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NMPOAIATPA®EZ NMPOIONTOX

1. Ovopacia: «Marara Na§ou» «Patata Naxou»
2. Neprypa®pn

H «MNatara Na&ou» eival ol Bpwoiyol kOvOUuAol Tou QuToU Solanum
tuberosum, ol onoiol katavahwvovTal and Tov avlpwno (Bpwoiun nartarta).
To péyeboc Tou kovOUAoU KupaiveTal ano 35 €wc 65 XINOOTOUETPA, PE OXNKA
OTPOYYUAO £wC PaKPOOTEVO avTioToixwe. H emdepuida napouoialel Asia kai
OUVEXN UPN v TO XpwHa Tng eival kiTpivo. O1 opBalpoi, nepinou 10 ava
KOVOUAO, €ival €NIPAveIakoi Kai n oapka Tou KOVOUAOU EXEl XapakTnPIoTIKO
AEUKO—KITPIVO Xpwpa. KUpieg kaANiepyoupeveg noikiAiec natatac otnv Nago
(90% TNnC napayopevng nocoTnTac) eival ol Liseta, Spunta, Marfona, Vivaldi
kar Alaska. Mikpd nocootd (<10%) avikel o€ AANEC MOIKIAIEC Mou
a&ioloyouvTal and 1o Tonikd Kevrpo Mapaywync MoAAanAaciaoTtikoU YAIKoU
kal OiaTiBevral nepiodika yia kaAEpyeid kal agloAdynon OTOUG TOMIKOUC

napaywyoug.
3. Fewypagikn Mepioxn

QcC oploBeTNUEVN YEWYPAPIKN MEPIOXN napaywyns Tng «Mararag
Na&ou» opileTal oAdkAnpo To vnaoi Tng Na&ou (Zuvnuuévo 2), To ornoio avikel
oTo voud KukAadwv Tnc nepipepeiac Notiou Aiyaiou. H Na€oc eivar To
HeyaAUTepo oe ékTaon vnoi Twv KukAadwv (428 km?) kai BpiokeTalr ot
anootaon 108 vauTikwv PiIAiwv anod Tov Meipaid. Q¢ npog Tn JoppoAoyia Tng

XapakTnpileTal wg OpeIVO-NUIOPEIVO VNOi, PE NEPIOPIOHEVEC NEDIVEG EKTATEIC.



To kupiwg nedivo £dapog TnG anovOUAwveTal ano Boppd npog NoTo pe
0pooEIpd, N WnAOTEPN Kopupry TNG onoiac eival o Zeug (1.004 p.) «ai
UYWVETAI OTO KEVTPO ToUu vnaoloU. To PeyaAUTEPO WNKOG TOU vnaolou gival 29
¥AH., eV TO PeyaAUTepo nAAGTOC @Tavel Ta 21 XAY.. H OuvoAikr €kTaon
KaAAIEpYEIQC NATATAC, MNOU  KUPIWG apopd OPEIVEC-NMIOPEIVEC  MEPIOXEC,
KUpaiveTalr avahoya Pe Tnv kaAAiepynTikn nepiodo, and 1.500 €wg 1.700
oTpEPMATa yia Tn ¢Bivonwpivry kalr nepinou 3.000 oTpEupaTa yia Tnv

avoIgIaTikn kaAAIEpyela.
4. Anodeign NpoéAeuong

H napaywyikry diadikacia Tng «Martarac Na&ou» nepidauPavel Ta
Baoika oTadia TnE NPOETOIYAciac Tou €dAPOUC, TNG onopac, TNG KaANEPYEIAc
Kal TNG OUYKOMIONG. TEAOG OAOKANPWVETAI PE TN JIAAOYN TWV CUYKOUIGOEVTWV
KOVOUAWV Kal TNV wpipavon Toug oTo Xwpap!.

270 _0Tadlo auto, dnAadn Tnc wpigavonc, evronideral 0 PeyaAUTEPOC

Kivduvoc aA\oiwonc TwV MOoIOTIKWV XapdkTNpeIoTIKWV TNE «Matatac Naou».

Ma Tnv anoguyn o01acdnNnoTe TETOIAG MeEPINTWONG 6a npénel n
OAOKAPWON TNCG napaywylkng d1adikaciac — Onwc nepPIypapnKe GUVOMTIKA
oTnv apxn TnG napouconc napaypda@ou kali napoucialeral avaAuTika oTnv
napaypa@o 5 — va npaypatonoleital evrog TNG YEWYPAPIKNAG MEPIOXNG Mou
npoteiveTar otnv napaypago 3. Mpoc xdapiv O TNC IXvNAAoIuOTNTAG TWV
NPWTWV UAWV Kal TwV UMOACINWY NapayovTwy nou xpnaoidonolouvTal yia Tnv
napaywyn TG «Matatac Na&ou», kpiveral emPBeBANUEVN N onPavon Twv
XPNOIMOMNOIOUKEVWY NApaywylkwv HECWV AANG Kal TWV TEAIKWV NPOIOVTWV

OnAadn Twv KovOUAWV, PE TOUC KATAAANAOUC KwdIKOUC.



O KwJIKOC onpavong Twv KovOUAwV NepIAaUBAvel NANPOPOpPIEC OXETIKA
ME Tov kaAiepynTn (KwdIkOC napaywyou), Tov aypo KaAMEpyelag (KwIKOG
aypoTepayiou), Tnv kaAAiepyoUpevn noikiAia (kwdIKOG NOIKIAiag) kal To/a
€T0C/n ONopac Kal OUYKOMIONG TNG onuaivopevng codeidc. H kwdikonoinon
TV NAPAMETPWV aAUTWV danaitei Tn ouvtagn kal THpNon KNTPWoU
kaAAiepynTwv «Matarag Na&ou» (Zuvnuuevo 3), oTo onoio Ba napariBevral
OAEG 01 NpoavaPePBEVTEC NANPOPOPIEC.

To PUNTPWO NEPIEXEI TOUC ONHUEPA EMNAEKOUEVOUC Napaywyouc Kai ivai
avoixto otnv €idodo vewv kaAliepynTwv. H €Eunnpétnon TnG €ykaipng Kai
EYKUPNG EVNHEPWONG TOUC, €NIBAAEI TNV TRPNoN Touc va avaidBel n E.A.Z.
Na&ou.

O kwdIko¢ onuavong TnG «Martarac Nagou» nou oxnuarileTalr Pe Tov
TPONO aUTO OUVOEEl APPNKTA TO NAPAYWYIKO OUVAMIKO TNG YEWYPAPIKNG
NPOEAEUONC WE TO TEAIKO Mpoidv, apoU w¢ napaywyoi «Matarac Na&ou» Ba
xapaktnpifovtal povov ocol d1aBTouv kKwdIKO kaAAiepynTn. MapdAnAa, pe
Tov TPOMO auTd Ba OIEUKOAUVETAlI TO £pY0 TWV €AEYXwV, a@ou Ot Kabe
naptida «Mararac Na&ou» Ba nepigxovral OAEC oI NAPAPETPOI NAPAYWYNC
KaBwG Kal KaipleC NANPOMOPIEC yId TA KpIiolJa oOnueia eA&yxou TNG
napaywyikng diadikaaoiag (Zuvnuuevo 4).

'Eva napadeiypa Tng KwdIKonoinong auTtnc ePgavileral otov akoAoubo

nivaka:

Kwdikog ZAupavong «Matarag Nagou»

K.I. K.A. E.2n. K.lk. | E.2y.

0015 013 2007 1 2008




K.M.: Kwdikog Mapaywyou
K.Mk.: Kwdikog MoikiAiag
K.A.: Kwdikdg AypoTepayiou
E.Zn.: 'EToc Znopdcg

E.Zy.: 'ETOC ZUYKOMIONG

5. M&06odoc Napaymyng

H napadooiakr) kaAAigpyeila Tng «Matarac Na€ou» nepiypageral
ouvonTIKa OTnV €kBeon TwV yewnovwv Aaokapiodn kai Mavou (Zuvnuuévo 5),
N onoia anoTeAE0e kal TNV KUpIa avagopd yia TNV anoTunwon Tne. AvTtioToixa
w¢ KUpIa NNyn yia TNV anotunwaon Twv oUyXpovwv KAAIEPYNTIKOV NPAKTIKWV
Xpnolgonoinénke n  nTUxXIakn €pyacia TG Aidgpayou (Zuvnuupevo  6).
AkoAouBwc napouaialovtal and koivou o napadoaiakog kal oUyXpovog TPOMoG

KaAAIEPYEIQC.

a. MNMposToipacia aypou

H npoeToiyacia Tou aypoU nou €npOKeITo va KaAAiepynOei Ye natara
EekivoUoe To @OIVONwPO TOU NMPONYOUHEVOU £TOUC HE €va Babu opywua PE To
No16d€I0 ApoTPo. H NpakTikn auTrn Napapevel kalr onuepa Pe Tn diagopd Ol
nAéOV N €pyacia auTn ekTeAeital e TNV Bonbeia oUYXPOvVwY YEWPYIKWV
EAKUOTNPWV Kal apoTpwV.

AkoAoUBwC kal apoU To £0aPOC EiXE UNOOTEI TNV EUEPYETIKN €Midpaon
TV PBIvONwpIVWV Bpoxwv YivovTtav, nepinou Tov Mevapn, n EVOWPATWON TNG

KOMpIAac kai 100nedwaon Tou aypou. H npakTikfy auTtr) ouvexileTal akoun Kai



ONUEPA Kal anoTeAEl Eva anod Ta Kpioiua onueia otnv napaywyikn diadikaaia
TN «MataTtag Na&ou» To onoio Ba avaAubei oTnv napaypago nepi Ainavonc.
b. ®uTeuon KOVOUAWV

>Auepa otnv Na&o enikpaTouv dUO €MOXEC PUTEUONG, OTNV AvoIEIATIKN
KaAAIEPYEIQ N onopd npaypaTonoleiTal and Ta geoa dePpouapiou PEXPI APXEC
MapTiou, evw oTnv @Bivonwpiviy and TIG dpXéC AuyoUoTou MEXPI Kal TIC
NPWTEC PHEPEC TOU ZeNTEUPRPN. TNV Napadoaiakr) KAANIEPYEIA TNC NATATAC oTn
Na&o n @UTEUON JIEVEPYEITO YIa PEV TIC NPWIKEC NATATEG ano 20 Iavouapiou
Ewg kar 20 ®deBpouapiou, yia Oe TIC OWINEC yUpw oTa TEAn Maptiou. H
anaiToupevn NoooTNTAa KOVOUAWV yia Tnv ¢UTEUON Kupaivovtav and 360 £wg
kal 420 kIAG ava oTpEPPa evw n anodoon ayyile Ta 800 KIAG ava oTpEppa.
To @UTepa oTnv napadooiakn kaAEpyela yivovrav pe Tnv Bondeia EUAIvou
apOTPOU TO OMoio0 AUAGKWVE TO XwPAQl Kal KaTA TNV €MOTPOPr okenale Toug
KovOUAouc. To Og @uUTEPA ekTeEAOUVTAV XEIPWVAKTIKWG ME AnNooTacn WeTa&y
TwV kOVOUAWV 20 €W 25 EKATOOTOUETPA.

ZuvNBwe QPUTEUETAlI OAOKANPOC 0 KOVOUAOC yiaTi €Tl NpooBAaAAeTal
AiyoTepo and naboyova, kai napouoialel kaAUTepa nocooTda BAdoTtnonc. H
(pUTEUON YIVETAI OE YPAUUEC HE Oapdapia, KUPIWE PE TNV XpNon NUIQUTONATWV
MNXavwv nou QépovTal oTa Udpaulikd Tou €AKUCTRPA kal TpopodoTouvTal
anod Ouo epydTec Mou kdabovTal oTNV MATATOPUTEUTIKN KNXAvl), €V OTIC
MIKPEC YEWPYIKEC EKMETANAEUOEIC N (PUTEUO YIVETAI KAl JE TO XEPI.

O1 anooTdoelig @UTEUONG €ival 60-75 €kaTooTd HPETAEU TWV YPAUHWY,

25-30 ekatooTa eni TNG ypapung kar 5-15 ekatootd PBaboc. H noooTtnTa



ondpou nou xpnoidonolsital kupaiveralr ano 150 pexpr 300 KIAG TO OTpEPUA,
avahoya e To PYEyeBOC TOU Kal TIC anooTACEIC (PUTEUONC.
c. Ainavon
H Ainavon otnv napadooiakn KaAAiEpyela ekTeAoUvTav PE HId
Epapyoyn €va priva npo TnG (UTEUonG, nepinou OnAadn Tov Iavoudpio.
E€unnpeToloe paAioTa ekTOC and Tnv BeATiwon Tng BPeNTIKAG KATACTACONG
Tou €0dPouc Kal TNV BeATioon TNG dOUNG Tou. AUTO EMITUYXAVOVTAV PE TNV
npooBnkn MeEyaAnc noooTnTac ayeAadiolag konpiac, oXedOV MEVTE TOVWV
ava oTpEPHa.

H npakTikn autn nrav_BspsAimdouc onuaciac yia Tnv_€mtuxia Tne

kKaMigpveiac apou Ta €ddaon Thc Nafou YapakTtnpilovral w¢ QTwYa o€

opYyavikn _oucia, pe anougia dounc Kal  XaunAng  udaTto—IkavoTnTac.

MNapdA\nAa UE TNV NPAkTIKN AuTrn €NITuyYdavovTav ue apioTo Tpono n d1abson

TwV anoBANTwv TnC, avBouaac atn Na&o, ayeAadoTpoidc.

Eival &€ 101aiTepn KAAAIEPYNTIKN NPAKTIKN YIATi OTOV UNOAOINO EAANVIKO
XWPO N opyavikn Ainavon ekTeAEiTal e TNV €@appoyn OXedov TNG MIONG
noooTNTAC Konpiac, dnAadn 2 €wc 3 TOVOUC avd OTPEPHA. Q¢ 101aiTEPN TOMIKN
ouvOnkn unegubuvn yia TNV avanTuén TnG NPAKTIKAG AUTAC NPoadiopileTal n
10laiTepa avenTuypevn otnv Na&o ayehadoTpoeia. EVOeIKTIKO onueio Tng
napadooiakng HopPNC TNG EKTPOPNC AUTNC anoTeAEl n mioTonoinon Tng
«Ipapigpac Na&ou» w¢ npoidv MpooTaTteudpevng Ovopaoiag MpogAeuonc.

ZNHepa ekTOG TNG NAoUaolag opyavikng Ainavong exel evowpatwBei otnv
KAANIEPYEIQ KAl N EMIKOUPIKA €PApHoyn XNHIKWV 1/Kal OpUKTWV AINACOHATWY.

To alwTto spappoleTal Ye Tn VITPIKN 1 AUU®VIAKN TOU HJOPQN fj 0av oupia os



0ooeic. H npwtn d00n epapuoleTar npiv r kata Tnv QUTEUCN, EVE Ol
unoAoineg JETa Tnv BAAoTnon TG kaAAIEpyelac. Ma eUnAOUTIONO Tou €8APOUG
oc PWOPopPo epapuoleTal, npiv N Katd To QUTEPA, TO UNEPPWOPOPIKO N
TPINAO UNEPPWOPOPIKO Ainaopa. To kAMio npooTiBeTal ouviBwe oTo £DaAPOC
ME TN Hop®r Tou Beiikou kaAiou npiv [ KATa To GUTENA.

H epappoyn Tng Ainavong npaydaTonolEiTal €iTe TNV €NIPAveId Tou
€dAaQouc €ite oc Awpidec, 1 kata Beosic. Kata Tnv spapuoyn o Awpidec, To
Ainaopa TonoBeteiTal katw (2.5 ek.) kar dinAa (6 €k.) and Tn ypauun
(PUTEUONG, YE TNV idIa PNXavn rnou QUTEUEI Kal Tov KOVOUAO. ZTnV KaTa BEoeIg
epappoyn, To Ainaoua TonoBsTeiTal NaN pe Tnv idia pynxavrn uUTEUoNC, aAAa
KaTw anod Tov kovouho. H ouvABne Ainavon eivar 20 povadeg alwtou, 15
Hovadec pwoPOpou Kal 25 povadeg kahiou.

d. KaAAigpyeia

>Tnv  napadooiakr  KaAAiEpyela  ekTehoUvtav  OUO  okahioparaq,
XEIPWVAKTIKA, HE OKOMO TO MAPAXWHA Twv KOVOUAWV Kal Tov napdaAAnAo
€Aeyxo NG Qlavio—xAwpidac. To NpwTo an’ auta eKTEAOUVTAV APECWC HETA
To QUTPpWHA Twv kovOUAwv, OnAadn nepinou 30 €w¢ 35 PEPEC PETA TNV
(pUTEUON Kal To OeUTEPO nepinou 50 pe 60 PEPEC PETA TNV PUTEUON. AUTEC Ol
ENeYPBAOEIC Exouv eMPBILOEI kal oTnNV cUyxXpovn NpakTikn. Ta okaAiopaTa auta
oKOMO €XOUV TNV KATanoAéunon Twv ¢lavinv kai TNV BEATIWON Tou agpiouou
Tou £0AQOUC, HE OTOXO TNV EMITEUEN OUVONKWV EUVOIKWV YId TNV avanTuén

Kal kovOuAonoinon Tou (puToU.



Tautoxpova enmiTuyxaveralr To napaxwpa Tou AdipgoU Twv QUTWV agou
KaTG Ta OKOGAOPATa a@patonoinTdl Kal  OUYKEVTPWVETAI TO  XWHQ,
oxnMaTidovTag Navw OTOV «NATaToomnopo» avaxwua-uwoug 12-20 ekaTooTwV.

e. Apdsuon

H napadooiakr) kaANIEpyela ATav NoTIOTIKA kal apdeuovTav ano apabn
nnyadia. ¢ kivnTApia dUvaun xpnoiponolouvtav {wa epyaaciag (MouAdpia kai
ovol) aAAad kal neTpeAalokivnTnpeC MeTa 1o 1950. 'Eva nnyadr apkoloes oTnv
napadooiakny KaAAiEpyela yia Tnv apdeucon nepinou 6,5 oTpeppdTtwv. H
MEBOBOG EQappoyng TNG apdeucnc ATAvV auTn TNG ENIPAVEIAKNC PONC.

H epappoyn Tou vepoU yivovTav PE JIKPEC O€ NOCOTNTA NAPOXNC VEPOU
Kal NMUKVEG o€ ouxvoTNnNTa apdeloeic. =ekivoUuaoav ol apdeUaEIC ano Tov AnpiAio
(MapTio yia TIC NPWIPEC KAANIEPYEIEC) KAl PE PECO OPO TPIWV EPAPHOYWY ava
MAva ouvexidovrav €wg Kal TNV ouykouidn, ¢TavovTtag TeAika nepinou Tig 12
pe 13 apdeloeic ava kaA\iepynTIKn nepiodo.

>Tnv @Bivonwpivn QuTeia, onou ouvnbwc n Bepuokpacia €ival NoAU
uwnAR, ouvnBidovTal ouxva noTiodaTa Pe Aiyo vepod PETA TNV GUTEUON Yia va
helwveTal n Oeppokpacia Tou €0APouC. e OTI agopd TA OUCTAMATA
apdeuonc, oTnv Natara spappolovral n apdsuon We auldkia kal ol JIaPpOpPES
napaAAayec Tou OUOTAMATOC TexvnTNG Bpoxns. H Teheutaia epappodleTal
oxedov and OAoUC TOUG Napaywyouc evw n apdsuon We auldkia epapuoleTal
KATA NEPINTWON KUPIWC OTIC OPEIVEC MEPIOXEC TOU vnaloU.

f. ®dutonpooTacia
>Ttnv napadooiakn KaAEpyela kal pExpl To 1956 onoTe €10nNxbn oTo

vnoi o xpuoovnuatwdnc (Zuvnuuévo 34), 0 MPovadikog e€xOpOC TNG
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kaA\iEpyelac nTav n  @Bopiyaia (Phthorimaea operculella), n onoia
NPOKaAoUOE PETA—OUAAEKTIKEC NPOOROAEG oToUG KovOUAOUG. 'ETOI PEXPI TNV
Oekaetia TOUu ‘50 Odev UMAPXE OUCIACTIK avaykn AqWng METPWV
(puTONpPOCTATIAC.

QOoTO00 OnUepa Kal Pe oKond TOV MEPIOPIOHO TWV EMNTWOEWV MOU
npokahoUvtal and npooPoAn Tng @Bopipaiac e@appolovral  Kupiwg
opYavopwWoPOpPIKA EVTOMOKTOVA. H avTIMETWNION TwV VNHATWOWV YIVETAlI PE
Epapyoyn aupeipionopdc n Me anoAUpavon Tou €0APouC HE KATAAANAQ
vnuatokTova. Ta Teheutaia xpovia KePBI(ouv  ouveXwG €0APOC  Kal
ENEKTEIVOVTAI Kal 01 BIOAOYIKEC PEBODOI KATAMOAEUNONG.

g. ZuykoMIdn

H ouykouidr) otnv napadooiakn KaAANIEpyeia yivovTav pe Tnv Bonbeia
TOU NOI0d€IoU apOTPOU, TO OMoio AOyw TOU UAIKOU KaTaokeung Tou (EUAO)
npokahoUose noAU Aiyec BAABec oTouG ouykopI{Opevouc  kovOUAoUC.
Xpnolponoleital de akOun kalr ongepa yia Tov idlo akpiBwg AOyo aA\a o€
MIKPOTEPN EKTAON KAl KUPIWG OTIG KAANIEPYEIEG O avaBabpidec.

H ouykouidr Tnc avoiSiatikne kaAhigpyeiac Eekiva ota TéAn Mdiou kai

£xel oAokANpwOsi To NpwTo déka—nPEPO Tou IouAiou.

>TnVv ouyxpovn KaAAIEpyEla n ouykouidn, avaAoya We TNV NoIKIAia Kal
TNV nepioxn KaAlAiEpyeiac, Aappavel xwpa nepinou 90-120 nUEPEC PETA TN
puTeuon. O1 kOvOulol ouykopifovTal OTav wPINACOUV TEAEIWG, EKTOC €AV
NPOKEITAl YIA «NPWIKEG» NATATEG ONWG TNV XEIMEPIVI KAAANIEPYEIA NATATAG OTN

Na&o.
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'Otav emdnTeiTal N NPWIKN OUYKOMION TO UMEPYEI0 PEPOC (PUAAG &
OTEAEXN) KATAOTPEPETAI HEPIKEG NMEPEC NPIV TNV €€aywyr TWV KOVOUAWV.
2TV Npagn, ol nepioodTePOl Napaywyoi otnv Na&o kataoTpEPouv Ta pUAAa
MEPIKEC NUEPEC WEXP!I MEPIKEC WPEC MPIV ano TNV €€aywyn Kal GUYKOUION TwV
KOVOUAWV, KUpIiwG yia va JIEUKOAUVOEI N GUyKOMION.

H €€aywyn kal ouykouIdr OTIG EMNOPIKES (PUTEIEC NATATAG YivETAl HE TO
naTogTUapo, To ApoTpo N HE KATAANAEC PnNxaveg, Toug nataTtosEaywyeic. Ol
OUMAEKTIKEC HNXAveC Xwpilouv anoTeAEOUATIKG Toucg kKovOUAOUC anod Toug
BAaoToug, To £0agoc, TOUG OBWAOUC Kal TIGC NETPEC, kal Byalouv Toug
KovOUAOUC oTnv enmipdaveid Tou €dAMOUC OMOTE OTNV OUVEXEId OI KOVOUAOI
palevovTal Pe TO XEPI.

h. MeTG—ZuUAAeKkTIKOI XEIPIOHOI

H napadooiakn kaAAiEpyela €ixe evowpaTwoel oTig 01adikaagieg TNG va
povadikd METPO JIaAOYNC Kal wpidavong TwV OUYKOMICOUEVWV KOVOUAWV
a&lonolwvTag oTo €NAkpo TIC TOMIKEC €OAPOKAINATIKEG OUVONRKeC. H npwTn
Olahoyn akolouBouoe Tnv eEaywyn Twv KovOUAwV Kal oOKono EiXe Tnv
anopdkpuvon TwV E&vwV UAWV KAl TWV TPAUPATIOHEVWV  KOVOUAWV.
AkoAoUBwc o1 kOvOulol oToifalovrav 0 owpoUC HEOA OTO XwPAgl Kal
okenalovrtav HE Mia OTPWON AXUPOU, €V OTN OUVEXEID TOMOOETEITAl €va
oTpwHa and GuTa nataTac yia va npooratevovTal anod Tov nAio.

Me auTéC TIC eAAXIOTEC NPOPUAGEEIC anoBnkelovTav ol NATATEC Yid
nepinou 10 pe 15 nuéEpec oTo XwPA®l, o owpouc Uwouc 30-50 ek. kal
nAaToug 1,5 nepinou PETPOU. Z€ ONO AQUTO TO XPovIKO diaoTnpa wpipalel,

okAnpaivel kal yivetal nio naxid n emideppida TnNG NATATAC KAl CUVENWG MIO
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avOekTIK) OTNn METAPOPA TNG, evw napaAMnAa enouAwvovTtal ol SIapopol
ENIPAVEIQKOI TPAUNATIOHOI.

STV _ouyxpovn KAANEPYEId N NPAKTIKA AUTA NApduEvel O Xprnaon Kdai

guBuveral pdAioTa oS peyalo  BaBud  yia TNV uwnAn_ nmoiotnTd  TWV

NapayouEVwV KOVOUAWV.

MeTa TNV wpipavon auTr kabe napaywyog dNAWVEI OTOV CUVETAIPIOUO
TNV GUYKOMION TOU KAl OTN OUVEXEId, avaAoyd HE TIG KATAOTACEIG GUYKOMIONG,

poipadovTal ol 0AaKol CUCKEUAOIAC PE OEIPA NPOTEPAIOTNTAG.

MeTd Tnv npwTn dlaAoyn and To ocwpd TNG NATATAG TOU XwpagioU TO
Npoiov TOMOBETEITAl OTOUC OAKOUC KAl AKOAOUBEI 0 MOIOTIKOG NPOEAEYXOC ano
TO YEWNOVO oTO Xwpda®l. H naptida nou 6a kpiBei kataAAnAn Ba peTapepOei
OTO OUOKEUAOTAPIO Onou Ba yivel pia deUTEPN €KTIUNON TNG NOIOTNTAG Kal
dlaAoyn yia TNV anopakpuvon Twv EAATTWHATIKWV KOVOUAWY, yia va Wnel o€

OAKOUC, €K VEOU WC EAEYUEVO MAEOV NPOIOV.

6. Asopog

6.a. I3IAITEPOTNTA TNG OPIOOETNHEVNG YEWYPAPIKNG NEPIOXNG

I KAipa: O1 kA\ipatoloyikéc ouvenkes Tng Na&ou npoadiopioTnkav
ME BAON OTOIXEId TOU PETEWPOAOYIKOU oTadpou Podou (Zuvnupévo 7) ala
Kal TNV OXeTIKAN avaiuon Tou Manayiavvdkn (Zuvnupévo 8). Me Baon Ta

OTOIXEId aUuTA WC 101aITEPOI KAIJATIKOI NApAyovTeC unopouv va BewpnBouv:

1. n OXETIKA Uypacia TnG aTpoo@aipac, n onoia diATNPEiTal O Wia

pEon eTnoIa TN 71,
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2. n BpoxonTwaon Tng onoiag To ouvoAikd €Tnalo UWog gTavel Ta 370

XINIOOTA TOU WETPOU,
3. o1 Bopelol avepol nou enikpaTouv kad’ oAn Tn dIApKEIa TOU ETOUG.
4. n Beppokpacia nou diaTnpei pia péon etoia Tiun 17,5 °C,
5. n nAlogavela n onoia enikpatei yia 202 NUEPEG TO XPOVO
6. Kal N OUCIACTIKN ANOUGia NAYETWV.

H oxeTikn uypacia TnG atpoogaipac diatnpeital yia oAn Tn JIApKeid
TOU £TOUG O£ XaunAd enineda. To XEIHwva n PEYIOTN TIMA €ival 76 yia Toug
pRveg NogpBpio, AekeuPpio kal 75 Tov Iavoudpio. AvTiBeta, ol EAAXIOTEG TIHEG
napatneouvTal Toug KaAokalpivoug MWNAveG kal 1diaitepa Tov IoUAIo, onoTe
(pTAvel TNV €TAOIA €AAXIOTN TIUN 62 Kal Toug pRvec Iolvio, AUYOUOTO WE TIHEC
65 kal 64 avTioToixa. Toug UNOAOINOUG WAVEG N OXETIKN Uypacia Kupaiveral
MeTagu 71 kal 74, pe povn €€aipeon To ZenTePPpPIo nou €ival 68. 'ETal, OAo TO
€T0C Yapaktnpiletar and YaunAEG TIMEC OXETIKNG uypaoiac. Eivar de
XaPakTNPIOTIKO OTI oI  101aiTeEpa XAMNAEC TIMEC MOU EMIKPATOUV KATA TN
OlIapKeIa Tou kalokaipioU anokAgiouv Tnv avanTtugn oxedov TOU OUVOAOU TwV
Bepiva kaAAiepyoUpevwyv QUT®WV. O1 €nionG XAunAEC TIMEC TNG OXETIKNG
uypaociac kata Ttnv unoAoinn OIdpKEId TOU €TOUC anaitoUv TNV EUMNAOKN
udAaTIVWV NOpwV (£daPIKWV 1 BPOXONTWOEWV) YIA TNV €KTEAECN 01A0ONMNOTE
KaAAIEpyEIag, n onoia €EapTaTal anod Tn NApouasia auTwv TwV NOPwV.

O1 Bpoxontwoelc otn Na&o napakolouBouv Tn diakUPAvon TNG
OXETIKNG Uypaciac Tng aTtpoopaipac. To PEYIOTO UWoG gTavel Ta 79 XIANooTd

To pnva AekéuBplo. YwnAn Tiun ep@aviCetar akopn Tov Iavoudpio (75
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xIAlooTa) kai ®eBpoudpio (60 XINOOTA), Ev TO UNOAOINO £TOC KUMAiIvETal anod
TOo UWog Twv 23 xINooTwv (Anpihioc) €wc Ta 53 xIAlooTd (MApTIog) WE Toug
pAveg OkTwBpio kar NoéuBpio va napouaialouv Bpoxontwon 30 kar 39
XINOOTWV avTioToixa. Touc unodhoinou¢ pnAvec (Maio €wg ZenTéPBpio) n
BpoxonTtwon OiaTnpeiTal os 101aiTEpa XapnAa, oxedov HNdevika, enineda.
EvOeIKTIKG ava@EPeTal OTI KATA TN OIAPKEIA TWV MEVTE AUTWV PNVWV Ol NUEPEC
nou napatnpeital Bpoxn €ivar JOAIC 5, 00eC kal ol NUEPES ueTou. O MoAU
XAUNAEC €TAOIEC BPOXONTWOEIC KAl N AVION KATAVOWN TOUG MEOA OTO £TOC
eMITeivel Ta npoBARuaTa nou OnuioupyolvTal and TNV OXETIKN Uypacia Tng
aTpoogaipac. XTnv ouaia Adyw TNC anouaiac BPoXonTWOEwWY AroKAEIETAl ano
TNV KaAAiEpyela To oUvoAo Twv Bepivv apdeloIdwv KAAIEPYEILV, EVQ Kal
ano TIG XEIMEPIVEG KAANANIEPYEIEC PNOPOUV VA MPOCAPHOCTOUV HOVO 01 NMAEOV
avBekTIKEG OTNnV Enpaaia.

O TeAeuTaiog and Toug NePIOPICTIKOUC KAIHATIKOUG NApdyovTeC yia TNV
npwTtoyevy napaywyn TnG Na&wu eivar o duvatoc avepoc. Enikpatouoa
dleuBuvaon eival n Popeia, n onoia napatnpsital ka®’ OAn Tn didpkela Tou
€TOUC PE pOVN €aipeon Tou pnAvec Maio, IoUvio kai IoUAIo onmoOTE n
enikpaTouoa OieUBuvon e€ival avTioToixa VvoTid, BopeloduTikr Kal Bopeia
Bopeio—AuTiki. H péon pnviaia évraon diatnpeital yia 0An Tn JIQpKEId TOU
£€TOUC Navw and Touc 4 Babuouc TnG KAipakac Mnogop, pe €Eaipeon Toug
pnRveg Anpihio €wg Iouvio kal Nogupplo.

O1 undAoinol kKAipaTikoi napayovreg TG Na&ou dev anoTeAouv €Unodio
yla TNV NpwTOYEVA Mnapaywyrn kai JaAov €ival euvoikoi. AvaAuTIKOTEPA, N

Beppokpaaia diatnpeiTal navw and To onueio nayetou og OAn Tn OIAPKEIA ToU
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€TOUC, JE TN MEON Pnviaia eAAXIOTN va napatnpeital To pnva MapTio pe TIPN
4,5 °C kal To avTioToIXo WEYIOTO TNG va NapaTtnpeiTal Toug Pnvec IouAio Kai
AUyouoTo pe TIPEG 28,5 °C kail 28,1 °C. O1 £TROIEC NMEPES NANPOUC NAIOPAVEIAC
Eenepvolv TIC 200 evw 01 NUEPEC ME XAUNAR VEQWON (pTavouv TIC 118 «kal

QuTEG ME Bapia PONIG TIG 45.

11 ‘Edagog: H nAfpng anocagrvion Twv NEPIBAAMOVTIKWV
NApapETpWV anaitei TNV availuon €KTOC TV KAIMATIKOV Kal TwV £0APIKWOV
ouvenkwv. O1 KUPIEC MRYEC Nou Xpnoigonoinénkav yia Tnv avaluon auTn ivai
N YEWAOYIKN HeAETN Tou IBavtlou (ZuvnuMEVO 9) Kal MPWTOYEVH €PEUVNTIKA

dedopéva (Zuvnupéva 10, 11, 12).

Uppwva Pe Tov IBavtdo (1969), n Na&oc TonoBeTeiTal oTOv Nuprva
NG kpuoTalhonayoUc palac Ttou Notiou Alyaiou. O opeivoc TG OYKOG
okenadetal and oTpwHA, NAXOUG EKATOVTAdWV HETPWVY, anoTEAOUHMEVO KUPIWG
ano yveuaoiouc, Yapuapa kal oXIoToAIBouc. To BOpeio—AvaToANIKO TUNKA TOu
vnoioU evtonidovral Ta KoiTaopata opupidac mou anoTEAECAV YIa AIWVEC
QVTIKEIMEVO avBpwnIvnG EKHETAANEUONG KAl OIKOVOMIKNAG avanTuénc.

To yewAoylkd TnG unopabpo, anoTeAsital and WPETAUOPPWUEVA N
HAYHaTIKa NETPWUATA, KUPIWE YVEUCIWY, OXIOTOAIBWwY, Japudpwyv K.d. Baoiko
XAPAKTNPIOTIKO TWV HETAHOPPWHEVWV NETPWHATWY, €ival N ONUAvTIKG €WC
Kal moAU peydAn anocdpBpwon TOOO OTnV €nipAveld 000 Kal oTo Basdoc,
YEYOVOC mnou OnUIoUpYEl €va €EKTETAPEVO Udpoypaikd OIKTUO Kal &va
onuavTiko aplBud nnywv a&oloync napoxnc. To kAipa TnG nepIoxng
XapaktnpileTal and ANIOUG XEIMWVEG ME AiYEC BpoxonTwaoelc kal dpooepd

KaAokaipia.
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AUo onuavTika oponedia anavtwvtal otnv Na&o. Bopelo—AvaToAikwg
auto Tou AnOAAWVOG, TO onoio XapakTnpileTal eUpOPo Kkal Ol AnavTWHUEVEG
KAANIEPYEIEC €ival KUpiwG onopw®opd, aunéNd Kal KnneuTika. NOTIO—
AvaToAika evtonileTal To oponedio Tpayeéa Onou Kuplapxei N KAANEPYEIA TNG
eNac.

To €da@og Tou vnolou oUPPWva HE €0A@PONOYIKEC aVvaAUCEIC OE
kKaA\iEpyela natarac (Zuvnupéva 10, 11, 12) xapakTtnpiletal peyalou Badouc,
XOVOPOKKOKO Kal apponnAwdouc ouoTaonG Xwpic vaTpinon Kal PE PNOEVIKO
Kivouvo 01aBpwong. Eival enapkw¢ podiacpEvo o pwao@Opo Kal KAAIo Ve N
NEPIEKTIKOTNTA OE HAYVNOIO KAl OPYAVIKR) oucia €ivalr PETPIA KAl XapnAn

avTioToIxa.

6.b. IdIaITEPOTNTA TOU NPOIOVTOG

H natara Naou xapaktnpiletar and Tnv npwigoTnTa, TO HETPIO
MEyeBog, TNV kaBapn €PPAvion, TNV OMOIoMOpQIa Kkal TNV anouacia
NPooBoAwWY, ACBEVEIWV Kal YEVIKOTEPA EAATTWHATWV.

H 18iarirepotnTa TnG MaTtdtac Na&ou pnopei va avixveuBei TOOO OTa
(PUOIKG 000 Kal OTa XNMIKa XapaktnplioTika Tng «Matarag Na&ou», Ta onoia
kal napoucialovral akoAoUuBbwc.

I. duoika XapakTnpioTika: Ta 10IaiTEpa  (QUOIKA MOIOTIKA
XapakTnpioTika TnG «Matatac Na&ou» nou Tnv kavouv va Eexwpilel anod
naTaTec AAAWV nepioxwv €ivalr n kabapn €Peavion kai n ogolopoppia Twv
KovOUAWV, N anouaia npooBoAwv, aoBevEI®V Kal YEVIKOTEPA EAATTWHATWY Kal
TO KaAvovikO TnG oxnua. Eniong, n npwigdtnTa TNG avoIgiaTikng KaAAIEPYEIAC

NG «Matatag Na&ou» eival Eva aAAo 1I01aiTEPO XapaKTNPIOTIKO Mou NPocdidel
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otnv natata Na&ou 101aiTepn eunopikn a&ia kar Tnv kabiota nepi{ATnTn TNV
apxn Tou kalokaipiou, enoxn Kata Tnv onoia onavifouv ol PPECKEC NATATEC.

II. Xnuika XapakTnpIioTika: Ano Ta XNMIKA XAPAKTNPIOTIKA TwV
KovOUAwV 101aiTEpn BapuTtnTa £XOUV N NEPIEKTIKOTNTA O &npr ouadia Kai
oakyxapa, o AOYyoc TnG apuAolnG nNpog TNV APUAONNKTIV Kal To PEYEBoC Twv
KUTTApwv Tou kovOUAou. Or1 avaAUuoeic avTinpoowneuTikoU  OeiyuaTog
«Matarac Na&ou» and nioTonoinuévo epyacTnpio (Zuvnuuevo 1) deixvouv OTI
N NEPIEKTIKOTNTA Ot &npd ouoia eival peyaAutepn Tou 18% kal n
NEPIEKTIKOTNTA O€ 0AKXApa MIKPOTEPN Tou 1%.

Ta 101aiTEpa auTd XapakTnpIoTIKa £xouv npoodwoel oTnv «MaTtdra
Na&ou» pia EexwpioT QAU oTnv EAANVIKN ayopd, w¢ €va npoiov Pe uwnAd
MOIOTIKEC Kal oTABEPEC NpodiaypaPec. H grun auTth avayeral atnv apxn Tou

oUyxpovou eANANVIKOU KpAToug kal HETPA NN oxedov duo aiwves (wnG.

6.c. AITI®ONG OXEON NMOU CUVOEEI TN YEWYPAPIKN NEPIOXN HE
TNV NoIOTNTA N TA XAPAKTNPIOTIKA TOUu npoiovrog (yia Tig NMOM) i pe
OUYKEKPIMEVI NOIOTNTA, | GAAA XapakTnpeIoTIKa Tou npoiovrog (yia
MNrE):

I Nepiypapn Tou Oeopou peTadl TG MoidTNTAG TOU
NPOIOVTOG Kal TNG OPI0BETNHEVNGC YEWYPAPIKNG NEPIOXNG

H nartara yevikdTepa, anaitei ¢ @UTO uwnAn nAlo@aveiq,
Beppokpaciec uwnAéc Tnv nuépa (apiotn 30 °C) kar dpooepéc TV vixTa (14
9C-18 °C) kar €5apn eAappd, P NEPIEKTIKOTNTA OE Ao SNAadr peyaAUTepn

and 50% (Zuvnupévo 13). ZUpQwva ME TIC TeAeuTaieg eEelieic oTnv
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oUyxpovn €nmoTNUOVIKR €peuva (Zuvnuuevo 14) n didpkeld TNG NUEPAC, N
Bepuokpacia, n akTivoBoAia  kal n ouykévtpwon Tou CO, anoteholv
KAIaTikG O0edopéva nou anoTehoUv napdyovTeg kabopiopoU TnG O0JEIaq
natarac. AvTioTolxa wC NEPIOPIOTIKOI NapdyovTec npoadiopifovral and Tnv
idla nnyn n d1aB01uoTNTA VEPOU Kal BPENTIKWV OTOIXEIWY, N wpidavon Tou
noAAanAaciacTikoU UAIKOU, n €dagikn uen kal dopn kal o avepod. TEAOG wC
KUPIOTEPOI NAPAYOVTEC HEIWONG TNE Napaywync npoadiopilovral ol £xOpoi Kai

aoBéveleg TNG KaAAIEPYEIAC,

EidikOTepa kal oUp@wva pe Tov Manayiavvakn (Zuvnuuevo 8), Ta
KAIHaTikG dedopéva Tne Nagou emitpenouv Tnv e€nektaon Tou PAacTnTiKoU
KUKAOU avanTtuénc Tng natarac o€ OAn Tnv OIdpkeld Tou €Touc. H O¢
vuxTepiviy Opd0oC Kal N Napenopevn NTwon TnG BEpPOKPAciac, os oxEon He
TNV nUepnola,  UAonolei Tnv Ikavn Kal avaykaia ouvenkn vyia Tnv
dlagpopornoinaon Tou (puUTOU Kal TNV £vapén Tou oxNUATIopoU KOVOUAWV £Miong

o€ OAn TNV JIAPKEIa TOU ETOUG,

KAIaTikoi napayovTeg e 181aitepn BapuTtnta otnv S1Iapoppwan TG
noldotTnTac TnG «Matarac Nafou» anotedoUv n XaunAnl uypacia Tng
aTpooQaipac kai n uwnAn Beppokpacia. JUP@WvVA PE NpOOQATN EPEUVA
(Zuvnupevo 15) oI OUVONKEG QUTEG €ival anayopeUTIKEG yia TNV ekdNAwon
npooBoAnG ano Phytopthora sp., n onoia €uBUVETAl yia TO HEYAAUTEPO
NnooooTO anwAsiwv oTnv KaAAiEpyeia natatac. EidikoTepa n npooBoAry autn
EUVOEITAl and OYXETIKA uypacia peyaAuTtepn and 90 % kai Beppokpacieg
MIKpOTEPEC anod 27 °C. O1 KNIPaTIKEG ouvenkeg TnNG Na&ou Aoinodv oupBaiiouv

KaBopIoTIKA OTnNV NPOANYN TNG ONMAvTIKOTEPNG NPOCROANG TNG KAANIEPYEIAG
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natarac. EmnpooBera kar o€ ouvduaopod e TNV OxedOV MARpn anouocia
aMwv naBoyovwyv kai exBpwv and Tn Na&o ehayioTonololvTal ol avaykeg yia
ENEYPACEIC JE aypoxnKika Ta onoia unoBadpifouv Tnv noidTnTa Tou apUAou

(Zuvnupevo 16)

Akopn pia 1oxupn anodei€n yia Tov kabopiaTIKO pOAO TOU KAIATog TNG
Na&ou oTnv kaAAIEpyEla TNG NATATAG NPOKUNTEI and ouyXpovn €pEuva OXETIKA
ME TNV &vtagn O0Uo KaA\iepynTikwv KUKAWV OTO €T0C (Zuvnuupévo 17). Q¢
KUPIOC NEPIOPIOTIKOC NaApAyovTac yid TNV €niteuén Tou OTOXOU auTou
npoadlopioTnke N Beppokpaaia, n onoia 6a npénel va pnv &nepva Toug 30 °C
Kal va Pnv nEQTel XaunAoTepa and Toug 5 °C, ouvlnkn mnou Ikavonoleital
nA\npw¢ otnv Na&o. BéRaia auTd eivar autovonTo agoU N OXETIKN HEAETN
eknovnoOnke TO 2001, Xpovid KaTa TNV onoid n NPakTikn Twv OUo
KAAAIEPYNTIKWV KUKAWV ava £1o¢ PHETpoUaE Ndn ekaTovTasTn napadoon atnv

Na&o.

IdiaiTepn  ToMmIK npooappoyny napoucialouv  Kal Ol TOMIKECG
KAANIEPYNTIKEG NPAKTIKEG, Ol onoie¢ ouvdualovtac Ta nponyoUpeva
NAEOVEKTNMATA KATAPEPVOUV VA EKPETAAAEUOVTAI OTO EMAKPO TIC EMOXIKEC
BpoxonTwoelc. H nepiodoc TNG &vrovng BpoxonTwonc, Touc WRAVeS dnAadn
NoguBplo €wg DeBpoudplo, CUMMINTEI XPOVIKA ME TNV €MOXN avanTuéng Twv
KOVOUAWV TNG PBIVONwPIVAG KAANIEPYEIAG KAl JE TO QUTPWHA TNG avoIEIaTIKNG.
MapouoialeTal dnAadn pia oagpr) NPooapuoyr oTa Tonika KAIJATIKG dedopéva
n ornoia MAAIOTAG €ival kAl n YEVECIOUPYOC aiTia &vog and Ta Kupia

XaPaKTNPIOTIKA TNG KAAANIEpyEIQG TNG naTaTag otnv Na&o, TnG npwidoTNTAC,
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EkTOC anod Tn diaxeipion Twv KAIJATIKWV NAPAPETPWY, 0l KAANIEPYNTIKEG
NPAKTIKEC Nou e@appolovTal atn Na&o £xouv w¢ oToxo TNV eEopaluvon n/kai
BeATioTOMOINON TWV €JAPIKWV  MEIOVEKTNUATWY KAl NAEOVEKTNHATWV
avTioToixda. To BaoikOTEPO and AUTA TA MAEOVEKTHATA Nou OXeTI(ovTal PE TO
€daQIkO nepIBAAOV avapEPETal OTNV KOKKOUETPIKA Tou oUoTacn n onoia Ta
KATaTacoel oTa aupwon €dagn. Autd To €idog Twv £daPwv napouaialel osipa
XOPAKTNPIOTIKWOV EUVOIKWV YIa TNV KAAMIEPYEId TNG NATATAC OnNwc, N KaAn
OoTPAyyIon, N HEIWHPEVN OUVEKTIKOTNTA Kal N €UKoAia oTnv KaAMEpYEId
(Zuvnuupevo 19). Ta NnON kaAd XapakTnpioTikd Tou €0agouc autou
BeATIWVOVTAl MEPAITEPW HE TNV EPAPHOYR KAANIEPYNTIKWV NPAKTIKWV ONWE TO
POIvonwpivd Opywpa To onoio XaunAwvel Tnv Beppokpacia Tou £dAPOUG
EUVOWVTAC ME auTd Tov TPOMO TNV kKovduAonoinon kal TNV KAaAMEpYeEla HE

oauapia n onoia npwipifel TNV napaywyn (Zuvnuuévo 20).

EKTOC OJwC TwV NAEOVEKTNUATWV Ta €dApn auTtd napoucialouv Kai
MEIOVEKTAMATA ONWG avenapkng Oour kai eAAeiyeig oe PBaocika BpenTika
ouoTaTika. H Tonikn KaAMEPYNTIKA NPAKTIKA TNG ouvduaopevng Ainavong e
ayeAadiola konpid Kal OPUKT®WV AINACKATWV anodelkvUeTal and oUYXPOVEC
EPEUVNTIKEC €pyaociec (Zuvnuuéva 21, 22), wC 0 ApIoToC XEIPIOWOC yia TNV
OleuBETNON Tou npoBANuUaToC auTtou. EidIkOTEpa n npoobnkn Konpiag kai
MAAIOTa O au€nuévn avaloyia OXETIKA PE TNV KOIVIy €AANVIKN NPAKTIKN
anodeixtnke (Zuvnuuévo 21) o1 €Eaopalilel TNV PBeATioon TNG €daPIKNG
Oounc kal napadAAnAa au&avel Tnv pakpoxpovia diabeoiydTnTa Twv Bacikwv

BPENTIKWV GTOIXEIWV.
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Mia aA\n 101aiTepn kaANiepynTIK npakTikn Tng Na&ou oTtnv onoia
anodideTal N avwTePn NoIOTNTA TNG TOMIKAG NATATAC €ival n wpigavon uno
kKGAuwn oTov aypd TwV OUYKOUIGOEVTWV KOVOUAWV. Me Tnv NPakTIKA auTn
Kal TNV €nakoAoudbn okAnpuvon TnG emdepuidac, MeiwvovTal TOOO Ol
OeUTEPOYEVEIC NPOOPROAEC OO0 Kal TA AMOTEAEOUATA TOU TPAUMATIOMOU Twv
Kapnwv kata Tnv HeTagopa (Zuvnuuevo 23). Eniong Pe auTn TNV NpakTikn
HEIOVETAI €niong n meavoTnTa al&énong TG NEPIEKTIKOTNTAG TwV KOVOUAWV O€
yAUko—aAkaAoeidr (dnAnTnpia), kaTta Ta enopeva otadia Tng diakivnong Toug

(Zuvnuuevo 24).

11 MNepiypa@n Tou deopou PeTa&l TG ®RMUNG TOU NPOIOVTOG
Kdl TNG OPIOOETNHEVNG YEWYPAPIKNG NEPIOXNG

>tnv EAAGGa, n natata e€onxbn anod Tov KkuBepvAtn Iwavvn
KanodioTpia To 1833, aA\d av kai apynoe va agopoiwdei and Touc ‘EAANVEC,
otn Na&o dapxioe va kaM\iepysitar ndn and Ta péoa Tou 19%Y aiwva.
XapakTnpIoTIKA avapEPETAl O NUEPOAOYIO QUTONTN MAPTUPA TNG ENICKEWNG
Tou 'OBwva katd 1o €Ttoc 1841 otn Na&, oOm kard Tnv diauovr) Tou
TeAeuTaiou oTnv Aneipavbo Tou NPOOQPEPBNKE KPEAC KOKKIVIOTO HE MATATEC
(Zuvnupevo 25). H endpevn avagopd yia Tnv napaywyn natarag orn Na&o
avixveUeTal oTnVv €pyacia Tou kadnyntri Dugit OXETIKA HE TIC AATIVIKEG
napoikie¢ Tou Alyaiou kal avayetal oto £€to¢ 1874 (Zuvnuuevo 26).  2TIG
apxéc Tou 20% aiwva, napoucialeTal n NPWTN TEKUNPIWUEVN KaATaypagn

otnv «Fewmpyikn Anoypa@n €roug 1911» Tou unoupyeiou OIKOVOUIKWV
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(Zuvnupéevo 27), onou avagepeTal n kahAigpyeia 1.119 oTpeppdTwy NaTarac
otn Na€o. daiveral OpWE N KaAAIEpyEIa auTn anoTeAoUos onUavTIko KePAaialio
yla To vnai agou and To 1926 ndn To GUTO TNG NATATAG ANOTEAOUCE TO
€uBAnHa TnG o@payidag TnG koivornTag FAivado (Zuvnuupevo 28). To
YEYOVOG auTO PAAIOTa QaiveTal OTI ENNPEACE Kal TNV TOMIKN KOIVwvia n onoia
anedwaoe aToug YAIVadIwTEC TO NPoowvUMIo «MaTaTtadeg», Onwg kataypagel

o€ NpOo@ATn WEAETN Tou 0 Aaoypagoc ZEpync (Zuvnuuévo 29).

>Ta Xpovia TnG dikTaTopiac Tou MeTa&d n natdta anoTeAeoe €OVIKN
KaTeubuvon yia TNV aypoTikn avanTtugn, onwg Kataypa@etal ato GUAAO TNG
epnuepidac «Na&iakdv MéN\ov» Tnc 25" ZentepPpiou Tou 1939 (Zuvnupévo
30). H npowBnon autrny anedwaoe, apou o apbpo TN idIac ePpnuUEPIOAC OTIC
14 Iouhiou Tou 1945 (Zuvnupevo 31), napoucialovtal OTOIXEI@ MOU
MapTupoUlv Tnv enita&n anod TiG ITaAikeg kaToxikeC duvapelg Tng Nagou, 77.500
okadwv (nepinou 220 TOvwv) nartarac, 44.003 kalokaipivii¢ kair 33.447
XEIHWVIATIKNG, TO £ToC 1942, napaywync nou avTioTOIXEi o€ KAAAIEpyEla

OUVOAIKNG ékTaong nepinou 1.000 oTPEPPATWV.

To 1945, oTo pUANo TnN¢ 13" Touviou TN¢ idlac epnuepidac (ZuvnUUEVO
32), o &evikOC «naTaTtoomnopoc» Mou €IoNXdn auti Tn Xpovid  Kai n
aviooKaTavoun Tou OTIC KoIvOTNTEC TNG Na&ou anoTeAei onuavTikn €idnon yia
TNV TOMIKA Koivawvid. To 1952 oto @UAAO TNC idiag epnuepidac TnG 5 IouAiou
(Zuvnupevo 33), oe apbpo pe TiTAO «MAaoTtipac kair AkpiBry nartara»,
napouoialetal To NpoBAnMa 81absonc TNG TonikAG napaywyng Adyw Tou
au€nuevou PeTapopikoU KOOTOUG Kal TNG TAUTOXPovNG €10aywyng MEYAaAng

nocdTNTAC NATATAC.
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To 1953 10 €AANVIKO dnuoaoio avayvwpilel To 1I0IAITEPA EUVOIKO, YIa TNV
KaAAIEpyela TNG naTaTtacg, nepiBallov Tng Na&ou aAAa kai Tnv KaTexouevn ano
TOUG VTOMIOUG KAAANIEpYNTEG TEXVOYVWaoia, 10puovTag oto vnoi 1o EBvikd
Kévtpo Mapaywyng Znopou MewpnAwv. H OXETIKN UNoOUpyIK anogaacn Kai n
€kBeon TwWV yewnovwv navw oTnV ornoia oTnpixBnke dnuooieUTNKav oTnV
npwTn OeAida Tou QUANOU Tng epnuepidac «Na&akov MéAhov» Tng 31
Iavouapiou Tou 1953 (ZuvnupEVO 5). TNV OXETIKN £KOE0N TWV YEWNOVWV—
npayuaToyvwpovwy  npoodiopileTal  kal n  anapxn TNG Opyavwuevng
kKaAAIEpyeiac Tng natatag otnv Na&o oTic apxég Tou 20% aiwva, agou ol idiol
KATaypagpouv Katda To €£ToC ONMOCIEUONC TNG MNPAYHATOYVWHOOUVNG TOUC

(1952), «nevrnkovTasTr napadoon natato—kaAAiEpyeiac» otnv Nago.

Av  kal TO €NnVIikO Onuocio  enedel€e TNV anaiToUpEVN
euaigbnTonoinon, ol ANINEIC YVWOEIC TNG TOMIKAG KOIVWVIAG ENETpEWAvV TNV
KaA\iEpyela, To 1956 kai Pe OKOMO TNV NApAywyn <«natato—ornopous,
gloayopevng and Tnv Kunpo natartag (Zuvnuuevo 34). To endpevo €T0C, TO
KPATOG ouvexifovrag Tnv npoonadeia Tou yia Tnv nNpooTacia Tng natato—
kKaA\igpyeiac otnv Na&o, avaberel Tnv diakivnon TnG TOMIKNG Napaywync oc
KPATIKO (POpEA HE OKomnod va dlac@aliosl To €1000NUA TWV NAPAYWYWV EVE
Tautoxpova kartaTibetar oxédlo vOPou yia Tnv  Onuioupyia  Tapeiou

MpooTaciac Tn¢ Matarag (Zuvnuuevo 35).

H onuavTikdTNTag TNG KAANIEPYEIAG yIa TNV VTOMIA OIKOVOMia aAAd kai n
101aiTEPN NOIOTNTA TOU NPOIOVTOC KaTadelkvUuovTal OTnV ENIOKONNON TOU £TOUC

1958, ornou o MeAioonvog Tnv napoucialel wg TNV KUpla e€aywyikn napaywyn
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™G Na&ou, e TIC £TNOleC €EaywyEG va KupaivovTal ano 5 €wg kar 10 XIAIAdeG

TOVOUC (Zuvnuuévo 36).

AUo xpovia pera, To 1959, oe apbpo NpoPBoAng Tou TomnikoU MOAITIKOU
MpwTtonanaddakn A. M. otnv epnuepida «Na&iakov MeNov» kaTaypa@eTal n
unaywyn TnG «Matatag Nafou» oOTOV KATAAOYO TWV  UNOXPEWTIK®G
NPOCTATEUOHEVWV and TO KPATOG NPoiovTwy (Zuvnupevo 37). KaTaAuTikn
napouoialetar kar n Opdon Tou &v AOyw MOAITIKOU oTnv avaBoArl Tng
KaTapynonc Tou Xnoponapaywylkou Keévrpou Nafou TO 1965, OTav
dlamoTwonke n napoucia NpooBoAng and XpuoovnuaTwoelG TOUC TOMIKoUG

onopo-napaywyikouc aypouc (Zuvvnuévo 38).

H 1diarrepdTnTa TNC «Matarag Na&ou» £xel avayvwpioTel o€ pia anod TI¢
NPWTEG NPOONABEIEC yia TNV OGUVOAIKN KaTtaypa®n Tng eAAnVIKNG xAwpidag
(Zuvnupevo 39) otnv dekasTia Tou 60, Onou kai nepiypageTal n Na&iwTikn

naTaTa we, EEAIPETIKA GPIOTNG NOIOTNTAG.

To 1969, og wia koivr) €kdoon TNG EAAnVIkAG MepinynTikng AEoxng Kai
Tou EMnNvikoU OpyaviopoU ToupiopoU HE oOKOMO TNV npowénon Tou
Toupiogou otn Nd&€o, n «Martara Nagou» napouoialeTal WG TO MNPWTO
e€aywyikd npoiov TnG Na&ou. MoooTnTa 8 £€w¢ 15 XINAdwWV TOVWYV, €EAIPETIKNG
noiotnTac Na&wTikng natarag e€ayeral kaBe xpovo. Eivalr de TEToia n @AWN
TOU MPOIOVTOG WOTE anoTeAei, oUP@Wva PE TNV nnyn, €va and Ta kupia

a€iobeata Tnc Na&ou (Zuvnuuévo 40).

H oxeon tng Matdrag Nafou pe Tnv ioTopia TnG Nagou eival noAu

MeyaAn kai anodeikvueTal 6T €dw kal NOAAG Xpovia yivovTtal ekONAWOEIC Kal

25



ylopTéG otnv Na&o yia Tnv natdra kai Tnv onuacia Tng oTnv TOMIKN Kolvwvia

(ouvnuuéva 44, 45).

Ta noloTikGd auTd XapakTnpPIoTIKG napEuelvav oTabepd peEoa OTO
NEPACHAa TOU XPOVOU HE anoTEAEoUa akoun kai onpepa n «Matata Na&ou» va
anoTehei évav and Toug nOAOUC MPOCEAKUONG TOUPIOPOU  OTO VvNOoi ME
npoPoAn o€ OleBvouc KUpoug €vtuna OnwG ol epnuepidec “Daily Mail”

(Zuvnupévo 41) kai “The New York Times” (Zuvnupévo 42).

H Matdta Na&ou avagepetar oxeddov 0 OAOUC TOUC TOUPIOTIKOUG
odnyouc yia Tnv Na&o kai avayvwpiletal wg noAu elyeaTo npoiov. Avapopd
yia Tnv Matara Na€ou yiverar o€ eAAnVIKOUC Kal EEVOUG TOUPIOTIKOUC 0dnyouc.
EminAéov avagopad yia Tnv Matata Na&ou yiveral o BiBAia ouvtaywv yia Tnv
natdTa kar n onpacia TG TovileTar and NOoAAOUC Kal yvwoToUC OEP EVW
anoTeAei onueio ava@opa os PJEVOU YVWOTWV €0TIATOpiwV (ouvnuueva 48, 49,

50 kai 51).

Tehog, n @nAun Tng MNatarag NA&u Tng €xel NPoodwoel Kal UWNnAn
eunopikn a&ia otnv ayopd €dw kal NoAAG Xpovia Pe anoTeAeoa Tnv augnon

TOU €1000MKATOC TwV NApaywywv (ouvnuuéva 46, 47)

JUPWVA PE TA NAPANAVW TEKUNPIWVETAl N IOTOPIKOTNTA TOU
npoiovToc o€ oxéon We To vnai TG Na&ou Onwc eniong kal o oTevog deopoC
TOU PE TNV €upUTEPN neploxn TN vnoou. H diaouvdeon auth €xel non
avayvwploTei oTo napeA8ov and Tnv Eupwnaikiy ‘Evwon, a@ou pe Tov Kav.

(EK) apiB. 3254/93 (Zuvnuuevo 43), BeopobetnOnke yia Ta £€tn 1993 kar 1994
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€101k0 kKaBeoTwWG KOIVOTIKNG gvioXuong TnG NATATAG NMOU NAPAyeTal

otnv Na&o ka1 npoopileTal yia vonn katavaAwon.

7. Opyaviopog EmBswpnong
1. Opyaviopoc MoTonoinong kar EniBAewnc Mewpyikwv MpoiovTwv
(O.N.E.TE.N.)
AivBuvon: MNatnoiwv & Avdpou 1, TK 11257 Abrva
TnAépwvo: 210 - 8231253
®at; 210 - 8231438
2. Nopapyxiakny AuTtodioiknon KukAadwv
AieuBuvon AypoTiKnG AvanTuénc
AiguBuvon: EppounoAn Agpoditng 2 T.K. 841 00
TnA.: 22810-082696
E-mail: u14403@minagric.gr
8. Enionjpavon
'OT1 npoBAEneTal anod Tnv Keipevn eAANVIKN voloBeaia.

9. EOvikEG kal KoIVOTIKEG anaITROEIG
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E AL NAZOY I¥YNETAIPIZMOI.  Xahksiou
KATAZTAIH AANOMHEI BAZIKOY NATATOIMNOPOY - K.X.: 2007-2008 (oarmia 256 KiAwv}

alal AM. [ONOMATENONYMO SPUNTA | MARFONA | LIZETA | VIVALDI | EYNOAG
11062 |Aaptraddkng Mewpyiog Tou AvTwviou 14 | 14
2 11063 | ZaAteprig Kwvoravrivog Tou Aviwviou | 8 6 14
3 | 1068 |Tditng Eppavounh Tou Anunrpiou 20 20
IYNOAO 42 6 | 48




E.A.Z, NAZOY ZYNETAIPIZMOZ: Ayiou Apasviou

KATAZTAZH AIANOMHEZ BAZIKOY MATATOZMOPOY - K.X.: 2007-2008 (cakid 25 KiAtv)

afal A.M. [ONOMATENQNYMO SPUNTA | MARFONA | LIZETA | VIVALDI | ZYNOAO
11 2 |Aptadvou Aikatepivi Tou Mixanh 8 6 14
2| 3 |Apradvou Ztuhiavr Tou Baciheiou 6 4 10
3| 4 |Aprodvou Mapia Tou Aptepiou 8 6 14
4 | 11 |BaBpakokoiAn Mapia tou Mérpou 8 6 14
5| 15 [BeAbvng ZTuhiaveg Tou NikoAdou 4 12 16
6 | 17 |BeMvng lwdvvng Tou AtroaTtéAou 12 8 20
7 | 20 [Fahavol EAévn Tou NikoAdou 26 8 8 42
8 | 21 |Fahavou Tpiavra@uAAiG Tou ATTooTéAOU 12 12
9 | 28 |AnunTpokdAAn Eudokia Tou NikoAdou 16 16 32
10| 38 |Zwpou Zogia Tou NikoAdou 12 12 24
11| 59 |KdBoupag Anprirpiog Tou NikoAdou 6 10 16
12| 60 (KdBoupag Eudyyehoc Tou STUpou 6 10 16
13| 61 |KdBoupa Zogia Tou Anuntpiou 12 10 22
14| 65 [KaBoupag Eppavounh Tou Mixanh 32 8 40
15( 68 |KdBoupa KaAhidTn Tou ZTripou 20 20
16| 70 |KdBoupag Kwvivog Tou lwdvvn 10 10
17| 75 |Kahoyeitova AvaaTtaaia Tou Aviwviou 18 20 8 46
18| 79 |Kahoyeitovag Anpritpiog Tou MixariA 4 8 12
19| 80 |Kahoyeitovag Mewpyiog Tou Avdpéa 10 10
20| 81 |Kahoyeitovag Eudyyehoc Tou NikoAdou 16 30 8 54
21| 85 |Kamprig AnunTpiog Tou BaaiAeiou 10 10
22| 92 |Kapapavrig Eudyyehog Tou ATToaTéAou 12 14 26
23| 95 |Kapapavnig Eudyyshoc Tou ZTuhiavol 16 14 30
24| 99 (Kapauavrig NikéAaog Tou [Ewpyiou 4 20 24
25(105|Kapapavrig Zruhiavog Tou MpokoTriou 20 20
26(106 [KapeyAdg Zruliavég Tou lwdvvn 8 12 20




o/a| A.M. |ONOMATENOQNYMO SPUNTA | MARFONA | LIZETA | VIVALDI | £YNOAO
27107 |KapeyAd Ztuhiavr Tou ApioTeidn 4 8 10
281 108 |KapeyAdg ZruMiavdg Tou NikoAdou 12 60 72
29| 108 |Kapeyhdg lwdavvng Tou Zruhiavou 4 6 10
30(110(Mapyapitn EAévn Tou BaoiAeiou 10 16 26
31| 115 |Mapyapitn EvayyeAia Tou Eppavourh 4 4 8
32( 120 |Mapyapitng Eudyyehog Tou Ztuhavol 12 10 | 40 62
33§ 129|Mapyapime EAsuBépiog Tou ATTooTéAou * | 24 10 34
34| 135 Mapyapitng Xapdhaptrog Tou Anuntpiou 5] 14 20
35| 137 |Mapyapitn Mapia Tou AmoatoAou 8 8 16
36| 138 Mapyapitng EppavourA tou lwdvvn 10 10 20
37| 140|Mapyapitng AnpnTpiog Tou Kupidkou 4 16 20
38| 143|AnunTpokdAin EipAvn Tou NikoAdou 10 10
39( 144 IMapyapimg ZTuAiavég Tou Mixarh 18 18 36
40) 146 |Mapyapirn NikoAéta Tou AroaTdhou 6 10 16
41| 160 {MeT¢ouprg AvTioviog Tou BaoiAsiou 8 8 16
42| 162 |MeTZoupric Amdotohog Tou NiKoAdou 10 30 40
43| 164 [MetZoupr) louAia Tou ATroaToAou 10 14 16 40
441172 |MoAukavdpiirng Eudyyehog Tou Mewpy. 6 8 14
45(173 |MoAukavdpiwn Zraparia tou Eypavoulih | 6 26 32
461205 [ZxouAdrog Kwv/vog Tou @topdvn 6 16 22
47206 [Zxouhdtou Podia tou NikoAdou 8 10 18
48| 231 |AnunTpokddAng AvBpéac Tou Eruliavou 16 18| 6 | 40
LZYNOAO 466 42 618 | 30 | 1156




E.A.L NAZOY

LYNETAIPIZMOZ:

BipAou

KATAZTAEZH AIANOMHE BAZIKOY NMATATOLNOPOY - K.X.: 2007-2008 (cukid 25 KiAwy)

afa| A.M. [ONOMATENQNYMO sPunTA | marrona | uzeTa| vivaLol | svnono
11264 |Boutgaddkn lwavva tou MoA. 10 10
2 | 265 |Baoahdkn Evayyehia Tou Mewpyiou 50 10 60
3 | 274 |Bepikokkog Metpyiog Tou TTUMGVOU 40 40
4 | 275 |Beplkokkog ZTUNavog Tou Etapariou 20 20
S | 276 | AnpnTpokdAing Oeddwpog Tou Eppav. 1--2;5 32 1-05} 54
6 | 277 |AnunTpokdAAng Bagieiog Tou Eppav. 6 20 26
7 | 280 |Anuntpokdiing Bagiieiog Tou NikoAdou 16 8 26| 6 56
8 | 287 |KatgoUAn Zogia Tou Zmipou 12 14 26
9 1290 | Zevikoudakn Mapla rou Aviwviou 12 12
10{291 |ZouAn Aixatepivn Tou Epuavourii 14 14
11{300 | KaroouAng Zmupoc Tou lwdvvn 4 6 10
121303 [Kiouhagrig ANéEavEBpog Tou MixarA 20 50 70
13| 305 [Kiouhagnig Mewpyiog Tou MixariA 30 30
14| 311 |Aayoyidvvn Eiprivn Tou lwdvvn 30 30
16| 312 [Aayoyidvvn EuayyeAia Tou Mewpyiou 20 20
16| 313 [Aayoyiavvng MixaiA Tou Mavvoun 20 20
17(315 |Aayoyidvvng NikdAaog Tou lwavvn 14 14 28
18/ 321 | Aayoyidvvng Eudyyshog Tou NikoAdou 10 10
19| 322 |Aayoyidvvn Zogia Tou AyTwviou 10 10 20
20| 333 [Aayoyigvvng ZTapdmng Tou Zmipou 20 20 40
21 336 |Aayoyidvvn Mapaokeur Tou lwavvn 14 6 20~
22340 | Mapyapitn Afuntpa Tou NikoAdou 20 | 20 40
23| 341 |Mapyapitg Baoikeiog Tou Zmipou 26 18 | 10 | 54
24| 344 |Mapyapitng Medpyiog Tou NikoAdou 70 70
25| 345 |Mapyapitng Nektdpiog Tou NikoAdou 70 70
26/ 347 |Mapyapitng Epuavourh Tou lwavvn 10 4 14




ala| A.M. [ONOMATENQNYMO sPUNTA| marFONA | LizeTa | vivaLol | svnono
271352 Mapyapitng Z1apdrng tou lwdvvn 8 16 24
28| 355 [Mapyapitn NikoAéra Tou MixanA 50 10 60
29| 358 |ZoUAn Avva Tou KwvaTtavrivou 8 10 18
30| 358 {MaupoyiavvotrouAou EppavouiA Tou Anp. 10 10
31| 360 | Maupoyiavvotodiou Kupiak Tou Anpntp. 6 6 12
32| 361 |Maupoyiavvotrodhou Avaotacia rou Any. 10 10
33 380 |Pegevig Eudyyehog Tou Mewpyiou 16 34 50
34| 385 | Zxdpkou KaAhioTn Tou Nikohdou 16 24 40
35| 387 | ZkuAdkn Nikohéta Tou Mapivou 14 32 46
E 389 | ZkouAdTou Kupiakr) Tou Eppavourii 20 20
37| 391 ZxouAdrou Kupiakn Tou EvayyéAou 8 16 24
38395 | Zkouhdrog NikbAaog Tou lwdvvn 4 6 10
39| 397 | ZxouAdrtou Nekrapia Tou MavvouAn 10 60 70
40| 398 | ZxouAdTtog Zrapdmc Tou NikoAdou 10 44 54
411399 | Aayoyidvvn Euayyehia Tou Egpavouri 10 24 34
42400 {KiouAagr) NMapagkeur Tou MixanA 30 8 10 48
43| 404 | Zogixitn Mapia Tou AnunTpiou 4 8 12
44| 405 [Zogikitng NikdAaog Tou AlgpavTh 6 5] 12
45406 | Zowikitng lakwBog Tou Aviwviou 8 18 24
461410 | Zoupodepag AVaoTaciog Tou lewpyiou 10 16 26
471413 | Zoupoepag Iwdvvng Tou Eppavounh 20 20
481415 | Zgupbepag Kwvatavrivog Tou lwawwn 10 3] 16
49|417  Tpiavraguiou EipAvn Tou Mdpkou 16 8 24
50420 |ZouAng NikéAaog Tou KwvaTavrivou 40 30 70
51| 424 | Zpupdepa Zogia Tou Nikohdou 14 14
5_2 425 | Zrapkou BaaiAiki Tou lwdvvn 54 54
;3 427 [KiouAagn Aepovid Tou MixanA 10 20 30
LYNOAO 820 20 824 | 32 | 1696




EAZ NAZQY

ZYNETAIPIEMOE:

FraAavadou
KATALTAIH AIANOMHE BAZIKOY NATATOZNOPOY - K.X.: 2007-2008 {oakid 25 kihuv)

aja[ A.M. [GNOMATEIQNYMO SPUNTA| MARFONA] LIZETA] VIVALDI| EYNOAC
1 | 459 |BaBpakokoiing ZTuhiaveg Tou ITepdvou 20 20
2 | 460 |Beviépn Avva Tou EuoTaBiou
3 | 468 |Kamvidpn TagoUAa Tou Adumpou 34 34
4 472 {Kwvotavromothou Mewpyia Tou Ggodop. 18 12 30
5 1 474 |Karoolpng Z1apdriog Tou Eppavourii 10 10 20
6 |488|ZapBag NikdAaog Tou Aviwviou 6 6 12
7 | 490 |TpiovTd@uAhog lwéavvng Tou Anuntpiou 20 30 20 70
IYNOAO 54 30 | 102 186




EAL NAZCQY ZYNETAIPIZMOE: FAvadou
KATAZTAZH AIANOMHE BAZIKOY NATATOIMNOPOY - K.X.: 2007-2008 (ot oakid 25 xiAwv}

a/a| A.M. [ONOMATENQNYMO SPUNTA | MARFONA | LIZETA | VIVALDI | ZYNOAD
1 [ 550|BaBpakokolAn Kupiakr tou lakwBou 8 8 | 16
2 | 556 |BaBpakokoiin lwavva Tou Eugrabiou 22 10 | 50 82
3 | 657 [Beviépn Dwrevr Tou Anunrpiou 3] 14 20
4 | 558 |Beviépn Mapia Tou Ztuhiaved 14 14
| 5559 Beviépng Zruhiavog Tou lakwBou 24 20 44
6 | 562 |Bepvikog Zrapdriog Tou Mewpyiou 18 14 | 16 48
7 | 563 |AnpuntpokdAn KaAM6TR Tou Eppavourii 12 34 46
8 | 565 | AnuntpokdAAng lakwpoc Tou NikoAdou 40 40
9 | 568 [Mopyapitn MixaAia Tou NikoAdou 10 10 20
10568 | AnunTpokdAAng Anuritpiog Tou NikoAdou 4 16 20
11[570 |AnpnTpokdiAng Mixanh Tou lakwRou 30 10 | 70 110
12{575 |Apug lwavvng Tou MixanA 10 14 24
13| 580 | Zayapdtog Eudyyehog Tou Baothsiou 94 | 14 108
14583 |Zaxapdtou Euayyehia Tou BaoiAsiou 6 6 10 22
T5 584 [Zaxapdrog BaoiAeiog Tou Mewpylou 16 20 36
16| 585 | Zaxapdrou AfunTpa Tou EvayyéAou 8 32 40
17| 587 |Zaxapdtou Aikatepivn Tou ETUAMGVOD 24 | 28 52
EFSBS Kaptritn Aonuiva Tou Evayyéiou 26 26
18] 590 [Kapmitng NikéAdog Tou EypavounA 36 34 70
20| 593 |Kapitng Eppavourih Tou NikoAdou 12 20 8 40
21| 596 [KokkoAioU lwavva tou Mewpyiou 30 12 301 8 80
221598 | AhumrépTn Avva Tou Avdpéa * 20 20
23| 599 [Kamoudvng EudyyeAog Tou Mewpyiou 10 14 8 32
24| 600 [Kamrolvn Ewprivn Tou EvayyéAou 4 52 56
251601 |[Kamolvn Nikohéta Tou Anuntpiou 10 8 30 8 56
:';6 805 [Zépyn ZtuNiavry Tou lwdvvr) 10 10




/o[ A.M. JONOMATENQNYMO SPUNTA LiZETA IYNOAD
27(608 |Mayyibpou Aikatepivn Tou ZTUpou 14 40 54
28| 610 |Maupopdtn Mapia Tou BAdon 20 34 54
29/612 |Maupopdtn Zogia Tou NikoAdou 10 20 30
30| 613 [Maupopdng Pwrevog Tou AyyeAr 20 20
; 614 |Maupoppdrng NikdAaog Tou AyyeAr 12 8 20
32| 620 | Zeivravng Zripog Tou Aviwviou 10 10 20
33623 |Zépyng AnpnATpiog Tou lwdvvn 24 16 40
34(624 | Zeépyn EuBahia Tou XpiotaBouAou 50 80
35| 625 | ZEpyng NikoAaog Tou Ayyehn 24 24
38626 | Zépyn KaMamn Tou Eppavourh 26 | 18 54
37(630|Zepyng lwavvng Tou NikoAdou 20 40 60
38{ 631 |Zépyng NikdAaog Tou lwdvvn 20 20
39| 632 | Zépyng Ztuhiavog Tou lwdvvn 22 24 46
40| 834 | Zpupbdepag Trapatng Tou Kwvaravrivou 12 12 24
41635 |[Kaptouln $paykioka Tou NikoAdou 6 4 10
42| 662 (MapouAn Aikarepivn Tou Mewpyiou 10 10 20
431663 |Kapitn Mapia Tou Eppavounh ** 14 20 34
441665 |7£pyng Idkwpog Tou MNewpyiou 24 70 104
45| 667 | ZayapdTog Z1apdTne Tou Mewpyiou 26 32
ZYNOAO 540 1166 1848




E.AZ NAZOY

ZYNETAIPIZMOEL:

Aapapiwva
KATAZTAZH AIANOMHZ BAZIKOY NATATOINOPOY - K.X.: 2007-2008 (ooKid 28 KiAwv)

alal A.M. JONOMATENQONYMO SPUNTA | MARFONA | LIZETA | VIVALDI | EYNOAD

1 {702 [BoUhyapng Ztégavog Tou Mewpyiou 16 8 12 36

2 | 744 | Tt Zrépavog Tou Anpntpiou 4 6 10
LYNOAO 16 12 18 46




E AT NAZOY

IYNETAIPIZMOZL:

Eyyaptv
KATAZTAZH AIANOMHE BAZIKOY NATATOZNOPOY - K.X.: 2007-2008 (cakiG 25 KAL)

afa| AM. [ONOMATENQNYMO SPUNTA | MARFONA | LIZETA | VIVALDI | EYNOAO
1| 777 |Aeydkng EudyyeAog Tou lwavvn 2 12 14
IYNOAO 2 12 14




E.AZ NAZOY IYNETAIPIZMOL:  Kuwpiakig
KATAZTAZH AIANOMHE BAYIKOY MATATOENOPOY - K.X.: 2007-2008 (0aKIG 25 KIAGV)

a/al A.M. |JONOMATENQNYMO SPUNTA MMFoNalleeTA VIVALDI|  LYNOAQ

1| 804 [BiignAaiog lwdvvne Tou NikoAdou | 8 10 16

LYNOAO 6 10 16




EAZ NAZOY IYNETAIPIZIMOL:  MeAavwy
KATAITAZH AIANOMHE BAZIKOY NATATOINOPOY - K.X.: 2007-2008 (oaKic 25 KiIAtov)

afa| A.M. [ONOMATENQNYMO 1spumm MARFONA | LIZETA | VIVALDI | EYNOAD
11818 |Mkougpa Mapia Tou KwvatavTivou 20 14 34
2 | 824|Bepukokkou Eiprivn Tou lakwbBou * 12 20 32
3 1827 BepUkokkog Kwvartavrivog tou I appiid | 24 24
4 | 832 {KovduAng MixanA Tou NikoAdou 10 10
5 | 834 Bepukokkou Mapotoa Tou Mewpyiou 10 10
IYNOAO 76 4| o | 110




E.AL NAZOY

LZYNETAIPIZMOZ:

Ndagou

KATAELTAZH AIANOMHE BAZIKOY NATATOQEINOPOY - K.X.: 2007-2008 (counid 25 kikwy)

al/al A.M. |ONOMATENQNYMO SPUNTA | MARFONA | LIZETA | VIVALDI | EYNOAO
1| 859 |BaBpakokoiAng EppavounA tou Evayy. 10 10
2 | 860 [BaBpakokoiing IdkwBog Tou Xapah. 4 16 20
3 | 871 |Zohwrakn Kupiakn Tou Mewpyiou 4 8 12
4 | 890 |KovAapmrd Zrapartia Tou Eppavouni 12 12
§ | 895 |Puwrag Baafheiog Tou MixarjA 6 14 20
6 | 896 |LaBRag Avtwviog Tou lwdvvn 12 20
7 | 905 |Zépyng lwdavvng Tou Xpuo. 16 10 26
8 | 907 |Zépyng Oahdiaiog Tou Xpuo. 8 B 14
9 | 908 |Zépyn Kupiakr Tou Anpntpiou 20 10 | 30
10| 910 {ZkuAdkng NikdAaog Tou ZTuMiavol 12 12
ZYNOAO 78 98 176




EAEZ NAZOY

IYNETAIPIZMOZ:

Motapidg
KATAZTAZH AIANOMHE BAZIKOY NATATOZIMOROY - K.X.: 2007-2008 {oaKia 25 rihiv)

ala

AM,

ONOMATENQNYMO

SPUNTA| MARFONA | LIZETA | VIVALDI | ZYNOAD
11915 |Maitog ZTuhiavég Tou Maoxdhn 20 20
ZYNOAO 20 20




EAZ NAZOY IYNETAIPIZMOZ:  Zaykpiou
KATAZTAZH AIANOMHE BAZIKOY NATATOLIOPOY - K.X.: 2007-2008 (oaKié 25 KIMDY)

alal A.M. [ONOMATENQNYMO SPUNTA| MARFONA | LIZETA | VIVALDI | £¥NOAG

1| 970 |Bepvikog hwévvng Tou AnunTpiou 8 16 24
21 975 |laBpac lwavvng tou MNérpou 10 20 30
3| 990 |Nauthiotng Eudyyehog Tou Mix. 12 6 18
4 | 997 |FplGAAng lwavvng Tou Zrapariou 20 10 30
5 [ 1014 |Mapdkn ®Awpa Tou Eppavouni 6 6 12
LYNOAO 56 12 | 46 114




EALZ NAZOY IYNETAIFIZMOZ.  ®ihoTiov
KATAITAZH AIANOMHE BAZIKOY NATATOINOPOY - K.X.: 2007-2008 (oakid 25 KAwv)

ala| A.M. [ONOMATENQNYMO SPUNTA | MARFONA | LIZETA | VIVALDI | SYNOAD
1 11044 |Euprmiidtn louhiavr Tou HAia 8 16 24
2 | 1046 |Kahappog Nikdhaog Tou lakdBou 12 8 20
3 | 1053 | Zahtepric AvTuviog Tou Mewpyiou 12 12
4 11054 | Tgakwvidtng Métpog Tou Mewpyiou 4 12 16
5 | 1055 | T¢akwwviarng Baaiheiog Tou Gcobiiypou 14 14
6 | 1056 |MaoTopétrourog EppavouniA Tou lwdwwn | 12 12
7 11057 |Zaykpiwtng Mewpyiog Tou ldvvn 8 8 16
ZYNOAO 54 4 56 0 114
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Zuvnupévo 10

romme e
(AERANTAE)

BL. NE. &. Wvdou T.3. 88, 570 22 Twdeg Tk, 2310 757 479, 796 058 Fax 2310 796 523

Zeh. 25
nioT.: 01.04.23.04.002
Zroixeio Napaywyol* Zroixeio AsiypaTog
EniBero: BEPNIKOX [mbuﬁﬂﬂwa‘mc 1342004-3
Ovopa: Xepiopiog Aciyuarod: Efpavon,
AsetBuvon: Hyzp. : 5/4/2004
NéAn: Mepiodo; Avakuomg, And: 19/4/2004  ‘Eoug 21/4/2004
N Trhgavo: Kahuepyeo*: Topfma pantfia

ADM.: ToncBeoic®: 1-MIKPH BIFAA, ZArPI 357P,

KuBiee Aeryparolngiag:

Karaoraan Aciyparog xard v nopaiaBa:
A. Baoikég AvaAugei ESGQoug e
Al. SUOIKOXNIKES IBOTNTES { :

. anaTiA pavdde iRB0c

Awiog 85,3 % Bouyoucos, 1962
1hi, B - % Bouyoucos, 1962
Apyihag 6,7 % Bowyoucos, 1962 v
pH 7,2 1:2 veph
Ohird CalC05 0,38 % OywopeTpad
Opgawd) Oudia 1,79 % Yypd osbean
EiS. Hi. Aywypdmra 1,06 mSfem Neod Kepeopiod
A2. AaBéoipeg Mop@és ©permkdv .
oopduETReC  odotilroug  LowiEo HERSOC xoundd omigks  enopshc wwndd
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Abstract

This paper shows how a ighly complex potato preduction system, like the Argentinian one,
can be surveyed and analysed. A survey was complemented with the use of a Geographic
Information System and a simulation mode] approach which improves the understanding of
the possibifities for increasing future crop production by expanding the area cropped with
potatoes and/or the yield. A yield gap analysis was also a useful and comprehensive tocl to
identify and rank yield defining, yield limiting and yield reducing factors for those agro-ecological
zones where the potato is currently grown, With these proceduires, the physiological age of seed
tubers and virus diseases were identified as the most relevant factors limiting and reducing yield.
Specific strategies can be developed to counteract their limiting and reducing effects upor seed
quality and tuber yield. The approach of this work does not only apply for the specific situation
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1. Introduction

Cropping systems become more complex when a social unit {(such as a nation) has
a greater vanety of agre-ccological zones with more spatial and temporal niclies for
particular ¢rops than smaller more homogeneous units. Increased technological
levels of & society enable it to bridge space (by transport) and time (by storage).
When the temperature optima for the production and storage of a commedity for
consumption differ from that for the production and sterage and treatment of its
propagules, such as for the potato (Solanum ruberosum L), the system becomes
really complex and only an integrative systems analysis approach is able to take into
account all factors influencing the yielding ability of the crop.

In Argenting, the native population already grew potatoes in the Andean valleys
singe the Inca peried (L. Lanfranconi, personal communication, 1998) but the first
record of large-scale potato cultivation is from 1872/1873 with an area of 2361 ha
(Ratera, 1945). During the period 1872-1922 tuber yield was almost constant, in the
period 1934-1994 it increased by over 250 kg ha~' year—' (Caldiz, 1954) and in
199351595 it increased by 400 kg ha~' year~! (Fig. 1}. During the period 1934-1990
the average yield increased by 61 kg ha~' year=' for the world and 365 for North
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Fig. 1. {u} Evol ol urea (). production () and {b) tuber yield (@) in Argentina during the period
18731955, Data from: Ralera [1995), Caldiz (1984) and SAGPyA (2000).
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America and 144 kg ha~' year=' for South America. For Asia and Africa values
were 124 and 60 kg ha=' year—!, respectively (FAQ, 1995). Clearly, tuber yields in
Argentina increased much faster than the averages for the world, Asia, Africa and
South America. At present 3.45 million tonnes of potatoes are produced on just over
117,000 ha (FAOSTAT, 2000).

The potate production systems are highly diverse and seed supply systems are
complex, due to the large size of the country, the distance between seed and ware
areas and the variation in agro-ecological conditions prevailing among zones (Caldiz
and Struik, 19%9). Moreover, the fact that the crop is grown in different areas and
seasons all over the country during the whole year induces a cultivar-specific flow of
seed potato tubers from different seed production areas to other ware and proces-
sing growing areas (Haverkort and Caldiz, 1994). Seed potatoes are grown at sea
level in coastal areas or in the mountains, while ware polatoes are grown from
the northern provinces of Salta, Tucuman and Santiago del Estero (26” SL) to the
southern province of Chubut (44° SL) as described elsewhere (Huarte and Inchausti,
1994; Caldiz and Struik, 1999). Thus, crops are grown in different soils and under
different weather conditions, but also at different levels of technology. For example,
irrigation is carried out in furrows, using traditional sprinkler systems as well as
central pivots and yield levels differ much between growing areas (Table 1).

Yield and quality achieved during the early or medium-garly crops affect the fol-
lowing planting hectareage of the medium-late and late crops in order to fulfil yearly
requirements of the fresh market and the processing industry that partly define the
systemn boundaries. Thus also the need of seed tubers in the (medium-)late seasons is
variable. The seed flow from the basic seed growing areas to the ware and processing
growing areas of the early, medium-early, medium-late and late crops makes
the system complex because sced tubers show a pattern of physiclogical ageing that
lirmits their use in time while affected by the conditions during production and initial
storage. The seed tubers must therefore be stored and treated in different ways for
different seasons, different arcas and different purposes. In short, the complexity of
the system is caused by the diverse age of the seed tubers, the diverse mavement
of seed tubers over space and time, the variation in (interrelated) needs of seed, ware
and processing potatoes for and from the later seasons, the variable length of the
growing season of the progeny crop and the variable use of the progeny. An example
may illustrate this. About 80% of the processing crops are grown during the
medium-late season; however, if the yields are lower than expected due to adverse
environmental conditions or a disease breakout then for the last part of the year a

Table |

Technological level, seed age and yield varetion for different potato prowing seasons in Argenting
Growing ssason Technological level Seed age Yield vanation
Early Low-medium Too young/old High
Medium-early Low-medium Suilableftoo young High
Medium-lule High-very high Suitable/teo old Low

Late Low-medium Too young High
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greater proportion of the medium-garly crop must be devoted for ths purpose, with
the consequent demand of seed of specific cultivars with swtable physiological age.

The market price of the ware crop may vary up to 34% (country average) within
the same year {Inchausti, 1989). Export of seed and ware is increasing (FAOSTAT,
1998) and topped 160,000 tonnes in 1994 with the opening of MERCOSUR (Scout
and Maldonado, 1999). Import of french fries increased from 150 to 7299 tonnes in
the pericd 1991/1992-1994/1995 (Pacific Vision, 1996), and the processing industry
is not only introducing new cultivars to the market but also searches for areas where
tubers can achieve a higher dry matter content (M. Inchaust, personal commu-
nication, 1998).

To analyse a complex cropping system the case of potato in Argentina may serve
as an archetype. It has a history as a crop of substance for about a century but there
are still many aspects to improve. The complexity of the cropping system, the great
distances between the various parts of the cropping system (spring, summer, autumn
production seasons and the various orging of the seed tubers for these crops), the
different social and cultural settings and access to knowledge and funds make this an
interesting case study. The use of improved knowledge of the system on the whole
and of key aspects of its production and the increased demand of improved quality
potatoes for the processing industry will reward the increass in attention given to
this crop,

The purpose of this paper is to present a methodological approach to analyse 2
highly complex cropping system, with several growing seasons in contrasting agro-
ecological zones, The combined use of a field survey, a Geographic Information
System (GI5) and simuiation models; a yield gap analysis; and in a final stage, and
based on the information obtained from these previous steps, the development of
specific strategies to counteract the effects of those yield defining, vield limiting or
yield reducing factors will be discussed. A systematic approach as outlined in this
manuscipt may act as a guide for other crops in the same region or for the same crop
in regions elsewhere. Fig. 2 summarizes the framework of this study and the infor-
mation flow therein.

In the fellowing sections the framework of Fig. 2 is bricfly explained for a case
study of potato in Argentina:

. what is done in each step and how?

. why is it done?

. which results are oblained? and

- where do the results go to in subsequent steps?

Bl pd —

2. Survey at field level

To understand an agricultural cropping system a field survey is needed first. When
the researcher 15 familiar with the conditions and setting of the crop such a survey
can be target oriented towards the factors most defining, limiting and reducing
yields.
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* I SURVEY
—— ATFIELD LEVEL -

2,615 A;JD SIMULATION MODELS

3. IDENTIFICATION OF YIELD
DEFINING YIELD LiMITING AND
YIELD REDUCING FACTORS

4. YIELD .GAP ANALYSEIS

5. DEVELOPMENT OF SPECIFIC STJiﬁlELiIES
TO COUNTERACT THE EFFECT
OF YDFs, YLFs AND YRFz

Fig. 2. Frumework and information flow for the analysis of a complex cropping system. YDF, yield
defining factor; YLF, yield limiting factor; YRF, yield reducing factor

An extensive survey (Fig. 2, Box 1), analysing area, yield and production, crop
and sail types for all seed and ware areas and a preluninary identification of different
yield determining, yield limiting and yield reducing factors was carried out during
1994/1995 and updated in 1999 (Caldiz and Struik, 1999). In the survey carried out
in Argentina from 1994 through 1999 the following aspects were studied quantita-
tively: area, production and actual tuber yield for seed and ware crops; soil char-
acteristics were | d and a prely ry identification of the most important
yield defining, limiting and reducing factors was performed. The data on drea, pro-
duction and yield were obtained from FAO (FAOSTAT, 2000), the Secretary of
Agriculture (SAGYP, 1995; SAGPyA, 1997) or were provided by several local sour-
ces from different provinces, such as INTA Extension Agencies and Experimental
stations belonging to each province (1. Ortege, personal communication, 1994; L.
Lanfranconi, personal communication, 1994: N. Zamudio, personal communica-
tion, 1994). Soil data were obtained from the Atlas de Suelos de Ja Repiblica
Argentina (SAGyYF, 1990; Fundacidn ArgenINTA et al., 1995).

The survey was performed to establish the actual siturtion of the seed, ware and
processing ¢rops in all areas and seasons and was also needed to establish actual
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Table 2
Seed und ware pOLAto growing provinces in Argenting (actual growing period®, ared, production, average
yield and cultivars uged)

Serd craps Actual growing period Area® Production Yield Cultivars
tha)  {onnes) {tha~"

Cropiype Provinee Latiude ) ASOND/JFMAMI

-late Tucumin  26° 56' e e mem 00 12,500 250  Spunts,

(Summer)® Bintje?

M-late®  Caramarca 27° 5§ P 1500 37,500 250  Kennehec

M-late'  Cérdoba  31° 5¢° e men SO0 12,500 250 Spunta

M-late®  Mendoza  33° QU e men 1000 19,250 192 Spuntash

M-letet  Mendoza 33 4 o iy 26 $320 200 Spunta

M-latef  Mendoza  35° 30 . B 207 4347 210 Spunia

M-late'  Bucnos 377 51 e 1500 31,785 201 Spuni’
Aires

Wi cropy

Early Tucumiani 26 a8 _ _ _ _ _ 6511 121,856 1872 Spunte

(Winter)

M-Farly Cérdoba 31°sr 22495 433668 1928  Kennebec

{Spring)

M-Late  Buenos 39 10 e . 16,366 1434728 3945 Kennebec

{Summer} Alres™

Late Cérdoba" 31° 57 - - - . _I0912 406401 1943 Spunta®

(Autumn)

* All szed crops belong 1o the medium late type and are grown during summer (southern hemisphere).

" Ares, production and yield from SAGPyA (2000) online database: last available data for 1994/1995.

* From N. Zamudio, personal communication, 1994,

¥ Other cultivars: Juerla, Russst Burbank, Achat.

© Oiher cultivars: Spunta, Mona Lisa.

" From L. Lanf; i, personal ication, 1998; other culiivars: Kennebes, Shepody and Bintje,

? From J. Ortego, personal i 1994, Muolurgte, Uspallata y Tuy

" Other cultivars: Kennebec, Huinkul, Mailén INTA.

" Otier culuvars: Atlantic, Ballenera, Kennebes, Huinkul, Chacay INTA, Frital INTA, Mailén INTA,
Pampeana INTA, Primicia [NTA, Russet Burbank, Shepody, Bright, Cardinal, Empire, Escort

+ Alsa Salw, Jujuy, Chace and Formosa,

* From Huarte und Inchaust {1994), Pampeana, Bintje.

! Alsa N of Buenos Aires, Mendeza, Tucumin and Santa Fé

™ Also Chubut, Mendoze and Rio Negro,

® Alse Tucumin. Santa Fé and Buenos Aires,

® Other cultivars grown are: Araveana, Alantc, Ballepera MAA, Huinkul, Kennsher, Primicia, Pam-
peand, Santans, Shepody, Surefa, Bintje, Russel Burka nk, Ranger Russet

hectarcage, production and actual yields (Table 2) 1o wse this information for the
GIS and modelling study to compare the actual arez and yield with the potential
expunsion and potential yield of the crop (Fig. 2, Box 2, for the identification of
yield defining, vield limiting and yield reducing factors (Fig. 2, Box 3) and for
the yield gap analysis performed at a later stage (Fig. 2, Box 4). This survey shows
that the area cropped with potatoes has stabilised at about 100,000 ha while tuber
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yields per unit area, for the whole country, are still increasing (Fig. 1), due to the use
of better seed, new cultivars, and higher input levels (Escarrd, 1989, Caldiz and
Beltrano, 1992; Huarte, 1996) while inputs are used more efficiently.

During the survey several situations were identified that illustrate the complexity
of the system, as already described in Section ] of this paper. One particular case can
be discussed, regarding the production of seed in different areas, mountain valleys or
at sea level (Haverkort and Caldiz, 1994). The sced produced in cach of these areas
{see Caldiz et al., 1999 for more details) must be managed in different ways during
the post-harvest and storage periods and the seed flows must be managed accord-
ngly in order to provide seed of suitable age that match the needs for the early,
medium-early and medium-late crops.

3. Agro-ecological zoning and potential vield of the crop at country level

GIS are useful tools to manage and organize data, mapping them according to
specific needs. Simulation models are used at different aggregation levels for
research, instruction, yield prediction and decision support (Penning de Vries and
Rabbinge, 1995). For the potate crop, several models are in use to simulate plant
growth and crop productivity under limiting and non-limiting conditions (Haver-
kort and MucKerron, 1995). GIS and simulation models could contribute to the
analysis of a cropping system. GI5 are extensively used for land evaluation, either at
regional (van Lanen et al, 1992; Stoorvogel, 1995; Bouma, 1998) or global (Stol &
al,, 1991) scale. A GIS (Eastman, 1993) was used to perform an agro-ecological
zoning for potate productien for the whole country, The agro-ecological zoning was
based on the global work of Stol et al. (1991) and van Keulen and Stol (1995). Soil
and weather data bases were created for this particular purpose. Potential yield was
calculated for conditions without water limitation.

3.1, Soil suwitability

Soils, at the Great Group ievel, considered suilable for potato production, were
selected according to the eriteria of Caldiz et al. (2001¢) from the digitized version of
the Atlas de Suelos de la Republica Argentina (Fundacién ArgenINTA et al., 1995).
Soils were considered unsuitable for potato growing with any or a combination of
any of the following characteristics related to & specific Great Group of soils: low
water permeability, water saturation, very low drainage, high Na content, hardpan,
hardpan in the sub-superficial profile, highly saturated in bases, destructed profile/s,
saline, too sandy, insoluble minerals (quartz, zirconium), mobile sands, salts in top
layer, very low pH, high Fe, high clay content, hydromorphism, rocky, superficial
soils laying on rocks, fragipan and high mountain soils. Hence, Greats Groups of
soils with any or a combination of any of these characteristics were excluded from
the soil data-base created for this particular work. Soil degradation caused my mis-
management (as is, for exampie, the case in parts of Patagonia) or risk of degrada-
tion when land is cleared to grow the potato crop in areas with (semi-Jnatural
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vegetations maintained to protect the environment were not taken into considera-
tion. So, actual soil use was not taken into account when classilying the soil

3.2, Climare suitability

Weather data for 97 different weather stations were obtained from Servicio
Meteorolégico Nacional {1992). This weather data base was used for the identifica-
tion of potential growing seasons and length of crop cycles and also for the potential
yield estimates. The Gzones V 1.0 program (Stol et al,, 1991) was used to establish
potentia! growing seasons and potential duration of crop cycles, {following Stol et al.
(1991} procedures with emperature limits for potato growth established at 5 and
30 *C for the lower and upper limit (Caldiz et al., 2001c). The 5 °C as lower limit for
potato growing was established based on the work of Kirk et al. {1985), while the
30 °C was based on the work of Ewing (1981).

3.3 The potential yield model

The LINTUL-POTATO simulation maodel (Kooman, 1995) was used to estimate
the potential yield of the crop (Fig. 2, Box 2) and to carry out a yield gap analysis
(Fig. 2, Box 3). The model was validated and calibrated for different situations over
the whole world (Kooman, 1995; Kooman and Haverkort, 1995) and also specifi-
cally for Argentina (Caldiz et al,, 2001¢). The potential yield of the crop is defined as
the yield achieved by a certain genotype for a certain location when no yield limiting
or yield reducing factors are present (Penning de Vries and Rabbinge, 1995},

This second step of the approach (Fig. 2, Box 2) was necessary to define the
potential expansion and potential yield of the crop. This information was not
available for Argentina at the detail level of this study (Caldiz et al, 2001c). The
results of the agro-ecological zoning study and of the estimations of the potential
yield of the crop (Fig. 2, Box 2; results in Fig. 3) suggest it is still possible to:

1. substantially increase the area cropped with potato since there are still
favourable environments and suitable soils not used, even in the main potato
growing areza of the southeast of the province of Buenos Aires; and

2. increase the actual average yield of the crop which for many areas and seasons
is far from the attainable and potential yield (Caldiz et al., 2001d).

The potential tuber yvield was estimated for certain areas close to 25  ha=! dry
matter, which is close to potential tuber yields estimated for certain agro-ecological
zones in the northern hemisphere (Kunkel and Campbell, 1987; Stol et al., 1991},
The potential yields of the crop on suitable soils, for the first and second potential
growing seasons, are presented in Fig. 3, For the first growing season potential yields
are relatively low in the northeastern part of the country. Growing a second crop is
only possible in a few areas, with high yiclds mainly possible in the coastal areas.
This information, and that pertinent from the survey were used later for a yield gap
anulysis (Fig. 2, Box 3).
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Soil unsuitatie
<100 tha' DM
<125 tha' DM
<15.0 tha' DM
<175 tha' DM
<200 tha' DM
> 200 tha! DM
Climate unsuitable

BREC0000

Unsuitable

<100 tha' DM
<125 tha' DM
<15.0 tha' DM
=17.5 tha' DM
<Z0D.0 tha' DM
> 200 thai DM

Fig 3. Potential tuber dry matier (DM) yicld of the potats crop on suitable soils for the (i} first and (b)
second Erowing season
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4. Wentification of yield defining, yield limiting and yield reducing factors

In potato, as in other crops, yield is determined or defined by various factors,
which were grouped according to Penning de Vries and Rabbinge (1995). Day-
length, incoming radiation, temperature, carbon dioxide concentration and cultivar
are yield defining or determining factors and the potential yield of a crop depends on
them. Water and nutrients are yield limiting factors that can be modified by growers
thraugh cultural practices, such as application of inputs, and then determine the gap
between potential and attainable vields, Diseases, weeds and pests are considered
yield reducing factors and consequently lead to lower vield when they are present;
these factors determine the gap between attainable and actual yields. Yield defining,
yield imiting and yield reducing factors were identified based on the previous survey
(Fig. 2, Box 1), on previous references and information from local sources (L. Lan-
franconi, J. Ortego and M. Zamudio, personal communication, 1994, 1998) and on
authors' observations (Fig. 2, Box 3).

Within the yield determining factors, high temperatures, either at planting for the
late crops, or at the end of the crop cycle of the medium-late seed crops, determine
the period of crop growth. Pre- and post-harvest temperatures determine physi-
clogical age of the seed tubers, respectively. For the ware and processing crops high
temperatures may reduce the harvest index and tuber quality (Caldiz and Gaspari,
1997). Within the yield limiting factors, the physiclogical age of seed tubers appears
as one of the most limiting ones either for seed or ware production (Caldiz and
Gaspari, 1997). Several agro-ecological and management factors affect the physi-
ological age of 2 seed tuber and thus affect the future crop, such as temperature,
storage duration and pre-planting treatments (Struik and Wiersema, 1999). In
Argentina, although seed tubers of almost 50 cultivars are grown in different areas,
90% of the potato production is based on ev. Spunta (Fernandez et al., 1899) which
ages relatively rapidly, making it suitable for planting within a limited time span
(Caldiz, 1991). Seed tubers from this and other cultivars need to be stored for dif-
ferent perieds until being used in the following crop. Moreover, crap, post-harvest
and storage conditions differ considerably between areas (Escande et al., 1986).
Ware crops are grown year around, but different sites and seasons have different
requirements for seed age, depending on the length of the growing period available,
the crop type and the potential yield, Ssed tubers flow from different seed Erowing
areas 10 different ware potato arcas; moreover, seed tubers suffer from different
stresses during the growing, post-harvest und storage phases. Their physiological
ageing is not controlled and the impact of physiclogical age on crop growth and
vield hardly considered. In Table 3 the effect of physiological age (assessed by a
physiological age index, Caldiz et al., 2001b) on the proportion of the potential
tuber yield achieved by the crop in different locations and seasons 15 shown
(=098, n=9).

Virus diseases greatly reduce seed tuber guality (Ortego, 1995) and yield of the
progeny crop {(Caldiz et al., 1985). In Argentina, seed potatoes are grown in isolated
areas to avoid or reduce virus infection. However, in these areas other diseases and
pests occur and seed obtained is not always of the proper physiological age due to
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Table 3
Physiological uge index (PAI)" and praportion of the poenual yvield (actualfpotential, AfP) achieved at
different plunting times by seed tubers from different ariging®

Seed orign Location Ahftude Early plunting Tucumén ~ M-carly planting  M-late plaming
{m) {early} Villa Dolores Balcarce
(medium-earty) {medium-late)

PAl AP yeld FAl  A/Pyield PAL AP yield
Tafi del Valle 2¢* 55" 2200 0.56a .75 672 0.63a 062a 0302
Malargue 350 30° 1400 0.5 0.75a O.65ab  0.58a Oflab 033
Halearce s 113 0.55b 0.80u 0.62b  C6la 0800 030
Average® 0.57c 0.7 0.65h 0.6k 08la  03lc

* PAL T\/T,, where T\ is the ume from haulm killing of the seed crop to possible planting date and 75
is the time from haulm killing to the end of the incubation period of the seed tubers, measured under
standurd conditions {Caldir et 2], 20018}

" Within each column, except the average, means fallowed by the same letter do not differ significantly
(P> 0.05).

® Awverage values far the PAT and for the AJP yicld for the different planting seasons followed, respee-
tively, by the same letter do no differ significantly (P> 0.08).

environmental or management conditions (Caldiz et al., 1999). Maintenance of a
seed production system requires a continuous supply of virus-free material, multi-
plication in isolated areas with low aphid population pressure and permanent phy-
tosanitary control of the seed crop and its progenies (Nemecek, 1993; Struik and
Wiersema, 1999}, If these measures are not taken by the country, self-sufficiency
regarding seed production could be jeopardized.

This part of the study has clearly shown the importance of physiological age in the
potato production of the country, which is enhanced by the limited options to grow
of a seed crop that remains virus free.

5. Yield gap analysis with the aid of crop simulation models

A yield gap analysis 15 & procedure which aims to establish differences in yield level
and identify those factors responsible for these differences. Based on the results of
the survey at field leve! (Fig. 2, Box 1) and on those of the agro-scological zoning
and the potential yield estimations (Fig. 2, Box 2) & yield gap analysis was carricd
out (Fig. 2, Box 4). The results of this analysis show, for example, that the ratio
actual:potential yield is still low in certain areas, like those in the north (Tucumdn)
where the early crop is grown, or in new developing zones in the Argentinian Pata-
goniz, such as Rio Negro (Caldiz et al, 2001d). However, in certain areas, like in
Villa Dolores and Balcarce attainable yields are close to potential yields (Table 4).
This analysis, performed on five different agro-ecological zones where the crop is
currently grown, shows that it is still possible to achieve further improvements in
tuber yield in some areas, because actual yield is far below attainable and potential
yield (Table 4).
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Tuble 4
Actual, attainable and potential yield (1 ha™") of ware patato crops for different agro-ecological zones in
Argenting

Crop type Location South latitude Actual Attainable Potential
Eatly Tucuman 26° 4§ 18 51 &N
Medium-early Villu Dolores 30 57 EH) 4 55t
Medium-late Mendoza 33 5 20 354 65*
Mediun-late Balcarce s b1l 10F 125"
Medium-lale Rio Negro 4 ol 25 a4t 1258
Lage Villa Dotores 31° 57 18 41" 4™
Late Rosario 350 13 25 55%

# From Caldiz and Struik (1959},

™ Based on LINTUL-POTATO.

¢ From Caldiz and Ferniindez (1999, unpublished),
¢ Estimated by the uuthors

* From Huarte and Cacace {1998}

" From Caldiz et al. (2001a).

& From Caldiz et al. (2001d).

" From Caldiz et al {1957).

6. Strategies to improve yield

When the analysis of 2 crop production system has completed successfully the
Steps 14 (Fig. 2), specific strategies 1o counteract negative effects of the yield
defining, yield limiting and yield reducing factors can be developed for potato in
Argentina. One of the main yield defining factors {s temperature a5 it determines
the length of the growing season. The use of a proper variety with a length of its
growth eycle matching that of the available length of the growing season optimises
the system. The main yield limiting factors are the amount of water available 1o the
crop and the physiological age of the seed ubers. Improvements here come from an
increase of the water holding capacity of the soil and rocting depth, and irrigation
and by improvement in seed tuber management during cultivation, harvest and sto-
rage, respectively. Major yield reducing faclors ars seed borne diseases and late
blight.

Crop production could be increased by extension of the cropped area, improve-
ment of yield per hectare or by both. In Argenting, various key-aspects in potato
growing have been improved during the last 20 years, but as briefly outlined above
there are still several yield determining, yield limiting and yield reducing factors that
merit attention. To study all of them is beyond the framework of the present paper.
Based on the analysis and survey recently carried out by Caldiz and Struik (1999) an
important yield limiting factor {physiological age of seed tubers) and an important
yield reducing factor (virus diseases) may serve as examples. Both factors are aspeets
of seed tuber quality,

Different approaches can be followed to medify or improve the physiological age
of seed tubers, like adapting planting date, length of cropping season, haulm killing
date and (especially) storage conditions. Another strategy would be 1o overcome the
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negative effects of improper physiclegical age of the seed tubers by applications of
plant growth regulators to the crop grown from this seed (Caldiz et al., 1998).

However, seed quality depends on both physiclogical and phytosanitary aspects
and beeause of the latter one the use of virus-free seed is essential. Virus diseases
reduce seed quality and yield (Caldiz et al,, 1985). Therefore, seed tubers are pro-
duced in isolated areas using basic discase-free starting material. Seed producers
select suitable planting dates, perform reguing and kill the haulm eatly (Struik and
Wiersema, 199%). The use of new and isolated areas for seed potato production could
play an important strategic role in the future, either for basic seed production and/or
building up a seed supply of new genotypes (Caldiz et al,, 1999},

7. Concluding remarks

This study aims to provide a framewark for the analysis of different crep pro-
duction systems in different agro-ecological zones using the example of the potato.
Each of the steps has increased the insight in crucial aspects of potato production in
Argentina. The Argentinian potato production system presents, dug to its complex-
ity, an excellent opportunity to test the usefulness of the combined use of survey
work, GIS, simulation models and yield gap analysis to identify actual yicld defin-
ing, yield limiting and yield reducing factors. As a matter of fact the present
approach is being applied to study Eucalypius sp. planting in north-eastern Argen-
tina (J. Frangi, personal communication, 2001}.

The results of the current study can be useful in directing the research agenda and
the breeding strategies for the entire country, may assist in developing strategies of
seed producers, retailers, processors and other commercial companies operating at
the national level to optimize their trade, and may help extension workers in for-
mulating their messages to farmers.
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Abstract

The purposes of this study on potatoes were to perform an agro-ecological characterization, to estimate the potential yield
of the crop with the LINTUL-POTATO simulation model, and to identify yield determining, yield limiting and yield reducing
factors for the patagenic area of the Rie Negro valley (Argentina), where the potato ¢rop acreage is rapidly expanding. The
valley was divided into three areas based on differences in climate: high, medium and low valley, represented by the weather
stations Cipolletti (SL 38% 57', WL 67 59°), Choele Choe! (SL 39° 17/, WL 65° 39') and Viedma (SL 40° 47', WL 62°
59'), respectively. Suitable soils for potato cultivation were jdentificd at the great group soil level; tomrifluvents, torriorthents
and haplargids. Potential yield of the crop proved similar to that obtained in other regions of the world (>25 tonne ha™! dry
matter) and because of high irradiance and ample thermal amplitude, dry matter content of the tubers can be higher than that
abtatned in other potato growing areas of Argentina. In late plantings, high temperature is the most important yield defining
factor because of its negative effect on dry matter partitioning. Inadequate soil tillage after land reclamation, low soil fertility
and persistently strong winds were identified as the most important yield limiting factors, whereas yield reducing factors are
not yet in evidence in these new areas. © 2002 Published by Elsevier Science B.V.

Kevivords: Solanum tbervsum L., Agro-eenlogical characterization; Simulation model; Tuber yield: Harvest index; Argentina

during the whole year in different areas and sea-
sons recently characterized regarding weather, soil
and crop type (seed, ware or processing) by Caldiz
and Struik (1999). At present, about 100,000ha of

1. Introduction

In Argentina, the magnitude and diversity in al-
titnde of the country accounts for the occurrence

of many different climatic zones (BWk, BS, Cfa,
Csh and ET, according 1o the Képpen classification
(Petterssen, 1976)). Therefore, potatoes are grown

* Corresponding author, Tel.: +54-0221-423-661&;
fax: +354-0221-423-3698.
E-mut] addresses: dacaldiz@isis.untp.edu.ar,
dacaldiz@ceres.agro_unlp.eduar (D.0. Caldiz)

potatoes are grown with an annual production above
3.5 million tonnes (Caldiz and Struik, 1999) which is
enough to supply the local and some export markets
with seed, ware and processing potatoes (Caldiz and
Inchausti, 1996; Caldiz and Struik, 1993).

However, quality demands of the processing in-
dustries, such as high solids and low reducing
sugar content, are increasingly strict. Export is also

0167-8809/02/% — see front mauer © 2002 Publiished by Elsevier Science B.V.
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expanding; about 21,000 tonnes of potatoes being ex-
ported in 1995/1996 and more than 116,000 tonnes
in 1998 (Gestidn Téenica SENASA, personal com-
munication, 1998). In the search for more isolated
arcas for seed production (Caldiz et al,, 1999) or for
areas which are more suitable o produce potatoes
with a high dry matter content as demanded by the

groups. The study was performed at the great group
level, based on the criteria established by Caldiz et al.
(2000¢c). Caldiz et al., considered that soils suitable for
potato production are those with no limitations of tex-
ture, structure, salinity—alkalinity, flooding, presence
of impermeable layers, soil development stage {devel-
oping soils or undeveloped sails were not considered
as suitable), extreme pH and rocky seils.

processing industry {Inchausti, personal
tion, 1998), new arcas arc being developed to grow
polatoes. Recently, the possibility of expanding actual
crop frontiers was discussed and the potential yield
of the crop for different agro-ceological zones and
growing seasons was assessed at the country level
(Caldiz er al., 2000c). For one of these new areas, the
Argentinian patagonia, Caldiz et al., estimated the po-
tential tuber dry matter yield at about 20 tonne ha™',
mainly because of high daily radiation and long day
length during the spring-summer period (Servicio
Meterolégico Nacional, 1992).

The purposes of this work are: (a) to identify, for the
patagonian river-vailey of Rie Negro, agro-ecological
zones suitable for poteto growing; (b) to esti far
different agro-ecolegical zones and planting dates and
for two different crop cycles, the potential mber yield
with a simulation model; and (¢) to idemtify yield
defining, yield limiting and vield reducing factors.

2. Materjals and methods
2.1 Agro-ecological zoning

For the agre-ecological characterization, soil data
were cbtained from the digitized version of the At-
las de Suelos de la Repiblica Argentina (Fundacion
ArgenINTA, 1995). Seil classification in this Atlas is
based on Soil Survey Staff (Soil Survey Staff, 1952)
and is at the level of orders, sub-orders and great

Long-term weather data (10-30 years} for the region
under study were obtained from the Ar inian Na-
tional Meteorological Service (Servicio Meteroldgico
Nacional, 1992). These data were organized in a data
base containing monthly averages of the following
variables: radiation (kJm=>day~'}, minimum and
maximum temperawre (°C), wind velocity (ms~ ')
and rainfall (mmmonth~'). This data base was also
used for simulation of the potential yield.

2.2, Site description

The biogeographic province of patagonia belongs
to the Neotropical region, Andean Patagonia domain
{Cabrera, 1976). It starts in the pre-Andean region
in the south of the province of Mendoza and pro-
gressively widens towards the east and south. The
Rie Negro river-valley is located in northem patago-
nia, running from west to east for more than 600 km
(Ediciones Aguilar, 1992). In this region, the climate
is desertic and dry (BWk, according to Koppen clas-
sificaticn; Petterssen, 1976). The valley was divided
into three areas: high, medium and low, represented by
Cipolletti, Choele Choel and Viedma meteorological
stations, respectively (Table 1).

2.2.1. High valley, Cipolletti

Suitable seils are tormfluvents (order entisol,
sub-crder fluvents) with low or moderate organic
matter and N conteat and low P content {Table 2).

Table |
Meteorolegical stations used for the ag) logical cb their lpcation and potential areas cropped 1o potate
Stalion Location Latitude Longitude Altitude (m) Fotential area {ha)
Cipollem High valley I 5T S 67 5% W 265 106K
Choele Choel Medium valley 9 TS 65° 3% W 131 IO

Low valley 62" 59" W & 10K

Viedma 40° 47 §

* Estimated by the authors.
" From Inchausti [persana] communication, 2000}
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Table 2
Soil types and their main characteristics for different agro-ecological zones
Seation Lacation Soil type Main characleristics
OMF (%} N eontens P content” Drainage®  Water Eolic Salt
crosion®  crosi content®
Clipoletti High valley  Tomifluvems 14 Lerwe Low-medium  Excessive  Mediem  Medium  High
Chocle Choel  Mid valley  Tomifluvents 14 Low Low-medium  Excessive Medium  High Medium
Torriorthents  1-2 Law Low Excessive  High High Mediun
Haplargids 1-2 Low Low Eucessive  High High High
Viedma Low valley  Tomfluvents -4 Low Low-medium  Excessive  Medium  Low M'.nhum
Haplargids 1-2 Low Low Excessive  Low Low High
2 0-M., organic manes
"M, P and salt content, low, medium or high.
* Dramage: low, moderate, high and excessive,
¥ Water and eclic esosion: low, medium or bigh. Sel classfication based on Seil Survey Staff {1992),
The low organic matier content causes a lack of soil o - ——r 30000
structure and high-medium susceptibility to water g 25000
and wind erosion. In the high valley, the weather 20 #o000
is dry and cold. With average annual minimum and :: 15000
maximum temperatures of 6.1 and 21.0°C, respec- s 0000
tively. Annual rainfall is 172 mm (Fig. 1) and strong 04 W :nm
" .

winds from the east are frequent. The high annual
water deficit charactenstic of the valley and the high
salt content in many soils determine the presence of
xerofitic vegetation that does not properly cover the
soil. This gnhances wind erosion and contribules to
the low soil erganic matter.

Jan Fab Mar Apr May Jun Juf Aug Sep Ozt NovDae

2.2.2. Medium valley, Choele Choel

Suitable seils are torrifluvents (order entisol,
sub-order fluvents), torrorthents {order entisol,
sub-order orthents) and haplargids (order aridisois,

sub-order argids) as described in Table 2. The arca is a0 0000
characterized by a continental climate with an average ;g 25000
annual minimum and maximum temperatures of 7.7 o | [ #0000
and 23.8°C, respectively. Annual rainfall is 260 mm 40 f | 15000
(Fig. 1} but because of the high evapotranspiration g 01 t B p [ 10000
(ET) (850tmm), the annual water deficit is 590mm. 101 I I !!.! I‘. i A
Strong winds from the east and southeast are frequent, 0 e = - et O
enhancing evaj piration and ing plant dam- SRRICARAR SMCRUSNSSP oL horDeel

age from sand blasting. At present, more than 500 ha

of potatees are being grown under pivot irrigation but I:::mnm o TMIN —e—TMAX oo - Rinfad |
it is actually possible to crop more than 20,000 ha e
o potate  (Inchausti, personal communication, Fig. | Monthly sverage mi and

2000). radistion aad reindall for Cipolletti, Choele Choel and Viedma
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2.2.3. Low valley, Viedma

Suitable soils (Table 2) are torrifiluvents (order en-
tisol, sub-order fluvents), tormiorthents {order entisol,
sub-order orthents) and haplargids (order aridisols,
sub-order argids). The weather is strongly influenced
by the Atlantic Ocean and average minimum and max-
imum temperatures are 8.6 and 21.2°C, respectively.
Annual ranfall is 413 mem (Fig. 1) and winds of mare
than 20kmb ! are frequent (Servicio Meteroldgico
Nacional, 1992},

2.3, Calewlation of potential yield

To caleulate the potential dry maner production
of the crop, for different agro-ecological zones and
planting dates and two durations of the crop cyele,
the LINTUL-POTATO model as described elsewt

ard Eivi 88 (2002) 3-i0

cultivar, ‘russet burbank') days crop cyele (MeCain
Argentina, [996). Based on the weather data, six pos-
sible planting dates were established for each of the
agro-ecological zones, 15 and 30 September, 15 and
30 October and 15 and 25 November, RUE was set at
a constant value of 2.8 ¢ dry matter MI™! PAR based
on the results of Echeverria et al. (1992) and Saluzzo
(1994) for Argentinian conditions, although lower val-
ues or values exceeding 4 g MJ ! have been reported
{e.g. Haverkort and Harmis, 1987). Tuber yields were
calculated by multiplying the total biomass produced
by the harvest index. The harvest index is derived
from the average temperature during tuber growth. In
potato, more dry matter is allocated to the haulm with
increasing average temperatures (Midmere, 1990;
van Dam et al,, 1995). Up to 15°C, the harvest index

i at 0.8 and d at higher tlem-

(Kooman, 1995) was used. The model caleulates
potential yield for a certain duration of the crop cy-
cle, assuming that crop growth does not take place
when minimum temperatures are below 5°C and
when maximum temperatures are above 30°C, Sim-
ulation 15 based on: {a) incident photosynthetically
active radtion (PAR, 400-700nm); (b) frection of
PAR intercepted by the crop; and (c) radiation use
efficiency (RUE} te convert light inte dry matter,

Phenological crop develop is driven by accu-
stage d i

1

peratures (Stol et al., 1991). Dry matter percentage
in the mber was set at 20%, thus, tuber fresh yield
can be assessed by multiplying tuber dry mater yield
by five.

The model estimates potential yield when water and
nutrient supplies are not limiting and when no re-
ducing factors such as weeds, pests and diseases oc-
cur. If conditions are not ideal, the crop suffers from
stress and crop growth and dry matter distribution are
affected. In this study, water-limired yields were not

considered b it is d that for Arg

mulated temperature, &
dry matter partitioning and haulm growth defines the
prapertton of PAR intercepted. The model has been
calibrated and validated for different cropping situa-
tions in the world {Kooman and Haverkon, 1995). To
apply the medel, daily values of global radiation and
mmimum and maximum temperature sre requirsd,
These were derived from the mean monthly aver-
ages by essigning these values to day numbers at the
middle of the months and subsequent linear interpo-
latien as performed by Stol et al. (1991), Kooman
(1993) and Kooman and Haverkort (1995), This in-
formation was obtained from the date base created
for the agro-ecological study (Servicio Meterolégico
Nacional, 1992},

The potato mode! simulates the interception of
radiation from 50% emergence until sensscence. It
wag assumed that 50% emergence occurred 15 days
after planting and plant density was set at 5.3 and
4.2 plantsm™?, for the 120 (medium-early cultivar,
“kennebec™ or “shepody”) and 140 {medium-late

conditions additional irrigation is needed to obtain
profitable yields. In the valley, good quality water (C1
81 secording to the USDA Riverside, Curcio, Personal

ication, 1999) is available for irrigation from
the Rio Negro river, which has 2 module of 1010m? s,

2.4 Identification of yield defining, yield
limiting and yield determining factors

The identification of differemt factors influencing
yield was based on either local and current informa-
tion or g field survey carried out recently by Caldiz
and Struik (1999). According to Penming de Vries and
Rabbinge {1995), daylength, incoming radiaricn, tem-
perature, carbon dioxide concentration and genotype
arc yield defining or determining factors {YDF) and
the potential yield of a crop is determined by them.
Water, nutrients and physiclogical age of the seed tu-
bers (Caldiz and Gaspari, 1997) are yield limiting fac-
tors (YLF) that can be modified by growers. These
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yield lmiting factors determine the attainable yield
of the crop. Diseases, weeds and pests are considered
yield reducing factors (YRF) and consequently lead
ta lower yield when they are present; these factors de-
termine the actual yield of the crop. The main yield
lefining, yield limiting and vield reducing factors are
wlentified and where possible, strategies to improve
yield are discussed.

3. Results and discussion
3.1, Spatio-temporal variation in potential yield

As with other crops, biomass production is closely
related to d i pted radiation (Allen
and Scott, 1980). Total biomass production was lower
for the 120 days crop cycle with maximum values
close to 30tonneha™ for the 15 and 30 October
plantings for Viedma (Fig. 2a). A maximum of 20%

Toum bioeraa 1159 )

Fig. 2. Total biomass production of dry matler for 2} lacations,
two different crop cycles: (a) 120; end (b) 149 days and different
planting dates.

feosyshems and Ei
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increase in biomass production was found between
the 15 September planting at Chosle Choel and the
15 and 30 October planting at Viedma (Fig. 2a). For
the 140 days crop cyele, total biomass production
was close to 35tonneha™’ for 30 September, and for
15 and 30 October planting for Cipollenti (Fig. 2b).
In this case, a 35% increase was found between the
15 September planting at Choele Cheel and the 15
Cctober planting at Cipolletti (Fig. 2b). However, for
vach cycle and planting date, total biomass production
did not differ greatly between locations with the ex-
ception of the lower production in the 15 Septemt
planting for Choele Choel (Fig. 2b).

The global estimation of tuber yields of potato car-
ried out by Stol et al. {1991} and van Keulen and Stol
{1995} showed for this ares that the poteatial tuber
yield ranged from 15 to 19 tonne ha™', whereas in this
paper the highest potential yield is >25 tonne ha ™' for
the 15 September planting and a crop cycle of 140 days
(Fig. 3b). H T, ptions of temp limits
and tuber dry matter content were different than those
in Stol et al, {1991), which could account for these
differences in potential wber yield. Highest potantial
tuber yields of 24, 21 and 26tenneha™" were esti-
mated for the 15 September planting and the 140 days
crop cycle for Cipolleni, Choele Choel and Viedma,
respectively (Fig. 3b). These values are similar to
the 25tonne ha~" recently estimated, with the same
model and variables, for the southeast region of the
province of Buenos Aires by Caldiz and Struik (1599}
and a little under the 140tonneha™ (fresh weight)
of potential yield estimated by Kunkel and Camp-
bell (1987) for Washington State, USA, These values
are also similar to those caleulated for northwestern
Europe by Stol ot al. (1951} and van Keulen and Stel
(1995).

For the 15 Sgptember planting and the 120 days cy-
cle, the potential yield was 21, 18 end 21 for Cipol-
letti, Choele Choel and Viedma, respectively (Fig. 3a).
For this 120 days cycle, the study shows that delaying
planting from 15 September onwards causes a yield
decrease up to 534-556 kg ha™! day™! for the 15-30
October and for the 30 October-15 November plant-
ings, respectively.

For the 140 days cycle, the simulation study also
shows that an important yield decrease is found
when ying planting from 15 5 1 ds.
Yield decrease ranged up to 627-669kgha™' day™!

P
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a 120 daye

Tuter DA production [ ha-}

Flanting dates

Fig 3 Tuber dry matter production for ]l locations, twe different
crop cycles () 120; and (b) 140 days and different planting
days.

of delay for the 30 October—15 November planting
dates. For both crop cycles a larger yield reduction
was found for the period between 30 Oclober-15
MNovember.

When planting is delayed, crop growth takes
place under higher radiation but alsv higher tem-
peratures, mainly during January-February (Fig. 1)
High temperatures (>25°C) modify crop growth by
the balance berween: {a) extending canopy growth
by stimulating sympodial growth, aliowing the ex-
tension of the crop cyele (Marinus and Bodlaend

and Er B8 (2002) 3-10

3.2, Yeld defining, yield limiting
and yield reducing factors

Several yield defining, yield limiting and wield re-
ducing facters were identified in this study for the
different agro-ecological zones (Table 3). Yield defin-
ing factors are considered very important for the three
zones as shown in Table 3. High temperature, late in
the growing season can reduce the harvest index of the
crop (van Dam et al,, 1995). Long daylength (>18 k),
high solar radiation and ample thermal amplitude
(Servicio Meterolégico Nacional, 1992} contribute 1o
the increzse in tuber dry matter content {Gray and
Hughes, 1978), which can be higher than that obtained
in other potato growing areas of Argentina (Caldiz and
Swruik, 1999). The simulation study shows that culti-
var cheice 15 crucial to achieve high potential yields.
Ag the available growing season is long, medium-late
or late cultivars can achieve higher potential vields
than medium—early or early cultivars (Fig. 3b).

Tabte 3
Yield defining, yield limiting and yield reducing factors and their
relative importance for the diffesent agro-coological zoncs®

Faetors Agro-ecoingieal zones

Cipallerti  Chaele Chael  Viedma

Yield defining facrors

1975); and (b) hastening senescence (Menzel, 1985)
and hence, shortening the crop cycle. Moreover, high
temperatures decrease the portion of dry matter parti-
tioned to the whers (Midmore, 1990; van Dam et al,,
1995),

Tamperature 3 3 3
Daylength i 3 3
Solar radiation 3 3 k]
Genarype 3 3 a
Yield limiting {ectors
Water 2 2 2
Nutrients 3 3 3
Physialogical age 2 z 2
Soil texture 2 2 i
Soil structure 1 2 2
Wind 2 2 Fi
Yield reducing factors
Diseases
Virus digeases 1 1 |
Phyrophrhora inferans [ 1 1
i sadani 1 ! 1
Pests
Aphide 2 2 2
Soil insects 1 1 1
Melvidogyne sp. 2 3 3

* Relative impaortance: (1) low; (2) medium; and (3) th;- -
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As water is considered a YLF in potate produc-
tion (Harris, 1978; Caldiz and Gaspari, 1997), its lim-
iting, effect was not accounted for in this simulation
study where the potential is estimated. In the valley,
the crop cannot be commercially grown without irri-
gation. Shortage of water, mainly at the end of crop
growth, could significantly contribute to increase dry
matter content in the tubers, as already found by Caldiz
et al. (2000a).

From the agro-ecelogical zoning, it is concluded
that in general, for the three different zongs, the nutri-
ent contents of the soils are low or very low. The phys-
iological age of the seed rubers, which is 2 well-known
limiting factor in Argentina (Caldiz and Gaspari, 1957)
should be considered in order to achieve high yield.
Because of the long available growing scason, physi-
ologically young seed tubers would be more suitable
for achieving higher yields (Caldiz et al., 20005).

In general, soil texture is very favourable for potato
growing, with the exception of some heavy soils lo-

and Envi 88 (2002) 3-10 9

Nacional de Promocién Cientifica y Tecnelgica,
Arpentina.

The authors thenk Miss Natalia Curzio for provid-
g valuable information regarding the situation in the
medium valley of the Ric Negro river, and anonymous
referees for constructive comments on an earlier ver-
sion of this paper.
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References

Allen, EL. Scatt, RK., 1980 An analysis of growth of the potato
crop. ). Agnc. Sei. {Cambridge) 94, 583-£06,

Cabrera, AL, 1976 Regiones Fitogeogrificas Argentinas,

dia A ina de i ¥ laedinerla, Tomo 11,

cated close to the Rio Negro niver in the medi
valley. Soil structure should be improved in all three
zones, mainly to reduece water and wind erosion, Al
ter land reclamation soil structure can be improved by
cereal growing, which could also contribute to redue-
ing future wber damage by scil insects. Probably an
alielopathie effect could be linked to this last effect
(Caldiz and Ferndndez, 1999},

The frequent and strong winds are also a yield lim-
itng factor for the region under study, they ingrease
ET and can mechanically damage the crop. Hence,
to avoid this, taller crops such as maize or sorghum
should be grown in strips to reduce the negative

Fasciculo 2, Acme, Buenos Aires

Caldiz, DO, Inchaust, MH, 1996 Sitacién actusl de o
produccion de papa en la Argenting. Primer Seminario de
Refiescamicnto, International Potato Course para Alumnas de
Aménca Lalina y el Caribe. IAC-Holanda y MINAG-Cubs, Le
Habana, Cuba, 10 pp.

Caldiz, DO, Gaspari, FJ, 1997, Andlisis de o factorss
determi del lento en papa (Sol
L.} con especial referencan 2 [a situacida Argentina, Rev. Fac
Agron, La Plata 102, 203-228.

Caldiz, D.O., Femindez, LV, 1939, Allelopathy as a possible
stralegy for weed contral in agriculture and forcsiry systems.
in: Macias, F.A., Galindo, JC.G, Molinillo, J.M.G., Cutler,
HG. (Eds), Recent Advances in Allslopathy, Pert [ A
Science for the Future. Servicio de Publicaciones Universidad

wind effect upon crop grewth and
{Mendoza et al., 199§).

In those areas where other horticultural crops are
grown, for example tomato, 2phids (Ortego, 1997)
and nematodes (Moreno, 1956) are commen, and
their yield reducing effects are of medium or high im-
poriance regarding the potato crop, according to the
agro-ecolopical zone considered (Table 2). However,
1 the newly reclaimed land, these and other YRFs,
are not yet in evidence,

Acknowledgements

This work was carried out with the grant BID
802 OC/AR  PID: 665, SECyT, Agencia

de Cidiz-] Allelop Society, Cidiz, Spuin,
P 237-248.

Caldiz, D0, Strutk, BC., 1995, Survey of sctual potate production
and possible vield constraints in Argenting. Potato Res 42,
51=T].

Caldiz, 0.0, Caso, O H., Vater, G., Fernindez, L.V, 1999, The
potential for the production of high quality seed potatoes in
Tierrs del Fuego Island, Argentina, Potata Res, 42, 9-23,

Caldiz, D.O,, Fernindez, LV, Inchausti, M.H., 2000a. Maieic
hydrazide effecls an tuber yield and french fry precessing
quality in various potsto (Selomur reberosum L) eultivars
grawn under Argentinian conditions. Am. ). Powto Res, in
press

Caldiz, D.O., Fernindez, L.V, Zamudio, M., Ontege, 1., Del Ceso,
€., Huare, M, Struik, PC, 2000b. Seed supply, seed origin,
seed flows and physiological sge of seed potatoes and their
effects on fumre erep performance in different seasans in
Argentina, Am. I Potzte Res, submitted for publication.



0 D.0. Caldiz et al /Agriculture, £

Caldie, DnO., Gasperi, F.I, Haverkort, A.J., Struik, PC., 2000c.
Agro-ecological 2oaing and potential yield of single or double
cropping of porato in Argentina. Agric. For. Metesr, submitted
far publication.

Ediciones Aguiler, 1992, Atlas Clarin. Ane Grificn Editorial
Argenting SA, pp. 279,

Echeverria, HE, Suero, EE, Andrade, FH, 1992

and Envi 88 (2002) 3-10

Aire v Suelo en la Industria Petrolers. San Mamin e 168 Andes,
=10 de Mayo de 1956, pp. 31-4]

Menzel, C.M., 1985, Tuberizution in potato at high wmperatuces:
respenses of physiological young plants to disbudding and
growth inhibitors Potato Res. 28, 267-269.

Midmore, D5, 1950, Influence of temperature and radiation on

i i and grawth of the potato,

temperaturs, nulrientes ¥y agua como determinantes de la
produccion del cultive de papa. Beletin Tecnico 103, EEA
Baicarce, 19 pp.

Furndacidn ArgenINTA, INTA, Aeroterra, 1995, Adas de Suclos
de Ja Repiblica Argenting. Versidn digitelizads en CD para su
usg con Arcview v. 1.0, Bueros Aires, Argenti

Gray, D, Hughes, 1.C, 1978 Tuber quality. In; Harris, BM. (Ed.),
The Fotato Crop. Chapman & Hall, London, pp 304-544,

Hareis, PM., 1978, Water. In. Harris, PM. (Ed}, The Powuto
Crop. Chapmen & Hall, Landan, pp. 244-277.

Haverkart, A J.. Harris, EM., 1987. A model for potato growth and
yield under tropical highland conditions. Agric. For. Metenr.
39, 271-287.

Kocnsn, PLL., 1995, Yielding ability of potate crops as influenced
b)’ l:mn:mure and d-!y]eugﬂ! PRD Thesis, Wageningsn

i Universiry, ¥ The . 155 pp.

Kooman, BL., Haverkom, A ). 1993 Modeiling development
and growth of the powate erop influsnced by temperature and
daylength. LINTUL-POTATO In: Heverkort, AL, MacKermon,
DK.L. [Eds.), Potato Ecology and Modelling of Crops Under
Conditions Luniting Growth. Kluwer, pp. 41=-60.

Kunkel, B, Compbell, G5, 1987, Maximum potential yield in
the Columbia busin: mode! and measured values. Am. Pawa
J. 64, 355-366.

Mannus, J.. Badbiender, K.B.A., 1975, Response of some potsts
varieiis [0 lemperature. Potte Res. 18, |89-204

MeCun Argentina, 5A, 1996, Agends de] Productor Clmplﬂl
19961997, Depanamento de Campo e Mc Cain A B

Polate Res. 33, 295-754,

Moreno, AF, 1956, Nematodes de la papa en el Valle del Rio
Negro. IDTA (Argentina) 106-]08, 57

Ortego, I, 1997 Pulganes de 1s Patagonia Argenlina con la
descripcidn de Aphis infrusa sp. (Homoplers: Aphididac). Rev.
Fac. Agron (La Plata) 102, 59-80

Peaning de Vries, FW.T,, Rabbinge, R., 1993, Models in research
and education, planning and practice. In: Haverkort, A,
MacKerman, DK L. (Eds.). Potato Ecclogy and Modelling of
Crops Under Conditions Limitng Growth, Kluwer, pp. 1-8,

Petterssen, 5., 1978 Introduceion a la Meteoralogia, Espass-Calpe
S8, Madrid, pp. 395212,

Saluzze, LA, 1994, Comportamients de cultivires de papa ton
distintio ciclo en respuesta & la fertilizacién nitrogenada. M.Se,
Thesis, Facultad de Ciencies Agrarias UN Mar del Plaa-INTA
Balcaree, Balcarce, 52 pp.

Serwicio Meteroldgico Macions), 1992, Esmdisticas Climinicas
188115950, Serie B No. 37, Buenos Aires, 709 pp.

Soil Survey Sumff 1992 Key o Soil Tuncnomy, Sth Edition.
SMSS Technical Monograph Moo 19, Pocehontas Press Inc,
Blackshury, Virginia, 556 Pp-

Siol, W, De Koming, G.HJ, Keoman, PL., Haverkor,
AL, Van Keulen, H, Penning de Vries, EWT, 1991,
Agro-ecol i for potate ion. Report

ISS CABO-DLO, FO. Box 14, 6700 AA Wageningen, The

Metherlands.
van Dam, I, K.oumln PL. Swwik, PC, 1995, Effects of
and on early growth and final numbe:

SA, Balcerce, 71 pp.

Mendoza. R, Caldiz, DO, Cago, OH, Vater, G., Pomal
R, Empleo de residuos organicos de pewéles (ROP) coma
tamicada en suelos agricolas. 2. Efecto sobre la conservacién
ce¢ ts humedad del suelo v la produccion de tubérculos en
Pape. Aclas Segundas Jornadas de Presenvacion de Agun,

of tubers in potate (Solenum mbersson L) Potato Res. 39,
S1-62
van leen,}{ Stol, W, 1995, Apro- eco]mr.-.] zonatien for powta
In: Hi L AJ, K DKL, (Eds),
]’nmo Ecology and Mnnklilng of Crops Under Conditions
Limiting Growth. Kluwer, pp. 357-372,




Zuvnuuévo 15

Available online at www sciencedirect.com

" ScienceDirect

o [/ |Crop
8l Protection
ELSEVIER Crop Prolection 26 {2007) 1412-1421

www.glsevier.com/lecate/cropro

Microclimate and potential for late blight development
in irrigated potato™

O.M. Olanya™*, G.C. Starr*, C.W. Honeycutt, T.S. Griffin®, D.H. Lambert®

"New England Plant, Soil and Waier Laboratory, USDA-ARS, Orono, ME 04469, USA
*Bepurtment of Plant, Soil and Environmental Sciences, University of Maine, Orano, ME 04469, USA

Received 27 August 2006: received in revised form 28 November 2006: accepted 2 December 2006

Abstract

Application of irrigation water can improve potato growth and tuber vield during periods of deficit rainfall. A variety of water
application techniques exist: however, Httle is known of their relative impacts on potate late blight potential. The effects of sprinkler, sub-
surface drip. and surface drip irrigation treatments on micreclimate and potential for late blight development were evaluated on Russet
Burbank potato over three growing seasons in central Maine. Leaf wetness, air temperature, relative humidity (RH), rainfall and soil
Lemperature were recorded each year. The potential for late blight was assessed with a late blight simulation model. Leaf wetness and RH
peaked during night hours, while canopy and soil temperatures were lowest during the same hours. Comparison of observed and
simulated blight development revealed a good prediction of potato late blight by the simulation model. The onset of simulated blight
severity and final predicted disease level differed among years. Slight differences in simulated disease levels were sometimes observed
between irrigated and non-irrigated treatments; however, irrigation application method did not consistently impact microclimatic
parameters associated with late blight development. These results indicate that microclimate conducive to late blight development was
less impacted by irrigation treatments than by local macroclimatic conditions.

Published by Elsevier Lid.

Keywerds: Irrigation treatments: Microclimate: Potato; Late blight potential: Simulation model; Maine

(RH) greater than 90% which favour late blight epidemics
are 16, 13, and 10, respectively (Krause et al.. 1975; Wallin,

1. Introduction

Late blight caused by Phytophthora infestans (mont) de
Bary is a serious disease of potato in many regions of the
world (Erwin and Ribeiro, 1995). In the temperate regions
of North America, potato late blight has caused tremen-
dous economic impact over many years due to potato crop
loss or destruction (Guenthner et al., 2001). The epidemics
are known to be favoured by high humidity (> 90%) and
low temperatures (Harisson, 1992) during the cropping
season. At temperatnres of 7.2-12.2, 12,8-15, and
15.6-27°C, the cumulative hours at relative humidity

“Mention of trade numes or commerciut products in this publicalion is
solely for the purpose of providing specific information and does not
imply recommendalion or endorsement by (he US Department of
Agnewlture and University of Maing
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1962). The occurrence and severity of many potato diseases
including late blight are affected by moisture-related
climatic factors (Adams and Stevenson, 1990; Menzies,
1967). Envircnmental parameters such as temperature,
RH, leaf wetness or moisture affect various stages of the
late blight pathogen cycle and disease development.
Temperature affects sporangial germination (Mclhus.
1915 and Mizubuti and Fry, 1998), infection and lesion
expansion rate (Hartill et al.. 1990), sporulation (Sato,
1994), and inoculum survival {Minogue and Fry, 1981).
Water in the form of rainfall, condensation, or RH is
important for late blight development, Water plays a
critical role in sporangia dissemination and germination, as
well as sporulation and inoculum survival. The pathogen
infeclion process also requires some availability of meist-
ure, leal wetness (Harisson, 1992). Cumulative time with
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RE=90% is strongly related to infection and disease
development (Krause et al,, 1975).

Trrigation may render the host crop more resistant to
diseases through its effect on plant vigour, growth rate, and
overal] crop development. In some situations, diseases such
as fate blight and rust have been avoided through the use of
irvigation during off-seasons (Stakman and Harrar, 1957).
However, irrigation, through its effect on moisture and
temperature conditions, may also increase epidemic devel
opment of other plant diseases. Excess water can adversely
impact potato yield by creating conditions conducive for
the development of late and easly blight (Rotem and Palti,
1969). Thus, more tuber blight has been observed
proximate 1o the central pivor point of irrigation systems
where excess water collects (Johnson et al., 20034). Others
have reported livtle effect of overhead sprinkler irrigation
on late blight (Rotem et al.. 1970).

The epidemiology of late blight has been investigated with
respect o environmental conditions that are faveurable for
diszase development. The BLITECAST forecasting method
hus been widely utilized for predicting late blight occurronce
based on environmental indices of temperature and RH
(Krause et al, 1975 Wallin, 1962). Fungicide applications
for late blight contral have been scheduled based on
cumulative severity values and rainfall factors. A simulation
meodel has been used for analysing late blight epidemiology
(Bruhn and Fry, 1981), as well as to evaluate potato late
blight forecast based on weather parameters (Raposo et al..
1993). Late blight simulation models have been utilized 1o
evaluate the impact of fungicide application and environ-
menta] factors on late blight development (Brubn and Fry,
1960, Shtienberg et al. 198%). Similarly, a late blight
sitnulation model (Microsoft Windows application) has

farmer’s decision whether or not to irrigate depends on
many factors including soil moisture, rainfall, costs, labour
requirements, and the crop's projected yield response. In
the eool and humid climate of Maine, only sbout 12% of
acreage under potato is irrigated (Dalton et al, 2004).
On average 430mm of rainfall occurs between May 1
and September 30 covering the tvpical growing ssason
(Bourgoin, 1984). In some cases, potato growers may he
hesitant 1o use existing irrigation systems at times when
regiona] late blight outbreaks are reported out of concern
for precipitating conditions favourable for disease occur-
rence on their farm. The demand for efficient use of water
and improved production practices for the region makes
the evaluation of efficient alternative irmgation systems
such as surface and sub-surface drip irrigation important.

There s little quantitative data on the impact of
irrigation on microcli and late blight
polentiai on the potate ¢rop in the cool, humid region of
Nerth America. An assessment of the effects of various
irrigation  systems on microclimate would be greatly
beneficial to our understanding and managemem of the
disease in cool humid regions. Therefore, the objectives af
this study were to determine the effects of irrigation
ystems  on F influencing the
potentiai for late blight development.

micr par

2. Materials and methods
2.1, Field plot establishiment

Experimental plots were established at a USDA-ARS
field research site at Newport, Maine on a Nokomis sandy
loam (coarse loamy, mixed, frigid, Typic Haplorthods).
The ex 1 design isted of four irrigation

been used for classroom teaching (plant disease £
teol} and evaluation of late blight simulation based on the

thogen growth parameters, host factors and
fungicide apphication (Fry et al., 1991}, The key epidemio-
logical parametess for late blight simulation (latent period—
LP, infection efficiency—IE, and lesion growth rate -LGE)
have been evaluated for US 8 genotype and EC2 late blight
pathogen {Andrade-Piedra e1 al, 2005a,b). However, the
effect of irrigation management treatments on microclimate
and potential Jate blight development as quantified by
simulated late blight severity values has not been adequately
documented.

Potato crop is very sensitive to water stress, and total
available soil water should not he depleted by maore than
30-50% o optimize yields (Fabeiro el al., 2001). Irrigation
requirements differ with locations, soil types and cultural
practices (Rotem and Palii, 1969). Waler management may
be important for optimum tuber vield and quality under
Maine conditions (Starr, 2005; Opena and Porter, 1999;
Moarra et ai.. 1987). For optimum potato preduction, the
timing, amount, location, and frequency of irrigation
applications are scheduled to alleviale water stress,
Sprinkier or overhead irvigation is often used in potato
production in Maine {Bourgoin, [984; Starr, 2005). A

treatments (sub-suiface drip, sprinkler, surface drip and
non-irrigated), arranged in a randomized complete block
design with four replications. In all cases, field plots were
planted with Russet Burbank culivar potatoes. The
planting dates were May 23, June !, and June 7 in 2003,
2004 and 2005, respectively, Field plots consisted of four
rows, 20m x4m (length x width). Weed control in the
plots consisted of coltivation a1 planting and the pre-
emergence application of a mixture of herbicides consisting
of Metribuzim and Dual (ai metolochlor, Dupont
Agricultural Products, Witmington, DE) at labelled rates.
Two hiliing passes were performed; the first in June, and a
final hilling in the first week of July. Fertilizers NPK
(10:10:10) were applied at the rate of 90.9kgha™'. To
control foliar diseases, primarily late blight, fungicides
Dithane {ai. mancozeb, Dupont Agricultural Produets,
Wilminglon, DE} and Bravo (a.i chlorothalonil, Syngenta
Crop Protection, Greensbora, NC) were applied weekly
based on blight forecasting (Krause et al, 1675). Fungi-
cides were applied at labelled rates beginning on July 24,
June 30 and June 19 in 2003, 2004 and 2005, respectively.
Four applications of mancozeb and three applications of
chlorothalonil were done in each year.
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2.2 Irrigation treatments and water applications

Irrigution trestments were applied to each plot based on
tensiometer readings taken at a depth of 15em beneath the
surface centre of potato hills. Four tensiometers per
irrigation treatment were placed in the field, one for each
plot, and irrigation scheduling was based on an average for
each irestment. Irrigation was initiated if the average
reading for a given treatment exceeded S0 kPe. irrigation
trealments were initiated on June 30, July 21, and July 1in
2003, 2004 and 2005, respectively. In the sprinkler irrigation
trealments, water applications were in the amount of
12-24 mm, whereas drip irrigation treatments were applied
in 10mm amounts. The sub-surface irrigation treatment was
established by burying a Rainbird hard hose type drip
tubing with pressure ¢ ing emi alem b I
the centre of the potato hills. For the surface drip treatment,
the same tubing type was placed at the 1op of the potato hill.
The surface drip whing was removed and replaced to allow
for potto hilling cperations. The sprinkler plots were
irrigated with Nelson D10 spray units elevated 0.8m and
spaced at 24 m intervals along the centre of each plot.

2.3, Micraclimate measurements in the patato canopy and
trrigation effecis en leaf wetness, RH, canopy temperaiure
and soil temperature

Microclmate data were recorded at hourly intervals
using microprocessor controlled data loggers. Air tempera-
ture, soil temperature, and RH sensors were connected io
the data logger within the plant canopy level in the four
treatments. The height of the microclimate sensors was
adjusted based on potato growih to be within the upper
portion of the potato canopy. In addition, leal wetness was
recorded in 2005, Rainfall was recorded using a rain gauge

2.4. Comparison of simulated and observed late biight
Severity on polate al Presque Isle

Temperature, RH, and rainfall data obtained at field site
in Presgue Isle in northern Maine were used to simulate
late blight severity. Predicted late blight severity based on
the pathogen parameters for the US 8 genotype of F
infesians was computed. For comparison, observed late
blight severity from natural infections in five replicate
experiments was assessed at weekly intervals from the same
field site where climatic data was used for late blight
prediction, The Presque Isle field site was cropped 1o
Shepody, a susceptible cultivar, planted on June 7, 2004
and June 9, 2005. The agronomie practice was normal and
no fungicide was applicd.

2.5 Stmulation af late blight severity in irnigated potato at
Newport

We used the late blight simulation model (LB 2004)
developed and modified at Cornell University {Andrade-

Piedra et al, 20054, b), based on the original late blight
simulation model (Bruhn and Fry, 198]; Fry et al., 1991:
Raposo et al, 1993) to evaluate irrigation effects on
potential late blight severity on potato. The input variables
for the model consist of hourly temperature, RH, and
rainfall collected from potate canopies (Watchdog data
logger, Plainfield, 1L, USA) from crop emergence Lo crop
maturity and the 1on of blight during a
cropping scason for all irrigation treatments. In addition,
date of crop emergence, beginning and end of epidemic
dales, the cultivar reaction categary to late blight (highly
susceptible, moderately resistant, and resistant) is specified
in the model. Similarly, LP, 1E, and LGR are also included
as input variables for the mode] depending on the cultivar

ptibility. Micr ied and ob d from
date Joggers and sensors placed at canopy levels in various
irrigation treatments were used to create weather files
{date, hourly temperature, RH, and rainfall dara) which
were used as input variables for the simulation runs, In the
simulation runs, predicted disease severity and area under
disease progression curve (AUDPC) were calculated based
on the weather data. Disease severity files containing
observed late blight data at several assessment dates during
the cropping season for a given sile or location were also
compiled and used in the simulation runs 1o generate
outputs of observed disease severity and AUDPC for the
cultivar, If no iate blight evaluations were done at a given
locality or no late blight occurred, then disease severity (%)
values of zero were input into the model, The simulation
runs were conducted using Macro-SAS program (SAS
Institute Inc., Cary, NC). The output variahles for the
model consisted of observed disease severity and simulated
late blight severity (%) at several dates and final value of
AUDPC for each irrigation treatment in an experiment,
location, year and run. Therefore, the predicted or
simulated late blight severity was used to determine late
blight potential.

2.6. Data analysis

Total water in various and years
were compared by computing means and LSD statistics
(SAS version 9.0, Cary, NC). A regression of cumulative
hours of RH (>90% and T<22°C) were computed o
derive the slope parameter (h/d). Microclimatic data {leal’
wetness, canopy temperature, RH, rainfall, leal weiness,
and soil temperature) were averaged for each hour of the
day over the growing seasons for comparison of diurnal
patterns and treatmen: effects on microclimate parameters.
Graphical comparisons were made for micreclimatic data
averaged seasonzlly over the diurna) cycle. Graphical
comparisons were used to show treatment effects on
microclimate following representative irrigation events.
Microclimate data from the irrigation treatments on
Russet Burbank potatoes in 2003, 2004 and 2005 were
used as inputs for the simulation model, and simulated
disease severity values (a measurement of late blight
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intensity) were computed by the model (Andrade-Piedra
et al., 20035, b). Similarly, AUDPC was also derived as an
output variable for the simulation as final estimation of
disease levels integrated over time (d). The simulations
were computed by a Macro SAS program (SAS Institute,
Inc., Cary, NC). For validation purposes, simulated
severity values were graphically compared with observed
mean severity throughout the 2004 and 2005 Cropping
seasons at Presque Isle.

3. Results
3.0, Rainfall and irvigation water

Cumulaiive rainfall between May 1 and September 15
totalled 234, 420, and 450mm in 2003, 2004, and 2005,
respectively. Within a given crop year, the amount of
irrigation water required to maintain the same soil water
contenl across irngation treatments also varied (Table 1).
In the relatively drier years of 2003 and 2004 (Fig. 13,
significanily more water was required by sprinkler irriga-
tion, indicating lower efficiency of this system compared to
surface and sub-surface drip (Table 1).

3.2, Microclimate measurements in the potato canopy

3.2.4. Irrigation effects on leaf wetness

‘The diurnal progression of leaf wetness was similar in all
three years. Leafl wetness varied diurnally with the wettest
leaves found during the night and early morning hours
(Fig. 2). A season average value 35 (relative wnits)

Tuble |
Average amount o water applied to irngetion treaiments on a Russel
Burbank polalo dunng 3 cropping years at Newpert, Maine

Irrigating waner

Year Treatment”
applied {em)®
2003 Sub-surface drip 12200
Surfacs drip 1193
Moneirrigated [
Sprinkler IR.604
LEDyuuy 4.57
2004 Sub-surfuce drip 5176
Surface drip E¥ ¥l
Non-irrigaled 0d
Spankler 12,334
LSDygn, 130
005 Sub-surface drip 965a
Surface drip 6.558
Non-irrigaicd Oc
Sprinkler HEDR
L5Buw.an 275

“Sub-surluce drip ierigation consisted of tubes buried at 4% em below the
soil surfuce, surface deip hud the same whing placed on o petato hili,
sprinkler irrigation relers to spray units elevated 0.8 m and spaced 2.4 m
imervals nlong plot centers, and nen-rnguted plots received only rain.

“Water applications were bused on tensiomeler readings in each plol
und were done betwees 1000 and 15.00 hours.
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Fig. 1. Cumulative annual precipitation a1 the Newporl resezich plots
during 2003, 2004 and 2005 Date refer 1o rainfall collected duning the
potala growing seasons from May 1o Seplember.
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Fig. 2. Diornal pattern of average Jeal welness chiained from Walchdog
leal wetress sensars placed on a Russet Burbank potato canopy during the
growing season of 2005, Dats represent meun of leal wetness during a 24-h
period in sub-suiface dnp, surface dnp, irrigated and non-irrigated
treatments.

indicative of wetness on potato foliage was recorded
during the night and early morning period of 21:30
through 06:30h across all treatments, Surface drip and
sprinkler irrigation treatments had higher leal wetness
values during this period. Average relative leal wetness
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dropped off sharply during the daytime, reaching a
minimunt of around 0:500 2t 13:00 h.

32.2. Irrigation effects on RH

RH also varied diurnally. RH values in excess of 90%
indicute a peried conducive for late blight infection and
discase development. The scason average in 2004 was
>90% during the nighttime period from 20:00 to 06:00h
(Fig. 3(A)}. As with leaf wetness, average RH dropped off
sharply during the day and reached & minimum of 57% at
about 15001, No treatment effects were evident through-
out the day. RH in the potato canopy was slightly higher
far sprinkler and surface drip treatments immediately after
irrigation water was applied (Fig. 3(B)). During the first 8k
after irrigation application, the non irrigated and sub-
surface drip irrigation treatments were not obviously
different (Fig. 3(B)), but these two treatments had iower
RHs than the sprinkler and surface drip irrigation
treatments. RH was approximately 10% higher in the
sprinkler and surface drip treatments compared to non-
irrigated and sub-surface drip during the first 8h following
waler application. Over 90% RH was recorded in all
treatments by 12h after irrigation. A regression of average
cumulative hours of RH>90% when canopy temperature
T<227°C versus days resulled in a linear relationship, with
4 high coefficient of determination for various irrigation
treatments (Table 2). The slope h/d was similar among
treatments and years; however, the distribution of the
number of hours when RH>90% and T<22°C varied
within u treatment.

4.2.3. Irvigation effects an canopy temperature

A nearly sinusoidal diurnal pattern of canopy tempera-
tures was observed for all treatments. During the night
period (20:00-05:30 h), average canopy temperalures were
<16°C (Fig. 4{A)), well below the threshold of 22°C
conducive for late blight development. During the day
period, canopy temperatures were »24°C. No differences
among (reatments were evident. After 13 h subsequent 10
an irrigation event, average canopy temperature was less
than 19°C. After 8 h following irrigation, no differences in
treatment effects were evident (Fig. 4(B)}. Average canopy
temperatures were lowest during 20:00 to 09:30h with
sprinkler and surface irrigation. Few such periods were
observed during the middle of the day.

3.2.4. freigavion effects on soil temperature

The diurnal pattern of soil temperature was similar to
canepy temperature. The average soil temperature ranged
from 16.5 to 24.5°C in all treatments. During the night, soil
temperatures were less than 19°C and treatment effects
were similar (Fig 5(A)). Varation in the average soil
temperatures was detected during 4-13h after water
application (Fig. 5(B)). At 4-]12h after irrigation, the
average s0il temperatures were in the range of 23-27°C in
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Fig. 3. Dwurnal pattern af % RH averaged weross growing season in
varous treatments during 24h intervals (A) wnd RH al 2-22b afles
irrigation applications {B). Dlata were oblained from Walchdep RH
sersars placed on @ Russel Burbank potato camopy during the growing
scason al Newport, Maioe, in 2003, Sub-surfuce drip irrigation had tubses
Buried ut 40cm below Wie soil surface, surlace drip had the same tubing
placed on u powate hil!, sprinkler irrigation refers to spray units elevated
0.Em and spuced 2.4m mizrvals aloag plot centres, and non-irrigated
plots hud no water applicaiion

drip compared to sprinkler and surfece drip treatments 8 h
after irrigation, (Fig. S(B)). The lowest soil temperatures

all weatments, M. difTe in soil P @
were delected between the non-irrigated and sub-surface

were led in the sub-surface drip and suiface drip
irrigation treatments in 2003, 2004 and 2003, Seasonal
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Tabie 2
Area under disease progress curves [AUDPC) for ireiguied Russes
Burbunk potato during 3 years of feld experiment a1 Newporl, Maine

Year Irrigalion Lreatmesnns®

Predicled AUDPC
(% disease days)®
2005 Sub-surface drip 179
Surface drip 151
MNon-irrigaied 147
Sprinkles 162
W04 Svb-surfuce drp 2002
Surface drip ns
MNonatrrgated 1264
Sprinkler 1986
005 Sub-surface dnp 1404
Surfuce drip 1502
Nonwirrigated 1430
Sprinkler 1426

“Sub-yurTace drip irmgation consisted of tubes buried aL d0em below the
sl surfuce, surlace drap had the same tubing placed on o Russet Burbank
polete hill, sprinkler arrigation refers Lo spray units elevated 0.8m and
spaced 2.4 m intervals along piat centres, and non-irrigated plots had no
waicr application,

"Simulnled ALDPC for four irrigation teatments derived from the late
Dlight simulation mode! of nucroclimale in potato ficld at Newpart.

average soil temperatures were higher in 2003 compared to
2004 and 2005,

3.3, Comparison of simulated and ohserved late blight
Jeverily on potato at Presque Isle

Late blight development on ev. Shepody at Presque Isle
was recorded at 60 and 63 days after crop emergence
(DAE} in 2004 and 2005, respectively (Fig. 6). At 85DAE,
predicted and observed blight severity was ahove 95% in
2004. At B4 DAE in 2005, predicted and observed blight
severily were 42% and 160%, respectively, Based on the P,
infestans parameters for the US 8 pathogen genotype, the
LB2004 simulation mode! accurately predigied late blight
progress and severity with 2 very slight underestimation of
disease levels, using weather data from Presque Isle in
2004. However, in 2005, the simulated late blight progress
overestimated late blight severity at the Presque Isle
location. At final assessment dates, observed late blight
severity in the 3 replicated plots ranged from 95% to 100%
in 2004; but disease levels varied among replicate plots and
ranged from 20% 10 95% in 2003.

3.4, Simulation of late blight severity in irrigated potato at
Newpory

The progress of simulated blight severity was not
recorded until at 84 DAE in 2003, In 2004 and 2005, the
onset of simulated disease levels was recorded at 56 and
GO0DAE, respectively. Predicted late blight progress was
lower in 2003 compared to 2004 und 2005 cropping
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Fig. 4 Dhurnal pateern of ambient temperature averaged across growing
season during 24 b intervuls in wariows irrigation Lreaiments {A) and
uverage canopy temperature aiter irrigation events ol Newport in 2005 {B).
Sub-surlace drip had irrij tubes buried at 40cm below the
s0il surface, surface dnp had the twhing placed on a potato bill, sprinkier
srrgalion refers [o spray unils elevated 0.8m and spaced 2.4 m intervals
wleng plol cenlres, and non-irngated plots had no water application.

(Fig. 7). In 2003, the maximum predicted late blight
severity values were 37%, 32%, 10% and 33% for sub-
surface drip, surface drip, non-irrigated and sprinkler
irrigation treatments, respectively. In 2004, blight severity
licti hed asymptotic levels of 100% a1 65TIAE,
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wrrigated treptments dunng 24-b intervals (A} und relative effects of water
applications on mean soil temperaluses severs] hours afier irrigausn
applications (Bl Fueld plots were planied to a Russet Burbank potato and
Wuichdog soil-temperatuce probes were placed al depths of 5-10cm.

except in the non-irrigated treatment where simulated
asympiotic values were achieved afier 78 DAE. In 2005, the
asymptote of simulated blight severity was detected at
TIDAE (Fig. 7). The predicted AUDPC values were lowest
in 2003 (147-179), and greatest in 2004 (1996-2119). The
simulated AUDPC was similar among treatments in each
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Fig- & Observed and simulated late blighl severily on Shepody cullivar
munted ar Presque Isle, in 2004 and 2005 cropping years, Predicted late
blight severity wus derived frem late blight simulation runs (LB 2004
simulation model). Temperature, RH and rainfall microclimazic dae a
Presque Isle locatzon in 2004 and 2005 was used in simulating late blight
progress, Obcerved late Blight severity in both yeurs was ussessed [rom
experimental plots at Presque Itle, Muine in which late blight ditease was
initiated from natural infections in five replicated plats

year except 2004 where the non-irmgated treatment was
remarkably lower than the other treatments (Table 2).

4. Discussion

The total amount of irrigation water applied to various
plots differed significantly among treatments and years.
Differences in amount of waler applied to treatments were
expected since various water application treatmenls have
different application efficiencies, with drip treatments being
more efficient than sprinkler. Applications were based
upon crop water siress assessed using tensiometers in the
root zone. Variation m scheduled water application among
years was attributed to diff in total precipitation
among years, with less cumulative ranfall in 2003
compared to 2004 and 2005 Initiation of irrigation
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scheduling alse varied in response to soil water content
during the 3 years.

The amount of welness on the surface of crop foliage is
an important epidemiological parameter for fungal and
bacterial plant pathogens. Previous research has documen-
ted the influence of water on infection (Ingold, 1578), spore
production and liberation of fungal and bacterial patho-
gens (Rotem et al., 1978; Lacey, 1986). In our research, &
diurnal pautern of canopy welness that exceeded any
witnessed from direct wetting from irrigation cvents was
noted 1o have a greater effect on potato foliage. Therefore,
it is likely that nighttime hours where leal wetness is
recorded for a considerable time or free moisture is readily
available may be more conducive for blight infection. Our
results are in agreement with the research findings of
Wilson et al. {15%%9) who noted that the majority of wetting
events or dew accumulation in a polate cancpy may be
attributed to night cooling of leaves below the dew point
temperature of surrounding air and less due to rainfall and
irrigation applications. In our study, irrigation applications
for an average of 3h duration appeared 10 have resulted in
imited welness on potato foliage during the daytime
following irrigation. Although intermittent wetness period
may be an important infection risk critenia of some diseases
such as apple scab (Olivier 1 al., 1983), P. infestans may
require considerably longer durations of welness or low
temperatures (Rotem et al, 1970). It s pessible that
irrigation treatments applied lo & potato crop may not
have the same effect on pathogen development under a
different set of weather conditions. The specific conditions
of weather and crop growth as well as the ecological
requirements of each pathogen in relation to the differ-
ential effects of various irrigation treatments should be a
factor. Therefore, based on our experiments and previous
research, the impact of irrigation might be completely
different in very dry and wet years as well as in regions with
high and low rainfall. In very dry arcas where rainfall is
substantially Jess than potential evapo-transpiration, yield
response and wber size responded linearly 1o applied water
(Martin et al., 1992). Therefore, based on our studies,
microclimatic effects may be potentially increased in drier
compared to welter years because more irrigation water
would be applied.

Differences in canopy RH in surface drip and sprinkler
irrigation compared 1o sub-surface drip and non-irrigated
treatments in 2004 and 2005 years occurred only for a
brief period of iess than 8h following irrigation. It has
been noted clsewhere that larger field-scale irrigation
applications have a greater impact on canopy atmospheric

Fig. 7. Predicled progress of dae blight on a Russet Burbunk potato
cullivar ul Newport, Maine, Simulsied late blight severity was derived
from late blight simulation rens (LB 2004 simulation mode!) using the
2003, 2004 and 2005 microckimatic data (Lemperalure, relulive humidity,
rainfall} ohiained from polato canopy in repheated irngation experiments
during the growing sezson. Ne late blight wag observed al the Mewport
lozatien during the 3 years.
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conditions than small plots (Rotem and Pali, 1969). In
their research, application of water to large, contiguous
crop areas affected humidities and peratures for longer
duration than water that was applied to elongated strips. In
our studies, plot sizes were 20m x 4m (length x width),
and it is possible that irrigation treatmenats did not
significantly affect humidity levels, particularly in 2003,
Therefore, it is possible that in large commercial potato
fields. the impact of irrigation on canopy humidity may be
much greater than recorded in this experiment.

Crop densities have also been reported to affect
microclimatic conditions in the canopy of various CTODS
(Rotem and Palti, 1969). In other studies, simlar irrigation
Ireatments have been reported to have variable effects on
microclimate, Sprinkler irrigation has been reported to
have & pronounced effect on RH under extreme macrochi-
matic conditions (Rotem and Cohen, 1966). Rotem and
Cohen (1966) also noted an increase of 50% in RH when
the RH in neighbouring fields was 12-25%. In addiion,
when RH was in the range of 80-50%, sprinkling raised
the humidity by no more than 2-3%. In our studies, the
cumulative effects of RH>90% were also noted to be
greater in 2004 and 2005 cropping years than in 2003 due
to the high rainfall, and cool moist days recorded in 2004
und 2005, In contrast 10 RH in the potato canopy, other
researchers noted that owverhead irrigation and non-
irrigated treatments differed by as much as 20% in a
tomato canopy, when irrigation was applied for a longer
duration (Raniere and Crossan, 1958).

Canopy temperatures were similar among irrigation
treatments and years. Research results from other authors
(Rotem and Palti, 1969} have documented that tempera-
ture effects may be dependent on irrigation type and the
respective lemperature values in neighbouring fields. When
sprinkler irrigation was used, the greatest effect of
temperature (8-9°C difference) was recorded when tem-
perature in adjacent fields was 29-32°C. When tempera-
tures in adjacent fields were 10-20°C, sprinkling lowered
lemperatures by only | "C. Canopy temperatures were also
noted to be affected by the time period when irrigation was
done such as late evening as opposed to midday or early
afternoen (Rotem and Paiti, 1969). Although irrigation
treatments in our research did not significantly affect
lemiperatures in the potato canopy, cumulative and
contineous hours of RH and low temperatures <22°C
are important for infection and late blight development
(Krause et ul,, 1975; Johnson et al., 2003b),

High soil temperatures were recorded in the non-
irigated and sub-surface drip reatments at the time
intervals of 4-12h subsequent to irrigation. This SUggests
that limited cooling oecurred in sprinkler and surface drip
treatments for 4 short period following irrigation. The soil
lemperature sensors were buried at 5-i0cm depth. The
sub-surfuce drip irrigation was injected at 38 cm depth and
did not show any significant cooling effect.

Predicted late blight severity was comparable to ob-
served late blight severity for the Presque Isle location in

2004, but not in 2005. The differences between predictad
and observed blight severity in 2005 may be explained by
the relative variability in disease levels from 20% 10 95% in
the untreated plots. In this experiment where no arlificial
inoculation was applied, inoculum levels varied across
plots leading to differences in late blight levels, The late
blight simulator has been previcusly validated under
various environmental conditions {Andrade-Piedra et al.,
2005a, b}, but not in Maine. If various input parameters for
the model (LP, LGR, and IE) based on late blight
genotypes are used, various simulation results may be
obtained. In experimental conditions where blight severity
data are not available, the simulator can be utilized to
predict discase levels if environmental data for model
inputs at the locality are available.

In 2003, simulated disease levels at Newport were too
low 1o detect any significant effects among irrigation
treatments. Therefore, the amount and duration of water
application in 2003 were not sufficient 1o favourably affect
microclimate and potential for late blight development.
The prediction of low blight severily attained from the
simulation runs vsing 2003 irrigation data, indicated that
environmental conditions were not conducive for late
blight development. In our study, the 3h duration of
irrigation water application and scheduling during hot and
dry periods may have led to minimum effect on microcli.
matic conditions which affected late-blight pewential in
2003, However, in 2004 and 2005, high late blight severity
was predicted by the simulator, reflecting maore favourable
temperature, RH, and rainfall conditions for disease
development. In 2005, no significant differences in simu
lated blight severity were d among treatment
implying that daily rainfall, temperature and RH effects
on late blight potential outweighed irrigation application
induced effects. The predicted AUDPC values indicated
similar trends of potential disease occurrence to simulated
disease severity among treatments. This suggests that
potential disease prediction by the model is refiable. In
contrast, P. infestans disease on potate or omato (Rotem
and Pali, 1969, Harisson, 1952; Johnson et al., 2003b),
have been reported to be favoured by sprinkler irrigation
compared to other irrigation technigues. Their results
showed that the frequency of sprinkling intervals and
amounts were the most importani factors. Intensive
irrigation scheduling, longer duration of water application,
or tming frequencies may be explored for their potential
impact on late blight develog tin the humid
region. Similarly, the late blight predictive capability of the
madel as well as its utility for sensitivity analysis indicate
that it can be utilized to study emerging and divergent late
blight genotypes in various agro-scosystems.

5. Conclusions

Under our experimental conditions; divrnal paterns of
leal weiness, RH, canopy temperature, and soil tempera-
ture were observed irrespective of irrigation apgplication
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technigue. Sprinkler, sub-surface drip, and surface drip
irrigation treatments had no effect on RH or canopy
temperature of a Russet Burbank potato crop, Based on
microchmate data from the irrigated field plots, the
potential for late blight develog was adequately
simulated. Microclimate conducive to late blight develop-
MEnt wis less impacted by irrigation treatments than by the
local magroclimatic conditions. The duration of the
observed irrigation effect on microclimate was limited in
our studies. The P. infestans pathogen requires a prolonged
duration of high humidity/low temperature for infection
and disease development. Although it is recogmized that
choice of irrigation system may conceivably impact micro-
climate and therefore late blight on a larger field scale,
these effects were not observed on a plot scale in this study.
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ABSTRACT

Triazine herbicides (Sencor, Bladex and Topogard) and urea preparations
(Afelon, Patoran and Monorotox), used in the cultivation of four potato
varieties, influenced both chemical composition and physical properties
of the subsequent starch. All kerbicides excep:r Sencor caused changes in
the starch granularity. Bladex increased the number of granules larger
than 35 pm and the average diameter of the granules. Topogard increased
the number of granules less than 10 um and 20 um in diamerer and
decreased the number of 20-35 um granules and the average diameter of
the granules. Urea preparations resulted in a decreased mumber of
granudes smaller than 20 pm, while Afalon decreased the number of
granules larger than 35um and increased the 20-3Sum granules;
Monorotox increased the number of granules larger than 35 um and the
average diameter of the granules. All herbicides decreased the viscosity
of 0-25% starch pastes and Topogard decreased the amyiose content of
the starch.

INTRODUCTION

Herbicides, applied in potato cultivation in order to control the growth
of weeds, also affect the main yield. Penetrating the tissues, they promote
4
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disorders in the metabolism of potato plants and, consequently, they
can change the chemical composition of the tubers, affecting, among
other things, the starch content (Roth, 1968; Leszczynski & Lisiniska,
1983).

Earlier studies, on starch separated from the potato tubers treated
with herbicides during cultivation, have indicated that the herbicides
could affect the propertics of the resulting starch. Various herbicides
used in these studies, mainly in the Silesian region, affected the content
of amylose, the mineral components of starch, viscosity in (-25% starch
pastes and the size of starch granules (Leszezynski, 1977; Leszczyniski
& Kierat, 1984). Increasingly frequent use of herbicides in potato
cultivation requires comprehensive studies on the effects of their applica-
tion, including properties of the starch obtained from the tubers treated
with the herbicides.

The purpose of the present study was to examine the influence of
several triazine and urea herbicides, applied in potato cultivation, on
the chemical composition and several physical properties of the starch
separated from the tubers.

MATERIALS AND METHODS
Materials

The experimental material comprised starch separated from potato
tubers treated with herbicides during cultivation, obtained from the
Institute of Potato in Bonin, near Koszalin, Experiments were carried
out for two years on four potato varieties—Narew, Sokél, Sowa and
Pola—treated with the following herbicides;
From the group of triazines:
Sencor 70% metribuzin 2:25kg/ha
Bladex 50% cyanazin 600 kg/ha
Topogard 35% terbutrin + 15% terbulazin  4-5kgfha

From the group of urea preparations:

Afalon 50% linuron 3kg/ha
Patoran 50% metobromuron 4-5kg/ha
Monorotox 50% monolinuron 3kg/ha

The herbicide doses used in the experiments were 50% greater than
optimal.
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The samples were analysed after about 6 weeks' storage at 10-12°C.
The tubers (2-3kg) were crushed on a mechanical rasp and then in a
kitchen mixer at 10000rpm for | min. Starch was rinsed with distilled
water, in 2 fourfold amount in relation to pulp weight, on starch gauze.
After sedimentation of the starch, the supernatant was decanted and
the sediment was added to distilled water (25~30 times the weight of
the starch). After resedimentation, the supernatant was decanted again
and this process was repeated. Starch, thus purified, was dried at 20~
25°C; small clods were crushed in a mortar and stored for 3 months
at about 20°C. Subsequently, starch was sieved (0108 mm mesh) and
then sampled for the analysis.

Methods

The following determinations were carried out.

The content of matter by drying at 60°C and then at 105°C.
Amylose content—gravimetrically after electrodialytic separation of
1% starch paste (Sroczynski, 1954).

Phosphorus content—after wet mineralization by the colorimetrically
modified vanado-molybdate method (Turyna & Tyszkiewicz, 1964).
Potassium content—by means of a flame photometer.

Relative viscosity of 0-25% starch pastes on an Ostwald viscosimeter
(Sroczynski, 1954).

Viscosity of 7% starch pastes, measured at 80°C, on a rotary
viscosimeter (Rotowisko RV3, Haake), with a pinwheel (Winkler e
al., 1971).

Granularity on a sedimentation balance (Sartorius), using methanol
in the liquid phase. The average diameter of the starch granules was
celculated as the mean of granules of 10-60 gzm.

The results of the determination were statistically analysed, which was
the basis for determining the significance of the differences resulting from
the use of herbicides. These are shown, with their least significant
differences, in the accompanying tables

RESULTS

Table 1 shows average results for the determinations of starch chemical
composition and viscosity of pastes obtained from the starch.
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TABLE 1
Influence of Herbicides Applied in Potato Cultivation on Chemical Compesition of
Potato Starch and Viscosity of Starch Pastes

Herbicide Water  dmylose PO, K0 Viscosity of
(%) % af 107 % of 107'% of siarch pastes
dry matter  dry matter  dry matter -

h25% %

tity Pas

Control 1297 1745 179 77 607 165

Sencor 1273 17-96 173 76 450 1:62

Bladex 1308 1711 168 &0 504 164

Topogard 1305|640t 172 79 468" 180

Afalon 1290 i7:30 170 Bl 505t 176

Patoran 1238 1719 166 80 434" 166

Meonorotox 12-86 1723 164" 77 5100 174
Least significant

difference - 73 {14y “ 074 .

* No significant difference.
* Significant differences from the control samples.

As can be seen in the table, oniy Topogerd affected amylose content,
causing a decrease. The amount of phosphorus in the starch did not
undergo significant changes after application of the herbicides, However,
the calculated least significant difference was lower than the difference
between the phosphorus content in the starch from the tubers of the
control samples and starch from the tubers treated in cultivation with
Monorotox. This indicates a tendency to decrease the content of
phosphorus in the starch affected by this herbicide. 0-25% pastes, made
from the tubers treated with herbicides, had lower viscositics than pastes
from the starch of control samples. On the other hand, no effects of
herbicides on the viscosities of 7% starch pastes or the contents of
potassium and water in the starch were observed.

Table 2 presents the granularity anzlysis of starch from the potato
tubers treated with herbicides during cultivation. The results, for the
samples treated with herbicides and significantly different from the
control samples, are presented in Fig. 1, They are presented as deviations
of the contents of several fractions of the granules from the control
samples, in per cent.

As can be seen in Fig. 1, almost all herbicides used in the experiment
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TABLE 1
Influence of Herbicides Applied in Potate Cultivation on Granularity of Potato Starch
Herbicide Contents (%) of starch granules of di Average di
- ~—  of granules
=>35pm 20-35pm <20pm 10-20pm <I10pm {pm)
Control 043 5781 11-76 &16 560 a7
Sencor 63 5845 952 540 452 3323
Bladex 40-23 4967 10-10 506 504 3510
Topogard 073 52-45* 16-82* T25 907 31-48°
Alalon 25-66* 65-15* 915 470 445 32:2%
FPatoran 31-54 59-34 B 417 4-55 337
Manorotox 3658 5384 458" 537 421 34907
Least significant
difference 362 424 187 142 2 100

*Significant differences from the control samples.

affected the starch granularity. Two triazine preparations, i.e. Bladex
and Topogard, decreased the fractions of average granules (20-35 um)
by 16% and 9%, respectively, in relation to the control samples. In the
samples treated with Bladex, a 32% increass of large granules (larger
than 35 um) was observed whereas the samples treated with Topogard
had a remarkable increase in amounts of small granules, i.e. a 63%

o Blodex (Topogord | Afolon | Patoran | Monorotax
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Fig. 1. Effect ol herbicides on content of g les of different di 5 in potalo

starch in relation 1o control.
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increase of granules smaller than 10 um, a 26% increase of granules 10—
20 um in diameter and a 43% increase of granules smaller than 20 um.

All three urea preparations used in the experiment reduced the
amounts of small granules (fractions of the granules smaller than 20 um)
by 19%-26% and Afalon and Patoran resulted in 23% and 32%
decreases in the fractions of 1020 um diameter granules, in relation to
the control. Moreover, Afalon reduced the amount of large granules
{(>35um) by 20% and increased the 20-35 um granules by 12%, while
Monorotox caused a 20% increase in the large granules.

Table 2 also shows that the use of herbicides in potato cultivation
affected the average diameter of starch granules. The starch samples
from the tubers treated with Bladex and Monorotox were composed of
granules 2 ym larger than those of the control samples, while the granules
of the samples treated with Topogard were | ym smaller than these of
the control samples. .

TABLE 3
Influence of Herbicides Applied in Cultivation of Different Potato Varieties on the
Content of Large Starch Granules (> 35 gm). (%)

Potate Control Sencor Blodex Topogard Afalon Patoran Monorotox — Leant

variery significant
difference
Narew 2609 3277 3533 2246 2692 2352 2172 723
Sokd! 2589 2851 3992 3274 2374 2780 3329° 723
Sowa 3586 3067 3951 3369 2053 3188 4518 723
Fola 3390 34-56 4616 34-02 346 4455 4603 713
Mean 3043 3163 4023 3073 2566° 3194 36-58° 362

* Results significantly different from the control.

In most cases, the effect of the herbicides on starch properties
depended on the variety of potato. Table 3 gives examples of the most
important (from a technological point of view) fraction of the granules,
larger than 35 um in diameter. The potato varieties examined showed
various responses to the herbicides, both in direction and magnitude.
Only in the case of the Bladex application did all the potato varieties
show the same response, i.e. an increased amount of large starch
granules. For the other herbicides, changes in the contents of these
granules were different and depended on potato variety (Table 3).
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DISCUSSION

The greatest changes in starch quality resulted from the use of Topogard
followed by Afalon; these changes were unfavourable, especially in the
case of Topogard.

Only a slight effect on potato starch was observed after the application
of Sencor; this preparation did not result in any significant changes in
starch granularity.

It is difficult to compare the results of the present experiment with
those found in contemporary literature, as we can find very few studies
by other authors on this subject. Several data obtained in the present
study have been confirmed by our own eatlier results. As in the present
paper, a tendency to decrease the average diameter of starch granules
was observed after the application of Topogard in potato cultivation
(Leszezynski, 1977). According to the experimental results, Afalon
reduced the number of larger than 35 um granules and increased that
of 20-35um granules. Similar results have been obtained in earlier
studies (Leszezynski, 1977; Leszezynski & Kierat, 1984),

Also in earlier studies, diverse responses of various potato varieties
1o the herbicides were reported, together with subsequent changes in
the properties of potato starch (Leszezynski, 1977). This can account
for the lack of total agreement of the results obtained in this study with
those obtained earlier.

The differences observed between the properties of starches separated
from the tubers of the potato treated with herbicides during cultivation
and control samples, are probably due to various growth processes
during the plant’s vegetation.

The herbicides applied are absorbed by the inner parts of plants and
affect biochemical processes, enzymes and the processes connected with
starch biosynthesis, thus changing the conditions of the formation of
starch granules in the potato tubers. According to several authors,
triazine herbicides increase phosphorylase activity in the plants (Singh
& Salunkhe, 1970; Wu et al., 1971) and Topogard is one of the herbicides
restraining the activity of acid phosphate (Leszczyhski & Golachowski,
1975). According to other authors, urea herbicides, i.e. linuron and
monolinuron, active substances of Afalon and Monorotox, affect
oxidative phosphorylation in the mitochondria of potato tubers (Ducruet
& Gauvrit, 1978) and linuron inhibits the process of photosynthesis
(Timofejev, 1978) and increases the phosphorus content, including the
phosphorus of sugar esters (Sosnovaja er al., 1978), in potato leaves.
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Disturbances in enzymatic processes can be influenced by herbicides
and their decay in a plant. Disturbances can also resuit from the
activity of products of herbicide decay. A number of different herbicide
metabolites (of varying toxicity) were found and their quantities in the
potato plants, in relation to the residues of preparations such as Sencor
(Callihan e: al., 1976) and Bladex (Beynon et al., 1972) were considered
significant,
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Abstract

Potatw is the most important horticultural crop in Argentina and at present 100,000 ha are grown in different regions and
seasons. The four possible growing seasons are defined as early {June-October), medivm-early (July-November), medium-late
(October=March} and late (February-June) and have already been characterized by assessing weather, soil and crop type,
yield level and yield determining, yield limiting and yield reducing factors. However, there is scarce or no infermation on
the possibilities of expanding actual crop frontiers, either at regional or national level and on the potential yield of the erop
in different agro-ecological zones. Hence, in this work, we (1) characterize agro-ecological zones for potato production, (2)
establish potential duration of the crop cycle and potential growing seasons, (3) estimate the potential yield of the crop in
these zones and seasons and (4) demonstrate how Geographic Information Systems (GIS) for land evaluation and simulation
madels that establish potential yield of the crop can be used together to assess possibilities for increasing crop production at
regional or national scales. Seven polential growing seasons ranging from <1500 to »>3500°C day were identified for areas
where one crop can be grown per year, whereas four areas were identified where there is a potential for a second crop of
potatoes. In these areas and seasons, potential tber yields ranged from <10 to »20 Mg ha™! dry matter. The study identified
suitable soils and ascertained the corresponding potential duration of the growing seasons and the potential yicld for each of
the suitable sites and seasons. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Agro-ecological zoning: Suitable soils. Growing seasons; Potential yield

1. Introduction 21000ha were cropped with potato and a maximum
of 170,000ha was reached in 1923-1924 (Ratera,

Potato is the most important horticultaral crop in 1945). In 1934, the area was reduced to 148,000 ha and
Argentina. The first record of its cultivation is from afterwards gradualiy stabilized at around 120,000 ha
1872 w 1873 with an area of 2361ha. By 1895, with constant increments of yield per hectare of

about 250kg ha™! per year in the period 1934-1994
T — Call . sent
- Comesponding suthor, Tel.: +54-221-423-6618; (Caldiz, 1994). At present, 100,000 ha are CmEpm%
fux: +54.221.423.3698 with potato. The crop is grown in ('hfferem regmr.ls
Eomeid achdresses: ducaldiz@ceres.agro.unlp.edu.ar, and seasons (Huarie and Inchaust, 1994; Caldiz
ducaldiz@isis.unlp.edu ar (D.O. Caldiz) and Inchausti, 1996). Growing seasons are early

QI68-1923/01/S - see front malter © 2001 Elsevier Science B.Y. Al rights reserved.
PIL SOL68-1923¢(01)00231-3
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{June-October), medium-carly  (July-November),
medium-late (October-March) and late (February:
June). These regions and seasons have recently been
characterized by assessing weather, soil and crop type,
yield level and yield determining, yield limiting and
yield reducing factors by Caldiz and Struik (1999},
The potential vield of the potato crop can be
defined as the yield achieved by a certain cultivar in
a particwdar environment when factors such as water,
fertilizers, physiclogical age or crop management are
not limiting and when no reducing factors, such as
diseases, pests and weeds are present (Caldiz and
Gaspari, 1997). These potential yields are high, in the
range of 100-120 Mg ha ! (Caldiz and Stwuik, 1999),
Variations in potential yield among growing seasons
and sites are large. It is useful to establish this vari-
ations and explain possibilitics to increase hectareage
in certain aress. Knowing the options to expand crap
frontiers would allow (2) to take political decisions
on strategic develog and i at national
or regional levels, (b} to establish a framework for
discussion on ideotyping between breeders, ecophys-
logists and egronomists. This could be achieved
based on the quantitative knowledge of the influence
of environmental factors on the length of the sea-
son and the dry matter accumulation and partitioning
(Haverkort and Kooman, 1997) and (¢) to contribute
in developing specific crop management strategies.
Al @ global scale, an attempt to identify and
agra-ecologically characterize potato growing zones
was made by Stol et al. (1991) and van Keulen and
Stal {1995) ar the request of the Intemational Potato
Center to plan research in those areas of Latin Amer-
ica, Asta and Africa where potato production is most
promising. These results allow research planning to
look beyond present limitation, and to identify areas
where the crop can prosper after research has elim-
inated bottlenecks (Stol et al,, 1991). However, it is
interesting 1o evaluate not only the possibilities to
expand the crop but also to predict its potential yield
for different growing seasons as was done by Stel
et al. (1991} and van Keulen and Stol (1595) at the
global level, and by van Haren (1998} and Hijmans
{1999} for Ecuador and Peruv. Moreaver, given the
annual growth of the world population of 90 million
persons and the resulting increase in demand for sta-
ple foods such as cereals and tubers (Caldiz, 2000},

of future possibilities for food production and sup-
ply. However, with the exceptions already mentioned,
and despite the importance and large yield variation
of the potato crop for Argentina, no attempts have
been made to establish an agro-ecological zoning
for Argentina while data on potential yield are only
partizlly available for certain areas (Cantos de Ruiz,
1988; Caldiz and Struik, 1999). Hence, for Argentina,
there is little knowledge about the possibilities of
expanding actual crop frontiers, and on the potential
yield of the crop for different agro-ecological zones.
The Argentinian case is of special interest because
of its large variations in weather conditions, stress
factors, altitude, seed age and technological level,
Thus, it presents a real test for the combined use
of Geographic Information Systems (GIS) for land
evaluation and simulation models that establish the
potential yicld of the crop based on weather dala.
The purpose of this work is (1) to charscter-
ize agro-ecological zones for potato preduction in
Argentina, using specific Argentinian data sets rather
than the unspecific and general global data sets used
in previous studies, (2] to establish potential growing
seasons and potential length of the growing seasens
in each of these zones, (3) to estimate the potential
yield of the crop in these zones and seasons, and (4)
ta discoss how these theoretical results match reality.

2. Materials and methods
2.1, Agro-ecological zoning

Agro-ccological zonalion was based on the
approach of Stol et al. (1991) and van Keulen and Stol
(1993} and was carried cut without taking into account
knowledge on current spread of the crop, A digitized
version of the Atlas de Suelos de la Repiblica Ar-
gentina (Fundacidn ArgenINTA, 1995), based on the
previous version of the Atlas (SAGyP, 1990), was used
to discriminate between svitable and unswitable soils.
Soil ciassification in this atlas is based on Soil Survey
Staff (1992}, and is at the level of Orders, Sub-Orders
and Great Groups of Soils. The study was performed at
the Great Group level. Based on the detailed descrip
tion given for each Great Group of soils in the Atlas de
Suelos (Fundacion ArgenINTA, 1995), we considered

bl those mentioned

such approaches could contribute to the expl

as i for potato
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in the Atlas de Suelos with any one or a combination
of the following characteristics related to a specific
Great Group of soils: low water permeability, walter
saterated, very limited drainage, high Na content,
hardpan, hardpan in sub-superficial profile, highly
saturated in bases, destructed profilefs, seline soils,
highly eroded, too sandy, insoluble minerals (quartz,
2irconium}, mobile sands, no water retention, salts in
top lzyer, high water table, limited top layer, very high
Ca in the profile, high Ca in the top layer, very low
pH. high Fe, high clay content, hydromorfism, rocky
soils, superficial soils laying on rocks, fragipan and
high mountain soils. Soils with any or a combination
of any of these characteristics were excluded from
the soil data base created for this particular work.
Long term weather data (10-30 vears) for 97
weather stations distributed throughout the country
were available from FAQ (1990) and Servicio Meteo-
rolégice Nacional (1992). These data were organized
in a data base c ing hly ges of the
following variables: radiation (kI m~? per day), min-
imum and maximum temperature (°C), wind velocity
(ms~'}) and rainfall (mm per month). Daily values of
weather vanables are required for identification of the
potential growing seasons and application of the crop
growth. These were derived from the mean monthly
averages by assigning these values to day awmbers
at the middle of the months and subsequent linear
mterpolation, following the procedure described by
Stol et al. {1991). Although these procedures smooth
potentially detrimental variations, a margin is built in,
because & potato season only accumulates tempera
tures when the average temperature exceeds 5°C. By
following these procedures only rarely virtual crops
are planted while being at risk, as proven and com
pared with aclual practice through expert judgement.
Spatial distribution of the Great Groups of suitabls
soils was performed using the program ArcView 1.0
provided with the Atias de Suelos de la Repiblica
Argentina (Fundacidn ArgenINTA, 1995), while spa-
tial distribution of the weather zones used in this work
was done with the GIS IDRISI, Version 4.0 (Eastman,
1993} Then, by means of tesselation, a procedure that
aliows 1o build polygons based on a series of control
points; a map with different agro-ecological charac-
leristics was defined, using as a central point for each
zone, the geographical location of the 97 weather sta-
tions already mentioned. Pixel size is eguivalent to

1 unsuitable

. ,.:9 Suitable

Fig. 1. Suimhle and unsuinble seils for powte production in
Argentina

33.64 (5.8 % 5.8)km?. Despite the detailed level of the
study, for simplification, only 2 map of the country
indicating areas covered with suitable and unsuitable
soils is presented in Fig. 1. A complete list of suitable
and unsuitable soils is presented in Table 1.

2.2. Mentification of potential growing seasons
and porential crop length

Toidentify the number of potential growing seasons
and the potentizl length of crop cycles, the Gzones
simulation model, Version 1.0 was used {Stol et al.,
1991). The temperature constraints for the identifica-
tion of the potential growing scasons were

» a daily minimum temperature above 5°C,

* a daily maximum temperature below 30°C,

« a minimem accumulated temperature requirement
of 1500°C day (base temperature 2°C),

* 3 maximum d I
of 3M00°C day (base temperature 2°C).

Temgperature limits for crop growth were chosen
because potate is not normally grown with mean
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Tuble |

Suitable and unsuitable Greal Greups of soils far poiato production®

Suitzhle Unsuitable Reasons for rejection

Order Alfizpls
Kandiudalfs Albaqualfs Low permeability, water saurared
Haploxeralfs Natragualfs Law permesbility, high Ma
Hapludalfs Durwstalfs Hardpan
Haplustalfs Eutroboralfs Hiphly sawrated with hases
Kanhpludalfs NatriboraMs High Na in the profile
Foludslfs Fragisqualfs Hardpan, limited drainage
Paleustalfs Clossaqualfs Destructed profile
Palexeralfs Natrudalfs High Mz in the profile
Rhodudalfs Natrustalfs High Na in the profilz

Order Aridisols
Calciortbids Durargids Hardpan
Camborthids Matrurgids High Na in the superficial layer
Haplargids Selorthids Saline soils in low arcas
Madurargids
Paleargids
Palaorthids

Order Entisols
Teavifluvents Criorthents Highly erostonared
Tomionhens Endoacuents Water saturated
Udifluvents Epiacuents Water saturared
Udipsammen:s Fluvacueeats Water sarurated
Udorthents Hyddraquents Water saturated
Ustafluvens Quarzipsamments. Insoluble minerals
Udipsamments Xeropsamments Ton sardy seils, ne waler retestion
Xerofuvents Tompsamments Mobile sands

Fsemmacuznts Too sandy soils, no wrier reenrion
Ustorthens Very limited drainage

rder Histosols

Order Inceprisols
Cryochrepts
Cryumbreps
Dysirundepts®
Dysrocheepts
Eutrandepes’
Eumochrepis
Haplumbrers
Ustochreps
Vitrandepis"

Order Molisolls
Arpaaibolls
Argiaqualls
Argiudolls
Argiustolls
Caleivstolls
Cryoborolls
Haplagualis
Haoploboratis
Hapludolls
Haplusalls

All grear groups of seil unsuitable, Waler saturaled

Cryaquepts
Fragiochrepis
Cryandepts®
Hydrandepts®
Fragizquepts
Endosguepis
Andaguepis?
Halaquepts
Haplaguepts
Humaquepls

Natralbolls
Cryagquolls
Argiaquolls
Haplozerolls
Argixeralls
Caleinguolls
Drersquolis
Dhsrustolls
Argiboralls
Natruscolls

Very low drainage

Fragipan

High mountain soils

‘Water sarurared

Fragipzn

Very low drainage, high water table
Very low drainage

High Ma content, salts in top layer
In development

Low deainage

High Na content, hydramerphism
Waler saturated, very cobd soils
High clay content in the profile
Limited top layes, laying on rocks
Limited top layer

High Ca in the wop laver, low areas
Hurdpan, no oot growth

Hardpan in subsuperficial profile
High saperficlal clay conten

High Ma coment
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Table | {Cominved )

Suitable Unzuitable Reasons for rejection
Palzudolls Calcinerolls High Ca in the profile
Paleusiolls Natraguolls High Na content
Rendolls

Order Oriscls All great groups of suils wasuitsble, Low pH, high Fe

Onder Spodosols All great groups of seils unsuitable, Limited top layer

Order Ulisels
Hapluduils FPaleaguuks High ciay content, hydromefisim
Kandihurmuls
Kandiuduls
Kanhapludulis
Paleudufls

Uriler Vertisols

All great groups of soils unsuitable, high clay content, low drainage

" List according by Soil Survey Staff (1992,

"Clni'_v lisied in the Atlas de Suclos de la Repiblica Argentina (Fundscidn ArgenINTA, 1995)
P T

monthly temperatures below 5°C or above 30°C
(Haverkort and Kooman, 1997); while no growth is
registered below 2°C (Burt, 1964), The minimum
requirement of 1500°C day matches the thermal time
of a seed crop of 75-85 days, while the maximum re
quirement of 3000°C day matches the thermal time of
a late-maturity cultivar of 140-150 days. The model
scans the daily course of minimum and maximum
temperatures throughout the year for the 97 differ
ent weather stations in order to identify periods with
lemperatures suitable for potato production, during
which accumulated temperatures above a base tem-
perature of 2°C exceed the minimum temperature
requirement (Stol et al., 1991}, If requirements for
minimum or maximum temperatures were never met
or only during a period that was too short to meet the

inj ack 1 d P -] | i . the
zone was classified as not suitable for production. If
temperature conditions were suitable during part of
the year, the first suitable day was identified and a
planning procedure for 365 days was started. Planting
date for the first growing season was set at the first
suitable day, if daily minimum temperature was the
constraint, or 2 weeks earlier if daily maximum tem-
peiature was the constraint. Growing seasons were
termi when the d lemperature was at
least equal to the minimum and the minimum or max-
imum day temperatures reached a value outside the
defined Limits, If both maximum and minimum tem-
peratures remained within their defined limits then the

growing season was terminated once the maximum
value for accumulated temperature was reached (van
Keulen end Stol, 1995). A second growing season
was identified if temperatures were within the defined
limits, either following a period of wnsuitable condi-
tions, or directly following the first growing season.
As temperatures were the only selection criterion,
the cropping calendar was not necessarily synchro
nized with rainfall or photoperied. This approach is
consistent with our definition of potential yield.

2.3. Caleulation of potential yield

To calculate the potential dry matter production
of the crop for the different agro-ecological zones
and growing seasons, we used the LINTUL-POTATO
modei as described elsewhere (Kooman, 1995). The
model calculates potential vield for @ certain period
of time, assuming that crop growth does not take
place when minimum temperatures are below 5°C
and maximum temperatures are above 30°C. Simula
tion is based on: {a) incident photosynthetically active
radiation (PAR, 400-70G nm); {b) fraction of PAR in-
tercepted by the crop and (c) radiation use efficiency
(RUE) to convert light into dry mater. Phenological
crop development is driven by accumulated temper-
ature, development stage determines dry matter par-
titioning and growth of stems and leaves defines the
peltern of intercepted PAR. The model has been cali-
brated and validated for different cropping situations in
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the world (Kooman and Haverkert, 1995). The model
simulates the interception of radiation from the time
of 50% emergence through senescence. We assumed
that 50% emergence occurred 15 days after planting
and that plant density was 5 plants m ™2, a nermal plant
density in Argentina. RUE was set at a constant value
of 2.8 g MJ~" based on the results of Echeverria et al.
(1992} and Saluzzo (1994) for Argentinian conditions,
although lower values and values exceeding 4 g MJ~!
have been reparted (e.g. Haverkon and Harris, 1987).
Tuber yields were calenlated by multiplying the total
bicmass produced by the harvest index. The harvest
index is derived from the average temperature during
tuber growth. In potato, more dry matier is allocated 1o
the haulm with increasing average temperatures (Mid-
maore. 1990; van Dam et al., 1995). Up to 15°C, the
harvest index remains constant at 0.8 and decreases
at higher temperatures (Stof et al., 1991). The model
estimates potential yield when water and nutrient sup-
plies are not limiting and when no reducing factors
such as weeds, pests and diseases occur, If conditions
are net ideal, the crop suffers from stress and crop
growth and dry matter disiribution are affected. In
this study, water-limited yields were not considered
because under Argentinian conditions, additional irri-
gation is needed to obtain profitable yields. To run the
model, certain weather data are required: daily globai
radiation, minimum and maximum temperature. This
information was oblained from the database created
for the agro-ecological study (FAQ, 1990; Servicio
Meteorolégico Nacional, 1992); hence mean menthly
values were used. The dry maner concentration in the
tuber was assumed 1o be 20%; to convert tuber dry
matter yields into fresh tuber yields, dry mavter yields
must be multiplied by 5.

3. Results and discussion

3.1, Agro-ecological zoning and identification of
potential growing seasons and potential crap lengeh

The area covered by soils suitable for potato
production, as idemtified with the oriteria already
mentioned, is shown in Fig. |, while = complete
Iist of suitable and unsuitable soils is presented in
Table 1. None of the soils defined with the procedure
used in this study as unsuitable for potato cultiva

tion are acioally cropped with potatoes in Argentina.
Areas recognized as unsuitable for potato production
included those in the western pert of the couatry be-
longing to the Andean mountains, those subject to
ficeding in the northeast or in the central-gast of the
pravince of Buenos Aires, or those with racky soils.

Arcas where the crop is cumently grown were
indeed identified as suitable; examples are: the south-
east and northeast of the province of Buenos Aires,
the central part of the country in the province of Cér-
doba and arezs located in the provinces of Tucumin,
Mendoza and Rio Negro (see Caldiz and Struik, 1999
and Fig. 1). Our results did not fully match those of
Stol et al. (1991) and van Keulen and Sto! (1995) for
Argentina because in the present stody, 50 different
Great Groups of suils were identified, based
on & variety of characteristics, whereas Stol et al.
(1981} and van Keulen and Stel (1995) only defined
cight different soil classes using texture as the sole
criterion. The present results ar a high level of detail
showed their usefulness when more specific use of this
approach was carried our et regicnal levels for differ-
ent Argentinian provinces (Caldiz and Gaspari, 1998,
Caldiz et al., 2001). Moreover, these results show that
there are sull enormovs possibilities of increasing the
cropping ares, provided other resources are supplied.
Seven different groups for the potential duration of
the crep cycle ranging from <1500 to »3500°C day
were identified (Fig. 2a). An important area in the
central-east part of the country, certain areas close 1o
the Andean mountains and an area in the southern part
of continental Argenting #nd in Tierra del Fuego is
land were identified as itable for potato growing,

The central-east area was unsuitable due to the high
summer temperatures or low winter emperatures reg-
istered, which prevented identification of a sufficiently
long growing season. Areas close to the Andean moun-
tains in the northeast or jn the southem part of the
country were not suitable due o low temperatures.,
Tierrs del Fuego isiand was also too cold, but (seed}
potatoes are grown there, aibeit with a high risk of
frosts during crop growing as recently found by Caldiz
et al. {1999). Mosl of the growing seasons identified
in this study, especially those in coastal areas or in the
central part of the country, fit with those identified by
Stol et al. (1991} and van Keulen and Stol {1955)

In most of the provinces of Rio Negro, Chubut and
Santa Cruz potential duration of growing seasons was
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Fig. 2. Potential durtion of crop cycle for (a) the first and (b} second growing season.

in the range <2750 tg >3500°C day. although in some
of these areas, the crop cannot be grown without cer-
tain protective measures due to the high incidence of
several yield limiting factors such as strong and per-
sistent winds (Caldiz et al., 2001). A second growing
season ranging from <2000 to >2500°C day was pos
sible in the northwest, the central part and the castern
part, and the north of Buenos Aires and the south of
Santa Fé (Fig. 2b). These arcas, especially those in
the central and eastern part of the country are actually
double cropping areas where autumn Crops &re grown
from February till June and Spring crops are grown
from July till November (Caldiz and Haverkort, 15994).

4.2, Estimarion of potential yield

The wse of the LINTUL-POTATO simulation
maodel allows the identification of six different poten-
tial yield zones with ranges starting from <10 until
>20Mgha~" dry matter for either the first or the
second of the identified growing seasons (Fig. 3a and
b). Potential yield values obtained in this study are in

general agreement with those estimated by Stol er al,
(1991} and van Keulen and Stal (1995).

Potential yields were higher for the first and longer
(Fig. 3a) growing season than for the second (shorter)
season (Fig. 3b). High values were achieved in areas
close to the sea, for example, the southeast of Buenos
Aires (the typical potato growing area in Argentina),
and the southern part of the country, as found in
previous work (Stol et al, 1991 van Keulen and
Stol. 1995). Potentie] yields >20Mgha™! dry mat
ter were also found in other areas in the northwest
and in the central-west pant of the country (Fig. 3a}
where radiation is very high and temperatures proved
suttable for crop growing (FAQ, 1990; Servicio Me-
tearoldgico Nacional, 1992). For the longer growing
season, some potential yieid values were close 1o
or even higher than the maximum of 140 Mg ha='
estimated by Kunkel and Campbell (1987) for Wash
ington State (USA) and in most cases proved similar
to those calculated for northwestern Europe by Stol
et al. {1991) and van Keulen and Stal (1995). Earlier
potential yield estimations following van der Zaag
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1 <100mghat
] <125Mg hat
] <150Mgha?
[ <17.5mgha?
B <200mgnat
> 20,0 Mg ha'!
B Ciimate unsuitabie

&

D Unsuitable

3 <10.0mgra
[ < 12.5mg ha
[E3 < 150mg ha
BH < 175 Mg ha
-0 Mg ha!

Ml > 20.0mg ha

b

Fig. 3. Poential dry mamer wwber yield of the crop as estimated by the LINTUL-POTATO madel for the (a) first and {b) second prowing

seAson.

and Burton (1978) showed that 88Mgha~! could
be achieved in the southeast region of the province
of Buenos Aires (Cantos de Ruiz, 1988). However,
Huarte and Cacace {1998) mentioned for this regicn
that 100 Mg ha~' have been obtained in experimental
plots, while Caldiz and Struik {1999) assessed with
LINTUL-POTATO, 2 potential yield of 126 Mg ha™'.
In contrast, the mean actual yield for the region is
only 30Mgha~!, illustrating that the gap between
actual and potential yield is still very large. Probabiy
differences between actual and potential yield can be
attributed to unsuitable water and fertilizer manage-
ment (Huarte, 1996) and to the detrimental effects
of foliage di Le. Phytopthil fnfe and
Alternaria solani, which reduce intercepied radiation.
Similar yield gaps were also found in other areas, for
example, in the north, in the province of Tucumén,
actual average yield is around 18Mgha~! (Caldiz
and Struik, 1999) while potential yield estimates are
above 60Mgha~! (Fig. 3a). In this case, these dif-
ferences could be attributed to the poor physiological
status of the seed used, to vnsuitzble water and

fertilizer use and early crop killing to avoid harvest
under very wet conditions (Zamudio, 1996, personal
communication),

In Argentina, seed tubers are produced in differ-
ent areas with different spils and environmental con-
ditions, which results in a wide range of seed age
(Caldiz, 1991). Physiological age is an important yield
Lmiting factor (van der Zaag and van Loon, 1987;
Caldiz, 1991; Caldiz and Ferndndez, 1995), mainly
due to its =ffect on ground cover duration which is
closely related to tuber yield {Allen and Scott, 1980).
Hence, management of seed age should be improved
in order to match, in each zone, the available Erowing
peried (' Brien et al,, 1983). The gap between actual
and potential yields is stll wide but improvement in
seed management, water and fertilizers and contral of
leaf diseases could contribute to reduce it. However.
it would be interesting to analyze this gap, for each
zone, by assessing (a) extra costs of prolonging the
crop cycle (fungicides, water and nutrients) and (b)
associated problems related 1o harvest delay (rainfall
and Jow temperatures), that could probably resuit in
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Fig. &, Potential dry mares wher yield of the crop as estimated with the LINTUL-POTATO on suitable soils for the (a} firss and (b) second

frowing seoson.

reductions in harvestable tubers and quality (Caldiz
and Gaspari, 1997},

Finally, Fig. 4a and b show potential yields on suit-
able soils for different agro-ecological zoning end dif-
ferent seascns, These maps clearly show those arcas
where the crop can be grown and what yields can po-
tentially be achieved. Based on these two maps specific
trials should be carried out to establish water and nu-
trient requirements and to identify vield reducing fac-
tors in each of theses zones. As four different pianting
seasons {early, mediom-early, medium-late and late)
are performed during the whole year, based on the
present results, further work could be carried oot to
idenufy those arcas with largest yield gaps or, at a
high level of detail, identity optimum planting dates
for achieving the highest potential yield within a cer-
tain agro-ecological area (Caldiz and Gaspari, 1998;
Caldiz et al, 2001). These findings also suggest that
the potato industry should consider developing pro-
duction areas in the southeastern part of the country
and in some mountain-valleys in the west, where in
all cases water 15 available.
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Abstract

The aim of this weork was determinaiion of the relationship between the texture of potato crisps and starch, nitrogen compounds.
non-starch polysaccharides and lignin contenl. Analyses of five different potato varieties—"Aster”, “Karlena”, “Ania™, “*Saturna®,
“Panda” harvested in 1996 and 1997, were conducted on potato tubers, before and after peeling, and the crisps produced. Crisps
were characterised by proper colour, odeur, flavour and texture. The most advantageous, as far as the texture was concerned, were
the “Saturna” and “Panda” varieties, while the least successful were “Ania™. The texture of crisps depended on the content of
starch in potato tubers and nitrogen substances and non-starch polysaccharides. Among non-starch polysaccharides, protopectins
had the most important influence on erisp texture. & 2002 Elsevier Science Ltd. All rights reserved.

Kerirards: Potate chips, Texture; Non-starch polysaccharides

1. Introduction

Highly important ameng snack products are potato
crisps. The main quality facier, apart from colour,
odour and flavour, is their characteristic crunchy tex-
ture. It is a well known fact that exture of this product
depends on the quality of raw potato and technology
parameters used in the course of production.

Crisp texture is connected with the dry matter content
of raw potato tubers (Lisinska & Leszezynski 1989).
Crisps obtained from potatoes rich in dry matter (above
25%) can exhibit hard textures, whereas crisps of too
low a specific gravity (low in dry matter), containing
much oil. are characterised by greasy and sticky tex-
tures. The dry matter of potato tubers is composed of
various substances: starch (15%), sugars, nitrogen
compounds, lipids, organic acids, phenolic compounds,
mineral substances and non-starch polysaccharides,

In recent years. many scientists have paid attention to
substances knewn as non-starch polysaccharides, These
compounds constitute the main building material of cell
walls in all types of plant tissues. From the chemical
point of view, non-starch polysaccharides are hetero-

geneous mixtures, containing glycoproteing, waxes,
phenolic esters and nen organic compounds (Asp, 1996;
Ramesh & Tharanthan, 1999}. In the cell wall cellulose
fibrils build a kind of skeleton cemented by a polymeric
phenolic substance—lignin. Hemicellulose accompanies
cellulose in the cell wall. Pectic substances, occurring
mainly in middle lamellae, play an important role as
hydrating agents and cementing materials in the cellu-
lose network (Chang et al, 1993, Miller 1984). The
content of non-starch potysaccharides in potato tubers
is about 6% of dry matter. The most numerous {raction
is cellulose — 2.7-3.8%, and then hemicelluloses—
1.8%, pectin substances—0.7-1.5% and lignin—1.1-
1.6% (Lisiiska & Leszezynski, 1949).

Even though these substances have hecome a subject
of investigation by many scientists, no satisfying expla-
nation of their role has been attempted in the quality of
potato crisps. Although crisps may be produced from
potato tubers of similar starch content, they often show
significant differences in texture quality. Therefore, the
chemical substances of potato tuber that create struc-
tural characteristics in potato crisps need (o be identified.

The aim of this work was determinaticn of the rela-
tionship between the texture of potate crisps and starch,
nitrogen compounds, non-starch polysaccharides and
lignin content.

030S-814602/§ - sec [cont matter 1. 2002 Elsevier Science Lid. Al rights reserved
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I. Materials and methods
2. Samples

Materials for this investigation were potato tubers
before and after peeling as well as the crisps produced
from them. The samples were subsequently collected
from the plant in the autumn 1996 and 1997. Five vari-
eties of potato were under invesligation: “Aster"—very
early Polish variety (Institute of Potato, 1996), “Kar-
lena”—mid-carly Duich-German variety {BSA, 1993),
“Ama"—mid-late Polish variety (Institute of Potato,
1996). “Baturna”—mid-late Dutch-German  variety
{BSA_ 1593}, “Panda”—late German variety (BSA, 1993).

Potate samples were collected from the plant after
they had been washed in a rinsing drum and selected on

Bandurski, and Kivilaan methods (1958) modified by
Tajner-Czopek, Kita, and Lisinska, (1997) at the
Department of Food Storage and Technology at the
Agricultural Academy in Wraclaw, total pecting, proto-
pecting and soluble pectins—Dby the Jaswal (1969) and
McComb and McCready (1952) methods, modified by
Kita, Tajner-Czopek and Lisifiska (1997) at the
Department of Food Storage and Technology at the
Agricultural Academy in Wroclaw.

In the crisps made from different potate varieties the
following data were determined: the content of dry
matter—balance method {AQAC), fat content—by
Soxhlet method, crisp texture—with the use of Stevens
QTS-25 apparatus, compatible with CP/AT camputer
with Stevens' software (the force needed for cutting
crisps was measured with the use of a rectangular cut-

tmspection belts, The raw material obtained d
to 10 kg of tubers and constituted the samples of
unpeeled (ubers. Another portion of tubers, 10 kg of
each different varicty, was collected after the raw mate-
rial had been peeled in carborundum peelers and addi-
tionally cleaned on the inspection belts. In that way the
samiples of peeled and led tubers were obtained and
transported to the laboratory of the Department of Foad
Storage and Technology to undergo further analysis.

The samples of crisps were collected after the slices
had lefl the continuous frier and before the addition of
spices. They were produced from the same portions of
potatoes as the tubers chosen, before and after peeling.
Technological erisp production was as follows: peeled
potato tubers were slhiced (1.2-0.] mm thick) and
washed in cold water. Then they were blanched at 75 °C
for 2 min. Crisps were [ried in a continuous frier, using
palm oil. The imtial temperature of oil was 180-185 °C,
and the final oil temperature ranged from 155 to 160 °C.
The duration of frying time was 2 min. After dischar-
gmng of the otl and cooling, crisps were packed in alu-
minium foil packages and taken to the laboratory for
analysis.

2.2 Analysiy

In the taboratery of the Department of Food Storage
and Techaology the portion of tuber samples before and
after peeling was selected in order to determine the
content of dry matter (AOAC ) and starch (the method
by Evers-Grosleld) as well as to prepare lyophilysate.

In tyophilysate made from the potatoes before and
afier peeling the following contents were determined {in
three replications):. total nitrogen (according to Kjeldahl
method), (pretein conlent was estimated with the use of
6.25 multipher), protein nitrogen—by Berstain method,
aminoacid nitrogen—by Sorensen method, total sugars,
reducing sugars and sucrose—by 2 chromatographic
method (Borys & Kubacki, 1973), non-starch poly-
saccharides and lignin—by the Jaswal (1970) and Dever,

ling attachment. To all the 1ents a crosshead
speed of 250 mm/min was applied. The measurement of
the texture was performed in 30 laboratory repelitions
for each sample), organcleptic qualities—colour, fla-
vour, odour and texture were assessed according to the
five-grade scale (5 points-—the best, 1 point—the worst).

2.3, Stavistical evaluation

To determine whether the contents of particular che-
mical components in the examined tubers before and
after pesling {of a chosen polato variety) differ statisti-
cally the method of two-way variance analysis was
applied. Comparison of crisp quality (the cnsps pro-
duced from the tubers mentioned above) involved one-
way variance anaiysis. In the case of stating statistically
significant drfferences, homogentous groups were deter-
mined by Tukey's multiple comparisons test (level of
significance w=0.05). To assess rank variables (organo-
leptic crisp evaluation on the 1-5 scale), the non-para-
metric Kruskal-Wallis test was used. Homogeneous
groups were shaped on the basis of the determined
ranks. Relationships between crisp lexture and parti-
cular chemical components of p were estimated
with the use of a multiple regression analysis method
for a linear model. Statistical analysis was performed
using Stetgraphics 5.0 (Dabrowski, Gnot, Michalski, &
Strzednicka, 1994)

3. Results and discussion

Potato varieties: “Aster”, “Karlena™, “Ania™, “Saturna”
and “Panda” were used in this investigation. Early varieties
were “Aster” and “Karlena”, mid-late were represented
by “Ania” and “‘Saturn”, while “Panda™ was repre-
sentative of the late variety. All those varieties, as well
as “Rita”, “Tomensa” and “Lady Claire” are most
commonly used raw materials for the production of
crisps in Poland (in the region of Lower Silesia).
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Table 1
Chenncal composition of five varieties

of potily tubers before and afier peeling®

175

Protein nitragen (%

Paus Diry matter {%a) Starch (%) Total nitrogen (%) B) RReducing sugie
variely - - _
Mo Peeled b Not Peeled b Moy Peeled b Mot Peeled 2 Nar
peeled a peeled a peeled pesled a peeled
Aster 19924 19460 15.1% a 1486 a 0328 033a 0150B 0.150 b 0114 d
Karlena 29d 2189¢ 17650 e b 0l6c 043c 0136 a 0138 a 0028 b
Ania H.16b 1955 b 1488 a 1479 8 035 b 1.3 040 b 013k a 0127
Saturna 2328 iate 1840 18374 0.37¢ 04l b D18k e 0.62¢ 0040 ¢
Pands rrd K 2:39d 172.57b 1136 0ise 04l b 019 b 0152% 0012 a
* Driflerent letters within a column indicate significan dilferences (o £ 0.05).
Table 2
Mon-starch pelysacchandes and lignin contens in five varietics of polato lubers belore and alter pecing®
Porate  Protopectin (%) Soluble peetin (%) Hemicelbuloses (%) Cellulose (%) Lignin (%) Tonal (%)
variety e
Nat Peeled . Mot Pecled s Nat Pesied u Mot Peeled s Not Pecleda  Not Peeled &
peeled b peeled b pecled b peeled b peeled b pecled b
Aster 0hH 0223 00% b 006 0320 0X2a 048 b 013a 015a 0lla 130a 047 a
Karlena 02a b 02ib Lie G0g ¢ 043 b 037k 04% b Glia 012k 016k 150e 10l e
Ani 04 a 02l & G409 b 0.08 ¢ 042 b 03k 040 2 [ L 0lse 0l2a L¥w 090 b
Saturnn 026 b 03k ald 00%d 045 ¢ 039 b 046 b 014 00k 0lib Lik b 101 e
Punda 03¢ 027 ¢ 0.08 a 007 b D46 ¢ d4le 0.55¢ 016w [h10-] LAY} 160 d 107c
* Duflerent letters within & columa indicate significant differences (o € 0.05),

The contenmt of dry matter ranged from 19.92
23.28%, while the content of starch was [5.2-18.4%
(Table 1). Percentage of dry matter in potatoes for crisp
production should be 20-23% and that of starch should
be more than 15% (Polish Norm PN-A-74780). Simi-
larly. the content of total sugars should be less than
0.23% and reducing sugars less than 0.12%, which also
meet the Polish norms. The quantity of nitrogen com-
pounds in potato tubers is not the subject of norm
limits. Those compounds, and cspecially  protein
mitregen. could influence the quality of crisps. In this
investigation protein nitrogen ranged from 0.136 to
0.180%.

Potato tubers of analysed varieties were harvested
from the field when physiologically fully ripe. They were
of oval shape, standard size and had a small numbers of
“eyes”. The wbers were healthy and suitable for sto-
rage. Therefore, the material collected for analysis was
of a high quality, and, presumably, the erisps made
from it, following all technological regimes, were neces-
sanily of a good quality

One of the first stages of crisp production is the peel-
ing of potatoes in carborundum peelers. In that process,
the chemical content of potato tubers undergoes some
change. The changes of the content of dry matter and
starch, although they do not exceed 195, remain statis-
tically significant (Table 1), despite the fact that con-
tents of some components, especially those present in

b

the outer parts of tubers become markedly affected by
peeling. Non-starch polysaccharides and lignin can be

d here. In led tubers, the content of the
latter components ranged from 1.3% {“Aster” and
“Ama” vanety) to 1.6% (“Panda™ variety) {Table 2).
Similar results were also obtained by other authors for
potato tubers (fohnston & Ofiver, 1982; Thed & Philips.
1995, Varo, Veijalai & Koivi ., 1984). As
proved by the investigation, the following components
could be found m non-starch polysacchandes of
unpeeled potato tubers: cellulose (average 33%), hemi
cellulose (29%), pectin compounds (abour 25%) and
Jignin {13%; Fig. 1} Similar data for the contents of
analysed fractions of non-starch polysaccharides {NSF)
in potato tubers were recorded by Zgdrska and Fry-
decka-Mazuczyk (1985). The changes after peeling
affect both contents and proportions between particular
substances of the NSP. The amounts of non-starch
polysaccharides and lignin in peeled tubers were nearly
haif those of the unpeeled ones (Table 2). The most
dramatic changes occurred with the content of cellulose
(33% of the NSP fraction and lignin in not peeled
tubers to 14% in the peeled ones). The content of
hemicelluloses increased (37%), while the amounts of
pectin compounds (24%} and lignin (15%; Fig. 1) were
unchanged. The components which underwent the big-
gest changes regarding their contenl constituted the
outer parts of the tubers; they were present also in the
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Fig. 1. Pamicipation of fractions in total NSP and lignin content in potalo tubers belore and aller pesling (avernge vatues of analysed posato
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Table 3

Gil cantent and sensory quality of potane crieps produced from five poLALo vanees®

Colour
(Points 1-5)

Porato variety Nl content {%)

Aster 944 e

450

Kirl=na Hike 475¢
un 93sd 325a
Saturna 38R b 4T8¢
35Ma 500d

Panda

Texture

Odowr Flaveur

450 b s b 425 b 2300 b
450 b 500b 446 ¢ 2507¢
4008 4.50a 34K a 15874
4% 500b 460 d BMd
475c ik 4%0d

34 e

inner pan of potato tubers and therein were less affected
by the changes.

Peeled potatoes were shiced, blanched and then fried,
In the experiment, the cnsps were produced by the same
process. Therefore the qualities of the products resulted
from the chemical compositions of particular tuber
varigties. The crisps made of “Aster”, “Karlena”,
“Baturna” and “Panda" varieties were characterised by an
appropriate golden-yellow colour, typical flavour and
odour, a slightly darker colour characterising the crisps
produced from “Ania” potato variety. The latter variety
contans more reducing sugars, which is the crucial factor
regarding the colour of a ready product The effects of
sugar gquantities on crisp colour were the sub of
numerous research papers (Donouge & Marangoni, 1996,
Jakuezun Zgorska, & Zimnoch-Guzowska, 1995, Rod-
rigues-Saona & Wrolsiad, 1997; Roe & Faulkes, 1991).

Fan contents, in the examined crisps differed (Table 3).
The highest fat content was in crisps made of the
“Aster” polato variely—3% 44%, while those produced
from the “Panda™ variety had 35.77% of fat. As proved
by many authors, fat content is related to starch and dry
matter content of the raw material (Gamble, Rice, &
Selman. 1987, Lisinska, Jaworska, & Malkiewicz, 1989).

* EXilferent letters within a column indicate significant differences (o <0.05),

Potatoes of higher dry mass content produce crisps with
lower fat content than those with lower dry matter
values. That relationship was confirmed by the results
obtained. The highest fat content was in the crisps made
from the “Aster”™ variety, characterised by the lowest
dry matter, while the highest fat values were recorded
for the potatoes of the “Panda®™ vanety with a high dry
maller content,

The feature differentiating the crisps produced from
raw materials of “proper” chemical composition 15 crisp
texture, Texture is listed in Table 3. The highest score
was given to texture of crisps made from the “Panda”
and “Saturna” polato varieties. Worse lextures were
produced from the “Aster’” and “Karlena® tubers and
the worst from the “Ania™ potato variety As men-
tioned, all used potatoes met the norms: they were
characterised by sufficient dry matter and starch con-
tents—the components responsible for shaping crisp
texture. H , the results obtained proved that crisp
texture could also depend on other factors.

Stauistical analysis (Table 4) showed that erisp texture
was influenced, apart from starch and protain mitrogen,
also by non-starch polysaccharides. In spite of relatively
low contents of these components in potate: 7% —in
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Fig 2 Chemical companents of potato tubers before and after peeling (average values of analysed potate varsenes).

Table 4
The relutionship berween the texture of crisps and the starch, nitrogen
compounds. non-starch  polyssccharides and  lignin  content in

Table 5
The relationship betwesn the teature of crisps and the nan-starch
polyssecharides and lignin content in unpesled and peeled potato

unpeeled und petled potate tubers according to multiple reg tubers 8 to multiple regr model*
a
model = Feature {%a) Panicipavion in model Sipnificanze
Feawure (%} Panticipation in model Sienificance —_— - level
level Mot pesled u Peeled b

. . HoUPEeds  SResladlb. Protopectin 6l 56 a=0.001
Starch 2 [ o=0.001 Soluble pectin 11 n a=0.00)
Protein nitrogen n 125 a=0.001 Hemicelluloses 4 2] a=0.101
Amino acid nitrogen 1 - Celiulose i 1 a=0.01
Totl nsp and lignin ] 21.8 =000 Lignin 10 4 e=0,001
Ri=n9132 Ri=09655
Ri~0.9617 RI=05786

* STEV=T (starch. protein nitrogen, amine acid nitrogen, non-
starch polysaccharides und lignin).

non-peeled tubers and 4.9% in peeled ones (Fip. 2),
their participation in crisp texture was high enough. Their
participation was 9-21 % in the model (Table 4), compared
to starch—66-79% and protein nitrogen—11-12%.
Jaswal (1970, 1989, 1991} investigated crisp texture in
relation Lo specific gravity and polysaccharide content
in polatoes which served as the material for crisp pro-
duction. He reported that polysaccharides, separated
from polato tubers of different specific gravities, differed
in their molecular mass. Potatoes of higher specific
gravity contained non-starch polysaccharides of higher
molecular mass than potatoes of lower specific gravity.
While french fries underge partial degradation of poly-
saccharides. that process is more rapid during heat
treatment of low-specific gravity potatoes. The author
explams this phenomenon by the fact that, in the pota-
toes of high specific gravity, polysaccharides are more
stable and the thin structure is more compact, which
prevents Lheir degradation. Therefore, the french fries
produced from potatoes of high specific gravity, which

® Stev=[ (provopectin, soluble pectin. hemicelluloses. cellulose,
ligning.

were not the subject of polysaccharide degradation,
showed better wexture,

The effects of parucular non-starch polysaccharides
fractions and lignin on crisp texture were analysed by
multiple regression (Table 5). The most important role
played in shaping crisp texture was that of pectin sub-
stances and among these the protopectin fraction. Their
effect was statistically estimarted as 56%. The next most
mmportant fraction which affected crisp texture was
hemicelluloses (28%). The remaining two fractions—
cellulose and lignin did not influence crisp texture. Their
toial participation in the model was only 5%.

There appear 1o be no lterature dala considering the
effect of non-starch polysaccharides and lignin on
shaping crisp texture. Reports are confined Lo the tex-
ture of boiled wbers. According to Hughes, Faulkes,
and Grant (1975) an important role in the wexture of
such tubers is played by pectin. The change of botled
potate texture is connected with the effects of calomm-
pectin gels in the cell nuddle lamella.
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Moechanisms of starch, non-starch polysaccharides
and lignin effects on crisp texturc have not yer been
explained. Probably, as in the case of boiled potato, a
kind of “skeleton”. consisting of carbohydrate com-
plexes, is formed at high temperature, which affects
tenderness of the boiled product. Varying amounts of
those compounds in the tubers of different varieties can
result in different crisp textuge.

Crisps of the best texture were produced from the
“Panda” potato variety and they were charactenised by
the lughest contents of starch, non-starch poly-
sacchandes and lignin, The following compounds could
be found m non-starch polysaccharides of that potato
variety: pecting—0.38%, hemicelluloses—0.46%, cellu-
lose—0.3%. Ligain constitwted 0.21% (Table 2). The
WOTSL cTisp texture was in potato tubers of the “Ania"
variety. Those tubers contained .33% of pectin, 0.42%
of hemicelluloses, 0.4% of cellulose and 0.15% of lig-
nin. These results suggested that pectin compounds, in
addition to starch content of the potato tubers could be
factors affecting on cnsp texture

As far as the assessment of potate varieties chosen for
crisp production is concerned, knowledge about chemi
cal content of raw material, before and after peeling, is
stll mmpaortant. Although, in most cases, crisps are pro-
duced from peeled tubers, technology without that stage
can also be accepted. Knowing the degree to which
potale peehng changes gquantitative relationships
between particular tuber components, it is possible to
predict the quality of raw material obtained from parti-
cular potato portions. Constant improvement of potate
cultivation technology can probably lead w a raw
material of stricly “'programmed” chemical cantent,
with nol enly appropriate amounts of dry matter, starch
or sugars. but also appropriate amounts of non-starch
polysaccharides, and especially pectin compounds. Such
a situation could ensure the desired crisp quality and
their excellent texture.

Instrumental measurement of crisp texture was car-
ried oul o introduce an objective texture assessment.
The force needed to break crisps was determined with
the use of u Stevens QTS-25 apparatus. The results
obtained were compared to orpancleptic estimation.
The hardest crisps were made from the “Panda” potato
variety (26.34N). while the “Ania"” potato varety was
responsible for the lowest hardness (15,87N). The best
erisps texture was from the “Panda” potato variety and
“Ania” potato vanety proved 1o be the worst (Table 3).
The crisps of higher hardness {instrumental measure-
ment} were scored higher by the sensory judges than the
erisps of lower hardness.

Hotiska. Ciganik, Valenlova, Kalinova, and Kynos
(1996} invesugated correlations between sensory and
instrumental texture estimation of several kinds of ten-
der products. They reported that some sensory qualities
{e.g. lexture) correlated well with mechanical hardness,

ie. the force required to break or crush a product with
the use of the Instron 1140 apparatus. They found a
correlation between hardness estimated by fingers (sen-
sory estimation) and maximum force required 1o break
a preduct (instrumental assessment).

Many authors (lles & Elson, 1972; Seymour &
Hamann, 1988; Vickers & Christensen, 1980) have
reported that correlations between sensory hardness of
snack products, and crisps among them, and instru-
mental texrure estimation.

4, Conclusions

Results showed that crisps produced from four out of
five potalo varieties were of appropriate colour, flavour,
odour and texture. The best texture was in the crisps made
frem “Satwurn” and “Panda’” potato varieties, while
“Ania" was the worst in that respect. Crisp texture
depended mainly on starch contents of the potato tubers
and, after this on the sum of non-starch polysaccharides,
lignin and protein nitrogen. Pectin-protopectin com-
pounds played a crucial role in the case of non-siarch
polysaccharides and lignin regarding crisp texture.
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Ahsrract

Two early mutwring powo cultivars viz. the Indisn cultivar Kufri Lauviar and the exotic cultivar Atlantic were imvestigated for sucrase,
reducing sugars and dry matter content changes during ruber growth. Relatively poor processing cuhivar Kufri Lauvkar maintaing higher sucrose

and reducing suger contents and lower dry matter values as compared ¥

o Atentic throughout he growth and imespeetive of the wber size. The

cultvar Kufril i ity, bt its 1

rerthern Indian platns. A

negative comelation between free sugars vis--vis crop duration end tuber size was chained.

4 2006 Elsevier B.V. All rights reserved.

Kevonds: Suerase: Reducing sugars; Dey maner; Potano fsber, Growtk

1. Introduction

Potna chips industry is growing au a fast pace in India
mainly because of increased availability of quality raw material
(Anorymous, 2004). The cultivars Kufri Chipsona-1 and Kufri
Chipsona-2 were bred specifically for chip making and were
released for commercial coltivation in 1998 (Gaur et al,, 1999,
Both the varieties are long duration requiring 100-110 days for
maturity (Gaur et al.,, 195%). But, still industry faces problem of
raw material paucity during the months of December/January
when stored material is not seitable and there is scarcity of fresh
potatoes. Therefore. there is a requirement of cultivars with
shaort duration maturity and for different seasons with reason-
ably good yields to increase the availability of rmw material to
run the industry round the year. To achieve these objectives
cither through conventienal bresding or gene manipulations. it
is essential 1o generaie basic informations of wber metabolism
so that specific swratepies could be adopted. Kufri Lauvkar is
one such culiivar that achieves early mawrity with geod
processing quality whea grown in relatively warmer Malwa
region of eentral India, But the cultivar fails w yicld good
processing quality. when grown in relatively cooler nerthem

* Conigsponding suthor, Tel.: +51 121 I57T742; fux: 91 121 2576584,
E-nieil ugrens: dinesh_epei @yaboo.com (D Komss)

03442383 - see frone matter T 2006 Elsevier BV, All rights reserved.
o 101 101 g bt 2006 05,022

Indian plains. On the other hand, the exotic cultivar Atlantic
perfarms very well with respect 1 processing guality onder the
same conditions, However, total wbes yields ase higher in Kofn
Lauvkar when compared with Atlantic. The north indian plains
are major potato producing regions of India. The study was,
wherefore, undertaken to compare the changes in sucrose,
reducing sugars and dry matter content of tubers, which are
major indicators of processing quality, between relatively poor
processing  cultivar  Kufri Laovkar and relatively good
processing cultivar Adantic to find out the possible reasons
for poor processing guality of Kufri Lauvkar tubers.

2. Materials and methods

The crops of Kufri Lauvkar and Atantic were grown at
farms of Central Potato Research Institote Campus, Modipuram
(29°04'15T"N, 77°42'450°E and elevation 237 m above mean
sea level) in random block design s per he recommendesd
package of practices during the years 2001-2002 and 2002-
2003, The crop was planted on 20th October cach year i the
main season, Fresh bers were harvested at weekly intervals
starting from 55 days after planting ull physicat maturity, i.e.
50 days after planting. At each harvest five plants from cach
replication were harvested in such 2 manner that no tuber is left
ir the soil. Harvested tubers were then graded into five
categories based on weight. The categories were 0-20g,
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2140 g, 41-60 g, 61-80 g and >80 2. Three to five tubers from
each category were randomiy selected and fixed for sugars and
dry matter comtent within & h. Sugars were extracted by
refluxing in 80% isopiopanel, and reducing sugars were
estimated by Nelson's method (1944) and sucrose by van
Handel's (1968) method. Dry matter content was determined by
drying finally chopped tobers in hot air oven first at 80 °C for
Gl and then at 65 *C 1ill constant weight was achieved. The
analysis of variance was performed using the statistical
software [RRISTAT.

3. Results and discussion

Tuber cells receive sucrose in the cytosol as their major
carbon and energy source (aP Rees and Morrell, 1990). A
possible link between sucrose levels and the rate of carbon
impart into the tubers has also been suggested (Oparka, 1985).
The mean average values of sucrose were higher in relatively
poor processing cultivar (cv) Kuofr Lauvkar (400.69 mg/
1002 fwt) as compared to the cv. Atlantic (276.02 mg/
100 g wt.) (Table 1) The sucrose content was also lower in
Atlantic when compared in different size grades or different
growth stages (Table !). But when compared in relation w

cultivar, duration and size inleractions, at some stages, in smali
sizes (0-20 g) sucrose content was relatively higher in the cv.
Atlantic. No fixed patterns in sucrose changes were ohserved
over the duration of growth (Table 1}, though lowest values of
sucrose were observed at 90 days of prowth. Socrose
concentrations are normally found to dechne continually
thronghout tuber growth (Nelsen and Sowckinos, 1983),
however, increases in sucrose concentrations up to tuber fresh
weight of abowt 200 g have been reported (Sowokines, 1973).
The lowest values of swcrose content at maturity (90 days)
could be due to reduced supply of photosynihates/sucrose,
because of senescence onser. The decrease in sucrose
concentrations from 83 w 90 days was not observed in 0-
20 g sizes, possibly because of greater tuber immaturity. A
negative comelation of —0.204 was obtained between sucrose
content and crop duration.

When tuber weight categories in relation to mean sucrose
content were compared, no significant difference was observed
between 21-40, 41-60 and 61-80 g category, while maximum
sucrose content was obtained in 0-20 g category (406.98 mg/
100 g f we) foliowed by >80 g tubers (35150 mg/ 100 g f wt ).
A negative correlation (—(00178) was oblained between tuber
size and sucrose contents.

Table |
Changes in sucrose conlents (mgrit g f wr ) in potato tubers during growth
Dy of develapsment Cultsvar Tuber weight (g)
0-20 2140 4160 Gi-80 =1 1] Mean
53 Kufri Lavvkar 44157 41761 37502 33886 7206 ARY.52
Atlantic 301.85 24345 23084 28236 34791 28408
Means gl 330.51 30648 3142 359.5% 336,80
&2 Kufri Lauvkar 24277 39795 35639 46399 47210 42660
Allantie 647,92 7759 19578 26417 30723 33162
Means 34535 13787 27158 364,08 JE066 2
-1 Kufnn Leuvikar 697.08 40198 24554 36173 419.83 47123
Atlontie 27346 24150 mar A1 296,43 260.4%
Meang 48527 12174 5947 24973 ELENE] 36586
6 Kufri Lauvkar 260,97 744 38579 31135 457.42 37659
Atlastic 383,45 223,53 22949 25418 24794 269.72
Means 7 29548 J07.64 282.77 13268 J2306
n Kufs Lauvkar 154.13 3BE50 39147 35397 45491 394,80
Allantic 28093 31285 BLTS 256.54 261 %96 269.01
Meany 805 150488 nain J05.25 7344 33095
50 Kutni Lauvkar 390,37 93w 28399 3107 34378 34530
Atlantic 29573 211.56 24072 II361 19641 23521
Meuns 306 204,92 261.85 27134 27000 25026
Means Kufn Lauvkar 348.24 W33 27305 ELSRTY 416.68 400,69
Allanbe 365.73 25181 mn 28127 27632 276.02
Beas 408,98 12357 30351 a6 22 35150
SE LSD {3%)
Cultavar (2 286 B2%
Dhuratwon (63 513 1435
CxD 125 2030
Tuber wize (5) 468 1310
Cxs 662 1853
D=8 146 3209
C=Dx§ &5.38

1621
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The mean values of reducing sugar contents {Table 2) were
also higher in Kufri Lauvkar (11336 mp/100 g f wt) as
compared to Atlantic (75.07 mg/100 g f wi.); this could
explain the superionity of chipping quality of Atlantic tubers
over Kuiri Lauvkar. When compared over different weight
categories or different durations, the mean values of reducing
sugars were significantly lower in Atlantic than Kufri Lauvkar
{Takle 2). During development sucrose serves as the source of
substrates for respiration and synthesis rather than reducing
sugar formations  (Sowekinos, 1973). When interaction
between cultivar, duration and size is taken into consideration,
up to 69 days the 0-20 g category of ev. Atlantic had higher
reducing sugar contents as compared 1o Kufri Lavvkar, but
during further maturity, the situation got reversed. There is &
strong positive correlation between tuber size and carbon
inpart, just after tuber initiauon, but later it becomes weak
{Oparka. 1985). At B3 days stage, the difference between
reducing sugar content of whers of 4] g or more both in
Atlantic and Kufri Lauvkar was non-significant. But at final
harvest of %0 days. only lubers weighing more than 80 g had
this mon-significant difference; otherwise the reducing sugar
conent was lower in Adantic twbers. Lowest values of

Tabde 2

reducing sugar contents were also observed 21 83 days stage in
both the cultivars. Afier 83 days stage and au 90 days stage
yellowing of Jeaves was observed, and during this period
minimum average ambient temperatures were also low
(Table 4). The reducing sugar levels did not changes in a
fixed pattern in Kufri Lauvkar, while in case of Atlantic tobers
there was a gradual decrease in reducing sugar contents over
the period of time, The reducing sugar contents decreased with
increasing tuber size and were comparatively lower in tubers
weighing 61 g and above. For wbers more than 1.5cm in
di correlations b growth rate and chemical or
enzymati i are 1y week possibly becavse of
dilution effect (Sowokines, 1976). A neg correlation of
—{1.650 was obtained between tuber size and reducing sugar
contents, While the comrelation between crop duration and
reducing sugars content was ~(.165.

The mean values of dry matter content (Tahle 3) were higher
i Atlantic (21.24%) when compared with Kufn Lauvkar
(19.21%). The dry matter content was higher in Atlantic wbers
than Kufri Lauvkar, when mean values for crop duration or
different weight calegories were compared (Table 3). But when
interacrion between cultivar, duration end size is taken into

Changes in reducing sugar contens (mef100 g £ wi.) in polats ubers during growih

Days of development Cultivar Tuber weight {g)
020 2140 4160 1-80 ) Mean
38 Kufri Lauvkar 197.80 140,17 11562 8 13051
Atlantic 197.40 99.21 .2t 83,59 T8.29 10394
Means 197.60 19.69 2% &2 9970 Hz.22
62 Kufri Layvka 13157 1955 100.79 7148 7345 $5.dd
Attuntic 24802 3942 36.29 402 Fa62 81,71
Means 189,79 f649 6844 a0 74,04 95 58
69 Kufri Lawvkar 185,04 145,81 8515 4731 1263 106.03
Atlamic 21992 3376 5257 2108 558 Ta.58
Means 209.48 8578 SR8 31e 64.10 or.350
kL] Kauafei Lauviar 308.24 14376 103.83 57.70 65,64 136.30
Allantic 151.23 6331 4529 s0.62 3834 7156
Means 20974 104,54 7,56 5866 34 16353
&3 Kufri Louvkar 156,81 96.16 65.86 2591 4248 544
Atlantic 95,74 nn &7.45 3043 29.86 4515
Means e 27 3949 &8 2817 6,18 67.29
90 Hutri Lauviar 21004 117.64 120.65 10678 5679 122.44
Allantic 8639 6023 45.33 45.51 45.90 5747
Meuns 148.26 &9.04 & 5§ 7604 3134 £9.95
Meuns Kutri Lauvisar 207.28 12755 9533 0457 72406 113,36
Athntic 166.45 56.35 516 A6.91 5377 75.07
Means 186,86 51,85 73,81 5574 62.91
SE LS (5%}
Cultwvas (C) Lz 3.3
Deration (D) 194 543
CxD 274 .67
Tuber size (5) 177 455
CxS 250 2.0
x5 433 [ENE]
CxDxi 613 1716
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Table 3
Changes in dry malier sontent (%) in polato fubers during proveth

Days of development Cultivar Tuber weight (g)
20 21540 41-60 1-40 40 Mean
55 Kufri Lauvkis 19.02 1768 18.55 1840 17.51 1823
Allantic 1547 0.1 046 0.2 19.76 20.06
Means 19.25 18.89 19.51 1837 1863 19.42
62 Kulri Lauvkar 1977 1903 18.87 1928 1669 19.17
Atlantic 1872 21.64 2105 2216 nm 2041
Means 1925 038 1996 1976 19.04 1979
69 Kutri Lauvkar 18.63 19.14 19.63 1840 1846 1885
Atlangie 1843 2226 2080 216 2008 1093
Means 18.53 070 021 20.28 19.7¢ 19.89
% Kufri Lauvkar 1858 19.34 19.52 17.83 19.12 18,38
Adlantic 2104 W4T 231 2148 21.47 2138
Meins 1581 19.91 2091 J9.64 0w 20.44
&3 Kufti Lauvkur 18.14 1241 2136 19.55 2105 .50
Atluntic e nr 2199 2138 2138 217
Means 19.62 12.56 2068 0.6 2.2 2045
o0 Kufri Lauvkar 17.7% 2103 19.1] 2084 19.38 19,63
Adantic 2263 2507 1254 2150 2147 2304
Means 202f 2305 2083 207 043 2434
Means Kufri Louvkar 18.65 1977 19.51 19,05 19.07 19.21
Allantic 2023 2204 2153 2149 2091 2124
Means 1944 209¢ 2052 w27 1999
SE LSD (5%)
Cultivar (C) 040 ol
Draration (D) 0.0 (1]
CxD 059 028
Tuber size [5) 06 [A1]
Cx5 091 n2s
D=8 [N .44
0.22 0.67

CxDx5

consideration, the dry matter content value differences a1 83
deys in 21-40; 41-60 and >80 g categories were insignifi

Morrell, 1990). The relative magnitude of utilization of sucrose
is d ined at the first instance by activity of sucrose

between Atlantic and Kufri Lauvkar. But at final harvest at $0
days all categories of Kufri Lauvkar had significantly lower dry
malter contents in comparison to Atlantic tubers. Tuber size
may be poorly correlated with tuber growth rate such that the
largest tuber om a plant at any one time may not be the largest at
4 subsequent date (Ahmed and Sagar. 1981). Lower wmpera-
tures along with advent of sensscence could be one of the
possible reasens for decreased values of dry matter and increase
n reducing sugars from 83 1o %0 days. But Atlantic tubers were
alse subjected 1o same condinons, where infact an increase in
dry mauer content was registered. The role of ADP-glucase
pyrophosphorylase activity could be crucial at this Slage, as
Mutler-Rober €1 al. (1992) have shown that inhibition of this
enzyme results in increase in total tuber fresh weight, but a
decrease in dry weight of tubers,

The Atlantic whers maintain a higher dry matter content and
lower sucrose and reducing sugar levels throughout the
development stages investigated, when compared with Kufri
Lauvkar twhers. On arrival in the tuber, sucrose is partitioned
between starch, structural polysaccharides, SIOFAgE A% SUCTOSE
or hexose, and entry into the respiratory pathways (aP Rees and

metabolising enzymes (aP Rees and Morrell, 1990). Though,
metabolic flux and enzymatic studies were not conducted, but it
is clear that Atlantic tubers are able to maintain lower sucrose
and reducing sugar coments throughout the development as
compared to Kufri Lauvkar tbers under the same set of
climatic conditions. The relatively cooler climate during
growing scason, in norithern Indian plains vis-d-vis cenual
India, could be the possible reason for this behaviour (Table 4).

Both the cultivars under study are early matoring. The wotal
tuber dry matter yields are also higher in Atlantic as compared
ta Kufri Lauvkar (Kumar and Ezekiel, 2006). But Kooman and
Rabbinge (1996) suggested thet date of tber initiation is not
the only factor determining crop earliness. The effect of wber
sink strength on leaf longetivity is more important o crop
ecarliness. Sink strength of growing potato tubers is believed 1o
be limited by sucrose metabolism andfor starch synthesis.
Engels and Marschaer (1986) found a large fluctuation in the
growth rate of individual tubers on @ single plant, This was
unrelated 1o wber size, but was positively correlated with their
sucrose content, with their ability to attract newly fixed
photosyathates and with their ability to metabolise “C-sucrose
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Table 4
Maximim znd minimum ump:murn () rﬂnnng crop growth pchod
Monthiwesk 2001-2002 _nn'! "Jm
Oretaber
3 400 17.00 aLm 17.80
4 3380 1900 3L 15.60
November
i .00 1630 2950 14.50
2 3030 1250 2560 1280
1 20.60 11.90 29.40 1160
4 7% 1020 2506 800
Drecernber
1 1m0 960 25.50 730
2 330 930 26.10 6.8
3 2640 LEw 25.60 B.40
3 15D &8I0 19.00 6.70
January
i 540 370 1490 5.80
2 2.0 .00 14.00 260
k) 21.60 830 15.70 290
4 2040 8.2¢

synthase, plays an important role in synthesis and degradation
of sucrose (Davies et al,, 2005). It could be possible that the
enzymes of sucrose degradationfiransport as well as of starch
synthesis specifically ADP glucose pyrophosphorylase in Kufri
Lauvkar are getting more affected in relatively cooler climates
of north western India, since Kufn Lauvkar s reported (o
accumulate more yields in warmer ¢limates {Gaur et al., 1999).
Cultivars vary widely in their response 10 lemperaiures
(Marinus and Badlaender, 1975).

‘The cultivar Kufri Lauvkar maintains higher levels of free
sugars and accurnulates lower dry matter content, irrespective
of the growth stage or tuber size, in comparison o the cultivar
Atlantic. Thus, the cultivar Kufri Lavvkar may be attaining
physical maturity, but remains chemically immature under
cooler sub-tropicai plains of northern India. Detailed investigs-
tions on sucrose metabolism, under sub-tropical climates, are
required to be conducled 1o pin-paint the reasens for the same.
A negative correlation between free sugars content vis-i-vis
tuber maturity and tuber size was obtained.

2340 660

to starch and cell wall components. Therefore, it appears that
there 15 lesser conversion of free sugars in dry matter content in
Kufri Lauvkar whbers

Zrenner el al. (1995) by using the antsense mhibition of
sucrose synthase reporied that inhibition of sucrose synthase
does not affect the sucrose contents of the twber, but leads to 2
strong accumulation of reducing sugars and an inhibition of
starch accumulation in developing potato tubers. The reduction
in starch accumulation is not due to an inhibition of major
starch biosynthetic enzymes. The chanpe in carbohydrate
accumulation is accompanied by a decrease in total tuber dry
weight. In this study, though, starch content was not
determined. but a relatively low dry matter was obtained in
Kufri Lauvkar. Removal of sucrose by hydrolysis removes
sucrose from the equilibrivm and keeps the chemical gradient
ber parenchyma cells and phloem sysiem steep
(Frommer and Sonnewald, 1995). Further investigations, wxr]:
respect Lo Lhe role of sucrose sy , are, therefi |
to find out the reasons for higher sucrose or reducing sugar
contents and lower dry marter content in tubers of cultivar Kufri
Lauvkar in comparison to Atlantic.

A tuber numbers in Kufri Lauvkar (8.55 per plant} is
though allgl\tly higher than Atlantic (5.33 per plant) {Kumar
anl Eeekiel, 2006), Zrenner el al. 11995) reported that sink
strength of prowing potato tuber is detenmined by sucrose
synthetase activity and not by tuber number per plant. Higher
vels in Kufr Lauvkar tubers may be either because of
avage by sucrose metabolising enzymes or due to
feedbick slowing of upper end enzymes. Bul, presence of
higher reducing sugar contents, possibly from sucrose cleavage,
mukes the situation unclear As it has been shown that increased
vacualar invertase activity Jeads to increased hexose levels, but
decreases sucrose contents (Junker el atb., 2006). Recently it has
been shown that even fruciokinase, in concert with sucrose

between the
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Effects of mouldboard ploughing and direct
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Abstract

The use of conservation tillage sysiems is now widespread for cereals in ian-p areas of
Morway. However, few growers are willing to adopt such practices for other crops. An experiment
was canducted in southem Norway (60°46'N, 10°49'E) from 1987 10 1993 1o compare the effects
of two different tiilage treatments on powato {Solanum lwberosum L) yield and quality, The
conventional labour-intensive meatment, with autumn mouldboard ploughing, levelling and two
passcs with a spring-tine harraw in spring was compared with planting directly into untilled barley
(Hordeum wulgare L.) stubble, with straw removed, The soil type in the experiment was &
marainic, stony loam {Typic Cryoborell, Onhic Melanic Brunisel). Prior to the start of the
experiment direct-planted plots had not been ploughed for § years. During the wial years
(19€7-1983) 2 pavem of two different yield curves emerged as functions of the date of
harvesting. The yield curve for direct planting was steeper, crossing that of conventional tllage on
approximately 10 September, thus predicting higher tuber yield for direct planting when harvest-
ing occurred after this date, but lower tuber yield than with conventions! tillage in the case of
early harvesting. The reason for this is thought to be cocler soil and delayed growth and
maturation with direct planting. Furthermore, dirsct planted potatoes gave higher haulm yield, and
also had higher contents of N, P and K in both haulm and wbers. No significant differences in
twber quality were found berween the two reatments, A strong negative comelation was found
between the yield increase caused by direct planting and mean air iemperawre in August. The wial
indicated that direct planting of potatoes in ceresl stubble is a viable ailsmative to conventional
plough tillage on loam soil in Norway, provided that the growing season is adequately fong.

Keywards: Conventional tilage, Dhrect planting: Harves: date; Nutriem uptake: Porato vield and quality

DRBT- 1987 /%% /81 500 Copyright £ 1996 Elsevier Scicnce BV, All rights reserved.
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1. Introduction

Itis customary in Norway for potato growers to plaugh the land in sutumn, and leve!
and harrow it in spring. Before the advent of tracters, only the upper 10 cm seil layer
was tilled. This gave sufficient soil loosening for the functioning of planting, ridging and
lifting equipment. Since tractors came into use for tillage purpases, both the depth of
ploughing and the frequency of harrowing has increased. Whereas only about 2000
m*ha™" of soil were tilled before planting in earlier times, this volume has now more
than doubled.

Over the last few decades there has been increasing inlerest in environmentzlly sound
soil management. Cereal growers are adopting simplified cultivation methods in many
countries {Cannell, 1985). For other craps, sspecially in the case of potatoes, there has
been less interest, since it is often assumed that deep soil ploughing is necessary before
potate planting (Hessayon and Fenemore, 1961; Nedrebo and Nome, 1986). When the
soil is compacted, deep loosening gave higher yield and quality (Saini and Hughes,
1972}. Others have noted that deep loosening is necessary when the soil is compacted,
but much year-o-year variation has been found (Eck and Unger, 1985). Sojka et al.
(1953b) found a yield response for lonsening the soil beneath the drill but not elsewhere
in the potato field, although loosening between drills prevents soil erosion (Sojka et al.,
1993a). Experiments conducted in Scatland and Sweden have shown that deep loosening
is not needed in all cases (Parker et al., 1989; Rydberg et al., 1990). Many experiments
have shown that polalo yield is greatest where the soil has not been wafficked (Dickson
et al, 1992; Young et al, 1993). Tn the later experiments wide wheel spacings (2.8 m
#nd 12 m} were used, and the yield evaluation was conducted b the wheels. Other
experiments have shown satisfactory results with reduced tillage for potato when weeds
are held under control (Dallyn and Fricke, 1974). Even if the soil is untilled before
planting, the upper 10 ¢m soil layer is disturbed during the processes of planting, ridging
and harvesting. This in itself gives some weed control. Furthermore, chemical and
mechanical means of combatting weeds are available if necessary.

These reduced tillage experiments with polatoes were started in 1978 at Kise
Research Station (Ekeberg, 1987). One of the 1illage treaiments was direct planting into
untilled, straw-free soil. In 1987 delayed plant maturation in this long-term trial was
observed, supgesting differences in growth curves, and subsequently possible diff
in yield. This paper discusses the results oained in this trial from 1987 to 1993,

2. Materials and metheds

The experiment was conducted on a stony merainic loam (Typic Cryoborell, Soil
Survey Staff, 1992; Orthic Meianic Brunisol, Canada Soil Survey Committee, 1974),
consisting of 43% sand, 42% silt and 15% clzy. The organic matter content was 67
gkg™?, and pH (H,0) was 6.2. Plant available P and K was 52 mgkg™' of soil and 125
mgkg™" of soil respectively, estimaed by exiraction in an ammonium acetate /lactic
acid mixture (Egrer et al., 1960}, The experimental site had a slight southwesteriy slope.

The precipitation deficit (potential evaporation minus precipitation} and mean air
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Tabie 1
Precipiwsion deficit * (mm} in the growing season &t Kise Research Station
May June July August Seplember Total

1987 -3 -~ 3 -5 —® 230
1988 3 68 -79 — 48 - 116 142
198 2 3t -13 -25 26 4l
1950 56 12 =11 - 16 19 43
1991 BS =75 n k] =T -]
1992 A6 114 -8 54 -35 ]
1993 -8 i -0 - 52 5 ~-53
Mormal 1961-%0 1% b 9 -2 -24 2

! Polential evaporation minus precipitation.

temperature at Kise Research Station during the study period are summarized in Tables
1 and 2. The 1987 growing scason was wel, except in July when potential evaporanion
exceeded precipitation by 32 mm. In 1988 and 1993, there were dry conditions in May
and June, whilst the last 3 months of the growing season were rather wet. In 5 of the 7
years there were rainfall deficits in May and June, which is typical for the inland area of
southeastern Norway. The rainy years of 1987 and 1993 were also the coolest. In
August, which constitutes the most important period for wber growth in Norway, the
mean temperature varied between 11.8°C and 15.7°C.

A two-row potato planter with ridgers was used in the 7-year experiment. This
pianter also allows the application of fertilizer at the same time as planting. Harrow tines
were mounted between the drills of the planter in order to loosen the soil. In addition to
this, an iron plate was welded onto the planter in order to make a 5-cm deep notch in
which o place the potato sets (Fig. 1. In order for the potato planter to be able to move
in an approximately level manner, shallow furrows were made during plamting (Fig. 2.
A separate ridging operation was performed afierwards, using a strengthened ridger.
This ensured similarly shaped drills on both soil reatments (Fig. 3).

The whole experiment included four replicate blocks, each 20 m by 50 m, with lwo
randomized tillage treatments, autemn ploughing 1o 20-25 cm depth and direct planting

Table 2
Mean uir temperature (°C) in the growing season o Kise Research Station
May June Tuly Avgust Seplember Mean

1987 1.3 e 150 1LE a7 1038
1988 8.1 16.8 16.2 140 s 133
1969 9.5 139 158 134 17 127
1980 106 140 153 151 100 130
1991 92 0w 1X] L5.7 1.1 125
1992 (I%] 158 147 130 99 13.)
1993 106 1.9 142 124 1.7 1A

Neogmal 1961 -0 BS 136 152 lep 9.6 12.2
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Fig. 1. Potato planter with two tincs mounted betwesn the drills, and o rounded iron plate which makes &
groove for the polalo sets.

Fig. 3. Afier ridging, the drill ridpes look the same as those obiained with conventionsl tillage.
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Table 3
Dates of planiing and harvesting wnd potato varisties used in individual years of the experiment

Flanting daes Harves: dases o Varieties

1 i m _

1987 7 May 25 August 1 Sepember 2§ Seplember La
1988 10 May 30 August 16 Seprember 30 Seplember La. Pi. KP. Ma
1989 4 May 28 Angust 11 Seplember 15 Sepember La, Pi, Be, 52
1950 & May 21 August 4 Septembes 18 Scplember La, Pi, Be. 5a
1991 4 May 13 August 27 Augest 10 September La, Pi, Be, S5a, Mz
1992 13 May 31 August 14 Sepwmber 24 Sepiember P
1993 12 May 30 Angust 13 Sepiember 6 September Pi
Mean 8 May 26 August 9 September 13 Seplember

La, "Laila", 1. “Pimpemel”; K.P., “Kerr's Pink'. Be. “Beate'; 52, “Saruma’ and Ma, ‘Mandel'.

into untilled soil. The same plots had previously been used for tillage trials with
‘Gunilia’ barley (Riley, 1985). In the present trial period cereals and potatoes were
rotated, with the field divided in half each year. The straw from the barley crops was
removed in autumn, The autumn ploughed plots were levelled and harrowed in spring in
the conventional manner.

The foliowing amounts of fertilizer in kilograms per hectare were used: 54 NO;-N,
66 NIH,-N, 33 P, 147 K. 11 Mg and 72 S, &l given as compound fertilizer, Weeds were
controiled either chemically with metribuzin (1,2,4-triazinone} or mechanically. Blight

FPhytophih b ) was controlled by metalaxyl (acylalanine) and mancozeb
{alkylenehis (dithiocarbamate)) when needed. In autumn the potatoes were harvested
with a semi-automatic potato lifter,

Planting date varied between 4 May and 13 May and harvesting was performed on
three dates each year (Table 3). Harvest time was included as & split-plot factor in the
analysis of variance. The latest harvesting date varied between 10 September and 30
September, whereas in practice potato-lifting is usually completed by mid-September in
this area following conventional tillage, Several different varieties were included in the
trial at 2 further split-plot level in some years (Table 3), in order 1o investigale possible
interactions between tillage Wreatments and varieties with varying maturation patterns
("Laila" and *Saturna’ were the earliest varieties used, whilst *Pimpernel’ was the Jatest),

Haulm yield was recorded in all but the first year of the experiment. After harvesting,
the tubers were washed and analysed for size distribution, dry matier concentration,
common scab (Streptomyces scabies) and greening. Both tubers and haulm were
analysed for contents of N, P and K from 1988 to 1993. Qver the winter of 1988-89 the
tibers were stored at 4°C and their quality was assessed the following April.

The volume of secil which surrounded the tubers in the ridge, and which entered the
mechanical lifter, was measured in the autumn of 1993 in order to see how much soil is

required above the tubers in the ridges for the prevention of wber-greening, since this is
a serious quality defect,
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3. Results
3.1, Tuber vield

Yield was greater with conventional tillage each year when harvesting was performed
on the first of the three harvesting dates (Table 4). Conventional tillage also gave greater
yields at the second harvest date in 4 of the 7 years, but in only 1 year (1990) a1 the last
harvest date. There were significant interactions between tillage method end harvesting
daie in years except 1990. Intwerpolation of the yield daw suggesied that equal yields
might be achieved with either tillage system between 30 August and 17 September
(average § September), and higher yields might be expected with direct planting
thereafier. No significant difference was found between potato varieties in the effect of
tiflage on tuber yield.

In the two periods between the three harvesting dates, greater increases in tuber yield
were observed for direct planting than for conventional tillage. The difference between
the two treatments was greatest in the second period (Table 5). This suggests that active
growth continued longer with direct planting, giving a longer period for yield accumula-
tion. At the last harvesting date, the difference in yield between direct planting and
[ ional tillage apy i to be significantly related to the mean air lemperature in
Augest (Fig. 4). The yield benefit was greatest in cool years, and decreased gradually
with increasing August temperature:

A=3398- 221+ B(r= -097, P <0.001)

where A is vield difference as a result of direct planting (kghe™" dry mater (DM)) and
B is mean air temperature in August (°C). The reason for this trend is not fully
understood, but is obviously connected with a delay in maturation, due 10 Jow August

Table &
Poto mher freshwelght yields (Mgha™ ') fer two soll vllage sysiems and three times of harvesting

Mean harvest dates

28 Augusi % Seprember 23 Seprember

Tillage sysiem

Conv. D, Conv. . Dir. Coav.  Dir. Sign LSDy,
1987 320 IR i7e 6.9 3409 g8 " 50
1988 w5 9.4 34 5.4 ExE] 360 ) 20
1989 26.1 M9 89 2948 94 35 . 0.8
1950 305 292 6.0 133 313 358 o
1951 214 19.7 24.7 225 248 248 " 14
1692 6 21.2 283 276 340 6.5 o %
1653 WHE B4 246 33 351 383 L 17
Mean 213 260 7 3.2 326 345 = w

Conv,, conventional soil wllage, Dir, direct planting: Sign., interzction between harvest dae and soil tllage,
ng, oot significany, ", P <0001 T, P00 T, P 2005 T, P <UL LED,, . between tllage syrems
a1 zme or different harvest date.
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.Irr:::asjc in potate tuber yields (Mgha™' day ™'} for two soil titlage systems
) Growth period *
26 August-8 September $-23 Seplember
a\wnuma] llillgz ’ _339- - 82
Diirect planting 407 7

Tillage system X growth period LSDyg . 101,
* Mean data for 1957-53,

temperature, which henefitted the direct planted crop more than the conventionally tilled
crop, due to greater compensatory growth in lale autumn. In most years a marked delay
in germination was observed following direct planting, probably due to cooler and
wetter soil conditions in spring. It is, therefore, reasonable 1o assume that plants grown
wilh conventional tillage had reached a more advanced stage of maturation by early
August, as was clearly indicated by earlier leaf senescence for this treatment. Conven-
tionzlly tilled potatces were, thus, unable 1o continue growth into late aurumn, unlike the
directed planted cmes, which continued 1o develop.

3.2, Tuber dry matter content and guality

IIM percentages in the tubers were not significantly affected by the method of tillage
(data not shown). The mean reductions in DM percentage with direct planting relative to
conventional tillage were only 0.6%, 0.4%, and 0.2%, respectively, for the three harvest
times. DM percentages increased, as expected, with later harvesting by, on average,
1.5% from the first to the second harvest and 0.9% from the second 1o the third harvest,

No significant difference was found between tillage treatments either in the mber size
distribution or in the incidence of common seab and tuber defects. such as greening,
spliting and poor tuber shape. Over all, there was 7% common scab, 5% green tubers,
and 9% split or deformed ubers of consumer quality. The storage experiment during the

2 s
E
i —‘
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8 ;
g - \\.\ :
£ | "o S wa\i
g o S N 1,
i 6
n 4 L L -

“
Mean temperaturs In August, °C

Fig, 4, Effect of mean mmperamure in August on the difference in tuber yield increase of potnoes grown with
direct planting versus these grown with conventional tillage (r = =087, # <0.001).



L3g E. Ekelrerg. H.C.F. Riley / Sail & Tilluge Research 39 (1996) 137 142

Table &

Potato haulm dry matwer quantities (Mg ha™") for two soil fillzge sysiems and three times of harvesting
Mean harvest dalzs * Tiliage mean
28 August 5 Sepieanber 73 Sepember

Conventional Gllsge 2,08 191 158 156

Direct planiing Fkr 231 206 224

Harves: ime mean .73 211 182

Titlage sysiem P < 0.0, LSDy, is (.22 Harvest time # < 0.01, LSDyg is 0.21: Interaction not significant.
* Mean data for 1988-1993.

winter 1988-89 showed no visible difference between tillage treatments in the storage
ability of the wbers,

3.3. Hawim yield

Haulm freshweight yield was preater with direct planting than with conventional
tillage at all dates of harvesting in all years, and haulm senescence, as evidenced by the
ingrease with time in haulm DM percentage, was easliest with conventional lillage.
Haulm DM yields (Table 6) were, on average, 14%, 21% and 30% greater with direct
planting than with conventional tillage for the three times of harvesting. The overall
interaction between tillage method and harvest date was, however, not significant.

3.4. Plant contents of N, P and K

Mean values of both concentration and total uptake of N, P and K in potato tubers
and haulm are. shown in Table 7 for the period 1988-93. There were no significant
interactions between tillage system and time of harvesting.

Concentrations of N and P in tuber DM were significantly greater with direct planting
than with conventional tillage. The N concentration was similar at all harvest times, bt
P concentration decreased slightly with delayed harvesting. There was no difference
between tillage reatments in wher K concentrations, but these also declined with a delay
in harvest. All three elements behaved similarly in haulm with respect 1o tillage, with
higher concentrations being found with direct planting at all three harvest times. In the
case of haulm, N concentrations also decreased with a delay in harvest.

No significant difference in tuber N uptake was found between tiltage systems, but
uptake in haulm was significantly higher after direct planting than after conventional
tillage. The percentage changes in N uptake for direct planting compared with conven-
tional tillage for the three harvesting dates were as follows: — 1%, 1% and 8% in the
tubers, 26%, 37% and 41% in the haulm, and 9%, 11% and 15% for the total vield.
Total N uptake at the last harvest date was 21% higher than the amount of N given as
fertilizer in the case of direct planting and only 5% higher in the case of conventional
tillage.

Uptake of P in tubers increased significantly throughout autumn, but there was no
significant difference between the tillage treatments. The uptake of P in the hanlm was
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Tahle 7
N, F and K concentrations and wplake in polato tubers and haclm, means of all varieties for vwo soil nllage

systems and three harvest times *

Tillage system Mean harvest date
Conv.  Dir. Sign. 26 August 9 Scpember 23 Sepiember  Sign.  LSDyg
Concentrations (g kg~ DM} )

Tubers N 118 124 122 120 12.2 ns 0.4
4 24 6 26 25 24 o 0l
K195 195 as 25 191 185 08

Haulm N 212 710 745 1.9 0. c A
I3 25 6 19 25 22 TTo02
K 336 355 s i1s 317 32z 28

Uptakes (hghe™ ')

Tubers N 84 8 s T 88 9 o 7
P 174 182 s 152 183 0.0 " 11
K 14 138 n§ 121 142 156 o7

Halm N 4] 52 o 55 47 7 3
P 48 61 66 55 43 I 1)
¥ g

63 LI 85 T 59

Conv., conventional soil tillage; Dir., direct planting: Sign.. inlersclicn between harvest date and soil tillage.
ne, not significant, T 7, P < QOOL T, P SOOI Y, P <DDS.
* Mean dats for 19881993,

greater with direct planting, but there was & distinct decline in uptake at the last harvest
date of harvesting. At this time, the amount of P found in total (tubers + haulm) with
direct planting represented 78% of the amount applied as fertilizer compared to 69% in
the case of conventional tillage.

There was a significant increase in total uptake of K in tubers during autumn, and a
complementary decrease in the haulm. This resulted in an almost constant total upizke in
the plants during the harvesting season. The uptake of K in the tubers after direct
planting at the last harvest was 8% greater than the amount applied as fertilizer, whilst
for the whole plant the K uplake was 54% higher. The comesponding figures with
conventional tiliage were 4% and 38%.

3.5. Volume of loosened soil at harvest in 1993

Following planting in untilled so1l, close 10 250 m*ha™' of soil was moved from the
furrows into the ridges. The potato sets were placed just below the original surface of
the soil (Fig. 5).

The volume of the soil which entered the mechanical lifter was preater with
conventional tillage than with direct planting, 501 m’ha™' versus 468 m’ha',
respectively (P < 0.1). This volume was twice as great as thar which was loosened and
moved during the planting process. The volume of soil relative 1o that of mbers was
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= Sem
Fig. 5. Section turough a potate dall afier planting in an untilled soil.

somewhat lower following direct planting than after conventional titlage, 6,5 m*ha™'
versus 7.7 m* ha™ !, respectively (P = 0.05).

4. Discussion

In this study the equipment was relatively light both in spring, summer and autumn,
thus aveiding too much afficking on moist soil. Soil bulk density increased signifi-
cantly on unploughed soil (Ekeberg, 1992), but this did not result in any negarive effect
on yield. The roots of potato plants normally penetrate soil down to 60-80 cm (Martin
et al., 1976; Riley, 198%). So long as the soil has not been damaged by soil compaction
(for instance by previous harvesting under moist conditions), the roots will not encounter
too great @ resistance, even in untilled soil. If the roots experience satisfactory
conditions, potato plants will thrive provided that weeds and diseases are absent, and
that water, light and nutritional factors are not limiting (Martin et al., 1976). This seems
to have been the case here, resulting in satisfactory yields with direct planting.

Unploughed soil is often cooler than ploughed soil, as was noticed in several of the
years of the present study. As a result of Jower soil temperature (Ekeberg. 1992) there is
often a delay in planting and mearuration, which may cither be an advantage or a
disadvantage. In areas with a long growing season, the result will be greater yield and
reduced costs. In other areas it may result in the need to harvest under unsatisfactory
(wet and cold) conditions, or before the potatoes have matured sufficiently. This again
will lead to lower yieids, poorer guality, greater storage losses and the likelihood of
smaller profits,

Cool conditions in August had & positive effect on the development of direct-planted
polatoes, resulting in a greater yield increase at the last harvest time, relative 1o
conventional tillage. Whilst these resuits are not fully understood, they clearly demon-
strate the ability of direct-planted potatoes 1o compensate for a cool August by extending
the growing scason, Conventionally grown potatoes, on the other hand, have probably
reached too advanced a stage of maturity to benefit from such a compensation. The
much higher haulm yields found wiid direct planting confirm this supposition, and may
also be affected by siower and more delayed release of nitrogen from organic matter
during the growing season.

The ideal condition for potate plants is for the tubers 1@ be able 10 develop in loose
soil, without exposure to light. This gives tubers with satisfactory shape, with no
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greening. The quest for such good quality tubers is one of the main reasons for the large
effort expended on lillage by potato growers in Norway. In these experiments, the same
kind of quality was achieved with no tillage before planting. If conditions are suitable at
the time of planting and ridging, the scil that is moved into the ridges will be loose, and
will give good growing conditions for the tubers, The volume of the loose soil obtained
with this system appears to give adequate protection against exposure to light during the
Erowing season.

The nutrient uptake of the plants was increased by direct planting. Over the 6 years
from 1988 to 1993 the removal of N, P and K in the twbers at the final harvest time was
greater with direct planting than with conventional tillage by amounts equivalent to 57
kg, 11 kg and 41 kgha™!, respectively, despite the same amount of fertilizer having
been applied to both treatments. This implies that direct-planted crops have made better
utilization of the fertilizer. In the case of nitrogen, this may be associated with the
increase in lopsoil organic matter found after a number of years without ploughing
{Ekeberg, 1992). It is not easy to predict how fertilizer requirements will be affected in
the long-term. Better nutrient utilization suggests lower total input requirement, but
higher yields and uplake may lead to ihe opposite. In any case. lower fertilizer
requirement per unit of produce appears to be a likely resull of direct planting of
polaloes.
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ABSTRACT

The effects of fertilization and manuring on the conrent of some mutrients in
potate (var. Provita) were studied by agronomic field experiments and
chemical analysis. The different treatments included the application of
S3Qronnesha™' compost manure with and withour bio-dyramic sprays, 30
tonnesha™ ' raw manure alone, 15 tonnesha™" raw manure in combination
with 228kgha™" inorganic NPK fertilizer, 456 kgha™" inorganic NPK
fertifizer alone, 908 kg ha™" inarganic NEK fertilizer with and without
369 kg ha™' ammonium nitrate. A control variant was left unfertilized. The
potato dry marter content increased due 1o the application of inorganic
Jertilizer, There was only 1-5% increase in protein content, when ammaonium
nitrate was included with a higher amount of inorganic NPK fertilizer.
Compast manure in comparison with raw manure was more effeciive for the
improvement of protein content. We did no! find any significant differences in
the cancentrations of fai, dietary fibre and crude fibre between samples
treated with organic manure and inorganic fertilizer. The content of starch
increased with a higher application of inorganic NPK fertilizer. The inclusion
of bio-dynamic preparations and sprays with organic manure did not alter
significantly the content of trace elements except zine which was 2524 fower
when compared to the sumple treated with organic manure and bio-dvnamic
preparations. Iron content was 11-45% lower in inarganically fertilized
potata samples than those treated with organic manure. The content of zinc
was lower in samples treated with o higher amount of inorganic NPK
fervilizer. Inciusion of inorganic NPK fertilizer along with raw manure
decreased the content of iron, copper and zinc. Higher application of inorganic
NPK fertilizer increased rhe content of iron but decreased the 2ing content and
47
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the concentrations of copper and manganese remained unchanged. The study
indicates a complex paniern of irace element contenis due 10 the application of
different manuring and fertifization rechnigues.

INTRODUCTION

Potato is cultivated and consumed as a main basic food in at least 75
countries (FAQ, 1986). It has become an important staple foed also in
northern Europe, partly due to the short period of maturity to harvest (60
days). During 1985 an area of about 29 000 ha was utilized for cultivation of
potato for food purposes and 9700 ha was used for the cultivation of potato
for industrial usage. Yearly import of potatoes to Sweden, to be used as
food, isabout 11 000 tonnes. Besides a considerable amount of potato starch
{20500 ronnes) and other dried potato products are imported 1o Sweden
every year for use in industry. The average per capita consumption of potato
in Sweden is about 85kg per year in various forms {Department of
Agriculiure of Sweden, 1982-84),

Potato is an important source of digestible carbohydrates, dietary fibre,
vitamin C, and minerzls like calcium, potassium, iron and zinc. Boiled
{unpeeled) potato tuber is a good source of water-soluble vitamins (Finglas
& Faulks, 1984). It contains very low amounts of heavy metals (Ocker et af.,
1984). A typical daily intake of 200 g potato is estimated to supply 172 kcal
of energy, 3-8 g of protein, 36-6g of carbohydrate, 1-2mg of iron, 18 mg of
copper, 0-82 mg of zinc, (+44 mg of calcium, 48 mg of magnesium and 90 mg
of phosphorus (Swedish National Food Administration, Livsmedelskon-
sumtion, 1984). Thus, potato contributes significantly to daily requirements
of iron, magnesium and phosphorus. Increasing the yield of high quality
potate which can supply enough nutrients has been the aim of prime
importance to agriculturists and plant breeders. Consequently, the
cultivation practices include intensive use of artificial inorganic fertilizers,
insecticides, pesticides and occasionally also chemicals which inhibit
germination of potatoes during storage. The effects of inorganic fertilization
on the content of various nutrients in potato have been studied previously
{Holm et af, 1974; Munoz & Wieczorak, 1978; Pettersson er al, 1979:
Klien er af,, 1980; Trehan e: af,, 1981},

The content of nutrients in potato depends on the type of soil in which it is
produced, mode of cultivation, climatic conditions, state of maturity at
harvest, conditions of storage, mode of processing and way of cocking. The
addition of smali amounts of trace elements along with inorganic fertilizers
improves the trace element content in the soil. But the amount already
present in the soil is more important, The availability of nutrient elements to
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the plants depends on the soil pH (Lutz er al, 1972). The uptake can be
stimulated by lowering the soil pH, but this is not applicable 1o all elements
(molybdenum and selenium are some exceptions). Sarkar and Wyn Jones
(19824) studied the effect of risosphere pH on the uptake of iron, manganese
and zinc by dwarfl beans and found that their contents were inversely
proportional to the risosphere pH.

The addition of too large amounts of inorganic elements to the soil may
damage the soil structure and its biological activity. In view of the negative
effect of the increased usage of inorganic fertilizers on the environment and
public health, many investigations are being carried out in order to
determine if alternative cuitivation methods, where organic manuring and
biological methods of insect and pest control is practised, could yield at least
an equivalent quantity of crops retaining acceptable quality.

The present paper deals with an investigation of the effects of various
manuring and fertilization practices on the nutritional quality of potatoes.
The effects of compost manure with and without bio-dynamic sprays, raw
manure alone, raw manure in combination with inorganic fertilizer,
irorganic fertilization alone and addition of ammonium nitrate along with
inorganic fertilizer were studied.

MATERIALS AND METHODS
Experimental design

The field experiments were carried out during May-September 1986 on a
clay-loam soil in Jarna, situated between 59° 09" Naorth latitude and 17° 30"
East longitude at a height of 10m above the sea level in Sweden. The eight
different fertilizer treatments were performed on a 48 m x 24 m field divided
into eight equal plots. Each plot was subdivided into subplots of 36 m? and
each treatment was performed on four subplots.

Fertilization scheme

The amount and type of manures and fertilizers applied are presented in
Table 1. The content of some elements in the different preparations are given
in Table 2.

Chemical analysis

Fifteen potato tubers from each subplot were collected, cleaned with
distilled water and rinsed with deionized water and dried at room
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TABLE 1
Amounts of Manures and Fertilizers Applied 10 the Test Powo Tubers and the Respeotive
So1l pH
Variant Compost Raw Urine Inorganic Ammanium  Soil
manure manure (pig) {NPK} nitrate H
(i ha™") (tha ') tirha™') (kg ha™" kg ha™ ")
Ki1* 539 §3 &7
K2* 539 33 64
K3 30 31 65
Kd 15 a2 228 64
KS Unfertilized control )
Ké 456 &2
KT 908 &3
K8 908 9 &2

NPK {11-5-18): 34% NO,—N, 7-3% NH,—N, 5% P, 18% K, 0-4% Ca, 2% Mg, 10-11%35,
1% Cl, 0-1% Man, 0:05% Cu, (:03% B, 0-2% Fe, 0-03% Zn, 0:002% Mo.

* Treated with bio-dynamic preparation 502-507 and bio-dynamic sprays 500 & 501 (Koepf
eral 1977

* Treated with bio-dynamic preparation 502-507.

temperature for an hour. The whole tubers with peels were homogenised
using a laboratory homogenizer (Ultra Turrax, Jarke & Kunkel, Staufen,
FRG) and lyophilized, then stored in a desiccator before further analysis.

Nitrogen was assayed by the Kjeldahl method (Kjeltec, Tecator AB,
Hogands, Sweden) and the amount of protein calculated as 625 x N. Dry
matter content was assayed according to the AOAC (Association of the

TABLE 2
Amount (kgha™') of Some Minerals and Trace Elements Fresent in the Manures and
Fertilizers Used for the Field Experiment
(Dule on the emount of copper. iron. zinc and manganess in the Organic raw manure were not

measured)
Vartant N P K Cit Fe Zn Mn
27 8
27 82
34 132
13 107 11 O 007 023
K3 Unfertilized contral sample
K& 50 23 ¥2 ilra) 91 014 046
K7 Hyil 45 163 {45 1-82 027 21

K8 200 a5 163 045 142 027 0497
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Official Analytical Chemists, VA, USA) method 14004 of 1984. Fat analysis
was performed gravimetrically after extraction with petroleum-ether,
according to the method described by Croon and Fuchs (1980). The
determination of the quantity of starch was performed by enzymatic and
colorimetric methods described by Holm e/ al. (1985 and 1986). The content
of dietary fibre was analysed gravimetrically after solubilization of the
protein and starch with enzymes as described by Asp er af. (1983) and the
crude fibre was determined by Tecator’s method (Tecator AB, Hoganis,
Sweden. Application note No. AN 01/78, 15 Marck 1978).

Trace element analysis

Some 05 g of each freeze-dried sample were wet digested using a mixture of
4ml of conc. HNO, and 1ml of 70% HCIO,. This method was adopted
based on the methodologicai experiments discussed under ‘Results’.
Concentrations of zinc, copper, iron and manganese were determined using
atomic absorption spectrophotometry (Varian Techtron AAS, Victoria,
Australia) with air-acetylene flame having a deuterium background
corrector. Sample solutions were diluted (1/5) with demineralized water.
Commercially available standard solutions (BDH chemicals, Poole,
UK) were used to construct standard curves. Dupli analyses of each
sample were performed every time.

Statistical analysis

Mean values are presented as mean + SD. n = number of analysis. Mean
values were compared using Student's /-test. p values of <0-05, <0-01 and
<0001 were considered as significant.

RESULTS AND DISCUSSION
Comparison of digestion techniques

Dry ashing was carried out as described by Saari and Passo (1980). This
procedure took nearly 2 days for complete analysis, and the concentrations
of the elements analysed were [ower (Table 3) compared with other methods.
Among the wet ashing techniques, digestion with a mixture of HNO, and
HCIO, was found most effective for the analysis of zinc, copper, manganese
and iron. Boer and Massen (1983) reported that wet digestion with a mixture
of HNO, and HCIO, for the analysis of zinc, copper, manganese and iron in
Bovine liver standard materia! gave good recoveries. Clegg er al. (1981) and
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TABLE 3
Concentrations (mgkg ' dry weight) of Zinc, Copper, Iron and Manganese Obtained from
the Potate Samples Treated with Various Ashing Techmgues

Ashing techmque Zine Copper iron Manganese
Dry ashing 156 (16 &2 (0711 267 (16 I8 (0r49y
HNO, + H,0, 163 (2:5) &1 (0637 234 (1-7¢ 47 {061}
HNO, + H,50, 172 (17) 73(12) 272 (195 &3 {092}
HNO, + HCIO, 176 (1-6)* 7011 296 (1-1)bed 47 (86
HNO, 169 (1-761* 68 (081) 260 (17 1oy

Mean vatues are presented as means with SD in parentheses and n = 7. Values with the same
superscripts were significantly different.

Lonnerdal et al. (1980) studied various wet ashing techniques and found that
HNO, alone was enough for the determination of these elements. In our
experiment the ratio of the potato sampie to the HNQ, added (0-5g:7 mi}
was considerably higher than in the method of Lonnerdal e o/ (1980) and
the colour of the net solution obtained was yellow which could be due to
incomplete digestion. The finai solution obtained by treating the sample with
a mixture of HNO, and H,50, was pale yellow and it was found difficult to
aspirate into the nebulizer of the atomic absorption spectrophotometer.
Even though complete digestion was achieved with a mixture of HNQ, and
H,0,, the results were lower when compared with those obrained from the
sample treated with a mixture of HNO, and HCIO,. Hoenig and De Borger
{1983) employed a mixture of H,S0,, HNO, and H,0, and found good
results for the analysis of zinc, copper, iron and manganese. But we found this
method time consuming since H,0, had to be added dropwise during the
digestion process. Therefore a mixture of HNO, and HCIO, was adopted
for the wet digestion of potato samples in this study.

Protein

Results of the proximate analysis of potato samples arc presented in Table 4.
Prowin content of the sample treated with 308 kgha ™! inorganic NPK
fertilizer was higher than in the one treated with 456 kg ha™' of inorganic
NPK fertilizer (K6 versus K7, p < 0:001). Addition of ammonium nitrate
along with a higher amount of inorganic fertilizer increased the content of
protein (K7 versus K8, p< 0-001}. Inclusion of bio-dynamic sprays along
with organic manure slightly improved the content of protein (K1 versus K2,
p<005) and compost manure in comparison with raw manure was
favourable in this case (K1 versus K3, p < 0-01}. The protein content of the
organically manured sample was higher than in the inorganically fertilized
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sample (K1 versus K6, p < 0:001}. This could be due to the influence of bio-
dynamic preparations (compost additives and sprays) which probably
improved the humus content of the soil, thereby stimulating the transition of
nutrients between subsoil and topsoil. Eppendorfer et al {1979} reported
that the dry matter content of potato was directly proportional to the
amount of inorganic chemical elements applied to the soil, and Sharma and
Arora (1988) found that the increase in the protein content is associated with
the tuber dry matter content which explains our result above (K6 versus K7}
Becka er al. (1982) also reported that tuber nitrate-nitrogen increased with
increasing the rate of inorganic NPK fertilizer application. Tailey {1983}
reported that nitrogen fertilization improved the protein content of potato
tubers. The conversion of low-molecular-weight non-protein nitrogen
compounds into protein is partly influenced by the climatic conditions. The
contents of different nitrogen compounds were not analysed in our study.
Potato is a good source of protein comparsd with other root and staple
foods.

Starch

A major part of potato dry matter was starch (>70%). The use of bio-
dynamic sprays did not influence the content of starch. The starch content of
samples treated with a higher amount of inorganic fertilizer was higher than
in the one treated with organic manure (K1 versus K7, p < 0-01). Szukalski
and Sikora (1977) also reported that nutrent-enriched fertilizers increased
the starch content of potato tuber. The application of a higher level of
inorganic ferulizer (enriched with trace elements) improved the starch
content (K6 versus K7, p < 0-01) which could be due to a high dry matter
production under the influence of minerals added to the soil. The content of
starch was slightly lower in samples treated with a mixture of a higher
amount of inorganic fertilizer and ammonium nitrate (K7 versus K8,
p<001). A similar finding was reported by Ciecko {1977). Sharma and
Arora (1988) found that applied nitrogen along with farmyard manure
significantly decreased the starch content due to the dilution effect as a result
of a higher dry matter production and we found that the inclusion of
inorganic fertilizer along with raw manure decreased the starch content (K3
versus K4, p <005

Fat, dietary fibre and crude fibre
The content of these nutrients in all the samples remained unchanged

irrespective of type or leve] of manures and fertilizers applied to the soil
(Table 4). The content of dietary fibre was much higher than the erude fibre
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which was also reported by Woolfe (1987). Dietary fibre content in potatoes
is the sum of lignin and non-starch polysaccharides of which the latter
constitutes the major part.

Trace elements

Zine

Table 5 presents the contents of zinc, copper, iron and manganese in the test
samples. The application of a higher level of inorganic NPK fertilizer
resulted in the lower content of zinc (K6 versus K7, p < 0-001) which was also
reparted by Songin e al. (1980). Rebowska (1983) found that a higher
application of inorganic NPK fertilizer to wheat did not increase the content
of zinc, copper, manganese, boron and molybdenum. The uptake of the
minerals might be high but the distribution of these elements in different
parts of the plant might not be uniform (Graham, 1979). The content of zinc
in the unfertilized sample K5 was higher than the inorganically fertilized
sample (K5 versus K6, p < 0:01). This higher content of zinc in the potato
tuber could be due to the Steenberg effect as described by Jansson (1981).
The organically manured sample had a higher content of zinc when

TABLE &
Concentrations (mgkg ~* dry weight) of Zinc, Copper, Ironand Manganese Determined
in Potato Samples
(Values given in parentheses are the conlents on [resh weight basis)

Variant Zinc Copper Iran Manganese

Ki 12-2 4 096/ 56+ 092 469+ 23 43+ 13
{36 =031) (14 = 040) (136 + 16) (I3zonye

K2 161 £ 1477 55+074° 416421 48 =072
47+ 0261 {15 + 033 (134 4 22) (L3 +o2n”

K3 141 417 57+031° 539+ 11° 51+081
(43 0421 (1-3+004p (15317~ (16 + 0-39)

K4 11403 41 1 GRI* 281 484+ 14
{35+ 039 (19 +£036)" 97+ 13~ {17020

Ks 182+ 19 83 £053 26427 4T+ 1T
(44 £ 032 {26 + 013 T3+ 14} (194017

K§ 161 + 13+ &6 1 0ralr Wb+ 15" &3+ 08)°
(53 + 026 (Z1+017° 95+ 13 (21 + 036"

K7 132 #0904 614025 408 4+ |34 68 + 061"
{40 = 28" {16+ 08!) (131 =28 {24 + 041y

KE 157+ 144 &2+ 044 429 & 1.6 &4+ 071

(51 021y (1172079 {137+ 17 (18 £ 063
Mean values are presented as means + SDand n = 7. Data with the SAME SUPLTSCripls
were significantly different.
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compared with the one treated with a higher level of inorganic NPK fertilizer
(K2 versus K7, p < 0-01). The organo-metal complex formation of zine in the
risosphere soil has been described earlier by Hodgson er al. (1965). The
contents of zinc in the organically manured samples (K1, K2 and K3) were
not significantly lower when compared with those treated with inorganic
fertilizer (K6, K7 and K8) but iron content was significantly higher in
organically manured samples (in both dry martter and tuber). This was
probably due 1o the antagonistic effect of various elements as described by
Pendias and Pendias (1984). The addition of ammonium nitrate improved
the content of zine (K7 versus K8, p < 0:01). This could be due to the positive
effect of NHZ-N which lowers the risosphere pH (Sarkar & Wyn Jones,
19826 and favours the uptake of the element by the tubers. Giordano and
Mortvedt (1980) noticed that the uptake of zinc by agricultural crops
depended on its interactions with other applied nutrients.

Copper

We did not find any significant difference in the content of copper between
organically manured and inorganically fertilized potato samples, but the
unfertilized control sampie had a higher concentration of copper (K 2 versus
K5, p< 0001 and K6 versus K5, p<0001). This could be due to the
Steenberg effect as in the case of zinc. Copper can also have an antagonistic
effect with iron and a synergistic effect with nitrate. The additional use of bio-
dynamic sprays along with organic manure did not show any positive effect,
Inclusion of inorganic NPK fertilizer with raw manure decreased the
content of copper (K3 versus K4, p<0001). A higher application of
inorganic NPK fertilizer did not influence the content of copper. Songin e
al. {1980} found that increasing the rate of NPK fertilizer application
{700kgha ') decreased the content of copper. In this study the content of
copper remained unchanged even at a higher (908 kg ha ™ ') rate of inorganic
NPK application but the potato varielies used for the two studies were
different and Kubiak er al. {1978) found that the nusrient contents were
different in different varieties of potatoes. The addition of ammonium nitrate
along with a higher application of NPK fertilizer increased the content of
zine and iron but the copper content remained unchanged.

Iron

The contents of iron in all the organically manured samples (K1, K2 and K3)
were significantly higher than those treated with inorganic fertilizer (K6, K7
and K8). Obukhov er al (1985) also reported that organic manuring
increased the content of iron in potato tuber. This could be due to the
complex formation property of iron with organic materials in the risosphere
which made the plant take up the element more easily (Olomu et al,, 1973).
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The additional use of bio-dynamic sprays did not increase the content of
iron in the potato tubers. Inclusion of inorganic fertilizer along with raw
manure decreased the content of iron (K3 versus K4, p < 0:001). Sharma and
Arora (1987) reported that the uptake oriron by potato increased up to the
application of 30 kg ha ™ ! of phosphorus in the presence of 30 tonnes ha ~ ! of
farm yard manure. A higher application of inorganic NPK fertilizer
increased the content of iron (K6 versus K7, p < 0-001) and this stimulating
effect could be due to a lowering of soil pH by using more acidified fertilizers
and by the addition of more minerals with the fertilizer being maintained in
the solution. The addition of ammonium nitrate along with a higher level of
inorganic NPK fertilizer slightly increased the content of iron in the dry
matter (K7 versus K8, p < 0:05). By the addition of ammonium nitrate, the
soil pH is lowered and aiso iron exhibits a synergistic effect with nitrate. The
type of soil is important for the uptake of iron by potato, and those grown in
sandy soil contain higher amounts of iron than those grown in clay-loam
soil,

Manganese

The inorganically fertilized samples contained comparatively higher
concentrations of manganese than organically manured samples (K1 versus
K6, p <0001 and K2 versus K7, p < 0-05). The explanation may be that the
trace elements present in the rootzone do not tend to fix with the inorganic
NPK fertilizer constituents, and thus the availability of micronutrients to
the plant is higher, which facilitates the uptake. Sharma and Arora (1987}
found that the higher uptake of manganese by potato was due to the increase
in the dry matter production. Also Lag and Dev (1964) reported about the
presence of more exchangeable manganese in the surface soils than in the
lower horizons. A higher application of inorganic NPK fertilizer did not
increase the content of manganese. The concentration of the element also
remained unchanged among the different organically manured samples.
Addition of inorganic NPK fertilizer along with raw manure did not
influence the content of manganese. Also the additional use of bio-dynamic
sprays did not show any positive effect.

CONCLUSIONS

A higher application of inorganic fertilizer improved the starch and protein
contents of potato tubers. None of the fertilization or manuring techniques
studied, influenced the contents of dietary fibre, crude fibre or fat either in
the tubers or in their dry matter substance. The study showed that polato
tubers treated with organic manure contained higher concentrations of iron



58 T. 8. Srikumar, P. A. Uckerman

than those treated with inorganic fertilizers. Addition of inorganic fertilizer
along with raw manure did not show any positive effect on the content of
nutrients studied when compared to various other treatments. Higher
application of inorganic NPK fertilizer did not improve the content of zine,
copper and manganese, but increased the content of iron. A normal
application of inorganic fertilizer increased the content of zinc, copper and
manganese when compared to organic manuring The higher content of
some trace elements in the inorganically fertilized samples could be due to
lowered pH resulting from the use of acidified fertilizers and by the addition
of trace elements along with the fertilizers being maintained in the solution.
The complex formation property of trace elements with organic compounds
expiains a higher content of some trace elements in the case of organically
manured sampies. The higher ¢ of trace el in some of the
unfertilized samples could be due to the Steenberg effect and a synergistic
effect with nitrate might have also increased their contents. Additional use of
bio-dynamic preparations did not increase the content of zinc, copper, iron,
manganese or other nutrients studied.
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Abstract

A field experiment was conducted for 3 consecutive years (2002-2004) on loamy sand on an organically managed farm near Osnabriick, Germany.
Four replicates of four fertilizer treatments and a control were established annually in a split-plot design for iwoe maincrop potato cultivars (Solanum
tuberosum L. cv. Agria and ev. Marlen). The application of fertilizers followed a soil test of available potassiurm at the onset of vegetation. Fertilizer
treatments werc deep litter cattle manure, potassium sulphate {40% K), potassium sulphate + horn grits (14% N) and horn grits, all supplying
equivalent quantities of K (175-215 kg ha™') and/or N (100145 kg ha~ '), respectively, and a control wilh no fertilization. Deep litter cattle manure
was analysed for total N, K and other elements and — just as the other fertilizers - applied in spring just before ploughing. Soil content of NO;-N
was determined from samples taken at defined growth stages of the potato crop. Furthermare, total and graded tuber yields, tuber concentration as
well as uptake and concentration of N and X were assessed.

Results af soil nitrate-N content confirmed that organic cropping systems are dominantly nitrogen limited and this is likely to affect crop
uulization of K. Available K content of soil and X in tuber dry matter could be increased through application of either cattle manure or potassium
sulphute

Totai yields depended strongly on the individual year and varied between 27.9 and 35.3 tha™' (cv. Agria). Results indicate a strong influence of
fertilizer treatment on total tuber yields and those relevant for processing into crisps {40-65 mm) or French fries (proportion of tubers >50 mm in
yield >35 mm). Highest yields were obrained after application of the combined mineral K (potassium sulphate) and organic N (horn grits} source.
The response of tuber vield to cattle manure was not consistent over the growing seasons, which confirms that eatile manure is generally a very
insecure source of plant available N in the year of application. Possibly, the positive yield response in 2004 was due to K rather than N, since only
tuber K concentration and uptake were significantly affected. Overall, the results suggest that in organic potato cropping the correlation between
available K — as determined with the common soil test procedures — and yield response may be low. Response of wher yields graded for crisps and
French fries production confirmed that cultivars have 1o be chosen carefully to secure adequate tuber yield of the required size grades.
© 2006 Elsevier B.V. All rights reserved.

Kevirowds: Potato; Potassium; Nitrogen; Mineral (ertilizer; Manere; Organic agriculture; Yield; Processing

1. Introductien

The potato crop {Seiunum fuberoswn L.) plays an important
agronomic and economic role for the majority of organic farms
in Western Europe. Organic cultivation of potato raw stock for
industrial processing into French fries or crisps may be a new
source ol income and is currently practised by organic farmers
in European countries, where demand tor organic products is
strong and still growing (Sylvander and Floch-Wadel, 2000)
Until recently, research on organic potatoes focused exclusively

* Corresponding author. Tel.: 449 5674 9215910; fax: +49 5674 9215912,
E-wadl adddress. thanse @ wiz uni-kussel de {T. Hause)

H161-030L/3 - sec front macer © 2006 Elsevier B.V. Al rights reserved
i 10,1016/ ¢ j2.2006,09.008

on the table potato (Karalus and Rauber, 1997 Thybo et al.,
2001; Roinia et al., 2003; Wszelaki et al., 2003).

The potato processing industry sets high quality standards,
and organic potato growers have to compete with conventional
famers® expertise in cultivating potato raw stock for process-
ing. In Germany, the industry processing organic potatoes into
French frics demands tubers graded >50 mm for French fries and
40-65 mm for crisps. However, in organic farming, a high nitro-
gen (N) supply required to obtain high yields of larger tubers is
difficult toensure, Grass/clover leys supply high amounts of Nin
organic matter, but N mineralization from residues is hard to syn-
chronize with crop demand (Hef, 1989; Pang and Letey, 2000;
Van Delden, 2001), Thus, an alternative means in organic crop
nutrition is the use of organic amendments, suck as cattle manure
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(Kapke, 1995; Stein-Bachinger and Werner, 1997), Previous
research revealed enly insignifieant yield response of organic
potatoes to composted cattle manure (Matthies, 1991; Stein-
Bachinger and Werner, 1997), and some authors have reported
increased levels of tuber K cencentration (Béhm and Dewes,
1997; Neuho!f and Kopke. 2002} which was found to improve
quality of tubers destined for processing (Stanley and Jewell,
1989). Even in stocked organic crop rotations, organic fertil-
izer is very limited. Stockless organic farms may be inclined
to fall back on mineral sources of K if organic manure is not
available. Routinely, when soils are tested low for K, organic
farmers’ consultants in Germany recommend supplemental use
of minerat K fertilizers to organic potato growers. Yet, the prin-
“ciples of organic fanming require that K fertilizers can be used
for soil fertitization and conditioning only to the extent that
an adequate nutrition of the crop is not possible through the
recycling of organic materials alone. Previcus research has con-
centrated on the response of crops to K fertilizer in the presence
of adequate/high levels of available N (Stanley and Jewell, 1989;
Raogozitska and Pidska, 1991: Allison et al,, 2001). In organic
agricultere. where N is usually very limited, the correlation
between available K and crop response to K application may
cven be lower than in conventional cropping systems.

In this study, the following questions were to be answered,
(i) What is the effect of fresh deep litter cattle manure on autri-
ent availability. N and K uptake, concentration, as well as total
and graded yield of tubers for processing? (ii} Is the combined
application of a mineral K and an organic N source an alternative
to catile manure? (iiiy Can the effect of mineral K fertilizer be
compensated by cattle manure? (iv) How strong is the impact of
the cultivar compared to the effect of fertilizer application?

Results of a two factorial experiment from 3 successive years
{2002-2004) are presented.

2. Material and methods
2.1. Experimemal site and general conditions

The study was conducted under field conditions on an crganic
farm near Osnabriick, Germany (52°2'N, 8°8’E). The farm has
been managed organically since 1984. It is located 90 m above
sca level with a total annual rainfall of 856 mm and a mean
annual air lemperature of 9.1 °C (1960-1990) according (o the
Bewnscher Werterdienst (Anonymous. 2005). Soil texture in each
yeur was loamy sand (65% sand; 25% silt; 10% clay), soil type
a Haplic Luvisol.

2.2, Treanments and managemen!

The field experiment was set up in a split-plot design (main
plot lactor: fertilizer, subplot-factor: cultivar). The trial covered
five (fertilizer; F) times two (cultivar; CV) treatments, with four
replications. Fertilizer treatments were fresh deep litter cattle
manure (CM) from suckler cows, potassinm sulphate (PS; 40%
K). potassium snlphate + horn grits (PSHG; 14% N), horn grits
{HG) and an unfertilized contral (CON). Cultivars used were
Agriaand Marlen, both mid-early maincrop cultivars tested suit-

able for organic cultivation of tubers for processing into French
fries (cv. Agria) and crisps (cv. Agria and Marlen) in previous
freld experiments (Bohm et al., 2002). CM served as areference
fertilizer for K and N. Thus, in each year, the rates of K and N
applied with PS and HG, respectively, were equivalentto those of
CM (Table 1). Catch crops (2002 and 2004) and preceding crops
{2003) were incorporated with a rolary cultivator just before.
and ploughed in, immediately after fertilizer application. Seed
tbers were graded 40-50mm and presprouted, keeping two
10 three tuber layers in boxes (600 mm x 400mm x 190 mm:
Bekuplast, Ringe, Gennany) illuminated at 20 “C for 3 days and
at 10-15°C for the subsequent 5-6 weeks. Seed was planted
with 2 two-row planter 34 em and rows 75 cm apart, at adepth of
8-10cm.

2.3, Measurements and observations

Daily weather data and the long-term average (1960-1990)
were obtained from a station 7.7 km from the experimental fields
for the three cropping seasons (Anonymous, 2005). Precipitation
from March to August in 2002 (427 mm) and 2003 (432 mm) was
consistent with the 30-year average (426 mm), but only 285 mm
were recorded in 2003, Higher total precipitation was recorded
in July 2002 (103 mm) and 2004 (114 mm), compared to 2003
(80 mm). A prononnced deviation from the long-term monthly
average daily temperature was measured frem June to August
in 2003 (Table 2).

At BBCH 69, leaves and stems (and tubers) f 12 plants per
plet (cv. Agriacnly) were sampled in order to determine nitrogen
and potassinm concentration of the canopy. The sampling in
2004 failed due 1o the early incidence of late blight. Individual
subplots for harvest at matarity (BBCH 99) contained 6 rows.
with 16 plants per row, each 5.4 m long (Teble 1). The inner
four rows were lifted with a one-row harvester and picked up
by hand. Tubers were weighed. counted and graded (>33, >50
and 40-65mm) to assess tuber vield relevant for processing.
Late blight was assessed weekly as percent diseased leaf area
following the scheme given by James (1971)

2.4. Laboratery analysis

In order to determine selected chemical properties of CM,
seven representative samples of fresh material (51 each) were
weighed before and after drying (70 °C for 2.5 days) and subse-
quently ground (0.5 mm) with a Pulverisette no. 19 laboratory
cutting mill (Fritsch, Idar-Oberstein, Germany). Sub-samples of
1g (4 decimal places) were dry-ashed in a muffie oven at 550 °C
for 8 h and, before wetghing, kept inside a desiccator to ¢ool
down and stay dry. Subsequently, HCl (32%) was added and
the solution left overnight. After transfer into a retort made up
to 100ml with distilled H;O, samples were passed through a
6]5% filter {Macherey and Nagel, Diiren, Germany) and trans-
ferred into 100 m! polyethene bottles. Total phosphorus (B) was
measured with a UV-1602 Spectro-photometer (Shimazu Co.,
Kyoto, Japan) at 580 nm against water. Total potassium (K) was
measured with an ATT Unicam 939 atomic absorption spectrom-
eter (Colchester, UK). Total nitrogen (N} was determined using
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a Macro N auto-znalyzer (Elementar Analysesysteme, Hanau,
Germany).

N and K concentration in dry matter (DM of tubers was
assessed from a sub-sample of 20 tubers (graded >40 mm) from
each plot. Tubers were cut into cubes of L em™ with a Dito
TRS vegetable cuter (Dito Electrolux Ca., Herborn, Germany).
The DM content was calculated by weighing before and after
drying a1 70°C for 24 h. Immediately after drying, sub-samples
were ground (0.5 mm) and stored in a dry, cool and dark place
urtil further analysis. Total tuber DM was determined from the
tuber fresh weight ¢t ha™' ) multiplied by tuber DM concentration
(%) divided by 100. N and K uptake of ubers was calculated
by multipiying N or K concentration by tuber DM. Canopy N
and K concentration was determined from a sub-sample of the
whole canopy sampled from 12 plants per plot at BBCH 69 after
drying, grinding and the according N and K analysis described
for tubers

Soil samples were taken at defined phenological growth
stages (lack ctal.. 1993) of the potato crop (Table 1), Mineral-
ized nitrate-nitrogen (NO3-N) was determined using 1% K2S04
as an extractant according to the method described in VDLUFA
(1991). Available P, K and Mg were determined at 0-30 and
30-60 cm according 1 Schiiller (1969). P and K were extracted
inasolution of caleium-acetate—laclate (CAL). P was measured
photometrically at 580 nm as a complex with molybdenum and
K by atomic absorption spectro-photometry at 767 nm. Mg was
extracted with 0.0125 M calcium chloride (CaCl), the solution
shaken for 2h, 0.1 ml Schinkel solution added, and Mg measured
by atomic absorption spectrometry. Soil pH was determined
from a solution of 20g soil (+50m) of 0.01 M CaCls) — after
shakmg for 0.5h anad leaving the solution over night — with a
Titran Line alpha TM pH meter (Schott Instruments, Mainz,
Germany}

2.5 Sratisucal anatysis

The experiment was conducted using four blocks (BL). Each
block was divided into five main plol units. and five different
fertilizer (F) weatments (including a control) were randomly
assigned to them. Two cultivars (CV) were randomly assigned
10 subplot units within each main plot. Randomization of both
main plot and subplot was done by PROC PLAN in SAS (SAS
Institute, 1999),

Data cbtained in this study were subjected (o statistical anal-
ysis in 8AS (9.3). Before applying a mixed model {Piepho
¢t al., 2003), data were tested for normality of residuals with
a Shapiro-Wilk test using PROC UNIVARIATE. A test for
homogeneity of variance of the residuals (heteroscedasticity)
was conducted vsing the option HOVTEST in PROC GLM at
the main factor level in order to obtain a modified Levene test
after Brown and Forsythe (1974). Determination of the correct
degrees of freedom for every estimate and test of interest was
done by the Saterthwaite option, which controls the computa-
ten of degrees of freedom for the test of fixed effects and for
the LSMEANS statement. Fisher’s lcast significant difference
was given by multiplying the standard error of a difference byt
where ¢ is a critical value from a r-distribution with appropriate

degrees of freedom. Additionally, a Dunnett test was calculated
for stronger comparisons between the unfertilized control and
cach of the four fertilizer treatments.

The dependent variables N and K uptake and concentration,
as well as total and graded tuber yields were analyzed by fitting
a mixed model. F, CV, Y (year) and BL were considered as
fixed effects and BL -F-Y as residual random error (Piepho et al.,
2003).

Soil samples were taken on the main plot level (representa-
tive sample of both sub factor treatments), since the effect of
cultivar on soil nutrient content was considered to be negligible.
Hence, when analysing the main plot factor effect (here: fertil-
izer), data were treated like those from a completely randomized
block design (Piepho et al, 2003). Accordingly, respense of
plant available K and NO3-N was done applying a general lin-
ear model (PROC GLM), years being analysed separately. The
same applied for N and K concentrations of the canopy (cv.
Agria) at BBCH 69.

3. Results

Chemical propertics of the material varied appreciably over
the years. Dug 1o the varying K to N ratios in CM and the dif-
ferent rates of K upplied in individual years, the rate of applied
N differed between the growing seasons (Table 1). Hence, the
amount of fresh CM applied varied between 28 tha~! (2002)
and 40tha™! fresh wt. (2004), in order 1o supply high rates of
K (178-217kgKha™').

In July and August 2002, the warm and moist weather con-
ditions (Table 2) were beneficial to late blight epidemics and in
early August the canopy had been destroyed by the fungus Phy-
tophtora infestans. In contrast, the dry and warm weather during
June and August 2003 prevented the epidemic spread of the dis-
ease but resulted in modest wilting and slow senescence of the
canopy. A moderate development of the fungus was recorded in
2004, starting in mid July, gradually ieading to premature death
of the canopy not until the end of August {(data not shown).

3.1 Mineralized N and availabie K

The overall level of mineralized mitrate-N (NO3-N) at
0—-60cm was strongly dependent on the individual year (Table 1).
On the day of fertilizer application, it varied between 12 kgha™!
(after cereals in 2004) and 59kgha™' (after grass/ciover in
2003). Highest values at BBCH 09 (161 kg NO3-N ha™') were
measured in 2003, while in 2002 and 2004 less nitrate-N was pro-
vided by crop residues (95 and 107 kg). Accordingly. at BBCH
99 highest soil contents were found in 2003 (94 kg NG3-Nha™ ')
and very low levels in 2002 and 2004 (35 and 33kg NO3-N
ha™1). Significantly highest contents were found when N had
been applied via horn grits (PSHG and HG, respectively) in
s0il sampled at BBCH 09, 59 and 69. Cattle manure (CM), on
the other hand, did not increase nitrate-N at any measurement
(Fig. la—c).

Values for available K in topsoil (0-3Ccm) at fertiliza-
tion varied over the years, with highest K conients in 2003
(126 mgkg™') compared 0 2002 (80mgkg™') and 2004
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Table 3

Concentrations of (CAL} availuble K (mg kg" soil) 1n 0-30 cm soil as affected
by fertilizarion an different prowth stages of the potato erop in (a} 2002; (b) 2003
and {¢) 2004; means + 3.D.

2002 2003 2004
M 1424203 4 122+3.2 08 1H1£409 0
PS5 132£27.9ub" 120119 99+ 40.2
PSHG 118 + 14.6 abe 130180 131+ 166
HG 106+ 54 be 121+ 145 B84+269
CON 93+ 98¢ 108+202 904243
Meun 18 120 164
LSD (5%} 29

Different Jower case letters represent significant differences between fertilizer
trestments (-test at p < (LOSY. asterisks denote significant differences between a
fertilizer weatment and CON at p<0.05 (*) p< 0.0} (**) and p<0.00] {***);
ns: not signihcant,

{76 mg kg™ 1y (Tahle 1). Atcrop emergence, fertilizer application
had a significant effect on available K onlyin 1 year (2002), when
highest values were measured after CM (142mgkg™") and PS
(132 mg kg~ '), both being significantly higher (p < 0.05) than in
the CON plots (93 mg kg~ '} (Table 3).

3.2, Nand K concentration in canopy ai BBCH 69

N and K concentrations of canopy (leaves and stems) dry
matter (cv. Agria) at BBCH 69 were significantly affected by
fertilization and year, beth interacting significantly for K con-
centration. While the N content of the canopy was much higher
in 2002 compared with 2003, the opposite was true for canopy
K concentration. It was horn grils application that consistently
caused a significantly increased N concentration. For K in
canopy DM, highest values were measured after CM (2002)
and PSHG (2063). Over the two growing seasons, values for N
ranged between 40.9 and 50.7 g kg~ and for K between 29.0
and 40.Ggkg™' (Table 4).

Table 5 shows the resulls of the analysis of fixed effects for the
parameters discussed in this paper, except for CAL extractable
K and N, as well as K concentration of the canopy at BBCH 69,

3.3, Tuber N and K uptake and concentration

Highest N uptake (127 kg Nha™') was measured in 2003
when also very high wber DM (Haase et al., in press) and N
concentrations were recorded (Table 6a and b). Tuber N uptake
and concentration were significantly influenced by fertilization
and the year with consistently highest values for both parame-
ters after application of either PSHG or HG. The two cultivars
differed significantly in terms of tuber N uptake only in 2002
(Table 6a).

Tuber K uptake was significamly higher in 2003
(189 kg K ha~') as compared 10 2002 (162 kg Kha~ !y and 2004
(165 kg K ha™'). It was significantly affected by fertilizer appli-
cation. cultivar and year, while the response to factor year
depended upon the year (CV x Y: p<0.001). Highest K uptake
was measured after PSHG, which was significantly higher than
after CM and PS alone, while the latter two treatments caused

Table 4
N and K concentration in canopy dry mater (g kg™ ') at BBCH 69 as affected
by ferilization (cv. Agria; 2002 and 2004); means + §.D.

2002 2003
N in canopy DM (g kg!)
M 466+ 1.65¢ 3524334¢
PS 49.8:231 be 374+45¢
PSHG $63=268a 43.0£2.50b"
HG 542£270a 472220307
CON 533224 ab 380233 ¢
Mean 52.0 40.1
1SD (5%) 403 4.80
K in canopy DM (gkg ™"}
M 356+ 1.262"° 44.44£2960
PS 299139 470250307
PSHG M0+109¢ 5524694
HG 284+ 14267 418376 be
CON 21.0£088d 370£3T1¢
Mean 276 45.1
LSD (5%) 210 5.99

Different lower case letters represent significant differences belween feritizer
Ireakments {f-test al p < 0.05); asterisks denote significant differences between a
fertilizer reatment and CON at p<0.05 (*); p<0.01 (**} and p <001 (**¥);
ns: not significant.

significantly higher K uptake than HG and CON (Table 6b). The
K uptake of cv. Marlen was higher compared to cv. Agria in two
of three seasons (2002 and 2003).

Tuber K concentration was affected by fertilizer application
and the year significantly. Up to three-way Interactions were
established (Fx CV x Y p<0.01). Nevertheless, there was a
significant responsg, i.e. an increased tuber K concentration due
to CM, PS and PSHG fertilization in every case—except for cv.
Agria in 2003 (Table 6d)

3.4. Tuber dry maner, 1otal and graded fresh weight yield

Tuber dry matter (DM) yield, total fresh matter {FM) and
graded wber yields (40-65mm) and the porticns of tubers
>50 mm (in yield »35 mm) responded significantly to tertiliza-
tion, cultivar and year. Significant interactions for CV x Y were
established (Table 4). Morcover, the most profound impact on
total and graded yield was exerted by the year, and by CV (tuber
DM yield; % >50mm (=35 mm)).

Tuber DM was highest after application of BSHG. CM also
caused significantly higher tuber DM yiclds (+0.7tha™! or
+11.4%) than CON. Only in 2002, tuber DM yield of cv. Marlen
was higher (+19%) compared with cv. Agria (Table 7a).

In contrast to tuber DM yield, tuber fresh matter (FM)
yield was increased by every fertilizer, However, PSHG gave
a stronger yield response (+6.1tha™') than CM, PS or HG,
compared with the control. The latter treatments did not differ
significantly from each other.

‘While in 2002, cv. Marlen yielded significamly higher than
cv. Agria, the opposite was true in 2004, In 2003, total FM yield
(mean of both cultivars) was 31,.3tha~" (Table 7b).

The response of yield graded for Jater processing of tubers
into chips (40-65 mm) to individual fertilizers was analogous
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Table §
Test of fixed effects: p-values for main treaiment effects F (fertilization) CV (cultivar), year {Y), their interactions and hlock (BL)
Effect Nominator d.f.  Denominator d.f.  Tuber N uprake Tuber K uptake Tuber N Tuber K
(kgNbha~'} (ke Kha 1) 2kg™) igkg™"
F-vilue  p-Value F-value  p-Value Fevalue  p-Value Fovalue  p-Valoe
F 4 42 292 <0.0001 9.9 <0.0001 300 <0.0001 17 «<.0901
Cv 1 45 6.8 0.0126 180 0.0001 09 0337 07 0.39%6]
Y e 42 80.7 <0.0001 120 <0001 48.8 <0.0001 320 <0.000%
FxQv 4 45 15 0.2123 0.8 0.5648 1.0 0.4157 86 <0.0001
FxY 8 42 14 0.2094 L7 G.1166 1.0 0.4824 26 00224
CVxY 2 45 36 0.0341 9.7 0.0003 0.8 0.465% 127 <0.0001
FxCVxY 8 45 Lz 03019 1.5 0.1989 0.8 0.580] 30 0.0083
BL 3 42 0z 0.8928 (I3 0.2434 0.2 0.8936 18 0.1709
Nominatordf.  Denominatordf,  Tuber DM yield Tuber FM yield Tuber FM yield Tuber yield >50 mm
(tha ) itha™") 40-65mm (tha”!) (35 mm) (%)
Fvalue p-Value F-value p-Value F-value p-Value F-value p-Value
F 4 42 4.3 0.0051 9.5 «0.0001 63 0.0004 32 00216
TV 1 45 16.5 0.0002 03 0.6011 29 0.098 49,0 <0.0001
Y & 42 302 <0.0001 179 <0.0001 4.5 <0.0001 297.1 <0.0001
FxCv 4 45 24 0.0663 0.8 05133 0% 0.4607 0.4 0.5273
Fxy 8 42 2.0 0.0743 1.9 0.0883 09 0.5415 11 0.3611
CvxzY 2 45 9.8 0.0003 ilo 0.0001 9.0 0.0005 133 <0.0001
FxC¥xY 8 45 10 (4634 1Lt 0.3931 08 0.5274 1o 0.4345
BL 3 42 0.6 0.6123 08 0.4819 02 0.8898 0.1 0.9548

-Values in bold represent signiticant effects

to that of total yiclds. In each of the 3 years, PSHG plots had
significantly higher yiclds than unfertilized plots. CM increased
tuber yield (40-65 mm) significantly in 2004 with cv. Agria,
In 2002 and 2003 cultivar did not affect final graded tuber
yield (crisps), and was significant only in 2004, when ¢v, Agria
(+34tha”'y had considerably higher yields than cv. Marlen
(Table Fc).

1In 2004, CM application increased tuber raw stock for pro-
cessing into French fries (+5.6tha~!}. The portion of tuber FM
yield >30mm in tuber raw stock >35 mm was highest in 2004
(68%). followed by 2003 (49%) and 2002 (29%). On average of
all years, only PSHG gave a significant increase in the portion of
tuber yield >50 mm. The impact of the cultivar was particularly
strong in 2003 (Tabie 7d).

4, Discussion

The considerable variation of N. P and K content, DM con-
cenuation and C to N ratios shows that variability in chemical
composition of CM {rom organically managed farms can be
cxpected (o be just as wide as in the case of conventional farm-
ing. Previous studies showed that content of the most important
nutrients in CM from organic farms were found to be in the
lower to mid-range when compared to the conventional refer-
ence (Piorr et al.. 1991). The average N and K contents of the
material used in the experiments {means of 2002-2004) were
higher than those found in the survey of Dewes and Hiinsche
(1998) for CM from erganic holdings, but were within the same
range for P In 2002, a high proportion of straw from bedding
malerial resuled in the relatively high C to N ratio of 37, cam-
pared 1o the 2 other experimental years when the ratips were

more consistent with those found in a recent study on organic
heldings in England (Shepherd et al., 2002).

4.1. Mineralized N and available K

Prior to emergence of the potato crop, the mother tuber sup-
plics the growing plant with nutrients (Harris, 1992). Hence, the
mineralized nitrogen in soil at crop emergence provides valuable
information on the initial status of available nitrogen. At BBCH
09 supplemental N added by CM had obviously not been min-
eralized yet. According to the classification by Moller (2001},
values for NO3-N at BBCH 09 represent a mediam (2002 and
2004) and a high N supply (2003). The very high level in 2003
confirms that a higher supply of NO3-N can be expected after
grass/clover when compared to cereals (Stein-Bachinger and
Werner, 1997: Neuhoff and Képke, 2002). Both Neuhoff (2000)
and Stein-Bachinger (1993) measured a minor, yet significant
increase in mineralized N (NO3-N and NH4-N) at emergence
of only 20kgha~' after application of 240 kgNha™! with CM
in spring. Results suggest that organically bound N from horn-
based fenilizers is much more readily available than from CM.
After a spring peak at crop emergence, soil content of NO3-N
gradually declined and did not increase before harvest of the
crop which was in accordance with other studies on organic
potate cultivation (Stein-Bachinger, 1993; HeB, 1995; Méller et
al., 1999),

A s0il K content of 40-100g kg™ in topsoil is commonly
considered to be sufficient for wber yields expected under condi-
tions of limited N supply (Meinck and Kolbe, 1998). According
to the (conventional) soil nutrdent status classification, the indi-
vidual soil K index of the fields varied between Jow (2002 and
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Tuble 6
{3 Tuber N and (c) K nptake (kg ha™') and (b) N and {d) K concentration (g kg ™') as affected by fertilization and cultivar: means + 5.
Yeur Mean FERTY;
mean £5.0. {F}
2002 2003 2004
Agri Marten®; Agria®; Marlen?; Agria®; Marlen':
mean£ 8.0 ()  meam:$D(F) menz=SD (F) mean+SD.(F) mem=SD.(F)  meant SD.(F)
(a) Tuber N uptake fkg N ha™')
oM 64+ 08B b 79+ 155b 122 & 253 ns ITEE AN Y 96+ 85¢c 95 + 13.79b 95+ 23.8¢
Ps 79+ 9.8ab 86+ 7.7b 17 +179 116 + 1306 9l +37¢ 87 % 23% 96 + 168 ¢
PSHG 93+ lt3a 14+ [84a 130 = 98 15E % 1304 134 £ 169a 124 £ 90a 124 £ 21927
HG 94 +95a 109 £ 10.0a 127113 138 & l6.4ab 109+ 148b 122708 16+ 179"
CON 76+ 84b 86 £ 17.4b g = 154 110 £62b BT+ B.l¢c 88 + 6.0b 94+ 183¢
Meun 8l = 478 95 = 15.2A 123 % 144 125 + 19.5NS 103 + 202 104 = 183NS
LSD ¢5%) 17.3 75
(b} Tuber N concentration (g kg™
M 130+ 150b 13.1 £ 144 b 172£ 1770 165 + G.d9c 136 £ 0.66b 149 £ 1.60b 148 £ 205b
s 134 090D 132 + 1.0 b 169 £ 0436 173 # 118 be 138 £ 055b 139 + 082D 148+ ) 87b
PSHG 168 £ 1354 17.1 £ L0l a 193 = 1.36a 193 %0442 1740772 168 + 0.864 178 £ 1432
HG 178 = L.E2a 166 £ 1.69a 19.1 + 1.07a 18.5 % 1.29ab 169 + 2484 174 £ 0452 177+ 16757
CON 143+ 181D 132 & L40b 17.3 £ 0.83b 167 £ 052¢c 147 £ 074b 14.0 £ 0.98b 150 £ 1.80b
Meun 15, +2.36 147 & L30NS 180 % 1.48 1.7 £ 1.36NS 153 & 197 15.4 £ 1.74 N5
LSD (5%) 175 0.83
(¢} Tuber K uptake (kg Kha™')
[ol¥] 139 = 119b 178 & 20.0ab 177 £ 199 ns 184 £ 109b 188 £ 17.1 169 £ 29.6 172 £ 23707
PS 169 + 1632 18] £ 5.5ab 180 £ 9.6 188 + 12.9ab 169 + 20.7 162 £ 174 175 £ 15967
PSHG 162 + 10.L a 192+ 18.7a 180 + 16.7 215 + 1232 201 252 193 318 190 + 24.82"
HG 139 = 66D 163+ 11.6b 170 + 184 185 £ 143 b 143 + 313 147 £ 201 159 £ 23.0¢
CON 138 + 2305 161+ 11.5b 179 + 159 181 +23.0b 131 % 15.1 147 £ 23.1 156 £ 26.5¢
Mean 149 + 189 B 175 £ 17.5 4 177 £ 1528 190+ 186 A 167 £ 331 NS 163 + 284
LSD (5%} 282 125
(d? Tuber K concentration (gkg™")
™M 287 £ 0590 298 £ 0454 25.2 £ 0.46ns 27.1 £ 073 267+ 1612 357+ 14la 272+ 187
33 28740150 279 4 0800 260 £ 0.32 28.2 4 0dda 255+ 1862 258 £ 1.54a 22.0 £ 1.61
PSHG 292 £ 0640 292 + 0504 267 £ 2.04 27.6 + 0640 260+ 1174 259 + 1.37a 274% 174
HG 262+ 041 b M8z 117D 257 £ 163 250+ 0.98b 230+ 3290 210+ 230¢ 243 3 245
CON 258 4 [.10b 250 1.05b 262 = 0.52 272 % 1740 220 + 180D 2324 19ab 249 224
Mean 277 % 1.57 273 +2.26 260 121 27.0 = 143 24,6 + 2.63 243 & 252
LSD (5%) 1.88 101

Eray

2004) and medium (2003) (Heyn and Schaaf, 2002). No sig-
nificant differences between CM and mineral K supply were
eslablished in years when fertilization had an impact on K
avatlability (Table 3). This indicates that a very high propor-
tion of K (rom CM is readily available in the first year, which
was also observed by Bohm and Dewes (1997) and Neuhoff
(2000),

4.2. N and K concentratior in canopy DM a1 BBCH 69

A wide range of N concentrations of the canopy dry matter
was found inthe years 2002 and 2003. There was no positive cor-
relation with the N status at planting. Yet, it could be shown that
the nutritional status of aboveground biemass can be improved
by application of horn grits, while response to catile manure

of fertitizer treatments denoted by different tower lettess are significantly different at p < 0.05; means of cutlivars denoted by different upper case letters are
cantly different at p <0.05. Asterisks show significant differences between a fertilizer treatment and CON at p<3.05 (*); p < 0.0 (**) and p<0.001 (**+),
no significant effeet of fertilizer reatment; NS = no significant effect of cultivar treatment.

may hardly be predicted, keeping in mind that data on 2004
were missing. Furthermore, results do not clearly indicate by
which fertilizer (cattle manure or mineral K) the K status of the
canopy can most likely be augmented.

4.3. Tuber N and K uptake and concentration

Neuhofl and Kopke (2002) found a higher relative N uptake
in response to increasing rates of CM on sandy Luvisol com-
pared to a fertile Fluvisol. B&hm and Dewes (1997) observed an
increasing N recovery by tubers when increasing rates of cat-
tle manure (0-15-30tha™"} were applied on soils comparable
I those from the present study, The higher N uptake in 2003
compared with 2004 can be explained by both higher tuber DM
yield {Table 7a) and the higher tuber N concentrations (Table 6b)
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{1 Tuber DM yield; (b} FM yield ¢tha™"3; () 40-65 wun (tha ') and {d) pertion (%) of wbe yield >50 mm (of yield »35 men) as afiected by fertilization and cultivar

in 2002-2004; (means + $.D.)

Year Mean FERT,
. mean £ S.D.
2002 2003 2004 sign. (F)
Agria’; Marlen®; Agria®; Marlen”; Agria®; Marlen*:
wean+SD (F)  mean£S.D. () mean#8D. (A mean+SD (M mean=SD.(M  mean+S.D.(F)
) Tuber DM yield (tha™")
<M 45+ 0.38b 6.0 £ 0.67 ns 10407708 68+ 0.26h 7.0 % 0.63 ab 66 x 1204k 64 1.02b
] 59+ 056b 65£0.14 6.9 +029 67£054h 6.6+ 038 be 63£039b 65+ 049b
PSHG 5.5 0.344 6.6 £ 0.69 6.8 = 0.63 18+ 0632 770714 T4+ 080 7.0 £09927
HG 530290 6.6+ 0.50 6.6 4+ 045 T4+ 078ab 6.4 + 0.50 be 70+ 028 ab 6.6 = 080b
CON 53£073b 6.5+ 0.70 6.8 + 0.66 66+ 049b 59+ 050¢ 63+ 071b 63+ 076h
Mean 54 % 0568 64+ 0574 6.8 £ 054 NS 712070 6.7 + 0.78 NS 67 £ 082
LSD (5% 0.85 037
{h) Tuber Fid yield (tha™')
M 254 %+ 309 29.0 + 3.65 ab 313 +£257ms 297 1.16b 372 + 354 ab 330+450a0 310 470b
PS 297 = 2.89ab 305+ 0.83a 320 £ 2.33 30.8 £ 3.031b 340+ 2885 297+ 261 b 311 £272b
PSHG 300 + 20040 3130+ 3692 320 +203 350+ 282a 41.9 + 4992 371 +337a 348+ 5152
HG 284 &+ 165ab 31 % 166 ab 307 £ 2.02 321 % 3.66ab 340 + 3.50b 326 + 165 be 31.5 = 2.88 "
coN 262+ 37 28.4 + 2.80 307 + 2.87 284 = 1.97b 29.5 % 2.89¢ 200 £ 381 b 287 +3.05¢
Mean 279+ 3.09B 304 £295A 314 £ 222N 3123311 353 4 5324 323+ 4488
15D (5%) 2.03
(c) Tuber FM yield (40-65 mm) (tha="y
M 196+ 403 b 237 £ 5.06 ab 2572 217 ns 240+ 1.72b 318+ 2.120p 27.6 £ 279 ab 2542 477b
P 240 £ 281 a 238 + 14T ab 6.6 & 035 2482002 299 20labe 245+ 272b 356 £ 3.04b
PSHG 248 % 2864 269 = 4500 267+ 176 284 £ 1.73a 340+ 5800 300 + 5364 285+ 467"
HG 213+ 3640 232+ 148ub 252+ 1.86 260+355ab  284% 130bc 262+ 14Bab 250 1I6b
COoN 20308 219+ 131b 259 + 2.85 225 £ 164 b 259 & 2.24¢ 248+ 3670 2372 3.04b
Meun 222+ 3578 239 £332A 260£ 20785 251297 300+ 4.00A 266+ 3698
LSD (5%) 430 1.96
(d) Tuber yield S0 mm (of 535 mm) (%)
M 328 4 9.45ms 30+ 622ns 4924 16526 400+ 1382ab 729 % 9l6ns 615+ 4555 481+ 15.07h
PS 306 + 583 240 + 6.07 616 +£3.790a 404+ 1703ab  69.8 £ 599 65.2 & 438 48,6+ 19.59b
PSHG 1354432 284 4 9.55 638 % 6464 415+ 7022 75.8 £ 2.22 IRE R 525 + 19.34 4"
HG 30.9 = 546 230 & 596 631 + 4820 398 + 6.65ab 717 & 6.69 674 £ 572 493 £20.00b
CON 279 + 559 255 + 8.64 608 + 769 29.7 4 4585 65.0 + G.54 615 + 393 451 £ 18.55b
Mein 31 E 59985 266 + 741 597 +£975A 383+ 10678 TLI 637 655+ 551 A
LSD (5%) 10.88 4.21

See comments in legead of Tuble 6

in that year. The significantly higher N uptake by tubers of cv.
Marlen in 2002 and 2003 was probably due to the higher tuber
DM yield of this cultivar, since tuber N concentration was not
affected by cultivar (Table 6b). Response of N uptake was con-
sistently affected only by application of horn grits. Results show
that N uptake can be improved when horn grits are supplied along
with mineral K

Increased recovery of K by tubers afier application of mineral
potassium lertilizer was also observed by Allison el al. (2001)
who found the increase in K taken up to be primarily due to
increased tuber DM yield. In contrast, we found the higher K
uptake after PS or CM application to be due to a higher K con-
centration instead of ber DM yield (Table 6c). Tuber K uptake
was significantly increased by CM only in 2004, the year when
a significant yield response to cattle manure could be estab-
lished. Overall, the three growing seasons give evidence that

tuber uptake of K can be expected to be increased equally by
CM and PS appiication, respectively.

4.4. Tuber dry matter, total and graded fresh matter yield

The higher tuber dry matter (DM) yield in 2003 compared
with 2004 can be explained by the higher DM concentration
that compensated for the lower tuber fresh matter (FM) yield
in that year (Table 7a and b). This may be due to the pro-
longed pericd of time available for dry matter accumulation in
tubers, as crop growth proceeded without late blight epidemics
in 2003. In 2002, late blight resulted in premature senescence
of the crop in late July, while 2004 was charactertzed by an
early, yet moderate development of the disease. A higher tuber
DM yield after grass/clover (2003) when compared with cere-
als (2002) was also found by Méller (2001). The lower tuber
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DM yield in 2002 as compared with 2004 can be traced back
to both lower FM yield and a lower tuber DM concentration
in 2002 (Haase et al., in press). Dry matier concentration of
tubers is a very important quality parameter of potatoes when
tubers are used for processing into French fries and crisps
(Schuhmann, 1999). Comparing DM concentrations of tubers
(data not shown} in individual years confirmed that tuber DM
content 1s severely affected by the incidence {or absence) of late
blight epidemics (Moller, 2003). However, as results on tuber
DM yields show, an additicnal decrease of DM concentration
due to an increased N supply (leguminous pre-crop; fertiliza-
tion) is obviously more than compensated for by increased FM
yields.

Fertilization affected tuber FM yield in 2004, analogously
Lo total tuber DM yield. In previous smdies, yield response of
Organic potatoes to organic manuring was often insignificant and
cxplained by either the high N status of the soil (Stein-Bachinger
and Werner, 1997), an early latc blight attack (Matthies, 1991),
or poor mineralization of N from manure (Neuhoff and Kopke,
2002). However, on sandy soils, increasing rates of CM were
shown to cause significantly higher yields (Béhm and Dewes,
1997). In our experiments on loamy sand, we found a clear
response of wber FM yield on fertilizer application. However,
seasonal influences such as precropping and weather conditions
abviously make response of tuber yield to cattle manure appli-
cation unpredictable for the farmer. Only in 2004 did application
of CM prove Lo be efficient in terms of a response of yield and K
uptake. This may possibly be traced back to the high availability
of K from CM and a more balanced nutrition with regard to N
and K. respectively (Herlihy and Carroll, 1 969). This suggestion
i further strengthened by the profound effect of PSHG on FM
tuber yield compared with sole application of N (HG) and K
{PS). Results indicate thal the increase in total tuber FM yield
after CM in 2004 was most probably due 1o K.

Tubers graded 40-65 mm may be regarded to be optimal for
crisps production (Schulimann, 1999). The results show that in
yeurs without late blight, as in 2003, or with early, yet moderate
late blight epidemics such as 2004, soil amendments with fer-
tilizers acceplable in organic farming may increase marketable
yields for the crisps industry and thereby financial returns for
the organic farmer. Sole HG or PS application does not seem to
provide a nntritive regime favourable for increased tuber yield
>40 mm, Herlihy and Carroll (1969) stated that the efficiency of
increasing N supply to the potato crop is higher with increas-
ing rates of K. Application of composted CM was found to
increase the number of wbers >65mm (Stein-Bachinger and
Werner. 1997) on a fertile Luviscl and reduce the absolute and
relative yiclds of smaller tubers as a result of N mineralization
(Stein-Bachinger and Werner. 1997; Neuholf. 2000). In organic
poato cropping, large proportions of non-marketable oversized
tubers are rarely reported, due to the limited N supply (Karalus
and Rauber, 1997). Results confirm. that on loamy sand, which
is commonly used for potato cultivation, fertilization with N and
K miost probably does not cause increases of vield of oversized
tubers, Overall, the response of graded tuber yield (40-65 mm)
to M was insignificant, which may be explained by the poor
or late mineralization of N

The organic French fry industry currently demands raw stock
(35 mm) with a proportion of at least 50% of wbers >50 mm.
In 2004, the threshold was exceeded regardless of wreatment,
while in 2003 raw stock would have been marketable only after
application of PSHG, or sole application of its components. The
higher portion of 68% (2004) when compared with 49% (2003}
cannot be explained by a higher supply of mineralized N in top
soil at crop emergence (Fig. 1). In 2004, even the unfertilized
plots (means of both cultivars) yielded higher portions of large
tubers than the PSHG treatment in 20G3. This does not, however,
account for cv. Agria. The results indicate that, in organic potato
cropping for processing into French fries, the choice of cultivar
may be more important than fertilization when high portions of
larger tubers are required. Moreover. the influence of the year
makes response of marketable yield rather difficult to predict for
the farmer.

5. Conclusion

An increase in soil N status at early crop growth stages can
best be accomplished by applying horn grits, rather than cat-
tle manure, or by cultivating potatoes after a pre-crop such as
grass-clover, as compared (o cereal grains. Results show clearly
that the use of cattle manure in organic agriculture impedes the
optimization of more than one nutrient in terms of the nutri-
tion of the polato crop. Data indicate a low potential of fresh
cattle manure 10 increase plant available N and tuber N uptake.
Accordingly, a yield response to cattle manure cannot be pre-
dicted. Data on tuber X uptake imply the yield responseto CM (in
one of 3 years) 1o be due to an increased availability of K rather
than NO3-N. Morgover, it can be concluded that K availability
can be increased by cattle manure and mineral K fertilization
equally, Yet, the high level of tuber K contents even from vnfer-
tilized plots suggests that loamy sand may have a potential to
supply K from its reserves, not accounted for in the soil analysis
commonly used

In order to increase tuber FM yields, the combination of min-
eral K fertilizer and an organic N source, such as horn grits
proved to be an excellent alternative 1o CM in terms of timely
N-availability, tuber N uptake and concentration. Mineral K or
horn grits applied together provide 2 better nutritional regime
for increasing tuber yield than when applied solely.

‘When Lubers are marketed for industrial processing of tubers,
the portions of certain size-grades and the dry matter content of
tubers play an important role. In this connection, the choice of
cultivar may be a more efficient agronomic measure to increase
financial returns than fertilization.
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Abstract

Potato tuber bruising was simulated by an impact pendulum at a temperarure of 7 “C. Two cultivars (“Agria” and “Samantana™) cultivated
under five different regimes were tested 1 month and/or 5 months after harvest. The regimes of cultivation differed by fertiliser use and/or
irvigation, The black spots obtained were measured carefully 1o obtain detailed shape and volume data. The results are discussed in relation
to tuber anatomy (vascular ring), and it is shown that both shape and volume details of the bruise spots can be described successfully by

polynomial of the third order.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Fruit and/or tuber bruising is one of the most important
factors limiting mechanisation and automation in harvesting,
sorting and transport of seft fruit and vegetables, includ-
ing petatoes. Dark spots appearing near the product surface
can be due 10 previous forceful mechanical contacts of the
products with other bodies. The extent of bruising is usually
described in terms of bruise volume, which 1s closely related
to product quality {Mohsenin. 1970). Bruises are a part of the
wider range of potato mechanical damage leading to substan-
tial yield losses (Baritelle et al., 1999}, The important bruise
factor s the loading extent, which is usually expressed in the
terms of toading energy or absorbed energy in special impact
tests (Hodt and Schoorl, 1977, 1983; Mathew and Hyde, 1997;
Bajema and Hyde, 1998}

Bruises are usually classified as a special type of mechan-
ical damage (Baritelle ¢t al,, 1999), also called black-spot
bruiscs that: “have no visible cell wall or cell debonding dam-
age although the cells are often damaged. Typically, recent
bruises are blue black and in perimedulary tissue rather than
in cortex. Discoloration appears within 48h at 10-20°C
Black-spot occurs in warmer more flaccid tubers, especially

* el +420 224384281, fax: +420 234381828
E-moil uddvress: blahovec@if.czucz.

0925-5214/S - see front matier © 2005 Elsevier B. Y. All rights reserved
doi:10.1016/] postharvbio. 2005.1 {004

if potassium is deficient; and is associated with lower dam-
aging drop heights (lower impact velocities).” These conclu-
sions are in agreement with Molema (1999) with the "Bintje’
variety. The susceptibility of a potato to bruising is usually
assessed by frequency of black-spot formation (Baritelle et
al., 1999), dimensions of the black spots formed (Noble,
1685) and/or black spot volume (Molema, 1999). No suc-
cessful and clear relationship of bruising sensitivity of potato
tubers to any physical property has been observed.

1t was shown previously (Blahovec ¢t al,, 2003, 2004,
Blahovec and Vacek, 2004; Blahovec and Zidova, 2004) that
the shape of the bruise spot depends either on the tested prod-
uct and/or the object shape, which was in contact with the
product before forming the spot. The simplest description
of the bruise spot shape is the ratio of its thickness (depth)
to its maximum diameter. This ratio was termed the bruise
spot ratia (BSR, see Blahovec and Zidova, 2004). Moreover,
bruise spots were observed with the maximum spot diam-
eter not located just under the tuber surface as is usual in
other products (apples, cherries, pears; Blahovec et al,, 2003,
2004), in agreement with theoretical studies (e.g. Johnson,
1987). This is why the relatively simple formula of Mohsenin
(1970 cannot be used to calculate the bruise spot volume.
Moreover, in most cases the maximal bruise spot diameter is
observed only close to the tuber vascular ring, i.c. at a depth
that is very variable even in a single tuber,
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Tabte 1
Cultivation regimes used fot both potato cultivars

Regime

1 2 3 4 5
Mineral N (kg/ha) 0 120 60+ 60* 60+30° 60+30¢
Animal manure {c'ha) o 30 30 a7 37
Appiication tarm Autumn manure” Autumnn manure® Spring sturry® Spring slurry®
Frrigation 0 a Full Full Saving

2 Organic N added to irrigation.
® Pig farmyerd manure.
© Pig sturry.

In a previous paper, the bruise spot profile was described
by a polynomial of the second erder (Blahovec and Zidova,
2004), which expressed well the lens shape of the spots and
their usual location inside the tubers. The second order poly-
nomial is symmetric in relation to its maximum and this is
why it cannot describe the longiudinal asymmetry of the
bruising spots that is caused by the dominant role of the vas-
cular ring

In this paper, we tricd to sclve the problem of the axial
asymmetry by describing the bruise spot profile by polyno-
miats of the third order. They have more shape variations with
three possible extremes so more care 1s needed in finding their
suitable form. The regression analysis of the real bruise spot
profiles in this paper shews what kinds of polynomials are
suitable for an easy, quick and relatively exact determination
of bruise spot volume and position in the tubers. Results of
this analysis form the main content of this paper.

2. Materials and methods
2.1, Potaio tubers

Two potato varieties (Solanum tuberosum cv. Agria and
Samantana) cultivated in five different regimes were tested
I month and/er 5 months after harvest. The regimes of the
potato cultivation are given in Table 1. Potatoes were grown
at the experimental station Valetov (Research Potato Insti-
tute) close 1o Havlifkuv Brod in the Eastern Bohemia. The
tubers were cold stored in an air ventilated room at 6-10°C.
After transport the tubers were stored in a refrigerator for a
few days at (7= 1) °C. The day prior to testing the tubers
were washed in cold water and then 50 defect-free tubers
of medium size (5-8cm in diameter) were selected for the
test. After determining the density of the individual tubers
(by weighing in air and in water) at room temperature the
surface water was dried by placing the tubers for about 1 h
on a table under laboratory conditions. The tubers were then
held at 7 £ 1 °C for about 20 h.

2.2, impact test

The tubers of were removed sequentially from the low
temperature storage and tested dynamically by the impact

pendulum {Blahovec etal., 2004). The pendulumhad a 30 cm
long arm with removable weight and changeable impactor
with a spherical head of 15 mm diameter. The basic param-
eters of the pendulum are given in Table 2. The impact tests
were performed on the tuber equator in the direction perpen-
dicular to the main tuber axis (connection of the bud and stem
parts). The tested tubers were fixed in a special jig and pre-
stressed by the spring of a micrometer screw. Twe pendulum
impacts by the spherical impactor were done on the same
place on a tested tuber: the preparing (initial arm angle 30°)
followed by the initiating impact (initial arm angle 75°). The
preparing impact was presumed to cause no bruising; the ini-
tiating impact was presurmed to cause bruising (for details see
Blahovec and Zidova, 2004). This procedure was reproduced
on twa places at the side of every tuber (in the direction of
the maximal tuber thickness — B1 and in the direction of the
minimal tuber thickness — B2). Each impact was done in the
following manner: the pendulum arm was fixed in the cor-
responding initial position and dropped onto the tuber. After
the rebounding of the arm into the highest position, the arm
was caught by hand,

2.3. Bruise evaluation

After the test the tubers were left at room temperature
(20-22 °C) for about 24-72 h, During this interval the colour
of the bruised parts of the tuber flesh changed to dark grey
(Baritelle <t al., 1999). Then the impacted parts of mbers
were sliced by a calibrated peeler into planar 1.4 mm thick
slices parallel to the tuber surface (Molema, 1999). The slices
were visually inspected to detect the presence of black spots.
Diameters of the discoloured tissue were measured manually
{Molema, 1999). The set of measured diameters gave the
bruise spot profile: it is represented by a plot of the measured
bruise spot diameters D on the individual slices versus values
of the slice depths. The slice depth was simply expressed in

Table 2

The basic parameters of the pendulum with spherical impactar

Angle (%) Load energy (1) Impact velocity (ms™')
30 0.123 0.787

45 0.269 1.164

60 0.460 1.521

75 0.682 1.851
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mm as x = 1.4(n — 0.5), where #is the sequence slice number.
The plot was approximated by a third order polynomial

D =a+byx+box? +byx? n

where a, 0y, by, and b3 are cocfficients. Visual inspection of
the individual slices led to identification of the slice in which
the bruise spot crossed the tuber vascular ring.

2.4. Polynomial of the third order applied 1o the bruise
spoi profife

The bruise spat profile can be described by a third order
polynomial (1}, the function with minimum and maximum
given by the solution of the following equation:

ap
— = by + 2bar + 3b3x2 =0 2)
dy
They are given by x co-ordinates:
b
Xa= -2 FVD (2a)
3b3
where
bk
A iaike @2
L

An important rele is played by §= (@2p/d?)=
+2b5+/Z. 1t indicates the minimum or maximum, if § is
higher than zero or lower than zero, respectively. Eq. (2a)
represents two solutions (maximum and minimum of Eqg. (1))
for Z> 0, i.c. for:

A Bibs <landZ > 1
B. bibs > 0and0 <« Z < 1

We require the maximum for positive x-values, so that the
four possibilities from Table 3 should be taken into account.
Examples of such curves with a =0 (see Eq. (1)) are plotted
in Fig. 1. The curves determined by Eq. (1) are obtained by
shifting the curves from Fig. | in direction of the D-axis; a
plays the role of the shift factor in this case (Fig. 2). The figure
also shows how to construct the shape limits in direction x

2.5, Shape characteristics of bruise spots

Spot shape analysis was based on Eg. {1). The minimum
and maximum (denoted by x;,) of Eq. (1) were calculated in

Table 3
The basic classes of the modelied profiles
Conditign Class i 23 ba Minimum Maximum
A 1 + + - - 4
1 + = = = +
B 1 = + - + 1
v + = + + =

Minimum and maximum: minus means negative corresponding x-value, and
plus positive corresponding x-value

0.4

Fig. 1. Examples of the polynomials in arbitrary units given by Eq. (1) with
parameters by, by, and &3 {the values with signs described in Table 3 are
given sequentially in the fipure legend) and o= 0
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Fig. 2. The curves obtained by shifting the curves from Fig. |: (a) curve
1, {b) curve HI. (&) curve 1V, Shift parameters « for individual corves are
given in the legend to the figures. The zero points of the curves are the initial
points and the endpoints of the spot in most cases. Only intwo cases, [Il with
4=0.015 (Fig. 2b, the initial point x;) and IV with 2=0.015 (Fig. 2, the
endpoint x }, are these poinis determined by the curves” minima, In the most
frequent case, curve IV with g = —0.01 (Fig. 2¢), the main characteristics of
the approximation (initial point xj, endpoint x and the maximal diameter
Dyy) are denoted
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every individual test using the formulas {2a) and (2b). The
zero points of Eq. (1) were obtained as trigonometric solu-
tions (Korn and Korn, 1968) of the cubic equation:

A bix+ by + byxd =0 (la)

The initial co-ordinate x;, corresponds to the lowest positive
a-co-ordinate at which the tissuc bruising was observed, It
could be located just at the potato surface (x =0, see Fig. 2a
and c for a=0.1), or at “the positive left” root of Eq. (la)
(Fig. 2a for a= —0.1), and/or in the “left” minimum of Eg.
(1) {Fig. 2bfora=0.015). The endpoint x. of the tested bruise
spot corresponds to the maximum depth of bruising. 1t was
localised either at “the right” root of Eq. (1a) or at the “right™
minimum of Eq. (1) (Fig. 2¢ for a=0.015).

The bruise spot volume was determined either as a sum
of the bruise volumes in the Individual slices of thickness
1.4 mn:

Vo= l%nZ[_D,Z (mms) (3a)

where D; is diameter of spot in the ith slice, or by space
integration of the rotaticnaily symmetric object, which profile
is given by Eq. (1)

T T
V= jz'/\‘ Dldx = 7 {a(,xEi mx,)+ab|(r§ —xiz)

(b7 + 2aby) (abs + b b3
SO gy
320\ b bab
" (T) -+ B2
b]
+2el —x?)] @r)

A further characteristic spot quantity is the maximal spot
diameter Dy, given by Eq. (1) at xpy, the co-crdinate of the
polynomial maximun, see Eqs. (2) and (2a). The quantities
Dy, and xe were used for calculation (Blahovec et al,, 2004)
of the BSR given by the following formula:

BSR = & 4
"~ D
The spots with low BSR ¢an be classified as flat in com-
parison with the elongated spots characterised by BSR much
higher than 1. The longitudinal asymmetry (LA} of the spot
was calculated by the following formula:
Xi

A

LA =

b
P (5)
The volume of the spot is concentrated at the potato surface
and at the inner sidc of the spot when LA is lower and higher
than 0.5, respectively.
Another dimensionless parameter characterising the

bruise spot shape is bruise spot cross-extension (BSE), orig-

inally defined in the previous paper (Blahovec and Zidova,
2004):

Dmax
BSE = - (6}
Dm
where Dypay is the maximal measured spot diameter D at the
inspected slices. The BSE is a measure of the focal bruise
spot tendency to extend its diameter in the widest parts

3. Results and discussion
3.1. Polynomial bruise spoi approximarion

The bruise spots had a lens form as is described by
the depth-diameter plot. This dependence was approximated
simply by an asymmetric third order polynemial (Eq. (1)).
The polynomial has a maximum and a minimum with con-
figurations depending on signs of the parameters b, b7, and
by (Egs. (2) and (2a)), forming a basis for classifying the
polynomials into four classes (Table 3). The shape profiles
of the polynomials of different classes {I-IV) arc given in
Fig. 1. The parameter 4 of Eq. (1) serves as a shift factor for
shifting the polynomial in the direction of the D-axis (see
examples in Fig. 2 for classes L, I, and V). The sign of the
parameter a was the basis for dividing every class {I-1V) into
two subclasses.

The frequency of occurrence of the polynomials of dif-
ferent classes is given in Fig. 3a. This figure shows that
subclasses with a positive a were relatively rarc (less than
4.5%, of which about 3.8% arc in class [1}}. The subclass IV
with the negative @ was the most frequent one. It represents
nearly 72% of all the analysed cases. This subelass can be
characterised graphically by the thick black curve in Fig. 2¢
{z==0.01}. Its important positive part starts at some posi-
tive distance (x;) from the tested surface; the diameter then
increases up to a maximum {Dp, at xmm) and then decreases
downto O atx =xe. The lengitudinal asymmetry (LA) was less
than 0.5 in this case. More information on the occurrence of
class IV~ is given in Fig. 3b. No important differences were
observed for different varieties and the cultivation regimes.
The biggest difference was observed for ‘Agria’ in the fourth
cultivation mode, where the polynomial subclass 1V~ was
obtained only in about 50% of the analysed cases.

The approximations of the D-x plots by the third order
polynomials were tight with #% higher than 0.9 in morc
than 90% cases. Moreaver, most of the observed differences
between the experimental data and the polynomial approxi-
mation were concentrated in the tight neighbourhood of the
tuber vascular ring (Blahovec and Zidov4, 2004) as the main
source of differences between Dy and Dy, see Eq. (6)

3.2. Bruise spot volume

Bruise spot volume was calculated for every test using
either Eq. (3a) or {3b). The first equation represents a numer-
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Fig. 3. Occurrence percentage of the third order polynomial classes used for
appraximation of the analysed bruise spots. (a) Total percentage of [-[V mark
the polynomial classes, sach with two subclasses, positive and negative .
(b} Details only for class TV: numbers 1-5 denote cultivation regimes; whitc
colowr, test | month after harvest, grey colour, test 5 months after harvest. The
data for B1 and B2 locations were unified. (c) An example of the data approx-
imation ¢Variery Agria, 5 months after harvest, impact at B, polynemial
class [V™) Approximation data: a= —3.697 & 1,367, &, =4.315+0.855,
b 0.50360.1421, by =0.01485 + 0.00668, £2 = 0.930{p = 0.000744),
xi=096mm, % =1293mm, Dn=7.29mm, V; =258 Smm? LA=040,
BSR=1.77,BSE=1.1T.

ical estimation of the “real bruise spot volume” V; reflecting
all the details of the individual bruise spot, The result of the
second equation can be understood as the “theoretical bruise
spot volume” Vi, based on the polynomial approximation.
The observed spot dimensions were quite variable from
non-damaged (no spot was observed) up to spots penetrating
more than 10 mm under the surface of the impacted tuber. The
coefficient of variation, calculated for the bruise volume V;,
oversteps 100% In many cases (Blahovec and Zidova, 2004).
The mean values of ¥; are plotted in Fig. 4. The calculated
Vi-values were systematically lower than the values V;. The
difference between the two values was less than 10% as is
illustrated by their ratio plotted in Fig. S. The higher differ-
ences were obtained only for Samantana’ tested 1 month
after harvest, but these results were obtained on a limited

nAgha-1
DSamani-1
mAgra -5

®Samant - 5

Mean Bruise Spot Volume (mm?)

IS
o

Fig. 4. Bruise volume ¥, of the tested varieties in five regimes (Table 1).
The mean values corresponding 1o each variety, time of test {1 andior 5),
and regime of (t-5: BXiS) were lated. The bars
denote the standard deviation of the mean values.

number of bruis¢ spots (less than 10). The observed differ-
ence between V; and Vi, was at least partly caused by the
above mentioned differences between Dy, and Dy It seems
that V; can be used to estimate the bruise spot volume.

3.3. Bruise spot shape

The BSR, see Eq. (4), is an important indicator of the
bruise spot elongation. Fig. 6 shows typical plots of BSR ver-
sus real bruise spot volume. The BSR decreased with increas-
ing bruise spot volume; this indicated that bigger bruise spots
had relatively larger diameters than the smalier bruise spots.
Noimportant difference was observed between the twe tested
parts of the tubers (B 1 and B2). The observed dependence can
be simply desctibed by the pawer function:

BSR = g, V" o)

where g1 and m are parameters. The role of the bruise spot
volume g in BSR values was demonstrated by the characteris-
tic BSR values calculated using Eq. (7) for two spot volumes:
100 mm? (Fig. 7a}, and 300mm’ (Fig. 7b). Some deviations
from the other BSR values were observed in tubers tested |

Appraximated to Real Volume Ratio (-}

Agria 1

Agria 5 Samant 1 Samani §

Fig. 5. Ratio of bruise spot volumes: V., abtained by calculation from the
third order polynomial used to approximate the experimental resuits and
¥, the value determined by the direct sum of the bruise tissue observed
in the simple slices with thickness 1.4 mm. Numbers 1-$ denote modes of
cultivaticn, numbers with the variety symbol denote time {months) between
harvest and test.
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7
q oB1  B1BSR=7.169V,°""
() ) BZ R?=0.783
5ie B2 BSR = 7.855 W, "33
A2 = 0857
T4

0 50 100 150 200 250
Spot Volume (mm?)

Fig. 6. Bruise spot ratie ploned against real bruise spot volume. The data
were obtained for variety “Agria” (mede of cultivation 3, see Table 1) tested
5 months after harvest, B1 and B2 mark the tested parts of the twbers.

month after harvest, with lower values for ‘Agria’ at the first
cultivation regime, higher values for ‘Samantana’ at the first
cultivation regime, and lower values for ‘Samantana’ at third
and fourth cultivation regimes. In other cases, the BSR values
can be approximated by 1.80 £ 0.07 (for v, =100 mm?) and
1.31£0.07 (for ¥, =300mm?). It is necessary to take into
account the fact that potato bruising has a strict subsurface
location.

It was observed that the bruise spots were separated from
the tuber surface by non-bruise tissue with the thickness of
~1mm or more.

The longitudinal asymmetry (LA} of the bruise spots was
very variable at small bruise dimensions with volumes less
than ~50 mm?; it varied nsually betwsen 0.3 and 0.65. For

BSR: 100 mmd el
DAgrias
25 m Samant 1
) } o Samant 5
15
1
05 4
0! .
(&) 1 2 3 4 5
. ® Agria 1
BSR: 300 mm e
; w Sament )
l O Samant 5
15

05
ol
bl 1

nh i

5

Fig. 7. Bruise spot ratio calculated using Eq. (6} for different vavieties {1 or
5 with the variely names denotes time between harvestand test) and different
cultivation modes (1- 5, see Table 1), For bruise spot volume (a) 100 mm?
and (b} 300 mm’

Longtitudinal Asymmelry (-)

1 2 3 4 5

Fig. 8 Longitudinal asymmetry of ‘Agria’ tested 5 months afler
harvest—results on bruise spots with volumes higher than 100mm?. The
numbers on the horizontal axis denote the cultivation regimes (results for
regite 4 are missing due to lack of the experimental values).

bigger spots LA tended to have rather lower values between
0.3 and 0.4. All the bruise spots with LA lower than 0.5
were approximated by the third order polynomial of class
IV, it means that pelynomials of the other ¢lasses were used
especially for a limited part of spots with volumes lower than
50 mm?. The examples of results obtained for the bruise spots
with velumes higher than 100 mm? are plotted in Fig. 8. No
important differences among the LA-values were observed
for different cuitivation regimes (Fig. §).

The BSE depended on the bruise spot volume as is shown
in Fig. 9 for data obtained for ‘Agria’ 5 (5 months after har-
vest), The data varied between 0.8 and 1.4 for small bruise
spotvolumes V. With increasing V; the dispersion of the data
was reduced. We approximated the plot BSE-V; by the third
order polynomial:

BSE=a+ MV +MHaV+mY3 (8)

where @, 81, B2 and B3 are purameters, with the aim toanalyse
more precisely the shape of the “cloud” of the experimen-
tal results in Fig. 9. The parameters obtained for the basic
tests are plotted in Table 4, No important differences were
observed between the corresponding data obtained for dif-

i ©

3 © Maxi
B Maximum Minismum

BSE¢)

D 50 100 150 200 250 300
Spat Velume (mm)

Fig. 8. Bruise spet cross-extensian (BSE) plotted against bruise spot volume
for all the cultivation modes of ‘Agnia’ tested 5 months after harvest, Approx-
imated by equation: BSE=1155x 1077V — 4896 x 1073V +5.172 x
107#V+1.101, R2=0.097, V in mm?, the maximum and the minimum of
the approximation are denated
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Table 4
Parameters of the third order polynomial used for approximating the plat
BSE vs. V,—Eq. (8), see also Fig. 9

Vaiety o frmeT) AmTd)  fmmY) R

Agria | 104 0.00270 —203x 107°  334x107% 00864
Agrin5 110 0.00517 -490% 107 1L16x 1077  0.0977
Samant1 115 0.00277 —273x% 107F 538x107%  0.0922
Samants  10E 000190 —135x 1075 208x 107 0.0900

Number with the variety name denotes the storage time {in months} prior to
1esling.

Table 5

The main characteristics of the plot from Table 4

Variety Vmaa (Mm*)  BSEmae  Viin (mm?)  BSEppn  ABSE
Apria | 84 1.146 321 0923 0223
Agria § L] 1.263 212 1.098 0.165
Samantt 62 1.22% 27 0964 0.281
Samant5 90 1.184 32t 1,050 0134
ABSE 4 BSE,,,, and BSE

the variety name denotes the starage time prior to testing.

ferent eultivation regimes and different parts of the tested
tubers. The BSE — V; plots have the same chatacter in all
cases given in Table 4. BSE starts to increase with increas-
ing V., reaches maximum BSEmax at Vinax, then decreases
to minimum BSEniy at Vi, and increases at the end (see
Fig. 9). The values that determine both the maxima and the
minima cf the plots are given in Table 5. For both the tested
varieties lower values of Vi, were observed 1 month after
their harvest compared to the later tests. It is caused by a flat-
ter maximum in plots of D versus x for the big spots in the
earlier tests

4. Conclusions

The bruise spots have a lens shape with a profile well
able to be described by a third order polynomial. Tt usually
begins about 1 mm under the surface of the tested tuber. The
details of the bruise profile depend on the spot dimension.
The small spots with volumes weil below 100 mm? are thick
with a BSR of more than 2. The position of the maximal
spot diameter is not determined exactly in this case, so that
LA (longitudinal asymmetry) varies between (1.3 and 0.65.
The cross-extension is an increasing function of the bruise
spot volume: BSE increase from ~1 to ~1.2 when the bruise
spot volume increases from 0 to 100mm?. The BSR is a
decreasing power function of the spot volume with values

between 1 and 2 for the spot volurne about 300 mm>. The LA
is less than 0.5 for the spots of higher volume (higher than
50 mm>) and the bruise spot shape profile can be described
well by the third order polynomials of ¢lass IV™. Also the
BSE decreases when the spot volume decreases from ~10{ to
~300 mm?. The final value of the BSE is about 1: this means
that the cross-extension of the big spots can be omitled. The
influence of variety and cultivation regimes on the shape of
the bruise spots, if it exists, plays only a secondary role.
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As one of the major agricultural crops, the cultivated
potato is consumed each day by millions of people
from diverse cultural backgrounds, A product of global
importance, the potato tuber contains toxic glycoalka-
loids (GAs) that cause sporadic outbreaks of poisoning
in humans, as well as many livestock deaths. This
article will discuss some aspacts of the potato GAs,
including their toxic effects and risk factors, methods
of detection of GAs and biotechnological aspects of
potato breeding, An attempt has been made to answer
a guestion of vital importance — are potato GAs danger-
ous to humans and animals and, if so, to what extent?

In recent decades, the extreme toxicity of glycoalkaloids
(GAs) has been a focus of scientific attention, especially
coneerning GAs in the potato (Solanum tuberosum Lam.)
{Box 1). Potatoes are an essential component of the
diet of humans and animals and are, thus, a poten-
tial source of food poisoning [1]. The steroidal alkaleids
are TERATOGENTC (see Glossary), EMBRYOTOXIC and
GeNoToxic (2,3} compounds with potent permeabilizing
properties towards mitochondrial membranes. Recent
research has found that GAs are responsible for increasing
the risk of brain, breast, lung and thyroid cancer [4,5].
The issues presented here support the need to analyze
and summarize data published regarding the toxicity of
the potato GAs and to facilitate investigations in this field.
The development of biosensors, novel analytical devices
and medical diagnostics is essential. Significant efforts in
developing and using more efficient breeding schemes to
generate superior petate varieties are also important.
Here, we review the literature concerning the safety of
potato GAs and discuss future research and development.

Potato GAs and health

During the past two decades, the toxic effects of GAs have
gained increasing interest. The toxicity data from in vitro
and animal studies indicate that chaconine is the most
toxic alkaloid of the potate GAs [1]. It is teratogenic,
exhibiting strong lytic properties and inhibiting acetyl-
cholinesterase (AChE) and butyrylcholinesterase activi-
ties {6]. At lower doses, the toxicity of GAs in humans
causes mainly gastrointestinal disturbances such as vomit-
ing, diarrhea and abdominal pain. However, at higher doses,

Chrresponding anthor: Yaroslav 1. Korpan (korpan@irhg.org.ua).

the toxicity of GAs in humans produces more severe
symptoms, including fever, rapid pulse, low blood pres-
sure, rapid respiration and neurological disorders [7].
Several cases of lethal poisoning caused by GA exposure
have been reported {8]. Moreover, foodstuffs containing
GAs substantially alter the response to anesthesia because
of iohibition of butyrylecholinesterase and AChE, which
break down anesthetic agents and acetyleholine, respect-
ively, and are important for normal nerve and muscle
function [9].

Many authors note that the symptoms of potato poison-
ing are perhaps determined by the joint action of Gas.
Thus, existing data on the toxic effect of an individual GA,
as well as of a specific mixture of GAs, cannot be used to
predict how a human will respond to a combination of
potato and other alkaloids [10), because our knowledge is
based mainly on the data obtained for experimental
animals. Moreover, for many of the drugs that are coming
onto the market and being prescribed (e.g. FLUOXETINE
for dieting, lithium for tremors, MELATONIN for sleep), we

Box 1. Glycoalkaloids

¥ ids (GAs), or , have been found in severai
vegetables and fruits (including sugar basts, apples, cherries and
bell peppers), but mainly in the plants of the Nightshade family.
particularly the potato - an everyday food for many people for mare
than 2000 years [26). a-Selanine and w-chacening account for 95%
of GAs present in Sofenum tuberosum, and consist of a nonpolar
lipophilic stercid nucleus, which is extended by two fused nitrogen-
cantaining heteracyelic rings at one end and bound to a polar water-
soluble trisaccharide at the other, Several research studies [1,7,13]
have shown the toxicity of steroid alkaloids to be defined notanly by
their coneentration hut glso by the nature and number of sugar
molecules (the carbohydrate moiety attached to the 3-OH aglycone
grouph. as well as by their stereochemical orientation. The a-form
is more toxic than the B-form, which in turn is more texic than
the -torm.

GAs are thought to protect the crop against certain pests and
diseases caused by Insects and fungi. Several factors associated
with growth, harvest and post-harvest treatment might lead to an
increment in GA content 10 high snd toxic lavels in potato tubers,
especislly undesnaath the skin. Major factors causing this increment
are genetic variations, and growth and storage conditions, including
light exposure and tuber injury (271, Recently, Surjawan et al. (28]
reported that free sulfhydryl groups in seme suifur compounds
act directly an natural potate toxins and substantially reduce their
toxicity.
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Glossary

Chitinsse; an enzyme that breaks down chitin. which is a polysaccharide thst
forms the hard outer shall of arthropods e g. insects, spiders and crustaceans)
and the cell walls of fungi and seme algac

Chiorapropane: ethyl chiaride

Cytotoxic: chemicals that sve directly toxic tn cells, preventing their repro-
duction or growth. Cytotoxic sgents can, as a side effect, damage healthy, non-
cancernus tissues of organs that contain s high propartion of actively d
ceils, for exampls, bone morrow and hair foilicles. These side effects fimit the
amount and frequency of drug administration,

Embryotexic: refers to substances that ceuse injury (o the embryo. This can
result in death or sbnormal development of an argan if the substance entess
the plecentel circulation.

Fluoxeting: & new class of antidepressant medicetion that affsccs shemical
messsngers within the brain.

Genotoxic: & poisonous substance, which harms an organism by dsmaging
its DNA.

Hygromysin: an antibiptic

Insecticide: s chemical used to kill inseats. Insecticides are a typé of pesiicide.
Kenamycin: an sminoglycoside antibiatic

Maloic hydrazide: 1,2-gihydro-3,6-pyridazinedione. A herbicide and plant
growth regulsior, which is also used 1o control suekering of 1obaceo.
Melstonin: a natural hormane.

Methotrexate: 4 disease-modifying snti-rheumatic drug that is considered to
be the standard trea:mentfor rheumatsid arthritis, it works as 8 cytotaxic drug
and 85 an immunosuppressant,

Teratogenic: refars ta @ substance that tauses defects in a devsloping fetus
Transgene: DNA integrated into the germ line of transgenic organisms,

really do not know anything about their interaction with
potata GAs [9).

Anticancer activity has been reported recently for
some GAs, such as «-solamargine [11], a-solasonine and
the aglycone solasodine [12]. Solamargine, a herbal and
molluscicidal medicine derived from Solanum incanum,
was used to study anticancer activity in human hepatoma
cells (Hep3B) and to characterize changes in cell mor-
phology, DNA content and gene expression of cells after
solamargine treatment. Kuo e ol. [11} suggested that the
appearance in solamargine-treated cells of chromatin
condensation, DNA fragmentation and a sub G, peak in
a DNA histogram gave rise to cell death by apoptosis.
In addition, a parallel upregulation of tumor necrosis
factor receptors (TNFR)-I and -1I on Hep3B cells
was detected after solamargine treatment, and the
solamargine-mediated cytotoxicity conld be neutralized
with either TNFR-I-specific or TNFR-IL-specific anti-
bodies. The authors also revealed that the actions of
TNFR-I or TNFR-I] on Hep3B cells might be independent.
and that both were involved in the mechanisms of
sclamargine-mediated apoptosis [11].

Solasenine isolated from the thricomes of young
branches ang fruits from Solanum crinitum Lam. and
solasudine isolated from Solanum jobrense Agra and
M. Nee have been assayed [12] against cultured murine
Ehrlich carcinoma and human K562 leukemia cells, The
in vifro exposure of these cancer cells to these products
resulted in a dose-dependent inhibition of growth. The
study revealed a low activity of the aglycone selasodine on
cultured murine Ehrlich carcinoma and human K562
leukemia cells, and pointed out the essential role of the
sugar molety in the CYTOTOXIC activity of solasonine [12].

Chaconine is the most effective eompound of the potato
GAs at inactivating herpes simplex virus (HSV), and
the important role of the carbohydrate molety in the

W sciencedirect.com
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interaction of GAs with membrane sugar receptors has
been established. Moreover, tests carried out with a
hydrophilic cream containing either a crude extract of
Solenum americanum fruits or splamargine, applied
topically, healed patients suffering from herpes zoster
virus,H8V and herpes genitalis virus after three to ten
days [13]. It can be concluded that facilitation of research
and development programs in this direction will be of great
interest and importance, especially in investigating the
anticancer activity of other known and newly discovered er
artificially designed GAs, and in producing novel antiviral
creams, which could prove to be cheaper alternatives to the
antiviral drugs already on the market.

This discussion suggests that potato GAs, particularly
solanine and chaconine, are extremely toxic to humans
and animals, and that this preblem should no lenger be
ignored as it could turn into a serious health threat. One
imporfant way of controlling GA content in new potato
cultivars resulting from traditional breeding and genetic
engineering is to develop simple tests for the detection of
solanaceous alkaloids.

Determination of potato GA levels in foodstuffs and
biological fluids

The existing methodologies for GA detection have already
been reviewed and critically evaluated [1], so our discus-
sion will focus on the methods that have been developed
recently in our laboratory.

A new method for the detection of solanacecus GAs,
based on pH-sensitive field-effect transistors and platinum
interdigitated planar electrodes as transducers, coupled to
butyrylcholinesterase, has been developed recently [14,15]
(Y.1. Korpan ef ol., unpublished). It has been shown that
a-solanine, a-chaconine and solanidine can be detected
over a concentration range from 0.2 to 100 uM, depending
on the type of GA, transducer and concentration of buty-
rylcheline chloride in a measuring cell. The detection
limits for ISFET-based sensors are estimated to be 0.5 pM
for chaconine and 2.0 uM for solanine and sclanidine,
compared with 0.2 .M for chaconine and 0.5 uM for
solanine and solanidine using planar electrodes. High
reproducibility [the relative standard deviation (RSD)was
~1.5% and 5.0% for inira- and inter-sensor responses,
respectively], and operational (100 measurements or 7 h)
and storage stability (up to three months) of the biosensors
developed have been shewn. It has been revealed that
all of the investigated potato alkaloids are reversible
and eompetitive inhibitors of horse butyrylcholinesterase
immebilized on the transducer surface. Protecols for the
detection of GAs in model sclutions [14,15] and potato
Juices |18] have been optimized. The constructed sensors
could also be proposed for the detection of these alkaloids
in liver tissues and blood serum.

Biotechnological aspects of potato breeding

Market standards either specify or restrict the selection
of the variety of potatoes to be grown, although many of
these varieties have limitations. Therefore, the problem
of breeding and evaluating new varieties is of great
importance. In addition, new lines of potato must meet or
exceed the market quality standards. They sheuld have



host-plant resistance to Colorado petato bestle, late blight,
verticillium wilt, viruses and storage diseases, as wellas a
low content of GAs and glucose. The GA content is one of
the most important properties becanse GA concentration
18 sirongly dependent on the variety of potato, and even on
the year of production. Continued genetic improvements
are demanded to meet the needs of a changing world
(http:/fwww.potato. msu.edu/groups/breeding/overview/
overview.html)

Potatoes were one of the first crop plants in which
transgenic plants were successfully regenerated. Potato
transformation has since become well developed, and now
offers a real alternative approach for the improvement
of cultivars, The advantage of this approach is that it
theoretically permits the incorporation of a single gene
into otherwise elite clones to effect their improvement
Potato transformation can be accomplished by direct uptake
of DNA invo protoplasts, although Agrobacterizm-mediated
transformation using binary vectors is the preferred
method and is performed routinely in many laboratories.
KANAMYCIN resistance has been used as the marker for
the selection of transformed cells and their regeneration
into complete plants. Other selectable marker systems
used for potato transformation include METHOTREXATE
and HYGROMYCIN resistance

The integration of a TRANSGENE into the potato genome
can occur in & complete, truncated or rearranged manner,
and can gcour as single copies or tandem repeats at one or
more integration sites. The preferred event is the inte-
gration (insertion) of single intact transgenes. Transgene
expression is highly variable among the populations of
transgenic potatoes. It is generally attributed to ‘position
effects’ resulting from the random integration of the
transgene into different sites of the plant genome. Potato
transformation is highly unpredictable with respect to the
integration and expression of transgenes and the fre-
quency of somaclonal variation among transgenie lines.
QOunly ~10-20% of transgenic lines have the desired mag-
nitude and required spatial and temporal pattern and/or
specificity of transgene expression.

Although the aetivation of genes involved in the bio-
synthesis of GAs is theoretically possible during potato
transformation, such events are very rare. No such acti-
vation has been reported to date, but this does not mean
that it could not occur in any specifie transgenic line.

Recently, potato DNA sequences encoding the enzyme
solanidine-UDP-glucose glucosyltransferase have been
obtained, patented and used io reduce GA content in
solanaceous plants [17]. The resistance to some potato
diseases has been conferred through the expression of the
gene encoding peroxide-generating glucose oxidase [18].
it is easy to assume that the combination of these two
approaches could be an elegant way to obtain a new
potato variety, with the desired low GA levels and
disease resistance.

Transgenic potato (S. tuberosum cv. Désirée) plants
overexpressing a soybean (Glycine max) type 1 sterol
methyltransferase (GmSMT) cDNA were generated and
used to study sterol biosynthesis in relation to the pro-
duction of toxic GAs {19]. Transgenic plants displayed an
increased total sterol level in both leaves and tubers,
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mainly because of increased levels of the 24-ethyl sterols
isofucostero] and sitosterol. The higher total sterol level
was due to increases in both free and esterifled sterols.
However, the level of free cholestersl, a non-alkylated
sterol, decreased. Associated with this was a decreased
GA level in leaves and tubers, down to 41% and 63%
wild-type levels, respectively. The results show that GA
bicsynthesis can be downregulated in transgenic potato
plants by reducing the content of free non-alkylated
sterols. Arnqvist ef al. [19] consider cholesterol to be a
precursor in GA biosynthesis.

Esposito ef al. [20] reported the results of chemical
analyses performed on two distinct groups of new potato
genotypes. The first group contained five clones trans.
formed with the gene ech42, which encodes an ende-
chitinase. The second included 21 interspecific hybrids
between the cultivated potats, S. tuberosum, and the wild
species, Solanum commersonit, chtained by either somatic
fusion or sexual hybridization. For transgenic tubers, the
results indicated a substantial equivalence between the
fransgenic genotypes and the cultivated control for
the considered traits, and suggested that the insertion of
a gene encoding CHITINASE does not alter other metabolic
pathways of potato tubers and does not cause uninten-
tional plelotropic effects. For interspecific hybrids, wide
variability for all of the parameters analyzed was found.
For some useful traits {e.g. soluble solids and proteins, and
dry matter content), the interspecific hybrids performed
better than both the cultivated control and the wild
species. In several genotypes, GA levels were close to, or
lower than, those of the control varieties, suggesting that
selection for low GA content is possible. The results alsa
indicated that GAs from S. commersonii might be lost
rapidly. Indeed, some hybrids were found te have the same
GA profile as S. tuberosum. Finally, the results showed
that, among the parameters considered, GA content is the
most sensitive to variation. The authers concluded that
GA determination should be used for routine control of
genotypes produced by interspecific hybridization (20].

Another problem conecerning petato production is attri-
buted to resistance to pests and diseases [14]. In reality, an
environmental benefit from growing transgenic potatoes
with resistance to pests and diseases will be a markedly
reduced reliance on chemical pesticides. Betz et af. [21]
transferred a single gene encoding an INSECTICIDE protein
from Baciilus thuringiensis (B#) into corn. The gene con-
fers resistance to the European corn borer, a devastating
insect pest. The same gene can be transferred into other
vegetables and confer resistance to the same, or related,
insect pests. It has, in fact, been transferred into potatoes
to confer resistance to the Colorade potato beetle, a deva-
stating pest of potatoes.

The influence of alterations in genome constitution
on the relative proportions of GA aglycones in a range of
interspecific somatic hybrids between wild Solanum
species (Solgnum brevidens Phil) and cultivated potato
has been defined [22]. The 5. brevidens parental species
produces tomatidine aglycone, whereas the S, tuberosum
line produces solanidine aglycone. It has been demon-
strated that specific undesirable traits dertved from wild
Solanum species, such as alien GA expression, could be



reduced by the production of ‘second generation’ somatic
hybrids of potate, in addition to improved tuberization and
without the elimination of virus and bacterial disease
characteristies.

Transgenic resistance offers a simple and cost-effective
basis for nematode control. Nematode control in potato
craps in Bolivia is an example of the potential benefits of
genetically modified food [23). If the crop is grown each
Year, nematode fosses caused by potato eyst nematodes are
~40%. Elimination of nematode losses and production
of 12 tonnes of potatoes per hectare is a target for
agriculturists. Transgenic potato plants containing genes
encoding different classes of potentially insecticidal plant
proteins, namely lectins, a-amylase inhibitors and chitin-
ases, have been investigated. The expression of the lectins
in transgenic potato plants causes significant detrimental
effects to larvae [24].

Long-term storage of potatoes is an important aspect
of marketing potatoes for the processing of chips and
frozen foodas (http//www potato.msu.edw/groupsfhreeding/
averview/overview.html). The maintenance of low levels
of reducing sugars in the potato tuber is important for
achieving acceptable processing qualities, so one of the
biggest detriments to the quality of potate chips is the low
temperature sweetening potential of many cultivars. To
maintain low levels of reducing sugars, potatees are stered
at 10 °C. However, at this temperature if ig necessary to
apply Chloropropane during sterage or Maieic Hydrazide
to the foliage in the field to obtain good sprout inhibition.
Currently, there is growing public concern about the use of
chemicals in the production of food supplies. The use of
chloropropane has been stopped in many European coun-
tries and this chemical is now under scrutiny in the USA.

Concluding remarks

An analysis of the literature proves that GAs, the natural
components of potato, clearly are toxic to both humans
and animals. The concentration of GAs in potatoes
destined for human consumption in many countries,
200 mgkg™! ~ which is generally accepted as a ‘total
alkaloid taste standard’ ~ has a ‘zero’ safety threshold.
One reasen for this conelusion is best stated by the words of
Parnelletal. [25], in a paper published 20 years ago: ‘Many
authors have assumed without further evidence that
levels below 200 mg/kg are safe. They ignore the fact
that the 200 mg/kg (FW) level only relates to acute and/or
subacute effects and not to possible chronic effects...’ It is
obvious that the existing total alkaloid taste standard
should be revised and new guidelines for potato consumers
and breeders should be formulated.

Future research must focus on:

(i) Identifying the enzymes involved in the biosynthesis
of potato GAs, because the exact pathway for the
conversion of cholesterol and cholestanol to GAs has
not yet been ascertained, as well as investigating the
mechanisms of the combined action of GAs with other
chemicals on humans and animals.

(u) Regular investigation of potato lines currently on
the market throughout the world, as well as novei
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varieties resulting from breeding programs, to accu-
rately assess whether or not they contain high
GA levels.

(ili) Choice of cultivation and storage conditions and post-
harvest treatment, providing a maximal decrease in
the alkaloid levels in potats, and improvement of
existing potato varieties by genetic and protein
engineering.

(iv) Systematic research concerning embryotoxicity, geno-
toxicity and teratogenicity of GAs, aimed at estab-
lishing a GA ‘toxicologically proved concentration
standard’ safe for human consumption.

(v) Development of smart analytical devices able to

control the GA level in foodstufls, biclogical fluids

and tissues both selectively and specifically.

Evaluaticn of the possible anticancer activity of

natural and artificial Gas, and development and

production of nevel antiviral creams containing GAs.

vi

Acknowledgements
We thank NATO (Grant # LBT.CLG.977342) and INTAS (Grant
#00-00151) for funding the experimental research in this field.

References

1 Friedman, M. and MeDonald, G. (1997) Potato glyconlkalaids:
ehemistry, analysis, safety, and plaat physiclogy. Cric. Rev. Plant
8ei 18, 55-132

Smith, DB, et al (1996) Potate glycoalkaloids: Some unanswered
questions. Trends Food Sei. Technol 7, 126-131

Nigg, H.H. and Beler, R.C. (1895) Eveluation of foed for potential
toxicants. Am. Soc. Plant Physiof 15, 192-201

Report of National Institute of Environmental Health Sciences U S. A,
1998

Friedman, M. et al (2003) Effect of feeding solanidine, selasodine and
tomatidine to non-pregnant and pregnent mice. Food Chem. Toxical,
41,61-71

Hrakowski, M.D. et ). (1397) Natural inhihitars of cholinesterase's:
implications for adverse drug reactions. Cen. J. Anaesth. 44, 525~ 534
Rayburn, J.R. et of. (1894} Role of cerbehydrate side chains of potate
Elycoalkaloids in developmental toxicity J. Agrie. Food Chem. 42,
1511-1515

McMilan, M. and Thompson, J.C. (1878} Ap outbreak of suspected
solanine poisoning in schaol 3 bt of criteria of solanine
poisoning, Q. J. Med. 48, 227-243

Hopkins Tasne, J. (1998) Foods and drugs alier response to
anaesthesia. BMJ 317, 1102

Rayburn, J.R. et al. (1995} Synergistic interaction of glycoalkaloids
c-chaconine end ¢-sulanine on developmental toxicity in xemopus
embryos. Food Chem. Toxicel. 33, 1013-1619

Kuo, K.W. et al. (2000) Anticancer activity eveluation of the Solanum
glycoslkaioid solamargine. Triggering apoptesis in human hepatomea
cells. Biochem. Pharmuacol. 60, 1865-1673

12 Esteves-Souza, A et ol (2002) Cytotoxie activities sgainst Ehrlich
carcinera and human K562 leukemia of alkaloids and flavonoid from
two Solanum speeies. J. Braz. Chem. Soc. 13, 838-842

Morilie, M, et al (2001) Synthesis of paraacetylated chacotriose
Carbohydr. Res. 334, 281287

Martelet, C. et al. (2002) Procédure électro-enzymatigice por inhibition
pour lo détection de glyceaikaleides stéroidiques. French patent
61072786, Eeole Centrale de Lyon, France

Korpan, Y.1. et al. (2002) A novel biosensor for stercidal glycoalkaloids
detection based on pH-sensitive field effect transistors. Bioelectro-
chemistry 55, 9-11

Arkhypova, VN, ef el (2003) Development and optimisation ef
biosensors based on pH-sensitive field effect transistor and cholin-
esterase for sensitive detection of selanaceous glycoalkaloids. Biasens.
Bioelectron. 18, 10471053

37 Wu, G. et al. {1995} Disease resistance conferred by expression of 8

o

e

IS

o

@

-

®

o

=

=

—
=

—
-

-
&

)
3









=

8

gene encoding Hz0;-generating glucose oxidase in transgenic potata
plants. Plant Cell 7, 1357~ 1368

8 Moehs, CP et al. (1993) DNA seguences from potato encoding

lanidine UDP-glucose glucosy] and use to redice glyco:

alkaloids in solanaceous plunts. US patent 5958180, Agriculinral
Research Service Laboratory, Albany, USA

8 Arngvist, L. et ol {(2003) Reduction of cholesterol and glycoalkaloid
Tevels in transgenic potats planis by overexpression of = type 1 sterol
methyltransferase cDNA, Plent Physiol, 131, 17921798

G Esposite, F. e¢ al (2002) Glycoslkaloid content and chemical
composition of patatoes improved with nonconventional breeding
approaches. J. Agric. Food Chem. 50, 1553— 1561

1 Betz, F.5. et al. (2000) Safety and advantages of Bacillus thuringiensis-
protected plants to control insect pests. Regel Toxicol. Pharmacal. 32,
156-173

2 Laurila, J. ez al. {2001) The proportions of glycoalkaloid aglycenes are

2

©

TRENDS in Biotechaglogy Vol.72 Ne.3 March 2004 151

dependent on the genome constitution of interspecific hybrids between
twa Solenum species (8. brevidens and §. tuberosum), Plant Scl, 161,
677-683

23 Atkinson, HL.J. et ad. (20013 The case for genetically modified crops with
8 poverty focus, Trends Biotechnol. 19, 91-98

24 Novak, WK. end Haslberger, A.G. (2000) Substantial equivalence of
antinutrients and inherent plant toxins in genetically modified novel
fo0ds, Food Chem, Tomicol. 38, 473483

25 Parnell, & <t ai. (1984) The glycoalkaloid content of potato varisties.
J. Natt. Inst. Agric. Bor. 16, 635-541

26 FAQ {1992) FA G Production Yearbook (Vol. 46), Food and Agricultural
Organization of the United Nations, Rome

27 Friedman, M.J. and McDonald, G.M. (1999) Postharvest changes in
glywwalkaloid content of potatoes. Adv. Exp. Med, Biol. 459, 121-143

28 Surjawan, 1. et ol (2001) Sulfur compounds reduce potato toxins
during extrusion cooking. J. Agric. Food Chem. 49, 2835-2838

Do you want to reproduce material from a Trends journal?

This publication and the individual contributions within itare protectad by the copyright of £lssvier, Except as outlined in the terms
and conditions {see p. i}, no part of any Trends journal can be reproduced, efther in print or electronic form. without written
permission from Elsevier. Please address any permission requests to:
Rights and Permissions,
Elsevier Ltd,
PO Box 800, Oxfard, UK OX5 1DX

wuew. scigncedicect.com



Zuvnuuévo 25



ANAPEOY NANT. MAPOYAH

H ADIZIL ¢
TOY OGONOL EIX NA=ON

KAU HNEPLOAEIA TOY ANA TA XDPIA AYTHE

U AVS oy £k 1hn fgrpcpibog JNoliskoe MékRovs)

AQHNAI 1968

ISTOPiA
e

8

g
-










’i&u wxpEABey. 127
Aoy Baowkioy Y08
Tahv O T yeple g vioon f o G
Koo thv e piobeloy OOV, ML PO D ETE | i)
yOvoL Exliey oltneg v Enom fy 13 YOG Y, <
Hug T/ yeyoverx & 1 &enyno udg DV R
Bnohous ol mapublang 160 1o ieKkoD ot ibla B i
| -Zidda tol TOfieneg 1 -brola & 15 ¢
VT pOAOY Ratéy e, Blkav Begrp b
ToiC €K Ty doxolnBivTiov mepl iy BptE
crropiobipdn, kot EEienty b Exken T '
Nixog A { G ORYO!

2ot Anddng,

11

‘H dotépn uzhémy «1ol- K@ Kij
rov TERpApLeY, Epyeton v dmbeBaidor TOOOV i Lty 2ol
vor glg Nafov, Boov kol wiv: cOBEVTIKO T Ter,  TOAAY -gHEie
pofadhoutvig ofuepoy OTEPBOYTG el MEpLod
Wgoy O xUTwTEpw 2E0TopotuEY ; R

T Bongeia drupeféitoc-fuspoloylon
Lol dv £ Baoih, Meoyxog, HrAexiag. o T
xropos; w0 de Elpntatiiepoldyioy, Bk “Mécyk
TEosElay Ty Baoioy oxpyicoXobinoe (Ko AT %
TG Kai v TH pnBive Huepokoyie:tou” ExTETaLEvO
Bir BownBOusy vir &robbomjiey 1t "R AETrrofiépEie g
021G Gy &g ked hoctpelag TV “KOTOEKOY TRoC Tolq Bamih,
Bl kal Tolg oropyikode Adyoug 100, ¥ OBwviog,:
TOmotg CTIMKGOUG Tou, e

Més <6 dowdviov melua 100
TREED DY Emdaiepov wp&Eivihig >
VeRe Kal anoboon tadmy £ Emyeiphlo
€20 olyl ahemie GAAG Gy Tanobdas  dvT
Auopyog dvipyrye THY KASTV. I
CTROPNV THG T EAAGG, €lg . Bélia OMEPETT
uev gy ouvexsig g Gpnyhoes i e

MoArd Gnoondouata Ex e c_kgpnylt;smq i[9
avog, Imo 160 mammou tou, wb-EpaaiTviS MOITHG
ROy, petfgupev dx 1o melel Adyou glg IO TR OV 44T
KOUT QU T Tarypbvous, sle oy Smeboo Tell ieiidvon
Elg 10 xelusvol’ thg npobaikoléwe. meptodsic
00 "O8wvog, Kabhg Kal £lg 1008 O OUE e
dupBioayey Ty QGphynoLy, EmeplporEy. Tag dway:
xée Swploceg xal Bieoteihausy o £ToUG Gl MOAL
Lo Brapdpan Ewoidy, &lg i ToviOpbdv ﬁld)@)p_l.gpﬁb

VG By T melf ke duuétpe &ony




el Gpopgic, vruyqu iy éﬂwm“

scantea oGy gkelv g A.pql{qfq.

JE TV dyy&}\mr‘] SUOPE T, ‘l\“poé(k)\hu

L pd erbaoud kol Ty Apoogunel:
Kahidg pag ¥ fAfeg Vi) s

Ma&ag pag, ol KEBE Yuxl) EAAVK

: Lpioy Ka ¥ G0l o‘rs[]\r[ ouq,

I8 !lr“")'(..q me. n

Kai wpooBiza pi M)y Lex y&.uxo: ot
gy w1 GOXiig TNG: :

‘oot pag Suopen
TV KOPMIE,
Ko TOV Y pL\O
Coihn wal a.o othpa.

PR ) piom_oou
CRIKG OoU omém
Nt yeheg yag :pm\{ﬂcu
< AT pubol 10 (U,

Me natoemed] R E ou yqum 1!00 QU -mlqpmvouv

T hEuiaig Aoy TS, ; w g

‘H Brotawoa ud ouyrbmnot K‘(ITS%UHE{ e 10
aieyir oThY GYRGAT mg, Ty yAokopel kol TV b
<& Tooov Spopga Adyw TG, Wod Bav O obfoouy ot
2T U TGyt 2lva 6ycx>xp£ua, £ toom. MooTEh YL
. 7v BootAloox ~r}\ou<;, Gend. 1 Bob. Tq([;‘{;pnéxqc kecrod
o) £.0p90s i QUAGEE VoL - Yaplol g Tacow,
Ev & & Boohbe elve’ )&ﬂoppo@npévoq é:nb G- onéipels
S T oouy KL\![“"UK!‘} mr oy Mol 1o KW T
Dzipo STatAS, TREig uﬂspaBnc‘;

o ;'. o T :}ch.)o'cxvv
.=-’-\n draialow,
Aquap‘xou T up)(ovnxo
T oTov koatedalouy. k

Ex&r\hm\-az T xc:pc 'r
“ TG TOD KGVEL Kot Y xupcx
ITO EROVTIXG TOU.

Zﬂ’o&e( Guiaws v étmpcb:m

DT OF pzyGAn T{Olﬁl}\.td i

"AmoTehel To &o ﬁocxoro
LOKKOVOTO 'rtcr.tcrreq.

ZOPO TXOTO, ACUKEVIKG
aliyde wd Tie Vroyd‘r

*Emi mhéov ol wahig VO“KDK"JP& "“W‘.’
xidl wequkotopr, xoBleg Kkal xpadl Sroccvio AT
10 ot xoUTES ‘rm}\l\u; med - o‘tb HEOU,
el v &okmémm




Zuvnuuévo 26



ol TREE Sty

BLF fuin o I

Phrehip I, warreis, (i": i sty
, sappelient A, Theron Gianie, Mile 4

- R .
vk 308 Jie N PRTYETUNS PR NYITEN

formeal wre seennde Hene, poreln

Y
Pl e i

quiova, parles montzses de Nearepoids ridfuin-

Thessalicie Je Magnesie Partpe let

fuie chaipe qul & oo e

Jens . conrd une rnis
Vara, Nio et Saotoriu. Gest oo cnsotolaie

4 "(LV},; e it dos Eyvedmles.
deomine Paspeet oo elies oifient quaid
i, Auerlessie

i

vy s conle ;1[,1(' i cap Ciodennres

N




























e e EERS
ik Exs‘t‘ii;i


















Zuvnuuévo 27



;:;
‘-!.

S SR L LR AR LR i SRR R LT R

AL FEQPFIKAI EKTAEEIE FEQPI‘]FH HAPAFQFH KAI A_IA ATTHE

BAZI(IEI (DN THE E(i(lAd OE

THO‘{PFE ON E@NIKHZ O I\ONONIIAZ
LIEYOYNELE HHTIZTIKHZ 5

rEQPHKH Hnorpmﬁ

T@Y m*om 1911 -

HL - KTKAAAEZiNHZ@I

ROYAUME EE GRECE

- MINI STERE D}: LECOI\UMIE NATIONALE
' D:RECT[ON DE LA SiHTlSTIQUE : i

B D =

e RECENSEMENT HGRIGOBE

A SUPEBFICIE HENDEMENTAGR!CDLE ET VALEUB
. " DU RENDEMENT- =~ -. .5 -
ILES<ZYCLADES

=

o )\_UJI\H\I\ ATHLNES ST

T T MA e

TR I ERIE 29 A




e~ (1L DLpoidvra Aoy amnicon il Buoe, sal dpog. wpoidura)

A

S8 @ e b

e

3. MPOTONTA AAXANOKHMON — LEGUMES

] ] ! e
P I : veou ki
A Vedwrice | qgnn, | Tetve | Whaon | Subpode | Igdoe | Apmodps | (eieion
! Pommes . [ . . R WA, )
i de terre Tomates | Hetteraveg Oignans Ails Poireaus | Artichauts
nxdk wxmgenLive pisn N | Aulres legumes|
16 17 i 18 18 20 | 2 | 22 23
Trpippnra — Stremmes (Y, Hectare)
6. ENAPXIA NAzZOT
155 - = 5] — 3 i
!
150 - = — H = 3 I
5 = - - ‘ - - _ 3
306 el = I - — - 6
300 10 — g _ _ B
3 - = H = - - =
1 1 — 1 = — - 1
i
385 164 — 72 4 1 12 51
7 - mo ° == 2 =
B o e = - z
1o - = = _ - 10
100 - - = = - =
5 - Jd = = = 5
e 5 15 = 3 1 - 2 30
o 10 - 5 = = 5 1
T, .. 15 - 15 1 1 3 i
i
4. Topwidog 54 1 4 80 —_ — - _
42 — 5 54 = - - —~
2 1 —_ 2 — — -— —
n - - 4 - = = =
ug 0 = 69 1 = 9
Tou [ 1 — o6 = = = 6
i 2 - 1 T - - H
i 4
3 15 4 ) 37 2 5 7
i 15 3 1y 93 ) 5 |
- _ _ h - . _ =
|
4 o 5 1 5 5 5 (S
b Bl i It 3 5 3 13
122 47 = Is — = b -
LI — — — . _ - —
5 = - o _
I — — - —
n —_ - —_ - - H —
1 = — — i — —.
1u 1 — — : - _
Kowzosy, - Z z z - Z =
Tuvidsing . 25 PR - 1o - = S
Me-=: & = = — - —
10 5 = 5 - Z —
g 3 1 — — - — Z
LT 5 E 5 3 - Z -
Totmingp - = = — — - _
D ... . 0 s | = - - - _




Zuvnuuévo 28



ITHIONERATTTIK

OEMATA

Agiepopa orov ANAPEA EMIIEIPIKO (oeh. 196-211)

TEYXOL 356
MAlor
IOYNIOZ

1997

BRI THMH. EEXNH&I"PAMMA'IA?!\AOI'PAMAoIYI'XPONH ZOH




3
—
=

OYO LRy HeMQ

i
=
ii\x‘ r

Angionghayitixa sépq-n;

10N WV T0LHY TEHTOV GOy idwy

TS HOWATHTHS .

FAINAAOY NAZQY E

(1 M mepimrwon RATAQYTIIONG ™5 TomukTc roluowrig autovouios and to do to *odtog)* 3
1

Mz o GpBge pov autd, dmwg oL
TiThot TOU (MUQLOC Mo evaAAQKTL-
#05) pogtugoly, emiBupd:

4. va magovaidon xat va eoun-
Veiow haoypagixc tig TRES Tew-
5 oppayides mg xowdmpas me
diamégas pov narpidac, Tov M-
vidor NaSov,

. va xaradeifo poa arn’ avnjy
TV EQUIVELR T omuaVTIXY ovver
TPOOG TV HOWOTIRADY Xt Snport-
xv appeyidnv yevied am ovy-
x00v Aaoypawia, va yiver Snd. n
mrpn avmy epyaote ua eAdyrorn
aupodii ota maiemo-Aaoyoagind
() dUufola

7o v otalel o ovyrexpudvo
Tapdderua Tov ywoior uor wg
var axdun mopddeyua e Harag-
vioews g eAevBepiac Tov Aaixod
avBpimoy va diauopgiives eedve
o ToAiTeOuoT Tov Omiwg exeivor
TS EMVOEl N Ti¢ EQunvedes

Evlig eEaoyfic nofnel va umey-
Bupiow du we ™y dpisn gy Ei-
rada tov OBuva Eynamgom)xe
wa vea duovkatia opyavaon oto
eMmvind wpatos. Twx hdyoug outo-
vouiag xdpov meguopllonal va o-
vagéow om0 Dhvado! vnaydtoy
and w0 1834 pali pe dhha AWQLd
gt Ao Biflov NaEov {16 neya-
MEgo ot Extoom SMuo Tov Vi
owb)’. And Tov ev Adyw Sfjpo o-
TOONACHNKE e To B. Audroypa
™ms 107571919, dnpooievpivo oto
DEK 104 A/1919. Epnpdrtog oy
anoondobmme  (cEariag xafapd
TRapelonpauRdY Adywy), 10 1925,
g10g MOV Eyivav won oL TOWTES
rowvornis exhoyés ™ autdvoung
whéov xowdtnac?.

"Exw oto mooommud pov agyeio
0 TOATTINOTATO Yo T HOLVOTLKT

" ‘Eva ehdyiono pépog aumg ™s epya.
aiag, ue &ko Titho xa eviekdg anhanoinyE-
YO, V'O UG AVAYRES TOU Qvayvedmiol xow-
vol, Eiye mapovoagrsi UV Tomeh vatonn
cqmprpide (Hagépfaomy.

L. Tt m deoygagia tov Awewt Pa. Ma-
¥olnz T. Zéoyme, Acoypagund 2ar Edvovoe.
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ov Mavodn I Zépyn,
Duokdyou - Agovodgor

Swi Tov xwoLob pov Eyyeopo mg
TRATNG cuvedpLiosws Tou Kowvor-
#ov Tov Zupfoukion, ue Muepopn-
via 12.12.1925, oo omoio amote-
RAVETAL KA N mEART ogpayida
v yogwl. Do otogmos xaba-
06 hoyoug avagéow ém Mgdedgog
elvn o Nidvwng Zépyns (o mpdiog
Tpdedgog tov xwplov), xal Kowvo-
uxoi Ztpovdor ou Evardbiog T
Zgupdepns, N. Bewiéong, N, Aave-
névmg roe Maveyuwnng Sioyns.
Kora 10 ngoavagepBév yypupo
10 Kowvomnd Tupbothio cuvegyeta.
v v exh8EEL Aviagdedpo. Enhé-
Yeto (pe pvotody yngogogio) o
Evot. Fgupdegas, agod  Ehofe
e (3) yngoug, Evava o (2)
tou N Beviggn.

To Bépa uag dpwg sivar dhho, n
haoypapudh Bedonon twv modtwy
oppayidwov Tou yugiot, Idot Aot
v medm. Ty wapovaidlu
and Eva GAo Eyyoago (1ou 1926),
eneldt ot Yoo Tou epitypa-
Yo aogudve dEv £lvey gudLd-
*OUTY.

AY N @uteygegic g opouyi-
dug arodobel xahd, Bo Sangivere
1Ly mEarm oTeoyYUln agpayida
U XWEL0Y YRAPEL OV mEQupE-

xd aao 1o Muvddo Nazou, ‘Exboon tov
TMpoodevtixoi Opikou Mhuvddor Nekou, Ad-
v 1994,

2. Aemiouegh avikuon Glew twy repo-
o Bl om pebit o Adlugow BEdpia.
H e£éiEn rov Beguot oy Fomuxje Avrodioi-
smons owg Nifo (1833.1986). neo. WNoEug-

QeLl T “KOINOTHE TAYNAAGYY,
o be péoov Mg fxer dva (10298

Mo 5

TOTGTCS UE VEMATES Tig [othee e o

foiPotc.
AR edh wn méQa apyite. B

saovoagle xau n 10mogia Te rq.

QEOTGoEWS. Dewod Eublg ef ag-
xe ™Y fepdotaan av) TOUkdyp:
OOV IQopTHm, aoyfTws av agyé-
Tepn (0w nugundte Ba Sadue)
QVIROTAOTABRE amd dhhn. Tlgo-
euaf, yuan fxw Tepouaiosl, §-
O el £y ouviopic, oto Bukin
uov CAaoypoguxd xaL E6voygag:-
®G ard o Thwabo Nagow), m
onuesia o enéiheto v ixel o
v hoyw mooldv vt v B ™y
ol Tou ywolol. Agv eivey 23
Ghhov wyain n ovddhug vfiguoti
(e Toug QUUROTOLOTES LOU) RQu-
owvupic ¢llotaradech, mov uog
Wxohhnoavy oo Amaviywoievol
(Bopeior) cupnatodmeg nee Na-
SUBTEG, PE HAOWE OMOROYOUMEVILY
ddom thhelas, guyxpivovtas T &

Yove pion won my doynun (peve- -

MOMEULKE) OLXOVORIE TOUC Hortde
TTeOM, PE 10 £V@oOw, TOOA0dOEO-
pa €dGen tov ABuduov, cddgn
ot omole xekhiegyeital xuglng ¢
T0IdY. N uropviow eniang o
dtav ayopdtete (Cnedviag Ty pa-
Mate) Rordta NaEov, ovolaouxi
Dyvéae va ayopdoete xordta od
T Tle-TE00Ega MaTaTonapa Iy
A0QW TG, amd ta ABadoxdoe
Snhadn): Thivado, Ayegaavi, Toino-
deg, Tohovido, dho yweud 10U
mhOUoLOY YaELarol kaumov, dutik
TOU VIO, Avartiooovia: nEQLY-
OOTEQO 0TO NOQGY onusiwue Tig £
TOMPAvVoRLS o Eixa xdvel Tamd
oo Bifhio povt, progd ve avagd:
0w TR0 (EXTEvETTEQD *GWE) T4
£

A T, B9 (1986), 50-65. Erens. I Eaadls,
Iovopind didypama wwv Asjuay mg EARG
1833191 25 xenpeerion oz -oioTeoy
Buouds-cuPlpuara. ABiva 199

3 M. Zégyne, Acoppegue. da. MU

4 'O, 136
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Acionerayinka dépaa
e

— sugaAlnMin, ywois uregPo-
M, Y akla ®a ™ xonowdmia
= wpsv i xordTog ue 0.1

Eh

PRV Giaul L o
,ro o Nethog me /| us-:a)u\e!')-
e L Aauglov na T'l}’ agyola
ABfva. e ]} TEQUOYES (utég oL
Tov TV OWKOVOWERT] TOUg LoD, Goa
v enpiean. my Tokaun, xowvm-
vixe) ¥ wohmom] Twn toug ota
xpoavageQBivia peyétn. Tw 1o
quQid LOY 10 avtioToio Ay (e
gival) 1 ATTR, MOV mpdwo wot
xvoudrego, 1ous ekaopdhle owo-
vopuxf Eupwaria, dUoxoin xors,
FOAD EUNOROTEQL A1 avetdtepa
UTREQD. .

— GRETQEYE TV METaVAOTEUCY,
UT0 EOWTEOWKO % TO eEWTEQIRD,
Otav 7 0QEVE XwEl Tev Ynowol
EOMUEBNHEY HaL YEWoay UE TR
xopui Twv aaduby Toug g Eevi-
wiés xal mv Abfva.

— drhake g mopeyayiis So-
RES TOU YWPLOD, He MOMMGIAES £l
moeR: 1 xpocodogdpa xudhiée-
yeur me eEoféhoe amo to 1950
®o4 HETG OxedOv wiBe Ghho eidog
ayQOTINE RUAMEQYELDS, NE CTOTE-
heopo va xatagtel Aiya yodvia
HETG 1O povadnd ayedov xahhiep-
Yoo OISV, ApxETOl CUYHEOL-
YOl {OU CTIUERGL, XATOXOL QYQOTIHTG
‘Mg, (Howtpdv eutelv?) ayopddony
ook, pefTBL, woeUuhda, vio-
uares, dhhe Soglafime (wmmevt-
*@), #h. (dvvoug éfyatav xémo-
TEL )L HL O XQEROS Eiven OTa TOdL
vovipas, dgooepds, axodott-

£OTQEYE TOV KOOUO TOU Fun-
0wl mpog T yn, ™ olyougn eEa-
Opdhum g vhiafg TOUE vadoTe-
M3, anotgéneviag T vEa madid,
Ty eEoiptoeny, va qrQaoly
0L Ta AvpdppaTe) Aew TG emi-
umpes. O yowdg ffiehe epvires
N TH Y oY, meglovola o )
Fopiiie Tov, TooiRG YigL TV «0gn
Tov, L Gy ypdupena, 1Blws yia ta
»ogltaa...

- - »aBbQiaE tov TRdmo Lumg #o
TV Exuetdhhevon v ypdvou
(zodvo EQyaalag, uveraloews) v
20700k, apov 1 6k tovg Lo
xofopiterm ad g Sbo HahMED-
s mepuadovs (1 mod, M G-
Vol agyiter anod To ®efpou-
U0 %ol deuteon, M yELLEQIVY,
oV Adryovgro)

— M EUKOAN, jE T OMEQIve: te-
Vohoyid péoa, wadhEpyeln Tov
AQOIGYTOE xau 1) wok] OIKOVOWLKY
fempaverd toueh Exel EmgEpet

akkatEs vy 0 yupooivBeay
xou vootgonia tou aypdty. Tolud
VO avapiom OTL Tov EXEL HETTQE-
WEL O pONOVO, oK  Bor-
Ao, RG weu UTEQOT, PaAVETIND,
Souncigogo, i,

Moéxer, va va avuingBoiue
HOAITEDD TO YOOMETNQIOMD  wE
AEOPTTUHOV AL widwoa oto BE-
pe me Rpdg ogeayidag, v ma-
QOUCLAGW KEQIXA EmTAEOV OOt
xEitt oo ™y wtopio. g motdTec,
To ngotov wedhiegydray tote (ota
1625} oe ehdyiotes noadTTes. Pi-
TEVQY *GA0W paSeddxia ot Te-
OL0xES XOVTE OTO RWOLO, OXt b
OT0 PETERETE KUPIE YDPO Rth-
hiEgyeias, oto ABad dnhadm. Zu-
YREXQUUEVEL GTOTIOTANG. TTOULELT YLat
TV HOAMEQYOUREVN UE TervdiTEg
OT0 yWEWB pog Extaom, omd my
QG YEWQYWRT @TOYQAGT MoU E-
yive omy Edabe to 1911, avagé-
gowv &1 1o 1911 10 ywod xah-
Jugpyel 30 pdvo crodppate motd-
g, To 1925, érog mov avagepo-
UCOTE, 0 a@BuOS autds aoEalhg
fo frav peyodirepos, av AdBope
vdyn pas ™ peténecta eEehuxTikn
mopEia tou mgoidvtog. To ywoid
onpege @Baver va sEdyer mepi
T0Ug 3.500 ! tdvvoug emolwg, po-
Yo ol TRV ReAMEQYNTU REQio-
d¢ ms avoitews. Edd Tibetan hot-
mwov 1o epdmpa: dinobdvinue -
o0ve 10 1eato Kowotnd Zvpfot-
Mo uelhovind ofle ™ nord-
s, 0 peRovind mg pdko dmwg
OV TEQUYROYAUE STHQARAVD, Xt
v fwave EuBlnuo tov qwpwol A
fray eviehi Tuyoic M enkov
o

Onoes #e av fTov oL ovPeLs
TV ETVONTEV TG Tpdtng ogoayi-
dag, oMuadia Exel n ex TV VOTE-
owv dialwor tovs, ke 1L a1
ogoayBo SLeTnohBne ev Loy pé-
Fet 10 1930. By oo yiowa pou
v ardgaom xamolor dhhow Kow-
votiod ZupBouklov, g 14/9/1930,
advie Inh. meplnou éin werd v
nodre opoayide, ue T omola o-
Aopaoitetar 1 xofifgmon vig.
Aurla mg aldayls emotehel 1 em-
ofipervan dm: K. n enovilduew
“nerdra” dgv oupforitel T o &-
Slov..h. 130D ohowhnpo 1o nelpevd
v and ta Mpaxtxd ouvedpud-
OEQS TOU:

To Kotvonuxdy Zuufavisov [vidoy
ovverov e tov Koworwoy Kavdorn-
e ofucgov, mpy 14nv Temepfioiov tou
1930, wnd v mpoedpiay Tov 2 Nuo-
Adov Aayoyidvvn, maobviev xai Tov

Kovornav Zvupotian My, N. ZEoyn,
Tucv. Zépyn, Eun. Q5. Axovoav mv
samjymony tov x. ITpogdgor n i ev

STy GYOHETEOTOET e
o we fufinua v rixove ™z Mera-
Hoppocens Swmpos. Sxephiv, eTeidn
1 mpdtaoy tov x Flpoddpov wyydver
0087, cTopaiveTaL TaUYMEE, EXEL0T B
v T ogpayida sxovilousyn aoardra
Sev ovupoliler T o dSiov xar exeldy
Wg uOVOY apyeiov xar udvov Iargoaa-
eddotov Exouey my e Metauoogd-
Oewg Tov TWTipog EOOTIV, aTOPUOTLe-
uEV OmwS T MpETépa opoayidt ffow-
pey my move ms Metapoppaotne
tou Twmjgog, &g Of mpy TERIPEQEIaV
ng Aéfeic Kowvomg wvador.
To Kowvotmdy ZuuBotiov
Tgdedpos

Ta uily (vmovpagés)

H ogpeyide mov woBiephves
aopmel 1o véo Kowonmd Zuu-
Bolh 10U H0oLO0, and (#abagn)
garotuaia  evoc  Eyyphgor  TOU
1931, eiver ovmy mov oxorovdel:

'; Y wr AP"

Zmv mepLpE pend e diumoiveton
10 KOINOTHI TAYNAAOY. uto O¢
HEVIQO TN O petauoppuisls «Xou-
otdgh, hapmovies we Mhos (0 a-
moderviouy o yiow Tov axtives),
and dekid xew wpotepd Tov oo
Iwdvmg wa [axwPog, wat oTe 1o-
due tov ExBapBor amd 10 Otio
g HEQUAOL Gi® Toug UTdhowmous
patntés Tou.

AEiLeL va pelvovpe ‘na hiyo oo
ONETUKG TG RQOTROEWS TOU vEgu
Tpoédgou yia crkayn g goayl-
dag: slvat okt akwhoyo on ava-
yvopilel du 1y ednoia ™z Meta-
popgpdaens 1ov Zamgos, o 4Xol-
guigh, OnWG ™V CROXGAGDY Ot
ThveduiTes, ®aL 10 maviybpL Tou,
eivan, av Oyl TO MOVO TTEONUEE-
Boto mou £xouy, elvan emcvahop-
Bavw, £va and e onuovILdTERa,
Apugl va avapipw STt 1 Ev hdyw
xxhngia yoovohoveitm and 1o
1680 »oe dm Exw a0 aggelo uov
Eyypapo tov 1650 and e Tevind

T. 56 Maog - foiwog 1997
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Muvéins T, Zépyne
Enix. Kubny. Aeoypeqlag
oto Tufpa MG ooeg, Tozopiug xay Holnoped HapevEerviny Xopdy
1ov A, 1. @gdung

H ioto01xdtnia 1ot toniow 1o noeddayna pag aypotrds ovdtntas ms Nékov,
1953 - 2003

T nogotcn spyaocia, ovpPoLT 0T WELETY ToV TOMAGY wypoTIRdY xovadv, avader-
HVUOULE THY LOTOPLSTRTY TOV TORL{OV e Ty mogovolnon Tov sBvoypoplrot tapudelyuatog
uiog vaBuanic avpoumnrig rovérntag. Me agetnela éva Latopuic onpastas y1° authv yeyoves,
HEAETEVTAL OL chhayeg Moy nooxARENKAY 0To TOFiD TS KoL OTNY arofnrixn tou. Ilgog meple-
Q10US ToY £UQOVS TS EpYUCTag ETUREVIQUVOURE THV £VVOLe T0TI0 QROXLEIOTIRG TT0 TOMi0 L2714
vaaiBpov, 010 ayponsd onic’, 0" autd ToU TAPAYWYIROV YOOV TIN5 XotvdTnTag, og TufHa-
105 OV avlpwaoyevors xdoov, exl Tou onsiov o GvBowreg €xeL EnduBeL ke Y eynaTdoTAON
evég oUvGhoU RELTOUQYLSY, mouypaTiRGY Ray oupBoiudy’. Aev avagpepduaote dni. oTov Xoi-
VaVEHS ¥BEO, 010 SOuNUIEvo oLnoTind #epIfdhiov o0 ywelol. Yo' avid To svetpa, 1) soya-
ole pog evBLopégel v ayponxt} yEOYorpia, agol 0 CUYHERQLIEVOS ETLOTHHOVIXGS ®AGSog
evBlagégetal yia ta erotelfopata mov £xgL 1 nehhiepynmed exgeTdhievon oo tomio.!

Tu oranotxd oroweia ™5 eoyaoias pog eviifoaps and to Iotopind Apyslo NdEov, v
"Evoon Newpyiny Tuvetatplopdy Nétov, Tov Tempyins Hictonnd Zuvetalouops o yoglot
KE TNV ELTEMQ EQEUVE TTOU TEAYUATOTOLOTIE 15 ouvenitd €11, aoyohoUREVOL CVOTNUOTLHG ue
TN HERETT) TIG OUYHENQUUEVTS HOVVWYiae «EX Twv EvBovs, HoBSTL TUYXEVEL O YEVERLLOG 1énog
pag Mekerfioous enfong maivég CLEQOPWTOYROPlE; TOU Ydhoou wnut ovpovhevtinoue Eavd 1a
rorwviid Tov, ov dnhdvouy (xopls vaepPoli]) 6ho To «KIATORSYLOY TOU WL and Tov
16° aL péyoL afipepa’. Evvoeital 611 ol CUVETELEG TOV EXE YLO THY XOLVOVia Tov FwoLot (oTig
VOOTQOMIES #OL TG TURTEQUPOQES TNG) 10 OLXOVOULKS - LOTOQRLHS YEYOVSS Tou avalioupe ma-
coxGTw aroteloty avixelevo diing abuafig REAETE %At UGVOY «EmISEpPIRG Y, EMELDT) mage-
unintovy afidotwg oto Béua, Hog amaoyohotv oTny fagoton soyaoia®.

To nodfiinua vwv oyfoswy «PUomS - AOALTIORO», «XdEOY - NoLYLViag:, av Smi. wobooilel
TO QUOLAS REQUBEALOY TOV TOMTIONG 7 AVTLOTREPWE, ELVOL TOALS Hort EXOUY %OTE Mootk -
atunwdel en” autod xohhés xal Sudgopeg ardPers. AVt ndviomg mou PaiveTal RWg TEIVEL Va.
emkoatioe oty Ziyroovy Aaoypapla wou mv Kotvovsns AvBpumoloyla «onsgaonilrias
TV HOWOVIAT] RATATKEVH TOU QUOLKOYT neeifarrovios. To tehevtaio dnh. mopdyetar xotve-
wind, Goa %l LOTopLXd. Diion war xolTopds elvol avondonaoto whLaTa evés Shov, xwpls
avtd va anuaivel 6T o GvBpnmos SEv OLHELGTOLE(TOL ) gon. Kabe 4iho: mv omeonoeital
#Oll T peTaOXnRatlEe te Spovs toToptrots, Snhadi ue Bdon g extotoTe TUVTKES napayo-

! ey BiAloypopuns odnys Twy eBvindy il TOTUNGY EQEVVEY yIa TNV aypoTLX vECEAANVIXY] ROtV Via Hat-
0 vovg 16° xow 20° L. Bi. evBelrtund Tt Aejlavaneg, And 10V xoeLrd otoyv ayedtr). H eAinvixi] aypoTtnt
Axotvovia anévavi. oTy aayxooponeiney. Exbooeg Eteviar - EKKE, Affqva 2003, 333 xe. - X Kaoiung
- A Aovhovbg (eway. - emp.), Yaafioor yépe. H ehigvixs] aypowny] xorvwvia 010 TEADE TOU EIXGOTOU
aicive, Budoon EKKE - TIéOpovy, ABiva 1995,

2 Aavelfopa tovg Gpovs tid Tov Max Derruau, Avporoyen yoapia. Moopumtins T8pvpa Eoviriig Toanétng,
AbMva 2001, 166,

? Kopv. ZagwulG, «H ovuBols tng avigwmoheyles tov ybpows, Eovoicyiz 1/ 1992, 76.

* Max Derrvau, AvBowroyenypagia, S, 153.

® M. ZEgyns, «Ta TomwvduLe Tou Thvédovr, Hlpaxvizd tov A” Hovedinviov Tuvebolov pe Bépa: «H Ndkoc
Stu pEgoU Twv aidvmvs (kg 3 - 6 Zemrepfolov 1992) ‘Exbooy Kowdzag ihwtiov, Affva 1994, 863
- 926

:8 EXTEV] LOG avaqopd 010 und £ndoon Bufhio wog AgyatoeAdnvied xay veosiAnvisd «aninoiuaras : O
ol A OTETLEIOROL Wg Gpelg TG ETEQATIOg OTv apyaly v oty vedtegn Ehhdéo (rooowoivds tirhog), oto
we®, 5, «Nabubture yupuwd REQURA{YROTLN.



g %@ evaRagoyoyRs Twv VARGY %o cupBoludy mpolmoBETey g wolvavinfic Tas. O
GvBowIes - OLXELOTOLOTREVOS TOV YiHpo - Tov HETETOEMEL ARG QUOLET OF ZOALTIONRT] KA TI]YO-
ola, avahdyog Twv TEotimodEctwy Tou xEQLEREL aUTég O [B107 0 Ydpos, aikhd Hal avaléyuwe
T mpetinodéoewv nov fétel o° avtdv g negéuBaon g avlpdmyne opddac.

To Thivédo Négor®, 1o eBvoyoaguus rapddetype 1ov Biuatds pas, avixel omv avBpeno-
YEWYQAPLRT RO TOMTLOULKY EVOTNTR TOV AiBadoywoudv g NéEouv, meployf mov rotahoji-
faver to #évigo Tor dumnoy TpaTog Tov wiowd (Bh. xiom Nétou). Anfye 5 micueton
ané TV mEWTEToUoE KaL HE TOY VEO Slotknuxd ywpiopd Tou avixel o1o duo NdaEov, évay
and tovg 500 Tou ynalov,

To ywold aaldvetal oe vP6peTEo Tov KUpaivetar axd 80 - 113 uéree'’, H navogauixd tou
Bga mog g ToeLs mhevgds Tov opllovia (v 2 voémog) #o ue «gdowao» AROZ TY duon
(v evatolxd Tiégo) 1o £40UV MALOAOYNIEVE HOTOOTACEL uACAxSVL T NdEow (pot. 1)
Ot apxég wourides Tou JwEWT quyRgoTHBTHEaY, €& autiag g mElpaTElas, TEQL TO UECT TOU
17% ai., dawg éxoupe anodelfs alhotll, oe dto amevavil ELpLORGUEVOLS Aogouc. Me v md-
00b0 Tov audvoy vaw Ty ehhavh Tov 1oToowdY Spuv Rorowhnre o perabd Tov Adooy xk-
eo¢. fiueoa Poloneton anhwpévo 1atd ufkog Tou dpduov (sur route™) mou evdvel T TOAY
g NéEou pe &ara Svo APadoxdeia (Avepoavi xar Tpimodes), alhd xal 6ho 1o vadhouro
voToduTRG Tufjua g NGEov, to omolo avanpiosetal TOVQLOTIXG ke poEviion ouBud To Te-
hevtale ém (Bivia, Keotpdu, Aluud, TTugydn, Avyiaod, Bh. ydom). O Sopmugvog Tou ydoog
“aiinze, nepinov 287 opdupate, evd o €UPOpoO; RAUTOS KOV TOU avahoyel, LETE TNV ETIONUN
oo1oBéTnon Tov 19317, sivar xepino 300D oroéuuata, &mi GUYGAoy 00D (port. 2).

O pévyiog manBuouds o1 ofuepa (axoyoagr 2001) efvar 509 xdrowol Stugova e 1o
oTouyela g AEQLESOY N0y evagepduroTe (1953 - 2003) negutnoelton pic wxef glivouvoo
nopela gtov hnduous Tov, oc OUYRQLON TEVTOTE I UG XATUOTOOTINES BLAOTATES oL £l
Aafec g petamohepings Sencteties o anoyiimon Tov TAnBuopot ot opaivé pfoy Tov Voot
658 ndrotzol 1o 1951, 655 to 1961, 595 1o 1971, 563 1981, 558 1991 H uelwon dev ogelde-

5:) Nitausinog, «H 10tegudmra Tov 1oriovs, ao fPii wou Xuitoviag to yeigo xa 1o ypdvo. Enbdorig
Obvooéar, ABiva 2003, 13. Na 1a Bewpnmxd Inrhiava mou Béoaus mapanivw Pi. evbeuxtind C. Sauer,
«The morphology of landscapes, 010 J. Leighly (ed), Land and life. A selection of writings of Carl Sauer,
Univescity of California Press, Berkeley 1963. - H. Lefebvre, La production de I’ espace. Paris, Anthropos,
1974. - G. Backelard, H motqzixs tou ydgor. Exbéoeis Xatlnvixohig. Aéiva 1982. - Tim Unwin, Places of
Geography, Essex, 1992. - E. Hirsch, M. O'Hanlon (eds), The anthropology of landscape, Clarendon, Oxford
1995. - K1 Eder, The social construstion of rature, Sage, London 1996. - Kogvnhla Zagnlé, «H auport Tne
avBpwnoloylug Tou ydgown, 6.t 75 - 82. - Eh. AXeBaang, «Owmionsi wal onueokoyia Tov ywpov oty
“Hrewpo. Zuyrormnt| mgooéyyion (emopyiss Pudidzory, Tieyweviow, Kdntoag ), otov wue H exapyio Kovi-
TOUS U0 xdge xaL 1o Ypdvo. Bumyfioang oo A” Emompovind Tupmdolo. Exboon Afuog Kévitoag - TIvev-
natnd Kévigo, Kéviron 1996, 15¢ - 206, - A Aovhotbng - B. Tewpynéddoy - T. Ttovgandnng, $uar, kotvo-
via, ERGTin TNV EROYY TWY “TosAABY ayEAdSwY". Exbooeic Negéan, Abiva 1999. - H. Kouphiotpog, At-
adpoust oT1s Bewoter oy xdgov. Brddoeg Ehimwind Todmuuta, ABijva 2001. - B. Nutowdnos, X1loveas 10
xDOo xaxi TO yodvo, 4., 13 - 110,

"M.T. Mepuuhis, EAdnvind Aaoypapia, 1. 1. Kotvovixt ovyrpsmon. Exddons QObvoosus, Abiva 1684, 15.

s Trouela via Ty 1oTopia KoL T hooyoowla tov ywewot Bh. M. Téoyns, Acoypapind xai e8voyoapird axd
o Tltvddo NiEou, Exdoon Hpoodevninod Opidov Tavddou Nikov, A0fva 1994,

1 Buyoootd o1 axd ) éom 0T tov lio pov unyaving % Anufiten ZEovn na Tic mimpopopies Tou

g Zégyng, «TAvddo: egunveta Tou tomwvuuiov, TOW LT 1oTOQuT] TOV ava@opd Rat oL NERLE aUTOT OukLIHOE
Avupiddo, Tertapog, Aovioddo», Nakwuxd, Tt 30 - 31 (1992), 18 - 23. Tax 1) onuacio g ETupohoyiog
ot ueAén evdg ouniopod Bi. I Xagonyidvvng, «H évvoue, 1 yéveon xau n eEFAER tou SuLopot péoa and
TV ETULOROYIE TV OXETIRGY AfRem Ve, EmiBesionon Kowwvizev Eocvvdv, T. 33 - 34 {1978), 373 - 382,

2 BL AT Aovrdvog, Ewaywyi ooqv eilnvizg Acoyoagic. Mopponns T8pupe E8virfi; Toonding, Adfjve
1985%, 164.

= Bh. Puvij NdEov - Hdgov, . 265 (26. 4. 1931), 4. H Emutpond| Tov vaovgyelov mou EOTEAT V1@t 1Y 0pLoBE-

™I Wy rowoTHiwy Thivadow, Avegouviou naw Xdpoe «WAAVOROIGE TAg QRIYELS #di TV TOWHY (e~

0d¥]», nutd 10 Snuooleuua.

K. AeBoypuaveng, «Ou Smuovoueuss ehehifer oty Ndko wawé 7a fon 1951-1905, Hoaxtixd tov A Iavel-

Anviou Duvedoiov ue Odun «H Ndog id pfoov oy crgdve, PhbdTL, 3 - 6 ZestrepBoloy 1992 Emy. lw. Hoo-

urovds - Trég, Pagods. “Enbooy Kowdtntog Buhatiov, ABiva 1994, 1066.
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TaL oY petavaotevtan éEodo, otite oy anovoudlovon VTS TNTE 1oV 0vdoLnot aindu-
ooy, alhd ot pelwon g yapnhdintag Kot M YEvVurdITag, ot @uow yheavan tov
nhnBuopet na - SvoTuyds - aToVg dendides Suvitovg wov €xouy emwovpBel Tig TEhEvTOlE: S
»oetleg and ™y «endoaty véoos. H tehevinin £yet AhiEeL wuQldg YEOUS %eul RECTIALHES HOTOL-
®OUS, HE it Suyrvolant akjiatiddy attnon twv Savitoy ng Sexaetieg ov *70 ®au tov 80,
Xwols emotfieg ve éxel notatedel 1 emoTovINg eppunvein Tou govopsvoy, H povadind me-
plodog mov TagoTNENBNKE nGroLe wirpd £Eapon T sowTEEIATC peTavGaTEvON: (1 sEwtEgiag
firav avdBue Adyou) firav ) meplobog 1961 - 71, Stov perdwnoay ot ADfve 4 - 5 ownoyévelec
H t¥goon mBadiunn yn %o wa véa ouovoxd dedougva wou loyuoay petd 1o 1953 frav o
#UQLOC VAOYETLRES TURd YWY Te uetaviotevons. H ongepivii tov dnpoyeagur puoeyvepl
opefheTon XVElwe 01O W0ToPIUS FEYOVES ToU 1953 20w avahiovne ropuxdtw. Ahonopation-
 elven enlong 1 rahvvdotnon xérowmy OO YEVELDY Tt v ABfva, Sxwg emlong ®al nd-
TOUY VEQQUY KaTOIXWY Tov, Snuoalny vrailfiny, ol orolol 11 dexaetic Tov 90 emyeion.
oaY wia Tedoxralen @uyh neog T Xdoe, ahid enavihBav oo yupLd.

H ovvipirnnd sieowmpis 1o aknduopod frov yewpyol 2ud’ Sho 1o Sidotnue vow 207 L.,
KE QOTRaVIEs wxeoaliavés 61a oTouyEle xov napabitovpe apéong mapardtw. Acyohotia-
ote nh. pe e axperpves aypotiad xowvevie. To €105 1928 my., OF #atdAcoye v PEADY Tric,
avapiépovia: Loy wg yewgyol Thny Brio VIOBNUCTONOLEY, S0 RTIGTAY #ate evE oBwTH™.

To €105 1953 eival ®aBoQLoTing yoovind #oRfBIxé onpelo yue TV WOToRIE TOU YWELOY Gy UG-
VOV YLOL T7) pEXQL TWOU VEDTEEN taToptXT ToU Sdiodoopd, chhd xel yio T uehhovrixed. To étog
av16 18gtETar o upatirg Kevipo Znoporapaywyls Tewpirov NéEov (K Z. T. N} ue paoi-
#oUg TeopodETes Ta ywout Tov Afadiot: to Thvado, 1o Takavddo, 1o Ayepoevi xon ug Tel-
Todeg. O oxovopinss - 10ToQIRéS GuTée maphywy Bempoipe (2o amodeinvioupe) 6T ouvéfa-
Ae onig eEedEeg exelveg nov dhiakav Godiv v oLrovourt xoL Howvavixt Zof v Thivad-
WY, TN KEDL TETE HOLVWVIRI] YOTTT TOU PUOKOY XGQOU Kat PUAIKG TIC ORETELS TIC TUYHE-
HQUAEVTS YO TINTIG XOLVETNTAL e To puowkd megidrhov . Eivel éva yoovirnd onpelo - TOUT|
OTHY TOMXA LOTORLE TOU XmELoT, onpavnad enf{oTs Yia THv mopsla chdxineou Tov Voot

Ag Sovpe ev ovviopfa tyv #oLvavia] ¥orion To toriou naté tov 206 au uéxol To 1953, Ké-
B ouroYEveLs («oixovevelan] Yewpylom ™) xokhiegyotios T y) Tne, ehevfeon TAfovY, pe oyEon

= Eaxloyinds xatdioyos 1ns Kowdtpror Fivvésor tov vopod Kurddbwv xwbiromounbels xat sxtunabeic
Bdosi tov 150! avaBswolioens SiatdEsey twv aroldoenv vou Howrodirsior Tvpov udypr xal wov £1oug
i928.

16 Bl evéewting X. Kaofpre - A.T. Narabdnovkog, «<H BLeTHONoN THC GIkoYEVELRXTS YEWQYIag KAL 1) KA.
TehoTnd avdmTuEn s yewpylag owyy Ehiddar Mo worrin) avaardnmon g fifovoagiogs, 0tov Téuo
X. Kaolpne - A. Aovhosdng (emp. ~ ewoay.), Yeabpos Xbea..., .., 85- 113.

" “Eva dhho rouBud onuelo mg Thvadudramg Lot avtiv my neplodo eival ) ;20 OAlywv pdhig erdv {1947)
ratépynon v reAevtalov (xvave tov rofeowdtog g 1ontyoins mou {oqve 010 ynol and 1o 1207 ke
AVOPEDSUUOTE oYY TEAEVTOIR «arariorgioon aypoxtijud ey wov Tmpateiov O THog TTaV06S xat T8
MuyroondAems Kafodixdsy Ndtov (Bi. Epnusois ng Kuepvioews 1ov Bacuasiov tng EAMGSag, Ty, Sevte-
cov, aoify. @. 153, 16 Teswr. 1947, 719 - 725). Av naw 1o LOTORHS a1t veyovds eadota oyetietat 1o 8¢-
Ho pog, pag diver Spwg ™y Evkaigia va vnevBupicoupe 8t ohiywy 6t To ynol and to 1207 #.e. Tekel vnd
Evenint| naroy péxol o 1567, onde #opredetal ané 1ous Todgroug, Roolg duwe va alhdEouyY oL oLovVD-
WIS o wowvwvingg Soudg vov. H 1 €381 RAPOLOACTEL oS Tov Tavotso gToug euyevels Tov {08 1dnovs §
TAoROVAQ) vai avTol pe T aelpd TOVS v AARUyEOYY RE0Z HUAALEDYEL ElTE OF TAQOLKOUS 1) O EhevBe-
Qovz Yewpyols. AnS T apygc Tov 2007 av, GTay 7 nowavind TEEY v «Avtidve pBiver mhéov otabuand,
CoXiLEL v mwhef 030US aypSTE - noAfyorC T MBadizin v, Trebuds ¢ autiv Ty moeela elvat 1 peydin
asahhotplwon e derasting tou 1920, Andbeikn g parpaluwvig av LOTOPIMAL TRUYPBTIRSTTNG fe-
Qapgvel wg oruect 1o ArHBog Twy TomUVIRinY Tov PEpouY To Gvopa peydiwy «Ppavrwvr Qeavdugydv
netl vidmov agydviov Nolwy, Smwg sxoune amobdellel oy mpoavegiodelioa wehity pog «Tonmviing
Thavddour. T mepoobTepn otoLyEta Trg LoTopLrfic TOEELDg TOV yworoy xatd 1 Goayxorpatia - Toup-
#onpuzin BA. evlemting I1. Zeghéving, Peovdeiuni] rodireia ev ) vijow NdEw. Ev Eppoundher, Tinowg N.
T. Soépn, 1925. - M. Zégyng, Acoyoapurd v exAoydv (1920 - 1981) and éva NeEuwitinoe ywoid. Zvufoii
o7} «Aaoyoupia twy exloydve xa oty pekény tou Kuxdadixot yépov. Heodroyog M. T. Mepaxifs. ABY-
va 1998, ot fuRioyoaple twy UROUNREMHOEWY TwY OEAlSwY 36 - 54. - Eva Kaimovpith, Zvyyevixes oye-
oels xai orparnyinés aviadlayay. To mapddeyna e NdEov tov 17° wigva. Exbooeig Eriyvird Tpdupa-
1, Alfva 2001, 61 ne.



ahijpoug LooxTRotag kalL ke oyOrNTINE: oygoes xovvrovfepvids 1) evorxiaong™. O minog
oL avayhigor npoodldouls m Sudxpion Tov yeweyLrwy edapdv: (a) oTig &yoves Thaylég TV
ASQY ToU ywQIoT, STV TEQUIETEX Tov Lvi), (B) aTa eGYLOTY NAOOYDYING XOGOTESE Tou
wat (y) oTov evgope xépmo Tou. O medtes extdoe ovoptlovial axrid (ograoelAving o
xBog, ou avaPabuides) mov dnuovpynoay e empdhaa no @oovlida o1 xmolkol Yo vor dievBe-
THOOVY 10 ERLeMVES EBOQPOG, HetL TOL ONOIC HaTEOTHOQY EMTAEOY OTOLYELD TAVTSTNTRS TOV E-
dapurot avivhupow yoow axd 10 yopis, O Bevitepeg, peyulUTEpEs A’ TS ROMTES EXTRORL,
o exinebes nal ywols TV vtooTiolEn Tov TEToLMYY MBodoudv - avayoudrey, ovopdloviar
navzdoe”. Eival Gyoves exTdoeLs pe ERGYLOTY CNOSOTIRGTNTY %o Ppioxovim o Pdon swv
Adgav tov yopwod. To xavedoue xenolporoLotviay i ™ omopd xgLBapidy %ol Yo fooxr]
(tnv exoyd ™S GvorEng wuplwg) Twv Aiywv aryorpofdtwy wov Slatnoovos #Gde oLoYEVELD.
210 aynd wekMepyoBoay wuplws, 0t pred pzakebdrie {(oTotind wnndoin), Ehdylotes mo-
odtTntes Gvubpes natdes, aguud, Rovwid, #pLBdola, SAo Yo oLXLCHT AUTORGTOVERGOT, Hal
Alye namvd yia puxeoeEayoyés uéyol o 1936. Avagépoups evBelnting 6 1o 1911 my. xaihi-
epyovvio uévo 30 orpdupate navbTag .

Z1ov wdpmo, oto APddi, xuhieoyotoay or «ROAhOURYIESr (B8 KEQLTOLNREVOVS, opYw-
HEvOULG, AIMOUEVOUS aypone) yhvromatdes, #o10doia, viopdtes, paodha, Alya faufdria xa
odpL, pefubio ko dgpfove prooTtavind, dha o LB TR XoTevaioon, KNy tey TeRevTalny
nov ekbyoviav. Meyéhes extdoes Tov HapIoy RoterGubovay ol aumehEVES, seplrov 1o 1/3
T ovvohints extdoens. Mepidhia vrfoyav ehdyiota, aTh dutixd] Thevpd Tou yAlvadudivou
AuPadiod, el uéxor w0 1955 - 60 naghyay $110E; mOoSTNTES Pepundawy Kat Altowy, Tig onoleg
oL yopwol epnogevovray™. H ehtionaihéoyeie fray oyedév Gyvwotn, apot shaldSevbpa
URTHOXEY poVOV Gt Lt Suyxkerpuévy Tepuoyh, oTa Acyuddia, woy pdhioto wo xowthio tous,
mOV ACOTYE PLXEoYs ragrotlc, Tg XogwyigL, Podowes »vplwg. To habdt g xoowas 10 sEouno-
vopovoav aviaAidoooviag e Tovs «Bdpelougy NoEudeg yempyind mpotdvia. Neviride, 1 %ot-
véInTa HEAUTTTE TG avaYHES TS O (5 XaL vaneecies nov bev SuEbete pe To mAedvaoun e
(apuméve ovagpepBeiong) ayoTiMAg TN TepaywyTs Anobewvietol Aowdy G N yewpyic
10U 3000 kéxot o 1953 yapaxtnolEar and tv zodvxallépyeie, Yeyovds mou quvdéetal
pe 1o dudomugto xuguu'rg’gc: S EyyEas Wormoiug, apoy SLaPopETHES KOAMEQYELES G-
oty Sunpopetird ebdgn™,

H wtmvorpopin, wg ovpminoopann anaoyShnon, Hrey ehGoTo avasTLypevn, norotviay
ovkponind, elxe neguoglopevy Bhon oty Tomuny owovopfo. Kafs owoyévaia SifBete finpd
Lwind xe@diaio, aivomedBate, xvping medfata, ol wio vowmortondeg» elxay mepl T Ex00L
(20) «xegpdrin»®. Ta modfuta (und v emrfignon TOV YUVARGY XaL Tov RubLEY) Pooxavy
v dvolkn ota xevkdela yiow oxé to xwols ketd To chdvepa Ta «watEfalovs gtov wdumo
»a o EBoonav o edan (vroislupata oy Ozoopévay xpifooLdv) Twv Suxdv Tovg TEQL-
peayiévev yuoapudv, eEoopailfovias ot 0 QuoLxt] Toug Afmavor, GAAn gie Stdotacn ot
petaky mg yeopyiag xal g wevoTQopias ovpmAnpwuarindtna™, Ané 1o Sentéholo péxoL
#ou tov OutdPoo ta toa fPooxav ot aunéhia, ftoayay 1o QUAADRA TOV XAMRETOY Rl
npoerolpaov vo enegyduevo #AGdeua. To FELRGVO, TREQOVIUY KE PUARD and T TAHBOVOED
POAYXOTUKRIES Hat Teg ourtes. Enpeudvoupe oto onyelo autd ST KeEdve - xaroxaion ta mpd-
Bata guldoooviay ang quhéc twv OTTUDY, TEOOTOTEVIEVES 48 YMhovs pavipdrouyous, eE ai-
g g fworionss aov skaxoiovBovioce 1o 1053 (o axéun apydrepa) vo volotatal, pe e-

BMT Zépyng, Aaoyoaquund xaL eBVOYOaPLED.., 6.0, 262-265.
» TMBavdg and o apyoloehinvind xavxa (3 noinog) wa ™y vnoMopLOTIAT %O TEANEY - dor (- dowov). Aby-
avgLown AEEN oo dekbnd tng Meoaiwwias tov Kpuagd (Bh. . 8, 1982, 117).
@L Teopyiny Anoyouei &xavg 1911, 1ov Ym. EAvunijg Oumovopior. Bv A8fvaig 1914, mivaxa V1.

1O €amagog EATILOTOE ouvohund Tov TaRayw@yH 1ov nEQIfiohiot o Bepiinora waL «TO MAIPVEVE KOUTOVQOU»,
10 ukeve o (buog ue Swmotg tou eQydteg, pe moky xarés mpeéc T Ayoord maeuywyh ®ltpwy ayopalay (pe-
Fo1 eelnov 1o 1960, ondre orapdino: 1 nagaywyt Tovs) oL vidmol dumopor {yvwotol o Xwpalteg £uio-
eou Tgiikhog way Aviometofmg) ke 7 hua 1 Evwon Tewpyiudy Zyverauguopdy Nakov, mov éxer guatabel
g to 1926,

;; Hgph. B. Nuwoudrog, «H wotopmdtta tov ToRiow», 6.m., 55.
M. I. Zépymg, Aaoyeapixd xat eBvoypapind..., §.m., 219,
= TP B. Nitouixog, «H Lotopidinma wou Tonlows, &g, 36, 55-36.



rbuveg 1 avTole ouvéneles. Elyae dnh. wafnueguvi) petarivnon twy mowwviny svids Tov
oglwy Tov ywplot. Méyol to 1953 e5EToeay eniong ukod oG ayehddwY. Ouwe 1 {epmo-
eetiowun) ayehadotpopin (m’zz(uvcn Loy won opaywyd véhatos) Bifypaye avodiy mogela
WOVO TIS tehevtales dexaetier”, wan anoTels Thfov fvav and TOUG TEELS TVADVES T1)5 OLovo-
s Lo tov xopLow ofkega: oL diiol 6¥o eival 7 METATE Kol ol emSoTHoES e Evpwnai-
whg "Evaarng .. KaBoolonsd meog totio yeyovds firav 1 (Bovom 1ov auvetagLeTRoy TugoHo-
pefov g Evidoeng Nenpyitdy Zuvezaupropdy Nafov (E T E N} 1ov Anpihio tov 1960, oty
zepLoxf Tou yhvabdidtixov MBadiov™. Tippova pe aToryeln g nopandve Evdosng now
avapEgoviar Spwg o8 $Ao o Vo, apod Suotuyde Sev abite empEpous otolyela yix nibe
yoeLs ¥, 1o 1960 vrifioxay oty Nako meplrov 300 - 400 ayerades, 700 - 800 pooydole xpeona-
QUYWYTS KA TO TUQOXOUE(O cuyrévipuve 500 - 600 whd ydha nrepnoiog To 1980 elyoue o-
viiotoiymg 1100 - 1200 ayehédeg, 1600 - 1700 pooydola non 5500 - 5600 whG yéha, eved Ty
mepiodo 2000 - 2003 &youpe 4500 ayehddes, 5500 pooydpia non 40000 widh& yaAa nuegnolog H
ahpatddng avknon ot vaEiaxd exinedo - xatd Toug etdiuods mov pag mupédecav o ototyEly
- ARELROVILEL TNY GVTIOTOLM a¥ENON OTO RIKPOTOMIAS enineso Tov TAIvGESOU.

H idovom tou K. . T. NéEov enépege peyéiec QVRTEONES OTO TARAYW YIRS CUOTNIE TOU Yw-
oiov. H (bovof tov ofrauve 61 1o evpopo AB&st emhey6Tay ENLOHRLS G TO KOGTOL VO Fat-
odvEL ®paTns ordpo, o omolog Hu SLOXETEVSTAY OE OYORES TOV ECWTEQLHON, ®uplo o &1
#al v Hiele. Hrav o wopugaio aventyEon) TPOTaoY TNV OTolG 1 TOMLXY Holvavin Bé-
xBrne Quownd pe evBovoweopd. To ®edtog fa anoppogotios Wt TS RepaywYTs (oxaving
okdnhngn) oe TES mov exe(vo Ba SoLLE, HATEMY OVEPEWIGY oL CUVEVVOTOEWY e TOUG EX-
TROCWOVS TwY Tomumndv Naklawdy ovveraigiopdy. H aropedpNan Ba oxeTLSTay QuoLRd pe
0 pévebog g mapayeryic (we T onpd g EopndToy and TG RAUEIKEG ouvEfzes nal ©uplng
nig «BaBéoeigr e BooxAs xat tov Cwoydvou, akhid mw duvdotn Tov Afadiod yeipaooou Tle-
olron™) xen e M Limnon tov meoidvios. Avagleonts evBELTIRG rapadelypoTa pcTafolic
g TTic Tou Mpoidviogg, Snwg Ta axodehtdoaue ané tov Torixé Trhno: to frog my, 1956 Ll
T frav 2,80 Soy. 1 oud, To 1956 frav 1,60 i oxd, nov g8dver 2,80 10 %k to 1960 2. Be-
Polog Buondtoy war and evraipianéc ToMTAEL EMLOYES, apol ZAEOV 10 KEOISY elad yeToL
oy rogatix dlandin we péoov yia exdoyivi] mponaydvda el Yynpobnoia, wc Smio 1oV
TOMTLRGY STV V(OYUOT) TRV REALTELHDY oyfoemv. Ze haind aryovoynua tov 1960 my. €
vroniLovus ) Bidpevon v eArBwY mou evéoreps gT0Vg XWPLKoUE Tou Y¥woLot n vdoyean
evdg umoympion 6t 1o wphTog 8o oppopedaE TV TOQAYWYT Ko0g 5 Spaymes 1o wkS:

- Ohot g spovdlers «yneiote va pag ooos
nat o 1oL wardres 1o xiAd 1dAingo a uac Séoes.
Ouwg avel yea 1dlAngo mov “Beker va pac Saiget,
YAvedln 6a 3o Bydhovue vdpa orny diln soon.

Mépog tov undhotnov adiuiBetou andoou avardpfiavey va to mpowBiicovy oY ayopd, Ei-
e wg ondpe, elTe wg Podoulo KEoidv, oy gurogot. H yhvadubmun oumovopla eloepystay mhé-
OV OF jua «xavonotik gUBuion», eynatéiine v ouovopia g aUTdERELaC XAl TIE AVTOGU-
verenong, m «yempyle g eufilmongs, wol sioEpySTay OV ELTOPEVRATLXOTOLNUEVD) IO
YOYH, STV «olrovoRin KoL TOUC vOROUE NG tyopdss, pe Shoug Toug RETOOYNRATLOROTS (OLrO-
VOI®OTS AL ROLYOVIXOTC) Tov avT CUvEROyStav wol endpeps TeARE. H povoradiépyeta

* TP Avr. Moboidng, H aygores xotvavia om avyyeovy EAAGSe. Hopayoyusr aaw xowvavixs Sudp-
Bowon gy eAdnver] yewpyia (1850 - 1980, Togupn Mecovelundy Mehewiv, ABfiva 1986, 178 ».e.

* B, e Nakuaxudy MéAlov, @. 211 (Anplhiog 1960), 4.

o Evyeowotd tov Yewndvo x. I, Mapaxn mov yov napéfeoe 1a gToLyEle qutd.
Eryioteg elval ou yoovieg exelveg mou Bev FhaLigLae ohduimeo To APddt, agor 7 %ol 1ov duoyle
#A02T0 10V népmo ®ol exBliheL OTRY Akvnd} (L ydem). Ty oungoeds mov mpokevel diertpuywdotv ot
VISMOL GYTAnOROITES ToY tomnod Tomov. Bi. evlauting oo NuBiaxdv Mélioy avThs T mEoLdbow
(1953 ne))

* Bh. avnorofws epn. NaSuaxdv Méiiov, . 182 (30 6.1957), 4, . 189 (1. 7. 1857), 1 na1 Kvxdadidy Po,

4o P 233 (Iovwiog 1969), 16.
M. T. Zépyng, Acoyoaqird tomv £xdoy@., 6.:, 53 xax bt v wnoonu. 127, dnou mapatiBeroar whe-
YOAPNUA a¥TLOkLITEVOREVGY BovAeuts| mgog tov IpdeSpo Tou AWELoT YLt 10 BEpe Tou T TeTOCRSQoY, 010
OmOlo oMpeLdVEL TS GOXYVES MQOTRABELEC ToU WIEQ TOV CURPERGYIDY TWY aYQOTEHY, Halvol, Srwg AfeL, Adyw
g BEomg tou, Bew progel va Sodoe oo amoteheopua uxnd Ba emBupotios.



e naThrog enBiibnye xou to repaywynd avtd sibag #yive To otpfoho Tou xwolot, oTot-
Xelo tng TomLxAS TOV TAVISTNTEC Oleg o1 aypoTirés eapetalheions, and eLEYLOTC TTOERKAT
(meoinov 10) péyol xon 50 avé OLROYEVELD, Seg paivetarl omd T REAETH pag OTe apYEia Tov
TomL%OY GUVETALELOKOT, SLatéBnnay yia ™My ®ahliéoyee avtol tou ngoidvios. O Thivadid-
TES TOOOWYUROTVTALY S Toug YE(TOvES Toug, aihd wa Tovg Aravwywpiavors NoEudtes pe 1o
catiownd Hatatddes™. e nahaidtego GoBgo pag ElyapE yupmrinolosl CLPOPITLRA TNV EML-
vénom tov worvordgym Nidvwn Sépyn va raBleedosl, o avinonto ¥pdvo, To 1926, tav dnh.
oL ouvBtineg Sev mpoptivuay xdn TéToLo, ws oppayide Tou ywpLoT pia TEQACTHO ge QuId
TOTETES KoL TOUE HAGYOUC ToU yepdtoug BorBorc™. Tola evdeimtindg oTolyelo Snhdvouy tou
Adyou pog o aindés oe avénboto Eyypugo tov Iotopurot Apyeior NaEou to ywold to 1943
napbyer 15000 onabes matdrac™, yp. Wy6teo and 100 onddeg xG8e oLKOYEVELD, EVE, OUY-
puva ke atolxele tng B T I N, 10 1968 napabdibe oY woo xRt vanpesic 4500 1évvoug na-
tatoondgor, 5500 1o 1981, 6700 vo 19917,

To evbiagépoy tov nutoluov ya TUEMPEVN Tagayoy 1 aopaléoTego B06dTua 0 «rhd-
owsav» TEMTioTLS of apnehdveg Méoa ot Alya ém eEogoviotnray nat oto Wwina Tou Aa-
8107 mov eEolrovouifnie QUIEUTNHE RATETE, JE T CUVBELL Tng ausLyLomopdc (Eva €tog ma-
wte, to dAdo woiBdou), ya ayguvéraven xa guokf] Amavay tavtoxedveg Tnv b Tixn
Elxov Ta Myootd meolBdhie xod to TEQLOCGTERD Papaoduxoloia (upfs extdoel te poa-
YROOUHIES), OToLXElQL TAVTOTHTUS ToU Gyovoy, Eepod xuwhabditinor Ral yhvadidnror tomiov.
To 1ehevtaio yhivadidnso xeopsh Tou AuBadlov aqéBnxe 010 PEQOOKE %Al TNV EYRETAMEL-
ym egl to 1960 IlGunoiha xavxdoie Tedow mALoV YIvovTaL eUgopEg WO AALEQYTOLLES EXTAELL,
cpot T oUYReove TQUXTED fe Ta UEYEAO TOUS WVLA Tu EXYERUGVOUY, OpYEVOUY Babrd v
GROQTN Rt «HOLUOREW el QUIVES Y1, 7] 0RO {1 1} OUVEEORT HOL TWY MTCOUETOV YivETaL
nhéov maraToxwoaps e avEnpévn otpeppatin aaddoon, Alyo €T oy TV Eigpdvion Ty
BTV LOLGATNTOV ToaUTED, OL ®EUTHES UINOECTES ey anooTelheL 0T XwoLS (et To 1964,
enl »ufepvijoeme T\ Tanavbpéov, Snwg elrav oo mhneogopntés pag) edind epmuoTELOPSRL
HIAXCVTILOTE VLG YO «ctOpaTEyorve Ty Gyovn M Ty Zavxapiéy. O EXXEROBORS TOV XavKo-
oy elyev aoPuof] enintwon oo Tomio, a@ov apreTd oToiela e yhwoldag Tovg eEagavi-
ommay opiauné (ry, Lapopds, xeloviés, aroVAovda, fuclinds Tng yng, GMha yoiowa oty
haixt watowd Bétava, pavitapdtomol, ®AT). AvuhepBovduaote o onpaivel vo avateedln
TG XBpaTA TS BAVAS - YIE VD pE <piEedy {avaotpenipa) Toue evég uttgou. OL ¥dtowol
renoonoloiicav ¥’ autés nig aEQURTAOELS TN Podoy «x6Pw o #avRdory, mov Smog pag tlrav
OfRGLYVE, TOU «SBw Ta tnatar, dakis ™) OTEQEN ¥y Tov, aAidlo T PUOLET Sopur| Tov £dd-
POVg TOU.

b punofs nahhéoyeiss {onoopoy, BauBariod, xamwvdv, oompiny, puotdy, TLOWVIDY,
Sevboonopla, x.4.) wov eEnopditay nohondeQe TV QUTdoHen Tou TAnBuopot oF aygonxd
nEOLSVTA 1 EyraTaheiphnnay olooxeodc 1] ouvunbgyowy pe tv notdta, ahid aorovvral
ThEov and Myoug pévoy YEWQYOUS %O ROQEYOVIAL OF WKEEC noodtnies. O eEofehiopds Twv
Grhwv elbdy aypoTinfg nohhépyaias siye mg GROTEAEOLO OQLOUEVOL KA TOLXOL {LOLOUTHTES £1i-
PoEng ¥ohhizgyiowns yig) va ayopdtony ORIEQE Ty, HRTEVTIAG, T OTLYHA nOv O ®ERMOS El-
vou «ova Tddia toug, yévipos, anodonkde wat Ta Enxavipata o 6udBeati Toug. H xplfapo-
®ohA€pyeELa ouveyiTel, ey’ evég AMdyw e avayroounfc auenoropds, ag’ etégov Adyo g
avéyung via roapaywyi vobaglot, xiowag toopls Twy AMyov novkepndy (w0 exTofpouy oto

T THY 10700l 10V TVYREREIEVOY MEOIGYTOS; gTOY eliTvind nal tov vasholno #éouo PA. RN, Salaman,
The history and social influence of the potato. Campridge, 19852 - M. Bloch, «O+ tpogpés ot mohand Tah-
Aa», otov 6o Totopia e Suatpogiic, 6.n, 40 - 42 - Ei., Eofidym, «Apepivdind gutd oty Eliddo. M-
VUpo Slanpitinds, Efvoioyia 2 (1994), 49 »z. - B. Zigaaw e, «H Sutdoon mg mordrag 010V EAAGBKG Y-
oo», Mynuoodve 15 (2001 - 2002), 315 - 332, 6rov xat Ghhn mpoyvevEoteon PLBALoYoupic.
Bh. extevi} pag avupopd oto und ExBoon fufhio yag Aoyaioeiingvixd et veoeAdnvixd «axAnoiuatas..,
TO HEQ. 5,
T. gégyn;, «Acoypopurd Sedonon Ty TQUEY TOHTOY SEpayiBoy g nowdmiag Nhvddov NaBou (i
Mia nepinrmoy HaTEQYNONS TN TomuTg Aok TLONLXT; avtovoulug and To (3o 10 HQATOL», ALYaIOTEAR yi-
Tia G¢pata, . 56 (Mduog - Iotviog 1997), 216 - 219,
@3).. Anporied Apyeio. PdxeAios Tepuavixiic Awoixnomg, oro Totopnd Agyeio NéEov.
= Tlppi. M. T Zéoyne, Aaoroapnd twy gxhoyiive., 8., 42. Bi.. uaw voon. 47, eb.
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Yoedpu) f v ayeEhdSwv Toug, EvBiapépov o’ vt v evéTta orougelo eivat EnioNg 1 AL
OO HEnoY VEDY Tou ¥welot (Ratolxy s Xeeag), oL onoiol avardiiypey Ta tehey-
Tolo yedvie 1y yonreln Tig EMOTROTHS OT1) pdve - i, ®at s{te Favaguietouy aumEhla, eite
#ahhegyoly 10 ehéyote evamousivavie and T hathoma g expllwons gerd 1o '50. H yvo-
ot «Soplxt vootahyio twv cotdws tov Herzfeld™. Mo vov (8to Adyo mov uvaud).v'q:ot\';:m'
PorAAOQLO TN ETLOTEOYT Ot €BULa TV YoLpeoEaYLoT, TV ANeUpEw kal EAALY g0Q1dV

H ueyiatoroinon 1ng RUQCYWYS #AL 1 AGPERad TG CUCYETIOTHAY GRECWS KE TNV ELoTyw-
Yii g ovyypovng tegvoloyiag oty wadhfoyeia. H UHEVOTOMOY, THS AYQOTLRTL TTAEaYWYIC
Engaviomse w0 1955 pe 1o modta NAERTEONIYITA JOTED, WOV TPOPOSOTOVVIQY A Bl TLRT
emyeionon nhentpiopot. To 1967 ERGVIOTNHE T0 MEWHTO TOUNTER kol péxolL 1o 1970 efyav -
neePel 1a giroon T 1o onuepvs apBps 1ovg dzv yivetal Adyog 90% twv CEPAYGFRAGVS
CLoYeEvELDY BLabéTel To BLxd Tng negotyypove avelrvotipa (Rolkés pdhota wo Suo, nakid
HOL ZavotpyLo), eEoadloudvo pe Sia ta adind TURTANOWRATING PYavijRaTa KoV Tovg Ror-
Botv ot ayRoTRES ToLg aoyohies (por. 3). Agrvovpe ta IX wypotiné» avtonivnta®™. Zny
Sunvy didereia pag 0OUVS nahMepynuag neplébon nudrag Shes oyedéy oL epyaoies yivo-
VI RE pnyavinate, v 10U tepayiopatos (2dyiion) Tov adpoY, 15 CUYHEVIQWOTC TOU O
cwpotis wetd v efayoyi Tou and M y1 %l TS TeEkwts ouiRoys Tov oz ToouBde KaT Gp-
Xé¢ 1o apotoudvta Bodla, ta novhdola apyStepe (amd to 1960 we.), alhd xupins to avBga-
Vo xépt péxpl T dexaetic Tov 1980 frrav EVEQYQ 0F TOMMEL QAOEIS TNE mapayoYHS TERGYL-
opa ooy, cpotolnon, pitevua, avkdraoua, Bordviona, EEayoyy tov nopnot and Ty
ie todra (éva - fva puid) 1 pe Gpotpo, wAm (por. 4, 5). H véa texvohoyin oty dodevon g
reTé T, M TEYVnTS feoyr, fxave Y eppaviaf g ota péoa g demaeting Tovg 1970.

H paybaia atEnon g rohhéoyaiag T nardtog (evés purol OYeTING arartnTizol oF vepd
dodevong) ixe ELTTAOELS OT7) «Braxefpion» twv omEdy VSETIVGY rdpwy, Tagovotdotnue
houdy n avdysn yia exfdbuvon Tuv vrooydviwy aBaBdv mnyadldy, 1 oxola, o PuoLOAo-
yert| Tng mopela, elye EveQyETINE EMEVEQYELES OTOV TANBuOuG, ¢’ 600V sEaopdhloE peyaivite-
QEC moodTNTEg vepov. OL modTeg RETRELCLOUNEAVES %Ot T0 TAERTOORIVIT RKOTED 01U péca ™s
Senaetiag Tov 1950 avéiafay autd to £0Y0 nau £Becuv oplomxd oTo MEOLAdEL0 T gEpdvie
KO 70 payravoxiyade ue 1o onola péxolL téte ndnbav Tg pxooxahhiéoelds toud”. Eixe exmi-
ong Betixd amotehiopata oY vyEin Tou YoLot: pe Ty exBaduvon tov rmyadbdv otodyy-
Eav ta undoyovea (and awiveg) €hy Tov ABadiov, pia «OLaypovinty TAnyn, vo MTgwoe T
nepoy omd v ehovoola, wou elye odnyiioel oto Bévato Senddeg MBadites (o Gyiog Indv-
vng, o Tivayrdpns watd Suut] Tovg Aakui ovopaoio, siva and 1ovg TAEDY «ARTREUEVOULH
ayiovg aTo ywewd kol pdTal andun %l ofjpepa pe xaBolixt oxbsv woteia’®). Tty agvnri-
#1 g eBEMER, AROOYQUURETIOTY, aveEéhentn exBaOuvon Twv Tyadidv 2ol oL peydiou Bé-
Boug yewtofioes eEGvTinony Tov mhotowo (oyennd pe GAha péon Tob vnowot i dhia Kusia-
Sovriowa) 18popdpo apitovia tov REUNOU %ot 0TV MOETH rogazeTopévy avoioia twv teheu-
raiov yedvov (1987 - 1993) 1o ohlya amoBépata Tov veQoY aiutiploay. O #AaTOLNOL, BYOQE-
Lovtag vepd (oE vynhéc TREG) GG CUYXOMavoTs wat yeitoveg {(mov dev eiyav vrootel Ty na-
oandvo «ofapiar), undosoav vo ®artipouy Tig aviyueg Touc T Svoxche exelva ¥odwia. Ev-
Ty, 1 avEnon twv Beoxortdoswy ta TererTaia FOSvie anéTREyE THY cAouAngwTixt ko ta-
oTeoPf Tou Abadlon.

% 1. Frow, Time and commodity culture, Clarendon, Oxfard 1997, xvpfwg 65 - 101. - M. Herzfeld, Cultural inti-
macy, Routledge, London 1997, 109 - 138, - Ev. Avbinos, XdAros 10 pupd pag yélace. lowopies mepl ax-
i xaL mrdang otn Aevxiun Efpov, Tioktaevipon Sripoy Tuyepon, AkeEavbpoidmokn 2000, 38. - B. Ni-
raudnag, Xribovias o yago xa w xodvo, 6., 74, 82.

3 IlpRi. M. Zégyng, Agoypoapixd xat sBvoypa@xd and to Nvddo NéFov, 6., 208 we. xaL passim.

Ttz 71 onpaaie Tovs otov aypound HETOOMUOTIONS Bl evberennd Michel Sivignon, «To avionivnto amy

Erdada. Ty mqyd pog véag OXEoNE KeTaET Twy TOAEWY Hat, AWQUHVH, GTOV TOUo Beod. AvBomovhov - A.

Matoldng (erup.), And 0V aypoting 2600 oty Yraifigo Xbpa. Meraoynpaniopod ke ovyypova debops-

V& 10V @ypotixov xdopov oty EiidSo. ldvino Tlavemaripo Kowvoviady xoa TTok iwdy Emompdn..,

ABva 2001, 39 - 532 xen elbine YU T KOYQOTLUGE», 46 H.E.

Teguypdgovral oro M. Zkpyng, Aacypoqurd xal efvoypagurd axd 1o I'iwddo Nd&ov, 6.m., 191 ne

LS Ys Zépyne, Aaoyoapind ot £voYRaPLKE..., G, 452 - 453,
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Ta guropdguaxa (eviopontéva, purnroxtéve, Dlavoxtdva®) éxavay duvapixh v P~
VLot Tovg wetd to 1960 H aveEéhextn yovion touc UE ) «gUvValveotp Ghwv tav ureu8lvoy
PopEwy, 1 ELkaLm pETowY mpoTtaois and Tous (Blovg Tov yemgyoUs watd m ¥onaonoinot
TOUE £XOUY ROTATTROEL 10 BEua TANYH via 1o Puowxs xal avBodnivo mepiBdiiov. O adumoi-
rot Bavatol véwy Thivabiwtdy, Gnwe TQoE(TapE, Exovy arodobel oTov Blo mopdyovia, Ag
noootedel ebdd M enintwon oty Yhwelda Tou HEpIoy (rohAd sidn xboTev nart BévSowy frovy
yabel) chhd sow oy avido Tov ywowod. TokhG &idn wovkudv Exouv stagoviotel, Ened o
TILOVTaY e «prppomuivos BUpata, wvplng pe ROVTLROUS.

H peyahiteon duwg avBodimivg napéufiact («olwokoyrf] ZataoTEoPh») 610 ToLo Tov Al-
Badlon {ate BogetoButing Tuiua ToU, g1a Sola tor Thivadldtixoy 1ol Tou AyepoavidTinoy
HERTOV, IOV aviKel Guws 0To yelToving Fwp1d Avio Apogvio - Avegoovi™) OUVIEREGTIHE e
TV HETRTRORT T potig mepinov ahunis os aspobpdito (Bi. put. 2). Enedn n aeotoxd avixel
¢’ GAdn RovéTntn, Tov Avegoaviou, negloplldjaote oe %dnoles cdvrou5§ avapopds, H alurd
aut (xon ORBVURO TOROVURLO, LAOTUOMLEVD TOVAGXLOTOY axd 1o 1696 ), évag ané Toug po-
vadinols oty Kuxdddeg vdpoPfidtonove, ue axodmunnud xaL svdnpuind wovhid, pe Bovpaot
rowkhle Yaguiv (wuplng Tourovpss, HEPAAETOULD, ROVEUOTRES, XEALR), 00TROROELSGY (ax-
Bddeg, nafovipia, %An.), o guowmde anodexts Twv vddtwy tov xeudppoy Ieoitom Tov meoa-
VAPEQUUE, ETERE YN and Tav ®oauxt] nyeoie vo yivel (ue ERYOUOTOOELS) T0 QEQODESRID TOU
ynowed. O avadpdosis goginy, NOLLUHGY, noToinwy fiav ehéyoteg £og pndapvés {and Ty
avdinym e arndgacns, wepl To 1984, péyol wow v optoTind] ohonAfipwoy Tou foyou, to
1992%) H advnr, vo Tadubw nag 1o yvooffouv on Thvadidre, TQOTTATEVUEYT [E TEXYRTS
Podyua and 1 Bdkaooa, fitav RéxpL T Sexastia Tov 1960 HQOTRT] ETLYELQNOT, MOV TV EXpE-
tehhedoviay ue mhaomelaond avs 15etia ovvibng whiowtol ™ yeltovinig Xdoas, oL omolot
SuEBeTay ta mooavapepdvia €00 Yaoidiv ot vekaxd ayopd. Tlagdvoun, o ybpos g elye
Yiver yia tovg Thivadidres ne «owovopnds ybooo, apot rodrof an’ autote, naod w0y ana-
ydeevon g ahielog, ®oOVPE %ol ota andusge (Svoxologpirayta) péom g aricvey, povtny-
REVOL Fta vepd T, aveEagTitwg enoyig, Wrgonosdtntes Yaplav. To magdvopo autd éoya
£600t L) O 0EKETES oLxovEvELEC TOV ¥wewd v Kooy, dtav 1o tedpua ftay meguoplops-
va.

H ohund fivav extlong frav 1o onueio OUVEVTHOTS («oiveovinds ydgocs) Ghov twy TAvadi-
widv v KoBaph Aevtéga, péypl o usoca g denetiag Tov '60. E@oSiaougvol we ta VIO T~
OCLld QIyNd Tous, RE lapmovvoviovunara, wou e 1a Bohooolva mov Tous naptiye Swosdy
(o5 nagupés g) mepvotoay exel Sraoneddlovias ohdxinon v nuéoa. H RETQTROTH TOU
xdoov ot oepobodpio mEvIws Sev fitav  avtic mg andhaag aviod Tov sthuud waboolopé-
YOU «ROLVBVIROU XWEou», apot eyaatareipbnxe, dnws npoanddnue ord oLy mv andpac
g mokirelag, On Thavodidteg EYRUTERELPOY TO YOO, EAEIDT averRGAuPay GALOY Lo «ovTLvS
oTe Xwel6r, w0 Tugonopeio, 010 #EVIGO ToV hfadior tovs Hrav 4 agyi Tov Téhovg Tou ou-
YREXQUUEVOU E6Lov ...

2fipzoa 1 ohved (o vwdhoixo piod g SNA.) KE KATAOTOAREVD TO QUTLKS XaL Lotxd g Pa-
olhero, Béxetan, wg puowrds arodEnTng, to vEQE TOV YEwGpoL Ko npoonabel autoavaveotue-
v vo EavaBosl tnv makg N5 TevTd i ..

“* TlgBh. N. Maednovhog - 4. Euovpag, «Cewoyla nal negifdriov: H etegonoppia puag oxéongs, otov o X,
Kaolung - A, Aovhoudng (e — EL00Y.), Yaaifpos Xopa..., G.n, 36 ne. .

“ T MY L0T0ELUE ORaRESERTY HETOVONGGIa Tov FwoLod fi. M. Kopper, «Ta ywpd e NdEow xal M -
Aaedregn pvelatoy ovoudtoy wovg», Hoaxtind o B HaveAdnviov Zvvebpiov pe Geua: «H Ndkog b pe-
o0v T didivevs (Xadwl, 4 - 7 ZentepBolov 1997). “Exboon Afjuou Apueailug, ABva 2003, 281,

M. Zépyng, «Te Tomwviua tou ThivaSou», G, 897,

Eyrawidomxe enofiug ot 3 Tovkiow wu 1992 ond exmpoadmovg g ThTE nuflegviioewg Mntootdxn. Bh.
e Xwpatng, ¢ 31 (Iovhiog 1992), 1.
M. JEQYns, Acoyoagins xat EOvoypapind arxd to FAvvddo Nékov, 6.x, 297 nr.



O toupiouds™ téhog, mov Ta TEREVTain yodvia omadve, exnhrprLnés mpoddous ato wnal,
€xel agyioe. Belhd - Seuhd va exmpedlal Y OLHOVOMLKY, Toukdyotov, o Tou xootor. H vy
Bolovetan andun ot modty rgotepmSTTY, 0 ThrvadudTn; efven depévos 1 CQUTHY Mo PE LOYU-
eoYg guvarohnratrots deopovs, v avts 1o Topuyerynd avtd pévebos Sev éyel Adfel v o
vakoyn pe 11 vewyoamut BEoY Tou ywptot éxtaon. Han duwg ta tole modta Esvoboye(a, ol-
nobopnuéva oe xauxdpea (mov Ghhote mpooglToviay i omoed ®ptBugLot ol Péowon), ot
neplonteg Béoeug, HIvouv 10 OTIYRY Tov HEAROVTIRGY EEEATEs WY, SHOG TOVLENLOTOV TIE TROBIE-
yeopov otig netakl pog ovvolliies oL xdtorol Tov Ampot: ke To zavadpia mov Bolorovial
oTg Mhaylés wat Ta wodoneda Tov ¥wpiod Bu Yivouv ua pépa molutehi Eevodoyete wai evor-
#loléueve dopdtie. H vy howrdy airaler oradiand xovion, moooplleTal va «OLXOTESOTOL-
Sei». H ngoontixt avts, éxe #4dn aveBdos Raraxdpupa Ug npRES VTGV Tov Gyovwv edagpav.
NoBudteg ol Eévol ayogaotég N6 €xouv 1idy ayopdos denddes oToedTOY xaUREAIGY Yia
WL TLrEg nototnies, O vdtouol paxapovv doovs Stadétouy aeprovaic {yn} o’ avtd T pégn
%O OUYHRIVOUY Tig EmOYEs GAhOTE, PéypL LS 0QyES TS dexaeTiag Tou *80, 1) ayoed EVEC YwEd-
PLOT 0To ALBEdL 1) 10 va «yglyes #ATOL05 Yowds oTo Taidl Tov Fvu MBadoywgogpo Atav av-
TOORORAS, wataElwon Yo Tov andyovo, frav oroysio Thotron YI0 TN VEOSTRLOUG YOtiE VR OL-
woyevele. H ayopd hifaditinne N5 HEXQL avThv v meoiodo fitav oe £Eapon sar puowd o
®aif . Efueoa 1o Sedoudva EXOUY EVILOTRUQEL, OgoT mhov 1o TEASVTAlN xodwio apyxilel
va yivetal ouveldnon otovg 2 ToiROUS Mg M mogEln TG ERUETGALEVOTNG TOV HAATL TTOTE «rpb-
copdpot» meoidvrog Tovs TRAPOLCLGTEL aoxeTd TpoPifuota’’, W5 €% TOTUTOV 1) ayopd Halhl-
£QYHoWNG yNg elfvar vroTOVLXY g pnSapivi. Me 1o Todveapuue 1o ayporovpiouoy * houndy,
TEELS VEOL 10V XwaLot xouv oTpapel uéxol ofijsoc (2004) mgog 1ov TovpIONS, WL meedAAnin
evaoySinon, exgetahhevépevorl g EURaLQlE; ®ou Tig evvolvds ouBUloELS oV Tove moEdyEL 7
RQUTLTY] YouoBeoio xai To Suvpdolo «oyvavTLY: TOU ywpelot. Me Ta evolxia wov eEowovopotv
Tovg GepLvoTs prjves oURTANEGVOUY LROVOTIOLT|TIRG. TO OLHOYEVELGXS TOUS OSSN,

Avo angotehevneg emonpdvoeg tov agpopotv oug ahhuyic oty aiobnuxd Tou yAivadid-
TLEOV TORIOV %ol OTlg avBpdmives exepfdoeg oto zodtnionxd torto Tov ywptot. ¢ npog 1o
nRGTO, TNV aLaBnTiAt Tov Tortiou ™Y TPAURATIONY aveERovEeBw T HATOLEG GUUREQUPOQES TTOL:
O¥ETTOVIAL [IE TN YOOTROM TwY #OTONOY, T VEQ TOVS auabnua, ordon tovg Bni. fvovi,
Tov neguéihoviog, owdan mov O¥etileTol Gueon pe To AUPERSREVD ™ HeYGAng aldloyhs tov
1953, Qg tétoix Bewoovpe Ty evpboetae, Ty evlolo, v aldayh NG OREONE TWV HATOIRWY [UE
TO XROV0, Tug VEES opBohoyineg avilhiyeas mov {ojUoaY UTO CUYXERQUEVO ywoLs, STug QuaLkd

“BL V. Smith, Hosts and guests. The Anthropology of tourisn, Blackwell, London 1977. - B. Pottler, U. Kam-
marhofer - Aggermann, Tourismus und Regionaliultur. Referate der Osterr. Volkskundetagung 1992 in Salz-
burg. Wien, Selbstverlang des Osterr. Vereins fiir Volkskunde, 1994. - [Tégw; Todotas, Kowvovixés xat oixo-
VOULXES ERTHOE TN TovpoTLatS avdrtuEne ate voud Kuxidbwy war tdiaitepa ota vioud Tog xar 6
pLpog xavd v mepiodo 1950 - 1980. E8vixé Kévipo Kowavindwy Epeuviiv, ABfva 1989, - O thiog (e-
g, Tovgiorin avdarvgy. Hoivemornuovinge zpoveyyioe. Eaddors EEGviae, Adfva 2000, 6mov xat
GLAn oxenuy Bevéyhmwoon xat ehhgvayhwoon Biovoagpic OIS OXTD EMOTNUOYINES EQYUO(ES WY OUVED-
YETHV TOU TPOV,

To pfihov tou rotatoondgov dev efval Sikov evolwvo, aposd 7 naou v Sev eivel mhfov xpomwd (and
ug apyfs g Senaetlag 1ov 1990, pe Ty nawdoynon i Koonaiy Yrnoeotag Awyeiplosmg Erkmviudy
Hpoidvrwy, KYAED), 4 anopedena Mg eivay nooflapannd, o dunogol £xony ey oeL SUVDLLAT fia-
EuBUoN o’ Gho To »ORAWNG TG TIapa YT ke g dLarivnofs T, A Ta oTouyeln v TeAevTalov 1p6-
vov elvar avnovgmmxd: w 1991 1 ®OOTIHA anoeedgnm fgrece Ta 4346250 wihdG #ar TV Epndpwy
2343650 nihd, odvoho 6689900, To 2000 M 7ty fitav 1300000, wwv epadpwv 4442 000, odvoko 5942000
@ To 2003 avratolyws 856000 (udvov!), 2808000 ww EWRGQWY, O¥VORO 3664000, TTewivia £Tn petd Ty
tbovanov K. 2N N, e @ivovou anoppdenon Tou dxdgov, aliEnon Twv eE6duy nogaywyt, puelwon en
Sotforwy, uul to HVQLETEQO, YwElk 0Tte Eva oyfdio Sphiong ya wdmoeg Evalhantirig WopMES vakhifpyeiag
1oV e9gogo ABadinko xduno, o wfAiov tou Biov Ywotor pavtile aféBaio. TToteg «OTRATNYIRES emIBl-
wong» Ba pEtéhbel, av, o w1 yévolto, T ROQAyWYY ROTXWOCRSE0Y woBel 61l fxEL noTeoTel ThEov COUUpO-
Q0 YL 10 YIS naw SV ovatnaTuoTedel pe ndrow GAhT) moLoL Ropd yovTEC Ba ERLTOEYOVY TV ETuflwon
t'é);_;lnowémrag, ToLEC «AOVIHES TIQOoapROaYTios / «TTOYATTHEL, TEPOOUPUOYES» Bu EPuoudor ovo (aféBaio)
wélhoy Tng;

* T to 8éua avtd fi. evbektins I Bapuadrg - X. Kovroyedeyos - A. Haneractavewvibye, Ayootovpiouds

#at 100ppony avdrtvén. Exdooy Avpoturiic Tpomelns EALGSog, ABAva 1992,
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#on otov aouxd xhnbuoud, alhd %ol o auidy Shng yevind e YraBpov Xdpag (g véou
XBOOU avagopds g KepLpEQELaS) HETE Tov B Toyxdomo TI6heno™. Avtd ppovotpue g é-
QU ehAd won TV allay] oy ewalnmxg Tous, obfiynouy toug avBpdroug Tov ¥ELOY
OTOV ERavanposdloplops Twv aludv 1ng HOTTOPLAS, TOUg peTETREPaY OF BNgevTéy Tou «mpd-
YELGOU», TOU «ETOULOUS, T eUzohns Avons, Molgaio not Lovwd, Ba onaviovoe sdmrolog, bi-
HOUOAOYIOVIAS To wg avitdouon Ut o Tvpovviopevn [ud] Senastidy (1o yvwotd titnua tne
Aooyoapias molog eloed wAd xai EVOLpEpETaL Via Tov TaguSoduand modtteaud). H pa-
oroptd, wg yvootéy, Sev fitav (otite etvar) amhi wexvoyvooia, Sev eivar pévo 1 anpdéfetn no-
eyt evég wodhtexviinatos, chhé wén rogoAdve: elval othon Lors, eivel 2ovoviKy oyé-
o), ERELdT] EuTEQLEYEL ORETELS HaL embodoeis Tlald Sapoppuvétay uéoa and oyfon wov
Elye o avpdNg ke 1O YodVo, aAd To evbiaupépov 1o va mpoBdlel dipoyr TV avtosixdva Tov,
va £xEL HOLVOVLRT avayvdoLon 010 wpld, and TV cuoTnef xeLmkt 09 €€ (0ou avotneot pe
TOV 8BTSV TOV YELTOVO 1} CuyymeLovot, and 1o Rorvd QtoOnTIRd HOLTHPLO MOV EiYE EMLHQATY-
OEL 0TV aygoTxt opdda, xAn. O alidgy YewRYSS £xe éva Srapopetnd fifiog dnuioveylag
and rov véo, o omolog oinepa, aneEappEves and 1ov xolvmviss Ehevyo, Ldvag evids tou
xwoLod Tov, adhé Hol TevTSXeove exté5 (mapupeplovrag Tov xoLvoviks Eieyyo), OUKTEQLPE-
QETAL ke TQOYEIRSTNIL, adapopia Rol «TotaTooVkMGy. O XRLOVOLKORVPTS «raID» YEwR-
v0g fTey mEwIloTwE opooEodoTin: 010 xwpdgi 700, Ol ANOCKAORATLHES EIXGVES OV HETOPE-
oovpe £86 axodelxviovy Ta Aeyduevé pac: £vog amd Toug Tahlove Tedroug oQLOBETHoEWS TV
X0OCpLEY TV oL XOUYPOTEXVIREVOL e xAadLE Kol rohaua spdpor . Duegn, Ayot ar’ au-
ol BLaTNEOYVICL, ENELdT APOPUVES aVTRABLOTONVTOL Ta PBrouéva viard Tovg uE véa, ol
TEQLOOSTEQOL Spwe agivovTal va SlalvBosy %o avraBlotavral pe £roa oldsévia Théy-
wato. O xTiouévol pe mETRe makol uLrdrol (ool oTdfiol ue amoBiju) apfvovial oty Tv-
XN TOVG, oL neuvotgylol ¥Tiloviar nhfov pe TOUEVISALBOUG, «HOLTLE» TOWEVIEVLY, EVIEADC G-
OxEToL RE 10 Eepd, ®ageti vonio Tov RQUXGDLOY T) TO REGOIVO 1OV OOV, 10 Kauxrdoie ol
TETESHTLOTOL TEAEPOL («EepohiBLegs) EvTUNT Srampotvion endun, E0To *ou aEEGVTLOTOL, EVE
avTol wov elxav we Pdon Toug 1o Quid efdvaie (0 guT6 «Ayatn n Apeouavinr») A6ym nhi-
#log waTaoTREPOVTOL KoL avTneSioTaviaL o ke 1o Apoavagpepbivia oubepfvia whentd,
Smwg #aL oL TEAM FTOTE OLORPOTAEYIEVEL apmacid; (01 Buraoiée, ot eloodol Twv FOPAPLAV),
Doov apogd otic eneuPhoes 076 Rodirtouxd Teptfdiiov Tou AWRLOY, GOYETES PUE TOV M-
oandve oNuaviiud ragdyovia tov 1953 wov avarvoopE, Tapaeous v ouviorlo. T eEfg
0 OALTLOTIAG pvnpele Tou Thvédov (eveds wau extds Tov Sopnuévou yhoov) elvar duoTuyds
ehdyiota, doo anovardlel molimionxs xAnpovoptd Tpog TovgLaTLRT afiomoinon, Tlogédely-
BO 0 coyalodovinds ybgos Tov Yolovy, o onoiog PoloneTal pev oTV neQLPEDELT TOU YALVEOLE-
w#ov MBablod, chhd Sev enépepe napple alhayi) GTv oukovoms 1 v GAAN Lok Tou Ko-
o, O ereuBdoeg Gpwg ot VRGhounn EAGROTA pMUElD Tov elval Buotugds oAk HoL
TLOOEQYOVILL UNG PODELS HOV SPELAGY YA £(vaL OL TLGTOL PUkanég Tovs. Ta neQIo06TEQO AAY-
YévTe pvnueia sivar o Enuxhiow tov FWQLOT, UE TRV aioyLoTn EnduBaon Tov Ratd KOLpovs
UTQETNCEVIWY OT0 YIS 1EQEWY, OL OXOIOL CAAGLGVOUY Bévovea v auodnTry Twv Togu-
Soolardy auTdy poopdv: npooBfxes - ekapfidpata otov HEVIQURG ®oppd TV valowwy, o
depivia i vinehévia onénaovon ota Rgoathib Tou; {(Gut. 6), péyor wou ehhay Tov TimoY Tov
vaol €xouv mapganonBel (pot. 7, 8). To LoTopLd povaothol Tov Aviov Zapdvia (pot. 9),
GQEBMNE va yHOEMITTES, QY TIg AQOGRGBELES TTOY zatéfoie o HMpoodevrinds Durlog tou yo-
olol, agol npoougovos Huping au dovrion tou (un Thtvabidrm) LéL&x'rﬁ-rn TOY ATAR Lo
0710 onclo Elvar oLrobounuévo va 1o SuaBiue gy zowvétnia tov Thvédov § otov Rolinon-
#8 10U oVRAOYe Hat v To cuvineficouy avtol. Eva naid xoAvTepin So yhouétpmy, autd
OV £VivE 70 YWEIS pE TOV Tavioyalo EVOOLARS ToU vad, emotodOnue Ty SenaeTio Tou 90
KE TOWEVTO, Y10 VO RETOTOUTE! OE GUTORLYNTES0opo Tov Ba Exdtoene v npdofacn 010 yw-

PM. T BagBotvng, O Asviiegog Hlayxdomos IIShepos wg opdanuo yie tov BAlyvind xapadooiard moliri-
Oud. Amporplrero Havemotipe Goduns, Koporyvi; 1994,

P Zépye, Aaoyoapxnd rar efvoypapexd and vo Thvddo Nékow, oar., 196 e,

LR Y outd M. Zéoyng, To povaatiion tav Aytav Teooogdxovia Maptigwy oto Mivddo NdEov. Enbo-
on Ilgoodevtinos Ouitor Thvadoy Ndkov, ABfva 1990,



018 xar and v avatohuin o sloobo, £vék Ba proQONcE Vo Slavolytel RUEEIMAG [ VTS 1
ot ®dmoto dhho onueio. H ibia nowvonxd agyf, mov Supiduve Tig 10xec Tov xweLot xal’ 6in
v Sexaetio wov moavapipaps, EOTQWOE Lt TOWETTO ToUE TEOLOGSTENOUE SoOkote 1ot Bpo-
utonovg tov Aifadiot ... O évas and Tots 8o aveudiuhons sov ywpLot (o Ghioc mwAfnue oe
1BLBTN) OMLEpa RRTAQEEEL “al RODGE TLg EVERYELES TI)C vEag TomLKTic aoyis paivetal 6T Ba €l
Y Ty ToU TEoevapEeBEVTOg RovaoTnoloy ... Ou Tekevtalts xatowmiss TV Takdy peot-
bopydy wou #aTdev T Y5 Tov APadlot watd v Evetorgatia - Tovgroxpatla (onueia
NG RATOXNG THE YNG ML THE XATGRIEGTS TOV aypoTdY pmd ToUs PLovdiQyes - LOLONTATES Tovg),
YROERIOTNREY oS TOUS YEwEYods T Sexcetio Tov “60, elte enedy notaidufavay Tohvtye
%00 YN, eite emELdA mepuE(yay moldtiun nétpa, T onofu AOMOWETOMOAY OTO YTIOWO TWY
neTedyTioTeV R Yabudy Toug, mov exelvy Ty meglobo xoTacrevdlovray 1 expubvvoviay ue
Taxels oubpols. To exrhipund oty vadBeon slvoan ST ofjueon véol «peovdbioyesr, Thivadid-
1&g wdToyot ynig wau EEvol ayopautds, Savaytitory sEoxxée Autoikiec £4Te ota ¥OdaNESH ToU
x@eLoY (Gmwe mpoelnape), eite xar péoa o1 (510 T0 ALBdSL, arhaboveas ®L exel Tn yofion tov
toniov. H «wemotpogfigr g Iotopiag pe ¢hio nodonmno %ol vid GRAES VWOTOPIRES OUVERES ...
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TaTnotdhTeny, vesmwolizosdhrinyg, walidhriny
KA. yv@otdv éyxwploy moxiitidy, pé 10g
and Dxgdpoug yhpas EvteAdg Biogpdpou
olxoroylag 100 16moL pag oLVEXDS eloayc-
pévag veag, altiveg EvdBeuoav xal vobebouv
wdrag elg Badudv Sote va ul Omdpxouy
nap’ fAulv dupiyely khdvor, napd dv &yevi
Bia kovBoAwy moARanAaoiaouéyv.

Ealliépyeia. "Av kal f motdta dvanibo-

* Batk ta Zsdopdve 1fig K.Y.A.EL. (Kev-
eind ‘Yampeola Ltaysiploewg "Eyxweiwy Upot-
évimy), N npdg wdtenuv moséINg Eevindg mpos-
hedozwg xov30Awy matdrag dvdexetar xatd pé-
cov Spoy slg 10,0U0—14.000 <évvoug,
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ol elg Bha oxebov & yewypapikd mhdeen
kal pikn, etBokiel ol MPOTPF 10 Khipa
WY E0KpAT@Y  pdvov TEPLOXGV kal blg
&kelvay el 14¢ dnolac  afite Suvatd woyn,
olite Léotay, obte OmepPoiikal Enoaclen oup
Baivouy kel yalag Mepatag, yoviuoue kai
bl Bpoocepécs. Ikavae ve Biatnpodviol kata
v Bidpkeiav 1fig BAaatioews votepal, {va
Enaprolv slg t&e Eig Bbop dvayxkag Tol gu-
o0 106 dmoiou A Bram. o) dvépyetal elg 0,09
YPEH. KQTI@  TETPGYWVIKOY UnoBekGueTpOV
PUAAIKTG Emganelac kal kad' dpav, yoplg
duwg v koBlotovrea Uypal, 816t 1 bypa-
ola ebvoel thy dvanTully, Enl 18 1BV Kovdo-
Aov kol 1@v dmepyelov BAzotdv, Blagepwy
EmBAaBOY KRURTOYQi K&y mapaoiteov, duva-
HEvav  va EfouBetepdioouy Shoteddg THvV
nADX Yy,

Kabfd Bpayuiuepev putsy i maxtdra Séov
Vot PUTECETOL  kal kaAhepyeltay elg ¥pdvov
kal mpocavatohioudyv date N Bibprewx -
Ttopod Kord Ty BAaotikhv meplobav, v ots
omepBalvy tdg 9—11 Spag fuepnolee, dktag
kol Eav 1 XPnotonolouuévn  wpog pOTEVOLY
napariayh elval dblkpopos Elc v Busp-
Kewav to0 Auepnoiou Pwttopol, 1| kovdulo-
TMEADTYWDYH e OE puBuitetar pdiiov dmd
v Beppoxpaolay tod g8&ooug Bid Kal
Sodkig  elokyovar o pltevoy Egviral
TowkLAlal, okémpev v Aappdvoviar G’
8v ol ouvBhka Bepuokpaalag kel P
ouol 1ol Témou fig Kataywyhg twv.

Td xoArltepa Big TV matarokaiAdp-
yeuav $8&on elven 1 KaABS otparyngbueva
arhouBiakd, TUDLTING,  T& Tipospyoueva #x
1S dmocaBpdioecnc VOXVITIKGY  Bpdyo,
KaAGG kal Badéog dpyoluEva kal apbovag
Amen vdpe v, ouvekTikal  dpyihAhdbe
kel Sypal &mopol valay, oy wal af Eviehidg
Enpat xal adyunpal, elva GrardAinhor Bk
THY KaAhEpyeiav e matdtag, fotem xal pe
dpdeuowv kal Afmavoly.

‘AT T dndgewg The Mndvoews oboiw-
Béatepov Sik THY natdtav BpznTikdy otot-
Xelov elvan 16 &Zwtov, Buéte ovuPaAhel elg
WY oxnuatoudy 16v PRTOOUVBETIKGY o
plov, fitot 16v BAaoTdy Kal POMAGV, dmo
My &oBovav Kol Ravovikiy dvdmtoliy 1oy
dnolov ELaprétoal i Mapayoyn 18y kovbo-
Aoy, oltveg e YVeutdy, elval, dg elg 1
Afitna, dmoBroavesoring 8pyava Ehéyon,
al &robfxal t&v npaidviay Ty dvaBoiikdy
100 tatatopitou diepyaoidy.

A adtd Bholg Thg Mmévoes g nard
Tog Becpeitar § kémpog Enueaitiov Ev 1ol
Toig &1t meplooeta dpyavicad &Zotou edvoet
THY dvémroEty maelotey orioydvev kputto-
Youev, Eviote 52 téoov Bayhfi BArdatnaw
&ate 7 xovBulomapaywyn v Ootepf) on-
Hovtikddg elg Te moostNT xal nodtTa Kkal
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Blg elg 16v el Guuhov Eumhovtioudy oy
kovbUAwy.

S TV Mpég Katavdioaly TATATOTARA -
YOYAY ¥onayionoiolvia ouviBug 2500 - 3000
KA KOTOU 16 oTpéuug, Bld v Topayn
Yhv BE kovboAwy mpég POTEVOtY 1500 xihd,
npdC &moQuYAY BaynAfic Bragtioewg, fug
napeunodife: f xabiotd dooxokov 1oy Oyeo
voukov Eeyyov. Alaokoprlleta alitn moAG
TIPS 15 gutetoswg kal £e° Ehne 1fig Emox-
velag 100 &ypal kal 8yt Hovov elg tx on-
HEla puTEloswg 1@V KoVBUAGY, 15{g elg ma-
tatokaAAiépyeay v Guewplonop, dig 1hy
Ouolduoppov  Alnavoly TG EMoMEVNC KoA-
Mepyelog kel v mpsAnyy KAUMTOYaWIKDY
nabioswy 1HV kovBihav, alriveg dvantio:
govVIa Katd v Sutoov adtdv Emagny ui
KOMpaY.

Elg nepinrwoy EAhelpecg Kémpou dovata
vex Xpnawgonemtf dvépyavog Alnovorg pe
9—11 ki &Liviou 1o OTPERUD, TPOOPEPs-
HEva g 30~35 wada Beiikfc Sppwviag mpd
the ouiedoews xal 30—35 whd viTpLkod
kahlou § doBeotloy, € &v & 20 kotar v
POTEUOWY Kol T OTMOAOITT Katdr 1o nedtov
kat Bedrepov ordioua. ZNUaVTKOTEPGY Bk
v matdrav pers 1 &lwtov otolxeloy
elvan 16 x&Aov, 8mep, dg yvordy, maffe
xepohaiwdn pohov elg Ty xlvnow kal Tdv
MOAVUEPIOUDY T8V OBatavBpdkwy Kal Tav
oxnuatopdy 00 dudiau, Téooapa  Ewg
TMEVIE Kih& kaAlou 10 otpépua BBouEvx ud
10—12 A& Omé Hoppiy katd wpotiunoLy
XAwpLo0xou kal 5—9 ktAd eaopopikol &Eéwmd
OUno popgiy Onepproopopikhiv, elve dnapal-
I Bid 10V Kavovikdy QUILOAOYVIKOY METX-
BoAloudv tic MATETAC.

Enedy Suwg g dvopytivou v
dnapaltntog kgl | dpyavieh Almavate Em-
PBaAietat. &mou biv Ondpysl Kbmpoc, va  yi-
vetat elte xAwpd Bl puxaveGy, elte, Smou
elvan Buvardy, Bud 1fic TPooBAKNG PUKEDY &ol
drahrayelv tabix tehelos 100 &m adtdv
ghatog it g &rl moAd dromAlosme GOT&EY
One tév BuBpav § Buk Katooviopdv Omd -
yiukéov O8&Toy.

KegaAandbn pdhoy elg ™My nxtatomapz-
yoyiv dné  mooetikf, koplewg Speg dnd
TOLOTKAG dmdpewg, Taile A wokiAla. And
1ic  terevtalog anoetg, ol ToAudpBuoL
mouaAlol Tatdtag BOvavtor v XGptofoly
elg émizpameliovs, T neplBepuo (pAoldea)
1oV dmoltv Biv Brppfywral kat kat' dxo-
AouBlay 8 duuhalyov adrdv MEQLEY SLLEVOY
Bév &heuponoleital katk tov Booaudv xal
Bropnyavinag § rrpvoTpoponds, altvee Bk
o0 PBpoousd UETaTPEMOVTGL Elc  TOATOV.

Kata Coudon kal Bussard, wofto dgelhe-
T el 10 81 A photddne Ldvn 18v Kovby-
Awv, fing elvar # kot Eoxfiv duuhogdpog
adTv xdpa, elva el Ttag teAsutaiag Tayu:
Tépa kol Kat' dkohoublay nhouciwtépa Elg




puii;v xoﬂ nTwXoTépa elg Reuxmua_roslﬁs'fq
aing THe 16V Emtpanedioy motkidy ( Bisx,
288). “Ex todtou 16 neéplbspua 1@v Bro-

Elk. 4589. ‘Eynagola tous xovdddwy
“dmrtganstiov monallag. 2, Brounyaviesc
: mowaliag.

7

pmxavikdv kal xTnvotpoptkév motkiMGy Ond
v loyupdy fowtepixiy  misowv fiv E€aaxi
10 DroyxoUuEYOY Kat& 1oV Bpaoudv &obo-
vov _aUtdv Guudov, Biappnyvietar kal 10
dporolyov oty meneydievan TpnRAN e
£v eibel dheupddous moAtol, yeyovdc 8nep,
a¢ EhixOn Biv cvuBaivel elc Tac TTWYOTE-
pag elg &pulov Emrpanelloug TotkiAlae,
Saov ypbvov xad £dv BpooBolv altal, iém
al katd 1év Bpooudy GpouPolueval OYETL
kg dpbovitepar £lc oY PAodv xal oV
- kevipixkov adtdy kOABpov AtukouatosiBeig
. pholal, beoustouv kad ‘mapeumodllouy oy
BuxokopTopuey  THV Bloykouptéveoy  duuho-
KdKKwY.
Thiutépa, oxodaotkh mpocoyd Biov va
Bibeton el v ExAoyly onopdc tfic mpdc
T KkaAALEDYEIRY notkiMaceBedopévon 311 &
THOAAGTAZOLAOUSS THE nathrag ylveral &no-
KAElOTKES dyevig, Ko Bk KovBohav, of-
nveg &roteholv 10v Kolvide heybuevov omé-
gov §| szarardomopor, Hv xal olBeulay oxE-
v Exouv oltol pui tov Tpaypankdv ond
pov, fitot TG omépuATE T Amola nopdyoy -
T lg 16 &vlog, daol elvan al Omeptpogt-
kal xopupal Umoyelov Praotdv, Bud 16
dmeolwv petaPrBélovie, g yvwatéy, gle 1&
EE o0tdiv véix Qutd, Sho Tk XAPAXTNPIOTLRG
100 untpikod, 1& 1e Opilipa Kol T A
BAaBA. AL adtd ol mpac @OTEVOLY K6VBLADL
DoV V& zlvan mpd mAVTLY Oytelg, vér mpoép-
Xoviar 82 #k untpik@v gutdy  BaAAephiv,
TAPOUTIALSVIOY T& TumKG Thg nokLAlag
yvoplopato kol &veu Tyvout, oupmtmudtmy
gxquAlopol, omig doelieta el noboydvoug,
uoAvouatikde ldoeig, &¢ pwoatxgy, avppi-
#¥waiy (yaAMOTl frisolde), Lemrovéngoosy f
svoroopyy (yahhiot enrulement), deyowuiar
(yaAhiotl bigarrue/{BX. doeig xal KTWEpw
&xfpol kal GoBéveian e matérad), alTiveg
ueTadépovion kol petafifagovian Sk 1oV
kovbohov lg 1 28 adtiv ootd, Ut dogarf
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kivbuvov Biabdoewg antdy, kafd poluopo-
ukad, &g OAGKANpov 1oV matortoypdy, ud
dmotéheopa v Gmd ysweSic elg yevedw
uetwow 17 Mapayeyhs kol v Evidg AL
yewv Etdv TavigAl 2Eoubstépraly adtfig.

Zxkbmipov V& Xpnowonoiolvial mpdg ¢-
teuotv yovbpol; p@AAov kévdbuAm R pétplol,
ouBénote Bpwg pikpol, mévtote B2 dképaot,
Ektdg kol Zav onavily & matatbomopos,
bmdte, Bk Adyous olkovoulme, Bdvoten v
Biyotoufial katd wijkog. elc tpbmov {hgte
& B0o fulou v Exouv oV adTov. &pIBudY
SpioAuddy (Elw, 4500} xal iblg Enaxplov,
oltiveg gurpdvouy dogahéorepov xal ToryG-
epov. Of uikpol x6vBudol, &v kol Bidouv
PUTG mapoyoyikdtata elg kovBOAoug, &v
toltotg N elg thv adthy Extaov  &ndboog
ab1@v elvan méviote moAd ikpotépa &lg
Bépog tic &x xouwdpdv xovBOAav QuIHY,
bLéT ol mapaydusvol kévBuAor mapapivouy
wxpol. - :

"Anapaltyiov $nwg ol mpde omopdv wév-
dudot Omefarhoviar, 1—2 Pbopddac, Mo
tic putedosme, £le mooRAGaTRAY  Bi° AxBE-
oewg odtidv elg ¥Opov gwtelvev 12—15°
Bzpuoxpaolag xal 80—95 Bafudv Oypaolag.
Kat® abtdv tov 1pbmov pépoc ol dudion
Obpolletan mpdg yiuxkdLny, fiue émraylver
v Exrrelv 1@V Spfodudy Elg pOTpa Bpar-
Xéo, maxéa, pobaxoali, mpdowva, &tva
Kat&k v QUtevoly  dvantdooovial Tayieog,
Ué dmotéAsoun Thv ouvtdpsvoty T PAa-
otxfic mepddou Gmd  1fig puTEtosGg péypt

Elk- 4990. Topy) scardzag sposfefinuévrys
nb mepovoondgov

g kovbuAomopaywyhs kol auyroudhg

wotd 10—20 Auépag kal THY katd 400—600
KA 1O grptupa alfnowv The REAYWYAS
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Ol kdvdurol ol mapouci&lovies vpudrw
awv, ol dmohiovieg Bni. BAaotolg Asmrtetic,
VNuatoedeis xAwpwmkols, Eyoviac taoy
Buxpkob empunkivoewg, div mpémel v xpn-
otuonoiofyvtal TPdC POTEUOLV.

‘Avarbdywg 100 ypbvov omopdc kal apt-
péoeng ol tokdlo tatdrag Buakplvova el
mowipovs §j xadoxargivds Kol Elg dwinovs
i pPivomwoivds nai yeepepivds.

Al mpétar kalhigpyolvial elc TMEPLOYAG
HE KAlpa Bepudv xal ESogoc KahBdg xah-
AepynBev, mhouolwe AtmavBiv xal, dvohs-
Ywg &V elg BBwp Gvaykdv twv, Edv BnA.
elvat Enpukal § momoTikal, QuaLk@g A Texvre
T8¢ votepéy.

Puteboviar katd lovaudplov—DeRpoud-
pov kal Exouv PAagtikiv neplobov 70—80
Nitgpdv, Bid kol dpxllovy va dmpddovy &md
100 *AnpiAlov. ITnuewtiov 8t al npdijtol
Béov va BuatiBevran Taybar mpdg dpeocov
xotavdiooly, Bbt Bv Swamnpolbvion 2v
dmoBnredoe. Tobvavilov ol Sppor wouk-
Ao téoov Enpikat, 8oov xal &pbevTicad
oftiveg gutedovian petd Ty ouykoudiv 1Hv
KoAokapvay, ftol katd *lodAlov—Aliyou-
atov kal dpudiovy kot ‘OrTdOBptov—~Aexéy-
Boiov, Budu dmaitolyv noAlols Bepuopetplr
kolg BoBuode &vw tdv 2500° fva of k&vBu-
Aot dmoktioouv thy KaT&Ahniov mpog wo-
Tavihwoly dplyacty, Blatnpolvral &nl RoAd
elc dmoBfkac, dpkel va AquB&vevtal 1é
gvbetkyubueva pétpo mpdg GTOPUYTV ofPEws
fi mpowpou PuTpicew: 1AV KovBChwYV.

‘Exk 16V onuaviiketépov Buk v év
a&nofinkedoet Biathpnow thc mardtac Qpov-
1ibwv, elvat 1| dnodhxeucic KovBUAwY OYL@v,
Gvew ouumtopdtoy Begrindion (Tpayelopd-
KNi0G), dizsvaglag (RoAAnTO TPl OU), @oule:
olov, mepovesmdpov xal Dapdpav Evtduwy
xal Bla edogiualos. Al adtd npénel kot
v dikpkeay Thg Bhaotfoens va ylveta gu-
OIMUGTLRY] T8V Rapoltev adt@v KaTamoks-
unoig, v Exmfolvtar 82 moAd mpd tfig
DPUGTEWS Kkal ouykowdfic & Omé BeptikL-
Alou mpoofeBrnuéva qutd, v& wotavokl-
oraviar B2 dutong | v& dnopplutwvia ol
Ord unyavikév fi nepacitdy altloy mhn-
yougvor k6vBuhal. Exédmiuov of ouykoutLa-
Hevor kbvBudet vd un napopE(vouy elc 1oV
Gypdv elg dueaov dmapry wE o Ebagog,
gvlo Gncpyel klvBuvog »& poAuvBolv dmo
T ondpla tdv O &ve txpaeltov kal Toi
ADV ocampogltwy 18V Enpdv BAaotdv xal
QOANGY, AAK vk uetagbpavial, Soov o
duvatdv taxdTepoy, Kol vd dmAcdvial npdg
oteyvaoy elg xdpov layupde deptlbugvov,
d9ol mponyoupévag dnaiAayolv 1ol i
a0tV Enpol xoOuatog Bk nAdoewg, &dv
Biv dmoondtoan tobTo B g 1P BAC.

QL x@pot  dmoebnxedoscg TMpénel vk &l-
vai Enpol, oxotsval, wuypol, 56 Badudv
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Beppoxpuciog Bk 100g mpdg katavahwow
kol 4° Bid tolg mpdg plevoly KovBOAavg,
KaAGG depildpsvol, mpooTaicLbUEvoL dmd
moyetalg, v& dmoivualvevian B2 mpd THg
amobnxedoewg 1& toxdpata, 6 Bdnedov
wal V) dpogh Wt 109/, kpeloilou xal Biofer-
Biou 1ol Befou Bk kalioewg Bsiolywy Bpuah-
Abov (putiilav).

Ot dmobnreuduever kdvbukol dmholvial
tnl 1ol dantdou katd orpdoeig obyl dun-
hotépag t@v 80 éx kai Emnéooovian i
doBeotov kol &Ahag Eviopoxtévouc katl
GVTLRPUTTOYapKAS K6velG kal 1Bl poulapéé.

‘H dmobrkevolg dovatar v ylvetar wal
elg Hupods owpele (silo) 1,20—1,50 u. mAG-
toug, kai 080 g Gpoug kal pfkouvg dmd 1
uéxol 14 pétpov. )

Elg 1a¢ dpetvds, Yuxpds mepoxdg f ov-
tevoig ylveton kat' "Amplhiov—M&iov Kati
mpot{ptiow pg mowktAlag Enpirks, tva A dpl-
poolg xal guyxowdn Tobtwv tehetodtan O
eBivéTtwpov.

Elg tvag meproxds, o A, x. thv Képxu-
pav, Ty véToy Tlerondwwnoov, thv Kphitny
kol &AAo Bepuc pépn Tol TéHmMOU pog, EmL-
wyxavovrar tpelc Egodeial 1o #rog medi-
#os kat' "Amplhov, dmoteholoa T Aeyd-
MEva mgepapdlia | vnis watdrey, Bk gu-
teloeg &vepyoupévng dmo ol Asxkepfplou®
frsnpdipog dppdiovoa 18v *lodAlov—Al-
youetov kal onelpouévny kat "Amnpllov kol
Syiwos  gutevopdvn kat Alyouotov  kai
ouyxopopévn kot 'Ok TtdBpiov—NoéuPpiov.

'H ¢dteumig ylvetat kotd ypouuks &me
xolbowe, dvaldyws 100 ueyEBous, g mapa-
YWYKOTITOG, TG MPWIRGTRIOG T 6&P\E,té‘ll!'t£/g
g moukilae kal tfg EnpikAc f motoTixic
coTédy wahhiepyelag, 50—80 éx, elg dndato-
oty 15—40 £x. elg v adthy yeouuhy. kal,
dvahéyws Mg ploswe Tol E8dgoug el Bé-
8og 10—12 tx. Pablrepov elg & &happé,
dupodn kal &Babiotepov ele 1x Papfa kal
Gropo 8dd&on.

Kavovikotépa yivetal fi ¢pdtevoc dud tiic
XEWPSS, dmbTe kal BrevkoAdvetal § Amoud-
Kpuvolg 1&v mapouoialdviey wuktmov fi
&Ahag maBoroyikde dvaouailog KoVBUAGV-
Elg pey&iny kalhifpysiay Xenawponowolve
o elfkal gurevtixad pmyaval, dvolyouoat
YPOUpds Kol QuTelouoal CUYXPOVRS Telt
xovBOAous elg Ex 1d@v mpotépwv pBuILoud-
Vag GMooTROLLS.

Metd 8—10 Autpag dmd Tig guredoecc,
tvepyeltal tAagpdy ok&hop kal petc Be-
kanevBiuepov meplnou Bevtepov, ud alyyxpeo-
vov maplyepa TV BV oynuatigud xovdo-
Awv, tvo u mapapivouy obtol &nl the &mi-
gavelar 1ol E8kgous kal mpaowviZouv Gmd
v Enidpoaly tob Ahiakol ewrée.

‘H ouykoudy 1@v mpde  xatavdhooy
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kovbOhoov yiveton katd v nAfon dplpaoiy
adtédv. &1 kal dmoondvial edxoAiog 5
EAagpls D ThHG yepdg EAEews. TIpog 1alto
Ta Sppa putd, duve buakpivovian &k THQ
Enpdvosws OV PUARGV . kal t@v BAoaotdv
wal Thg Buoxoklar &noondoswg 1ol mep
Bépuntog Bd mécewg TAV duktdAwy, Bkl
LoOvto katd mnpotlunoty uztd Bpoxhv #
Gpbevoly, dktde kad Edv 18 Edagog ouykpa-
T Oypaolav, Aoondver kel EmkoAA&Tal
Enl tdv koWdORWY, B1e axdmpov va Exxpt
Lobvim 29’ Soov elval tolto Enpdv.
Ol mpde gorevoly kdvbulol mpéner vé
" Akxprlolviar kol guidéyovix mpd THg Te
helog Opipdoewns, TPOG &TROPUYTV  MOAUY-
oG adt®dv Omd Bapdpwy XpLTToYEULY
dnva dvantdosovian inl 1@dv PAaot@y Kotd
16 népag tfig Praoctikfic adtdy nepLbBou.

'H &xplimowg kot f ovhdoyh v Kow
BoAwv elvarl 10 damavnpbiepov otdbloy 1fg
natartokahAiepyelae, elte Bid e Xepdg (ué
todna) yivetal. elte pé 1o S&potpov # eldi-
wolic ExpiZwTfRoce, oftveg u&Atota Exouv
T0 HELOVERTNUX vd TANYdvouv modAaly xov:
BoAoug pE onuavukiv Bk 1dv mapIywyov
anwABaY Kai {nuluv.

ZEnovleg map’ fupiv f matatokoiAiés-
yewx, Htg el modhde neploxag &ibat doo
xal 1peiq oobelag 1 Evog, AauPhver pépog
elg dpswnomopdy, GAA' Evepyeital Enl ToAAG
ouvexf Em el 16 od1d natatoxdpmxgov 'H
Taknk? Buog alty Bieukoidvel THY Bleth-
pnowv xal pergdoow el tdg ustayeveoté:
pag xoAllepyntxdg TeptdBous tHV Buagpd-
pav EmPraBiv Loikdv xal gpunikdyv nabn
gewV TG Ratdtag. Atd 1iig KataAAflov &v
100Totg KahMEepyelds, TRg Eviatikfc Amdéy-
oswg xad thHG ouoTuaTIKRE  KaTamoAEnn
oews 10V dobeverdv, Efouvdetspolvial oye-
bov dhotedde abtal Hveu cofaphHv olxovo-
wkidy  ouvemel@y, bibu M matiéra ECophel
Taxéws kal mhouoamapdywe sl 16 Mood-
Tt Kal totdtTa tédg B adtv yevopévag
bamdvag. Zuvifog &Alwots A mataxtoxoh-
Atfpyeia o’ fuiv Beopetron xnmevtikd xal
ofitw edploketar elg ouvexf Guewponspdy,
tvaliaooopévny pE TaC GAAGC KNMELTIKAC
kahAiepyelag. “Omou kal dodkig # moatdro
AapBavel pioog elg &usiynonopdy, droAouBEel
Gvaddyws Tpdg THY meployfv, otnedv, ol
airov, olkaiv i Bpdunv, elg Bieth duewn-
onop&ky' &l THC OaKkyapomapaywyols b&
mepipepelag  tpLeth, dkolouBouudvmy  URd
OOk XOPOTESTAGY,

‘Ey®goi nal doDéveiar tiHs mardrog

MAclota {eixd kal Quukd Topdoita
npoofdiiovy & naTatéguTa Kal Y natd-
v Ev 12 19 &ypd xal talg dnodixoie, Tivd
1@v énolwv dnobalvouv gmPraféorara, Eav
Biv AngBolv éykalpwg t& EmParidueva
TPOANTUKS f] SepomeuTikG WETEN.

ZOAANON

Exk t@v Lwikdv, émpPAobéotepx map

fuiv elven’

A) IKGANKES.

1. Thheyxos 6 onyoydvos § "Ayiouviddov-
Aiva vo¥ dewpduow (Tylenchus puirefacien,
T. devastatriz, Anguilluling dipsaci), fitoi
S modpdyog EApivg, Bong Emavetdnppéveg
k&g dmnoxdAnosv Evtalba {BA. APéva,
"AAAov, BEta kAT.) §} nopovole Tol dnolov
dvayvoplletal 8k 1fg Bpayuyovariag #v
npokahel elg td Eevifovio odtdv motcitse
eutx, THe xayektikfic Gvantoéemg 1BV QOA-
Av kol xuplag 2x 16V NGy f poyudy
&g mapovoiiler 16 mepideppa 1BV xKAVEOALY,
&vidg v dmoleov elodpxetar Bd 4dv paias
Blov kal Emgépet THY ofly 1HV OROKEILE:
vav lotiv.

Kotanohepdton Bl 1dv elg v oeilda
243 Gvagepopéviov pétpov, g kal bk &p-
Bevozag tBv Aobfeviv gutiv e 0,05%,
systox, pf 10 kiAd MOPOOKEVACUOTOL KOtd
1etpayovikey uétpov B pd érimoowy kel na-
paywaty elg 16 Edagog mpd thg GuiEdOEWS,
Smou BiemotmBn mponyoupévwg & OKOANLG,
Sy td opfppe nemagan 12 BiRany

po - 3yAoponpondyiov).

2. “Erepédepa §) Pooveyiéveres (Hetro.
dera Rostochiensis 7 Hel, Schachiii, race
Rosiochiensis), fiug elonfyBn, ealveral, mnop’
Rulv katd ¢ En tig xatoXhg, Bie dvee-
Xyktag elofyovto Ex 1ol EEntepikod Kbv-
Buhol yewlARA®V xod EAAD yewpykd mpot-
bvio e Tt dvdykag 1ol ExBpol fi kata
& mplta peTAmohepikd Etn, pé t& &€ ‘Ape.
puxfic, omdBev kol wkatdystol wad EvBruel,
eloayBivia Omd 1®v UNRA xal EMEL
g, bg Blivaral g vd gupmepdvy &x
wh yeyovatog Hu ) mapovola tavtng bie-
motoabn katd ™ mpdmy dnd Thg &neleu-
Bepdoeng Bexaetiay, Htor petd tév dnapal-
mrov Iva EyxkAlpanoB] xal moAlamioow:
affj xpdvov Elg Babudv dote vi Mpoxakéon
v mpoooyiv Tév dvBlagepopivav. Katd
6. Mnouyghov * Althv 100 PutonaBohoyikod
Srabuol [orpdv, Botig fuciémee Ty Bo-
Roylav 100 mapaoltou #v te 1f "Apepiki
kal nap’ duly, f) ‘*E1epddepa adth) v dnolav
wkahel koo peTdppaory £k 1ol &yyhixoB
Xpvaovyuarwdy = Golden nematode elvau
tx t&v emfraBeotépuv ele Tolg Zorovibag
kol Blg matdtav, peMthdvav, vioudtav
nmapoocitoy, Aoy i kavomiég tou va
Biarrpfiten &l Mo Bt kal &vev Eeviotol,
1M edxdhou petabdoen tou, TRg Buayepoly
kal Banavnplc KotomoAeufosdhs tovw. *Exs
Bnh, 1Ry Pohoyloy xal Tv odthv oyeddv
uopporoylav 18&v &tépoy dbo Heterodera

* Apo¢ @zoBupou K. Mnouyéhou, Hete-
rodere Rosiochiensis Woll.,, ¢Xpvaovguuzds-
d5s» Hdvpar 1959,
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(mCafog xai Zdytelog BA. Bétx kel Eix.
1054). Alamiatofitol b | Tapousia abtic 2k
Wi §1 1 Eevidovia ATV QUT Mapapé-
YOUV KOXEKTIKE, L& QOANWMO IKTEpIKaY, T
PLOPLOUEWNG POTOOUVBETIKAC xavémnrog Bid
xal Bldouv  KkovBUAoug Shlyoug, wikpodc,
MTWYeUs £l GroBroauptotikdag obolac.

EOtxd¢ wapig sle 1 TpoaVapEpBivia
elg 1oV mponyoUuevoy vnuatéAuvla ouve
Betikax OK@ANKaK TSV, Katanolepdtal oys-
Bov oIZikSe, dnewg EAkwote Kol &navreg ol
pZ5Bol TKDANKEG,

B} ~Evroua.

1. Eis vag oilag. "Anavra ayedov 1 dmie
BAxBA elc 1o pEikdy oy KoAALEpyoupévoy
KNTEUTKGY QUTGY Evtoua &g A X & ngep
puudopdyog (Gryliotalpa vulgaris) of ovpua-
zooxdilnues, ftol al Tpoviugat 1&dv *Ela
tnoeddy xoheomépay Kol Blg 100 yévoug
‘Aygidris (Agriofes sp) al émolat Bavol-
YOUY OKROALXS Otodg V18 AV KovBGAmy
MELWDOTaG onpaviikde v BpenTikiv kai éu-
WOPtKAV  alt@v &flav xal SLeukoAuvoloag
™y &vamruly Buagdpay onoyoveY  wikpo-
SPYaVIONGY' ol mpoviugal t&v Noxroviddy
Aemubonrtépeov kai 1Bicx téhv elBBv tod ‘Yévoug
‘Aypérig (Agrotis 3p.) atuveg Bavolyouv
edpelag peAotvig kolhétrtag dvideg thv Kov-
B0Aav K&, dnoPalvouy Avlote EmBApRE-
otat.

‘Oodxis 1 #vropa talta elvon  mohuy-
TANBH, Evbelkvuta in{roowg § SpBeuaig pg
®dvag i alopiuarta dbopou ELaxiwplolyou
BevgoAlou kal I8l aldrine.

2. ZoBapdc Lnutag  &mod 25—~100%/, 1fic
TATXTONEPAYWYAC TpokaAel % Aeukd, éha-
WHWG pebiouou £15 1T VENTQ, 12 YUh. urikoug
TPOVOLD To0 HIKPOAETILB o Tépou Duedéyen §
Edogipale (Gelechia § Pihorimaen epercu
tella) 1@y Tiveiday (Tineidae), Biavolyouon
otodg el 1 1d QOAAg, Tobg Bhaotedc «al
t00¢ &V dmofnkelosl kovBohoug &m 15y
Gmolev. dotokel 18 xad* Binv oxebov tHy
&no 105 Fapog X Toh $Buvoncrpoy Kexhipy
Enoxfv [nt&uevoy ElS Tolg dypodg drpaioy
Brot. tapovoidlel mepl 185 6 yeveag 10 Etoc,

KatanoheuSro lcovomoinuxée pé 7—3
SwxBpoyde 1Sy nTEtophrev dvd Sexanue.
gov u? olepnua 400 ypap. D.D.T., 50, §
250 ypay. Lindaine 10 /e i 80 ypou. mopa-
Belou 259/, elc 100 KiAa BBatog ked pi Eny
Thoelg oV &y th dmobrixn  KovBohey pi
KOVIY potevdung 19, A DDT. 10%, & Lin-
daine 10 °/,.

3. Ev 1 dAhobanfi EBruplocaroy £lvar
19 KoAedNTEpOY dogupdgos 4 Aerrevordpsa
ﬁ, destdypenpos {Leptinoigrsa dicembineata )
Smep map’ Aulv etre Biy elofyBn. etz B2y
ABuvABn  vi EyiAluanolf, Bubr o0BEnare
ELtmotchquav Crutan O adton.
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4- NAelowa eldn dpldowv {ueAlyrpag) dg
Myzus pervicae, Myzus 7 pseudosolant (Aula
corthum solani), Macrosiphon solanifolii
euphorbia, Aphis rhamni, Rhopalosiphoninus
latysiphon, 13 dmola dixiodv il 1Sy QUTDY
kal tiv kovBOhov Tdv yewuhiwv, Bév ni
Ptpouy ooPapac Cnulzc elvan Bueg Emoxlv-
Buva BldTL xpnouetouy 0 popels 18v ka-
TOTEPE  MepLypapeutvoy ldoewy, afnveg
mpokaholy 1dg ExGUALTIKAC g merdtag
nabrioes (BA. ldoe).

M Kpuntdyaua,

1. fvropdégn § polvouar ssef) (Phyto-
phthora infestans), ¥ dmola mpokael v
YV@oTiv k¢ 16 dvopn Hsposvdamopos maEn-
dY TS NOTETAS, A vTopATag kal GAAwy
cohavidiv.

Mpoofddder &navia & wplor 18v gu-
Bv, Hrot ehAra, Bixotot kai kovblhouc.
‘Enl t@v goARwv oxnuotllel xopaxkpsior -
K&C, oxebov kuxAixkag KNAidag, Ehappéig
KITPLVQTAS - YAWPWTIKGS Kot &pyds, el
UEAQVOOTAG - Enm_&ei: v mepippelay THY
omolav kai 2 Tov mpaviv  Brakplvovrat,
ol dmd *3v grouatiov TROB&AAOVIES KoVL-
Blogdpot, dg kovig AEUKR (BA. Mepovoonopl-
Bot kod Elk. 4104).

‘Enl 100 BAagtol ai xnAlbeq adtan elvon
EmprKELS, peAaval kal axebov kolha [l
fx =i kaBilfoews tiig tmdepulbos, Adyq
g &tpoolag 1ol Omokeipévou  phottdoug
TapeyXOLatos 100 guAofevobvtog oy po-
knta poplov. Znraviwog koprogopel & pokng
elg 1dv Bhaotdy.

Ol kévBudor mpooBdhioviar &nd 1g Ex
BV KovBlogdpwy 1y PEAAWY GToonduEva
kou(Bio, Bid Oméxevtar elc mpooPoriv of
el g dmpavalag kal péyp BaBoug 5 éx,
6 MoRO kdvBudol of k&rwBev tad BaBoug
wdtoy Nupauivouy dnpdoPintot.

Ot Levizovres tav pOknTa KévBUAOL TEpEL
olouv xaBilavotiona, gatompaolvag knAtdag
Enl 1fic mgaveiag a0y, imd 16g dmolwe A
oGpl, yheran repoouchovy Avlore uéxpt B~
Boug 1 éx. (Eix. 48990) o¢ il td mhelotov
5¢ mpoofdAiovial Uno Blapbpwy anyoydveov
ganpopitay kel gantfovy, 516 kot ETuR&A-
AeTa f dueoog KXIXOTPOP A katavdioc,
mpd Thg dnodnkedoseg adtiv.

KatalAniétepa ouvbiika  dvantdfeag
00 piknrog elva | Oypaala kal # Bepuo-
kpxola, A1 kal f alnowg abty elvay 2
Brafic slc tde kohokauptvac motatokah.
Mepyetag kal 1Blg & SuBpia E1n. 'H dplotn
Bepuokpaolia ik 1oy uoknta kupalveral gnd
18—22° "Ave 1Gv 30° kel k&Tw GV 6°,
otapotd i dvantulg Tou, el 400 bt Bad-
HoUg, vekpoDtan #vrag TEo0GpwY Opdv. A’
adtd EmPAafhg map’ fuly Sovata, va &moBf
A maBnole udvov tolg Eaplvoig ufvag kot
el tée Speivag TEQIOXGS. "Apkel ouvendg
ver AngBalv Eykalpmg T EmPaiiéueva npo-
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Annrkd §

BepameLTiRG  pérpa £080¢ g
ExBrAwBoly &

& mpdta  oupmntdyuata, v

mapEABy 1 wplotpog, dArd Bpayela nap’
fiuiv meplodog, Tva Smopeuydfi nGoa mbavo.
g dvontdbeng xal Biabéoswg g nadf-
OEWC,

*H Biodoyf 18v mpdg piteuoly xovbihoy
elvon 10 &ogoaréotepov kal dnoteAsouat-
KOTEPOY K1 100 pOknToC LETDOV KGTamD-
Asuvoswe, Bilét, dg Biemotdibn 2k mAsloreoy
Boipdy, 19 gic Tolg kovBodoug Bioyedkoay
WUKAALOV pETaVAOTELEL Katd ™y QUTpRGLY
el Todg Braotdvovtac SpBahuoly kal peta-

" BlBa th ndBnowy, ouvoEavOuEVOY HETE ToD
tutol, fiug ExdrAalray €000¢ ¢ al koupiral
ouvBfikal xataotolv edvoixal Big tov Ho-
KnTa.

Elg meplntoowy wad fijv 3 nédnolg Exbn-
hoDtou elg va v &puBAdatoy outaplwy,
Evdelkvovtar. BiaPpoyal Bepameutined | Ty
&oBevidy Kol mpoAnmiixad t&v En Oy1dv elg
SAbKAnpov 1OV matataypdy ut BopbiydAsioy
nMoATdY €€ 1—2 kiAdv BeiixoD yaAkoD &lg
100 wiAex EBator kal 11 Gvayxalag mogs-
Tog doPéatou mpag tEoubetéproty adtof,

altiveg, &lg Mepiniwuy  xab’ v 1 dypuola
100 nmeptPiiievioc elval OUmAt, Enavaiop-
Bhvovtar #vtde B—10 Auepdv § pg Bv 1édv
2v 1§ dumople KUKACQOPOOVTIRY ud Tt dvd-
uata, Ziram, Captan, Phaltan HLUKRTORTOVY

thiookevaoudtay.

2. Trinpwrtivinotg g Spelherar el
Syvdotou cuoThpatxfic BfoEwg  pukpops-
xnTa 8v uveg kawardooouy elg Tolg Zrei-
eovs pinnvac (Mycelia sterilia) ug & Svoux
axdnodtioy (Sclerotivm selerotiorum) § eig

- 18 yévog Sxdnewrivia 1OV [Mel L0 BSv Aloko-
wuxfitav &¢ {Selerotinia Libertiana, mpph,
xal oBA. 242 kal 835), t-dnolog &vomticoe-
ot kwplog elg toog gy &mobnkedosr kovBG-
Aoug, TV ofignty t&v dnoloy TpOKaAEL, Ad
OKOTH OV v ) dmoBnkedovTal Tapx gno-
Abteg Oyislc kal dGxépator kbvBudol &veu
RANY&vY kal EXAav xaxaotay, altves Yonot-
uedouv & gopeic tod HLKpopOknteg avtol.

3. Pifonzdvag BA. Koptimor xal Eix. 2809.

4. Brprieiddiwaig. N&Bnoig  dpekopévn
elg 18V &redf poknta Begrunidliov 16 Azu-
wopélay (Verticillium alboatrum BA. Afippe
BeprxlAhov koi Flk. 1083), #mnep BiaBiol
Elg 18 Edagog ©¢ ounpbputov xal Eylote
&nt Bipdpwv adtoguGy Kol KaAAERYBULE-
VOV puTdV Smeg kol The matérag el tolg
lotolg 1 dmolag elotpyetar Bk tuysv
el 14 plag § v Baov 100 BAraotol
nAny&yv xal Eykablotarar EvTog TR KoIAS-
™mreg thv &yyalov npokaholy TgayELa Y-
#edozis i drotéAoua 1Oy AMOXPWLRTIONGY,
Lopaoudy kol Edpavew 1@V goAkev kol
TV TpUREPOV Loplwy TéHv Braotdv kol elta
ShoxAnpou 1ol outel.

Z0AANON

Neét dmogedystar  oulhoyf) mpdg piTey-
ow kovBUALY &md dofevii puid, va un Evep:
yhtaw B Eml 2—3 1 MATATOKGAMEPYELX
tlg &ypedg el obe 2EBNAGON fi mAdnole.

. 5. 'Airegraginos. TigBnong ‘;}%;m,ouévr]
gle Tdv ATeAR  pikpoplxria . A Téovdotn
(moPA. MGy xal Elx. 357) #itig Biokpivetay
e0kOAwe 2k TRV pEAavanddy xnAibov, ouve
otaptvy &k aapdc edbakpltey guykevpl-
x&v kixkov. Elg nsplntday tvidotne Tfig
npooBoAfs 1 GOAAG Enpalioviar xal kil
naTOnapaywyl umolta onpovuxde. Ta
wov(Ber 1ol pokntog mintovta Aml to0 254
$oug HoAlvouv auvifeg tobg xovbighoug &nl
1@y oMol Teokaroly xafifavolidag KnAi-
Bag md 1dg dmolag f o&pf o¥mETaL altveg
8uwg Biv Biakplvoviar kotd THY QUYKOUL-
By, B0 ral -l Esvifovieg 1o TAp&oLTOV
xbvBuhot pstagépovion elg th Gmobfixny,
EvBx xal dmoBalvouv odtia g ofewg ue-
Yéhou meoostel adTdv.

“Aua 16 ¢kBnidoel 18v modToY ounmto-
vatey dugovlcews 1ol nokntog &m v
POARGY, wa dvepyijton Siafpoxf ut T Bk
VY REIQIOASHNGLY 100 TEPDVOUTOPOL npoa-
vagEpBivia dvTikpuTTOyaUIKS, Vi Agupé-
vaviar B2 td Bk v kaARy dmoBrxeuarv
T8V KovdoAov dvagepBivia HETPG,

6. Znwoyévor mingoutnnzes vdv &y dno-
Byuedoer  xovddlwr. Adgopa Fovldota
{ Fusarium subulatum, F. orthowrum, F. oxy-
sporum) Guvar npokoholy Ty Engdr Aeyo-
#évy offypey, Kol of xévbudor dvrl va oce-
nigovy, Enpafvoviar xal oxAnpbvovTdn, dvri
kabiotditevol “oyebdv £E §loxidpou &nd 14
HukAAtov 16l pgknos, Sotig mepLEpyng Aol
Vet &Biktov 10 Euulov, KOAUTTOMEVOY DTS
v dtpaxtoaddy, tofoeldig &vlote xekap-
WEVOY, vnuatoelBiiv, moAUKUTTdp@Y, DoAo-
Xpdwv kowblov, &tva Xapaxmpflouv 14
vévog abtd 1dv Ygouukrtwv. To tlboc F.
putrifaciens katatphyel Ty Eviepidvny kal
v FEVTRIKAY KOAvBpoY 100 kovBUAGU.

Katd yewkdy oxeddv xavéva mpooféi-
hoviar Omo govlagidoews of npoodinbévieg
omé EXhwv napaoitev kévdudor kal bia tnd
TEPOVOOTSpoU kal dhtepvaplac.

ZowvnBewg elc Tade v amoBnkedoer kovbo-
Aoug elvat kal ol dreheic HIKPoUOKNTEG
Colletotrichum atrameniarium A Varmicu-
laria varians (npBh. KoAAntétpixov kal
Eix. 2745) xal spondylocladium, oftiveg dve-
yvopllovion  edkébiowg Ak XApEKINPLOTIKEY
énl 100 mepibépportog Extetapivay knAldov,
TEQPOKIOTaVEY, YoviwbRy, kataotktov pd
Toug v eldel pehavdy oTYpATOY kowdio-
owpolg & mpditog kal gpyupoypbnv. oTpoy-
yUhov & bedtepog.

Abotnpd Epapuoyl THV Kotk v dmo-
Brikevoy tév xovBlAmy dudeikvuouévoy Tpde
Syifi Blamipnoly adtév pétpoy.
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A} Bakthpia.

L. "Egivia §i puropdépes (Erwima phy-
tophthora) Somg mpokakel td¢ adteg Ln-

Eix. 4991. Topal xové$Awr netdrag
ngoafeflnuévav rd "EoBurias 155 puzo-
wépov (Erwinia phytophthora)

plag & Ewuobpe: el t&@ matatdputa T8
Koptlkiov - Pijoktéwia (BA. AfEeq), fitol td
gutd ylvovtal koyekTikd, @ QoA KLTR-
vifouv ka! ouatpégovrar owinvoaldde kol
&v téhel Enpalvovral. Of Eevifovieq tév B&-
KiAAov KkbvBuhoL ouviiBag ofmovtal EowTepi-
x@c (Eix. 4891) ystatpenduevol nolAéxig
elg BAevvabn, nudpoppov, Bloaouov udlav.
*H n&Onoig petadlBeron Sia 1@v dobevioy
kovDUALY, dvantdocerm 5 EmkivBovag elg
&ropa, Kak@¢ otpayyiZSueva £84on.
APTIOLUO O CLY llpd\ PULELCLY :Jyulv KRUW-
v,

ok

2. Hopvvoflusrijotor td opwopdvor {Cory
nebacterium sepedonicum, Phytomonas sola
nacearum), mep mpokaAel 14¢ adiac olac
10 Bepukliiiov Lnulag xai ExbnAoltan ué
TG ot oxeBov guuntopata, firor papa
oudv kal EApavoly 1BV matatopitov, Biatt
Bafiol kal adid évidg 1av dyyelov Erigé-
pev thy dndgpaliv adt@y ( Eix. 4992).

Ol Levifovieq 10 mapdoitov  kévbuial
elvon EvieAddg &earahiniot npodg QUTELOIY
Bust of elg tde tpayelag addy EOPIOKONE -
vau Grotkion  petavaotedouy  katd v Ek-
by v deBaiudy el tdg &yyerodeg
Béoung THv Gprifrdotwoy ghtpwv, &Tivg
oXeBAV M&VTOTE vexpolvTan mpotol &E4ABouy
glg v tupdveav 100 Ebagouc.

Né& uhy xpnowponotofvten mpds olteuawy
kévBukoo matataypdy el ol EEeBnhdn B
nhlnoLg.

3 MAelota onygoydva HikpSPix oampopy-
TR fj mapaoiik  dvaxntiogovtal el Todg
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duaabuly

tv gmobrrelost kovdOhoug v . mpokahoDy
™V dypdy oty dvahoyov uk Ty Omd Tig
Erwinia phytophthora Ewepyoptvny.

N& un dmofnkeldovial mhnyouivor kov:
duhot oltveg mapéyouv kxTGAANAGY WEgov
dvantotens TV &vo anoybvav uixpoop-
yavoudy.

'AMAaxol EriBraBeatatol dnofalvouy Ev
¢ 1§ dypd kal 1ag dmofhkac kal of

1. *dxzivoptnyzeg (BN, MéEv kal Eik. 271).

2, Zmoyypdomogn  Dmbpecog {BA. AEELv)

3. Zvpgdrocov Té Evdsfrov (Bh. ALy

E) 'looetg R naBrioeic npoxaholoar Tdv
E€kpuhiopdv TOV YewpunAwy.

Al maBroeic alton kBnholviar Bik mou
k(A@v popporoyikdy dAhodoswy 1Blg 100
QUALDPOTOS kad npoobeutikny &md Etoug Elc
Erog peloowy 1fis 18 mogdtnIoc kai b
10¢ i Topaywyfg, ¢’ Soov Evvoeltan ¥pn:
owomolobvial Tede anopdv kdvbuhot mpoep-
XOuEvoL Ex matesaypdy elg tolg Smoloue
LEebnAdfnoay ol moBlosc adbtal, Bid Kai
Becopolvial g mabdroetc Ekguiloues.

‘Opelhovion elg Binfnrole lodg, uetadi-
Sovtar B¢, og Elc 18 AMjupe ldoetg EAéxOn,
amd gutod £lg Qutov Bidk &V Rmpdg dwmoud-
Lnow mpoonpuoopévey Tapaoity Evtouwv
kal &1 T&v_dolbov xal &nd yeveds el ye-
vedy bk v kovddicov.

To dopudéorspov kol  &moteAegucti-
KWIEPOV TPoG mpdinwiy 1V KOO TRETTL:
kv abTdv mabfotwv pétpov elvat 1 ouvatn-
HaTLkA katamohéunoig 1&v Evibuoy kal 15l

Elx. 4892. 'Eyxagola vops) dmoyelov Biasrod

- mardrag Eevilotan; Puropovdde ( Phyiomenas

solanacearum}, firg podoag 1d dyyeia
ol dywyol icrol.

oV &pldwy kai & aldotnpdg Oyeiovoptxdg
Eheyyoc 10v mpdg plteucty Kovﬁbhmu.ﬂ'}\vu-
hoywg OV SUUTTOUGTGY pPE 16 BToix k-
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WALKING ON SUNSHINE

By Valerie

Singleton

Looking for more than just a beach 1o flop on? Then it’s time to pat
the boot into Naxes...

Local guide books say that the poet Lord
Byron was so bowled over by the view from
the fortified monastery on the island of Naxos,
that he wanted to be buried there. At the same
spot nearly 200 years later, I could see why.
Beyond the high stone tower, the land plunged
to one of the most breathtaking views of the
Aegean I have ever seen, where islands of the
Minor Cyclades floated like half-submerged
crocodilians,

But I wasn’t on Naxos to be a mere sightseer;
I'was with 10 others on a walking holiday,
with a company that bills itself as ‘Walking
Plus...(a beach, a temple and a glass of
wine)’. [ hadn’t done much walking for a
while, so I was rather tempted by the bit in
brackets. Would I need serious trekking boots,
water boitles and a large rucksack? I was
slightly nervous when the reply came back
“well-worn-in walking boots strongly
recommended.” Fortunately, it wasn’t untii
three days into the holiday that boots and
stamina were really put to the test, when we
were 1old: “you’re fit enough to tackle Mount
Fanari” (one of the island’s highest
mountains},

As the largest island in the Cyclades — about
the size of the Isle of Wight — Naxos fits in the
full range of Greek landscape — dramatic
mountains, deep green valleys, broad plains,
long, empty beaches and island-studded sea.
It’s remarkably unspoilt, partly because
there’s so much water and fertile land for
farming and the Naxicts have never relied on
tourism. And there’s no international airport,
which keeps the big package tour operators
away.

There are domestic flights, but the ferry
journey from Pireaus, passing Andros, Syros
and Mykonos, calms the spirit. The group is
rounded up at Naxos port by Gilly and Robin,
the husband-and-wife team who run Walking
Plus, and we eye each other up over a lunch of
kalamari, choriatiki (village salad) and local

http://www.walkingplus.co.uk/valsing_article.html

supermarkets. A Greece you think has fong
disappeared. The bread that’s delivered every
morning is still warm from the ovens of Yiorgo
the local baker. The fruit and honey we find in
our rooms, is local. Each day, we will breakfast
alone, peacefully on our balconies. Each
morning, a goatherd passes by with his flock,
bells tinkling. By 9.30am we’re ready to be
picked up and taken to the traithead.

The week begins gently enough, with a three-
hour walk along a hillside high above the coast
to the mountain village of Apeiranthos and a
swim from an empty curve of beach in the
afternoon. We'd scrambled down to a sparkling
stream thick with watercress and mint and along
an age-old path squeezed between walls draped
with oreganc. We’d peered at a slit above the
door of 2 lumpy stone chapel, through which
weakling babies were passed in the belief that
this would transform them into fat, healthy
children. The Venetians, who occupied Naxos
for 300 years, tried to stamp out this pagan
custom back in the 131 century. Back at Oasis
that evening, Manoiis tells us that the rimal still
takes place in his home village.

Wandering around the steep arched alleys of
Apeiranthos, you get the feeling of the village’s
individual character. There's a distinctive line in
chimney styles, a women’s crafi co-operative
and four tiny, idiosyncratic museums founded
by a local hero Manolis Glezos. As a nineteen-
year-old, Glezos and a friend were in Athens
when the city was taken by the Germans in
April 1941. Under cover of darkness, they
scaled the Acropolis cliffs, tore down the
swastika that had been raised there, and
reinstated the Greek flag.

We linger over lunch on a marble terrace high
above the valley we’d just explored, and tucked
into potato omelettes (an island speciality —

Naxos potatoes are exported all over Greece).j“_
The island is also famed for its cheeses, and
many of the tavernas we ate at during the week

27/6/2007



LAILY MAIL REVIEW

wine on the glittering harbourfront. 1 wonder
how our guides will cope with ages ranging
from 40-something to a sprightly 74, and
levels of fitness veering, I guess, between fast,
hard and tireless to rusty (me). We're a
potentially critical lot, too, with me, the
journalist, two couples who’ve been in the
holiday business for years, and the 74-year-
old, a veteran walker who has tested out
virtually every walking holiday operator
you’ve heard of,

Our base for the week is 20 minutes’ drive
from town, at a hotel called Qasis, on Mikri
Vigla beach. There’s a swimming pool, a
family of wild black kittens, and we’re looked
after attentively by the owner, Manolis. Mikri
Vigla reminds me of Faliraki on Rhodes as it
was twenty five years ago, with its wide, wild
beach and sand dunes, and rough dirt tracks
linking scattered homes, studio apartments,
tavernas and a couple of

which is Mount Fanari. I look up at its craggy
peak, outlined, high above us, against the
cobalt blue sky. Would T make it? I had
managed the last couple of days without too
many aches, so would give it a go. It’s easy to
begin with, a walled path above neatly tilled
terraces and shaded by pomegranate, apple
and walnut trees, but hard work clambering
over the boulders of a steep, dried-up stream-
bed.

We picnic by an old wine press, its stone slabs
set into a long-abandoned terrace. Home-made
melitsanasalata (puréed aubergines), cherry
tomatoes (from Gilly’s garden) with herbs
picked from the countryside: olives, local
cheese, and hunks of crusty bread. Fortified,
we head for the summit, up a tiny marbie path,
once the only line of communication between
twe mountain villages, that zig-zags up the
steep mountainside like an angle ruler. A pair
of eagles patrols the jagged line of cliffs
below the summit, and the fit members of the
group get out their binoculars as they wait for
the rest of us to catch up. Gilly stops to tel!
one of her anecdotes about something we see
on the way. “Aha, Colchicum bivonae,” she
says, stopping at a star-like bloom which we
were alt about to tread on. “The extract can be
lethal to humans, but it’s handy for plant
propagation because it doubles the production
of new cells.”

http:/fwww. walkingplus .co.uk/valsing_article.htm!
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served up their home-grown vegetables. The
traditional Greek food was fantastic (which I
never thought was possible), and John, who’d
lived and worked on Mykonos for several years,
agreed, “the best I've ever tasted. ” He wasn't as
enthusiastic about the local wine, which at its
best is a light, refreshing red, at worst a cloudy,
sherry-flavoured brew — at which point we were
given bottled wine.

Later in the week, we’re dropped in a village
lane between groves of gnarled, twisted and stifl
productive olive trees. This is the centre of the
island’s olive production, and we feam that it
was on Naxos that archaeologists found the
earliest evidence — a little pot with traces of oil
in it — of the domestic use of olive oil. We’re in
a broad plain, ringed by mountains, one of

between tightly packed traditional houses, to the
kastro, the fortified medieval bourg built by the
Venetian overlords, which dominates the town.
You can visit a Venetian house, with its faded
but elegant furnishings, and catch postage-stamp
views of the sparkling harbour through its
windows, The archacological museum is superb,
a testament to the island’s rich history from
Mycenean times onwards. We find little saucers
of burnt offerings — carbonized figs and grapes —
excavated from the Bronze Age stone-circle
graves we had seen earlier in the week.

On our own, we would never have found those
graves, barely discernible among a moonscape
of granite boulders, or many of the other places
Walking Plus took us to. There was the
occasional tourist sight such as a huge 2,500
year old kouros (statue of a youth) lying on the
ground where it had been abandoned by its
sculptors, or the beautifully restored marbie
Temple of Demeter, but the only tourists we saw
were in the main town. Many of the island’s
rarest treasures can only be reached on foot —
such as the tiny chapel with rare frescos dating

from the 9t century BC. We’d walked for 1 1/2
hours along a marble-paved path shaded by
almost-English vegetation, to reach it. Inside, it
took a few moments for our eyes to adjust so
that we could meke out the faded colours and
images of birds, fishes and pomegranates.
Afterwards, we crossed to the next valley,

27/6/2007
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Naxos Travel Guide

i VWlere 1o Stay

Yt Where to Eat

I ULEERED Green, fertite, largely self-sufficient e

B¢ o ina Naxss Travel Gude » Naxos has not needed to go all-out to mﬂaf:?&""m
attract tourists. This wealthy

agricultural island exports an abundant harvest of olives, grapes, and patatoes

throughout the Aegean, and only recently has begun to import tourists. A new airport and

speedier inter-island trave] have made it easier for visitors to get here, New hotels have

appeared in the port, and more hotels eluster on island beaches.

Thankfully, the island's character hasn't been dominated by the recent development. The
inland mountain villages, on the lower slopes of imperious Mount Zas, the highest
mountain in all the Cyclades, preserve the thythms of agrarian life. In Apiranthos, you
can taste bread redolent with the smoky aroma of a wood oven, and in Filoti sample local
wines beneath a venerable plane tree. The lacals maintain a friendly indifference, which
could be misconstrued as surliness by visitors who pass throagh

The architecture of Naxos is distinet from that of any other Cycladic isle. The Venetians
ruled this island from 1207 until the island fell to the Turks in 1566. Some descendants of
the Venetians still live here. The influence of Venetian architecture is obvious in the
Hora's Kastro and in the piryi (fortified Venetian towers) that punetuate the hillsides. R
Also specific to Naxos is the remarkable abundance of small Byzantine chapels, many Heaqy to discover !ta‘
of which contain exceptional frescoes dating from the gth to the 13th centuries. *

- Naxos is very well connected to other islands by ferry, so you shouldn’t have any trovble
getting here at most times of the year. It's possible to catch a bus to a village that interests
you, then explore it leisurely on foot; keep in mind that island buses are reliable but
infrequent. A bike may be the only transport you need to get to the island's beaches,
which happen to be among the best in the Cyclades.
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Kavoviopdg (EK) opif, 3254 /93 v Enitponig tng 26n¢ NozuBplou 1993 yia Tov kabopiopd Twv
AenTopepEIav EPaApUOYE ToU kavoviopol (EOK) opi@, 2019793 tou ZupBoukiou dov a@opd To a1BIKd
KOBETTME EPC ol 22 opiapé POKRIEVTIKG NPoG HPEAOG TWY PIKPOY VIOV Tou Alyaiou
Nehayous

EE L 293 16 27.11.1993, 0, 34 w¢ 36 (ES, DA, DE, EL, EN, FR, IT, ML, PT)
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KANONIZMOZ (EK) apiB. 3254/93 THE EMITPONHE g 26 NoepBpiou 1993 yia Tev xaBopiopd Twv AENTOLEpEDY
EQOPUOYAG Tou Kavaviopad (EOK) api8, 2019/93 Tou ZupBoukiou d00v apopd To iBIKS kaBECTaE EPOBIALO e
OpITEVO ONWPOKNMEUTIKA MPOS SPEADS Tl HIKphv vdidy Tou Aryaiou Nerdyoug

H ENTTPONH TQN EYPQNAIKQN KOINOTHTSN,
‘ExovTag undipn:
0 auvBrkn yia ™y Bpuon g Eupwnaikig Komotrrac,

Tov Kovoviopd (EOK) apiS. 2019/93 Tou ZupBouaiou TG 19n¢ Ioukiou 1993 yia T B2onion eifikv pETpuy Yo
OPIONEVT YEWPYIKO NPOIGVTa Npog SHEADS Twv LIKRGY vy You Aivaiou Nerdyoug (1), kan idine To apipa 4,

ExTipmvTag:

oT pe Tov kaveviopd (EOK) apie. 2958/93 Tng ENITpoNng (2) £xouv KaBORICTEN 01 KOIVEG AEMTONEPEIEG EGOPROYAG
TOU KABEDTATOR EPOSIATHOL Ty UK YOIBY ToU Aol NEABYOUS UE OPICHEVA YEWPYIKA NPOIOVTA Kay, KaT*
E£pappoy? Tou apBpou 3 napdypaos 2 Tou kavovigpoy (EOK) apif. 2019/93, To NoO6 TLY EVIOXUOEWY Yia Tov
epoBiagpé auTdy, avardyws Tr; opddag aTny onoid aviker To vo! oTo onvio SiaTiBeTal To Rpoidy- T pERlETal va
KOTOPTISTOUV, KAT' EPapLOY Tou apSpou 2 Tou kavavicpol (EOK) apid. 2015/93, o npoRAENSYEVD! 1GoADYITHO!
EpodIOOpOL yIa Ta HIKPG YNOIG Tou Aryaiou EATYOUS PE ONWPOKNNEUTIKG NOU NPOEPXOVTAL aNd TIE, URGADINEG
NEPIGEPEIES TS KOIVOTATAS, ¥1a TO TEAGS TOU NEpoAoyIakoU £Tout 1993 Kal yia To éTog 1994-

o1, yia va emTEUXBEl © OTEYOC TOU xaBeoTdiTo egodiaapey nou npoBAENETEl and Tov kavowious (FOK) apiB.
2019/93, BnAadn va avTICTABUIGTE! TO PUOIKD PEIVEKTILD TWY HIKPAY VNAIGY Tou Ayaiou MEAGYOUS, ¥WPIG Vo
napepnodiaToly o SuvaToTITES GYanTuENg TNG Rapaywyric Twy TORKGY RPOISYVTLV, APEME va MEPIANDAOLY
OPIOPEV OMWNDKNNEUTIKA NOU NApaYeVTal OF pikpd viiol @' auTd To kaBEoTHE, und TNV ApoindBeon &t Ta Bagikd
QuTa NpoiovTa Eival RAEOVACLATIKG E axEan e Ti¢ EdIKEG avVaYKES aUTOU Tou YNoIoy- &T1, KaTd guvéneia, ypetiZeral
var koBopigBei TG Moo NG KaT' anokanfv Eviaxuons nou Ba xoprynBei yIo Tov EPOBIIEHY TWV LIKpGEV YNOIGV TOU
Awyaiou TIEAAYOUG € QuTS Ta NpcidvTa pe ageTnpic BAAG IKpE VT, KaBGC £Niong ko Ta péTpa EAEyyou nou Eivas
onapaiTnTa yia T diaxeipien auTol Tou CUGTIAROTOS Epodiaguol-

71 npénel va npoBAepBody KuphOEIS yiIa TIC EvBEXBLEVES GNATEC-
71 01 31141 ToY RAPSVTOS KAVOVIOHOU MpENel v0 EQappoaToly apgows-

71 Ta pETpa Nou NPOBALNOVTal oToY NAPAVTO Kavaviopd eival oUpguva e ™A yvesun TNG EnTponnc Araxsipiong
ONWwpoKNREUTIKWY,

ESEAQZE TON MAPONTA KANONIZMO:

ApBpo 1

Mo TAv Epappoy Tou ApBpou 2 Tou kavoviopol (EOK) apiB. 2018/93, 01 NoGSTITES NOU OVAGEROVTAl OTOV
npoBhenouevo IGoAoyIopd EpoBiacyiol via Ta ONWPOKINEUTIKG T4 0N0i0 ENWPEAGUVTEN ONd TRV KOIVOTIKA Evioxuor
¥10 T0 nuepohoyiakd £Tog 1993 kal v To £rog 1994, KaBopilovTai oTa napapTipaTa I xa 1T Tou napovTsg
KOVOVIGHOU,

ApGpo 2

H evioyuon nou keBopideral aTo apBpo 1 napdypapog 1 npirn NEPINTWaT Tou kavovioped (EOK) omB. 2958/93
¥opnyeital eniong:

- YIa Ta pavTaphia nou guykopiZovtal oTr viias Xig, uéxpl 1 000 Tévoug enotuwe,

- Y10 TIg NOTATES MoU Npoopi{ovTal yia KOTQAAWOT) KOl NOU LNAYOVTAl oToLg xmﬁ\xof)q 0701 90 51, 0701 90 59 ka1
—-J; 0701590, ou GuykopidovTar o viroD NIET, PEX3-G00TOVOUL, £rnotwc,

= Y10 TI FOPATEG NOU GUYKOIZOVTaI OTN Y00 ZUpo, péxpr 2 000 Tovous eTnalwe,

http:/feur-lex.europa.eu/smartapi/cgi/sga_doc?smartapilcelexplus! prod! CELEXnumdoc... 26/6/2007
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- yia Ta kohokuBakia now ouyKopi{ovTa: oTr vrioo Zipo, pexps 300 Tovoug eTolws,

NoU ANOOTEAMOVTO) NPOG KANOIA 0N Tig OLABES VAOWY Noy avapEpevTal 6T nopapTmuaTa | kal 11 Tou Kavoviopoy
(EOK} apiB. 2958/93, oro nhaioio Tou 1geluyiou epodiagyol,

To evepyETnua auThg TG Sidragng eEapTdTol and TV npolndBEon OTI Ta RPoavaQEPBEYTA NpoidvTa,
- eival TAEOVOOLIOTIKG OF OXEON UIE TIE VAYKEC TOU vNoIol NG TO ONOI0 KATAYSVYTAY,
- &8 yivel maTonoinon KaTaywyRG.

Npag 4uTo TO GKONG, 1} AITNON YIa MJTONOIRTIKG swuxuonc, Kl guTO KaBauTH TO "MOTONDINTIKD evioXuong', noy
npaBAmowux aTo dp8po 1 nupuvpaq:o; 3 Tou Kavovmpou (EOK) api8. 2958/93, ncplAauBavnuv [0 Tnpuvu)wé\o 24
™ ywela "npdlidv nou kaTveTal and T vigo” To oMoio npérel va GUNTIANPGVETON PE TO DYOHA TriG kPG Vijoow and
TO QMCIG KATAYETAr TO £v Abyw npoidv.

ApSpo 3
H EMaBa opiler Tv apusBia apyxn yia:

Q) TNv £k300T] TOU MOTONOINTIKEU EvioXuang Nou NpoBAENETo! aTo dpBpe 1 napdypagoc 3 Tou kavoviapo!d (EOK)
apiB. 2958/93-

B) Tnv kaTaBoAn TNg evioxuoms oTout SIkaolYout DIKOVORIKO(C RapayOvTES.

ApBpo 4

1. Mig aiTnan yia nicTononTke eivar anoBexTh e@doay:

a) n arrodpEvn NooTTa Bev UNEPBGIVE! TNV QVATEPN NOGOTTA FOYU NPGBAERETAI GTOV I00AGYIONS EPOBIAaHOU-

B) npry 6nd TN AﬁEn NG MpoBeadjiag nou £xer opioBel and Tig upuoéwsc apxes yia Ty unoBoAn Wy mquzmv ya
MIGTONOINTKG, EXEI RPOUKOMITTE! N unoéain OTi 0 EvBIOQEPBPEVOS EXE) SUOTAGE! TAY EyyUNan 1 onoia npoBAEnETal
OTO 4pBpo 1 NOPAYPAPSS B TOU KAVOVIGHOU (ECK) api8. 2958/93.

2. Ta moTonoinTikd £xSiBovTal To apydTEpO TR 150 Epyaoiun Nuépa kABE Pvec.

3. ‘Orav ta nISTONQIMNTIKA EXEIBOVTA! YI TIOOGTITES PIKPLTEDES and Ti QITOOLEVEG NoOBTITEL, D evémq;zpouzvoq
oIROvOpIKGS nupa\(ovmz; EXE1 T SUvaTOTNTA VO ONOGUPEL, YPaNTA, TV aiTnoT Tou, EvTaE npoBeapias TahY
£pyacipuy FHEpGV PETA and Ti EkBOON ToU £V Adyw nigTenoTIkey. ' auk TV nepinTwon, aneheuBephveTa n
EYYUNen) Nou &ixe cuoToBE YIa To ev Adyw nioTonomTIkG,

4. H avawramn rSmEEmpn numm]m équcuxeusml ano ™Y apuddIa apxn KaTa v vehevaTaia éBdepada Tou pvoe, ©
2nolog NPONYLTaI ToU PNVEG KaTd Tov onoiov éxouv UROBANGE ol arAgEIs.

Appo 5

H 1o, Ty nioTonoInTIKDY evioxuang Afyel TNV TEAEUTAIN NERY Tou BEUTEPOU LiNveE © ONBIOG ENETAI TOU JvaE TS
£xBooiig Tou.

ApSpo 6

1. Ze nepinTwon nou éxe karaBAnBel uxpsmmq'rwq xénoia evigyuon, o mnvmaq apyés npoBcvvouv gmy avaKTnon
TWV KchuB)\quv'ru)v noav, Je NPogaEnan Tokou, NOU unohoyiZeTar and v npepuunvm ™meg muBu)\n; ™G
Evioxuong, uzxpl v nueEpopnvia TG npayuc‘rlknc QvARTNENG Tou &v Adyw nogot. Xe nsplmmon onag, zmﬁuMErm
£NINAEOY npmmuo 00 J3E TO fLIOU Taly QXPEWOTATWE KaTaBANBEVT@Y noowv. To enmakIo nou epappoleTal eival
QUTG NOU ITXVE IO TIC OVAACYEG NPGEEIC OT0 EAAVIKG Bikaio.

2. H evigxuen oy avokTdTal Kan, EvBEXOpEVUG, O TOKDY, KaTABAAAOVTAI OTOUG OpYQVIDUOUL 1) UNNPECIES NANPLUNG
o onoion Toug cpaipelv ang TIc dandveg nou xpnua'roéomuwm ano 10 Eupwnaikd Mewpyikd Topeio
TNpooavarohopod kar Eyyunoewy, kat' ovakoyla TG KOIVOTIKG XpruaTossTnons.

ApBpo 7

Q nopdv kavewiopds apyxiler va ioxbe Tv npépa g Bnuogieuor Tou oty Enionun Epnuepida Twv Fupwndikeoy
KovorhTay.

O napav kevowiouds gival BEGPEUTIRGG WG NEOC GAC T4 JéPN Tou Kal IOXUEr dpE0a OE KABE KpATOR PEADG,
BPUEEMAES, 26 NoepBpiou 1993

Ma Ty ERITponi

Rere STEICHEN

Méhog Tng EnTponic

(1) EE opi@. L 184 Tg 27. 7. 1993, ©. 1.

(2) EE api@. L 267 Tng 28. 10. 1993, 0. 4

NAPAPTHMA [
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ID="1">Knneutid > ID="2">0702 &wg 0709 {2)(}> ID="3">613> 1D="4">3 679 "> [D="1">Nwnd EGNEPIBOEIDN>
1D="2">ex 0805"> 1D Fragpdhio> ID="2">0806 10"> ID="1">M7Aa> ID="2">0808 10 91 £w; 0808 10 99">

http:/feur-lex.europa.cu/smartapifcgi/sga_doc?smartapilcelexplus!prod CELEXnumdoc... 26/6/2007
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>Beplkoko, kepaoia, podaxiva, Sopdoknva kal
>9 590"> ID="1">®paouAec> 1D="2">0810 10">
>Nwnd olxa> 1D="2">0804 20 10"> ID="1">AxTividio>

ID="1">AxA0510> 1D="2">0808 20 31 éw¢ 0808 20 39"> |
aypIokopopnAG, viang> [D="2">0809> ID="3">1 59
D="1">Mendvig, kapnolUfia> ID="2">0807 10"> ID
1p="2">0810 90 10"

>

(1)} Ta pikpd vnend nou avrikouv aTny opdda A anapiBuoldvTar gTe NopapTrpa 1 Tou kavoviepoy (ECK) api.
2958793,

{2)() Excrég ond Ta knnEUTIKG niow undyovTal oToug kpdikels 2O 0709 60191, 0709 60 95, 0709 60 99, 0709 90 31,
0709 30 39 ka1 0709 50 60.

NAPAPTHMA L

FApoAendpevog 10ohoyiopos EpodIagiol Twy PIKpGV YAZIGY Ao avAKoUY aTny opdda B {1)() "(0E Tovoug)™
ID="1">Mararec> 1D="2">0701 10 00 0701 80 51 0701 90 59 0701 90 90> ID="3">1 667> ID="4">10 000 ">
ID="1">Knneumikd> ID="2">0702 &wg 0709 (2)()> [D="3">11 311> ID="4">67 864 "> ID="1">Nunda
eonepBogiBN> ID="2">ex 0B05"> ID="1">FTaplAa> ID="2">0806 10"> | 1">MAAa> ID="2">0808 10 91 twg
0808 10 99"> ID="1">AyAd310> ID="2">0808 20 31 éwc 0808 20 38"> I Beplioxa, kepaaia, pobakiva,
Sapdoxnva ka1 ayploxopopnAg, vond> ID="2">0808> ID="3">5 i45> ID="4">30 B67"> ID="1">BpIoUAcc>
ID="2">0810 16"> ID="1">lendvia, kapnalifa> ID="2">0807 10"> ID= Nwna gika> [D="2">0804 20 10">
ID="1">AkmviSIo> ID="2">0810 90 10"

>

(1)) Ta pixpa vnoid nou avikauv oTnv oudda B anapiBpolvral oo napaptnua I Tou kaveviopou (EQK) apg,
2958/93.

(2)() ExTdg and Ta KNNEUTIKA nou UndyovTal oroud kwdikolg X0 0709 60 91, 0709 60 95, 0709 60 59, 0709 90 31,
0709 80 39 kai 0709 90 60.

B
=

Ynebfiuvn yio Tn i givai o Ynopsoia

http://eur-lex.europa.eu/sm artapifegi/sga_doc?smartapi!celexplus!prod! CELEXnumdoc... 26/6/2007
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TTOAITIZETIKOZ OPFANIZMOZ AHMOY NAZOY

EKAHAQZEIZ IOYALOY 2009

TOAITIZTIKGE OPIANIZMOZ AHMOY NAZOY

410YAJOY: EKOEZH OQTOTPAPIAL NEON. << H NAZEOZ MEZA ATIO TA MATIA TQN  [TAIAIQN
THX>>,

EKOEZH OQTOIPADGIAL. AQO] KAPTIONTINH. MAPMAPA NAZQY. TINEYMATIKO
KENTPO KAGOAIKHE

MHTPOITOAGAHE. QPA: 21.00.
FHOYAIOY: TIAPOYZIIAZH BIBAIOY ANQMEPITH «{BYZANTING TTAPKO TPATAIAT NAZOY»
AHMOTIKO ®@EATPO IAK.KAMITANEAHE QPA: 20.30.
GIOVAION: TYNAYAIA EYA WIAAAKH. KATIEAA. QPA: 21.00.
7 HOYAJOY: KONZEPTO KIGAPAL GAUER CARRASCO. KATIEAA. QPA: 21.00.
8 1UYALOY: PEEITAA KIOAPAT: OOTHE KOYTZO@OAQPOZ. AYKEIO NAEOY. QPA: 13.15.
PEZITAA KIOAPAE: DAVID STARCBIN. AHMAPXEIO NAZOY. QPA: 21.00.
9 HOY ALOY: PEZITAA KI@APAY: @ANOY MHTEAAAZ, AYKEIO NAEOY. QPA: 13.15.
PEZITAA KIOAPAZL: ANIELLO DESIDERIO. AHMAPXEIO NAZOY. QPA: 21.00.
1010V AION: PEZITAA KIGAPAL: GABRIEL BLANCO. AYKEIO NAZOY. QPA: 13.15.
PEEITAA KI®APAX: DUO MELIS. AHMAPXEIO NAZOY. QPA: 21.00.
XOPQAIA BYZANTINHE MOYZIKHE. [EPOL NAOT AT. NIKOAHMOY. QPA: 21.00
EKSELH ZOTPAGIKHI. TZANNINH XPIZTINA 1° AHMOTIKO

THIOYAION: PEZITAA KIGAPAL: VLADIMIR GORBACH, HAROLD GRETTON. AHMAPXEIO NAZOY.
QPA:20.00

ATIONOMH AITTAQMATON. AEMAPXEIO NAZOY. QPA: 20.00
NPOKPIMATIKOZ AJATONIZMOT. AYKEIC NAZOY. QPA: 11.00-19.30.
17 HOYAIOY: PEEITAA KIBAPAT: MIXAAHE SOYPBINOT, ZORAN DUKIC, MIXAAHZ

KONTAEAKHE, AHMHTPHE TEOYTZIKAZ, JHIBARO RODRIGUEZ, DUO MELIS, AOYKIA
ZAMOYPKA, EAZA



MMOAITIETIKOZ OPTANIZMOZ AHMOY NAZOY

EKAHAQIEITZ AYTOYETOY 2009

PAYT'OYETOY: KPHTIKH BPAAIA. ME TO TYTKPOTHMA OPATKAKH
FAAHNH. QPA;21:00.

2AYTOYEITOVY: ZYNAYAIA XATZOTIOYAOY. TIAPAAIA NAZQY. QPA: 22:00.
EK®EIH ®QTOMPAGIAL EANTOPINAIOE. 1° AHMOTIKO. QPA:
21:00,
EKAHAQEH [TPOZ TIMHN KABA®H. KATIEAA QPA 20,30

JAYIOYETOY: TIOPTH IIATATAZ TYPOKOMEIO ME XOPEYTIKA AIIO TON
TIONTO QPA 20,30,

4 AYTOYEITOY: TRIO DOMINO JAZZ TYNAYAIA [TAATELA. TIPQTOAIKEIOY .
QPA: 2100

SAYTOYLZTOY: ZYNAYAIA MEAINAT KANA-TIANTEAH GAAAZZINOY 19
AHMOTIKO QPA: 21.00

FAYITOYLZTOY: ZYNAYALA STAVENTO. AHMOTIKO FHITEAC NAZOY. QPA 22,00

10 AYTOYZTOY: EYNAYAIA BLACK GEORGE BAND.. AT. ANNA.. OPA: 20:30

ITAYTOYZTOY: TIAIAIKO @EATPO. ME TON @IAZO [TOTAMITH «TO AOYPI
TOY ZOKPATH» AAZOZ EAAHE . QPA: 21:00

EK®EZH BIBAIOY NAEION IYTTPAGEQN. JAK. KAMIIANEAHS QPA: 10,00
MOYZIKOI APOMOI THZ NAEQY HKINHTIKOTHTA TOY XOPEYTIKOY
TPATOYAIOY ZTON MYAO APOMOY ATEPEZANIOY-TPIIOAQN. PA: 21.00

12AYTOYZITQY: [IAPAAOZIAKH MOYZIKH BPAAIA ME
TZAMNOYNONTOYMITAKA
FAYNAAO QPA 21,00



[TOAITIZTIKOZ OPTANIZMOZ AHMOY NAZQY

MOYPATIAOY. KAIIEAA. GPA: 20.00.

TEAIKOZ AIATONIZMOZ. AHMAFPXEIC NAZOY. QPA: 11.00-14.00.

11 IOYALOY: MOYZIKOXOPEYTIKH BPAAIA ME TO ZQMATEIO APQMENA. TTAPAAIA NAZQY. QPA:

21.00
14 TOY ATOY

P2 OYATOY
QPA: 2130

10 1OYAIOY

F710Y AOY

IR IOYALOY

IS TOYALOY

20ROV AIOY

:EK®EZH ZOQI'PACIKHE HAIAAHE. QPA: 21.00.

:[TAPAZTAZH KOYKAOG®EATPO <<AIZQII0Y MYOOI>>, AAZOL EAAHT XQPA NAZOY.

:TIAPAZTAZH KOYKAQG®EATPO <<AIZQIIOY MY®OI>> KYNIAAPOZ. OPA:21.30

:TIAPASTAZH KOYKAOC®EATPO <<AIZQMOY MY®OI>>. TPIMOAEZ. QPA: 21.30.

:TIAPAZTAIH KOYKAO®EATPO <<AIZQIIOY MYBOI>> MEAANEZ.. QQPA: 21.30.

:[IAPALTAZH KOYKAOBEATPO <<AIZQIOY MY®OI>>. TATKPL QPA: 21.30.
BEATPO G 700. TAAANAAO. QPA: 21.30.

- XOPEYTIKH BPAAYA ME TON ZYAAOQOTO ZKAIBANH IQANNINOQN, AAZOE AHMOY

NAZOY. QPA: 21.00

2HIOYALIOY

2 1OV AIDY

23 MOYAOY:

24 [OYATOY:

23 [OYAIOY:

20OV AIOY

2T IONAIOY:

2R IOV AHY

29 [OYAIOY

i TAPAZTATZH KAPATKIOZH. AAZOZ EAAHZ. QPA: 21.00

P EK®EZH KYPAZTA. OEATPO TAK. KAMIIANEAAHZ. QPA: 20.00.
TIAPAYTATH KAPATKIOZH. TAINAAO. QPA: 21.00

TIAPAXTAYXH KAPATKIOZH. MEAANEE. QPA; 21.00

NAPATTAZH KAPATKIOZH. TIOTAMIA. QPA: 21.00

TTAJAIKO BEATPO <<O MATI'OZ TOY OZ>>. TPITTOAEE. QPA: 21.00

ANABIQIH [TAPAACXIAKOY ITANHIYPIOY ETIX MEAANEZ, QPA: 2030
TIAPAXTAZH KAPATKIOZH. KYNIAAPOZ. QPA: 21.00

ZYNAYAIA PEMTIETIKHE KOMITANIAZ. KYNIAAPOZ.. QPA:2].30

MAPAZTAZH KAPATKIOZH. TAAHNH. QPA: 21.00
FIAPAZTAIH KAPATKIOZH. TATKPI OPA: 21.00

(IIAPAZTATH KAPATKIOZH. Al APZENIOZ. QPA: 21.00

: KAAOKAIPINH NEANIKH EYNAYAIA TOY EYTKPOTHMATOZX <<ENA BHMA

MITPOLTA>>, AAZOZL

AHMOY NAZOY. QPA: 21.30

3 IOYAIOY: @©EATPIKH ITAPAXTAZH <<[IPOMH@EAZL AEZIMQTHE TOY AIEXYAQY>>.. AHITE®E

POYMEAHZ, YPIA QPA:21.30



NTOAITIZTIKOZ OPTANIZMOZ AHMOY NAZOY

IZAYPOYETOY MOYZIKOXOPEYTIKH BPAAIA ETO FAAANAAO ME TOIIKA
XOPEYTIKA

ZYTKPOTHMATA KAL AITO JONIA NHEIA

I7AYTOYLTOY EKOEIH ZQIPAGOIKHI IIPQTONOTAPIOY
IAK. KAMITANEAHT.

I8 AYTOYZTOY HXAPOYAA AAEEIOY TPATOYAAE! STHN NAEQ THIIEAO
NAEQY QPA 2160

19 AYTOYLTOY PEZITAA ME PETPO TPAI'CYAIA ITON ATMHNA 21,00
20AYTOYITOY ZYNAYAIA ROCK TTA THN NEOAAIA ME TOYE NEKYIA

2T AVTOYETOY KAAAITEXNIKO TPIHMEPO ME NAZIQTEE KAAAITEXNEE —
CAYIITA - TIINAKEE

OPQTOMPADIEE, 19 AHMOTIKO
KPHTIKH BPAAIA ME TO TYTKPOTHMA AYAQPOE-ABYEZINOE
22 AYTOYETOY TPHIOAET

23 AYTOYITOY TIOPTH WAPA AAZOE AMMOY ME [IAPAAOZIAKQOYE
XOPOYE AIIO HMA®IA KAl TOITIKA XOPEYTIKA

23 AYTOYYTOY  LZYNAYAIA NHEIQTIKHE MOYZIKHE ME THN STEAAA
KONITOTIOYAOY XIATKPI QPA22,00

27TAYTOYETOY ATATQNIEMOZ [TITAZ AL.OANOYPIOY, AT.PANOYPIOT
TPOTTA

28 AYTOYITOY TYNAYAIA ME TOYS UNDERCOVER ITO AAZOT AHMOY
21,00

EKAHAQZEIL ZENTEMBPIOY 2009

5 EIITEMBPIOY NTATINAAA TOY AITAIOY, MOYZIKOXOPEYTIKO APOMENO
ME H®H KAl EOQIMA TOY TAMOY



TICAITIETIKOZ OPTANIEMOZ AHMOY NAZQY

G6ZFTIEMBPIOY TIOPTH TOY KPAZIOY ME XOPEYTIKA EYTKPOTHMATA
AAZOZ AHMOY NAZOY

Y ZENTEMBPIOY ®@EATPIKH ITAPALZTAZH ME TON ®IAT0 AEYTEPH
EAEY®EPIOY [AK.KAMIIANEAHE 20,30

19 TEHTEMBPIOY TIAIAIKH ITAPAZTATZH ME TON @IAZO KATIAT
AANAOYAAKH «H AIMNE TON KYKNGN» IAK KAMIIANEAHE 20.30

27 ZENTEMBPIOY « ENAZ ZEP ZTON [TAPAAEIZO» AGIEPOMA ITON
MIIBIKOQTIH ME THN AAIKH OPXHEITPA. ANNA MITIOIKQTEH. IAK.
KAMITANEAAHE. QPA: 20.30.



TIOAITIZTIKOX OPTANIZMOZ AHMOY NAEQY
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3 1 ENGEIH AFPOTIKON EYNETAIPIEMON
NAZOY gyn.ne
EAPATANANAAD NAZ DY 64300 AGM: 0DE0D42BE - ADY: NAZOY
THA 22857 22240-22863-25340-23051 FAX: 22850 22240

e-mall : easnexos@aitecnelgr

ARTITYNC

TIMOAONIC NAAHINE - AEATIO ANOETOAHE IEAILA 1
QP4 ENAPE. MAPAL:

EEIPA B APIQMOI 808 HMEPOMHNIA 15/141/2010

-

EXETIKA NAPALTATIKA

[ETOIXEIA TYNAANATIOMENDY JETOIXEIA ANOITOARE

KOAIKOEL <2} EKOMOE AIAKINHIHE MOAHEH
ENONYMIA  BAMAEME TOMOL COPTREHE ~ KENTRIKO KAZANCEAL
EMAITEAMA EIZATOFH EMNOPIA NQNAN ONOFS TOMOI NPOOPIIMOY  KENTF. ATOFA ADHNOM. A1-AZ AT
AIEYOYNEH KENTD ArOPL ASFNON. 18233  TPOMOE ANDITOAHE
Al IQANNH TPOMOZ NAHPAMHE  ENINIZTREE
AP AYTOKINHTOY

THNQAZ 2104832840

AOM 095737880 IXONA

Aoy MOIXATOY

Kuwdikog I'I:grvgngj WM Nogdmre Twiq yov. "Bk % Kobopd afic ®Na%
2720050 NATATA NAZOY XONAPH 40 KIADN K, £%.760,00 0,58 0.00 11.968,00 e.0%
ooe

\'\f!:u::.k 8/

- ve ':.Ec{:)\ G

EYNOAIKH NOIOTHT. 21.760.00

T ENDAPINEE Al D ; SATHTELIN =

Neprypown At enA% % Aimiohoyic Ao
S HNOADITIA TANANYER DA T, T INNOAL

NPOHMOYMENGC NEQ Kabapn afic  ONA% Afa@MLA  APXIKH AZiA 11.938,00
58.1085.08 70.792,12 11.888,00 g.00 7+8,08 EKNTOEH c.o
NAPATHPHIEIE [ KAGAPH AZIA  11.98E0C
718,08
12.888,08

EKAQEH Y
2533807¢B530R356C55CROFC5390230624FC32FE 0004 D00420wW0 ¢
KENTRIKGD: WAL RN L v
AT nes'.‘z‘fa;?i- LGY: MOCRATLS

THH.: 290 4832540 - 21
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AegeanCuisine - lNatarocuhdta NaEov edhido 1 and |

4%

Nararosaidra Nagou

07/10/2008 11:08

Katnyopia; OpexTikd
Tlnog matou: Zakdra, QUTIKG-MaXavike
MéBodog npoetopacias: Katoapohag
Matpo@n; Yyevo-Megoyelakd
. Kipua ouetatkd: EAaodAado, Kpeppody, Nropdra, ¥0d, Navareg, Iopdéia
® Ixemikoi vopol; Kukhadeg
Ixenikd vnoia: Nagog

4-6 MEPIAEZ

. " 8 8 8 80

1 kihé marareg Nagou SepAoudiopéve

3 o@IXTEG, WPIPES VIOUATES, KABAPIOHEVES ATTG TOV MUPHVE KL KOPUEVES OF KOHPATIA 3 £K,
2 peydAa kpeppodia, EepAoudiopéva, KOPHEVO OTN PEON KAl KATOMY GE AETTEG (PETEG

Vi pird, eEaipenikd napfévo edmohado i neprocdtepo edv BEAoupe

Z - 3 k.0, il and KOKKIVO Kpadi

ardm kar muépt

1% w.y. Eepn piyavn

4 - 6 naotd giAEta capdedag, SEmAupéva

Baloupe Tig matdieg of pia PEydin katoapoha pe kplo vepd kol Baloupe va ndpouv Bpdon. Pixvoupe apketd
ardni. KareBaloupe tn @wnid os pérpa kan otyoBpdloupe Tig matdreg péxpr va Eival tpugepic orav Tig
tpundape pe to mpolvi. Tig ooupwvoupe kal Tig EemAévoups apéowg oe kplo vepd. KoBoupe Tig mardreg oe
PoBEAES 3 k., ken Tig Badoupe oF pa peydin oadanépa, NMpooBEtoupe Tig viopdreg Kat Ta Kpeppddia,

Ie éva pikpd pmoA, xrumdpe pali pe oluppa 1o gAawAado, to §ifi, aAdr, mmépt kat tn piyavn. Duldpe otnv
akpn Ayeg KouTaMEg and TO VIPESIVYK KOl TEPIXUVOURE TNV TOTATOCAAGTO PE TO UTGACING. AVOKATEUOUNE
anaia. Ma to cepBipopa, Baloupe ta quAita capdehag Siakoopntikd Mdvw and TNy maratocaldra kai
NEPIXUVOUE PE TO VIPESIVYK TOU Exoulie uAdEE!, XepBipoups apéowg.

(Tn ouvtayi autd Ba  Bpeite ato BiBAio AegeanCuisine)

Khcioipa

zr/Print.aspx?id=87&type=recipes 9/2/2010
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GASTRONOMY/TALTPONOMIA

The gastronomy of Naxos
By Elias Mamalakis*

| love Naxos very much; | must admit, however, that most of all | love the people
of Naxos. They are open-hearted, hospitable, fun-lovers and connoisseurs. Naxos
combines everything from small and easily accessible archaeological sights that ex-
tend from Portara until the lying down Kouros, to indented coastlines and tasty

appetizers. The first thing you should look for when you reach the island is a grilled

sun dried fish (gouna, as they call it). The recipe is ’
simple: a big fish, for example bonito or mackerel, is
cut apen, well salted and left in the sun to dry. After-
wards it is grlled and accompanied with a thick oil
and lemon sauce. It is the most tasty fish, perfectly
grilled and with the best oil and lemon sauce, since
the oil comes from Naxos.

quality, known as Naxiotiki, which is very tasty es-

Of course, Naxos is renowned for its potatoes,
The old state potato nursery provides an excellent

pecially fried in a good quality olive oil. Se, on your

Elias Mamalakis

H yaotpovopia tg Nagou

Ano tov HAla Mayakdkn*

Tiy ayandw noki m Nd€o pa npéne va aog To oporoyriow éu mo miohd on’” Gha
ayan tour, avBpdnoug . Avortic kapbicc, phofevor, yAeviZeBeg ko peponhi-
Bec. H Ndkog 1o ouvBudle Gho, pipoils kar elkoka emakiou opxaiohoymotc
xtpoug mou Egavdve and my Moprdpa tou hippaviod kan grdvouv péxpl Tov me-

opivo Kotpo, Bovighwric napais; kal vooupoug pelébec, To npito npdyja nou
nipéne va {niorte gravoviag ot Mpdv evar fva Yinto Midkouto Yop  pa yolva,
Maipvouy peydha Ydpia g katyopi hayiba - kohide Ta avoiyouv o pion

a ahatifouv kahd xal 1o agijvouy otov fkie vo otpayyiouy, Mewd okdpa va Egpo-
oty an’ £6w kal nnwes habaképovo, Aev undpxe mio viompo Ydpi, mo dyoyo
ijenpo kai Mo kakd habokdjiovo, jnag ko1 to Adbi tiva vafiutiko.

BéPaa n Maog gnpifera kal yio ug notdies we. To nolo kpoukd onopeio
navatav Siver pia ebapenk nomikia, yvward kar we vofiaurn, nou eivar ndpa
ok voanjin, ibioitepa £dv myaviotsi oe kakd Adbi. M Eexdoete gedyoviog va
Bahere oto nopt ymaykal fvo pikpd toouPahdrr pe voliinkes nardreg.

To tpiio onoubaio mpofov Tou vaod elvan yevikd te upid. Exoviag, avenmmuy-
v ayehadotpogia napdyouy pia oapd and axknpd ko pokakd Tupid Tou Sev
pmopeite vo fpeite edkoko o dhha pépr. Ta Suo mo Sidonpa upid eival n ypo-
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wiry back home don't forget to put 2 small sack of potatoes in the trunk.

The third most impartant product of the island is cheese. In Naxos cattle farm-
ing is quite developed and there is a vanety of hard and soft cheeses produced that
are not found elsewhere. The most famous cheeses are Naxos gruyere (graviera)
made of cow milk, a5 well as Maxos arseniko (a type of hard cheese) that smells
fresh milk and butter.

In the central square of Maxos you will find a couple of shops that sell the
above-mentioned products. You will be surprised by the huge stock of cheeses
that are found in their larders.

In mountain villages you will find small restaurants that offer reoster with rich
tomato sauce and hollow spaghetti. If you go up to Apeiranthos, leave your car
outside the village and look for Lefteris’ tavern, Make sure that you are hungry and
starving. |n the small cooperative store you will find sweets and vanous goodies
produced by the village's women,

* Elias Mamalakis, Food editor

fiépa NdEou and oyehabivg yiko, ahhd ke 1o apoeviks Nafou, éva wpi noy
poaxoflohder gpéaxo ydha ke Poutupo.

Ty kevipikr) oyopd 1 Ndfou avadnujote ta &do - tpin poyolid nou o
éxovy. Bo oviunwmootene ond 1o kehdpio toug ko 10 wpdona anoBépoa w-
PIEV TIOU UTTdpXoUY.

Avalqiriote ota opevd xwpid 10 KA ETTIOTEMO TToU poyeipEdouy pooxave-
Bpepéva koxdpio pe mholdoio 0akton VIopGIaG ka1 PUNGLA PHaKOPGVIO.

Av avePeite péxpr v Aneipovllo, opriote 10 outokivito EEw and o xupid
kan avalrtiote v wafépva tou Aeutépn, No ndte vonkol ke nevaspivor. Fto
pikpd payodde tou Zuveraipropod Ba Ppefte yAund ko hha kakoibia o gua-
xvauy oubhoyid o yuvaikeg,

* Hhiog Mapahdxn, Anposioypdgpos yedong

114 _WWW-ted agiobpoks. g1/ Filedduin | ngNaras2cotbaot / Tudex. igE u
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Kaoteképilo Bapxilag - Yummy...out - yumm.gr Tehiba 1 and 2

Kahix; Dpioeg Eyypay newsistier Editorial

Tuwrayis Fpfivopa & Bikoka Yy Aarpoph Mevomicd TaEidg Ayopd BifiMa Yummy...out 0-36
Yummy...out
Kogvehbpifo Baprifog FKavire delvery? %q oy va BiyeoTe
Ex evBiopipa TTapayyLAieg {e sms
o EedeE G "
Chef TfuaTa Pufpouapkoul
wen koM g
Krfiaa Falag TYNOI
KPAZIOY : Epuipd, Snpd,
Hiouyp, ONAT NEMEA trprpians Google
MCIKIATAKH EYNOEIH :
Ayiepyimieo 100 %
MAPATOICE : FAIA
OINONOIHTIKH aBex
Chucolste chip coakies
Yruetva £ i - N
wmmnl:dum U bty Néo country style Opoc, pe anohauoTikd uaTevh Ko yive Ve 3, e
Tadna hoyavikiy ypidpoTa Kol fva oAoxaivoupo PEVOU anéd fvav xopugaio chel, o e
Fahanolihe A . 2. Tahareg B Zupoping
Arihh Do © xipog ehe unoore TG ouUVEnELS Tou ypbvou, nou NEpVA Kol 3. Amgavied 9. Noukepimh
P —— ] opfve Ta enpala Tou. Na noholc Sixoio 8o yepaxmplTay F 5
Tioupés KopdTa nakgropobinmes, Eutuyd: dpwe, o) dvBpuno TG enigelpnong, D o  Wewche
Mrc nou wp.{wy"nom u@a\:ﬁ:nﬁ zué-viuorp mﬂmv om m 5. Tobnsg 14 Phuwd
QOO 1} OTIYUA TNS P ovoviwone. Xpanlitav va
:mm,n‘:;m Jia £x B0Bpwv OANGYR, OF BA0 To enineda, Ta Acukd kol paiipa 8 Jkrows: e um
Piima e kehowubbog £nindo o quvuoapd pe To Eliho Bivouv nia dhhov agpa oTa
Todirw i ol oKmvikd, EVEd ) NEPINETRINT Tlopapio GEpVE TO G oT0
s ——— EOWTEIND, KO1 ETO1 EXEIS Biapkisc v lolngn Tou aveiTod
Mbma 15 nopToKAMG opitovTo. To olyxpova gurioTikg ko1 o1 feoTiy nrveAst o H ANixn 1 .
Noupde ongwiii Sioxbapnon ouvBETouv nia Eva oAGTEAD ﬁ;gwpmné porEive
Upside Down Pinapple Cake nEpIBAAADY, N0 A ka1 (eoTd, mow ayyilel To dpsa Tou Todna pou ‘neg
(T wdx TN& XTPOG) uw:tpwl:. Yepic waThoD vo YiveTal eEeimpive, NibBag O mepeccdTepol and spbe drav
Moupagmites TS yayidg /05, Kai Eripog va g GhAn axnie oulna_. avarplxblouie
Koihog Biopopenoingn GE oxEon KE To nopekBdv. Bamaubv oTic oEleg ot To npdTs nElyia neu peg
FropeTiare va TRl U TD XOpaXTAPIZoUY B kDI XPOVIa ~@pLaxn whp!, xokd Epyeror oTo wwakd tval o
Lot Al EgPic KOl NOIBTITS OTIE, NPAITES UAES—, T0 KooTEAGpILa pnaives negmoobreph
wmmmmﬁuuvnnfmu.nwuzpwﬂh wE To chel Niavvn MOVOKETD PE KAKKVD BpOUTY
MnaEephvn oAokAnpive TV nAfen avavEwoT) Tou, O Gha 18 KoupaunsdBeg e yioye KolAus
enineda. Tapas Night
i 3
Mpiv ApoXWPATOUNE St TG VEeS VETEKS, 89000 110 TO bbby siol o
Tihag kim nakl oy 0: g viEg K 3 nio
npoarmés Tpée. Mg booug Gev Edpouv T va npuTolohifouy
uEca ond Tov Kot a Ndvvng EEfdr iven nEvTE
Biopopernd pevod (yio S0 dTopa) nou nepAopfavouv: whpioe
oohbTa, opexmikd, KUpkes mare, enilidpnio won xpaot.
Npbkermol yia pia Savia Adon e BioiTepa Kahés Tipic, H EnolTeTE i v SOKHAGOETE VD LOTIaTERE;
AayiKd, Aoindy, ONOPATTE VO NPUTOVEDODEL . Taurdypova,
undpyouy enévTe nopabomaris yeUge Tou Nidwn o Mol gy Mend g alaracn ., O
MnaEsfivne, SnhoBh pikpés pepiSes and eEXAnvixes =
£ yiz, nou 3 01 TV TR TV
£13,80 (koi o1 névre)! And xix kat nEPa, UNARYE! WA Npaypam
peyiAn enidoyr oné peltBes kol maTo pe Baon ™ Badaooa.
And v tEoipeTikh cahiTo KooTehbpelo e Aoyovikd enoxic
® Epulpd (£6,50), Tig evBingépoudes «nevioplecs N: pe
® Asmch waurepf) mnemd kol péra (€4,60), Toug loupe
e AoyovovToApdlies pE Bokooava {€4,80) pixp Yo TpOyOVE
Poli wopdK Enaxic aTo Tyevi (€9,80). duoid, nopehalivouv kit
® revoyvaaio Ta xhooikh ooyavaka, piSio, orpeln kel To ouvoPd pakbma,
Qpala xnAngn onoTehe xoi o Bahbomes Snooupde, pE lopd
and Uk Kol kGAaVTRo (€25), Ta phpin evar dviug nuépac,
P00 TV @pa Nou TRAYORE BBopE vo Ta @Epvoly
oholdivTova. To xikd efvar ot €72, akMa pnopeite va
nngw’rwdft ai o AdoT Tou Wopiod nutpac, ourd, pE
rapt hay won nicpapiybaia (C14.80).
eniong, Kanoia NAITa pE kpiog, nou Sivouv... Hekfodo ox
EREIVEUS PO SV Eivar Kol TE0D Qikos Tou wapiol. O
AvuxpUGBES e naywTd (€5,50) eival 8,1 arpifibc yprbleral
1o va KhEioEr yhurd tva deinvo.
Tips
Mol 6o To Bpeite: A, Nooeddves, Apavike Baprlos, TA.:
210 9655022, Avonra: And Trj AsuTipa bus Ty Kupioxd}, ond
Tig 12,00 &g Ty 1.00. MdpKIvyK: AvETo. Kpomiong:
hitp://www.yumm.gr/article/19438 10/2/2010



Kaotehopilo Bapxlog - Yummy...out - yumm.gr Tehida 2 amd 2

Fuerfvevral, Kderoe: £30+35 1o dropo (ov Sev nopayyelhere
@piake wipil). Chef: Midvime Mnafegdvne. [Bamepbmmro: Ta
NEvTE S1ogopEnid peved nou npoTeiva o chef (ond €60 fug
€80 1o Slo &Topo). Nephapfaveral kol éva pnourths xpaot,
Zippic: Enoyyehyaricd ko yahopd, Alora kpomdav: TupBamer,
Biywe exnhfiEe. Alyn govTacio Bo anoyelwve To peved.
NeAoTohdyio: KBe nixiag, ZTo GApTE TOU Tig PEPEC HE
MiokdBa xon pevt To Ndoya. Nriopo: Avera, kbBE eiBous.
wEuve: H unipoyn Bto om Bakoooo.

Bockmark A M RO @G Y

nllday goniaréome MYSOL
auufiAben yipor néTe nulpar nfvio o
moAGTEpS

g Google

production by | CONCept
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N  EZTIATOPIO PAUSA - MAPOYZI - AGHNA Zehida 1 and 1

Pausa feelings

"Evraon oe dheg nig awbiong va yaotpipapyud adbog
VEDOBWV. .o
Moluréiea wal popavikog awobnoaopog oc 6leg Tg

ANOEPAHTEIS TO KEKKIVO e

wévouy 1o Pausa il ristorante rosso povadixd..

Avouctd axo 1o peanuipl, apotel

1 bva evpapioto Sdoppa Tov oow

grudoves ) Sabéon xm o yahapdver pe bva xagé 1 éva light yelpa

METG 1O pavia, T OB

pokakel va meg fva motd g bva glio ™
anbdyeopo. To Ppaby, o xapnhds punopds o npoibedln yo wim
Mo popaviicd... P TV ayamuévi) cov Aapbo ardhavoe ok
avBevnxl wovliva wm evdeypiva Irokacd wo Edknvcd

xpaond Aou Toipdlouy apuovikd BE TG YEUOEG.

KotddAnhog yopoc yw emayychpoanxdg oo foeig, POl

Bploxerm oe anbotaon avanvoefs and apketi etmpeieg 1 axdua wom

yia éva light yeipa pevd mmy Sovhand.

NPOTAXZEIE

MENOY AIIOY BAAENTINOY 2010..,
BEAALEE TEYEIINOZIAL,.,
BUSINESS LUNCH...

Ayiow Keviravriver 46 & Hgaior 6179290 - emall: info@pausa.gr

http://www.pausa.gr/ 12/2/2010



MENOY TZIKNOIIEMIITH (7/2/2010)
Amouche bouche
Towoudia kat  pacordda pie Aovkaviko
FZAAATES

Sahdta pe morka papovhiov, kpeppudak gpéoko aviBo ka Aevkd
Baroauko SV

Xwpramikn oardta pe Katowiow géta Hasipov
PEKTI
Karviot) peltiavooaharta
Tlatlix

Mat{apooaiira pe yiaobpa kat kaptia.

Be mapbivo ehardrado

KYPIQE TTIATA
Aouvkaviko yopiiriko IIniiov
Mm@rékia pooyapiowa
[Maidakia apviowa

Mavoéta oryoynuévn pe povotapSa, péh kat Bupdap
FAYKA

XahBég oynySakéviog pe apdySara ket Yavko mopTokdhl
' KPASI
Ktiua Miyae Aevkd(chardonnay-sauvignon blanc)

Ktfjua Miyag EpuBpo (Syrah-Merlot-Cabernet sauvignon)

Twun avé aropo: 28,00€
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