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ABSTRACT 

Hyperhydricity is a serious problem faced in vitro date palm propagation which 
directly effects on the commercial production. So we try to solve this problem 
by studying, the effect of glutamine as the organic source of nitrogen and NH4

+ : 
NO3

- ratio as the inorganic source of nitrogen to decrease hyperhydricity 
phenomena and to produce normal somatic embryos of date palm cv. Gondila. 
Vitrified embryonic callus were inoculated on MS basal nutrient medium 
modified with glutamine levels and   NH4

+ : NO3
- ratio. Five concentration 

ratios of NH4 : NO3 (10:15, 15:10, 0:20, 20:0, 0:0 ml/l) were used with 0.1 mg/l 
NAA for 8 weeks throughout 2 recultures. There were gradually increasing in 
the percentage of vitrified embryonic callus differentiation to normal somatic 
embryos by increasing glutamine levels from 0.0 to 400 mg/l. Glutamine at the 
lowest level (50mg/l) increased significantly the number of vitrified somatic 
embryos. Ammonium as the sole source of N resulted in depression in somatic 
embryos differentiation and escalated the frequency of hyperhydricity whereas, 
if nitrate was used as the sole N source, somatic embryos good quality were 
produced and hyperhydricity was eliminated 
Keywords, Hyperhydricity, Date Palm, Ammonium, Glutamine, Nitrate, 

Somatic embryogenesis. 
 

INTRODUCTION 

Hyperhydricity is a serious problem during in vitro of date palm which 
directly affects the production at commercial level. Thus, in vitro cultured 
plantlets do not survive when transferred to soil due to yellowing, swelling, 
glassiness and leaf curling of plantlets (Wetzstein and Sommer, 1982; Donelly 
and Vladaver, 1984). These morphological change have been related to the low 
photosynthetic capacity of the leaves (Kevers et al., 1984; Peak et al., 1991). 
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Accumulation of gases such as ethylene and co2 have also been found to be 
responsible for hyperhydricity (De Proft et al., 1985). Various approaches to 
overcome hyperhydricity included containers with good gaseous exchange, 
different concentration of agar (Kevers and Gasper, 1986; Miller et al., 1991), 
the ratio of nitrate to ammonium ion (Tsay et al., 1998). Hyperhydricity is not 
restricted to shoot. Some yellowish and hyperhydric callus types may be 
considered as vitreous (Crevecoeur et al., 1987). Their high degree of friability 
therefore is related to the breakability of vitrified organs (Gaspar,  1991). The 
ability of different shapes of embryoids which related to three date palm 
cultivars for overcome a hyperhydricity phenomenon. Then, the individual, 
repeated, multiple and secondary embryoids did not exhibit the hyperhydricity 
properties. In contrary, the shrieked-coat embryoid and malformed exhibited a 
succulent shape as hyperhydric degree (Zaid, 2003). The objective of the 
present work is to study the effect of glutamine and NH4

+:NO3
- ratio as the 

sources of nitrogen on somatic embryos production and hyperhydricity of date 
palm cv. Gondila. 

MATERIALS AND METHODS 

The experiments were carried out by using embryonic callus which 
obtained from shoot apex (1-2 cm in length) of date palm cv. Gondila. Shoot 
apex were sliced longitudinally into 4 pieces and then cultured on Murashige 
and Skoog (MS) basal nutrient medium (1962) supplemented with  170 mg 
NaH2Po4.2H2O; 200 mg glutamine; 40 mg adenine sulfate; 0.4 mg Thiamine 
HCL, 3g activated charcool (AC), 30g sucrose; 6g agar and 100mg 2,4-D+3mg 
2ip /liter as described by Mater (1986).  

The pH of all culture media were adjusted to 5.8±0.1 prior to the 
addition of agar, and then 35 ml of medium was dispensed into small jars (150 
ml),the jars were autoclaved at 121°C and 1.2 kg/cm² for 20 min.  

 Approximately 0.5 g embryonic callus vitrified (05 g in weigh and 1-2 
mm in diameter) were used as explants materials in two experiments. Each 
treatment included 3 replicates each replicate included 3 small jars (150 ml) and 
each jars containing one explant.  Culture jars were incubated in a temperature-
controlled room at 24± °C under 16 h daily exposure to low light intensity of 
1000 lux illumination. 

Experiment 1: Influence of different glutamine levels on induction of somatic 
embryos and hyperhydricity of date palm cv. Gondila 
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In this experiment the embryonic callus vitrified were transferred and 
cultured onto differentiation nutrient medium which consists of MS basal 
nutrient medium supplemented with 0.1 mg/l NAA and various concentration of 
glutamine (0.0, 50.0, 100.0, 200.0 and 400.0 mg/l for 8 weeks throughout 2 
recultures.  

Experiment 2: Influence of NH4
+ : NO3

- ratio and glutamine on induction of 
somatic embryos and hyperhydricity of date palm cv. Gondila 

The embryonic callus vitrified were inoculated on basal medium 
modified with different concentrations of   NH4

+ : NO3
-. Five concentration 

ratios of NH4 and NO3 (0:0, 0:15, 10:15, 15:10, 15:0 mg/l) were used with 0.1 
mg/l NAA for 8 weeks throughout 2 recultures.  

Conversion 

Somatic embryos from different stages were isolated and transferred to 
the half-strength MS medium supplemented with 0.05 mg/l BA, 0.1 NAA mg /l, 
30 g /l sucrose and phytagel 2g/l. Germination somatic embryos and shoot 
proliferation were determined after six weeks in culture. 

Statistical analysis 

The randomized factorial design was used and data were subjected to 
analysis of variance. Separation of means among treatments was determined 
using L.S.D test at 5% according to Snedecor  and Cochran (1972).  

RESULTS  
Influence of glutamine  

There were gradually increasing of percentage of differentiation by 
increasing glutamine levels. Also, adding 200 mg/l glutamine to culture medium 
gave the highest significant value of mature embryos numbers (16.66) while, 
there is no  any mature embryo when glutamine level was 0.0 or 50 mg/l into 
culture medium. The low level of glutamine (50mg/l) achieved significant 
increasing of number of vitrified embryos (12.89). Furthermore, growth value 
of embryonic callus increased by increasing glutamine from 0.0 to 400 mg/l 
(Table 1.). Dal Vessco and Guerra 2001 reported that, the presence of 
glutamine in the culture medium enhanced significantly the number of somatic 
embryo per explants. At 8 mM of glutamine this value was 3.3- fold higher than 
in the glutamine –free medium. These somatic embryos showed normal 
histogenesis and were translucent. The proliferation of embryogenic suspension 
culture in two cultivars (Jihel and Bousthami Noir) of Phoenix dactylifera L. 
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was tested on liquid media with or without 2,4-D and with different 
glutamine concentrations (3.35 × 10−4, 6.7 × 10−4 and 13.4 × 10−4 M). The liquid 
medium with 0.1 mg l−1 2,4-D and 6.7 × 10−4 M glutamine has clearly improved 
the proliferation of somatic embryos. In fact, when glutamine concentration 
increased from 3.35 × 10−4 to 6.7 × 10−4 M, the yield of somatic embryos 
increased from 14 to 56 embryos per 100 ml of culture medium (Jamila Zouine 
and Ismaïl El-Hadrami, 2007) 

Table (1): Effect of glutamine on induction of somatic embryogenesis and 
hyperhydricity of date palm cv. Gondila  

Glutamine 
Levels. mg/l 

Percentage of 
differentiation 

No.of 
mature 

embryos 

No.of 
vitrified 
embryos  

Growth 
value 

0.0 33.33c 0.00d 9.22b 1.05c 
50 33.33c 0.00d 12.89a 1.14c 

100 83.33b 4.50c 8.22c 2.42b 
200 100.00a 16.66a 5.56d 3.02a 
400 100.00a 8.66b 5.22d 3.23a 

LSD0.05 1.97 0.84 0.47 0.23 

Influence of NH4
+ : NO3

- and glutamine 

Referring the specific effect of different concentration of NH4
+ : NO3

- 
and glutamine levels, Table 2. Displays obviously that The original NH4

+  and   
NO3

-  (10 : 15) concentration in the basal MS medium resulted in a higher 
percentage of differentiation (94.44%) while, there is no significant differences 
between 15 :10 and 0.0 :20 concentration (88.89%). The lower result of 
percentage of differentiation was showed in the 0.0 : 0.0 concentration 
(27.77%). 

The presence of glutamine in the basal medium was more effective of 
percentage of differentiation than culture medium glutamine-free (82.22% and 
66.66% respectively).  
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Table (2): Effect of different concentration of NH4
+ : NO3

- and glutamine on 
induction of somatic embryos and  hyperhydricity of date palm cv. 
Gondila  

(B) Glutamine levels mg/l  
Percentage of differentiation No.of mature embryos No.of vitrified embryos 

 (A)         

NH4
+: 

NO-
3 ml/l  

Gln-
free 

Gln 
200 

(A) 
Mean 

Gln-
free 

Gln 
200 

(A) 
Mean 

Gln-
free 

Gln 
200 

(A) 
Mean 

10:15 88.89 100.0 94.44a 3.83 35.00 19.41a 1.33 2.22 1.77c 

15:10 77.78 100.0 88.89b 9.17 13.33 11.25b 2.33 3.33 2.83b 

0.0:20 77.78 100.0 88.89b 6.67 10.83 8.75c 1.67 2.67 2.17bc 

20:0.0 66.67 77.78 72.22c 3.67 8.50 6.08d 5.67 7.67 6.67a 

0.0:0.0 22.22 33.33 27.77d 1.33 6.67 4.00e 0.55 1.55 1.05d 

Mean (B) 66.66b 82.22a  4.93b 14.9a  2.31b 3.4a  

The effect of different concentration of NH4
+ : NO3

- and glutamine 
levels on mature embryos number is shown in Table (2). 10  : 15 concentration 
gave the highest value mature embryo number (19.41) followed by 15:10 
concentration (11.25 embryo/culture). An increase in the number of somatic 
embryos in cyclamen was observed in anther cultures at concentration of 10 
mM of NH4

+ and 20 mM of NO3
-  and  20 mM of NH4

+ and 10 mM of NO3
- for 

ovaries cultures (Kiviharju et al., 1992). In pepper (Capsicum annuum) a 
concentrations of 40 mM of NH4

+ and 20 mM of NO3
-, decrease the number of 

somatic embryos (Buyukalaca and Mavituna, 1996).  In Feijoa, the presence 
of the either NH4

+ or NO3
- solely resulted in a low percentage of somatic 

embryos induction. However, media containing NH4NO3 alone increased 
somatic embryos (Canhoto and Crus, 1996). The optimum NO3

- : NH4
+ ratio 

for growth of sweet orange embryogenic callus was between 50 to 90% of 
viously, Smith and Krikorian (1990), showed that the addition of 1 to 5 mM 
of NH4

+  to the culture medium improved the growth and maintenance of carrot 
preglobular pre-embryo. 

Concerning the effect of  glutamine on mature embryos number, data 
presented  here showed that, the presence of glutamine to culture medium 
enhanced significantly mature somatic embryos number compared with  
medium glutamine-free (12.0 and 7.80 embryo/culture respectively). Dal 
Vessco and Guerra 2001 reported that, the addition of glutamine (200mg/l) 
alone or combined with NH4

+ (49mM) improved the somatic embryos induction 
percentage, but produce a low number of somatic embryo per explants. In 
comparison, supplementing the basal medium of Feijoa solely with casein 
hydrolysate  (Canhoto and Crus, 1996) or with glutamine (Guerra et al., 
1997) produced somatic embryos.  
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It is quite evident as shown from tabulated data in Table (2) that, the 
concentration 20:0.0 was more effective to form vitrified embryos ( 6.67 
embryo/culture)  followed by 15:10 concentration or 0.0:20 concentration and 
no significant differences between them (2.83 or 2.17 embryo/culture 
respectively). 

Adding glutamine to culture medium encouraged increasing number of 
vitrified embryos from  2.31 embryo/ culture to 3.4 embryo/culture. 

From the above mentioned  results discussed regarding the effect of 
different concentration of NH4

+ : NO3
- and glutamine levels on induction of 

somatic embryos vitrified  of date palm cv.Gondila. (Mariyana Ivanova and 
'johann Van Staden 2009) declared that ammonium nitrate as the sole source 
of N depressed shoot regeneration and growth and escalated the frequency of 
hyperhydricity to ca. 50%. When NO3

- was used as the sole N source, shoots 
good quality were produced and hyperhydricity was completely eliminated  

Growth value of embryonic callus was studied during this work to show 
affecting glutamine and NH4

+:NO3
- ratio on it.  

The presence of glutamine in the basal medium enhanced the growth 
value of embryonic callus explant (Figure 1). At 200 mg/l of glutamine this 
value was higher than in the glutamine –free medium.  
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Fig. (1) :Effect of glutamine and NH4
+ : NO3

- ratio on growth value of embryonic 
callus date palm cv. Gondila 

Also the glutamine as the sole source of organic nitrogen (0.0:0.0) 
recorded the highest result of growth value followed by the concentration 20:0.0 
and 15:10 while, the use of   NO3

- (0.0:20) as the sole source of inorganic 
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nitrogen resulted in low of growth value  followed by the concentration 10:15. It 
has been suggested that the presence of amino acid in the culture medium is 
important because they partially replace the NH4

+. Also, they increase the levels 
of reduced nitrogen which stimulates the development of somatic embryos in 
several species (George, 1993). 

Somatic embryos induction may be affected by to a change in the pH in 
the culture medium. The absorption of the NO3

- anion results in an increase the 
pH level due to an excretion of HCO3

- from the explants. Conversely, 
absorption of the NH4

+ cations results in a liberation of H+ reducing the pH of 
the medium (Niedz, 1994).   

Somatic embryo germination and plantlet formation 

The conversion and germination of somatic embryo  when BA (0.05 
mg/l) and NAA (0.1 mg/l) were added to the 3/4 MS basal culture medium 
(Tisserat 1982). Plantlets  were successfully acclimatization (Figure 2). 

 The best conversion rate of somatic embryos of date palm was 
observed in culture medium supplemented with. 

 
 

(A) (B) 

  
(C) (D) 

Figure (2): (A) Vitrivied callus, (B) Somatic embryogenesis from vitrivied callus, 
(C)  The conversion and germination of somatic embryo, (D) Plantlets  were 

successfully acclimatization 



Maiada, M. El-Dawayaty et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 334 

In conclusion the results obtained in the present work that the nitrogen 
sources, levels, and balaces markedly affects the induction and development of 
somatic embryo in date palm cv. Gondila. Modified MS basal culture medium 
10NH4

+ : 15NO3
-supplemented with Glutamine (200 mg/l) resulted in the 

highest production of mature somatic embryo from vitrified embryonic callus 
after 8 weeks during 2 reculture. Ammonium as the sole source of N resulted in 
depression in somatic embryos differentiation and escalated the frequency of 
hyperhydricity whereas, if nitrate was used as the sole N source, somatic 
embryos good quality were produced and hyperhydricity was eliminated. 
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