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ABSTRACT

Aleppo pine (Pinus halepensis Mill.) plays an inmpot role in the ecology and landscape of differeotintries
around the Mediterranean basin. It is an esserg@hponent in reforestation strategy for limy sdailghe arid or
semi-arid climates. In the present study, in orteranalyze seasonal physiological and biochemitanges in
Aleppo pine trees in forest of Chettaba (regionanth-eastern of Algeria), leaf, stems and root gka® of the plant
were collected in 3 replicates during different se@ of 2015/2016. The findings suggested thatehwifes under
study changed with the season. In summer leavese tlias a significant difference in chlorophyll antents,
soluble sugars, proline and oxidase enzymes deBvifcatalase, peroxidase) as compared with otlerssns
samples. In stems and roots, proline rate and delsgligars had respectively increased in summer ardmn.
However, no significant difference was observeddtalase and peroxidase in stems. In summer, csdasnd
peroxidase content roots was significantly increasempared to the other seasons.

Key words: Aleppo pine, Seasonal changes, Chlorophylls, Selsbbars, Proline, Catalase, Peroxidase

INTRODUCTION

The Aleppo pineRinus halepensiMill.) is a conifer native to the Mediterranearyian. In Algeria, Aleppo pine,
considered the most important and dominant logasfiospecies covers a surface estimated at mane88t000 ha.
It is a typically Mediterranean species, easilydhle to various eco-climatic conditions, whiclamgs it the
privilege of being the most often used tree spdoi¢ise country’s reforestation programs [1].

In the Mediterranean climate, the rainy seasoruiind autumn and winter. Summers are hot with maestavinter
temperatures are mild (with a wet season startinQdtober and ending in April or May, followed byronths of
dry season).Temperature and precipitation have beeealed as important drivers for local adaptation
conifers [2]. Temperature can profoundly influenseed germination, seedling growth, productivity and
distribution of conifers, whereas precipitation fzadeterminative impact on variables such as soistare and
the length of a wet or dry season [3]. Temporal apdtial variation in temperature and precipitatg@m also
strongly influence the survival of conifers [4].

In extreme situations, high or low temperature sstes and precipitation events will ultimately caosztality.
Plants resort many adaptive strategies in respomsabiotic environmental stresses such as dehwydradind
excessive osmotic pressure. These adaptive medmanisclude changes in physiological and biochemical
processes. Among them, the accumulation of compasiblutes according to the metabolic responsesdtasn
much attention. Adaptation to all these stressessisociated with metabolic adjustments that leadthw®
accumulation of several organic solutes like sugpotyols, betaines and proline [5]. Accumulatidnsagars in
different parts of plants is enhanced in respoagké variety of environmental stresses. Variodk@s point to the
role of soluble sugars in the protection againstssies. Metabolization of storage reserves in tuwsperm of
cereal seeds is tightly regulated and has a prinpargtal role in the interactions among sugars, ABAd
gibberellin pathways responsible for the responsdréught [6]. A central role of sugars dependamdy on direct
involvement in the synthesis of other compoundsdpction of energy but also on stabilization of rbeames,
action as regulators of gene expression [7] angbsignolecules [8].
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Exposed to unfavorable conditions, plants will eigce oxidative stress which due to generatiorreaictive
oxygen species (ROS) will affect their growth [Bhrough the activity of enzymatic antioxidant sysseincluding
superoxide dismutase, peroxidase and propertiepecdxidase, catalase, polyphenol oxidase and blotst
reductase, plants fight against stress [10]. Asstiof peroxidase and polyphenol oxidase enzymgssitachio trees
increases in winter when trees are dormant dubgaold weather and its resulting oxidative str@$ss increase
helps the trees to tolerate the cold and resiSthie. activity of these enzymes decreased to th@maim during the
late winter and early spring [11]. In the presdotly, in order to delve into the physiological talece of pine trees
under temperature and climatic changes due todhsogal variations, physiological and biochemitalnges of
Pinus halepensiplants in forest of Chettabain north east Algerés studied.

MATERIALSAND METHODS

The Study Area

Forest of Chettaba is located southwest of Conseifflgeria). The estimate terrain elevation absea level is
865 meters. The study area is located on the nmggtaphic Constantine Scale 1/200 000 sheet Nhi#l1arated
between the coordinates 36°19'4" north latitude @&7#B'36" East longitude. The forest spreads ovearga of
2398ha and 94a. Extreme altitudes of the foresbdsit 1104 m (maximum altitude) and 652 m (minimaititude),

corresponding to each of them respectively follaMmnap coordinates: (x = 839, y = 344), (x '= 839:9; 340.3).
Its bioclimatic is semi-arid to sub-humid. The age annual rainfall is estimated between 670 afdn&® and the
mean annual temperature of the region is 18°C, aitfaverage of the warmest month above 35°C andaidest
month varies between 1.25 and 3.05°C. A large pimouping as the forest of Chettaba can be stufieits

entirety, especially when it concerns hundredseuftdwres to be treated in the detail. Our choideofethe Aleppo
pine which is one of the dominant species in tbisgt.

Analytical methods
Experiment was conducted during the year of 201820 he different tissues (leaves, stems and rog&se
collected, with 3 replication per treatment durtngumn, winter, spring and summer.

Chlorophyll
Chlorophyll a (Chla) and chlorophyll b (Chlb) wedetermined spectrophotometrically using 80% ace@mha
solvent [12].

Extraction and estimation of total soluble sugars

The sugar content in the extracts normally wasyaedl by a phenol-sulfuric acid method [13]. Thisocionetric
method determines only the amount of total sughings is the most widely used colorimetric methoddtde for
determination of carbohydrate concentration in agsesolutions. The basic principle of this methedthat
carbohydrates, when dehydrated by reaction witlcentnated sulfuric acid, produce furfural derivativ Further
reaction between furfural derivatives and phenektteps detectible color. The standard proceduteisfmethod is
as follows. A 2 ml aliquot of a carbohydrate sadatis mixed with 1ml of 5% aqueous solution of piiein a test
tube.

Subsequently, 5 ml of concentrated sulfuric aciddsled rapidly to the mixture. After allowing thest tubes to
stand for 10 min, they are vortexes for 30s andeaafor 20 min in a water bath at room temperatarecolor
development. Then, light absorption at 490 nmésrded on a spectrophotometer. Reference solutianprepared
in identical manner as above, except that the almuot of carbohydrate is replaced by DDI wateneTphenol
used in this procedure was redistilled and 5% phémovater (w/w) was prepared immediately before th
measurements.

Proline

Proline was measured in the youngest leaves usmgnethod proposed by BATES et al. [14]. Thus,ddf leaf
tissue was pulverized in 2 mL of 3.3% sulfosalicydcid and was then centrifuged at 4000 rpm fomi®at 4 °C.
Then, 2 mL of ninhydrin reagent and 2 mL of puracidl acetic acid were added to 2 mL of the resgléxtract in
separate tubes. The tubes were placed in a baiie-foarLh. Each tube was then vortexed for 15—-afiey adding 4
mL of toluene. After the formation of two separgibases, the colored upper phase was separatedthand
absorbance was measured using a spectrophotorhateraarelength of 520 nm.

Catalase (CAT)

Activities of catalase (CAT) were measured usirgriethod of CHANCE AND MAEHLY [15] with modificatim.
The CAT reaction solution (3 ml) contained 50 mVogphate buffer (pH 7.0), 15 Mm,8, and 0.1 ml enzyme
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extract. Reaction was initiated by adding enzymeaek Changes in absorbance of the reaction solat 240 nm
were read every 20s. One unit CAT activity wasrsdias an absorbance change of 0.01 unit'min-

Peroxidase (GPX)

Activities of peroxidase were measured using théhoteof CHANCE AND MAEHLY [15] with modification. Br
guaiacol peroxidase acivity assay the reaction urnet(3.0 ml) contained 0.1 M phosphate buffer (pla0¥
guaiacol (30 mM), KO, (30 mM) and 0.3 ml enzyme extract. Changes in riaswe of reaction solution at 470 nm
were determined every 20s. One unit GPX activity wafined as an absorbance change of 0.01 unit.riihe
activity of each enzyme was expressed on a progeiis.

Statistical analysis was performed using SAS saftwdlMean comparison was also performed using Duscan
multiple range test at £ 0.05.

RESULTSAND DISCUSSION

Results obtained from variance analysis indicateat there was a significant difference between gaanin
chlorophyll content and different seasons. The dmgland lowest chlorophyll a contents were obsemvesstimmer
and winter samples respectively. The difference significant (p<0.05). The highest chlorophyll bntent was
however recorded in spring which was not meanimgfdifferent from that in autumn and summer samples
(p<0.05). As with chlorophyll a, the lowest chlolgi b content was observed in winter which was niegfully
different from others seasons samples (Table 1).

Table 1. The contents of leaf chlorophyll of Aleppo pinein different seasons.

Chlorophyll contents (mg.6FW)  Winter Spring Summer Autumn
Chla 0.56%:0.025 0.942:0.040 1.562:0.070 0.783+0.029
Chla 0.22%:0.013 0.43%0.012 0.4220.018 0.41%0.015

The chlorophyll content is an important experimémqarameter in agronomy and plant biology resedfd].
Amount of chlorophyll shows alteration dependingmany edaphic and climatic factors such as temperdd 7],
water stress and fertilizing [18].

Chlorophyll content is also an important factor fawotosynthesis capability in plants. This studpwetd that
chlorophyll content in Aleppo pine trees changeshvthe season so that the highest and lowest dsnten
chlorophyll a were observed in summer (July) andtevi (January). As Table 1 suggests, during thetihsowhen
samples were collected, July and January had mawiamd minimum temperatures respectively. Photoggigh
one of the most heat sensitive processes, canrbpletely inhibited by high temperature before otfynptoms of
the stress are detected [19]. This photosynthesisedse could result from structural and functiaisduptions of
chloroplasts and reduction of chlorophyll accuniolaunder high temperature stress. Chlorophyll é acontents
were lowest in January when the average temperataseat its lowest point. The possibility of lowl@ophyll and
carotenoid content could be oxidative stress caulmedow temperature treatment [20]. Our results ehdeen
confirmed by the research of Aghaee et al. [21} tiodal chlorophyll concentration was reduced undeld

treatment. Habibi et al. [22] observed that the tewperature inducted significant decreases irctherophyll a
and b content as a result of the total chloropbghtent of leaves. As for chlorophyll b, the highesntent was
recorded in spring although the difference with mwenand autumn samples was not meaningful. Thigmnigar to

the study on three plant species reported by A243% \vho found that chlorophyll synthesis increadesng the wet
season when the moisture in the soil is high.

The highest leaf soluble sugars contents were wbdén summer which was meaningfully different fréimose in
the spring, autumn and winter samples (p<0.053téms and roots however, the highest and lowegbkokugars
contents were recorded in autumn and winter samplgsectively (Table 2). Results also revealed soéuble
carbohydrate contents in leaves were higher thasetin roots.

Table 2. The soluble sugar s contents of Aleppo pinein different seasons.

Sugars contentgufnol g* DW) Winter Spring Summer Autumn
Leaf 407+12.74 63@+19.18 85@+21.11 760F+18.32
Stem 306:13.41 516£15.13 546¢6.44  645+14.52
Root 220+10.42 398+13.45 426¢3.22  515+12.45

The soluble sugars content in the study also vawidll the change of season as the highest sug&erton leaves
were observed in summer with maximum temperatuck rmamimum rainfall in the region (the dry seasohie
increase in sugar concentration may be a resuhetlegradation of starch [24]. From the changdstad soluble
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sugar content in roots and shoots of tolerant ggest it was observed that soluble sugar conteméased at the
early drought stage in drought-stressed tissubstim tolerant genotypes. The current hypothedisassugars act as
osmotica and/or protect specific macromolecules ematribute to the stabilization of membrane stuites. In
general, soluble sugar content tends to be magdain the leaves of drought-stressed plants, affhaates of
carbon assimilation were partially reduced. The meaiance of soluble sugar content may be achievetiea
expense of starch, which drastically declines [#Zjidying seasonal variations in carbohydrateserdstof some
deciduous trees in mild climate, KRAMER and KOZLOWSY26] observed that total carbohydrates levels in
trunks and branches were at their peak in autuntheasees were shedding leaves.

On the other hands, the spring reduction in solabi®ohydrates content observed in the preseny,saggees with
KRAMER and KOZLOWSKI [26] and also SIVACI [27] whworked on the trunks of 3 apple varieties. Why
KRAMER and KOZLOWSKI attributed reduction of carbaliate contents in spring to increased respiradind
consumption of these carbohydrates for the grovithewv tissues, SIVACI [27] associated this with pipg the
buds and formation of new leaves.

Increase in soluble sugar contents through inversfcsome carbohydrates may contribute to enhadesitcation
tolerance and allows metabolic activity to be naiméd. This was in agreement with the results ofeskin another
study [28]. Starch plays an important role in acalation of soluble sugars in cells. Starch deptetio grapevine
leaves was noted by BONHOMME et al. [29] in resgottsdrought stress, too. Increase in concentraticoluble
sugars at high osmotic potential was simultaneopalglleled with decrease in the starch concentrati means
that the raised soluble sugar fraction was accoiegaby a sharp decrease in the starch fractiorhaswmater
potential dropped. This change increased the sol{gligar/starch] ratio in roots and shoots of bimierant
genotypes.

As for proline, the highest and lowest contentsleaves and roots were observed in summer and autumn
respectively and the differences between the sampieall four seasons were statistically meaningfs#0.05).
Additionally, proline content in roots was highbah that in leaves during the 4 seasons of studpléT3).

Table 3. The proline contents of Aleppo pinein different seasons.

Proline contentsufmol g* DW)  Winter Spring Summer Autumn
Leaf 3.97+0.020 2.8%+0.018 4.7+0.025 1.51%+0.012
Stem 2.980.015 2.66+0.016 3.50.016 1.8:0.013
Root 5.7$+0.023 5.280.026 6.4+0.028 4.3:0.019

The highest proline content was observed in sunandrwinter (July) when the temperatures were exdreédme of
the ways to deal with adverse effects of heat stnesy involve exploring some molecules that haeepibtential to
protect the plants from the harmful effects of higimperature. Proline, an amino acid, which isates in response
to diverse types of abiotic stresses [30] is oradsuolecule that has several roles such as turguergtion, storage
of carbon and nitrogen, as partial antioxidant,enolar chaperone stabilizing the structure of pngtenaintenance
of cytosolic pH, balance of redox status and asqfastress signal influencing adaptive responk@dJSHAL et al.
[31] found that supplementation of proline to tleathstressed chickpea plants enhanced the praoerailation to
about 63umol g DW that improved the growth at stressful tempem{é5/35 °C) compared to the plants growing
without proline at the same temperature. Previdusliess have demonstrated that proline applicationfers
protection to the plants growing under differendy of abiotic stresses such as osmotic, saltdBd]cold [33]
stresses. Our findings demonstrate the protecffeets of proline against heat stress not repostefar to the best
of our knowledge, at least in case of chickpeatplarhe mechanism of proline action in impartingtretress might
involve several cellular sites. For example, weigeat that the proline-treated heat-stressed plarperienced
reduction in stress injury measured as decreadanmge to membranes, improvement of chlorophyltesdrand
tissue viability. Additionally, the proline treatg@tints also maintained greater leaf water contert those growing
without it.

Proline plays a vital role in maintaining osmotialdnce in plants. The accumulation of proline maycfion in

preventing plants from being damaged by stress.fiBaeproline acts as osmolytes to facilitate osgalation, thus
protecting plants from dehydration resulting frooldc stress by reducing water potential of planiscg4]. In

addition, proline can also function as a molecualaaperone to stabilize the structure of proteinsalf as play a
role in regulation of the antioxidant system [35h increased free proline content protects thet @gainst the
stress. The study found greater accumulation @ m@line under cold stress, which may partiallgcamt for the
higher tolerance of plants to cold stress.
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Similarly, antioxidant enzymes activities showedssmal variations and for peroxidase and catalggness, the
highest and lowest activities in leaves were reedrih summer and winter samples. In stems, no mghni
difference was observed between catalase and pleiexactivities in different seasons. In rootspiidase enzyme
activities were also not meaningfully differentantumn and summer samples. However, there was aimyéa
reduction in peroxidase activities in winter andirsp samples. Also, catalase activity in roots sbdwa meaningful
increase from winter to autumn. The highest cagadasivities in roots were also observed in sumffiable 4).

Table4. The enzyme activities of Pinushalepensisin different seasons

Seasons Enzyme activity (mg.g-1FW) Winter Spring umsher Autumn

Catalase leaf 12.881.26 15.66+139 23.28+1.91 19.18+0.89
Catalase Stem 3€0.90 3.6+0.18 3.78&:0.32 3.19+0.18
Catalase Root 3.1%0.48 3.25:0.54 6.4+0.56 4.3+0.31

Peroxidase leaf 12.781.41 17.66+1.32 20.2&1.12 13.52:0.75
Peroxidase stem 2.39.70 2.65+0.15  2.75+0.13 2.64+0.21
Peroxidase root 2.340.42 2.1240.13 4.52+0.45 4.43+0.41

Antioxidant enzymes activities in this study alémwed variations with the change in season. Asai¢ mentioned
before, the highest temperature and lowest pretipit in the region under study occur in summercakdingly, the
findings suggested that antioxidant enzymes a@#/ihcreased in summer as the region experiengecbaditions.
In these circumstances, when there is maximum tiadiaclosing stomata as a reaction to water orpeyature
stress reduces CO fixation while photo reactioneladtron transportation is still carried out noligna

The exposure of plants to unfavorable environmesdabitions increases the production of reactivggex species
(ROS) such as, singlet oxygeiDg), superoxide (¢), hydrogen peroxide ¢.), and hydroxyl radical (OW The
ROS detoxification process in plants is essenbaltlie protection of plant cells and their orgaeelagainst the
toxic effect of these species [36]. The differendessubcellular localization and biochemical prdjeesr of
antioxidant enzymes and the distinct responsesie gxpression, in addition to the presence ofermymatic
mechanisms, result in a versatile and flexiblecidiant system able to control the optimum ROSIe{&7]. The
ROS detoxification systems include enzymatic and-@ozymatic antioxidant components [38]. Ascorl@teA)
and glutathione (GSH), non-enzymatic antioxidaméesaucial for plant defence against oxidative streplaying a
key role as antioxidant buffers [39; 40]. Other mrzymatic antioxidants involved include flavongigéenolic
compounds, alkaloids, tocopherol and carotenoidlk [4

Subsequently, ROS production contributes to thestiaction of the heat signal and expression of sieatk genes
[42]. Heat stress results in the misfolding of newynthesized proteins and the denaturation ofiagigproteins.
Protein thermostability is believed to be providadpart by chaperones, a specific class of protemzable of
assisting other proteins in proper post-translatiéolding and in maintaining them in a functios#te. In standard
growth conditions the HSPs control cellular sigmgliprotein folding, translocation, and degradattmut under heat
stress they prevent protein misfolding and aggregadnd also act to protect cellular membranes.ifeneased
production of HSPs occurs when plants experierntereabrupt or gradual increases in temperaturdtieg in heat
stress [43]. There are considerable variation$énpattern of HSP gene expression in differentispend even
among genotypes within species. Heat shock fa§té®d-s) are the transcriptional activators of HS®4.[HSF
regulation inArabidopsiswas shown to be positively regulated by small B8 co-chaperones of the HSP90
complex such as ROF1, and negatively affected bi &R binding protein [45; 46]. The HSP regulatioaynbe
achieved by a single “master switch” HSF or by tiodlective function of several HSFs, depending loa plant
species [47].

From the biochemical level, our results show thatdction of seasonal change results in variatiopsoline rates,
soluble sugars, chlorophyll and enzymes activi{fgsroxidase and catalase). In addition, these ti@ni differ
according to the relevant organ, probably reflertdifferent tolerance mechanisms of Aleppo pine Sommer
(unfavorable season).
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