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ABSTRACT: The present work was carried out with the objective of increasing salt tolerance of date palm cv. 

Ashkar using tissue culture technique and exogenous application of proline. Quarters of shoot tips were cultured on 

MS medium supplemented with NAA at 30 mgl
-1

 and 2-ip at 3 mgl
-1

 for callus initiation and proliferation. NAA 

concentration was reduced to 1 mgl
-1

 and 2-ip to 0.1 mgl
-1

 for the development of somatic embryos. The results 

showed that increasing NaCl concentration significantly decreased the fresh weight of both the embryogenic callus 

and somatic embryos, and the addition of proline significantly alleviated the effect of salinity. Increased sodium 

concentration reduced the concentrations of both nitrogen and potassium in the embryogenic callus and somatic 

embryos, while the addition of proline significantly increased the concentration of both elements. Increasing the 

salinity of the culture media also significantly increased the concentration of Na
+
 and Cl

-
, while the addition proline 

reduced the accumulation of both Na
+
 and Cl

-
. It is concluded, that salinity had adverse effects on growth and ionic 

composition of embryogenic callus and somatic embryos of the date palm cv. Ashkar, and their effects were greatly 

alleviated by the addition of proline. Furthermore, the strategies used in the present work could be exploited for the 

selection of highly salt tolerance callus cells and their regeneration into salt-tolerant date palm plantlets. 
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INTRODUCTION 

 

 Salinity is one of the major a biotic stresses that 

adversely affect crop productivity and quality. About 20% 

of irrigated agricultural land is adversely affected by 

salinity (Flowers and Yeo, 1995). The problem is further 

increasing because of the use of poor quality water for 

irrigation and poor drainage. Adverse effects of salinity on 

plant growth may be due to ion cytotoxicity, (Mainly due 

to Na
+
, Cl

-
 and SO4

-
), osmotic stress, nutritional 

deficiency, oxidative stress and hormonal imbalance 

(Chinausamy et al., 2005; Munns and Tester, 2008).  

The date palm (Phoenix dactylifera L.) is the most 

important fruit tree in Iraq and other parts of the Middle 

East. Although, the date palm tree is more tolerant to 

salinity as compared with other fruit trees such as citrus 

and olives (Greenway and Munns, 1980), the productivity 

of date palm trees start to decrease when the salinity level 

is 48 mM NaCl and there is no production of date fruits 

when the salinity level reach 240 mM NaCl (Hassan, 

1991). With the increase in soil salinity in Iraq in recent 

years, due to shortage of fresh water and rainfall, it is of 

paramount importance to use various strategies to improve 

date palm trees salt tolerance. Plant tissue culture 

techniques have been used by several authors to produce 

salt-tolerant cell lines and plants in several plants (Barakat 

and Abdel-Latif, 1996; Wanas et al., 1999; Al-Khayri et 

al., 2002). Furthermore, plants subjected to salt stress are 

known to accumulate many organic compounds at high 

concentration, such as the amino acid proline. This 

compound has several functions under salt stress, 

including protection of protein structure, scavenging of 

free radicals, osmotic adjustment, as well as an energy and 

nitrogen source (Munns and Tester, 2008). There are some 
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reports in the literature, that the addition of proline to 

callus cultures under salt stress increased salinity tolerance 

in the tomato (El-Enany et al., 1993) grapes (El-Hammady 

et al., 1999) and mung bean (Kumar and Sharma, 1989).  

Accordingly, the present work was undertaken, to examine 

the effect of proline addition on growth and ionic content 

of embryogenic callus and somatic embryos of the date 

palm cv. Ashkar grown under NaCl stress.   

 

MATERIAL AND METHODS 

 

 The experiment to be described was carried out at the 

Plant Tissue Culture Laboratories, Date Palm Research 

Centre, Basrah Univ., Basrah, Iraq. Two years old 

offshoots of the date palm cv. 'Ashkar' were used as a 

source of shoot tip explants. Each shoot tips were divided 

into four equal quarters and surface sterilized by 20% 

commercial bleach, then rinsed three times with sterile 

distilled water. Explants were cultured on MS medium 

(Murashige and Skoog, 1962) supplemented with 

naphthalene acetic acid (NAA) at 30 mgl
-1

 and 2-

isopentenyl adenine (2-ip) at 3 mgl
-1

 for callus induction 

and proliferation (Jasim, 2000). The NAA concentration 

was then reduced to 1 mgl
-1

 and the 2-ip to 0.1 mgl
-1

 to 

enhance the production of somatic embryos from 

embryogenic callus. Well-developed embryogenic callus 

and somatic embryos were cultured on different levels of 

sodium chloride in the culture media (0, 80, 160, 240 and 

320 mM NaCl). Proline levels were 0, 25, 50, 75, 100 mgl
-

1
. As for the interaction experiments, Two concentrations 

of NaCl were used, namely 240 and 320 mM NaCl, 

whereas the levels of proline was as referred to above. The 

following measurements were carried out : 

1. Fresh weight of the embryogenic callus and the 

somatic embryos was determined with digital balance 

(Sartorius) using 20 tubes for each concentration, after 

4 and 8 weeks from culture. 

2. Ionic concentration: The ionic concentration (N, Na
+
, 

K
+
, Cl

-
) were determined on oven dried samples of the 

embryogenic callus and the somatic embryos at 70 °C 

for 72 hrs. The dried samples (200 mg) were digested 

using the procedure of Cresser and Parson (1979). The 

clear digest was used for the determination of the 

following mineral elements: 

a. Nitrogen: The nitrogen was determined by 

micro-kjeldal using steam distillation method 

as described by Page et al.(1982). 

b. Potassium and sodium: were determined by 

flame photometer (Gallenkamp) as described 

in Page et al. (1982). 

c. Chloride: This was determined by the 

titration of the clear digest against AgNO3 as 

described by Furman (1962).  

Statistical design and analysis : Completely randomized 

design was used with 20 replicates. As for the interaction 

between NaCl x proline, the experiment was factorial with 

20 replicates for the fresh weight of the embryogenic 

callus and somatic embryos. As for ionic concentration, 

the replication was three-fold. The data were subjected to 

the analysis of variance and mean values were compared 

using revised-LSD as described by Sendecor and Cochran 

(1980). 

 

RESULTS AND DISCUSSION 

 

 Results presented in Table 1 show the effect of 

sodium chloride concentration on fresh weight of 

embryogenic callus and somatic embryos. It is clear, that 

NaCl at80 mM caused a significant increase in fresh 

weight 4 and 8 weeks from culture. This increase in fresh 

weight at this NaCl concentration suggest, that such 

concentration is probably optimal for growth of the callus 

and somatic embryos, which allows maximum possible 

absorption of water and essential mineral elements, with 

the resultants increase in fresh weight. It is worthentioning 

here, that dry weight of both embryogenic callus and 

somatic embryos was also significantly increased by this 

level of NaCl data not shown other workers, have also 

found, treat NaCl at concentrations of 25-50 mM caused a 

significant increase in callus fresh weight of other date 

palm cultivars, Barhee and Helali (Al-Khayri, 2002). 

However, at high concentration of sodium chloride, there 

was a significant decrease in fresh weight, in particular at 

320 mM. Such effect on growth is probably due to the 

known effects of salinity, include osmotic effect and ion 

cytotoxicity, due to the accumulation of Na
+
 and Cl

-
, and 

hence growth inhibition. Furthermore, it has been 

suggested, that the reduction of growth in response to 

salinity is the result of great portion of respiratory energy 

being diverted to processes resulting in salt tolerance 

rather than growth (Mass,1986).  

 It is obvious from table 2, that proline, in particular, at 

50 mgl
-1

 caused a significant increase the fresh weight of 

both embryogenic callus and somatic embryos 4 and 8 

weeks from culture. Such increase, in growth is due to the 

fact, that proline is a nitrogen source, a respiratory 

substrate, generating ATP, and increases the process of 

cell division (Ashraf and Foolad, 2007). 

 Tables 3 and 4 shows, the interaction between proline 

and NaCl concentration on the fresh weight, of the 

embryogenic callus and somatic embryos. It is clear, that 

there was a significant interaction, in that the inhibitory 

effect of salinity of the culture media on fresh weight as 

relieved by the addition of proline. This is clear at the 

treatment 240 mM NaCl + 50 mgl
-1

 proline; Proline is an 

important compatible solute, that plays a role in osmotic 

adjustment, stablizes sub-cellular structures, scavenges 

free radicals, nitrogen sourece, as well as generation of 

ATP (Ashraf and Foolad, 2007). In addition, proline is 

known to induce expression of salt responsive genes, with 

the resultant formation of new proteins, which increases 

salt tolerance (Chinnusamy et al., 2005). Other workers, 
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also found, that the addition of proline to the culture media 

alleviated the inhibitory effects of NaCl on callus growth 

and plantlets in the tomato and grape vine (El-Enany, 

1995; El-Hammady et al., 1999).  

 Table 5, 6 shows the main effect of NaCl and proline 

and their interaction on the nitrogen and potassium 

concentrations in the embryogenic callus and somatic 

embryos, of date palm cv. Ashkar. It is clear, that NaCl 

significantly decreased the levels of both nitrogen and K
+
. 

This reduction in levels of those essential mineral elements 

are due to excessive accumulation of Na
+
 and Cl

-
, which 

reduces the accumulation of both N and K
+
. Furthermore, 

osmotic stress induced by salinity also reduces water 

uptake and hence accumulation of both nitrogen and 

potassium. As for the main effect of proline on nitrogen 

and potassium, it is obvious that, the addition of this amino 

acid. Increased the concentrations of both mineral 

elements significantly. The increase in nitrogen is due the 

fact, that proline is a nitrogen source, in addition to other 

roles already referred to the stimulatory effect of proline 

on K
+
 accumulation in the callus and somatic embryos are 

due to the promotion of growth, with the resultant increase 

in K+ absorption and accumulation. As for the interaction 

between NaCl and proline, it was significant, in that 

proline increased the concentrations of both nitrogen and 

potassium and under NaCl stress, hence increasing the salt 

tolerance.  

 The results presented in tables 7, 8 show that sodium 

and chloride ions concentrations increased with increasing 

NaCl concentration in the culture medium. The increase in 

Na
+
 concentration in the embryogenic callus and somatic 

embryos are due to the presence of Na
+
 at high 

concentrations in the culture media, with a resultant 

increase in its absorption by transport proteins and hence 

its accumulation. It is also clear, from tables 7 and 8, that 

chloride ion concentration increased with increasing NaCl 

concentration. Such increase is due the increase in chloride 

ion at the culture medium. The increase in Na
+
 and Cl

-
 

concentration in other date palm cultivars has been 

reported by Al-Khayri (2002) and also for tomato and 

grapes under salt stress(El-Enany, 1995; El-Hammady et 

al., 1999). Proline addition to the culture media, 

significantly reduced the levels of both Na
+
 and Cl

-
 ions in 

the callus and somatic embryos. Such effects of proline 

contribute significantly, to its role in alleviating salt stress 

on plants (Huang et al., 2009; Heuer, 2010). As for the 

interaction between NaCl and proline, it was significant, in 

that the effect of NaCl on Na
+
 and Cl

-
 were relieved by the 

addition of proline. 

 In conclusion, the results presented in this paper, 

clearly demonstrated, that tissue culture is an efficient 

strategy for improving salt tolerance of the date palms cv. 

Ashkar. Furthermore, this salt tolerance was increased by 

the exogenous addition of the amino acid proline. This 

technique would allow selection for salt tolerance in the 

date palm. In fact, somatic embryos from the treatment 

(320 mM NaCl + 50 mgl
-1

 proline) were successfully 

regenerated into plantlets, which later established in pots 

and were irrigated with NaCl at 300 mM (Abbas et al. in 

preparation). 

 
Table 1. Effect of NaCl concentration on fresh weight of embryogenic callus (a) and somatic embryos (b) of the date palm cv. Ashkar, 4 and 8 weeks from 

culture 

NaCl concentration 

(mM) 

Fresh weight (gm) of 

Embryogenic callus (a) Somatic embryos (b) 

4 weeks 8 weeks 4 weeks 8 weeks 

0 0.295* b 0.790* b 0.385* c 0.912* c 

80 0.348 a 1.240 a 0.649 a 1.761 a 
160 0.138 c 0.503 c 0.423 b 0.937 b 

240 0.064 d 0.101 d 0.369 d 0.553 d 

320 0.021 e 0.058 e 0.283 e 0.500 e 

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 

       

 Table 2. Effect of proline concentration on fresh weight of embryogenic callus (a) and somatic embryos (b) of the date palm cv. Ashkar, 4 and 8 weeks from 
culture 

Proline concentration 
(mgl-1) 

Fresh weight (gm) of 

Embryogenic callus (a) Somatic embryos (b) 

4 weeks 8 weeks 4 weeks 8 weeks 

0 0.307* e 0.653* e 0.598* e 1.119* e 

25 0.477 d 0.917 d 0.653 d 1.787 d 

50 0.582 a 1.978 a 0.767 a 2.123 a 

75 0.554 b 1.741 b 0.713 b 2.052 b 
100 0.532 c 1.503 c 0.696 c 1.927 c 

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 

 

Table 3. Effect of NaCl concentration, proline and their interaction on fresh weight(gm) of embryogenic callus 4 and 8 weeks from culture of the date palm cv. 
Ashkar 

NaCl concentration (mM) 0 25 50 75 100 Mean 

 

4 weeks 

0 0.307 e 0.477 d 0.582 a 0.554 b 0.532 c 0.490 a 

240 0.064 m 0.123 j 0.213 f 0.179 h 0.126 i 0.144 b 

320 0.021 n 0.111 i 0.205 g 0.179 h 0.118 k 0.127 c 
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Mean 0.130 e 0.236 d 0.333 a 0.308 b 0.258 c  

 
8 weeks 

0 0.633 e 0.917 d 1.978 a 1.741 b 1.504 c 1.358a 

240 0.101 n 0.324 k 0.543 f 0.437 g 0.387 i 0.358b 

320 0.058 o 0.266 m 0.429 n 0.372 j 0.298 l 0.285c 

Mean 0.271e 0.502d 0.983a 0.850b 0.729c  

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 

 

Table 4. Effect of NaCl concentration, proline and their interaction on fresh weight (gm) of somatic embryos 4 and 8 weeks from culture of the date palm cv. 
Ashkar 

     NaCl concentration (mM) 0 25 50 75 100 Mean 

 
4 weeks 

0 0.598 f 0.653 e 0.767 a 0.713 b 0.696 c 0.685 a 

240 0.368 m 0.426 j 0.654 d 0.580 g 0.492 h 0.504 b 

320 0.283 o 0.367 n 0.472 i 0.414 k 0.389 i 0.385 c 
Mean 0.417 e 0.482 d 0.631 a 0.569 b 0.526 c  

 
8 weeks 

0 1.119 e 1.787 d 2.123 a 2.052 b 1.927 c 1.802 a 

240 0.553 n 0.661 k 0.824 f 0.771 g 0.706 i 0.703 b 

320 0.500 o 0.600 m 0.718 h 0.687 j 0.635 i 0.628 c 

Mean 0.724 e 1.016 d 1.222 a 1.170 b 1.089 c  

 *Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 

 

Table 5. Effect of NaCl, proline and their interaction on the concentrations of nitrogen and potassium in embryogenic callus of the date palm cv. Ashkar. 

NaCl concentration 

(mM) 

Nitrogen (mg g-1 dry weight) 

Proline concentration (mgl-1) 

0 25 50 75 100 Mean 

0 12.41 e 12.27 d 12.65 c 12.92 b 13.40 a 12.01 a 

240 8.03 m 8.39 l 10.04 h 10.31 g 10.78 f 9.51 b 
320 7.25 o 7.47 n 8.53 k 9.14 j 9.95 i 8.46 c 

Mean 9.22 e 9.44 d 10.40 c 10.79 b 11.28 a  

NaCl concentration 
(mM) 

Potassium (mg g-1 dry weight) 
0 25 50 75 100 Mean 

0 11.39 e 12.65 d 14.10 a 13.81 b 13.14 c 13.02 a 

240 7.86 n 8.71 k 10.87 f 9.88 g 8.66 i 9.19 b 
320 6.15 o 8.64 m 9.43 h 9.13 i 8.89 j 8.44 c 

Mean 8.46 e 10.00 d 11.46 a 10.46 b 10.23 c  

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 
 

Table 6. Effect of NaCl, proline and their interaction on the concentrations of nitrogen and potassium in somatic embryos of the date palm cv. Ashkar. 

NaCl concentration 

(mM) 

Nitrogen (mg g-1 dry weight) 

Proline concentration (mgl-1) 

0 25 50 75 100 Mean 

0 14.08 f 14.23 d 14.56 c 14.70 b 14.99 a 14.51 a 

240 10.96 m 11.27 k 13.30 h 13.79 g 14.16 e 12.69 b 

320 9.73 o 10.05 n 11.19 l 11.96 j 12.26 i 11.04 c 
Mean 11.59 e 11.85 d 13.01 c 13.48 a 13.80 b  

NaCl concentration 

(mM) 

Potassium (mg g-1 dry weight) 

0 25 50 75 100 Mean 
0 14.08e 14.75d 16.42a 16.09b 15.53c 16.37 a 

240 9.00I 9.76i 11.03f 10.52g 10.01h 10.06 b 

320 7.99o 8.35n 9.74j 9.22k 8.97m 8.50 c 
Mean 10.35e 10.95d 12.39a 11.94b 11.50c  

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 

 
Table 7. Effect of NaCl, proline and their interaction on the concentrations of sodium and chloride ions in embryogenic callus of the date palm cv. Ashkar. 

NaCl concentration 
(mM) 

Na+ (mg g-1 dry weight) 

Proline concentration (mgl-1) 

0 25 50 75 100 Mean 

0 7.79 k 5.88 o 6.64 n 7.03 m 7.45 i 6.95 c 
240 15.07 p 13.60 j 13.92 i 14.25 h 14.86 j 14.33 b 

320 19.15 a 16.21 e 16.99 d 17.58 c 18.14 b 17.61 a 

Mean 14.00 a 11.89 e 12.51 d 12.94 c 13.48 b  
NaCl concentration 

(mM) 

Cl- (mg g-1 dry weight) 

0 25 50 75 100 Mean 

0 5.82 c 5.54 i 5.11 m 4.26 o 4.73 n 5.09 c 
240 26.27 h 25.76 j 26.01 i 26.44 g 26.98 f 26.29 b 

320 29.73 c 29.80 b 29.92 a 27.23 e 27.46 d 28.82 a 

Mean 20.60a 20.36b 20.34c 19.31 e 19.72d  

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 
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Table 8. Effect of NaCl, proline and their interaction on the concentrations of sodium and chloride ions in somatic embryos of the date palm cv. Ashkar. 

NaCl concentration 
(mM) 

Na+ (mg g-1 dry weight) 

Proline concentration (mgl-1) 

0 25 50 75 100 Mean 

0 11.22 k 8.87 o 10.46 n 10.74 m 11.13 i 10.49 c 
250 20.20 f 17.76 j 18.14 i 18.71 h 19.35 g 18.85 b 

300 22.13 a  20.18 e 20.77 d 21.30 c 21.86 b 21.24 a 

Mean 17.85 a 15.60 e 16.45 d 16.93 c 17.44 b  
NaCl concentration 

(mM) 

Cl- (mg g-1 dry weight) 

0 25 50 75 100 Mean 

0 9.70 k 7.84 o 7.92 n 8.71 m 9.30 i 8.69 c 
250 24.92 f 24.25 j 24.36 i 24.53 h 24.88 g 14.58 b 

300 28.88 a 28.14 d 28.33 c 28.60 b 28.05 e 28.40 a 

Mean 21.15 a 20.07 e 20.20 d 20.61 c 20.75 b  

*Figures that are followed by different letters in each column are significantly different at p=0.05 by RLSD Test. 

 

 

 
 

Figure 1. Effect of NaCl concentration (mM) on free proline (µg g-1 dry weight) of the callus of Citrus sinensis (L.) local orange. RLSD at p=0.5 =1.3 

 

       
                                                        A                                                                                         B 

 
Figure 2. Effect of NaCl concentration (mM), on K+ and Na+ content (mg g-1 dry weight) of the primary callus of Citrus sinensis (L.) local orange. RLSD at 

p=0.5 for k+ is4.2, RLSD atp=0.5 forNa+ is2.7 
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