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MEPIAHWH

H pOmavon tou TePIBAAANOVTOC OTTIOTEAEL éva amtd Ta GTIOLdAIOTEPA {NTIHATO TIOU
OTIOOX0AOUV TOV oUlyXpovo avBpwto. H pomovon twv €da@mv amo  SId@opoug
0pPYQVIKOUG OAAG KOl avopyavoug pUTIOUC ATTIOTEAEI évav amd TOUC CNUOVTIKOTEPOUC
Kivd0vou¢ 1600 Yio TO OIKOOUOTNUO 000 Kal yia T onuocia vyeia. Ta edaen
OTTOTEAOUV TINYEC OAAA KOl OTIOBNKEG PUTIOYOVWY OTOIXEIWV. Ta KOAAMEPYOUHEVA OANG
KOl Pn KoAAEpyoUpeva @uUTA (T1,X. dlavia) epodiadovtal YE PLTIOYOVO OTOIXEIO PECW
TOU £0AQPOULC PE ATIOTEAECHA Va TiBETaI g€ APeco Kivduvo 1 dNUOCIa LYEIa.

H paydaia avdmtuén oplopévwv Blounxoviv aAAG Kal N aveEEAEYKTIN XPron
(PUTOTTPOCTOTEUTIKWV TIPOIOVTWV N OTIoia €VOEXETAl va ETTRAPUVEL TO TIEPIBAANOVY,
KPIVElL ETUITAKTIKI] TNV OVAYKN OVATITUENG HEBOOWV Yyl TNV OTOKOTACTOCN TWV
ETIROPLUUEVIV €DAPWV HE 0OPYyavikoUC Kal avopyoavoug putiouC. 'ETal AoIimov TIC
TEAELTAIEC OEKAETIEC YIVETAI €PELVA GXETIKA UE TNV AVEVPECN QUTIKWV EIOWV IKAVEV
VO OTIOPOKPUVOULV TOUG PUTIOUG TWV £B0Q®V OTIWE YIO TIAPAJEIYUO PBOapEa PETAAAD TI.X
Cu, Pb, Hg, Cr, Zn

JKOTIOC TNG TIOPOUCOC €PYOCiag NTOV N MEAETN €&1 QUTIKWV €100V, TPIWV
KOAAIEPYOUUEVWY (KOAQUTIOKI, OITAPI, EAAIOKPAUPN) Kal Tpiv ddaviwv (Bpopog,
ayploBoufakid  Kal ayplo@OcOoUAId) w¢ TiOavoi  @UTOATIOKATACTATEG  £5APWV
ETUPAPUVPEVWV PE XOAKO. H PEAETN TpayHaToTIONONKE 0 U0 TUTIOULC EQAPWV: OEIVO
pe pH 5.5 Kal oAKOAIKO pe pH 8.3 Kal 08 GUYKEVIPWOEIC XaAKoU amd 0 €w¢ 300
mg/kg €da@ouc.

To Teipapa TpayuoToTIOINONKE O (PUTOdOXEID KOl OTOV Oypd. TO TIEIPOUOTIKO
OX£010 ATOV TUXAIOTIOINUEVEG TIANPEIC opddeg (Randomized Complete Blocks, RCB),
ME TPEIG ETTAVOANYIEIC VIO KABE PYETOXEIpION.

O1 ouykevipwaoelg Cu TIou XpNoIYoTTomNenKav yia TI¢ TEPPRACEIC aTA QUTOdOXEIO
nrav: 0, 30, 60, 90, 120, 220 kai 300 mg/kg €dA@EOUC Kal yia TOUG dUO TUTIOUC EQOPWV.
O1 emeyPdoeic otov aypo TeplEAdUBavay cuykevipwael Cu 0, 50, 100, 200 kai 300
mg/kg €dd@ouc.

Mapatnproclg mépbnkav oTig 40 nuUEPEC amd Tn oTIoPa KAl a@opovcav:
el XAwpO BApog UTIEPYEIOL PEPOUCG PUTWV,
« XAwpPO BAPOC LTTOYEIOU PEPOULG PUTMV,

< =npo BApog LTIEPYEIOL PEPOLC PUTWVY,
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*1 Znpo PApog LTIOYEIOU PEPOUC PUTWV,

B 'Yyog gutwv,

4y XAWPOPLAAN TwWV QUTWV (TINEC SPAD),

*1 Zuykévipwaon Cu oTo UTIEPYEIO PEPOC PUTWV,

<l Zuykévipwan dlabéaipyov Cu oTo £00@POC.

ATIO Ta €&l €idn TOL MPEAETABNKOV TO OITAPL, O PBPOPOC Kal N EAAIOKPAUPBN dgv
avamtuéav emapkr Ploudla kal dev TIPOCOIOPIOTNKE N CUYKEVIPWON XOAKOU OTO
LTIEPYEIO TUNMA TOUC. 'ETOL Ol PJETPAOEIC TIPAYUATOTIONNONKOV YIO TO KOAAQUTIOKI, TNV
ayploBopBakid Kol TNV ayplo@acOULAId.

ATIO TO OTTOTEAEGUATO TIPOKUTITEL OTI OTO O&IVO £1A@QOC OTO BEPUOKNATIIO TA €idN
ME TN MEYOAUTEPN TIPOG TN MIKPOTEPN OUYKEVIPWON XaAkou (mg/kg e€dd@oug) oTto
UTIEPYEID  TPNAUO  €ival:  KoAAuTiokt  (5.5-48) > ayplogacouvAid  (8-31.5) >
ayploBauBakia (9.5-24).

‘Oco a@opd TNV ad&non Twv UTIO MEAETN €10WV OTO O&IVO €30@OC KOl UTIO
OUVONKEG BEPUOKNTTIOU Ol PETAPBOAEC TOL XAwPOU Kal Enpol PBapoug, avaloya HE TN
OUYKEVTPWOTN TOU XOAKOU OTO £da@og, £Oe1€av OTI N KPIoIUN CLUYKEVIPWON yia TNV
avATITIUEN NG eAAIOKPAUPNG NTtav Ta 90 mg/kg €dd@OLE, v Yio TO oltdpl 60-90
mg/kg €ddagoug. O PBpopoC Oev ETTNPEACTNKE CNUAVTIKA €V TIOPOUGIOCE XAUNAN
(PUTPWTIKN IKAOVOTNTA. ZTO KOAQUTIOKI, TNV ayploBapBaKId KAl TNV ayplo@acOoUAId TO
Bdpog pelwvoTav Pe TNV adénaon TN¢ CUYKEVIPWONC TOU XOAKOU ME TIC UEYAADTEPEC
OPVNTIKEC ETUOPACEIC VO TIOPATNPOUVTOI OTIC CUYKEVIPWOEIG XAAKOU armo 220-300
mg/kg €dA@OUC. H QUTPWTIKNA IKOVOTNTA KAl N XAWPOPUAAN Oev €TTNPEACTNKAV ATIO
TNV €MIdOPOCT TOL XAAKOU €VW MPEYAAN MEiwan Tou OYoug Ttapatnpnénke oto Ppouo,
OTO KOAQUTIOKI TNV ayploBouBaKId KAl TNV ayplo@oacoUAId OTIC eTteyPaacelg amo 220-
300 mg Cu/kg €da@oug.

2TO OAKOAIKO €30¢g0C, €TiONG OTO OEPUOKNTIO, TN MEYOAUTEPN IKAVOTNTO
aroppoenang XaAkou (mg/kg €dd@oug) amod To £0a@OoC TIaPouaiace n ayploBauBoKia
(6-39.6), akoAoUONCE 1 AypPIOEACGOULAIA (9-22) Kal META TO KOAQUTIOKI (7-21.2).
Emiong, 10 xAwpo kal Enpd PBApog dev EMNPEACTNKOV CNUOVTIKA OTI0 TNV EMIdpOON
TOU XOAKOU. Agv TAPOTNPRONKE €TTioNg CNUOVTIKI HETAPBOAN TOCO OTN QUIPWTIKN
IKOVOTNTA KAl TN XAWPOQUAAN OAAG Kait 0T0 UYIOG TV QUTWVY

2TOV aypo, OTIoU TO €00@OC NTOV OAKAAIKO, TNV HEYOAUTEPN TIOCOTNTA XOAKOU

(mg/kg €da@oug) armoppOPnoE TO KOAOUTIOKI (4-27), OKOAOUBNOE N aypIO@OCOUAIN
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(5.5-18.5) kai 1€Ao¢ n ayplofauBakid (4-18.5). Emiong, 10 XAwpo Kal ENpo Bapog oev
ETINPEACTNKAY 0TI TIC €KACTOTE OUYKEVIPWOEIC TOUL XOAKOU oOTO €300¢oC. Na
OnNUEIWBEel OTI dev TTOPATNPNONKE N B0 OUOIOPOPEIa PE TO OAKOAIKO €d0(OC TIOU
TIAPATNPRONKE OTO BEPUOKATIIO AAAA Ol MIKPEC BIAPOPEC TIOU TIPOEKLYAV O@EIAOVTAL
OTIC a0TaBEIC EOAPOKAIMATIKEC CUVONKEG TIOU ETTIKPOTOUV OTOV OypO GE OXECN ME TO
Bepuoknmio. H idla elkOva Tapatnprdnke 1060 OTN QUTPWTIKI IKAVOTNTA KOl OTn
XAWPOPUAAN aAAG Kal 0TO UYPOC TWV QUTWV.

ATIO TA OTIOTEAECUOTO QUTA QAIVETOL OTI TA €i0N KOAGUTIOKI, aypIoBapBoKId Kal
QyPIO@ACGOUAIG £XOUV TNV IKOVOTNTA VA TIPOCANUBAVOUV OXETIKA LWNAEC TTOOOTNTEG
XOAKOU TOOO O€ OAKOAIKO 000 KOl G€ O&IVO €30¢0¢ Kal XPAouv TIEPICTOTEPNG

MEAETNC WC TUXOV PUTOATIOKATOOTATEG EQ0PWV ETIIBAPUUEVWV HIE XAAKO.
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EYXAPIZTIEZ

Evxaplotw Bepud tov Kabnyntr K. AOAa TMETpo, yia TNV EUKAIPIO TTOU YOV €dWOE
VO 00XO0ANBw HE TO CUYKEKPIUEVO OEua, OAAG KAl yla T oLVeEXN KaBodrynaon Kal
UTTOCTHPIEN TNG KAB’OAN TN JIAPKEIN TIPAYUATOTIOINONG TNG EpYAaiag auTnq.

Oa nbela emiong va €eLXOPIOTNOW TNV K. Anuripkou Aver, AvamAnpwIpid
Kabnyntpia tng ZxoAng Mewrovikwv Emmomuwy Tou Mavermotnuiov ©ecoaiiag Kal
TovV K. Bapdafdkn EpuavounA, AEktopa tng ZXOANG lMewtovikwy Emotnuov tou
Maveriotnuiov OecooAioag yia TIC XPNOIUEG OUPPBOULAEG KOl LTTOEIEEIC OAAG Kal YIO
TO XPOVO TIOL APIEPWaTAV YIa TN d10pBwan TNG SIATPIRNC Hou.

TéNOC, Ba NBeAa va ELXAPIOTACW TNV OIKOYEVEIA POU KOl TOUC (PIAOLC pOL YIa
TNV OUEPICTN CUUTIOPACTACN TIOU ETIEDEIEOV TOGO KATA TN OIAPKEID CLYYPOAPNC TNG
METATITUXIOKNC HOU SIaTPIPNC OAAA Kal KOTA TNV PEXPL TWPO QOoIiTNoT] YoL GTO TUAUO
MewTtoviag PuTikAg Mapaywyng Kol AypotikoU [MepiBdAlovTiog tou Mavemigtnuiou

Oeoo0AiaC.
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1. EIZATQrH

H Jlaxeipion Twv QUOIKWVY TIOPWV ATIOTEAEl ONUEPA Hio amd TIC PEYOADTEPEG
TIPOKAACEIC yia TOo oUlyxpovo GvBpwro. H poOmovon Tou  TePIBAANOVTOC  Kal
OULYKEKPIYEVA 1 pUTIAVON TWV €dA@®V OTIO BIAPOPOLE opyavIKoUC (T1.X {1I{aVIOKTOVQ)
Kall avopyavoug puttoug (TI.X Bapéa HETOAAD) EYKUUOVEI EKATOVTASEC KIVOUVOUC KaBW(¢
eTINPeAdeTal ApvNTIKA TO 0IKOCUATNUA Kal N dnuoaia vyeEia.

Kpivetal AoITtdv ETUTOKTIKN N avAyKn €QApPoyng HEBOdwV yia tnv TPOANYI NG
PUTTIOVONG OAAG KOl HEBGBWV YIA TNV ATIOKOTACTOGH TWV 1O PUTTOCUEVWV £50QWV.

Ol PEXPI TWPO YVWOTEG MEBODOL yia TNV ATIOPAKPULVAN PUTIWV KOl EIDIKOTEPO
Bapgéwv HETAAAWV aTié TO €00a@OC OTWC N PNXOVIKY (ATTOUGKPUVGT PUTIOCUEVOL
€dA@oLC), N QUOIKN (ékTTALOon  €dA@oLC), N OBepuikn (sapuoyry ULVWNA®WY
BeppokpaaIwy, Kalan) Kal N XNUIKA (EQOpUOoyr OKELAGUATWY TIOL dETUEVOLVY 1) / KOl
KaBIoToUV un emiBAAPR Ta HPETOAAQ) €ival OTIOYOPEVTIKA OKPIREC Kal ETNPEALOLV
OPVNTIKA TN YOVIUOTNTO TWV €00QWV KOl KAT ETEKTOCN TNV ICOPPOTIId TOU
0IKOGUOTAUATOC.

Mia véa TEXVIK] @IAIK] OTO TIEPIBAANOV, OIKOVOUIKI) Of€ OXEON HE TIG
TIpoava@ePBeiceg aAAd Kal EVKOAN OTNV €@OpUOYNn €ival n @utoarokatactacon. H
MEBOBOC QUTr) XPNOIYOTIOIEITAl OfUEPA aTIO OIKOVOUIKA TIPONYHEVEG XWPEG OTIWG N
Kiva kal ot HIMA o1 omoie¢ avtipgetwrtiovv TeEPAOTIO TIPORANUa  pOTIAVONG TOU
€0A@OULG.

‘ETOol AOITtovV amo TG apxéC TNG OeKaeTiag tou 1970 TO €VOIOQEPOV APKETWV
EPELVNTWV CTPEPETAL OTN XPNON QUTIKWVY EI0WV, KAAAEPYOUPEVWY Kal {iaviwv, Ta
OTIOoIO €XOULV TNV IKAVOTNTA Va de0PEDOUY KOl VO GUOCWPEVOUV OPYAVIKOUG OAAA KOl
avVOPYavVoULC PUTIOUC OTIWC Yia TTapddelyua Ta Bapéa pétaAia (Cu, Zn, Hg, Cd, Se).

H onuepivr) yewpyia oTpEQETal OTN HEIWON TwV EIGPOWV OTO OYPOTIKO TIEPIBAANOV
ME TN XPRon PeBOdWV Kal TEXVIKWV TIOU GUUBAAOLY CTNV OEIPOPIO TWV QUOIKWVY
TIOPWV OTIWE YIO TIOPAdElYUO TOo €d0@og. Ma 1o Adyo aAUTO YIVETOI CUCTNUATIKA
TIpooTidBeln evioxuong tng OAoKANPwHEVNG Alaxeipiong twv KaAAlgpyelwv Kal TIG
BioAoyikng Mewpyiog.

O xaAko¢ (Cu) avnkel ota Bapéa PETAAAA Kol XPNCIUOTIOIEITAl WG ETTi TO TIAEIOTOV
ot BloAoyikn Mewpyia yio TNV aVTIHETWTIION dI0@OPWV OGOEVEIWY TWV PUTWV KAl O

MIKPOTEPEC TIOOOTNTEG YIO TNV KAAUWN TwWV BOPETITIKWV AVAYKWV TwV @LUTWV. Na
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OnUEIwOBei emiong o011 0 Cu gival HUKNTOKTOVO pe VPV @ACUO dpAonc Kal Eival To
KUPIOTEPO TIOU ETUTPETIETAI OTN BloAoyikn Mewpyia.

EKTOC amo 1n yewpyio Kal €1dIKA TN BloAoyikn Mewpyia, onuavtikd poAo otnv
vPnAnR ouykévipwaon Cu oto €dagog Traidel Kal n Prounxavia. Ma Tapddelyya o
EPYOOTACIO TIOPOYWYNG XOAKIVWV  KOAWDIWY, N HETOAAEUTIKI] OpacTnpIOTNTa
(opuxeia), OoAANG kol n Blopnxavia TOpaywYNnC  XOAKOUXWV — OKELACUATWVY
((UTOTIPOCTATEVTIKWV) OTIOTEAOUV TIC KUPIOTEPEG TINYEC puTtavonC. ETtiong, HeyaAeq
OUYKEVIPWOEIC XOAKOU TIapoUaIalovTal OE TIEPIOXEC ME CUXV aTIOPPIPN OOTIKWV
Avpdtwv. (Baggato, et al.,, 1991, Barcan, 2002, Deluisa et al,, 1996, Brun et al., 2001,
McGrath et al., 1995, Kunito et al., 2001, Bhogal et al., 2003, Muplaviav, 2006)

Emeidf] Aoimdv n TPOCTACia Twv €d0QIKWY TIOPWV KAl KOT ETEKTACN TOU
TEPIBAAOVTOC Kal TIC avOp@TIIVNG LYEIOC aTToTEAODV €va Ao TA KUPIO PEANUATO TOU
oUYXPOVOU OVOPWTTOU, KPIVETAI ETIITAKTIKI N avAykn Xpriong HeBodwv Tov GuuBaiouv
PO TNV KaTteLOLVON auTr. H @uUTOATIOKOTACTACN GCUPPBAAEI GTNV TIPOCTIABEIN OUTH)
ME TN XPrCTN QUTWV YIA TNV OTTIOKATACTACH TWV ETTIROPUUEVLIV EOAQMV.

ZKOTIOC TNG Ttapoloag SIaTPIRNC NTAV N HEAETN &1 DIAPOPETIKWY PUTIKWVY €100V (3
KOAAIEPYOUHEVWVY Kal 3 {aviwv) w¢ TIPoG TN QUOIoAOYIa OAAG TNV KATOAANAOTNTA
TOUC YIO TNV @UTOOTIOKATACTACN O&IVWV 1| OAKOAIKWY €00QWY ETIRAPUUEVWV HE

XOAKO.
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2. DYTOAINOKATAZTAZH

Q¢ @uTOOTIOKATACTOCN OpPifeTal KABE CUCTNUO OTO OTIOI0 XPNGCIUOTIOI0UVTAl QUTA
€iTe yia TN peiwon Kal /| T0 PNOEVIOUO TwV TIEPIBOAAOVTIKWY PUTIWV Ot €dGQN,
I{ruatTa | vepd, €ite yla va TOUE KATOOTHOOLV oOKivouvoug (AoAag, 2001, AoAag,
2003, AoAag 2007, Neil, 2007, Salt et al., 1998).

Opiletal emion¢ w¢ 10 @AIVOUEVO TNG QUOIKAG OTIopAKpuvong 1 dldoTacong
OpPIoPEVWV POTIWV OTIO OPICUEVA EidN QUTWV KOBWCE ETTIONG KOl WG N XPNOTN QUTIKWV
edwv yia TN peiwon 1 10 PNdeVIOPO avermiBuuntwv pUTIWV G eTIBapupéva
olkoouaoThuata. (Mpitoa, 2004, dwuadng, 2004, Pwudadng, 2006,)

AnAadn, KoAAEpyoLvTal (f EVOWUATWYOVTOL GTO £30@Q0C) OPICHEVA EidN ELTWV
yla KATIOI0 XPOVIKO SIACTNHO KAl aUTA a@aipolV Tov TIEPIBOAAOVTIKO PUTIO TL.X. OTIO
TO €00QOoC I HETABAAAOLVY TIC PUGCIKOXNMIKEG IOIOTNTEG TOL TIEPIBOAAOVTIKOU pUTIOU
METO OTO €d0@OC KAl £TAl AUTOC deV TTAPOUCIALEl TIAEOV KivOUVO Yo ToV AvBpwTio i T0
TePIBAAAoV (AOAag 2003, AoAag 2007).

O 06po¢ @UTOATIOKATACTOCN €ival n amod0cn oTa EAANVIKA TOU ayyAlkoU Opou
Phytoremediation. Eival oUOvBetn AEEN Kal cuviotatal amo TV €AANVIKA AEEN
“@UTO” KOl TNV ayYAIKN AéEn “remediation” n oTtoia YE TN GEIPA TNC TIPOEPXETAL ATIO
N AQTIVIKI] A&En “remedium” Kal gpUNVEVETAl WC YIOTPELW, Bepamelw. Eriong o

QyYAIKOC 0poC PETa@PAleTal oo Tov Tagéko (2003) w¢ @UTOETIaVOPBwWAT.

2.1 Mnxaviouoi (UTOOTIOKOTACTOGCNG

H @utoatokatdotaon avaloya [E Tov TPOTIO [E TOV OTIoio yivetal n dEGELAN TOU
PUTIOU OAAG KOl TO TIEPIBAAAOV OTO OTIoI0 Yyivetal n JSlepyacdio autr Xwpiletal
oUUQwWva Pe Tov Salt et al., (1998) oTIg €€R¢ KATNYOPIEG:

dutoarmoydkpuvan (phytoextraction): agopd T XPHon @UTWV Yyid TNV
OTTOPAKPUVAT OPYOVIKWY KOl avOpyavwy pUTIWY OTIO TO £€d0@OC UEGW TNG GUYKOMIONCG
TWV QUTWV.

dvutodidortaon (phytodegradation): a@opd 1t didoTacn Kol - ammodounon
TIEPIBAANOVTIKWV POTIWV aTId T QUTA, YECW dIAPOPWY HETAPBOAIKWVY SIEPYATIWV TOUC

€VIOTE KaIl PE TNV TTOPOUCIO PIKPOOPYOVICHMVY aTn pI{oc@alpa.
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P1odinBnon (rhizofiltration): n mpdoAnyn twv TEPIBAAOVTIKQOV pUTIWV (KUPIWC
METAAAWV) YiVeTal OTI0 TO PIJIKO CUCTNUO @UTWV OAVOTITUOOOPEVA GE ETTIRAPLUEVA
vepd (Aipveg, KavaAla porg LAATIVWV OTIORANTWV)

dutoadpavoTtioinon (phytostabilization): xprion @UTWV yia TOV TIEPIOPICHO TNG
Blod1aBeaIPOTNTAC KAl /1) TNV TIOPEUTIODION HETAKIVNONG EKTOG BECNG TTAPOLCIOG TWV
TIEPIBOAAOVTIKMV PUTIWV.

dutaegdTpion (phytovolatilization): a@opd TN XPron QUIWV yia TNV
OTIOMAKPUVAN TIEPIBOAAOVTIKWV PUTIWV TIOU UTIAPXOUV OTO £00@OC I OTO VEPO UECW

NG EEATUIONC

2.2 TMpo0ToBETEIC ETUTUXIOG TNC PUTONTIOKATACTOGCNC
MNa va emteuxBei n dladikaoia TG @UTOATIOKATACTACNC KOl VO ATIOKOTOOTAOE! TO
eTIBApPLUEVO €30QOC 1 LOOTIKO CLOTNUO Ba TIPETIEL VO GUVUTIAPXOUV Ol TTOPOKATW

TIPOUTIO0ETEIC:

<0 O TEPIBAAAOVTIKOG pUTIOC (0PYAVIKOG, avOpyavog) Tou Eival Ttopov OTo
£€00(o¢, ota I{NuaTa Kol ota vepd Ba mpémel va eival Plodlabéaipoc. MAAIoTa n
dlaBeCIPOTNTA TOL PUTIOU EEAPTATAL ATIO TN UNXOVIKI oUCTACT TOU £dA@OUC, aTd TNV
OPYQVIKI] ouaia aAAG Kal To pH Tou €dd@ouc.

MpocAnYn tou pUTTOL aTd To PIJIKO CUCTNUO TOL QUTOU.

1] MeTakivnon Tou pUTIOU OTO €0WTEPIKO TOU QUTOU. O TIEPIBAAANOVTIKOC PUTIOG
€I0EPXOUEVOC OTO (QUTO OIOCTIATAl, OJPOVOTIOIEITOl 1] OTIOBNKEVETAl OTO  PIJIKO
oU0CTNUA 1) OTO LTIEPYEIO TUAMA TOL QUTOD.

<1 AVTOXI] TOU €KACTOTE @UTIKOU €i00OLG TIOU XPNOIUOTIOIEITAl G ULWNAEG
OUYKEVIPWOEIC TOU pUTIoU. Na onuelwBei 0pwg OTI LTTIAPXEl TIEPITITWAON 0 PUTIOC va
BpiokeTal o€ PEYAAEG CUYKEVTIPWOEIC TOTO GTO £d0(OC OGO KOl OTO VEPO OAAG VO LNV
gival Blodlabéaipog yia 10 @UTO. 'ETal AoITIOV EKTOC aTo TNV OAIKN Ba TIPETIEL va gival
YVWOTN Kal 1 dl06£CIUN OLYKEVTPWAN TOL PUTIOU WOTE VO ATIOPAVOEI KATIOI0C av TO

UTIO PEAETN QUTO €ival AVOEKTIKO I OXI OTIC EKACGTOTE CUYKEVTPWOEIC.

e KOBE TEPITTTWON YIO EKTOC QTIO TIC TIpoava@epbeicgeC TIPOUTIOBECEIC T QUTA
OTIOKOTAOTATEG B0 TIPETEL VO AVOTITUOCOVTIOL O€ KOTOAANAEG EOUPOKAIUOTIKEG
ouvonkeg (Bepuokpaacia, vypaacia), va PpiokovTal o€ KOAN BPETITIKI KOl (PUCIOAOYIKN)

KOATAOTOON OAAA KOl va gival artaAAaypéva omo S1a@opoug exBpoUlg Kal aoBEVeIEC.
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2.3 TIAEOVEKTNUATA QUTOOTIOKATACTOGCNC
Ta TIAeoveEKTAUOTO TNG PBEATILWONG PE QUTA PUTIOCUEVWY €80QWV KOl LOATWVY ME
0pYaVIKOUC Kal avopyavoug puTIoug €ival Ta €ENG:
<# MIKPO KOOTOG GUYKPIVOUEVO HE BANEC HEBGDOOUG ATIOKATACTOONG.
tl duok Kol euxdpiotn pEBOdOC KABWC dnuioupyei {Wveg TIpacivou ae
UTTOBOBUIOUEVEC TIEPIOXEC.
<- Meiwon ¢ duvatoTNTOC METAPOPAC TWV PUTIWV HE TOV PO KOl TNG
OlAPBPWONC TWV £5APV.
< MIKpOC OYyKOC TOEIKWV PUTIOCHEVWV (PUTIKWY UTIOAEIMMATWY AOYw TNG
UTIEPCLCCWPELONG TWV PUTIWV.

<i ATIOJAKPUVON TIEPIOCOTEPWLIV TOU EVOC PUTIOU HE TO idl0 QUTO.

2.4 MEIOVEKTNUOTA PUTOOTIOKATACTOCNC

H @uTOOTIOKATACTOCN OV KOl XOPOKINEICETOlI W¢ @IAIKN TIPOG TO TIEPIBAAAOV

TIaPOAC AUTA TIOPOUCIALEL KAl EIOVEKTIUOTA TO OTToia €ival Ta €€NC:

*1 O xpOvoC (QUTOOTIOKOTAOTAOONG TIOIKIAEL aVAAOYyO HE TOV TIEPIBOAAOVTIKO
pUTIO, TN CUYKEVIPWGN Kal TN POP@I TIOPOUCiag Tou, TO €00C TOU QUTIKOU
OTIOKOTOOTATN, TO ETMIOLUNTO EMIMEDO  OTIOKOTACTOONG OAAG KAl  TIC
EOQPOKAIJATIKEC OUVONKEC. AUTO onuaivel 0TI 0 XPOVOC OTIOKOTACTOONG
MTTOPED va €ival PIKPOC OAAG Kol TIOAD PEYAAOC PE OTIOTEAECHUA O pUTIOC Vo
METOKIVEITAI PETW TNC OIABPWONG ToL €dA@POUC OTa BaBLTEPA OTPWHPATA TNG
€00QIKNG KOTATOWNCG 1N O€ VYEITOVIKEG TIEPIOXEG. ApA AOITIOV Ol pubpoi
OTIOKOTACOTOONG TWV  €00@PWY TIOMEC  @OpEC  eival  Bpadeic kou  dev
ETUTUYXAVOVTAl AUECA TA ETUOUUNTA ETTITIEN TWV PUTIWV.

<1 H ammoteAeopaTIKOTNTA TNG PEATILOONG TWV €dAQWV UE QUTA KaBopiletal oe
peydAo Babuo amé tn @UON Tou PUTIOU, OTIWC TIPOOVAPEPONKE, OAAG Kal OTIO
NV IKAVOTNTA TOUL VO JIOCTIATAL OTIO PUACIKOUC PUNXOVIGHOUC.

I Tuxov Plopeyébuvan otnv TPOQIKN oAucida. YTIApxel OnAadn HeYAAn
TIBaVOTNTA VO EICEAOOLY CTNV TPOQIKN) OAUCIOO Ta ETIROPUPEVA UE PUTIOUG
@UTA. TN QUTOOTIOKATACTOCN XPNOIUOTIOIOUVTAI KOl KOAAIEPYOUHEVA QUTA TO
oTtoia  UTTOPOUV PETA amd AABOC XEIPICPOUG va Yivouv Tpo@rn Yl TOug

avBpwTtoug i Kal ta {wa.
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«1l Ta @UTIKA LTTOAEIMPOTA PTIOPED VO OTIOTEAEGOLV LAIKA TIou Ba puUTIAVOULV TO
TIEPIBAANOVY €dV eV LTIAPXEL OXEDIO yIa TNV OGPAAN dIOXEIPION TOUC.
*1 TENOC, Ol TIeOPEVOlL KOPTIOi, Ta @UAAQ, OAAG KOl KAOOIA O&VIpWvY -

(PUTOOTIOKOTOCTOTWY EVOEXOUEVWE VA OTIOTEAOUV £C0TIEC PUTIAVANC.
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3. O XANKOZ 2TO EAADOZ KAI OIKOAOIKH ZHMAZIA

O XOAKOC OTIOTEAEL €va amod TA ONUAVTIKOTEPA KOl ATIOPAITNTO OTOoIXEio TO00 Yo
Ta @UTA 000 KOl Ta {Wo. 2TV METOAAIKI] TOU KOTAOTOON O XOAKOG EXEl
XOPOKTINPIOTIKI]  METOAAIKI) AGUYIN KOl XPWHUO KOKKIVO. Xt @UCN 0 XOAKOC
EU@avileTal ae JIAPOPEC EVWOEIG KOl OXNUOTIOPOUC, OTIWG GOUAPIdIN, aTIO TO OTIoix
OTIEAELOEPWVETOL 0 O&IVO TIEPIPAANOV, BEIKEC EVWOEIC KAl AVOPOKIKA GAOTO. Z€
OVOYWYIKEC OUVONKEC BPIOKETAI KUPIWC PE TN METOAAIKN Hop®n. (ZIHEWVIONC,1995
Mntolog, 2004)

3.1 Tnyég ToL XOAKOU GTO £30¢O¢

O1 inyé¢ touv Cu aTo £dagog gival ol €&Nnc:

Tl To pNTPIKO LAIKO (T.X.. PACGAATNC, yPOVITNE, APYIAOC)

«1 XoAKoUXO (QUTOTIPOCTOTEUTIKA OKevdopata. H  Xprion  HUKNTOKTIOVWV
OUUBAAEl oNUOVTIKG OTn PUTIOVON Tou €0d@ouC Pe Cu, KABWC uTToAoyileTal
ot Ttepimov 7 X 107 kg Cu mipoaTifevial KABe XpOvo OTo £€d0@QOC PE TN HoPEN
Tou piypato¢ Bordeaux 1 BopdiydAlog TIOATOC, TO OTIOI0 XPNCIUOTIOIEITal
eupLTaTO O€ TIANBOC KOAAIEPYEIWV Kal EI0IKOTEPA OTN BiloAoyikn Mewpyia.

<l Ta Aimaopata. Ta XNUIKA AITTACUATO TIOU  XPNOIPOTIOIoUVTOl OTN Yewpyia
OTIAVIO £XOUV TIEPIEKTIKOTNTO PEYaAUTEPN omo 100 mg Cu kg'l Aimdopatog Kai
yr'outd n ouvelc@opd Tou¢ OTn puTtavon Tou eddgoug pe Cu Bewpeital
OXETIKA HIKPN.

<§ ATHOCQAIPIKA KOTOKPNUVIoUOTO KOl €VOTIOBECEIC TNG QUWPOUUEVNG OKOVNG.
Mo mapdaderypa otnv AyyAia €xe€l LTTOAOYICTEL OTI N €Trola TTogoTNTa Cu TIoL
QTTOTIBETON PYE TN OKOVN Kuuaivetal amoe 100 péxpt 480 g Cu ha'l

Tl Ta ADpata BIOAOYIKWV KABAPIOUWV.

O Cu peTd v &varmobeony Tou £da@og avTidPd PE TA CWMOTIOI TOU €£0APOUG
oxnuati¢ovtag cOUTIAOKO, Ttpocpo@dtal i Ppioketal oto €da@IKO OldAvpa. 'ETol
Aoirtov 0 Cu OTO £00a@OoC PBPIOKETAl PE TIC TIAPAKATW HOPYPEG: O) LOATOJIOAUTA IOVTO
TOU PETAAAOU KABWE KAl avopyava Kal OpyavIKG CUUTIAOKO OTO £3a@IKO dIGALUa, B)
OVTOAAAEINOC XOAKOG, Y) OTOBEPd OPYOVIKA GUUTIAOKO HWE TNV OPYOVIKA ouaid, 0)
TIpoapo@nuévog Cu aTa o&eidia Kal LOPOEEIdIa TOU GIdNPOL, Hayyaviou Kal apylAiou,

€) TipoopoPnuévog Cu GTa KOAAOEION] CWHATIOIO TNG APYIAOU 1] TWV XOUMPIKWY 0&EWV
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KOl OT) XOAKOC TIOU €ival OECUEVPEVOC OTO KPUOTOAAIKO TIAEYHO TWV OPUKTIWV TOU
eddpoug. (Baker et al., 1990, Mntolog, 2004)

Na onuelwBei OpwC OTI HETPNOEIC TOGO € £DAPN 000 Kal g€ InuUata €de1&av Ot N
pop@r] Tou Cu TIOL ETTIKPATEI €ival AUTH TIOV €ival OECUELUEVN UE TNV OPYAVIKN ouaia,
OKOAOULOEI N TTOCOTNTA TOL TIOU €ival SEGUELUEVN aTIO Ta O&EIdIa Kal LTIEPOEEIdIA TOU
O10MPOL Kal TOL payyaviou Kal TEA0G, N TToooTnTa Tou Cu TIOU Eival GUYKPATNHEVN
OTa OPUKTA TNG apyidov. Emiong 0 oxNUOTIONOC GUUTIAOK®WY HETOED TOUL XOAKOU KOl
NG OPYOVIKAG ouaiag Tou €dA@OUC €ival n oToudaldTepn dlepyaacia TTou cupBaivel
OoTo £€00@o¢. MeydAoC aplBUOC OPYOVIKWV EVWOEWV €XEL TNV IKAVOTNTO Va
onuioupyolv 1600 €UdIGALTA 600 Kol adIGALTA CUUTIAOKA, KUPIWG PE TO 1OVIA TOU
0100evolg XOoAKoU. Emopévwg, n OloAutotnta tou Cu oto €da@og kabopiletal
ONUAVTIKA amod TNV TIEPIEKTIKOTNTA TE OPYOAVIKN ougia Tou £dagoug, (Ranndle et al.,

1995, Ma et al., 1997, Impellitteri et al., 2002, Wu et al., 2002, Mrjtciog, 2004).

3.2 ZUYKEVIPWOEIC TOU XOAKOU OTO £30(OC

Ol JEYIOTEC ETUTPETITEC OLYKEVIPWOEIC Cu OT0 £00@0¢ Kupaivovtal amo 50-140
mg/Kg &npol €dA@oug, evw aTNnV IAD TIOU TIPOEPXETOL aTtd BIOAOYIKO KaBapiouo 1000-
1750 mg/kg &npng IN0o¢ (PEK 641/07-08-91).

Na onuelwBei emiong 0TI 01 HEYaAUTEPN TIOCOTNTA TOU £XA@IKOVU XOAKOU [BpicKeTal
OTO ETUQPAVEIOKA OTPWUOTA TOU €0AQOULE AOYW TNG IOXLPNG TIPOCTPOPNCNAC TOU aTd
€04@n dla@OpwWVY TUTIWV OAAA Kal I010TATWV (Merry et al., 1983, Deluisa et al., 1996)

OI TTapAyovTEC TIOU ETINPEALOUV TNV TIEPIEKTIKOTNTA TOL £0AQOUC OE APOMUOIWTIUES
yla ta @UTA pop@EC Cu gival ol cuvOnKeg agpIoPoL Tou £dd@ouC, To pH Tov £dd@oug,
N OPYyaVIKA ouaia, N vEr Kal N doun Tou £0A@OLE, TO €i00C TWV OPUKTWV TNG apYyiAou
OMA Kal n Bepuokpacia Tou €dAQOULG, KABWC ETIONG KOl TO (QUTIKO EidOC.
(Xatdnotdong, 2004)

Emiong n ikavotnta i 0X1 10VIoPoU Tou XOAKOU, 0 aplBuog 0&sidwang e Tov 0TI0io
TIAPOULCIALETAl, N SLVATOTNTA ] OXl OXNUOATIOUOU CUUTIAOKWV HE OPYOVIKEG EVWOEIC,
KOBW¢ Kal N KIVNTIKOTNTA Tou €€aPTATAl KUPIWG OTt0 TN UACN TOU 16VTOC, OAAG OTIO
TIC TIOPAKATW 1010TNTEC TOU £0AQOUC;

0) TNV TIPr tou pH Tou £da@PouC
) T0 SLVOUIKO OEEIdOAVAYWYNC
y) TO TT000CTO KOl TO €id0¢ TN¢ OPYAVIKIC 0Uaiag Tou £dA@OUC

0) TNV IKAVOTNTA AVTOAAAYIG KATIOVTWVY TOU £0AQOUC
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€) TNV TTOGOTNTA TWV AVOPAKIKWY OAATWY TOU £3AQOUC
OT) TNV TIEPIEKTIKOTNTA KOl TO €id00C Twv 0&eIdiwv Kol UOPOEEIdiWY TOU GCIdNPOUL,
payyaviou Kal apylAiou Tou €dd@oucg,
{) T OPUKTA TNC apyiAou.

21O ETUQPOVEIOKA OTPWHATA TOUL €JOAMOUG, N OAIKI] CUYKEVIpworn Tou Cu oTo
€00QIKO dlGALUa KupaiveTal amo 0.01-0.6 M. H pIKpy autr TIPN TNE CUYKEVTPWONG
TOU XOAKOU, OQEIAETal TNV TACN TOL VO TIPOCPOPATAl OTIO T OPYAVIKA KAl avopyova
KOAAOEION. TO&IKA @aIvopeva TopatnEolvIal OTav Ta ETITEDN TOU XOAKOU GOTO
€00@IKO OldAvpa Kupaivetal amd 1.5-45 mg Cu L'l pe amotéAeopa ocoPapéq
KOTAOTPOPEG OTO PIJIKO oLOTNPA TOu @ULUTOD. AV KOl 0 XOAKOC €ival éva omo 1o
AYOTEPO €UKIVNTA PBOpEa PETOAAD, N CUYKEVIPWON OTO €X0@IKO SIAALUO TIOIKIAEL
avaAoya e TOV TUTIO TOU €3AQOULG KOl Kupaivetal amd 3 péxpt 135 pyuy Cu L)
€00QIKOU OlaAUPOTOC. BéBala oe TEPIOXEC TIOUL Eival QVATITUYMEVN N BIOUNXOVIKN
OpacTNPIOTNTA Ol OULYKEVIPWOEI, Tou Cu OTo €0a@og Kupaivovtal G€  TIOAD
MEYOAUTEPQ ETTITIEON. MAAIOTA O TIOAAEG XWPEC EXEL ava@epBel Kal mIBdpuvan Tou
€0APOLG PEOW TNG APOEUCNC AOYw TNG HEYAANG TIEPIEKTIKOTNTOC TOU OPAELTIKOU
vepol Og XOAKO Kol g€ GAAa PBapea PETOAAG, omw¢ Cd kal Hg. v Kiva yia
TIOPAdEIYHA N CUYKEVTPWAN Tou Cu GTO vEPO APOELANC OAAG KOl UOPELONG OTNV TIOAN
Yandank nfrav 182 mg/L. Emiong n poOmoavon  pe  Bapéa  PETOAAQ,
guuTepidauBavouévou kail Tou Cu, otnv Kiva katoAauPavel éktaaon ion pe 2 X 107
EKTAPIO, TIPAYUO TIOU onuaivel 0TI To 1/5 ¢ KOAAEPYNOIUNG YNG Eival pUTTOCUEVO ME

Cu ( Neil, 2007, Jin, 2001).

3.3 Emidpacn twv PUKOPPIJIKWVY UUKATWY TNV TIPOCANYN BAPEWV HETAAAWV.

O1 devdpoOuop@Ool HUKOPPIZIKOI PUKNTEG AUEAVOUV TNV ETUPAVEIO ATIOPPOPNONG
Twv PV HPE OTIOTEAEGHA va OLEAVETOL KOl N TIPOCANYN avopyavwy BPETITIKWV
OTOIXEiWwV Kol PETOAIKWV 16vtwv (Khan et al.,, 2000). 'Yrop&n HUKOPPIJIKWV
MUKATWV €xEl ava@epOei e @UTA TIOU AvVOTITOCCOVTAl OE €OA@N Pe Bapéa PETOAAA
(Shetty et al., 1994, Chaudry et al., 1998, Ma et al., 2001). MeTa&0 TWV PUKOPPIJIKWV
MUKATWV TIOL OTIOVTWVTOL G€ €0A@N TTAOUCIO € Bapéa PETAAAA gival Ta €idn Glomus
spp.. Gigaspora spp., kabw¢ kai Eutrophosphora spp. (Raman et Sambandan, 1998).
Oi Weissenhorn kai Leyval (1995) amopdvwaoav Cd amo TI¢ UQEC Tou poknta Glomus
mosseae. O Heggo et al., (1990) avtiBeta, dev TAPATPNOOV CLUGCWPELON Zn Kal Cu

0€ (UTA OTIOIKIOPEVO OTIO  PUKOPPIJIKOUG MUKNTEC. Ta odIoTéPACTO  KUTTOPIKA
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TOIXWUOTO TWV LEWV aVAPEPOVTAl WC TIBAVOC PNXOVIOUOC TIPOCTOCIOG TWV QUTGV
amo ta Bapéa peTaAAa (Galli et al., 1994). Emiong o1 yukoppldikoi pouknteg Ppebnke
va emdpolV oTnV HETAKivnon tou Zn atou¢ PBAactou¢ tou Andropogon gerardii.
AvTiBeTa, dev BpEONKe TETOIO ETTIOPACN OTO KOAAUTIOKI. (Shetty et al., 1994, Khan et
al., 2000). Zuvem®g, n €mMidpACn TWV HUKOPPIJIKWY HUKATWVY 0TV TIPOcAnYn Kat
METAPOPA TWV PETAANWY OTO @QUTO OtV €ival EeKABAPN Kol PAACTA TIOAEG (QOPEC
autr e€aptdtal €ite amo 1o €id0OC TOL @UTOU €ite amd To €idog Tou pUKNTa (Lasat,
2002). 'ETol AOITIOV OTIC TIEPITITWOEIC TIOU 1 CUUBIWON PUKOPPIJIKWY HUKNATWY HE
QUTA ETIOPA BETIKA OTNV TIPOCANYN BAPEWVY PETAAAWY ATIO TA QUTA TOTE PTIOPOUV VO

XPNOIUOTIOINB0UV WC ATIOKATACTATEG ETIIROPUPEVWVY EDAPWV.
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4. ANAZKOTIMHZH BIBAIOTTPA®DIAX

4.1 Bap€a METOAAO KOl QUTA UTIECUCOWPEUTEC

Ta Bapéa PETOAAD, OTIWG O XOAKOC, TO KOBAATIO, 0 WeUdAPYLPOC KAl TO VIKEAIO
gival amopaitnTo PIKPOOTOIXEIA YIa va OAOKANPIOCOLY TA QUTA TOV KUKAO {Wr|¢ TOUC.
QOT1O000, OTOV Ol CUYKEVIPWOEIC TOUC OTO €0a@oC EETIEPVOUV TIC EAAXIOTEG
ETUTPETIOPUEVEG TIOCOTNTEC, T Papea PETOANO PTTOPEi va givanl akpw¢ TogiKO0.(Lanaras
et al.,, 1993, Ouzounidou et al, 2005)

ATI0 Tov Baker et al., (1989) ava@EpeTtal OTI AVEKTIKA OTA HETAAAO QUTA TTIOU £XOUV
TN IKOVOTNTO VO GUCCWPEDOLY LPWNAEC GUYKEVIPWOEIC HETAAAWY OTO XUUOTOTIIA TOUG
KOAOUVTOI LTTEPCUOCWPEVTEC. AVAQEPETAI ETTIONE OTI TO EVONUIKO OTA OEPTIEVTIVIKA
€ddpn @uto Thlaspi goesingense WTIOPEl VO oLOCWPEVEL VIKEAIO £w¢ 9.5 mg/g, 1
Tepimouv 1% tou &npolL Bdpoug kal n Sebertia acuminate, &va evdnUIKO OEVIPO TNG
Néag KoaAndoviag, cuoowpelel Tiepimov 20% TOL &nNpoL Tou PAPOUC CE VIKEAIO
(Brooks, et al., 1977).

Ta @UTA LTIEPCUCCWPEVTEC AVTIPMETWTTICOLY TNV TIEPICTEIN TWV 1IOVTWV TWV Bapéwv
METAAAWVY PBaacilopeva ae 000 KUPIWE PNXavIoPoUg yia TNV OToTogiVwan HETAAAWY
TIOU €XOUV TIPOCANQOEl €VTOC TOU KUTTAPOUL: 0O) OXNUATIOUOC CUPTIAOK®WV HE TA
OPYOVIKG CUCTOTIKA Kai B) SlOUEPIOUATOTIOINON EVIOG TOL XupotoTtiou (Kramer et al.,
1996). Na TapddElypa TO KITPIKO KAl UNAIKO £XEl OEIXOEei OTI GuVdEOVTal PE TO KADWIO
KOl ToV Peuddpyupo avtiotoixa. Emiong ta apivoééa oxnuotidouv cOUTIAOKO PE 10VTa
METAAM Y. BpEONke AoITIOV OTI N 10TIBIVI CUVIOTA GUUTIAOKO HE TO VIKEAIO OTOV
LTIEPOLOCWPEELTH Alyssum leshiacum.

Katd tov Baker (1981) ot 600 UNXQVIOHOI QVEKTIKOTNTOG TWV QUTWV OTO PBapéa
METOAAA €ival n amoeuyn TIPOCANYNG KAl N aTTOTOEIKOTIOINGT TWV YETAAAWY. Ta @UTA
TIOU OTTOPEVYOLY TNV TIPOCANYN TwWV HETAAAWV (excluders) amotpémouy Tnv TPdcANYN
METAAAWV OTIO TIC pileg, TN dLVOTOTNTA dlOKIVNONE KABWE Kal TN CUCCWPEVGH TOUG
otouq PAactouc. ‘Eva Ttétolo €idog eival 1o Agrostis tenuis To 0TIoio aTTOPEVYEl TNV
TIpocAnyYn twv Cu, Cd Kal Zn.

‘Exel Bpebei OTI ApKETA PUTA AVEKTIKA 0 VWPWNAEC CUYKEVTIPWOEIC XOAKOU, QEPOLV
yovidla TIoU KwOIKOTIOIOUV TIC METOAAOBEIOVIVEG: TIPOKEITAl YIO MIKPEC METAAAO-
OECHEVTIKEC TIPWITEIVEC TIOL APXIKA TAUTOTTIOINONKAY oTa {Wa. 210 €idog Arabidopsis
TAUTOTIOINONKOV TPEIC KUPIOl TUTIOl YOVISIWV HETOANOBEIOVNG OTOLG PBAACTIKOUC

I0TO0G. Ta yovidla avtd sival ta MT1, MT2 kait MT3 (Murphy et al.,, 1997) kai n
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EK@POACN TOL &vOg amd autd (MT2) oxetilOTav TIPOC TNV AVEKTIKOTNTA APTIBAACTWY
€VaVTI TOU XOAKOU. KOt CUVETTEID, Ol UETOANOBEIOVEG @AIVETAlI va TIPOCTATEVOLV
KUTTAPIKA CLCTAUOTO OTI0 OEEIDWTIKEG PAARBEC TTIoL O@EIAoOVTal GTN OPACT WETAAAWVY,
TIOPOAO TIOU O OKPIPNC POANOC TOUG OTNV OVEKTIKOTNTO OTA HETOAAO TIOPOUEVEL
adleukpiviotog (Murphy et al., 1995, 1997).

v Tmepoxn g dAopivta avagépetar amé tov Joonky et al., (2006) ot
eTIBapupéva Pe XOAKO €dd@n, OTI N aypiada (Cynodon dactylori) deopelel oTiq pideq
¢ 10 1/3 ToU dloBECIPoL OTO €d0@OC XOAKOU. Xe TapOUOla EPyaaio amo Tov
Madejon et al., (2002) ava@aipetol OTI 01 aypiada KAl T0 gOpPyo ATIOTEAECAV KOAOUC
(PUTOOTTIOKOTAOTATEG O €0A@N ETURAPULHEVA HE PapEd PETOAAG PETOED TWV OTIOIWV
Cu, Pd kai As.

Emiong n kOmepn (Cyperus esculentus), PpEONKe va TIEPIEXEI GTA LTIEPYEID TUNHO TNG
TT00OTNTO XOAKOU GOUYKEVTpwONG 28 mg/kg, ion Tepiou Pe TN CUYKEVIPWOT TOU
XOAKOU OTO £d0(OC.

O KOTvOg AOYyw TNG MeYAANG @utopadlag TIou avartoooel eVOEikvUTal yia TNV
OTIOKOTACTOON €00QWV ETRAPUUEVLV PE Bapeéa PETOANA HPETAED TwWV OTIOIWV KAl 0
XOAKOG (Kayser et al., 2000).

O1 Khoshgoftarmanesh et al., (2006) Bprikav OTI | aTTOPPOPNCILOTNTO TOL XAAKOU
a6 otdpt (Triticum aestivum) o€ aAatoUXo €0a@og €EOPTATAl TOGO aTO TN
CUYKEVTPWOT TWV OAATWY OAAG KOl TO YEVOTUTIO TOU OITapiov.

e emMPBapuhévo pe KAdUIo €da@o¢ otn Notia laAdia 1o OAdor (Thlaspi
caerulescens) €xel Bpebei va TIEPIEXEI GTOUC IGTOUCG TOL HEXPL Kal 3000 mg/kg KABIO.
MapoAa autd PEAETWVTAC TOUC OIAPOPOUC YEVOTUTIOUC TOU €idOULG Ol EPELVNTEC
KatéAnéav OTI n IKaVOTNTa aToppo@nong HEYAAWY CUYKEVIPWOEWY KAJUIOU
O@EIAETAI OTN YEVETIKN TIAPOAAOKTIKOTNTA KAl QUOIKA OTNV TIOCOTNTA TOU HPETAAAOU
ato €dagog (Schwartz et al.,2006)

2V lomavia peAeTBnke n emidpacn ¢ Bepuokpaciag ot pida NG TOTATOC
{Solarium tubesosum) w¢ TPOG TNV OTIOPPOPNCTN TOL XOAKOU Kol Tou YeudapyLpou.
BpéBnke AoITtov OTI T0 BEATIOTO €UPOC VIO PEYAADTEPN ATIOPPOPNCN TWV HETAAALV
givai 20-23 °C (Baghour et al., 2002).

Juykpivovtag ta Aovttiva (Lupinus luteus), tng @akég (Lens Culinaris) ta peibia
(Cicer arietinum) kat 1o KpiBapt (Hordeum vulgare) Bpébnke amo tov Rodriguez et
al.,, (2007) o1l n cuykévipwon Hg otoug 10TO0C TOuC aTd TN PEYOAUTEPN TIPOG TN

MIKPOTEPN OKOAOULBEl TNV idla CelPpd e TNV OToid avaEEPBNKav Ta €idn. Ze
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QVTIOTOIXO TTEipapa TIou ag@opouae TNV TiPocAuvn Zn amo To eidog Potentilla griffithii
Tapatnpnonke amo tov Rongliang et al., (2006) o1 Ye TNV aL&NON TNE CLYKEVTPWONG
TOU Zn OTO £3a@og aLEAVOTOV KOl I GUYKEVTIPWAN OTOUC LTIEPYEIOLG KAl UTTIOYEIOUC
10TOU¢ TOU @ULTOU. H TP TNG OLYKEVTIPWAONG Zn OTo €da@oc €ixe evpog amo 0-320
mg/kg €dd@oug Kal PpEOnke OTI TO XAWPO PAPOC avZaVOTAV MEXPL KOl TN
OUYKEVTPWON Twv 240 mg/kg €3AQOUC KOl OTN CLVEXEIO PEIWBNKE PE TNV TIEPETAIPW

a0&nan ¢ CLYKEVTPWOTNC TOU Zn).

4.2 XaAKOG KOl (QUTOOTIOKOTACTAON.

O XOAKOG €ival ouOTOTIKO O10POPwWY eVUUWY (TT.X 0&EIdACT TOU OOKOPPIKOU
0&£0C, KLUTOXPWMIKN 0&e1dAON, PAIVOAAGT, AOKKAON) Kol 0TOUC QUTIKOUC 10TOUC Eival
0¢ MEYOAAO PBoBUO CLUVOEDEUEVOC PE CUUTIAOKO OTIWG YO TIOPAdEIYUO TO OUIVOEEQ
(Bennet, 1994, Toékog, 2003)

MapoAa autd o0 PEYAAEC OUYKEVIPWOEIC O XOAKOC OTIOTEAEI pUTTO AOYyw TNG
MEYAANG TOEIKOTNTOCG Of TIOAAA €idn @utwv. Xtnv EABetia yia mapddeypya 50.000
EKTAPIA €dA@OUC TIOPOLCIALOLY LPWNAEC CUYKEVTPWOEIC XaAkoU (Mitoidfa, 2005)

>t Notia Moptoyolia 1o TPORANUO NG ouveXoUC av&nong Twv ETIRAPLHEVEIV
EKTAOEWV e XOAKO Xpilel 1Idlaitepng tpocoxn¢ (Nabais et al., 2007)

Ma v amokatdotaon ETMIBapLPEVWY €d0@wy PE XOAKO ol Ciura et al (2005)
TIEIPOUATIOTNKOAV  PE  OPKETA  KOAAIEPyoUUEVO  €idn HETAED Twv OToiwvV 1O
(aoxapoteuTtAa (Beta vulgaris), ta @acoAla (Phaseolus vulgaris, 1o Kpi8dpi (Hordeum
vulgare),vo KOAOUTIOKI (Zea mays), ™ MndkA (Medicago sativa) Kal TO TIETIOVI
{Curcubita pepo) w¢ mBavoi amokatactdteg. KatéAnée Aoimdv OTI T0 TIETTOVI NTAV TO
TIO OTTOTEAECUATIKO.

O1 Barman et al., (2000) peAétnoav ™ duvatotnta cuaowpevong Cu oToug 10ToUE
Tou oltapiod {Triticum aestivum), ¢ okokiag {Acacia abunnea), ¢ ayplddag
{Cynodon dactylori) Tou Rumex dentatus, Alternenthera sessilis, Polygonum
lonigerum, Ipomea fistulosa kai Dichanthium annulatum . A0 ta amoteAéopota
TIPOKUTITEI OTI TN Pia, OTO LTIEPYEIO TUNHO KOl OTO QUAAG TN PEYOADTEPN TTOCOTNTO
Cu ovuykevipwvel 10 Dichanthium annulatum (272.5, 92.5 kot 82.5 pg/g &npovu
Bdpoug, avtioTolxa)

JUYKpPIVOVTOG TO KOAOUTIOKI (Zea mays) kal tov Biko (Vicia sativa) w¢ mpog tnv
IKOVOTNTO TNG OTIOKOTACTOONG £00QWV ETIRAPUPEVWY PE XOAKO ol Peciulyte et al.,

(2006) vuTooTnpPiCOLV OTI TO KOAQPTIOKI €XEl TN OLVATOTNTA GUYKEVTPWONG
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MEYaADTEPNC TIOCOTNTAC TOU METAAAOUL OTT'OTI 0 BiKOg evw avtiBeta o Bikog @aivetal
OTl €ival KAAUTEPOC CLUOCWPEVTAG ZN OE OXECN UE TO KOAOTIOKI.

APKETA €idn avagepeTal OTI €ival AVEKTIKA Ot ULWPNAEC CUYKEVIPWOEIC BapEwv
METAA WY HETAED TWV OTIOIWV KOl 0 XOAKOC. MEPIKA amo autd eival 1o Polygonum
hydropiper, Rumex acetosa, Lolium perene, Brassica Juncea kal Vetiveria zizanioides
(Wang et al., 2003, O'Connor et al.,, 2003, Bennet et al.,2003, Lombiet al., 2001,
Greenfield, 1989).

To 2002 €&eTAOTNKE OTO TOV ROSSi KOl TOUG GUVEPYATEG TOU. N IKOAVOTNTA TNG
eAalokpdupng (Brassica nappus) w¢ TpoG TNV Ommoppo@non kaduiou, Peudapydpou
Kal XoAkoU aomd  emiBopupéva  €dd@n. Metd amd TEipagya o€ QUTOdOXEId
TTOPATNPERONKE OTI N EAAIOKPAUPN OULYKEVIPWVEL OTOUG I0TOUG TNG MEYOAUTEPEG
TTOCOTNTEC KAJMIOL Kal PeudapylPOoU AT OTI XOAKO.

Ta €idn Elsholtzia splendens kai Silene vulgaris peAetBnkav amd toug Song et
al., (2004) w¢ mPO¢ TNV IKAVOTNTO ATIOPPOPNCNC OAAG KOl TNV OovoxXy o€ LWNAEC
OUYKEVTIPWOEIC XOAKOU OTO £0a@oC. Bpébnke OTI T TOAPOTIAVW €idn €xouv TNV
IKOVOTNTO va @UOVTAL KOl va avartieoovTal g€ UYNAEC CUYKEVIPWOEIC XOAKOU OTO

£d0@oc.

4.3 O poiog Tou pH tou €ddgouc otn PIOJIABECIUOTNTA TOL XOAKOU OTA QUTA

H tiyn tou pH tou €dd@oug emtnpeddel CNUAVTIKA TN XNMIKI CUUTIEPIPOPA TwV
METAAAWV. H iy Touv pH oto €da@og €ival duvatd va e€apTATal OO TIC PETABOAEG
TIOU TIAPOTNPEOUVTOlI OTO OUVOUIKO OZE1doavaywyng, Kupiwg oe €dd@n 1o oToia
TIEPIOBIKA  KATOKADZovTal Omd VvePO. ZuvhBwg, Otav ota  €d0d@n ETIKPATOUV
OVOYWYIKEG OUVONKEG Ttapatnpeital adénon ¢ TIPS Tou pH Tou €dA@OLC, VW
OVTIOTPO@A O€ OEEIDWTIKEC CUVONKEG CNUEIOVETAlI EAATIWON TNE TIMAG Tou pH ToU
€dd@oug (KOuKOUAAKNC, K.0., 2007) .

Ta PETOAANKA KaTIOVTA, HPETOED TWV OTIOIWV KOl 0 XOAKOC, €ival TIEPICCOTEPO
euKivnta o€ O&IVEC GUVONKEC. ZTNV €IKOVA 4.1 TIOU OKOAOULBE( aivetal n PeTaBoAn

TNC OLYKEVTPWONG TOU XOAKOU OTO £D0QIKO SIAALUO avAAOYQ PE TNV TIPR Tou pH.
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pH8 pH9

Eikéva 1. AlaBeciuotnta XaAkoU avaioya pe o pH tou £dd@oug

To NAEKTPIKO QOPTIO TIOU TIAPOUCIALOLY Ol ETUPAVEIEC TWV £00QPWY EAEYXETAL OTIO
N T tov pH. EmMopévwe n TIpoopo@ncn Tou XOAKOU armod T oTtepen @Acn Tou
€00QOUC KABWC KOl Ol POP@EC TOU XOAKOU TIOU TrOpouacidlovial ota  €5A@n
KaBopidovtal amo v Tiur tou pH Tov €ddgoug (Mritalog, 2004, Joonki et al.,2006).

H Ty Tou pH 010 £da@o¢ emtnNEEALEL TN CUUTIEPIPOPE OAAG KOl TN dIABECIUOTNTA
TwV Bapéwv PETAAWY OTa @ULTA. A TTOPAdElYUA N TIPOCPOPNCN TOU XOAKOU WG
avopyavn LAATOJIOAUTH €VWOT, WC OVOPAKIKOC XOAKOC OANG KAl WG OPYOVIKO
OUUTTIAOKO, aLEAvVETal Pe TNV avénon Tng TIUAG Tou pH. Emiong n mpoopoéenaon twv
Bapéwv PETAAAWY OTA OPUKTA TNE apYIAOL KOl 0TV 0OPYOAVIKA OUGiao AQUEAVETAL UE TNV
avénon g o&utntag (Smith, 1994, Harapriya, 2005). 'ETol Aoimtov, n dlabeoipotnTa
TWV IXVOOTOIXEiwv, TEpINaPBavopévou Kal Tou Cu, yia Ta KaAAEpyoUUEVA QUTA gival
KOTa TIOAD HEYOAUTEPN O€ OLVONRKeEC LYNAAG o&uTNTag (XaunAn T pH), &vo
avTiOeTa N S1ABCIUOTNTA TOUC PEIVETAI PE T oTadIoK avénon tou XaAkoL (Davis
et al., 1980, Gupta et Aten, 1993). Emiong, ouxvd Tapoatnpeital peiwon Twv
OTI0O00EWV TWV KAAAIEPYEIWV AOYW TWV LPNAWY CUYKEVIPWOEWV BAPEWV HETAAAWV
OTOUC 10TOUC TWV @UTWV OTa OTIoId TIPOKOAOUV CUMPTITWHOTO TOEIKOTNTOG. [
TIOPASEIYUO OTO (POCOAI KAl 0TO AGXOovo ava@épetal amd Tov KOUKOUAAKN Kal Toug
guvepydateg Tou (2007) o1 N adénon TNG Topaywyng av&avotav Pe v avénaon tng

TIUNG ToL pH amd 4 oe 5.5. Emiong oto BapBaki ye Tnv ad&énon g TIiuAg tou pH amo
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4.8 oe 6 auiavotav Kal To PAKOC TNG pidag Twv PBauBako@UTwV v avTiBeTa
MEIWVOTOV 1 CUYKEVIPWON TWV 10VIwv Al+3 TIou TTPOKOAODCE TOEIKA CUUTITWHATA
(Adams et al., 1966).

H o&0tnta tou €0A@OuC, OTO OTIoI0 avaTITiaooVTal PN 0EV@IAC PUTA, TEPIOPILEL
NV avamtué toug Adyw NG Opdong dla@opwv XNUIKWY TIOPAYOVTWY Kol Twv
OAANAETIIOPACEWY TOUG. ‘ETal Aoimov cUu@wva pe tov Marschner (1991), ota 6&va
€dd@n o1 KUPIOl TIEPIOPICTIKOI TIOPAYOVTIEC €ival o1 €ENg: a) n avénon g
OUYKEVTPWONG TWv 16vIwv H+ Al3+, M,2+ 10 OToio TIPOKOAOUV KOl TOEIKA
CULUTITWHATO 0T PIa KAl GTOUC UTIEPYEIOLG I0TOUC, B) N peiwaon tng dlabeaiydtnTog
TV 16VTwv Ca2+, Mg2+ kat K+ aAAd Kal pegiwon Tng dlaAuTtotTag tou P kal Mo, ta
OTIOiO TIPOKOAOUV KAl TIC OVTIOTOIXEC TPOPOTIEVIEC KAl Y) TIEPIOPICHOI TNV AVATITUEN
TOU PIJIKOU CUGCTHNMOTOC KAl ATIWAEIEC BPETITIKWY AOYW EKTTALCTC.

Ol LYNAEC CUYKEVIPWOEIC OUWE TWV 10VIWV TWV Bopéwv PETAAM®WY OAAA Kal N
Jl0BECIUOTNTA TOUG €EOPTWVTAL ATIO TO NAEKTPIKO (POPTI0O TWV CWUOTIOIWY TOu
€dA@EOUC TO OTIoI0 pE TN OEIpd Tou emnpeddetal amo 1o pH tou €ddgoug (Davis et
al.,1984, Sanders etal., 1986)

Ye Teipapa aypou Tapatnperonke amo tov Lexmond (1980), 6Ti o€ 6&IVO-OUUWOES
€00(0C N CUYKEVTPWAT TOU XOAKOU OTO QUAANC KOAAIEPYEIOG KOAOUTIOKIOU WEIWONKE
MEe TNV TpoaOnkn avBpokikol acPeotiou (CaCOs) yia TNV avoywaon touv pH Ttou
€0G(POLC. Z& KOAAIEPYEID ECTIEPIOOEIOWV OE OEIVO £00@POC N CUYKEVIPWOT TOL XOAKOU
OTIC PIdeC TWV QUTWV HEIWVOTOV PE TNV TIPOOJEUTIKA avénon tou pH ToL €dA@POULC
(Alva et al., 1993)

Z¢& TapOUoI0 TIEIpapa TIoU TtpayuatoTotnke otnv KafdAa amd tov Xatdnotabn
(2004), PBpednke OTI Ot KOAAIEPYEIEC AEUKOG, OKOKIOC, KOPUDIAG KOl EUKOAUTITOU ME
NV aoBéotwon Kal v avénon tou pH mapatnpnénke eAATIwon TN SIaBETIUNG
mocotNTag 0V Cu OTO £daPOoC €wg Kal 3368, 6%. >ToV TTivaka 4.1 TIOU OKOAOUGBEI
@aivetal n JETABOAN TNE TTOCOTNTAG TOL SIABECIUOL XAAKOU OTO £d0¢Q0C OAAG KOl OTO

QUAAA TV KOAAIEPYEIWV TIPIV KAl PETA TNV avOPwaon tou pH tv acBéotwaon.

24

Institutional Repository - Library & Information Centre - University of Thessaly
15/05/2026 14:14:02 EEST - 18.97.14.89



Mivakag 1. Zuykevipwaoel Cu oTo £da@oC KOl OTO QUAAD
‘Edagoc, DOAN
Eidoc Cu mg/kg Cu mg/kg
Mpiv Meta TMpiv  Meta

AKaKia 600,4 68,5 21 8,6
NeVKa 671,6 58 27 6,9
EukdaAuTITOC 697,7 63 17 0,1
Kapudida 758,8 42,3 22 10

(mpoaappoyn and Xatdnotdng, 2004)

e 0&Ivo €dagog pe pH 3.8 ot NEa ZnAavdia PeTd TNV TPOCONKN TTOCOTNTOC
XOAKOU iong pe 7pg/g €dGQOUC, N GUYKEVIPWAT] TOU GTO €DOPIKO OIGAUMO QUENBNKE

(McLaren. 1990).
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5. YAIKA KAl MEGOAOI

To meipaya TpaypotoToindnke ta €t 2006 kon 2007 oe @uTtodoxEia OTO
BePUOKNTIIO VW TO £T0¢ 2007 TIPOYUATOTIOMBONKE OTO AypOKTNUa Tou lMaveriotnyiou
OcocooAiog oto BeAeotivo.

JKOTIOC TN¢ TapoLong dIatPIRNG NTav n PEAETN €&l QUTIKWV €10WV (KOAOUTIOKI,
OITAPL, €AAIOKPAUPBN, Bpouog, ayploBaufakid Kol OypIo@OCOUAIN) ¢ TOavoi
(PUTOOTTOKOTOCTATEC £DAPWV ETTIROPUUEVWIV UE XOAKO.

‘Oc0 apopd T0 BEPUOKATIIO N HEAETN TIPAYUOTOTIONONKE g€ dV0 TUTIOUC EQUPWV:
6&1vo pe pH 5.5 kal aAKOAIKO pe pH 8.3 Kal o€ GUYKEVTPWOEIG XaAKoD atd 0 £wg 300
mg/kg €da@oug Kal Beppokpaaia va Kelpgevetal amo 25-30 °C . Z1o 0 aypOKTInuad
KOAAIEPYNONKOV TO TIOPATIAVW QUTIKA €idn 0€ OAKOAIKO €da@og (pH 8.3) kal o€
OLYKEVTPWOoElG Cu amo 0 éw¢ 300 mg/kg €da@ouC.

O XOAKOC TIOU €QOPUOOTNKE eixe T HopEr évudpou Beiikol xaAkol (C1SOa4
5H20) kaBapodtntag 25.1 %.

To TeIpOaPATIKO OXEDIO OTO BEPUOKNATIIO KOl GTO AYPOKTNUA FTOV TUXOIOTIOINUEVEG
TIANpeIq opdde (Randomized Complete Blocks, RCB). 10 BOgppoKnTo UTIRPXAV
EQTA UYETAXEIPIOEIC PE TPEIC ETTAVOAAYEIC YIO KAOE peTOaXEiplon KaBwg Kal 600 TOTIOl
€dd@ouc (0&IVO Kal OAKOAIKO). ZTOV aypO UTINPXAV TIEVTE HETOXEIPICEIC PE TPEIG
ETIOVOANYEIC KAl Evav TUTIO £0A@OUC (OAKOAIKO).

O1 petaxelpioelg frav ol €&ne:

OepUOKNATIIO
210 Bgppoknmo 10 O&Ivo €dagog (pH 5.5) mpoegpxdtav amo T TEPIoXn NG
Kapditoag eve 10 aAKOAIKO €dagoc (pH 8.3) amd 1o Aypoktnua tou lMaveriotnyiou
OeooaAiag oto Beheotivo. Ol ouykevipwoel¢ Cu TIou €QAPUOCTNKAV Kol ot 000
€0A@nN NTav ol €ENC:
Mdptupac - PndeviKi cuykévipwaon Cu
41 30 mg Cu/kg £dd@poug
it 60 mg Cu/kg €da@ouc
O 90 mg Cu/kg £da@ouc
A 120 mg Cu/kg €dd@oug
0 220 mg Cu/kg €da@ouc
‘I 300 mg Cu/Kg €da@oucg
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Aypog
To Tmeipapa aypol TIPAYUOTOTIOINONKE G OAKOAIKO €dagog (pH 8.3) ato
Aypoktnpa tou Maveriotnuiov ®ecooAiog oto BEAEDTIVO Kal Ol CUYKEVIPWOEIC TIOU

EQapUOOTNKAV ATAV Ol €ENC:

-\

MdapTtupag - UndeVIK ouykevipwaon Cu
4 50 mg Cu/kg €dd@oug
100 mg Cu/kg €dagoug
T] 200 mg Cu/kg £dd@oug
A 300 mg Cu/kg dd@oug

O1 omopol TIoU XpPnolJoTodnkav nTav  TOu  EUTIOpiov, 000 agopd Ta
KOAAIEPYOUEVA €i0N. ZUYKEKPIPEVA TO OITAPL NTAV TIOIKIAIOG Iride, n eAalokpaupn
TIOIKIAia¢ Royal Kal To KOAQUTIOKI TIOIKIAiaC Kostanza.

O1 omopol Twv Qlaviwv CULUAEXBNKav amd TNV TPONYoUUEVN XPOVIA amo TO
aypoKtNnua tou Mavemotnuiov Osooaliag (BPoUog, ayplo@acoUAId), EVW Ol GTIOPOL
N¢ ayplopapBokiag amo tnv meploxn ¢ Kapditoac.

To Teipapa oTo BEPUOKATIIO TIPAYHATOTIONONKE U0 POPEC.
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5.1 Meipaua BgppoknTTiou
5.1.1 Mpoestolpaaio edA@oug

To XWHO CUAANEXONKE OTIO TIEPIOXEC ME OIAQPOPETIKO pH yia v KAALWN Twv
OVOYKWV TOU TIEIPAPOTOC. Agv  TIPAYHOTOTIONMONKE Kapia Aimavon 10Tl 0w
TIPOEKLYE aTIO TNV €1A@OAOYIKA) avaAuan Ta Kopla Bpemtikd otoixeia (N, P, K)
BPIOKOTOV O€ ETIAPKEID YIA TNV OVATITUEN TWV KOAAANEPYEIWV. MEPIKA €O0QOAOYIKA

XOPOKTNPIOTIKA TV SU0 £DA@WV QAiVOVTal GTOV TTivaka 5.1 TTou 0KOAOUBEI.

Mivakag 1. MepIKa eda@OAOYIKA XAPAKTNPIOTIKA TwV £00@QWV TIOU XPNOIUoTIoNenkav

‘O&vo AAKOAIKO
PH 5.5 8.3
Opyavikr] Ouaia (0-33cm) 1.09 1.17
Mnxavikr) Z0oTaacn OUUOOPYINOTINAWOEC OPYINOTINAWOEC
Aywyipgotnta (mS/cm) 1.118 1.105
Cu (mg/kg €dagoucg) 2.28 3.22

5.1.2 Evowpatwon XaAkoD 1o £00¢0G.
H oamoitovyevn TOCOTNTO XOAKOU TIPOOTEONKE OTO £00@OC HE TN Hopen

SlaADaTOC OyKou 20 mL (XOAKOG KOl OTIECTOYUEVO VEPO) (OTE VA TIPOKUYWOUV Ol
ETOLUNTEC OULYKEVTPWOEIC Twv 30, 60, 90, 120, 220 kot 300 mg Cu/kg €ddgouc. H
EVOWUATWON YIVOTOV wC €EC: N TIOOOTNTO XWHATOC TIOU TIEPIEXOTAV OE KOAOE
@utodoxeio (mepimmou 500g) ATIAWVOTAV TIOVW GE QUAAO TIAOGTIKOU. ZTN OUVEXEID TO
OlGAupa XoAKoD (20 ml) dlackopTiIOTaV GTNV ETIPAVEIN TOU XWUATOCG UE TN BorBela
TIPOXoNdaC yia KaAUTeEpN dlaBpoxn. To uypo XwHo PETAQEPOTAV Pe Tpocoxr] (yia va
MNV LTIAPXOLV ATIWAEIEC) OE TIAOCTIKI] COKOUAO KOl OKOAoUBOUOE avakivnon yia
TIEVTE AETITA TNC WPOC WOTE VO ETUTELXOE OPOIOPOPPN EVOWUATWAN TOU XOAKOU.
TEAOG TO XWHA METAPEPOTOV OTO @PUTOOOXEID HE KOTAAANAO KWOIKO Vyio TNV

TTOPOKOAOVBNGON TOU.
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5.1.3 Zmopd
e KGBe @utodoxeio amdpbnkav QTa (7) oTopol yia KABe €ido¢. O1 oTtOpOoI ToU

XpNootondnkav v LTIECTNOAV KOUIA €TTEEEPYOTiO EKTOC OTIO TOUC OTIOPOUC TNG
ayplo BapBakIiAg o1 OTIoiol TIPOKEIUEVOL VO OTIACEL 0 AfjBapyog TOUC TOTIOBETABNKAV O€
olaAupa yipRepeAdivng 1000 mg/L yia 24 @peg agol TPonynénke TPiPIo Twv
OTIOPWV PE YUAAOXOPTO TIPOKEIUEVOU VA HEIWOEL TO TTdX0C TOL GKANPOL TIEPIBANMATOC.

MeTd ) oTtopd akoAoUBNoe Apdeuan n oToia eravoAapBavoTtay KABe 2-3 NUEPEC

META amd PJOKPOOKOTIIKO EAEYXO TNG KOAAIEPYEIQC.

5.1.4.Metproeig
Ol1 PeTPOEIg TIpayaToTIoN0nkKav oTi¢ 40 NUEPEC PETA TN OTIOPA KAl a@opovucav:

8- XAwpO BAPOC LTIEPYEIOL PUTIKOV TUAPOTOC

<1 XAwpO BApog LTIOYEIOU PUTIKOU TUNHOTOC
=npo BApog LTIEPYEIOL PUTIKOU TUAMOTOC

<l Znpo Bapog uTIOYEIOL PUTIKOD TUNHATOG

8 "YWog gutwv

8 ®PuTpWTIKA IKAVOTNTA
XAWPOPLAAN

O Zuykévipwaon Cu OTo UTIEPYEIO PUTIKO TUNUA,

A*  Zuykévipwan dlabéaipov Cu aTto £€d0¢OC.

AVOAUTIKA:

XAwPO PBAPOC UTIEPYEIOU KAI LTTOYEIOU QUTIKOU TUNUATOG: OpPXIKA YIVOTav e€aywyn
TOL @UTOU aTd TO (PUTOOOXEID. AUTO TIPAYUOTOTIOIOUVTOV HE GUVEXH POI VEPOU WOTE
VO OTTOUOKPUVOEL TO XWHA KOl 0T CUVEXEID aKOAOLBOUOE TIPOTEKTIKA 1 EEAYWYN TOU
PIJIKOU CLOTAUOTOG. Ta @UTA TOTIOBETOLVTIAV Ot XAPTIVN ETIIPAVEIO TIPOKEIUEVOL Va
OTIOMOKPULVOEL N TIEpicaela vypaaoiag Kal akoAovBoloE dlaXwPICHOG TOU UTIEPYEIOU
KOl LTIOYEIOU TUAUOTOC TOU @UTOU KOl GTN CULVEXEIa yivotav (Uyiony Toug ae (uyo
aKpipelag TPV deKadIKwV Pn@iwv Tou ypauuapiou (g).

=npo PAPOC LTTEPYEIOL KO UTIOYEIOU (PUTIKOU TUMMUATOG: Ta XAWPA TUAUOTA PETA

M {0ylon TOTIOBETOUVIOY Of XOPTOOOKOUAEC Ol OTIoiEC HE TN OEIPA  TOUG
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ToTto0eTOUVTAV O€ KAIBavo (TTuplavtrplo) yia 48 wpeg atoug 80 °C TIPOKEIYEVOL va
OTIOUOKPUVOEL N vypaacia Kal aTn CLVEXEID aKOAOLBoUaE (Uyian.

YPog @UTWV: n PETPNon Tou OYPouE a@opoloE TNV aTtO0TOCN OTo TO oneio €6dou
TOU @UTOU aTO TO £dAPOC WC TO AKPAIO PEPIOTWHA YIo TA TIAQTU@PUAAQ, EVM YIA TA
OTEVOQUAAD €WC TNV KOPUPN TOU TEAEUTAIOL QUAAoL. MvOTaV PETPNON yia OAd Ta
QUTA TNG YAAOTPAG KOl LTIOAOYI(OTOV 0 WECOC OpoC. H HETPrOEIC yIvOTav e
EKATOCTOWETPO.

DUTPWTIKN IKAVOTNTA: PETPOUVTOV 0 OPIOUOC TWV QUTWV avd YAACSTPA Kol Pe Bdon
TOV OpIBUOd Twv OTOPWV TIoU E€ixav oTopei (e@TA), LTTOAOYI(OTAV N PUTPWTIKN
IKOVOTNTO G€ TI000CTO ETT TOIG €KOTO (%0).

XAWPOQUAAN: ol petprioclg (oe povadec SPAD) yivotav ot Tpia peaaia @UANG
SIOPOPETIKWV QUTWV avd YAACSTPA. ATIO KABe @UAANO AdUPBAVOVTOV TIEVTE UETPNOEIC.
To oOpyavo Tou Xpnaoipotoinenke Ntav 1o Chlorophyll Meter SPAD - 502 1ng
eTaipiag Minolta.

ZUYKEVTpwon Cu OTO UTIEPYEIO QUTIKO TUNUO: XPNOIJoTIoINOnke n peBOdOC NG
&nNpn¢ Kalong Kal 1 CUYKEVIPWON TOU XOAKOU HETPHONKE 0 PACUATOPWTOUETPO
OTOMIKNAG aTtoppoO@nang.

ZUYKEVTPpwWON dlaBeaipou Cu aTo £€dA@OC: YIO TOV TIPOCOIOPITHO TNG CUYKEVIPWONC

TOU JlaBETIUOL XOAKOU epapuodotnke n DTPA pébodoc.

5.2 MMeipaua atov aypod

5.2.1 TMeplypagn TIEIPAPATIKOV aypoU.
O TEIPAMPATIKOG aypog €ixe dlactdoel 41,5 m X 12 m kol TeplEAdUPBave 5

ETIEPPACEIC PE €E1 QUTIKA €idN Kal TPEIC EMAVOAAPEIC Yo TO KaBéva. 'ETaol Aoimdv,
OTIWG QAIVETOI KOl OTNV €IKOVA 1, LTIAPXOV CUVOAIKA 90 TIEIPAPOTIKA Tepaxia (5
eTePPaoeIg X 6 QUTIKA €idn X 3 emavoAnPelg = 90 TIEIPAPATIKA TEPAXIO)

(Trapdptnua ).
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Eikéva 1. O TEIpauaTikog aypog HETA TNV EVowUATwarn Tou Cu.

To KGOt TIEIPOAPATIKO TEPAXIO €iXe dlaoTacel 2 m X 2 m Kau TiepieAduBave 4
VPOUMEG oTIopag. KdaBe ypappn eixe 14 B€aeic omopdg pe PeTagd Toug amootacn 15

Cm &VM 1N OTIOCTOCN METAED TwWV YpaPPwy Atav 50 cm.

5.2.2 EVOWNATWAN XAaAKOU OTO £30@0¢
ApPXIKA EyIVE N XAPOEN TOL TIEIPAPOTIKOU aypoU Kol UTIOAOYIOTNKE N OTIAITOVUEVN

TIO0OTNTO XOAKOU Yia KABOe eTEUROCN. TN OULVEXEID JIOALOTOV C€ VEPO OyKou 3 L
TIEPITIOU KOl TO OIGAUPO TIOU TIPOEKUTITE OIOOKOPTII(OTAV OHOIOPOPPO O KABE
TIEIPAMATIKO TEPAXIO PE TN Bondela TToTIOTNPEIOD HE SIOPOPPWUEVO GTOUIO WOTE VA
gival eieyxopevn n ponl tou JIOADPOTOC. META akoAoOUBNCE N €VOWUPATWAN TOU

XOAKOU o€ aboc¢ 10 cm pe tn xprion @pelac.

5.2.3 Zmopa
H omopd €yive pe 10 XEPL OTIC 22/5/2007 Kal ol BEaelg oTopdq opIoBeTHONKAV HE

™ Xprnon &OAvwv pdPRdwv woTe va eival €UdIAKPITEG Kal va AdauBdvovtal ol

TIPOPBAETIOUEVEC TTOPATNPNOEIC (EIKOVAR).
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Eikova 2. Zmopd otov aypo

5.2.4 MeTpnoeiq
Ol PETPNOEIC TIPAYUOTOTIOONKOV OTIC 40 NUEPEC META TN OTIOPA KAl a@opolaav:

B XAwpO BAPog UTIEPYEIOUL QUTIKOU TUNHATOG
*1 XAwpO BAPOC LTTOYEIOL PUTIKOU TUNHOTOC
41 =npo BAPOC UTIEPYEIOU @UTIKOV TUMHATOG
41 =npo BApog LTTOYEIOL PUTIKOV TUAMOTOC
41 "YW@oc @utwv
1 PUTPWTIKA IKavOTNTA
41 XAWPOPUAAN
41 Zuykevipwan Cu OTOo UTIEPYEIO PUTIKO TUNMA,

Si  Zuykévipwan dlabEaiuou Cu aTo £0a¢POC.

Ol PETPAOEIC YIVOTAV OE TIEVIE QUTA aVA TIEIPAMATIKO TEPAXIO KOl N ETUAOYR TOUG
yIvoTav Tuxdio amo tn Pecaia oeipd. E&aipeon ammotedolv ol PETPROEIC yIa TN

(PUTPWTIKNA IKAVOTNTA Ol OTI0IEC aPOoPOLGAV OAA TO PUTA TOL TIEIPAMPOTIKOU TEPAXIOU.

AVOAUTIKA:
XAWPO BAPOC LTIEPYEIOL KOl UTIOYEIOUL QUTIKOU TUNAMOTOG: APXIKA YIVOTOV
e€aywyn] TOou EUTOU ME TN PoNOeEld OKOTITIKWV EPYOAEIWV KOl OTn OULVEXEID
0KoAouBouae euBarmntion Tou PIJIKOV CLCTAUATOC O KOUBA HE VEPO KAl GTN GUVEXEID

YyIVOTaV EETTAUYO WOTE VO OTIOUOKPUVOOUV TO UTIOAEiYpata €dd@oug. Ta @uid
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TOTIOOETOUVTOY OE XAPTIVN ETIIPAVEIN TIPOKEIMEVOU VA OTIOUAKPUVOED n Tepioaeia
LYPOCIOg KAl OKOAOUBOUOE dIOXWPICHOE TOU LTIEPYEIOU KOl UTIOYEIOU TUNPOTOC TOU
QUTOU Kal OTn CULVEXEID yivoTtav (Uyion o€ {uyo aKpPIBelag TPIWV OEKABIKWY PN@iwv
TOU ypapuapiov (g).

=npo BAPOC LTTEPYEIOL KOl UTIOYEIOL @QUTIKOU TUAPOTOG: TA XAWPA TUNMOTA PETA
™ {0ylon TOTOBETOUVTOY GC€ XOPTOOOKOUAEC Ol OTI0iEC HE TN CEIPA  TOUCG
ToTto0eTOLVTAV G€ KAiBavo (Ttuplavinplo) yia 48 wpe¢ otoug 80 °C TIPOKEIUEVOL VO
OTIOPOKPULVOEI N LypaCTia Kal TN GUVEXEID akoAovBolae (uyion.

YWog @uTwV: N dladikagia TTou a0KoAoLBRONKe NTav idla PE AUTH TIOU TIEPIYPAPNKE
ylo TO TIEIpapO GTO BEPUOKATIIO.

DUTPWTIKN IKAVOTNTA: YETPOUVTIAV 0 OPIBUOC TWV QUTWV avd TIEIPAPOTIKO TEPAXIO
Kal Je Bdon tov aplBud twv oTopwv Tou eixav omopei (56), uttoAoyl{otav 1
(PUTPWTIKI] IKAVOTNTA O€ TTIOCOCTO ETTI TOIC €KATO (%0).

XAWPOPUAAN: ol peTpriocelg (o€ povadeg SPAD) yivotav og éva Pecaio @UANO yia
KaBéva amd ta 5 eTuAeypéva QUTA. ATIO KGBe @UAAO AapPBAvovIav TIEVIE HETPHOELC.
To 6pyavo TIOU XPNOIYOTIOINBNKE ATAV TO id10 JE AUTO TIOU XPNOIUOTIOINBONKE KOl OTO
BepuoknTIO.

ZUYKEVTPpWON Cu OTO UTIEPYEIO PUTIKO TUNUO: N PEB0OOC TTou aKoAouBronke ftav
N idla PE auTr) TIOL TIEPIYPAPNKE YIA TIC UETPNOEIC GTO BEPUOKNTIIO.

ZUYKEVTpWON dlaBéaipou Cu oTo €30@oC: N HEBODdOC TIOU OKOAOUBNBNKE NTav N

id1a pe auTr) oL TIEPIYPAPNKE YIa TIC JETPNOEIC OTO OEPUOKNATIIO

5.3 ZT1aTIOTIKr AVAAUGH

H otomnotkn emegepyaoia  Twv  PETPACGEWV  OQOPOUCE TNV  OVAAULON
TIapaAAoKTIKOTNTAC (ANOVA) yia KéBe €idog &exwplotd, yia TuXOv OTOTIOTIKA
ONMUOVTIKEG OIOQOPEC TWV PECWVY OpWV TWV HETaXEIpicewv dniadl ota didgopa
EMITTEdD OLYKEVIPWONG ToL Cu Cg ETMTEDD ANUAVTIKOTNTAC 5%. & KABE TEPITITWON
IOV PBPEONKaV OTOTIOTIKA OCNUAVTIKEG OlO@OPEC MHETAED TWV MPETAXEIPIOEWV,
UTToAOYioTNKe 1 EAGXIOTN ZNUOVTIKY AlO@Oopd TOUG CF ETMESO ONUAVTIKOTNTAC 5%
(LSDo.os, Least Square Difference) kaBw¢ Kol 0 CUVTEAECTH ¢ TTAPOAAOKTIKOTNTAG
(CV. Coefficient of Variation) ylo kd0e oTtaTIOTIKY emegepyaaia MNa TN OTOTIOTIKN
OVAAUCT TWV OTIOTEAECUATWY XPNOIUOTIOINONKE TO OTATIOTIKO TTOKETo MSTAT - C

(version 1.2).
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6. ATTIOTENEZMATA - 2YZHTHZH

6.1. Meipapa oto BepUOKNTIIO
6.1.1 O&vo £dagoc (pH = 5.5)
6.1.1.1 XAwpO PBAPOC LTIEPYEIOL PEPOUC PUTWV

OTw¢ TIPOKUTITEL OTIO TOV TIIVOKA 1 OTOV OTI0I0 KaTAYyPAQETAl TO0 XAwPO BAPOC Tou
UTIEPYEIOU HEPOUG TWV QUTWV avda eTEPROCN, TO XAwWPO PApog TNG EAAIOKPAUPRNC
MEIWOBNKE OTATIOTIKA GNUAVTIKA 0 0XECN UE TO HAPTUPO PEXPL TN CUYKEVIPWON TwWV
30 mg Cu/kg €dA@QOLG OTIOU KOl TIAPATNPENONKE N MIKPOTEPN TIUA. XTOo PPOuo TO
XAWPO PBApo¢ avd QUTO aLENBnNKe OTATIOTIKA CNUOVTIKA OTN OUYKEVIPWON Twv 60
mg Cu/kg €dGQOUC GE GXEON UE TO HAPTUPA KOl OTN CUVEXEID TIAPEUEIVE OTABEPA
MEIWMEVO (OAAG OTATICTIKA OCTUOVTO) WE TN OUVEXH a0ENOT NG GUYKEVIPWONG TOU
XO0AKkoU. EZaipeon artoteAei n ouykévipwaon twv 300 mg Cu/Kg €dd@oug OTou To
XAWPO BAPOC TTAPOUCIaCE TN UIKPOTEPN TIMM N OTIoIO KAl JIEPEPE OTATIOTIKA.

2TO OITApPl TO XAwPO PBApog avENBnKe PEXPI TN CUYKEVIpwON Twv 60 mg Cu/Kg
€0A@OUC Kal MEIWONKE pE TN OlOdOXIKN aUEnNan TNC CULYKEVIPWONG Tou Cu PEXPI
1a300 mg Cu/Kg edagouc. MapodAa autd ol JIoQOopPEC OTO XAwPO PBdpog dev ntav
OTOTIOTIKA ONUOVTIKEG O€E ETMITTESO ONUAVTIKOTNTOG 5%.

2TO KOAOUTIOKI TO XAwPO BAPOC UEIWBNKE Ot OXEOn HE TO MAPTLPO KOBWC N
ouykévTpwan tou Cu augndnke amd ta 30 ota 300 mg Cu/kg €ddgoug. H peiwon
nTav otofepr] KAl OTOTIOTIKA ONUOVTIKL YA TIC OUYKEVTpWOEIG amo 30-90 mg Cu/kg
€dd@poug, evw amd ta 120-300 mg Cu/kg €da@oug 10 XAwpPOd BAPOC CGULVEXICE va
MEIWVETAI TO €viova (OTATICTIKA ONUOVTIKA) HE TN MeEYOAUTEPN MEiwon va
TIAPATNPEITAl OTIC GUYKEVIPWOEIC amd 200-300 mg Cu/kg e€ddgoug. H idia mepimou
avTidpOon TIOPATNPNONKE KOl OTNV OypPIOQOCOUAIN PE TO XAwPO Bdpog va eival
MEIWUEVO OE OXEON HE TO PApTUPA. MapoAa autd PETAED Twv emePfdcswy amno 0-120
mg Cu/kg €dd@oug ol dla@opEC deV NTAV CTATIOTIKA ONUAVTIKEG. AVTIOETO PEYAAN
peiwon Ttou XAwpol PApouC, Kol OCTATIOTIKA OCNUAVTIKE, TIopatnPninke oTIC
OULYKeVTPWOEIG amod 220-300 mg Cu/kg €0A@oug. XapaKTInNPIoTIKN €ival n peiwaon tou
¥AwPoU Bdpoug TNG ayploBauBakidc Ye TNV ad&non Tng GUYKEVTPWONG TOU XOAKOU

OTO €00@IKO JIGALQ.
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Mivakag 1. XAwpo Bapog (g) LTIEPYEIOL PUTIKOU TPNPOTOC avé GUYKEVTpwAN Cu ag £dagog e pH 5.5
Metayeipion Eidog
mg Cu /kg =.E EAaiokpauPn Bpouog¢ Zitapt  KoAaumiokl  Ayplo@/Ald  Ayplof/kia

0 6.297 ab 1.964 ab 2.148 a 249 a 9.473 a 6.586 a
30 4741 b 3567 a 3.572a 19.92 ab 6.420 a 3.797 b
60 6.217 ab 2.087 ab 3.867 a 19.86 ab 7.906 a 3.433 b
90 7477 a 1.936 ab 2.890 a 19.44 ab 6.150 a 3.073 be
120 6.210 ab 2219 ab 1.763 a 13.9 be 6.399 a 1.639 cd
220 4.759 b 2.039 ab 1.905a 8.02 ¢ 2.433 b 0.1672 d
300 6.092 ab 1.100 b 0.925a 7.56 ¢ 1.647 b 0.085 d
LSD 2.547 2.047 3.043 7.252 0.5512 1.738

cv% 23 24 25 25 33 36
R2* 0,07 0,12 0,08 0.73 0,38 0,81

dix Méaool 6pol ol oTtoiol 66V GUVOEOVTAI PE TO iB10 YPAPPO Og dia aTAAN, SlIAPEPOUY CNUAVTIKA

yla eTinedo onuavtikotntag 5%

* YUVTEAEDTNG OLOXETIONG

6.1.1.2 XAwpO BApOg LTTOYEIOL PYEPOUC PUTWV
To XAwpO BAPOC TOL LTIOYEIOL TUAMOTOC TNG EAIOKPAUPNG avEnBnke dIAdOXIKA UE

NV a0&NaoN TNC¢ CUYKEVIPWONG TOU XOAKOU KOl TTOPOUCIOaE T PEYOADTEPN TIMN OTN
ouykévipwon twv 90 mg Cu/kg eddgoug (mivakag 1). ZTn ouvéxela 10 Bdpog
MEIWONKE PE TNV TIEPETAIPW AVENGCN TNG CUYKEVIPWONG TOU XAAKOU HEXPL Kal ta 300
mg/kg €dd@oug.

210 PBpOpo dev TOPOTNPENONKOV OTATIOTIKA ONUOVTIKEC OIOQOPEC HETAED TWV
ETIEPPATEWV.

To xAwpod Bapog Tou PIJIKOL CUGCTHHOTOC TOU CITAPIOU AUENONKE JIdOXIKA HEXPL
Kal TN OULYKEVIPpwoN Twv 220 mg Cu/kg €dA@OUC EVW QVTIOETO PEIWVOTOV HE TNV
TIEPETAIpW a0ENON TNG CUYKEVIPWONG TOU XOAKOU MPEXPL Kal ta 300 mg Cu/kg
€0A@POLCG OTIOL KOl KOTOYPAQPNKE N UIKPOTEPN TIUN HETAEL Twv eTeUBAocwy. MapoAa
OUTA OTOTIOTIKA CGNUAVTIKA JIE@epav POvo ol eTtePPdoelg twv 90 kar 300 mg/kg

€dd@OouC, OTIOL KOl TIOPATNPABNKE N PEYIOTN KAl N UIKPOTEPN TIUN BAPOUC avTioTolXa.

35

Institutional Repository - Library & Information Centre - University of Thessaly
15/05/2026 14:14:02 EEST - 18.97.14.89



21O KOAOQUTIOKI, TNV AypIOQOCOULAIA Kol TNV ayploBaufBokid 1o Bapog tng piag

MEIWONKE € OAEC TIC €TEUPACEIC O OXEON ME TO HAPTLUPA HE TNV avEnon ¢

OULYKEVTPWONG Tou Cu GTO £0a@POC.

Mivakag 2. XAwpo Bapog (g) LTTOYEIOL PUTIKOV TUAMATOCG avd cuykéVTpwaon Cu oe €dagocg pe pH 5.5

Metayeipion Eidog
mg Cu /kg =.E EAaiokpauPn  Bpépog  Zitapt  KOAQUTIOKI
0 0.9897 b 1.086 a 1.219b 16.64 a
30 1,475 ab 1.042 a 1375 b 12.33 b
M 1.278 ab 0.771 a 2.157ab 12.83 b
90 2.656 a 1.167a 3.886 a 13.43 ab
120 1.968 ab 1.943 a 1.794 b 8.164 ¢
220 1.212 ab 1.360 a 1876 b 5.314c
300 0.6683 b 0.7583 a 0.652 b 5.631 ¢
LSD 1.562 (NS) 1.803 3.690
cv % 23 28 35 19
R2* 0.00 0.01 0.00 0.61

Ayplo@/Aia
5.011 a
2.732 be
2.638 be
3.146 b
2224 cd
1.649 de
0.895 e

0.079
18
0.07

Ayplof/kia
3.380 a
3.192 a
1321 b
1.347 b
1.519b
0.056 ¢
0.075 ¢

1.617
38
0.65

abc . ; ; ; ; . ; . . .
MéEaool 6pol ol oTT0i01 deV CLVAEOVTAL [IE TO IO YPAPUO O€ Hia OoTAAN, SI0QEPOLY CNUOVTIKA

yla eMimedo onUAvVTIKOTNTOC 5%

* JUVTEAECTIC CUOXETIONG

6.1.1.3 =npo PAPOC LTTEPYEIOU PEPOLC PUTWV

2TOV TTIVOKO 3 KOTAYPAEETAl TO ENPO BAPOC TOL UTIEPYEIOU UEPOUC TWV QUTWV ava

ETEYPACN TO OTIOI0 HETARANBNKE avaAoya pe T0 XAwpO Pdpog. H idla avaioyia ogv

TIOPOTNPNONKE OTO PPOUO KAl OTNV OypPIOQOCGOLAIN YIo OAeC TIC E€TEURACEIS. 2TO

Bpopo ot EMIMEdD ONUAVTIKOTNTAG 5% Ogv TTAPOTNPNRONKAV OTOTIOTIKA CNUOVTIKEG

OlOQOPEC, EVW OTNV OYPIOPACOUAIN TO BAPOC UEIWBNKE 0 OAEC TIC ETIEUPACEIC KAl N

MIKPOTEPN TIUN Ttapatnpenenke ota 200-300 mg Cu/kg €0A@QOUG PETAEY TwV OTIOIWV

OgV TIOPOTNPRONKAV OTATICTIKA ONUAVTIKEG dIOPOPEG..
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Mivakag 3. Znpo6 Bapog (g) LTIEPYEIOL QUTIKOL TUAPOTOC ava oLykevipwaon Cu og édagocg pe pH 5.5
Mvietayeiolon Eidog

mg Cu /kg =.E EAaiokpdpfn Bpopog Sitapt  KoAaptokl  Ayplo@/Aid  Ayplof/kia

0 0.601 ab 0.2143 a 0.284abc 3.591 a 1.90 a 1111 a
30 0.373 b 0.2342 a 0.50 ab 2.794 ab 1.16b 0.9511 ab
60 0.473 ab 0.3922 a 0.535a 1.934 be 1.47 ab 0.562 be
90 0.747 a 0.2023 a 0.39 abc 2.511 ab 1.02 be 0.436 cd
120 0.546 ab 0.1095 a 0.134 be 2.013 be 0.59 cd 0.349 cd
220 0.398 b 0.1706 a 0.16 abc 0.883 ¢ 0.23 de 0.083 d
300 0.638 ab 0.2133 a 0.058 c 1.025 ¢ 0.24 de 0.032d
LSD 0.303 0.483 0.373 1.164 0.56 0.4247

CV % 31 54 51 31 34 37
R2* 0.01 0.02 0.26 0.63 0.34 0.74

abc Méaol 6pol o1 oTtoiol dev CUVOEOVTAL HE TO (D10 YPAUMO GE pia oTAAN, SlIAPEPOLY CNUAVTIKA
yld €TMESO ONUAVTIKOTNTOC 5%

* JUVTEAECTIC GUOXETIONG

6.1.1.4 =npo PApOC LTIOYEIOL PEPOLG PUTWV
MNw¢ PeTaBANOnKe 10 ENPO BAPOC TOU LTIOYEIOU TUNUATOC TWV PUTWV Ot OXECN HE

TN GUYKEVTPwOT) Tov Cu OTo £€daPOC, PAIVETAl OTOV TTiVOKO 4 TIOU OKOAOUBEI.

2NV EAAIOKPAPPBN N PeyoAlTeEPN TIUN &NPOU BApoug e oxéon PE TO pApTLPA
TmapatnPnOnKe oTn ouykévipwon Twv 90 mg Cu/kg €3G@QOULC KAl OTN GUVEXEID
MEWVOTOV ME TN OladOoXIKN a0&NCn TNV CUYKEVIPWONC TOU XOAKOU. ZTOo PpOouo
TIOPOTNPNONKE PEYAAN aVOOIOUoP@ia PETAED TWV PETOXEIPIoEWY. AUTO TIBavVOTOTA
Va OQEIAETAL OTNV HIKPI QUTPWTIKI IKAvOTNTa Tou {1I{aviou aAAd KAl 0TO Yeyovog OTI
OAa Ta UTApPIA deV gixav TNV idla evpwaTia péoa o€ KABE eTEUBaa.

210 OItdpl 10 &Npo PBdpo¢ av&avotav pe TV aLENCN TNE CUYKEVIPWONC TOu
XaAkoU pEXPL Ta 90 mg Cu/kg edd@oug evw avtiBeta amod ta 120-300 mg Cu/kg
€0G(POUC PEIWVOTOV. ZTO KOAJUTIOKI TO ENPO BAPOC PEIWONKE 0g oX€on YE TO YAPTLPA
0€ OAEC TIC OUYKEVIPWOEIC ME TNV €AAXIOTN WETPoLMEVN Ty ota 300 mg Cu/kg

€00QOUC. ZTNV AYPIOPACOULAIG Ot OAEC TIC ETEPPRACEIC PEIWBNKE TO ENPO PBAapog ot

37

Institutional Repository - Library & Information Centre - University of Thessaly
15/05/2026 14:14:02 EEST - 18.97.14.89



OXEON ME TO MAPTUPO OAAG OI dlO@OPEC dev NTAV OTOTIOTIKA CNUOVTIKEC. ZTNV
ayploBapBokia To ENpo PApog PEIWONKE o axean UE To pdptupa. E&aipeon armoteAei
n ouykeévipwon Twv 30 mg Cu/kg €dd@oug OTIoU TTOPATNPNONKE OPIOKN OAAG
OTOTIOTIKA ONUOVTIK] 00&Nor. ZTIC UTIONOITIEC CUYKEVIPWOEIC N HEiwon Atav

MEYOAUTEPN KOl EQTAVE KATW OTtO TO PICO TOu BApoug Tou pdptupa.

Mivakag 4. Znpd Bdapog (g) LTIOYEIOL PUTIKOV TUNPOTOC ava CUYKEVTPwWON Cu og €dagog pe pH 5.5
Metaxeipion Eidoc
mg Cu /kg =.E EAaiokpaufn Bpouog Zitapt  KoAaumokt  Ayplo<o/did Ayplof/kia

0 0.124 b 0.053b  0.115b 3.594 a 0.41 a 0.365 ab
30 0.167 b 0.409a 0.075b 2.354 ab 0.141 a 0.376 a
60 0.045 b 0252a 0.382ab  2.308 ab 0.143 a 0.075 ¢
90 0.511 a 0.069 b 0.621 a 3.117 ab 0.222 a 0.196 abc
120 0.239 ab 0.222a 0.347ab  1.940 b 0.341 a 0.059 ¢
220 0.210 b 0.114a 0.151b 0.5692 ¢ 0.291 a 0.164 be
300 0.042 b 0425a 0.059b 0.4374 ¢ 0.091 a 0.011 ¢
LSD 0.2869 0.045 0.4096 1.341 NS 0.210

cv % 54 53 59 37 59 51
R2* 0.00 0.02 0.00 0.65 0.02 0.41

abL Mool 0pol ol oTtoiol dev GuVAEOVTaL UE TO (D10 ypAUUa GE Piat 0TAAN, SlIA@EPOLY CNUAVTIKA

yla ETiMEdO ONUAVTIKOTNTAC 5%

* JUVTEAECTNG GUOXETIONG

6.1.1.5 DUTPWTIKNA IKAVOTNTA
2NV €AAIOKPAPPN, TO OITApl, TNV aypIoQOCOUAId Kal TNV ayploBaufBokid dgv

TTOPATNPENONKOV JIOPOPEC WC TIPOE TN PUTPWTIKN IKAVOTNTa (Ttivakag 5). 210 Bpduo
OV KOl TIOPOUCIaoE OTATIOTIKA ONUOVTIKEC OIA@POPEC METOED TwV HETAXEIPIOEWVY
EVOEXOUEVWC VO PNV OQEIAETAI OTN OUYKEVIPWAN TOU XOAKOU OAAG OTn XOPNAR
BAACTIKA IKOVOTNTA -TIOIOTNTA TOU OTIOPOUL Tou {1I{aviou.

2TO KAAOUTIOKI N QUTPWTIKI] IKOVOTNTA KUPOIVOTOV G€ TT000C0TO PEYOAUTEPO OTIO

90% ekT6¢ 0amo6 ta 300 mg Cu/kg €6A@oLG OTIOV PEIWONKE GTO 76% .
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levIKA, g€ OAA TO €idNn 1 XaUNAOTEPN QUIPWTIKN IKAVOTNTO TIOPATNPNONKE oTa

300 mg Cu/kg €ddpouc.

Mivakag 5. PUTPWTIKA IKAVOTNTA ava GLYKEVTpwaN Cu og €dagog pe pH 5.5
Metayeipion Eidog
mg Cu /kg =.E EAaiokpauptu  Bpodpog Sitapt  KoAautokt — Ayploip/Aid Ayplof/kia

0 90.48 a 80.95 a 100 a 95.24 ab 95.24 a 76.19 a
30 95.24 a 3333 b 100 a 100.0 a 95.24 a 47.62 a
M 85.71 a 4286 b 8571 a 95.24 ab 95.24 a 61.90 a
90 80.95 a 85.71 a 100 a 90.48 ab 95.24 a 52.38 a
120 90.48 a 7143 a 95.24 a 95.24 ab 95.24 a 42.86 a
220 95.24 a 61.90 ab 100 a 95.24 ab 85.71 a 38.10a
300 95.24 a 3333 b 8095a 76.19 b 80.95 a 42.86 a
LSD NS 28 NS 20.25 NS NS
cv % 13 27 22 12 13 44
R2* 0.02 0.02 0.00 0.18 0.18 0.21

dbc MEool 6pol o1 oTtoiol dev GUVOEOVTAL PE TO D10 YPAUUO T€ piat oTAAN, SlIA@EPOLY CNUAVTIKA

yla ETTEDO oNUAVTIKOTNTAC 5%

* JUVTEAECDTIC CUCXETIONG

6.1.1.6 XAWPOEPUAAN
H XAwpo@UAAN (oc TINEC SPAD) emtnpedoTnKe Pe TNV al&NOT NG GUYKEVTPWOTC

TOU XOAKOU OTO Bpouo, 0To aTAPI Kol oTnv ayplioBapBakid 61ou Kal Ttapatnpronkay
OTATIOTIKA OoNUOVTIKEG Ola@opé (Ttivakag 6). ZTo BPOho N HIKPOTEPN TIUNA
TIaPATNPNONKE GTN CLYKEVTPWAN Twv 300 mg Cu/kg £3AQOUC VW CGTO OITAPI N TIKA
NG XAWPOPUAANG HEIWVOTAY (CTATIOTIKA GNUOVTIKA) OTI0 TN OUYKEVIPWON Twv 120
mg Cu/kg €3G@QOULG KOl N MIKPOTEPN TIMN Ttapatnpnenke Kail €dw ota 300 mg Cu/kg
€dd@oug. Xtnv ayploBaufakid auvEnOnke OpPIOKA GE OXEOn ME TO PAPTUPO OTIG
ouykevipwaoelg 30-120 mg Cu/kg €dd@oug, aAAG OTATIOTIKA CNUAVTIKA, €VW OTO TA
220-300 mg Cu/kg €0GQOLC MEIWOBNKE KOl N MIKPOTEPN TIUNA  XAWPOQUAANG

TTapATNPNBNKE OTNV TEAELTAIO CUYKEVTPWAN XOAKOU.
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Mivakag 6. TIHEC XAWPOPOAANG avd ouykevIpwaorn Cu o€ €dagog pe pH 5.5

MeTayeipion Eidog
mg Cu /kg =.E EAaiokpdppn  Bpopog Zitapt  KoAoptiokt — Ayplo@/Aid  AyploB/Kia
0 26.50 a 21.6 ab 42.27 a 20.23 a 2410 a 23.83 ab
30 24,70 a 23.77 a 4150a 20.20 a 23.27 a 2450 a
60 28.60 a 19.87ab  41.90 a 18.87 a 25.03 a 25.27 a
90 27.33 a 21.77 a 42.07 a 21.20 a 24.00 a 24.27 a
120 25.53 a 2223 a 38.17ab 19.80 a 20.43 a 24.77 a
220 27.27 a 1723 be 32.33 ab 19.20 a 23.73 a 21.67 b
300 28.33 13.57c  31.00 ab 18.00 a 20.27 a 19.30 ¢
LSD NS 4.369 16.48 NS NS 2.268
CV % 9 12 26 13 13 5
R~* 0.05 0.44 0.08 0.06 0.14 0.4

abL M€cool 0pol ol oTtoiol dev gLVAEOVTAI E TO D10 YPAUPO OE Hia OTNAN, dIOEEPOUV CNUOVTIKA

yla ETTEDO ONUAVTIKOTNTOG 5%

* JUVTEAECDTIC GUOXETIONG

6.1.1.7 'YWwog @utoL
To 0Yog TWV QUTWV TNV EAAIOKPAUPRN NTaV OPIOKA PEYOAUTEPO OE OXEON UE TO

MAPTUPO YIO OAEC TIC OUYKEVIPWOEIC OAA Ogv  TIOPOTNPNONKAV  OTOTIOTIKA
ONUOVTIKEG dla@OPEC (TTivakag 7). ZTO BPOU0 HEIWONKE aTIO T GUYKEVTIPWON Twv 120
mg Cu/kg €dd@oug Kal N MIKPOTEPN TIN Ttapatnpndnke ota 300 mg Cu/kg €dd@oug.
210 OITAPL N HIKPOTEPN TIUN KOTAYPAQPNKE OTn CGUYKEVIPpwOn Twv 300 mg Cu/kg
€0A(POLG VW OTO KOAAUTIOKI TO OYOC TWV QUTWV PEIWBNKE He TN dIadoXIKA avénaon
NG OULYKEVTPWONG TOU XOAKoU amo 120-300 mg Cu/kg €dd@oug. Ze TOpOUOIn
OTIoTEAECUATO KOTEANEE Kal N €peuva tou Dale et al.,, (2006) 6mou 1O OYOC TOU
KOAQUTIOKIOD HEIWVOTOV HE TNV aUENCN TNG CUYKEVIPWONC TOU XOAKOU OTO £00(0C.
TNV ayplo@ACOULAIG Kol oTnV aypIoBapBaKId PEIWONKE ag OAEC TIGC ETIEUPACEIC KAl N
MEYOAUTEPN MHEiON Kal yia ta dVo €idn Tapatnprdnke ota 200-300 mg Cu/kg
edagoug (mapdaptnua V).
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Mivakag 7."'YWog @utou (cm) avd cuykévipwon Cu og €dagog pe pH 5.5

Metayeipion Eidog
mg Cu /kg =.E EAailokpdaufu  Bpopog Sitdpt  KoAapmokt  Ayplo@/Alad  Ayplof/kia
0 12.00 a 24.67 a 12.00 a 48.33 a 29.00 a 18.33 a
M 14.00 a 2467a 1133 ab 43.67 a 24.67 ab 17.00 ab
60 13.00 a 23.33 a 12.66 a 43.33 a 21.00 b 13.00 be
90 13.33 a 24.67 a 16.33 a 46.83 a 20.33 b 12.33 ¢
120 1333 a 21.00ab 11.00 ab 39.67 a 21.33 b 11.00 ¢
220 13.00 a 1700b 1133 ab 27.00 b 5.667 ¢ 5.00 ¢
300 13.33 a 6.667c 5333 b 19.67 b 4.667 ¢ 3.333d
LSD NS 5.037 6.656 10.45 5.533 4.305
cVv % 12 14 33 15 17 21
R2* 0.02 0.58 0.1 0.64 0.78 0.84

abL M£coo1 0pol ol oTToi0l dev GUVOEOVTAI [IE TO D10 YPAUUA € pia OTNAN, SI0@EPOLY CNUAVTIKA

yla €mimedo onuavtikotntag 5%

* YUVTEAEOTNG CUOXETIONC

6.1.1.8 Zuykévipwaon Cu oT0 UTIEPYEIO PUTIKO TUAHO
21OV Ttivoka 8 TIou 0KOAOULBEI paivovTal 01 TTOoOTNTEG TOU XOAKOU TIOU UETPRONKOV

OTO UTIEPYEI0 QUTIKO TUNPO yid TNV ayploBauBokid, TNV oypIo@oacoUAId Kal TO
KOAOUTIOKI. Na anueiwdei ot n pikpr Blopdda g ayploBauBakidc dev eTETPEPE TNV
TIPOYUATOTIOINON EPYOCTNPIOKWY OVOAUCEWY O OAEC TIC METAXEIPICEIC YO TNV
METPNON TNE TTOCOTNTAG TOU OTIOPPOPNHEVOL XAAKOD.

Ol PETPAOEIC TIOU POPOVCAV TN GUYKEVIPWOT TOU XOAKOU OTO UTIEPYEIO TUNUA
TWV QLTWV TIpayuatoTodnkav oto I.X. T.E.A. Adploag, E T CUOKELN TNG OTOUIKNAG
anoppo@enong.

210 oItdpl, 10 PpOUo Kal TNV EAAIOKPAPPN Oev UETPrONKE n armoppo@nbeica
TI00OTNTO XOAKOU AOYw TNG MIKPNG Plopdlag twv @UTAPIwV TIoL avartoxdnke oe
XPOVIKO dldaTtnua 40 NUEPWV HETA TN GTIOPA.

2T0 KOAOMUTIOKI WE TNV aU&NCn TNgG OULYKEVIPWONG TOU XOAKOU GOTO £00@p0C

aLENONKE KOl N OULYKEVIPWON OTOUC UTIEPYEIOLC 10TOUC. ZTO idla OTTOTEAECUATO
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KatéAnge kal Muplavidv (2006) PEAETWVTIAC TNV IKOVOTNTA TOU KOAAGUTIOKIOU va

OLYKeVTpwVEl Cu GTOUC UTTEPYEIOUC I0TOVG o€ £da@og pe pH 4.3.

2TV aypIoO@OCOUAIR  TIAPOTNPENONKAV OTATIOTIKA ONUOVTIKEC OI0@OPEC HETAED
TWV HETAXEIPIoEWY &vw otV AyploPauBokid N ouykévipwon Ttou Cu oToug

UTTEPYEIOUC I0TOVG QUENOBNKE pE TNV alEnon Tou £30QOG..

Mivakag 8. Zuykévipwan Cu GTO LTIEPYEIO QUTIKO TUNUA.

Metayeipion Eidog

mg Cu /kg =.E  KoAauttokt  Aypio@/Aid  Aypiof/kid
0 550c 8.00 a 9.50 a
30 13.50 ¢ 17.50 a 1550 b
M 22.00 ¢ 23.50 ab 2450 ¢
90 2250 ¢ 31.50 be
120 39.50 ab 31.50 be
220 27.50 be 30.50 be
300 48.00 a 30.50 be
LSD 16.23 12.14 3.75

cv% 24 14 1

1C 0.62 0.07 0.88

dbc Méaol 6pol ol ortoiol dev guvdEovTal HE TO id10 YpAPPa o€ Hia aTAAN, dI0@EPOLV CTUAVTIKA

yla EMIMEdO oNUAVTIKOTNTOCG 5%

* AguTEPOL Babuou egicwan.
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6.1.1.9 ZuyKeévipwaon dIABECIPOL XOAKOU OTO £00(OG
J10 ypa@nuUa TIOU AKOAOULBEI @aivovTal Ol TTooOTNTEG TOL BIABECIPOL £30PIKOD

XOAKoU ava eméuPBacn oe €dag@og¢ pH 5.5, n omoia av&dvetal pe v avénon ng
CUYKEVTPWOTG TOU XOAKOU OTO £0a@o¢. lMapatnpeital 0Tl 0 XOAKOG WG METAAAIKO
Katiov, €ival TIEPICOOTEPO EVKIVNTOC € OEIVEC CUVONKEC Kal TTIRERAIOVETAl PE TNV

a0&naon TNV CLYKEVIPWONG TOU OTO £50@OC avd emEUBacT.

Mpapnua 1. ZuykEvipwan JIaBETIUoU XaAKoU ag £da@og e pH 5.5

6.1.2 AAKOAIKO €dagoc (pH = 8.3)
6.1.2.1 XAwpO BAPOC LTIEPYEIOV PEPOUC PUTWV

210 €idn EAAIOKPAPN, BPOUO, KAAAUTIOKI, OypIO@OCOUAI Kol ayploBapBakid dev
TTaPATNPEAONKAY OTATIOTIKA CONUOVTIKEG OlIOQOPEC HETAED TWV UETOXEIPICEWV OTIWG
TIPOKUTITEL ATIO TOV TIiVOKO 9 TIOU TTOPATIOETON GTN CUVEXEID.. ZTO OITAPI AVTIBETA TO
XAwPO BAPOC TOU LTIEPYEIOL TUNPATOCG ALEAVOTAV PE TNV adENoN NG CLUYKEVIPWANG
TOU XOAKOU HEXPL TN CULYKEVTpwWAN Twv 90 mg Cu/kg €3AQOULC KOl OTN CUVEXEID
MEIWVOTAV HE TNV TIEPETAIPW AVENCN TN CUYKEVTPWAONG TOU XOAKOU. MapoAa autd n
MIKPOTEPN TIUN Ttapatnperitnke ota 300 mg Cu/kg €da@pouc.

leviKd, OTWC KOl OT0 O&IVO €30¢0C, £TCI KOl OTO OAKOAIKO 1n TAon TIoU
mapatnpEnRénke NAtav n peiwon Tou Bdpoug avd @UTO e TNV aAl&non NG
OUYKEVTPWONC TOL XaAKOU £da@oc. H taon autri Atav Tio £VIovn aTnv TIEPITITWaN ToU

0&Ivou £dAQPOUC.
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Mivakag 9. XAwpo Bapog (g) UTTEPYEIOL @UTIKOU TUNPOTOG ava oLuyKEVTpwan Cu o €dagocg ye pH 8.3
Metayeipion Eidog
mg Cu /kg =.E EAaiokpauPBn Bpoépog  Zitapt  Kalautidokl  Ayplo@/Ald  Ayplof/Kid

0 10.02 a 6.544 a 3.00c 18.309 a 6.858 a 9.901 a
30 7.642 a 4584 a 3.93 abc 19.485 a 7.648 a 10.39 a
60 7.802 a 4.297 a 4.722 a 21.978 a 8.299 a 1081 a
90 7.824 a 4.843 a 4,787 a 19.354 a 7.208 a 15.60 a
120 8.518a 4.004a 4.503 ab 17.177a 7.909 a 16.56 a
220 9.202 a 4212a 4.162 ab 18.155 a 7.496 a 14.64 a
300 8.107 a 3.230a  3.601 be 17.707 a 6.888 a 9.004 a

LSD NS NS 1.079 NS NS NS
cv% 24 28 15 13 14 50
R2* 0.0 0.1 0.003 0.06 0.0 0.02

<lk M€cgol 6pol oI OTIoI0lI 0eV GLUVOEOVTAI LIE TO 010 YPAUUA GE Piat GTAAN, JIA@PEPOLY CNUOVTIKA
yla €Tinedo onuavItikO TNTog 5%

* YUVTEAECTI)C CUTXETIONC

6.1.2.2 XAwpO BAPOC LTTOYEIOL PEPOLCE PUTWV
2tov Tivoka 10 @aivetal OTI oTa €idn eAAIOKPAUPN, BPOUOC, OITAPL, KAAAUTIOKI,

OypPIO@ACOUAIG Kol ayploBapBaokid dgv Ttapatnpronkav OTOTIOTIKA  GNUOVTIKEC
Ola@OPEC METAEL TWV METAXEIPIOEWY, OTIWC OVTIOTOIXO TIOPATNPNONKE KAl yia TO
XAWPO BAPOC TOL LTIEPYEIOU TUNMATOC. ZTNV TIEPITITWAON TOU OITaPIol TO XAWPO BAPOG
avéavotav, ge oxéon PE TO PAPTUPA, HUE TNV ad&NCN NG CUYKEVIPWONG TOU XOAKOD
pEXPL Ta 60 mg Cu/kg €dA@OLC KAl OTN GCUVEXEID HEIWVOTOV HE TNV HIKPOTEPN
Tapatnpovpevn Tiyn ota 300 mg Cu/kg €da@ouc. MapodAa autd ol dla@opég dev ATav

OTOTIOTIKA GNUOVTIKEG,.
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Mivakag 10. XAwpo Bapog (g) LTIOYEIOL PULTIKOU TUNUATOC avé cuykEVTpwaon Cu o £dagoc ue pH 8.3

MeTayeipion

mg Cu /kg =.E  EAaiokpapfn

0
30
M
90
120
220
300
LSD
cv%
R2*

1.114a
1.052 a
1.251 a
1529 a
1.287 a
2.048 a
1542 a
NS
20
0.19

Bpouog
3.535 a
4312 a
3.937 a
3.451 a
3.059 a
3.460 a
2.296 a
NS
25
0.15

ZItapt
1.456 a
2.228 a
2.628 a
2.352 a
2.108 a
2.274 a
2.550 a
NS

0.15

Eidog
KaAauTtokli

12.670 a
13.585 a
15915 a
13.424 a
13.479 a
12.275 a
13.629 a

NS

9
0.01

Ayplo@/Aid

1571 a
2,049 a
1,503 a
1,558 a
1,823 a
1,729 a

1,281 a
NS

19
0.06

AyploB/Kida
3.777 a
4235 a
4.820 a
6.880 a
6.582 a
6.865 a
3.958 a

NS
36
0.04

dbL Méaol 6pol o1 oTtoiol dev oLUVOEOVTAL UE TO D10 YPAUUA GE Hid GTNAN, dlOQEPOUV CNUOVTIKA

yld €TTESO ONUAVTIKOTNTAC 5%

* JUVTEAEOTNG GUOXETIONG

6.1.2.3 =np0o PBAPOC LTTIEPYEIOL PEPOUC PUTWV
To &nNpo PApoC TOU ULTIEPYEIOU TUNMOTOC TwWV QUTWV TNE EAAIOKPAUPNG, Tou

Bpbéuou, TOL OITAPIOL Kal TNG aypIoRAUPAKIAC TIAPEPEIVE OTABEPO HETAED TwV

ETEPPACEWY OE €TUMEDO ONUAVTIKOTNTAC 5% KOBwWC Ogv TIOPATNPNONKAV OTOTIOTIKA

ONUAVTIKEG OIOPOPEC YETAEL TwVv eTtePPRACEWY (Ttivakag 11). ZT0 KAAAUTIOKI TO Enpo

Bapog peIwWOBNKe (OTATIOTIKA ONUOVTIKA) OE OXEON ME TO MAPTUPO OE OAEC TIC

EMEPPACEIC KO N UIKPOTEPN TIAPATNPEOVMEVN TIUN OVTICTOIXOVUGE OTN OULUYKEVIPWON

Twv 300 mg Cu/kg €da@ouc. ZTnv ayplo@acouAld 1o Enpo BApog ATav auvénuévo ae

Oxéon HE TO MAPTUPO Yia OAeg TIC emepPdoeic. Zta 30 mg Cu/kg €dd@oug

TTaPATNPAONKE N MEYIOTN TIUN €V OTN CULVEXEID TO PAPOC HEIWBNKE OTATIOTIKA

ONUAVTIKA YE TN d10d0XIKA aUENCN TNG CUYKEVIPWONG TOU XOAKOU OTO £d0(QOC.
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Mivakag 11. Znpod Bapog (g) LTIEPYEIOL PUTIKOU TURUATOC avd GuykEVTpwan Cu oe £dagog ue pH 8.3
Metaxeipion Eidog
mg Cu /kg =.E EAaiokpdupn  Bpouog JItdpl  KaAouttokt  Ayplo@/Aia  Ayplof/kia

0 0.515 a 0236a 0.259a 2.857 a 0.343 b 2.547 a
30 0.486 a 0.469a 0.415a 1.173 b 0.656 a 2.010 a
60 0.492 a 0658a 0.494a 1.302 b 0.468 ab 2.466 a
90 0.577 a 0.154a 0.482a 1.316b 0.382 ab 3.326 a
120 0.556 a 0.269a  0.463 a 0.876 b 0.340 b 3.143 a
220 0.860 a 0.143a 0.418a 1.224 b 0.501 ab 3.456 a
300 0.714 a 0.155a 0.433a 0.778 b 0.377 ab 2.086 a
LSD NS NS NS 1.025 0.3081 NS

cv% 32 39 32 32 39 36
R1* 0.12 0.0 0.07 0.34 0.02 0.02

abc Méool 6pol ol oTtoiol 6ev GUVAOEOVTAL PE TO iO10 YPAUUO OE Hia aThAn, dI0@EPOLY CNUOVTIKA
yla €TTEDO aNUAVTIKOTNTAC 5%

* JUVTEAECTNAC GUOXETIONG

6.1.2.4 =npo BAapog LTIOYEIOL PEPOLG PUTWV
210V TTivaka 12 1ou akoAouBei @aivovtal ol TIpEG EnpoL Bdpoug ava eéuBaacn yia

KABE @UTIKO €ido¢. IMNa 6Aa Ta QUTIKA €idn €KTOC TOU BPOUOL KOl TOU KOAAUTIOKIOU TO
&NPO Bdapog Tou PIJIKOU CLOTAUATOC OEV JIEPEPE OTATIOTIKA GNUOVTIKA UETAED TwWV
ETEYPATEWV.

210 PBpouo 10 &NPO PBdApog auviavotav He TV AUENCN TNC OUYKEVTIPWONG TOU
XOAKOU péXPl Kal Ta 60 mg Cu/kg €dd@oug OToU KAl TIOPATNPNONKE N MEYICTN TIWN
KOl 0TI GUVEXEID PEIWVOTAV UE TN MIKPOTEPN Ttapatnpoluevn Tiur ota 300 mg Cu/kg
€00@ouC. MapoAa auTd OTATIOTIKA CNUOVTIKEG JIAPOPEC OE OXEON ME TO HAPTLPA
TIAPOTNPENONKAV YOVO OTN CLYKEVTPWON Twv 60 Kal 90 Cu/kg £dd@ouc.

270 KOAQUTIOKI avTiBeTa 10 ENpO PBAPOC NTOV HEIWUEVO Kal JIEQPEPE OTATIOTIKA
ONUOVTIKA 0€ OXEON HE TO PAPTUPO OE OAEC TIC UETOXEIPIOEIC KAl N HIKPOTEPN TIUN

Bapoug Ttapatnerndnke otnv eméuBacn twv 300 mg Cu/kg £da@ouc.
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Mivakag 12. Znpo Bapog (g) LTTOYEIOL PUTIKOU TURUAToC avd cuykévipwaon Cu og €dagog pH 8.3

Metayeipion
mg Cu /kg =.E EAaiokpdupn Bpopog ZItapl
0 0.095 a 0.184 b 0.122 a
30 0.136 a 0.348 b 0.261 a
60 0.064 a 0.678 a 0.381 a
90 0.077 a 0.182a 0.327 a
120 0.085 a 0.228 b 0.206 a
220 0.095 a 0.166 b 0.288 a
300 0.097 a 0.164 b 0.384 a
LSD NS 0.292 NS
cVv % 53 59 57
¥ 0.01 0.02 0.06

Eidog
KoAoUTTOKI
2.857 a
1.264 be
1.473 be
1.405 be
1.014c
2.152 ab
0.988 ¢
1.095
39
0.15

Ayplo@/AIa
0.185 a
0.202 a
0.222 a
0.278 a
0.310 a
0.135 a
0.119a

NS
36
0.02

Ayplof/Kia
0.972 a
0.811 a
0.969 a
1.074 a
1.003 a
1.236 a
0.642 a

NS
29
0.0

ab(" M€aool 6pol o1 oTtoiol dev GUVAEOVTAI PE TO D10 YPAPPA O€ pia oTAAN, SIAPEPOLY CNUOVTIKA

yla €TMEdO oNUAVTIKOTNTAC 5%

* ZUVTEAECTIC CUOXETIONG

6.1.2.5 PUTPWTIKA IKAVOTNTA

Me Bdon TIC PETPACEIC TNG QUIPWTIKAC IKAVOTNTAC TWV UTO MEAETN €100V

TIPOKUTITEL OTI yid 1O €idn Ppouog,

ayploBauBakid dgv  UTIAPXOUV CTATIOTIKA ONUAVTIKEG OIOQOPEC  METAED

peTaxelpiocwv (mmivakag 13).

otdpl,

KOAQUTTOKI,

OypIO@ACOUAIA KAl

TWv

2NV EAAIOKPAUPRN LYWNAEC TIMEC PUTPWTIKNCG IKAVOTNTAC TIAPATNPNONKAY O OAEC

TIC METOXEIPIOEIC EKTOC OTIO TNV TIPWIN KAl TIEUTITN. H PEIWPEVN TIAPATNPOVHEVN

PUTPWTIKN IKAVOTNTO OTIC TIOPATIAVW HETAXEIPITEIC OQPEIAETAL OE ONYEIC TV OTIOPWVY

KOl IO TO AOYO aUTO TTOPATNPRAONKAV CTOTIOTIKA ONUAVTIKEC OIOQOPEC..
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Mivakag 13 duTpwTIKA IKAVOTNTa avd Guykévipwarn Cu oe €dagocg pe pH 8.3

Metaxeipion
mg Cu /kg =.E EAalokpduBn  Bpopog

0 52.38 b 42.86 a
M 85.71 ab 42.85 a
60 90.48 a 38.09 a
90 76.19 ab 38.09 a
120 52.38 b 42.85 a
220 90.48 a 52.38 a
300 85.71 ab 52.38 a
LSD 34.48 NS
cv % 25 43
R2* 0.06 0.34

Zitapt
95.23 a
80.95 a
66.66 a
80.95 a
85.71 a
85.71 a
76.19 a
NS
20
0.02

Eidog
KOoAQUTTOKI
100 a
100 a
95.23 a
90.47 a
100 a
90.47 a
95.23 a
NS
7
0.1

Ayplo@/Aid
95.23 a
95.23 a
85.71 a
90.47 a
7142 a
80.95 a
95.23 a

NS
17
0.05

Ayplof/Kia
52.38 a
57.14a
52.38 a
4761 a
57.14a
28.57 a
42.85 a

NS
26
0.15

abhc M€aol 0pol o1 oTtoiol dev oLVOEOVTAI PE TO D10 YPAPPA Og Jia TAAN, dIO@EPOUV CNUAVTIKA

yid ETTITTES0 GNUAVTIKOTNTOG 5%

* JUVTEAECTAC GUOXETIONG

6.1.2,6 XAWPOQULAAN

Ol PETPOVPEVEG TIMEC XAWPOQPUAANG, of TIMEG SPAD, yla OAO TO UTIO MEAETN

(PUTIKA €idn deixvouv Tw¢ dev LTIAPXOUV dIOPOPEC OTATIOTIKA CNUOVTIKEG METAED TwWV

emepPBdocwv (Tivakag 14). Mapatnpeital dnAadK 0TI N aLEAVOUEVN CUYKEVTPWAN TOU

XOAKOU OTO €00(0C OEV ETINPENTE TNV TIOCOTNTA TNG TIEPIEXOUEVNC XAWPOPUAANC OTa

UTIO YETPNON QUANA TWV EKACTOTE EIOWV.
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Mivakag 14. TIHEC XAWPOPLAANG ava ouykevIpwan Cu oe £dagog pe pH 8.3
Metayeipion Eidog
mg Cu /kg =.E EAaiokpaupn Bpopog Sitdpt  KoAoutokt  Ayplio@/Ald Aypiof/kKia

0 29.10 a 19.86 a 39.66 a 25.06 a 27.63 a 22.23 a
30 27.33 a 18.40 a 38.03 a 24.26 a 29.53 a 23.60 a
60 28.30 a 17.30 a 34.40 a 25.56 a 29.43 a 21.30a
90 27.36 a 19.26 a 36.06 a 25.86 a 27.03 a 23.10a
120 26.23 a 16.10a 36.53 a 23.60 a 26.23 a 23.36 a
220 27.23 a 17.13 a 34.40 a 21.36a 27.83 a 23.16a
300 2553 a 18.70 a 38.00 a 21.20 a 27.46 a 24.13 a
LSD NS NS NS NS NS NS
cv% 1 9 5 9 6 4
R~ 0.13 0.21 0.11 0.29 0.06 0.18

abc M€ool 6pol ol oTt0i01 dev TLVAEOVTAI LE TO D10 YPAUUO GE Wia oTAAN, dIEEPOUV CNUOVTIKA
yla ETTTEDO GNUAVTIKOTNTAC 5%

* JUVTEAECTAG CUCXETIONC
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6.1.2.7 'YYog @utoL
210 [Bpopo, OITapl, KOAQUTIOKI, QYPIOQOCOUAIA Kol ayploBaufBokia  dev

TTapPATNPENONKAV OTOTIOTIKA ONUAVTIKEG OlOPOPEC METAED TWV HETAXEIPIOEWY OF
ETTEDD oNUOVTIKOTNTAC 5% (Ttivakag 15). ZTnv €AdioKpAuPn avtifeta 1o 0YPog Twv
QUTWV NTAV HEIWPEVO CE OXECN ME TO MAPTUPO OE OAEC TIC ETIEUPRACEIC KOl N

MIKPOTEPN TIUN OYoUug TTapatnPnOnKe oTn auykévipwan Twv 300 mg Cu/kg €dd@ouc.

Mivakag 15. 'YYog @utoL (cm) ava ouykevipwan Cu oe édagog e pH 8.3

Meta'/eipioTt Eidog
mg Cu /kg =.E EAaiokpdufn Bpouog Zitapt KoAopTtiokt — Ayplo<p/Aid  AyploB/Kid
0 20.00 a 26.00 a 15.00 a 41.00 a 27.00 a 21.66 a
30 17.67 ab 21.66 a 17.67 a 40.33 a 23.33 a 18.33 a
60 15.67 be 21.66 a 19.33 a 43.00 a 25.00 a 27.33 a
90 17.33 ab 22.33 a 18.33 a 43.33 a 2133 a 23.00 a
120 18.00 ab 21.33 a 17.00 a 38.00 a 23.66 a 21.00 a
220 15.00 be 23.66 a 18.67 a 43.33 a 2233 a 23.66 a
300 1333 ¢ 23.33 a 18.00 a 42.66 a 19.33 a 22.00 a
LSD 3.432 NS NS NS NS NS
cv% 1 5 6 4 18 13
R2* 0.39 0.19 0.16 0.04 0.13 0.01

abt Méaol 0pol o1 oTtoiol 6ev GUVAEOVTAI PE TO 010 YPAUUA OE pia aThAN, dI0@EPOLY CNUAVTIKA

yla ETTTEDO ONUAVTIKOTNTAC 5%

* JUVTEAECTAG GUOXETIONG

6.1.2.8 Zuykévipwan Cu GTo LTIEPYEIO PUTIKO TUNAHO
2TOV TIOPOKATW TIVOKO QOIVETAl TN CUYKEVIPWAN TOU XOAKOU OTO ETTIQPOVEIOKO

TUAPO TG AyploBauBaKIAC, TNG ayPIO@ATOLAINC KOl TOU KOAAUTIOKIOD avd TEUBAON

g€ AAKOAIKO €da@og ue pH 8.3.

2TO KOAQUTIOKI N OUYKEVIPWAN ToU Cu au&nOnKe o€ oxEan PE TO PAPTNPO OE OAEC

TIC OUYKEVIPWOEIC, EVW CTNV OyPIOPOCOUAIN 1 CUYKEVIPWAON OTOUC ETTIPAVEINKOVG

I0TOUC OULENONKE KOl UAAIOTO OIEPEPE OTATIOTIKA ONUAVTIKA CE OXéon ME TOV
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pdaptupa pEXP! kal tTa 90 mg Cu/kg €dagouc. H peyioTn Tiyn mapatnpnénke ota 60
mg Cu/kg £da@ouc.
2tV ayploBapBoKid n  CUYKEVIPWON TOU XOAKOU OTOU(G

(OTOTIOTIKA CNUOVTIKA 0 OXEON HE TO PAPTUPO) O OAEC TIC ETEUPRACEI HE TNV

10ToUC aLENONKE

a0&naon ¢ GUYKEVTPWOTC TOUL OTO £30QOC.

Mivakag 6.16. Zuykévipwan Cu OTo LTIEPYEIO PUTIKO TUNUA

Metayeipion Eidog
mg Cu /kg =.E  KoAaptiokt  Ayplo@/Aiad  Ayplop/kid
0 7.50 a 9.00c 6.00 a
M 21.15 b 19.50 ab 2250 b
60 19.50 b 22.00 a 36.50 ¢
90 20.40 b 20.00 ab 39.50 cd
120 21.25b 19.00 abc 36.00 de
220 1955 b 16.50 be 33.50 de
300 16.30 a 14.00 c 31.50e
LSD NS 5.379 7.253
cv% 11 12 6
R2* 0.3 0.33 0.75

dbc Méaool 6pol o1 oTT0i01 deV TUVOEOVTAL UE TO 10 YPAPPA GE pia aTrAn, dI0@EPOULY CNUAVTIKG

yla €TMEDO oNUAVTIKOTNTAC 5%

* ZUVTEAECTIC CUOXETIONC

6.1.2.9 ZuykEvIpwon dIABECIPOL XOAKOU OTO £0AQOC
H 1moocotnta Tou SIa8€a1oL XOAKOU OTO £00@OC TIOU YETPIONKE ag@opoloE HOVO Ta

deiypata amd 1o TEipapya ToL aypoUl yia PEYOAUTEPN AEIOTIIOTIO OTIOTEAEGUATWY AOYW
NG EMIOPACNC TIPAYHUOTIKGV TIEPIBOAAOVTIKWV CUVONKWY Of avtiBeon pe TIG

EAEYXOUEVEC OUVONKEC BEpUOKPAGIaC Kal Lypaaiag TIoU ETTIKPATOUV OTO BEPUIOKNTIIO .
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6.2. Meipapa otov aypo

6.2.1 AAKOAIKO £dagog (pH = 8.3)
6.2.2.1 XAwpO BAPOC LTIEPYEIOV PHEPOUC PUTWV

J0uQwva Pe Tov Trivoka 17 Tou Ttapotifstal, oTto BPOPo N HIKPOTEPN Tiun (o€
OX€OTN UE TO paptupa) Ttapatnprnbnke ota 100 mg Cu/kg €dd@ouc. MapoAa autd dev
TIAPATNPNONKAV GTATIOTIKA ONUOVTIKEG JIOQOPEC METAED TWV UETOXEIPITEWV.

2TO KOAOUTIOKI O€ OAEC TIC ETIEUPRACEIC TO XAWPO BAPOC avd QUTO TV PIKPOTEPO
OTIO TO PAPTUPO KOl OAOL Ol YESOL OPOIl JIEPEPAV OTATIOTIKA CNUAVTIKA PETOED TOUC
o€ eMiMedo onuUavTikOTnTag 5%.

2V ayplo@acouAId n peyaAlTepn TIUA Tapatnpnénke ota 100 mg Cu/kg
€0AQOLC Kal N MIKPOTEPN ota 50 mg Cu/kg €0A@OULC Kol OAOL Ol PHETOL OPOI DIEPEPAV
OTOTIOTIKA GNUOVTIKA g€ oX£ON PE TOV PApTUPA.

2V ayploBapBokid dev TTOPATNPONKOV CTOTIOTIKA ONUOVTIKEG JIOQOPEC OTIWG

QVTIioTOLXO TIOPATNPEONKE KAl OTO BEPUOKNTIIO.

Mivakag 17 XAwpo Bdpocg (g) LTTEPYEIOL PUTIKOV TUNPOTOC ava oUYKEVTPpwOT Cu ae €dagog pe pH 8.3

Metayeipiou Eidocg
mg Cu /kg =.E EAaiokpduBn Bpouog Zitdpt  KoAautokt  Ayplo@/Aicc  Aypio B/Kié
0 82.975 a 16.46 ab 52.244 a 1233 a 173.3 be 173.290 a
50 103.406 a 17.09a 23.037 a 7895 b 135.7 ¢ 161.846 a
100 108.187 a 7125 ¢ 38.315 a 7439 b 230.6 a 209.593 a
200 114413 a 8.515 be 43.865 a 558.2 ¢ 201.2 ab 206.064 a
300 86.027 a 9.364 abc 47.621 a 7356 b 173.3 be 141.406 a
LSD NS 8.291 NS 156.9 42.71 NS
cv % 40 51 43 21 26 50
R2* 0.00 0.1 0.01 0.39 0.03 0.00

dbL M€cool 6pol ol oTtoiol 66V CUVOEOVTAI PE TO D10 YPAPPO G pia aThAN, dI0@EPOLV CNUAVTIKA

yla €TTESO onuUAVTIKOTNTAG 5%

* YUVTEAECTC CUCXETIONG
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6.2.2.2 XAwpPO BAPOG LTTOYEIOL PHEPOUC PUTWV
MeTpwvTag 10 XAWPO BAPOC TOU ULTIOYEIOL PUTIKOD TUAUOTOC avVA CUYKEVIPWON

XOAKOU, OTOTIOTIKA GNUOVTIKEC SIAQPOPEC TTAPATNPRONKAY YOVO GTNV OypPIO@ACTOLAIN
Kal atnv ayploBapBakid (rivakag 16).

21NV ayplo@ACOUAIG TO XAwPO BApog auv&nOnKeE OTATICTIKA CGNUAVTIKA o€ oxéon
ME TO PAPTUPA OTN CUYKEVIPwWOT Twv 100 mg Cu/kg €dd@oug. Opwg PETAED Twv dUo
TIPWTWV KOl dUO TEAEUTOIWY ETIEPRATEWY dEV TTAPATNPNONKAV OTOTIOTIKA CNUOVTIKEC
OlOQOPEC.

21N ot ayploBapBakid 10 xAwpd BAPOC PEIWONKE CTATIOTIKA CNUAVTIKA OE OAEC
TIC ETIEUPAOCEIC OE OXEON UE TO paptupa. Na onuelwOei dpwg Ot PeTagd Twv 100 Kal

200 mg Cu/kg €da@oug dev TaPOTNPRONKAV OTATIOTIKA GNUOVTIKEG dlAPOPEC.

Mivakag 18. XAwpod Bdapog (g) LTIOYEIOU PUTIKOU TUNMOTOC ava GuyKEVTpwan Cu ag £da@og pe pH 8.3
Metayeipion Eidog
mg Cu /kg =.E EAaiokpdupn Bpopog Zitapt KoAaptiokt  Ayplo<p/Aid  AyploB/Kid

0 5.446 a 2257a 3425a  147.697 a 7.837 b 4.695 a
50 7.093 a 2446a 2027 a 148.986 a 6.865 b 3.714 ab
100 6.690 a 1.332a 2536a 136.531 a 11.89 a 2.078 b
200 4592 a 1.996a 2.394a 75.992 a 8.451 b 2370 b
300 4.446 a 1661 a  2.669a 96.757 a 8.384 b 2.805 ab
LSD NS NS NS NS 2.469 1.918

cv% 47 30 52 40 32 42
R2* 0.06 0.02 0.01 0.2 0.01 0.01

Ik Méaol 6pol o1 oTT0i0l OV oLVOEOVTOI [IE TO iD10 YPAUUO OE Wi aTAAN, SIA@EPOLY CNUAVTIKA
YIO ETTTTED0 ONUAVTIKOTNTAC 5%

* JUVTEAECDTIC CUOYXETIONG

53

Institutional Repository - Library & Information Centre - University of Thessaly
15/05/2026 14:14:02 EEST - 18.97.14.89



6.2.2.3
210

=npo PAPOC LTTEPYEIOL PEPOLCE PUTWV
Bpouo, TO OITAPI KAl TO KOAOUTIOKI TO &npo BAPOC UEIWONKE Ot OAEC TIC

emepPaoelg (Tivakag 19) Kal HAAIoTA Ol JETOL OOl HETAED TwV ETTEPPRATEWY DIEPEPAV

OTOTIOTIKA ONUOVTIKA O€ OXEON UE TO PJAPTUPO OF ETTESO TNUAVTIKOTNTAC 5%. ZTNnV

QypIOQACOUAIA N PeyOADTEPN TN Bapoug Ttapatnerdnke ota 100 mg Cu/kg £dd@oug

evw avtifeta n pikpotepn ota 300 mg Cu/kg €dGQOULC. ZTNV EAAIOKPAUPN Kal TNV

ayploBapBakid 6ev TIAPATNPENONKOAV OTOTIOTIKA ONUOVTIKEC OlOPOPEC METAED Twv

METaXEIpiTEWVY.

Mivakag 19. =npo6 Bapog (g) LTIEPYEIOL QUTIKOU TURUATOC ava GLYKEVTpwAN Cu ag £da@og pe pH 8.3

Metayeipion

mg Cu /kg =.E EAaiokpdaupn

0
50
100
200
300
LSD
cv%
R2*

12.002 a
16.881 a
14.688 a
14.786 a
13.108 a
NS
43
0.00

Bpouog
4.695 a
3.714 ab
2.078 b
2370 b
2.805 ab
1.918
30
0.1

ZItapl
18.49 a
9.569 b
12.45 ab
16.57 a
15.14 ab
6.206
48
0.00

Eidog
KoAOuTTOKI
1375 a
121.5 ab
107.7 ab
54.67 ¢
99.05 b
33.55
36
0.19

Ayplo@/Aia
32.36 b
23.03 ¢
45.00 a
2217 c
25.15¢

7.110
27
0.04

Ayplof/kia
31493 a
33.432 a
41.745 a
35.994 a
26.017 a

NS
53
0.00

JAlx MEaool 6pol o1 oTtoiol dev oLVOEOVTOI [E TO id10 YPAUUO OE Wi aTAAN, SIA@EPOLY CNUOVTIKA

yla €TTESO oNUOVTIKOTNTAC 5%

* YUVTEAEOTNG GUOXETIONG
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6.2.2.4 =npO BAPOG LTTOYEIOU PEPOUC PUTWV
Je ONA TO €idn, €KTOC OTO TO KOAAPTIOKI OEV TIOPATNPNONKAV OTATIOTIKA

ONUAVTIKEG dIOQPOPEC O€ ETTIEDD ONUAVTIKOTNTAC 5% (TTivakag 20).

2TO KOAOUTIOKI TO &nNpo Bdapoc Tou PIJIKoL CUCTHPOTOC PEIWBNKE o€ OXEon HE TO

MAPTUPO Ot OAEC TIC OUYKEVIPWOEIC ME TN MIKPOTEPN METPOUYEVN TIUN Vva

Tapatnpeital ata 200 mg/kg €dagouc.

Mapatnpeital Aoimov, OTl N €midpacn ToU XOAKOU OTO PIJIKO CUCTNUO TWV UTO

MEAETN €10V (TIANV TOU KOAOUTIOKIOU) €ival OTOTIOTIKA QCHUAVIN CE OAEC TIG

METOXEIPIoEIC. AUTO OTTOdEIKVUEL OTI TA IOVTO TOU XOAKOU €ival duoKivnta Kal un

JlaBEaIpa 01O €00@IKO dIGALPO g€ LYNAN TIUA PH Kal yia TOV OUYKEKPIPEVO TUTIO

£0A@POUC.

Mivakag 20. A,npo Bapog (g) LTIOYEIOL QULTIKOU TUNPATOC ava cLykévTpwaon Cu og €dagoc e pH 8.3

Metayeipiou

mg Cu /kg =.E EAaiokpdupn

0
50
100
200
300
LSD
cv %
K2*

3.058 a
3.133 a
2.692 a
1.557 a
1.820 a
NS
45
0.21

Bpoiiog
1.392 a
0.936 a
0.941 a
1.124a
1.034 a
NS
19
0.01

ZItapl
2.929 a
1.844 a
2111 a
1978 a
2.437 a
NS
25
0.01

Eido¢g
KoAoumoki
26.545 a
21.191 ab
14.981 be
13.712c
19.521 be
6.324
36
0.13

Ayplog@/Aia
2.281 a
3.322 a
3.174 a
2912 a
2.055 a

NS
19
0.00

Ayplof/kia
5.458 a
5.216a
6.445 a
5.566 a
2932 a

NS
41
0.04

abc M€ool 6pol ol oTToi0I OV CUVOEOVTAL UE TO idI0 YPAUUO OE Wi TAAN, SIO@EPOUV CNUAVTIKA

yla ETTTTEDO ONUAVTIKOTNTAG 5%

* YUVTEAECTAG CUOXETIONG
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6.1.2.5 DPUTPWTIKA IKAVOTNTA

H @uIpWTIKA IKavoTnTta Oev OIEPEPE OTATIOTIKA ONUAVIIKA GE Kaveva €idog

METAEU TWV HPETAXEIPICEWY OTIWC TIPOKUTITEL OTIO TOV TTivaka 21. MNapatnpeital Aoimov

OTl OTIWC OTO O&IVO £TCL KOl OTO OAKOAIKO £00(0C N QUIPWTIKA IKOVOTNTA O&v

ETINPEACTNKE OCNUAVTIKA PETAED TwV dlAPOPWY ETITIEOWV TUYKEVTPWONG XOAKOU.

Mivakag 21. PUTPWTIKN IKAVOTNTO avd cuyKEVIpwan Cu og €dagocg ye pH 8.3

Metayeipion

mg Cu /kg =.E EAaiokpdpufn

0
50
100
200
300
LSD
cv %
R2*

76.923 a
80.770 a
73.077 a
82.052 a
73.078 a
NS
19.99
0.00

Bpouog
43.588 a
42.307 a
47.435 a
39.745 a
46.153 a
NS
21.21
0.00

ZITapl
97.437 a
96.155 a
98.718 a
96.155 a
93.592 a
NS
4.83
0.05

Eidog
KoAQUTTOKI
100.00 a
100.00 a
100.00 a
100.00 a
100.00 a
NS
0.00
0.00

Ayplo@/AI&
97.437 a
98.718 a
98.718 a
96.155 a
96.155 a

NS
4.23
0.03

Aypliof/kia
53.847 a
47.435 a
60.255 a
60.255 a
55.12 a

NS
23.35
0.03

¢ Mzool Opol o1 oTT0i0l1 deV GLVAEOVTAI [E TO 010 YPAUUO OE Wia OTNAN, JI0EEPOLY GNUAVTIKA

yla ETTTESO ONUAVTIKOTNTAG 5%

* JUVTEAECTAG CUOXETIONG
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6.2.2.6 XAWPOQUAAN

O mivakag 22 deixvel 0Tl ol TIUEC SPAD mNg XAWPOPUAANG dev SIEQPEPAV OTATIOTIKA

ONUOVTIKA 0€ KavEva €ido¢ PETAED TwV HETAXEIPIoEWVY o€ oxéon Pe To pdptupa. H

OVTIOTOIXN TIAPATHPNCT EYIVE KAl Yia TO O0&IVO £€30@0¢. ATTOdEIKVUETAl dnAadn OTI n

TTOCOTNTA TNE XAWPOPUAANG O€ TINEGC SPAD dev €mnPedoTNKE OTIO TNV OLEOVOUEVN

OGUYKEVTPWAT TOU XOAKOU OTO £00(QOC GTOUC OTIO PEAETN TOTIOUC TWV £DAQWV.

Mivakag 22. TIHEG XAWPOPUAANG avd cuykévipwaon Cu ag £dagog pe pH 8.3

Metayeipion

mg Cu /kg =.E  EAaiokpAaupn

0
50
100
200
300

LSD
cv %
R2*

143 a
142 a
123 a
131 a
13.7a
NS
18
0.03

Bpouog

121 a
129 a
99a
11.5a
11.0a
NS
27
0.00

ZITapl
63.43 a
63.69 a
60.77 a
63.61 a
64.87 a

NS

6
0.01

Eidog
KoAOUTIOKI

61.63 a
59.37 a
64.58 a
61.00 a
61l.17a

NS

8
0.00

Ayplo<p/Aia
41.74 a
44.42 a
43.86 a
49.80 a
46.62 a

NS
8
0.23

Aypliof/kia
35.96 a
37.14 a
38.34 a
38.16 a
35.01 a

NS
5
0.00

abc Méaol 6pol ol oTT0i0l 6EV GUVOEOVTAI HE TO D10 YPAUMO GE Pia oTAN, dIAEEPOLY GNUAVTIKA

yIO €TTTEDO OoNUAVTIKOTNTAG 5%

* ZUVTEAECTNC CUOXETIONG
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6.2.2.7 'YWog @utoL
210 OITdpl T0 LYOC OIEPEPE ONUAVTIKA O OGXEON ME TO PAPTUPO OE ETTTEDO

ONUOVTIKOTNTAC 5% KOl n HEYIOTN TR a@opovoe tnv Ty Twv 200 mg Cu/kg

€da@ouc (Trivakag 23). ZTa ULTIOAOITIO QUTIKA €0 0 XOAKOCG Ogv eMnpEace Twv LYPOC

TWV QUTWV Ot OXEON ME TO MAPTLUPO OTIWG QAVTIOTOIXO TIAPATNPNBONKE KAl yia TO

OAKOAIKO €00(0C OTO BePUOKNATIIO. AVTIOETA PE TO OAKOAIKO, OTO O&IVO €30@OC N

OUEAVOUEVN CULUYKEVTPWON TOU XOAKOU £TEIVE VA MEIWVEI CTATIOTIKA ONUAVTIKA TO

OYOC TwV QUTWV KAl YE TN HEYOAUTEPN TACT VO TIOPATNPEITAI OTIC CLYKEVIPWAEIC 220

- 300 mg Cu/kg €da@ouc.

Metayeipion
mg Cu /kg =.E EAaiokpaufn

0
50
100

200

300

LSD

cv %
R2*

14.35 a
14.20 a
12.30 a
13.10a
13.70 a
NS
18
0.02

Bpouog

12.10a
12.90 a
9.90 a
11.50a
11.00 a
NS
27
0.03

ZITapl
38.50 ab
2720 c
33.90 b
39.30 a
37.80 ab
5.218
16
0.05

Eidoc
KoAauroki
83.70 a
81.30a
80.00 a
78.40 a
82.60 a
NS
5
0.15

Mivakag 23. 'YWocg gutwv (cm) avd ocuykevipwon Cu og €dagog e pH 8.3

Ayplo@/Aia
32,61 a
33.37 a
34.76 a
3322 a
33.00 a

NS
16
0.23

Ayplof/Kia
24.80 a
23.80 a
23.82 a
27.50 a
25.10 a

NS
24
0.01

dbc Méool 0pol ol ortoiol dev guvdEovTal e TO D10 YPAPPO Og Hio aTAAN, SIA@EPOLY CNUOVTIKA

yla €TTEDO oNUAVTIKOTNTOC 5%

* JUVTEAECTNC GUOXETIONG
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6.2.2.8 Zuykévipwan Cu OTO UTTEPYEIO QUTIKO TUNUO
O mivakag 24 deiXVvel T CUYKEVIPWON TOU XOAKOU OTO ETUQAVEIOKO TUNHO TwWV

E0PIVAV QUTWV TOU TTEIPAPOTOC ava eTTEUPRACT 08 AAKOAIKO £da@oc pe pH 8.3.

21O KOAQUTIOKI, oTnv ayploBapBakid Kal otnv ayplo@acouAld 1 TtocoTNTa TOU
TIPOCPOPNUEVOU XOAKOU NTOV QULENUEVN O OAEC TIC ETEPPACEIC O OXEOn HE TO
pdapTupa. OCo aEoPA TO KAAOUTIOKI, OTA idl0 CUUTIEPACUATA KATEANEE Kal 0 Brun et
al., (2000) petd amo KAAAIEPYEID KOAAUTIOKIOU O€ £d0@OC ETIRAPUUEVO UE XAAKO Kal

TIPOEPXOUEVO aTto auTiEAIa ot NoTia FaAAia.

Mivakag 24. Zuykévipwaon Cu 010 LTIEPYEIO PUTIKO TURUA
Metayeipion Eidog
mg Cu /kg =.E KoAapTIOKI  Ayplo@/Aia  AyploB/kic

0 4.00 a 5.50 a 4.50 a
50 2350 b 14.65 b 18.50 b
100 27.00 b 14.00 b 1550 b
200 19.50 b 1750 b 1750 b
300 18.50 b 18.50 be 1755 b
LSD 11.36 3.745 10.23

cVv % 32 8 9
R2* 0.23 0.12 0.02

diu Méool 6pol ol oTtoiol dev ouVAEOVTAI HE TO D10 YPAPPa OE Hia aTAAN, SIO@EPOLY CNUAVTIKA

yla €Tied0 onuUaAvTIKOTNTAC 5%

* JUVTEAEDTIC OLGXETIONG
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62.2.9 ZuyKevTpwon dIaBETIUOL XAaAKOU OTO £50@OC.
2TO OAKOAIKO €30(OC N OLUYKEVTIPWOT TOU OIOBECIUOU XOAKOU QUEAVETAL PE TNV

a0&non NG TooOTNTOC XOAKOU OTO €30@0C OTMWC TIPOKUTITEL amd TO ypa@nua 2.
BéBala o1 dloBECIYEC YIO TO @UTA TIOCOTNTEC €ival gg XaunAotepa emimeda avd
ETEYPBaOT, O€ axéan Pe To O&IVO £da@OC, AOYW TNE avgnuévng TIMAC ToL €da@IKOL pH

Kal TNG O€0PELONG TWV 1OVTWVY Cu oTtd T €APIKA KOAAOEIDN.

NoSHN o=

Cu (mg/Kg =.E)

Mpa@nua 2. Zuykévipwar dlaBEaiuou XaAkol ae £dagoc Ye pH 8.3
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7. ZYMINEPAZMATA

2NV mapoloa dlatpiPr], n Slgpelivnon TNE QLOIOAOYIOC — KATOAANAOANTOC TPIWV
Qlaviwv Kal TPIV KOAIEPYOUUEVWY €100V OTNV  (QUTOOTIOKOTACTOCN O&IVWV 1
OAKOAIKOV €80V ETIROPUPEVWV PE XOAKO 00Mynoe oTn €€aywyr] TWV TIOPAKATW
GUUTIEPACUATWVY:

210 0&Ivo €dagog (pH 5.5), oto BeppoKNTIIO, Ol HETARBOAEC TOU XAwpPOU Kal ENPou
Bdapoug, avaAoya UE T CUYKEVTPWON TOL XOAKOD OTO £€da@oc, deixvouv OTI N Kpioiun
OUYKEVTPWON YIa TNV aVvATITUEN TNE €AAIOKPAUPRNC Ntav ta 90 mg/kg £3AG@QOLG, VW
yla 1o ordpt 60-90 mg/kg €dG@QOuUC. ZTO KOAOUTIOKI TNV ayploBopBoKid Kai v
QypPIOQOCOUAIA TO BAPOC PEIWVOTOV PE TNV aDENAN TNEC CUYKEVTPWAONG TOU XAAKOU JE
TIC MEYOAUTEPEC OPVNTIKEC ETIIOPATEIC VA TIOPATNPOUVTAL GTIC CUYKEVIPWOEIG XOAKOU
amo 220 kat 300 mg/kg &npouL €dd@oug. KpiolueC TUYKEVIPWAOEIC VIO TO KAAOUTIOKI
Kal TNV ayploBapfBokia @aivetal 0Tl ATav ol cLYKEVIPWOoelg Twv 30 mg/kg Kot 30-60
mg/kg &npoL €dAEPOUC aVTIOTOIXA. ZTNV AYyPIOPACGOUAIA OV Kol T0 BAPOC TwV QUTWVY
MEIWVOTOV € OXEON HUE TO MAPTUPA Ol JIOPOPEC OEV NTAV OTOTIOTIKA CNUOVTIKEG OF
EMITEDO ONUAVTIKOTNTAGC 5%. H @QUTIPWTIKN IKOAVOTNTA KOl N XAWPOQUAAN Ogv
ETNPEACTNKAY aTO TNV E£TdPOCN TOU XOAKOU €vw HEYAANn peiwon tou OYoug
TIOPATNPNONKE OTO KOAQUTIOKI TNV aypIoBauBOKId Kol TNV 0yplO@ACOUAId OTIC
emepPdaoelg 220 kai 300 mg Cu/kg €ddgouc.

Ta €idn amd ™ peyoAlTEPN TIPOC TN MIKPOTEPN OCUYKEVIPWON XaAkoU (mg/kg
Bdpouc) OTo LTIEPYEIO TUAMO ATAV: KOAOGUTIOKI (5.5-48) > ayplo@acouAida (8-31.5) >
ayplopapBokia (9.5-24). Xta €idn oItdpl, BPOUo Kol EAAIOKPAUPN dgv UETPNONKE N
OUYKEVTPWON XOAKOU AOYw NG MIKPNAG Blopdlag Tou avéTtTuéav 1600 OTo OEIVO 000
OTO OAKOAIKO £D0Q0C.

210 OAKOAIKO £da@og (pH 8.3), oto OepuoknTIo, TO XAwPO Kal Enpd Bdpoc dev
ETINPEACTNKAV CNUAVTIKA OTI0 TIC OUYKEVIPWOEI TOU XOAKOU. Agv Ttapatnprionke
ETTIONC GNUOVTIKI] HETOPBOAR TOCO OTN QUTPWTIKI IKAVOTNTO KOl OTN XAWPOMUAAN
OAAG KOl 0TO UYPOC TwV QUTGVY. Q¢ TIPOC TNV IKAVOTNTO armoppoenaong XoAkou (mg/kg
&npou Bdpoucg) amd to £da@og, Ttponyeital n ayploBaupakia (6-39.6) akoAouBoULV 1
aypIOQOCOUAIG (9-22) KOl ETTETAI TO KAAQUTIOKI (7-21.2).

ATIO Ta dedopéva Tou aypol (Edagocg he pH 8.3) TIpoKUTITEL OTI TO XAWPO KAl ENPO
BAapog dev ETNPEACTNKOV OTIO TIC EKACTOTE CUYKEVIPWOEIC TOU XOAKOU OTa £00(QOC.

BéBaia oev Tapatnpribnke n idla opolopop@ia PE TO OAKOAIKO £300@Q0OC OTO
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BepUOKATIIO OAAA Ol PIKPEG OIOQOPEC TIOU TIPOEKLYOV O@EIAOVTOl OTIC OOTOBEIC
£QAPOKAIPATIKEG OUVONKEC TIOU ETTIKPATOUV GTOV aypO G€ OXEon e T0 Beppoknmio. H
idl0 EIKOVO TIOPATNPNAONKE OTN QUTPWTIKN IKAVOTNTA, GTN XAWPOPUAAN OAAA Kol GTO
OYOG TwWV QUTWV.

2Tov aypd TNV PeyaAlTepn TocotnTa XoAkoU (mg/Kg Bapouc) atoppo@nace 1o
KOAOUTIOKI (4-27), akoAouBei n ayplo@acouAid (5.5-18.5) kai TEAOC n ayploBapBakid
(4.5-18.5).

210 O&IVO £30(OC Ol CUYKEVTIPWOEIG TOU XOAKOU OTO LTIEPYEIO PEPOC TWV QUTWV ATOV
o€ PEYOADTEPO E€TTMEDN O OXEON ME TO OAKOAAIKO OIOTI OTwC €ival yvwaoTo, HE TNV
av&non Tou £8a@IKOU pH PEIONKE N S10BECIUOTNTA TOL €DA@IKOU XOAKOU.

ATd TO TIOPOTIAVW  OTIOTEAECUOTO  TIPOKUTITEL OTI T €0  KOAQUTIOKI,
ayploBapBaKid Kal ayplo@ACGOUAIG €XOUV TNV IKAVOTNTA VA TIPOCAAUPBAVOUY OXETIKA
VYNAEG TTIOGOTNTEC XOAKOU TOOO O€ OAKOAIKO 000 Kal o€ O&Ivo €da@og Kal xpri{ouv
TIEPICOOTEPNG MEAETNC WG TUXOV (PUTOOTIOKATOOTATEC €AMWV ETIIRAPUPEVWV UE

XOAKO.
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FPOENUO 6. DUGIOAOYIKA XAPAKTNPICTIKA TNG ayploBapBaAKIAC O AKAGAIKO £3A@OC OTOV aypod

Institutional Repository - Library & Information Centre - University of Thessaly

15/05/2026 14:14:02 EEST - 18.97.14.89



NMAPAPTHMA 111

Zxnua 7. Zuykevipwon Cu oto uttépyelo Tunpa o€ pH (5.5) oto BepuoknTtio

SYTKENTPQZH Cu Z£TO YTEPIEIO TMHMA

Cu (mg/Kg =.E)

Zxnua 8. Zuykévipwarn Cu oto uTEpyElo TunPa o pH (8.3) oto BeppoKnTTIo
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0O KAAAMIOKI
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ZxnMa 9. Zuykévipwarn Cu oto uTépyelo TUNUa o pH (8.3) otov aypo.
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MAPAPTHMA TV

6 ToOt
KOAOQMTIOKI OTO BgpuoknTo — pH 8.3 KOAOUTTIOKI 0TO Bgppoknrtio — pH 5.5
ayploBapBakid oto BeppoknTio - pH 5.5 ayploBoppoKid oTo BeppoknTIo — pH 5.5
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