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Abstract. Investigations were conducted on young date palm (Phoenix dactylifera L.) plants derived
from tissue culture to evaluate their biochemical responses to cadmium and lead treatments through
irrigation water. Changes in date palm metabolisms were observed as a response to heavy metals
accumulation, the reductions in photosynthetic pigments as chlorophyll and carotenoides were obvious
after 180 days of treatments, compared with the increase in anthocyanin pigments which was twofold
more than control plants. It is noteworthy, that Cd and Pb treatments induced a significant decrease in
chlorophyll stability index (CSI) to 66.97 and 58.79%, in Cd (9 mg/kg) and P (276 mg/kg), respectively.
Stressed P. dactylifera plants tend to accumulate more carbohydrates, free amino acid and proline in
their leaves as consequences of heavy metal treatments. Interestingly, the level of total soluble proteins
was found to be less, up to twofold, than those in non-stressed plants. An excessive production of
reactive oxygen species (ROS) was generated by P. dactylifera plants exposed to Cd and Pb, an increase
in hydrogen peroxide (H.O;) and malondialdehyde (MDA) accumulations was observed in stressed
plants, with a significant reduction in membrane stability index (MSI), the MSI was 78.8% in non-
stressed plants and decreased significantly to 66.17 and 60.90%, under Cd and Pb at high
concentrations, respectively. The activity of antioxidant enzyme peroxidase and total phenolic
compounds were enhanced under Cd and Pb treatments. The present study supports the potential toxic
effect of Cd and Pb on date palm by hampering metabolism and interfering with biological functions.
Key Words: chlorophyll, P. dactylifera, heavy metals, lipid peroxidation, membrane stability.

Introduction. Heavy metals (HMs) can be defined as elements having densities higher
than 5 g cm?®, 53 out of 90 naturally occurring elements are HMs, and more likely have
toxic effects such as aluminum (Al), cadmium (Cd), copper (Cu), chromium (Cr), lead
(Pb), and zinc (Zn), and metalloids, including arsenic (As) and boron (B) with severe
impacts on agriculture and health (Weast 1984; MacFarlane & Burchett 2001; Pinto et al
2003). The HMs levels in the environment has risen dramatically during the past
decades; several sources of HMs account for this increase including anthropogenic
activities like mining, metal production, wood production and phosphate fertilizers;
additionally, natural activities lead to an increase in the level of heavy metals in the
environment (Galloway et al 1982; Jackson & Alloway 1991; Angeleon & Bini 1992;
Sanita di Toppi et al 1999). Another reason for the increase of HMs in the environment is
the non-biodegradability of these metals which leads to their persistence (Mustafa &
Komatsu 2016).

The bioavailability of HMs in soils depends mainly on soil physical and chemical
characteristics, as well as, the species of growing plants (Mortvedt 1994; Viehweger &
Geipel 2010). Different uptake routes have been reported in plant HMs uptake; the first
route is passive uptake which depends entirely on the concentration gradient across the
membrane and the active uptake that is driven by inducible substrate-specific and energy
dependent (Nies 1999; Williams et al 2000).

Exposure of plants to heavy metals at elevated levels for specific time periods
generally provoked profound responses, the type of plant responses, as well as, their
intensity are mainly dependent on the type, available form and concentration of the
heavy metal used, the species of examined plants, the analyzed plant tissue and the
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route and time of exposure (Gupta et al 1999; Prasad et al 1999; Cho & Park 2000;
Madhava Rao & Sresty 2000; Shainberg et al 2000; Aldoobie & Beltagi 2013; Chen et al
2015). The most common response pattern in heavy metals-stressed plants is associated
with oxidative injury (Schutzendubel & Polle 2002; Mustafa & Komatsu 2016), HMs are a
well-known disrupter of cellular redox homeostasis, which consequently lead to increase
production and accumulation of reactive oxygen species (ROS) such as anion (05);
hydroxyl radical (OH") and hydrogen peroxide (H.0,) (Saidi et al 2013; Howladar 2014),
as a consequence of heavy metals overproductions in plant cells, different types of
damages have been identified including lipid peroxidation which alters the structure and
function of membrane, for many years the malondialdehyde (MDA) product of lipid
peroxidation has been considered as a biomarker of oxidative injury (Unyayar et al 2006;
Gonclaves et al 2009; Badmus et al 2011). Additionally, ROS cause damage at the DNA
level either by breaks of DNA strands or inhibition of DNA replication by binding protein
involved in replication, resulting in alteration of encoded proteins and lead to a
malfunction of protein in plant cells (Lin et al 2007; Nanda & Agrawal 2016). Induction of
electrolyte leakage is related with exposed plants to heavy metal stress which associated
with cell membrane stability (Garty et al 2000).

Regarding biochemical responses of stressed plants, several responses have been
characterized with elevated heavy metals, such as photosynthesis inhibition, a decrease
of chlorophyll a and b, as well as, carotenoides was observed with heavy metals
treatments in different plants (Jiang et al 2012; Pooja et al 2012; Chen et al 2015;
Zouari et al 2016a). An increase in the amount of MDA, proline content; antioxidant
enzymes (such as CAT; SOD and POD) and protein content was associated with heavy
metals treatments in Vigna seedlings, Medicago sativa, Olea europaea and Phoenix
dactylifera (Pooja et al 2012; Chen et al 2015; Zouari et al 2016b,c). A significant
decrease in chlorophyll stability index and membrane stability index was observed in
Vigna seedlings treated with cadmium (Pooja et al 2012).

Date palm (Phoenix dactylifera L.) is a dioecious monocotyledon of the family
Arecaceae, cultivated mainly for their nutritive fruits, and as ornamental plants, with a
pivotal importance, in agricultural, cultural, socioeconomic around the world, more
specifically, in Middle East regions (Al-Khyari et al 2015). The remarkable survivability of
P. dactylifera trees enable these plants to grow in different areas, as well as, a wide
range of temperatures and grow almost in all type of soils. Most importantly, it can grow
over large areas by roadsides in industrial, rural, residential and agricultural areas even
when a high level of pollution exists (Al-Khashman et al 2011; Abass et al 2015).

In the present work, the biochemical responses of young date palm plants to Cd
and Pb treatments were assessed to understand the role of these heavy metals in plant
toxicity.

Material and Method

Plant materials and heavy metal treatments. For the present study tissue culture-
derived P. dactylifera offshoots of Barhee cultivar at two years old were selected (their
genetic uniformity were ascertained).Two different concentrations of Cd and Pb were
selected according to the maximum and minimum levels recorded in Basra governorate
soil (Al-Jabbary et al unpublished data), to evaluate their affects on P. dactylifera plant
on biochemical level. P. dactylifera offshoots were cultured in pots, each pot filled with 5
kg of soail, soil chemical characteristics were: pH= 7.62; electrical conductivity = 5.23 ds
m™; cation exchange capacity = 9 cmole and organic matter = 0.81 %. Soil texture was
loam (silt = 45.65; sand = 32.44 and clay = 21.91).

Transplanted offshoots were subjected to laboratory conditions during the trail
(10,000 Lux light density; 27+2°C temperature and relative humidity of 60-70%). Heavy
metals treatments were as follow:

Control: non-stressed P. dactylifera plants; Cd;: 3 mg kg™; Cd,: 9 mg kg™; Pb;: 100 mg
kg™; Pb,: 276 mg kg™.

Cadmium chloride and lead acetate (Sigma-Aldrich) were used as sources of
heavy metals and applied to each treatment by irrigation using RO (reverse osmosis)
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water, the chemical properties of used water were: pH = 7.6; EC = 1.3 ds m™*; Ca* =
5.9; Mn*=15.8; Na" = 19; CI" = 15 and K" = 1.9 ppm.

The trail was conducted with triplicates for each treatment at the Date Palm Research
Centre, University of Basra. Plants were irrigated with heavy metals treatment for 180
days during the period between 1%/ January/ 2016 to 1°%/ July/ 2016.

Cadmium and lead analysis in soil and P. dactylifera leaves. Total concentrations of
Cd and Pb in soil and P. dactylifera leaves were analyzed using a Flame Atomic
Spectrophotometer (Perkin Elmer AAS Analysis 300, USA) at zero time and 180 days
after treatment. Acid digestion procedure was followed to measure the total heavy metals
content in soil according to Davidson (2013). Briefly, 1 g of dry soil finely ground,
moistened with distilled water heated in 100 mL Teflon beaker with 10 mL of HNO3;, and
evaporated to a small volume, 5 mL of HNOs;, 5 mL of 70% HCIO;, and 10 mL of
hydrofluoric acid (HF) were added, the mixture was heated to perchlorate fume, and then
left for 30 min. 10 mL HCI (1/1, v/v) was added to the mixture and boiled for 10 min,
cooled and diluted to 100 mL using distilled water.

Wet acid digestion of the P. dactylifera leaves was performed using HNOz/ HCIO,
digestion (Jones 1984). Briefly, 5 mL of HNO; (70%) and 1.5 mL HCIO, (60%) were
added to 0.5 g of sample, and the solution was heated until the disappearance of the
brown fume, then cooled, subsequently a 5 mL of diluted (1:1) HCI was added, finally the
mixture was diluted with distilled water to 25 mL.

Biochemical responses of stressed P. dactylifera plants. The responses of P.
dactylifera plants to heavy metal stresses were evaluated at zero time and 180 days of
treatment.

Pigments content. Leaf pigment contents were determined in P. dactylifera leaves. The
extraction procedure of Arnon (1949) was followed, 200 mg of fresh leaves were
homogenized in 8 mL acetone (80%), followed by a centrifugation at 3,000 rpm for 30
min. Absorbance of supernatant were determined at 645, 663, 534 and 470 nm. The
following formulas were used to estimate the pigments and the values were expressed in
mg g of fresh weight (Asare-Boamah et al 1986):

Chlorophyll-a = 12.7 (ODgg3) -2.69 (ODeg4s) X Vol./Wt).

Chlorophyll-b = 22.9 (ODeg4s) - 4.68 (ODeg3) X Vol./Wt)

Total chlorophyll = 20.2 (OD g45) + 8.02 (OD g63) X Vol./ Wt.)

Anthocyanins = 0.0821 x A534 — 0.0439 A643- 0.002423 x A661

Carotenoids (mg/g) = (A 740-17.1 x (Chl—a + Chl-b) - 9.479 x anthocyanins) /119.26
Chlorophyll stability index (CSI). Chlorophyll stability indices were calculated in stressed
and control plants following the formula (Sairam et al 1997):

Total Chlorophyll in stressed plant

CSI (%) =
(%) Total Chlorophyll in control plant

x 100

Total carbohydrates. The procedure of Watanabe et al (2000) was followed to determine
the total carbohydrates in stressed and control P. dactylifera plants. Briefly, 0.5 g of fresh
weight leaves were homogenized with 80% of ethanol, followed by a centrifugation at
5,000 rpm for 10 min, 1 mL of supernatants was transferred into a new tube and 3 mL of
anthrone reagent (50 mL of 95% H,SO, + 50 mg anthrone) was added, and left for 10
min in a water bath at 100°C, then cooled on ice. Total carbohydrates were measured at
620 nm, using glucose as a standard.

Proline content. Proline content was determined according to Bates et al (1973). 500 mg
of leaf tissues was homogenized in 10 mL of 3% aqueous sulfosalicylic acid, 5 min of
centrifugation at 6,000 rpm was followed, 2 mL was taken from the supernatant and
transferred into a new test tube, and 2 mL of glacial acetic acid and 2 mL of acid
ninhydrine were added to the supernatant, the mixture was heated at 100°C for 1 hour
and then the reaction was stopped by placing on ice. 4 mL of toluene was added to the
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mixture and stirred well for 30 seconds. The absorbance at 520 nm was measured
against a toluene blank. L-Proline was used as the standard.

Free amino acid content. Free amino acid contents were measured according to Lee &
Takahashi (1966) by utilizing ninhydrine reagent. In brief, 0.5 g tissue was incubated in
70% ethanol overnight at room temperature, and then washed with double-distilled
water. A 1.5 mL of 55% glycerol and 0.5 ml ninhydrin solution were added, boiled at
100°C for 20 min and cooled down. The final volume was made up to 6 mL using double-
distilled water, followed by the measuring of the optical density at 570 nm.

Total soluble protein. Total soluble protein extraction was carried out according to Bavei
et al (2011). Briefly, 300 mg of P. dactylifera leaves in each heavy metals treatments
were ground in liquid nitrogen and homogenized in 3 mL Tris-HCI buffer (0.1 M, pH 7.5)
containing 1 mM phenylmethanesulfonylfluoride (PMSF), at 4°C. The homogenate was
centrifuged at 13,000 rpm for 30 min. Total soluble protein content was measured
according to Bradford (1976) method using Bradford reagent (containing: 100 mg
Coomassie Brilliant Blue R-250 in 50 mL 95% ethanol, 100 mL 85% (w/v) phosphoric
acid), a crystalline bovine albumin (5 to 100 micrograms protein) was used to establish a
standard curve at 595 nm.

Oxidative stress responses of stressed P. dactylifera plants

Hydrogen peroxide accumulation in stressed P. dactylifera plants. Hydrogen peroxide
(H20,) accumulation in P. dactylifera leaves was determined as described by Sergiev et al
(1997). A 0.5 g sample of fresh leaves was homogenized with 5 mL of trichloroacetic acid
(TCA; 0.1%: w/v). The homogenate was centrifuged at 13,000 rpm for 15 min, then, 1
mL of the supernatant was added to 0.5 L of potassium phosphate buffer (10 mM, pH =
7.0) and 1 mL of potassium iodide(1 M). The absorbance of the supernatant was
measured at 390 nm. Hydrogen peroxide was used to establish a standard curve.
Peroxidase activity. Peroxidase activity was evaluated according to the method of Kim &
Yoo (1996). Each single unit of peroxidase catalyzed the oxidation of guaiacol in 1 min
U/min/g. The variation in the absorption as a result of tetraguaiacol formation was
measured at 470 nm.

Malondialdehyde (MDA) content. MDA content was measured according to Heath & Packer
(1968); in P. dactylifera leaves, 500 mg of leaf tissue was homogenized in 5 mL TCA
(0.1%, w/v). Then the homogenate was centrifuged at 10,000 rpm for 5 min, 1 mL of
supernatant and 4 mL of thiobaributric acid (TBA; 0.5% w/Vv) prepared in 20% TCA was
boiled, after 30 min the reaction was terminated by placing the mixture on ice, another
centrifugation at 10,000 rpm for 15 min was done. The absorbance of supernatant was
measured at 532 and 600 nm, and MDA content was calculated using an extinction
coefficient of 155.

Membrane stability index (MSI). Membrane stability index (MSI) was measured in P.
dactylifera leaves. 0.25 g of fresh palm leaves in each heavy metal stressed and control
treatments were cut into small parts, and homogenated using 10 mL of deionized water
and incubated at room temperature on a rotary shaker for 24 h. Subsequently, the initial
electrical conductivity of the medium (C1) was measured. The samples were placed in an
oven at 90°C for 2 h to expel all electrolytes, and cooled at 25°C, and then the second
electrical conductivity (C2) was measured. Leaf membrane stability index was calculated
using the following formula (Lutts et al 1996):

1
Membrane stability index (MSI %) = [1_ (%)]x 100

Total phenolic content

The method of Singleton & Rossi (1965) was followed to determine the total phenolic
content in stressed and control plants using Folin-Ciocalteu reagent; which was
previously prepared (prediluted 10-fold with distilled water) and left at room temperature
for 5 min, followed by addition of sodium bicarbonate (1.2 mL: 7.5%,w/v) to the mixture.
After standing for 60 min at room temperature, absorbance was measured at 765 nm.
Results were expressed as milligrams of gallic acid equivalent (mg GAE/ g). Gallic acid
was used as a reference standard.
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Statistical analysis. All experiments were done according to randomized design. The
obtained data were analyzed statistically with SPSS-21 statistical software (SPSS In.,
Chicago, IL., USA). Data were subjected to a one-way analysis of variance (ANOVA), and
the mean differences were compared by least significant difference (LSD) test at P < 0.05
levels with triplicates for each treatment. The bars on each diagram represent standard
deviations. Each data of tables and figures represent the means of triplicates.

Results and Discussion

Cd and Pb content in soil and P. dactylifera leaves. Table 1 shows that at zero time
no Cd was detected in either soil or P. dactylifera leaves, while an average of 1.04 and
0.04 mg kg™ DW where recorded at Pb treatments in soil and leaves of P. dactylifera,
respectively. After 180 days of P. dactylifera exposure to different concentrations of
examined heavy metals, an increase was observed at all treatments, in soil, the level of
Cd was increased from 0 to 15.36 mg kg™ at high Cd concentration (9 mg kg™), and from
0.99 to 86.49 mg kg™ at high Pb concentration (276 mg kg™). Regarding the heavy
metals analysis in treated P. dactylifera leaves, results showed that the increase of heavy
metals in soils led to accumulate high levels of heavy metals in leaves, thus, was evident
with both Cd and Pb at high concentrations, the highest leaf contents of Cd and Pd were
recorded (8.02 and 39.20 mg kg™ DW) in Cd and Pd treatments of 9 and 276 mg kg™,
respectively.

P. dactylifera plants exposed to heavy metal stresses (Cd and Pb) through
irrigation showed higher accumulations of these heavy metals in leaves, the high
accumulation levels of heavy metals in aerial parts of P. dactylifera is in a good
accordance with many other results revealed the accumulation of several heavy metals in
aerial parts of different plants such as cardoon (Cynara cardunculus); cole (Brassica
campestris); common bean (Phaseolus vulgaris) and date palm (Yang et al 2011;
Papazoglou 2011; Aldoobie & Beltagi 2013; Zouari et al 2016a). The significant increases
of HMs in soils after 180 days of treatment were proportionally correlated with the
increases of heavy metal contents in P. dactylifera leaves, thus, was revealed by several
studies on different plants (Reber 1989; Kadar 1995; Brown et al 1998; Smolders 2001).
Different uptake routes have been described for heavy metals uptake by plants; passive
uptake which involves heavy metals diffusions in the soil solutions into root endodermis
and does not require any energy, while, the other heavy metals uptake route is the active
uptake which occurs against concentrations and requires metabolic energy (Williams et al
2000; Reichman 2002). Regarding heavy metals transportation from root to shoot
system, there are different mechanisms directing this transportation, either by mass flow
of water which takes place by transpiration stream (Kochian 1991), or by chelators such
as organic acid and amino acid, which facilitate heavy metals translocations through
xylem (Clemens et al 2002; Lesage et al 2005).

Table 1
Cd and Pb contents (mg kg™) in soil and Phoenix dactylifera leaves, before and 180 days
after treatment

Soil (mg k@) Leaves (mg kg DW)
Treatment Time of exposure (days)

0 180 0 180
Cd, o° 7.1+0.42%" 0° 2.59+0.13¢
Cd, o° 15.36+1.03° 0° 8.02+0.21°
Pb, 1.04+0.03? 52.96+1.13° 0.04+0.02° 22.93+0.94"
Pb, 0.99+0.02% 86.49+3.25% 0.09+0.04% 39.20+0.68%

RLDg o5 0.07 0.16 0.02 0.03

* Values represent the averages of triplicates per treatment + standard deviation. Different letters indicate
significant differences between treatments using LSD (0.05). Cd;: 3 mg kg™, Cd,: 9 m kg™, Pby: 100 mg kg™,
Pb,: 276 mg kg™.
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Photosynthetic pigment contents in P. dactylifera leaves. The photosynthetic
pigment contents in P. dactylifera leaves under the treatments of Cd and Pb were
measured after 180 days of treatment, exposure of young P. dactylifera plants to these
HMs resulted in significant reductions (p<0.05) in chlorophyll a contents, the reduction
was up to twofold in Pb treatment at 276 mg kg™, compared to control treatment (Table
2), Cd treatments at 3 and 9 mg kg™ led to a decrease in chlorophyll a from 4.16 mg g*
FW in control plants to 2.86 and 2.51 mg g* FW, in Cd treatments, respectively.
Significant decreases of chlorophyll b in each of Cd and Pb treatments at high
concentrations 9 and 276 mg kg*' were recorded as 1.22 and 1.13 mg g FW,
respectively, compared with 1.41 mg g* FW at control treatment. Similar reduction
trends were observed in P. dactylifera leaves grown under Cd and Pb stresses for total
chlorophyll, a reduction of total chlorophyll percentage reached 30 and 41%, respectively,
in comparison to the control treatment.

Results describing the carotenoid contents for Cd and Pb treatments revealed that
the content was 1.87 mg g™ FW at control treatment and reduced significantly at Cd and
Pb treatments (9 and 276 mg kg™) and reached 1.17 and 1mg g* FW, respectively. It is
noteworthy, the opposite was observed with anthocyanin pigments (Table 2), an increase
in anthocyanin content was recorded in P. dactylifera leaves under the treatment of Cd
and Pb, the increase level reached 47 and 42% in Cd and Pb treatments at high
concentrations compared to control ones.

Table 2
Photosynthetic pigments (mg g FW) contents of Phoenix dactylifera plants treated with
different concentrations of Cd and Pb

HM Chlorophyll Total . .
treatment Chlorophyll a b chilorophyll Carotenoides  Anthocyanins
Control 4.16+0.08°"  1.41+0.11*® 5.58+0.06%® 1.87+0.14® 0.068+0.003¢
Cd, 2.86+0.06" 1.52+0.03%  4.38+0.10? 1.50+0.07°  0.082+0.003°
Cd, 2.51+0.15° 1.22+0.13"° 3.74+0.13"° 1.17+0.08° 0.118+0.003?
Pb, 2.36+0.07°  1.56+0.08% 3.92+0.02% 1.64+0.04*® 0.099+0.008"
Pb, 2.15+0.13¢ 1.13+0.06° 3.28+0.14° 1.00+0.04°  0.129+0.003%
('650%) 0.3 0.25 0.29 0.24 0.012

* Values represent the means of triplicates per treatment =+ standard deviation. Cd;: 3 mg kg™, Cd.: 9 mg kg™,
Pb;: 100 mg kg™?, Pb,: 276 mg kg™. Different letters indicate significant differences between treatments using
LSD (0.05).

Regarding chlorophyll stability index (CSI), statistical analysis proved that the exposure
of young tissue culture-derived P. dactylifera plants to Cd and Pb heavy metals resulted
in a profound reduction, the CSI average was 100% in control treatment, and reduced
significantly to 69.97 and 58.79%, in Cd and Pb at high concentrations respectively,
hence, the low concentrations of Cd and Pb induced the reduction in CSI parameters
compared to control plants (Figure 1a).

Obtained results showed a significant decline in chlorophyll content in P.
dactylifera leaves exposed to Cd and Pb stress; a twofold of decrease in chlorophyll a was
noticeable consequent to Cd and Pb treatment at high concentrations (9 and 276 mg kg’
L, for Cd and Pb; respectively). Referring to many published research studies the collapse
in chlorophyll content is a common response to heavy metals stresses (Jamers et al
2009; Liu et al 2013; Zhang et al 2014; Gomes et al 2015; Zouri et al 2016a). The
collapse in chlorophyll content could be the result of the disruption of chlorophyll
synthesis caused by enzymes inhibition including d-aminolevulinic acid dehydratase and
proto- chlorophyllide reductase which are essential for synthesis of chlorophyll, as well
as, Mg and Zn deficiency which accompanied heavy metal stress and these elements are
required for chlorophyll synthesis (Cenkci et al 2010; Parmar et al 2013; Elloumi et al
2014). Additionally, chlorophyll degradation was correlated with different heavy metals
stresses in numerous plants (Cozzolino et al 2010; Gupta et al 2013), and a disruption of
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protein synthesis involved in chlorophyll and photosynthesis was reported as a response
to heavy metals treatment, such as Chl a/b binding proteins and subunits of photosystem
Il (Duquesony et al 2009; Walliwallagedara et al 2010; Zeng et al 2011).
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Figure 1. Phoenix dactylifera responses to different concentrations of Cd and Pb (mg/kg).
(a): Chlorophyll stability index (%); (b): Carbohydrates content (mg g™ FW); (c): Proline
content umole g™* FW; (d): Free amino acid (mg g* FW); (e): Total soluble protein (mg g’
Y FW). Values represent the average of triplicates for each treatment =+ standard
deviation value. Different letters indicate significant differences between treatments
according to LSD test at 0.05 level. Cd,:3 mg kg™, Cd,: 9 mg kg™, Pb;: 100 mg kg™, Pb,:
276 mg kg™.

It is noteworthy, that chlorophyll a was more sensitive to both Cd and Pb treatments than
chlorophyll b at high concentrations, this finding is in agreement with many other results
which showed that chlorophyll a decreased much more than chlorophyll b as a response
to heavy metal stress (Parmar et al 2013; Aldoobie & Beltagi 2013; Elloumi et al 2014;
Zouari et al 2016b). Chlorophyll stability index was decreased significantly as a
consequence to Cd and Pb treatments, the reduction was up to 50% at high
concentrations, the decrease in chlorophyll stability is a common sensitive parameter to
heavy metal exposures in wide range of organisms and associated with the inhibition of
chlorophyll biosynthesis (Bajpai & Upreti 2012; Pooja et al 2012).
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The pronounced reduction in carotenoid pigments in stressed P. dactylifera plants
compared to control ones, especially at high concentrations of Cd (9 mg kg™*) and Pb
(276 mg kg™) is in agreement with several study results on different plants such as
maize to copper stress (Prasad, 1995); Spirodela polyrhiza and Lemna minor to Ni stress
(Appenortha et al 2010); Triticum aestivum to Ni and Pb (Dar et al 2010); Paulownia
fortunei to copper treatments (Jiang et al 2012) Medicago sativa to different heavy
metals (Chen et al 2015) and P. dactylifera to Cd stress (Zouari et al 2016b). Herein, the
inhibition rate of chlorophyll pigments was much more than those recorded in
carotenoids; it is generally known that the sensitivity of chlorophyll pigments is higher
than carotenoids to heavy metals exposure (Fargasova 1998, 2001; Singh et al 2015).
Controversial results were found in different plant responses to heavy metals by
increasing the accumulation of carotenoids pigments in their leaf tissue (Sinha et al
2003; Strzalka et al 2003; Pinto et al 2011; Baek et al 2012); this could be attributed to
the metal type, concentration, plant species, duration and exposure route of heavy
metals (Sinha et al 2003; Baek et al 2012).

Carotenoids are linear polyenes pigments produced by different organisms and
widely distributed as an accessory pigment (Voet & Voet 2011). In deciduous trees, the
carotenoid pigments function as light-harvesting pigments, with an excellent absorption
at the range of the wavelength 400—480 nm (Wong & Choong 2014).

An opposite trend of results was found with anthocyanins pigment, both Cd and Pb
treatments at high concentrations induced accumulation of this pigment in stressed P.
dactylifera leaves up to 40% more than those analyzed in non-stressed plants, this
finding is in a good agreement with many results revealed that anthocyanins accumulated
in plants as a response to heavy metal stresses (Hale et al 2001; Collin et al 2008; Baek
et al 2012). Anthocyanin accumulation in stressed plants is believed to protect plant from
various types of stress and is considered pivotal to mitigate the phytotoxic affects of
heavy metals through shielding chloroplasts from excess high energy quanta and
scavenging ROS, as nonenzymatic antioxidant mechanism (Krupa et al 1996; Neill &
Gould 2003).

Carbohydrates and proline content in stressed date palm leaves. Cd and Pb
treatments significantly (p<0.05) increased the level of carbohydrates in leaves of P.
dactylifera in comparison with non-stressed plants, the highest level was observed in Cd
at a high concentration (9 mg kg™) which was 16.35 mg/g FW and was 43% more than
the level of carbohydrates in control treatment (9.21 mg g* FW), followed by Pb
treatment at high concentration (Figure 1b). High accumulation levels of carbohydrates,
up to 40% more than those in control plants, were induced by Cd and Pb treatments; the
increase in carbohydrates content is considered as an indicator for plant responses to
stresses, and plants tend to accumulate more carbohydrates to provide energy to cope
with these stresses (Rhodes & Wooltorton 1978; Abass et al 2016). These results are in
accordance with Aldoobie & Beltagi (2013) findings that carbohydrates were increased
significantly in common bean plants as a response to Cd; Pb and Ni treatments.

Similar increases were observed with proline content in examined P. dactylifera
leaves after exposure to heavy metals (Figure 1c), the level of proline was 2.67 ug mole
g FW in control plants, this level was increased up to five and fourfold in Pd and Cd
treatments at high concentrations (9 and 267 mg kg™), and recorded the averages of
10.88 and 8.80 pug mole g FW, respectively. The lowest proline content was recorded in
Cd treatment at low concentration and reached 4.36 pg mole g* FW, and was
significantly higher than the control level. Enhanced production of proline (up to fivefold)
in heavy metals stressed P. dactylifera plants is in accordance with many research
studies that showed that plants exposed to different heavy metals led to a significant
accumulation of proline in their leaves (Aldoobie & Beltagi 2013; Asgher et al 2014; Khan
et al 2015; Chen et al 2015; Zouari et al 2016c); there are different explanations for
proline role in plant responses to heavy metal stress including (a): direct role of proline
as an antioxidant agent to scavenge and control ROS in stressed plants (b): indirect role
through modulation redox balance by activation of antioxidant responses (Dawood et al
2014; Singh et al 2015), additionally, proline can act as a metal chelating agent (Sharma
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et al 1998). Proline accumulation is considered one of the plant adaptive strategies to
different stressful conditions such as temperature, water deficiency, high plant auxin
concentrations, salinity and fungicides (Naidu et al 1991; Hare et al 1998; Abass &
Morris; 2013; Al-Samir et al 2015; Abass 2016; Abass et al 2016).

Free amino acid and protein content in stressed P. dactylifera leaves. P.
dactylifera plant responses to different concentrations of Cd and Pb were evaluated as
free amino acid and protein content, heavy metals stresses resulted in a significant
increase in P. dactylifera leaf content of free amino acid, twofold increase was observed
in exposed P. dactylifera plants to high concentrations of Cd and Pb (Figure 1d), the level
of free amino acid was 2.01 mg kg™ FW in non-stressed plants and reached the values of
4.28 and 4.22 mg kg™ FW in Pb and Cd at 9 and 276 mg kg™ concentration, respectively.
While, the Cd at low concentration did not induce any change in free amino acid content
compared to control plants.

Interestingly, the opposite trends of results were revealed with protein analysis in
stressed P. dactylifera plants, a profound reduction in total soluble protein was recorded
as a response to heavy metal treatments, especially, at high concentrations, the highest
reduction in protein content was observed in Cd treatment at high concentration. The
protein level was 5.74 mg g FW in control plants and reduced significantly to 2.89 mg g
L FW under high Cd concentration (9 mg kg™; Figure 1e). Pb treatment led to a decrease
in protein content at high and low concentration to 4.34 and 3.65 mg g* FW,
respectively.

Changes in total soluble proteins were observed in P. dactylifera leaves exposed to
heavy metals, with a twofold reduction at high concentrations of Cd and Pb, this
reduction in protein content was reported in several studies as a response to heavy metal
treatments which were attributed to inhibition of protein synthesis or to protein
degradation induced by heavy metal accumulation in plant cells (Wang et al 2009a; Chen
et al 2010; Chen et al 2015). Proteins are considered as one of important constituents of
the cell, and known to be damaged easily under different environmental stress conditions
(Prasad 1996; Wu et al 2010). Controversial findings were found in the results of Heiss et
al (2003) and Sabatini et al (2009), which demonstrated the increase of total soluble
protein under the treatments with Zn and Ni heavy metals, thus, could be explained by
the type and concentration of the examined heavy metals, as well as, plant species under
stress.

The opposite trend of results was observed with total free amino acid in treated P.
dactylifera plants with heavy metals, an increase (up to twofold) of free amino acid was
obtained after 180 days of Cd and Pb treatments; the increase of free amino acid in plant
leaves is considered as a common response to several heavy metal treatments in many
plants (Hsu & Kao 2003; Chaffei et al 2004; Bhardwaj et al 2009; Vassilev & Lidon 2012).
Heavy metals are known to alter the amino acid metabolite in exposed plants (Megateli et
al 2009), many research studies showed an increase in the synthesis of asparagine,
cysteine and histidine amino acid as responses to different heavy metal stresses
(Smirnoff & Stewart 1987; Harmens et al 1993; Kramer et al 1996). The increase of free
amino acid in plant cells could be attributed to the degradation of proteins, substantial
increases of proteolysis enzymes such as protease have been reported in many plants
exposed to heavy metals which led to reduce total soluble proteins and increase free
amino acid (Hsu & Kao 2003; Vassilev & Lidon 2012). Amino acid involvements in heavy
metal responses in plants are well known as signaling molecules; osmolyte regulators,
detoxification and chelating agents (Xu et al 2012).

Oxidative stress responses and phenolic content in stressed P. dactylifera
leaves. Figure 2 illustrates the responses of P. dactylifera plants to Cd and Pb stresses as
oxidative damages, statistical analysis showed that P. dactylifera plants responded to
both heavy metals by accumulating more H,O, in leaves, the level of H,O, was 0.84 pM g~
Y FW in non-stressed plants, this level increased significantly up to 2.5 fold in Cd
treatment at a high concentration and reached 2.31 pM g FW, followed by Pb treatment
at a high concentration (1.42 uM g* FW; Figure 2a). Similar trends of results were
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observed for peroxidase activity, this enzyme activity was 21.88 unit/g/min in control
plants, while the treatment of Cd and Pb heavy metals induced more activity of
peroxidase, reaching the values of 36.74 and 41.71 unit/g/min, in Pb and Cd treatments
at high concentrations, respectively (Figure 2b).
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Figure 2. Phoenix dactylifera responses to different concentrations of Cd and Pb (mg/kg).
(a): Hydrogen peroxide (pM/g FW); (b): Peroxidase activity (unit/g/min); (c): MDA
(nmole g™*); (d): Membrane stability index (%); (e): Total phenolic compounds (mg g™
DW). Values represent the average of triplicates for each treatment * standard deviation
value. Different letters indicate significant differences between treatments according to
LSD test at 0.05 level. Cd;:3 mg kg™, Cd,: 9 mg kg™, Pb;: 100 mg kg™, Pb,: 276 mg kg™.

Oxidative responses of P. dactylifera plants to heavy metals have been studied and the
present results showed that H,O, productions increased up to 2.5 fold by increasing the
concentrations of examined heavy metals compared to those in control plants. H,O; is
one kind of reactive oxygen species (ROS) in plants with different roles in many
physiological functions, as well as, plant responses to biotic and abiotic stresses (Abass &
Morris 2013; Abass 2016). HMs are widely known to generate ROS in stressed plants,
either via Fento and Harber-Weiss reactions or indirectly by inhibiting plant antioxidant
mechanisms (Romero-Puertas et al 2007). Several studies showed that the level of
hydrogen peroxide increased in response to heavy metal stresses (Cho & Park 2000;
Maksymiec & Krupa 2006; Zouari et al 2016c). The increase of hydrogen peroxide levels
in heavy metal stressed plants was accompanied with an increase in peroxidase activity
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up to twofold; the changes in peroxidase activity in plant cells are a good biomarker of
biotic and abiotic stresses (Gill & Tuteja 2010; Gulsen et al 2010; Doganlar & Atmaca
2011); including heavy metal stress (Singh et al 2006; Wang et al 2009b; Doganlar
2013). The peroxidase enzymes have important roles in plant life, and are involved in
different physiological events including growth, respiration, transpiration and gas
exchange (MacFarlane & Burchett 2001; Yurekli & Porgali 2006); another vital role of
peroxidase enzymes in plant cells is their effective scavenging of H,0O,.

Lipid peroxidation level in P. dactylifera leaves was measured as a
malondialdehyde content, the obtained results revealed that the MDA level was increased
in P. dactylifera leaves as a response to Cd and Pb stresses, thus, was evident by the
increment of MDA level up to threefold in Pb treatment at high concentration and reached
4.60 nmole g FW, compared to those in control treatment (1.32 nmole g™), followed by
Cd at high concentration (9 mg kg™) which induced lipid peroxidation up to twofold (3.82
nmole g*) compared to non-stressed plants (Figure 2c). The high lipid peroxidation
activity in heavy metals stressed P. dactylifera plants was accompanied with a significant
reduction in membrane stability, the results showed that Pb treatment at high
concentration decreased the MSI to 60.90%, compared to the stability of 78.30%
observed in non-stressed plants (Figure 2d), followed by Cd treatment at high
concentration which recorded the MSI of 66.17%.

A threefold increase of malondialdehyde was detected in P. dactylifera leaves after
180 days of treatment with Cd and Pb; MDA is considered as a cytotoxicend product of
lipid peroxidation especially polyunsaturated fatty acid (PUFA) (Agadjanyan et al 2006),
this increase in MDA is in consonance with many results showed MDA accumulation
during heavy metal stress (Unyayar et al 2006; Pooja et al 2012; Doganlar 2013; Chen
et al 2015; Zouari et al 2016a). The increased level of hydrogen peroxide is well
correlated with lipid peroxidation, this observation is in accordance with the results of
Sharma et al (2012) and Howladar (2014).

The increases of MDA content in stressed P. dactylifera leaves were accompanied
with a significant reduction in membrane stability index (MSI), which was obvious in high
concentrations of Cd and Pb treatments. RO is well known to attack on the phospholipid
molecules of PUFA present in cell membrane, and the toxic end product MDA is
responsible of cell membrane damage (Halliwell & Gutteridge 1989; Sharma et al 2012).
This finding is in a good agreement with many other researchers showed that heavy
metals stresses caused a significant reduction in MSI (Howladar 2014; Abu-Muriefah
2015; Zouari et al 2016b).

Analysis of total phenolic compounds of stressed P. dactylifera plants showed
similar patterns as observed in oxidative response, the highest content of phenolic
compounds was recorded in the treatment of Cd at high concentration which reached
8.63 mg/g DW, without any significant difference than those in Pb treatment at high
concentration (276 mg kg™) which recorded the content of 7.39 mg g™ DW, compared to
the lowest level of phenolic content obtained in control plants (5.03 mg g* DW; Figure
2e). The content of stressed P. dactylifera leaves of phenolic compounds found to be
increased with the increases of both Cd and Pb. Phenolic compounds are diverse
secondary metabolites such as flavonoids, tannins, hydroxycinnamate esters, and lignin
which serve as potent non-enzyme antioxidants, with several mechanisms including
scavenging molecular species of active oxygen, inhibition of lipid peroxidation by trapping
the lipid alkoxyl radical and modification of lipid packing order and decrease fluidity of the
membranes (Arora et al 2000; Sharma et al 2012).

Several studies revealed that the level of phenolic compounds was increased
significantly with the increase of heavy metal concentrations (Michalak 2006; Janas et al
2009; Guo et al 2016; Zouari et al 2016b).

Conclusions. Current experiments concluded that higher given concentrations of Cd and
Pb affected the metabolism of young P. dactylifera plants (Barhee cv.). Stressed P.
dactylifera plants tend to accumulate more Cd and Pb in their leaves; this accumulation
was accompanied with a decrease in their chlorophyll (a; b and total) and carotenoids
pigments; however, the increases in anthocyanin pigments; proline, carbohydrates and
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free amino acid contents were observed with increasing proportions of examined heavy
metal. Oxidative injury was induced in stressed P. dactylifera plants by high
concentrations of Cd and Pb, thus was obvious by ROS generated in their leaves, the ROS
biomarker H,O, increased more than twofold than those in non-stressed plants, with a
pronounced accumulation of lipid peroxidation as MDA. Peroxidase enzyme activity and
total phenolic compounds observed to be higher in stressed plants compared to control
date palm plants.
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