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«@DUoIc KPUNTECOAI PIAEI>>
(otn @uon apeoel va kpuPBeTar)

HpakAeiTog

'Eva PIKPOOKOMIKO KOUUATI TNG «KPUMMEVNG» (pUONG npoondadnoa va anokaAlyw
Kal eyw MEOW aAUTAG TNG EPEUVNTIKAG e€pyaciac. MapdAAnAa pe auth Tnv
«anokdAuwn», avakaAUNTel KAvei¢ kal To PeyaAeio Tng ¢guUoNG, Tou omnoiou €va
eNaxI0TO PEPOG anoTeAei n avBpwnivn 1kavoTnTa dianioTwong Tou. AlgBdavopal
AoInov noAU TUXEPN Mou €xw Tnv duvaToTNTA va avakaAUnTw Kal va dianioTwve
TO PeyaAgio auTo KABe pépa PEOW TNG €vaoXOANONG MOU HE TO AVTIKEIPMEVO TNG
duaoioAoyiag duTwv.

'EXovTag aoknoel TNV NpakTikn hou oto EpyaoTtrpio duacioloyiac kai MopgpoAoyiag
dutwv, €ixa avakaAuwesr AdN TNV 101QiTEPN OMOPPIA TNV onoia KpuBel To
avTikeiyevo Tng duoioloyiag PUTWV KAl 1 onoia AanoTEAETE TO NPWTAPXIKO KivnTpo
yla TNV NEPAITEPW EVAOTXOANGCN UOU PE TNV £peuva.

H oAokAfpwon TNG napouoag €peuUvNTIKAG epyaciac dev Ba ATav €QIKTA XWPIC TN
OUJBOAR  Kal cupnapdoTacn TwV KadnynTwv Hou Kal ouvadeA@wV Hou. Q¢ &K
ToUTOU BEwp® UMNOXPEWOT HOU vVad avapEpw TOUC avBpwnoug ol onoiol cuveBaiav
Ta PEYIOTA NPOKEIPEVOU va oAokAnpwOei n napoloa epyaacia. EIdIkOTEPQ,

Oa nBeAa va suxapioThow Bepuda Tov Kabnyntn kar AlcubuvTth Tou Epyaotnpiou
k.l'ewpylo KapaunoupvimTn yia TNV gUnioTooUvn nMou pou £0€1&e Pe Tnv avadeon
TOU OUYKEKpIPEVOU B€upaTog, yia Tnv eniBAewn kai di1opbwon Tng napouaodg
MEAETNC. Enmiong BEA® va ek@pdow TNV guyvwpooUvn Wou yia Tnv yevvaiodwpia,
ME TNV onoia PHeETAAAPNAdeuae TIC NOAUTIMEG YVWOEIG TOU KAl KUPIwg Tnv aydnn Tou
yla Tnv €peuva.

Tic 101QiTEPEG €UXAPIOTIEC POU oPeiAw va dwow oTov AIdaKTopa K.Anpoabevn
NikoAdnouAo. H oupgpETOXN TOU O OAa Ta oTdadia TnG eknNOvNoNG TNG MEAETNG ATAV
avavTikataoTatn. Méow Tng kabodrynorng Tou, Twv €UCTOXWV MNAPEUBACEWY Kal
napaTnPAOE®V TOU UE €KAVE VA KATAVONOW NG N anAdTnTa Kai n oapnvela sivai
ApETEG.

Oa nbeAa va suxapioTiow Tov Kabnyntn k. Avdpéa Kapapdavo, o onoiog wg PEAOG
TNG TpiyeAoUC SUPBOUAEUTIKNG EmTponng, diaBace kal a&loAdynoe Pe NpaypaTikod
€vOIAQEPOV TO KEINEVO.

Tnv Enikoupo Kabnyntpia ka. Oikovopou- AvTwvaka FapupaAAid suxaploTew yia

TNV kKaBodnynon Kai Tn onuavTikn oudBoAn TNG oTnv napoulaoa gpyaaia.



Euxapiotw Tov AékTopa K. Mewpylo AlakOnouAo yia Tnv noAuTiun Bondesia kai yia
TIG CUMBOUAEG Tou kaB’ OAn Tn didpkela TNG napouoac pyaaiac.

Tic ouvadEéA@ouc Kal @iAec pou Ynowngia AiddkTopa kda. Sally Sumbelle kai
MeTanTuxiakr ®oITATpia Ka. XpioTiva KopylonoUAou euxapioT® yia Tnv Pondeia
TOUC 0t OAa Ta OTAdla TnNG €KkNOvnNong TnG MEAETNG. H EexwploTn Kal npeun
npoownikOTATA TNG Sally 0g ouvdudoud PE TNV « UWNA®V TAXUTATWV» Hovadikn
npoownikOTNTA TNG XpIOoTivaG METETPEWAvV TNV Ka®' OAd dNOTEAECUATIKN
ouvepyaoia pag og pia anpooueva euxapioTn eUnelpia.

EuxapioTw 131aiTepa Tov Ynown@io AiddkTtopa K.METpo Baxapidn yia tn Borbeid
Tou OoTnVv avdntuén Twv NEPapaToQUTWV OTO BEPHUOKNMIO Kal OTNV OTATIOTIKN
avaAuon, kKabwc kal yia TNV napaxwpnon HEPOUC TWV MEIPAPATIKOV O£dOPEVWV
TNG AIdaKTOpIKAG AlaTpIBg Tou. EmnAfov, O6a nRbGegla va euxapioTnow TOV
AleuBuvTn Tou EpyaoTnpiou lewpyiag Kabnyntr k.Avdpéa Kapapdvo kal Tnv
Enikoupo KaBnyntpia ka. Oikovouou- AvTwvaka FapupaAAid yia Tnv napaxwpnon
TOU XWPOU Tou Beppoknmniou.

Euxapiotw eniong Tnv nponTuxiakr @oITATpia ka. Apiadvn OIKovOopou yida Tnv
npoBupia kal NoAUTIuN BorBsid Tnc.

Oa nBeAa akoun va euxaplioTAow TNV @QiAn pou kKal Ynowneia AidAkTopa Kd.
lewpyia ToouAdkou yia TNV CUPNAPACTACn Kal KATavonaor, Tng, To XPOVIKO
d1GoTNUa €KNovnong TnG MEAETNG. KaTagépvel navra Pe Tov OIKO TNG Movadiko
TpONO va WETATPENEl TNV €PyacTnpIakr KabnuepivoTnTa O Mdia anpoopevn
euneipia.

TéAog Ba BeAa va €uxapioTNOW TNV OIKOYEVEIA Wou. Tn pnTEpa Hou, n onoia He
npoTpénel NAvTOTE va akoAouBw Ta Ovelpd Pou Kal Ta adéppia pou Mayda, Niko

kal Mapiva yia Tnv evBappuvon kal cugnapdoTacr Toug .
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ZUVTHNOEIG

Amax.a» MEYIOTN QWTOOUVOETIKN 1IKAVOTNTA avd enipaveia

Amax.m,» MEYIOTN PWTOCUVOETIKN IKAVOTNTA ava pada

Chla+by a, ZUVOAIKN OUYKEVTPWON XAWPOPUAA®V avd enipaveia
Chla+by m, ZUVOAIKI OUYKEVTPWON XAWPOPUAAWYV ava pada

Dy, MukvOTNTA TWV VEUPWOEWV ava GUAAIKN enipaveia

DW , =npo6 Bapog Tou pUAAOU

Js, 2TOMATIKN aywyInoTnTa

H, Huber value (TCA/DW)

Knp, ZUVOAIKI UBPAUAIKA aywyIHOTNTA TwV ayyeiwv Tou pUAAOU
LD, MukvoTnTa Tou pUAAOU

LMA, ®UAAIKA emipaveia ava pada

LT, Naxocg Tou pUAAOU

MBSD, AIGUETPOC TOU JEONIKOU KOAEOU TNG KEVTPIKNAG VEUPWONG TOU pUAAOU
MKnp, YOPAUAIKR aywyIuOoTNTa TNG KEVTPIKNG VEUPWONG TOU GUAAOU

MVCA, Em@aveia Twv ayysiov Tou aywyoU I0ToU TNG KEVTPIKNAC VEUPWONG TOU
®UAAOU

MVD, AIGUETPOC TWV ayyeimv Tou aywyoU 10ToU TnG KeVTPIKNAG VEUPWONG ToU

@UAAOU

M.Vulner., Vulnerability index, AeikTng kivduvou diakonng TnG oThANG vepoU oTa

ayyeia TnG KeVTPIKAC VEUPWONG Tou pUAAOU
Nm, ZUVOAIKO nepiexopevo alwTtou ava pala
Na, ZUVOAIKO neplexopevo alwTou ava snipaveia
Ph,, ZUVOAIKO NEPIEXOHEVO PAIVOAIKWV CUCTATIK®WV ava enipavelda
Ph,, ZUVOAIKO MEPIEXOHUEVO (PAIVOAIK®WV CUOTATIKWV avd pada

SBSD, AIGUETPOC TOU OedpikoU KOAEoU TwV OEUTEPEUOUCWYV HECAIOU HEYEBOUG

VEUPWOEWYV TOU pUAAOU

STOM.D, MukvoTNTa TWV OTONATIWV Tou PUAAOU



SVCA, Enm@aveia TwV ayyeiov Tou aywyou 10ToU TwWV OEUTEPEUOUCWYV HECAIOU

MEYEBOUC VEUPWOEWV TOU (PUAAOU

SVD, AIGUETPOG TWV ayyeiwv Tou aywyou 10ToU Twv OEUTEPEUOUCWY HECAIOU

MEYEBOUC VEUPWOEWV TOU PUAAOU

SVKnp, YOPAUAIKN aywyIpuoTNTa TwV JEUTEPEUOUCHOV HEGAIOU HEYEBOUG VEUPWOEWV

Tou pUAAOU

S.Vulner., Vulnerability index, AegikTng kivOuvou diakonng TnG oTnAngG vepou oTa

ayyeia Twv OEUTEPEUOUCWY VEUPWOEWY TOU PUAAOU
T., Aianvon
TCA ZuvoAIKr enipAveia TWV ayyeiwv Tou aywyou 10ToU Tou pUAAOU
TLS ZuvoAIKN €nIPAvela Tou QUAAOU
WPI, AgikTnc udaTikoU duvapikou

WUE(A/T), WUE(A/gs), ANoTEAECHATIKOTATA XPRong vepou
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EIXAI'QrrH

A. ITpooAnywn xat usta@opd vepou
Al . Tevika

To mo agBovo cuoTaTikd ot €va lwvtavd QuUTIKO KUTTApo €ival To vepo. H
NEPIEKTIKOTNTA O veEPO TWV MR EUAOMOINUEVWV 10TV KAl Opyavwv TwV
NEPICOOTEPWY KAAAIEPYOUHEVWV PUTWV KupaiveTal PeTagl 90-95%. (AIBaAdkic,
K.a., 2003). O1 uwnA&Gg auTéC NOCOTNTEG VEPOU OTOUG QUTIKOUG 1I0TOUG, avTiBeTa
MPOG AUTEG TwV UMNOAOINWV CUOTATIKWV, AVAVEMVOVTAlI OUVEXWG apoU To VEPO
npooAapBaveral ano To £3Apoc Kdl HEow TNG pidag Kal Tou BAaoToU PETAPEPETAI
npPo¢ Ta unéEpyela oOpyava yia va e€EatpioBei oTn ouveéxela and Ta QUAAQ.
JUYXPOVWG HEOW TNG METAKIVNONG AUTAG METAPEPOVTAl AVOPYAVEG KAl OPYAVIKEG

ouaieg anod Ta onueia Nnpoo®opac Npog Ta onueia nTnong.

Kata 1n diapkela TnG {wng Tou £va £TNGCI0 QUTO aneAeuBepwvel oTnV aTtudéopaipa
KUPIWG HEOW TWV oTopaTiov Twv GUAAwV (dianvon) noocdTnTa VEPOU MOU HMOPEI
va 100dUVapel e apKeTEG XIAIAGdeC QopeC To BAapog Tou (FaAdatng k.a., 2003). H
«@AOyIOTN®» aQuTR onaTtaAn vepouU dev gival Npoiodv evog €EeAIKTIKOU AdBouc, aAAa n
avano@euKTn ouveneia Tng AsiToupyiag Tng GwTooUVOECNG OTO ATHOOQAIPIKO
nepIBAAAov TNG Xépoou. Ta @UTA avTIHETWNI{OUV OUVEXWG TO OIAANMA: avoikTa
oToudaTia (anpookonTn PwTooUVOean, aAAd €vToveG anwAEgleg vepoU Kal ENOUEVWG
Kivduvog apuddatwaong) n KAeIoTd oTtopdTia (dia@UAagn anoBsudTwyv vepoU, aAAa
aduvapia apopoiwong CO, Kal ENOPEVWC KATAOTOAN TNG avanTuéncg); daiveral oOTI
TEAIK®OC Ta GUAAG d1aBETOUV PNXavioPoUG HECW TWV OMoiwV EMITUYXAVETAl O£ KABE
XPOVIKA OTIYMN O OUYKEPAOWOC METAEU Twv dUO auTWV avTipponwv TACEWV. To
OiIAANua Twv @uUTWV 1oYXUEl CUVEXWG Kal yia Tov avepwno- kaAAlepyntn. H
KaAAIEpyela  QUTIKOV 10wV €KTOC ToUu QuaoloAoyikoU Toug nepIBAAAOVTOC
avTigeTwnileTal Ye Tnv apdsuon. Aev €ivdl €ENOPEVWC TUXAIO TO YEYOVOG OTI N
apdsuon anoTeAei Tnv nNAéov noAuddnavn and nAsupac xpnong Vvepou

dpaoTnpIOTNTA TOU CUYXPOVOU avBpwnou.
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A.2. Idr0tTEG TOV VEPOD

-

£

H
. . . . HE0
To vepd anoTeAel avanoonacTo Kal avavTikaTtaoTaTo -

OUCTATIKO TWV  0OPYQVIOM®WV AOYWw TwVv 10I10HOpPWV

(PUOIKOXNMIKWV IBI0TATWV TOU HOPIoU TOU ol onoieg cuvowilovTal wG €EAC:

A.2.1. To vepO eival e§aIpeTIKOG S1aAUTNG

E€aitiag Twv dsopwv udpoydvou To vepd anoTeAel €EaIpeTIKO O1AAUTN MOAIK®V
EVOOEWV UETAEU TWV onoiwv cuunepiAayBavovTal Ta aAarta, Ta popia Twv onoiwv
dlioTavTtal og 10vTa 6Ttav diaAUovTdl oTo VvePO. AMoTeAsi eniong kal évav &icou
anoTeAEoaTIkKO JIAAUTN Kal MOAAWV HN 10VTIK®OV EVOOEWV, M.X. 0aKXApwVv Kal
anA@v aAkooAwv, Twv onoiwv Ta POpla dIaBETouVv MOAIKEG OMADEG OMWG TNV
UdpPoEUAIKn (-OH). H 1216TNTa auTr Tou vepoU o@eiAeTal oTn CUuMnEPIPopd Tou
Hopiou w¢ dInoAou AOyw Tou PEPIKOU diaXwpIGHoU TOU (pOoPTIioU KAl TOU OXANATOC
Tou Mopiou (oI evdopoplakoi opolonoAikoi Ogopoi PeTa&U Tou O kai Tou H
oxnuatifouv MeTa&U Toug ywvia 105°). Ta @opTioyéva 160vTa | ohdadsc Twv
0pYaVIKWV EVOOEWV nepifaiiovral and Ta dinoAa Tou vepoU Ta onoia gunodifouv
TNV avanTtuén NAEKTPOOTATIK®V QUVAPEWY PE ANOTEAEOUA AUTA va NApAPEVOUV O€
OlaAuUpEVN HOoP®N Kal va KIvouvTdl NAEov €AeUBEPA KAl CUVEN®C VA EUVOEITAl N
dleEaywyn Twv avTidpAoewV. AVTIBETWG, PN NMOAIKEG EVWOEIG, ONWC Ta AInidid, dev
dlaAUovTdl OTO VEPO Kdl PNnopoUv va cUpPBAAAouv oTn JldPeEpICUATONOINCN TOU
KUTTApou oxnuarifovrag MePBpdaves. Mn noAlkd TuAMATa poOpiwv Ta onoia
anwBouvTal and To vepd XapakTtnpilovral wc udpogofa kal ouvnlwc oe uddATIivo
nepIBAAAOV OUYKPOTOUV CUCCWUATOUATA HE Tn Hoppn otayovidiwv. TETolou
€idoug udpo@oBeg aAAnAenmidpdosic anoTeAoUvV Tov Kpiolgo napdyovra yia Tn
diatnpnon TnG JOMNG Kal oTaBepdTNTAG TWV HEMBPAVWOYV, MOAA®V MPWTEIVIKWV

MopiwV, VOUKAEIKWV 0EEWV Kal AAAWV UNOKUTTAPIKWY OOHMV.

A.2.2. To vepO B1a0£Tel UPNAR 181KNA OEppOTNTA

H 1016TnTa auTrh Tou vepou eival kaboploTiknG onuaciac d16TI anoTpEnovTal ol
Taxeiec au&ouelWOoEeIG TNG BepUokpaciac Twv opyaviouwyv. EKTOG auTtoU TO vepd
OUMNEPIPEPETAl WG OEPHOPOVWTIKO UAIKO Kal JEGO pUBHIONG TNG Bepokpaciag Twv

OpYAVIOU®V HE TN HETAPOPA BepUOTNTAG.
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A.2.3. To vepo S1a0£Tel uwnAn AavBavouoca BeppoTnTa eEATHIONG.

>NV  uywnAn AavBdavouoca BepuotnTa €EATHIONG o@eEiAsTal N WUEn Twv

UNEPBEPHAIVOUEVWV ENIPAVEIDYV, KUPIWS TwV PUAAWY, HEOW TNG dIanvorc.

A.2.4. To vepo napouoiadlel uwnAda onpeia nAENG kal Bpacpou.

>TIC 1010TNTEG QUTEG oPeiAeTal N eppavion {whc os uypd nepiBaiiov, apou To VEPO

Napapevel uypo o€ €va eUPoC NMIWV BEPHOKPATIWV.

A.2.5. To vepO napouciadel upnAn cuvoxn Kdl cuvageia

O1 1010TNTEC dAUTEC Tou vepoU eival

unelBuveg vyia TNV €U@avion  Tou KYTTAPIKO TOIXQMA

TpIXo€IdoUG  @aivopevou, OnAadr Tnv IYNAGEIA

aubo T aviywo Tou vepoU Ot
pUNTN ywaon p NG

OWANVEG MIKPAC dlapéTpou. H peTagopd

vepoU HEOW TOU NBPOU KAl TwV EUAWOWV
KYTTAPO ZYAOQY
MOPIA Hz0

ayyeiwv HMAOpEl va epunveuTeEl o’ éva

Badbuo kal Aoyw TPIXOEIdDWV (PAIVOHEVWV.

A.2.6. To vepO XapakTnpileTar WG ACUHNIECTO Kal napoucdialdel uwnAn

avToxr oThv Tdon

H uwnAf avToxr ortnv Taon anotpenel Tn Opalon Tng OTAANG Tou vepoU OTa
ayyeia, péoa orta onoia BpiokeTar und TAON. 3TN CUMNEPIPOPA TOU EMiONG WG
AOUMNIEOTOU UYpOoU OPEIAETAl N HOPPN TWV PUTIKWOV KUTTAPpWY, AOYW Tng doknong
nieong onapyng. H anwAeia vepoU €xel WG ANOTEAECNA TO HNAPACGHO TWV OpyaAvWV

KAl TNV anwA&ia TG apxIkhg Hop@ng Toug.

A.2.7. To vepo eival diapaveg

H opatn akTivoBoAia (400-700 nm) anoTeAei Tnv kivnTApia dUvaun yia Tn
QwTooUVOeaNn. To vepo eival diapaveg, v anoppoPa dnAadn oTnv opaTtnh NepIoxn
TOU QAopaTog. Katd ouvenela ol UPNAEG OUYKEVTPWOEIG TOU VEPOU dev anoTeAolv
eunddio yia Tn diEAeuon TNG akTIvoBoAiag auTrg OTO E0WTEPIKO TWV QUAAWV 1 TN

dieioduan Tng o heydia Badn uddativov palwv.
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A.2.8. To vepo AapuBavel HEPOG O NOAUGPIOHEG BIOXNHIKEG AVTIOPAOCEIG

To vepd anoTeAei kal €va onuavTtiko €vOIAueTo HETABOAITN MoAAwvV avTiOpdoewv
TWV QUTIKOV KUTTApWYV. ANoTeAei 80TN NAEKTpoviwv Katd TIC PWTEIVEC avTIOPATEIG
TNG PWTOOUVOEDNG, TOV TEAIKO JEKTN NAEKTPOVIWV TNG aAvanveuaoTIKAC aAuoidag

PONC NAEKTPOVIWYV, EVW CUPUETEXEI 0 avTIOpAoEIC udpOAUONG, oUKUNUKVWONG K.d.

A.3. Mnxaviopoi PETAKIVIO1)G TOV VEPOL

A.3.1. Aiaxuon: H kivhon Twv Hopimv kKatd HAKOG HIag diaBadpiong

CUYKEVTPWOEMV

To qaivouevo Tnc anAng diaxuoncg dev a@opd PoOvo To vePO 1 HOVO Ta uypda aAAa
onoladnnoTte poOpia oec onolodnnoTte pEoo. O XpOvVoC nou anaiTeital yia Tn
HETAKIVNON €vOG Mopiou KaTtd HAKOCG HIAC OIaBABMIONG OUYKEVTPWOEWV E£ival
avaAoyog ToU TETPAYWVOU TNC ANOCTACEWG Kal €EapTATAl onUavTika danod To PECO
evTOC TOU onoiou yiveralr n diaxuon. H peTakivnon Twv HOpiwv OTOUG QUTIKOUG
I0TOUG HEOw dlaxuong anoteAei C(wTIKAG onuaciag pnxaviogd o dUo Kupiwg
NEPINTWOEIG: € MIKPEG ANOOTACEIG, OTA MAQICIA TWV OPiIWV €VOG KUTTAPOU WG

diaxuan og uypn ¢acn, Kal aveEapTnTws andéoTaong wg didxuon os agpia gaaon.

A.3.2. Madikn pon: O HNXaviopog HAadIKnG HETAKIVNONG VEPOU Ot HEYAAEG

anooTACEIG EVTOG TOU PUTOU.

‘Evag dAAog TpoOMNOG PeETakivnong Tou vepoU eival péow TnG MAllkng pong nou
opeileTal og diaBaduion Tng nieong (Dixon, 1914; MaBaAdag, 1993; Tyree, 1997,
Steudle, 2001).H padikf pory TwV UYpWV OTOUC opyaviouoUC npaypartonolsiTal
MECW «OWANVWOEWV>», ONWC M.X. N PO TOU aviovTog XUMoU oTa ayyeia Tou EUAou.
TN nePIiNTwon €vog Hovrpoug owAnva, n TaxuTnTa PeTakivnong TG padag (Jy)
gival availoyn Tng TETApTng dUvaung TNG AKTIivag TOU CWANVA Kal avTioTpoOpwGg
availoyn TwV €0WTEPIKWV TPIBWV Tou uypou, dnAadn Tou 1Ewdoug (n). Ta PeyEdn

auTa ouvdéovTal JEOW TNG eEicwang Tou Poiseuille :
Jy= (Nr*/8n)*(AP/Ax)

J,: TaxUTnTa pong TnG padag os m3 st
AP: dlapopd nieong HeTa&l dUo onueiwv

Ax: anooraon YETAEU Twv dUOo onueiwv
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'Onwg gaiveral ano Tov TUNO n €€GpTnon and TNV akTiva Tou ayyeiou €ival noAu
Ioxupr, agou dinAaciacudg Tng akTivag dskasEanAaaoialel Tnv TaxuTnTa pong. H
pgadikn por, MeE KivnTnpla dUvaun TNV niecn, AnoTEAEl TOV KUPIOTEPO WNXAVIOUO

METAKIVNONG TOU VEPOU O€ PJEYAAEC ANOOTACEIC HEOW TWV AYYEIWV Tou EUAOU.

A.3.3. 'Oopwon: H =18IkA nepinTtwon Jdiaxuong nou npolnoBErer Tnv

Unap&n piag npINgpaTng pepBpavng

H oopwon anoteAei pia €10k nepinTwon d1dxuong Twv Hopiwv Tou J1aAuTn
(dnA.Tou vepolU). H dopn Kal Ta AEITOUPYIKA XApAKTNPIOTIKA TWV PIOAOYIK®OV
MeUBpavwyv enmiTpénouv Tn Oiodo Tou vepoU, kabwg kal xaunAou M.B. kai un
POPTIONEVWV HOpiwV, ev® neplopilouv TNV Kivnon HEYAAOUOPIWV 1 QPOPTICHEVWYV
MHopiwv  (ekAekTikry dlanepaTtdtTnTa). H peTakivnon Twv  popiwv  vepou
npayuartonoleital oXeTikd avepnddiota. To vepO KIVEITAI and MEPIOXEG XAMNANG
OUYKEVTPWONG OJIaAUMEVWY oucI®V (UWNARG OCUYKEVTPWONG Tou vepoU) npog
NEPIOXEC UWNANG CUYKEVTPWONG JIAAUNEVWV oUCI®OV (XAUNARAC CUYKEVTPWONG TOU
vepoU). To PETPO yia Tn duvaToTNTAa PETAKIVNONG ToU vePOoU PECW KIAG NUINEPATAC
MeEUBpAvng dideTal and TNV NApAUETPO MOU OVOUAlETal OOPWTIKO JUVAMIKO
dlaAUpaToc, We. H £€vvoia Tou oOPWTIKOU duvapikoU neplypagel Kal NpoBAENEl TN
METAKivNOn TwV Mopiwv Tou JIaAUTn MeTaA&U eAelBepwv OlaAUPATWV  JnA.
dlaAupaTtwyv oTta onoia Oev efaokeital nieon. lpokeigévou va epunveudei n
OUMNEPIPOPA TOU VEPOU COTIC NEPINTWOEIC MOU UMEICEPXETAl KAl N NAPANETPOC TNG

nieong kabiepwBnke n €vvolia dUVANIKO Tou vepoU, W,,.

A.4. To Sovapiko oo vepoo (1] vdaTiKo duvapiko)

To duvapiko Tou vepouU (water potential) anoTeAsi éva oxeTikd péEyeBog To onoio
ek@palel Tn dla@opd Tou duvVapIKoU ToUu veEpoU Ot dedOMEVN KATAOTACN OE OXEON
HE QUTN TOU ANECTAYPEVOU VEPOU UMNO KAVOVIKN aTHOOQAIpIKR nigon. Q¢ Tiun Tou
duvapikoU Tou aneoTaypevou vepoU opileTal auBaipeTwe To undév. Kata ouvéneia
To OUVaMIKO Tou vepoU uiag Oedopévng KaTaoTaong naipvel TiHeG and 0 (Tou
kaBapoU vepoU) kal apvnTikeG (o€ diaAlpaTa) kal ekppdleTal o PJovadeg nieong
MPa (Mega Pascal). Av vyia onoiodrnote Aoyo undpxouv MAalec vepoUu HE
O1a@OPpPETIKO duVapiko ot dUo nepioxec (f onueia) Tou @QUTIKOU OwPaToC Ba
npayudaTtonoin®si auBopunTn YeETapopd vepoU and Tnv nepioxn HE UPnAd duvapiko

NPOC AUTAV WE XANNAO SUVAHIKO.
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A.5. XpRion Tou J8uvapikoU TOU VEPOU OTNV EKTIHNON TNG UJATIKAG

KATAOTACNG TOV PUTIK®V IOTOV .

To duvapikd Tou vepoU Tou €3AQOUC, TNG ATHOOQPAIPAG N €vOC PUTIKOU IoToU
Jropei va ekTIPnOei og kGBe nepinTwon HPe Pia osipd peBddwvV. H ekTiynon autn
gival BegpeAiwdouc onuaciac €neidn n yvwon Tnc dila@opdc Tou duvapikoU Tou
vepoU HeTa&U OUo neploXwv unodelkvUEl Kal TNV KATEUBUvOn HETAKivnong Tou

vepou.

H Tiun Tou duvapikoU Tou vepoU anoTeAsl eniong €va PETPO TNG evOeXOUEVNC
udaTIKNG KATANovnong €vog gutou. MNa kabs ¢utd unapxel éva W, KaTtw ano To
onoio oTapaToUv ol AEITOUPYIEC TOU KAl n Kpioiyn TiWn Tou W,, €€aptdral and To
€id0C¢ Kal TNV 1KAvoTNTa NPOCAPHUOYNG N EYKAIMATIONOU Ot Enpd nepifaAiovTa.
'Hria éAAeipn vepoU odnyei og napeunodion Tng au&énonc. ZoBapn €AAsIwn vepouU
odnyei 0g KAEIOINO TWV OTOMATIWV Kal EJUECWC OE HEIWON TNG PWTOCUVOETIKNG
dpaaoTnPIOTNTAG KAl avaaToAn TNG KUTTApPIKAG diaipeonc, TG oUvBeang NpwTEiVOV
Kal ANV OOHIKWV Kal AEITOUPYIK®WV Blogopiwv. KaTta cuveneia, n PETPNON Tou
duvapikoU Tou vepoU evoc @uToU pnopei va npoadiopiosl To HEyeBog TNG uddATIKNG

KaTanovnong.

A.6. H nopeia Tou vepoU pHE€oa OTO PUTO.

H kivnon Tou vepoU oTo PUTO €ival GUVEXNG aAAG OXI odolopop®n. To vepO KIveiTal
WG UYypO PECA oTo £0a@og, anoppo®dral ano Tn pifa, PeTa@EépeTal ota QUAAQ
MEOW Twv ayyeiwv Tou E&EUAou, TpogodoTei Ta KUTTApA TOU QUAAOU Kal
aneAeuBepwVETAl WG AEPIO NMPOC TNV ATHOOPAIpa PECW Twv oTopaTiov (Hopkins,
1995; Zeiger, 1998; raAartng k.a., 2003). O1 ynxavioyoi g€ kKABs nepinTwaon €ival
diapopeTikoi (AIBaAdkic, k.a., 2003).
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A.6.1. To VEPO OTO £3a(POG.

To vepd oTo €dagoC anavTdaTdl €iTe
ot €AeUBepn  poOpPOPN HETAEU Twv
£3aPIKWV nopwv &iTe 0c xaAapd
OEOUEUNEVN HOPPH, AOYW TPIXOEIDWV
duvapewv  OTa  TpIXosidy  Tou
£3APoUG, €iTe 0 NANPWC OECUEUHEVN
HOp(pr oTa £da@IKA OPUKTA Kdl TNV
opyavikn oucia Tou €ddagoug. H
Kivnon Tou €dagikoU vepoUu ano
neploxf o€ Meploxn €€apTaTal ano TIC
KaTa ouvéneia

dlapopéc  nieong

NPAyuaTonoleiTal Kupiwg MECW TNG
paldikng pong. EEaipeon anoteAolv Ta
aAaTouxa oTa

edaen, onoia n

diaxuaon anoTeAei onUavTiko
napdyovrta HeTAKivAonNg AOYw TNG
augnuevng

£0a@ikou diaAUupaToc.

OOMWTIKNAC nieong Tou

NMPOZAHYWH & META®OPA NEPOY

I KyTTAPA

= MEIOGYAAOY
Wela 10010

~100.0 MPa

DYAAD

Y. 70MPa
HETOKUTTARIWY WPy

W= —1.0 MPa
RUTTERIKIIV TOIWPETWY P

°3 KYTTAPIKA
TOIXQMATA

AEIMOI
YAPOrONOY

- 1

ETADOPA NEPOY
J MEIQ TON AFTEION

g0 o

MOPIO NEPOY

D 080,
S

TPIXIAIO

EAADIKO
TEMAXIAIO

! NEPO

Y= 0.6 MPa
Euhiparog pilag

Y= -0.3MPa
eBdgoug

AMNO TH PIZA

A.6.2. MpOocAnywn ToU VEPOU anod Tn pida

H anoppo®non Tou vepou ano Tn pila €ival duvarr, €@ocov To duvauikd vepou

Tov pilwv €ival XaunAotepo and 1o duvapikd vepoU Tou £dagikoU dIaAUupaTog

(MavéTag, 2005). O1 ynxaviouyoi PE Toug onoioug anoppo®d n pila To vepod dev

gival nANpw¢ yvwaoToi.

H Odopnl TwV KUTTAPIK®WV TOIXWHATWV EUVOEI

TNV

npoopopnon Tou vepoU O AUTA KAl OUVEN®G TA KUTTAPIKA TOIXWHATA anoTeAolv

TNV KUpia 000 peTakivnong vepou.

AOYy®w TOU UdpOQOPBOU XAPAKTNPA TNG

KUTOMAGQOMATIKNG MEUBPAVNG N €i0od0C TOoUu vepPOU YIVETAl HECW MEPBPAVIKWOV

NPWTEIVIKOV QOpEwV, TIG udponopivec. MeTd Tnv €i00dd0 Tou oTa €ndEpUIKA

KUTTapa f ora pidika Tpixidia, To vepd KIVEITAl w¢ TNV &vdodeppida HEow OUO

EVAAAAGKTIK@OV 00WV: d. CUUNAQOPIKA HEOW TOU KUTOMAAGOWATOC TWV KUTTAPWV KAl

B. anNonAdoPIKA HECW TWV KUTTAPIKWV TOIXWHATWV KAl JECOKUTTAPIWV Xwpwv. H

anope \wpevn evdodepuida anoTeAsl @pdayua oTnv anonAdopikn Kivnon Tou

vepoU, TO onoio &&avaykadleral

nAéov va kivnodei

OUMMAGQOMIKG MECW TWV

NEPIKAIVOV MEPIOXWV TWV KUTTApwV Tng gvdodeppidac. H kivnon autn BeswpeiTal

OTI ogeiAeTal oTn diagopd dUVAMIKOU TOU VEPOU TWV KUTTAPWY KATA TNV akTiva

17



TnG pifac uExp! Ta ayyeia Tou EUAoU. AnoO Ta ayyeia Tou EUAou TNG pidac To vepd

KIVEITAl NPOC TO UNEPYEIO HEPOC HECW TOU O1ANVEUOTIKOU peUPATOC.

Yno opiopéveg NnpoUnoBEoeig, KUPIOTEPN and TIC OMoIeC €ival n EAAEIWn dianvonc,
N pifa evdexeTal va ekONAWOEl To Paivopevo TNG pIGIKAC nieong. H eKAEKTIKA
npocAnwn and 1o €da@iko didAupa Twv anapaiTnTwyv 1IOVTWY Kal N TEAIKN A@I&n
TOuG oTa ayyeia Tng pidac auavel Tonika Tn CUYKEVTPWGN TOUC, dpa au&avel Tnv
OOMWTIKN Mnigon Tou vepoU TWV ayyeiwv Kal Katd OUVENEId HEIWVEl TO UDATIKO
duvapikd. Enopévwg eio€pyeTal To vepd oTa ayyeia and Ta napakeiyeva kUTTAPQ,
au&avovTag Tnv udpoaTaTikn nieon orn Bdon Twv ayysiwv. H uwpnAn udpooTaTikn
nieon orn Baon Twv ayyesiwv, av ouvodsUeTal anod XAPnAoTeEpn nieon O
UWPNAOTEPO ONMEiO TOU aywyoU CUOTRAHATOC, WNOpei va npokaA£oesl padikn pon
vepoU npoG Ta ndvw. To @aivopevo TnG pIJIKNG Nieong KNopei JOVOV €v HEPEI va
EPUNVEUCEl TNV MPOC TA NAvw Kivnon Tou vepoU oTov BAAoTO, dedopévou OTI

gupavileTal yovo anouaia d1ANVonG.

A.6.3. H kivnon Tou vepoU oTa ayyeia

H avodikn kivnon Tou vepoU oTa ayyesia Tou EUAou dOev pnopei va anodobei
anokA&IoTIKG oTn pIJIkA nieon f o Tpixo€ldr gaivopeva. H perapopd vepou o€
HEYAAEC dNOOTACEIC MEOA OTO QUTIKO owpa anaitei Tnv  unapén evoc
noAunAokoTepou pnxaviopou. H dvodoc Tou vepoU oTo BAAoTO 0 UWOC AV TWV
100m n.x. ota yiyavriaia kwvopopa, 0ev €xel NANpwG €EnynBei (AIBaAdkig, k.a.,
2003). Ta neipapatikd dedopéva wOTOGO CUYKAIVOUV MPoG Tn MEPIKN TOUAAXIOTOV
eniBeBaiwon Tng Oewpiac ouvoxnc—Taong nou JdiaTunwbnke Tov 19° aiwva.
SUppwva Pe Tn Bewpia auTrh, N CuveXNC anwAsia udpaTUwy and Ta PUAAA PEOW
TNG 81anvong NPokaAei NTwaon Tou duvapikoU TwV KUTTAPWV TOU HECOPUAAOU TO
ornoio avanAnpwveTal PEOW TWV ayyeiwv Tou EUAou. KaTd ouvénela, undapxel
dlapopd nieong NETAEU TNG BAONC KAl TNC KOPUPNC TWV ayyeiwyv, n onoia npokKaAsi
padikn pon vepou (kal dIaAUNEVWY OUCI®V) ano KATW Npog Ta nNavw. Enopévwg, To
vePO avTA&iTal avappo®nTika Npog Ta GUAAA Kal n aitia Tng apvnTIKAG Nieong oTnv
Kopupn Twv ayyeiwv eivar n dianvorn. H AsiToupyia gvdg TETOIOU pPNXAviopou
gvEXel Tov Kivduvo OIaKOMAG TNG ouvexoUC OTAANG vepoU PECa oOTa ayyeia Tou
EUAou (Tyree and Sperry, 1989; Sperry et al., 1993), n diaTApnon TNG onoiag

gival anapaitnTn npolndBeon. H cuvéxeia TnG oTHANG eEac@aAileTal dIoTI:

m To vepd napouoidlel YnAf OuvaA@EId PE TA KUTTAPIKA TOIXWUATA TWV

ayysiwv ouven®wc n anoconacn vepoU and Tnv empaveiad Toug dev €ival

EUXEPNG
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m To vepd napouaialel uwnAn ouvoxn METAEU TwV POPIWV TOU EMOPEVWG N

Bpauon TNG oTAANG Oev €ival EUKOAN

m Ta 1oxupa AlyviTonoinuéva KUTTApIKa TOIXWHATA TwV ayyeiwv Tou EUAou

dev KIvOUvVeUoUV ano katappeuon AOyw TAOEWC

H dnuioupyia gpyBoAwv dnA. puoaAidwyv aépa oTa ayysia kalr Bpavon TNG oTAANG
£xel napatnpndei otn pifa (Alder et al.1996, Linton and Nobel, 1999; Sperry and
Hacke, 2002; Sperry et al., 2002; Domec et al., 2006), otov BAaoTd (Sperry and
Tyree, 1988; Cochard, 1992; Hangrave et al, 1994; Hacke and Sauter, 1995;
Jarbeau et al., 1995) kal ota QUAAa (Salleo at al., 2001; Stiller et al., 2003;
Nardini et al., 2003). H OJnuioupyia euBoAwv unopei va napartnpnBei uno
OPIOUEVEG OUVONKEC KaTanovnong onwc n ooPapn €AAsIPn vepoUu oTo £30aQOg,
TpaupaTiopoi Tou ayyelakoU OUOTANATOG, Beppokpaciec nayeToU Kal NPooBOAEC

and naboyova.

H avTigeTonion Twv avembuunTwv ePBoAwv npayuartonoleitar and upia osipd
MNXaviopoUg 6nws N Napakapyn Tou npoPBAnUATikoU ayyeliakoU PHEAOUG HECW TWV
BoBpiwv kal PeTakivnon Tou vepoU and Ta evanopeivavTa AsiToupylkd ayyeia pe
MEIWPEVOUC OPwG pubpouc. EminAéov, n napoucia oTevwv ayyeiwv, nap’ oOTi
au&avel TIC avTIOTACEIC OTn pPON, OUVEICQEPEl OTNV ano®uyn Jonuioupyiag
@uoaAidwv, apou evioxUel TIG duvapelc ouvagelag (Carlquist, 1977; AIBAAAKIC,
K.a., 2003. 'ETol, uUTA nou €Xouv NpooapuooTei o Enpda nepiBadAlovTa diabBETouv
oTeEVOTEPA ayyeia and ekeiva nou eudokipgoUv O uypd nepifaAlovra. AKOMN
unapxel n duvartoTtnTa JdiaAuTonoinong Twv QUOaAidwv kata Tn didpKkelia TG

vUXTag AOYw Tou KAEICINATOG TwV OToNaTiwV aAAd kal TnG evoeXOUEVNG avanTugng

pIYIKNG nieong.

A.6.4. Aianvon kail ZToHaTia

Epooov n emdeppida Twv QUAAWV KAAUMNTETAlI and TO KNPWOEG OTPWHA TNG
€puUuevidac To onoio xapakTnpileTal and 1d31qiTepa HIKPR dlANEPATOTNTA OTOUG
udpaTpoug kal oto CO, N anapaitnTn avraAiayn aspiwv PeTA&l ToU €0WTEPIKOU
Tou @UANOU Kal TnG €EWTEPIKNG aATUOOMAIPAC MNPAYMATOMNOIEITAl HECW TWV
€ELIDIKEUNEVWY NOPWV TNG QUAAIKNG €nipaveiac, Ta oTopdTia. H @uololoyikn
onuaocia Twv oTopaTiwv eival 131aiTepa onNUAavTIKA Kabwe Pe To EVvEPYO AVOIYHA Kal
KAEIOIUO ToUug eAEYXETAl N avTaAAayn Twv agpiwv CO, kal O, YETAEU Tou QuTOU Kal
Tou evaépiou nepiBairovrog(Apooconouroc, 1998). To avolyua TwvV OTONATIWV Yia
TNV anpookonTn £icodo Tou CO, OUVENAyeTal TAUTOXPOVN AnWAEld vepoU HE TN

Hop®pr udpaTuwv (dianvon) apa kai Kivduvo apudaTwaonc.
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H Oianvon dev npénel va avTiHeTWNI(eETal AMOKAEIOTIKA WG HIA avanopeukTn
dladikacia anwAeiwv vepoU, dIOTI HEOW aUTNG ekTeAoUvTal dUo {WTIKNG onuaaiag

AEITOUpYiEG:

B H wiuin Twv QUAA®V AOYw TNnNG €EATMIONG TOU veEPOU, apou HEPOG TNG
evépyelag akTivoBoAiag nou npooninTel oto GUAAO KAaTavaAwveTdl yid Tn

METATPONN TOU vepoU ano uypd os agpio.

m H diatpnon Tou dianveuaTikoU pelpaToc HECW TOou omnoiou eival duvaTn n
ouvexnc por vepoU dia PEOOU TWV ayyeiwv Tou EUAou, suBUveTal Kal yia
TNV Tpo@odooia TwV UMEPYEIWV OpYyavwyvy HE TA anapaitnTa BpenTika

ogTolxeia Ta onoia oupnapacUpovTadl ano To SIaKIVOUHUEVO VEPO.

SUVENWCG N AsIToUupyia TwV OTOMATIWV OUVEICPEPEI OTOV EAEYXO TNG Bepuokpaaciag
TOU eAAOPATOC TOU PUAAOU, oTnv diaTripnon Tou dIanveuoTIKOU peUPATOC Kal oTn
pUBuIon Tng udaTikng katdoraong Tou @uToU (Farquhar and Sharkey, 1982
Hopkins, 1995; Zeiger, 1998; aAdTng k.a., 2003).

H ouvexrc anwAegia vepoU and Ta oToUATIa OQPEIAETAI KUPIWG oTn dlagopd oTn
SXETIKN Yypaoia nou enikpaTei ouvhABwG PETAEU Tou sowTePIKOU Tou (PUAAOU Kal
TNC aTtuyoogaipac. To VEPO Mou ednoTilel T TOIXWUATA TWV KUTTAPWV TOU
HEGOQUAAOU €EaTpileTal Mpoc TNV €0WTEPIKA aTHOOPAlpd Tou QUAAou, dnAadn
OTOUG KevoUC MECOKUTTAPIOUC XWPOUC Kal OTOV UMOOTOMAdTIKO BdAapo. H
E0WTEPIKN ATHOOPAIPA TOU PUAAOU BEWPEITAl NPAKTIKWG KOPETHUEVN O UdpaATHOUC
uno OAeg TIG ouvlnkeg (FaAatng k.a. 2003, AiBaAdkic k.a. 2003) evw n OXETIKN
uypaocia Tng eAelBepng aTtudoPaipac ouvABWC BPIOKETAI APKETA XAUNAOTEPA Tou
80% pe anoTéAeopa n diagopd auTr va avTinpoowneUel Yia noAU uwnAn diagopd
udaTikoU duvapikoU, n onoia NpokaAei TNV €€0d0 Twv UdPATU®Y aANO TAa CTOUATIA.
H TaxUTnTa pong Twv udpaTuwv PESWw TnG dianvong (Ju.) Oev €EapTartal povo ano
Tnv dlagopd udaTikoU JduvapikoU aAAG kal anod TIGC avTIOTAOEIC Mou
napeyBaiiovral ornv ££0d00 Tou vepoU anod Ta QUAAA. AedopEvou OTI N TIPA TAG
dlapopdc udaTikoU duvapikoU dev emdEXETal pubuioeig, n av&non oTnv TIPNA TWV
avTioTaoswv anoTeAei Tn Movadikr duvaTtoTnTa MePIOPICUOU TWV JIANVEUCTIKOV

anwAegiwv. O1 pegoAaBoloeg avTIOTACEIG KATA OEIpd OUVAVTHOEWG €ival ol €ENG:

® H avtioraon Tou pegdPuAAoU R, N onoia ekppalel Tn «duokoAia» diaxuoncg
TWV UOPATHWV OTO E0WTEPIKO TOU PUAAOU. DUAAG ECOWTEPIKWG cuuNayn He
NEPIOPIOPEVOUG  PECOKUTTAPIOUG XWPOUG, napoucialouv  uywnAoTepn
avTiotaon. ZUVENWCG N avrtiotaon autn €Eaptdtal and avaTodika
XApaKTNpPIOTIKA Kal BewpeiTal nadnTikh agou Bpaxuxpodvia dev pnopesi va

METaBANOEI.
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® H avrtioTaon Twv otopaTtiwv, Rs n onoia anoTeAsi Tn Yovadikr NApAPETPO
nou enIdEXeTal evepyd puBUION, HEOW TWV QUEOUEIMOEWY TOU €UPOUC TWV

OTOMATIKWV NMOPWV.

B H avTioTaon Tou opiakoU oTpwuaTog, R, n onoia ek@palel Tnv avTioTaon
nou npoBaAAeral Aoyw TnNG UNap&nc oTpWHATOG UdPATH®V KAIMAKOUMEVNG
OUYKEVTPWONG NAvw ano Tnv enipavela evog GpUAAOU, TO OpIAKO OTPWUA.
To naxog Tou OTpPpWHATOG €ival avTioTpOPpwe avaloyo Tnc TaxUTnNTag Tou
avégou kal au&avetrar and Tnv napouadia TPIXWV N AAAWV avayAupwv
OXNUATIOHWV KaBwg Kal ano Tnv guoTpo®r TwV QUAA®Y. Ol TPOMonoInaoeIg
QUTEC €XOUV WC ArMOTEAEOHA Ol €EgpXOMEVOI UDPATHOI ANO Ta CTOMATA 1 TNV
g@uuevida va Odiaxéovral OTO OXETIKA adlaTApaKTO OpIdKO OTPpWUa,

au&avovTac Tn OXETIKA uypaacia Tou.

m H avtiotaon TnG e@uuevidag, R. n onoia e€ival NoAU peyaAn kai
avantuoogeTal NapdAAnAa mpog TIGC UMOAOINEG AVTIOTACEIG. [a Tov AOyo
auTo, n OXETIKA TNG €nidpacn oOTIC anwAEIEG vepoU and To PUAAO yiveTal

onNMavTikn Jovov OTav Ta oToudTIa ival EVTEAWG KAEIOTA.

O1 avTioTdoeig R, KAl Rg ouvdgovTal JeETAEU TOUG €V OEIPA KAl EMOPEVWG N CUVOAIKN)
avTiotaon e€ival To aBpoiopya Twv OUO enipépouc avTioTdoswyv (AiBaAdkic K.a.
2003). & OUVBNKEG akOWn KAl XapnAAg TaxuTtnTag avéuou n avTiotaon Twv

oTouaTiwV gival KaTa noAU yeyaAlTepn TNG avTioTaong Tou oplakoU OTPWHATOC.

A.6.5. NMNapayovTeg nou emidpoUv oTnVv TaxuTnTa 3iIanvong

A.6.5.1.Enidpaon Twv avaTtouik®V XdpdKTNPIOTIKOV TWV QUAAWV.

'Onwc npoavapepdnKe, n avrioraon Tou HedOPUAAOU R, napouacidleTal uynAoTePN
Oc MNEPIOCOTEPO CUMNAyr @UAAD. QC anoTEAEOPa, O XAPAKTNPAG <«OUMMNAYEG
@UANO» OuoxeTiCeTal Pe TNV endpkeld vepoU oTo NePIBAAAOV. ZUVENWG O€
nepiBaAlovra orta onoia n OiaBsoipdtTnTa vepoU KabBioTaTtal MEPIOPICTIKOC
napayovrac¢ yia TNV avantuén Twv QUTOV, OuvnBwc enikpdTtoUv &idn HE
«guunayn» @UAAa. ®UTA Pe xaAaprn €OWTEPIKN APXITEKTOVIKN TwV (PUAAWV nou
dlaBiwvouv oTo idlo nepiBaAiov opeilouv va OiaBEtouv PBabu pifikd oloTnua,
woTe va eEao@aAileTal n ouvexnc napoxn vepou I va CUVTEAEITAl N avanTu&n Toug

MOVO KaTda TNV uypn €noxr Tou £Touc.

Kpioiya avaTouikd XapakTnpioTika anoteAoUv o apiBuog, ol diaoTaocslg (MAKOG Kal
nAdToc), n KaTavoun kai n 6€on Twv oTopaTiwv otnv emdepuida (Maverag, 2005).

O apiBuoc Twv oTouaTiwV MOIKIAEI Kal AOYIKA avaueévovTal QUENUEVEG AnWAEIEG
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vepoU au&avopévng TnG NUKVOTNTAG TWV OTOMATIWV. QOTOGO N NUKVOTATA TWV
oTouaTiwv dgv OoUoXeTI(eTal NAvTa Pe TV TaxuTnTa dianvong didTI eKTOG anod Tov
apiBud Twv oTopaTiov onuavTikd poAo nailouv kal ol dIaoTACEIC TOU OTOMATIKOU

nopou.
Eniong n kartavoun Twv oToMaTiov oTnv
T '{ EMIPAVEId TOU QUAAOU E€XEI  ONMAVTIKN
__'\ /' \ /_ enidpaon ortnv TaxutnTta dianvonc. AuTo
oQeiAeTal agTo oxXnNuUaTiono evoc

nuioeaipikot  KeAU@oUg  diaxuong  HE

\T)&T)&T/‘ UWnAn OXETIKA uypacia navw and kdabe

oToddTio. Ano Tnv enipdaveld autoU Tou

KeEAU@oOUG Olapelyouv ol udpaTuoi npog
TNV eAelBePN ATHOO@AIPA. TNV OMOIOPOPPN KATAVOWN OMNoU Ol anooTAoEIG HETAEU
TWV OTOMATWV €ival NApOMOIEG, TO OPIAKO OTPWHA NApoucialel HEIWHEVO NAXOG
OTIC MECOOTOMATIKEG MEPIOXEC. 2ZTNV MeEPINTwon woTdoo Unapéng opdadwv
oTouaTiwv (Katavoun KaTtd ounvn), Ta KeAU@n diaxuong aAAnAoenikaAunTovTal Je
anoteAéopa Tnv au&non Tou nNAXOUG TOU OpldkoU OTpwuaTtog dpa Kdl TngG

avTioTaong auTtoUu Kal KaTtd CUVENEld Tn Peiwon TN TaxuTnTag dianvong.

A.6.5.2. Enidpaon Twv PeTABOA®Y TOU QuUOIkoU nepifaAAlovrog oTtnv_TtaxuTtnra

dianvoncg

O1 nepiBaAlovTikoi napayovreg nou emdpolv oTnv TaxutnTa dianvong eival ol
g&gng:

B ATUOOQAIPIKA OXETIKN uypacia: Aedopévou OTI N €0WTEPIKN ATHOOPAIPA
TOU QUAAOU BewpeiTal Kopeopévn, n dlagopd udaTikoU duvapikoU UETAEU

Twv dUo onueiwv eEapTaTal anod TNV OXETIKA Uypacia Tng aTHOo@alpac.

B Oegpuokpacia (PUAAou-agpa): H Bepuokpacia ennpedlel Tn HEPIKN Migon

TWV UdpaTUHWV TOOO OTO €0WTEPIKO TOU QUAAOU 000 (KUpiwG) kalr oTnv
e\eliBepn aTpoOo@alpa. Enopévwe auEopeinaelg TNG Beppokpaaciac Unopei va
MeTaBaAAouv Tn diapopd PEPIKWY NIECEWV N onoia gival avaioyn npog Tnv

TaxuTnTa d1axuonc Twv udpaTU®V.

B Taxurtnrta avépou: Or peTaBoAEC oTnv TaxUTNTA TOU aveEPou ennpealouv To

Naxog Tou opiakoU OTPWHATOC CUVEN®G KAl TNV avTiotacn Ry,
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A.6.6. MapAayovTeC NoU eNIdpoUV OTIC OTOHATIKEG KIVIOEIG

A.6.6.1. ®Q> KAI AIO=EIAIO TOY ANGOPAKA: AAAHAENIAPAZEI> ME TH
PQTOZYNOEZH

A10&eidio Tou avBpaka

H enikpdTnon XapunA®V OUYKEVTPWOEWY CO, OTO E0WTEPIKO EVOC PUAAOU NPOKAAEI
Avolyha TwV OTOMATIOV, eV UWNAEC OUYKEVTPWOEIC CO, npokaAoUV To KAEgigIyo
(Hopkins, 1995; Zeiger, 1998; NaAdaTtng k.a., 2003, AiBaAdkic k.a. 2003). Me Tn
pUBUION AUTA ENITUYXAVETAl O CUVTOVIOHOG TNG PWTOOUVBETIKAC AEIToUupyiag PE TO
MNXaVIONO TWV  KIVACEWV TWV KATAPPAKTIKOV  KUTTAPWV. € OUVBNKEG
IKAVOMoINTIKWV €NiNEdwV QWTIOUOU, N ouveXAc agopoiwan CO, anod Ta KUTTapa
TOU YECOPUAAOU €XElI WG AMOTEAECHA TNV TAXEIQ NTWON TNG CUYKEVTPWONG Tou CO,
OTOUG MECOKUTTAPIOUGC XWPOUG. H enikpdtnon XAunA®V OUYKEVTPWOEwV CO,
NPOKAAEl MEPAITEPW AVOIYUA TwV oTopaTiowv, TaxuTtepn didaxuor Tou and Tnv
aTUOO@AIpd MPOGC TO EOWTEPIKO TOU QUAAOU Kal €nopevwe auv&non Tng
PWTOOUVOETIKAG TaxUTNTAC. € OUVONKEC AVENAPKWV €MINEdWV QWTIONOU 1 OTn
JIapKeld TNG vUXTAC n ¢wTooUvBeon unoAsiToupyei 1 napepnodileTal nNANpwc,
onoTe n OUYKEVTpwon CO, OTO E0WTEPIKO TOU QUAAOU au€aveTal HE Taxeic
pUBUOUG AOYWw TNG AVANVEUOTIKNG OpacTtnpioTnTac. A@ou Oev undpXel avaykn
nAéov €106dou Tou CO, TNG aTHOOKPAIPAG, TA CTOMATIA KAEIVOUV MPOKEIYEVOU va
HNV unap&ouv aokoneg anwAeleg vepoU. Ynapxouv evdeieic 0TI n avTiAnyn Tou
€peBiopaToc «XaunAn ouykévrpwon CO,» and Td KaATAa@PPAKTIKA KUTTapd
npayudaTonolgital péow Twv emnedwv TN {ea&avlivng Ta onoia kabBopilovTal ano
TNV €vTaon TnG QWTOCOUVBETIKNG dpacTtnpidtTnTaG. H puBuion Tou €Upouc Tou
oTOMATIKOU NOpou @aiveTal OTI EMTEAEITAl MECW MNXAVIOMOV AVAAOYWV EKEIVWV

Touc onoioug evepyonolei n (eafavOivn w¢ pwTOdEKTNG (BA. NapakdaTw).

Pwg

Se& OUuvONKeG endpkelag QwTIONOU Kal 1KavonoINTIKEG TIYEG ATHOOQAIPIKNG
uypaociag, To €UpoC TOU OTOPATIKOU nopou €€aptdtal and TNV €vracn QWTEIVAC
akTivoBoAiac nou npooninTel oTto @QUAAO. Anoucia @QWTIOYOU Ta OTOHATIA
NapapevouVv KAEIOTA. SUPQWVA PE Ta NApandavw, oTa NePIOCOTEPA PUTIKA €idn Ta
OTOMATIA avoiyouv Tnv NnUEPa Kal KAsivouv Tn vUKTA. BeBaiwg undapyouv Kai ol

e€aipeoeic. Ta uTad CAM cupBaivel To avTiBeTo.

H avTiAnwn Tou owTeivoUu egpebiouatog @aiverar OTI uAonolsital péow OUO

OIAPOPETIKWYV PUNXAVIGH®V.

23



a. H owtevl akTivoBoAia e€ndyel To Avolyyd TWV OTOUATIOV MECW TNG
anoppo®nong Qe®TOVIOV ano TIG XAWPOPUAAEC TwV XAWPOMNAACTOV TWV
KATAQPAKTIKOV KUTTApwV. MePIOOOTEPO JPACTIKEG (PACHATIKEG MEPIOXEC €ival n
MAOAE KAl n KOKKIVR, OTIC onoie¢ anoppo®d anodoTIKOTEPA TO HOPIO TNG
XAWPOPUAANG. ZTnVv nepinTwon auth n enidpaon €ival éupeon: H anoppopnon
QWTOViwV anodo TN XAwPoPUAAN Kal n enakoAoudn pwTOOUVOETIKN dpacTnpioTnTa
npopnBevel evépyeia (ATP) kAl T OOUWTIKA €vepyd opyavika popia (MNAIko r/kai
gakxapoln), anapaiTnTa yia To Avolyhda Twv oTopaTiov. O pnXaviopog auTog
Qaiverar OTI naifel onuavTikd POAO O OXETIKA UWNAEG eVTACEIC (QWTEIVAG

akTivoBoAiag kal 0TI euBUvVETAl yia TO NANPECG AvVolyud TOU oTopaTikoU nopou.

B. Ta owTelva epediopaTa yivovral avriAnnTa PHEow €vOC KATAAANAOU pnxaviopou
oToV onoio To poAo pwTodEKTN nailel To kapoTevoeldeg Le€avBivn. O Unxaviouog
auTog eival guaiobnTo¢ OTO WNAE QWG KAl NPOKAAE TO Avolyda TwV OTOMATIWV
MECW TNG EVEPYOMOINONG avTAIOV NPWTOVIWV KAl TNG ENaywyng Tng udpdAuong Tou
apUAoU Kal TNG ouvakoAouBdng napaywyng pnAikou. O punxaviopodg Tng (ea&avlivng
napoucialeTal €EAIPETIKA €UaioBNTOC O XAWNAEC evTACEIC PWTIOUOU, MNPOKAAEI
Taxeiec avTidpAcoeIc Kal @aiveral OTl nailel onuavTikd poAo oTnv avriAnwn Twv
aAAaywv Tou PwTeivoU nepIBAAAOVTOC Kal OTOV €YKAIYATIONO O AUTEG, ONWG n.X.
KATa TV avatoAn Tou nAiou r Tnv nepIodikr okiaon kata Tn dIdpKela TNG NUEPAC

€vOC @uTOU To onoio BpiokeTal oTov undpoPo gvoc dACOUG.

A.6.6.2. Aunoloiko ofU Kal UdATIKEC OXETEIC

To avoliyua Kal To KA€iOIyo Twv OTOMATIWV HMAOPEl va pubpioTEl HEOW
AUEOHEIMTEWY TNG MIECNG ONApPYNG TV KAaTaPpakTIK®WV KUTTapwv (FaBaAidg, 1993;
AiBaAakic k.a. 2003). H nieon onapyng pubpileTal éuUeca PHEOW HWETABOAWYV OTN
OUYKEVTPWON TWV OOMWTIKA EVEPYWV OUCINV TWV KATAPPAKTIKOV KUTTAPWV. TO
Aavolyha TwV oToNaTiwv OPEIAETAl O Taxeia Kal €vrovn au&non TnG CUYKEVTPWONG
OOHWTIKA EVEPYWV OUCIWV OTA KATAPPAKTIKG KUTTApa n onoia NpoKaAsi NTwon
Tou udaTikoU JduvapikoU WJeE anoTéAeopya Thv  €icodo  vepoUu and Ta
napakaTagpPakTika KUTTapa Kal TNV enavagopd TWV KATaPPaKTIKOV O£ KaTaoTaon

onapynge.

& ouvOnkeg EAAEIYNG vepoU oTo £0a@og eniBAAAETal To 600 To duvaTo TaxUTEPO
KAEIOIUO TWV OTOUATIWV WOTE va MePIOPIOTOUV OTO EAAXIOTO Ol ANWAEIEG VEPOU TO
onoio 0 pnopei va avanAnpwBei péow Tou OlanveuoTikoU pPeUNATOC  ME
Tpo@odoaia and Tn pila. MpdyuaT, o HNXAVIOWOG TWV OTOHATIKWV KIVOEWV

napouaialeral euaiodnTog oTnVv EAAEIYN vVEPOU OTO £DAPOC Kal To EUPOC TOU NOPOU
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MEIOVETAl KaTaAAnAa. H avtiAnwn diauoppwaong ocuvBnkwv avendpkeiac vepoU aTo
£3dao¢g viveral péow evog opuovikoU ONUATog, Tou apnalgikoU o&€oc (ABA). H
opHOVN auTh ouvTiBeTal OTIC PIleC Kal O OUVONKEC UdATIKNAC KaTanovnong n
OUYKEVTPWOT TNG au&avetal. To ABA peTagépeTal HEOW TWV ayyeiwv Tou EUAou
ota @UAAa kal Tov KUpIO OTOXO anoTeEAOUV Td OTOMATIA. € OpICYEVA PUTA OF
ouvOnKeg uddATIKNG KATanovnong napartnpeitTal enaywyr Tng oUvBeong Tou ABA
oTa QUAAa kal al&non TnC OUYKEVTPWONCG Tou. To ABA npoodéveTal oe £181koUC
UNOOOXEIC OTIC KUTONMAQOMATIKEC HEUBPAVEC TWV KATAPPAKTIKOV KUTTAPWV Kal
npokalei Taxeia €Eodo 10vTwv K' kal Twv ouvod®v aviovtwyv npog Ta
napakaTta@pPakTika kUTTapa. H anwAeia 160vtwv K npokaAei nTwon Tng nieong
onapyng TWV KATAQPAKTIKOV KUTTApWV Kdl PEiwon Tou €UPOUC TOU OTOHATIKOU
nopou. & 0OuvBNKec aypoU ot NOANG @uTIKG €idn PeTAEU Twv onoiwv
nepiAapBavovTal kalr noAAG kaAAlepyoupeva, PETPIA UdATIKN KATANOVNON E€NIPEPEI
TO HEONUPBPIVO KAEIGIHO TWV OTONATIWV, EVW O OUVONKEG EvTovng EAAEIWYNG vEPOU

Ta OTOMATIA Aavoiyouv HOVO TIG NPWIVEC WPEG TNG NHEPAG.
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B. Yéatikn Katarovnon

B.1.T'svika

H diaBecipotTnTa TOU vepoU OTO nepifaAAlov ennpedlel Tnv avanTtu&én kal Tnv
enBiwon Twv @UTIKOV opyavioywv. O1 duopeveic €mdpAcelG TNG uddTIKNG
katandévnong egeralovral ouvABwG unod To npioya TnG EAAEIWNG, Kai OxlI Tng
nepioosiac vepolU. H udaTikh katanovnon ed@aviletar €ite PJe Tn Hop®r TNG
apudaTwong (w¢ oUPNTWHA TNG Enpaaciac), €iTe TNG OOMWTIKAG kaTandovnong (wg
oUUNTWHA TNG aAaTdéTnTag). To Kolvd XapakTnpIoTIKO Kal Twv OUO NEPINTWOEWYV
gival n dOlauoépPwon XapnAoU OuvVApIKoU Tou VvepoU (KAl €MOPEVWG EAAEIPPATOG

vepoU) oToug PpuTIKOUC 1oToUC ( KapapnoupviwTtng, 2003).

H E&npacia w¢ KAIMATIKOC Napdywv €ival ToO AnoTEAECPA TNG NEPIOPIOPEVNG
d1aBeoipoTnTac vepoU (and Tnv aTtgoo@aipa n kal and To £5dgoc) Kal TNG
anwA&glag Tou (MEow TNG eE&aTpicodianvorc). AvAAOyeG KAIMATIKEG OUVONKEG
gnikpaToUV OTO €va TPITO MEPINOU TNG XEPCGOU TOU NAAVATN, EVW €NOXIKO 1 TOMIKO
neplopiono orn diaBeoindTnTa vepoU ugioTaTal €&va akOun onPavTiko NooooTo TG
Enpdc. H E&Enpacia anoteAei évav and Toug ONUAVTIKOTEPOUGC naApdyovTeG

kaTtandévnong kal nepiopiopol TNG NAyKOOUIAG YEWPYIKAG Napaywyng .

AOYW TNG KAIMATIKAG dAAaync, neplopiopevn d1aBeoipotnTa vepolU napdartnpsital
nNA€oV Kal O£ NEPIOXEC OMOU OTO MPOC@ATO NapeABoOv dev eixav KaTaypagei
npoBANUaATA. ZAUEPA, N OUVEX®WC daufavopevn avnouxia yia TIG €NINTWOEIC TNG
KAIJATIKAC aAAaync odnyei Tnv £peuva ot VEEC KATEUBUVOEIC 01 OMNOIEC £XOUV WG
OTOXO TNV BeATioTOnoIiNON TwV KAAAIEPYNTIKWV KAl apdeuTIK®wV HEBOdWV Kal TNV
gniAoyn yovoTunwv Pe AIYOTEPEG andiTnoelG o vepd. OI ENINTWOEIC TNG UdATIKNAG
KaTandévnong oTnv NapaywyikoTnTa r Kal eniiwon Twv QUTOV gival NOAUCUVOETEC
kal diapEpouv avaloya Pe TNV €vraon kal Tn didpkeia TnG kartanovnong (Chaves
and Oliveira 2004, Lizana et al., 2006; Fan et al., 2009) ev®w napdAAnAa
e€apTwvTal and Ta Kpioiga XapakTnpioTIKa Tou (UTIKOU opyaviopou, onwg: a.
and TNV IKavoTnTa avriAnong vepolU ano To €dagog, B. and Tnv anodoTIKOTNTa
xpnong vepou (WUE). H anodoTikdTnTa Xprong vepou ek@paleral and 1o nnAiko
TNG QWTOOUVBETIKAG TaxutnTag npo¢ To pubud Tng Olanvong. XTnv npdén
unoAoyifovtar Ta kg vepoU nou anairroUvTal yia Tnv napaywyn 1 kg &npng
Biopdlagc. O AOyoc autog nou eivalr To avrtioTpo@o Tng WUE, ovopddleral

dianveuaTikd nnAiko. 'Oco AlyoTepn noodTnTa vepoU AnaiTeiTal, TOoo uwnAoTeEpPN
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gival n anodoTikoTNTa XPHONG VEPOU, Y. and TNV IKAVOTNTA E€YKAIMATIONOU

(Kapapnoupvintng, 2003).

B.2. Ztpatnyikég avIipeT®Iong ¢ DOATIKIG KATATIOVNO1)G.

Ta @uTa €xouv avanTUEEl TPEIC KUPIWG OTPATNYIKEG YIAd TNV AVTIMET®NICN TG
EANEIYNC vepoU Tnv diapuyr, avBekTIKOTNTA Kal anopuyn (Levitt, 1972; Turner,
1986; Chaves et al., 2003; Kapaunoupvi®Ttng, 2003).

Alapuyn. Apopd TNV oAokKANpwon Tou PloAoyikoU KUKAOU &vTOGC TNG EUVOIKNG

nepIOdOU YE ENAPKEIA VEPOU.

AVOEKTIKOTNTA. AQopd Tn dIATAPNON OTOIXEIWOOUC WETABOAIKAG dpaaTnpidTNTAG
akoun kal og noAU YapnAd enineda udaTikoU OSuVauIKoOU TOU KUTOMAGoNaToC.
AVOEKTIKOTNTA €vavTl Tn¢ udaTiknG katandévnong npoaodidouv  opIoUEvVa

HOP@OAOYIKA Kal (PUCIOAOYIKA XAPAKTNPIOTIKA ONWC:

H oopwpUBuIon n onoia agopd Tn pudUIoN TOU OCHWTIKOU duvauikoU TWV 10TV
ot XapnAOTepa €nineda PECW OUCCWPEUONC OCHWTIKA eveEpYWV HETABOAITOV. H
OOHWTIKN €flooppoOnnaon €xel W anoTEAeoua Tn OIsUKOAuvon TnG npocAnwng
vepoU HEOW TNG Onuioupyiag xapnAoTepou duvapikoU oToug 10ToUG. Ol OOPWTIKA
evepyoi HeTaBoAiTeg ol onoiol cuoowpeUovTal NepIAauBavouv avopyava 1ovTa Kai
0opYyavikeg evwoelc. O 0pyavikeg auTEG EVWOEIC avagEépovtal w¢ cupBaroi
WOPOAUTEG OI0TI nE€pav TNG OOUWPUBMIOTIKAC Toucg JOpdcnG, NPOCTATEUOUV
guaioBnTa popia (KUupiwG nNpwWTEivEG) and Tnv a@udaTtwaon Kal MePaITEPW

anodiaTagn kal KataoTpogpn TwV HOpiwV TOUG.

Akpaia nepinTwon avOekTIKOTNTAG EvavTl €VTOVNG KAl NAPATETAMEVNG aPUIATWANG
gy@avifouv Kupiwg ol nolKIAoUdpIkoi opyaviouoi Twv onoiwv Ta KUTTapa
eNIBI®VOUV YIa NapateTapéva Xpovika diaoTrhpaTta nap’ OAo To XAuNAO OXETIKO
TOUGC nNeEPIEXOMEVO O VvePO. TNV  KATnyopia auTh avhnkouv povokUTTapol
(PWTOOUVOETIKOI opyaviouoi, Asixnves, kabwg kal opioyeéva avwTepa Quta (Mn.X.
€idn Ramonda kal Haberlea oik. Gesneriaceae), Ta AgyOpeva QuUTA avaBinong
(eidn Twv olk. Myrothamnaceae, Scrophulariaceae, Laminaceae, Cyperaceae,

Poaceae, Liliaceae kai Velloziaceae)( Kapapnoupvintng, 2003).

Anouyn: Agopd Tnv diatipnon Tou udaTikoU JuvapikoU TwV KUTTAPWV OF
OXETIKA UWNnAA €nineda Pe anoTéAeopa Ta KUTTApPa TWV IOTWV TOUG VA KNV €X0OUV
TNV guneipia TnG apudaTtwong. O1 KUPIEG NApaAAayEg TNG OTPATNYIKAG AUTAG €ival

duvo:
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Ano@uyn e oikovouia vepou. Ta ¢uTA auTd d1aBETouV TNV IKAVOTNTA MEPIOPICHOU
TWV OIANVEUCOTIK®V anwAEIOV HE TaAuTtoxpovn JdiaTApnon Tng 1KavoTnTag
apopoiwong CO, and Tnv aTtuooeaipa (napoucidlouv UWNAR anodoTIKOTNTA
Xpnong vepoUl WUE). H eEoikovopnon vepoU kal n diaQuUAAEn Twv AlyooTwv
anoBepdTwyv KaTta Tn Oldpkela TNG OUuopevoUg MNePIddoU eMITUYXAVETAI YECW TNG
dlaThpnong uwnAou udaTikoU duvapikoU ota KUTTapa TWV I0TWV. XapakTnploTIKo
napadsiyya anoteAolv Ta @uta CAM. H gniTuxia TnG oTpaTtnyikng autng BacileTal

O£ OpIONEVA HOPPOAOYIKA Kal PUCIOAOYIKA XapaKTNpPIOoTIKA:

m KAsiolgyo Twv oTopaTiov otn Oidpkeld TNG nepiddou n onoia €UVOEl TIG

ONMAVTIKEG ANWAEIEG VEPOU

B Mop@OoAOYIKOi XapakTrpeg ol onoiol napePBAAAouv Ioxupn avtioracn oTIG
d1anVeUaTIKEC 1 AAAEC anwAeieg vepoU ONWG n 10XUpn Kal naxla epupevida,
N KAAuUWn TV ENIQAVEIOV and OTPWHATA TPIXWV, N TONOBETNON OTONATIWYV

o€ KPUNTEC I N KAAUWN TOUG ano oTpWHATA KNPWV K.d.

B H anobnkeuon vepoU oe kaTaAAnAouc totouc (e€aipeTikd diadedopevn oTa

naxueuTa)

B [lepIopIOPOC OTO EAAXIOTO TWV ENIPAVEIOV OPYAvWY TA onoia £pxovTal o€
enagn Je Tnv atgooeaipa (n.x. e eElocopponnan QUAAIKAG enipaveiag, BA.

napakaTw)

B 'Ynap&n BAACTWV Ol OMOIOI CUVEIOPEPOUV CNMAVTIKA OTH (PWTOCUVOETIKN

dpaacTnpIOTNTA TOU opyaviouou.
® [epiopioPéEVOg aplBUOG oTouaTiov ava yovada enipaveiac.

m I3i16pop®n YETABOAIKN dpacTnpIOTNTA, AvVOlyHa oToudTiwVv oTn dIApKEla TNG

vuxTac (CAM @uTa).

Anoguyn pe katavdAwon vepou. Ta @uUTA auTAGg Tng KkaTtnyopiag didouv

npoTepaldTNTa oTnVv €€eUpecn KAl AMNOTEAECUATIKA AVTANON TOu VepoU Tou
nePIBAAANOVTOC KAl PEPOUV OPICUEVA HOPPOAOYIKA KAl PUCIOAOYIKA XapaKTNPIoTIKA

onwg:

B Auvatotnta eniteuéng  xapnAoU  udaTikoU  duvapikoUu  oTtn  pida

(anoTeAECPATIKOTEPN GVTANON VEPOU ano To £3aPog)

B AUEnon Adyou unodyeio/unépyelo TUNAMA. AideTal npoTepaldOTNTA OTNHV
avanTuén ekTeTapévou pidikoU CUOTHUATOC WOTE AUTO va Mnpooeyyilel Tov

udpo@opo opilovTa
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B AUEnon TNG aywyinoTnTag oTtn HETAPOpPA vepoU PEGW al&nong TWV aywywv
IOTWV METAPOPAc vepoU (noAudpiBua ayyeia EUAou, €vTovn napoudia Kal

d1akAGdwWaON VEUPWOEWY) KAl MEIWONG TNG anodaTacng JETAPopac vepou.

B AuvaTtotTnTa anoppo®nong vepoU ano unepyeia opyava (n.X. QUAAQ,

BAaaToug, evagpieg pileg eMPpUTWV).

B.3. H vdatiki) katamovnor enw@pépet TPOIOMOL)0ELG O HOPPONOYIKO,

(PLOOAOYIKO KAl HOPLAKO emimnedo.

H éAAsiyn vepoU npo&evei éva supU paoua avTiopdoswyv nNou PNopei va agpopouv
aAAayéc oTtn yovidlakn €k@Pacn Kal €nakOAouBeG METABOAEC oOTa BIOXNMIKA
govondaria, ortnv au&non kal Tnv avanTtuén Twv Qutwv (FaAdtng k.a. 2003,
Kapaunoupviotng, 2003). Ta ouynToPaATa yivovTal e@avh s ocUVTOPO XPOVIKO

d1a0TNPA Kal OTIC NEPICOOTEPEG NMEPINTWOEIG Eival KOIva 0 OAd Ta QuTd.

B.3.1. MOppOAOYIKEG TPOMNOMNOINOCEIG

B.3.1.1. MNeplopIoPOC ENIPAVEIAG AVANTUCTTOHEVWY PUAAWV

H napepnodion Tng O1ATAONG TWV KUTTApwV AOYw avenapkoUc Mieong onapyng
anoTeAel TO NPpWTO 0paATO OUUNTWHA TAC aPuddTwong. Eneidn n €knTuén Twv
QUANwV €EapTdTal kal and Tnv O1ATAON TWV KUTTApWV, NApaTnpEiTdl NEPIOPICHOG
TNC QUAAIKAC €MIQAveldg G PpaxunpOBeouo danoTEAEoud TG  UdATIKAG
katandévnong. MapdAAnAa pe Tov  NEPIOPIONO  TNG  QPUAAIKAG  EMIPAVEIAC

eAaTTwvovTal ol SIanVEUOTIKEG ANWAEIEG.

B.3.1.2. MeTaBoAn Tou Adyou unépyeiou/undyEiou TUAPATOG TOU QUTOU

H duvatotnta oopwplBUIoNG TwV KUTTApwvV TwV pilwv, MECW TNG onoiag
EMITUYXAVeTal N NTwon Tou duvapikoU Tou vepoU (ot XaunAoTepa enineda Tou
duvapikoU Tou £da@ikoU VepoU) OTa KUTTAPd, £XEl w¢ anoTéAeopa ol pilegc va
diatnpolVv TNV IKAavoTnTa avriAnong vepolU ano To £dago¢ (KapapnoupviwTngc,
2003). Eniong Ta kUTTApa Twv pIlwv £XOUV TNV IKAvOTNTA va avantlooovTal o€
XaUNAOTEPA udATIKA duvVaPIKa &vavTl TwV KUTTApWV TwV PUAAWV. SUVEN®G, UNo
OUVONKeG UdATIKAG KATaAnovnong o pubudc avanTtuéng Tng pidag sival TaxUuTepPog
€KeiVOU Tou BAAOTOU HE anoTEAEOUa o AOyog BAaoToU pilag va YeTABAAAETAl NpoG

O(QEANOG TOU UMOYEIOU TUAMATOC, TO onoio €ival unsUBuvo yia TV AavtAnon Tou
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vepoU Kal ENOUEVWG YIa TRV eMIBiwaor] Tou puToU. O AOYOC auToc pubuileTal , EKTOG
TWV ouvlnkwv Bpewng kalr Tou avanTtu&iakou oTadiou, TOGo ano Tn duvaToTnTd
Tpogodoaoiac Tou PAacTou pe vepd ano Tn pila, 600 kal and TR duvaTtoTnTa

Tpo@odoaiac TnG pifag Je pWTOCUVOETIKG NpoiovTa and To BAACTO.

O neplopiopoc TNE diIaTaong Twv QUAAWY CUVENAYETAlI MEIWON TWV AVAYK®OV TV
QUANWV 0t QWTOOUVOETIKO Mpoidov Kal MPEeTakivnon uywnAdTEpoOU nocooToU
(PWTOCOUVOETIK®V NPOIOVTWV NPoG Tn pida YE AnNoTEAEONA TNV avanTuén Tou pidikou

OUCTNHATOC NPOG BaBuUTEPa £3APIKA CTPWHUATA.

B.3.1.3. Tlepilopioydc  1tnG  dlanveéouods emiPAveIdc  PEOW  AnoBoAnC  TwV

YNPaioTEPWV PUAAWY

€ MNOAAEG MEPINTWOEIG, N EAAEIYN VEPOU EMIPEPElI ynPaAvaon Kal anokonrn Twv
ynpaidTepwyv QUAAWV HE aMOTEAECHA TNV NAPAPOVE] HOVO TWV KOopupdinv
VEOTEPWV QUAAWV oOTOo BAACTO. 2TO PNXAVIOWO auTdv, MOU ava@EPeTal WG
€€looppoONNon QUAAIKAG €NIQAVEIQG, EUNAEKETAl TO AIBUAEVIO KAl €XEl WG OTOXO TO
OpaoTikd nepioployd TnNG dlanvéouoac EMIPAVEIAC KAl KATd ouvénesla Tnv

ggolkovopunaon vepou.

B.3.1.4. Tpononoinon Tou gvepyeiakou 10o0uyiou Tou EAAOUATOC VId TAV ANoQuyn

unNEPBEPUAVONC TOU YECW KATAAANAWV KIVAOEWV

Ynd ouvlrkeg uddaTIKNG KATANOVNONG, TO KAEIOIHO TWV OTOMATIWV GUPBAAAElI pev
OTOV MEPIOPIOUO TwV OIANVEUCTIKOV ANWAEIOV aAAG napdAAnAa PEI®VEl TNV
anaywyn Tng OeppoTnTac Pe anoTéAeopa Tnv au&non Tng Bepuokpaciac Tou
@UANOU. Opioyéva @UTG auBAUVouv TIC avanOQEUKTEG EMNINTWOEIC  TNG
BepUoKpaoIakng av&nong HMEOW KaTAAANAWV KIVAOEWV Tou €AAOUATOC WOTE vd
napepnodileTal n aueon €kOeor Tou OTIC NAIGKEG AKTIVEG. Tov idlo poAo nailel kal n
ouaTpo®r Tou eAdacuatog (MECW KATAAANAwV KUTTapwv cuoTpo®ng) (Cao and
Song 1998) Twv aypooTwd®V, AAAG KAl OPICUEVWV JIKOTUAWV ONWG TO

devopoAipavo.

B.3.1.5. AU&énon Twv avTioTAOEWY 0T Por ToUu VEPOU

H papavon Tng pidac npokaAei Tnv anopdkpuvar) Tnc anod Ta €dd@Ika cwPaTidla Ta
ornoia ouykpaTtoUv akOWn VEPO Kdl OTIC NEPIOCOTEPEC MEPINTWOEIC ANOKONTOVTAI
Kal Ta pidika TpIxidla. & ouvlnkeg EAAEIYNC veEPOU N NpocoTacia Tou opydvou ano

TNV NAAPN apudaTwon €NITUYXAVETAl HEGW KAAUWNG TNG unodepuidac Ye PeAAivN
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(oouBepivn) n onoia OUWG £XEl WG ENAakOAouBo NpoaBeTn avTioTaon oTn PHETAPOPA

Hopiwv vepoU.

Eniong, n udaTikn katandvnon pnopei va npokaAéoel Tn dnuioupyia EYBOAwWV dnA.
Bpavon TNG OTAANG Tou vepoU oOTa ayyeia kal diakonn TnG OUVEXEIAE TNG
(Carlquist, 1977; Sperry and lkeda, 1997; AiBaAdkig, k.d., 2003; Gortan et al.
2009). AuT) €Xe€l WG ANOTEAECHA TNV AUENON TwV AVTIOTACEWY OTn POM TOU VeEPOU

MECa OTO ayyelako oUuoTnua YeETagopdac.

B.3.2. ®UCIOAOYIKEG TPOMOMNOINOEIG

B.3.2.1. Tpononoinon TnNG douNg Kal AsIToupyiac Twv YEPBpavV Kal TwV eviUPwV

H udaTmikn katandévnon eniQEPEl QUOIOAOYIKEG PBAABEC wC e€nakoAouBo Tng
a@udaTwWoNnNG Tou KuTonAdouatog (ouppikvwaon ToUu NpWTONAACTN, GUNNUKVWON
TNG UdATIKAC PAong kKal naénTikr au&non TNG CGUYKEVTPWONG TwV JIAAUPEVWV
ouaiwv-nAagpoAuon) (FaBaAdag, 1993, KapatayAng, 1999; AiBaAdkig, k.d., 2003).
H opaAn didaragn tng dinARg AIMdIKAG oTolBadag Twv PeRBpavwyv diaTapdoosTal Je
anoTEAEONA TNV anwAegid TNG OpaoTnpidTNTAG HMERPAVIKWV avTAlwv aAAd kai Tn
onuioupyia avemBuunNTwV nNopwv. H anwAegia TnG €KAEKTIKNG dIANEPATOTNTAG TWV
MeEUBpavwy enm@eépel aveEEAeykTn OlAKivNGNn OUCIWV KAl O KUTTAPIKO €ninedo
ENEPXETAl NAEOV anwAegia TnG OIAMEPIOPATONOINONG KAl OUVOAIKN HETABOAIKN

duoAesiToupyia.

B.3.2.2. KASiOIU0O TWV OTOUATIWV

AOY® TNG EAAEIYNG VEPOU MPOKAAEITAI KAEIOIHO TwWV OTOUATIWV HE OTOXO TNG
MEiwon Twv dIanNveUuoTIKWV anwAsi®v. Onwg ndn avagepdnke, ol aAAayeg oTnv
nieon onapync puBpilouv To €UPOC TOU OTOPATIKOU MNOPOU TWV KATAPPAKTIK®OV

KUTTapwv. O1 aAAayEG auTEG pnopei va eivai:

Naéntikéc. To NadnTIkO KAEIOINO €UVOEiTAl O AaTHOGPAIPIKO NEPIBAAAOV HE XAUNAR
OXETIKA uypdcia O0Tav 0 puBHOC TwV ANWAEI®V VEPOU TWV KATAPPAKTIKOV
KUTTApwV €gival upnAOTEPOG €KEIVOU HE TOV OMOIOV avanAnpwveTal PECW TWV

YEITOVIK®V EMIJEPUIKWV I NAPAKATAPPAKTIKOV KUTTAPWV.

EvepynTikec. O@eidovTtal otn UeTABOAIKA dpaocTnploTNTA TWV KATAPPAKTIK®V. H
anwAgla onapyng TWV KaTa@pakTIKOV KUTTApWV AOYw €EOO0U OPICHEVWV 1OVTWYV
NPOKAAEi TO KA€iOIJO Twv oTOodATiwv. O PNXaviouog evepyonolsital and To

aunoIoIKO OEU, TO ONoio YNOPEi va NPoEpXETAl anod dUo dIAPOPETIKEC NNYEG:
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B Ano Ta QUAAa. H oTadiakn apuddTwaon TOU KUTOMAACGMATOC EMIPEPEl a.
aneAeuBEpwon nooooToU TOU GUVOAIKOU ABA TWV XAWPONAACOTWV OTOUG
anonAaopaTikoUug XWPOUG TO OMoio UETAPEPETAl NECW TOU dlanveuaTikoU
pelATOC OTA KATAPPAKTIKA KUTTApa kal B. av&non Tou puBuol olvBeong

VEWV Hopiwv ABA.

B Ano TIC piec. H OUYKEVTPWON TNG OPHOVNG OTIG pilec auEaveTal dpapaTika
oTav unapyxel EAAeIpn vepoU oTo £d0aikoO nepiBaAAlov. O1 pilec napayouv
kal €Edyouv ABA npog Ta ayyeia Tou EUAou (Blackman and Davies 1985,
Blum and Johnson 1993, Croker et al. 1998) To onoio PeETAPEPETAl OTA
QUAANG Kal €Napkei yia va MPOKAAECEl KAEIOIMO Twv oTopdTtiov. To
dlacuoTnuaTiko autd onua kivouvou (non-hydraulic root sourced signal
(nHRs)) nposidonolei yia Ta enepxopeva npoBAnuUaTa ornv Tpopodoaia He

VEPO TOU UNEpyeiou TUNHATog (Davies et al 1994, Xiong et al. 2006).

B.3.2.3. Alatapa&n TnC pwTOOUVBETIKAC ASITOUpYiag

H pwToouvBeTIKn AsiToupyia diaTapdoosTal os dUo KUpiwg eningda:

To avano@eUKTo KAEIOIHO TwV oTopaTiov napepnodilel Tov anpookonTo £podiacuod
TWV PWTOOUVOETIKWV KUTTApWV PE CO, TNG aTuOogpaipac. Ev TouToIg YE TOV TPOMo

auTto au&averal n WUE.

H dopIKn Kal ASITOUPYIKN akepaldTNTA TNG PWTOCUVOETIKAG OCUOKEUNG ennpeadleTal
apeca and TNV €NIKPATNON XapnAou udaTikoU duvapikoU OTov MPpWTONAAoTn ME
anoTeéAeopa Tn SUCAEITOUpYia TG PWTOPWOPOPUANIWONG KAl TNG PWTOGUVBETIKNG
poNc Twv nAekTpoviwv. MapaTtnpeital eniong av&non TNG CGUYKEVTPWONG TWV
IOVTWV Mg®" oTou¢ XAwponAdoTeg, n onoia napepnodilel Tn (PWTOCUVOETIKN

dpaaoTnpioTnTa.

B.3.2.4. Enaywyr Tou peTaBoAiopou TUnou Crassulaceae

Opiopéva €idn avagepovtal wG npodipeTikd CAM (n.x. Mesembryanthemum
crystallinum). Ta @uTd auTd Og OUVORAKEC €NApPKEIAG VEPOU CUMNEPIPEPOVTAl WG
Cs. Qotdéco o0e nepinTwon uddTikNG kaTtandovnong (apudaTwon/oouwTIKA
kartanovnon) o JeETABoAIOHOG Touc NeTaBAAAeTal o TUnou CAM, PeTaBoAn n onoia

npoUnoBETel KATAAANAEC JIcUBETNOEIC o €ninedo £kPpaong yovidiwv, PETAKIVNON
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MNAIKOU oE€wc and kal Npo¢ Ta XUPOTOMIa, avacTpo®r TNG nepliodikoTNTAG TWV

OTOMATIKWV KIVAOEWV, CUCCWPEUCN CUNBATWV OCUWAUTWOV K.d.

B.3.2.5. Enaywyn £ék@pacnc yovidiwv

Ma Tnv avTIJETONION TwV ENMTOOEWY TN UdATIKAG KATANovnong gival anapaitnTn
n de novo oUvBeon VEWV MNPWTEIVIKWOV Popiwv anapaitnTwyv yia Tn ouvBeon
OPICHEVWYV METABOAITWV. =TIC METABOAIKEG TPOMOMOINCEIG NEPIAQUBAVETAl KAl N
gvepyonoinon unapXoviwyv evlUJwyV n.X. pwa@opuliwon Tng udpoanopivng TUNou

a-TIP (Tonoplast Intrinsic Protein).
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I'. H potoouvBeon

I'.1. H onpaocia g @wtoovvleong

Ta @QUTG WC auTOTPOPOI OPYaviouoi £xouv Tn duvaToTNTA OUVOECNC OpPYaviK®V
EVOOEWV and npodpoua avopyava ouoTaTika (AiBaAdkig, k.a., 2003). H
anaitoUpevn yia auth Tnv diadikaoia €10por evepyelag napexeTal and TNV nAIakn
akTIvOBoAia e Tn popen QwToviwv, Ta onoia anoppo®wvtal and Tnv
XAWPOPUAAN (Hall and Rao, 1999). H evépysia anobnkelsTal PE Tn HOPPN
oTafepwv XNUIK®OV evwoewv (ATP, NADPH) svw napdAAnAa diacndartal To popio
TOU vepoU Kdl ekAUeTal popiakd o&uyovo w¢ napanpoidov. H anoBnkeupevn
EVEPYEIQ XPNOILOMOIEITAl OTN OUVEXEId O OAEC TIC METABOAIKEC O1adIKACieg
ouvBeong, evw To HeyaAUTeEpO MEPOG TNC Xpnoldonolsital yia Tn d&0PeEUCn Tou
Ol0&s1diou ToUu aAvBpaka TNG aTHOOQAIPAG KAl TO HETACOXNMUATIOMO TOU OfF
udaTtavBpakec. H a&onoloUpevn akTivoBoAia otnv  napandvw diadikaocia
ovopaletar (QwTOOUVOETIKA €evepydC akTivoBoAia (Photosynthetically Active
Radiation, PAR) kal nepiAapfavel pnkn kupaTtog PeTa&lu 400 kar 700 nm ortnv
neploxr) Tou opatou (Taiz and Zeiger, 1998).

H Baoikn avTidpaon (1) €ival 1oxupda evOepyoVIKR KAaBw¢ anaiTei JeydaAn dandvn
evépyelag (2840 kJ) yia kaBe mole €E6(NC nou napdyeTal Kal €EPMNEPIEXE
noAudpiBuec avTidpdoei¢ nou ouvepydalovTdl WOTE va napaxBouv Ta TeAka

PWTOOUVOETIKA NpoiovTa.
6 CO, + 12 H,0O — CgH1,06 + 6 O, + 6 H,0 (1)

H pwTooUvBeon anoTteAei pia diadikacia {WTIKNG onpaaciac oe nAavnTIKO €ningdo
O10TI and Ta opyavikd poOpia nou MpokUMNTOUV MapEXETAl XNWIKN EVEPYEIQ Kal
OKeAETOI AvBpaka oe OAa Ta oTadia TNG TPoPIKNC aAuaidac (Apoodnoulog, 1998).
Ta npoiovTa TNG QpWTOOUVOBEONC XPNOILonoIioUvVTdl €iTE WG JOMPIKEC HOVADEC Ot
d1apopec avaBoAikEG avTIOPAOEIC, E€ITE NAPEXOUV HEPOC TNG MNEPIEXOMEVNG
eVEPYEIAC TOUG YIa TNV KAAUWN TWV EVEPYEIQK®V AVAYK®V TOU KUTTAPOU KATA TNV
avanveuaoTIKn A€iToupyia, oTnv onoia gAsuBepwvovTal w¢ npoidvrta Ta apxIKa
uUnooTPWUATA TNG ¢QwToouvlesong (CO, kar H,O0)(Hall and Rao, 1999).
EninpooB£Twg, e TN pwTooUVOEDN eunAouTileTal N ATHOO@AIPA UE TO ANAPAITNTO
poplakd OEuyovo yia Tnv avanvor] OAwv TwWV agpoBiwV OpyaviouwVv &V® Ta
apxeyova npoiovta TnG ME TN HOP®N KOoITAOWATWV udpoyovavOpdkwyv anoTeAouv

Ta ONUAVTIKOTEPA EVEPYEIOKA anoBéuaTta Tng yng ( Hall and Rao, 1999).
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I'.2. H gpvotoloyia tng @wtoovvleong

H @wToouvBeTIKN AciToupyia npayupatonolsital ot €EEIOIKEUPEVA UMOKUTTAPIKA
opyavidia, Touc XAwponAdaoTec. H pwTooUvBean oAokAnpwveTal os dUo PAocsic. H
NP®TN NoU XapakTnpiletal w¢ QpwTeIvr ¢acn nepiAayBavel avTiOPACEIG OTIC OMOIEG
gival anapaitntTn n napoucia PWTOC (PWTOAVTIOPACEIG). S€ AUTEG N EVEPYEID
akTIvoBoAiac NETATPENETAl O XNMIKA UNO TN HOPPR OTABEPWV XNUIKOV EVWOEWV
ME UWNAO evepyeldko neplexduevo, Tou NADPH kal Tou ATP. g auTn Tn ¢don
QwToAUOVTal poOpia vepoU Kal NAPEXOUV NPpwTOVIA, NAEKTPOVIA Kal HOPIAKO
o&uyovo (AIBaAdkig, k.a., 2003).

H delTepn pacon xapakTtnpileTal wG OKOTEIVA, KaBwC dev €€apTdTal aueoa ano Tnv
unap&n ewTIopoU (Taiz and Zeiger, 1998). >Tn okoTeivy @acn Aaupavouv xwpa
kaBapd BioxnUIKEG avTIOpAoelG (OKOTEIVEG avTIOPATEIG), OTIC OMoieg N andiToUHevn
evEpyela yia Tn ouvBeon Tplolwv and atopa avelpaka, ofuyovou kal udpoyodvou
NPOOQEPETAl anod To ATP. MapdAAnAa katavaAwverar NADPH npoo@EpovTtacg

NpwTOVIA Kal NAekTpOVIa yia TNV avaywyr Tou CO, oTo eninedo Tou uddaTtavbpaka.

'OAec o1 napandavw Oiadikaciec AapBavouv Xwpa ota GUAAa Ta onoia diaBETouv
OUYKEKPIMEVA HOPPOAOYIKA KAl avaTopdika XapakTnpIoTIKa WOTE va nITuyXavovTai

HEYIoTEG anodooeic og eninedo opydavou (AIBaAdkic, K.d., 2003).

I'.3. H opyavwon t@v xYA\wponhaotwv

O1 xAwponAdaoTtec ouvioToUV Ta opyavidia ota onoia kaBiotatalr duvaTth n
dleEaywyn TNG wTooUVOETIKNG diadikaoiag. Ta opyavidia auTtd nepiBailovTal and
OINAN €EWTEPIKN MEUBPAVN, TOV PAKEAO, O OMOIOG NEPIKAEIEI OTO EOWTEPIKO TOU €va
apoppo CeAaTivwdec UAIKO, To oTpwpa. O @dkelog anoteheitar and duo
OINIMIdIakEC WeEPPPAVEC ano yaAakToAnidla ol onoieg MeEPIEXOUV KAPOTEVOEIDN,
aAA@ Ox1 XAwpOoPUAAN (ApocdnouAog, 1998; Lawlor, 2001). Tdoo oI PWTEIVEG 6TO
Kdl Ol OKOTEIVEG avTIOPAOoEeIC AAQUBAVOUV XWPA OE OUYKEKPIYEVA TUAMATA TWV
XAwponAaotTwyv. >To oTpwua evronifovral Ta udaTtodiaAutd €v{uua Ta onoia
KaTtaAUouv TIC avTIdPACTEIG TNG PWTOCUVOETIKNG agopoiwong Tou dIo&sidiou Tou
avBpaka dnAadn TIG OKOTEIVEG avTidpddgelc. EvTog Tou oTpwpaToc avanTUooeTal
€va OJikTuo MePBpavwy, Ta OuAakoeldry , Ta onoia Of OPICUEVEG MEPIOXEG
oToiBalovTal 0t enAAANAeC oeIpEG oxnuaTiovrTag Ta grana. >Ta BuAAKoE£IdN
npaypartonololvTal ol QWTEIVEC avTIOPACEIC TNG PpWTOOUVOEONG KABWC ot auTa

gvTonifovTtal OAa Ta HOpPIA TNG XAWPOPUAANG Kal TWV AAAWV QWTOCUVBETIKWV
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XPWOTIK®WV. H KoIAOTNTA n onoia oxnuatileTal oTo €owTePIKO KABs BuAakoeldoUg

ovopaletal lumen.

'ONoI 0 XAWPOMAGOTEG MEPIEXOUV AIMOPIAG HOpIa XPWOTIKWY, PBubiouyéva atn
dinAooToiBada Twv AIMdinwv Twv BuAakosiIdwv Kal oxnuaTtifovra¢ oUPnAoKa ME
npwTeivec. Ta oUUNAOKa XPWOTIKOV-MPWTEIVOV — opyavwvovtal o dUo
ewToouoTtnuata (PS | kai PS 11), oTa onoia npayuaronolouvTdl ol avTiOpAceIC TNG
PWTEIVAC @Aaonc. TEAog oTIC NePPpaveg TwV BuAakoesldwv evTonileTal To CUUNAOKO
TOU KUTOXPWHATOC b6f nmou anoTeAsi To onuAvTIKOTEPO £VOIAUECO QOPEd Yid Tn

HETA@OPA TWV NAEKTPOVIWY anod To PS Il oTo evepyd KEVTPO Tou PS I.

EEWTERIKA HERBRAVN

ECWTERIKN MEUBpavN

granum Buhakoeideg  grpuipa

Eikova 1.Tpigdidoratn ansikovion XAwponAaaTn. Alakpiverdal To cUoTnua dINA®V PENBPAV®OV Kal TV

MePBPavIK®V dIaTagewv TwV BUAGKOEISWV TOU OTPWHATOG KAl TWV grana.

I'4. Ov @wtevég avidpaoetg

STIC PWTOXNMIKEG avTIOPACEIC, Ol METANTWOEIC TWV NAEKTPOViWV npokaAouvTal
MOVOoV anod wTovia PE KAaTAAANAo WnRkog KUWATOG Ta onoiad anoppodwvTal ano
KaTaAAnAa popla XPWOTIKWV. TNV NEPINTWON AUTA TA NAEKTPOVIA WETAKIvoUvTal
oc OTABUN UWNAOTEPOU evepyeldkoU MNEPIEXOUEVOU, EVW TO HOPIO TNG XPWOTIKNG
BpiokeTal nAfov ot dieyepuévn kataoraon. H diapopd evépyelag YeTa&l Twv dUo
EVEPYEIQK®WV OTABP®V avTIKATONTPIileEl TNV EVEPYEIQ TOU CGUYKEKPIMEVOU quantum
nou anoppo®nbnke. Ta dieyepueéva POpPIA €XOUV TNV TACON vad enavéABouv oTnv
apxikn oTaBepry TOug kataoTaon anodidovrac TNV €EVEPYEIA MOU aAnoppoPninke
(anodiéyepon popiwv). H anddoon auThc TNG eveépyelag SIEYEPONG TOU HOPIoU TNG

XAWPOPUAANG unopei va npayuaronoindei e Toug €ENG TpOMNOUG:
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a. Me Tn popPn BepudTnTag Adyw ddvNong kal NeEPICTPOPHC TOU Hopiou

B. Me Tn pop@n akTivoBoAiag (pBopioudc)
Y. Mg pyetapopd TnG dIEyEPONG O YEITOVIKA HOPId

H TeAeuTtaia nepinTwon €uBUvVeTAl yia TNV NApaywyn QwTtoxnuikoUu €pyou oTn

PwTOOUVOEDN.

Kdbe @wTooUotnua O1abéTtel éva QWTOXNHUIKO KEVTpo avTtidpaong, TO
OlauePBpaviko NpwTEIVIKO cUNNAoKo onou edpaletal €va popio Chla kal oTo onoio
oupBaivel o dlaxwpIouog qopTiou. Ta kEévTpa avTidpaonc Twv PS | kai PS I
xapakTnpifovral wg P700 kal P680 avTioToixa, and Td WEYIOTA anoppo@Pnong nou
ggpavifdouv. Kabe kévrpo avTidpaong OIaBETel €va  PnxXaviogo n o avrevda
PWTOOUAANOYAC oOnou edpalovtal noAudpiBuya oUPnAOKa — QWTOCUVBETIKOV
XpwoTIK®wV (LHC). O1 BondnTIKEG PWTOOUVOETIKEG XPWOTIKEC OEV CUMMPETEXOUV
aueca oTo OlaXwpIoPO (opTiou aAAd anoppo@oUv @wTOVid, OIEyEipovTal KAl
METapEpouv Tn OIEYEPON NPOC To KEVTPO avTidpaong (Lawlor, 2001). MeTa Tn
anoppo@naon evoc GWTOVIoU and To QPWTOCUAAEKTIKO upNnxaviopd Tou PS 11, TO
HOplo Chl, Tou evepyoU KEVTpoU OleyeipeTal Kal npokaAeiTal S1axwpIioPoG popTiou
onoTe &va nAekTpoOvio Ba peTapepBei o €va dINAavo popio. AuTO TO NAEKTPOVIO

avanAnpwveTal HEOW TNG PWTOAUONG TOU vepoU.

Ta nAekTpovia Ta onoia anoonwvTtal and Tn Chl petapépovtal oto NADP' To onoio
avayeral npoG NADPH. H peTa@opd Twv NAEKTPOVIWV MNPAyddTomnolgiTal HETW
O1adoXIKWV OEEIDWOEWYV KAl avaywywyv evOIAUESWY QOPEWV TNG AEYOMEVNG
(PWTOOUVOETIKNAG aAuaidac petagopdc nAektpoviwv (AIBaAdkic, k.a., 2003). Ta
dUo @wToouoTiuaTta PS | kal PS Il ouvepyalovral woTe va OAOKANpwOoUv ol

pwToavTIdpdaoslg (Lawlor, 2001).

Ta nAekTpovia ano To PS Il petapepovTtal HECW AAAEMNAAANAWY OEEIdDWOEWV Kal
avaywywv TwV evOIAUECWV (QOPEWV MPOG TO EVEPYO KEVTpO Tou PS I. O
ONMUAavTIKOTEPOC €VOIAUECOC POPEAC €ival To OUPMAOKO TWV KUTOXPWHATWV (cyt
b6f). 3To PS I n anoppd@pnon evog pwToviou ano TIC BondNTIKEC XPWOTIKEG TOU
(PWTOOUAAEKTIKOU UNXavioPoU ToU NPoKaAei diEyepan Kal diaXwpiohd QopTiou GTO
EVEPYO KEVTPO. 'Eva nAekTpOVIO anoondTtal and To popio Tou P700 To onoio PHEOW
MIag aAucidag evOIaueTwV QOpEwV avayel Tov TeAIKO anodekTn To NADP. ZTnv
nepinTwaon OJwG Tou PS I To NAekTPOVIO MOU ANOCTNACTNKE, NPOCAAUBAVETAI NECW
TWV evOIAUeECWY PopEwv anod 1o PS Il. Zuvenwg n 0An diadikacia nepiAappavel v
oe€lpd ouvdeon Twv OU0 PWTOCUCTNHATWY KAl por NAEKTPOViwV Anod To VEPO MpPog
To NADP™ (AiBaAdkic, kK.a., 2003).
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Eikova 2. Zxnuatikf d1aTa€n Twv MNOAUEVIUMIK®OV OUMNAOKWYV TWV QWTOCUCTNUATWV Kal TwV
€VOIGUECWY POPEWV Ol OMOIOI CUMHETEXOUV OTN (PWTOCUVOETIKNA por] NAEKTPOVIWV KAl TV avaywyn Tou
NADP kai Tn ¢wo@opuAiwon Tou ADP, kaTd HAKOG TwV HEUBPAVOV Twv BUAAKOEIdWV.

>Ta evepyd kévipa Twv OUO0 PWTOOUCTNHATWV, N HMETAPOPA NAEKTPOViou
kabioTaTal duvaTr HECOW TNG €10PONG €NINAEOV EVEPYEIAC OTO OUCTNHA WE TN HOP®N
QPWTEIVAG akTivoBoAiag. Me auTo Tov Tpono yiverar duvaTtn n avaywyn Tou NADPH
kal n oUvBeon Tou ATP. H anoppopnon ¢wTovimv and Td QWTOXNHIKG KEVTpa
avTidpaong kai n enakoAoubn avaywyrn Tou NADP® npog NADPH é£xel duo

ONMAVTIKEG ENINTWOEIC:

Mopia vepoU dlacnwvTal, YE CUVEMEId TNV ANEAEUBEPWON NMPWTOVIWYV EVTOC TNG
KOIAOTNTAC Tou BuAakoesidoUg Kkal poplakoU ofuydvou, To onoio dlaPelyel wg

napanpoiov.

MpokaAeital diaBaduion pH PeTa&l TNG KOIAOTNTAG Tou BuAakoeldoUG Kal Tou
oTpwHAToG. AuTtn n dlagopd Tou pH avTinpoownelsl €AelBepn e€vépyeia nou
pnopei va a&ionoinBei yia Tn ouvBeon Tou ATP (Apoagdnouiog, 1998). H ouvBeaon
Tou ATP npaypaTtonolsital AOyw MHIaG avTioTpopng — aubodpuntng €KPONG
NPWTOVIWV ano TNV KoIAOTNTA Tou BUAAKOEIBoUG NPoG To OTPWHA N onoia Teivel va
e€lgopponnael Tn d1a®opda Tou pH. AuUTh n pon NPWTOVIWV NAPEXEl TNV EVEPYEID
nou anaiTeital yia TNV @Qwo@opuliwon Tou ADP npog ATP (Eikéva 2) . To
napayopevo ATP ecival diaBéoipyo yia Tnv ouvBeon Twv udaTtavlpdkwv KaTta TIG
OKOTEIVEC avTIOpAdoelC. H XNUEIWOUWTIKR undBeon Tou Mitchell To 1961 €&nyei Tn
ouvBeon Tou ATP nou ocuvodelel Tn METAPOPA TWV NAEKTPOVIWYV OTA HITOXOVOpPIA

Kal TouG XAwponAdoTeg. ZUNPWVA PE AuTn:
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a. O1 aveénageg pepPpavec BuAakosidwv eival adlanépacTeg oTnv nNadnTikn pon

TWV NPWTOVIWV

B. OI o&s1doavaywylkoi NapayovTeC NOU CUMMPETEXOUV OTN METAPOPA NAEKTPOVIWYV

Kal npwToVviwv €ival kaTtaAAnAa TonoBeTnuévol oTn PeRBpavn.

Y. Kata Tn Jidpkela TNG QPWTOOUVOETIKAC MHETAPOPAC TWV NAEKTPOVIWYV,
METapEpoOvVTAl HT ano To oTpwua oTo lumen Kal w¢ €k ToUTOU dnuIoUpyEiTal pia
dlaBaduion npwtoviwv WeETAEU Twv dUO nNAsupwv TNG MeUPBpdvng  ToU

Buhakoeidouc.

I'.5. Ot okoteveg avtidpaoeig

Ta npoidvrta Twv QwTelvov avTidpdoswv ATP kai NADPH, e€ival nAouoia o€
evépyela kal pnopolv va xpnoigonoinBolv ge nNARBoG BIOXNHIKWV avTIOPACGEWY
ouvBeong kal PeTagopdc nou anaiTouv dandvn eveépyelac. MEPog auTng Tng
EVEPYEIAC KATAVAA®VETAl yia Tn d€opeuan Tou CO, KAl avaywyn Tou oTo €ninedo
Twv udaTavlpakwyv. MExpl onuepa yvwpiloupde TPEIG KUPIEG BIOXNHIKEG NAPAAAAYEC

TOU pWTOOUVBETIKOU PeTaBoAiopoU Tou avBpaka:

a. H C; wTooUvOean, PE NPpWTO NPOIdV To 3-PWOPOYAUKEPIVIKO 0EU(3-PGA)
B. H C, pwTOCOUVOECN UE NPWTO NPOidV TO 0EAAOEIKO OEU, Kal

Y. O peTaBoAionog o&€wv TUnou Crassulaceae (CAM)

>Tn Cs; pwTooUVOeon To CO, deOPEVUETAl KAl OTN OUVEXEID AVAYETAlI €WC TO €ninedo
Tou udaTavOpaka PEow MIAag KUKAIKAG d1adikaaoiag, n onoia ovopdleTal avaywyikog
KUKAOC TwVv pwaponevTolwv (RPPC) r kUkAog Tou Calvin. To CO, NETATPENETAI OE
PWOPOPUAIWNEVA odkXapa evw 0 JEKTNG Tou CO, (1,5-01pwaopopikh pIBouAoln)
avayevvartdal. O KUKAOC auTOC A£ITOUPYEli O OAOUG TOUG (PWTOOUVOETIKOUG
EUKAPUWTIKOUC opyaviopoUG KabweG Kal O OpPIOPEVOUC MPOKAPUWTIKOUC. H OAN
nopeia nepiAapBavel eni PEpoug avTiIOPAcEIC oI onoieg¢ kaTtaAlovTar ano
udaTodiaAuta €éviupa nou evTonidovral OTO OTPWHA TWV XAWPONAACTWV
(Apoogonoulog, 1998). O «kUkAog Calvin Jdev nepIAAUBAVEI  QPWTOXNMIKEG
avTidpdoeig, woTOo0 N AsIToupyia Tou €EapTaTtal aueoa and Tov epodiacud o ATP
kal NADPH kaBw¢ kal ge CO,. O kUkAo¢ nepiAaupBavel Tpia eni pépoug ortadia:

kapBo&uliwan, avaywyn kail avayévvnan Tou dékTn (Eikova 3).
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Eikova 3. O KUKAOG Tou Calvin oAokAnpwveral anod Tpia oTadia he TeAIKA KaTtaAngn Tnv agopoiwaon Kai

avaywyn €vog popiou CO, kal TNV avay&vvnaon Tou apxikoU unooTpwuaTo .

>TO dpXIKO oTadlo TOU KUKAoU, To CO, &VOWPATWVETAI WE T HOPPR HIAG
kapBo&uAouadac oTo HOpIo—OEKTN, TNV 1,5-dipwaopopikn pIBouAdln Kal
napayovTtal, w¢ MNPWTO Mpoiov, dUo HOpIa 3—PWOPOYAUKEPIVIKOU 0&€oc. Tnv
avTidpaon kataAuel To €viupo kapPo&uAdaon—oEuyevaon Tng 1,5-31pwOPOpPIKNG
pIBoUAOGTNC (RubisCO). >To deUTepo aTdadio To 3PGA avayeTal npog PwoPOpPIKEC
TpI0leC (3—pWO@OPIKN YAUKEPIVAADEUDN 1N PWo@OPIKA OIUdPOEUAKETOVN) HE
katavaAwon ATP kal NADPH. Mg Tnv oAokAnpwaon Tou oTadiou autoU To CO, £xel
nAéov avaxBei oTo €ninedo Tou udaTavOpaka HE KEPDOC Mia udaTavepakikn
Movada, evw yia KaBe €& neplOTPOPEC TOU KUKAOU To kKaBapo npoidv eival €va
MOpIO €E0INC. ZTO TPiTO OTAdIO €MITEAOUVTAl HIa CGEIpA ano avTiOPACEIG, Ol OMNOIEG
gival anapaitnTeg yia TNV avayevvnon Tou Hopiou—d€kTn. =To OTAdIO aUTO
KATAVAAWVETAl €VEPYEId PE TR Mop@pr ATP. Mg Tn OUMNARPWON KAl TOU TpiTou
oTadiou o kKUKAOG Calvin €xel oAokAnpwOei kal n 1,5-d1pwopopikr pIBOUAGTN €ival

d1aB£aIun €K VEOU WG UNOCTPpWHA TNG RubisCO.
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I.6. O pnxaviopog tng avrallayng t@v agpimv. Eicodog CO2 xat

Owamvorn)

H enmdepuida TV UMNEPYEIWV OpPYAVWV TWV QUTOV KAl KUPIWG TwV QUAAWY,
O1aBETEl  PIKPOOKOMIKOUC nOPOUC ol onoiol nepikAgiovral and e&eidikeupeva
KUTTapd, Ta enovopalodeva KaTaPpakTika KUTTapa. O NOPOG KAl Td KATAPPAKTIKA
KUTTapa Ta onoia 1o nepiBaAlouv cuvioToUV To OTOPATIO. H pualoAoyikh onuacia
TWV OTOUATIWV €ival 101aiTEpA oNUAvTIKn KaBwc HE TO EVEPYO AVOIYHA KAl KAEIOIHO
TOUC eA€yxeTal n avraAilayn Twv aspiwv CO, kal O, PYETAEU TOoUu (UTOU Kal Tou
evagpiou nepiBaiiovroc (Apooonoulog, 1998). Méow Tnc Oiadikaoiac auTng
napeXovTal Td avaykaia unooTpwHaTa yia TIC AEIToupyieg TNG pwTooUVOEDNG Kal

TNG avanvong.

Oonw¢ ava@epbnke kal oTo nponyoUUEVO KEePAAAIO, KATAG TO dAVOIYHA TWV
oTodaTiov AdpBavel Xwpa £€£000G UDPATHWY AMNO TO E0WTEPIKO TWV PUAAWY NpogG
TNV aThoo®aipa. H eAeyxOUEVN auTH AanwAEId NPOKAAEl avanAnpwaon Tou VEPOU
TWV QUAAWYV PECW anoppdPnong vepoU anod To pifikd cUCTNUA Kal HETAPOPA TOU

oTa unépyeia opyava.

H aywyigotnta Twv oTtopaTiov (gs) Kal n avrioracn Twv oTopaTiov oTtn diaxuaon
TwV UdpaTUWV (Rs) anoTeAoUv XPNOIKMEG NAPAPETPOUC HECW TWV OMOIWV WMopei va
NEPIYPAPEI N QUOIOAOYIKR KATAOTAON TwV OTohAaTwv. O PeTABOAEC oTnv
aywyIigoTnTa TWV OTOUATWY €ival ONUAvTIKEG, apoU KaBopilouv TIC ANWAEIEC TOU
vepoU aAAd kal Tnv napoxrn Tou CO, nou cival diaB£aipyo yia Tn ewTocuvBeon (Taiz
and Zeiger, 1998).

I.7. Ta avatopikda Kat QUOIOAOYIKA XAPAKTPLOTIKA TOV QOMN®V

Ta @UAAa cival Ta eEsidikeupéva opyava ota onoia Aaupavel xwpa n diadikacia
TNG QwWTOOUVOEONC. DEpouV eAaoPaToEIdr KATAOKEUN Kdl €xouv TETola dIATagn
WOoTe va a&ionoloUvTdl Mio anoTEAECUATIKA Ol NPWTEC UAEG TNG PWTOoUVOEDNG
dnAadn n akTivoBoAia kal To dIo&eidlo Tou AvBpaka TnG aTHooeaipac. € £ninedo
KOUNG n BEATIOTN aflonoinon emITUyXaverar PJE TRV avantuén diag TepAoTiag
EMIPAVEIAC PWTOCUAAOYNG N onoia ekTiBeTal oTnv nAiakn akTivoBoAia . & eninedo
@UANOU n kaTdAANAn apxiTekTovikn O1ATAEN TWV I1I0TOV £XEl WC OTOXO TNV

anoTEAECUATIKOTEPN anoppoPnaon akTIvoBoAiac kal TNV euXepEaTepn OIAXUCN ToU
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CO, npoG Ta QWTOOUVOETIKA KUTTAPA, OTOXOC MOU EMITUYXAVETAl HEOW TNG

KATAOKEUNC evOC AenToU eAdopaTtog (AIBaAdkig, K.a., 2003).

H avaTtouikr) napaTtripnon €voc TunikoU QUAAou pag Oeixvel OTI To 6pyavo auTo
OUYKpPOTEITAl ano €EeIdIKEUPUEVOUG I0TOUC UE QUOTNPA KATAPEPIOPEVOUG pOAOUC. H
€EWTEPIKN E€MIPAveEId TOU QUAAOU KAAUMOTETAI anod TNV &QuUMEevVIda Kal Tnv
emdeppida. H nepioxn PeTA&U TNC NPooa&oVviKnG Kal TNG anoa&ovikng emdepuidag
anoTeAel TNV nMepPIOXN TOU HECOPUAAOU Kdal nepIAAPBAVEI Ta PWTOOUVBOETIKA
KUTTapa (Ta onoia nepiéxouv XAwponAdoTeg) kal TI¢ NBpayyeiwdeig 0eopideg (Taiz
and Zeiger, 1998) (eikova 4).

sgupevita

npogafoviir smbeppiba

niaccakhodec mapsyupa

2 orioyyobeg

vacatp St
o £ . I

ayyeia Eukou

ayyeia nbpon

arroafovirr] smbsppiba
Eikova 3. ZIxnuaTikn avanapacrtacn Tng Tpiodiaotatng Sopng evOog TumnmikoU @UAAOU JIKOTUAOU Cs
@uTOU. AlakpivovTal ol KuploTepol 10Toi. (Andersson and Barber, 1996).
Ta «kUTTapa TOU QWTOCUVOETIKOU napeyxupatoc O1aBéTouv  noAudpiBuoucg
XAWPONAGOTEC KAl APOOVOUC PECOKUTTAPIOUC XWPOUC, WOTE va OJIEUKOAUVETAI N
avTaAAayn aepiwv (Taiz and Zeiger, 1998).

>Ta TUNIKG QUAAG Twv JIKOTUAWV To HPECOPUAAO anapTiletar and duo TUNOUG
PwTOOUVBETIKOU nApeyXUPATOG, TO OpuPPAKTEIOEC 1 NACOAAWdEG, KAl TO
onoyywdeg napéyxupa (Taiz and Zeiger, 1998).

Ta naccaAwdn KUTTApa napoucialouv Tn Hop®pr OOK®WV I NaccdAwv KABeTa
npoocavaToAiouévwy  oTnVv  enipaveid Tou @UAANou. Alatdacoovtal O pia n

nepIoooTePEG eNAAANAEC 0TOIBAdEC Npoc TNV NAEUpd TNG NPOCA&oVIKAC ENIPAVEIAG.
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To onoyywdeG napeyxuua anoTeAsiTal anod akavoviotra kUTTapd, PeE apBovoug

MECOKUTTAPIOUC Xwpoug (AIBaAdkig, k.a., 2003).

H enignkng KATAoKeur TWV KUTTAPWV TOU nNAcoaA®douG napeyxUuATog, O€
ouvdudaopo HME TNV ToMmoBETNON TWV XAWPONAACT®WV OTA AVTIKANVA ToIXWHATQ,
dleukoAUvel Tn Oleiocduon TNG akTIVOBOAIAC OTO €0WTEPIKO TOU WECOPUAAOU. AnO
TNV GAAN NAgupd TO OXNKA TWV KUTTAPWV TOU ONoyywdoug NapeyxUUaAToC EUVOEI
TNV anoppo®non TnG PWTEIVAC akTivoBoAiag, svw n anoa&ovikn enidepuida
OUMNEPIPEPETAl WG EOWTEPIKOG AVAKAAQCTNPAG NOU EMNICTPEPEI Ta PwTOVIA NPOC TO
E0WTEPIKO TOU JedopUANoU. H TeAeuTaia, emiTpénel eniong Tnv al&non Tou NAxoug
Tou QUAAOU, KUpiwG pe Tnv au&non Twv oToIBAdwV TOoUu nNAcoAA®OOUC
napeyxupaTog, Xwpig va dnuioupyolvTal onuavTikd npoBARPaTa QwTIOHOU OTIG

KATWTEPEG OTOIRAOEC TWV KUTTAPWYV Tou Pego®UANou (AIBaAdkic, k.a., 2003).

O1 nBuayysiwdeic aywyoi Oeoupidec Olaockifouv To HECOPUAAO Kal yivovTal
AvTIANATEC PE TN HOPPN TWV VEUPWOEWV. 2TO €AAOUd KATAPBAVOUV Ol TEAIKEG
anoAn&gIc Tou oUCTANATOC HETA@OpPAc nou Eskiva anod Tn pida kai diaocXilel 6Ao TO
BAaoTd kal To pioxo. H peTa@opd vepoU Kal BPENTIKWV CUCTATIKWV EMITEAEITAI
HEOW TWV ayyeiwv Tou EUAoU Ta onoia evTonifovral oTnVv NAgupd TN deouidacg nou
BpiokeTal nNpoc¢ TNV Mnpooda&ovikr €nipAveid Tou QUAAOU, evwd n €Eaywyr Twv
(PWTOOUVOETIKWYV MPOIOVTWV YiveETal PEOW TwV OToIXEiwv Tou nBuoU Ta onoia
gvtonifovTal oTn NAgupd Tng Oeopidac nou PBpiokeTal Mpog TNV aAnoa&ovikn

emgaveia (AiBaiakig, k.a., 2003).

O1 nBuayyeiwdelc deopidec ouvhBwC npooTaTelovTdl and OKANPEYXUMATIKEG IVEG
Kal nepiBaAAovTal anod NApeyxupaTika KUTTApa ToU AEyOUEVOU JeCGMIKOU KOAeoU.
O1I OKANPEYXUMATIKEG IVEGC MPOCMEPOUV HUNXAVIKA OTNAPIEN Kal npoaTacia £vavrTi
npooBoAwv naboyovwyv kal eviopwv. H upnxavikn Bwpdkion ¢aiveral Ot €ival
empBeBAnUeEvn av AngOei unown OTI ol nBuayyeiwdelc deopideg eival €EQIpETIKA
nAoUOIEC O BPENTIKA OUCTATIKA KAl 0AKXapd, ENOPEVWC AnoTEAOUV OTOXO YA TOUG
BioTikoUC e€xBpouc. Ta kUTTapa Tou OeEOMIKOU KOAgoU BonBouv Kupiwg oTn

Tpo@od6TNON Tou NnBuoU pe odkxapa (AiBaAdkig, k.a., 2003).
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YAIKA KAI ME®OAOI

A. PuTKo vdiko

MNa tn diefaywyn TwvV PETPAOEWV €MIAEXONKav TPeIC BIOTUMNOI OKANpoU aiTou: n
noikiAia Simeto, o nAnBuoudc NTonia HpakAeiou kal o NANBuUopOg KovTonoUAl 17,
ME OIaKpPITA HOPPOAOYIKA KAl avanTu&iaka XapakTnpIoTIKA, ol onoiol S1apEPOUV WG
npoG TNV euaicBbnaoia Toug oTnv uddaTikh KaTanovnon oUu@®Wva PE NPonyoUUEVEC
MeEAETeEC (Karamanos et. al, 2008). To neipapa OIeEnxOn o©TO MNEIPANATIKO
Bepuoknnio Tou Epyaotnpiou Mewpyiag Tou MewnovikoU MavenioTnuiou ABnvawv.
Epapuoobnkav TEooepelc HeTaxelpiosic apdeuong (A, B, C kai D, and Tnv
uypOTEPN Npog TNV ENpoTepn) HME Tn HEBODdO TNC KAIMakoUpevng andoTaong anod

TNV NNyn Tou vepoU (OTAAAGKTEC CUOTHKATOC oTaydnv apdeuaong).

B. Mcstpnocig ITediov - AsiypuatoAnyicsg

Ma TIG AVAYKEG TWV NEIPAPATIKOV HETPNOEWV dlakpiBnKav TEOCEPEIC MNEIPANATIKEC
KaTtnyopieg ava Pi6Tuno pe BAon TIC TEOOEpeEIC MeTaxelpioelc apdsuong. Ol
METPROEIC NpayuaTonoinénkav yia OAEG TIGC KATNYOpPieg dEIYNATWY OTO KATa oOLipd
AUEOWC €NOPEVO QUAAO anod To QUAAO «onuaia», PeTa&y 8.00-12.00 n.y., ava
TAKTAG XPOVIKG diaoThuata oTo diactnua 3—29 Anpidiou 2009, pe yvwuova To
avanTtu&lako oTdadio cUNPwva PE TNV KAigaka Zadoks (45-50). APEOWC PETA TNV
OAOKANPWON TwV HETPAOEWV nediou, akoAouBnoe dsiypatoAnyia Twv QUAAwV (5

deiypaTa/ueTaxeipion) yia Tnv dieEaywyr TWV €pyacTnpiakwyV HETPOEWV.

I'. Mopgoloyixég kar Avatouitkeg Iapaustpor

I'.1. Métpnon Ilayoog doAoo (LT)

Eykapolec vwnéc TOPEG MUAAOU oI onoieg npayuaronoif®nkav o€ anooracn 3cm
and Tn Bdaon Tou eAdopartog, napartnpnBnkav oto ONTIKG Mikpookonio (Zeiss
Axiolab (Carl Zeiss, Jena, Germany)) kdl PETPHONKE TO NAXOG TWV TOHWV HE TN
BonBela PBaBuovopnuévou npooo@BAaApiou @akoU. To ndaxoc¢ Tou QUAAoU

EKPPAOCTNKE OE Pm.
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I'.2. Métpnon oovoAiki)g empavetag Kat {npov Pdapoog goAlov -

YnoAoyiwopog padag ava uAikn em@avewa (LMA)

MNa Tn WMETPNON TNG E€MIPAveiaG TwV QUAA@WV avda kartnyopia Oeiyuarog,
KaTaypapnkav QwToypaQieg vonwv QUAAwV ot kAuepa SSCD 38P/45 (SONY
Corporation, Japan) kal anoBnkeuTnkav o wn@iakn popen. Me tn Bonbeia Tou
npoypdupatog enegepyaociac wn@iakng e€ikovag Image Pro-Plus, HETpRABONKE n
enIPavela kaBe @QUANOU Kal eK@PAOCTNKE Ot cm?. XTn Ouvéxela Ta deiypara
TonoBetTnOnkav oTto poupvo yia Enpavon oroug 60 ° C yia 48 h kal (uyioTnkav. H
Mala ava @uAAIKn enipaveia (LMA) unoloyioTnke wG o Adyog Tou &npou Bapoucg
TwV QUAAWV NPOG TNV avTioToixn QUAAIKNA Toucg snigpaveia (Hovada Enpol Bapouc/

HovAada ENIPAVEIAc) 0 onoiog EKPPACTNKE OE g M.
I'.3. YnoAoywopog ITokvotntag ¢oAloo (LD)

H nukvoTnTa UAAOU unoAoyioTnke diaipwvTac Tn Pala avda pUAAIKR €NIPAveld PE

TO NAxoc.

I'.4. Métpnon ITokvotntag Ztopatiov (Stom.D.)

MNa Tn METPNON TNC NUKVOTNTAGC TWV OTOMATIWV napatnpnbnke n anoa&ovikn
ENIPAveEId VONWV OsIyNATWV QUAAwV oTo Mikpookonio EnipBopioyol  pe
npoonintov unepiwdsc PwG (HEYIOTN Eevépyela oTa 365nm) Xwpic uypo
napatnpnoneG. Q¢ enaywyéac @Bopiohgol  xpnoigonoinnke OlaAupa 1%
dIpaivoAiko Bopikd oEU 2-apivoalBuleatépa (NOE). Ynd TIC OUVONKEG AUTEG TO
OTPWHA TWV EMNIEPUUEVIOIKOV KNPWV TWV KATAPPAKTIKOV KUTTApWV  @BOopIlel
EVTOVA HMAAE QWG EV® AUTO TWV EMJEPUIKWOV KUTTAPWV EKNEUMEI CUYKPITIKA
aoBeveéaTepo QOOPIOYO HUE aAnoTEAEOPa va kabioTatal €uxXepnc n METPNON Tou
apiBpol Twv oTopdTiwV Kal va €ival diakpITOG 0 OTOUATIKOG Nopog (Karabourniotis
et al. 2007). Kataypa@nkav @wToypaQieg oc kdauepa SSCD 38P/45 (SONY
Corporation, Japan) kal ano®nkeuTnkav o wn@iakn pop®rn. Me tn Bonbeia Tou
npoypauuatog ene€epyaciac Wwnoiakng eikovag Image Pro-Plus, METPABNKE 0
aplOuoc Twv oTouaTiwv. H nukvoTNTa TWV OTOMATIWV EKPPACTNKE CE OGTOMATIA

mm™2.
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I'.5. Métpnon Srapétpov 0eopikov KoAeod - Métpnon dwapétpoo Kat

ENUPAVELAG AYYELDOV AYDYOD 10TOV

Eykapoiec vwneg TodéG @UAAOU ol onoiec npayparonoinkav g€ anooracn 3 cm
and Tn BAaon Tou e€AdopaTog Kal yia TIC OMOIEC nponyhndnke Xpwon Me
Phloroglucinol (20% HCI), napatnpn®nkav oto ONTIKO Mikpookonio (Zeiss
Axiolab (Carl Zeiss, Jena, Germany)) Kdl KAataypa@nkav @QwToypaPieg TwVv
KEVTPIKWV Kal JeuTeEpPEUOUOWY (HEOaiou HeEYEBOUG) nOuayyeiwdwyv Oeopidwv Ot
KAauepa SSCD 38P/45 (SONY Corporation, Japan), ol onoieg ano®nkeuTnkav o€
yneiakr popen (Eikova 1). Me Tn Bonbeia Tou npoypdupatog enegepyaaiag
wneIakng eikovag Image Pro-Plus, YeTprnOnke n JIAUETPOC TOU OECGHIKOU KOAEOU
Kal Twv ayyeiwv Tou aywyou IoToU. H OJIAUETPOG €K@PACTNKE CE MM KAl n

ENIPAVEIQ 08 mm?Z.

OPIZONTIOZ AZONAEL ®YANOY

AIAMETPOZ AITEIOY

EMI®ANEIA AFQroy IZTOoY

AIAMETPOZ AEZMIKOY KOAEOQY

Eikova 1. Mikpo@wToypagia gykapalag Topung eUAAou. e peyébuvon napouaialetal n dsuTtepelouaa
veUpwon (Peoaiou pey€boug) PeTa and xpwon pe Phloroglucinol (20% HCI). AneikovieTal oxnUaTika o

TPOMNOG PETPAOEWV TWV XAPAKTNPICTIKOV TOU aywyouU 1oToU.
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I'.6. YIHOAOY1OpOG TOKVOTNTAG VELPWOEMV avd @oANo (DV)

Eykapolec vwneg ToéG UAANOU o1 onoiec npayuartonoifnénkav o anooraocn 3 cm
and Tn BAaon Tou e€AdopaToC Kal yla TIC OMOIEG nponynbnke Xpwan ME
Phloroglucinol (20% HCI), napatnpnénkav oto ONTIKO Mikpookonio (Zeiss
Axiolab (Carl Zeiss, Jena, Germany)) Kdl KATAUETPABNKE O apIiBUOC TwWV
NOuayyeiwdwv deodidwv ava QUAAO. H nukvoTNTa TWV VEUPWOEWY UMOAOYIOTNKE

wG 0 AOYOG Tou apiBuoU VEUPWOEWV ava GUAAIKN em@aveia (og cm?.

I.7. YnoAoytopog deiktn kivdovoo drakorr)g tng oTAng vepoov ota

ayyeia (vulnerability index)

O kivduvog diakonng TnG oTNANG vepou aTa ayyeia (vulnerability) unoAoyioTnke wg
0 AOYOC TOU MECOU Opou TnG OIapETpou (0 mmM) TwV AYYEIWV TNG KEVTPIKNG
veupwong (M.VULN) kaBwg kal Twv OtuTepeuoucwy (Heoaiou pey£Bouc)

(SV.VULN) VEUPWOEWVY NPOC TNV MNUKVOTNTA TWV VEUPWOEWY TOU PUAAOU.

I'.8. YnoAoywopog Huber value

To Huber value unoAoyioTnke wG o AOYoG TNG OUVOAIKNG €NIPAVEIAC TWV AyYEiwV
Tou aywyou 10ToU NpoG To avTioTolXo Enpd BApoC Tou PUAAOU Kal eKPPAOTNKE OE

mm? g*.

I'.9. YnoAoy1opog 00pavAkig ay®ytpotntag 1oV ayyeimv 100 @gUANoD
(knp)

H udpauAikr aywyigotnTa Kn, UNoAoyioTnke ouppwva pe Tnv egiowon Hagen-
Poiseuille (Gibson et al., 1984; Woodhouse and Nobel, 1982, Singh et al., 2000):

Knp=( n/128n ) =d,*

d : n dIGueTpOC O pm Tou viooToU ayyeiou

n : To 1IEWdEC Tou vepoU os MPa s (~10 Pa s aTtoug 20° C; Milburn, 1979)
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O1 eniy€pouc unoAoyiopoi Npayuaronoifdnkav cUPNPwva Pe TIG €ENG EEICWOEIC:

B H udpauAikh aywylgoTNTa TWV ayyeiwv TnNG KEVTPIKAC VEUPWONG TOU
®UAAOU

Mk, =( n/128n ) Zd,*

d : n OIGUETPOC O UM ToU KABE ayyeiou TNG KEVTPIKAG VEUPWONG

B H udpauAikf aywyiuoTnTa TwvV ayyesiwv Twv deuTepeuouowv (Pecaiou

HEYEBOUG ) VEUPWOEWV
SVknp = £ [(n/128n ) 2d,*]

d : n OIGUETPOC O Um TOU KABE ayyeiou TNG deuTEpPEUOUCAG VEUPWONG

B H ouvoAIKr USPAUAIKN aywylHoTNTA TWV ayyeiwv Tou UAAoOU

khpz M khp+ Sthp

H kn, €kppacTnke oe kg m MPa ™

s107. Mapdho nou o unoAoyiopdG TNG Kip
oUupwva Pe TNV e€icwaon Hagen-Poiseuille UNEPEKTINA TNV NPAYUATIKR USPAUAIKD
aywyiuoéTnTa, ol TIWEGC Ol OMOIEC MPOKUMTOUV AEITOUPYOUV WG OUYKPICIMEG

METPROEIG, anodeKTEC yia OAa Ta €idn (Steppe and Lemeur 2007).

A. POTOOUVOETIKES TLAPAUETPOL

A.1. YnoAoylopog Zoykevipwong XAwpopoAwv

EkxuAion DMSO

Ano @UAAa idiag nAikiag AapBavovtav diokol diapeTpou 0,85cm. ZTn OUVEXEIA Ol
diokol apoU TepaxioTnkav og TEPAXIA HEYEBOUC nepinou 1 mm?2 TonoBeTnONKav o€
OOKINAOTIKOUG OWANVEG Kal npooTédnkav 0,1gr CaCO3 kai 6ml DMSO kal
enwaoTnkav og udaToAoOUTPO OToUG 65°C yia 40 min. Tn ouveExeld Ta dsiypaTa
QuyokevTpnoOnkav yia 10min ota 2972 g. MapaAfeOnke TO UNEPKEIPNEVO Kal
METPNONKE n anoppdpnon Tou oTa 665 nm, 649 nm kai 720nm o€
(PaoPaToPpWTONETPO Shimadzou UV 160. MNa Tov kdBe BidTuno ava HETAxeipion
npaydaTtonondnkav 5 enavaAfyelc. O UNOAOYIOHOC TWV OUYKEVTPWOEWV EYIVE

oUhpwva We TIG eElowoslg (Lichtenthaler et al.):
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Chl,= 12,47 A665 — 3,62 A649
Chl,= 25,06 A649 — 6,5 A665
Chla+p= Chl, + Chly,

OI TEAIKEC TIHEC TWV CUYKEVTPWOEWV TWV XAWPOPUAA®YV ekppdoTnkav o mgr Chl

cm™? em@paveiac eUAAoU.

A.2. Métpnon @mtooovleTikig ikavotntag & oova@®Vv NapapéIpwyv

OI HETPAOEIC TNG PWTOCUVBETIKNAC 1kavoTnTag JdieEnxBnoav oTo JiAoTnua GOTOo
diaotnua 3—29 AnpiAiou 2009 Maiou KaTd TIC NPpWIVEG WPEC 8—12 nu nAIdAouoTWV
nuepwyv. a TIC HETPACEIC XPNOIMOMOINBNKE TO @OPNTO OpPYyaAvo METPNONG
QwTooUVOeanG LCpro+ (ADC Bioscientific Ltd, England). O pWTIOUOG TOoU (UAAOU
oTto O6dAapo Tou opydavou npayuartonolgital and nnyn LED . O HETPNOEIC
di1eEAXONoav und TIC €ENC OUVONKES: PWTIOPO €vraong 1500 pmol pwToviov m2s

1 ka1 Beppokpacia agpa 23° C .

To oOpyavo LCpro+ JdiaBérel autdépaTo oloTnUa METPNONG Kal KATAaypa®ng Kai
AGAAWV NapapeTpwyv O6nwc n TaxutnTa dianvonc (T) kal n oToMATIKR aywyINoTnTd

(99)-

E. Bioxnuiuxeg Tapapustpot

E.1. YIoAOYy10p0g 00YKEVTIP®OTG ODVOAKOD al®TOov avd enuQavela
Kat avd pada
MNa Tn METPNON TOU MEPIEXOMEVOU alwTou TwV QUAAWV XpNnoIKonoInenke n

nEBODOC Kjeldahl (Horneck and Miller, 1998). H p£Bodog Tpononoindnke woTe va

KataoTei duvaTtnh n PETPnON JelyNAaTwy HIKPNG padac.
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lMpoeroiuyaocia deiyuarwv

Ta deiypata agudatwbnkav oe kAiBavo oToug 60°C yia 48 wpeg, kAl oTnv
ouvexela A€loTpIBrBnkav kalr opoyevonoindnkav. Aiatnpnénkav oe &npavTrpd

MEXPI TNVOTIVHN NoU Xpnolgonoinénkav.
Kauon dsiyuarwv

H &npa ouaia kabe deiypaTog {uyioTnke, TonoBeTnBNKe o PIAGAN microkjeldahl kai
npoorébnke 1 ml nukvoU H2SO4 «kal €napkng noodTnTa  KATtaAuTn
(napaokeualduevo We AsloTpiBnon kal opoyevonoinon 1gr CuSO,, 8 gr K,SO, kai
1gr Se0,). Me TnVv Xpnon Vortex €E€ao@AAiOTNKE n OMOYEvVOMoinon Kai OAIKM
dlaBpoxrf Tou OciydaToG. =TnV CUVEXEId N (PIAAn TonoBeTnOnke ot BepUaAVTIKO
oTolxeio Tecator Block Digestor 2006 (Diversified Equipment Company, Lorton,
VA, USA) oTtoug 410 C yia nepinou 20-30 min HEXPI TO NEPIEXOMEVO va Yivel
TEAEIWG O1AUYEG KAl ME XpWHA MPAcIvo Tou PnAou. KaTta tnv didpkela Tng kKauaong
npayuaTonolgital o&eidwaon TNG opyavikng ouaciac Pe anoTeAsopa 1o alwTo (ekTOC
autoU nou BpioKeTAl UNO HOPPN VITPIKWV 10VTWV) va HETATPEMNETAI MOCOTIKA OF
audwvia kal autr o Benkd appwvio. Kpiveral okonmiuyn kata Tn OIdpKeld TG

kauong n avadeuon Twv Pialwv microkjeldahl ava 10 Aentd nepinou.
2r1adio anooraéng

To npoidv Tng kauong MeTaQEPONKe o0 KUAIVOPIKN @IaAn Kjeldahl. TMa Tnv
NOCOTIKN UETAPOPA TOU NMPOoiovTog €yivav NAUCEIC KaBs giaAng microkjeldahl pye 10
ml aneotayudévou vepoU. AkoAoUBwC npooTédnkav 10 ml NaOH 40% w/v. 3TN
ouvexela n @lain Kjeldahl TonoBetrBnke otnv kKatdAAnAn ©€on Ot anooTakThpa
Tecator Kjeltec System 1002 Distilling Unit (Diversified Equipment Company).
>Tnv 6£on OUAAOYNG TOU anooTAypaTog TNG OUOKEUNC TonoBeTnBnke yudAivn
KWVIKN @IaAn Tov 100 ml nou nepieixe 20 ml H3BO3; 2% w/w Kdl 3 OTAYOVEC
deikTn Conway (napaokeualopevou Pe avapi€n 12 ml 3/7oG A (wg 25 ml alBuAikng
aAkoOAnc 95% kal 40 mg e€puBpoU Tou MPeBUAiOU Kal pnxavikn avadeuon Me
ehappa 6ppavaon katd Tnv onoia Ta avTidpaoTnpia npenel va diaAuBouv NANpwg),
24 ml d/toc¢ B (wg 25 ml ansoTtaypévou vepolU kal 10 mg npdacivou TNnG
BpwpokpeaOANC kal avadeuaon) kal 12 ml aAkodAng 95%. TeAIkOg OykoG deikTn 48
ml). AkoAoUBnoe anooTa&n katd Tnv onoid To B€lKO APUWVIO O AAKAAIKO
nepiBaiAAov diaondrtal kal napdayeral agpwvia n onoia diaBiBaleTal oTnV KWVIKA
METO O1aAUpa BopikoU o&€oc. H anooTa&n ouvexioTnke €wG ouVoAIKoU oykou 40 ml

Tou diaAUpaTog andoTagngc.
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TiITAodoTnon deiyudrwv

MeTd TO nEpPAg TNC aAnoOoTa&nG mpaypartonoinénke TITAODOTNON Tou OIaAUMATOC
andoTaéng pe HCI N/28. To onueio €E0UdETEPWONG OPIoONKE PECW aAAayng Tou

XPWHATOG Tou deikTn Conway and avoiXTo npacivo o€ pol o€ Tiun pH 5,5.
YrnoAoyiouog nepiexOevou alwTou

MNa Tnv avaywyn TV anoTEAECPATWV XpNOoIJonoIindnke oeipd  npoTUNWV
SIAAUPATWV YVWOTAG OUYKEVTPpWONG alwtou (10-100 mg I, 6 onueia, r* 0,9972).
Z0Pewva Pe TNV npdTunn KaunuAn avagopdg, 1 ml HClI N/28 avTioToiXoUos o€

0,52 mg alwTou.

E.2. YIOAOY1OPOG ODYKEVTP®OI G ODVONMK®V QATVONK®OV

MNa Tn METPNON TWV MEPIEXOUEVWYV (PAIVOAIKWV TWV QUAAWV Xpnoihonoindnke n
HEBOBOG Folin-Ciocalteu (Waterman & Mole (1994).

EkxuAion

Zuyiotnkav 50 mg koviopTonoinuévou &npoU OceiyuaTog kal TonoBesThbnkav o€
OOKINAOTIKOUG OWANVEG. 2€ KABe JOKINAOTIKO OwAnva npoorédnkav 6ml udaTtikou
dlaAUpaTog peBavoAng 50 %, ogpayioTnkav kal enwdoTnkav g uddTOAoOUTPO
oTouc 40°C via 1 h (pe avadeuon kaBs 10 min). 3TN Ouveéxeld Ta desiypaTa
QuyokevTpnoOnkav yia 10 min ota 4000g. MapaAfeOnke TO UNEPKEIPNEVO Kal

TONoBeTHONKE O VEOUC OOKIMAOTIKOUG OWANVEG.
AvTidpaon

>e MeyaAUTepou peyEBoug OoKIpaoTikoUG OwANvec npooTteéBnkav  3.950ul
anioviogévou vepoU, 50ul Tou unepkeipyevou, 250ul avTmidpaortnpiou Folin-
Ciocalteu. AkoAoUBnoe enwaocn yia Xpovikd diactnua 1-8 min ot Begpuokpaacia
dwuaTiou kal npooTéBnkav 750ul diaAlpaTtoc avBpakikoU aoBeoTiou (Na,COs).
>To TUQPAO diIdAupa o avTikaTtaoTaon Twv 50 Pl Tou UNEPKEIPEVOU NpooTeBnkav

50 ul udaTikoU diaAUupaTtog peBavoing 50 % kal akoAouBnoe n idia diadikaaoia.

H opoyevonoinon Twv Odsiyudtwv €yive He avadsuTrpa Vortex. AkoAoUBnaoe
gnwaon oe Beppokpacia dwuatiou yia 2 h. H anoppdépnon yia kabe deiyua
METPNONKE ME  QAONATOPWTOMETPO (Shimadzu UV 160) ora 760nm.
KaTtaokeudoTnke KapnuUAn ava@opdc yia OJIapOPETIKEG CUYKEVTPWOEIC TAVVIKOU
0E£0C. H OUYKEVTPWON OUVOAIKWV (PAIVOAIKWOV EKPPACTNKE 05 mg 100dUVaANOU

TavvikoU 0&Eog ava g &npng ouaiac.
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E.3. YIOAOY1OPOG OLDYKEVIP®OOTG TAVVIVOV

MNa Tn HETPNON TWV MEPIEXOHUEVWV TAVVIVOV TWV QUAAWV Xpnoigonoinénke n
MEBODOC npoavBokuavidivng, n onoia nNpoTtabnke and Toug Waterman & Mole
(1994).

ExkxuAion

Zuyiotnkav 50mg koviopTonoinuevou &npolU OciyyaToC kal TonoBeTnbnkav o€
OOKINAOTIKOUG OWANVEG. € KABe DOKINAOTIKO OwARva npooTednkav 6ml udaTtikou
dlaAlpaToc peBavoAng 50 %, ogpayioTnkav Kal enwdoTnkav o uddTOAOUTPO
oTouGg 40°C vyia 1 h (pe avadeuon kaBe 10 min). 3Tn ouveéxela Ta dsiyudra
puyokevTpnonkav yia 10 min ota 4000xg. MapaAAQOnKe TO UMNEPKEIPEVO Kal

TONoBeTABNKE 0 VEOUG DOKIPNAOTIKOUG GWANVEC.

IpocsToiuacia avridpaornpiou BoutavoAng

€ OYKOMETPIKO owAnva 1lt npooTebnkav 50ml CUPNUKVWHEVOU UJPOXAWPIKOU

0&toc (HCI) kar 0,7 g FeS0,.6-7H,0 kal cupnAnpwdnke o dykog 1It e BouTtavoAn.

AvTidpaon

> & OOKIJAOTIKOUG OWANVEG NpoaTednkav 7 ml Tou avTidpaoTnpiou BouTavoAng Kai
500 pl Tou unepkeipyevou. 2To TUPAO didAupa Ot avTikaTtaotaon Twv 500ul Tou

unepkeigevou npootednkav 500 pl udaTikoU diaAUpaToc pebavoing 50 %.

H opoyevonoinon Twv JelyddTwv €yive Pe avadsuTrnpa Vortex. TN CUVEXEID
oQ@payioTnkav Kdl enwactnkav oe udatoAouTpo oToug 95°C vyia 40 min - 1 h.
MeTa TNV enwaocn Ta dsiypaTta agEdnkav va Kpuwoouv Kal akoAoUBnoe peETpnon
TnC anoppopnonc. H anoppognon yia kaABe Oesiyya  PETPAONKE  HE
(PaoPaToPWTONETPO (Shimadzu UV 160) ota 550nm.

2t. Metprjocig duvauikou tou vepou W, tou uAdovu kat

uroAoyiouog tou dcixtn WPIL

O1 peTpAoeIC Tou duvapikoU Tou vepoU Tou pUAAOU npayuartonoinénkav ava TakTd
Xpovika diactnuarta oTig 12.00 n.J. Pe Tn YEBodo Schollander (1964). SUuQwva
ME Ta OedOpEVA TWV METPNOEWV TA onoia napaxwpndnkav ano To EpyaoTnpio
lewpyiag Tou M.M.A. , npayuyaTonoin®nke o unoAoyiopoc Tou WPI oUppwva JeE Tn

HNEBODO Mou npoTadnke and Touc Karamanos and Papatheoxari (1999). O WPI
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avTInpoowneUel TNV GUVOAIKH uddTikn katandvnon kaBoAn Tn didpkela disEaywyng

TOU NEIPANATOGC.

Z. Ztatiotikn Avdaliuvon

STATIOTIKA ONMAVTIKEG OlaPOpPEG METAEU TwWV HEOWYV TWV  HETAXEIPIOEWV
gvTonioTnkav Ye avaiuon diacnopdc (ANOVA) kal NoAAANAEG CUYKPIOEIC HEOW TOU
KpiTnpiou Tukey-Kramer (Jmp 7.0, SAS Institute Inc, Cary, NC) onou ioxuav ol

npoUnoBE0EIC TNC KAVOVIKOTNTAG KAl TNG OYOIOTNTAG TWV d1ACNopwV TWV HETWV.

H avaAuon naAivdpounong npaypartonoindnke yia oAa Tta mbava {euyn, WETA&U
TOU OUVOAOU Twv 35 napapeéTpwv ol onoieg PeAeTHONKav ot e€ninedo PloTunou
aAAG kal ouvoAikd. Ano To nAnBGoc Twv 2380 apxikwv avaAuoswv (Microsoft
Excel), o1 (~)630 napoucialav r> > 0,7 (MNivaka¢ 1 napaptnua). And auTég
akoAoUBnoe €k VEOU €nIAoyrn HE KPITAPIO TO MANBOC TWV OCUCXETIOEWV KaABe
napapeTpou 1600 Ot €ninedo BIOTUNOU AAAG KAl OUVOAIKG. To €enIMEPOUC auTod
ouvoAo, avaAubnke nepaiTépw (STATGRAPHICS Plus, Version 4, Copyright 1994-
1999) kal yia TNV napouciaon TwV TEAIKWV AMOTEAECUATWY EMAEXONKAV UOVOV Ol

OTATIOTIKA ONUAVTIKEG OUOXETIOEIG O eninedo onuavTikoTNTag 95% (P<0.05).
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ZKOIIOY

Q¢ yvwoTov, n &npacia anoTteAei €vav and TOUC ONUAVTIKOTEPOUG MApAdyovTEG
katandévnong Kal neplopiogol  TNG NAyKOOMIAG YEWPYIKNG NApaywync . SNUEPa, n
OUVEX®WC au&avouevn avnouxia yia TIC ENINTWOEIG TNG KAIYATIKAC aAAaync odnyei
TNV €peEUva O£ VEEG KATEUBUVOEIC Ol OMOIEG €XOUV WG aTOXO TNV BeATioTONnoINGN
TWV KAAANIEPYNTIK®OV PMEBODdWV Kal TNV €nIAoyr yovoTUnwyV PeE AYOTEPEG analThoEIg
og vepO. H £€peuva e AVTIKEIMEVO TOUC PNXaVIOPoUG avTIMETWNIONG TNG UdATIKNG
KaTanovnong kpiverar 6Ao Kal Mo onuavTikn Kabwg Ta oevapia TnG KAIPATIKAG

aAAaync npoBAEnouv au&non TnG Enpaciag oe NOAAEG NEPIOXEG TNC UPnAiou.

>TOX0C TNG napouoacg epyaciag ATav n dlepelvnaon TnNG €nidpacng TnG UdaTIKAG
KaTandévnong o€ HOPQPOAOYIKEG, AVATOMIKEG, (PUOIOAOYIKEC Kal PIOXNHIKEG
NAapapeETPOUC aVvBEKTIK@WV Kal Un NoIKIANI®V oiTou. Na To gkond auTd emAéxbnkav
Tpeig BidTunol okAnpoU oiTou, NE yVwHova To dIapopeTiko Babuo suaiobnaiag Toug
oTnv udaTIKf KATanovnon, o onoiog £xel avagepBbei and AAAOUC €peuvnTEC, Kal
MEAETABNKAV OUYKPITIKA KPICIMEG AVATOMIKEG, QUOIONOYIKEG Kal BIOXNMIKEG
napAueTpol, Ol onoieg oXeTifovTal PE TNV avToxn otnv &npaocia. Idiaitepn Eugaon
008nke oTOV NPOCdIOPIOUd TWV AVATOMIKWV NAPAMETPWV Mou OxeTidovTal PE TO
ayyeiako oUoTnua Kal TV (PUOIOAOYIK®OV NAPAUETPWY MNou OXeTi(ovTal HPE TN
dianvor| kdl Tn @wTtooUvBeon woTe va diepeuvnBei €dv o BaBuodC eykAIpaTiopou

TOU ayyelakoU OUOTANATOG OXETI(eETal HE AAAEC KPiOIUEC AEITOUpYieG Tou QuTOU.
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AIIOTEAEXMATA

Qc yvwaoTov, n uddaTikn KaTtanovnon npokdAei éva suplU gAaocua avTidOpAaoewy OTO
(PUTIKO opyaviguod. MNa Tov AOYyo auTd Kpibnke okOmiun n MEAETN TNG enidpacng

auUTNG o€ HOPPOAOYIKO, avaTouIKO, PUCIOAOYIKO Kal Bloxnuiko eningdo.

A. Mop@oloyikeg Ttapapustpot

O1 HOPPOAOYIKEC NAPAUETPOI Ol ONOoIEG UNoAoyioTnkav givai:
B n oUuVvOAIKN €MIPaveia Tou eUAAou (TLS),
B n pada ava QUAAIKN snipaveia (LMA),
B T0 Enpo BApog Tou PpUAAOU (DW),
B TO Naxog Tou QUAAoU Kai (LT)

B n nukvoTnTa Tou pUAAoU (LD).

A.1. ZovoAwkr) em@avera too @oNoo (TLS),

>Tnv sikova 1(a ,b) napouaialovral ol PEGol Opol TG TLS yia TOug TPEIG
BidTunoug: Simeto, NTonia HpakAsiou kal KovtonoUAl 17, onwc kataypapnkav os
kabéva and Ta TEooepa enineda udaTikng kartanovnong (water shortage level: A,
B,C, D). Au&avouEvou TOU €NINEDOU KATANOVNONG NAPATNPEITAlI YEIWON TWV TIH®OV
TNG napapéTpou TLS Kal oToug TPEIG BIOTUNOUG, WOTOCO N UEiWOn €ival evTovoTepn
oTnVv noikiAia Simeto o€ oUykpIion MeE Toug nAnBuopolg NTOMIa HpakAeiou Kkai

KovTonouUAl 17.

A.2. Mala ava oAk em@avewa (LMA)

O1 p€ool 6pol TNG LMA og kaBéva and Ta Teéooepa enineda udaTikngG KaTandvnong
yla TOUuG TpPeIG napandavw Piotunouc napouaialovral otnv eikéva 1(c ,d).
MapaTtnpeital onuavTikn al&non Tng LMA au&avopEvou Tou €MINESOU KATANOvnaong
oTnv noikiAia Simento kai pikpry avu&non otov nNAnBuopo NTOma HpakAgiou, evw

dev napartnpeital JeTaBoAr otov nANBuopo KovtonoUAl 17.
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Eikova 1. Enidpaon Tng udaTikng KATAnovnong oTiG HOPPOAOYIKEG NapapeTpoug TLS kal LMA aTtoug 3
BioTunoug Simeto, NTOMIa HpakAegiou kar KovrtonoUAI 17 ava eninedo udaTiknG kaTanovnong.
NapouaoialovTal ol péool Opol 5 enavaAfPewyv + TUNIKO OPAAPa Tou YEoOU. MEgol 6pol UE DIAQOPETIKA
ypapuaTa diapEpouv oTaTIoTIKG PETAEU Toug (P < 0.05). O1 di1aPopEG TWV HECWV OpWV evTonioTnKav
MEOW OUYKpPIoEWV a. PETAEU TwV PEOWV Opwv Ot KABe eninedo karanovnong ava BioTuno (Eikoveg la

kal 1b) kai B. peTa&U TwV pEocwv dpwv kabe BioTUNOU ava eninedo katanovnong (Eikoveg 1c kai 1d).

B. AvatouiKeg tapapueTpot

'Onw¢ npoavapepdnke, oTdOXO TNG EPEUVNTIKNAG €PYaciac aAuTnG anoTeAsl n
dlepelivnan TnG 1IkavoTNTag eyKAINATIONoU Tou ayyeiakoU oUuOTANATOC TV QUAAWV
WG MEPOC TOU MnxaviopgoU avrtoxng ortnv &npacia. SUp@wva HPE NPOOPATEG
£€pEUVEG, n mBavoTnTa dnuioupyiac cuBoAwv kabBopileTal and avaToOMIKEG Kal
BIOXNUIKEG NAPAPETPOUG TOU dayyelakou ouoTtnuatog (Hacke et al., 2001a;
Jacobsen et al., 2007a,b,c; ).Ma To AOyo auTd PEAETABNKAV KUPIWG Ta avaTouiKa

XApAKTNPIOTIKG Tou EUAOU ONWG:

B n JIQUETPOG TWV AYYEIWV Tou aywyoU 10ToU TNG KEVTPIKNG veEUpwaong (MVD)

Kal TwV OEUTEPEUOUCWV PECAiOU PEYEBOUC VEUPWOEWV (SVD) Tou pUAAOU

B n JIGUETPOG TOU DETHIKOU KOAEOU TNG KEVTPIKNC veUupwong (MBSD) kal Twv

OEUTEPEUOUOWYV ETAIOU PEYEBOUG VEUPWOEWY (SBSD) Tou pUAAOU

B n em@aveid TwV ayyeiov Tou aywyoU I10ToU TNG KEVTPIKNG VEUPWANG
(MVCA) Kal TwV OEUTEPEUOUCWY HEDAIOU PEYEBOUC VEUPWOEWY Tou (SVCA)

@UAAOU

B n OUVOAIKN EMIPAVEIA TWV AyYEiwV Tou aywyoU IoTou (TCA= MVCA+ SVCA)

Tou PUAAOU
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B N nukvoTNTa TWV VEUPWOEWV ava QUAAIKA enipaveia (DV)
B o kivduvog d1akonng TG oTNANG vepouU ota ayyeia (M.VULN, SV.VULN)
B 710 Huber value (H=TCA/DW)

B n udpaulikn aywyigotTnTa TNG Kevtpikng velpwong (Mkp,) Kkalr Twv

OEUTEPEUOUOWYV HETAiou HeYEBOUG VEUPWOEWV (SVKy, )TOU GUAAOU Kal
B n ouvoAikn udpauAikn aywyipoTnTa (Knp,= MKnpy+ SVKp,) TOU GUAAOU.

Eniong, HeTpABONKe N NUKVOTNTA TWV OTOMATIWV Tou GUAAoU (STOM.D.).

B.1. Alapetpog TV ayyeimv T0D aywyov 10TOV TG KEVIPIKIG

veopwong (MVD) too ¢oAoov

>Tnv eikova 2(a, b) napouoidlovral ol pégol 6pol TNG MVD yid Toug TPEIG
Bi6Tunoug: Simeto, NTonia HpakAgiou kal KovTonoUAl 17, 6nwc¢ kataypa@nkav og
kabéva and Ta Téooepa enineda udaTikng katanovnong (water shortage level: A,
B, C, D). MMapaTtnpsital oXeTIKA Meiwon TG MVD oTtnv noikiAia Simeto kai oTov
nAnBuoud KovTtonoUAI 17 (sikova 2.a), evw de&v napaTtnpsital UYETABOARn oTov
nAnBuopud NTonmia HpakAgiou 600 au&davetal To eninedo katanovnong. Eniong, otnv
gikoéva 2.b napatnpeital 0TI oTov NAnBuouo NTonia HpakAgiou n MVD napapével

MEYaAUTepPN gg oUYKpPIoN KE Toug aAAoug dUo BidTunouc.

B.2. AlapeTpog TV ayyeimVv TOD dy®yoD 10T00 TV OEDTEPEDOVODV

peoaiov peyeBoog vevpmoemwv (SVD) tov oo

>Tnv eikdéva 2(c, d) napouacialovTal ol péool 0pol TNG SVD yia Toug napandvw
BidTunoug ot kaBéva and Ta TEooeEpa enineda  udATIKNAG KaATandovnongc.
Mapatnpeital peiwon TN SVD 6co au&aveTal To €ninedo KATANOVNONC KAl OTOUC
TpeIg BioTUNOUC. H SVD peIwVETal EVTOVOTEPA OTNV MNOIKIAia Simento ge oUykpion

Je Touc dUo nAnBuopouc.
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B.3. Atapetpog 100 deOoP1KOD KOAEOD TNG KEVIPIKIG VEDPWOT)G

(MBSD) too @oOA\oD

>Tnv sikova 2(e, f) napouoidlovtal ol PEool Opol TNG MBSD yia TOUG TPEIG
BidTunoug ot kaBéva and Ta TEGoeEpa enineda  udaTikhAG KaTtandvnongc.
Mapatnpeital peimon Tng MBSD 000 au&avetal To €ninedo KATAnovnong oTo
oUVOAO TwV deIyNaTWV. XTov NANBuopo KovTtonoUAl 17 napaTtnpeital eviovoTepn

heiwon og ouykpion Pe Toug aAAouc dUo BidTUNOUC.

B.4. Auapetpog 100 deOP1KOD KOAEOD TV BEDTEPEDOVOMDV HECALOD

peyéboug vevpmoewv (SBSD) tov poAlov

O1 p€ool 6pol TNG SBSD napouaialovtal otnv sikova 2(g, h) Kar otnv nepintwon
auTtn napaTtnpeiTal peiwon TN SBSD 6co au&avetal To €ninedo katandvnong Kai
OTOUG TPEIC BIOTUNOUC. 'ONWwc paiveTal oTnv €ikova 2, h n noikiAia Simeto d1aBETel

MEYaAUTEPNC OIAGUETPOU DECHIKO KOAEO O oUYKPIoN KE Toug dUo nAnBuououg.
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Eikova 2. Enidpaon Tng udaTikng KATanovnong oTIC avaTopiKEG napapérpoug MVD, SVD, MBSD, Kal
SBSD oToug 3 BioTunoug Simeto, NTomia HpakAsgiou kal KovtonoUAI 17 ava eninedo udarikng
katanovnong. MapouaialovTtal ol Péool Opol 5 enavaAfwewv £ TUNIKO CPAAUA ToU PETOU. MEaol Opol
ME JIaPOPETIKA YpaupaTa diapEPouV oTaATIOTIKA HETAEU Toug (P < 0.05). ANAEG AenTOUEPEIEG ONWG OTNV
eikova 1.
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B.5. Em@avela tov ayyeimv T00 ay®yov 10ToV TG KEVIPIKIG

veopwong (MVCA) too poroov

KaTtoniv PeTpnoswe TN MVCA Twv Tpiwv BloTUNwV o kKaBseva and Ta TEooepa
enineda karanovnong napartnpnbnke peiwon TN MVCA Tou QUAAOU Kal OTOUG

Tpeic BIoTUNOUG 600 au&avetal To eninedo katandvnong.

B.6. Em@avela Tov ayyeimv T00 ay®yon 10T00 TV OEDTEPEDOVODV

peoaiov peyedoovg veopmoewv (SVCA) tov @oANoo

Eniong npaypaTtonoin®nke Pérpnon Tng SVCA Twv TpI®V BloTUNwv o kKaBgva anod
Ta Téooepa enineda karanovnong. Merd Tn PETpnon dianmioT®wOnke peiwon TG
SVCA Tou @UAAOU 000 au&averal To €ninedo kKaATanovnong oto oUVOAO TwV

delyNaTWV.

B.7. ZovoAwki) em@avela tov ayyeiov 1oo aywyoo totod (TCA) too

@OANOL

'Onwc npoava@epbnke N TCA npokUNTEl anod To adpoioua Twv U0 NMponyoUHEVWY
NapapeTpwv Kal Mnopei va Bewpnbei 6T avTinpoownevsl kali TIG dUOo
nponyouUpevec. XTnv €ikova 3(a, b) napouaialovTal ol pgool opol TNG TCA yia Toug
Tpeic PioTunouc: Simeto, Ntonmia HpakAsiou «kal KovTtonoUAl 17, oOnwg
Kataypagnkav o€ kabéva and Ta TEooepa enineda udaTIKAG KaTtandvnongc.
MapaTtnpeitTal oTaTioTIKA ONUAvTIKR Meiwon Tng TCA atnv noikiAia Simeto, evw dev
napatnpeital geTafoAn oTtouc aAAouc dUo nAnBucopolc, napoAlo nou epgavilouv
Tnv id1a Tadon. Enionc otnv sikova 3.b napaTtnpeital 0TI otov NANBUoPO KovTonoUAl
17 n TCA napapével onuavTika HeyaAuTepn o€ oUykpion HE Toug aAloug duo

BidTUNOUG.
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B.8. [Tokvotnta veopwoewv ava @vAlo (DV)

>Ttnv eikova 3 (c, d) napouaialovTal ol peool 6pol TNG DV Twv Tpiwv BloTUnwy
aufavopévou Tou emNEdou Kartanovnong. AianioTwveTal OTI 0 OAOUG TOUG
BidTunoug au&averal n napdapeTpoc DV. Agilel va onuelwBei 6TI oToug NANBUCHOUC
NTona HpakAeiou kai KovronoUAl 17 napartnpeital al&non Tou MPEGOU OPOU TNG

DV ndn ano To €ninedo B.

B.9. ZovoAiki) 00pavAiki] ay®YIpoT)TA TOV ayyeimv Tov @OAN0D (knp)

H napdapetpog ki, anoteAei To abpoiopa TnG UdPAUAIKAG aywyldoTNTAG TNG
KEVTPIKNG VEUPWONG (MKpp) Kal TWV QEUTEPEUOUOHOV HECAIOU PEYEBOUG VEUPWOEWV
(SVKnp) Tou @UANOU (Knp= Mknp+ SVKnp; BA. Ke@. YAIkG kal MéBodor).ZTnv eikdva
3(e, f) napouaidlovTal o1 pEcol 6pol TNG Ky, YA Toug Tpeig PBidTUNOUG: Simeto,
NTOnia HpakAgiou kair KovrtonoUAI 17, onwG kataypa@nkav ocs kabéva ano Ta
Téooepa €nineda udaTikng kartanovnong (water shortage level: A, B, C, D).
MapaTtnpeital peimon TnG kpp Kal 0TOUG TPEIG BIOTUNOUG 000 au§averal To €NiNedo
katandévnong. XTnv noikiAia Simeto napaTtnpeitTal evrovoTepn Heiwan os olykpion

HE Touc dUo nAnBuopouc.

B.10. ITokvotnta tev otopatiov (STOM.D.)

>Tnv €ikova 3(g, h) napoucialovral ol Péool 0pol TNG STOM.D. yia TouG TPEIG
BidTunoug: Simeto, NTonia HpakAgiou kal KovTonoUAl 17, onwg kataypa@nkav o€
kabéva and Ta Téooepa enineda udaTikng kartanovnong (water shortage level: A,
B, C, D). Mapatnpeital Taon augnong tTng STOM.D. kal oToug TPeIG BIdTUNOUG
au€avopévou Tou enminNgdou KATanoévnong, woTooo n au&non €ival OTATIOTIKA

ONUAvTIKN JOVO OTNV NEPINTWon Tou NnAnBuouoU NTonia HpakAsiou.
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Eikova 3. Enidpaon Tng uddaTikAG KATanovnong OTIG aVATOMIKEG

napapeTpoug TCA, DV, knp Kal

STOM.D oToug 3 BioTunoug Simeto, NTonia HpakAgiou kal KovtonoUAl 17 avda eninedo udaTikng

katandévnong. MapouacialovTtal ol Péool 0pol 5 enavaAfwewy £ TUMIKO OQAAPA Tou PETou. MEgol 6pol

ME JIaPOPETIKA YpaupaTa diapEPouV OTaATIOTIKA HETAEU Toug (P < 0.05). ANAeG AenTOUEPEIEG ONWG OTNV

gikova 1.
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B.11. Agiktng Kivdvvoo dtakonng tng oTtiAng vepoL ota ayyeia

(Vulnerability index)

O1 p€ool 6pol Tou Vulnerability index (M.VULN kai SV.VULN) napouagialovTtal oTnv
g1kova 4(a, b, c, d) yia Toug napandavw BIOTUNOUG, ONWG KaTaypapnkav o kabeva
and Ta TEooepa e€nineda udaTIKAC KATanovnonc. AuEavopévou Tou €ninédou
katandvnong napaTtnpeital geiwon Tou Vulnerability index TnNg KEVTPIKNG VEUPWONG
(M.VULN.)(eIkova 4 a, b) kal Twv OEUTEPEUOUOWV VEUPWOEWY (SV.VULN) (eikdva

4 c, d) Tou @UAAOU Kdl OTOUG TPEIG BIOTUMOUG.
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Eikova 4. Enidpaon Tng uddaTikng katanovnong otov Vulnerability index oToug 3 BidTunoug Simeto,
NTOMnIa HpakAgiou kal KovtonoUAl 17 ava eninedo udaTikAg katanovnong. MapouaialovTtal ol HEgol 0POI
5 enavaAn@ewv = TUMNIKO OQ@AAPA TOUu HECOU. MEgol Opol HE JIAPOPETIKA ypdaupata dlapepouv
oTaTioTika peTagu Toug (P < 0.05). AAeG AenTopépeleg Onwg oTnv eikova 1.
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I'. PuoioAoyikeg TapdueTpol

O1 guaoloAoyIKEC NAapdPEeETPOI 01 onoieg unoAoyioTnkav €ivai:

N MEYIOTN GWTOCUVOETIKN 1IkavoTnTa avd enipavela (Amax.a)

N MEYIOTN QWTOOUVBETIKNA 1KavOTNTA avd pala (Amaxm= Amaxa LMA™)
n dianvon (T)

N OTOMATIKN aywyluoTnTa (gs)

N AnNoTEAEGUATIKOTNTA XpronG vepou (WUE(A/T), WUE(A/gs))

o deikTng udaTikoU duvapikou (WPI).

I'.1. Méyoty ewtooovletikn ikavotnta avd pada (Amax,m) Kot avd

em@Aaveld (Amax,a)

ZTnv €ikova 5(a, b, c, d) napouciadldovTal oI PHECOI OPOI TNG Amax.a KAl Amaxm YIA

TOouC TpeI¢ BIOTUNouc: Simeto, NTOnia HpakAsgiou kai KovrtonoUAl 17, onwc

KaTaypagnkav o kabéva and Ta Téoospa €nineda uddTIKNG kaTtanovnong (water

shortage level: A, B, C, D).

MNapatnpeital peiwon TNG Amaxm KAl Amaxa OTNV

noikiAia Simeto, evw oTouc NAnBuoPoUc napaTtnpeiTal Taon Jeiwong auEavopugvou

ToUu eningdou UdATIKAG katanovnong. H peiwon Tng €ival Apaxm €ival oTaTioTika

onuavTikn oTov NANBuopd NTonia HpakAsgiou.

I'.2. Awanvor) (T)

O1 pgool opol TNG T yia Toug TpeIg BIOTUNOUG NapouaialovTtal aTnv €ikova 5(e, f) .

MapaTnpeiTal

Meiwon TNg T oTtnv noikiAia Simento, evw o0Toug NANBUOUOUG

napaTtnpeitTal Taon Peiwong au&avopévou Tou eningdou udaTIKhG KaTtanovnong. H

Meiwon Ogv €ival oTATIOTIKG GNUAVTIKD.
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I.3. Ztopatiky ayoypotta (gs)

H peiwon Twv TIMOV TNG NApaugeTpou gs napouaialetal otnv eikdova 5(g, h). H
NapaPeTpoG gs napoucialel OTATIOTIKA ONUAvTIKA Heiwon povo oTnv noikiAia
Simeto, ev®w oTou¢ NANBucopoUC napaTtnpsital Tadon pPeiwong au&avopevou Tou

emnedou udATIKAG kKaTandévnong, n onoia €ival oTaTioTIKa onuavTikn orn NTonia

HpakAegiou.
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Eikova 5. Enidpaon Tng udaTikAG KATanovnong oTIG QUGCIOAOYIKEG MAPAMETPOUG Amax a, Amaxm, T, KAl Js
oToug 3 BIoTunoug Simeto, NTonmia HpakAgiou kal KovtonoUAl 17 avd eningdo udaTikng KaTanovnong.
MNapouaoialovTal ol pégol Opol 5 enavaAfPewyv + TUNIKO OPAAPa Tou JECOU. MEool OpoI UE DIAPOPETIKA

ypaupaTa diapEpouv oTaTioTIKG PETAEU Toug (P < 0.05). AAEG AenTopEPEIEC ONWC oTNV €IkOva 1.
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I'4. AnioteAeopatikotnta xprong vepod (WUE(A/T), WUE(A/g.))

>Tnv eikdéva 6(a, b, ¢, d) napouaialovrar ol pEdol Opol Twv WUE(A/T) Kal
WUE(A/ds)YIa Toug TpeIG BIoTunouc: Simeto, NTonia HpakAegiou kai KovTonouUAl 17,
onw¢ kartaypdgnkav oe kabéva and Ta TEooepa enineda uddaTikNG KATanovnong
(water shortage level: A, B, C, D). MNapaTtnp&ital oTaTioTikG onuavTikn auénon
MOVO TN WUE(A/gs) oOTouc Tpeig Piotunouc 0600 auEaveral To  €ninedo
katandévnonc. EidikoTepa, otnv noikiAia Simeto napaTtnpeital evrovoTepn au&non
ME anoTéAeopa oTo €ninedo D n WUE(A/gs) AQUTAC va €ival onuavTtika uwnAoTepn
og oUyKpion WE Toug dUo nAnBuopolg, ol onoiol (paiveral va akoAouBouv Tnv idia
oupnepipopd.
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Eikova 6. Enidpaon Tng udarikng KaTtanovnong oTIG GUCIOAOYIKEG NapapéTpoug WUE(A/T), WUE(A/gs)
kal WPI otoug 3 BioTunoug Simeto, NTomia HpakAgiou kal KovtonoUAI 17 avd eninedo uddTiKAG
katanovnong. MapouaidlovTal ol Péool 6pol 5 enavaAfwewyv + TUNIKO OPAAUa Tou PETOU. MEaol OOl
HE JIapOPETIKA YpdupaTa diapEpouv oTaTioTika PeTagl Toug (P < 0.05). AAeg AenTopEpeieg dNwg oTNV
eikova 1.
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I'.5. Agiktng vdatikov dvvapikov (WPI)

H petaBoAn Tou WPI yia Toug Tpei¢ BioTunoug napouaialeral oTnv €ikova 6 (e, f).
H peioon Twv TIHowvV Tou WPI, n onoia naparnpeiTal kar oToug TpPeIg BidTunouc,
NTav avapevouevn Kal enifeBaiwvel Tov apxiko diaxwpiond o TEGoepa enineda
udaTIKAG KaTtanovnong. EvrovoTepn peiwon Tou WPI napatnpeital otnv noikiAia

Simeto kal oTov nAnBuoud KovtonoUAl 17.

A. Bloxnuixég mtapapuetpot

O1 BIOXNMIKEC NAPAMETPOI Ol OMNOIEC unoAoyioTnkav givai:
B To ouvoAIko nepiexouevo alwTtou ava pala (Ny)
B To ouvoAiko nepiexouevo alwTou ava snipaveia (Np)

B To OUVOAIKO nePIEXONEVO (PAIVOAIK®WV CUCTATIK®OV ava enigpaveia kal ava

B H OUuvOAIKI GUYKEVTPWAN TAVVIVOV
B H ouvoAIkn OUYKEVTPWON XAWPOPUAAWV ava em@aveia (Chlgab) a)

B H ouvoAIKN OUYKEVTPWON XAWPOPUAA®Y ava paca (Chlgarpy m)-

A.1. Zovoliko nepieyopevo alwtov avda pada (Nm)

>Tnv eikoéva 7 (a, b) napouaialovral ol PEool O0pol Tou N, Vyia TOug TPEIG
BI6TUNOUG, ONWC KaTaypapnkav oe kabBeva and Ta TEéooepa €nineda uddTIKAG
katandévnong. MapaTnpeital peiwon Tou N, oTnv noikiAia Simeto kal GTOV
nAnBuopd NTonmia HpakAsiou au&avopévou Tou €MINEdOU KATANOVNONG, EVW

avTiBeTa otov nAnBuopo KovrtonoUAl 17 napaTtnpouvTal auénTikég TAOEIC.
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=+ Snato
== Nava Howdeias
4= Koworoih 17

e Heowheiow Kowmorok 17 WATER SHORTAGE LEVEL.

Eikova 7 . Enidpaon Tng udaTikng karanovnong otnv N, aToug 3 BioTunoug Simeto, NTonia HpakAegiou
kal KovtonoUAI 17 ava eninedo udaTikng katandvnonc. NapouaialovTal ol H€gol 0pol 5 enavaAnPewv =
TUMIKO OQAAMa Tou PETou. MEool 0pol PE SIaPOPETIKA YpAuuaTa dlapEPOUV OTATIOTIKA PETAEU Toug (P

< 0.05). AMeg AenTopégpeleg Onwg oTnv eikéva 1.

A.2. Z0VOAKO HEPLEXOPEVO PAIVOMK®V ODOTATIK®OV AVA EMUPAVELA

kat ava pada (Ph,, Phi)

SUPNPWVA PE TA AMNOTEAECPATA TWV PETPHOEWYV TOU OUVOAIKOU MEPIEXOUEVOU TWV
(PAIVOAIK®V CUCTATIK®V, N METABOAR Twv Pha kai Phm dgv akoAouBoUoe oTaBepo
npoTuno aufavopévou Tou eninédou TNC udaTIKNG KaTandvnong o Kavevav ano
Toug TpeIG BIOTUNouc. Ta anoTteAéopaTa dev napouaialovral didTI dev Tnpouoav Ta

KpITAPIa ENIAOYNG TwV TEAIKOV anoTeAsopdtwv (BA. YAIka kal M€Bodol, § 3T).
A.3. ZoyKEVTIP@OT] TAVVIV@OV

Agv avixvelbnkav Tavviveg og kavevav and Toug TPEIG BIOTUNOUC.

A4. Zovoliko nepiexyopevo YAwpo@oA\@v ava em@aveta (Chl+p) a)
kat avd pala (Chla+b) m).

Ta anoTeAéopata TNG METPNONG TOU TMEPIEXOUEVOU TWV XAWPOPUAAWV avd
em@avela (Chlsny 2) Kal ava pala (Chlgapy m) OEiXVOuv OTI OI TIHEG AUTWV TWV
NnapapeTpwv napoucialouv peiwon auEavopévou Tou e€nminedou TnNG UdATIKNAG
katandévnong oTtnv noikiAia Simeto kal Taon MPeiwong ortov nNAnBuopd NTOMIa
HpakAgiou, evw oTov nAnBuouo KovtonoUAl 17 napaTnpeital auénon. Ta
anoteAéopata dev napouaialovtal d10TI dev Tnpoloav Ta KPITAPIa €NIAOYNG TWV

TEAIK®V anoTeAeopatwy (BA. YAIKG kal M£Bodol, § 3T).
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E. AvdAuon raAwépounong

OI oTaTIOTIKA ONMAVTIKEG CUOXETIOEIG ava (elyoC napauéTpwyv napouaialovral
oToug Mivakeg 1 €wc 4. Ztov MNivaka 1 gy@avidovTal ol CUVTEAECTEC CUOXETIONG
METAEU TwV NapauéTpwy yia TNV noikiAia Simeto, otov Mivaka 2 yia Tov nAnBuouo
NTonia HpakAeiou, otov Mivaka 3 yia Tov nAnBuouo KovtonoUAl 17 kal ouvoAika

ortov Mivaka 4 .

SUPPWVa YE TOUG NapakdTw nivakeg, To dIa@opeTIkO NANBOC Kal n diaocnopd Twv
OUOXETIOEWV YIa KABe BIOTUNO KATAJEIKVUEI TIG dIAPOPEC METAEU TwV BIOTUNWV WG
npog TNV €ualobnaoia Toug oTnv udaTikn katanovnon. ‘Onwg aiverar aTov Mivaka
1 To NANBOGC TWV CUOXETIOEWV OTNV MNOoIKIAia Simeto €ival yeyaAUTepo og oUYKPION
ME Toug dUOo MANBUOPOUC. To YEYOVOG auTo unodnAwvel Tov uywnAdTepo Babuod

Katandvnong Tng noikiAiag Simeto €vavT Twv NANBUCHWV.

IdiqiTepo evdiapépov napouaialel n UNApEn ONUAVTIKWV OUCXETIOEWV Ol OMOIEC
npoékuwav anod TNV CUVOAIKR avdAuon Twv NapapeTpwv ave&apTtnTwg BIdTUNOU.
O1 ouoxeTioseic auTtég napouaidlovral otov Mivaka 4 kal unodnAwvouv OTi
akoloubBeitar €va koivd npdTUNO avTIdOPACGEWV EYKAIYATIONOU ave&apTnTwg

BidéTunou.
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SIMETO

-0,985(*) 0,980(*) -0,982(*)  0,996(**)  0,965(*) 0,958(*)  0,99(*)  0,998(**)
-0,973(*) -0,970(*) -0,993(**) -0,954(") -0,98(")
-0,995(**) 0,999(**)  0,976(*) -0,977(*)  0,965(*) 0,999(***) 0,986(*)  0,994(**)
-0,982(*) 0,978(*)  0,953(*) -0,974(*)  0,987(*)  0,974(*)  0,973(*) 0,994(**)  0,988(") 0,964(")
-0,993(**) 0,967(*) -0,987(*)  0,977(*) 0,999(***) 0,987(*)  0,993(*)
-0,988(*) 0,972(*) 0,979(*)  0.956(%)
0,998(**) -0,960(")
0,965(*) -0,995(**) -0,981(*)  0,967(*) -0,968(*) -0.99("") -0,977(*)
-0,994(**) 0,970(*) 0,986(*)  0,99(")
-0,962(*) -0,975(%)
0,952(*) 0,952(%)
-0,962(*) -0,996(**) -0,989(")
0,976(*) -0,993(")
0,992(*)
0,99(*)

Mivakag 1. AvaAuon naAivdpounong otnv noikiAia Simeto.AiS€Tal 0 CUVTEAECTAG CUOXETIONG (r) KAl N onuavTikoTnTa:* P<0,05,**P<0,01, ***P<0,001.

NTOMNIA HPAKAEIOY

0,971(*) 0,988(**) -0,990(*) 0,977(*) 0,996(**)
-0,999(***) -0,999(***) 0,975(*)
-0,981(*)
-0,990(*)
-0,988(*) 0,978(*)
-0,972(*)
0,961(*) -0,999(***) 0,969(*) 0,981(*) 0,99("*)
-0,973(%) -0,99(**)
0,968(*)
0,992(*")
0,951(")

Mivakag 2. AvaAuon naAivdpoéunong otov nAnBuopd Ntonia HpakAegiou. AideTal o ouvTeAeoTng ouoXeTiong (r) kal n onuavTikdTnTa : * P<0,05, **P<0,01, ***P<0,001.
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KONTONOYAI 17

-0,977(*)

0,973(*)
0,963(*)

0,996(**)
-0,980(*)  0,962(*) -0,951(*)  0,982(*)
-0,995(*)  0,956(*)
0,995(*)  -0,962(%)
-0,952(*) -0,995(***)  -0,979(%)
-0,968(*)
0,963(")

0.99(")

Mivakag 3.Availuon naAivdpounong otov NnANBuouo KovTtonoUAl 17. AideTal o cuvTeAEOTAG cuoXETiong (r) kail n onuavTikdTnTa :* P<0,05,**P<0,01, ***P<0,001

EZYNOAIKA

0,785(**) 0,830(***) 0,706(*) -0,897(***) 0,915(***)  0,869(*") 0.94(***)
0,810(**) -0,803(**) -0,889(***)7-0,887(***) 0,796(**)
0,911(***) 0,924(***) -0,922(***) 0,880(***) 0,716(**) 0,75(*)
0,902(***) 0,855(***) -0,869(***) 0,832(***) 0,705(%)
-0,B59(***) 0,761(**) -0,869(***) 0,757(**)
-0,907(***) 0,885(***) -0,754(**) 0,839(***) 0,823(*"") 0,783("")
0,835(%**)
0,701(*) -0,900(***) 0,762(**) -0,B51(***) -0,769("") -0,765("7)
-0,729(**)
-0,872(***) -0,768(**)  -0,936(***)  -0,970(***)
0,784(**) 0,758(**) 0,818(**)
0,882(***)
0,849(***) 0,960(***)

Mivakag 4.Availuon naAivdpounong yia To gUvoAo Twv BloTunwyv. AideTal o GUVTEAEDTHG OUOXETIONG (r) Kal n onuavTikoTnTa :* P<0,05, **P<0,01, ***P<0,001.
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2YZHTHXH

H eniBiwon kal napaywylkotnTa TwvV QUTOV €EApTwvTal APECA ano Tnv
d1aBeaipoTNTA 0 UDATIVOUG NOPOUG Kal TNV AnpOCKONTN WETAMPOPA TOU VEPOU UE
oTOXO TN d1aTAPNON TNG OMAaAng AsIToupyiacg TNG pwTooUvOEoNC KAl TNS avanTuéng
(Stiller, 2009). TlNa autd TO Adyo n E&npacia anoTteAei £€vav and TouG
ONMAavTIKOTEPOUG NAPAYOVTEC aPIOTIKNG KATanovnong, ol onoiol nepiopidouv Tn
YEWPYIKN napaywyrn o€ naykoouio eninedo (Boyer, 1982; Chaves et al, 2003;
Flexas et al., 2004).

>Tnv napouca epyacia, YEAETAONKE n €nidpacn TNG UdATIKAC KATAnovnong os
HMOP(POAOYIKEC, AVATOMIKEG, (PUCIOAOYIKEG Kal BIOXNMIKEC NAPAPETPOUG AVOEKTIKWMV
Kal pn Protunwv okAnpoU aiTtou (Triticum turgidum L. var. durum). O 0iTOG
anoTeAei €va and Ta nio eUpEwC KaAAlepyoUpeva €idn and Toug MNpoioTopikoug
XPOVOUG Kal KATEXEl TNV TpiTn B€0n napaywyrng o Naykoouio €ninedo, PETG Tov
apaBooito kai To pull. To XapakTnploTIKO auTO OJIKAIOAOYEI KAl TO £VTOVO
EPEUVNTIKO evdiapépov oTtnv afloAoynon Twv BloTUNwvV Tou  ano MAEUpdaAg
napaywyikoTnTac kal anodoong, HE anWTEPO OTOXO TNV €nMiAoyn Twv PBIOTUNWY HE
AlyoTepec anaitioeig o€ vepd. H enidpaocn Tng udaTikAg KaATanovnong ornv
anoddoon Twv KaAAiepyoUpevwv BloTUnwv aitou (Aoyw &Enpaociac/aAaToTnTacg) €Xel
MEAETNBEI ekTEVWG 0 HOPPOAOYIKO, avaTopiko (Zhao et al., 2004), QUGCIOAOYIKO
(Gales et al., 1984; Hafid et al., 1997; Zhao et al., 2008; Karam et al.,2008;
Izanloo et al.,2008) Bioxnuikd (Hong-Bo et al., 2008; Wang et al.,2008) kai
Hopiakod eninedo (Diab et al., 2008).

And TIC MEAETEC AUTEC npokUNTEl OTI 0 KABe PIOTUNOC (QEPElI CUYKEKPIUEVA
XAPAKTNPIOTIKA EYKAIUATIONOU Ye Ta onoia avTigeTwnilel Tnv uddTikn KaTanovnon,
ME anoTéAeopa va gu@avifouv kal diapopeTiko Babud suaiodnaiag. ZUyKeKpIPEVa,
oUupwva He Toug Karamanos et al. (2008) or evroniol geAAnvikoi nAnBuouoi
okAnpouU citou Ntonia HpakAegiou kal KovTtonoUAl 17, ol onoiol aneTéAecav To
neipapaTikd  QUTIKO UAIKO Tng napoloag epyaciag, xapakTtnpiovralr and

d1apopeTIkO6 Babuo euaigbnaoiac oTnv UdATIK KATanovnaon.

Ma Tov nAnBuouo NToMia HpakAgiou dianmioTwOnke OTI dIABETEl OXETIKA XAMNANG
nukvoTNTag piIJiko cUOTNUA, WOTOCO avTINAPEPXETAl TOU NPOBARKATOC AUTOU HEOW
TOU 131aiTEPA ANOTEAECHATIKOU EAEYXOU TWV OTOMATIKWV KIVACOEWV KAl Tou uywnAou
BaBuoU OOPWPUBUICTIKAC 1IKavoTNTac. Ano Tn AAAn nAgupd, o UWNANG avToxng
nAnBuoudc  KovtonoUAl 17  epgavilel noAU  xapnAou BaBuol 1kavoTnTa
ooHWPUBWIONG, aAAd di1abéTel uwnAfg nukvoTnTag pIdikd oloTnua Pe napdAAnAo

anoTEAEOMATIKO EAEYXO TWV OTOMATIKWV KIVACEWV. TEAOG, n ITAAIKA MoIKIAiG
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Simeto XapakTnpileTal anod OXETIKA 1KAVOTNTA E&YKAIYATIOHOU WeE Bdaon Ta
aypovopIKa Kal BIoOXNMIKA TNG XapakTnpIoTIKG o oUYKpIon ONWC ME GAAEC ITAAIKEG
noikiAieg (Ricciardi, 2001).

SUyewva Pe Ta dedopéva nou NpokUAToOUV anod Tnv napouca epyacia, Ta onoia
napouaialovTal avaAuTIKa oTnv ouvexela, eniBefalwveTral n apxikn unddeon OTI Ot
ouveOnkeg €AAslyng vepoU o PBabuoc sykAipaTiopgoU Tou ayyelakoU CUCTHAHATOG
OXeTiCeTal Je AAAEC KpioIPeG AsiToupyiec Tou puToU. 'ONwC NPOKUNTEI, OE OUVONKEG
EAAEIPNC vepoU TA XAPAKTNPIOTIKA TOU ayyeliakoU OUCTANATOG TponornolouvTal
kKatdAANAa woTe va peiwveral o kivduvog Bpalong TnNG oTnANG Tou vepod.
MapdAAnAa ol TPOMoOMOINOEIC AUTEG EMNIPEPOUV HEIWON TNG PonG Tou vepoU OTa
@UAAA. AuTO €XEIC WG OUVENEId TN Meiwan TNG QUAAIKNG enmipaveiag, Tnv avugnon
TNG NUKVOTNTAC TWV OTOMATIWV Kal Tn HMEIwOon Tou €UpOUG TOU oTopdTikoU ndpou.
Apeco enakOoAouBo Twv aAAaywv auTwv €ival n Peiwon Tng TaxutnTag d1anvong

Kal TNG PWTOOUVOETIKAC 1IKAvOTNTAG.

AvVaAuTIKOTEPA, CUPPWVA UE TA AMOTEAECUATA TWV HETPHOEWV TWV HOPPOAOYIKDV
napapeTpwy, OIANIOTOVETAl OTI N UdATIKA KaTanovnon en@EPEl oTnV MOIKIAIQ
Simeto evTOVOTEPEC TPOMOMOINOEIC TNV Hop@oAoyia Tou pUAAoU O oUyKpion HE
Toug dUo nAnBuopouc. H peiwon TNG QUAAIKNG emigaveiag (TLS)(seikova 1 a,b)
anoTeAei koivr) avTidpaon Twv BlIOoTUNWY Kal €XEl KaTaypapei wg Bpaxunpodbeouo
anoTéAeopa TnG udaTikng katandvnong (Bussotti, 2002; KapapnoupvinTtng 2003).
QoTbdoo, oTnv noikiAia Simeto napartnpeiTal kar avgnon TnG KWalag ava QUAAIKA
emeaveia (LMA) (eikova 1 ¢, d). H augnon Tng LMA wg anokpion oTtnv udaTikn
katandvnon €xel kataypa®ei o€ noAAd Meooyeiakda €idn (Harley et al., 1987;
Gratani, 1996; Medrano et al., 2008). SUupwva Pe Ta napanavw, n MoIKIAid
Simeto eykAlgaTileTal otnv &npacia avantuooovTag PIKPOTEPA Kal NEPIGOOTEPO
oupnayn QUAAa (HIKPOTEPO! WECOKUTTAPIOI XWPOol, dpa au&nuévn avTioTracn Tou
MECOQPUAAOU R;), XapakTtnploTikd Ta onoia ouvteAoUv OTn HEiwon Twv

OIANVEUCTIK®OV AnWAEIQV.

Eniong anod Ta anoTeAéopaTta Tou UunoAoyiodoU TNnG nukvoTnTag Tou (pUAAoU
npokUNTel OTI N NUKvOTNTA Tou PUAAouU (LD) au&averal au€avouévou Tou eninedou
TNG udaTikAG kaTtanovnong. H auvgnon eivar onuavTik oTnv noikiAia Simeto,
AlyoTeEpO £vTovn otov nAnBuouo NTonia HpakAeiou, evw dev undapxel HETABOAR
oTov NANBuopud KovtonoUAl 17. IdiaiTepo evdiapEpov napouaidalel To Yeyovog OTi
TO NAxog Tou QUAAoU (LT) HEIWVETAI KAl OTOUG TPEIG BioTUNOUC. 'EXEl avapepBei OTI
avuénon TG TIMAC TNG LMA, n onoia napaTtnpeital ge 6Aoug Toug TUNouc BAAoTNONC
KATA Tov €YKAILATIONO O ouvlnKkeg EAAEIYNG vepoU, niBavov va pnv oQeiAeTal og

au&non Tou nAxouc Kdl TNG MUKVOTNTAC ToUu (QUAAOU, XApaKTnpIOTIKA Ta onoid
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ouxva ouoxeTidovtal Ye TNV avrtoxn otnv &npacia (Niinemets, 2001), aAAG os
NPOOJEUTIKA OUCCWPEUCN TWV PWTOOUVOETIK®WV npoidvTwv (Virgona and Barlow,
1991; Medrano et al. 2008), n onoia o@siAeTal oTn MPeiwon TNG POPTWONG TOU
nBuoU AOYw TNG udaTiKnAG kaTanodvnong (Bota et al., 2004). Ta anoTeAéouaTa TwV
METPROEWY TNG LD kai LT dev napouaialovTal didTI 0l CUCXETIOEIG PE TIC UNOAOIMNEG
napapeTpoug dev Tnpoloav Ta kpithpla emAoynAc (BA.Kep. YAIka kal M£Bodol, §

Z.) yla Tnv napouaciaon TwVv TEAIKOV AdnoTEAECOUATWV.

'Onwc¢ npoavapepdnke, oToug dUo NAnBuopoUc NTonia HpakAsgiou kalr KovronoUAl
17 dev unnp& onuavTikn MHeTaBoAn Tou LMA aufavopévou TOU  EMINEJOU
katanoévnong)(eikdva 1 ¢, d). To yeyovog auTd unodnAwvel Tnv unapén kai aAAwv
napayovtwyv eKTOC Tng HopgpoAoyiag Tou @UAAou, ol onoiol nailouv kabopioTiKO
pOoAo oTtnv avTidpaon €vavTi TnNG udaTikAG KkaTtanovnong. lNapopoleg evoei&eig
UNNPXav Kai g NpOoPATEG HEAETEC O opIoPEVA €idn eukaAunTou (Anderson et al.,
2000; Macfarlane at al., 2004) kaBwg kal yia To Fraxinus ornus (Gortan et al.,
2008).

MpayuaT onwg npokunTel anod Ta OedopPéva TwV HETPNOEWY TWV NAPANETPWYV TWV
udaTIKWV OXEoewv Onwg n dianvon (T), n OTOMATIKN AywyIMOTNTA KAl NUKvOTNTA,
n anodoTikdTNTa XprHong vepou WUE (A/T, A/gs ) kKabwg kal n udpaulikn
aywyigoTnTa TWV VEUPWOEWV TOU (PUAAOU, TOOO ol dUo mAnBucpoi 600 Kal ol
noikiAia Simeto au&avouv Tn WUE HEI®VOVTAC TIG ANWAEIEC OE VEPO HEOW EAEYXOU
TWV  OTOMATIKWV  KIVACEWV KAl  MECW  Tporonoinong TwV — avaTodIKwV

XAPAKTNPIOTIKWV Tou aywyouU 1oToU.

Méow TnNG MeEiwWoNG TnG gs auEavopeévou Tou emneEdou katanodvnong, n onoia
KATaypa@pnKe w¢ OTATIOTIKA GNUAVTIKA oTnV noikiAia Simeto kal atov nAnBuouo
NTOna HpakAgiou kal w¢ Taon otov nAnBuopo KovrtonouUAl 17 (sikova 5 g, h)
puBuileTal n avtaAAayn aepiwv HE TETOIO TPOMO WOTE N TINA Tou uddaTikoU
duvapikoU ToUu QUAAOU va napapével uwnAoTepn and TnvV opiakn TIPA TNG
anwA&glag onapyng kalr va anogeuxBesi n dOnuioupyia esyfoAwv oTa ayyeia Tou
aywyouU 1oToU (Nardini and Salleo, 2000; Brodribb and Holbrook, 2003; Brodribb
et al., 2003).

QCc yvwoTov, TO dAvolyya Twv oTopaTiov ennpedletar and Tnv Uudpaulikn
aywylgoTnTa TOU CUCTANATOG PETAKIVNONG Tou vepoU ano Tn pida €wc Ta pUAAA
(Meinzer 2002) Kal OUYKEKPIKMEVA N AyWYINOTATA TOU QUAAOU Wnopei gv duvdauel
Va anoTeAECEl NEPIOPIOTIKO NAPAYOVTA TNG OUVOAIKNC UDPAUAIKNAC aywyiudTnTag o
eninedo @uToU (Sack and Holbrook, 2006). Ynapxouv apkKeTEC avaQoOpPEC OTI N
UdpauAIK aywyIigotTnTa ToUu QUAAOU  (Kiear, N onoia  unoloyileTal HEOW

NEIPANATIKOV HETPNOEWV) ennpealel Touc puBuolc avTaAlayng agpiov Kal Tou
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(PWTOOUVOETIKOU puBpou (Brodribb et al., 2005; Maherali et al., 2008). H
udpauAIKh aywyIinoTnTa Tou PUAAOU, n onoia oTnv napouoa pyacdia npooeyyileTal
BewpnNTIKA HEOW TWV HPETPNOEWV AVATOUIKWV NAPAUETPWYV, HEIMONKE KAl OTOUG
Tpeig BI6TUNOUC au&avouévou Tou €niNEdOU TNG UdATIKNAC KaTanovnong (eikdva 3 e,
f). ZUpewva pe Ta anoteAéguara and Tnv avaiuon naAivdpounong (Mivakeg 1 €wg
4) TNG Knp ME TIG UNOAOINEG NAPAPETPOUG MPOKUMNTOUV OTATIOTIKA ONHAVTIKEG Kal
IOXUPEC OETIKEG OUOXETIOEIC PE TNV Js (eEaipoupévou Tou NANBUOHOU KovTonoUAl
17, Nivakag 3) kal TNV Amnax (OTNV NoikiAia Simeto kal OUVOAIKA) Ol OMOIEG
eniBeBaiwvouv Tnv Bewpia autn. H kpp, ekppalel Tnv <«eukoAia» peE TNV onoia
npaydaTonolgiTal n HETAKIivNOn Tou VeEpPoOU €&VTOC TWwV ayyeiowv. EE opiopyol n
egaptnon NG kn, anod Tn OIGUETPO TwWV AYYEIWV €ival MOAU 10xupn agou o
dInAdciacpoc Tng dlapeTpou dekacEanAaoiadel TNV UOPAUAIKN aywyINOTNTA ToUu
ayyeiou. Mpdypari, Ta ANOTEAECHATA TWV METPNROEWV TNG OIAUETPOU KAl TNG
OUVOAIKAG €MIPAVEIAG TWV OTOIXEIWV TOU aywyou IoToU TNnG KEVTPIKAG VEUPWONG
aAAd kal TwV OEUTEPEUOUCWY VEUPWOEWV OgiXvouv OTI napdTl dev napdartnpeital
€vTovn HEiwon Tou PEoou Opou Twv MVD(eikdva 2 a, b) kar SVD (eikova 2 c, d)
au&avopEvou Tou €nINEdOU KATANOVNONG, N MeEiwon auTh enapkei woTe va PeIwOEi

ONMavTika n Kpp.

Eniong, €xel diamoTwOei 6T 0 Kivduvog TN dnuioupyiac egBoA®wv €EapTaTtal ano
To Méyeboc Twv ayyeiwv (Zimmerman 1982,1983; Psaras and Sofroniou, 1999;
Pockman and Sperry 2000; Kocacinar and Sage, 2003; Li et al., 2009). Ta
au€nuévou peyEBouc ayyeia dIEUKOAUVOUV TNV HETAKIivNon Tou vepoU, woTOCO
gival eunabn otn dnuioupyia euBoAwv (Tyree et al. 1994; Lo Gullo et al., 1995;
Stiller, 2009). H peiwon Twv M.Vuln (gikdva 4 a, b) kal SV.Vuln (gikova 4 ¢, d) os
OAouc Toug BiIGTUNOUC aufavopeévou Tou eminedou TNG udATIKNG KaTandvnong
anoTeAei £vOgIEN TNC 1IKAVOTNTAG EYKAINATIONOU TwV BIOTUNWV PECW TPOMonoinang
TWV XapakTnpIioTIKWV Tou aywyou 1oToU HE OTOXO Tn HEiwon Tou KivOUvou
dnuioupyiag eUBoA@Y. H 1oxupn apvnTIKn OUOXETION TWV NAPAMUETPWYV AUTWV MHE
TNV NUKVOTNTA TWV VEUPWOeWY (DV) Tou UAAou (Mivakag 1 €wc 4) Ocixvel 0TI n
DV anoTteAei eniong neplopioTikd napdyovrta mbavig dnuioupyiag Bpalong Tng
oTNANG Adyw TNG udaTikhG KaTanovnong. Eniong, ol 10XUpEG BETIKEG GUOXETIOEIG
Twv M.Vuln kar SV.Vuln pge Tnv  @UAAIKR emigdveia (TLS) o cuvduaoud HeE Ta
nponyoUueva kai dedopévng TNG Meiwong TNG (TLS) Tnv onoia enipépel n EAAEIYN
vepoU, KaTadelkvUEl TNV OTPATNYIKNA NMOU dKoAouBsiTal: peiwon Tou KIvoUvou piag
KATaoTPOPIKNG €MBOANCG Twv ayyeiov péow au&nong Tng nukvoTnTaGg TWV
VEUPWOEWV aveEapTNTWG evepyelakoU KOOTOUC KAl OUVEN®G MBiwaon, £vavTl TNG

€n&vOuoNG O PUAAIKN EMIPAVEIA, OUVENWC AUENUEVEC DIANVEUOTIKEC ANWAEIEG.
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Kata Tn didpKela TwV TEAEUTAIWV €IKOTI XPOVWYV, £XOUV £KNOVNBOEl NOAAEC MEAETEC
oTnv npoonddeia BeATioTONoIiNONG TNG ANOdOTIKOTNTAG XPNong vepou (WUE) Twv
@UTOV (Turner 1997; Liu et al., 2004). H WUE pnopei va ekTiunOei e d1GPOpPETIKA
enineda (Jones, 1992; Lambers et al., 2000). > £ninedo QUAAoU opileTal WG o
AOYOC TNC MEYIOTNG PWTOCUVOETIKNG IKAVOTNTAC NPOC TNV GTOMATIKI aywylhoTnTd
(Amax/gs — intrinsic WUE) eite npo¢ Tnv Taxutnta dianvong (AmadT —
photosynthetic/instantaneous WUE). Eival yvwoTto O0TI n WUE noikiAel PeTa&u
€1dwv Kkal ennpedleral ano TIC NepIBaAAovTIKEG ouvOnkeg (Steudle, 2000a; Zhang
et al. 2002; Siemens and Zwiazek 2004; Zhao et al., 2004). H BeATioTONoINON TNG
apopoimwong CO, kal n ghaxioronoinon Twv anwAsiov vepoU NeplypagovTdl ano
Tov Ehleringer (1993) w¢ xapakTnpioTikd eykAIMaTiopoU kal and Toug Reichstein

et al. (2002, 2003) w¢ oIKOPUOIOAOYIKI andkpion oTnv EAAEIYN veEpPOU.

H BeATiwon Tng WUE uno ouvBnkeg udaTIKAC KATANOvnNonG ENITUYXAVETAlI HEOW TNC
Heiwong Tou €UpPoOUC TOU OTONATIKOU nopou, n onoia £xel anodeixBei OTI o@eiAeTal
oTnVv 1KavoTnTa nNpooapuoyng dAAd kal eykAipgaTiopgoU Tou ¢@utou (Flexas et al.,
2003; Galmes et al. 2007a). Mpdayuati, ocUP@WvVA HE TIC EIKOVEG 4 Kal b5,
napartnpeital yeiwon TNG gs kai avénon Tng WUE (A/ gs) au&avouévou Tou
€MINEDOU KATANOVNONG O OAOUG Touc BloTUNouc. Mapopoia anoTeAEéouaTa £Xouv
avapepBei yia To kouvounidl (Kochler 2000) kai Tn oodyia (Liu et al., 2004). Q¢ €k
ToUTOU, MPOKUMNTEI TO CUMNEPACHA OTI N 1KAvOTNTa €AEyXOou Tou €UPOUC Tou

oTouaTikoU ndpou pnopei va snipepel alénon Tng WUE.

O1 Zhang et al., (2006) ava@&épouv BETIKI CUOXETION METAEU TNG NUKVOTNTAG TWV
oTopaTtiov (STOM.D.), TNG gs Kal TNG Amax UNO OUVBAKEG £AAEIWNC vepou. Ol
BETIKEC AUTEG OUOXETIOEIC enaAnBegvuovTal andAuTa oTnV MNEPINTWON TNG MOIKIAIAG
Simeto (Mivakag 1) kal ev Pépel oTtnv GuvoAikr avaAiuon (Mivakacg 4). Eniong,
oUuQwva pe Tov lMivaka 4 undapxel 1oxupn BeTIKN ouaxETion TNG STOM.D pe Tnv
WUE, n onoiad OUJQWVEI ME TA ANOTEAEOUATA MNPONYOUHUEVWV EPEUVOV  OF
HMovokOTUAa @uTd (Yang et al., 2007; Xu and Zhou, 2005; Monclus et al., 2006,
Agguirrezabal et al., 2006; Xu and Zhou, 2008). EkT6G auTwv, n augnon Tng WUE
(eikdva 6 a, b, ¢, d) ogg ouvduaouo HPe Tnv au&non TN STOM.D (eikdéva 3 g, h)
otnv noikiAia Simeto anoteAei €vOelEn TNG IKAVOTNTAG EYKAILATIONOU TOU

OUYKEKPIKEVOU BIOTUNMOU &vavTl TNG UdATIKNAG KATanovnong.

'Onwg npoavagepbnke, n Peiwon Tou WPI n onoia napatnpr®nkKe kAl oToug TPEIG
BidTUNOUG NTAV AvaApeVOMPEVN Kdal OQEIAETAl OTN HEIWHPEVN pory vepoU npog Ta

@UAAG AOYw TNG udATIKAG KATANOVNaonG.

Yndapxouv ava@opEg oTI undpxel aAAnAenidpaon Tng d1a00indTNTAG TWV VITPIKWV

oTo £0a(o¢ PE TIG UOPAUAIKA XApAKTNPIOTIKA TOU pIJiIkoU CUCTAMATOC, N ornoid
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EMIPEPEI TPOMONOINCEIC 0TO cUCTNUA NPOCANYNCG Kal PETAKIvNONG Tou VeEPOU WE
anoTéleopa Tnv avl&non Tng npoocAnwng alwTou og eninedo @uToU (Gorska et al.,
2008). ZUPpwva PE Ta AnoTeEAEOPATA TNG napouoac epyaciag, Ta N, kal N, O¢
napouaialav CUGCXETIOEIC ME TIC UDPAUAIKEG MAPAPETPOUG. To YeYovOC anoTeAEi
€vOelEn OTI dev undpxel alAnAenidpaon MeETA&U TNC IKAVOTNTAG TNG NPOcANWNG
alwTou Kdal TWV TPOMOMOINCEWY TwV UdPAUAIK®V NApauéTpwy, napoAo nou ATav
avahevouevo OTI N HEIWPEVN pon Tou dianveuoTikoU peUpaTtoc Ba €ixe g

anoTEAECHA TN HEIWPEVN YETAaPopd alwTou oTa QUAAQ.

Eniong Oiepeuvnbnke n €nidpacn TNC UDATIKAG KATANoOvnong ortnv ouvBeon
OEUTEPOYEVWV HETABOMTWV KAl GUYKEKPIPMEVA TWV OAIKOV PAIVOAIK®OV CUCTATIK®OV
Kal Twv Tavvivov. ‘Exel dianiotwBei n augnon TnG CUYKEVTPWONG TWV QAIVOAIK®V
OUCTATIK®OV TwV QUAAWY O NOIKIAIEC OITOU O ouVBNKeG EAAEIYNG vepoU (Hura et
al., 2007; Hura et al., 2009;) H apxIkr| unoBeaon epyaaiag, oUNPva Pe TNV onoia
avapevoTav aAAnAenidpacn TnNG uddATIKNAG KATANOVNONG ME TIG NAPAMETPOUG Ph,
Ph,, Kal TNV OUYKEVTPWON TWV Tavvivwy, dev enifeBalwBnke anod Ta anoTeAéopaTa
TwV HeTpnocwv. Katd Tnv avaiuon naAivopounong dsv napartnpndnkav 10XUpEG
KAl OTATIOTIKA ONUAVTIKEG OUOXETIOEIG METAEU Twv Ph, kal Ph,, HE TIC UNOAOINEG
napapeTpouc au€avopevou Tou €nINEdOU TNG UdATIKNG kaTanodovnong. Evw, onwg
npoavapepdnke dev avixveldnkav Tavvivec oToug I0TOUGC Tou QUAAOU Ot Kavéva
anod Ta napandvw dsiypaTta. SUPPWvVa PYE NPONYOUNEVEG HEAETEG PE AVTIKEIMEVO TN
BioouvBeon Twv Tavvivwv (Himi and Noda, 2005; MacKown et al., 2008) pnopei
va napatnpnBei ouoowpeuon TAvvIVOV OTA QUTIKA Opyava MoIKIAIOV GiTou
oupnepIAQUBavoPEVWY Kal TWV QUAAWY, woTdoo 0t noAU XaunAd enineda. H
EAEIYN OUOXETIONG METAEU TNG OUYKEVTPWONG TWV PAIVOAIKWOV CUOTATIK®OV Kdl
Tou €nin€dou udaTikNG kaTtandvnong ornv napolod epyacia Pnopei va anodobei
oTo 1010MOpPPO QWTEIVO nepIBaAAov Tou aTeyacotpou (BA. YAIka-M£Bodol) kal
néavwg oTnv XapnAn €vraon UV akTivoBoAiag, (pacudTikn neploxr nou subuveTal

yla TNV enaywyn Tng ocUvBeanc paivoAIKwV oUdI®V.

TEAOG, N pEiwOn TOU OUVOAIKOU NEPIEXOHEVOU XAWPOPUAADV Chlaipy a KAl Chlainy m
deixvel Tnv enidpacn TNG udaTIKAC Katandévnong ortnv JOMIKN Kdl AEITOUPYIKN
akepaldTNTA TNG PWTOCUVBETIKAG OUOKEUNC. Ta anoTeAéouaTa auTa €nifeBalwvouyV
nponyoUUEVEG avaQopEéC yiad Tn MEwOn Tou OUVOAIKOU  MNEPIEXOMEVOU
XAWPOPUAAWV AOYWw TNG EAAIYNG vepou (Li et al., 2009a; Li et al., 2009b; Parida
et al., 2007; Agastian et al., 2000).
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SYMIIEPAYMATA

SUppwva pe Ta dedopéva nou npoékuwav and Tnv napouoa spyacia dianioTWVETAI
oTI:
m 'OMoi ol BiéTunol avTédpaoav aTnv udaTikrh Kkatanovnon.

B H noikiAia Simeto avTédpaoce evrtovoTepd Ot oUyKpIon ME Toug duo
nAnBuopouc NTomia HpakAgiou kai KovtonoUAl 17, OToug onoioug

napatnpndnkav XaunAng €&vraong Tpononoinoelc.

B AveapTnTWC PIoTUNOU, @aiveTal va akoAouBeiTal €va Koivo npoTumno

EYKAIHATIOWOU oTNV udaTiKn KaTanovnaon.

81



82



BIBAIOI'PA®PIA

Aguirrezabal L., Bouchier-Combaud S., Radziejwoski A., Dauzat M.,
Cookson S.J. Granier C. 2006. Plasticity to soil water deficit in Arapidopsis
thaliana: dissection to leaf development into underlying growth dynamic and
cellular variables reveals invisible phenotypes. Plant, Cell and Environment 29:
2216-2227.

Agastian P., Kingsley S.J., Vivekanandan M. 2000. Effect of salinity on
photosynthesis and biochemical characteristics in mulberry genotypes
Photosynthetica 38 (2), pp. 287-290.

Alder N.N., Sperry J.S., Pockman W.T. 1996. Root and stem xylem embolism,
stomatal conductance, and leaf turgor in Acer grandidentatum popylations along
a soil moisture gradient. Oecologia 105: 293-301

Anderson L.J., Harley P.C., Monson R.K., Jackson R.B. 2000. Isoprene
emissions from live oak (Quercus fusiformis) with oak wilt. Tree Physiology
20:1199-1203.

Andersson B., Barber J. 1994. Molecular Processes of Photosynthesis.
Advances in Molecular and Cell Biology 10: 1-53.

Blackman P.G., Davies W.J. 1985. Root to shoot communication in maize
plants of the effects of soil drying. J Exp Bot 36: 39—48.

Blum A., Johnson J.W. 1993. Wheat cultivars respond differently to a drying top
soil and a possible nonhydraulic root signal. J. Exp. Bot. 44: 1149-1153.

Bota J., Medrano H., Flexas J. 2004. Is photosynthesis limited by decreased
Rubisco activity and RuBP content under progressive water stress? New Phytol.
162: 671-681.

Boyer J.S. 1982. Plant productivity and environment. Science 218: 443-448.

Brodribb T.J., Holbrook N.M. 2003. Changes in leaf hydraulic conductance
during leaf shedding in seasonally dry tropical forest. New Phytologist, 158 (2):
295-303.

Brodribb T.J., Holbrook N.M. 2003. Stomatal Closure during Leaf Dehydration,
Correlation with Other Leaf Physiological Traits. Plant Physiology 132 (4): 2166-
2173.

Brodribb T.J., Holbrook N.M. 2004. Stomatal protection against hydraulic

failure: a comparison of coexisting ferns and angiosperms. New Phytologist 162
(3): 663-670.

83



Brodribb T.J., Holbrook N.M. 2005. Water Stress Deforms Tracheids Peripheral
to the Leaf Vein of a Tropical Conifer. Plant Physiology 137: 1139-1146.

Brodribb T.J., Holbrook, N.M., Edwards E.J., Gutierrez M.V. 2003. Relations
between stomatal closure, leaf turgor and xylem vulnerability in eight tropical dry
forest trees. Plant, Cell and Environment 26 (3): 443-450.

Bussotti F., Schaub M., Novak N., Cozzi A., Krauchi N., Ferretti M., Skelly
J. 2002. Assessment of ozone visible symptoms in the field: perspectives of
quality control. IUFRO Conference, 20th International Meeting for Specialists in
Air Pollution Effects on Forest Ecosystems, Zvolen Republic.

Cao Y., Song Z. 1998. Plant Physiology, Lanzhou University Press, Lanzhou:
282-283.

Carlquist S. 1961. Comparative Plant Anatomy. Holt, Rinehart and Winston,
NewYork.

Carlquist S. 1977. Wood anatomy of Onagraceae: additional species and
concepts. Ann. Missouri Bot. Gard. 64:627-637.

Chaves M.M., Pereira J.S., Maroco J., Rodrigues M.L., Ricardo C.P.P.,
Osério M.L., Carvalho 1., Faria T., Pinheriro C. 2002. How plants cope with
water stress in the field? Photosynthesis and growth. Ann. Bot. 89: 907-916.

Chaves M.M., Maroco J.P., Pereira J.S. 2003. Understanding plant responses
to drought-from genes to the whole plant. Funct. Plant Biol. 30: 239—-264.

Chaves M.M., Oliveira M.M. 2004. Mechanisms underlying plant resilience to
water deficits:prospects for water-saving agriculture. J. Exp. Bot. 55: 2365-2384.

Cochard H. 1992. Vulnerability of several conifers to air embolism. Tree Physiol
11: 73-83.

Crocker J.E., Harrison S., Sun L.C., Shaw L., Marcus H. 1998. Using SALDVI
and SALD with multi-material structures, JOM 50 (12): 21-3.

Diab A.A., Kantety R.V., Ozturk N.Z., Benscher D.,. Nachit M.M, Sorrells
M.E. 2008. Drought - inducible genes and differentially expressed sequence tags
associated with components of drought tolerance in durum wheat. Scientific
Research and Essays 3(1): 009-027.

Dixon H.H. 1914. Transpiration and the Ascent of sap. Macmillan. London.
Domec J.C., Scholz F.G., Bucci S.J., Meinzer F.C., Goldstein G., Villalobos-
Vega R. 2006. Diurnal and seasonal variation in root xylem embolism in

neotropical savanna woody species: impact on stomatal control of plant water
status. Plant, Cell and Environment 29: 26—35.

84



Ehleringer J.R. 1993. Carbon and water relations in desert plants: an isotopic
perspective. J.R. Ehleringer, A.E. Hall, and G.D. Farquhar (eds.), Stable Isotopes
and Plant Carbon/Water Relations. Academic Press, San Diego : 155-172.

Esau K. 1965. Plant anatomy, John Wiley & Sons, Inc., New York.

Fan X.W., Li F.M., Song L., Xiong Y.C., An L., Jia Y. 2009. Defense strategy of
old and modern spring wheat varieties during soil drying. Physiologia Plantarum
136: 310-323.

Fahn A. 1991. Plant Anatomy. Pergamon press, Oxford.

Farquhar G., Sharkey T. 1982. Stomatal conductance and photosynthesis.
Ann. Rev. Plant Physiol. 33: 317-345

Flexas, J., Medrano, H. 2002. Drought-inhibition of photosynthesis in C3 plant:
stomatal and non-stomatal limitation revisited. Ann. Bot. 89: 183—-189.

Flexas J., Bota J., Loreto F., Cornic G., Sharkey T.D. 2004. Diffusive and
metabolic limitations to photosynthesis under drought and salinity in C3 plants.
Plant Biol. 6: 269-279.

Gales K., Ayling S.M., Canell R.Q. 1984. Effects of waterlogging and drought
on winter wheat and winter barley grown on a clay and sandy loam soil. Plant and
Soil 80: 67-78.

Galmés J., Flexas J., Savé R., Medrano H. 2007a. Water relations and
stomatal characteristics of Mediterranean plants with different growth forms and
leaf habits: responses to water stress and recovery. Plant and Soil 290:139-155.

Galmés J., Medrano H., Flexas J. 2007b. Photosynthetic limitations in response
to water stress and recovery in Mediterranean plants with different growth forms.
New Phytologist 175: 81—-93.

Gibson A.C., Calkin H.W., Nobel P.S. 1984. Xylem anatomy, water flow, and
hydraulic conductance in the fern Cyrtomium falcatum. Am, J, Bot. 7: 564-574.

Gorska A., Qing Ye N., Holbrook M., Zwieniecki M.A. 2008. Nitrate control of
root hydraulic properties in plants: translating local information to whole plant
response. Plant Physiology Preview 104: 108-122499

Gortan E., Nardini A., Gascé A. Salleo S. 2009. The hydraulic conductance of
Fraxinus ornus leaves is constrained by soil water availability and coordinated
with gas exchange rates. Tree Physiology 53.

Graham L.E., Graham, J.M. and W.ilcox, L.W. 2006. Ecology and Plant
Adaptations to the Environment, Plant Biology. Pearson Prentice Hall : 506-508.

Gratani L. 1996. Leaf and shoot growth dynamics of Quercus ilex L. Acta Oecol
17:17-27.

85



Hacke U., Sauter J.J. 1995. Vulnerability of xylem to embolism in Fagus
sylvatica f. purpurea and Populus balsamifera. J Exp. Bot. 46:117-1183.

Hacke U., Sauter J.J. 1996. Xylem dysfunction during winter and recovery of
hydraulic conductivity in diffuse-porous andring-porous trees. Oecologia 105:
435-439.

Hacke U.G., Sperry J.S., Pockman W.P., Davis S.D., McCulloh K.A. 2001.
Trends in wood density and structureare linked to prevention of xylem implosion
by negative ressure. Oecologia 126: 457—461.

Hafid R.EL., Smith D.H., Karrou M., Samir K. 1998. Physiological responses of
spring durum wheat cultivars to early season drought in a Mediterranean
Environment. Annals of Botany 81: 363-370.

Hall D.O., Rao K.K. 1999. Photosynthesis. 6th edn. Cambridge University Press,
Cambridge.

Hargrave B., Sidall G., Steeves G., Awalt G. 1994. A current-activated
sediment trap. Limnol.Oceanogr. 39: 383-390.

Himi E., Noda K. 2005. Red grain colour gene (R) of wheat is a Myb-type
transcription factor. Euphytica 143:239-242.

Hong—Bo Shao, Li-ye Chu, Zhao Hua, Cong MinKang. 2008. Primary
antioxidant free radical scavenging and redox signaling pathways in higher plant
cells. Intl.J. Biol. Sci. 4: 8-14.

Hopkins W.G. 1995. Introduction to Plant Physiology. Wiley, New York.

Horneck D.A., Miller R.O. 1998. Determination of total nitrogen. Y.P. Kalra,
D.A. Horneck, J.B. Jones, R.O. Miller, M.E. Watson and A.M. Wolf (eds.) Handbook
of reference methods for plant analysis. Soil and Plant Analysis Council, Athens,
GA : 75-84.

Hura T., Hura K., Grzesiak M., Rzepka A. 2007. Effect of long-term drought
stress on leaf gas exchange and fluorescence parameters in C3 and C4 plants. -
Acta Physiol. Plant. 29: 103-113.

Hura T., Hurab K., Grzesiaka S. 2009. Possible contribution of cell-wall-bound
ferulic acid in drought resistance and recovery in triticale seedlings. Journal of
Plant Physiology 166: 1720—1733.

Hsiao, T.C. 1973. Plant responses to water stress. Ann. Rev. Plant Physiol.
24:519-570

Izanloo A., Condon A.G., Langridge P., Tester M., Schnurbusch T. 2008.

Different mechanisms of adaptation to cyclic water stress in two South Australian
bread wheat cultivars. J. Exp. Bot. 59: 3327-3346.

86



Jacobsen A.L., Pratt R.B., , Davis S.D., Ewers F.W. 2007a. Cavitation
resistance and seasonal hydraulics differ among three Californian arid
communities. Plant, Cell and Environment 30: 1599-1609.

Jacobsen A.L., Pratt R.B., , Ewers F.W., Davis S.D. 2007b. Cavitation
resistance among 26 chaparral species of Southern California. Ecol.Monogr. 77:
99-115.

Jacobsen A.L., Esler K.J., Pratt B.R., Ewers F.W. Davis S.D. 2007c. Xylem
sensity , biomechanics and anatomical traits correlate with water stress in 17
evergreen shrub species of the Mediteranean type climate region of South Africa,
J.Ecol. 95: 171-183.

Jacobsen A.L., Esler K.J., Pratt B.R., Ewers F.W. 2009. Water stress
tolerance of shrubs in Mediteranean type like climate regions: convergence of
Fynbos and succulent Karoo communities with California shrub communities.
American Journal of Botany 96(8): 1445-1453.

Jarbeau J., Ewers F., Davis S. 1995. The mechanism of water-stress-induced
embolism in two species of chaparral shrubs. Plant, Cell and Environment 18:
189-196.

Jones H.G. 1992. Plant and microclimate: a quantitative approach to
environmental plant physiology, second ed. Cambridge University Press,
Cambridge, U.K.

Kalapos T., Riki van den Boogaard, Lambers H. 1996. Effect of soil drying on
growth, biomass allocation and leaf gas exchange of two annual grass species
Plant and Soil Volume 185 (1): 137-149.

Karam. F., Kabalan R., Breidi J., Rouphael Y., Oweis T. 2009. Yield and
water production functions of two durum wheat cultivars grown under different
irrigation and nitrogen regimes. Agr. Water. Man. 96: 603-615.

Karamanos A.J., Papatheoxari A.Y. 1999. Assessment of drought resistance of
crop genotypes by means of the wate potential index. Crop Science 39: 1792-
1797.

Karamanos A.J., Economou G., Livanos G., Papastavrou A. 2008. Evaluating
yield responses to water stress and drought resistance mechanisms of 20 local
bread and durum wheat landraces. Agricultural University of Athens.

Kocacinar F., Sage R.F. 2003. Photosynthetic pathway alters xylem structure
and hydraulic function in herbaceous plants. Plant, Cell & Environment 26, 2015—
2026.

Kochler M., Kage H., Stutzel H. 2000. Modelling the effects of soil water

limitations on transpiration and stomatal regulation of cauliflower. European
Journal of Agronomy 26 (4): 375-383.

87



Kochler M. 2000. Analyse und Modellierung der Anpassungsreaktionen von
Blumenkohl (Brassica oleracea L.botrytis) an eine limitierte Wasserversorgung.
Ph.D. Thesis. Department of Horticulture, University of Hannover, Hannover.

Larcher W. 1995. Physiological Plant Ecology. Springer,Berlin.

Lawlor D.W. 2001. Photosynthesis. Oxford: Biosis Scientific Publishers.

Lawlor D.W. 2002. Limitation to Photosynthesis in Water-stressed Leaves:
Stomata vs. Metabolism and the Role of ATP. Annals of Botany 89: 871-885.

Levitt J. 1972. Responses of plants to environmental stresses. New York and
London: Acad. Press.

Li W., Sui L., Gao L.H.,, Ren H.Z., Zhang Z.X. 2009a. Effect of rapid
dehydration on photosynthetic and fluorescent properties of cucumber leaves
detached from low light treated seedlings. European Journal of Horticultural
Science 74 (5): 210-217.

Li, Y.L., Zhu F., Miki N., Sakamoto K., Yoshikawa K. 2009b. Seasonal
changes of photosynthetic characteristics and pigment composition of Sabina
vulgaris ant. under water stress. Shengtai Xuebao/ Acta Ecologica Sinica 29 (8):
4346-4352.

Lichtenthaler H.K., Wellburnt A.L Determination of total carotenoids and
chlorophylls a and b of leaf extracts in different solvents. 603rd Meeting,
Liverpool.

Linton M.J., Nobel P.S. 1999. Loss of water transport capacity due to xylem
cavitation in roots of two CAM succulents. Am J Bot 86:1538-1543.

Liu S., Liu J., Cao J., Bai C., Shi R. 2006. Stomatal distribution and character
analysis of leaf epidermis of jujube under drought stress. Journal of Anhui
Agricultural Science 34:1315-1318.

Lizana C., Wentworth M., Martinez J.P., Villegas D., Meneses R., Murchie
E.H., Pasienes C., Lercari B., Vernieri P., Horton P., Pinto M. 2006.
Differential adaptation of two varieties of common bean to abiotic stress: | Effects
of drought on yield and photosynthesis. J Exp Bot. 57: 685-697.

Lo Gullo M.A., Salleo S., Piaceri E.C., Rosso R. 1995. Relations between
vulnerability to xylem embolism and xylem conduit dimensions in young trees of
Quercus cerris. Plant Cell Environ 995 (18): 661-9.

MacFarlane C., White D.A., Adams M.A. 2004.The apparent feed forward

response to vapour pressure deficit of stomata in droughted, field-grown
Eucalyptus globulus Labill. Plant Cell Environ 27:1268-80.

88



MacKown C.T., Brett F., Carverb, Edwards J.T. 2008. Occurrence of
Condensed Tannins in Wheat and Feasibility for Reducing Pasture Bloat. Crop Sci
48:2470-2480.

Maherali H., Sherrard M.E., Clifford M.H., Latta R.G. 2008. Leaf hydraulic
conductivity and photosynthesis are genetically correlated in an annual grass.
New Phytologist 180(1): 240-247.

Medrano H., Flexas J., Galmés J. 2009. Variability in water use efficiency at
the leaf level among Mediterranean plants with different growth forms. Plant and
Soil 317 (1-2): 17-29.

Meinzer F.C. 2002. Co-ordination of vapour and liquid phase water transport
properties in plants. Plant, Cell and Enviroment 25: 265-274.

Milburn J.A. 1979. Water Flow in Plants. Longman, London.

Miller C.E. 1931. Plant Physiology. McGraw-Hill Book company, Inc, New
York:342-344.

Monclus R., Dreyer E., Villar M., Delmotte F.M., Delay D., Petit J.Ml.,
Barbaroux C., Thiec D., Brechet C., Brignholas F., 2006. Impact of drought on
productivity and water use efficiency in 29 genotypes of Populus deltoidesX
Populus nigra. New Phytologist 169: 765-777.

Nardini A., Salleo S. 2000. Limitation of stomatal conductance by hydraulic
traits: sensing or preventing xylem cavitation? Trees 15: 14-24.

Nardini A., Salleo S., Raimondo F. 2003. Changes in leaf hydraulic
conductance correlate with leaf vein embolism in Cercis siliquastrum L. Trees 17:
529-534.

Niinemets U. 2001. Global-scale climatic controls of leaf dry mass per area,
density, and thickness in trees and shrubs. Ecology 82 (2): 453-469.

Nobel P.S. 1991. Physicochemical and Environmental Plant Physiology.Academic
Press, San Diego.

Nobel P.S. 1994. Root-soil responses to water pulses in dry environments. M. M.
Caldwell & R. W. Pearcy (eds). Exploitation of Environmental Heterogeneity by
Plants. AcademicPress, San Diego, CA: 285—304.

Oppenheimer H.R. 1960. Adaptation to drought: Xerophytism. Plant-water
relationships in arid and semi-arid conditions. Reviews of research, Unesco. Arid
Zone Res. 15 : 105-138.

Parida M.M., Santhosh S.R., Dash P.K., Tripathi N.K., Lakshmi V., Mamadi
N., Shrivastav A., Guptha N., Saxena P., Pradeep Babu J., Lakshmana Rao
P.V., Morita K. 2007. Rapid and real-time detection of chikungunya virus by

89



reverse transcription loop mediated isothermal amplification assay. J. Clin.
Microbiol. 45(2): 351-357.

Pockman W.T., Sperry J.S. 2000. Vulnerability to cavitation and the distribution
of Sonoran desert vegetation. American Journal of Botany 87:1287-1299.

Prasad M.N.V. 1997. Plant Ecophysiology. John Wiley & Sons, Inc., New York.

Pratt R.B., Jacobsen A.L., Ewers F.W., Davis S.D. 2007. Relationships among
xylem transport, biomechanics and storage in stems and roots of nine
Rachmnaceae species of the California chaparral. New Phytologist 174: 787-798.

Psaras G.K., Sofroniou 1. 2004. Stem and root wood anatomy of the shrub
Phlomis fruticosa (Labiatae). IAWA Journal 25 (1): 71-77.

Reichstein M., Tenhunen J.D., Roupsard O., Ourcival J.M., Rambal S.,
Miglietta F., Peressotti A., Pecchiari M., Tirone G., Valentini R. 2002.
Severe drought effects on ecosystem CO, and H,O fluxes at three Mediterranean
evergreen sites: Revision of current hypothesis. Global Change Biology 8: 999—
1017.

Ricciardi L. 2001. Relationships between bio-agronomic and biochemical traits
recorded in durum wheat under water stress conditions. Journal of Genetics and

Breeding 55 (1): 57-66

Richardson A.D., Duigan S.P., Berlyn G.P. 2002. An evaluation of noninvasive
methods to estimate foliar chlorophyll content. New Phytol.153: 185-194

Sack L, Holbrook N.M. 2006. Leaf hydraulics. Annu. Rev. Plant Biol. 57: 361—
381.

Salleo S., Lo Gullo M.A., Raimondo F., Nardini A. 2001. Vulnerability to
cavitation of leaf minor veins: any impact on leaf gas exchange. Plant, Cell and
Environment 24: 851-859.

Siemens J.A., Zwiazek J.J. 2004. Changes in root water flow properties of
solution culture-grown trembling aspen (Populus tremuloides) seedlings under
different intensities of water-deficit stress. Physiol. Plant. 121: 44-49.

Singh D.K., Sale P.W.G. 2000. Growth and Potential Conductivity of White
Clover Roots in Dry Soil with Increasing Phosphorus Dupply and Defoliation
Frequency. Agron. J. 92: 868-874.

Sperry J.S., Donnelly J.R., Tyree M.T. 1988. A method for measuring hydraulic
conductivity and embolism in xylem. Plant, Cell and Environment 11:35-40.

Sperry J.S., Alderand N.N., Eastlack S.E. 1993. The effect of reduced

hydraulic conductance on stomatal conductance and xylem cavitation. J Exp Bot
44:1075-1082.

90



Sperry J.S., lkeda T. 1997. Xylem cavitation in roots and stems of Douglas-fir
and white fir. Tree Physiology 17: 275—280.

Sperry J.S., Hacke U.G., Comstock J.P., Oren R. 2002. Water deficits and
hydraulic limits to leaf water supply. Plant Cell and Environment 25:251-264.

Sperry J.S., Hacke U.G. 2002. Desert shrub water relations with respect to soil
characteristics and plant functional type. Funct . Ecol. 16:367-78.

Stavroulaki V., Liakopoulos G., Nikolopoulos D., Karabourniotis G. 2007.
Deposition of fluorescing phenolics over guard cells during leaf development of
Prunus persica leaves, Flora 202: 261-267.

Steppe K., Lemeur R. 2007. Effects of ring-porous and diffuse-porous stem
wood anatomy on the hydraulic parameters used in a water flow and storage
model.Tree Physiology 2: 743-52.

Steudle E. 2001. The cohesion-tension mechanism and the acquisition of water
by plant roots. Annual Review of Plant Biology 52: 847-875.

Stiller V., LaFitte H.R., Sperry J.S. 2003. Hydraulic properties of rice and the
response of gas exchange to water stress. Plant Physiology 132: 1698-1706.

Stiller V. 2009. Soil salinity and drought alter wood density and vulnerability
xylem cavitation of baldcypress (Taxodium distichum (L.) Rich) seedlings. Env.
Exp. Bot. 67: 164-171.

Taiz L., Zeiger E. 1998. Plant Physiology. Sinauer Associates, Inc, New York .

Turner N.C., Schulze E.D., Gollan T. 1985. The responses of stomata and leaf
gas exchange to vapour pressure deficits and soil water content Il. In the
mesophytic herbaceous species Helianthus annuus. Oecologia 65: 348—355.

Turner N.C. 1986. Crop water deficits: a decade of progress. Adv.Agron. 39: 1—
51.

Turner N.C. 1997. Further progress in crop water relations. Adv.Agron. 58, 293—
338.

Tyree M.T., Sperry J.S. 1988. Do woody plants operate near the point of
catastrophic xylem dysfunction by dynamic water stress. Plant Physiol 88:574—
580.

Tyree M.T., Yang S., Cruiziat P., Sinclair B. 1994. Novel methods of
meassuring hydraulic conductivity of tree root systems and interpretation using

AMAIZED. Plant Physiol 104:189-199.

Tyree M.T. 1997. The Cohesion-Tension theory of sap ascent: Current
controversies. J. Exp.l Bot. 48 (315): 1753-1765.

91



Wang H.L., Wang R.Y., Niu J.Y., Gan Y.T. 2008. Dry matter accumulation and
allocation in spring wheat mulched with plastic film in Loess Plateau. Chinese
Journal of Ecology 27(1): 28-32.

Waterman P.G., Mole S. 1994. Analysis of Phenolic Plant Metabolites. Blackwell
Scientific Publications. Methods in Ecology. Oxford.

Woodhouse R.M., Nobel P.S. 1982. Stipe anatomy, water potentials, and
xylem conductances in seven species of ferns (Filicapsida) Am. J. Bot. 69:135-
140.

Yang L., Han M., Zhou G., Li J. 2007. The changes of water-use efficiency and
stoma density of Leymus chinensis along Northeast China Transect. Acta
Ecologica Sinica 27:16—-24.

Xiong H., Wu J. , Chen J. 2006. K-means clustering versus validation measures:
a data distribution perspective, Proceedings of the 12th ACM SIGKDD
international conference on Knowledge discovery and data mining. Philadelphia,
PA, USA.

Xu Z., Zhou G. 2005. Effects of water stress and nocturnal temperatute on
carbon aalocation in the perennial grass Leymus chinensis. Physilogia plantarum
123: 272-280.

Xu Z., Zhou G. 2008. Responses of leaf stomatal density to water status and its
relationship with photosynthesis in a grass. Exp Bot. 59(12): 3317-3325.

Zhang X.Y., Wang H.M., Hou Z.D., Wang G.X. 2003. Stomatal density and
distributions of spring wheat leaves under different planting densities and soil
moisture levels. Acta Phytoecologica Sinica 27:133-136.

Zhang Z.B. 2003. Fundamental of physiology and genetics and breeding in crop
drought resistance and water saving. Chinese Science Press. Beijing.

Zhao L., Sack F.D. 1999. Ultrastructure of stomatal development in Arabidopsis
(Brassicaceae) leaves. American Journal of Botany 86:929-939.

Zhao C.X., Deng X.P., Shan L., Steudle E. Zhang S.Q., Ye Q. 2004 . Changes
in Root Hydraulic Conductivity During Wheat Evolution. Journal of Integrative
Plant Biology 47(3): 302 — 310.

Zhao, H., He C.Y., Wang R.Y., Yang Q.G., Deng Z.Y., Wang H.L. 2008.
Effects of climate warming on spring wheat growth and yield in high-altitude, cold

and dankness region Chinese Journal of Ecology 27(12): 2111-2117.

Zimmermann M.H. 1983. Xylem structure and the ascent of sap. Berlin:
Springer-Verlag, 143.

92



AiBaAdxkig ., Kapapgnoupvi®otng ., ®acocag K. 2003. ZnUeI®OEIG MEVIKAG
BoTtavikng. ABAva: Mewnovikd MavenioTriuio ABNvoy .

FapaAag A.N. 2003. dwTooUvBeon II: Bloxnuikég avTidpacslc. Ano: duaioAoyia
QUTOV and To Mopio orto MepiBaAlov. PoupneAdkn-AyyeAakn A. K.
MavenioTnuiakeg Ekdoaoeig Kprtng.

ApooconouAog B.I. 1992. H Mop@oAoyia kal AvaTopia Twv Putwv. ABRva:
Ekdooeic I.M.A.

ApooconoulAog I. 1998. duaioloyia Putwv. ABRAva: lewnovikd [MavenioThiuio
ABnvav.

Kapapnoupvi®oTng I'. 2003. duaiohoyia Katanovhioceswv Twv Dutwv. Adhva :
EkdooeIc 'EpBpuo

KapatayAng =.2. 1999. duaioloyia dutwv. Osocalovikn : Ekdooeic Art of text.

93



	ΠΕΡΙΕΧΟΜΕΝΑ
	ΕΙΣΑΓΩΓΗ
	Α. Πρόσληψη και μεταφορά νερού
	Α.1. Γενικά
	Α.2. Ιδιότητες του νερού
	Α.3. Μηχανισμοί μετακίνησης του νερού
	Α.4. Το δυναμικό του νερού (ή υδατικό δυναμικό)

	B. Υδατική Καταπόνηση
	Β.1. Γενικά
	Β.2. Στρατηγικές αντιμετώπισης της υδατικής καταπόνησης.
	Β.3. Η υδατική καταπόνηση επιφέρει τροποποιήσεις σε μορφολογικό, φυσιολογικό και μοριακό επίπεδο.

	Γ. Η φωτοσύνθεση
	Γ.1. Η σημασία της φωτοσύνθεσης
	Γ.2. Η φυσιολογία της φωτοσύνθεσης
	Γ.3. Η οργάνωση των χλωροπλαστών
	Γ.4. Οι φωτεινές αντιδράσεις
	Γ.5. Οι σκοτεινές αντιδράσεις
	Γ.6. Ο μηχανισμός της ανταλλαγής των αερίων. Είσοδος CO2 και διαπνοή
	Γ.7. Τα ανατομικά και φυσιολογικά χαρακτηριστικά των φύλλων


	ΥΛΙΚΑ ΚΑΙ ΜΕΘΟΔΟΙ
	Α. Φυτικό υλικό
	Β. Μετρήσεις Πεδίου - Δειγματοληψίες
	Γ. Μορφολογικές και Ανατομικές Παράμετροι
	Γ.1. Μέτρηση Πάχους Φύλλου (LT)
	Γ.2. Μέτρηση συνολικής επιφάνειας και ξηρού βάρους φύλλου – Υπολογισμός μάζας ανά φυλλική επιφάνεια (LMA)
	Γ.3. Υπολογισμός Πυκνότητας φύλλου (LD)
	Γ.4. Μέτρηση Πυκνότητας Στοματίων (Stom.D.)
	Γ.5. Μέτρηση διαμέτρου δεσμικού κολεού – Μέτρηση διαμέτρου και επιφάνειας αγγείων αγωγού ιστού
	Γ.6. Υπολογισμός πυκνότητας νευρώσεων ανά φύλλο (DV)
	Γ.7. Υπολογισμός δείκτη κινδύνου διακοπής της στήλης νερού στα αγγεία (vulnerability index)
	Γ.8. Υπολογισμός Huber value
	Γ.9. Υπολογισμός υδραυλικής αγωγιμότητας των αγγείων του φύλλου (khp)

	Δ. Φωτοσυνθετικές παράμετροι
	Δ.1. Υπολογισμός Συγκέντρωσης Χλωροφυλλών
	Δ.2. Μέτρηση φωτοσυνθετικής ικανότητας & συναφών παραμέτρων

	Ε. Βιοχημικές παράμετροι
	Ε.1. Υπολογισμός συγκέντρωσης συνολικού αζώτου ανά επιφάνεια και ανά μάζα
	Ε.2. Υπολογισμός συγκέντρωσης συνολικών φαινολικών
	Ε.3. Υπολογισμός συγκέντρωσης ταννινών

	Στ. Μετρήσεις δυναμικού του νερού Ψw του φύλλου και υπολογισμός του δείκτη WPI.
	Ζ. Στατιστική Ανάλυση

	ΣΚΟΠΟΣ
	ΑΠΟΤΕΛΕΣΜΑΤΑ
	Α. Μορφολογικές παράμετροι
	Α.1. Συνολική επιφάνεια του φύλλου (TLS),
	Α.2. Μάζα ανά φυλλική επιφάνεια (LMA)

	Β. Ανατομικές παράμετροι
	Β.1. Διάμετρος των αγγείων του αγωγού ιστού της κεντρικής νεύρωσης (MVD) του φύλλου
	Β.2. Διάμετρος των αγγείων του αγωγού ιστού των δευτερευουσών μεσαίου μεγέθους νευρώσεων (SVD) του φύλλου
	Β.3. Διάμετρος του δεσμικού κολεού της κεντρικής νεύρωσης (MBSD) του φύλλου
	Β.4. Διάμετρος του δεσμικού κολεού των δευτερευουσών μεσαίου μεγέθους νευρώσεων (SBSD) του φύλλου
	Β.5. Επιφάνεια των αγγείων του αγωγού ιστού της κεντρικής νεύρωσης (MVCA) του φύλλου
	Β.6. Επιφάνεια των αγγείων του αγωγού ιστού των δευτερευουσών μεσαίου μεγέθους νευρώσεων (SVCA) του φύλλου
	Β.7. Συνολική επιφάνεια των αγγείων του αγωγού ιστού (TCA) του φύλλου
	Β.8. Πυκνότητα νευρώσεων ανά φύλλο  (DV)
	Β.9. Συνολική υδραυλική αγωγιμότητα των αγγείων του φύλλου (khp)
	Β.10. Πυκνότητα των στοματίων (STOM.D.)
	Β.11. Δείκτης κινδύνου διακοπής της στήλης νερού στα αγγεία (Vulnerability index)

	Γ. Φυσιολογικές παράμετροι
	Γ.1. Μέγιστη φωτοσυνθετική ικανότητα ανά μάζα (Αmax,m) και ανά επιφάνεια (Αmax,a)
	Γ.2. Διαπνοή (Τ)
	Γ.3. Στοματική αγωγιμότητα (gs)
	Γ.4. Αποτελεσματικότητα χρήσης νερού (WUE(A/T), WUE(A/gs))
	Γ.5. Δείκτης υδατικού δυναμικού (WPI)

	Δ. Βιοχημικές παράμετροι
	Δ.1. Συνολικό περιεχόμενο αζώτου ανά μάζα (Νm)
	Δ.3. Συγκέντρωση ταννινών
	Δ.4. Συνολικό περιεχόμενο χλωροφυλλών ανά επιφάνεια (Chl(a+b) a) και  ανά μάζα (Chl(a+b) m).

	Ε. Ανάλυση παλινδρόμησης

	ΣΥΖΗΤΗΣΗ
	ΣΥΜΠΕΡΑΣΜΑΤΑ
	ΒΙΒΛΙΟΓΡΑΦΙΑ

