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ABSTRACT

In Mediterranean climate which characterized bynyadtry summers, cool and wet winters, drought stedgfects
growth and survival of species. Study of the impattdrought on some biochemical features would rdoute to
understand strategies Bfstacia lentiscus to cope with Mediterranean field conditions. Sewegd of P. lentiscus were
subjected to summer drought in greenhouse by with@tering. Seeds of plants growing in the Azazggian (North
Slope of Kabylie) and Bouira one (southern slope&abylie) were used to obtain seedling. Relativatew contents,
proline (osmatic solute), pigments, lipid peroxidat total polyphenols, total flavonoids are invwgated.Drought induced
a slight but significant decrease in relative watentent and an increase in the proline level iitig the maintenance of

osmotic balance. Total polyphenols and total flanida were not influenced by the drought.

KEYWORDS: Drought Stress, Mediterraneaijstacia Lentiscus, Lipid Peroxidation, Total Polyphenols, Total

Flavonoids
INTRODUCTION

The Mediterranean climate which characterized bgnwary summers and cool, wet winters (Daget, 18pgno
et al 2003) was considered the most vulnerabl@nsgio climate change with a pronounced warmingaaskarp decrease
in precipitation in the spring and summer seas@ao(and Giorgi, 2008).In its ecosystems, the sunwager deficit is
considered the main environmental constraint fanpgrowth and survivglGalmeés et al 2007)that can seriously reduce
crop productivity and causes changes in biomassnagiation, grown rate and many other physiologaradtructural traits
(Chatanya et al 2003;Sepanlo et al 2014).

In response to drought stress, plants adopt vaneeshanisms. Plants witch accomplishestheir lifeleeyhen
water is plentiful; those tolerate the drought lrgwemulating high concentrations of substanceswallg to withstand
dehydration such as secondary metabolites (Kleihteiicand Selmar, 2015), compatible solutes(Ba@eid Phillips,
2010); and those avoid water deficit by a suitdraits that modulate water utilization such as Reygtem traits and
C3/C4 or CAM photosynthesis (Mullet, 2009).

Pistacia lentiscu&. is a dioecious, evergreen small tree or shrulthef Anarcadiaceae family up to 8 m tall,

widely distributed in a variety of habitats in Mestranean ecosystems (Correiaand Diaz Barrad@§);2 behaves as a
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thermophilous species, growing in warm areas atdtiitude and medium altitudes (Flexas et al 200hys, it may be
used for reforestation programs under Mediterraméiamatic conditions (Garcia-Fayos and, Verdu 1998’s one of the
most important Mediterranean “keystone” speciesvBtia 1995) and is an interesting model speciesf@luation of
drought effects (AitSaid et al 2013). The presamyswas aimed todetermine drought tolerance antowgpopulationsof

Pistacialentiscus with reference to lipid membrane peroxidationpcbphyll, proline and polyphnenol contents.

MATERIAL AND METHODS

Plant Material and Culture Conditions

The fruits of Pistacia lentiscus plants growing in the regions Azazga(North SlogeKabylie) and Bouira
(southern slopes of Kabylie) were used in thisgtthe two batches of the fruit containing the seedre soaked in water
for 24 hours to remove the pulp. The floated segd®-viable) were removed and the remainder wasfigeh with
concentrated sulfuric acid for 15 minutes and imiatedly rinsed and kept under tap water for 24 hooiremove all traces
of sulfuric acid (Ates, 2011). 100 seeds per paputavere germinated on two layers of filter papeistened with 10 ml
of distilled water in Petri dishes incubated atmotemperature. After 15 days of incubation, thedseef the two
provenances germinated with 86.36 +9.24 81 and2&1@79 % respectively. At the two leaves stageefity four
seedlings for each provenance were planted in bag&ining about 2 kg of soil collected in the aofggrowth of the
species; the bags were placed in a greenhouse &tdtitute of Agricultural means specialized tealbgy, under natural
conditions with temperatures reaching 51, 6+ 3,84irf average, and watered as needed, about twiveek.At the
beginning of stress (mid-August), half of the ptaneresubjected to water stress by suspending waterintyigve days.

Because two plants were dead, others were watefed and then stressed for twelve days.
Relative Water Content (RWC)

Five plants from each treatment were randomly setkecThe relative water content was evaluated aaogrto
the method described by Seelig et al (2009), lyriefesh weight of the sample leaves (FW) was obthiny weighing
them immediately after sampling using a precisi@tabce; Weight at full turgor pressure (TW) wasagied after
saturating samples in water for 24 hours, and dright (DW) was obtained after oven drying sampte80& for 24h.

RWC (%) = [(FW-DW)/(TW-DW)}100
Proline Contents

For each sample, 100mg of dry leaves were mixek il of 80% of methanol (v/v) and heated in a Whtgh
at 85°C for lhour. After cooling, 1mL of leaf exttavas mixed with 1mL of acidic ninhydrin reagemdalmL glacial
acetic acid. The mixture was well shaked for fesosels and incubated in a water bath at 100°C foriB@s. After an ice
cooling period of 3 minutes, 5mL of toluene weréedi to the mixture and vortexed again. The uppas@lof the mixture
was collected and dehydrated with a pinch of anbyslisodium sulfate. Then, absorbances of leaf ssmmpére measured
and calculated. Proline contents were measurealoyimetric method as described by Thiam et al 80The amount of
proline, on a fresh-matter basis of plant leavess determined according to a calibration straigaply constructed from a
series of standard proline solutions. The absodanhtoluene phase was estimated at 528 nm usingibiv1240 UV-Vis
Spectrophotometer Shimadzu. Appropriate prolinadsieds were included for the calculation of prolineghe samples.

Each measure was repeated three times to ensuceluebility of results.
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Leaf Pigment Content

Frozen leaves samples (0.2 g) were analyzed farabihyll contents. The leaves were ground in 3 ofd 80%
acetone using a pestle and mortar. Acetone extveats centrifuged at 3000 g for 10 min and the Itegupellets were
extracted in cold 80% acetone. This operation vegeated three times. The successive supernatanéspweled and
centrifuged at 4000 g for 5 mintes for clarificatiorhe absorbance of the acetone extracts wasdet@t 626, 647, 663
and 470 nm using UV/VIS spectrophotometer. The an®af Chlorophyll were calculated according torB@2002).

Lipid Peroxidation

100 mg of leaves samples were homogenized in 5fl18% trichloroacetic acid (TCA). The homogenatasw
centrifuged at 10 000 g for 5 minutes at 4 °C. Aliquot of 1 ml supernatamts mixed with 4ml of 0.5% thiobarbituric
acid (TBA) prepared in TCA 20%, and incubated af@5or 30 minutes. After stopping the reactioramice bath for 5
minutes, samples were centrifuged at 10 00§ fer 10 minutes at 25°C. The supernatant absorbah&S82 nm was
measured usingUVmini-1240 UV-Vis Spectrophotomet&himadzu. Lipid peroxidation rate equivalents

(nmolmalondialdehyde ) were calculated by using the formulae given bylgts et al. (1999).
Polyphenol Extraction

The samples ofistacialeaves were dried in the open air and in the dasimples were grounded in the blender
before the extraction. The mean particle size(d3®230.16 mm).Plant samples (0.5 g) were extracie@d9 ethanol
(5ml) at 50°C for 30minutes. The solutions weretdmed at 2400 g for 20 minutes, the supernateas recovered and
adjusted with 80% ethanol and stored at - 20 ° c.

Total Flavonoid Determination

The method used to determine total flavonoids révdd from the protocol described by Li et al. (BD1Briefly,
0.5 ml of the sample solution was introduced intest tube. The volume was made up to 3 ml withiliéid water and
then 0.3 ml of NaN@(1: 20) were added. After 6 minutes, 0.3 ml of Bl@re added(1: 10). 4.0 ml of 1M NaOH were
added later 6min. Then, the whole was adjustedtmlwith distilled water. The solution was shakeell and incubated
for 15 minutes at room temperature. The solutioesevscanned by UVmini-1240 UV-Vis Spectrophotom&eimadzu,
using quartz cuves (1.0 cm) at 506 nm against akbl@he rutin was used as the standard for a eaider curve. The

flavonoids content was expressed on mg/g DW.
Total Polyphenolic Compound Determination

300 pl of ethanolic extract were added to test subentaining 2100 pl of distilled water and 150 pfLFC
reagent. The mixtures were vortexed and alloweddualibrate (20 °C, 10 min) after which, color watabilized by the
addition of sodium carbonate (450 pL of a 0.7 mMuison); then, the mixture was vortexed and incedadt 40 °C for 20
min. Tubes were cooled rapidly in ice. The devetbpelor was read at 765 nm using polyphenol conterst expressed as
mg/g DW (meantSD) (Ramirez-Sanchez et al 2010).
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Data Analysis

Statistical analyses were performed using Statigita All the experiments were conducted with aimimm of
three replicates and results were expressed as smstamdard deviation (SD). Data were subjectedni way ANOVA
followed by Newman-Kurls when differences were #igant. Statistical significance was set at P<0D&ta were tested
for normality by shapirowilk test and for homogdgeby Levene’s tesA principal component analysis was used to

examine potential correlation between differengpagters.

RESULTS
Relative Water Content (RWC)

The relative water content (RWC) is a key indicedoought stress study (Talbi et al 2015). At tlegibning of
stress, both populations displayed similar valddeaf RWC (Fig.1). It was 96+3 % and 95+1 % for Azazga and Bouira
respectively. However, the difference between thetrol and the stressed plants was significantbiath populations

(p=0,002) although leaf RWC decreased weakly, Wthand 3% respectively during drought stress.
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Figure 1. Changes in RWC (%) of TwoP. Lentiscus Populations (AC: Azazga Control, AS: Azazga
Stressed, BC: Bouira Control, BS: Bouira Stressed)alues Are Mean+SE Based on Four Replicates

Proline Content

Under control condition, the results obtained shibwieat proline contents were similar in bd®h lentiscus
populations with 13,26+2,15 and 11,83+1,57 umokAjin Azazga and Bouira respectively. Howevesstiessed plants,
the increase was about 2 fold in average (p<0,00031®.) likely due to an increased need of prelfor processes such

as increased protein biosynthesis or due to a bigekf proline-consuming processes (Ramadan €x14l)2

Proline content (umole/g

Figure 2: Changes Inproline Contents (ug/MI FW) ofTwo P. Lentiscus Populations (AC: Azazga Control, AS:

Azazga Stressed, BC: Bouira Control, BS: Bouira Stssed). Values Are Means+SE Based on Four Replicate
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Pigment Content

Under control conditions, both populations exh#gnificant differences in the levels of all leay@gments (p
value<0,05), seedling from Brouira showed highealug than those from Azazga whereas the Chl aib iatAzazga
seedling was higher than in Bouira seedling . Wstierss induced a conspicuous decrease as wdllltie gigments than
in chl a/chl b ratio (p value <0,05). All pigmemscreased in Bouira population more than in Azamgs chl a, chlb,and
car (c+x) decreased respectively by 42,29%,32,388024,43% in Azazga population while they wereD8%, 46,00%

,24,49% and in Bouira one. Moreover, the differsnuicay..y/total chl and chla/chlb ratios were insignificant.
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Figure 3: Changes in Pigment Content (uLg/G DM) In kaves of TwdP. Lentiscus Population Seedlings
under Drought Stress. A: Chlorophyll A; B: Chlorophyll B; C: Total Carotenoids; D: Total
Carotenoids/Total Chlorophyll Ratio E: Chla/Chb Ratio Values Are Means+SE Based on Four Replicates.

Values Are Means+SE Based On Four Replicates

Lipid Peroxidation

Under control conditions, the difference in concatibtns of MDA in leaves of the two populations was
insignificant p value= 0,28; it wadg,0940,41 nmol/ml and 2,44+1,02 nmol/ml in Azazga anduiB® populations
respectively. Compared to control, stressed segdiimowed higly MDA concentrations in both populatio(p value
=0,0016) where they reached the same level. Thenment in Bouira population was 121,31%, wher¢asas only

30,80% Azazga population.
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Figure 4: Changes in MDA Content (Nmol/MI) in Leaves of TwoP. Lentiscus Population Seedlings
Under Drought Stress Values are Means+SE Based orhiiee Replicates

Polyphenol Content

The differences in flavonoid contents were insiigaifit between the populations Bf lentiscus under control
conditions and drought treatment (p=0,188 levels in Azazga population was higher than aquiBa one (17,%) whereas
perspicuous increase was observed in the last 858 2%).TPP contents were insignificantly differdsdth under
condition control and stress treatment (p=0,59P TBried from 87,41+5,37 mg/g DW to 105,11+1,2. Sheme tends was

observed in situ (data not shown).
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Figure 5: Changes in Polyphenol Contents (Mg/G DWA: Flavonoid Content; B: TPP Contentin Leaves of Tvo P.

Lentiscus Population Seedlings under Drought Stress. Valuese@aMeans+SE Based on Four Replicates

DISCUSSIONS

Furthermore the drought stress imposedPtdentiscus seedling, they were exposed to summer environrhenta
conditions including high temperatures and higthtligradiance. The results of the various measshesved signs of
stress in both treated seedlings.Relative wateteotsrelated to water uptake by the roots antstmss by transpiration,
are considered a way to evaluate plant water s{étojgim et al, 2011). The weak decrease in RWCadthIpopulations
was similar with the trend that observed by Catenial (2013);P. lentiscus was one of the sclerophyllous species
maintained highest RWC. Furthermore, the reductidnRWC in Moringaoleifera, drought tolerant species, was
insignificant (Rivas et al 2013). For these auedhe maintained of RWC at high level helps toman cellular
physiological processes and growth. Prolineplaysrgoortant role in stress tolerance. Its accumaitais the first response
of plants exposed to water-deficit stress in otdereduce injury to cells (Sankar et al 2007; Anjatral., 2011).It was
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negatively correlated with RWC. Similar resultsaibed in several drought-stressed plants su&oassnucifera

(Gomes et al, 2010) and sugarcane (Medeiros €0X8)2 Proline is an effective organic substafgegtioning
as well as an osmolyte conferring osmotic adjimstntin the detoxification of ROS and the cellul@bdization (Gao et al
2008; Kusvuran et al 2013; Ben Rejeb et al 201Bpr Gao et al (2008), a direct consequence of aehigroline
concentration was the relatively higher water retgj capacity.Drought stress generally causes deerm photosynthetic
pigments (Liu Y. et al 2011; wang et al 2014;Rdfaseand Manivannan, 2015). Nikolaeva et al (20&@prted that chla
and b deceased under severe drought stress whilg/attl ratio remained unchanged. On other hand, &tb ratio
significantly increased iBroussonetiapapyrifera andPlatycaryalongipes, but decreased i@innamomumbodinieri (Liu C.
et al 2011).The decrease in chlorophyll contenteundrought stress might be due to the increasetbitgcof
chlorophyllase leading to chlorophyll degradatigijitbkumar and Panneerselvam, 2013; Ajithkumar Badineerselvam,
2014) and thus to degradationof chlorophyll-pratemplex of the thylakoids under severedrought diomdi(Wang,
2014). Chlorophyll loss would contribute to thevsual of severely stressed plants by reducingaheunt of photons
absorbed by leaves (Munné-Bosch and Alegre, 208@)ae the proportion of PSIl (Ait-said et al 20E8). Jain et al
(2013), decrease in chlorophyll was due to decre@asélorophyll biosynthesis rather than its degitazh. Ait-said et al
(2013), working in situ on adult individuals &f lentiscus,found that carotenoids increase in summer. Thiferdihce
would be due to the development stage of the platgnsity, duration and rate of progression of stress (Chaves et al
2009).The MDA contents were significantly highersimessed seedling than in the controls(p=0,0016&. increase in
Azazga seedling was only 1,31 folds while it wa&82folds in Bouira seedling. This increase reactete level in both
populations (5,35 and 5,40 nmol/ml). It may be eauby the combined effect of the heat and drouditres Bouira
population could be more sensitive than Azazga die. increase has been generally observed in pteggsed. This
suggested that under combined environmental sgesseh as drought and high temperatures, Azazgalgimm were
more adapted than Bouira one. Under drought treatnbeth flavonoids and total phenolic compoundfediin various
studies; in some ones there was an increase (FBiadiehl 2013) and in others there was a decreatigei rate of TFC
(McKiernan et al, 2014) or no significant differenwith favorable conditions (Daniels et al 2019avienoid contents of
Quercusilex decreased generally in summer under drought, cadpa winter but their behavior varies at indiadllevel
of these substances. So, epicatechin, and epidagatlate showed no seasonal changes whereas stasomtions in
flavonol-hexosides decrease from winter to summBengsa et al 2009). Liu et al (2011) studying tvesett shruhsound
that flavonoids inCaryopterismongolica increased while they decreasedReaumuriasoongorica..Moreover,anthocyanin
content increased in both shrubs, indicating dfféregulation responses in the flavonoid pathwdgxieva et al (2001)
found that in pea and wheat plant anthocyanin canteas unaffected by drought while soluble phermbtent was
significantly increased. For Rajabbeigi et al (201drought and UV-B treatments affect phenolic peofvhile total

phenolic content remained unchanged.
CONCLUSIONS

In conclusion, P.lentiscustolerate drought stress by maintaining RWC at higkiel and accumulating
osmoregulator substances such as proline confeaemgotic adjust to the plant. However, itexhibiteidative stress
manifested by the increase of the MDA content agcrehse of photosynthetic pigments.ldentificatiod gquantification

of polyphenols and particularly flavonoids couldgh® understand the mechanismof tolerance ofgpésies.
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