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Abstract

We studied the effects of solar irradiance on antioxidant enzymes and polyphenols in sweet almond cv. Mazzetto grown in salt soil.
Photosynthetic performance, leaf pigments, activities of antioxidant enzymes and concentrations of polyphenols were measured in plants
growing in shade or full sun and supplied with 100 mM NaCl over a 4-week period. In response to the salt stress treatment, photosynthetic
rates decreased more in sun plants than in shade plants, likely because of declines in chlorophyll and carotenoids content coupled with
significant reductions in stomatal conductance and MDA increases. Antioxidant enzymatic activities such as APX and POD were much
greatest in sun leaves under unstressed conditions, however it increased in response to salt stress more in shade leaves. Whereas,
Cat decreased under all treatments. Polyphenols markedly increased in response to full sunlight irrespective of salt treatment; however,

polyphenols concentrations increased more in response to salt stress in shade leaves.
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Introduction

The response of plants to combination of two environmental
stresses is unique and cannot be extrapolated from the responses to
individual or separate stress. Salinity and High light (HL) intensity
are the major environmental stress frequent in arid regions. Under
both stress, trees are liable to suffer photoinhibition, defined as the
slow, reversible decline in photochemical efficiency that occurs
under photooxidative stress [1]. Sunlight contains high-energy
ultraviolet radiation (UV, 280-400 nm) and photosynthesis is one
of the processes most sensitive to high irradiance [2]. In this case,
the generations of reactive oxygen species (ROS) in photosynthetic

tissues are enhanced [3]. ROS accumulation is a common event
in leaves of stressed plants [4] where they cause various damages
to macromolecules and cell structures [5]. Nevertheless, both
stresses activate common responses, which mostly operate at the
biochemical level, to electively counter the oxidative damage [6].
High sunlight and root-zone salinity may also alter photosystem II
(PSII) photochemistry and photosynthetic pigment composition [7],
by either decreasing the total chlorophyll (Chl) concentration [8] or
increasing the ratio of violaxanthin-cycle pigments to Chltot. These
biochemical adjustments effectively reduce the risk of photodamage
and enhance the dissipation of excess energy via non-photochemical
(NP) processes [9]. Moreover, carotenoids may inhibit the generation
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of free radicals [10]. Likewise, the high sunlight and salinity stress
enhance the biosynthesis of polyphenols, particularly flavonoids,
likely using ROS as signalling molecules [11,12]. In turn, the increase
in leaf flavonoid content effectively attenuates the penetration of
UV wavelengths in sensitive leaf targets [13] and, possibly, counters
excess light-induced oxidative damage [14]. In addition, in such
conditions, plants developed enzymatic mechanisms involved in
the enzymatic scavenging of ROS. These antioxidant mechanisms
employ (i) ROS-scavenging enzymes, such as superoxide dismutase
(SOD, EC 1.15.1.1), catalase (CAT, EC 1.11.1.6), and ascorbate
peroxidase (APX, 1.11.1.11), (ii) recycling enzymes of the ascorbate-
glutathione cycle, such as monodehydroascorbate reductase
(MDHAR, EC 1.6.5.4), dehydroascorbate reductase (DHAR, EC
1.8.5.1) and glutathione reductase (GR, EC 1.6.4.2),and (iii) low
molecular weight antioxidants, such as reduced ascorbic acid
(Asa) and reduced glutathione (Gsh). Some authors have reported
that antioxidative systems play a major role in protecting plants from
the harmful effects of excess light energy [15,16]. Thus, antioxidative
systems have been found to be of paramount importance in the
response and tolerance of trees to environmental stress [16]. The
issue of how sunlight irradiance interacts with excess soil salinity in
determining a plant’s performance under field conditions, although
not much investigated, has great eco-physiological and horticultural
relevance [17,11]. Thus, salt stress as rated through ecophysiological
metrics is reduced by low light or shading. In this paper, we tend to
making one speculate that the interactive effects of light and salinity
together allow almond tree to flourish on these soils. Sweet almond
cv. Mazzetto cultivated was tested to determine their physiological
responses to salinity in sun (High Light) versus shade (Low Light).
We hypothesized that high light would intensify the negative effects
of salinity on almond growth, and these findings would help weed
managers understand how the two stressors can interact to restrict
or exacerbate its invasion to croplands. The aim of this study was to
characterize the combined effects of salt stress and light conditions on
growth, photosynthetic apparatus and the antioxidant systems and to
understand the interaction between stress enhancing the polyphenols
and the antioxidants enzymes.

Materials and Methods
Plant material and salt treatments

The present study was performed on one year old sweet almond
cv Mazzetto. The plants were cultivated in perforated 4L-plastic-pots
containing desert dune-sand. They were irrigated every 4 days with a
complete nutrient solution (N, 1.8 mM; P, 0.35 mM; K, 0.64 mM; Ca,
1.0 mM; Mg, 0.35 mM; S, 0.35 mM; Fe, 0.03 mM; Zn, 0.4 uM, Mn, 5.0
uM; Cu, 0.1 uM and B, 0.02 mM). The salinity stress was obtained by
adding NaCl to the nutrient solution to obtain 25, 50 and 75 mM total
ion concentrations. Control treatment consisted of no NaCl added.
To avoid osmotic shock, the concentration of the nutrient solution
was increased by 25 mM per day till the final salinity level for each
treatment was reached. Plants in full sun received a daily dose of
1800 to 2500 uM m™ s! in the PAR. Shade plants were exposed to a
daily dose of 500 to 700 uM m?s™ in the PAR. Temperature maxima/
minima were averaged 29/14 °C and 25/19 °C in full sun and shade,
respectively. From the moment when the final concentration of NaCl
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was obtained for the most severe stress level, the concentrations of
nutrient solutions were kept constant for the following four weeks.
Each plant were harvested in the morning (between 9 to 11 a.m. local
time), weighed and divided into two batches; one was frozen in liquid
nitrogen and stored at -80 °C for biochemical analyses; the other was
washed in de-ionized water, dried at 80 °C in a forced-air oven for
48 hours and ground into a fine powder to pass through a 30-mesh
screen for ion analyses.

Growth

Before the treatments were imposed, the tip of main the shoot
of each plant was marked to be able later to assess shoot extension
during the period of the experiment. After four weeks of applying
saline water and light treatment, the plants were harvested. The latter
were washed free of soil particles. The material was then dried for 48h
at 80 °C and total dry weights were determined.

lon content and selectivity

For ion analyses, 20 mg of dry ground leaves from each plant
was extracted with 20 mL of 0.IM HNO,. After filtration, Na*, Ca*,
Mg** and K* contents were determined with an atomic absorption
spectrometer (Avanta, GBC, Australia).

Gas exchange measurements

Gas exchange measurements were carried out after 30 days of
salt treatment. Net photosynthetic rate (A), transpiration rate (E)
and stomatal conductance (Gs) of upper leaves were measured with
a portable photosynthesis system (Lcp pro+, ADC Systems Ltd, UK)
under ambient conditions.

Determination of chlorophylls and carotenoids

Leaf chlorophyll and carotenoids contents were determined by
using the method of Arno (1949) [18]. In short, 0.5 g of fresh leaves
were ground to a fine powder in liquid nitrogen in a pre-cooled
mortar and homogenized for 30 s in 5 ml of 95.5% acetone. The
pigments’ concentrations were estimated from absorbance at 647
nm and 664 nm. A solution of 95.5% acetone was used as a blank.
Pigment concentrations were calculated as follows: Chl a (mg/g FW)
= [12.7x (A664) _2.69x (A647)] x (0.5x5), Chl b (mg/g FW) = [22.9x
(A647) _ 4.69x (A664)] x (0.5%5).

Total carotenoids were extracted in duplicates according to
Minguez-Mosquera and Hornero-Méndez (1993) [19]. One gram of
frozen leaf tissue was briefly extracted with acetone and shaken with
diethyl ether and 10% NaCl. Two phases were obtained; the lipophilic
phase was washed with Na,SO4 (2%), saponified with 10% KOH in
MeOH, and the pigments were subsequently extracted with diethyl
ether, evaporated and then made up to 25 ml with acetone. Total
carotenoids were estimated by reading the absorbance at 450nm
in a UNICAM Helios- spectrophotometer (Cambridge, UK), and
expressed as mg of B-carotene equivalent per Kg fresh weight, taking
into account the molar absorption coeflicient (¢* cm) of 2560. The
results are presented as means+ SE.

Phenolic compound contents

Phenolic compounds were extracted 0.5 g of fresh leaves
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according to Tomds-Barberan et al. (2001) [20] using water: MeOH
(2:8) containing 2mM NaF and quantified using the Foline-Ciocalteu
reagent. The results were expressed as mg gallic acid equivalent per
kg fresh weight of duplicate determinations made on each subsample.

Protein contents

For total protein determination, fresh leaves (0.5 g) were ground
with 10 mL of 50 mM cooled K-phosphate buffer (pH 7.8) placed in
an ice bath. The homogenate was centrifuged at 6,0009¢g for 20 min
at 4C and the soluble proteins content of the extract was determined
by the Coomassie blue dye binding method, using bovine serum
albumin as a standard [21].

Lipid peroxidation

The level of lipid peroxidation was determined in terms of
thiobarbituric acid-reactive substances (TBARS) concentration as
described by Hodges et al. (1999) [22] with some modifications. Leaf
samples of 0.5 g were homogenized in 4 mL of 1% (w/v) trichloroacetic
acid (TCA), and then centrifuged at 10,0009g for 10 min. To a 1.5 ml
aliquot of the supernatant, 1.5 mL of 20% (w/v) TCA containing 0.5%
(w/v) TBA was added. The mixture was heated at 95C for 30 min and
then quickly cooled in an ice bath. After centrifugation at 10,0009g
for 5 min, the values of absorbance measured at 532, 600 and 440 nm
of the supernatant were recorded. The value for aspecific absorption
at 600 nm was subtracted and a standard curve of sucrose (from 2.5
to 10 Imol mL-1) was used to correct the results from the interference
of soluble sugars in samples. The concentration of TBARS was
calculated using an absorption coefficient of 156 mmol-1cm-1 and
the results expressed as MDA equivalents (MDA).

Enzyme extraction and antioxidant activity assay

Tissue extraction of the samples were prepared for the analyses
by homogenizing 1 g of fresh leaf material in 4 mL of ice cold 50
mM K-phosphate buffer (pH 7.0) containing 2 mM Na-EDTA and
1% (w/v) polyvinyl- polypirrolidone (PVPP). The homogenate was
centrifuged at 10,0009g at 4 C for 10 min. The supernatant was
used for determining the activities of ascorbate peroxydas (AXP),
peroxidase (POD) and catalase (CAT).

(APx; EC L.11.L11)
determined by following the decrease in A (extinction coefficient
2.8 mM1cm1290) for 30 s in 1 ml of a reaction mixture containing
50 mM potassium phosphate buffer (pH 7.0), 0.5 mM ASC, and 20
pl of enzyme extract. The reaction was started by enzyme extract.

Ascorbate  peroxidase activity was

Correction was done for the low, non-enzymatic oxidation of ASC
by 0.1 mM H,0, [23].

Activities of CAT and POD were measured according to
Osswald et al. (1992) [24], with some modifications. For CAT, the
decomposition of H,0, was followed by the decline in absorbance
at 240 nm. The reaction was initiated by adding enzyme extract to
3 mL of reaction mixture containing 50 mM K-phosphate buffer
(pH 7.0), 10 mM H,0O, and 50 uL of enzyme extract. CAT activity
was determined as the consumption of H,0, at 240 nm over a 2-min
interval. For POD, the activity was determined by measuring the
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H,0, oxidation of guaiacol in the presence of H,0,, and following
an increase in absorbance at 470 nm over a 2-min interval. The assay
mixture (3 mL) contained 0.33 mM guaiacol, 10 mM K-phosphate
buffer (pH 7.0), and 50 uL of enzyme extract. The reaction was
initiated by adding 40 mM H,O,. The activity of each antioxidant

enzyme was expressed on protein basis.
Results
Growth

At the final harvest, leaf biomass was systematically lower in
HL plants as compared to control (LL) plants (Table 1). However,
all NaCl treated, including those treated with HL, total dry weight
and shoot extension decreased while the root/shoot ratio increased
(Figure 1).

lon content

Figure 2 shows the mineral contents of leaves as related to the
NaCl supply and light treatments. Leaves and roots of salinized
almond had higher Na* concentration than control plants in HL
and LL similarly. The effect of HL appeared different on K* and
Mg?** concentration. The most marked effect presented here is that
the higher light intensity resulted in an increased Ca?*leaf and roots
content in salt-stressed plants. In fact, the NaCl treatment depressed
significantly the leaf and root K* and Mg** concentration in HL plants
more than those in LL. Interestingly, the HL decreased also the leaf
and root content of K* and Mg?** as comparer to control plant (LL).

Gaz exchange

The A decreased in HL plants (10%) as compared to control in
response to high light (Figure 3). The slopes of net photosynthetic rate
(A) appeared greater for the HL plants than for HL + NaCl stressed
leaves. Stomatal conductance (Gs) increased with High Light by
27% as comparer to control plants, and this reduction was greater in
NaCl treatment by 90%. Similarly, the net transpiration (E) was more
severely depressed in HL plants treated by salinity than untreated
plants by NaClL

Table 1: Result of variance (ANOVA) of light conditions (A), salt stress (B), and
their interaction (A x B) in Mazzetto for Dry weight, Gs, A; gs, E, antioxidant
enzymes and parameters of oxidative stress.

Light (A) Salt stress (B) A*B
Total dry weight ki o *k
A * ns ns
Gs o o ns
E ns ns ns
Chlorophyll ns * ns
Carotenoids ns * ns
Polyphenols * * *
Cat *k *x *k
AXP ns * *
POD *% * *%
MDA ok ok *
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Figure 1: Effect of Light and NaCl on total DW, shoot extension and Root/Shoot ratio in leaves of sweet almond cv. Mazzetto. Values are the means + SE of four
replicates. Different letters indicate significant differences between treatments ( Duncan test, P= 0.05) .
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Figure 2: Effect of Light and NaCl on Na*, K*, Ca?* and Mg* leaf and root content of sweet almond cv. Mazzetto. Values are the means + SE of four replicates.
Different letters indicate significant differences between treatments ( Duncan test, P= 0.05) .
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Chlorophylls and carotenoids

The contents of total chlorophyll (Chl [a+b]) was dependent only
on salt conditions (Table 1). Whereas light was found to have no
effect on pigment contents in control plant, but it appeared that the
sunlight condition increased the salinity effect on pigment. The Chl
a/b increased at 100mM NaCl at LL, but decreased when sunlight
increased (Figure 4).

The concentration and composition of carotenoids varied to a
superior degree in response to root-zone salinity than in response to

Habib Khemira

sunlight. In fact, the leaf carotenoids content decrease in all treatment
and the higher reduction was recorded in HI salt stressed plant (48%)
comparer to control plant (Figure 5).

Phenolic compound contents

Phenolic leaf content increased with all treatments. The depressive
effect of salinity on polyphenols content increased by HL conditions
then LL. The highest increase was recorded in HL salt stressed plants
as comparer to those in LL (Figure 6).
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Figure 3: Effect of Light and NaCl on gas exchange in sweet almond cv. Mazzetto. Values are the means + SE of four replicates.
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Lipid peroxidation

To evaluate salt-induced oxidative stress under different light
conditions, lipid peroxidation was determined by measurement
of MDA content (Figure 7). The MDA content was higher in salt-
stressed plant treated at LL. Meanwhile, under HL, MDA content
decreased in unstressed plants.

Antioxidant activity assay

All treatments and their interactions significantly affect the levels
of the antioxidants enzymes (Figure 7, Table 1). In all plants, the level
of catalase decreased by salt stress under LL or HL. In contrast to
the observations of the catalase content, differences in salt-induced
changes in the APX and POX antioxidant enzyme activities were
observed under different light conditions.

The general trend of ascorbate peroxydase activity shown
in Figure 7 suggests that salinity conditions induce higher APX
activity. Compared to LL conditions, HL conditions were found
to increase the activity of APX by 41%. In contrast, the activity of
APX was founded to be reduced by high salinity combined with high
irradiation comparer with those treated with HL or salinity alone. In
plants under LL, levels of POX was markedly increased in salt stressed
plants by 14-fold. While, the POD activity increase in plants in HL
and in by 83% and 82%.

Total soluble proteins

Total soluble proteins in the leaves of Mazzetto varied more in
response to salinity then to the light treatment. The total protein
increased by 15% in response to full sun interactive with salinity
(Figure 8).

Discussion

In this experiment, we investigated the effects of salt stress and
solar irradiance on the performance of sweet almond cv. Mazzetto to
determine the extent of their interactions on biochemical traits, which,
in turn, may help explain the ecological distribution of this species in
Mediterranean-type ecosystems. The experimental results obtained
clearly show that the toxic effects of NaCl were much alleviated by the
higher light intensity (Table 1). The growth parameters presented by
the total dry weight and the leaf number were variant significantly to
solar radiation and was affected more in the NaCl-treatment. These
results imply that the critical salt-sensitive biochemicals mechanisms
affecting plant salt tolerance is affected by solar radiation and those
variations can be interpreted as changes in plant salt tolerance. It
seemed that the almond tree was more sensitive to salinity than solar
irradiation, and this sensitivity was increase by high solar irradiation.

The relation between root and shoot growth emphasizes the
dynamic rather than static interdependence of their functional
relationships [25,26]. Root-shoot ratios were dependent of root-
zone salinity for the both levels of solar radiation investigated. It is a
reasonable assumption that plant response in saline environments is a
form of optimum autoregulation and that the root/shoot ratio is a state
of homeostasis [27], which is independent of root-zone salinity more
than solar irradiation. Because the total dry weight is dependent of
salinity, it follows from the definition of that the plant can not tolerate
higher root-zone salinity mainly at HL by accumulating the rate of salt
accumulation relative toits growth rate. Thus, manipulating root/shoot
ratios through natural selection or bioengineering might represent an
important new strategy to improve plant response in saline and high
solar irradiation environments. The observed reduced growth under
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salt and HL conditions was probably caused by the perturbation of
various physiological and biochemical processes at the cellular, tissue
or whole-plant level, such as photosynthesis, nutrient uptake and
enzymatic activities. In a present work, the reduction in dry weight
in plants which experienced was proportional to the reduction in
photosynthetic rate, in leaf conductance and transpiration. The results
determined that in almond tree signals of chronic photoinhibition
were associated with low photosynthetic capacity when the specie was
grown under salinity conditions. Nevertheless, it appeared that the
A, Gs and E were affected by salinity more then HL treatment and
they strongly support the idea that the Mazzetto cultivar examined
here actually suffered from salt stress. Our data also provide evidence
for the significant interactive effects of sunlight irradiance and salt
stress on gaz exchange in almond. We suggest the strong correlation
between A and Gs implied that Gs was the dominant limitation to A
for all treated plants (Table 2). Stomata closure in response salinity
stress generally occurs due to decreased leaf turgor and atmospheric
vapor pressure along with root-generated chemical signals [28].
Thus, the decrease in photosynthetic rate under salt-stress conditions
is normally attributed to suppression in the mesophyll conductance
and the stomata closure at moderate and severe stress [28]. The
effects of salinity on photosynthesis are attributed directly to the
stomatal limitations for diffusion of gases, which ultimately alters
photosynthesis and the mesophyll metabolism [29,28]. The finding
of the low effect of sunlight irradiance on photosynthesis rate was
actually surprising and contrasts with NaCl effect. It appeared that
the reduction of A was correlated negatively to Na*. It seemed that the
accumulation of Na* in leaves depressed the A more than the high light
intensity. Thus, Plants grown in the LL intensity treatment were better

Table 2: Correlations coefficients (r) of the salt induced reductions in growth,
ionic, stomatal conductance, transpiration rate, leaf pigments, polyphenols,
proteins and antioxidant enzymes levels with A cumulative of all sampling times.

Plant characteristic Correlations coefficients
Leaf DW 0.9733***
Total DW 0.5770 ns
Na -0.9506***
Ca -0.35118 ns
K 0.5667ns
Mg -0.1888ns
Gs 0.9647***
E 0.9409***
CHL 0.9097***
CAR 0.8563**
Polyph -0.08087*
Prot -0.4117 ns
MDA -0.1213 ns
Cat 0.6045 ns
ASC 0.1741 ns
POD -0.70362

Significant at *p<0.05; **p<0.01; ***p<0.001 and ns, non significant

Habib Khemira

able to adjust to saline conditions than the plants of the HL treatment.
Apparently, the lower light application provided more energy for the
regulation of the internal ionic conditions, i.e. for a higher uptake
of Ca** and Mg*. This internal ionic regulation probably provided
improved conditions for CO, assimilation and protein synthesis.
According to Flowers et al. (1977) [30] internal ionic regulation is a
typical response of glycophytes to saline conditions, which obviously
depends on light intensity in this present investigation. The effect of
light on the Ca** content is particularly marked. Several authors have
found That Ca** is required for maintaining the integrity of plant cell
membranes [31]. It thus seems feasible that the depression of lipid
formation by NaCl salinity resulted from a lack of Ca** under more
favourable light conditions it may be argued that more Ca?* was
absorbed by the plants.

Down-regulation of photosynthetic rates is an effective control
mechanism for protecting the photosynthetic apparatus from
photodamage at low CO, availability caused by high light irradiation
or high salinity [32].

We also observed that, during the treatment period, salt stress
acted together with high light irradiance in reducing total chlorophyll
and carotenoids content, likely because of the fast imposition of the
salt-stress treatment in our experiment, since the same reduction was
observed in salt-stressed plants as comparer to unstressed plant in
both light levels. However, the decline in both leaf pigments was not
the primary cause of the salt-stress-induced reductions in A in high
light plants [33]. Leaf Chl content is well established as a common
reference system when physiological reactions are quantified [34] and
one of the most important factors in determining the photosynthetic
rates and dry matter production [35]. The synthesis and the
degradation of photosynthetic pigments are normally associated with
the photosynthetic efficiency of the plants as well as their growth and
adaptability to different environments. The chlorophyll is usually
synthesized and photo-oxidised in the presence of light. However,
in the current investigation, under conditions of high light intensity,
the degradation of chlorophyll molecules might be more intense and
equilibrium occurs at low concentration mainly with high level of
salinity. It was observed that the chlorophyll concentration in low
light leaves treated with NaCl tend to be higher when compared to
with NaCl- treated leaves exposed to direct sunlight.

The enhanced chlorophyll content in the low and high light plants
under 100 mM NaCl treatment clearly shows that almond could
adapt to the level of irradiance by changing chlorophyll contents [36].
Besides the changes in chlorophyll content, change of chloroplast
structure also modifies the adaptation of plants under different light
conditions interacted with salinity. A much greater quantity of light-
harvesting Chl a/b proteins (LHC II) and a fewer number of reaction
centres on a total Chl basis affect the high irradiance adaptation
response of the photosynthetic pigment apparatus in salt-stressed
leaves [37]. Meanwhile, the loss of chlorophyll is often considered as
a marker of cellular component of salt stress [38]. Our results clearly
show chlorophyll content was reduced by salinity treatments (Table 1).
In this study, we suggested that NaCl treatments and the interactions
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with both level of light had significant effects on the levels of Chl a,
Chl b, Chl a+b and Chla/Chlb ratio, but there were not a significant
main effects of light. The increase in Chla/Chlb ratio may be due to
a conversion of Chlb to Chla. The inter-conversion of Chla and Chlb
plays a significant role in the establishment of required Chla/Chlb
ratio during the adaptation of stressful conditions [39]. The higher
Chla/Chlb ratio indicates also less emphasis on light harvesting in
relation to the rates of PSIT photochemistry under stress. Increases in
Chla/Chlb imply increases in the abundance of entire photosystems
and in the size of LHCI], respectively, as virtually all Chla is organized
in pigment-protein complexes and LHCII binds most of Chlb [40].

However, it appeared that under high irradiance with high
salinity, plants are predisposed to suffer photoinhibition, which is
defined as the slow, reversible decline in photosynthetic efficiency
that occurs when the absorbed light is in excess of that required for
carbon assimilation [41]. This phenomenon is very frequent in plants
of the tropics [1], where the light intensity can reach levels over 1800
mol m?s'of photosynthetic photon flux density (PPFD) [42].

Because the photosynthetic energy utilization in NaCl treated
plants is lower than in unstressed plants, it was assumed that higher
antioxidant protection would be necessary to compensate for higher
salinity and light-mediated oxidative stress [43]. When plants are
exposed to high irradiation associated with a high vapor pressure
deficit, the stomata normally close to prevent water loss, which results
in a decrease in the intercellular CO concentration and depression of
photosynthesis. In this condition, plants become more predisposed
to suffer photoinhibition because of the absorption of an excess of
photons over what is used in photosynthesis. However, when plants are
subjected to such conditions, ROS increases, often resulting in photo-
oxidation [8]. Nevertheless, in such conditions, plants were able to
decrease the extent of MDA accumulation in leaves. MDA, a product
of lipid peroxidation in plants exposed to adverse environmental
conditions, is a reliable indicator of free radical formation and
peroxidative damage to cell membranes [8]. Furthermore, MDA has
been found to be significantly associated to drought-related oxidative
stress in woody plants adapted to arid conditions [44]. The amount
of MDA in the leaves was strongly variable in the different treatment
studied here. It is worth noting that chlorophyll loss is an efficient
photoprotection mechanism that finely modulates the amount of
light intercepted by leaves [45]. Therefore, it is not surprising that the
highest MDA accumulation observed in 100 mM NaCl-treated plants
occurred with lack of chlorophyll loss in LL treatment, and that later
on chlorophyll loss in HL of treatment coincided with lower MDA
accumulation. In any case, it becomes clear that even when MDA
accumulation increases almond plants can withstand this salt-induced
oxidative stress, by activating the antioxidant-enzymes systems. Our
results demonstrate that almond plants in HL were able to decrease
the extent of MDA accumulation in leaves and can withstand doses of
salt stress without showing any hint of oxidative stress. This decrease
of MDA suggested that membrane peroxidation is not in this case the
main detrimental effect caused by high light. However, it is interesting
to underline that lower MDA levels in leaves under HL were recorded
for NaCl-untreated plants compared to almond plants submitted to
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NaCl treatment in both level of light treatment. This suggested that
almond leaves can contrast oxidative damage. The best protection of
almond against oxidative damage could be positively related to an
enhanced antioxidant system, especially due to antioxidant enzymes
and polyphenols.

Many reports describe detailed changes in the activities of
antioxidant enzymes that scavenge ROS in response to high light
and salt stress [46]. In our study, in almond tree, the antioxidant
enzymes system, including APX, CAT, and POD, responds
differently under high light and salt conditions. In this experiment,
CAT activity was found to decrease under high sunlight treatment,
probably because the enzyme CAT is light-sensitive and suffers
from photoinactivation with subsequent degradation in intact leaves
as well. Photoinactivation of catalase appears to indicate general
symptoms of light sensitivity and early photodamage in leaves [47].
It was postulated that inactivation of CAT could also be mediated
by photo-oxidative events initiated through light absorption by
chlorophyll [47]. Interestingly, the decreases in CAT activity in both
level of light, the main H,0,-scavenging enzyme, at 100 mM NaCl
corresponded to significant decreases in H,O, levels, so indicating a
decrease in H,0, metabolism at high NaCl levels.

In the antioxidant systems of almond tree, several researchers have
reported that higher APX activities protect against environmental
stresses such as salt stress [21]. In our study, APX in almond increased
by salt stress under LL and by HL, therefore, it remained decrease as
response to the interaction effect of salinity and HL. Thus, our results
suggest that increased APX activities protect against salt induced
oxidative stress when ROS removal is required, such as under LL, but
not under HL.

In the present study, the activities of POD rose in all treatment,
and this increase was generally higher under salt stress in LL. It
appeared that the changes in foliar antioxidant systems correlate
more with salinity than light (Table 2), indicating that salinity is an
important factor modulating antioxidants [21].

Finally, high sunlight and salinity stress enhance the biosynthesis
of polyphenols, particularly flavonoids, likely using ROS as signalling
molecules [11]. Phenolics are the main class of secondary metabolites
with important roles in abiotic stress tolerance due to their antioxidant
properties [48]. In this present investigation, it appeared that the salt
and light induced polyphenols content in leaves of Mazzetto, but
this increase was higher under the combined effect of salt and HL.
We suggested that the interaction of salt stress and the HL increase
the photoproctection demand of almond tree by inducing the
polyphenols pathways quite the reverse effect of antioxidant enzymes.
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