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ABSTRACT 

In vitro date palm (Phoenix dactylifera L.) cv. Sewi friable callus derived from immature 
female inflorescences were cultured on Murashige and Skoog’s medium (MS) supplemented with 
different concentrations of GA3 at 0.0, 0.1, 0.5 and 1.0 mg/l and three media contents i.e. M1: MS 
(control), M2: MS + 0.1 NAA + 0.05 BA and M3: MS + 2 mg/l IBA, complete randomize design was 
used with three replicates in this study. Average degrees value of browning, vitrification and 
globularization, germination percentage and growth rate value were recorded. The results showed that 
GA3 at 0.5 mg/l was more efficient in reducing browning, vitrification, moreover these levels of GA3 
caused increasing of globularization. While, growth rate value of frible embryogenic callus and 
percentage of formed somatic embryos were increased when initial friable callus explants cultured on 
medium supplemented by 1.0 mg/l GA3. In concerning of different medium contents, M3 medium 
contents significant decreased browning, increased globularization degree and growth rate value, 
decreasing vitrification degree and highest germination percentage were obtained with M1, greatest 
interaction on browning, vitrification and globularization/explant, callus germination percentage 
showed under 0.1 mg/l GA3 with M1 while growth rate was obtained between 1.0 mg/l GA3 with M3. 
0.1 mg/l GA3 with 0.1 NAA and 0.05 BA were recommended for date palm callus characteristics. 
Embryogenic calli of P. dactylifera L. cv. Sewi incubated under different light spectrums (White, 
Green, Blue, Red, and Yellow) for different periods of time. Green light presents gave the highest 
content of total phenolic, total flavonoids and total flavonols as well as antioxidant capacity (DPPH).  
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Introduction 

Date palm (P. dactylifera L.) belongs to the family Arecaceae is a key plantation crop of 
many countries of arid regions of West Asia and North Africa (Al-Khalifah et al., 2012). The 
availability of offshoots is limited because the few number of offshoots produced by each tree and the 
difficulty in controlling their growing (Al-Khayri et al., 2001). So it was necessary to found 
alternative sources such as immature female inflorescences as explants of date palm. They are 
available every year and can be used as cheap and potent sources (Zayed, 2011). Moreover, these 
sources of explants could be reversing to vegetative state easily (Zayed and Abdelbar, 2015). GA3 
necessary in cultures of somatic embryos which underg dormancy (Hutchinson et al., 1997) and Kim 
et al., (1997) who recorded that giberellic acid (GA3) are frequently employed in media used for 
somatic embryo conversion, and a significant stimulatory effect of this phytohormone was proved in 
cultures of Panax ginseng. Sunanda-kumari et al., (2005) reported that maturation of somatic embryos 
of Euphorbia nivulia took place in the presence of 2-89 µM GA3. The promoting effect of GA3 on 
embryo maturation may be due to synthesis of new gene products required for the completion of 
embryo development. The aim of this study investigate the effect of different growth regulators 
supplemented with MS medium on induction of embryogenic callus and germination somatic 
embryos of immature female inflorescences. Light quality affected by modulated photoreceptors. 
Plants have evolved a plethora of signal-transducing photoreceptors that regulate their growth and 
development in relation to the presence, amounts, direction, duration, and quality of incident light 
radiation (Smith, 1994 and Quail, 2002). Plant responses do not depend only on the absence or 
presence of light but also on the variations in light quality (Pedroso et al., 2017). Light quality has 
important effects on plant growth and development, especially for photosynthesis and photo 
morphogenesis, the two processes that, through signals received by the photoreceptors, regulate plant 
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growth, differentiation and metabolism (Guo et al., 2007). Plant growth can be affected by 
endogenous hormone levels interactions with light quality. The interaction of light quality with plant 
hormone pathways in regulation growth of vegetal species includes gibberellins (Gas), auxins being 
the most common is the indole acetic acid ( IAA), cytokinins (CKs) , and abscisic acid (ABA) (Ou 
Yang et al., 2015). Another study found that the levels of endogenous CKs, IAA and GAs are 
markedly increased in response to low –intensity red to far-red light at low or normal PAR, promoting 
the growth of hypocotyls in Helianthus annuus (Kurepin et al., 2007). Transcriptome analysis of 
Norway spruce (Piceaabies) collaborators revealed that red and blue light are associated with plant 
growth and development and phytohormone metabolism (Ou Yang et al., 2015). In addition, they 
reported that blue light promotes IAA accumulation and phenylpropanoid biosynthesis. In contrast, 
red light affects stem growth by regulating biosynthesis of GAs. The aim of this study investigate the 
effect of different growth regulators and different lights on induction of embryogenic callus and 
germination somatic embryos of immature female inflorescences and spectrophotometer analysis of 
date palm cv. Sewi. 
 
Materials and Methods 
 
Plant materials: 

 This study was carried out on 2017-2018 from Inflorescence of phoenix dactylifera L. 
cultivar Sewi was taken from adult female trees of approximately 4-5 meter in height at Feb., which 
grown in the field of Agriculture ministry, at El- Badarashein Giza, Egypt to investigate the effect of 
different growth regulators and different lights on induction of embryogenic callus and germination 
somatic embryos of immature female inflorescences and spectrophotometer analysis of date palm cv. 
Sewi. 

 

1. Effect of gibberellic acid (GA3) concentrations and different culture media on friable callus 
derived from inflorescence explants: 

Friable callus which produced from immature female inflorescences were transferred to the 
three different culture media (M1, M2 and M3) supplemented with different concentrations of GA3 at 
0.0, 0.1, 0.5 and 1.0 mg/l.   
1. M1: MS (control)  
2. M2: MS + 0.1 mg/l NAA + 0.05 mg/l BA   (Omar, 1988) 
3. M3: MS + 2 mg/l IBA    (Abo El-Soaud et al., 2002) 
 Each treatment consisted of 3 replicates and each replicate contained about 0.5 g friable 
callus. Cultures were incubated in total darkness at 27 ± 2°C for 12 weeks (transferred to fresh 
medium of the same composition every 6 weeks). Data were recorded as follows: 
1. The average degree value of browning/explant. 
2. The average degree value of vetrification/explant.  
3. The average degree value of globularization/explant. 
These data were scored visually according to Pottino (1981) as follows: 
   Negative results (-)              = 1 
   Below average results (+)    = 2 
   Average results (++)            = 3 
   Good results (+++)              = 4 
4. Germination percentage (%).  
 
5. Growth rate value = Final fresh weight (g) - Initial fresh weight (g)  
                                                   Initial fresh weight (g)   
This data was calculated according to (Ziv, 1992). 

Germinated embryos were cultured on MS-basal medium supplemented with 0.1 mg/l NAA 
(Mater, 1986) for two months (1-month interval) to obtained plant formation and transferred to green 
house. 
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2. Effect of light intensity on growing of Embryogenic calli and spectrophotometer analysis of 
date palm: 

Embryogenic calli growing on MS supplemented with M2 ( 0.1 mg/l NAA + 0.05 BA + 0.1 
GA3 ) was incubated under different colour of light intensity ( White 2720 lux, Green 2600 lux, Blue 
2620 lux, Red  2640 lux, Yellow 2540 lux ). Wave length by lauxmetar. Cultures were incubated to 
different periods of time (15, 30 and 45 days). Cultures, after each time, were harvested and immersed 
in liquid nitrogen, lyophilized and kept in -20ºC for further analysis. Data were recorded as fresh 
weight. 

 
Sample preparation: 

0.100 g of freeze dried samples was dissolved in 1ml of 70 % methanol, were agitated for 10 
seconds and then centrifuged at 6000 rpm for 10 min. The supernatant was collected and the same 
procedure was repeated for 2 more times. 

 
Determination of total phenolics:  

Total phenolic content was determined by the Folin-Ciocalteu micro method (Gabr et al., 
2017). A20 μL aliquot of extract solution was mixed with 1.16ml of distilled water and 100 μL of 
Folin-Ciocalteu reagent followed by 300 μL of 200g Na2CO3 solution .The mixture was incubated in a 
shaking incubator at 40oC for 30 min and its absorbance at 760 nm was measured. Gallic acid was 
used as standard for the calibration curve. Total phenolic content expressed as gallic acid (mg gallic 
acid g dry weight).  

 
Determination of total flavonoids:  

    Total flavonoids content was determined by the method of Gabr et al., (2017). A 0.5 ml 
aliquot of 20 g AlCl3 ethanolic solution was added to 0.5 ml of extract solution. After 1 h at room 
temperature, the absorbance at 240 nm was measured. A yellow color indicated the presence of 
flavonoids. Extract samples were evaluated at a final concentration of 0.1 mg/l. Total flavonoids 
content expressed as QE (mg QE g-1 dry weight). 

 
Determination of total flavonols: 
       Total flavonoids content was determined by the method of Kumaran and Joel, (2007). To 2ml of 
extracts solution, 2ml of 20 g AlCl3 ethanolic solution and 3ml of 50g sodium acetate solution were 
added. The absorbance at 440nm was read after 2.5 h at 20oC. Extract samples were evaluated at a 
final concentration of 0.1 mg/l, Total flavonoids content expressed as QE (mg QE g dry weight). 
 
Antioxidant Activity 
 
Free radical scavenging activity (DPPH test): 

The DPPH test was utilized (Lee et al., 2003) with some modifications. The stock reagent 
solution (1x 10-3mol L-1) was prepared by dissolving 22mg of DPP Hin 50 ml of methanol and stored 
at -20o Cuntil use. Extract samples and synthetic antioxidant (BHA) solutions of different 
concentrations (0.1ml of each) were vortexed for 30 s with 3.9ml of DPPH solution and left to react 
for 30 min, after which the absorbance at 515 nm was recorded. A control with no added extract was 
also analyzed. Scavenging activity was calculated as follows:- 
DPPH radical scavenging activity (%) = [(Abs control – Abs sample) / Abs control] x 100 
Where  
Abs control = the absorbance of DPPH radical + methanol  
Abs sample = the absorbance of DPPH radical + extracts / synthetic antioxidant 
 
Statistical analysis: 

The experiments were carried out using completely randomized design and treatment was 
replicated three times. The results were analyzed using analysis of variance and the means compared 
using L.S.D test at 5% according to Steel and Torrie (1980). Data were expressed as the mean + 
standard deviation (SD) of three replicates (Adedapo et al., 2009) 
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Results and Discussion 
 
1. Effect of gibberellic acid (GA3) concentrations and different culture media on friable callus 

derived from inflorescence explants 
 
1.1. Browning degree value:  

Data in (Table 1) revealed that the highest degree of browning resulted by 0.1 mg/l GA3 (2.22 
degree) descending by 0.5 and 1.0 mg/l  without significant differs in between 2.00 degree, lowest 
degree of browning produced by control treatment (1.67 degree), concerning to the effect of different 
contents medium which had left insignificant differs in between on  the browning degree, decreasing 
browning (1.83 degree) under M3 medium (MS + 2 mg/l IBA) the higher degree found with M2 (2.17 
degree), moreover the highest interaction 2.67 degree of browning was found at the interaction 
between 0.1 mg/l GA3 with M2.  
 
Table 1:  Effect of different GA3 concentrations and different culture  media on browning degree 

value of date palm Sewi cv. friable callus explants after 3 months in culture (through two 
reculture) 

(A) 
GA3 mg/l 

(B) 
Culture medium 

 
Mean (A) 

M1 M2 M3 

0.0 1.67 2.00 1.33 1.67 
0.1 1.67 2.67 2.33 2.22 
0.5 2.00 2.00 2.00 2.00 
1.0 2.33 2.00 1.67 2.00 

Mean ( B ) 1.92 2.17 1.83  

Mean separation by L.S.D at 0.05    
  A 0.40   
  B N.S   
  AB 0.69   

         * Values determined as described by Pottino (1981). 

 
1.2. Vitrification degree value: 
 It is evident from data in Table (2) that GA3 at 0.5 mg/l produced the minimum significant 
vitrification degree (1.22) followed by 0.1 mg/l GA3 that gave 1.44 degree compared to control 
treatment (1.33 degree) without significant differs in between. Regarding to different medium on the 
vitrification, M1 medium and M2 led to the significant decreasing degree of vitrification (1.25 and 
1.28 degree) without significant differs in between, while M3 medium contents gave the highest 
vitrification degree (1.92). Minimum interaction (1.00) of browning degree exhibited between 0.0 or 
0.1 mg/l GA3 with M2 and 0.0 or 0.5 mg/l GA3 with M1 medium. 
 
Table 2: Effect of different GA3 concentrations and different culture media on vitrification degree 

value of date palm Sewi cv. friable callus explants after 3 months in culture (through two 
reculture). 

(A) 
GA3 mg/l 

(B) 
Culture medium 

 
Mean (A) 

M1 M2 M3 

0.0 1.00 1.00 2.00 1.33 
0.1 1.33 1.00 2.00 1.44 
0.5 1.00 1.33 1.33 1.22 
1.0 1.67 1.78 2.33 1.93 

Mean ( B ) 1.25 1.28 1.92  

Mean separation by L.S.D at 0.05   
 A 0.34   
 B 0.30   
 AB 0.59   
   * Values determined as described by Pottino (1981). 
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The browning and vitrification callus were the particular problems in the date palm tissue 
culture technique which caused failed culture, these results were supported by many scientists as 
(Alkhateeb,2008) on date palm, tissue browning may to be occur oxidation of phenols within the 
tissues (Alkhateeb and Ali-Dinar, 2002), also can be found by releasing phenolic compounds due to 
antioxidants solution (Meghwal et al., 2001) or building quinones with high reactivity and toxicity to 
plant tissues (Abohatem et al., 2011). Vitrification or Hyperhydricity defined as accumulated of water 
in the culture tissue, in addition to increasing hormones or ammonium and  high humidity levels 
which led to growth reduction further to death, this feature can maintained by use of reduction of 
hormons and ammonium levels or increasing agar (Alkhateeb et al., 2006), NAA at 0.1 mg/l 
decreased the percentage of vitrification tissues of date palm cv. Barhee (Al-Meer and Tariq, 2008), 
increasing BA concentration led to  more hyperhydricity  (Mazri, 2015). 

 
1.3. Globularization degree value: 

Globularization degree results (Table 3) showed significant greatest globularization degree 
was account under 0.1 and 0.5 mg/l GA3 (3.00 and 3.22 degree) without significant differs in between 
comparing to control treatment, while the little globularization degree found by 1.0 mg/l GA3 (2.56 
degree). Meanwhile the medium M2 (MS + 0.05 mg/l BA + 0.1 mg/l NAA) and M3 (MS + 2 mg/l 
IBA) have left the significant globularization degree 3.08 with insignificant differs in between 
followed by M1 which gave the lowest globularization degree (2.42 degree), the highest significant 
degree (3.67 degree) was recorded at the interaction between M2 and M3 with two levels of GA3 (0.5 
and 0.1 mg/l).  
 
Table 3: Effect of different GA3 concentrations and different culture media on globularization degree 

value of date palm Sewi cv. friable callus explants after 3 months in culture (through two 
reculture). 

(A) 
GA3 mg/l 

(B) 
Culture medium 

 
Mean (A) 

M1 M2 M3 

0.0 2.33 3.00 2.67 2.67 
0.1 2.00 3.33 3.67 3.00 
0.5 2.67 3.67 3.33 3.22 
1.0 2.67 2.33 2.67 2.56 

Mean ( B ) 2.42 3.08 3.08  

Mean separation by L.S.D at 0.05    
  A 0.47   
  B 0.41   
  AB 0.81   

* Values determined as described by Pottino (1981). 

 
1.4. Germination percentage: 
 Germination percent value (Table 4) indicated that the superior percent germination (37.78%) 
come out from 1.0 mg/l GA3 followed by 0.1 mg/l which recorded 35.56 %, less percent of 
germination (9.89 %) obtained by control treatment 0.0 mg/l GA3. Great significant percent 
germination (36.67 %) arise from M1 (MS control) descending by M2 (MS + 0.1 mg/l NAA + 0.05 
BA) and M3 (MS + 2 mg/l IBA) they had 25.0 % and 20.75 %, respectively. On the other hand, the 
significant interaction (50.00 %) derived from 0.1 mg/l GA3 with M1 medium.  
 
1.5. Growth rate value: 
 Gradual increase in growth rate value (Table 5) caused by GA3 levels 0.0, 0.1, 0.5 and 1.0 
which scored 2.46, 2.87, 3.31 and 4.58 respectively, same trend was found with different treatments 
M1(MS control), M2 (MS + 0.1 mg/l NAA + 0.05 BA) and M3 (MS + 2 mg/l IBA) produced gradual 
increasing growth rate value (2.40, 3.19 and 4.33). GA3 at 1.0 mg/l with M3 medium recorded the 
biggest interaction value of growth rate (6.24).  
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Table 4: Effect of different GA3 concentrations and different culture media on germination percentage 
value (%) of date palm cv. Sewi friable callus explants after 3 months in culture (through 
two reculture). 

(A) 
GA3 mg/l 

(B) 
Culture medium 

 
Mean (A) 

M1                                       M2 M3 

0.0 10.00 13.33 6.33 9.89 
0.1 50.00 30.00 26.67 35.56 
0.5 40.00 20.00 20.00 26.67 
1.0 46.67 36.67 30.00 37.78 

Mean ( B ) 36.67 25.00 20.75  

Mean separation by L.S.D at 0.05    
  A 1.16   
  B 1.00   
  AB 2.01   
* Values determined as described by Pottino (1981). 

  
Table 5: Effect of different GA3 concentrations and different culture media on growth rate value of 

date palm cv. Sewi friable callus explants after 3 months in culture (through two reculture). 

(A) 
GA3 mg/l 

(B) 
Culture medium  

Mean (A) 
M1 M2 M3 

0.0 1.64 2.35 3.40 2.46 
0.1 1.95 3.00 3.67 2.87 
0.5 2.52 3.41 4.00 3.31 
1.0 3.50 4.00 6.24 4.58 

Mean ( B ) 2.40 3.19 4.33  

Mean separation by L.S.D at 0.05   
  A 0.54   
  B 0.47   
  AB 0.94   
* Values determined as described by Ziv (1992). 

 
Based on the previous results, Somatic embryogenesis and further plant regeneration were 

observed using young inflorescences and young leaves of Euterpeedulis (Palmae) globular or post-
globular embryos were transferred to the basal medium with 2-iP at 2.5 mg/l and NAA 0.1 mg/l 
(Guerra and Handro,1998), BA enhanced the differentiation of embryos toward bipolar embryos 
(Aberlenc-Bertossi et al., 1999 on oil palm and Verdeil et al., 2001 on coconut), GA3 have crucial 
role for enhancing somatic embryogenesis and secondary embryogenesis hypocotyls,  embryogenic 
growth in of Medicago sativa  (Rudus et al., 2002). BA, IBA and NAA increasing embryo 
germination in date palm cv. Jihel and Bousthami Noir (Zouine and Hadrami, 2007). 1 mg/l NAA 
with 0.5 BA increased germination embryo of date palm cv. Sahelian (Sané et al., 2012). 2 mg/l BA 
was efficient for inducing somatic embryos of date palm cv. Sakoty (Abd El Bar and El Dawayati, 
2014), NAA at 2 mg/l, 0.5 mg/l BAP, and 0.5 mg/l Kinetin increased embryo formation of date palm 
cv. Sheshi (Bawis et al., 2015). 
 
2. Effect of light intensity on growing spectrophotometer analysis Growing emberyogenic: 

Embryogenic calli growing on MS medium supplemented with 0.1 mg/l NAA + 0.05 mg/l + 
0.1 mg/l GA3 was incubated under different colour of light. Cultures were incubated to different 
periods of time (15, 30 and 45 days). Data presented in figure (2), showed that white light gave the 
highest fresh weight followed by red light, while cultures incubated under blue light gave the lowest 
fresh weight. Our results are in agreement with Budiarto, (2010), who reported that Anthurium 
number of shootes was promoted by growing under red light than blue light. Nhut and Nam (2010) 
found that higher growth of in vitro plantlets grown under a red/blue (4:1) led ratio, comparing with 
white light for Eucalyptus, Musa, and Spathiphyllum 
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C D 

  
E F 

Fig. 1: Date palm somatic embryogenesis from immature inflorescences of cv. Sewi, (a):  friable 
embryogenic callus, (b): friable embryogenic callus suffer from browning phenomenon, (c): 
friable embryogenic callus with vitrification, (d): globular embryogenic callus, (e): somatic 
embryos formed from globular embryogenic callus and (f): germinated somatic embryos. 

  
2.1. Total Phenol content:  

The total phenolic content of methanolic extract from embryogenic calli of phoenix 
dactylifera L. cv. Sewi with different light spectrums and with different periods of time is shown in 
Fig (3). The amount of total phenolics varied in the different spectrum, ranging from 1.66 mg galic 
acid /g dry weigh (DW) to 2.63 mg galic acid /g DW comparison with other treatments; light 
spectrum as well as different time. The highest amount of total phenolics was observed in methanolic 
extract from green light at day 15 followed by red light at day 45. On the other hand, date palm grown 
under white light (control) gave the lowest total phenol contents. Our results are in agreement with 
Bach et al., (2015) reported that  red and blue light treatment did not induce any changes in the 
content of total phenolics between the studied cultivar sachenalia (Ronina and Rupert). Younas et al., 
(2018) reported that deviations in total phenolic and flavonoid contents reveal that light quality affect 
different plant species variably. 
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Fig 2: Growth dynamic of embryogenic callus (g FW) under different lights. 
 

 
Fig. 3: Total phenolic contents (mg/g DW) under different lights values represent means ± slandered 

errors (SD) from three triplicates 
 
2.2. Total flavonoids content:  

The total flavonoid content of methanolic extracts from embryogenic calli of date palm 
(Phoenix dactylifera L. cv. Sewi) with different light spectrums and with different periods of time is 
shown in Fig (4). Methanolic extract from date palm grown under green light at day 30 and blue light 
at 45 days had the highest total flavonoids and followed by red light at 45 day compared with control 
samples (white light). Miliauskas et al., (2004) observed that the amount of flavonoids in 12 
medicinal, aromatic plant extracts showed only low correlation with the total amount of phenolics. 
Chen et al., (2007) found that Comellia sinensis (GABA tea) had a low level of flavonoids. Moreover, 
Ardelena et al., (2018) found that yellow light produce highly levels of total phenol and total 
flavonids in in vitro seedlings of Ocimum basilicum L. cv. Aromat de Buzau than red or wight lights. 
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Fig. 4: Total flavonoids contents (µg/g DW) under different lights values represent means ± slandered 

errors (SD) from three triplicates. 
 
2.3. Total flavonols content:  

The total flavonols content of methanolic extract from embryogenic calli of date palm (P. 
dactylifera L. cv. Sewi) with different light spectrums and with different periods of time are shown in 
Fig (5). Data showed similar results as shown with total flavonoids. The highest total flavonols 
content was observed in green light at 30 day and blue light at 45 day. On other hand, cultures grown 
under white light (control) had the lowest total flavonols contents. Similarly, red lights enhanced 
phenolic content in leaf lettuce and total falvonoid content in Rehmannia glutinosa (Manivannan et 
al., 2015 and Li et al., 2013). On the other hand , Bach et al. (2015) reported  that  red and blue light 
treatment did not induce any changes in the content of total phenolics between the studied cultivar 
sachenalia (Ronina and Rupert) Younas et al., (2018) reported that deviations in total phenolic and 
flavonoid contents reveal that light quality affect different plant species variably. 

 

 
Fig. 5: Total flavonols contents (µg/g DW) under different lights values represent means ± slandered 

errors (SD) from three triplicates. 
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2.4. Free radical scavenging activity (DPPH): 
DPPH radical scavenging activity of methanolic extract from embryogenic calli of date palm 

(P. dactylifera L. cv. Sewi) with different light spectrums with different periods of time are shown in 
Table (1). The results of this study showed that methanolic extract of cultures grown under green light 
at 15 days gave the highest antioxidant activity determined by the DPPH assay and same treatment 
(91.365%). On other hand, methanolic extract of cultures grown under white light (control) had the 
lowest antioxidant capacity (68.017%) at day 30. The different spectrum of lights induced a change in 
antioxidant activity in similar mode to that of total phenol, total flavonoids content, which signify that 
most of the phenolic and flavonoids compounds, in extract act as antioxidants. Shiga et al., (2009) 
reported that white light enhanced phenolic content and antioxidant activity in Ocimum basilicum. 

 
Table 1: DPPH free radical scavenging (%) under different lights.  

Periods of time Light treatments DPPH 

15 Days 

White 72.017±0.580 
Blue 89.415±0.737 
Red 86.908±0.737 

Green 91.365±0.557 

30 Days 

White 68.017±0.580 

Blue 88.487±0.701 

Red 89.972±0.557 

Green 84.958±0.836 

45 Days 

White 81.017±0.557 

Blue 85.051±0.851 

Red 90.065±0.851 

Green 86.444±0.580 
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