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INIEPIAHYH

H ylokid mumepia (Capsicum annuum L. ssp. annuum) eivor évo Aoyavikd Oepung emoyng,
€vaicinTo TNV AAATOTNTO KOl EVPEMG OLAOEGOUEVO TOGO AOY® TNG OIKOVOULKNG TOV GNUOGIaG OGO
Kol Ady® NG S1aTpoPikng a&iog TV Kapm®my Tov, 0l 0moiotl yopaktnpiloviot amd vYnAd exineda
avTIOEEWOTIKAOV OT®G TO ackopPikd o0&V, To. KOPOTEVOEDN, TO P-KOPOTEVIO KO (POIVOAMKEG
EVAOOELG. Xe KOAAEPYELEG TMEPLAS O KAEIGTA VOPOTMOVIKA GLGTHKATO O KABAPOG OYKOC TOL
TOPEYOUEVOL VEPOD €IVl OVCLACTIKA 160G pe ekElvov OV apopeitoal UEC® NG OmVONG, €4V
AVOKVKAMVETOL GUVEXNDS OAOKANPT 1) TOGOTNTO TOV AV UOTOG ammoppons. Emmpocheta, o Adyog
€I0PodV HETAED NG Malag evog Bpemtikod otolyeiov Kot Tov GYKov TOL vEPOD G€ £va KAELOTO
VOPOTOVIKO GUGTNUA, EIVOL IGOC [LE TN GLYKEVTPMGT 0L TOV TOL BpemTiKoD oToLYEIOL GTO OpEmTIKO
SWIAL L. TOV TTOPEYETOL GTO PVTA Y10 VO AVTIoTOOGTEL 1) amoppOPN oY BpenTik®dV GTOtYElOV Kot
vepoy amd to. euTA. To mopamdve Bpemtikd StdAvpo T0 OTOi0 AVOUELYVOETAL UE TO SLdALLLO
amopPPONG mov TPOKELTOL Vo ovakukA®Oel ovoudletor ouvnwg "Opentikd SidAvpa Yoo KAEIGTA
ocvotiuata”. H povado mov ypnoyomoleital yioo T HETPNON TOV OVOAOYIDV OTOPPOPNONG
Opentikdv otoryeiwv mpog vepod givar 1 palo BpentikdV ototyeimv avd dyko vepov, | onoia eivar
0w pe exelvn TOL YPNOLUOTOLEITAL Y10 TIG GVYKEVIPMGELS 6€ Opentikd daAvpata. g ek TovTOL,
0 0poc "oLYKEVIPpWON amopPOENONG" YPNOUOTOIEITOL YL VO TEPIYPAYEL TIG OVOAOYIES
amoppPOPNoNG BPENTIKAOV GTOLYEI®V TTPOG TNV ATOPPOPNGN VEPOD.

[Ma va amogevyBei ) e£dvtAnon N 1 cucscdpevot Bpentik®dV ctotyeimv ot {dvn ¢ pilag o pia
KOAMEPYELD, TOV OVOTTOCOETAL GE VO KAEIGTO LOPOTOVIKO GUCTNUO, Ol GUYKEVIPMOGELS TMOV
otoyeimv 6to Bpentikd dihvpa oto cvoTNUaTo AVTA Oa TPETEL va givon {o€¢ pe TIG avTioTory eg
avaloyieg amoppoenong Opentik®v cToryeimv mpog vepol amd ta utd. H amoppdenom Bpentikdv
ototyelov kol 1 amoppdPNoN vEPOD AVTATOKPIVOVTOL SPOPETIKE GTIG AAAAYEG GTO IKPOKALLLOL
tov Beppoknmiov, KaBMG avTEG etvan 600 TANPWS aveEdpTNnTEG PLGLOAOYIKES dlepyaciec. QoTOGO,
70 J10&E1010 TOV AVOpaKa Kot 01 VOPATOL Lo alovTal TiG 101EC 000VE HETOPOPES KOOMOS dIEPYOVTOL
a0 TO GTOUATIKO VAL, OV Kol GE S1OPOPETIKEG KATELOVVOELS. L2G ATOTEAEGLLOL, Ol OLOKVUAVOELG
TOV AVOAOYLOV J1OTVOT|G TTPOG AmoppOPN N, OTMG EKEPALoVTaL € OPOVG ATOJOTIKOTNTAG YPNONG
vepov, gival LIKPEG Yo VoL GLYKEKPLULEVO €100¢ UTOV. Agdopévou 0Tt ot puBuoi otabepomoinong
tov avOpaka kabopilovv 1660 T GuooO®PELOT TG ENPNS HLALAS TOV PVTAOV OGO KOl TAVTOXPOVA
TIC OMOTHOELS TOV PLTOV G€ OpenTIKA oTOLYXElN, O AOYOG amoppOPNoNS OpenTiKoy GTotYEIOV TPOG

vepd mapovotdlel agloonpueimt otabepdnta e To YpOvo OTMG Exel amodel el amd dpopovg
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epeLVNTEC. AVTO 1Y€l Kuplwg €6V 01 KMUOTIKEG cLVONKEG deV AAAAEOVY SPOUATIKA OE OYECT E
ta férTioTa emimeda. [Tapoia avtd, peydre HeTaforéG TOV KAUOTOAOYIK®VY TOPAUETPMV UTOPOVV
VO EMNPEACOVV SLOPOPETIKA TIG avoroyieg amoppoéPnong evog M TePLoCOTEP®V OPENTIKOV
oToLYEl®V 0E GVYKPION LLE TIC AVaA0YiEG amoppdPNoNG VEPOL, EMPAALOVTAG £TCT OVAAOYEC AAAYES
OTIG AVOAOYIEG AmOPPOPNONC TOVG. AVTO 1OYVEL IOIOHTEPO EAV L0 KAILOTIKT TTOPAUETPOG OTOKAIVEL
évtova amd 10 PBértioto €Opog, emPdiloviog £Tol cuvONKeg Katamdvnong mov oAAdlovv pe
SPOPETIKO TPOTO TNV amoppdeNnon Opentikov otoryeiov amd exeiv Tov vePol, € emimedo
QLGLOAOYIKO €KTOG dtomvons. To KatdeAl Bepuoxkpaciog yioo TV avarTuEn TV TEPLGGOTEP®V
gvaictnToVv oTIc YauNnAEC Beprokpacieg KOPTOSOTIKMV AUYOVIK®VY, OTTMOG 1) TIeEPLd, N peMtldva,
TO OYYOUPL, 1] TORATO Kot TO TEMOVL ivon mepimov 8-12°C.

210 meprocdtepa Oeppoknma g Mecoyeiov n Béppavon katd ™ ddpkela TS Yoypns tepLdoov
oV £T0VG gite Oev epapuoleTan gite e@aproOleTat GTOPUdIKE, LE GTOYO AMANDG TN OLTPNCN TNG
€0mTEPIKNG Beprokpaciog oe emineda vYNAOTEPA ATt TO EAGYIOTO OPLO AVATTLENG. Q6TOGO, VIO
ouvOnKeg yapnAng Beppokpaciaog, 0 HETABOMOUOG TOV PLTAOV KOl Ol GLVOKOAOVOEG AMUTNCELS GE
Opentikd otoryela pumopel va aAAdEovv onuovtikd oe cOykplon e TG PEATIOTEG GLVOT|KECG
Beppokpaociog. EmumAéov, ot puBuoi dtamvong kot tantdypova n amoppoenomn vepol petafdiriovio
oNUavTIKE Lo cLVONKES YaUNANG Beppokpaciog. ¢ ek TOVTOL, 01 AOYOL AToPPOEN NS BpENTIKMV
otoyeimv Tpog vepo pmopel vol GAAAEOVY OTULAVTIKG GE GUYKPLON e EKEIVOVE TOL Tpocdlopilovtan
vrd 115 PéATIOTES cLVONKEG Beppokpaciag, ebv 1 néom Bepuoxpacio péca oe Eva Beppoxnmio eivat
ONUAVTIKA YoUnAOTEPN Ao T0 BEATIGTO EVPOG.

Ot TVTOTOINUEVEG GLGTAGELS Y10l TOL EMIMESQ TV LAKPO- KO KPOGTOXEI®MV 6TO BpemTikd dtddlvpa
KAEWGTAOV CUOTNUATOV VOPOTOVIKNG KOAMEPYELNG mmeplis, Pacilovtal Kupimwg GE EPEVVES TOV
npaypoatotombnkav otig Katow Xopec. Qotdco, yuu €va cLykeKpluévo €100g QUTOV, Ot
TUTOMOMUEVEG GLGTAGELS GYETIKO HE Tn oOvOeon &vog Opemticod SAVUATOS GE KAEOTA
vopomovikd cvotioTe Tpénel va. Pacilovior o TEWPAUATIKE dEGOUEVI TOV TPOEPYOVTOL OO
mapopoteg KApotcés {avec. [ponyovpeveg Epevveg £de1&0v OTL GTIC VIPOTOVIKEG KOAMEPYELEC GE
Oeppés ko Enpég KMUATOAOYIKEG CLVONKES, OMMG OVTEG TOL EMKPATOVV OTN AEKAVY TNG
Meocoyeiov, 1 ovykévipmon amoppdenong Umopel vo OloPEPel oNUAVTIKE Oomd ekeivn mov
napotnpeitan ota Oepuoxnma g Bopelag Evponng. Emmiéov, otig cuvinkeg autéc meplopileton
n SwbecpudédTo vepod KoANG mowdtnNTOog AOY®  YOUNANG  Ppoxdmrong kol LVYnANg
e€atoodtanvong Kot avédvovior ot pvBuol amelevBépmone 1OVIOV acPectiov 610 €S0PIKO

Swdvpa. Qg amotéhespa, n cLYKEVTIP®ON acPectiov ota HUTO TOV YPNGILOTOOVVTOL Yol TV
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GpOEVON KNTELTIKOV KoAMePYEIDV @Odvel 6e vrepPolkd LYMAESG TWEC G€ GUYKPION UE TIG
avaykeg Tov eLTOV. Aaupdvovtag voyn 41t 1660 N TOLVPIoTIKY Propnyovio 660 Kot 1 akivnTy
TEPLOVGIa TNV LPVTEPT TTEPLOYN TG MEGOYEIOL AVEAVOLV TIG AMALTHOELS KOTAVAAMONG VEPOV,
TOALOTL KOAMEPYNTES £YOVV MG HOVOOIKT ETIAOYN TNV YPNON LIOYEW®Y LVOAT®V He LIEPPOAKA
VYNAEG CLYKEVIPMGELS OYL LOVO YA®PLovYov vaTpiov, aAAd Kot acBectiov.

Ta cvotnuaTo KOAAEPYELNG EKTOG £0GPOVE G€ BEPLOKNTLOL LTOPOVY VO GLUPBAAAOVY Ol LOVO OTN|
HEl®oT TG KATAVAA®GONS TOL vepol AdY® axpiécstepng docoloyiag Gpdevong, aAld miong Kot
GTNV APOELOT LLE YPOT VEPOD OPLOKNG TOLOTNTOG GE GYECT LE TNV OANTOTNTA, XWPIG TPOPANOTH
Y T PéEca KaAMEPYELNG. QQ6TOG0, GTOL GLGTHATO KOAMEPYELNG EKTOG EOGPOVG, EVOL CIUAVTIKO
KAdopa Bpenticod SoAdpatog Tpémel vo anootpayyiletar amd ) {ovn ™ pilag puetd amd Kabe
apdevon, wote vo eEacealiletal N emapKNG mapoyn vepov oe OAa Ta uTd. To KAdouo TOv
amocTPayYWLOUEVOL VEPOL amoppons emmpedletor amd JAQopes MAPAUETPOVS, OAAG VLT
QLOLOAOYIKEG GLVONKES avATTLENG TpEmeL va KupaiveTat peta&d 20% kot 50%, av Kot avti n Tn
pmopet vo awéndei €oc kar 80%, 0N otV apyr TOL KUKAOL MG KOAALEPYELQS 1) OE YOUNAEG
Oeppokpacies. Zta 0vVOIKTA LOPOTOVIKA GLGTHUOTA TO VEPO OTMOPPONG AmOPPITTETAL, QALY VT
oonyel 6€ omATAAN TOAVTIL®OV VOATIKOV TOPOV KAODS Kol VITPOTOiNoT TV LLHYEIWV VIAT®V,
YEYOVOG mov odnyel oe aueoPfnmon v mePPorlovTiKn PLOGIHOTNTA TOV EKTOG €APOVS
VOIKTAOV cLoTNUdTOV KoAAEpyewnc. Tlpokeipévov va ehayiotomomBoiv ot mepBailovTikég
EMMTAOGEIS NG KOAMEPYELNG €vtOg tov Bepuoxknmiov Oo pmopovoav vo POPUOGTOHV EKTOC
€00.POVG KAEIGTA VOPOTOVIKA GLGTLLALTOL

‘Eva cuynfiopévo mpdPAno mov avakvmITel 6T EKTOC £GP0V KAEIGTA VOPOTOVIKG GLGTILOTO
glval 1 CLGGOPEVON WOVTOV, CLUTEPIAAUPAVOUEVOVY TV UN OPENTIKOV oTOLYEI®V TOV pITopel va
glvar To&kd ko oG £k ToVTOV avemBounta N OpENTIKOV GTOLYEIMV TOL TEPLEXOVTAL GE VITEPPOAIKES
GLYKEVIPAOGCELS, €WK OTaV TO vepd NG mNYNG eivol YounAng mowdtntoag. Xtnv televtaio
nepintwon, ot Adyotl 16050V 1OVI®V TTPog vePO (ONAOSY| Ol GLYKEVIPADGELS GTO VEPO GPOELONG)
gltval vYNAOTEPEG O TIC AVTIGTOLXEG OVOAOYIEC ATOPPAPNONG LOVIMV TPOG VEPD KOl VTO 00N YEl
6T GLGCOPELCT AVTAV TOV BPENTIKAOV GTOLYEIWV 6T (VN TS Piloc. Ze po KOAAEPYELD TITEPLAG
OV OVOTTUGOETAL VO OUTEC TIG LOOUTEPOTNTES TOV VEPOL (POEVOTG, Ol GULYKEVIPMGELS
amoppOPNONG ATALTOVV TPOCUPLOYY| LE GTOYO TN PEATIGTONOINGT TV OPENTIKOV GYNUATOV.
2V Topoy®yr] AOXOVIKOV, 0 EUPOMACHOC YPNOUOTOIEITOL MG L0 OTOTEAECUOTIKY TEYVIKN
QuTompocTaciog yio teplocoTEPa omd S0 xpdvia Ko 6€ TOAAL PEPT Tov KOGHovL. [Tapd to yeyovdg

OTL M €QPOPLOYN TOV GTNV EUTOPIKT TOPAYWOYT TITEPLAG ival AMyOTEPO SLAUOEOOUEVT] GE GUYKPIOT)
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HE TNV TOMATO, oyyovpt Kot KopmoOll, To TeEAEvTOio YPOVIOL OPKETO VTOKEIUEVO TTOL
YPNOLOTOMON KAV Yo TNV EUPOMACHO TIEPLEG amédelEay OTL TPOGOHIOOVY GNUAVTIKY OVOYY| OE
Tapdyovteg PloTikng Kot oPloTIKNG KOTOmOVNoNs, ovEAVOVTAG TO EVOLOQEPOV UETAED TMV
TOPAYOYDOV KOAAEPYELOS TMEPLAS OEpLOoKNTiOL.

"Exovtog vmoytv ta mpoavapepOUeva, ONUovpyNOnNKay TPELS TEPAUATIKEG EPYACIES G€ TEPPAAAOV
Beppoknmiov.

2V IpAOTN TEWPAUOTIKNY epyacia, n EAAenyn dedopévav atn o1ebv emotuovikn PBipioypagio
GYETIKA LLE TNV EKTIUNOT TOV CLYKEVIPMOGEMV OTOPPOPNONG GE TEPALATO YAVKIAG TUTEPLAS TOL
KoAAlepyovvTol VO Oepuéc kol Enpég KAUOTOAOYIKEG ocLVONKEG, 00MYNGE OTOV GYESLOGUO
TEPAATOG L€ OKOTO TOV VITOAOYICUO TV UEGHOV TIUAV GUYKEVIPMOGE®V AmoppOONoNG Yol Ta.
TEPLGGATEPA LOKPO- KO LIKPOOTOLYEID 0E KOAMEPYELD TMEPLAG TTOV AVATTUYONKE GE LEGOYELOKO
ePPAALOV Kol GLYKPION TOV [E ovTioTOyo dedopéva Tov Tpoépyoviat and Popeto-Evpomaikég
Khapotikég ovvOnkes. EmumAéov, dedopévov g HEYAANG TOIKIAING EUTOPIKAOV TOTOV TUTEPLOS
kaBdg kot G avéovopevng xpnong epPorlalopeveov  omopdPLTOV OTNV  EYKOTAGTAON
KoAAlepyewwv Oeppoknmiov mumepldg, exTiundnkov o100 WEPAUN OVTO Ol GLYKEVIPOGELS
amopPOENONG YO TEGOEPLS dLAPOPETIKOD THTOL TolKIAieg mumeptdg (Capsicum annuum L.), mov
avantOyOnkav o Bdiapo vordepoktov Beppoxknmiov, €vtodg avakvkAoOuEVOL OpemTiKoD
OLOADLOTOG KOl GOUPMOVOL LE TIS OPYES TNG KOAMEPYELQG o€ ATt 6TOAd0 BpETTIKOV S1OAVUOTOG
(Nutrient Film Technique- NFT). Ot 800 mowidieg mov ypnoipomomdnkay MTav THITOL
«TetpdroPoc» (Orangery, Sondela) kat ot vrdorowreg 6v0 ftav THmov «Prmpivne» (Bellisa) ko
«Képarto» (Sammy), and tic omoieg n ‘Sammy’ ftav gite avto-guporalopevn gite epPforralopevn
010 gunopikd vrokeipevo ‘RS10” (Capsicum annuum). Ot tpetg un epPoralOUeveS TOIKIMES Kot
01 0Vo cuvdvacpol ¢ ‘Sammy’ dnA. n avto-guPfoAtalopevn kat n epufortaldpevn 6To pmoptkd
vrokeipevo ‘RS10°, amotéhecay TIC TEVTE MEPUUATIKEG LETAYEPICELS.

To apyucd Bpenticd drdAvpa pe To 0moio TPoPOSOTHOMNKAY To PLTA ElYe NAEKTPIKN Oy@YOTNTA
(electrical conductivity -EC) 2,6 dS m™ kot mepieiye ovykevipdosic Opentikdv ototyeimv: 6.00
mM K, 6.5 mM Ca, 2.0 mM Mg, 0.5 mM NHa, 15.6 mM NOgz, 1.2 mM H2POy4, 6.5 mM SO4?, 15.0
uM Fe, 10.0 uM Mn, 7.0 uM Zn, 0.8 uM Cu, 50.0 uM B xor 0.5 uM Mo. Metd ™) petapotevon,
T OpenTiKd oTOYKElD KOt TO VEPD TTOL ATOPPOPNONKAY ATTd T PLTA AVATANPDOVOVTOV KAOnUEPVEL
pe v mopoyn OpenTiKoy SIOAVUATOC GUUTANPWONG HE OLUPOPETIKES CLYKEVIPOGELS OpEMTIKOV

otoyElmv og oyéon Ue To apykd OpemTTIKO StOAVLLOL.
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Kdabe téc0epig efoopadeg o avakukAOVUEVO BPENTIKO SLAALUO ATOLOKPOVOVTOY Kol 6TV 0o
TOV TOTO0ETOVVTOY PPECKO OPENTIKO S1AAVLLO TOV TTEPLELXE GVYKEVIPDOGELS OPENTIKOV GTOLYEIWV:
6.0 mM K, 5.3 mM Ca, 1.65 mM Mg, 0.5 mM NHjs, 14.6 mM NOgz, 1.2 mM H2PO4, 2.0 mM SO,
20.0 uM Fe, 12.0 uM Mn, 6.0 uM Zn, 0.8 uM Cu, 45.0 uM B and 0.5 pM Mo. To Opemntixd didAvua,
TOL KOTOVOADONKE Oamd TO QUTA KATOYPAPOVIOY KOOMUEPIVEL KOl OVTIKOTOOTAONKE LE
TPOPOSOTNOT OPENTIKOL S10AVIOTOC GLUTANPOONS LeE Pdor TO 6TAdI0 avanTLENG TV EVTOV. [To
GLYKEKPLUEVA, Y10l TO PAOCTIKO GTASI0 Ol GUYKEVIPMGELS Bpentik®v ototyeiov Nrav: 5.3 mM K,
3.15 mM Ca, 1.3 mM Mg, 1.4 mM NHs, 11.6 mM NOs, 1.1 mM HxPOg4, 1.2 MM SOg, 15.0 uM
Fe, 10.0 uM Mn, 4.0 uM Zn, 0.8 uM Cu, 30.0 uM B ka1 0.5 puM Mo. Ot avticToryeg GUYKEVTPOCELS
YL TO ovoTopay®ytko otédo nrav: 6.0 mM K, 2.7 mM Ca, 1.1 mM Mg, 0.80 mM NH4, 10.6 mM
NOgz, 1.1 mM H2POg4, 1.1 mM SOg4, 15.0 uM Fe, 10.0 puM Mn, 0.7 uM Cu, 5.0 uM Zn, 25.0 uM B
kot 0.5 pM Mo. I'a v extipmon Tev cuyKeVIpOGE®Y amoppdeNnons xpnoiporomOnke 1 pébodog
VIOAOYIGHOV oL Paciletor 6TV OMOUAKPLVON TOV OPENTIKOV GTOYEI®V Kot TOL VEPOD Ao TO
aVOKLKAOVUEVO OpemTIKd Stdhvpa.

Ta aroteléopata £dei&av Ot 1 ‘Bellisa’ kot n ‘Sondela’ giyov abpoiotiky katovéiwon vepow
nepimov 15% Arydtepo and v ‘Orangery’ ko tnv avto-gpfoitalopevn ‘Sammy’ kot mepimov
20% Ayotepo amo v gpporalopevn ‘Sammy’ oto epmopikd vrokeipevo RS10. O mapamdveo
OLPopEC oTNV 0BPOIGTIKY| KOTAVAAMOT) vEPOL dEV Elyav Kapior GNUOVTIKN ETIOPOCT) GTNV GUVOAIKT)|
TOPAYMOYN KAPTOV, 1| 0TOl0 TOPUy®mY] NTOV TOPOUOL0 GE OAES TIG TOIKIALEG, YMPIG CNUOVTIKES
dpopég petah tovg. QotdG0 0 aplBpdS TOV KOpT®OV avd uTO Kot To HEGO BApog TV KapTdv
EMNPEACTIKAY GNUAVTIKA amd TOV YovoTumo, pe Tig “Orangery’ ko ‘Sondela’ vo mopnyayoav mol
AMyoTEPOLG KOPTOHS omd TV ‘Sammy’, aAld T0 BAPOC TOV KUPTDOV TNG TEAELTOLOGC TV EMTIONG
oAD pukpdtepo. O guPfortoocudg g ‘Sammy’ oto gumopikd vrmokeipevo ‘RS10 dev eiye
aVTIKTUTIO GTN GLVOALKY| TTOPAYMYT| KOAPTMV, OVTE GTOV aPLBUO KAPTAOV ové eUTO 1 6T0 PéEGO Pépog
Kapmadv Kot dev Pedtimoe v amodotikdtTnta yprong vepov g ‘Sammy’. H ‘Sondela’ Adyw g
TOPOUOOG AmOd0oNC Kol TNG ONUOVTIKE YaunAdtepns afpoloTikng Koatavdilmong vepold oe
ovykplon pe tig ‘Sammy’ kou ‘Bellisa’, epedvice onpovtikd vymilotepn amodoTKOTNTO YPHONG
vepov amod TIg 0V0 aVTEG TOKIAlES. Q20TOC0, 1) AmoTEAEcHATIKOTNTO ¥pioNS vepov ¢ ‘Orangery’
nNtov 1660 VYNANR 660 avtHg TG ‘Sondela’.

AveEapmra omd v motkidio, 1 GLYKEVIP®ON AGPEGTION GTO AVOKLKAOVUEVO BpemTiKO ddAvua
peivdnke aodntd oto ypovikd ddotnuo petacd ¢ EvapEng g dvOnong kot g Evapéng g

GLYKOMONG, EMELON 1 GLYKEVIPMOGT] ATOPPOPNoNG AGPECTION peyioTonomOnke. Metd v évapén
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TNG GLYKOMONG, 1 CLYKEVIPMOT] ATOPPOPNONG TOV AGPECTION TEIVEL VAL LEIDVETOL CTAOIOKA KATL
7oV 0dMynoe o€ avENUéva enimeda aoPecTiov 6TO AVAKVKAOVUEVO BpenTiKd StdAvpa.

H ovykévipoon poayvnoiov 6to avakvukAobpevo Bpemntikd dtdAvpa Telvel va LetdveTaL EAAPpE
UEXPL TNV EVOPEN TNG CLYKOUIONG, EVM GTN GLUVEXELN £JE1EE Lo ALENTIKT TAGT 1) 0ol TOV TOAD
advvaun ot ‘Sondela’ kot woyvpdtepn ot ‘Sammy’, aveapTnTn £MioNG KOl O TOV YOVOTLTTO
TOV VTOKEWEVOL. Metd TV évapén ¢ avBopopiag, ot GUYKEVIPOGELS amoppdPNoNg Loyvnoiov
mapépevay oyedov otabepéc KaBOAN TN dtapKela TG TEPLOOOV KAAMEPYELD Kol oveEapTnTa Ao
™V ToWKIAla. Xg OAN TN OdpKeln TNG KOAAEPYNTIKNG TEPLOOOV, Ol VYNAOTEPEG CLYKEVIPOGELS
amoppOPNoNG poyvynoiov uetaéd tov mokihmv petprinkav ot ‘Sondela’.

H ovykévipwon koAiov oto avakvkAiovpevo Opentikd Sidivpo avéavoviav elaepd petd tnv
évapén g avBopopiog Kot Evrova PHETA TNV Evapén NG GLYKOMONG Kat PEYPL 85 MuUEPeg LETA TN
LETAPVTELOT, PE avTioToyn Helmon g oLYKEVTIP®ONG amoppdenons kaAiov. Xtn GuvEyewd, N
GLYKEVTIPMOOT amoppdPNoNg Tov KoAlov avéndnke Eavd oe mopdpolo emimeda pe ovTO TOL
petpninkav oto Sotnua petadd g Evapéng g dvinong kot ¢ ovykouons. H ‘Belissa’
napovcioce otadepd VYNAOTEPT GLYKEVTP®OT aoppdPNoNG KaAiov omd Tig dALeg moKIAleG Kb’
OAN TN JIPKELD TNG KOAMEPYELNG KOL OVTO 0ONYNOE GE YAUNAOTEPESG GVYKEVIPMOOELS KAAIOV GTO
avoKVKAOVpEVO Opemticd OdAivpa petd v Evapén g avBoeopioc. Avtibeta, n ‘Orangery’
TOPOVCIACE YOUNAOTEPT] GLYKEVIPOGT ATOPPOPNONG KAAIOL LETA TNV EVOPEN TNG GVYKOMONG OITO
TIG AAAEG TTOIKIALEG, LE TIC OLPOPES WGTOGO VO LNV NTAV TAVTO GTLOVTIKES.

Ot GVYKEVTPOGEIS OAKOV al®TOV 6TO BPeMTIKO S1dALIO aVvaKOKAMONG HetmOnKoy eAappd KoTd
Vv TePi0d0 GLYKOMIONG, EVA TOPAAANAO T GLYKEVIP®OYN OmOPPOPNCNG OAMKOL aldTOov
axolovOnce o avEnTikny mopeia Pt v Evaplén oxeddV TG GLYKOUONG Kol GTNV GUVEXELL
TaPEPEVE £WG TO TEAOC TNG GVYKOUIONG aTtabepn. Ot avto-guPoialopeveg ‘Sammy’ amoppopnoav
Mydtepo dlwto avd Aitpo vepov petd TV Evapén g avBopopiag Kot 6To TOAD TPMIUO GTASIO TNG
GLYKOMONG, OAAG GTY GUVEXEWD 1| CLYKEVIPMOGT] ATOPPOPNGNG OAKOV aldTOV OgV EMNPEACTNKE
oo TNV TOKIAL0 TUTEPLAC.

H ovykévipoon eoopdpov ota avakvkAovpevo Bpentikd ddAvpa £3e1Ee o avEavopevn tdon
670 SIGTNHA OO TNV HeTaPOTELST UEXPL TV Evapén g avBopopiog oTig avto-guPoAlalopeves
‘Sammy’, ‘Orangery’ kot ‘Sondela’, Tov GuvodeVTNKE AmO AVTIGTOYYT LEIDOT TG CLYKEVIPWOOTG
amopPPOPNONG POSPOPOL 6TO 1010 Ypovikd drdotnua. Avtibeta, To eMimeEdA TG GLYKEVIPWOONG
ATOPPOPN OGS POGPOPOL KO GVYKEVIPDOGTS POGPOPOL GTO AVOKVKAODUEVO OpETTIKO dSLAAL L TNG

‘Belissa’ ka1 ¢ epporalopevn ‘Sammy’ oto ‘RS10°, dev dAAa&ov Katd 10 ypovikd StUoTNHa TG
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évapéng g avinong, oe cOykpilomn pe To apytkd otddlo PAacTIKNG avantuéng. Metd v Evapén
g avBopopiog, TOGO 1 CLYKEVTIPMOOT] POGPOPOL GTO OVOKVKAOVUEVO OPENTIKO S1dAvo OGO Kot
1 CLYKEVTPMOT] ATOPPOPNONS POCPOPOL TAPEUEVAY GTAOEPEG UEYPL TO TEAOG TNG KAAMEPYELNG.
O1 GUYKEVIPDGELS ATOPPOPNONG LLAYYOVIOU Kol YELOOPYVPOL MTOV VYNAOTEPES KT TN O1dpKeLd
TOV 610010V TNG PAACTIKNG AVATTLENG KOl AKOAOVOMG LEIDOVOVTOV EAAPPE OALL CUVEYMG EMG LETA
mv évopén TG CLYKOUONG, evd Ogv vINpEav oNUOVTIKEG Slo@opés HeTald TV SlapoOp®V
mowimmv. H cvykévipoon amoppdenong G1dNnpov HEMVOVTIOY ENIoNG oTadEPE KOTA T SLOPKELL
™G TEPLOSOV KOAALEPYELOG, YMPIG OCNUAVTIKEG O10popES HeTabd TV eEgTaldpevoy Totkimov. H
GLYKEVTPMOT amoppOPnong Popiov peidOnke Katd tn didpkela Tov 6Tadiov PAAGTIKNG avamTuéng
€m¢ KoL HETA TNV EvapEn TG CLYKOUONG Kot TOPEUELVE TEPTITOV oTAdEPT) GTNV GLVEXELN KATA TN
SLIPKELL TOV avaTopay®YIKoy otadiov. Katd m didpkeio Tov avoamapaywykod otodiov, dniadn
HETE 0O TOVG TPEIS TPMOTOVS UNVEG OO TN UETAPVTELGT, 1] CLYKEVTIP®ON amoppdPnong Popiov
™m¢ ‘Sondela’ fjtav onpavtikd vynAidtepn amd avTHg TV ALV e€gTalopevov TokiMov. Exiong,
0 euPfolooudg tg ‘Sammy’ oto vmokeipevo RS10 dev eixe onuavtiky emidpacn oty
GLUYKEVTPMOT] ATOPPOPNONG TOV UIKPOGTOLYEI®V.

ZVUTEPACUATIKA, 1 TOPOVcH UEAETN £0€1EE OTL TO GTAOI0 AVATTTLENG TOV PLTAOV TTEPLAG £)EL
WoYLVPO  OVTIKTUTO OTIS GLYKEVIPAGELS amoppoéPnong twv Opentikodv otoyyeiov. o 1o
neplocdtepa Opentikd pokpo-ctoryeia, dSNAadn KAMo, acBESTIO, LoyVIGLO Kot OO TaL VIO HEAETN
UIKPOGTOLYEID, Ol GLYKEVIPOGELS OOPPOPNONG ETEVOV VO LELDVOVTAY LE TOV YPOVO Kot UOVO
AVTEG TOV OMKOD AlMTOL KOl POSPOPOL avEdvovTay eAaEpa LETE To apykd PAacTKd otdoto. Ot
GLYKEVIPAOGELG amoppOPNoNG TOV OpeNTIKAOV GTOXEI®MV £ival YVOGTO 0TL deV aALGLOVY dpapaTiKd
KoTd TV TePiodo oG KOAMEPYELNG. XTNV TAPOVCH UEAETN, 1) TAGTN TMOV GLYKEVIPMOGEMV
ATOPPOPNONG VO LELDVOVTOL LLE TO XPOVO Y10, TaL TEPLEGATEPO OpenTIKG GTOLYEl (EKTOG TOV QD TOV
Kol @o@Opov) oaivetar vo ogeiletor Kupiwg o€ o woyvpodtepn avEnon Tov pLOHOY
amoppdPNOoNG TOL vEPOD GTOV YPOVO GE GYECT UE TOLG PLOUOVG amOPPOPNONG OPENTIKOV
otoyeimv, av Kol og amOAVTEG THES avEdveTor 1 (iTnom OpenTik®V oTotyei®V.

O1 e€PECEIC TOV GLYKEVIPOGE®MY AToppOPNoNS aldTOV KOl PMCPOPOV 01 omoieg avENdnkay
ENPPADSC KOOMG To UTA EICNABAY GTNV AVOTOPAYDOYIK (AGCT, UTOPEL VO VTOSEKVOOLV [a
woyLpoTEPN aWENoN T Nong o€ ALMTO Kol POCPOPO KOTA TN SLAPKELD TOV OVOTOPAYWOYIKOD
otadiov amd Ot TG avénomng g oAMkNS PLTIKNG dtamvons. H advénon e {immong ewcspdpov
kabmg ta puTa TEPVOVV amd T0 PAACTIKO GTO avVATOPOY®YIKO 6TAO10 Umopel va amodobel oTig

a1eOnTd VYNAOTEPEG GLYKEVIPMOGES PMCPOPOV GTOV KOPTO mmepldg and 6t ota AL, H
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elappa avénom TG GLYKEVTIPOONG amoppopnong aldTov dtav to uTd glonAbav 610 6Tdo10
AVOTTOPOYOYNG OTO GUYKEKPIUEVO TElpapLa, OgV pumopel va amodobel oTIg aLENUEVESG GUYKEVTIPDOGELS
al®TOV GTOVG KAPTOVS G GUYKPION UE EKEIVEG TV VALYV, KOONDS Ol GLYKEVTIPMGELS AlMTOV
tetvouv va givor vymAdTEPES 6TOL PUAAL OO OTL 6TOVG KAPToHS. Mo EVOALAKTIKY EpUnVveia Yo
avTd givor vo vITapyEL o Thovy aENCT TOV TOCOCTMV ATOVITPOTOINGNG UE TNV YNPUVON TNG
KoAMEPYELNG, avénon mov pmopel va amodobel otn otadiakn avénon g Beppokpaciog Tov aépa,
dgdopévou 0Tt M KoAMEpyea Eekivnoe ota péco lavovapiov kot m évapén tov otadiov
AVOTOPOYWYNG CLUVETECE LE TNV EAevon NG dvoiEng. Ot andAelec aldTOL HECH ATOVITPOTOINGoNG
6€ VOPOTOVIKA OpenTikd dtoaAdpaTa eitval YvOoTd OTL UTOPEL va Eivol GNUOVTIKEG PTAVOVTOS CE
enineda £og Kot 20% g GLVOAKNG TPOSPOPAC. ZOUP®VA E TN HEBODO TOV EQOUPUOGTNKE Y10 TV
eKTIUNON G OLYKEVIP®OONG OmOPPOPNONG OTO  GULYKEKPIUEVO  TEIPAPE, Ol  OTAOAELES
amoviTpomoinong Aapfavoviav og epeavi| amoppdenon aldTov Kol GUVETMDS ETEWVAV VA AVEAVOVY
TNV EKTIUOUEVT] GLYKEVTIPOGT] ATOPPOPNONG.

Ot oNnUaVTIKA VYNAOTEPEG GLYKEVTPMGELG aoppoenong acPeotiov kat poyvnoiov ot ‘Sondela’
kol kadiov otn ‘Bellisa’ oe oOykplon pe ekeiveg mov Kataypdonkov e OAOVG TOLG GAAOLG
yovotumoug ot omoieg Mtav otabepés kab 'OAn v mePiodo KOAMEPYELNS, opeihoviav GTov
GLVOLAGHO TOGO TV JUPOPDV GTNV OAKT GUTIKT O10mTVoY|, EEATING TV SLOPOPADV GTNV PLAAIKY|
empavelo 060 kat otn {mon Opentikdv otoyeiowv. [pdayuartt, n ‘Sondela’ kot n ‘Bellisa’ givat
TOIKIATEG TOV KOAMEPYOVVTOL Y10 TNV TAPAYMYT] KOPTAOV KOKKIVNG TITEPLAS Ol OToieC ypetdlovton
TEPLGGOTEPO XPOVO Y10 VO, WPUAGOVV amd eKEIVES TOV GLAAEYOVTAL TTPAGIVES, OTMG GLUPOIVEL e
v ‘Sammy’. Opwg givar yvootd 6t 1 kaBvuoTtépnon TNV GLYKOUON KAPTTAV, ALEAVEL LEV TO
QOPTiO KOPTAOV, 0ALA KaBvoTePel TNV PAACTIKY AVATTUEN, LEUDVOVTOG £TGL TNV QUAALKY| EMLPAVELL
avé QLTO KoL TV TOYPOVO TNV OAKT] PLTIKY Otamvor). EmmAéov, o mapdyovtog mov TelMkd 001 ynoe
o€ VYNAOTEPEG GLYKEVTIPMGELG amoppoeNnong acPeotiov Kot poyvneiov otn ‘Sondela’ and 6t
GTOVG GAAOLG YOVOTLTOVG, NTAV 1 VYNAOTEPES GUYKEVIPMGELS 0GPeCTIOL GTA PVAAL KOl TOL
poayvnoiov oto @UAAL Kol 6Tovg Kapmovs. H onuaviikd vynidtepn cvykévipmon amoppdenong
KkaAiov ot ‘Bellisa’ opeilotav eniong 610 GLVOLAGHO VYNAOTEPNG OMKNG PUTIKNG SLOTVONG Kol
VYNAOTEP®V GUYKEVIPOGEWV KAAOV GTa PUALA. O1 GUYKEVTIPOGELS OmOpPPOPNONG OAKOV aldTOV
Kot @o@OpoL dev eaivetal va ennpedlovtol amd Tov YOVOTLTO TG TOIKIA0G, EVA eKEIVEG TMV
G1ONPovL, payyaviov, yevdapydpov kot fopiov doev £de1&av otabepn emidpacT TOL YOVOTLTTOV, OV
kot 1 ‘Sondela’ Topovcioce oNUOVTIIKA VYNAOTEPES GVYKEVIPMOELS ATOPPOPNONE YEVSAPYLPO

kot Popiov amd TG GAAeg mowKiieg o oplopévo otddla avamtuéng. H ‘Sondela’ eppdvice
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VYNAGTEPN GLYKEVIPOON amoppoOeNnong Popiov HOVO KATA TN OEPKELD TOV OVOTOPOY®OYIKOD
oTadlov avATTTLENG, YEYOVOG TTOL OElYVEL TNV EMIOPACT TOL APIOLOL KOPTMV GTNV AToppOPN O
Bopiov kot Ayotepo emidpacn mov oyetileton pe ) dwomvon. To vrokeipevo mmepidg ‘RS10° to
omoio ypnowonmomdnke yo tov eufolacud g ‘Sammy’ avikel 6to 1010 €i00¢ pe 10 UPOio
(Capsicum annuum) kot Oyt o€ Ayplo GLYYEVIKO €i00¢ mIMEPLAC TOL YopoKkTnpileTon amd £viovo
plikd cuotnua. Avtdc eivar mhoavoToTa 0 Adyog Yo TV EAAEYN Slopopdv ota enineda OpenTIKOV
OTOlElOV TOV PVALODV KOl KOPTOV KAOMG KOl GTIC GVYKEVIPMOGELS OmToppOPNoNG UETAED pUTOV
‘Sammy’ avto-gufoitaldpevov Kot putodv ‘Sammy’ epufoMacpévov oto vrokeipevo ‘RS10°. Ot
OVLYKEVIPAOOELS AmoppOenong Tov Ppébnkav o€ avt ™ neAétn kopaivovray and 2,4 - 3,7 mmol
L yia aoBéotio, 1,0 - 1,5 mmol L yia poyvisio, 6,1 —9,0 mmol L yua ko, 11,7 - 13,7 mmol
L y1a 6Coto xon 0,7 - 1,1 mmol L yio pdopopo.

2mv dgvtepPn TEWPANATIKN epyacio, Y va gleyyfel to katd mOG0o N vrOPEATIOT 1N YOUNAN|
Beppokpacio Kot 0 guporacuds LETOPAALOVV TIC GVYKEVIPAOGELS ATOPPOPNONG GE KAAMEPYELEG
TMEPLIS TOV AVATTUGGOVTOL GE Un Bepuatvopeva M avemapkmg Beppotvopeva Beppoknmio oTig
KMpotikég ovvOnkeg g Mecoyelov, oyeddotnke €vo meipopo o 000 OaAdpovg evodg
Beppavopevou Beppoknmiov 6mov N Adyiotn Beprokpacio nuEpac/viyTag dlatnpnOnke cuveymg
610G 21/16°C kar otovg 12/7°C otovg Bardpovs 1 ko 2, avtictorya, Kot ™ dtdpreto. OLOKANPNG
™G TEWPOUOTIKNG TePLOdov. Ot mapamdve OeploKpacies avTIGTOLOVoOV GE W10 TUTIKY Kot
YOUNANG Oepprokpaciog KaAMEPYNTIKY HETAXEIPION, avTioToy . ZTOVS Tapomdve Baldpovg, 600
mowkthieg yAvkidg mmeptag (Capsicum annuum L.) gite avto-guforaldpeveg site spforalopeveg
6€ 0VO0 JPOPETIKG EUTOPIKA VITOKEILEVA, avamTOYXONKAY GE OVOKVKAOVUEVO BpemTiKd dtbAvpa
oOLEOVA LE TIC 0pyEG TNG KoAMEPYELaS oe Aemth otolPdda Operntikov daddpatog (Nutrient Film
Technique- NFT). Ot 600 nokiAieg mimeptag nrav n tpdn tomov «Tetpdrofocy (Orangery) ko m
devtepn emunkng tomov «Képato» (Sammy), evd ta dvo vrokeipeva frav to ‘Robusto’ kot to
‘Terrano’, ta omoio. avrkovv oto Capsicum annuum. Ou €&l cuvdvacuoi gUPOMAGHOD TTOL
peieOnkav  Mrav: ‘Sammy’/‘Sammy’, ‘Robusto’/*Sammy’, ‘Terrano’/‘Sammy’,
‘Orangery’/‘Orangery’, °‘Robusto’/‘Orangery’ ot ‘Terrano’/‘Orangery’. Kdafe ouvvdvacpog
EMOVOANQONKE TPELG POPES KOl GLVOAKE ypnoipomomonkay 36 TEPAUATIKG KAEIGTH VOPOTOVIKA
GLGTALATO, KUKAOQOPIOG KOt Y10 TOVG dVO BaAGLOVG.

2115 29 NoguBpiov, evvéa puUTA ad TOVG TOPATAVE® GLVIVAGHOVS LETAPVTEVONKAY 6T 36 KAEIGTA
VIPOTOVIKG GUGTALLATO. KUKAOQOPTAC, SNUIOVPYOVTOC TUKVOTNTA GUTOV 2,5 GUTA avd m? Yo KGOE

Bdropo. Kdébe kAielotd vopomovikd cvotnue KukAogopiog meptAdpfove €va KovAail, OTOLIKN
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de&apevn TPoPodoasiag, aviiio kol coiveg apdgvong. Ipv amd 1N petapvtevon, o OAEG TIC
deapevéc Tpogodociog tomobemnOnke apykd Bpemticd Siddivpo. H otdbun tov Opemtikod
SLAVUATOG oTNV deEapevn TPOPOSOGIaG daTPOVVTAY GTOOEPT, YPNOULOTOIMVTAS VOV PAOTEP
KoL EVOV GOANVO GUVOESEUEVO E Ol OEEQUEVT] CLUTAPMOTG, TOV NTOV TOTOOETNUEVT TTAV® OO
™V de€apevn Tpo@odoaciag. To apyikd OpemTKod S1AAVLLO TTOV KATOVOADVOVTAY OO To QLT GTIV
deapevn tpoeodooiag, avtictabuilovtay pe ovtopatn £yyvon evog Opentikod SOAVUATOG
CLUTANPOCNS KOTAAANANG chHVOEoNC Yo KOAMEPYELN TTEPLAG GE KAEIGTA VOPOTOVIKE GLGTHLLOTO,
t0 omoio mepiEyoviav otn defapevn ovumAnpoonc. H obvBeon tov Opentikod Stoddpotog
GUUTANPOONC NTAV TEPITOL 1010 [E TIG TUMKEC GUYKEVTIPMOOELS OmOpPOPNONG Yoo KOAMEPYELQ
TTEPLAG TOV EKTIUNOMKOV GTO TPONYOVUEVO TIEIpALO. APECHS LETA TN LETAPVTEVGT) GLAAEYON KOV
delypato apytkod SoADHOTOC Kol SIHADUOTOS GUUTANP®ONG amd OAo To KAEIGTO VOPOTOVIKA
GLGTNUATO KUKAOQOPING, EVO 1 TEAELTOIO. GLALOYY| AVTIGTOLY®MV JEIYUATOV GLAAEXONKE HETA TNV
oloxAnpwon 790 Babuonpepdv kol 6tovg dVo BoAdpovs. AdY® TOV SPOPETIKOV GLVONKOV
Beppokpaociog oe kKabe OGrapo, 0 YpOVOS TOL amatteital Yo TV emitevén TV b1V fadponuepdv
Ntav SaPopeTIKOg, pe v €vapén g ovykoudn otovg Baidpovg 1 kol 2 va Ntav otig 6
DePpovapiov kot 23 Maptiov avtictoryo kot To TEAOS TG GLYKOUWNG 0Tl 5 Moaiov yo Tov
Bdhapo 1 kar 20 Moaiov ya tov OdAapo 2. O péoeg avaroyieg amoppdenons Bpentikdv croyeimv
POG vEPDO (GLYKEVIPAOGELS AmoppoOPNoNs) Y 10 acPEotio, payviolo, KdAlo, oAkd almto,
QPOGPOPO, GidNPo, HayYdvio, Yeuddpyvpo kot PBOPlo LTOAOYICTNKAYV UETPOVTOS TNV OAIKY|
amoppdenon Kabe OpenTiKOL GTOLKEIOV KOl TNG CLYKEVIPMONG OTOPPOPNGCT VEPOL O TO
AVOKLKAOVUEVO BpemTiKd d1dAVLO KOTE TN SIUPKEL KOAALEPYNTIKNG TEPLOGOVL OV OVTIGTOLYOVGE
oe 790 Babuonuépeg kot yio tovg 600 Hardpovg.

H xolepyntikn petoyeipion pe youniés Oeppokpociec tov Boriduov 2 peimwoce T GLVOMKN
Tapoywyn kopnov Katd nepinov 50% ot ‘Sammy’ kot 610 33% oty ‘Orangery’, aveaptnta
amd Tovg cLVOLVOCSHOVS epfoitacpol. O euPolacpodg oto vmokeipevo ‘Robusto’ dev eiye
OVTIKTLTTO GTNV KATOVOA®GT VEPOD TV PUTAOV, VD avtifeta o epfoitacpog oto ‘Terrano’ avénoce
™V KotavdAmon vepol TV euTav Hovo otav to uPoito ftav n ‘Orangery’. H amodotikdtnTa
APNONG VEPOL UEIDONKE ONUOVTIKA OTIG YOUNAES Beppokpacieg Tov Baidpov 2, aveEaptnta amod
T0 oLVOLOCHOVS VIToKeEVOV/epforiov. H katovilmon vepod Tov @utdv avéndnke onuavtikd
ot yapunAéc Bepuoxpaciec tov Borapov 2 pe tov eufoitacud g ‘Sammy’ ot LIWOKEIpEVA
‘Robusto’ kan “Terrano’, evd otig Tomikég Oepprokpaciec Tov Bardpov 1 avtd cuvéfn pdévo dtav

10 vokeipevo ¢ ‘Sammy’ Ntav 10 ‘Robusto’. Qotoc0, 0 epforiocdg oty ‘Orangery’ dev elye
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Kapio eniOpOon OTNV KATAVOAMOTN VEPOL TOV PLTMV, OveEAPTNTA OO TO VTOKEIUEVO Kol TIG
Beppokpaocieg Twv OaAdpmy.

H ovykévipoon amoppdenong kaAiov NToV OHUOVTIKA LYNAOTEPN GTNV UETAYEiplon UE TIC
YoUNAég Beprokpaciec Tov Bardpov 2 6e GOYKploN e TIg TVTIKEG Oeprokpaciec Tov Baidpov 1,
1660 o6T0 W To-gUPoralopeva uTa 660 Kot ota GUTA epfoialopeva oto ‘Robusto’, aveaptnra
amd 10 gUPoOAo. QoTdG0, 01 JAPOPES AVTES OEV NMTAV CNUAVTIKEG OTO PLTA TV ‘Sammy’ Kot
‘Orangery’ mov &iyov epufoiacbei oto ‘Terrano’, emeidn 10 TeAevTOi0 AOENCE CNUAVTIKA TN
GLYKEVTPMOT amoppdPNnong koAiov 1060 oty ‘Orangery’ 660 kot 6ty ‘Sammy’ GTIG TUTIKEG
Oeppokpacieg oe cHYKPION LE TOVE AAAOVG GLVOLAGLOVG ELPOALACLOD.

H ovykévtpmon amoppopnong acfectiov dev ennpedotnie and Koaveévo cuvovacud epoAlacuov,
OALG NTOV OTULOVTIKA VYNAGTEPT OTIG YauNAEg Beppokpacieg Tov Baddapov 2 tov Beppoxnmiov. H
GLYKEVIPMOOT] ATOPPOPNONG TOV HAYVNGIov, 0TS Kol TOV KaAlov, fTav oNUAVTIKE LYNAOTEPT
oV petayeipion pe Tig yapnAég OBeppokpacie Tov Baddpov 2 6e GUYKPION HE TIS TUTIKEG
Beppokpacieg tov BaAidpov 1, 1600 ota avto-guPfoitalodpeva LT OCO KoL OTO EVTA
euPoralopeva oto ‘Robusto’, aveEdptnra omd 1o euPoAto, evd dev ennpedoTnKe amd TG YOUNAES
Beppoxpoacieg Tov Boddpov 2 6tav apeotepes ot mowkidieg iyav gpporactel oto ‘Terrano’. O
epPorocpog 1o oto ‘Robusto’ 660 kot 610 “Terrano’ adénce v GLYKEVIP®GT OmOpPOPNGNG
Hayvneiov oTig TUmIKEG Beprokpacies, evd oTig xaunAég Oepuokpaciec povo 1o ‘Robusto’ avénoce
GLYKEVTPMOT] ATopPOPNoNG Hayvnoiov.

H ovykévipmon amoppoéenong oikod al®dTtov MTav SNUOVIIKE YOUNAOTEPN, EVAO OVTAV TOL
QPOCEOPOL NTAV GNUAVTIKE VYNAOTEPT, OTIS TVTIKES Beppokpacieg Tov Baldpov 1 og chyKplon pe
™ YounAég Beppokpacieg Tov BaAdpov 2 kot avtd aveEdptnta amd TV TOWKIALL KOl TOV YOVOTLTTO
TOL VIOKELEVOD. O1 GVVIVACHOT VITOKEUEVOV/EUPOAIDV OEV ETYOV KOO GTLLOVTIKT) ETLOPOCT] OTIC
GLYKEVIPAOGELS ATOPPOPNOTG OAKOL aldTOV KOl GMOGPOPOL, EVAD Kot 1 dAAnAenidopacn peta&d
TV cuVONKOV Beppokpaciog Kot Tov EUPOAIAGHOD NTAV (U] CTLLOVTIKY.

Yno ocvvOnkeg tumikov Oeppokpacidv tov Oardpov 1 ot GUYKEVIPOGES amoppOPNONG TOV
GLONPOL KO YELOAPYVPOL NTAV CNUOAVTIKE LYNAOTEPES EVM 1 AVTIGTOLYT TOV HOYYOVIOU NTOV
ONUAVTIKA YOUUNAGTEPES, GE GVYKPLOT LLE OVTEG TOV YOUNADV BEPLOKPAGIDV TOL BOAALOL 2, YmpPic
Kopio onuovtiky oAAnAenidpaon petald tov cuvinkov Beppokpaciog Kol ToV GLVOLAGUMV
vrokelpévav/epporiov. Emmiéov, ot cuvovaopol epupfolacpov 0ev glyav ONUOVTIKY €midpaon
0TI GUYKEVIPAOGELS OmOPpOPNONG TOV GLONPOL KOl WYELOAPYDpov. Q6TdGO, 1 CLYKEVIPMOON

amoppdPNoNg payyoviov emnpedotnke oNUAVTIKE TOGO Oomd TNV MOWKIAle 0G0 Kol Omd TOV
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euPortacud. Zvykekpipuéva, n ‘Orangery’ amoppO@NCE CNUOVIIKO TEPIGGOTEPO UAYYAVIO avd
MTpo amoppo@ovEVOL VEPOL amd TN ‘Sammy’, ave£ApTNTO TOL YOVOTLTOL TOV VTOKEWEVOD.
Emumiéov, o gpPoracudc g ‘Orangery’ 1060 610 ‘Robusto’ 660 kot 610 ‘Terrano’ peiwoe
puélo Tov amopPOPOVUEVOL Loy YOVIoL oV MTPO OITOpPOPOVLEVOL VEPOD, EVHD O EUPOMACLAOC TNG
‘Sammy’ oto vmokeipeva avtd dev eixe kapio EMOPOON OTNV GLYKEVIPOGN OTOPPOPNONG
payyaviov. H cuykévipmon amoppdenong fopiov emnpedotnke and 1o cuvinkeg Beppokpaciog
TV QoAGU®V Kot o TOVG GLVOLAGHOVS TV VIToKEEVOV/epfoliov. H mumepid elvar puto Bepung
TEPLOSOL pE LYMAN evaicOncio oe voféAtioteg Bepuokpacies kol cuvemn®g M pHeimorn g
TOPOYOYNG KOPTAOV TOV PHETPNONKE Kot 0peiAovToy otV €MOPUOT TOV YAUUNA®Y OEpLOKPOCLDY
OTO CLYKEKPIUEVO Telpapo avapevotay mANpws. Emiong, dev mapoatnpndnke aAiniemidpaon
HETOED TNG KOTOGTOATIKG EMIOPACTIS TOV YOUNADV OEPLOKPUGLOV GTNV TAPUYMYNG KOPTAV UE
tov guporacpd kot to vmokeipevo, mpdypo mov deiyver Ot Ta VIO EAeYXO vLROKEipEva Ogv
emNPeAlovy TNV OVEKTIKOTNTO TG TTEPLAS GTO YUYOG.

Ta amoteléopato TOL GLYKEKPUEVOD TTEPEpaTOg £0e1E0v OTL TOGO TO VITokeipevo ‘Robusto’ 660
kot o ‘Terrano’ avénoav 1 cvvolikt| mopaymyr| kaprmv Katd 39% xor 34%, avtictoryo, o€
GLYKPLON UE TOVS AVTO-EUPOAALOUEVOVG GLVIVAGLOVS, OTAV TO ELPOAO NTOV 1 EUTOPIKT| TOIKIATL
‘Sammy’. Evtovtoig, dtav to gufoio nrav n epnopikn nowkidio ‘Orangery’, uoévo to ‘Terrano’
avénoe 1N GLVOMKN Tapay®myn kKoprndv katd 35% oe oOykplon pe ekeivn tOvV  owTO-
epuPoralopevov putav ‘Orangery’, evad 1o ‘Robusto’ dev eiye xopio enidpacn otnv GuvoAKn
Tapoywyn Koprodv. To mopamdve onuovTikd evpripato deiyvouv OTL 1 €PEVVA Y10 TOV OYPOVOLULKO
avtikTumo Tov epfolacol oTic KoAAEpyeleg mumeplds Ba mpénet va. PacileTor otn dokun kabe
UELOVOUEVOD GLVOIVAGLOD VTOKEWEVOL/EUPBOLIOD, TTOPA OTN ETLOYT SLOPOPETIKADV VITOKEIUEVMV
YPNOUOTOIDVTOS HOVO €va guPoAto. Xtn ‘Sammy’, 1 amovcio. OTOWGONTOTE EMIOPACNS TOV
epportocpod ot cuvorikn Propdlo TOV PLTAOV Kol GTNV KATOVIAMGT VEPOL, TAPE T1) CTLLOVTIKN
avénomn tov apBpoy KapTdV avd eLTO, delyvel v BeTikn emidpacn kot Tov 600 VIO EAeYYO
VIOKEWWEVOV OTY| Kapmodeon mapd otn Lonpdtta Tov putadv. Qotdco, étav 1 ‘Orangery’ 6to
ovykekpévo meipapa gppoldotnke oto ‘Terrano’, 1660 1 eutik Popdlo 660 kol 1
KatoviAmon vepol avéninikoy avaloytkd e v adénom Tov aptfpov Kaprdv v UTO, KATL TOV
delyvel 0Tt aVTOG 0 cLVOLACUOG EUPOAMACLOD AVEAVEL TV TOPAY®YY] AOY® TG avEnong g
ConpdtTog Tov euTeV. Q0T060, 6TO GLYKEKPLUEVO TEipapa, OAOL 01 GLVIVOCHOT EUPOAAGHLOV
advENcaV TNV TOPAYOYN OTOKAEICTIKO LEGM TNG OVENCT TOV aPOUOV KAPTMV avd T, EVAD OEV

elyav kapio enidpacn oto péco Papog twv kapmmv. EE opiopov, 1 enidpacn tov epufoitacpod
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GTNV OTOOOTIKOTNTO YPNONG VEPOL EEAPTATOL TOGO OO TV TOPAYWOYN KOUPTAOV OGO Kot omd TV
KatavdAwon vepo¥. ‘Etot, pepikéc popég ot Guvovao ol vTokelpévmv/epuporinv emtpdilovy mord
O OLOPOPETIKES EMOPAGELS GTNV TOPAYWOYT KOPTDV, TOPA TNV KATAVIAMDCT] VEPOD, TOL UTOPEl
01 EMOPACELS OVTEG TEMK®MG VO £XOVV TOPOUOIES EMMTMOGELS GTNV OTOJOTIKOTNTA YPNONG VEPOL.
[Ipdrypatt, o epportacpoc g ‘Orangery’ oto ‘Robusto’ dev glye avTiKTUTO GTNV OITOSOTIKOTNTO
YPNONG VEPOD EMELON OEV £lYE AVTIKTLTTO TOGO GTNV TOPAYMYT KAPTDOV OGO Kol GTHV KUTAVIAMOT)
vepov. Evtovtolg, o gppolacudg g ‘Orangery’ oto ‘Terrano’ dev eiye emidpaom otnv
AmOdOTIKOTNTO YPNONG VEPOV, EMEWN AVTOS O GLVOLAGUOC VTOKEWEVOV/EpPoiion avénoce
avOAOYIKA TOGO TNV TAPAY®YY KAPT®V 0G0 KOl TNV KATOvAA®on vepov, kabmg evioyvoe v
napoywyn Propdalog oto Practikd otddo. Emmhéov, o guforlacudc e ‘Sammy’ avénoe v
amodoTIKOTNTA XPNoNG vepoy aveaptnta amd 10 VIO JOKIUN VLWOKEiNEVa, €meWdn TOGO TO
‘Robusto’ 6co kot 10 ‘Terrano’ av&ncav v mopaymyr] KOpTOV yopic vo ennpedcovy v
napoywyn Popdalog 610 PAACTIKO GTASIO KOl TOLTOXPOVO TNV KOATAVAA®MGN VEPOL UEGH NG
dwmvong. Avtd To OmOTEAECUOTO LTOOEIKVOOLY OTL 1 €MdpOon TOL EUPOAIOGHOD GTNV
Amod0TIKOTNTA XPNONG VEPOU €EQPTATAL OO TOV GLVOVOGUO VTOKELUEVOL/EUPOAIOV KOt O)L LOVO
amd To VIOKeiLEVO N TO EUPOALO.

2T0 GLYKEKPUEVO TEIPALO TO HOVAOIKO OPLOTIKO GTPEG TOL OOKIUAGTNKE, ONAOON M YOUNAN
Oeppokpacia, dev aAANAETIOpaGE LE KAVEVAY GUVOVOGUO EULPOAOGHLOV. 26TOGO, O LETPNOELS TNG
TOPAY®OYNG GUTIKNG Plopdloc, TS KATavAA®GNS VEPOD KOl TWV CLYKEVIPMOEWMV OTOPPOPNONG
Opentikdv otoyeinv, emrTpénovy o ekTiunon S SLUPOANG ™S amoppdenong Opentikdv
otolelov kol vepod omnv avénon ¢ mopaywyng kopmov. Etol, n Oetikn emidpacm Tov
gufoAlacuod otV TOpAY®Y KOPTOV oTg TUmKEG Oepuoxpacieg tov Baddpov 1 Tov
GUYKEKPIUEVOL TEWPANOTOS, o pmopovoe ev pépel vo cuvdedel pe aVENUEVEG GLYKEVTIPDGELG
amoppdenong kaiiov Kot payvneiov (v to ‘Terrano’) 1§ payvnoiov (v to ‘Robusto’). H avénon
OUMG NG TOPAYMYNG KAPTOV GE OPICUEVOVG GUVIVOAGHLOVS ELBOMAGHOD TopaTPNONKE Kot GTo
000 kabeotdto Beppoxpacioc mov eEgTAoTNKAY, €VEO Ol OVENCES TMOV GLYKEVIPDOGEMV
amoppoenoNg kaiiov Kot payvnoiov mopatnprdnkav poévo oto eLTa Tov KaAMepynOnkav vId
TomikéG cuvinkeg Beppokpacioc. EmmAéov, ot cuykevipdoelg amoppdenong twv acPectiov,
al®tov, POGEOPOVL Kol TOV HIKpooToyEimv dgv avéndnkav ond omolodmote cLVIVAGUO
euPoitacuo?. ‘Eto, pa euvoikn puduon g omoteAeoHOTIKOTNTAS OToppOPNoNG TV OpEnTIK®V
otoyyeimv dev pmopei va BewpnBel 0 onuoavtikdtepog AOYOg Yo TV avéNoT TG Tapay®YNG KapmmV

OV TPOKVTTEL Ad OPICUEVOVG GLVOVACHOVG EUPOAIAGLOV. ATOUTOVVTOL TEPALTEP® EPEVVES Y10
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VO ATOKOALVPOOVY 01 PLGIOAOYIKOT KO LOPLOKOT UNYOVIGLOL TOV EUTAEKOVTOL GTNV EVIGYVLOTN NG
GUVOMKNG TOPAYOYNG KOAPTOV OG OMOTELEGLO OPLOUEVOV GLUVOVACUAOV VITOKEEVOVL/EUPOATOV.
v mopovoa HEAETN, 1000 to ‘Robusto’ 6co kot to ‘Terrano’ dtav eufoildotnkay otnv
‘Orangery’ Leiowoov eEAAPPOS 0AAE CNUAVTIIKG TNV amoppOeNoY Hayyaviov, Eved To 101 ovTd
VTOKEIUEVO, OEV EMNPEACAV TNV CLYKEVIPMOT ATOPPOENOoNG Hayyaviov Otav To UPOA0 Tav M
‘Sammy’. 10 Tponyovuevo meipapa eniong dev Ppébnie kopio enidpacr Tov eufoitacpod ot
GLYKEVIPMOOT) AopPOPNoNG Hoyyaviov. Ot dtapopeTikég emdpdoelg twv ‘Sammy’ ko ‘Orangery’
oToV gUPOMOCHO, OYETIKO HE TNV CLYKEVIPMOT OAmoppoOenons upayyoviov, vrootnpilovv
TEPAUTEP® TNV AVTIANYM OTL 1 EMOPAICT] TOV EUPOMAGHOV GTIG GVYKEVTPMOGCELS ATOPPOPNONG TV
Opentikdv otoryeimv e&aptdTon amd KAOe GLYKEKPIUEVO GLVOLOGLO VITOKEEVOL/ePoAion Kot Oyt
amd TOV YOVOTLTO TOV VLTOKELEVOL. Ot aENCELS OTIS GLYKEVIPAOGELS omoppdPnong Kaiiov,
acPeotiov, payvnoiov kot alOTOL GTNV UETOXEIPIOT YOUNADV OEPLOKPAGIOV, NTOV OTOTEAEGLA
™ peloong g KotovdAwong vepov katd 24%. Qotdco M pelmon G CLYKEVIPOOT
amoppOPENONG POSPOPOL GTIG YOUNAEG OEPLOKPAGTIES VTTOJEIKVVEL OTL O INYAVICUOG OTOPPOPNONG
tov H2PO4 oty mumeptd eivor moAd mo gvaicnrtog otig yauniéc Beppokpacieg omd ekeivov tov
kaAiov, oaocPeotiov, poyvnoiov kot alotov. H ovykévipmorn amoppdOnong ewcsedpov
avtamokpiveTol ToAd oyvpdtepa ot Beprokpacio g pilag amd TG aVTICTOU(EG GUYKEVIPADGELS
amoppoOeNoNg TV aldToL Kot KaAiov. Ot cuvOrKes YoUnA®V OEPLOKPACIOV ELYOV MG ATOTEAEGLOL
va vdpyovv yapniés Beppokpaciec ot {ovn g pilag, ol omoieg Beppokpacieg avaktnOnkov
Bpadvtepa katd TN drdpkela TS NUEPAS and 4Tt M avtictoyn Beppokpacio tov aépa. H peydin
HEL®OT NG CLYKEVIPMON OTOPPOPNONG PMOGPOPOL OTIS YOUUNAEG Beppokpocieg oty mmePLd,
umopel va amodobel kvpiwg otn yaunAn Oepuoxpacio g pilag. Amd (o dGAAn mAgvpd, To
OTOTEAECUATO TOV GLYKEKPIUEVOL TEPANOTOS LITooTnpilovy v dmoyn OTL M GLYKEVIPWON
amoppdPNoNg POSEOPOL oV TIEPLd ennpedletor 1yvpoOTEPA amd ™ Beppokpacio g pilac,
napd and ™ Oeprokpacio mov emikpatel 6tov agpa. Ot HEGES TIES CLYKEVIPDGEWDY ATOPPOPTONG
oL BpEONKAV 6TO GLYKEKPIUEVO TTEIPALA KATA TN O1dpKELD TNG PAACTIKNG TEPLOOOV KOAMEPYELOG
V6 GLVOTKEC TVTIKMY Bgppokpactdy Hrav 2.92 mmol L asBéotio, 0.92 mmol L payvioto, 6.03
mmol L «éAo, 12.14 mmol L 4fwto kar 0.89 mmol L pdogopo.

2V Tpitn TEWPAUATIKY epyocio, LEAETNONKE o€ TElpad KOAMEPYELOG TUTEPLAS GE VAAOPPOUKTO
Beppoxnmio n emidpaocmn e aAaTOHTNTOG TOL TPOKAAEITOL OO TO AGPESTIO, HOG KOl OVTIGTOLYES
EMOTNUOVIKEG LEAETEG OEV LITAPYOVV KOl VTO TTAPA TO YEYOVOS OTL GE TOAAEG TEPLOYES TTOYKOG MG

VIapyeL Tapovsio vynAotepwv cuykevipdcemv Ca(HCO3)2 and avtég Tov yAmprovyov vorpiov
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o€ €04pN, VIOYELWD VOATO Kol eMpavelakd voota. ['a va exktyundel emiong n vedOBeomn 6tL o1
GLYKEVIPAOGELG AmoppOPNOoNG UTopel Vo ETNPeacToVV OTaV Uio KOAMEPYELD OVOTTOCOETOL KAT®
Ao JLPOPETIKY TOLOTNTA VEPOV GPAELONG, TPOGIOPICTNKOY Ol GVYKEVIPDGELS ATOPPOPN NG TOV
almTov, Beiov, kaAiov, acPeotiov Kot poyvnoiov vrd cuvOnkeg TPoodevTIKNG cuoompevong Ca
OTO AVAKVKAOVUEVO OpenTIKO SLIALUIO KOl GVVERMOC otn (mvn ¢ piloc Tov eutdv. Emmiéov,
peretnOnke n emidpaon twv vrepfolikd vyniov cvykevipooewv Ca ot {dvn g pilag 1060
oV mapay®yn Propdlog 660 Kot 6TV TOpoy®yn Kot TOOTNTO TOV KOPTMV.

To meipopo d1eENyOn oe éva Bepuorvopevo Baiapo Bepuoxknmiov otov omoio epoppdoTNKAY
TECOEPIS  TEPOUOTIKEG  HETOYXEPICELS TOV  OVTIOTOLYOVGOV OE TECGEPLS  OLOPOPETIKES
GLYKEVTIPAOOELG 0oPecTiov 6TO vEPO Apdevong kot cvykekpyéva 1.5, 3.0, 4.5 ko 6.0 mM. Kdbe
petayeipion KotavepnOnke toyoio 6to OepUoKNTIO GE TEVTE KAEIGTA VOPOTOVIKA GUGTHLOTO KO
£to1 ypnoomomOnkayv cuvolkd 20 mepopatikd KAEWGTA VOpomoVIKA cuoThata. Ta T ™G
mueptig (Capsicum annuum L.) g mowihiog ‘Sammy’ 1 omoia Topdryel EXUnKn TOTOL KOPToUgs,
avantOyOnkav og Bdlopo Beppoknmiov VIO avakLKAOOUEVOD OPETTIKOD SOAVIATOG, COLPOVOL
HE TIC apy€G TG KOAMEPYELNG o€ AemTh oTodda Opemtikod dtodvpartog (Nutrient Film Technique-
NFT). Evvéa onopdputa petapéptnkav oe KaOe KAEIGTO LOPOTOVIKO GVGTNUO GTO GTAIO TV 5-
6 aAnBwvov eOAlwv. H avakdkimon g anoppong Eekivinoe otig 11 ZentepPpiov kon dmpkece
puéxpr tig 25 defpovapiov.

Ot ovykevipmoelg Opentik®v otoyyeimv oto apyikd Opentikd SdAvpo Moy o OAeg TIg
petayeipiogig ot axdAovBec: 5,5 mM K, 6,5 mM Ca, 2,0 mM Mg, 1,1 mM NHgy, 16,4 mM NOg, 1,2
mM H2POys, 5,8 mM SO4, 20,0 uM Fe, 10,0 uM Mn, 6.0 uM Zn, 0.8 uM Cu, 50.0 uM B ko 0.5
uM Mo. Meté v petagitevon, to Opentikd ototyeia Kol to vepd Tov amoppoPnOnkay amd to
QLTE CLUTANPOVOVTOY KOONUEPVA e TNV TPOocHNKN VEOL OpemTIKOD SIHAVLOTOG GUUTATPOCNC,
HE OGLYKEVTIPAOGELS (eKTOG amd ekelveg Tov acfectiov) mov vmotiBetar OTL AVIIGTOLOVV GTIG
avoAoyieg amppoOenong OpenTikdV cTol ElmV GE VEPO GOUP®VO LE TO EVPNUATO TNG EPEVVOG TNG
TPAOTNG TEPAUOTIKNG EpYaciag. Ot ouyKevIpDGELS aoPESTION 6TO OPENTIKO SIAAV O GUUTANPOCNG
pvOuiotnkay o téocepa drapopetikd enineda (1.5, 3.0, 4.5 ko 6.0 mM) oV AVTIGTOLXOVOAV GTIG
Té00eplg  petayepioelc. Apéomg pHetd T HeTaQLTELSN 7oV Tpaypatomombnke ot 11
YentepPpiov, cvAAEyOnkav delypata apyikdv Opentikdv SAVUATOV omd OAEG TIC KAEIOTEC
HOVAOES VOPOTOVIKAOV GLGTNUATOV.

H ocvowpevtiki] mocdtta Katovaloons vepol TV QUTOV TITEPLAG GTO TEAOG TNG KOAAEPYELONG

petpnnke 15%, 19% xat 28% Aydtepn ot uTa OV avorTLYON KOV oTIS peTayepioelg pe 3.0,
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4.5 ka1 6.0 mM acBéotio oto OpenTiKd SGALHA OvVTIoTOLO, GE GUYKPION WE TN HETOyElpLoN
eréyyov mov Ntav 1.5 mM acBéotio. H ahatdtnto 6to avakvukAmopévo Opentikd SidAvpa oTadtoKd
avéNONKe pe To XPOVO OVAAOYO LE TIG GLYKEVTPMOELS acPectiov ota Opentikd StoAdpoTa, EVED
avTIOTPOPN NTOV 1 TEPIMTOON TNG HETOYEIPIONG EAEYYOL OTNV Omoio 1 AAATOTNTO GTO VEPD
aTOPPONG LEWDONKE EAAPPOC.

Ot J10POPETIKEG PETAYEPIGELS TPOPOOOTinG acPeatiov dev glyav GNUAVTIKY ENIOPACT GTO HECO
Bapog TV KaprdV avad LT, av Kol EXNPEAGTNKE EVTOVO 1) GUVOAIKT TOPAY®YN KOPTOV KOl O
apBuog kapmmv ava euto. Edikdtepo, 0 cuvolkog aplBuoc kapmmy ot HETAyEIplon e ™
yopunAotepn ovykévipmon acPectiov (dniadn 1.5 mM) oto Opentikd dtdAlvpo cvUTANPOONG TV
22% vymAdtepog and v petayeipion 3.0 mM, 26% vymidtepog and v petayeipion 4.5 mM
kot 30% vynAotepog amd v petayeipion 6.0 mM. Xuven®dc, T0 GLVOAIKO PBApog KAPTOV TN
petayeipion pe m yopnAOTEPN CLYKEVTIP®OT acPectiov 610 BpemTKd S1BAVHA GUUTANPOGCNS
(OnA. 1.5 mM) frav 24% vynAidtepo and 6, Tt oty petayeipion 3.0 mM, 34% vyniotepn omod ot
omv 4.5 mM xat 32% vynAotepn and O, Tt oy petayeipion 6.0 mM. Qotdc0, 01 dSPOoPETIKES
petoyepioelg mapoyns acPectiov dev elyav oNUOVTIKY EMOPOCN OTNV OMOTEAEGLOATIKOTNTO
XPoNG vEPov.

EmmAéov, ot cuykevipmoelg acPectiov otig petayepioeig pue 3.0, 4.5 1 6.0 mM acPéotio oto
Opentikd Srdivpo avEndnkov Katd TN SdpKelr OAOKANPNG TNG TEPAUATIKNG TEPLOIOL £MC TO
6Td010 TNG GLYKOUONG, OOV TA TOGOGTE GLCOMPELONG £delEav Taon otabepomoinong oe éva
HEYLOTO EMIMEDO KO AVOAOYIKA LLE TN GLYKEVTPOOT acPeatiov To Bpemticd ddivpa. Avtibeta pe
T0 TOPOTAV®, 1| CLYKEVTPWOOT acPectiov 610 Bpentikd didAvpo mov apeiye 1.5 mM acPéotio
peEIONnKe AOPPOC KATA TNV EvapEN TS avONoem, evd KATA TNV TEPI0d0 TNG GLYKOLONG TO
TOGOGTO GLCCMPEVONG acPeotiov £delav tdon otabepomoinong oe éva eldyioto eminedo. Ta
10vTo a6PESTION TOLV GLGGMPEVLTNKAV GTO dldAVHO amoppons aviABav puéxpt 2.5, 17.2, 27.7 kan
37.2 mM, ot petoyepioels pe ocvykevipooelg acfeotiov 1.5, 3.0, 4.5 kot 6.0 mM o710 Opentid
oldAvpa, avtiotoyyo. Xto QOUAAN, Ol GCLYKEVIPMOOELS acPeotiov avénbnkav oe OAeg TIg
UETOYEPICELS PE TNV ENGT TNG GLYKEVTPOONG 0GPecTiov 6T0 TapeXOUEVO Bpentikd ddivpa. Ot
GLYKEVIPMOOELS amoppdeNnons acPectiov avéndnkav pe 10 ¥pdHvo OTOV Ol GLYKEVIPMGELS
acPeotiov 6to Opentikd dtdAvpa ntay 4.5 1 6.0 mM, evd 1 GVYKEVTP®GN amoppdPNong acBecTiov
petmONKe eEAAPPE OTOV 01 GUYKEVIPOGELS 0oPeatiov oto Opentikd didlvua rav 1.5 1 3.0 mM.
Ta vitpkd, Kol ETOUEVOG N OAIKT GLYKEVTP®GST| al®TOL 6T0 OpenTiKd ddAvpa, avénnkav Kotd

NV TEWPAPATIK) TePiodo pudvo 0tav ot cuykevipmoelg acPeotiov ftav 3.0, 4.5 ko 6.0 mM oto
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Opentikd Stlvpo cvopumAnpwons. Qotdco, 0 pLOUOS amoppOENoNG OMKOL aldTOV HEWDONKE
elappd PeTd TV €vapén TG TEPOUATIKNG TEPLOSOV Kal OTOV 1 CLYKEVTIPMOT| 0oPeoTion GTo
Opentikd SidAvpa copumAnpwong frav 1.5 mM, pe tdon va otabeponoleital TPog To0 TEAOG TOL
TEPALATOG G€ £va, EAAY10TO eminmedo. O1 GLYKEVIPMGELG TOV OAMKOD alDTOV GTO PUAAN LEW®ON KAV
e To xpovo, aveaptnro amd TG peTayepioels mapoyns acfeotiov. Ot €oeg GLYKEVTIPMOOELG
amoppOdPNONG TOL OAKOV al®TOV KOTA TN OlbpKeE OAOKANPNG TNG TEPAUOTIKNG TEPIOOOV
xopaivovtay petald 11.0 — 11.7 mmol L2, 12.2-13.4 mmol L*, 13.2-14.2 mmol L xou 14.2 —
15.7 mmol L onic petoysipioeic pe ovykevipooelc acBeotiov 1.5, 3.0, 4.5 kot 6.0 mM oto
Opentikd ddAvpa, avticTorya.

Ot ovykevipooelg Tov OBeikdv avénonkay TPoodeLTIKA KaTd TN OpKEN TNG TEPUUOTIKNAG
TEPLOO0V 670 BpenTikd dtdivpa Tov TpopodotHOnke pe 3.0, 4.5 1 6.0 mM acPéotio puéypt 10 TEAOG
TOV TEWPAUATOG, EVAD aVTIOETO Ol GLYKEVIPMOGELS TV Oeikdv 6To Bpemticd dtdivpa TPOPod0Giag
pe 1.5 mM acPéotio Ntav otabepéc ko’ OAn T SdpKeLd TG TEPAUATIKNG TEPLOd0V. QG6TOCO, 01
OLYKEVTIPMOOELS TOV Ogiov otor EOAAL peldONKav o610 6TAd10 GvOnong aveEapmmta amd Tig
€QUPUOLOUEVEG UETOXEIPICELS KOL OTNV GULVEYEW £MG TO TEAOG TNG MEPLOOOL GLYKOUIONG
avENONKaY, aKOAOVOMVTAG TIG SLPOPETIKEG GLYKEVIPAOGELS TV Oeik®dV oTa BpemtiKd doAdpoTa
TV petoyelpicewv. Ot LEGEG GLYKEVIPADGELS OTOPPOPNONG TV BgikdV o inkay, axolovddvTog
TIG OLOPOPETIKES GLYKEVIPOGELS TV BETKAV 6T OpEMTIKA SIHADLOTO TOV PETOYEPICEMV.

H ovykévipmon kaiiov ftav xauniotepn 6tov 1 cvykévipwon acfectiov oto Opentikd dibdAivua
coumipoong Nrov 1.5 mM oe ouykpion pe Oleg Tic dAdec petoyelpioels. Emmiéov ot péoeg
GLYKEVTPHOGELS Kakiov avillav oe 70.7 mg (g DW) 1 ota @OAAa, evd 1 péon cvykévipoon
amoppoenong kodiov (7.0 mmol L) Sev Siépepe onpovticd PeTald ToOV PETOXEPIGEOY Kol
mopEReEve ot 10 emimedo kaf’ OAN T Odpkeld ™G TMEWPOAUATIKNG TEPLOdov. Ot péoeg
GLYKEVIPAOGELG OTOPPOPNONG TOV KOAIOL OEV SLEPEPAY CUAVTIKA LETOED TOV LETUYEPICEDV KoL
SwmpnOnkav ota idwo enineda ko OAN TV TEpapatikny tepiodo.

H ovykévipwon payvnoiov Mtov onuoviikd yopnAotepn omnv YOUNAOTEPT CLYKEVIPMON
acPeotiov 610 Opentikd SAAVHO CUUTANPOONG GE GUYKPION HE TIS AALEC TPEIS UETOYEPICELS
Tpoodoaciag acPeotiov (3.0, 4.5 1 6.0 mM acPéotio). Ta enimeda payvnciov dev petafAndnkov
KaB” OAn Vv mepopaTikn tepiodo dtav To ELTE avarTOYOnKav otV petayeipion pe 1.5 mM
a0PEGTIO 6TO OVOKLKAOVUEVO OpemTiKO O1dAvpa. AvTtiBeTa, 1 GLYKEVIP®GT LoyvnGilov 6Ta OUALN
OA®V TV GAA®V LETOYEPICEDV PEMONKE LE TO YPOVO, YMPIS VAL VTTAPYOVV GTATIGTIKA CTUOVTIKES

Stpopég peta&d Tmv. Ot HEGES TYES GLYKEVTPMGEMV AmoppOPNoNG LOyVNGIov dEV ETNPEACTIKOY
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Ao TIC LETAYEIPIOELG LEXPL TNV EVOPEN TNG CLYKOUIONG, ®GTOCO NTUV CTUAVTIKA VYNAOTEPES LETA
amd To oTAd10 avtd o1 petoyeipon edéyyov pe 1,5 mM acPéotio oto Opemtikd SidAvpa
CLUTANPOOCNG, GE GUYKPLOT| LE TIG VITOAOITES LETAYEPICELC.

H mopovoo pelémn édeiée 6t emineda acPeotiov éwg 15 mmol LT ot Lovn g pilac oc
OTOTEAECUO CLGOMOPELONG amd TNV  eeappoyn petayeiptong 3.0 mM acfeotiov o710
OVOKVKAOVUEVO BpemTiKd StdAvpa, peimoay TNV Topaymyr Kapmodv kotd 32% mepimov, pe v
peimon oty wotdcso va punv givar avarioyn g avénong g arotdomras. Kot avtd kabog po
TEpAUTEPD adENCN ToV emmédmv acPeotiov oty pila ota mepimov 30 1§ 38 mmol L étav o
GLYKEVTPMOOELS aoPeatiov 6to Bpentikd didAvpa coumAnpwong nrav 4.5 1 6.0 mM, avtictoya,
dgV LelmoE TEPATEPM TNV TAPAYOYT KAPTAOV. Q6TOGO, TO AcPEcTIo 0md pdvo Tov dev givor To&kd
Y o uTd, pe v (nuio mov mpokaAeitar amd TIc VIEPPOMKEC EMTEPIKEG GLYKEVIPDOGELG
acPBeoTion Vo amodideTol KUPIG GTIG OGUMTIKES EMOPAGELS TNG AAATOTNTOS Kol 6TV PAATTIKN
AVTOYOVIGTIKOTNTO TV KOAOL, Layynciov Kot/ 1) TV GUYKEVIPMOGEMY ATopPPOPNONG LETAAMKADV
UIKPOGTOLYEI®V, TOV €YEL MG OMOTEAEGUA avicoppoTies Opentikdv otoyeimv. Etotl, n éAdenyn
avoAOYIKOTNTOG UETOED TNG MEI®ONG TNG TOPAY®YNG KAPTOV Kol TNG aOENoNG TOV ETMEODV
aratotnTog (ko aoPeotiov) otn {dvn g pilag TOV PLTOV TUTEPLAS, POIVETOL VO GUVOEETOL LUE
AVIGOPPOTHES BPENTIK®V GTOLKEIOV OV TPOPAVAS GLVEPNGOV aKOUN Kot OtV TO EMIMEOO
acPeotiov 6to OpenTikd dtdAvpo mov mepPariet Tig pilec rav 15 ko 30 mM.

v Tapovoa HEAETY), LETPLES Kol VYNAES cuYKeVTpOoelS acPeatiov (3.0, 4.5 kot 6.0 mM) cto
mapeyOUeEVO OpenTikd StdAvpa avéNcav TS GLYKEVIPMGES 0GPESTION GTO OVOKLKAOVUEVO
Openticd Stéhvpa ota 17.2,27.7 ko 37.2 mmol L avtictoya. Q¢ omotédeopa, 1 oAk adotdTnTa
av&ndnke ot {dvn ¢ piag oe vymAdTEpa emineda (6.4, 9.0 kou 10.8 dS m™, avticToya) amd To
cuvioTdpevo 6pto 2.8 dS m dtav n mumep1d karlepysiton VEPOTOVIKE Kot EKTIOETAL GE AAATOTNTA
yAopLovyov vaTpiov. Avtd TO OTOTEAEGHO VTOOEIKVVEL OTL Ol GUYKEVIPMOGELS OTOPPOPNONG
acPeotiov o€ aVTES TIg peTayepioelg Ba NTav yaunAotepes and TIg GLYKEVTIPMOOELS acBecTiov 6Ta
avTioTOlY0.  OVOKVKAOVUEVO Opemtikd OloAdHOTO, KOTL 7OV GTO  GUYKEKPIUEVO TEIpOUO
mopoatnpOnKe Katd TV HeYaAdTEPN SLAPKELN TNG KAAMEPYNTIKNG TEPLOOOV.

H peiopévn katavéioon vepod mov mapatnpndnke ota outd tov petayepicewv pe 3.0, 4.5 kot
6.0 mM acBéotio 6To OpenTiKd StV IO GUUTANPMONG, GE GLYKPLON LE EKELVN TTOV KOTOYPAONKE
6T PLTA TOL LITOPANONKaY oTN peTayEiplom eAEYyoL pe 1.5 mM acPéotio, opeiletan 6To YEYOVHG
OTL TaL PUTA OV VPioTAVTUL KaTamdvnot e€outiog vepPoAtkov acPestiov avaTTOGGOVY AYOTEPT

QULAMKN empdvelo amd exeiva g petayeipiong eAéyyov pe 1.5 mM acPéotio Kot £T61 perdveTon
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1 GLVOMKN TOLG PLTIKT Olamtvor). H petwpévn puiiikn empdvela, Tov VTOONAMVEL TEPLOPIGLO TNG
BAAGTIKNG 0VATTLENG GE PLTA TTOL TPOPOSOTOVVIOV LE VYNAOTEPES CLYKEVTIPMGELS 00PECTION OId
15 mM ot {dvn ™ piag (dnA. 3.0 1 peyarvtepn amd 3.0 mM acfeotiov 6T0 Bpenticd didAvpa
GULUTANPOONG), NTOV TOAVAS 0 KLPLOTEPOG TOPAYOVTOS Y0 TOV UIKPOTEPO aPOUd KAPT®V ava
QLTO og aVTEG TIG petayelpioels. Emumiéov, o meplopiopdg oe mopdpoto enimedo e PAACTIKNG
AVATTUENG KO TNG TOPAYOYNG KOPTMV OTIG TPELS LYNAOTEPOL OOPECTION HETOYEPICES OTO
OpenTicd StdAvpo LTopel Vo GUGYETICTEL e TN HElMOT TNG GLYKEVTPMOONG LOYVIGIoU TV GOAA®Y
oe avtég TIG petayepioec. Kot avtd 610t n peiwon tov poyvnoiov oto gOAAG NTOV ETIONG
TOPOLOL0 GTIG TOPATAVE® OVTEC LETOYEIPICELS GUYKPIVOUEVT] LLE TNV LETPNOT LOYVNGLOL GTO GUAAM
ot petayeipton youniot acPeotiov, pe 1.5 mM acBéotio oto Opentikd StdAvpa GUUTAP®ONG.
H mopopotla armoteleopatikdOnTa yp1nong vepoL 6€ OAES TIC LETAYEPIOELS TPOEPYETUL TIHAVDS OO
TNV TopOUOLN. LEIMON TNG TOPAY®YNG KAPTDV KOt TG KATAVAA®GONG VEPOD amd TNV AAATOTI T TOV
acPeotiov.

Ot cLYKEVTPMGELS amoppOPNOoNG 0oPeoTion EMNPEASTNKAV OO TN GLYKEVTIPMGY 00PECTION GTO
avaKvKAoLpEVO Bpentikd odAvua, 1 onoia e€aptdror T060 and TN GLYKEVIP®OT aoPecTiov 61O
Openticd SdAvpo cCLUTANPOONG OGO KOt 0 TO OTAd OovATTLENG TOL ELTOV. Q6T1dG0, N
EMINTMOON TOL 6TAdI0V AVATTVENG TOV PVTOD GTN CLYKEVTIPMGT ATOPPOPNGNG TOL acPestiov NTav
eueavng uovo otn petoyeipion youniov acfeotiov (1.5 mM acPéotio oto Opentikd ddAvpa
GUUTANPOONG). LTIC TPEIS UETAYEPICEIS PLE DYNAN TEPIEKTIKOTNTA GE AGPECTIO, 1) EMOPACT) TOL
6Tadiov avaTTLENG TOV EVTOD OAANAETIOPA e TNV EMOPACT) TNG CLYKEVTIPMOONG AGPECTION GTO
avoKvkAOLUEVO Bpemtikd dwdlvpa mn omoia teivel va av&averor AGY® NG GLGGMOPELONC,
TPOKAADVTOG LE TOV TPOTO ALTO AVTIGTOLYEG OVENGELS GTI CLYKEVTPMOT) ATOPPOPNOTG aGPECTION.
2 petayeiplon pe younAn TEPEKTIKOTNTO G€ AGPESTIO 0V oNuel®Onke Guoc®pPeVoT acPfecTtiov
LE TNV TAPOO0 TOL YPOVOL KO GUVETMG 01 LETAPOAES OTIS GCLYKEVIPAOGCELS OMOPPOPNONG asPecTion
He TV Tapodo Tov ¥pdvov ogeilovtay Hovo amd Ty enidpacT TOV 6TAdioV aVATTLENG TOL PVTOD.
To peyaAdtepo PEPOG TOL acPeotiov oTo ELTE ATatTEITOL Yo TN 6TAOEPOTOINGT TWV KLTTAPIK®V
TOYOUATOV KOl TNG TAACUATIKNG HepPpdvne. Q¢ ek toOTov, M EMKPATNON TOV VEDV
AVOTTUGCOUEV®V PVAA®V KOTA TN S16pKELD TOL TPMIUOL PAocTIKOD 6Tadiov To omoio eppavifovv
£VTOVT] KUTTOPIKY] O104pEDT], KATOANYEL AOYIKA GE VYNAOTEPEG OMOLTNGELS AGPECTION GE GYEOT LE
To. TEAEVTOLO OTASIO OVATTVENS OOV VILAPYOLY TOAAG dpipa. GUAAL To omoia yopakTnpilovton
Kupimg amd KLTTAPIKT SEVPVVGT Kot Oyl KLTTOPIKY dwipeot). e avtifeon pe TN cLYKEVIP®ON

amoppdeNoNg acPectiov, 1 GLYKEVIP®ON AmoppdPNoN G aldTov NTaV o oTadeptn Le TNV TAPOdOO
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TOL YPOVOL, aPOV TO ALMTO CE VITPIKY LOPPN EIGEPYETOL GTOL KVTTOPO KOl CLCOOPEVETAL GTO
KEVOTOTLA, GUUPAAAOVTAG GTNV OUOLOGTOCT) TOV KVTTAP®V EVEPYMVTOS MG VA EVEPYELNKA PONVO
oopoTKo. 'ETot, o1 avoroyieg amoppoenong aldTov GE VITPIKN LOPPT OV LELOVOVTAL LLE TO YPOVO
KaOMG ToL PLTA TUTEPLAG AVOTTOCGOVV TTOALE MPILLO VAL

H petpoduevn ovykévipwon tov acPectiov ot {ovn pilag fMrov mepimov 4 mM, Otov 1
GLYKEVTPMON amoppdPnong acPeotiov kKopdvinke amd 1,5 o 2,3 mmol L. Etvor yvootd 61t ot
GLYKEVIPAOGCELS 1OVTIOV oT0 TePPaAlov g pilag dapépovv Katd TOAD amd TG AVTIGTOLYEG
GUYKEVTPMOGELS AmOPPOPNONG Kot E01KA Y10 ToL 0160evN 10vTa OTwg T0 aoPECTIO, TO HOYVIGLO Kol
ta. Oelkd o1 ovykevipmoelg otn (ovn ¢ pilag Ba mpémel va eivar mOAD vyMAOTEPES amd TIG
aVTIOTOLYEG GLYKEVIPADOGELS amoppdPNoNG Tov Bewpovviol BEATIOTES Y10 TNV KOAMEPYELD QUTGOV.
Y10 TEMOVL, Lol GLYKEVIPOOT omoppopnong acPeotiov 1.5 mmol LT anorovoe cuykévipoon
acPeotiov mepimov 4 mM oto mepiPdAlov g pilog, N omoia elvar TapoUod HE TIS TIHES TOV
Bpébnkav onv tpéyovoa perétn ywo v mmeptd. Ot peyaddtepes eEMTEPIKEG GLYKEVIPMOELS
acPectiov otV KOAAEPYED TEMOVIOD EMEPAACY  ONUOVTIKA VYNAOTEPEG GLYKEVIPADGELG
acPeotiov ot plikn {ovn, kATl TOV PPIoKETOL GE CLUPOVIO, LE TO ATOTEAEGLLOTO TNG TAPOVGAG
peAétng. X petayeipion youniod acPectiov, N GLYKEVIP®ON AGRECTION GTO AVOKLKAMUEVO
Openticd drdlvpa tetvel va peudvetot pe To ypdvo kol avtd enéPare pia avtictoyn peimon ot
GLYKEVTPWOT omoppdenong acPestiov. Avtd to g0pnua delyvel 0Tt pa cvykévipwon 1.5 mM
acPeotiov 010 OpenTiKd OdAvpa GLUTANPOONG £ivol TOAVAOS AVETOPKNG Yo TV TUTEPLE TOL
avonmTOCCETOL G€ KAELGTA VOpoTOVIKA cuotipata. [Tapdia avtd, kKabde 1 cvykévipmon 3.0 MM
GTO OVOKVKAOVUEVO BpemTIKO 1AV ElYE MG AMOTEAEGLA T GVGCAPEVOT) AGPECTION, 1| BEATIOTN
GLYKEVTPMOOT AGPECTION GTO OVOKVKAOVUEVO BPENTIKO SIAAV LA Y10, TNV TTEPLA TOV KAAALEPYEITOL
6€ KAEIOTA VOPOTOVIKG GLGTHLOTO VIO KAMUOTOAOYIKES cuvOnKeg TG Mecoyeiov Ba mpémel va
elvar petagd 1.5 ko 3.0 mM kot o kovtd oto 1.5 avti oto 3.0 mM. Xmnv tpéyovca HeAET, 1
avENOT TS GLYKEVTP®ONG AGPECTION 6TO BPeNTIKO S1AV L0 GUUTANPOGNS TTOL YOPNYNONKE OTIG
olopopeTikéc  petayelpioelg €E100ppomnONKe MNAEKTPOYMUIKA HE OVTIOCTOWES OVENGELS OTI
GUYKEVTPAOGELS VITPIKOV Kot Ogikmv.

Ev to0101¢, 1 a0Enom TV cuYKEVTIPOGE®MY VITPIKGV Kot Ogikdv amd 11.5 ko 0.7 mM, avtictorya,
GTO OVOKLVKAOVHEVO Bpemticd didAvpa, €mg 13.5 kot 1.2 mM 1 vynAdtepn avtictolya, iyxe cov
amotédecua TV Poabaic GVGGMPEVOT TOV GLYKEVTIPOCEDY TOVG GTO AVOKVKAOVLUEVO OpemTikd
OldAvpa, Katt wov doev eivon emBouuntd. ‘Etol, o1 cuykevipmoelg vitpik®v kot Ogik®v oTo

OVOKVKAOVUEVO BPEMTIKO SLOAVUA TTOL TOPEYOVTOL TNV MMEPLE TOV AVATTOGGETUL GE KAEIOTA
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VOPOTOVIKG GLOTHHOTA TPETEL VO etvon yopmAoTepeg omd 13.5 xo 1.2 mM, avtictorya. [Tap '6la
aVTA, Ol CLYKEVIPMOOELS VIIPIKAOV Kol Oeik®v oT0 avakvukAoOpevo Opemtikd SidAvpo mwov
TAPEXOVTAL OTN HETOYEIPLON e YOUNA TeplekTikOTNTA 6€ acPeatiov (11.5 kot 0.7 mM), otadiokd
KOTEANEAY G PEIMOT TOV EMTEIMVY VITPIKOV Kot OETKOV 6TO avakLKA®UEVO OpemTIKO dtdAv L, TO
omoio emiong dev etvan emBountd. 'Etol, yio 11 KOAMEPYELEG TUTEPLAS TOL KAAMEPYOUVTOL OE
KAe16TEG VOPOTOVIKEG KaAMEPYELEG Ta. PEATIOTO £MiMEd D GTO OvOKVKAOVUEVO BpemTikd dtddivpa Oa
npénet v, kopaivovton peta&y 11.5 kot 13.5 yro vitpued ko 0.7 ko 1.2 yio O€ikd.

ZOUTEPAGUATIKG, O1 YVOOELG TOL OOKTHONKAV amd TNV £pgvva Tov SeENYON Katd TV ekmdvnon
NG GLYKEKPIUEVNG OO0KTOPIKNG SatpiPng deiyvouv OTL Ol GUYKEVIPMOOELS OmOPPOPNONG TMOV
acfeotiov, payvnoiov, KoAiov Kot al®TOL Elval YEVIKA VYNAOTEPEG OTIC YEWEPIVES KAAMEPYELEG
eKTOC €0AQOVG TMEPLAG TTOV OVOTTVGGOVTOL OTIG KALLATOAOYIKEG cuvOnKkeg TG Meocoyeiov, and
EKEIVEG TIG GLYKEVIPMGELS AmOppOPNONG TOV ovapEPONKOY 6€ OAAAVOKA BEpLOKNTILA, EVED 0VTN
TOV POGPOPOL givar mapdpola Kot ota dVo epidriovta. Emmpdcheta, n Oepuokpacio péca oto
Oeppoknmio, n wolkiAio Kot To LTOKEIUEVO KOTA TN YpNOoT ELPOMOCUEVOV PLTOV, UToPEl va £xovV
ONUOVTIKN ETIOPACT] OTIG GVYKEVIPADGELS ATOPPOPNONG TOV BpenTiKdV ototyeiwv. Agdopuévov 0Tt
avuTol Ol TOPAYOVTEG UTOPEL VO SAPEPOVLY GE JUPOPETIKEG KOAMEPYELEG, Ol GLYKEVIPAOOELS
amoppdenon mov Ppédnkav elvarl LOvo eVOEIKTIKEG Kot 1) Y11 TOLG OC PACT Yl TNV TOPACKELN
OpenTIKOV SIHAVUATOV Y10, KAEIGTA VOPOTOVIKA GUOTHLOTO GUVETAYETOL GLYVY] OVOTPOGOPLOYY|
TOV TEAELTAIWV, LETA OO LETPNGELS TOV GLYKEVIPOGEMY TV BpenTIK®OV oTotyEimV otn {dvn TG
pilag. Téhog oe KOAMEPYEIEG TTEPLAS TTOV AVATTOGGOVTIOL GE EKTOG E0APOVS KAELGTE VOPOTOVIKA
GLGTNUATO, 1] CLYKEVTIPMON AcPECTION 6TO vEPO Apdevong Tpémetl va eivar yaunAdtepn amnd 3.0

mM y1a va, amo@evyHovV HELOGELG GTNV AVATTLEN PUTAOV KO TOPOYOYT KAPTOV AOY® 0AXTOTNTOGS.

AéEeic Khedrq: Capsicum annum L., aftotikd 6Tpég, Apdeuon, VTOKEILEVO, TOIKIAI
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SUMMARY

The nutrient to water uptake ratios, henceforth termed “uptake concentrations” (UC), remain
relatively constant over time under similar climatic conditions for a particular plant species and
developmental stage. Under greenhouses with low temperature (LT) conditions, the uptake of
nutrients may be altered in a different manner than that of the water and thus their UC may be
different than in greenhouses with standard temperature (ST) conditions. In the Mediterranean
regions, sweet pepper is frequently cultivated in unheated greenhouses in which the temperature
during the winter may drop to suboptimal or even lower levels. In these areas, the available
irrigation water frequently contains sodium chloride but also calcium bicarbonate, which at
excessively high concentrations in closed hydroponic crops can impose Ca accumulation in the
recycled NS and concomitantly negatively affect fruit yield and quality of the produce.

Taking the above into consideration there were established three studies:

In the first study, pepper plants of the cultivars ‘Sammy’ and ‘Orangery’, self-grafted or grafted
onto two commercial rootstocks (‘Robusto’ and Terrano'), were cultivated in a greenhouse under
either ST or LT conditions. The aim of the study was to test the impact of grafting and greenhouse
temperature on total yield, water use efficiency and nutrient uptake. The LT regime reduced yield
by about 50% in ‘Sammy’ and 33% in ‘Orangery’, irrespective of the grafting combination.
Grafting of ‘Sammy’ onto both 'Robusto' and "Terrano' increased the total fruit yield by 39% and
34% compared with the self-grafted control, while grafting of ‘Orangery’ increased yield only
when the rootstock was ‘Terrano’. The yield increase resulted exclusively from enhancement of
the fruit number per plant. Both the water consumption and the water use efficiency were
suppressed by the LT regime but the temperature effect interacted with the rootstock/scion
combination. The LT increased the UC of K, Ca, Mg, N, and Mn, while it decreased strongly that
of P and slightly the UC of Fe, and Zn. The UC of K and Mg were influenced by the rootstock/scion
combination but this effect interacted with the temperature regime. In contrast, the Ca, N, and P
concentrations were not influenced by the grafting combination. The results of the present study
show that the impact of grafting on yield and nutrient uptake in pepper depend not merely on the
rootstock genotype but on the rootstock/scion combination.

In the second study, mean UC of macro- and micronutrients were determined during five
developmental stages in different pepper cultivars grown in a closed hydroponic system by

measuring the water uptake and the nutrient removal from the RNS. The experiment was conducted
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in a Mediterranean environment and the tested cultivars were ‘Orangery’, ‘Bellisa’, ‘Sondela’,
‘Sammy’ self-grafted and ‘Sammy’ grafted onto the commercial rootstock 'RS10'. ‘Sondela’
exhibited significantly higher NOs, Mg, Caand B UC in comparison with all other cultivars, while
Bellisa exhibited higher K UC. The UC of all nutrients were similar in the grafted and the non-
grafted ‘Sammy’ plants. The UC of macronutrients estimated in the second study (mmol L™?)
ranged from 2.4 to 3.7 for Ca, 1.0 to 1.5 for Mg, 6.2 t0 9.0 for K, 11.7 to 13.7 for N, and 0.7 to 1.1
for P. The UC of N, K, Ca and Mg were appreciably higher than the corresponding values found
under Dutch climatic conditions, while that of P was similar in both environments during the
vegetative stage and higher thereafter. The UC of Fe, Zn and B tended to decrease with time, while
that of Mn increased initially and subsequently decreased slightly during the reproductive
developmental stage.

In the third study, irrigation water containing 1.5, 3.0, 4.5 and 6.0 mM was used to prepare NS in
a closed hydroponic crop of sweet pepper cultivated in RNS. The aim of the study was to determine
maximum Ca levels that do not harm the crop and to simulate the pattern of Ca accumulation when
the Ca concentration in the irrigation water is excessive. At 1.5 mM Ca, no Ca accumulation was
observed in the RNS, while at 3.0, 4.5 and 6.0 mM the Ca concentration in the RNS, and
concomitantly in the root environment, increased to 17, 28 and 37 mM, corresponding to 6.4, 9.0
and 10.8 dS m*. The accumulation of Ca in the RNS affected both tissue nutrient concentrations
and UC of Ca, S and Mg, but this was not the case for N and K. Growth, yield and plant water
uptake were restricted at moderate and high external Ca levels. Our results showed that in soilless
sweet pepper crops with zero discharge of fertigation effluents, the Ca concentration in the

irrigation water should be lower than 3.0 mM to avoid yield restrictions due to salinity.

Key words: Capsicum annum L., abiotic stress, irrigation, rootstock, cultivar
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CHAPTER 1. GENERAL INTRODUCTION

Pepper (Capsicum annuum L. ssp. Annuum) is among the most widely cultivated horticultural crops
with an estimated global production reaching over 38 million tons every year for both, chili pepper
and sweet pepper (Faostat 2019). It is believed to originate from Central and South America, while
can be produced year around in warm climates (Monteiro et al. 2009). It is a widespread species
not only because of its economic importance but also due to the nutritional value of its fruits, which
are characterized by high levels of antioxidants, such as ascorbic acid, carotenoids, 3-carotene (pro-
vitamin A) and phenolic compounds (Howard et al. 2000, Palma et al. 2009, Marti et al. 2011). In
order to meet growing demand agricultural production by 2050, farmers need to improve and
increase agricultural productivity by 60 percent from 2007 levels on a sustainable basis, while
conserving and enhancing natural resources, such as water (Alexandratos and Bruinsma 2012). The
high productivity of greenhouses plays an important role to meet the growing food demand
worldwide and particularly for vegetables (Marcelis and Heuvelink 2019).

Sweet pepper is one of the important five high valuable crops in greenhouses. As plant organism,
grow as a result of the influence of their genetics and their environment consisting of physical,
chemical and biological factors. One aspect of this environment is physical micro-environment or
microclimate, which is the assembly of the climatic parameters forming around living plants
(Boonen et al. 2000). In greenhouses, the microclimate can be manipulated in order to provide
appropriate environmental conditions for crops by control actions, such as shading (by screens or
whitening), ventilation (natural or forced) and cooling (by fog or fan and pan systems) during
summer, while during winter the main system used are heating, ventilation and carbon dioxide
enrichment (Katsoulas and Kittas 2008). As the microclimatic conditions offered to the crop is
directly associated with the production potential of a crop grown inside a protective structure, a
better understanding of the relationships between sweet pepper plants and greenhouse
microclimatic parameters is extremely important to offer most favourable conditions for improved
plant growth and development under protective structures.

Temperature is one of the most important environmental factors influencing plant growth,
development and yield. The temperature threshold for growth of most of the chilling-sensitive fruit
vegetables, such as pepper (Capsicum annuum L.), eggplant (Solanum melongena L.), cucumber
(Cucumis sativus L.), tomato (S. lycopersicum L.) and melon (C. melo, cucrbita), is about 8-12°C

(Hansen & Hara 1994, Criddle et al. 1997). As reported by Schwarz et al. (2010), each aspect of
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growth, development and/or fruit formation has its own temperature optimum, which varies among
and within species as well with plant age.

Bakker and van Uffelen (1988) conducted a glasshouse experiment to investigate the effect of
temperature on growth of sweet pepper (C. annuum). Twelve day/night temperature regimes
(16/15, 16/21, 20/12, 20/15, 20/18, 20/21, 24/12, 24/15, 24/18, 24/21, 28/15 and 28/21°C) were
applied. Fresh weight and leaf number showed a significant positive correlation with 24-h mean
temperature. No significant effect of the day/night temperature amplitude was found. The optimum
24-h mean temperature for vegetative growth was obtained between 21 and 23°C. The effect of 24-
h mean temperature on vegetative growth was of greater importance compared to the effect of the
day/night temperature amplitude. Niu et al. (2006) studied the effect of drought and temperature
on growth and leaf gas exchange of sweet pepper (C. annuum) under greenhouse conditions. They
found that when the temperature is higher than 30°C, the rate of photosynthesis decreased.

Li et al. (2015) described that the optimal temperature range for pepper growth is 20-30°C, since
greater heat reduced considerably the vegetative and reproductive growth phases of pepper
(Kafizadeh et al. 2008). Wien (1997) and Rubatzky and Yamaguchi (1999) were obtained similar
results. Mercado et al. (1997a) reported that the optimum growth temperature is between 25 and
30°C, in such a way that temperature changes affect a variety of physiological functions and
morphological development. Pepper growth is reduced when temperature decreases below 15 °C.
The most important factor determining flower differentiation is air temperature, especially night
temperature (Bosland & Votava 2000, Aloni et al. 1999, Rylski 1972). Kafizadeh et al. (2008)
studied the effects of heat on pollen grains in pepper (C. annuum) under greenhouse conditions.
They found that pollen viability and pollen tube growth was considerably reduced at 38°C as
compared with the 25°C. Pollen tube growth inside the style at 38°C was twisted and they grew in
spiral and helical forms. Temperatures above 32°C can cause serious pollination and fertilization
problems and result in blossom and fruit dropping (Guo et al. 2014). However, when temperature
decreases below 15°C, pepper bloom stop (Mercado et al. 1997b).

Rylski and Spigelman (1982) conducted experiment trials on sweet pepper under controlled
temperature conditions and natural light. In the first trial, they examined night temperatures of 15,
18, 21 and 24°C (£ 1) in combination with a day temperature of 24°C, and in the second trial day
temperatures of 22, 25 and 28°C (12 hours) and divided day temperatures of 28-32-28°C (4+4+4
hours) in combination with a night temperature of 18°C. The highest fruit-set was occured at the

lowest night temperature. The highest night temperature caused considerable blossom drop, but the

39

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



highest tested day temperature did not cause increased blossom drop. Low temperatures result in
malformed fruits, partly due to absence of seeds and thickening of the style. Similar results were
also obtained by several authors (Polowick & Sawhney 1985, Pressman et al. 1998, Pressman et
al. 2006, Shaked et al. 2004).

The effects of temperature on yield of sweet pepper (C. annuum), in a glasshouse experiment
studied by Bakker and van Uffelen (1988). Yields of total and class 1 fruit and number of class 1
fruit showed a maximum at a 24-h mean temperature of 21-21.5°C. Raising the 24-h mean air
temperature within the range 16.3 to 23.8°C significantly reduced the mean fruit weight of class 1
fruits. The effect of the day/night temperature amplitude on yield was found of minor importance
compared to the effect of 24-h mean temperature.

Sweet pepper (C. annuum) shows an irregular yield pattern known as ‘flushing’, where periods of
high fruit set and low fruit growth alternate with periods of low fruit set and rapid fruit growth,
particularly for large-fruited cultivars (Heuvelink et al. 2004, Sideman 2020). This is considered a
significant problem for growers to achieve regular weekly demands during the whole cultivation
plants and it results in weeks with a high market supply and low prices alternating with weeks with
a low market supply and high prices. Cyclic fluctuations in fruit yield are caused by fluctuations in
abortion that could reaches approximately 70% to 80% of the reproductive organs (i.e., buds,
flowers, and young fruits) (Wubs et al. 2009a). The yield of sweet pepper depends on the fruit set
and abortion rate (Wubs et al. 2009b). A literature review showed that in peppers there are two
theories on possible causes of flower and fruit abortion, with the first is related to the competition
between reproductive organs of various ages on the same plant for assimilates (Marcelis et al.
2004), while the second concerns hormone flows generated by the fruits (Bangerth, 1989, 2000).
In the first theory source and sink strength are used as terms and these refer to the supply of, and
demand for, assimilates, respectively. Source strength is the supply of assimilates and takes into
account leaf area, radiation, CO:z level and temperature. Sink strength is the demand for assimilates
of the fruits and vegetative parts. Sink strength is the demand for assimilates of the fruits and
vegetative parts. Source strength is the supply of assimilates and takes into account leaf area,
radiation, CO> level planting and density. Assimilate demand of the fruits depends on their number,
age, and cultivar.

Photosynthetic radiation (PAR) in the 400-700 nm wavelengths of the visible light spectrum
provides the energy required for plant growth and pressure potential required for transpiration

(Baxevanou et al. 2007). Near infrared radiation (NIR) in the 700-3000 nm wavelengths is
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converted to sensible and latent long wave heat radiation (LWR) upon entry into the greenhouse.
Some of the heat may be lost through the cover but most of the heat is reflected back into the
greenhouse resulted in an increase in the internal greenhouse temperature. For most greenhouse
crops this increase may be beneficial in cold regions and in the subtropics during winter, but it is
considered a significant problem for growers in the sub-tropics in summer time when solar
radiation is mostly high (Mashonjowa et al. 2010). Among the three aspects of light which are
important, duration (photoperiod), quality (i.e., different wavelengths) and intensity, the effect of
the last one on fruit abortion has received most attention (Ascough et al. 2005).

Sweet pepper has been proven to be well adaptable to a shaded environment (Kitta et al. 2014).
Shade nets are used in tropical and subtropical areas for sweet pepper production (El-Aidy et al.
1993, llic et al. 2011, Rylski & Spigelman 1986). Black nets are most commonly used in sweet
pepper. A literature review shows that low light intensity induced flower abortion of pepper crop
when shading (40 - 80%) was applied (Wien et al. 1989, Aloni et al. 1994, Shifriss et al. 1994).
These results agree with those found by Rylski and Spigelman (1986), where a reduction in
radiation during summer increased production in pepper crop, compared with exposure to full
sunlight, because of the adverse effect of high temperatures on fruit set. Diaz-Pérez (2013, 2014)
study the application of shading levels 0%, 30%, 47%, 62%, and 80% to a sweet pepper crop (C.
annuum). It was found that high shade levels reduced leaf temperature and excessive leaf
transpiration but resulted in reduced leaf photosynthesis. He was further concluded that the
moderate shade levels (30% and 47%) were the most favorable for bell pepper plant growth and
function. The total marketable yield increased with increasing shade level to a maximum at 35%
shade and then decreased with further increments in shade level.

Modification of spectral quality via colored shade nets can act as a physiological tool to modify
the crop microenvironment and promote plant growth and yield (llic et al. 2017). Shading reduced
the appearance of pepper cracking and eliminated sunscald on pepper fruits compared to non-
shading conditions. Furthermore, studies have shown that colored shade nets induced fruit yield
and quality, such as reduction in incidences of physiological disorders (Ombddi et al. 2015, Shahak
2008). Lopez-Marin et al. (2012) conducted an experiment to determine the effects of shade among
greenhouses that were either not shaded (control treatment) or shaded with aluminized screens of
shade levels 40% and 60%. The yield under shade level 40% treatment significantly increased than
under control. However, no statistical differences were found between the yields of treatment with

shade levels 60% and control treatment.
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The literature related to the influence of whitening on greenhouse microclimate and crop response
is very limited. Whitening increases diffuse radiation inside the greenhouse (Goudriaan et al.
1994). Kittas et al. (1999) study the influence of cover material and shading on the spectral
distribution of light during summer in soilless rose (Rosa hybrida) crop. Whitening applied onto a
glass material enhanced slightly the photosynthetically active radiation waveband (PAR)
proportion of the incoming solar irradiance, reducing the proportion of infrared radiation. Baille et
al. (2001) study the microclimate in a Greek glasshouse with a roof vent without whitening and
with whitening. The transmissivity of the greenhouse cover decreased from 0.62 without whitening
to 0.31 with whitening. It was strongly highlighted the beneficial effect of whitening on both the
microclimate and crop behaviour during summer in a warm climate.

The ideal relative humidity (RH) levels for most greenhouse crops range between 60 and 90% (von
Zabeltitz 2011). Values above 95% of RH reduce plant transpiration rate and limit nutrient
transport to the plant organs. This increases the incidence of physiological disorders such as
blossom end rot (BER) in sweet peppers (Gazquez et al. 2006). High internal RH can also result in
increased incidence of fungal diseases when condensation occurs on the crop canopy (Bailey 2006,
Max et al. 2009). On the other hand, values below 60% induce high transpiration rates leading to
plant water stress, especially in young crops with low leaf area index (Bailey 2006). Low RH leads
to reduced stem lengths and leaf sizes, which inhibit plant growth (Farooq et al. 2009). Also, few
fungi develop in low RH. It has been observed a reduction in the stomatal conductance of
horticultural crops when VPD values are in excess of 1.5 -2 kPa (Jolliet & Baille 2002, Katsoulas
et al. 2002). The thresholds of VPD above which both the physiological fluxes and photosynthesis
rate are decreased related not only on the plant type and stage of development but also on the
prevailing environmental condition to which the plant were cultivated (Medrano et al. 2005).

The effects of relative humidity (RH) on fruit set in pepper (C. annuum) cv. ‘Verbeterde Glas’ were
investigated in a glasshouse experiment studied by Baér and Smeets (1978). These authors
observed that fruit set in pepper does not seem to depend on the RH. They did not find differences
in the percentages of fruit abortion at constant RH of 55, 80, or 95%, although the number of fruit
set was lower at the highest RH. Furthermore, fewer flowers were formed at the highest RH.

The effects of air humidity on flowering, fruit set, seed set, and fruit growth of glasshouse sweet
pepper (C. annuum) cv. ‘Delphin’ studied in a glasshouse experiment, during the early post-
planting period from early December until mid-Apri (Bakker 1989). A constant high or low RH

and alternating high and low RH by day and night were applied, with the vapour pressure deficit
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(VPD) of the glasshouse air varied from 0.33 to 0.66 kPa by day, from 0.27 to 0.86 kPa by night
and the 24-h average from 0.30 to 0.75 kPa. Numbers of flowers and fruits were negatively
correlated with RH during the night. Furthermore, no significant effect of VPD was found on fruit
shape (length/width ratio), number of cavities per fruit, pericarp thickness, dry matter content and
fruit maturation rate, while fruit abortion was negatively correlated with RH during the day. Fruit
set and number of seeds per fruit were increased by low VPD by day.

The effect of RH on flower production, fruit set, and physiology of bell pepper during elevate
temperature and VPD in a glasshouse experiment studied by Erickson and Markhart (2001). The
experiment was conducted over two time periods, in three different growth chambers for each
experiment, with treatment settings of 25°C with a VPD of 1.1 kPa (60% RH), 33°C with a VPD
of 1.1 kPa (75% RH), and 33°C with a VPD of 2.1 kPa (60% RH). They did not observed at high
temperature effect of a constantly low RH on the numbers of flower buds and flowers, compared
to higher RH. In addition, VPD may have an effect on pepper productivity at lower temperatures,
but the stress caused by the high temperature treatment masked any effect of the increased VPD.
They mentioned that the high rate of fruit abortion at high temperatures was not due to water stress
caused by a low RH.

The influence of greenhouse humidity control on greenhouse microclimate, yield and fruit quality
in a summer-to-autumn pepper cultivation studied by Katsoulas et al. (2007). Under the use of a
fog system, the air VPD was lower than 2 kPa, even during the warmest part of the day, while
under no fog conditions it reached values near 4 kPa. Mean fruit weight and the percentage of
marketable fruits were positive affected by the fog system, while the total number of fruits per plant
significantly reduced. These authors stressed that fruit set probably affected by high levels of RH,
mainly when combined with lower levels of incoming solar radiation due to greenhouse shading,
which may be explained by the less pollination and higher flower abortion. The marketable fruit
yield of sweet pepper did not find to be reduced by fogging, because of microclimate prevailing in
greenhouses during summer. The above results do not agree with the observations of Gazquez et
al. (2006), who studied in three similar greenhouses the yield response of a sweet pepper crop due
to the influence of three methods of cooling consists of white washing, fogging and forced
ventilation. It was found that the crop subjected to the fog system showed the highest incidence of
BER resulted in significantly lower marketable yield.

The use of COz to enrich the atmosphere in greenhouses has been studied since the beginning of

the 20th century. The atmospheric CO2 concentration has increased by the time before the industrial
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revolution and it is predicted to reach 1000 pmol mol* by the end of this century (IPCC 2014).
Optimal COz concentrations in greenhouses that can promote the yield of vegetables lie between
700 and 1000 pmol mol* (Gruda and Tanny 2014). Elevated CO, has been widely adopted as a
gas fertilizer in greenhouse vegetable cultivation, particularly in recent decades as greenhouse
technologies have improved (Mortensen 1987, Bisbis et al. 2018)

Dieleman et al. (2007) observed that the effect of CO> on fruit abortion was apparent throughout
the whole cultivation period rather than in the short term where fruit set also related with the
number of growing fruit. Nederhoff and VVan Uffelen (1988) studied the effect on fruit set and yield
of sweet pepper (C. annuum) subjected to six CO; treatments. They found that fruit set enhanced
by 450 pmol mol * COz level compared to 344 pmol mol * (ambient) level, partly due to improved
photosynthesis. Vegetative growth tended to decrease at higher CO- levels, probably because of
competition between vegetative and generative organs. Higher fruit yields under elevated CO;
levels were also observed by Aloni and Karni (2002), and by Dieleman et al. (2003). The former
authors found significant higher fruit yields when CO> concentration was approximately 700 pmol
mol ! compared to 350 umol mol* (ambient) CO2 concentration.

Optimizing other environmental factors with CO: further increased plant productivity and yield
(Kirschbaum 2011). Fierro et al. (1994) conducted an experiment to study the response of
supplemental CO> and light on pepper seedling growth and yield. They found that enrich the
atmosphere in greenhouse under CO; levels of 900 umol mol* with additional light (ambient +
100 pmol m st photosynthetically active radiation or PAR) significantly increased the early yield
of pepper. However, the increases in vegetable yield conferred by CO; are decreased to an extent
with respect to sweet pepper under drought stress (Rezende et al. 2003).

In crops as pepper grown in closed hydroponic systems (CHS), the net volume of supplied water
is essentially equal to that removed via transpiration, if the whole amount of collected drainage
solution (DS) is consistently recycled. Furthermore, the input ratio between the mass of a nutrient
and the volume of water in a CHS is equal to the concentration of this nutrient in the nutrient
solution (NS) supplied to the plants to compensate for nutrient and water uptake by plants. This
NS, which is mixed with the DS to be recycled, is commonly termed “nutrient solution for closed
systems” (NSCS) (de Kreij et al. 1999). The unit used to measure nutrient to water uptake ratios is
mass of nutrient per water volume, which is identical to that used for concentrations in nutrient
solutions. Therefore, several authors use the term “uptake concentration” (UC) to describe the

nutrient to water uptake ratios (van Noordwijk 1990, Adams 2002, Sonneveld 2002, Carmassi et
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al. 2005, Gallardo et al. 2009, Neocleous & Savvas 2015). According to Savvas et al. (2017)
nutrient-to-water uptake ratios (UC) for N, P, K, Ca, Mg, Fe, Mn, Zn, Cu, and B were estimated
by the removal of nutrients from the nutrient solution. In particular, the mean UC of the x macro-
or micro-nutrient (Cx, in mmol Lt for macro- and umol L™t for microelements, where x =N, P, K,

Ca, Mg, Fe, Mn, Zn, Cu, B) was determined using the following equation:

Cw= (Vr (bei - Cyei )+VuiCxa)/Vui

where V. (L) denotes the total volume of recirculating nutrient solution in each experimental unit,
Vi (L) denotes the total volume of nutrient solution consumed by the plants in each experimental
unit, Cxpi and Cxei (umol L™1) denote the concentrations of the x nutrient in the recirculating nutrient
solution on the first and the last day of the i developmental stage, and Cxa (mmol L™t or umol L)
denotes the concentration of the x macro- or micro-nutrient, respectively, in the replenishment
nutrient solution. Total nitrogen UC shall be determined summing over nitrate and ammonium
concentrations.

To avoid depletion or accumulation of nutrients in the root zone of a crop grown in a CHS, their
concentrations in the NSCS should be equal to the corresponding nutrient to water uptake ratios by
the plants. Nutrient uptake and water uptake respond differently to changes in the greenhouse
microclimate, since physiologically these are two fully independent processes (Sonneveld & Voogt
1990). However, CO> and water vapor share the same transport pathways as they pass through leaf
stomata, though to different directions. As a result, the fluctuations in the transpiration to
assimilation ratio, as expressed in terms of water use efficiency, are small for a particular plant
species (Hopmans & Bristow 2002). Since the rates of carbon fixation determine also the plant dry
mass accumulation and concomitantly the plant nutrient requirements (Seginer 2003), the nutrient-
to-water uptake ratio exhibits a noticeable stability with time as has been shown by several
investigators (Adams & Ho 1993, Savvas & Lenz 1995, Gallardo et al. 2009). This is particularly
true if the climatic conditions do not change dramatically compared to optimal levels (Adams 2002,
Sonneveld & Voogt 2009, Tzerakis et al. 2013). Nevertheless, major changes in climatic
parameters may differently influence the uptake rates of one or more nutrients compared to those
of water uptake, thereby imposing commensurate changes in their uptake ratio (Kliring et al.
1997). Recent studies indicated that in crops grown hydroponically under hot and dry climatic

conditions such as those prevailing in the Mediterranean basin, the UC may be substantially
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different than those observed in north-European greenhouses (Neocleous & Savvas 2015, Savvas
et al. 2017). Standard recommendations for macro- and micro-nutrient levels in NSCS for peppers
are mostly based on research carried out in the Netherlands (de Kreij et al. 1999, Sonneveld &
Voogt 2009). However, standard recommendations about the composition of a NSCS for a
particular plant species should be based on experimental data originating from similar climatic
zones. If the mean UC of all essential nutrients supplied via NS to a particular crop species are
known, an appropriate NS composition can be established for the NSCS to be supplied to this crop
species (Neocleous and Savvas 2015).

Different cultivars, or different rootstocks in the case of grafted plants, may also have an impact
on nutrient and water uptake, thereby modifying the UC observed in crops of self-rooted plants
(Savvas et al. 2010, Rouphael et al. 2016). Indeed, the uptake of nutrients by grafted plants may be
influenced not only by the shoot but also by rootstock genotype (Savvas et al. 2017). To the best
of my knowledge, in the international scientific literature there is a lack of data about UC arising
from experiments with sweet pepper cultivated under hot and dry climatic conditions. Furthermore,
grafting proved an efficient technology to increase the tolerance of fruit vegetables to several
abiotic stress factors such as salinity, nutrient deficiencies or toxicities, exposure to heavy metals,
etc. (Rouphael et al. 2017). Grafting is not associated with agrochemical input to the crops and,
therefore, it is considered an environment-friendly operation in integrated vegetable production
(Rivard & Louws 2008, Schwarz et al. 2010). Therefore, grafting serves in many cases as a rapid
alternative to breeding, which is considered a relatively slow methodology of conferring tolerance
to biotic and abiotic stress, while its effectiveness is frequently restricted due to a narrow genetic
variability (Flores et al. 2010, Colla et al. 2010). Grafting is used as an efficient crop protection
technology in fruit vegetable production for more than 50 years in many parts of the world (Bie et
al. 2017). The application of grafting is less widespread in commercial production of sweet pepper
compared to tomato, cucumber and watermelon (Lee et al. 2010). Nevertheless, in recent years,
several rootstocks used to graft sweet pepper proved to confer considerable tolerance to biotic and
abiotic stress factors (Penella et al. 2016, Sanchez-Solana et al. 2016, Lopez-Marin et al. 2017).
Therefore, given the high variability of commercial pepper varieties (Tsaballa et al. 2015, Silvar &
Garcia-Gonzalez 2016), the interest in grafting of pepper has increased appreciably among
greenhouse pepper producers in recent years (Penella and Calatayad 2018). However, compared to
tomato, very little is known about the impact of grafting on nutrient uptake by pepper. Furthermore,
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to our best knowledge, no report has been published to date in peer-reviewed journals addressing
the impact of suboptimal or low temperature on nutrient uptake by grafted pepper plants.

The availability of good-quality water in dry and hot areas is restricted due to low precipitation and
high evapotranspiration (EI Mahmoudi et al. 2011). However, the urban population in the
Mediterranean region is expected to increase thereby resulting in increased consumption of water
(UN 2014), while at the same time the consequences of global climate change are compromising
crop production (Lesk et al. 2016). In the Mediterranean soils, hot and dry conditions increase the
release rates of Ca ions to the soil solution (Savvas et al. 2008). As a result, the Ca concentration
in the water resources used to irrigate horticultural crops reaches excessive values, compared to
plant needs (Neocleous and Savvas 2013). Considering the fact that also the rapidly developing
real estate and the touristic industry in the Mediterranean region increases the water consumption
requirements, many growers have no other alternative that to utilize ground water with excessively
high concentrations of not only sodium chloride (NaCl) but also Ca. Sweet pepper is generally
considered a salt sensitive species (Maas & Hoffman 1997, Sonneveld & van der Burg 1991). A
literature review showed that exposure of pepper to high NaCl-salinity can restrict macro- and
micronutrient uptake (i.e., K and Ca) and translocation to the leaves (Lycoskoufis et al. 2005, de
Kreij 1999, Grattan & Grieve 1999), chlorophyll and carotenoid contents (Colla et al., 2013) and
net assimilation rates (Rouphael et al. 2017, Navarro et al. 2002). Excessive salt concentrations in
the soil solution and the irrigation water, as well as nutrient imbalances in the root environment,
primarily too high K/Ca ratios, can also increase the incidence of calcium-related physiological
disorders, such as blossom-end rot (BER) (Grattan & Grieve 1999, Ho and White 2005). The
susceptibility of pepper to salinity was found to be cultivar-dependent (Chartzoulakis and Klapaki
2000), as new commercial varieties (hybrid "Orlando") proved to be more sensitive to salinity than
older ones (Navarro et al. 2002, Post and Klein-Buitendijk 1996). The soilless culture systems in
greenhouses can help not only to decrease the consumption of water because of more accurate
irrigation dosing, but also to irrigate using water of marginal quality with respect to salinity without
problems for the growing media (Bradley & Marulanda 2000, Montesano et al. 2015). However,
in open soilless crops, a considerable fraction of nutrient solution has to drain out of the root zone
after each irrigation event to ensure sufficient water supply to all plants (Savvas and Gruda 2018).
The fraction of discharged drainage water is influenced by several parameters, but under normal
growing conditions, it ranges between 20% and 50%, although this value can increase up to 80%

at the beginning of the crop cycle or with low temperatures (Grewal et al. 2011). As a result,
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precious water and fertilizers are wasted, while nitrates can contaminate the groundwater.
Therefore, the environmental sustainability of open soilless systems has been questioned
(Sonneveld 2002, Gallardo et al. 2009). In order to minimize the environmental impact of
greenhouse production, switching over from open to closed soilless systems is suggested (Savvas
2002). A common problem encountered in closed hydroponic systems, especially when the source
water is of poor quality, is the accumulation of ions, including non-nutrients which may be toxic
(e.g. sodium), but also nutrients contained at excessive concentrations compared to plant
requirements, particularly Ca, Mg, SO4. More specifically, this is the case when the ion to water
inlet ratios (i.e. concentrations in the irrigation water) are higher than the corresponding ion to
water uptake ratios (Savvas et al. 2007).

Taking the above into consideration this dissertation aims to:

a. test the impact of greenhouse temperature and grafting on total yield, water use efficiency and
nutrient uptake, on pepper crop grown in a closed hydroponic system (study 1).

b. determine mean UC of macro- and micronutrients during five developmental stages in different
pepper cultivars grown in a closed hydroponic system under Mediterranean climatic conditions, by
measuring the water uptake and the nutrient removal from the RNS (study 2).

c. determine maximum Ca levels that do not harm the pepper crop grown in a closed hydroponic
system and to simulate the pattern of Ca accumulation when the Ca concentration in the irrigation
water is excessive (study 3).

The data of the thesis will be introduced to the Nutrisense Software, a novel software for
hydroponic crops and especially for closed hydroponic systems, and will be used to establish
standard NS compositions for hydroponic cultivation of pepper crop in closed systems under
Mediterranean climatic conditions. This software enables proper recycling of the drainage
effluents, thereby contributing to considerable savings of water and fertilizers and reduced
contamination of water resources by nitrates, something very useful for producers in Mediterranean
countries and especially for Greece, as such technologies have so far only been tested in North-
Europe (e.g. in The Netherlands).
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CHAPTER 2. EFFECTS OF TEMPERATURE AND GRAFTING ON YIELD,
NUTRIENT UPTAKE, AND WATER USE EFFICIENCY OF A
HYDROPONIC SWEET PEPPER CROP

2.1 Abstract

In areas characterized by mild winter climate, pepper is frequently cultivated in unheated
greenhouses in which the temperature during the winter may drop to suboptimal or even lower
levels. Under low temperature (LT) conditions, the uptake of nutrients may be altered in a different
manner than that of the water and thus their uptake ratio, known as uptake concentration, may be
different than in greenhouses with standard temperature (ST) conditions. In the present study,
pepper plants of the cultivars ‘Sammy’ and ‘Orangery’, self-grafted or grafted onto two commercial
rootstocks (‘Robusto’ and 'Terrano’), were cultivated in a greenhouse under either ST or LT
temperature conditions. The aim of the study was to test the impact of grafting and greenhouse
temperature on total yield, water use efficiency and nutrient uptake. The LT regime reduced yield
by about 50% in ‘Sammy’ and 33% in ‘Orangery’, irrespective of the grafting combination.
Grafting of ‘Sammy’ onto both 'Robusto’ and 'Terrano' increased the total fruit yield by 39% and
34% compared with the self-grafted control, while grafting of ‘Orangery’ increased yield only
when the rootstock was ‘Terrano’. The yield increase resulted exclusively from enhancement of
the fruit number per plant. Both the water consumption and the water use efficiency were
suppressed by the LT regime but the temperature effect interacted with the rootstock/scion
combination. The LT increased the uptake concentrations (UC) of K, Ca, Mg, N, and Mn, while it
decreased strongly that of P and slightly the UC of Fe, and Zn. The UC of K and Mg were
influenced by the rootstock/scion combination but this effect interacted with the temperature
regime. In contrast, the Ca, N, and P concentrations were not influenced by the grafting
combination. The results of the present study show that the impact of grafting on yield and nutrient
uptake in pepper depend not merely on the rootstock genotype but on the rootstock/scion

combination.

2.2 Introduction
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The concentration of each nutrient in nutrient solutions supplied to plants in closed hydroponic
systems should be equal to the corresponding nutrient to water uptake ratio to avoid depletion or
accumulation in the root zone (Sonneveld and Voogt 2009). The unit used to measure nutrient to
water uptake ratios is mass of nutrient per water volume, which is identical to that used for
concentrations in nutrient solutions. Therefore, several authors use the term “uptake concentration”
(UC) to describe the nutrient to water uptake ratios (van Noordwijk 1990, Adams 2002, Sonneveld
2002, Carmassi et al. 2005, Gallardo et al. 2009, Neocleous & Savvas 2015). Nutrient uptake and
water uptake respond differently to changes in the greenhouse microclimate, since physiologically
these are two fully independent processes (Sonneveld and VVoogt 1990). However, CO and water
vapor share the same transport pathways as they pass through leaf stomata, though to different
directions. As a result, the fluctuations in the transpiration to assimilation ratio, as expressed in
terms of water use efficiency, are small for a particular plant species (Hopmans & Bristow 2002).
Since the rates of carbon fixation determine also the plant dry mass accumulation and
concomitantly the plant nutrient requirements (Seginer 2003), the nutrient-to-water uptake ratio
exhibits a noticeable stability with time as has been shown by several investigators (Adams & Ho
1993, Savvas & Lenz 1995, Gallardo et al. 2009). This is particularly true if the climatic conditions
do not change dramatically compared to optimal levels (Adams 2002, Sonneveld & VVoogt 2009).
Nevertheless, major changes in climatic parameters may differently influence the uptake rates of
one or more nutrients compared to those of water uptake, thereby imposing commensurate changes
in their uptake ratio (Klaring et al. 1997). This is particularly true if a climatic parameter strongly
deviates from the optimal range, thereby imposing stress conditions that alter differently the uptake
of a nutrient than that of water, at a physiological level other than transpiration.

The temperature threshold for growth of most of the chilling-sensitive fruit vegetables, such as
pepper (Capsicum annuum L..), eggplant (Solanum melongena L.), cucumber (Cucumis sativus L..),
tomato (S. lycopersicum L.) and melon (C. melo, cucrbita), is about 8-12 °C (Hansen & Hara 1994,
Criddle et al. 1997). In most Mediterranean greenhouses used for production of fruit vegetables,
heating during the cold season of the year is either not applied, or applied sporadically, aiming
merely to maintain the inside temperature to levels higher than the minimum threshold for growth
(Mercado et al. 1997). However, under low temperature conditions, plant metabolism, and
concomitantly nutrient requirements, may change substantially compared to optimal temperature
conditions. Furthermore, the transpiration rates and concomitantly the water uptake alter

considerably under low temperature conditions (Elfving et al. 1972, Fennell & Markhart, 1998).
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Hence, the nutrient to water uptake ratios may change considerably compared to those determined
under optimal temperature conditions, if the mean temperature inside a greenhouse is substantially
lower than the standard range.

Grafting is used as an efficient crop protection technology in fruit vegetable production for more
than 50 years in many parts of the world (Bie et al. 2017). Grafting is not associated with
agrochemical input to the crops and, therefore, it is considered an environment-friendly operation
in integrated vegetable production (Rivard & Louws 2008, Schwarz et al. 2010). Furthermore,
grafting proved an efficient technology to increase the tolerance of fruit vegetables to several
abiotic stress factors such as salinity, nutrient deficiencies or toxicities, exposure to heavy metals,
etc. (Rouphael et al. 2017). Therefore, grafting serves in many cases as a rapid alternative to
breeding, which is considered a relatively slow methodology of conferring tolerance to biotic and
abiotic stress, while its effectiveness is frequently restricted due to a narrow genetic variability
(Flores et al. 2010, Colla et al. 2010).

The application of grafting is less widespread in commercial production of sweet pepper compared
to tomato, cucumber and watermelon (Lee et al. 2010). Nevertheless, in recent years, several
rootstocks used to graft sweet pepper proved to confer considerable tolerance to biotic and abiotic
stress factors (Penella et al. 2016, Sanchez-Solana et al. 2016, Lopez-Marin et al. 2017). Therefore,
the interest in grafting of pepper has increased appreciably among greenhouse pepper producers in
recent years. However, compared to tomato, very little is known about the impact of grafting on
nutrient uptake by pepper (Ropokis et al. 2018). Furthermore, to our best knowledge, no report has
been published to date in peer-reviewed journals addressing the impact of suboptimal or low
temperature on nutrient uptake by grafted pepper plants. The impact of grafting and suboptimal
temperature on nutrient uptake concentrations is very crucial also for the application of closed
soilless systems in pepper cultivation in most Mediterranean greenhouses. In view of this
background, the present paper was designed to test whether grafting alters the nutrient to water
uptake ratios (i.e. uptake concentrations) in pepper crops grown in unheated or inadequately heated

greenhouses under Mediterranean climatic conditions.

2.3 Materials and methods

2.3.1 Plant material and growth conditions
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The experiment was carried out in two different compartments of a heated glasshouse at the
Agricultural University of Athens (37°58'57.8"N 23°42'14.3"E). During the whole experimental
period, the minimum day/night temperature was maintained constantly to 21/16 °C and 12/7 °C in
compartments 1 and 2, respectively, corresponding to a standard (ST) and a low temperature (LT)
treatment, respectively. In both compartments, two sweet pepper cultivars (Capsicum annuum L.)
either self-grafted or grafted onto two different rootstocks were grown in recirculating nutrient
solution (NS) according to the principles of the Nutrient Film Technique (NFT). The two bell
pepper cultivars were one blocky type (‘Orangery’) and one elongated type (‘Sammy’), while the
two rootstocks were ‘Robusto’ and ‘Terrano’, both belonging to Capsicum annuum. The obtained
grafting combinations were ‘Sammy’/‘Sammy’, ‘Robusto’/‘Sammy’, ‘Terrano’/‘Sammy’,
‘Orangery’/‘Orangery’, ‘Robusto’/‘Orangery’, and ‘Terrano’/‘Orangery’. Each treatment was
replicated three times and thus 36 experimental hydroponic circuits (EHC) were used. Each EHC
comprised one channel, 3.0 m in length, 0.015 m in width, and 0.03 m in height, and consisted of

an individual supply tank, a pump, and irrigation pipes as shown in Picture 1.

Picture 1. Experimental hydroponic circuits (EHC) in compartment of a heated glasshouse

Splice grafting was performed when seedlings had developed 3-4 true leaves. The rootstock seeds
were sown three days before those of the scion to compensate for the slower growth rate of the
former in the hetero-grafting treatments. On November 29, when the grafted seedlings had
developed 5-6 true leaves, they were transferred into the 36 EHC.
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Each EHC accommodated 9 plants and this arrangement resulted in a plant density of 2.5 plants

per m2, as shown in Picture 2.

Picture 2. Pepper plants into Experimental hydroponic circuits (EHC)

In each channel, the NS was automatically pumped at a rate of 0.4 m® h%, while the total volume
of NS recirculating in the closed circuit amounted to 3 L per plant. The level of NS in the supply
tank was maintained constant using a floater and a pipe connected to a ‘replenishment tank’, which
was positioned above it. Thus, the NS consumed by the plants was compensated by automatic
injection of a NS with a composition suitable for pepper cultivation in closed hydroponic systems,
henceforth termed SSCS (Savvas & Gruda 2018), which was contained in the replenishment tank.
The composition of the SSCS was assumed to be roughly equal to standard uptake concentrations
for pepper, as estimated in a previous paper (Ropokis et al. 2018). The NS consumed by the plants
was counted daily by recording the level difference in the replenishment tank and, thus, the
cumulative water consumption could be precisely estimated. Once per day, the pH in the
recirculating NS was adjusted to 5.6 by adding appropriate amounts of nitric acid (1 N) or
potassium hydroxide (1 N) to the supply tank, based on the actual pH level that was measured using
a portable pH-meter. All channels were covered with black-white polyethylene sheets to avoid
water evaporation. No drainage water was discharged and losses due to technical failures were
negligible. Climatic data during the experiment are shown in Figure 2.1.
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Figure 2.1. Fluctuations of (a) mean temperature (°C) and (b) mean relative humidity (%) during 790 degree-days
from treatment initiation in two greenhouse compartments, in which a standard temperature (ST) and a low
temperature (LT) regime were maintained during the experimental period (from 11/29 to 05/20).

Before transplanting, all supply tanks were filled with a starter NS, while all replenishment tanks
were filled with SSCS. Immediately after transplanting, SSCS was supplied to the plants through

the floater in all circuits, to compensate for nutrient solution uptake by the plants.

2.3.2. Yield, water consumption and water use efficiency

Harvesting commenced on February 6 and on March 23 in the ST and LT compartments,
respectively, and terminated on May 20 in both compartments. Commercially ripe fruits were
harvested twice per week to estimate the total fresh yield, the total number of fruit per plant and
the mean fruit weight in each treatment. Crop water use efficiency was calculated as fruit yield

(kg/plant) divided by the cumulative water consumption (L/plant).
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2.3.3. Composition and sampling of experimental nutrient solutions

The nutrient concentrations in the starter NS were in all treatments as follows: 6.0 mM K, 6.5 mM
Ca, 2.0 mM Mg, 0.5 mM NHg4, 15.6 mM NOs, 1.2 mM H2PQOg4, 3.1 mM SOg4, 15.0 uM Fe, 10.0 uM
Mn, 7.0 uM Zn, 0.7 uM Cu, 60.0 uM B, and 0.5 uM Mo. The EC and pH of the starter NS were
2.6 dS m™ and 5.6, respectively. The nutrient concentrations in the SSCS were as follows: 7.0 mM
K, 3.0 mM Ca, 1.25 mM Mg, 1.0 mM NHg4, 12.3 mM NOgz, 1.1 mM H2POg4, 1.3 MM SQOg4, 15 uM
Fe, 10.0 uM Mn, 4.0 uM Zn, 0.7 uM Cu, 25.0 uM B and 0.5 uM Mo.

Immediately after transplanting, i.e. on November 29, samples of starter and replenishment NS
were collected from all EHC. After completion of 790 degree-days in both compartments, samples
of recirculating NS were collected from all EHC. The collection of NS samples after 790 degree-
days coincided with anthesis at the fourth internode in both compartments. However, due to the
different temperature regimes in each compartment, the time needed to reach the same degree-days
was different. Thus, the samples of recirculating NS were collected on January 10 in the ST
compartment, and on February 7 in the LT compartment. Collecting NS samples after completion
of the same degree-days rather than the same time interval was aimed at comparing mean uptake
concentrations for the same developmental stage, given that plant development is mainly

determined by degree-days rather than by time per se.

2.3.4. Determination of nutrient concentrations

The concentrations of Ca, Mg, Fe, Mn and Zn in the nutrient solution samples were measured using
an atomic absorption spectrophotometer (Perkin Elmer 1100A, Perkin Elmer, Waltham, MA,
USA), while that of K was determined by flame photometry (Sherwood Model 410, Cambridge,
UK). The concentrations of NO3z-N, NH4-N, P and B were measured photometrically using a 96-
position microplate spectrophotometer (Anthos Zenyth 200; Biochrom, USA). Nitrate N and
ammonium N were determined by applying the copperized cadmium reduction method (Griess-
llosvay procedure) at 540 nm, and the indophenol blue method at 630 nm, respectively. Phosphorus
was measured as phosphomolybdate blue complex at 880 nm. Boron was estimated
photometrically at 420 nm by the azomethine-H method. The NHs-N concentration was added to
that of NOs-N in each sample to obtain the total N concentration (Ropokis et al. 2018).
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2.3.5. Estimation of mean uptake concentrations

Mean nutrient to water uptake ratios (uptake concentrations) for Ca, Mg, K, total-N, P, Fe, Mn, Zn,
Cu, and B were estimated by measuring the total removal of each nutrient from the recirculating
nutrient solution and the water uptake during a cropping period corresponding to 790 degree-days
in both compartments. More specifically, the mean uptake concentration of the i nutrient (Ciy in
mmol L? for macronutrients and pmol L for micronutrients, where i = Ca, Mg, K, P, total-N, Fe,

Mn, Zn and B) was determined using the following mass balance equation (Tzerakis et al. 2013):

Ciu= (Vr (Cib - Cie )+VuCic)/Vu

where Vy (L) denotes the total volume of recirculating nutrient solution in each experimental unit,
Vu (L) denotes the total volume of NS that was taken up by the plants in each experimental unit
during the experimental period, Ci, and Cie (mmol L for macronutrients and umol L for
micronutrients) denote the concentrations of the i nutrient in the recirculating NS on the first and
the last day of the experimental period, and Cic (mmol L for macronutrients and pmol L for

micronutrients) denotes the concentration of the i nutrient in the SSCS.

2.3.6. Statistical analysis

The two temperature regimes (NT and LT) and the six scion/rootstock combinations were
combined in a 2-factorial split-plot experimental design. The impact of the different treatments was
evaluated by applying 2-factorial ANOVA, while multiple comparisons of means were performed
by applying the Duncan’s Multiple Range Test. The STATISTICA software package, version 12.0
(StatSoft, Inc.,Tulsa, OK, USA) was used to statistically evaluate the data.

2.4 Results

The LT regime reduced the total fruit yield by about 50% in ‘Sammy’ and 33% in ‘Orangery’,
irrespective of the grafting combination (Table 2.1). Grafting onto both ‘Robusto’ and ‘Terrano’
raised the total fruit yield of ‘Sammy’ by about 35% in comparison to self-grafting. However, when

the scion was ‘Orangery’, only grafting onto ‘Terrano’ was capable of increasing the total fruit
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yield compared to self-grafting, whereas grafting onto ‘Robusto’ had no significant impact on
yield. The yield increase in ‘Sammy’ due to grafting onto both ‘Robusto’ and ‘Terrano’ resulted
exclusively from an increase in the fruit number per plant, while the mean fruit weight was not
influenced by grafting. The yield increase imposed by grafting of ‘Orangery onto ‘Terrano’ was
also a result of a commensurate increase in the fruit number per plant. Finally, grafting of
‘Orangery’ onto ‘Robusto’ proved to provide no yield benefits not only because it failed to increase

the fruit number per plant but also because it reduced significantly the mean fruit weight.

Table 2.1. Impact of temperature (T) and grafting of two cultivated pepper varieties, i.e. ‘Sammy’ (S), and
‘Orangery’ (O), self-grafted or grafted onto the rootstocks ‘Robusto’ or ‘Terrano’ and grown in recirculating nutrient
solution on total fruit weight (TFW), total fruit number (TFN) and mean fruit weight (MFW) per plant.

Temperature TFW TFEN MFW

(°C) (kg/plant) (No/plant) (9)
Rootstock S 0 S 0 S )

Main effects
Standard T 3.10 2.14 57.10 18.75 54.29 | 114.13
Low T 1.50 1.43 42.35 20.73 3542 | 68.98
Self-grated 1.85b 157b 42.20 b 16.00 b 43.84 | 98.13 a
‘Robusto’ 257a 1.64b | 53.28a 20.51ab | 48.24 | 79.96b
‘Terrano’ 249a 214a 53.70 a 22.71a 46.37 94.23 a
Statistical significance

Temperature (T) falele ** ** ns faleie falaied

Rootstock (R) falele * ** * ns *

TxR ns ns ns ns ns ns

ns, *, ** and *** denote “not significant” or significant at p < 0.05, 0.01 and 0.001 respectively. Means (n=3)
followed by different letters within the same column indicate significant differences for each factor according to the
Duncan’s multiple range test.

As shown in Table 2.2, the low temperature decreased significantly the water consumption of
‘Sammy’ plants, irrespective of the grafting combination, while it had no significant impact on

water consumption of ‘Orangery’ plants.
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Table 2.2. Impact of temperature (T) and grafting of two cultivated pepper varieties, i.e. ‘Sammy’ (S), and
‘Orangery’ (O), self-grafted or grafted onto the rootstocks ‘Robusto’ or ‘Terrano’ and grown in recirculating nutrient
solution on cumulative water consumption (CWC) and water use efficiency (WUE).

Temperature Grafting combination cwc WUE
(°C) (Rootstock / Scion) (L plant™) (gL
‘Sammy’/‘Sammy’ 55.00 a 45.95 be
‘Robusto’/*Sammy’ 56.31 a 61.62 a
‘Terrano’/* Sammy’ 62.72a 52.54 b
Standard ‘Orangery’/‘Orangery’ 35.24 cd 55.71a
‘Robusto’/‘Orangery’ 36.89 cd 50.74 ab
‘Terrano’/‘Orangery’ 4470 b 57.71a
‘Sammy’/‘Sammy’ 41.25 be 28.41d
‘Robusto’/‘Sammy’ 39.57 bc 42.15¢
Low ‘Terrano’/* Sammy’ 37.26 bed 43.82¢
‘Orangery’/‘Orangery’ 29.73d 39.59 ¢
‘Robusto’/‘Orangery’ 3454 cd 40.66 ¢
‘Terrano’/‘Orangery’ 38.70 be 43.99 be
Main effects
Standard T 48.48 54.05
Low T 36.84 39.77
‘Sammy’/‘Sammy’ 48.13 37.18
‘Robusto’/‘Sammy’ 47.94 51.89
‘Terrano’/* Sammy’ 49.99 48.18
‘Orangery’/‘Orangery’ 32.49 47.65
‘Robusto’/‘Orangery’ 35.72 45.70
‘Terrano’/‘Orangery’ 41.70 50.85
Statistical significance
Temperature Fxk Frk
Grafting combination Fxk **
Temperature x grafting combination ** **

** and *** denote significant at p < 0.01 and 0.001 respectively. Mean (n=3) followed by different letters within the
same column indicate significant differences for each factor according to the Duncan’s multiple range test.

Grafting onto the rootstock ‘Robusto’ had no impact on plant water consumption, while grafting
onto ‘Terrano’ increased the water consumption only when the scion was ‘Orangery’. The water
use efficiency (WUE) decreased considerably at low temperature, irrespective of the

rootstock/scion combination. Hetero-grafting of ‘Sammy’ increased significantly the WUE
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irrespective of the scion at LT, but only when the rootstock was ‘Robusto’ at ST. However, grafting
of ‘Orangery’ had no impact on WUE, irrespective of the rootstock and the temperature regime.

The uptake concentration (UC) of K was significantly higher under LT than under ST conditions
in self-grafted plants as well as in plants grafted onto ‘Robusto’, irrespective of the scion (Table
2.3). However, this difference was not significant in plants of both ‘Sammy’ and ‘Orangery’ when
they were grafted onto ‘Terrano’ because ‘Terrano’ increased significantly the UC of K by both
‘Orangery’ and ‘Sammy’ under ST conditions compared to the other grafting combinations. The
UCs of calcium were not influenced by any grafting combination but was significantly higher at
the LT regime in the greenhouse. Similarly to K, the UC of magnesium was significantly higher
under LT than under ST conditions in self-grafted plants as well as in plants grafted onto ‘Robusto’,
irrespective of the scion, while they were not influenced by LT when both cultivars were grafted
onto ‘Terrano’. Grafting onto both ‘Robusto’ and ‘Terrano’ enhanced the Mg UC in the HT regime

while under LT conditions only Robusto was capable of increasing the Mg UC.
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Table 2.3. Mean uptake concentrations (UC) of potassium (K), calcium (Ca) and magnesium (Mg) in a pepper crop
grown in recirculating nutrient solution during 790 degree-days from treatment initiation, as influenced by
temperature (T) and grafting of two cultivated varieties, i.e. ‘Orangery’ and ‘Sammy’, either on their roots or onto
the rootstocks ‘Robusto’ and ‘Terrano’.

Temperature Grafting combination KucC CaUC Mg UC
(°C) (Rootstock / Scion) (mmol L) (mmol L) (mmol L)
‘Sammy’/‘Sammy’ 5.62 cd 3.02 0.73d
‘Robusto’/*Sammy’ 5.94 bc 3.08 1.10 bc
‘Terrano’/* Sammy’ 6.90 a 2.97 1.05 bc
Standard ‘Orangery’/‘Orangery’ 5.12d 251 0.67d
‘Robusto’/‘Orangery’ 5.77 cd 3.01 094c
‘Terrano’/‘Orangery’ 6.84 ab 291 1.04 be
‘Sammy’/‘Sammy’ 7.03 a 3.34 1.17b
‘Robusto’/*Sammy’ 7.04a 3.64 140a
Low ‘Terrano’/* Sammy’ 6.65 ab 3.66 1.12 bc
, “Orangery'/Orangery 6.81a 3.54 1.10 be
‘Robusto’/‘Orangery’ 6.69 ab 3.52 1.32a
‘Terrano’/‘Orangery’ 6.87 ab 3.70 1.03 bc
Main effects
Standard T 6.03 2.92 0.92
Low T 6.85 3.57 1.19
‘Sammy’/‘Sammy’ 6.33 3.18 0.95
‘Robusto’/*Sammy’ 6.49 3.36 1.25
‘Terrano’/* Sammy’ 6.78 3.32 1.09
‘Orangery’/‘Orangery’ 5.97 3.03 0.89
‘Robusto’/‘Orangery’ 6.23 3.27 1.13
‘Terrano’/‘Orangery’ 6.86 3.31 1.04
Statistical significance
Temperature kel foleal ool
Grafting combination * ns fale
Temperature x grafting ** ns **

ns, ** and *** denote “not significant” or significant at p < 0.01 and 0.001 respectively. Mean (n=3) followed by
different letters within the same column indicate significant differences for each factor according to the Duncan’s
multiple range test.

The UCs of total N was significantly lower while that of P was significantly higher under standard

temperature conditions compared to low temperature, irrespective of cultivar and root genotype
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(Table 2.4). The rootstock/scion combination had no significant impact on the UC of total N and P

and the interaction between temperature regime and grafting was insignificant.

Table 2.4. Mean uptake concentrations (UC) of total nitrogen (total-N) and phosphorus (P) in a pepper crop grown in
recirculating nutrient solution during 790 degree-days from treatment initiation, as influenced by temperature (T)
and grafting of two cultivated varieties, i.e. ‘Orangery’ and ‘Sammy’, either on their roots or onto the rootstocks
‘Robusto’ and ‘Terrano’.

Temperature Grafting combination Total-N UC PUC
(°C) (Rootstock / Scion) (mmol L7 (mmol L)
Main effects
Standard T 12.14 0.89
Low T 14.72 0.46
‘Sammy’/‘Sammy’ 13.36 0.64
‘Robusto’/*Sammy’ 13.79 0.68
‘Terrano’/* Sammy’ 13.19 0.79
‘Orangery’/‘Orangery’ 13.37 0.58
‘Robusto’/‘Orangery’ 13.39 0.66
‘Terrano’/‘Orangery’ 13.48 0.72
Statistical significance
Temperature Frk Frk
Grafting combination ns ns
Temperature x grafting ns ns

ns and *** denote “not significant” or significant at p < 0.001. Mean (n=3) followed by different letters within the
same column indicate significant differences for each factor according to the Duncan’s multiple range test.

Under ST conditions, the UCs of Fe and Zn were significantly higher while that of Mn was
significantly lower compared to TL, without any significant interaction between temperature
regime and rootstock/scion combination (Table 2.5). Furthermore, the grafting combination had no
significant impact on the UCs of Fe and Zn. However, the UC of Mn was significantly influenced
by both the cultivar and grafting. In particular, ‘Orangery’ was taking up significantly more Mn
per Liter of water absorbed than ‘Sammy’, irrespective of the root genotype. Furthermore, hetero-
grafting onto both ‘Robusto’, and ‘Terrano’ reduced the mass of Mn uptake per L of water absorbed
by ‘Orangery’, while it had no impact on the UC of Mn by ‘Sammy’. The UC of B was not

influenced by temperature regime or by the rootstock/scion combination.
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Table 2.5. Mean uptake concentrations (UC) of iron (Fe), manganese (Mn), zinc (Zn) and boron (B) in a pepper crop
grown in recirculating nutrient solution during 790 degree-days from treatment initiation, as influenced by
temperature (T) and grafting of two cultivated varieties, i.e. ‘Orangery’ and ‘Sammy’, either on their roots or onto
the rootstocks ‘Robusto’ and ‘Terrano’.

Temperature Gral.‘ting.; Fe UC Mn UC ZnucC B UC
(°C) combination (umol L) (umol L) (umol L) (umol L)
(Rootstock / Scion)
Main effects
Standard T 18.46 11.08 7.37 28.97
Low T 17.16 12.06 6.61 29.54
‘Sammy’/‘Sammy’ 17.80 11.35c¢ 6.99 29.76
‘Robusto’/‘Sammy’ 18.09 1131c 7.18 30.36
‘Terrano’/* Sammy’ 16.93 11.30c 6.50 28.39
‘Orangery’/‘Orangery’ 19.04 12.23a 7.69 29.47
‘Robusto’/‘Orangery’ 18.34 11.85hb 7.25 29.65
‘Terrano’/‘Orangery’ 16.66 11.67b 6.34 28.79
Statistical significance

Temperature * Fkk * ns

Grafting combination ns Fkk ns ns

Temperature X grafting ns ns ns ns

ns, * and *** denote “not significant” or significant at p < 0.05 and 0.001. Mean (n=3) followed by different letters
within the same column indicate significant differences for each factor according to the Duncan’s multiple range test.

2.5 Discussion

Pepper is a warm-season crop with a high susceptibility to suboptimal temperatures (Airaki et al.
2012), and hence the yield decreases imposed by low temperature in the present study were fully
anticipated. However, in the present study, the suppressive effect of low temperatures on pepper
yield did not interact with grafting and the rootstock, which indicates that the tested rootstocks
have no impact on cold tolerance of pepper. Shu et al. (2016) grafted two pepper cultivars onto
five different non-commercial rootstocks and found that only one out of the ten tested grafting
combinations had a higher resistance to low temperature. This finding indicates that the tolerance
to low temperature in pepper depends not only on the rootstock genotype but also on the genotype

of the scion.
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The results of the present study showed that grafting can provide significant benefits to pepper
crops in terms of total fruit yield, in agreement with findings of previous investigators (Colla et al.
2008, Lopez-Marin et al. 2013, Penella et al. 2016). However, the impact of grafting on fruit yield
is depending on the rootstock/scion combination, as also suggested by Rouphael et al. (2017),
Guimardes et al. (2009) and Savvas et al. (2010). Indeed, in the current study, both 'Robusto’ and
‘Terrano' increased the total fruit yield by 39% and 34% compared with the self-grafted control
when the scion was the commercial variety ‘Sammy’. However, when the scion was ‘Orangery’,
only ‘Terrano’ was capable of increasing the total fruit yield by 35% compared with that obtained
from self-grafted ‘Orangery’ plants, while ‘Robusto’ had no impact on yield. The yield increases
achieved by grafting pepper plants in the present study are appreciably higher than that reported
by Jang et al. (2012), which amounted to only 9.2%. In agreement with the results of the present
study, Lopez-Marin et al. (2013) found that grafting of pepper cv. ‘Herminio’ increased yield only
when the rootstock was ‘Creonte’, while grafting of ‘Herminio’ onto ‘Atlante’ and ‘Terrano’ had
no impact on yield. These findings show that research on the agronomic impact of grafting in
pepper crops should be based on testing each individual rootstock/scion combination rather than
on screening different rootstocks using just one scion. Lopez-Marin et al. (2013) also found that
grafting the sweet pepper cultivar ‘Herminio’onto the commercial rootstock ‘Creonte’ had no
significantly impact on leaf biomass but increased the total and marketable fruit yield by 30% and
50% under non-shaded and shaded conditions compared to the non-grafted plants, respectively.

In ‘Sammy’, the absence of any impact of grafting on total plant biomass and water consumption
despite the significant increase in the fruit number per plant points to a positive effect of both tested
rootstocks on fruit setting rather than on plant vigor. A similar response was observed also by
Lopez-Marin et al. (2013), with the sweet pepper cultivar ‘Herminio’grafted onto the commercial
rootstock ‘Creonte’. On the other hand, when ‘Orangery was grafted onto ‘Terrano’ in the present
study, both the plant biomass and the water consumption increased proportionally to the increase
in fruit number per plant, which indicates that this grafting combination increases yield due to
stimulation of plant vigor. Nevertheless, all grafting combinations increased yield exclusively by
raising the number of fruit per plant in the present study, while they had no effect on the mean fruit
weight. This was surprising, as in a previous study, grafting of pepper was found to affect the fruit
shape (Tsaballa et al. 2013), which means that grafting may have an impact on morphological
characteristics of each individual fruit. Nevertheless, Colla et al. (2008), who grafted the sweet

pepper cultivar Edo onto five different rootstocks, found that four of them increased significantly
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the total fruit yield and in all cases the yield increase was exclusively due to a higher fruit number
per plant.

By definition, the impact of grafting on water use efficiency (WUE) depends on both fruit yield
and water consumption. Thus, sometimes rootstock/scion combinations imposing quite different
effects on yield than on water consumption may result in similar effects on WUE. Indeed, grafting
‘Orangery’ onto ‘Robusto’ had no impact on WUE because it had no impact on both fruit yield and
water consumption. However, grafting ‘Orangery’ onto ‘Terrano’ had no impact on WUE because
this rootstock/scion combination increased proportionally both the fruit yield and the water
consumption as it enhanced the vegetative biomass production. Furthermore, grafting ‘Sammy’
increased the WUE irrespective of the tested rootstocks because both ‘Robusto’ and ‘Terrano’
increased yield without affecting the vegetative plant biomass and concomitantly the water
consumption via transpiration. Colla et al. (2008) and Lopez-Marin et al. (2013) also found that
grafting different scions onto the same rootstock and vice versa may result in different yield
responses. These results indicate that the impact of grafting on water use efficiency (WUE) depends
on the rootstock/scion combination rather than merely on the rootstock or on the scion.

Different rootstock/scion combinations may result in increased yield due to a more favorable
modulation of several, metabolic, physiological functions and transcriptomic responses (Ntatsi et
al. 2013, Ntatsi et al. 2017). These include favorable changes in hormonal balance between root
and shoot (Albacete et al. 2009, Lee et al. 2010, Ntatsi et al. 20144, Ntatsi et al. 2014b, Venema et
al. 2017), improved resistance to recurrent abiotic and biotic stress (Rouphael et al. 2017, Cohen
etal. 2017), and enhanced nutrient and water uptake due to a more vigorous root system (Lee et al.
2010, King et al. 2010). In the present investigation, the hormonal balance was not studied, while
the single abiotic stress tested, i.e. low temperature, was not alleviated by any grafting combination.
However, the measurements of plant biomass production, water consumption and nutrient uptake
allows for an assessment of the contribution of nutrient and water uptake to yield enhancement.
Thus, the stimulatory effect of grafting on fruit yield under ST conditions in the present study might
be partly associated with enhanced K and Mg uptake (for ‘Terrano’) or Mg uptake (for ‘Robusto’).
On the other hand, the enhancement of yield by some grafting combinations were observed under
both temperature regimes tested in the current study, while the increases in K and Mg uptake
concentrations were observed only in plants cultivated under standard temperature conditions.
Furthermore, the uptake concentrations of Ca, N, P, and micronutrients were not enhanced by any

grafting combination. Thus, a favorable modulation of nutrient uptake efficiency cannot be
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considered the main reason for the yield increases imposed by some grafting combinations in the
present study. Further research is needed to unravel the physiological and molecular mechanisms
implicated in the enhancement of total fruit yield by some rootstock/scion combinations.

As reported by Savvas et al. (2010) and Rouphael et al. (2017), certain grafting combinations may
restrict the uptake of some micronutrients and non-nutrient ions, an effect that may be helpful to
crops exposed to excessive concentrations of these ions in the root zone. In the present study, both
‘Robusto’ and ‘Terrano’ reduced slightly, but significantly, the Mn uptake by ‘Orangery’, while
the same rootstocks had no impact on Mn uptake when the scion was ‘Sammy’. In a previous study,
Ropokis et al. (2018) also found no impact of grafting on Mn uptake concentrations. The different
responses of ‘Sammy’ and ‘Orangery’ to grafting concerning the Mn uptake further support the
notion that the impact of grafting on nutrient uptake depends on the specific rootstock/scion
combination rather than on the rootstock genotype.

The increases in the uptake concentrations of K, Ca, Mg and N under low temperature conditions
was a consequence of the reduction in water consumption by 24%. Especially the increases in the
uptake concentrations of Ca (22%) and Mg (27%) were very similar to the reduction in water
consumption, which indicates that the absolute amounts of Ca and Mg absorbed by the crop were
not restricted by low temperature, despite the reduction in plant biomass. Unlike the uptake
concentrations of metallic micronutrient cations, that of P was reduced by low temperature. These
results indicate that the uptake mechanism of H.PO4™ by pepper is much more susceptible to low
temperature than that of K, Ca, Mg and N. As shown by Adams (1994), the uptake of P responds
much stronger to the root temperature than the uptake of N and K. The low temperature treatments
in the present study resulted in low temperatures also in the root zone, which recovered slower
during the day than the air temperature (data not shown). Phosphorus occurs at much lower
concentrations in the soil solution compared to other macronutrients (Bieleski 1973). Therefore,
during their evolution, plants developed an active uptake mechanism for P uptake, which is much
more depending on the availability of metabolic energy in the roots than for uptake of other
nutrients (Schachtman et al. 1998). However, the low root temperature decreases root respiration
and consequently the availability of metabolic energy for active P uptake (Sutton 1969). Thus, the
profound reduction of P uptake by pepper in the LT regime may be ascribed mainly to the low root
temperature. From another point of view, the results of the present study provide support to the
notion that the uptake of P by pepper is stronger influenced by root temperature than by that

prevailing in the air.
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The UCs found by Voogt and Sonneveld (1997) in a pepper crop grown in a closed rockwool
system in the Netherlands, averaged for the whole cropping period, were 2.2 mmol L™ for Ca, 0.78
mmol L for Mg, 4.6 mmol L for K, 10.30 mmol L for N, and 0.81 mmol L for P. The UC of
macronutrients estimated by Ropokis et al. (2018) ranged from 2.4 to 3.7 mmol L* for Ca, 1.0 to
1.5 mmol L for Mg, 6.2 to 9.0 mmol L™ for K, 11.7 to 13.7 mmol L for N, and 0.7 to 1.1 mmol
L1 for P. Finally, the average UCs found in the present study during the vegetative cropping period
under ST conditions were 2.92 mmol L for Ca, 0.92 mmol L* for Mg, 6.03 mmol L for K, 12.14
mmol L for N, and 0.89 mmol L* for P. Comparing the data from these three different crops
shows that the UC of Ca, Mg, K, and N are generally higher in winter crops of pepper grown under
Mediterranean climatic conditions than those reported for Dutch greenhouses, while that of P is
similar in both environments. The values found in the present study are comparable with those
found by Ropokis et al. (2018) in a previous study, although Mg and K tended to be somewhat
lower in the current study. Both the present study and that of Ropokis et al. (2018) showed that the
temperature inside the greenhouse, the cultivar, and the rootstock when using grafted plants, may
have a significant impact on the UCs. Since these factors may vary in different crops, the UCs
found in the three studies are only indicative. Therefore, their use as a basis to prepare nutrient
solutions for closed hydroponic systems entails frequent readjustment following measurements of

the nutrient concentrations in the root zone of the crop, as suggested by Savvas and Gruda (2018).

2.6 Conclusion

Minimizing greenhouse heating under Mediterranean climatic conditions so as to maintain the
minimum inside day/night temperature at 12/7 °C, respectively, suppressed the fruit yield of pepper
to levels depending on the cultivar, but not on grafting onto 'Robusto’ or "Terrano'. The yield
decrease imposed by low temperature (LT) resulted from a reduction of the mean fruit weight
(MFW) in ‘Orangery’ and from a reduction of both fruit number per plant (TFN) and MFW in
‘Sammy’. Grafting of ‘Sammy’ onto both 'Robusto' and 'Terrano' increased the fruit yield, while
grafting of ‘Orangery’ increased yield only when the rootstock was ‘Terrano’. The yield increase
imposed by grafting resulted exclusively from enhancement of the fruit number per plant (TFN).

The water use efficiency (WUE) decreased considerably at LT, irrespective of the rootstock/scion
combination. Grafting of ‘Sammy’ increased significantly the WUE irrespective of the scion at LT,

but only when the rootstock was ‘Robusto’ at ST. Grafting of ‘Orangery’ had no impact on WUE,
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irrespective of the rootstock and the temperature regime. The LT increased the uptake
concentrations (UC) of K, Ca, Mg, N, and Mn, while it decreased strongly that of P and slightly
those of Fe and Zn. The UC of K and Mg were influenced by the rootstock/scion combination but
this effect interacted with the temperature regime. In contrast, the Ca, N, and P concentrations were
not influenced by the grafting combination. The results of the present study show that the impact
the impact of grafting on yield and nutrient uptake in pepper depend not merely on the rootstock
genotype but on the rootstock/scion combination.
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CHAPTER 3. IMPACT OF CULTIVAR TYPE AND GRAFTING ON NUTRIENT AND
WATER UPTAKE BY SWEET PEPPER (Capsicum annum L.) GROWN
HYDROPONICALLY UNDER MEDITERRANEAN CLIMATIC
CONDITIONS

3.1 Abstract

In closed-cycle hydroponic systems (CHS), nutrients and water should be delivered to the plants at
identical ratios to those they are removed via plant uptake, to avoid their depletion or accumulation
in the root zone. For a particular plant species and developmental stage, the nutrient to water uptake
ratios, henceforth termed “uptake concentrations” (UC), remain relatively constant over time under
similar climatic conditions. Thus, the nutrient to water uptake ratios can be used as nutrient
concentrations in the nutrient solution (NS) supplied to CHS to compensate for nutrient and water
uptake by plants. In the present study, mean UC of macro- and micronutrients were determined
during five developmental stages in different pepper cultivars grown in a closed hydroponic system
by measuring the water uptake and the nutrient removal from the recirculating NS. The experiment
was conducted in a Mediterranean environment and the tested cultivars were ‘Orangery’, ‘Bellisa’,
‘Sondela’, ‘Sammy’ self-grafted and ‘Sammy’ grafted onto the commercial rootstock 'RS10'
(Capsicum annuum). ‘Sondela’ exhibited significantly higher NOs, Mg, Ca and B UC in
comparison with all other cultivars, while Bellisa exhibited higher K UC. The UC of all nutrients
were similar in the grafted and the non-grafted ‘Sammy’ plants, which indicates that this Capsicum
annum rootstock does not modify the uptake of nutrients and water by the scion. The UC of
macronutrients estimated in the present study (mmol L) ranged from 2.4 to 3.7 for Ca, 1.0 to 1.5
for Mg, 6.2 t0 9.0 for K, 11.7 to 13.7 for N, and 0.7 to 1.1 for P. The UC of N, K, Ca and Mg were
appreciably higher than the corresponding values found under Dutch climatic conditions, while
that of P was similar in both environments during the vegetative stage and higher thereafter. The
UC of Fe, Zn and B tended to decrease with time, while that of Mn increased initially and

subsequently decreased slightly during the reproductive developmental stage.

3.2 Introduction
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In crops grown in closed hydroponic systems (CHS), the net volume of supplied water is essentially
equal to that removed via transpiration, if the whole amount of collected drainage solution (DS) is
consistently recycled. Furthermore, the input ratio between the mass of a nutrient and the volume
of water in a CHS is equal to the concentration of this nutrient in the nutrient solution (NS) supplied
to the plants to compensate for nutrient and water uptake by plants. This NS, which is mixed with
the DS to be recycled, is commonly termed “nutrient solution for closed systems” (NSCS) (de Kreij
et al. 1999). To avoid depletion or accumulation of nutrients in the root zone of a crop grown in a
CHS, their concentrations in the NSCS should be equal to the corresponding nutrient to water
uptake ratios by the plants, henceforth termed “uptake concentrations” (UC). For a particular plant
species and developmental stage, the UC exhibit an appreciable stability over time under similar
climatic conditions (Savvas & Lenz 1995, Sonneveld & Voogt 2009, Tzerakis et al. 2013). Thus,
if the mean UC of all essential nutrients supplied via NS to a particular crop species are known, an
appropriate NS composition can be established for the NSCS to be supplied to this crop species
(Neocleous and Savvas 2015).

Standard recommendations for macro- and micro-nutrient levels in NSCS for peppers are mostly
based on research carried out in the Netherlands (de Kreij et al. 1999, Sonneveld & Voogt 2009).
However, standard recommendations about the composition of a NSCS for a particular plant
species should be based on experimental data originating from similar climatic zones. Indeed,
previous research showed that, in crops grown hydroponically under hot and dry climatic
conditions such as those prevailing in the Mediterranean basin, the UC may be substantially
different than those observed in north-European greenhouses (Neocleous & Savvas 2015, Savvas
et al. 2017). Furthermore, different cultivars, or different rootstocks in the case of grafted plants,
may have an impact on nutrient and water uptake, thereby modifying the UC observed in crops of
self-rooted plants (Savvas et al. 2010, Rouphael et al. 2016). Indeed, the uptake of nutrients by
grafted plants may be influenced not only by the shoot but also by rootstock genotype (Savvas et
al. 2017). To date, in the international scientific literature there is a lack of data about UC arising
from experiments with sweet pepper cultivated under hot and dry climatic conditions. Taking this
gap of knowledge into consideration, the present study was designed to estimate mean UC for most
macro- and micronutrients in a pepper crop grown in a Mediterranean environment, and compare
them with similar data arising from north-European climatic conditions. Furthermore, given the
high variability of commercial pepper varieties (Tsaballa et al. 2015, Silvar & Garcia-Gonzalez

2016), as well as the increasing use of grafted seedlings to establish greenhouse crops of pepper
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(Penella and Calatayad 2018), UC were established for four different cultivar types of pepper, one
of which was either self-grafted or grafted onto a commercial rootstock. The anticipated data can
be used to optimize the composition of NSCS supplied to pepper crops grown in CHS under

climatic conditions characterized by mild winters, and dry and hot summers.

3.3 Materials and methods
3.3.1 Plant material and growth conditions

The experiment was conducted in a glasshouse at the Agricultural University of Athens (AUA).
Four pepper cultivars (Capsicum annuum L.) were grown in recirculating nutrient solution
according to the principles of the Nutrient Film Technique (NFT). Two cultivars of the bell type
(Orangery, Sondela) and two of the elongated form (Bellisa, Sammy), one of which (Sammy) was
either self-grafted or grafted on a rootstock RS10 (Capsicum annuum). The three non-grafted
cultivars and the two versions of ‘Sammy’ i.e. grafted and non-grafted, constituted five
experimental treatments. On 16 January 2014, the plants were transferred into 20 closed-loop
hydroponic circuits (experimental plots), which were supplied with nutrient solution as shown in

Picture 3.

Picture 3. Experimental hydroponic circuits in compartment of a heated glasshouse

Each circuit comprised one channel, 3.0 m in length, 0.015 m in width, and 0.03 m in height, which.
All channels accommodated 9 plants into black—white polyethylene sheets to avoid water

evaporation as shown in Picture 4.
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-

Picture 4. Pepper plants into black—white polyethylene sheet of channel.

All plants were supplied with a standard nutrient solution. Each treatment was replicated four times
and thus 20 experimental hydroponic circuits were used. In each experimental unit, each of the 20
experimental units consisted of an individual supply tank, a pump, and irrigation pipes, thereby
formed a closed circuit in which a nutrient solution (NS) was constantly recirculating according to
the principles of the nutrient film technique. Climatic data during the experiment are given in Table
3.1

Table 3.1. Monthly averages of temperature (°C) and relative humidity (%) inside the experimental greenhouse.

January February March April May June July

Average 21.5 22.5 23.8 21.7 29.3 31.3 34.5

Tem?oeé;"t“re Min 19.0 19.0 19.2 193 | 190 | 195 | 195
Max 23.4 27.0 32.0 34.0 35.5 37.4 39.4

Average 72.1 71.6 70.6 68.7 62.5 59.1 52.4

huﬁ%"’i‘g/"f% | min 66.3 63.4 584 | 568 | 485 | 444 | 388
Max 74.4 73.6 72.3 70.6 67.8 63.8 56.6

The nutrient solution was automatically pumped at a rate of 0.4 m® h! to each channel while the
total volume of the NS that was recirculating in each experimental unit amounted to 3 L per plant.
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In each unit, the nutrient and water uptake were compensated by automatically supplying a
replenishment NS from an individual tank using a floater to maintain a constant NS level in the
supply tank. The NS consumed by the plants was counted daily by recording the level difference
in the tank filled with replenishment NS. The pH in the recirculating NS was adjusted once per day
to 5.6 by adding appropriate amounts of nitric acid to the supply tank based on the actual pH level
which was measured using a portable pH-meter. All channels were covered with black-white
polyethylene sheets to avoid water evaporation. Each channel accommodated 9 pepper plants,
while the total volume of recirculating NS in each experimental unit (including both the solution
contained in the supply tank and that flowing in the gullies) amounted to 70 L. The plant density
was 2 plants per m2,

The concentrations of all other nutrients in the five treatments were as follows: 6.0 MM K, 6.5 mM
Ca, 2.0 mM Mg, 0.5 mM NHg, 15.6 mM NOg, 1.2 mM H2PQOg4, 6.5 mM SOy, 15.0 uM Fe, 10.0 uM
Mn, 7.0 uM Zn, 0.8 uM Cu, 50.0 uM B, and 0.5 uM Mo. The EC and pH in the above NS were
2.60 dS m? and 5.6, respectively. After transplanting, the nutrients and water that were absorbed
by the plants were replenished daily by supplying replenishment NS with different nutrient
concentrations than in the initial NS. Every four weeks the recirculating NS was discharged and
replaced by fresh nutrient solution of the following composition: 6.0 mM K, 5.30 mM Ca, 1.65
mM Mg, 0.5 mM NHg, 14.6 mM NOs, 1.2 mM H2POg4, 2.0 mM SOg4, 20.0 uM Fe, 12.0 uM Mn,
6.0 uM Zn, 0.8 uM Cu, 45.0 uM B and 0.5 pM Mo. The NS that was consumed by the plants was
recorded daily and replaced by refilling the replenishment tank with a nutrient solution of the
following composition: Vegetative stage: 5.30 mM K, 3.15 mM Ca, 1.3 mM Mg, 1.4 mM NHyg,
11.6 mM NOs, 1.1 mM H2PQOg4, 1.2 mM SOg4, 15.0 uM Fe, 10.0 uM Mn, 4.0 uM Zn, 0.8 uM Cu,
30.0 uM B and 0.5 uM Mo; Reproductive stage: 6.0 mM K, 2.7 mM Ca, 1.1 mM Mg, 0.8 mM
NH4, 10.6 mM NOgz, 1.1 mM H2PO4, 1.1 mM SOg4, 15.0 uM Fe, 10.0 uM Mn, 0.7 uM Cu, 5.0 uM
Zn, 25.0 uM B and 0.5 pM Mo. The pH in the recirculating nutrient solution was daily adjusted to
5.6-5.7 by adding appropriate amounts of 1 N HNO3 stock solution based on the actual pH level
which was measured using a portable pH-meter.

3.3.2 Nutrient uptake calculations

Samples of recirculating NS were selected on a 4-weekly basis from all experimental units to

determine the actual Ca, Mg, K, P, B, NOs., Fe, Mn and Zn concentrations. The concentrations of
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Ca, Mg, Fe, Mn and Zn in both the nutrient solutions and the aqueous extracts of plant tissues were
measured using an atomic absorption spectrophotometer (Perkin Elmer 1100A, Perkin Elmer,
Waltham, MA, USA) while K was determined by flame photometry (Sherwood Model 410,
Cambridge, UK). The NOs, P and B concentrations in nutrient solution samples were measured by
UV/VIS spectroscopy at 540, 880 and 420 nm, respectively.

Nutrient to water uptake ratios (uptake concentrations) for K, Mg, Ca and Fe were estimated based
on the removal of nutrients from the nutrient solution. In particular, the mean uptake concentration
of the x micronutrient (Cxu in pmol L, where x = Ca, Mg, K, P, B, NOs, Fe, Mn and Zn) was

determined for two time intervals using the following mass balance equation (Tzerakis et al. 2013):

Vr (Cxbi — Cxei) + VuiCxa
Vui

Cxu =

where V; (L) denotes the total volume of the recirculating nutrient solution in each experimental
unit (70 L in the present study), Vui (L) denotes the total volume of NS that was taken up by the
plants in each experimental unit during the i time interval (i = 1...3), Cxvi and Cyei (umol L) denote
the concentrations of the x nutrient in the recirculating nutrient solution on the first and the last day
of the i time interval (i = 1...3), and Cxa (umol L) denotes the concentration of the x nutrient in

the replenishment NS used in each treatment.

3.3.3 Statistical analysis

All data were statistically analyzed by applying ANOVA using the PlotIT3.2® software package,
version 3.2 for Windows (Scientific Programming Enterprises, Haslett, MI, USA). Data are

presented in graphs as means + SE.

3.4 Results

As shown in Figure 3.1, ‘Bellisa’ and ‘Sondela’ consumed about 15% less water than ‘Orangery’
and ‘Sammy’ self-grafted, and about 20% less than Sammy grafted onto the commercial rootstock
RS10. These differences reflected commensurate differences in the leaf area and the vegetative

plant biomass (data not shown).
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Figure 3.1. Evolution of the cumulative water consumption (CWC) in a pepper crop grown in a closed hydroponic
system as influenced by four different pepper cultivars (‘Orangery’, ‘Bellisa‘, ‘Sondela’, ‘Sammy’) and grafting
(‘Sammy’ self-grafted or grafted onto the commercial rootstock "RS10"). Vertical bars indicate + standard errors of
means. SF: start of flowering; SH: start of harvesting.

However, as shown in Figure 3.2, the differences in water consumption and vegetative plant
biomass had no significant impact on the total fruit production, although ‘Orangery’ rendered a
slightly higher yield than the other cultivars. In contrast to the total fruit yield, the number of fruit
per plant and the mean fruit weight were strongly influenced by the genotype. In particular,
‘Orangery’ and ‘Sondela’ produced much less fruit than ‘Sammy’ but the weight of fruit from the
latter cultivar was much smaller. As a result, the total yield was similar in all cultivars without any
significant differences between them. On the other hand, hetero-grafting of ‘Sammy’ onto the
commercial rootstock RS10 had no impact on the total fruit yield, the number of fruit per plant or

the mean fruit weight.
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Figure 3.2. Influence of four cultivated varieties. i.e. ‘Orangery’ (O), ‘Bellisa‘ (F), ‘Sondela’ (G) and ‘Sammy’ self-
grafted (SS) or ‘Sammy’ grafted onto a commercial rootstock "RS10' (SG), grown in closed hydroponic systems, on
(A) total fruit weigh (TFW) per plant, (B) total fruit number (TFN) per plant and (C) average marketable fruit weigh
(MFW) per plant. Vertical bars indicate + standard errors of means.
Due to the similar yield performance and the significantly lower cumulative water consumption in
comparison to ‘Sammy’ and ‘Belisa’, ‘Sondela’ exhibited a significantly higher water use
efficiency (WUE) than these two cultivars (Figure 3.3). However, the WUE of ‘Orangery’ was as
high as that of ‘Sondela’. It is worth to mention that grafting onto the commercial Capsicum

annuum rootstock ‘RS10’ did not improve the WUE of ‘Sammy’.
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Figure 3.3. Estimated water use efficiency (WUE) in a pepper crop grown in a closed hydroponic system as
influenced by four cultivated varieties. i.e. ‘Orangery’ (O), ‘Bellisa‘(F), ‘Sondela’ (G) and ‘Sammy’ self-grafted (SS)
or ‘Sammy’ grafted onto a commercial rootstock 'RS10' (SG). Vertical bars indicate + standard errors of means

The Ca concentration in the recirculating NS was appreciably reduced in the time between the start
of anthesis and the start of harvesting (Figure 3.4C), because the uptake of Ca per L of water was
maximized (Figure 3.4D), irrespective of the cultivar. The increased Ca uptake during this
developmental stage resulted in higher leaf Ca concentrations at commencement of harvesting in
comparison with the vegetative growth stage (Figure 3.4A). After commencement of harvesting,
the Ca UC tended to decrease gradually (Figure 3.4D), and this resulted in increased Ca levels in
the RNS, although the leaf Ca concentrations did not decrease. The fruit Ca concentrations
increased during the late cultivation period, regardless of the root and shoot genotype (Figure
3.4B).
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Figure 3.4. Impact of different pepper cultivars (‘Orangery’, ‘Bellisa‘, ‘Sondela’, ‘Sammy”) and grafting (‘Sammy’
self-grafted or grafted onto the commercial rootstock "RS10") on: i) concentrations of Ca in the dry mass (DM) of
young leaves (A) and fruit (B), ii) concentrations of Ca in the recirculating nutrient solution (C), and iii) apparent Ca
uptake concentrations (UC), i.e. mmol of Ca uptake per L of water uptake (D). Vertical bars indicate + standard
errors of means. SF: start of flowering; SH: start of harvesting.

The Mg concentration in the recirculating NS tended to decrease slightly up to the start of
harvesting but thereafter it showed an increasing tendency which was very weak in ‘Sondela’ and

stronger in ‘Sammy’, regardless of the root genotype (Figure 3.5C).

92

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



—~~
—~ 2 3+
= )
a n
S o
fe)) o> 2
> E
~ o
=) = 1
=
B
O\ T T T T T T T 1 O T T T T T T T 1
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

—7— SS: Sammy/Sammy
- y—- SG: RS10/Sammy
-} - F: Bellisa

-4 O:Orangery

- G: Sondela

2.0
F/I"\
o = s
1 (@]
— e
Q e
e < 101
£ o
> =
= S 05
D
0 T T T T T T T 1 O-O T T T T T T 1
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140

Time (d) from transplanting

Figure 3.5. Impact of different pepper cultivars (‘Orangery’, ‘Bellisa‘, ‘Sondela’, ‘Sammy’) and grafting (‘Sammy’
self-grafted or grafted onto the commercial rootstock "RS10") on: i) concentrations of Mg in the dry mass (DM) of
young leaves (A) and fruit (B), ii) concentrations of Mg in the recirculating nutrient solution (C), and iii) apparent
Mg uptake concentrations (UC), i.e. mmol of Mg uptake per L of water uptake (D). Vertical bars indicate + standard
errors of means. SF: start of flowering; SH: start of harvesting.

On the other hand, the highest leaf Mg concentrations (Figure 3.5A) and Mg UC (Figure 3.5D)
were measured in ‘Sondela’ throughout the cropping period. The leaf Mg concentrations were
significantly higher at the fully vegetative stage (immediately after planting) than at later
developmental stages, regardless of the root and shoot genotype. After commencement of
flowering, both the leaf Mg concentrations and the Mg UC (Figure 3.5D) remained more or less
constant during the whole cropping period. The fruit Mg concentrations tended to decrease up to

day 120 from treatment initiation but this tendency was reversed at the late growing period.
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‘Sondela’ exhibited consistently higher fruit Mg concentrations after commencement of harvesting
in comparison with the other cultivars, while grafting had no impact on the fruit Mg level (Figure
3.5B).

The K concentration in the recirculating NS tended to increase slightly after the start of flowering
and strongly after commencement of harvesting and up to 85 days after planting (Figure 3.6C).
This increase in the recirculating NS was combined with a decrease in the leaf K concentration
(Figure 3.6A) and the K UC (Figure 3.6D). Nevertheless, thereafter, both the leaf K concentration
and the K UC increased again to similar levels with those measured in the interval between
commencement of flowering and harvesting. Belissa exhibited consistently higher UC than the
other cultivars throughout the cropping period and this resulted in lower K concentrations in the
recirculating NS and higher leaf K concentrations after the start of flower. In contrast, ‘Orangery’
exhibited lower K UC after the start of harvesting but the differences were not always significant.
The fruit K concentrations tended to increase slightly after commencement of harvesting and up to
85 days after treatment initiation, with the exception of ‘Sondela’ and ‘Belissa’ which exhibited
lower and higher fruit K concentrations, respectively, than the other cultivars, although this was

not consistent during the whole cropping period (Figure 3.6B ).
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Figure 3.6. Impact of different pepper cultivars (‘Orangery’, ‘Bellisa‘, ‘Sondela’, ‘Sammy’) and grafting (‘Sammy’
self-grafted or grafted onto the commercial rootstock "RS10") on: i) concentrations of K in the dry mass (DM) of
young leaves (A) and fruit (B), ii) concentrations of K in the recirculating nutrient solution (C), and iii) apparent K
uptake concentrations (UC), i.e. mmol of K uptake per L of water uptake (D). Vertical bars indicate + standard errors
of means. SF: start of flowering; SH: start of harvesting.

The total nitrogen (NO3-N and NHs-N) concentrations in the recirculating NS solution (Figure
3.7C) and the leaves of pepper (Figure 3.7A) showed a slight decreasing tendency during the
cropping period, while the total-N UC followed an increasing course up to the commencement of
harvesting and shortly thereafter (Figure 3.7B). However, the total-N UC remained constant during
the harvesting period. The self-grafted ‘Sammy’ plants tended to take up less N per L of water after
the start of flowering and at the very early stage of harvesting but thereafter the N UC were not
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influenced by the pepper cultivar. The fruit N concentrations were not measured due to a technical

failure which resulted in impairment of the samples.
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Figure 3.7. Impact of different pepper cultivars (‘Orangery’, ‘Bellisa‘, ‘Sondela’, ‘Sammy’) and grafting (‘Sammy’
self-grafted or grafted onto the commercial rootstock "RS10") on: i) concentrations of total N in the dry mass (DM)
of young leaves (A), ii) apparent total N uptake concentrations (UC), i.e. mmol of total N uptake per L of water
uptake (B), and iii) concentrations of total N in the recirculating nutrient solution (C). Vertical bars indicate +
standard errors of means. SF: start of flowering; SH: start of harvesting.

The P concentration in the recirculating NS showed an increasing tendency in the interval from

planting up to the start of flowering in self-grafted ‘Sammy”, ‘Orangery’ and ‘Sondela’ (Figure
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3.8C) which was accompanied by a commensurate decrease in the P UC at the same time interval
(Figure 3.8D).
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Figure 3.8. Impact of different pepper cultivars (‘Orangery’, ‘Bellisa‘, ‘Sondela’, ‘Sammy’) and grafting (‘Sammy’
self-grafted or grafted onto the commercial rootstock "RS10") on: i) concentrations of P in the dry mass (DM) of
young leaves (A) and fruit (B), ii) concentrations of P in the recirculating nutrient solution (C), and iii) apparent P
uptake concentrations (UC), i.e. mmol of P uptake per L of water uptake (D). Vertical bars indicate + standard errors
of means. SF: start of flowering; SH: start of harvesting.

In contrast, the P UC and the P levels in the recirculating NS of ‘Sammy’ grafted onto RS10 and
‘Belisa’ did not change by the time of flowering commencement in comparison to the initial
vegetative growth stage. After the start of flowering, both the P concentration in the recirculating

NS and the P UC remained more or less constant up to crop termination. Nevertheless, the leaf P
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concentration showed a consistent tendency to decrease after planting in all cultivars, which lasted
up to the start of flowering (Figure 3.8A). The fruit P concentrations did not differ significantly
between the different experimental treatments while it exhibited no consistent tendency during the
cropping period (Figure 3.8B).

For micronutrients, only the UC are shown (Figure 3.9). The UC of Mn and Zh were highest during
the vegetative growth stage and decreased slightly but constantly after commencement of
harvesting. No consistent differences in UC between the different cultivars were found, although
‘Orangery’ showed a lower UC than the other cultivars during the vegetative stage (Figure 3.9A)
and ‘Sondela’ showed a higher UC than the other cultivars (Figure 3.9B) in the interval between
the start of flowering and the start of harvesting. The Fe UC also decreased constantly during the
cropping period from 19.5 to 16 pmol L! on average, without any significant differences between
the tested cultivars (Figure 3.9C). The B UC decreased from 27.6 umol L on average during the
vegetative growth stage to about 25 umol L after the start of harvesting and remained roughly
constant to these levels during the reproductive stage (Figure 3.9D). So significant differences
between treatments could be found during the vegetative stage of growth, while during the late
reproductive stage (after the first three months from planting) the B UC of ‘Sondela” was
significantly higher than those of the other tested cultivars. Grafting of ‘Sammy’ onto the rootstock

RS10 had no significant impact on the UC of micronutrients.
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Figure 3.9. Estimated apparent uptake concentration of micro-nutrient (UC), (i.e. mmol of micro- nutrient uptake
per L of water uptake), as influenced by four cultivated varieties. i.e. ‘Orangery’ (O), ‘Bellisa‘(F), ‘Sondela’ (G) and
‘Sammy’ self-grafted (SS) or ‘Sammy’ grafted onto a commercial rootstock "RS10' (SG). UC was calculated on the

basis of (A) manganese (Mn), (B) zinc (Zn), (C) iron (Fe) and (D) boron (B) and water removal from the
recirculating nutrient solution. Vertical bars indicate + standard errors of means. SF: start of flowering; SH: start of

harvesting.

3.5 Discussion

The present study showed that the developmental stage of the pepper plants has a strong impact on

the nutrient to water uptake ratios (uptake concentrations: UC). For most nutrients, i.e. K, Ca, Mg

and all micronutrients studied, the UC tended to decrease with time and only the UC of total-N and
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P increased slightly after the initial vegetative stage. By definition, the UC (nutrient to water uptake
ratios) depend on two variables, i.e. the rates of nutrient uptake and the rates of water uptake, which
are independent to each other, since the plant metabolism is physiologically not related to
transpiration (Taiz and Zaiger 2002). Thus, any difference in the UC at different plant
developmental stages or between different cultivars may be due to commensurate differences either
in the nutrient uptake rates, or in the water uptake rates, or in both. As the plants are growing up,
the leaf area increases and this results in increased rates of whole plant transpiration (Taiz and
Zaiger 2002). On the other hand, an increased leaf area results in increased rates of whole plant
photosynthesis (Koyama and Kikuzawa 2009), thereby raising the nutrient demand and
concomitantly the nutrient uptake rates. As a result, although the nutrient uptake and the water
uptake are independent processes, the UC do not change dramatically during the cropping period,
as has been shown in several studies (Savvas & Lenz 1995, Sonneveld & Voogt 2009). However,
morphological changes at different plant developmental stages may differently affect the nutrient
uptake rates than the water uptake rates. Thus, at the early plant developmental stages, all or most
leaves are young, while at later developmental stages, when the plants enter the reproductive phase,
a considerable part of the foliage consist of older leaves (Paltridge and Denholm 1974). The rates
of transpiration are much less affected by the age of the leaves than the rates of net photosynthesis.
Consequently, as the age of the plants increases, the water uptake rates increase more than the
nutrient uptake rates and thus the uptake concentrations decrease, although in absolute terms the
nutrient demand increases. The tendency of the UC for most nutrients (except of N and P) to
decrease with time in the present study seems to result mainly from a stronger increase in water
uptake rates with time than in the nutrient uptake rates.

The exceptions formed by the UC of N and P, which increased slightly as the plants entered the
reproductive phase, may indicate a stronger increase in the N and P demand during the reproductive
stage than the increase in the whole plant transpiration. An increase in the P demand by pepper as
the plants pass from the vegetative to the reproductive stage can be ascribed to the appreciably
higher P concentrations in the fruit than in the leaves of pepper. Indeed, as reported by Silber et al.
(2005), the P concentrations in the leaves of pepper ranged from 2.1 to 3.7 mg g%, depending on
irrigation frequency and P application rate, while the corresponding values in the fruit ranged from
6.2 to 7.5 mg g*. Similar differences in the P concentration between leaves and fruit were found
also in the present study (Figure 3.8). However, the nitrogen concentrations tend to be higher in
the leaf than in the fruit (e.g. 48.6 vs. 37.7 mg g, respectively, as reported by Bar-Tal et al. (2001).
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Hence, the slight increase in the N UC as the plants entered the reproductive stage in the present
study cannot be ascribed to increased fruit N concentrations compared to those in leaves. An
alternative explanation is a possible increase in the rates of denitrification as the crop was aging,
which can be ascribed to the gradual increase in the air temperature, given that the crop was
established on 16 January and the commencement of the reproductive stage coincided with the
advent of the spring season. Nitrogen losses through denitrification in hydroponic nutrient solutions
may be considerable, reaching levels up to 20% of the total supply, as has been shown by Daum
and Schenk (1998). According to the method applied in the present study to estimate UC,
denitrification losses are taken as apparent N uptake and, therefore, they tend to increase the
estimated UC.

Since the UC represent uptake ratios between a nutrient and water, significant differences in the
UC of any nutrient between cultivars originate from differences either in whole plant transpiration
owing to leaf area differences, or in the nutrient demand, or in a combination of them. Furthermore,
any differences in the nutrient demand between cultivars are mainly due to commensurate
differences either in tissue nutrient concentrations or in the fruit biomass. The significantly higher
Ca and Mg UC by Sondela and K UC by Bellisa in comparison with those recorded in all other
genotypes, which were consistent during the whole cropping period, are partly ascribed to lower
whole plant transpiration (Figure 3.1). ‘Sondela’ and ‘Bellisa’ are cultivars grown for the
production of red pepper fruits, which need longer time to ripen than those harvested green, as is
the case with ‘Sammy’. It is well known that the delay in fruit harvesting, which increases the fruit
load, retards the vegetative growth (Engels et al. 2012), thereby reducing the leaf area per plan and
concomitantly the whole plant transpiration. Nevertheless, the selective increase of only the UC
of Ca and Mg in Sondella and K in Bellisa suggests that not only the whole plant transpiration but
also the nutrient requirements are different between different cultivars. Indeed, while the whole
plant transpiration was lower in both ‘Sondela’ and ‘Bellisa’ in comparison to the other genotypes,
the leaf Ca and Mg concentrations were higher only in ‘Sondela’ during the reproductive stage of
development. Hence, the factor that ultimately imposed higher Ca and Mg UC in ‘Sondela’ than in
the other genotypes was the higher concentration of Ca in the leaves, and Mg in both leaves and
fruit of ‘Sondela’ (Figures 3.4B and 3.5B). The reduced Ca and Mg concentrations in the nutrient
solution that was recirculating in circuits accommodating ‘Sondela’ are in agreement with the

higher Ca and Mg UC found for this cultivar. The same applies also for K in ‘Bellisa’. The
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significantly higher K UC in ‘Belisa’ were also due to a combination of higher whole plant
transpiration and higher leaf K concentrations as indicated by Figures 3.1 and 3.6A.

The UC of total-N and P do not seem to be influenced by the genotype of the cultivar. Finally, the
UC of the micronutrients Fe, Mn, Zn, and B did not show a consistent influence of the genotype,
although ‘Sondela’ exhibited significantly higher Zn and B UC than the other cultivars at certain
developmental stages. Sondela exhibited higher boron UC only during the reproductive
developmental stage, which points to an effect of the fruit load on boron uptake rather than a
transpiration-related effect on B UC.

An appreciable body of related investigations has indicated that grafting may decrease the uptake
of some nutrients while increasing the uptake efficiency for some other nutrients depending mainly
on the rootstock genotype (Ruiz et al. 1997, Rouphael et al. 2008, Savvas et al. 2009, Colla et al.
2010). Therefore, grafting has been suggested as a means to limit nutrient and heavy metal toxicity,
or to increase fertilizer use efficiency and prevent nutrient deficiencies in marginally fertile soils
(Savvas et al. 2013, Rouphael et al. 2016). Many rootstocks used to graft vegetables are wild
genotypes of the same species as the scion, relatives, or hybrids of them, which are characterized
by more vigorous root systems than those of highly productive cultivars (Huang et al. 2010, Pico
et al. 2017). However, the pepper rootstock RS10, which was used to graft ‘Sammy’ in the current
research, belongs to the same species with the scion (Capsicum annuum) and not to any wild
relative species of pepper characterized by a vigorous root system. This is presumably the reason
for the lack of any differences in leaf and fruit nutrient levels as well as in UC between self-grafted
‘Sammy’ plants and ‘Sammy’ plants grafted onto the rootstock RS10.

Comparing the UC found in the present study with those found by Voogt and Sonneveld (1997) in
North European hydroponic greenhouses reveals that they are influenced by the contrasting
climatic conditions. Indeed, the UC found by Voogt and Sonneveld (1997) in a pepper crop grown
in a closed rockwool system in the Netherlands, averaged for the whole cropping period, were 2.2
mmol L for Ca, 0.78 mmol L for Mg, 4.6 mmol L for K, 10.30 mmol L for N, and 0.81
mmol L™ for P. The corresponding UC found in the present study ranged between 2.4 to 3.7 mmol
L for Ca, 1.0 to 1.5 mmol L for Mg, 6.1 to 9 mmol L for K, 11.7 to 13.7 mmol L* for N, and
0.7 to 1.1 mmol L™ for P.

A comparison between the values found in the two different studies reveals that the UC of
macronutrients found in the present study are clearly higher than those reported by Voogt and

Sonneveld (1997). In a similar study (Savvas et al. 2017), tomato plants grown under
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Mediterranean climatic conditions had an increased need for N, P, K, Ca, Zn, and Cu and a
decreased need for Fe, Mn, and B in comparison with the UC reported under North European
climatic conditions (Voogt and Sonneveld 2009). The differences in UC between greenhouses
located in these two contrasting environments may originate from differences either in the mean
light interception, as reported by Adams (1993), or in the method applied to determine the UC, as
reported by Tzerakis et al. (2013), Neocleous and Savvas (2015) and Savvas et al. (2017). The
method applied in the present study to determine the UC takes into consideration possible
precipitation losses. Therefore, the obtained values should be correctly termed “apparent uptake
concentrations (Adams 2002). However, for a sufficient supply of nutrients to plants grown in
closed hydroponic systems, it is essential to provide the amount of nutrients corresponding not only
to net uptake but also to losses through precipitation or immobilization that may occur during the
flow of the NS along the system. Therefore, the apparent nutrient UC determined in the present
study constitute a sound basis to establish suitable NS compositions for pepper crops cultivated in

closed hydroponic systems under Mediterranean climatic conditions.

3.6 Conclusion

The results of the present study indicated that different pepper cultivars may take up nutrients and
water at different ratios under the same nutritional, irrigation and climatic conditions, as indicated
by the observed differences in the UC (uptake concentrations). More specifically, ‘Sondela’
exhibited the highest Mg and Ca UC throughout the cropping period and B UC during the
reproductive stage in comparison with all other tested cultivars. Furthermore, ‘Belissa’ exhibited
significantly higher K UC throughout the cropping period in comparison with all other tested
cultivars.

The tissue nutrient concentrations and the UC were similar in ‘Sammy’ self-grafted and ‘Sammy’
grafted onto the commercial rootstock "RS10' (Capsicum annuum), which indicates that this
Capsicum annum rootstock does not modify the uptake of nutrients and water by the scion. The
developmental stage of the pepper plants had a strong impact on the UC of most nutrients due to
changes in the mean physiological age of the leaves, the onset of fruit production and seasonal
differences in climatic conditions.

Based on the UC estimated in the present study, the nutrient solutions supplied to closed

hydroponic crops of pepper should contain Ca, Mg and B at higher concentrations than standard
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recommendations when the cultivated variety is ‘Sondela’ and K at higher concentrations when the

cultivated variety is ‘Bellisa’.

References

Adams P. 1993. Crop nutrition in hydroponics. Acta Horticulturae 323, 289-305

Adams P. 2002. Nutritional control in hydroponics. In Hydroponic production of vegetables and
ornamentals. D. Savvas & H.C. Passam. Eds. Embryo Publications, Athens, Greece, pp. 211-261
Bar-Tal A., Aloni B., Karni L., Oserovitz J., Hazan A., Itach M., Gantz S., Avidan A., Posalski .,
Tratkovski N. and Rosenberg R. 2001. Nitrogen nutrition of greenhouse pepper. I. Effects of
nitrogen concentration and NOs:NHa ratio on yield, fruit shape, and the incidence of blossom-end
rot in relation to plant mineral composition. HortScience 36, 1244-1251

Colla G., Suarez C.M.C., Cardarelli M. and Rouphael, Y. 2010. Improving nitrogen use efficiency
in melon by grafting. HortScience 45 (4), 559-565

Daum D. and Schenk M.K. 1998. Influence of nutrient solution pH on N2O and N2 emissions from
a soilless culture system. Plant and Soil 203, 279-287

de Kreij C., Voogt W. and Baas R. 1999. Nutrient solutions and water quality for soilless cultures,
Brochure 196. Research Station for Floriculture and Glasshouse Vegetables (PBG). Naaldwijk,
The Netherlands

Huang Y., Bie Z., He S., Hua B., Zhen A. and Liu Z. 2010. Improving cucumber tolerance to major
nutrients induced salinity by grafting onto Cucurbita ficifolia. Environmental and Experimental
Botany 69, 32-38

Koyama K. and Kikuzawa K. 2009. Is whole-plant photosynthetic rate proportional to leaf area? A
test of scalings and a logistic equation by leaf demography census. American Naturalist 173, 640-
649

Engels C., Kirkby E. and White P. 2012. Chapter 5 - Mineral Nutrition, Yield and Source-Sink
Relationships. In Marschner's Mineral Nutrition of Higher Plants (Third Edition). P. Marschner
Eds. Academic Press, San Diego, USA, pp. 85-133

Neocleous D. and Savvas D. 2015. Effect of different nutrient macrocation ratios on macronutrient
uptake by melon (Cucumis melo L.) grown in recirculating nutrient solution. Journal of Plant
Nutrition and Soil Science 178, 320-332

104

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



Paltridge G.W. and Denholm J.V. 1974. Plant yield and the switch from vegetative to reproductive
growth. Journal of Theoretical Biology 44 (1), 23-34

Penella C. and Calatayud A. 2018. Pepper crop under climate change: Grafting as an environmental
friendly strategy. In Climate Resilient Agriculture-Strategies and Perspectives. C. Srinivasarao,
A.K. Shanker & C. Shanker Eds. InTechOpen, London, pp. 129-155

Pico B., Thompson A., Gisbert C., Yetisir H. and Bebeli P. 2017. Genetic Resources for Rootstock
Breeding. In Vegetable Grafting: Principles and Practices. G. Colla, F. Pérez-Alfocea & D.
Schwarz Eds. CABI, Wallingford, UK, pp. 22-69

Rouphael Y., Cardarelli M., Rea E. and Colla G. 2008. Grafting of cucumber as a means to
minimize copper toxicity. Environmental and Experimental Botany 63, 49-58

Rouphael Y., Rea E., Cardarelli M., Bitterlich M., Schwarz D. and Colla G. 2016. Can adverse
effects of acidity and aluminum toxicity be alleviated by appropriate rootstock selection in
cucumber? Frontiers in Plant Science 7, 1283

Ruiz J.M., Belakbir A., Lopez-Cantarero I. and Romero L. 1997. Leaf-macronutrient content and
yield in grafted melon plants. A model to evaluate the influence of rootstock genotype. Scientia
Horticulturae 71, 227-234

Savvas D. and Lenz F. 1995. Nahrstoffaufnahme von Aubergine (Solanum melongena L.) in
Hydrokultur. Gartenbauwissenschaft 60, 29-33

Savvas D., Papastavrou D., Ntatsi G., Ropokis A., Olympios C., Hartmann H. and Schwarz D.
2009. Interactive effects of grafting and Mn-supply level on growth, yield and nutrient uptake by
tomato. HortScience 44, 1978-1982

Savvas D., Colla G., Rouphael Y. and Schwarz D. 2010. Amelioration of heavy metal and nutrient
stress in fruit vegetables by grafting. Scientia Horticulturae 127, 156-161

Savvas D., Ntatsi G. and Barouchas P. 2013. Impact of grafting and rootstock genotype on cation
uptake by cucumber (Cucumis sativus L.) exposed to Cd or Ni stress. Scientia Horticulturae 149,
86-96

Savvas D., Oztekin G.B., Tepecik M., Ropokis A., Tiizel Y., Ntatsi G. and Schwarz D. 2017.
Impact of grafting and rootstock on nutrient to water uptake ratios during the first month after
planting of hydroponically grown tomato. Journal of Horticultural Science and Biotechnology 92,
294-302

Silber A., Bruner M., Kenig E., Reshef G., Zohar H., Posalski I., Yehezkel H., Shmuel D., Cohen
S., Dinar M., Matan E., Dinkin .1, Cohen Y., Karni L., Aloni B. and Assouline S. 2005. High

105

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



fertigation frequency and phosphorus level: Effects on summer-grown bell pepper growth and
blossom-end rot incidence. Plant and Soil 270, 135-146

Silvar C. and Garcia-Gonzalez C.A. 2016. Deciphering genetic diversity in the origins of pepper
(Capsicum spp.) and comparison with worldwide variability. Crop Science 56, 3100-3111
Sonneveld C. and Voogt W. 2009. Nutrient Management in Substrate Systems. In Plant Nutrition
of Greenhouse Crops. Springer Eds. Dordrecht, The Netherlands, pp. 277-312

Taiz L. and Zeiger E. 2002. Plant Physiology (3rd ed.). Sinauer Associates, Sunderland

Tsaballa A., Ganopoulos 1., Timplalexi A., Aliki X., Bosmali I., Nianiou-Obeidat I., Tsaftaris A.
and Madesis P. 2015. Molecular characterization of Greek pepper (Capsicum annuum L.) landraces
with neutral (ISSR) and gene-based (SCoT and EST-SSR) molecular markers. Biochemical
Systematics and Ecology 59, 256-263

Tzerakis C., Savvas D., Sigrimis N. and Mavrogiannopoulos G. 2013. Uptake of Mn and Zn by
cucumber grown in closed hydroponic systems as influenced by the Mn and Zn concentrations in
the supplied nutrient solution. HortScience 48, 73-379

Voogt W. and Sonneveld C. 1997. Nutrient management in closed systems for greenhouse
production. In Plant Production in Closed Ecosystems. E. Goto, K. Kurate & M. Hayashi Eds.
Springer, Dordrecht, pp. 83-102

106

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



CHAPTER 4. RESPONSES OF SWEET PEPPER (Capsicum annum L.) CULTIVATED
IN A CLOSED HYDROPONIC SYSTEM TO VARIABLE CALCIUM
CONCENTRATIONS IN THE SUPPLIED NUTRIENT SOLUTION

4.1 Abstract

In the Mediterranean regions, the available irrigation water frequently contains sodium chloride
but also calcium bicarbonate at excessively high concentrations. The use of water containing
calcium bicarbonate (Ca(HCO3)2) at excessively high concentrations in closed hydroponic crops
can cause calcium ion (Ca) accumulation in the recycled nutrient solution (NS) and concomitantly
negatively affect yield and product quality. The aim of the study was to determine maximum Ca
concentrations that do not harm the crop and to simulate the pattern of Ca accumulation when the
Ca concentration in the irrigation water, and concomitantly in the replenishment nutrient solution
(RNS), is excessive. In the current study, irrigation water containing 1.5, 3.0, 4.5 and 6.0 mM Ca
was used to prepare the RNS supplied to pepper cultivated in a closed hydroponic system. The
“uptake concentrations” (UCs) of macronutrients (i.e., N, S, K, Ca and Mg) under conditions of
progressive Ca accumulation in the recirculating NS and thus in the root zone were determined.
Plant biomass production, fruit yield and quality were also recorded. At 1.5 mM Ca, no Ca
accumulation was observed in the recirculating NS. However, at 3.0, 4.5 and 6.0 mM in the
irrigation water, the Ca concentration in the recirculating NS, and concomitantly in the root
environment, increased to 17, 28 and 37 mM, corresponding to 6.4, 9.0 and 10.8 dS m™. The
accumulation of Ca in the recirculating NS affected both tissue nutrient concentrations and nutrient
to water uptake ratios (uptake concentrations) of Ca, S and Mg, but this was not the case for N and
K. Growth, yield and plant water uptake were restricted at moderate (3.0 and 4.5 mM) and high
(6.0 mM) external Ca levels, as pepper is susceptible not only to salinity but also to nutrient
imbalances in the root environment. Our results showed that in soilless sweet pepper crops with
zero discharge of fertigation effluents, the Ca concentration in the irrigation water and the RNS

should be lower than 3.0 mM to avoid yield restrictions due to salinity.

4.2 Introduction
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In open soilless crops, the fraction of nutrient solution (NS) that drains out of the root zone after
each irrigation event to leach salts from the rhizosphere and ensure sufficient water supply to all
plants is wasted (Massa et al. 2020). To save precious water and fertilizers resources and avoid
adverse environmental impacts due to pollution of groundwater with nitrates, governmental
authorities have put increasing pressure to growers through legislation to switch over to closed
soilless cultivation systems (Sonneveld et al. 2002, Ropokis et al. 2018). A common problem
encountered in closed hydroponic systems, especially when the source water is of poor quality, is
the accumulation of ions, including non-nutrients which may be toxic (e.g. sodium), but also
nutrients contained at excessive concentrations compared to plant requirements, particularly
calcium ion (Ca), magnesium ion (Mg) and sulphate ion (SO4). More specifically, this is the case
when the ion to water inlet ratios (i.e. concentrations in the irrigation water) are higher than the
corresponding ion to water uptake ratios (Massa et al. 2020). The accumulation of nutrient ions to
excessive levels results in an unbalanced ratio between nutrients and a higher electrical
conductivity (EC) in the NS surrounding the roots, and concomitantly in reduced yield (Ropokis et
al. 2018).

The ion to water uptake ratios, which are termed ‘uptake concentrations’ (UC) (Adams 2002,
Sonneveld 2002, Sonneveld & Voogt 2009), exhibits an appreciable stability over time under
similar climatic conditions for a specific plant species and developmental stage, if the ionic
concentrations in the root zone are relatively stable over time (Sonneveld & Voogt 2009, Tzerakis
et al. 2013, Savvas & Gruda 2018). However, the concentration of a nutrient (e.g. Ca) in the
available irrigation water may be higher than the mean nutrient to water uptake ratio (Neocleous
and Savvas 2018). In these cases, this nutrient and the counterbalancing nutrient ion(s), gradually
accumulate in the root zone and concomitantly the UCs of these nutrients are also altered
(Neocleous and Savvas 2018). Furthermore, the accumulation of this nutrient in the root zone may
also affect the UCs of other nutrients due to ionic competition in uptake, thereby negatively
affecting crop nutrition (Varlagas et al. 2010). To assess this hypothesis, UCs of Ca, Mg, potassium
ion (K), nitrate (NOs), ammonium cation (NH4) and SO4 were determined in a closed hydroponic
crop of pepper, under conditions of progressive Ca accumulation in the root zone imposed by
excessively high Ca concentrations in the available irrigation water. Finally, the impact of altered
UCs and nutrient accumulation in the root zone of pepper on plant biomass and fruit yield was also
studied. The overall objective of the current study was to provide specific knowledge needed to

108

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



control efficiently Ca nutrition in pepper crops cultivated in closed hydroponic systems, especially

when the Ca concentration in the irrigation water exceeds the Ca to water uptake ratio.

4.3 Materials and methods

4.3.1 Plant material and growth conditions

The experiment was conducted in a heated glasshouse at the Agricultural University of Athens

(37°58'57.8"N, 23°42'14.3"E). Four experimental treatments were applied in a pepper crop,

corresponding to four variable concentrations of Ca in the NS supplied to a pepper crop,

particularly 1.5, 3.0, 4.5 and 6.0 mM Ca. For each treatment, five experimental closed hydroponic

circuits were randomly distributed in the glasshouse and thus 20 experimental circuits were used

as shown in Picture 5.
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Picture 5. Pepper plants into channels of the glasshouse pruned according to the ‘V’ system.

This system was described in detail in a previous paper (Ropokis et al. 2018). The pepper

(Capsicum annuum L. cv. ‘Sammy’) plants were grown in recirculating NS using a nutrient film

technique (NFT). Each circuit comprised one channel, 3.0 m in length, 0.015 m in width, and 0.03

m in height placed at a slope of 1%, an individual supply tank at the lower end of the channel, a
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pump continually supplying NS via an irrigation pipe to the upper end of the channel, and an
individual replenishment tank. The four different Ca concentrations were applied in the NS
contained in the replenishment tank, which will be henceforth termed replenishment nutrient
solution (RNS). Nine seedlings were transferred into each circuit on 11 September, at the stage of
five to six true leaves, corresponding to a plant density of 2.5 plants per m?. The pepper plants were
pruned and supported according to the ‘V’ system, which resulted in a two-stem plant obtained by
removing one of the two shoots developed at each node. The distance between individual plants in
each channel of the circuit was 0.35 m. The crop was terminated on 25 February. In each
experimental unit, the NS was automatically applied from the supply tank at a rate of 0.4 m3 h™™.
The total amount of NS per plant in each experimental unit (including both the solution contained
in the supply tank and that in recirculation) amounted to 3 L per plant. The NS consumed by the
plants was automatically replaced by RNS coming from the replenishment tank, using a float valve.
The RNS consumed by the plants was measured daily by recording the change in volume of the
replenishment tank. All channels were covered with black—white polyethylene sheets to avoid

water evaporation as shown in Picture 6.

P/
&/

Picture 6. Pepper plants into channels of the glasshouse pruned according to the “V’ system.

The mean monthly air temperatures in the greenhouse during the experiment are shown in Table
4.1. No drainage water was discharged and losses due to technical failures were negligible.
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Table 4.1. Mean monthly temperatures in the greenhouse during the whole experiment.

Month T (°C)
Sep 27.9
Oct 24.6
Nov 21.1
Dec 19.2
Jan 20.7
Feb 21

Before transplanting, all supply tanks were filled with a starter NS, while each replenishment tank
was filled with one out of the four RNSs, corresponding to the four experimental treatments.
Immediately after transplanting, the four different RNSs were supplied to the plants through the
float valve in all circuits, to compensate for NS uptake by the plants.

4.3.2 Composition and sampling of experimental nutrient solutions

The nutrient concentrations in the starter NS followed a modified formula suggested for pepper (de
Kreij et al. 1999) and were in all treatments as follows: 5.5 mM K, 6.5 mM Ca, 2.0 mM Mg, 1.1
mM NHa, 16.4 mM NO3, 1.2 mM H2PO4, 5.8 mM SO, 20.0 uM Fe, 10.0 uM Mn, 6.0 uM Zn, 0.8
uM Cu, 50.0 uM B, and 0.5 pM Mo. The EC and pH in the starter NS were 2.6 dS m™ and 5.6,
respectively. Henceforth, the calcium concentrations in the RNS are referenced as low (1.5 mM),
medium (3.0 and 4.5 mM) and high (6.0 mM). The different total cation concentrations imposed
by different Ca concentrations in each treatment, were counterbalanced by equivalent variations in
the NOz and SO4 concentrations. The nutrient concentrations in the four different RNSs are shown
in Table 4.2.
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Table 4.2 Nutrient concentrations in the four replenishment nutrient solutions (RNSs) applied as different
experimental treatments.

Ca concentrations in the RNS
Nutrient Low Medium High
Ca (mmol LY 1.5 3.0 45 6.0
SO4 (mmol LY 0.7 1.2 18 2.2
NO; (mmol L) 11.5 135 15.5 17.5
K (mmol L) 8.0 8.0 8.0 8.0
Mg (mmol L) 1.1 1.1 1.2 1.1
NH4 (mmol L) 1.0 1.0 1.0 1.0
H2PO,4 (mmol L) 11 11 1.1 1.1
Fe (umol L) 15.0 15.0 15.0 15.0
Mn (umol L) 10.0 10.0 10.0 10.0
Zn (umol L) 4.0 4.0 4.0 4.0
Cu (umol LY 0.7 0.7 0.7 0.7
B (umol L) 25.0 25.0 25.0 25.0
Mo (umol L) 0.5 0.5 0.5 05

The pH in the recirculating nutrient solution was daily adjusted to 5.6-5.7 by adding appropriate
amounts of 1 mol L nitric acid (HNO3) stock solution based on the actual pH level, which was
measured using a portable pH-meter (pH 25, Crison). The EC was also recorded daily using a
portable EC-meter (CM 25, Crison, CRISON INSTRUMENTS S.A., Barcelona, Spain).

Immediately after transplanting, samples of starter NS were collected before its placement into the
tanks. After transplanting, samples of recirculating NS were selected at the lower end of each

channel in all closed hydroponic units on a 3-weekly basis until 25 February.
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4.3.3 Yield, water consumption and water use efficiency

Harvesting commenced on October 15 in all treatments and terminated on February 25.
Commercially ripe fruits were harvested twice per week to calculate the total number of fruit per
plant, the total fresh yield and the mean fruit weight in each treatment. Crop water use efficiency
(WUE) was calculated as fruit yield (kg/plant) divided by the cumulative water consumption
(L/plant).

4.3.4 Determination of nutrient concentrations

The concentrations of Ca and Mg in both NSs and aqueous extracts of plant tissues were measured
using an atomic absorption spectrophotometer (Perkin ElImer 1100A, Perkin Elmer, Waltham, MA,
USA), while that of K was determined by flame photometry (Sherwood Model 410, Cambridge,
UK). The concentrations of NO3z, NH4 and S were measured photometrically using a 96-position
microplate spectrophotometer (Anthos Zenyth 200; Biochrom, USA). NOs and NHs were
determined by applying the copperized cadmium reduction method (Griess-llosvay procedure) at
540 nm, and the indophenol blue method at 630 nm, respectively. The NH4 concentration was
added to that of NOgz in each sample to obtain the total N concentration. Total N in plant tissues
was determined following the Dumas combustion method using a C/N elemental analyzer
(Unicube, Elementar Analysensysteme GmbH, Hanau, Germany). Nutrient to water uptake ratios
(UCs) for Ca, Mg, total N, K and SO4 were estimated as described by Ropokis et al. (2018).

4.3.5 Estimation of mean uptake concentrations

Nutrient to water uptake ratios (uptake concentrations) for Ca, Mg, total N, K and S were estimated
based on the removal of nutrients from the nutrient solution. In particular, the mean uptake
concentration of the x micronutrient (Cyx, in umol L, where x = Ca, Mg, N, K and S) was

determined for two time intervals using the following mass balance equation:

_ Vr(bei_ Cxei) +V4iCxa
Cou = el (1)
ui
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where V; (L) denotes the total volume of the recirculating NS in each experimental unit (70 L in
the present study); Vui (L) denotes the total volume of NS that was taken up by the plants in each
experimental unit during the i time interval (i = 1...8); Cwi and Cxi (umol L) denote the
concentrations of the x nutrient in the recirculating NS on the first and the last day of the i time
interval (i = 1...8); Cxa (umol L) denotes the concentration of the x nutrient in the RNS used in

each treatment.

4.3.6 Statistical analysis

The four different NS treatments were applied as a randomized complete block experimental
design. The impact of the different treatments was evaluated by applying one-way ANOVA.
Multiple comparisons of means were performed by applying the Duncan’s Multiple Range Test
and the significance of differences for the results presented in figures is shown in Supplementary
Table 1. The STATISTICA software package, version 12.0 (StatSoft, Inc., Tulsa, OK, USA) was
used to statistically evaluate the data.

4.4 Results

4.4.1 Changes in cumulative water consumption and EC

The cumulative amount of water consumed by pepper throughout the cropping period was reduced
at high Ca concentrations in the supplied NS. Particularly, on the last sampling date, 15%, 19%
and 28% less water was consumed by plants grown under 3.0, 4.5 and 6.0 mM Ca in the NS
respectively, when compared to the control treatment (i.e. 1.5 mM) as shown in Fig. 4.1. These
differences were in line with clear differences between the treatments in the vegetative plant
biomass and the leaf area (data not show) at the end of the experiment (i.e 168 days from

transplanting).
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Figure 4.1. Evolution oT cumuiative water consumpuon (LVvvL) In a greennouse crop ot pepper (Capsicum annum,
cv. ‘Sammy') grown in closed hydroponic systems as influenced by four different concentrations of Ca in the RNS.
Vertical bars indicate + standard errors of means.

The EC in the recirculating NS gradually increased with time in the medium and high-Ca
treatments (3, 4.5 and 6 mM Ca in the RNS), while in the low Ca treatment (1.5 mM Ca in the
RNS) the EC in the recirculating NS slightly decreased with time (Fig. 4.2.)
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Time (d) from treatment initiation
Figure 4.2. Electrical conductivity (EC) In recirculating nutrient solution in a greenhouse crop ot pepper (Capsicum
annum, cv. ‘Sammy') grown in closed hydroponic systems as influenced by four different concentrations of Ca in the
RNS. Vertical bars indicate + standard errors of means.
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4.4.2 Fruit yield and water use efficiency

The total fruit yield decreased significantly as the Ca level in the RNS increased, due to
commensurate restrictions in the number of fruit per plant, while the mean fruit weight was not

influenced (Figure 4.3).
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Figure 4.3. Influence of four different Ca concentrations in the RNS supplied to a greenhouse crop of pepper
(Capsicum annum, cv. ‘Sammy') grown in closed hydroponic systems on: (a) total fruit number (TFN) per plant, (b)
total fruit weigh (TFW) per pant and (c) average marketable fruit weigh (MFW) per plant. In each graph, different
letters above bars indicate significant differences between means (n=5) according to the Duncan’s Multiple Range
Test. Vertical bars indicate + standard errors of means

In particular, the total fruit number in the treatment with the lowest Ca concentration (i.e. 1.5 mM)
in the RNS was 22% higher than in the 3.0 mM treatment, 26% higher than in the 4.5 mM treatment
and 30% higher than in the 6.0 mM treatment. Accordingly, the total fruit weight in the treatment
with the lowest Ca concentration in the RNS (i.e. 1.5 mM) was 24% higher than in 3.0 mM
treatment, 34% higher than in 4.5 mM and 32% higher than in 6.0 mM treatment. However, as
shown in Figure 4.4, the different Ca-supply treatments had no significant impact on WUE.
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Figure 4.4. Estimated water use efficiency (WUE) as influenced by four different concentrations of Ca in the RNS
supplied to the crop to compensate plant uptake in a greenhouse crop of pepper (Capsicum annum, cv. ‘Sammy")
grown in closed hydroponic systems. Water use efficiency was calculated as fruit yield (kg/plant) divided by the

cumulative water consumption (L/plant). Vertical bars indicate + standard errors of means

The quadratic (second-order) polynomial model (y=bo+b1x+b2x?) was used as a model to describe
the independent variable (total yield) as a relationship of the dependent variable (Ca in the RNS).
According to this model, which is shown in Supplementary Figure 4a, significantly higher yield
(2.78 kg plant) was observed at 1.5 mM Ca in the RNS compared to the other three treatments
with higher Ca concentrations. However, no significant differences could be found between the

three high-Ca treatments.

4.4.3 Nutrient concentrations and uptake

The evolution of Ca accumulation with time in the recirculating NS is presented in Fig. 4.5a.
Although, the same accumulation pattern (sigmoid curve) was observed for the cumulative water
consumption, clear differences in Ca accumulation levels over the whole cultivation cycle were
observed among treatments. In the medium and high Ca treatments, the Ca concentrations in the
recirculating NS were increasing during the whole experimental period but a sharper increase was
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observed 22 days after treatment initiation (DAT). However, in the low Ca treatment, the Ca
concentration in the recirculating NS slightly decreased at the start of anthesis, while at 95 DAT
the Ca levels showed a tendency to stabilize to a minimal level. Finally, Ca ions accumulated in
the drainage solution up to 2.5, 17.2, 27.7 and 37.2 mM, in the treatments with Ca concentrations
1.5, 3.0, 4.5 and 6.0 mM in NS, respectively.

—%— Ca: 1.5mM
—— Ca: 3.0 mM
—v— Ca:4.5mM
40, —p— Ca 6.0mM

FI/'-\ 32,

_|

S 24

e

E 16

N

[q01

O sl
O\ T T T T T T T T 1

O 20 40 60 80 100 120 140 160 180

60—

g

(a)

FI|

(@))

(@))

=

N

4+

O 1104 b
O T T T T

T T T T 1
0] 20 40 60 80 100 120 140 160 180

Ca UC (mmol L?)
N

0 20 40 60 80 100 120 140 160 180
Time (d) from treatment initiation
Figure 4.5. Concentrations of Ca: (a) in recirculating nutrient solution (NS), (b) in the dry biomass (DW) of
leaves removed from pepper plants and (c) apparent uptake concentration (UC) of Ca (Ca uptake per water
uptake), as influenced by four different Ca concentrations in the RNS supplied to pepper (Capsicum annum, cv.
‘Sammy') grown in closed hydroponic systems. Vertical bars indicate + standard errors of means.
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In leaves, the Ca concentrations increased in all treatments by the increase of Ca concentration in
the supplied NS (Fig. 4.5b). Based on the removal of nutrient from NS and crop water uptake, the
effect of different external Ca concentrations on the mean Ca uptake concentrations (UCs; amount
of nutrient absorbed per volume of water consumption) was influenced by NS treatments.
Particularly, the UC of Ca increased with time when the Ca concentration in the NS was 4.5 or 6.0
mM, while it slightly decreased when the Ca concentration in the NS was 1.5 or 3.0 mM (Fig 4.5c).
In all treatments, the Ca UCs were high during the vegetative stage and decreased as the plants
passed to the reproductive stage

The NOs, and concomitantly the total N concentration in the recirculating NS increased during the
experimental period only when the Ca concentrations were 3.0, 4.5 and 6.0 mM in the RNS.
However, the accumulation rate of total N slightly decreased when the Ca concentration in the RNS
was 1.5 mM after the initiation of the experimental period, with a tendency to stabilize to a minimal
level towards the end of the experiment (Fig. 4.6a). The concentrations of total N in the leaves were
reduced with time, irrespective of the Ca supply treatments (Fig. 4.6b). The mean UCs of N, during
the whole experimental period, ranged between 11.0 - 11.7 mmol L [1.5 mM Ca], 12.2 -13.4
mmol L [3 mM Ca], 13.2 - 14.2 mmol 291 L* [4.5 mM Ca], and 14.2 - 15.7 mmol L [6 mM Ca]
(Fig. 4.6c¢).
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Figure 4.6. Concentrations of total N: (a) in recirculating nutrient solution (NS), (b) in the dry biomass (DW) of
leaves removed from pepper plants and (c) apparent uptake concentration (UC) of total N (total N uptake per water
uptake), as influenced by four different Ca concentrations in the RNS supplied to pepper (Capsicum annum, cv.
‘Sammy') grown in closed hydroponic systems. Vertical bars indicate + standard errors of means.

The concentrations of SOy in the recirculating NS progressively increased with time when the Ca
concentrations in the RNS were 3.0, 4.5, or 6.0 mmol L™ Ca (Fig. 4.7a). However, when the Ca
level in the RNS was 1.5 mmol L%, the Ca concentrations in the recirculating NS were stable
throughout the whole experimental period. The concentrations of S in leaves were reduced at the
flowering stage compared to the initial vegetative stage, irrespective of the applied treatments.

Afterwards and until the end of the harvesting period, the concentrations of S in leaves increased
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following the SO4 concentration differences in the RNS (Fig. 4.7b). The mean SOs UC increased

with time in the medium and high Ca treatments, while in the low Ca treatment it remained initially

constant and decreased by the latter cropping stages (Fig. 4.7c).
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Figure 4.7. Concentrations: (a) of SO4in the recirculating nutrient solution (NS), (b) of S in the dry biomass (DW) of
leaves removed from pepper plants and (c) apparent uptake concentration (UC) of SO4 (SO4 uptake per water
uptake), as influenced by four different Ca concentrations in the RNS supplied to pepper (Capsicum annum, cv.
‘Sammy') grown in closed hydroponic systems. Vertical bars indicate + standard errors of means.
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The evolution of K accumulation in the recycled solution with time is shown in Fig. 4.8a.
Concentrations of K remained unaffected in all treatments until 40 DAT. Thereafter and until 84
DAT, the concentrations of K decreased in the NS supplied with 1.5 and 3.0 mM Ca, while in the
other treatments (4.5 and 6 mM Ca) they remained unaffected. At 84 DAT, concentrations of K
increased in all treatments while statistically significant differences among treatments were
obtained. In specific, K concentration was lower in the control treatment, compared to all other
treatments. Concentrations of K in leaves slightly increased until 84 DAT irrespective of the
treatments. After the start of harvesting, concentrations of K decreased and remained unaffected
by the applied treatments (Fig. 4.8b). Overall, the mean concentrations of K amounted to 70.7 mg
(g DW)? in leaves. The mean UC of K (7.0 mmol L) did not differ significantly between
treatments, while it remained at the same levels throughout the experimental period (Fig. 4.8c).
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Figure 4.8 Concentrations of K: (a) in recirculating nutrient solution, (b) in the dry biomass (DW) of leaves and (c)
apparent uptake concentration (UC) of K (K uptake per water uptake), as influenced by four different Ca
concentrations in the RNS supplied to pepper (Capsicum annum, cv. ‘Sammy') grown in closed hydroponic systems.
Vertical bars indicate & standard errors of means

The concentrations of Mg increased during the flowering stage while they were not influenced by

the applied treatments. However, during the first reproductive stage, Mg in the NS supplied with
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either 3.0, 4.5 or 6.0 mM Ca decreased and remained to these levels up to the end of the experiment.

The Mg concentration was significantly lower when the Ca concentration in the RNS was lowest
compared to the other three Ca-supply treatments (3.0, 4.5 or 6.0 mM Ca in the RNSs) (Fig. 4.9a).
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Figure 4.9. Concentrations of Mg: (a) in recirculating nutrient solution (NS), (b) in the dry biomass (DW) of

leaves and (c) apparent uptake concentration (UC) of Mg (Mg uptake per water uptake), as influenced by four

different Ca concentrations in the RNS supplied to pepper (Capsicum annum, cv. ‘Sammy') grown in closed
hydroponic systems. Vertical bars indicate = standard errors of means.

In the leaves of pepper plants, Mg levels did not change throughout the whole experimental period

when plants were grown under control conditions (1.5 mM Ca in the RNS). In contrast, the Mg
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concentration in the leaves of all other treatments decreased with time, while no statistical
differences were obtained between the treatments (Fig. 4.9b). The mean UC of Mg was also not
influenced by the treatments until the start of harvesting. However, after that stage, the UC in the

control treatment was significantly higher compared to that found in all other treatments (Fig. 4.9c).

4.5 Discussion

Pepper is considered sensitive to salinity (Rameshwaran et al 2016, Kpinkoun et al. 2018). Salinity
induced by sodium chloride (NaCl) restricts the total fruit yield (Chartzoulakis & Klapaki 2000,
Rubio et al. 2009). Maas and Hoffman (1977) estimated a salinity threshold value of 1.5 dS m™ in
the saturation extract for pepper plants grown in the soil and a yield decrease rate of 14% per unit
(dS m™) increase of salinity above the threshold. Sonneveld and van der Burg (1991) also found a
linear reduction of fruit yield at a rate of 7.6% as salinity increases above a threshold of 2.8 dS m"
Lin the root-zone solution, when pepper is grown hydroponically and exposed to NaCl-salinity.
The differences in the salinity threshold and the yield decrease rate due to salinity between these
two studies is reasonable, since the EC in the saturation extract does not represent the actual EC in
the soil solution but is approximately twice as high as under field capacity conditions (Neumann
and Romheld 2012).

The data reported in the earlier-referenced studies were obtained by exposing the plants to soils or
NS containing mainly NaCl in excess, while the current study addressed the responses of pepper
to calcium-induced salinity. The number of studies aiming to assess the effect of calcium salinity
on plant growth and nutrition is limited, although calcium bicarbonate (Ca(HCO3)2) is present at
higher concentrations than NaCl in soils, groundwater and surface water in many areas worldwide
(Biglari et al. 2016). The present study showed that salinity owing to excess Ca levels in the root
zone is also harmful to pepper. Combined consideration of Fig. 4.2, 4.3 and 4.5 shows that a Ca
concentration of 15 mmol L™ in the root zone, imposed by accumulation when the Ca
concentration in the RNS was 3 mmol L2, restrict yield by about 32%, but the decrease is not
proportional to salinity increase. Indeed, a further increase of the Ca levels in the root zone to about
30 or 38 mmol L™, imposed by 4.5 or 6 mmol L™ in the RNS, respectively, did not impose a
further decrease yield.

Calcium is an essential plant macronutrient which fulfils fundamental functions associated with

plant membrane stability, cell wall stabilization, and cell integrity (Hirschi 2004). However,
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calcium per se is not toxic to plants. Indeed, calcium concentrations in plant tissues can reach more
than 10% in the dry weight without seriously inhibiting plant growth and development
(Hawkesford et al. 2012). The damage caused by excessive external calcium concentrations is
ascribed mainly to osmotic salinity effects (Huang et al. 2017) and competitive impairment of K,
Mg and/or metallic micronutrient uptake (Falchi et al. 2017) which results in nutritional
imbalances. Thus, the lack of a proportionality between yield reduction and increase of EC (and
Ca levels) in the root zone of pepper seems to be associated with nutritional imbalances which
apparently occurred even when the level of Ca in the NS surrounding the roots was 15 and 30 mM.
It seems that the reduction of fruit production in these two treatments due to nutritional imbalances
was similar to that caused by salinity in the highest Ca treatment, i.e. at 6.0 mM Ca in the supplied
NS and about 35-40 mmol L™ Ca in the recirculating NS. This hypothesis assumes that the damage
caused by nutrient imbalances is not proportional to the level of the nutrient in excess that impairs
the uptake of other nutrients, which is true according to Neocleous and Savvas (2018).
Furthermore, this hypothesis assumes that the damage caused by impairment of nutrient uptake due
to excess external Ca is not additive to that caused by high salinity. The reduction of the leaf Mg
concentrations to similar levels in the medium and high Ca treatments (3.0, 4.5 and 6.0 mM)
compared to 1.5 mM, irrespective of Ca level, is in agreement with this consideration.

In the current study, Ca-induced salinity restricted the fruit yield by reducing merely the number
of fruit per plant, while the NaCl-induced salinity in the studies of Chartzoulakis and Klapaki
(2000) and Navarro et al. (2002) impaired both the average fresh fruit weight and the number of
fruits per plant. This finding further strengthens the notion that the harmful effects of calcium-
salinity rely on different mechanisms than those imposed by NaCl-salinity.

In the current study, the moderate and high Ca concentrations (3.0, 4.5 and 6.0 mM) in the RNS
raised the Ca concentrations in the recirculating solution to 17.2, 27.7 and 37.2 mmol L*
respectively. As a result, the total salinity, expressed as EC, increased in the root zone at higher
levels (6.4, 9.0 and 10.8 dS m™, respectively) than the recommended threshold of 2.8 dS m™
according to Sonneveld and van der Burg (1991). This result indicates that the Ca UCs (mmol Ca
per litre of water removed from the recirculating NS) in these treatments were lower than the Ca
concentrations in the corresponding RNSs (mmol Ca per litre of water input). Indeed, as shown in
Fig. 4.5¢, the calculated Ca UCs in the moderate and high Ca treatments were lower than the Ca
concentrations in the corresponding RNSs during most of the cropping period. Only for a short

period before crop termination they exceeded slightly the Ca concentrations in the RNSs, and this
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imposed temporarily a small decrease of the Ca concentration in the recirculating solution. This is
in agreement with the suggestion of Sonneveld and VVoogt (2009) that the Ca concentration in the
root environment of soilless-grown crops should be higher than the target Ca UC to ensure
sufficient Ca uptake rates by the plants. A similar pattern with that of Ca, as shown in Fig. 4.5c,
was found also for Na and Cl in a pepper crop grown in a closed hydroponic system (Savvas et al.
2007, Savvas et al. 2008).

The reduced water consumption in plants treated with 3.0, 4.5 and 6.0 mM Ca in the RNS (Fig.
4.1) compared to that recorded in plants treated with 1.5 mM Ca is because the Ca-stressed plants
developed a less extensive leaf area than those treated with 1.5 mM Ca (data not shown), and thus
the whole-plant transpiration was reduced. The reduced leaf area which points to a restriction of
the vegetative growth in plants exposed to higher Ca concentrations than 15 mM in the root zone
(i.e. 3 or higher than 3.0 mM Ca in the RNS) was presumably the causal factor for the lower fruit
number per plant in these treatments. The restriction of the vegetative growth and yield to similar
levels in the treatments with 3.0, 4.5 and 6.0 mM Ca in the RNS may be associated with the
reduction of the leaf Mg concentration in these treatments, since the decrease in leaf Mg was also
similar in these three Ca treatments compared to that measured in the low Ca treatment (1.5 mM
in the RNS). Magnesium is a component of chlorophyll, while it is required for photosynthesis and
protein synthesis (Hawkesford et al. 2012). As reported by Baszynski et al. (1980), Mg deficiency
in plants leads to enhanced degradation of chlorophyll due to impaired export of photosynthates
and accumulation of starch in chloroplasts which results to an increase of the dry matter content of
the leaves. Thus, the reduced production of biomass in the medium and high Ca treatments may be
associated with a partial impairment of the photosynthetic function. In addition, the accumulation
of Ca can lead to osmotic stress as the plants strive to reduce their osmotic potential so that they
can absorb water from the root environment despite the reduction of osmotic potential in the root
environment due to increased Ca concentrations. The similar WUE in all treatments originates
presumably from the similar reduction of fruit yield and water consumption by the Ca salinity.
The results illustrated in Fig. 4.5 show that the Ca UC (i.e. nutrient to water uptake ratio) was
influenced by Ca concentration in the recirculating NS, which depends on the Ca concentration in
the RNS (Neocleous and Savvas 2015), and the plant developmental stage. However, the impact
of the plant developmental stage on the Ca UC is apparent only in the low Ca treatment (1.5 mM
Ca in the RNS). This is because in the low Ca treatment, no Ca accumulation over time occurred,

and thus the changes of the Ca UC over time were due only to the impact of the plant developmental
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stage and not due to Ca concentration changes in the external solution. As shown in Fig. 4.5¢ the
Ca UC in the low Ca treatment is highest during the initial vegetative phase (2.6 mmol L), i.e.
during the first 30 DAT, while it decreases during the late vegetative stage, with a tendency to
recover to an intermediate level (about 1.9 mmol L™) upon commencement of fruit production. In
an experiment with melon, Neocleous and Savvas (2015) also found that the Ca UC was highest
during the initial vegetative stage, i.e. during the first 30 DAT. The higher UCs during the initial
vegetative stage are ascribed to the relatively low water requirements of young plants compared to
their nutrient demand. Indeed, at the early developmental stage, the pepper plant does not bear
large mature leaves, which normally exhibit high transpiration rates but low rates of net
assimilation and concomitantly low nutrient requirements.

Unlike the Ca UC, the UC of total N were more stable over time (Fig. 4.6¢) because, in contrast to
Ca, total N enters the cells and accumulates to vacuoles to contribute to cell homeostasis acting as
an energetically cheap osmoticum (MacRobbie 1976, Burns et al. 2012). Thus, the total N uptake
rates do not decrease with time as the pepper plants develop many mature leaves. In tomato, the
requirements for total N uptake decrease during the reproductive stage (Weerakkody et al. 2011),
because the fruit needs less N than the leaves, but this does not seem to be the case with pepper.
Adams (2002) also pointed out to the lower total N requirements of the acidic tomato fruit
compared to those of the neutral pepper fruit.

Combined consideration of plates (a) and (c) in Fig. 4.5 indicates that the Ca concentration in the
root zone was about 4 mmol L™t when the Ca UC ranged from 1.5 to 2.3 mmol L. It is well known
that the ion concentrations in the root environment mostly differ from the corresponding UCs
(Sonneveld 2002). Especially for bivalent ions such as Ca, Mg and SOg, the concentrations in the
root zone should be much higher that the corresponding UCs that are considered optimal for plant
growth (Rameshwaran 2016). According to Sonneveld (2002) a Ca UC of 1.9 mmol L™ requires a
concentration of about 8 mmol L1 in the root environment, which is similar to the values found in
the current study. Higher external Ca concentrations in the current study imposed considerably
higher Ca UCs, in agreement with relevant results reported for a zucchini squash crop (Neocleous
and Savvas 2018). Another observation arising from the current study is that in the low Ca
treatment, the Ca concentration in the recirculating NS tended to decrease with time and this
imposed a commensurate decrease in the Ca UC. This finding indicates that a concentration of 1.5
mM in the RNS is not sufficient for pepper grown in closed hydroponic systems. Nevertheless,

since a concentration of 3.0 mM in the RNS resulted in Ca accumulation, the optimal Ca
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concentration in RNS for pepper grown in closed hydroponic systems under Mediterranean
climatic conditions should be higher than 1.5 mM but lower than 3.0 mM, and closer to 1.5 rather
than to 3.0 mM.

In the current study, the increase of the Ca concentration in the RNS supplied to the different
treatments was electrochemically balanced by commensurate increases in the NO3z and SOs
concentrations. However, the increase of the NO3 and SO4 concentrations from 11.5 and 0.7 mmol
L2, respectively, in the RNS to 13.5 and 1.2 mmol L* or higher, respectively, resulted in gradual
accumulation of their concentrations in the recirculating NS, which is not desirable. Thus, the NO3
and SO4 concentrations in the RNS supplied to pepper grown in closed hydroponic systems should
be lower than 13.5 and 1.2 mmol L2, respectively. Nevertheless, the NOs and SO4 concentrations
in the RNS supplied to the low Ca treatment (11.5 and 0.7 mmol LY), gradually resulted in
decreasing levels of NO3z and SOs in the recirculating NS, which is also not desirable. Thus, the
results of the current study indicate that the optimal NOs and SO4 concentrations in the RNS
supplied to pepper crops cultivated in closed hydroponic systems are in the range 11.5-13.5 mmol
Lt for NOz and 0.7-1.2 mmol L for SO4. These ranges are in agreement with the NO3 and SO4
concentrations suggested by Sonneveld and Voogt (2009) for RNS supplied to pepper in closed
soilless systems (12.75 mmol L for NO3 and 1 mmol L™* for SO4). Nevertheless, more targeted

research is needed to corroborate these ranges under different calcium concentrations.

4.6 Conclusion

In the current study, a Ca concentration of 3.0 mmol L™t in the RNS, which resulted in calcium
accumulation up to 17 mmol L™ and an EC of 6.4 dS m™* in the recirculating NS, restricted fruit
yield by 22% compared to 1,5 mmol L™ in the RNS, which did not impose any Ca accumulation
in the recirculating NS. However, the further accumulation of Ca to 28 and 37 mmol L™ in the
recycled NS did not decrease significantly the total fruit yield, compared to 17 mmol L. This
result indicates that the yield reduction imposed by Ca accumulation in the recirculating NS
originates mainly from nutrient imbalances caused by cation competition in uptake rather than from
osmotic salinity effects, which normally decrease yield linearly in relation to salinity increase. The
mean uptake ratios between nutrients (i.e. total N, SO4, K, Ca and Mg) and water, denoted as UCs,
were determined within a wide range of Ca concentrations in the root zone and could be used as a

sound basis to establish standard RNS compositions for closed hydroponic crops of pepper under
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Mediterranean climatic conditions. However, water resources with Ca concentrations of 3.0 mmol
Lt or higher, cannot be safely used in closed hydroponic crops of pepper as they raise salinity to
harmful levels for fruit production. Furthermore, the current study indicated that the optimal NO3
and SO4 concentrations in RNS supplied to closed hydroponic crops of pepper should range
between 11.5-13.5 and 0.7— 1.2 mmol L™, respectively, to avoid their accumulation in the root

Zone.
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Supplementary Tables

Table Sla. Statistical significance of the differences in water consumption (CWC) in a greenhouse crop of pepper
(Capsicum annum, cv. ‘Sammy') grown in closed hydroponic systems as influenced by four different concentrations
of Ca in the RNS. In each date different letters indicates significant differences between means (n=5) according to
Duncan’s Multiple Range Test.

Water consumption (CWC)
Days / mM 0 21 42 63 84 105 126 147 168

Ca

15 a a a a a
3.0 ab ab b b b

NS | NS NS NS

45 b b b b b
6.0 b b b b b

Table Sib. Statistical significance of the differences in Electrical conductivity (EC) in drainage water in a
greenhouse crop of pepper (Capsicum annum, cv. ‘Sammy') grown in closed hydroponic systems as influenced by
four different concentrations of Ca in the RNS. In each date different letters indicate significant differences between
means (n=5) according to the Duncan’s Multiple Range Test.

Electrical conductivity (EC)
Days/ mM 0 21 42 63 84 105 126 147 168

Ca

15 b d d d d d d d
3.0 ab c c c c c c c
45 NS a0 | b b b b b b b
6.0 a a a a a a a a
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Table Slc. Statistical significance of the differences in the concentrations of Ca: (A) in recirculating nutrient solution
(NS), (B) in the dry biomass (DW) of leaves removed from pepper plants and (C) apparent uptake concentration
(UC) of Ca (Ca uptake per water uptake), as influenced by four different Ca concentrations in the RNS supplied to
pepper (Capsicum annum, cv. ‘Sammy') grown in closed hydroponic systems. In each date different letters indicates
significant differences between means (n=5) according to the Duncan’s Multiple Range Test.

(A) Concentrations of Ca in recirculating nutrient solution (NS)
Days/ mM 0 21 42 63 84 105 126 147 168
Ca
15 c d d d d d d d
3.0 b c c c c c c c
45 NS I b b b b b b b
6.0 a a a a a a a a

(B) Concentrations of Ca in the dry biomass (DW) of leaves removed from pepper plants
Days/ mM Ca 0 42 84 126 168
15 b b b c
3.0 b a b c
4.5 NS a a a b
6.0 a a a a

(C) Apparent uptake concentration (UC) of Ca (Ca uptake per water uptake)
Days/ mM Ca 11 32 53 74 95 116 137 158
15 d b c c c d d d
3.0 c ab c b b c c c
45 b ab b b b b b b
6.0 a a a a a a a a
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Table S1d. Statistical significance of the differences in the concentrations of total N (NOz + NOy): (A) in
recirculating nutrient solution (NS), (B) in the dry biomass (DW) of leaves and (C) apparent uptake concentration
(UC) of total N (total N uptake per water uptake), as influenced by four different Ca concentrations in the RNS
supplied to pepper (Capsicum annum, cv. ‘Sammy') grown in closed hydroponic systems. In each date different
letters indicates significant differences between means (n=5) according to the Duncan’s Multiple Range Test.

(A) Concentrations of total N in recirculating nutrient solution (NS)
Days/ mM Ca 0 21 | 42 | 63 84 105 126 147 168
15 d d d d d d d d
3.0 NS | ¢ c c c c c c c
45 b b b b b b b b
6.0 a a a a a a a a

(B) Concentrations of total N in the dry biomass (DW) of leaves removed from pepper plants
Days/ mM Ca 0 42 84 126 168
1.5 c ab ab
3.0 NS b NS ab
4.5 a b
6.0 a a a

(C) Apparent uptake concentration (UC) of total N (total N uptake per water uptake)
Days/ mM Ca 11 32 53 74 95 116 137 158
15 d d d d d d d d
3.0 c c c c c c c c
4.5 b b b b b b b b
6.0 a a a a a a a a
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Table Sle. Statistical significance of the differences in the concentrations: (A) of SO in the recirculating nutrient
solution, (B) of S in the dry biomass (DW) of leaves and (C) apparent uptake concentration (UC) of SO, (SO4 uptake
per water uptake), as influenced by four different Ca concentrations in the RNS supplied to pepper (Capsicum
annum, cv. ‘Sammy') grown in closed hydroponic systems. In each date different letters indicates significant
differences between means (n=>5) according to the Duncan’s Multiple Range Test.

(A) Concentrations of SO in recirculating nutrient solution (NS)
Days/ mM 0 21 42 63 84 105 126 147 168
Ca
1.5 d d d d d d d d
3.0 c o o o c o o c
45 NS b b b b b b b b
6.0 a a a a a a a a

(B) Concentrations of S in the dry biomass (DW) of leaves removed from pepper plants

Days/ mM Ca 0 42 84 126 168
15 NS c c d d
3.0 bc c c c
4.5 ab b b b
6.0 a a a a

(C) Apparent uptake concentration (UC) of SO, (SO4 uptake per water uptake)
Days/ mM Ca 11 32 53 74 95 116 137 158
15 c c d c d d d d
3.0 ab b c c c c c c
4.5 a a b b b b b b
6.0 ab a a a a a a a
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Table S1f. Statistical significance of the differences in the concentrations: (A) of K in recirculating nutrient solution
(NS), (B) of K in the dry biomass (DW) of leaves and (C) apparent uptake concentration (UC) of K (K uptake per
water uptake), as influenced by four different Ca concentrations in the RNS supplied to pepper (Capsicum annum,

cv. ‘Sammy") grown in closed hydroponic systems. In each date different letters indicates significant differences
between means (n=5) according to the Duncan’s Multiple Range Test.

(A) Concentrations of K in recirculating nutrient solution (NS)
Days/ mM 0 21 42 63 84 105 126 147 168
Ca
15 c c b b c b
3.0 b b a a a
45 NS NS NS ab a a a ab a
6.0 a a c b bc a

(B) Concentrations of K in the dry biomass (DW) of leaves removed from pepper plants
Days/ mM Ca 0 42 84 126 168
15
3.0
45 NS NS NS NS NS
6.0

(C) Apparent uptake concentration (UC) of K (K uptake per water uptake)

Days/ mM Ca 11 32 53 74 95 116 137 158
15 a a a
3.0 NS NS b a NS b NS NS
4.5 b b ab
6.0 b a b
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Table S1g. Statistical significance of the differences in the concentrations: (A) of Mg in recirculating nutrient
solution (NS), (B) of Mg in the dry biomass (DW) of leaves and (C) apparent uptake concentration (UC) of Mg (Mg
uptake per water uptake), as influenced by four different Ca concentrations in the RNS supplied to pepper (Capsicum

annum, cv. ‘Sammy') grown in closed hydroponic systems. In each date different letters indicates significant

differences between means (n=5) according to the Duncan’s Multiple Range Test.

(A) Concentrations of Mg in recirculating nutrient solution (NS)
Days/ mM 0 21 42 63 84 105 126 147 168
Ca
15 b b b a b b b
3.0 ab a a b a a a
45 NS NS ab a a b a a a
6.0 a a a b a a a

(B) Concentrations of Mg in the dry biomass (DW) of leaves removed from pepper plants

Days/ mM Ca 0 42 84 126 168
15 a a a
3.0 b b b
45 NS NS c b b
6.0 c b b

(C) Apparent uptake concentration (UC) of Mg (Mg uptake per water uptake)

Days/ mM Ca 11 32 53 74 95 116 137 158
15 a a a a a
3.0 NS NS NS b b b b b
45 b b bc b b
6.0 b b c b b
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Supplementary Figure
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Figure S4. Yield (kg/plant) in a greenhouse crop of pepper (Capsicum annum, cv. ‘Sammy') grown in closed

hydroponic systems as influenced by four different concentrations of Ca in the RNS
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CHAPTER 5. GENERAL DISCUSSION

In the first study, in autumn-spring cultivation, both the water consumption and the water use
efficiency were suppressed by the low temperature regime but the temperature effect interacted
with the rootstock/scion combination. Indeed, grafting ‘Orangery’ onto ‘Robusto’ had no impact
on WUE because it had no impact on both fruit yield and water consumption. However, grafting
‘Orangery’ onto ‘Terrano’ had no impact on WUE because this rootstock/scion combination
increased proportionally both the fruit yield and the water consumption as it enhanced the
vegetative biomass production. Furthermore, grafting ‘Sammy’ increased the WUE irrespective of
the tested rootstocks because both ‘Robusto’ and ‘Terrano’ increased yield without affecting the
vegetative plant biomass and concomitantly the water consumption via transpiration. Colla et al.
(2008) and Lopez-Marin et al. (2013) also found that grafting different scions onto the same
rootstock and vice versa may result in different yield responses.

The results in the first study showed that yield decreases imposed by low temperature is an effect
that were fully anticipated, since pepper is a warm-season crop with a high susceptibility to
suboptimal temperatures (Airaki et al. 2012). The yield decrease by about 50% in ‘Sammy’ and
33% in ‘Orangery’ imposed by low temperature, irrespective of the grafting combination, resulted
from a reduction of the mean fruit weight (MFW) in ‘Orangery’ and from a reduction of both fruit
number per plant (TFN) and MFW in ‘Sammy’. Moreover, the suppressive effect of low
temperatures on pepper yield did not interact with grafting and the rootstock, which indicates that
rootstocks 'Robusto’ and ‘Terrano' have no impact on cold tolerance of pepper. However, previous
research has indicated that the tolerance to low temperature in pepper depends not only on the
rootstock genotype but on the rootstock/scion combination (Shu et al. 2016). Both tested rootstocks
'Robusto’ and 'Terrano' increased the total fruit yield by 39% and 34% compared with the self-
grafted control when the scion was the commercial variety ‘Sammy’. However, when the scion
was ‘Orangery’, only ‘Terrano’ was capable of increasing the total fruit yield by 35% compared
with that obtained from self-grafted ‘Orangery’ plants, while ‘Robusto’ had no impact on yield.
The results of the present study showed that the impact of grafting on fruit yield is depending on
the rootstock/scion combination, which is in agreement with the suggestion of Rouphael et al.
(2017), Lopez-Marin et al. (2013) and Savvas et al. (2010). In ‘Sammy’, the absence of any impact
of grafting on total plant biomass and water consumption despite the significant increase in the

fruit number per plant points to a positive effect of both tested rootstocks on fruit setting rather
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than on plant vigor. A similar response was observed also by Lopez-Marin et al. (2013), with the
sweet pepper cultivar Herminio grafted onto the commercial rootstock Creonte. On the other hand,
when ‘Orangery was grafted onto ‘Terrano’ in the present study, both the plant biomass and the
water consumption increased proportionally to the increase in fruit number per plant, which
indicates that this grafting combination increases yield due to stimulation of plant vigor. However,
in this study, all grafting combinations increased yield exclusively by raising the number of fruit
per plant, while they had no effect on the mean fruit weight. Colla et al. (2008), who grafted the
sweet pepper cultivar ‘Edo’ onto five different rootstocks, found that four of them increased
significantly the total fruit yield and in all cases the yield increase was exclusively due to a higher
fruit number per plant.

The third study showed that, in autumn-winter cultivation, the reduced water consumption in
‘Sammy’ treated with 3.0, 4.5 and 6.0 mM Ca in the RNS compared to that recorded in plants
treated with 1.5 mM Ca, is because the Ca-stressed plants developed a less extensive leaf area than
those treated with 1.5 mM Ca and thus the whole-plant transpiration was reduced. The reduced leaf
area which points to a restriction of the vegetative growth in plants exposed to higher Ca
concentrations than 15 mM in the root zone (i.e. 3 or higher than 3.0 mM Ca in the RNS), was
presumably the causal factor for the lower fruit number per plant in these treatments. The restriction
of the vegetative growth and yield to similar levels in the treatments with 3.0, 4.5 and 6.0 mM Ca
in the RNS may be associated with the reduction of the leaf Mg concentration in these treatments,
since the decrease in leaf Mg was also similar in these three Ca treatments compared to that
measured in the low Ca treatment (1.5 mM in the RNS). Magnesium is a component of chlorophyll,
while it is required for photosynthesis and protein synthesis (Hawkesford et al. 2012). As reported
by Baszynski et al. (1980), Mg deficiency in plants leads to enhanced degradation of chlorophyll
due to impaired export of photosynthates and accumulation of starch in chloroplasts which results
to an increase of the dry matter content of the leaves. Thus, the reduced production of biomass in
the medium and high Ca treatments may be associated with a partial impairment of the
photosynthetic function. In addition, the accumulation of Ca can lead to osmotic stress as the plants
strive to reduce their osmotic potential so that they can absorb water from the root environment
despite the reduction of osmotic potential in the root environment due to increased Ca
concentrations. The similar WUE in all treatments originates presumably from the similar
reduction of fruit yield and water consumption by the Ca salinity. In this study, Ca-induced salinity

restricted the fruit yield by reducing merely the number of fruit per plant, while the NaCl-induced
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salinity in the studies of Chartzoulakis and Klapaki (2000) and Navarro et al. (2002) impaired both
the average fresh fruit weight and the number of fruits per plant. This finding further strengthens
the notion that the harmful effects of calcium-salinity rely on different mechanisms than those
imposed by NaCl-salinity. The damage caused by excessive external calcium concentrations is
ascribed mainly to osmotic salinity effects (Huang et al. 2017) and competitive impairment of K,
Mg and/or metallic micronutrient uptake (Falchi et al. 2017) which results in nutritional
imbalances. The present study showed that salinity owing to excess Ca levels in the root zone is
also harmful to pepper. Indeed, Ca concentration of 15 mmol L™! in the root zone, imposed by
accumulation when the Ca concentration in the RNS was 3 mmol L', restrict yield by about 32%,
but the decrease is not proportional to salinity increase. Thus, a further increase of the Ca levels in
the root zone to about 30 or 38 mmol L™}, imposed by 4.5 or 6 mmol L™! in the RNS, respectively,
did not impose a further decrease yield.

Certain grafting combinations may restrict the uptake of some micronutrients and non-nutrient
ions, an effect that may be helpful to crops exposed to excessive concentrations of these ions in the
root zone, as reported by Savvas et al. (2010) and Rouphael et al. (2017). In the first study, both
‘Robusto’ and ‘Terrano’ reduced slightly, but significantly, the Mn uptake by ‘Orangery’, while
the same rootstocks had no impact on Mn uptake when the scion was ‘Sammy’. In the second study
also found no impact of grafting on Mn uptake concentrations. The different responses of ‘Sammy’
and ‘Orangery’ to grafting concerning the Mn uptake further support the notion that the impact of
grafting on nutrient uptake depends on the specific rootstock/scion combination rather than on the
rootstock genotype.

In the first study, the increases in the UCs of K, Ca, Mg and N under low temperature conditions
was a consequence of the reduction in water consumption by 24%. Especially the increases in the
uptake concentrations of Ca (22%) and Mg (27%) were very similar to the reduction in water
consumption, which indicates that the absolute amounts of Ca and Mg absorbed by the crop were
not restricted by low temperature, despite the reduction in plant biomass. Unlike the uptake
concentrations of metallic micronutrient cations, that of P was reduced by low temperature. These
results indicate that the uptake mechanism of H2PO4™ by pepper is much more susceptible to low
temperature than that of K, Ca, Mg and N. As shown by Adams (1994), the uptake of P responds
much stronger to the root temperature than the uptake of N and K. The low temperature treatments
in the present study resulted in low temperatures also in the root zone, which recovered slower

during the day than the air temperature (data not shown). Phosphorus occurs at much lower

142

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 07:35:48 EEST - 3.15.25.176



concentrations in the soil solution compared to other macronutrients (Bieleski 1973). Therefore,
during their evolution, plants developed an active uptake mechanism for P uptake, which is much
more depending on the availability of metabolic energy in the roots than for uptake of other
nutrients (Schachtman et al. 1998). However, the low root temperature decreases root respiration
and consequently the availability of metabolic energy for active P uptake (Sutton 1969). Thus, the
profound reduction of P uptake by pepper in the LT regime may be ascribed mainly to the low root
temperature. From another point of view, the results of the present study provide support to the
notion that the uptake of P by pepper is stronger influenced by root temperature than by that
prevailing in the air.

The average UCs found during the vegetative cropping period under ST conditions were 2.92 mmol
L for Ca, 0.92 mmol L for Mg, 6.03 mmol L™ for K, 12.14 mmol L* for N, and 0.89 mmol L
for P. Furthermore, the UC of macronutrients estimated in the second study ranged from 2.4 to 3.7
mmol L for Ca, 1.0 to 1.5 mmol L™ for Mg, 6.2 to 9.0 mmol L for K, 11.7 to 13.7 mmol L™ for
N, and 0.7 to 1.1 mmol L for P. Finally, the UCs found by Voogt and Sonneveld (1997) in a
pepper crop grown in a closed rockwool system in the Netherlands, averaged for the whole
cropping period, were 2.2 mmol L™ for Ca, 0.78 mmol L* for Mg, 4.6 mmol L for K, 10.30 mmol
L for N, and 0.81 mmol L™ for P. Comparing the data from these three different crops shows that
the UC of Ca, Mg, K, and N are generally higher in winter crops of pepper grown under
Mediterranean climatic conditions than those reported for Dutch greenhouses, while that of P is
similar in both environments. The values found in the second study are comparable with those
found in the first study, although Mg and K tended to be somewhat lower in the first study. Both
the first and second study showed that the temperature inside the greenhouse, the cultivar, and the
rootstock when using grafted plants, may have a significant impact on the UCs. Since these factors
may vary in different crops, the UCs found in the three studies are only indicative. Therefore, their
use as a basis to prepare nutrient solutions for closed hydroponic systems entails frequent
readjustment following measurements of the nutrient concentrations in the root zone of the crop,
as suggested by Savvas and Gruda (2018).

In the third study, the Ca concentration in the root zone was about 4 mmol L when the Ca UC
ranged from 1.5 to 2.3 mmol L. According to Sonneveld (2002) a Ca UC of 1.9 mmol L' requires
a concentration of about 8 mmol L ™! in the root environment, which is similar to the values found
in the current study. Higher external Ca concentrations in the current study imposed considerably

higher Ca UCs, in agreement with relevant results reported for a zucchini squash crop (Neocleous
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and Savvas 2018). Another observation arising from this study is that a concentration of 1.5 mM
in the RNS is not sufficient for pepper grown in closed hydroponic systems, since the Ca
concentration in the recirculating NS tended to decrease with time and this imposed a
commensurate decrease in the Ca UC. Nevertheless, since a concentration of 3.0 mM in the RNS
resulted in Ca accumulation, the optimal Ca concentration in RNS for pepper grown in closed
hydroponic systems under Mediterranean climatic conditions should be higher than 1.5 mM but
lower than 3.0 mM. Furthermore, the increase of the Ca concentration in the RNS supplied to the
different treatments was electrochemically balanced by commensurate increases in the NO3z and
SO4 concentrations. However, the increase of the NOs and SO4 concentrations from 11.5 and 0.7
mmol L, respectively, in the RNS to 13.5 and 1.2 mmol L' or higher, respectively, resulted in
gradual accumulation of their concentrations in the recirculating NS, which is not desirable. Thus,
the NOs and SO4 concentrations in the RNS supplied to pepper grown in closed hydroponic systems
should be lower than 13.5 and 1.2 mmol L, respectively. Nevertheless, the NOs and SOs
concentrations in the RNS supplied to the low Ca treatment (11.5 and 0.7 mmol L), gradually
resulted in decreasing levels of NOz and SOs in the recirculating NS, which is also not desirable.
Thus, the results of the current study indicate that the optimal NO3z and SO4 concentrations in the
RNS supplied to pepper crops cultivated in closed hydroponic systems are in the range 11.5-13.5
mmol L™! for NOz and 0.7-1.2 mmol L' for SO4. These ranges are in agreement with the NO3z and
S04 concentrations suggested by Sonneveld and VVoogt (2009) for RNS supplied to pepper in closed
soilless systems (12.75 mmol L' for NOz and 1 mmol L™! for SO4). Nevertheless, more targeted

research is needed to corroborate these ranges under different calcium concentrations.
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CHAPTER 6. GENERAL CONCLUSIONS

The results of the first study indicated that minimizing greenhouse heating under Mediterranean
climatic conditions so as to maintain the minimum inside day/night temperature at 12/7 °C,
respectively, suppressed the fruit yield of pepper to levels depending on the cultivar, but not on
grafting onto 'Robusto’ or "Terrano'. The yield decrease imposed by low temperature (LT) resulted
from a reduction of the mean fruit weight (MFW) in ‘Sammy’ and from a reduction of both fruit
number per plant (TFN) and MFW in ‘Orangery’. Grafting of ‘Sammy’ onto both 'Robusto’ and
'"Terrano' increased the fruit yield, while grafting of ‘Orangery’ increased yield only when the
rootstock was ‘Terrano’. The yield increase imposed by grafting resulted exclusively from
enhancement of the fruit number per plant (TFN). The water use efficiency (WUE) decreased
considerably at LT, irrespective of the rootstock/scion combination. Grafting of ‘Sammy’ increased
significantly the WUE irrespective of the scion at LT, but only when the rootstock was ‘Robusto’
at ST. Grafting of ‘Orangery’ had no impact on WUE, irrespective of the rootstock and the
temperature regime. The LT increased the uptake concentrations (UC) of K, Ca, Mg, N, and Mn,
while it decreased strongly that of P and slightly those of Fe and Zn. The UC of K and Mg were
influenced by the rootstock/scion combination but this effect interacted with the temperature
regime. In contrast, the Ca, N, and P concentrations were not influenced by the grafting
combination. Furthermore, the impact of grafting on yield and nutrient uptake in pepper depend
not merely on the rootstock genotype but on the rootstock/scion combination. Finally, the first
study indicated that under ST Mediterranean climatic conditions in a winter hydroponical
cultivation of sweet pepper, the average UCs during the vegetative cropping period were 2.92 mmol
L for Ca, 0.92 mmol L for Mg, 6.03 mmol L™ for K, 12.14 mmol L™ for N, and 0.89 mmol L™
for P.

The results of the second study showed that different pepper cultivars may take up nutrients and
water at different ratios under the same nutritional, irrigation and climatic Mediterranean
conditions, as indicated by the observed differences in the UC. More specifically, ‘Sondela’
exhibited the highest Mg and Ca UC throughout the cropping period and B UC during the
reproductive stage in comparison with all other tested cultivars. Furthermore, ‘Belissa’ exhibited
significantly higher K UC throughout the cropping period in comparison with all other tested
cultivars. The tissue nutrient concentrations and the UC were similar in ‘Sammy’ self-grafted and

‘Sammy’ grafted onto the commercial rootstock "RS10' (Capsicum annuum), which indicates that
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this Capsicum annum rootstock does not modify the uptake of nutrients and water by the scion.
The developmental stage of the pepper plants had a strong impact on the UCs of most nutrients due
to changes in the mean physiological age of the leaves, the onset of fruit production and seasonal
differences in climatic conditions. Based on the UCs estimated in the first study the nutrient
solutions supplied to closed hydroponic crops of pepper should contain Ca, Mg and B at higher
concentrations than standard recommendations when the cultivated variety is ‘Sondela’ and K at
higher concentrations when the cultivated variety is ‘Bellisa’. The UCs of macronutrients under
ST conditions in the second study ranged from 2.4 to 3.7 mmol L* for Ca, 1.0 to 1.5 mmol L™ for
Mg, 6.2 to 9.0 mmol L for K, 11.7 to 13.7 mmol L for N, and 0.7 to 1.1 mmol L* for P.
Comparing the data from the UCs of macronutrients in the first and the second study with the UCs
found by Voogt and Sonneveld (1997), these three different crops shows that the UC of Ca, Mg,
K, and N are generally higher in winter crops of pepper grown under Mediterranean ST climatic
conditions than those reported for Dutch greenhouses, while that of P is similar in both
environments. Both the first study and in the second study, showed that the temperature inside the
greenhouse, the cultivar, and the rootstock when using grafted plants, may have a significant impact
on the UCs.

The results of the third study, in an autumn-winter closed hydroponic crop of pepper under
Mediterranean climatic conditions, showed that calcium salinity in pepper cultivar ‘Sammy’
decreased gradually yield at salinity level in root zone above of 1.5 dS/m, which is equal with the
salinity threshold estimated by Maas and Hoffman (1977). The mean uptake ratios of nutrients (i.e.,
N, S, K, Ca and Mg) and water were determined within a wide range of Ca concentrations in the
root zone and could be used as a rough basis for the establishment of nutrient solution compositions
for closed pepper crops under Mediterranean climates. However, water resources containing Ca
concentrations higher than 3.0 mM cannot be safely used in closed hydroponic crops of pepper
(raised Ca level up in the root zone to 6.4 mM) in terms of growth and yield of the produce,
especially if there is excess of salts in the soil solution or/and in the irrigation water. The above
results may be used as a tool in modelling the crop-recirculation system, in areas where low quality
water is usually used for irrigation. Furthermore, more targeted research is needed to corroborate
these ranges under different calcium concentrations. This study is useful for plant producers by
proposing tests for screening new or existing hybrids for their tolerance to salt. The UCs found in
the three studies are only indicative and further research is needed since these factors may vary in

different crops.
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