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INTRODUCTION 62 
Date palm (Phoenix dactylifera) is an economically important commodity crop widely cultivated in arid 63 

regions of the Middle East and North Africa. Date palm needs to be vegetatively propagated in order to obtain true 64 
to type plants with fruit quality, identical to that of mother plants. In vitro micropropagation is increasingly 65 
becoming an attractive alternative for commercial large scale propagation of date palm especially for newly 66 
reclaimed soils.  67 

In vitro plant regeneration of date palm usually occurs through organogenesis and somatic embryogenesis 68 
depending on genotype, explant sources, viability, age of the mother plants, type of the explant used and its 69 
physiological status, cultured explant morphogenesis, hormonal manipulation and composition of the culturing 70 
media including carbon sources and level used, placement of the explant on the culture media, and several 71 
subsequent effects apparent during the in vitro process (Helaly and Hanan El-hosieny 2011). Various regeneration 72 
protocols, method of multiplication, somaclonal variation in the regenerated population, technical experience, non- 73 
synchronous plant production and poor field survival all limit the success of in vitro propagation of date palm 74 
(Costa Maria and Aloufa 2006). Somatic embryogenesis provides the best method for commercial micro- 75 
propagation of date palm however a current limitation is the lack of synchronization of developing somatic 76 
embryos (Al-Khayri and Al-Bahrany 2012) especially under stress condition. Tremblay and Tremblay (1995) 77 
reported that with black spruce, mannitol was not suitable to study the effect of the osmotic pressure on cell 78 
culture regeneration and maturation and polyethylene glycol (PEG) a stress-inducing osmoticum occasionally 79 
included in culture medium to stimulate in vitro drought stress, was observed to exert modifications on somatic 80 
embryogenesis in some plant species (Viji et al. 2012). PEG has been found to influence in vitro growth and 81 
differentiation in pines (Ishii et al. 2008), in Chestnut (Calic-Dragosavac and Rodosevic 2010); in mango (Mishra 82 
et al. 2010) and in tea (Suganthi et al. 2012). In relation to date palm tissue culture, the use of PEG as a selection 83 
agent for drought stress was demonstrated by El-Sharabasy et al (2008), Helaly and Hanan El-Hosieny (2011) and 84 
Al-Khayri and Al-Bahrany (2012). PEG is also considered an important component for the cryoprotection of date 85 
palm tissue in vitro cultures (Bekheet et al. 2007 and Bekheet 2011). Moreover, a previous studies has shown that 86 
supplementation of PEG to the culture medium of date palm reduced hyper hydration and enhanced maturation 87 
and germination of somatic embryo (Al-Khateeb 2008). The incorporation of PEG to date palm cultures has also 88 
been shown to elicit increased accumulation of proline an indicator of osmotic stress (Al-Khayri and Al-Bahrany 89 
2004a). It has been demonstrated that environmental osmotic stress leads to major alterations in carbohydrate 90 
metabolism, lipid peroxidation and/or an induction of oxidative stress in date palm plant tissues (Helaly and Hanan 91 
El-Hosieny 2011). Lipid peroxidation requires active O2

- uptake and involves the production of the superoxide 92 
radical; O2

- (Hatung, 2004 and Zhaleh et al. 2013). Other highly reactive oxidative chemical species are singlet 93 
oxygen (O2

-) hydroxyl free radical (OH-) and hydrogen peroxide (H2O2) all of which initiate lipid peroxidation 94 
(Bor et al. 2002). Constitutive and/or induced activity of superoxide dismutase (SOD) and other antioxidants such 95 
as peroxidase (POX), ascorbate peroxidase (APOX), catalase (CAT) and glutathione reductase (GR) is essential 96 
under oxidative stress conditions. Alterations in the sugar signaling pathways interacting with stress pathways to 97 
modulate metabolism have also been recorded (Gupta and Kaur, 2005 and Mirzaee et al. 2013). 98 

In date palm several works have been published describing culture media and optimised protocols for 99 
organogenesis or somatic embryogenesis (Al-Khateeb 2008; Helaly and Hanan El-Hosieny 2011). Although 100 
numerous factors relevant to date palm somatic embryo genesis have been investigated (Al-Khayri 2013), studies 101 
related to the role of PEG on synchronization of somatic embryo development and their physiological response 102 
have not been reported and it is not understood. Little information is available concerning the effects of increasing 103 
osmotic stress in the culturing media on physiological parameters related to lipid peroxidation and antioxidative 104 
enzymes during the embryogenic cell suspension culture. Therefore, the objective of the present investigation was 105 
to determine the effects of stress caused by increasing exogenous supply of PEG on growth and synchronization of 106 
embryo development in two genotypes of date palm cell suspension grown in Egypt. Lipid peroxidation, organic 107 
solutes and anti-oxidative enzyme changes during the embryogenic cell suspension culture were also examined.   108 
 109 

 110 
MATERIALS AND METHODS 111 

The present investigation was carried out at the laboratories of plant tissue culture Department of Genetic 112 
Engineering and Biotechnology Research Institute, GEBRI, Sadat city, Menofia University, Egypt during the 113 
period from June 2013 to October, 2014. Chemical analyses were carried out at the central Laboratories of the 114 
Department of Agricultural Botany, Faculty of Agriculture, Mansoura University, Egypt. 115 
Plant material: 116 

Shoot tip explants, about 8 cm long, from two genotypes of date palm, cv. Sewi, belonging to the semi- 117 
dried type and cv. Samani a soft dessert type, were excised from female suckers of 3 year old mother plants. The 118 
two genotypes were provided by the Horticultural Research Institute, ARC, Egypt. The shoot tip explants and the 119 
surrounding leaf primordia were placed in a chilled antioxidant mixture containing 150 mg L-1 of ascorbic and 120 
citric acid to prevent browning (Helaly and Hanan El-Hosieny 2011). They were surface sterilized for 20 min with 121 
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Abnormal EC shapes were partially dependent on the genotype and the treatments used.  240 
The genotype Samani showed lower values than Sewi regarding the degree of EC formation as well as the 241 

percentage of normal shape and callus fresh weight. Similar results were reported by Suganthi et al. (2012) on tea, 242 
Ali et al. (2010) on walnut and Al-Ka'aby and Luma, (2011) on date palm. However, there were differences 243 
between these reports regarding the optimum level of PEG. Sané Djibril et al. (2005) working on date palm found 244 
that, PEG is the preferred carbohydrate for induction, proliferation and embryo maturation.  245 

 246 
Table 1:  Effect of polyethylene glycol (PEG) on the degree of embryogenic callus (EC) induction and its fresh 247 
weight as well as the percentages of normal and abnormal embryogenic callus shapes of two date palm genotypes 248 
after two months from PEG supplementation. 249 
 250 

Characters Genotype PEG-6000 levels  % 
0(Control) 5% 10% 15% 20% 

Degree of EC  
induction 

Samani + +++ +++ ++ + 
Sewi + ++ +++ ++ + 

*EC mass g 
FWt  per flask  

Samani 7.15±0.3 14.6±0.01 15.7±0.2 12.3±0.16 5.30 
Sewi 6.70±0.16 10.7±0.3 13.3±0.4 9.4±0.11 6.11 

Normal EC. 
Shape% 

Samani 60 65 70 45 30 
Sewi 55 62 65 40 25 

Abnormal EC. 
Shape% 

Samani 40 35 30 55 70 
Sewi 54 38 35 60 75 

              *Values are means ± standard error of six replicates from two experiments.  251 
                Degree of embryogenic callus (EC) as Pottino (1981) 252 
 253 
 254 
 255 
2: Accumulation of organic solutes 256 

Total soluble protein (TSP), proline, glycine betaine (GB), total soluble phenol (TSPh), total sugars (TS) 257 
and total soluble organic acids (TOA) were all increased due to the supplementation of PEG to the MS basal 258 
media and the increase was concentration dependent (Table 2).  259 

Cultivar Samani accumulated more organic solutes compared with cv. Sewi under normal and/or stressed 260 
media indicating that cv. Samani has a greater ability to tolerate drought stress caused by PEG compared to cv. 261 
Sewi. Bartels and Sunkar (2005) also found a strong correlation between osmotic stress tolerance and sugar 262 
accumulation.  Gupta and Kaur (2005) suggested that plants have two systems for hexose sensing: namely 263 
hexokinase-dependent (HxK) and the HxK-independent pathway. The HxK-independent system requires the 264 
phosphorylation of sugars while the dependent one senses sugars as such (Smeekens 2000) and sugars can act as 265 
regulatory signals that control the expression of various genes involved in many processes. The evidence in the 266 
favor of HxK-dependent signaling came from the observations that those sugars analogues that can be 267 
phosphorylated by HxK were able to trigger repression of photosynthetic genes (Jang and Sheen, 1994 and 268 
Mahmood 2013). Furthermore, metabolism of sugars phosphates was not necessary to cause repression because 2- 269 
deoxy glucose; 2-DG and 2-deoxy mannose that can not be metabolized after phosphorylation could also cause 270 
severe repression. These findings suggested that sugar signaling pathways do not overlap with downstream 271 
glucose metabolic pathways (Gupta and Kaur 2005).  272 

The results also indicate that the increase in osmotic solute accumulation, especially proline and total 273 
sugars, seems to be related to PEG stress in date palm, not as a consequence of their tissue reaction to stress 274 
damage. The accumulation of organic solutes in the stressed plants may play an important role as an 275 
osmoregulation and/or as an osmoprotectant of date palm callus against stresses. It has been reported that free 276 
amino acids (AA) and proline accumulation may contribute osmotic adjustment at the cellular level (Tripathi et al. 277 
2007). A direct consequence of higher osmolyte accumulation in tolerant cultivars of wheat is the maintenance of 278 
comparatively higher relative water content (RWC) (Misra and Saxena, 2009) and up-regulation of specific 279 
enzymes of proline metabolism (Misra and Gupta, 2006). 280 

 The accumulation of total free amino acids (TAA) in stressed tissues noticed in the present investigation 281 
on PEG-containing media may be due to inhibition of protein syntheses and/or enhancement of protein 282 
degradation to providing AAs needed for new protein syntheses required for growth or survival on the modified 283 
media (Yadav et al. 1999, EL-Beltagi et al. 2013) in addition to withstanding the other negative effects induced by 284 
stress inducing media. The increases in total soluble protein caused by PEG supplementation (Table 2) may be due 285 
to an activated synthesis of adaptive protein under stress conditions. Moreover, the differences noticed between the 286 
treated genotypes of date palm seem to be associated with the ability of plant tissues to survive the severe 287 
condition. The possibility that plants can from specific protein types for adaptation to high stress condition has 288 
also been reported previously (Al-Mulla et al. 2013) and the role of protein in the adaptation response to stress has 289 
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Superoxide dismutase (SOD) activity which catalyzes the conversion of the superoxide anion to H2O2 382 
was increased due to the increase in PEG level in both genotypes (Table 3). The rate of increase in SOD activity 383 
was higher in cv. Sewi than cv. Samani at 5, 10, and 15 % PEG levels but at 20%, SOD activity was decreased. In 384 
the control (zero PEG) SOD activity in cv. Samani was increased significantly whereas it stayed almost the same 385 
in cv. Sewi during the embryogenic cell suspension indicating that Samani has a high constitutive level of SOD 386 
activity. This may enabled cv. Samani to resist the potential oxidative damage without the requirement to increase 387 
the SOD activity further. In addition, cv. Samani has a higher dis-mutating capacity under 5, 10 and 15% PEG 388 
level when compared with the absolute enzymatic values of the control. In this context, Acar et al. (2001) found a 389 
higher constitutive and induced level of SOD in more tolerant cotton and barley cultivars under drought stress. 390 
Similar results were reported by Helaly and Hanan El-Hosieny (2011) on date palm. 391 

The increase in SOD activity, noticed in the present investigation due to increasing PEG level, was 392 
supported by the finding of Bohnert and Jensen (1996) and Helaly and Hanan El-Hosieny (2011) on sweet orange 393 
who reported that drought treatment enhanced SOD activity by increasing H2O2. Similar results were reported by 394 
Subbarao (1999) on tobacco cell culture.  395 
     4-2. POX and APOX  396 
POX activity, which decomposed the H2O2 produced by SOD changed with response to both genotype and PEG 397 
levels (Table 3). Unlike SOD, POX activity was increased remarkably with increasing PEG level in the cv. Samani 398 
and in cv. Sewi there was also an increase in POX activity up to 15% of PEG which then decreased at 20%. The 399 
control activity of POX did not change significantly in cv. Sewi while it increased slightly in cv. Samani. 400 

The activity of APOX, which also decomposes H2O2 was increased in both genotypes with an increase in 401 
PEG level (Table 3) during the embryogenic cell suspension culture. However, stress caused by an increase in 402 
PEG level induced APOX activity which was significantly higher in cv. Samani than in cv. Sewi after incubation 403 
at 5, 10 and 15% PEG level. These data can be considered as an indication that cv. Samani has a higher capacity to 404 
decompose H2O2 more rapidly compared with cv. Sewi.  405 

The data also indicated that the contributory role of APOX to decompose H2O2 in cv. Samani is higher 406 
(Table 3). In addition, there was an association between the increase noted with SOD and APOX activities in the 407 
cv. Samani genotype. These results suggested that SOD and APOX are working more efficiently to decompose 408 
oxidants such as O-

2 and H2O2 which might possibly be produced during stress conditions caused by increasing the 409 
PEG supplementation level. In addition these results suggested that H2O2 in cv. Samani during the tissue culture 410 
technique (TCT) is more efficiency eliminated by ascorbate-glutathione cycle in which APOX acts a strong 411 
catalyst together with MDHAR, DHAR and GR to decompose H2O2 more rapidly similarly to that found by Bor et 412 
al. (2002) on Beta sp. Since, POX is among the enzymes that scavenges H2O2 in chloroplasts which is produced 413 
through dis-mutation of O-

2 catalyzed by SOD (Asada and Takahashi 1987 and Kamrun et al. 2015), the increased 414 
in POX activity was expected in both genotypes under stress condition. These increases may be attributed to an 415 
increase in the activity of POX encoding genes and/or an increase in the activation of already enzymes (Dionisio, 416 
Sese and Tobita (1998). APOX uses ascorbate as the electron donor for the reduction of H2O2 and is well known to 417 
be important in the detoxification of H2O2 (Asada and Takahashi 1987 and Filippou 2014). Wang et al. (1999) 418 
showed that over expression of APOX gene in plants increases protection against oxidative stress. 419 
     4-3. CAT and GR  420 

Catalase (CAT) activity, another scavenger of H2O2, was increased in both genotypes Sewi and Samani 421 
under the effects of 5, 10 and 15% PEG levels and thereafter decreased (Table 3). Genotype Samani was again 422 
higher  at 5, 10 and 15 %CAT activity in control groups in both genotypes (PEG-free media) was higher and 423 
significantly increased s during  embryogenic cell suspension culture. It could be considered a response to stress 424 
induced oxidative damage suggesting enzymatic removal of H2O2 by CAT (Shalata and Neumann 2001). 425 

GR activity another enzyme in Asada-Halliwell pathway, was increased significantly due to an increase 426 
in PEG level in both genotypes Sewi and Samani (Table 3). However, the rate of increase was less than that of 427 
CAT activity. At 5, 10 and 15% PEG level, the induction of GR activity, was higher in Sewi than in Samani 428 
genotype of date palm. Moreover, GR activity in the control was high and increased significantly only in Samani. 429 
In the studies of Foyer and Halliwell (1976) on Arabidopsis and Helaly and Hanan El-Hosieny (2011) on date 430 
palm SOD, APOX and GR activities have been reported to increase during drought stress. Ünyayar (2004) 431 
attributed the increase in GR activity, under drought stress, to the increase in APX activity which would increase 432 
the demand for ascorbate generation mediated through increased GR activity. 433 

 434 
 The results obtained in this study conclude that increasing PEG level in embryogenic callus media can 435 

vary the activation of the antioxidant enzymes. The data suggested that the Samani genotype was more tolerant 436 
and this tolerance was upregulated by increasing osmotic stress induced by increasing PEG levelsOsmotic stress 437 
effects may be lead to changes in oxygen free radical levels which in turn lead to induction of the antioxidant 438 
defense system (Shalata and Neumann 2001). Enzymatic activities of the Halliwell-Asada pathway have been 439 
separately associated with different stresses situations and the balance between the formation and detoxification of 440 
AOS is critical to cell survival during periods of abiotic stress (Foyer and Halliwell 1976).The important 441 
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