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ABSTRACT 
 
This study determined the effect of X-irradiation on physiological and biochemical aspects in date palm (Phoenix dactylifera 
L.) seedlings. Using a medical X-ray device, 15-days-old seedlings were exposed to various X-rays doses (0, 5, 10, 25, 50, 
100, 250, 500, 750, 1250 & 1500 rad). After growing the irradiated seedlings in soil for 2 months, chemical analysis was 
conducted. The data indicated that DNA content was dose dependent showing a significant increase with 5 rad, the lowest 
radiation dose tested and reaching the highest level at 25 rad. Similarly, the highest ions content was observed at 25 rad. A 
dose of 5 rad caused a significant increased sodium, potassium and phosphorus ions but a minimum dose of 10 rad was 
necessary to significantly enhance the content of calcium and magnesium ions. Conversely, total photosynthetic pigments 
started to diminish at 5 rad and continued to decrease with dose increases reaching the lowest level at 1500 rad. Significant 
reductions of chlorophyll a and carotenoids content started at 5 rad, whereas reduction of chlorophyll b occurred at 10 rad. 
This suggests that chlorophyll a and carotenoids are more sensitive to X-irradiation than chlorophyll b. © 2012 Friends 
Science Publishers 
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INTRODUCTION 
 

Ionizing radiations (IR), mainly X-rays and gamma-
rays, have been used in plant research to achieve improved 
genetic traits and enhanced crop production (Mortazavi et 
al., 1999). Plant responses to IR vary greatly depending 
upon a number of factors including irradiation type, dose, 
and plant genotype (Yoshida et al., 1999; Din et al., 2002; 
Esnault et al., 2010). The biological effects of IR range from 
stimulation by low doses i.e., hormesis, to inhibition by high 
doses (Sheppard et al., 1987; Sheppard & Chubey, 1990; 
Charbaji & Nabulsi, 1999; Chakravarty & Sen, 2001; Ling 
et al., 2008). 

Exposure to IR causes the ionization of water, an 
integral component of living tissues, produces free radicals 
in addition to secondary reactive oxygen species (ROS), 
which triggers the activity of detoxifying enzymes to resist 
oxidative stress (Montelone, 1998; Gudkov et al., 2010; 
Esnault et al., 2010; Legue & Chanal, 2010). These ions are 
highly mutagenic and react randomly with macromolecules 
including lipids, proteins, carbohydrates and nucleic acids 
causing oxidative stress, which may lead to cellular 
damages or even death (Hutchinson, 1963; Shirazi et 
al., 2007; Roldan-Arjona & Ariza, 2009; Pizzimenti et 
al., 2010). 

The impact of IR on the genetic material is well 
documented in numerous plant species (Esnault et al., 
2010). In several plant species, exposure to X-rays resulted 
in gene alterations (Evans & Paddock, 1977; Kranz et al., 
1994; Ken et al., 2005) as well as chromosomal changes 
(Ecochard, 1966; Jakob & Wolff, 1973; Berkofsky & Roy, 
1977; Rizzoni et al., 1987; Shirley et al., 1992; El Araqi et 
al., 1997; Kovalchuk et al., 2007; Watanabe et al., 2009). 
Moreover, X-irradiation was shown to negatively influence 
DNA synthesis (Evans & Scott, 1964) as well as RNA and 
protein synthesis (Roy et al., 1972). Conversely, Joshi and 
Ledoux (1970) reported no significant modification of 
DNA, RNA and acid soluble content, while protein content 
was adversely affected by X-irradiation. Studies related to 
the effect of X-rays on date palm nucleic acids are not 
available. 

Moreover, IR can influence cell membrane 
permeability as evident by changes in uptake and loss of 
ions (Higinbotham & Mika, 1954; Tanada, 1958; Srb, 
1964). Using flow cytometry, Baisch (1978) has shown that 
X-irradiation increased the rate fluorescein efflux linearly 
with radiation dosage. Modified permeability alters plant 
nutritional status and affects ions accumulation in the cell. 
Studies related to the effect of X-rays on element 
composition of date palm are lacking. 
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Several studies showed that IR induces changes in 
photosynthetic pigments, mainly chlorophylls and 
carotenoids, in response to gamma-radiation (Strid et al., 
1990; Marwood & Greenberg, 1996). Increases in 
chlorophyll content in low doses of gamma-irradiated plants 
were observed but at higher doses an inhibition occurred 
(Abu et al., 2005; Kiong et al., 2008; Ling et al., 2008; 
Borzouei et al., 2010). The effects of IR on photosynthetic 
pigments not only vary among plant species but also differ 
among cultivars (Kim et al., 2004). Furthermore, Kim et al. 
(2005) noted that carotenoid pigments were more sensitive 
to gamma rays than chlorophylls. 

Studies related to the effects of X-radiation on 
photosynthesis pigments have indicated the involvement of 
dose and exposure duration. Shull and Mitchell (1933) 
observed chlorophyll increases in response to X-rays but 
decreased after prolonged exposures. Sprey (1972) reported 
dose-dependent changes in thylakoid number and 
chlorophyll content following exposure to X-radiation. 
Literatures describing the effect of ionizing radiations 
on photosynthetic pigments of date palm were not 
encountered. 

Date palm (Phoenix dactylifera L.) is a 
monocotyledonous, dioecious perennial diploid species 
belonging to the Palmaceae (Arecacea) family. To avoid 
heterozygosity associated with seed-derived progeny, it is 
traditionally propagated by offshoots and recently by tissue 
culture methodology (Al-Khayri, 2005 & 2007). Date palm 
trees provide the most sustainable agro-ecosystems in the 
dry hot the regions of the world (Zohary & Hopf, 2000). Its 
agriculture is concentrated mainly in Southern Asia and 
North Africa but has expanded to Australia, Southern 
Africa, South America, Mexico and the United States of 
America (Hodel & Johnson, 2007). Beside its high 
nutritional value date palm provides a major economical 
source for local farmers and associated industries (Zaid, 
2002). The genetic improvement of date palm is hindered 
by numerous inherent limitations associated with traditional 
breeding methodologies (El-Hadrami & El-Hadrami, 2009; 
El-Hadrami et al., 2011). Mutation induction technique, 
based on chemical or physical mutagens, is an indispensable 
tool in plant genetic improvement programs for its 
effectiveness in expanding the genetic pool available to 
breeders (Shima & Ichikawa, 1994; Ahloowalia & 
Maluszynski, 2001; Aslam et al., 2004; Puchooa, 2005; 
Jain, 2010; Magori et al., 2010). A case in point, gamma 
radiation was successfully used for inducing mutations and 
selecting date palm genotypes with improved resistance to 
Bayoud disease (Jain, 2005, 2007, 2011; Sedra & Lazrek, 
2011). 

The objective of this study was to evaluate the effects 
of various doses of X-rays on DNA content, element ions 
accumulation and photosynthetic pigments distribution in 
date palm seedlings. Information gained from this study 
may contribute to utilizing X-radiation for improving 
genetic traits, propagation and production of date palm. 

MATERIALS AND METHODS 
 
Plant material and growth conditions: Seeds collected 
from female date palm trees of cv. Khalas were surface 
sterilized with 1% sodium hypochlorite for 5 min, soaked in 
water for 24 h, then germinated on moist filter paper at 
37°C. After irradiation as described below, the seedlings 
were grown individually in a 20-cm plastic pot containing 
potting mix (1 soil: 1 peat moss: 1 vermiculite) and 
maintained in a greenhouse under natural light at 30-40°C 
with a relative humidity of approximately 50%. The 
seedlings were watered as needed to ensure that they were 
not stressed for moisture. 
Irradiation treatments: At the age of 15 days, date palm 
seedlings were placed in 9 cm Petri dishes and submerged in 
10 mL of distilled water prior to exposure to X-rays. Using 
a therapeutic medical X-rays device (Clinac 23 EX Linear 
Accelerator, Varian Medical Systems, USA), samples were 
exposed to different treatments (0, 5, 10, 25, 50,100, 250, 
500, 750, 1250 & 1500 rad), which are equivalent to (0, 
0.05, 0.1, 0.5, 1, 2.5, 5, 7.5, 12.5 & 15 Gy). Each Petri dish 
contained 10 seedlings and 7 dishes were treated with each 
dose. 
DNA extraction and estimation: Total DNA was isolated 
from 0.1 g leaf samples excised from 2-months-old date 
palm seedlings. DNA isolation was performed using a 
commercial DNA isolation kit (DNeasy Plant Mini Kit, 
Qiagen, Germany) following the manufacturer’s 
instructions. Total DNA was measured at 260 nm 
absorbance with UV/VIS spectrophotometer (Model V-530, 
Jasco Inc, USA) and the concentrations were calculated 
according to the following equation: DNA concentration 
(µg/mL) = A260 × (dilution factor x 50)/1000. 
Analyzing and measuring elements: Date palm leaves 
were oven dried at 70ºC for 24 h using a vacuum drying 
oven (Duo-Vac Oven 3620, Lab Line Instruments Inc., 
USA). A microwave assisted digestion system was used to 
extract elements from leaf samples in a closed microwave 
system (Zarcinas et al., 1987; Ryan, 2005). The dried 
samples were digested by weighing 0.25 g of sample into a 
Teflon® PFA lined microwave digestion vessel and adding 
3 mL of 10 M HNO3 (Merck Tracepur) and 1 mL of H2O. 
Microwave digestion was applied at a power of 600 Watt 
and a pressure of 350 (Pa) at 120ºC for 3 min followed by 
200ºC for 10 min. Following digestion, solutions were 
cooled and transferred to 25 mL volumetric flasks and 
diluted to volume with deionized water. The elements 
composition was determined using Inductive Couple 
Plasma-Atomic Emission Spectroscopy (ICP-AES) (Varian-
Liberty-ICP-OES series II, USA). 
Estimation of photosynthetic pigments: Photosynthetic 
pigments were determined according to Lichtenthaler & 
Wellburn (1983) method. Briefly, fresh leaf samples, 0.5 g, 
were ground in a pre-chilled mortar in an ice bath mortar 
and pestle with 5 mL of 80% acetone and then filtered 
through No. 2 Whatman filter paper. Using UV/VIS 
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spectrophotometer (Model V530, Jasco Inc., USA), extract 
absorption was measured at 470, 646 and 663 nm. The 
amounts of chlorophyll a, chlorophyll b and carotenoids 
were calculated in µg/mL according to the following 
equations: Chlorophyll a = 12.21 (A663) - 2.81 (A646); 
Chlorophyll b = 20.13 (A646) - 5.03 (A663); Carotenoids = 
(1000A470 - 3.27 (chlorophyll a) - 104 (chlorophyll b))/227; 
Total pigments=chlorophyll a+chlorophyll b+carotenoids. 
Statistical analysis: The experiment was randomly 
designed with a single factor consisting of 11 levels with 7 
replications. Data were subjected to analysis of variance 
(ANOVA) and the means were separated, where appropriate 
using the least significant difference (LSD) at 5%. Standard 
deviation for each treatment was also calculated. 
 
RESULTS 
 
Effect of X-rays on DNA content: The results indicated 
that DNA content increased at 5 rad, the lowest radiation 
dose tested, giving a 1.6-fold increase with respect to the 
control (Fig. 1). Similarly, increasing the dose to 10 rad and 
then to 25 rad resulted in significant increases in DNA 
content reaching 2.6 and 3.2 folds, respectively as compared 
to the control. The latter dose resulted in the maximum 
DNA content, 16.22 µg/g. A steady decline in the DNA 
content was observed as the doses increased from 50 to 
1500 rad; however, the DNA concentrations remained 
significantly higher than the non-treated seedlings. 
Effect of X-rays on elements content: Ions content 
increased significantly in the date palm seedlings treated 
with X-rays (Fig. 2). Generally, ions concentrations (Ca2+, 
Na+, K+, Mg2+ & P3-) increased following the incremental 
increases of the X-rays dose, reaching maximum 
accumulations at 25 rad. At doses higher than 25 rad, ion 
concentrations began to decline reaching minimum levels at 
1500 rad, the highest dose tested. On the other hand, the 
minimum doses eliciting significant changes in ions content 
varied depending upon the ion. Furthermore, at the doses 
higher than 25 rad, the effect of the incremental increases 
appeared to vary depending on the ion. 

Calcium content was not affected by exposure to 5 rad 
(Fig. 2A). Significant changes in calcium concentration 
began at 10 rad. The optimum treatment of 25 rad, resulted 
in 63.7 µg/g calcium as compared to 42.57 µg/g found in 
the non-treated seedlings. As the X-rays dose increased, 
calcium content started to decline reaching the lowest value 
at 1500 rad. 

Sodium concentration increased significantly with 
respect to control starting at 5 rad (Fig. 2B). It continued to 
increase as the concentration increased to 25 rad reaching a 
maximum of 24.57 µg/g as compared to 17.29 µg/g 
obtained from the control. Irradiation with doses between 
50-1500 rad caused a reduction of sodium content as 
compared to the optimum treatment (25 rad); however, 
resultant sodium concentration was not significantly 
different than that of the control. 

Fig. 1: The impact of X-rays doses on DNA content in 
leaves of date palm seedlings. The trend line represents 
a third order binomial regression 
 

 
Fig. 2: The impact of X-rays doses on ions content in 
leaves of date palm seedlings: (A) Calcium, (B) Sodium, 
(C) Potassium, (D) Magnesium and (E) Phosphorus. 
The trend line represents a third order polynomial 
regression 
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 Similar to the effect of X-rays dose on sodium content, 
5 rad was sufficient to cause a significant increase in 
potassium content (Fig. 2C). As the dose increased to 25 
rad, the highest potassium content of 353.72 µg/g was 
reached as compared to 307.04 µg/g associated with the 
control. Doses above 25 rad caused a steady reduction in 
Potassium content as compared to the optimum treatment. 
However, potassium concentrations associated with doses 
ranging between 50-1250 rad were not significantly 
different than each other and remained higher or equivalent 
to the control. At 1500 rad, potassium content was lower 
than the control. 

Similar to the effect of X-rays doses on calcium, 
magnesium content increased significantly in response to 10 
rad, whereas 5 rad caused no significant changes with 
respect to the control (Fig. 2D). Magnesium content 
significantly increased as the dose further increased to 25 
rad giving a maximum concentration of 63.71 µg/g as 
compared to 42.57 recorded for the control. As the dose 
increased above 25 rad, a steady decrease in magnesium 
content was observed reaching its lowest level at 1500 rad. 
High-dose treatments ranging from 750 to 1500 rad 
significantly reduced magnesium content as compared to the 
control. 

The content of phosphorus increased in response to 5 
rad and continued to increase until the X-rays dose reached 
25 rad, which recorded 23.8 µg/g as compared to 17.28 µg/g 
recorded for the control (Fig. 2E). Phosphorus content 
associated with the optimum treatment was not significantly 
different from that observed in response to 5 and 10 rad 
exposures. Doses ranging from 50 to 1500 rad decreased 
phosphorus content as compared to the optimum treatment 
but their effects were comparable to control treatment. 
Effects of X-rays on photosynthetic pigments: 
Photosynthetic pigments (chlorophyll a, chlorophyll b, 
carotenoids & total pigments) concentrations were 
significantly affected by X-ray. As compared to the control, 
seedlings exposed to X-rays exhibited a significant 
reduction in the concentrations of the three photosynthetic 
pigments analyzed. An inverse relationship was observed 
between the X-rays dose and the content of the 
photosynthetic pigments. 

In general, as the X-rays dose increased, the content of 
chlorophyll a, chlorophyll b, and carotenoids decreased 
(Fig. 3). The reduction for chlorophyll a started at 5 rad with 
11.43 µg/g and reached its lowest level of 7.49 µg/g at 1500 
rad as compared to 12.35 µg/g obtained from the non-
exposed seedlings. Whereas, chlorophyll b content started to 
decrease significantly at 10 rad with 4.31 µg/g and reached 
its lowest level of 2.55 µg/g at 1500 rad as compared to 4.68 
µg/g recorded for the control. Carotenoids reduction 
tended to be similar to that of chlorophyll a, where the 
significant reduction started at 5 rad with 2.66 µg/g to 
reach its lowest level of 1.73 µg/g at 1500 rad as compared 
to 2.94 µg/g obtained from the control. Consequently, 
the total photosynthetic pigments was negatively affected. 

A steady reduction in the total photosynthetic pigments was 
observed as the X-rays dose increased reaching its lowest 
value of 14.79 µg/g at 1500 as compared to 19.97 µg/g 
associated with the non-treated seedlings. 
 

DISCUSSION 
 

The effect of radiation on living tissues is a function of 
various factors including tissue moisture. Ehrenberg et al. 
(1953) have shown that seed soaking influenced the effects 
of irradiation in barley. Radiation-induced changes become 
stronger in the presence of moisture. This was also 
demonstrated by Kamra et al. (1960) who reported that X-
rays induced damages to barley seedling increased, in terms 
of chromosomal aberrations and mutation frequency, with 
increasing time of seed soaking before X-irradiation. 
Similarly, Joshi and Ledoux (1970) observed maximum 
radioresistance at intermediate moisture levels in a study 
testing the effect of X-rays on barley (Hordeum vulgare) 
seeds with varying moisture content ranging from 3 to 14%. 
Also, Amjad and Anjum (2002) found that radiosensitivity 
was affected by different moisture contents of onion (Allium 
cepa L.) seeds. Accordingly, the procedures used in the 
present study involved adding water to the date palm 
seedlings prior to X-irradiation. This is to assure an equal 
distribution of radiation and to maximize the radiosensitivity 
of date palm seedlings. 

The current study has shown that the exposure to X-
rays can influence biochemical and physiological processes 
in date palm seedlings. The extent of modifications of these 
biological processes appeared to be related to the radiation 
dose, another important factor controlling the response to 
irradiation. In addition the radiation dose, the effect of 
radiation may be stimulatory or inhibitory depending on the 
biological process being considered. Metabolic processes 
involved in DNA synthesis and/or degradation, as reflected 
by the total DNA content of date palm seedlings, were 
influenced by the X-rays dose. Similarly, the process 

Fig. 3: The impact of X-rays doses on content of 
photosynthetic pigments (chlorophyll a, chlorophyll b, 
& carotenoids) in leaves of date palm seedlings. The 
trend line represents a third order binomial regression 
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involved in elements accumulation such as absorption 
and/or transport were also affected by X-rays dose. 

The DNA and elements contents were enhanced by 
low doses and reduced in response to high doses. This may 
be explained by the fact that the oxidative stress caused by 
ionizing radiation produces radical ions that interact directly 
with electrons causing changes in cellular functions which 
may be harmful (Mortazavi et al., 2003; Slupphaug, 2003). 
The abundance of free radicals is related to the radiation 
dose. High doses of ionizing radiation elicit accumulation of 
free radicals, whereas this effect was noticed with low doses 
(Macklis & Bresford, 1991). On the contrary, processes 
involved in photosynthesis pigments synthesis and 
degradation, as reveled by the concentration of these 
pigments in date palm seedlings, were regulated even at low 
doses of X-rays. This indicates that sensitivity of the various 
cellular functions to low radiation doses vary. 

It is pertinent to note that diverse results relevant to the 
effects of radiation on various cellular constituents and 
activities are reported in the literature (Foyer, 1994; Yoshida 
et al., 1999; Kovalchuk et al., 2007; Wi et al., 2007). 
Although this is the first study addressing these responses in 
date palm, previous reports have shown similar effects in 
some plant species, whereas others plants exhibited 
differing responses, which may be due to genotypic-
dependency. Dissimilarity in the results may also be 
attributed to the variable doses used in various studies. 
Difficulties to compare results are complicated by the fact 
that various reports expressed the radiation dose used 
differently. 

The present study indicated that DNA content was 
significantly affected by X-rays dose. Low doses, up to 25 
rad, stimulated DNA accumulation, while higher doses 
ranging from 50 to 1500 rad were inhibitory. With these 
high doses, however, the DNA content remained higher 
than the control. In a relevant study, Dhawi and Al-Khayri 
(2009a) observed that exposing date palm seedlings to 
magnetic fields, a form of non-ionizing radiation, caused a 
reduction in the DNA content. 

Other studies reported declines or no changes in DNA, 
RNA and protein content under X-ray impact. Roy et al. 
(1972) has shown that exposure of pine (Pinus pinea) 
seedlings to 15 kR of X-rays increased chromosomal 
aberrations and caused a 40% reduction in protein content. 
Berkofsky and Roy (1977) demonstrated that exposure of 
pine seedlings to a lower X-ray dose of 5 kR resulted in no 
significant alterations in the relative amount of proteins as 
well as DNA and RNA. 

Ledoux et al. (1962) noticed a reduction of RNA, 
DNA, protein, acid soluble and soluble N content in barley 
seedlings in response to the X-rays doses tested, which 
ranged from 500 to 82500 rad. However, Joshi and Ledoux 
(1970) reported no significant modification of DNA, RNA 
and acid soluble content, while protein content was 
adversely affected in barley exposure to X-radiation doses 
ranging from 10 to 15 kR. Others have demonstrated the 

adverse affect of X-irradiation on the content of DNA. 
Imamura et al. (1987) found that X-irradiation significantly 
reduced the amount of DNA of the irradiated tobacco 
(Nicotiana tabacum) and henbane (Hyoscyamus muticus). 

Modifications of the ions content after exposure to X-
rradiation has been attributed to changes in membrane 
permeability (Higinbotham & Mika, 1954; Tanada, 1958; 
Srb, 1964; Baisch, 1978). Osmotic properties of epidermal 
cells were also affected by ionizing radiation (Srb, 1965). 
Moreover, water flux of isolated roots was affected by X-
irradiation (Lott & Wall, 1968). Furthermore, stomatal 
openings and transpiration were also found to be affected by 
X-irradiation (Roy, 1974). Although, the role of radiation on 
biological membranes remains unclear Benderitter et al. 
(2003) reported alterations of biochemical and biophysical 
properties of biological membranes caused by oxidative 
stress of ionizing radiations. Low doses of X-rays appear to 
induce membrane changes conducive of absorption and 
preventive of the loss of nutrients. High radiation doses 
appear to reverse this effect. Consequently, irradiation could 
impact ions content through modifications of mechanisms 
involved in water movement and nutrients uptake and 
transport. Enhanced ions content caused by low doses of X-
radiation may be beneficial to improve nutritional status and 
consequently boost plant growth. 

The current study has shown that increased ions 
content of calcium, sodium, postassium, magnesium and 
phosphorus occurred only with low X-rays doses, up to 25 
rad, while high doses decreased the content of these 
elements in date palm seedlings. In previous studies, Dhawi 
and Al-Khayri (2009b) and Dhawi et al. (2009) have shown 
that increasing exposure of magnetic fields increased the 
concentration of Ca, Mg, Mn, Fe, Na and Zn ions, but 
decreased P content. 

Sensitivity of ions accumulation mechanisms to X-
irradiation differ among plant species. In a study on onion 
(Allium cepa), potassium and calcium decreased with high 
doses of X-rays ranging from 750 to 1000 rad, while 500 
rad stimulated calcium accumulation (Lott & Wall, 1968). 
In another study, Echandi et al. (1970) demonstrated that the 
loss of electrolytes from gamma-irradiated carrot (Daucus 
carota) tissues to an aqueous medium was dose dependent. 
Calcium was the most readily leached, followed by copper, 
zinc, sodium, phosphorus, boron, iron, aluminum and 
manganese. Abboud and Roy (1979) working with common 
bean (Phaseolus vulgaris) detected 30% inhibition of ions 
accumulation of calcium and strontium by isolated 
mitochondria after 50 krad X-irradiation. Lower doses, 10 
and 25 krad, had no significant effect on ions accumulation. 
It has been suggested that the accumulation of ions in plants 
is involved in osmotic adjustment to stress factors (Patakas 
et al., 2002). 

The effect of X-rays dose on the content of 
photosynthetic pigments in date palm seedlings exhibited a 
differing trend as compared to DNA and ions 
concentrations. The content of chlorphyll a, chlorphyll b, 
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and carotenoids decreased in response to X-rays. Although 
this reduction was dose dependent, doses as low as 5 rad 
induced a significant inhibition of photosynthetic pigments. 
In a relevant study using magnetic fields, Dhawi and Al-
Khayri (2008) demonstrated that low doses had a simulative 
effect on photosynthetic pigments of date palm, whereas 
high doses had a negative effect. In addition, they observed 
that chlorophyll a and carotenoids were more sensitive to 
magnetic fields than chlorophyll b. 

Chlorophyll has an effective role in light energy 
transformation to chemical energy. Its content is an 
indicative of the plant metabolisms efficiency and health 
status. Whereas, carotenoids plays a major role in 
photoprotection and defending plant cell from oxidative 
stress (Bartley & Scolnik, 1995; Demmig et al., 1996; 
Lefsrud et al., 2005; Kopsell et al., 2007). 

Reduction in photosynthetic pigments may be 
attributed to the detrimental effect of oxidative stress 
induced by the free radicals caused by ionizing irradiation. 
The impact of oxidative stress is counteracted by 
antioxidant cellular mechanisms that are destructed when 
stress reaches critical levels (Foyer, 1994). According to Al-
Nimer Marwan and Abdul Lateef (2009), a low dose of X-
rays, 1.9 Gy/min, significantly modified the activity of 
antioxidants in extracts of dry leaves of green tea (Camellia 
sinensis) and sage (Salvia officinalis), barks of cinnamon 
(Cinnamomum verum) and tuberous of ginger (Zingiber 
officinale). Pigments contribute to stress resistance and may 
be consumed as they participate in radical ions elimination 
and energy dissipation (Strzalka et al., 2003; Wilson et al., 
2006). This may explain the reduction of photosynthetic 
pigments content after exposing date palm seedlings to X-
rays. These pigments were found to be highly sensitive to 
radiation-induced stress. In response to gamma irradiation, 
chloroplasts were found extremely sensitive compared to 
other cell organelles, based on transmission electron 
microscopy (Wi et al., 2007). 

Others studies have demonstrated dose-dependent 
effect of X-rays on photosynthetic pigments. For instance, 
Rao and Rao (1978), reported 50% reduction in the total 
chlorophyll content at 8 kR, while an increased chlorophyll 
metabolism was observed at lower doses of 4 and 7 kR in 
okra (Abelmoschus esculentus). Unlike, inhibitory effect 
observed in the current study with date palm where 
photosynthetic pigments were inhibited within the dose 
range tested. Other studies involving gamma radiation have 
shown that modified plastid structures like thylakoids and 
functions like starch-sugar conversion (Kovács & Keresztes, 
2002), altered photosynthetic pigments and antioxidant 
mechanisms (Kim et al., 2004), affected photosynthesis 
(Strid et al., 1990) and influenced chloroplast development 
(Marwood & Greenberg, 1996). Ling et al. (2008) obtained 
lower chlorophyll content from gamma-irradiated plantlets 
as compared to non-irradiated plantlets of sweet orange 
(Citrus sinensis); however, chlorophyll content was virtually 
insensitive to low doses of gamma irradiation. Conversely, 

Abu et al. (2005) obtained an increase in chlorophyll a, b 
and total chlorophyll levels in gamma irradiated cowpea 
(Vigna unguiculata). 
 
CONCLUSION 
 

Date palm seedlings exposed to X-rays treatments 
showed significant responses. Irradiation affected the 
amount of DNA, accumulation of elements (Ca2+, Na+, K+, 
Mg2+ & P3-) and content of photosynthetic pigments 
(chlorophyll a, chlorophyll b & carotenoids). The observed 
effects of X-irradiation on date palm seedlings were dose 
dependent. The accumulation of DNA and ions reflect a 
positive effect of low doses of X-rays. However, 
photosynthetic pigments were negatively affected at low 
doses. This indicated that the sensitivities of cellular 
mechanisms to X-rays exposures differ. Changes in DNA 
content may be an indicator of mutations. Altered ions 
content may reflect X-rays influence on membrane 
permeability. Reduction in photosynthetic pigments may be 
caused by oxidative stress reactions, where pigments are 
consumed in scavenging of radical ions induced by 
irradiation. More advanced analysis is required to explore 
these possibilities. Investigations related to date palm stress 
physiology and mutation-assisted genetic improvement 
would be facilitated by the information presented in this 
study. 
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