropagation of date palm is mainly achieved through direct organogenesis [5, 6] and indirect somatic 
embryogenesis [7, 8]. The use of these two techniques is, up to date, the most efficient way for the commercial plant 
production of this species. 

In Morocco, organogenesis is the preferred in vitro regeneration system for date palm since it allows the production of 
true-to-type plantlets, which is not always the case when somatic embryogenesis is used [9, 10, 11, 12]. This 
regeneration process comprises the following steps: adventitious bud initiation, shoot bud multiplication, shoot 
elongation and rooting and finally plantlet acclimatization [13]. The development of an efficient regeneration system 
through organogenesis in date palm has direct applications in rapid and large-scale propagation of genotypes resistant 
to the bayoud disease [9, 13], and of those highly requested by the consumers [14, 15]. However, plantlet regeneration 
through organogenesis may be hampered due to some physiological disorders such as hyperhydricity and tissue 
browning [4, 14].  

Date palm organogenesis is influenced by numerous factors including the explant type, the medium components and 
culture conditions. Furthermore, in date palm, it is well known that regeneration through organogenesis is highly 
genotype-dependent [16]. Besides, optimizing the medium components is of extreme importance in order to limit the 
incidence of undesirable phenomena such as hyperhydricity and tissue browning.  

In a previous work on date palm cv. Aziza Bouzid, we evaluated the effects of many auxin-cytokinin combinations and 
concentrations in order to find out the best one for efficient multiplication of adventitious buds. Unfortunately, high 
frequencies of tissue browning and hyperhydricity were observed [17]. Tissue browning is a physiological disorder 
encountered during date palm micropropagation [14, 18]. It is caused by the high concentration of caffeoylshikimic 
acids in date palm explants and may cause important losses during the in vitro regeneration process [19]. To reduce the 
incidence of this phenomenon, activated charcoal and polyvinylpyrrolidone (PVP) have been widely used [6]. 
Hyperhydricity is another physiological disorder that causes explants in culture to become translucent and glassy. The 
incidence of hyperhydricity was correlated with high concentrations of ammonium, some plant growth regulators 
(PGRs) as well as the use of liquid media [14, 20]. 

The aim of the present study was to evaluate the effects of different concentrations of PVP and activated charcoal as 
well as the use of a culture medium with reduced salt concentrations on adventitious shoot bud multiplication and the 
incidence of tissue browning and hyperhydricity in date palm cv. Aziza Bouzid.  

2. Material and methods 

2.1. Plant material 

Organogenic cultures of date palm cv. Aziza Bouzid, containing 3-4 adventitious buds induced according to the protocol 
described by Beauchesne et al. [21] were used in the present investigation.  

2.2. Experiments 

The organogenic cultures were cultured on the basal formulation of Murashige and Skoog medium [22], either at half-
strength (MS/2, consisting of MS/2 macro-elements, MS microelements and MS vitamins) or at one-third-strength 
(MS/3, consisting of MS/3 macro-elements, MS microelements and MS vitamins). The culture media were supplemented 
with 30 g/L commercial granulated sugar, 8 g/L agar, 0.5 mg/L 2-naphthoxyacetic acid (NOA) and 0.5 mg/L kinetin as 
suggested by Elmaataoui et al. [17], and different concentrations of activated charcoal and polyvinylpyrrolidone (PVP) 
as follows: 

 CM1: MS/2 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 1.5 g/L PVP 
 CM2: MS/2 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 2 g/L PVP 
 CM3: MS/2 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 1.5 g/L activated charcoal 
 CM4: MS/2 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 2 g/L activated charcoal 
 CM5: MS/2 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 0.75 g/L PVP + 0.75 g/L activated charcoal 
 CM6: MS/2 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 1 g/L PVP + 1 g/L activated charcoal 
 CM7: MS/3 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 1.5 g/L PVP 
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 CM8: MS/3 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 2 g/L PVP 
 CM9: MS/3 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 1.5 g/L activated charcoal 
 CM10: MS/3 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 2 g/L activated charcoal 
 CM11: MS/3 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 0.75 g/L PVP + 0.75 g/L activated charcoal 

 CM12: MS/3 + 0.5 mg/L NOA + 0.5 mg/L kinetin + 1 g/L PVP + 1 g/L activated charcoal   

2.3.  Shoot development and plant acclimatization  

All adventitious shoot buds were singled out and transferred to PGR-free MS/2 medium for 3 months for elongation and 
rooting. After this period, the developed plants were transferred to ex vitro conditions according to the protocol used in 
our laboratory [3, 9]. 

2.4.  Culture conditions 

Prior to sterilization, the pH of the culture media was fixed to 5.7 by using NaOH and HCl solutions. For each treatment, 
two organogenic cultures were placed per jar containing 40 ml of culture medium, and a total of 20 organogenic cultures 
were used. The organogenic cultures were transferred to the same fresh medium at 1-month intervals. All cultures were 
kept at a 16h photoperiod and 25 ± 1 ° C temperature. 

2.5. Data collection and statistical analyses 

After 3 months of culture, the average number of adventitious shoot buds per explant, tissue browning percentage and 
intensity, and hyperhydricity percentage and intensity were recorded. Tissue browning and hyperhydricity intensities 
were visually estimated as low (+), moderate (++) and high (+++). Experiments were carried out as a completely 
randomized design and all date were subjected to ANOVA. Percentage data were arcsine transformed prior to analysis. 
The means were compared using the Student-Newman-Keuls (SNK) test at the 5% significance. Collected data were 
analyzed by the SPSS software version 26.  

3. Results and discussion 

In a previously published study by our group, we determined the optimal PGR combination for adventitious shoot bud 
multiplication of date palm cv. Aziza Bouzid [17]. However, high percentages of hyperhydricity and tissue browning 
were observed. Hyperhydricity and tissue browning are two major physiological disorders encountered during the in 
vitro multiplication of date palm. Tissue browning is caused by the high concentration of caffeoylshikimic acids in date 
palm explants while hyperhydricity generally occurs when explants are cultured on media containing high 
concentrations of ammonium nitrate [20]. These phenomena are able to cause considerable losses during the 
commercial production of date palm plants.  

The findings of the present investigation showed that tissue browning rates ranged from 20 to 55% (Table 1). The 
lowest tissue browning percentages were observed on media CM4, CM9, CM10 and CM12, all supplemented with 
activated charcoal at concentrations ranging from 1 to 2 g/L. Besides, there was no significant difference with the media 
CM6 and CM11, which showed a tissue browning percentage of 25%. These two media were supplemented with the 
combination of PVP and activated charcoal at the same concentration: 0.75 or 1 g/L each. On the other hand, the highest 
tissue browning percentages (50 and 55%) were observed on CM1 and CM7 media, respectively. These two culture 
media were supplemented with 1.5 g/L PVP. Regarding tissue browning intensity, almost all media showed low 
intensity. In fact, only CM7 medium that showed a moderate intensity of tissue browning. Based on our findings, we can 
conclude that activated charcoal has a more potent impact against tissue browning than PVP.   

Reducing tissue browning of date palm explants is very important to improve the multiplication efficiency. In fact, this 
phenomenon may cause important losses during the regeneration process. Abohatem et al. [18] have suggested to 
reduce time between subcultures in order to reduce the tissue browning frequency while Mazri [14] advised against 
the use of thidiazuron since it was a causal factor of tissue browning in cv. Boufeggous. In the present study, we 
evaluated and compared the effects of PVP and activated charcoal against tissue browning.  

Activated charcoal acts by adsorbing phenolic compounds and inhibiting the activity of polyphenol oxidase and 
peroxidase [23] while PVP adsorbs the toxic phenolic compounds accumulated in culture medium [19]. These two 
compounds have been used in many plant species to reduce tissue browning, including Rubus idaeus L. [24], Zingiber 
officinale Rosc. [25] and Curculigo latifolia Dryand [26]. 
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Meziani et al. [6] have also evaluated the effects of PVP and activated charcoal in date palm cv. Mejhoul and found similar 
effect when they were used at the same concentration during the initiation phase. However, during the multiplication 
phase, PVP showed better results than activated charcoal, which is not consistent with our results. This is may be due 
to the genotype effect. In fact, it is well known that, in date palm, the requirements for optimal multiplication of shoot 
buds depend strongly on the genotype.  By comparing the findings of the present study to those already published by 
our group where PVP were used at the concentration of 1 g/L [17], we can conclude that the use of activated charcoal 
played an important role in reducing tissue browning from 50-75% to 20%.  

Table 1 Effect of medium strength, activated charcoal and PVP on adventitious bud multiplication, hyperhydricity and 
tissue browning of organogenic cultures of date palm cv. Aziza Bouzid.  

Culture 
medium  

Mean number 
of 
adventitious 
buds per 
explant 

Hyperhydricity 
(%) 

Intensity of 
hyperhydricity 

Tissue 
browning (%) 

Intensity 
of tissue 
browning 

CM1 30.15 + 4.68 a 45 + 51.04 ab + 50 + 51.30 b + 

CM2 28.20 + 3.68 a 50 + 51.30 b + 45 + 51.04 ab + 

CM3 29.70 + 4.55 a 50 + 51.30 b + 30 + 47.02 ab + 

CM4 29.05 + 4.81 a 50 + 51.30 b + 20 + 41.04 a + 

CM5 28.60 + 4.57 a 45 + 51.04 ab + 30 + 47.02 ab + 

CM6 28.90 + 4.63 a 50 + 51.30 b + 25 + 44.43 a + 

CM7 25.55 + 5.83 a 45 + 51.04 ab + 55 + 51.04 b ++ 

CM8 25.75 + 7.43 a 40 + 50.26 ab + 30 + 47.02 ab + 

CM9 35.20 + 4.98 b 35 + 48.94 a + 20 + 41.04 a + 

CM10 28.55 + 5.34 a 50 + 51.30 b + 20 + 41.04 a + 

CM11 29.20 + 3.65 a 35 + 48.94 a + 25 + 44.43 a + 

CM12 28.25 + 6.08 a 40 + 50.26 ab + 20 + 41.04 a + 

Data are presented as mean + standard deviation. Data in the same column followed by different letters are significantly different at the 5% level of 
the Student-Newman-Keuls test. +, ++ and +++ refer to hyperhydricity and tissue browning intensities: +, low intensity; ++, moderate intensity; +++, 

high intensity. 
 

The results of the present study showed that hyperhydricity ranged from 35 to 50% (Table 1). The highest 
hyperhydricity percentages were generally observed when MS/2 basal formulation was used (CM2, CM3, CM4 and 
CM6), except for CM10 medium, which was the only medium with MS/3 mineral salts that showed such high 
hyperhydricity rate. Our results showed that MS/2 resulted in an hyperhydricity rate ranging from 45 to 50%, while the 
use of MS/3 basal formulation reduced the hyperhydricity rate to 35% (CM9 and CM11 media). Regarding the intensity 
of hyperhydricity, all culture media evaluated in the present work showed low intensity.  

Hyperhydricity is a morphological disorder reflected by translucent and vitreous tissues [27]. This phenomenon was 
observed by many researchers while in vitro propagating different plant species [28, 29] and is widely observed during 
the micropropagation of date palm [14, 30]. Hyperhydricity has been linked to many factors including the high 
ammonium concentration, some PGRs and the texture of culture medium [9, 14, 20]. In the present study, decreasing 
the concentration of culture medium mineral salts by using one-third-strength MS medium significantly reduced the 
incidence of hyperhydricity. This in good agreement with the results obtained in date palm cv. Al-Fayda. In fact, in this 
cultivar, the use of MS/2 medium resulted in a significantly lower frequency of hyperhydricity than full strength MS 
medium [9]. 

While evaluating the effects of PVP, activated charcoal and medium strength on hyperhydricity and tissue browning, we 
also assessed the impact of these factors on adventitious shoot bud multiplication. In fact, it is important to have a high 
multiplication rate of healthy and vigorous buds. The findings of the present study showed that the highest 
multiplication rate was observed on CM9 medium, with 35.2 adventitious shoot buds per explant (Fig. 1). This medium, 
which was supplemented with 1.5 g/L activated charcoal, showed also the lowest rates of hyperhydricity (35%) and 
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tissue browning (20%), and thus could be suggested for the multiplication of adventitious shoot buds of date palm cv. 
Aziza Bouzid. The highest multiplication rate reported by Elmaataoui et al. [17] was 26.9 shoot buds per explant. 
Accordingly, it could be concluded that the high hyperhydricity and tissue browning percentages observed by 
Elmaataoui et al. [17] are responsible for reducing the multiplication rate of adventitious shoot buds. Thus, the use 1.5 
g/L activated charcoal is strongly recommended for the multiplication of adventitious shoot buds of date palm cv. Aziza 
Bouzid. Comparing our results with those obtained in other date palm cultivars, we can clearly observe that cv. Aziza 
Bouzid has a high multiplication capacity. In fact, in date palm cv. Najda, the highest multiplication rate was 23.5 shoot 
buds per explant [13]. In cv. Boufeggous, the multiplication rate was 22.9 [14] while in cv. Mejhoul and Al-Fayda, the 
highest multiplication rates obtained were 18.7 and 30.0 shoot buds per explant, respectively [9, 15]. 

 

Figure 1 Adventitious shoot bud multiplication of date palm cv. Aziza Bouzid on MS/3 medium supplemented with 0.5 
mg/L NOA, 0.5 mg/L kinetin and 1.5 g/L activated charcoal.  

After transferring adventitious shoots to PGR-free MS/2 medium for elongation and rooting, normal growth and 
development was observed, and the regenerated plants showed high survival rates (80%) after transferring them to ex 
vitro conditions. 

4. Conclusion 

As conclusion, we successfully reduced the incidence of tissue browning and hyperhydricity in date palm cv. Aziza 
Bouzid. The use of MS/3 medium containing 1.5 g/L activated charcoal resulted in the lowest tissue browning and 
hyperhydricity frequencies as well as the highest rate of multiplication. Accordingly, MS/3 basal formulation and 
activated charcoal at the concentration of 1.5 g/L are strongly suggested for rapid and efficient multiplication of date 
palm cv. Aziza Bouzid. We are currently evaluating the effects of different compounds and additives on shoot elongation 
and rooting, and subsequent acclimatization of plantlets of date palm cv. Aziza Bouzid.  
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