“"ExBeon I' EEapmvov

H éxBeomn vt mepilapfavel ovolootikd T Opacels and tov Zemtmeppto tov 2007
€wg Tov lovvio Tov 2008.

®aon 1 IMepapatéc KaAlépyeteg

O melpapatikés KOAMEPYEIEG GUVEXIOTNKAV e TO OEVTEPO £TOG TV TEPOUATMV.
YvveyiotnKav To 1010 TEWPAUOTO LE LEPIKES TPOTOMOOELS Y1 OLEPEVLVTOT Kol GAA®V
TOPAUETPOV TOL KPIONKE VoL £XOVV EVOLOPEPOV.

1. Edokpappn. EyxoatactdOnkav dvo mepaptikol aypoi évag otnv Avatolkn kot
évag otn Avtikn Oeocolo. AoKIUACTNKOV 0EK0 TOIKIALEG 101e¢ UE TI TOIKIMES TOV
nponyovpevov £€tovg. To melpapo oty Avatolky] Osocolio cOdpbnke pe
mvevkoTikn unyovn ota 30 eK. evd oTn ALTIKY YPNOUOTOMONKE E01KY Unyovn
oUNPAOV LE TPOYICKO Y10 GTOPA EAAKPAUPNG HE OMOCTAGES HETAED TOV GeEPhY 12
ex. H omopd €ytve kot oAl oxetikd apyd Kot T0 QUTPOU Oev giye peydin emrvyio
AOY® TOV KOPIKOV GLVONKOV 1oL NTav Kot oAl ToAD Enpéc. AkolovOndnkav ot
01eg KaAMEPYNTIKESG QPOVTIOEG pe TO Tponyovuev étog. H ocvykoudn €ywve v
........... Ta anoteAéopata Tov Tepapdtov eaodtvovtat oto [opdpmua L.

2. HMavBog. EykateotaOnkay 600 melpdpota mokimay (évo oty Avotolkn Kot £va
ot Avtikny ®eocoiia) pe dMOEKN TOKIAlEG TO KdOe éva. AxoAiovOnOnke 1o oo
TEPAPATIKO 0XEG10 Kot 01 KOAMEPYNTIKES PpovTideg Tov 2007.

‘EykatactdOnkav 600 mepdpoato cOykpiong kotepyosidv £6a@ove. 'Eva Enpikd kot
éva apdevopevo. TapdAinia €yve kot €va meipopa Pe Tokvi] 6mopd (OMOCTAGELS
Heta&y Tov oelpov 40 ek pe 1010 cuvolko TAnBvuouod 5,5 — 6000 eutd T0 GTPEUNA).
Eykotaotfkav 601 mepdpato ypovou £yKaTacTooNS Kol LEtdpévoy oticpatog. H
eEEMEN TOVIEPOAUATOV Elval KOAN

3. I'\k6 66pyo. EykatactdOnkg 600 melpdpato ToikiMadv Le 5 TOIKIAEG To KOO Eval.
AxoiovOnOnke 10 1000 TEWPAPATIKO OYEO0 KOl Ol KOAMEPYNTIKES PPOVTIOES TOV
2007. H e&€Mén tovrelpapdtov ivorl Koan

®don 2 IThotikég Karlépyeieg
1. Elowpaupn. . Eykoataotddnkav 6vo mlotikol aypoi £vag otnv AVaToAKT Kot
évag ot Avtikny Oeccaiio

2. HAlavBog EykotaotdOnkoav 6vo mAotikoi aypoi évog otnv AVOTOMKY Kot
évag ot Avtikr| ®sscario

3. T'Avko copyo. Eykataotifke évag mAoTikOg aypos. AOY®D T®V DVYNADV TIHOV
TOV KOAQUITOKLOD OV LINPEE eVOLUPEPOV A0 TAPOYW YOS VO, KAAAMEPYNGOLV
oTNV KOVOVIKN Tepiodo. Yrnpée evolapEpov yio eMIGTOpT KOAMEPYELD A
KOODG oVTO JOKIUACTNKE TO TPONYOLUEVO £TOG E€KPIONKE Vo UNG LRAPYEL
EVOLOPEPOV EMOVAANYNG LE TOGO VYNAO KOGTOG.

O1KOVOIKE KoL EVEPYELUKA 1605010 TOV KUAMEPYELDY.



Me Paorn To oTOyEl TOV KOAMEPYLOV KOl TOV TMUEPOAOYI®V €Pyol®V £yve 1
avAAVOT TOV KOGTOVG TOPOYMYNG KAl TOL £vePYelakoD 16olvylov. Ta amoteléopota
eaivovtal oto [apdptnpa 11.

E@oppoyéc vEmv KOAMEPYNTIKOV TELVIKAOV

Extég and ta mepdpota cuykpotons tov pefddmv kotepyacsiog tov e64poug Eytvay
e olepd TEWPAUATOV  PETPNONG NG  TOPOAAOKTIKOTNTOG TG  TOPOYMOYNG
(YopTOYPAENON  TOWOTIKMOV — YOPAKTNPIOTIK®V). Xpnoiponombnke 10  Opyovo
EKTOUNOMNG TNG TOLOTNTOG TOV CTOPWV (TEPLEKTIKOTNTA GE AGS1) KOl 1) KATAVOUT TOVG
otov aypd. Ta amoteAécpata avaidovTol.

®aon 3 ECayoyn - Kabapiopdg ko yprion Ladrov 6€ eninedo aypoKTHaTog

Yvveylomke 1 mopaymyr Aodod pe TNV KOYAL®TN TPECCO TOV gpyactpnpiov. H
Aertovpyia TG TPEGTAG NTOV IKOVOTOUTIKT LE CTOPOVS EAAKPAUPNG OAAGL LE APKETL
TPOPANUOTA EUTAOK®OV HE TOVG omOPovg MAlavOov. Tlapnyber apketd Ador yio
OVOADGELS TOOTIK®OV yopaktnpotikov ond v EAIN Brokavocwpo kot yoo Tic
avaykeg kavong oe MEK kot og kavotipeg Beppoknmionv.

Xpnon eutikev Aadiodv oe MEK

A) Ipoegtodnke 1 MEK yia Aettovpyia pe gutikd Addo kot Eekivioay ot dOKIEG.
AxolovBeitor 1 Tvmomoinon TV SoKIU®VY Kato Tov Kddtka Tov OOXA yio Kivntipeg
YEQPYIK®OV EAKLOTHP®V. Avamtdydnke €vo GoLTUO TPOPOdOGinG KOVGIUEOD e
dvvatdtTTo Topoyns Kaboapov meTperaiov, 1 LIYHATOV TETPELAiOL LE PLTIKO AadL GE
Oeppokpacics mapiPdriovtog kor oe Oeppokpacies péypt 85° C. H pérpnon g
woy0og yiveton pe obvoeon pe niektpomapaywyd (evyos. AvamtoyOnke €vo mAnpeg
CUGTNUO KOTAYPOPNS TOV OTOlElmv TtV dokipu®mv. To ovotnua péTpnong Ko;t
KOTOYPOONG LOTPA:

1. Toydmra TepoTPOPNS TNG UNYOVIS

2. KotavdAnimon Kousipov

3. Amodidopevn oyd

4. Ogpuokpacio Pnyovng Kot Kovoipov

AmoO to otoyEelon EKTIHATOL T PO TNG MNYOVAS KOl KotaokKevdlovtol ot
YOPOKTIPIOTIKEG KOUTOAES TNG OOKIUNG.

[TapdAAnio pLoTp®@VTOL 01 EKTOUTES TOV KOLGaEPi®V e E101KE dpyava.

[Ipwv amd Vv €évapén TtV HETPNCE®V €YVE KATOYPOPY TNG KATACTOONG TMV
KUAIVOp®V pe To omtikd Opyavo wov tpounbevtike 1 EBETAM.



Amoyn ¢ TEOPUATIKNG OtdTaéng yio dokiuéc tng MEK.

B) Eykatdotaon véov kivntipo G€ LIAPYOVTO EAKLGTAPA TOL EPYACTNPION Yo
TPAYLATIKEG OOKIUES LLE TNV NAEKTPIKN TTEOT Yo dokpég oto PTO tov ghkvompa. H
punyovn Ba mepactel HOAG £pBet 1 devTEPN OOGT TNG YPMNLULATOOATNONG KoL Ol SOKIUES
Ba apyiocovv dueoa.

Xpnomn euTIK®OV Aad1dV Gg KavoTipa Bepproknmiov
Awpopeadnke 1o cOoOTNUO TPOPOdOGiag £vOg KavoTipa Beppoknmiov yio OmAN
TOPPOOO0Gia Omd TETPEANIO KOl OO UIYHOTO TETPEAOIOV KOl QUTIKGOV Aadidv. Ot

TPOTEG LETPNOELS £0€1EaV IkavomomTikn Agttovpyia. Ot HETpNoELg Ba GUVEIGTOVV TO
Yentéuppro.

®aon 4 EEaymyn Ladrov o€ fropnyoviki KAipokao

Ot avaAdoelg Aoddv 6e PLopmyovikn KAILOKO TapOLCIACTNKAY GTNV TPOTYOUUEV
ékBeom yia tov 2007. Anoteréopata to 2008 Ba vtapyovv oty enduevn EkBeon).

Kootog Propmyovikig mapaywyng Aadiov. Avapévetor M OYETIKN UEAETN omd T
Bropmyoavia.

®aon 5 Mopoyoyn alkooins amd LOp®ON CUKYAPOV KOl KUTTUPIVAV



Ta mepdpota cvveyiCovior pe COUDGELG GOPYOL KAT® OO SOPOPETIKES GLVONKEC.
Ta npdrta amoteAéoparta eival evBapovvtikd. H ékBeon amotedecpdtov gaivetol 6to
[Hoapdptnuo IV.

®don 6. ALorhOyMon TELVOAOYIAV TNG OlEPYUCINS NETECTEPOMOINGINS TOV
PUTIKAV EAAIOV.

Avapéverar 1 €kBeomn mov yivetor and v EAIN Biokatvoyo kot opdda pelov AEIT
Kol gpevvntev Tov Tunuotog Mrnyavordymv Mnyavikav tov I1.60.

®aon 7. ASrordynon ypnons Provriled yia Kivnon cVTOKIVITOV

Extedéomnke oepd dokpumv oe kwvntipeg Diesel oe méon pe ypnon péyxpt 70%
Blovtnlel. BAéme avaivtikn mopovsioon Tov TEPAUATOV 6To Topdptnua 1.

Kotd ™ dudpxeta tov yeipndva dev €ytve ypnomn kpopuperaiov 6to Aem@opelo Tov
Aotikov KTEA Boiov. H ypnion dpyioe maAl v dvoién petd m Aqyn adeiog amod
to0v Yrovpyeio Metagopmv. [IpoypappatiCovtar ELeyyol EKTOUTOV KOVGUEPI®V OTIG
apyéc ZemtepPpiov.

®don 8. Avad001 TOV UTOTELEGUATOV

AWKTLOKOG TOTTOG

‘Exet dnuovpynBel dwvaxog tomog oto KETA. 'Exovv avaptmbfel ot 600 ekbBéoelg
KoOADG KO 01 TAPOVGLAGELS TNG TPMTNG NUEPISNS Yo Ta PLOKALGOLLE TTOL £YIVE GTN
Adpioa.

Hpepiodes.
"Eyve puo nuepida otn Adpioa yio Tapovsiosn) ToV OTOTEAEGUATOV.

®virdoro KallepyEr@v

[Tpogtodlovior GLAAGSIOL Yot TIG TPELG KOAMEPYEIEG YIO. TOVG OYPOTEC GE LOPON
TPITTOY®V.
Anpocievoelg — [apovcioon amotelepoudtov

[Mopovcidotray dvo epyacieg oto Evpomaikdé ovvédpo tov Teopyikov
Mnyovikav:

1. P.A. Kalavriotou and Th. A. Gemtos SUNFLOWER: FARM TO OIL

2. C. Cavalaris, C. Karamoutis, S. Fountas and T.A. Gemtos
Sunflower oil energy budget for in-farm oil production under four tillage systems

YroPAnOnke yio mapovcioon epyoasio pe TitAo

T.A. GEMTOS, P. KALAVRIOTOU, CHR. KAVALARIS, CHR. KARAMOUTIS,
S. FOUNTAS In farm production and use of vegetable oils



Y10 debvéc ouvédplo ommv Attdieln 1o Oxtdfpro tov 2008. 'Eywve dext yia
TOPOLGIOCT GE LOPPN POster.



Hapaptpa I
Amoteréopato TEPApATOV gakp pufng 2008



MHopdptnpo IT

Owovopkad kot Evepyeloka 160l0yio KaAlepyermv



Owovopiko — Evepysrako 16ol0y10 Yo Tig KOAMEPYELES EAIOKPARPT,

c0pyo, niiavOoc.

v mopovoa  EpEvve.  UEAETHOMKOV Ol TPELS KLPLOTEPEG KOAMEPYEIEG TOV
YPNOLOTO0VVTOL Yo TNV TTapoywyn Prokavoipwv. H elatokpaupn, amotelel to mo
ldedopéEVO evepyelakd eutd ot ovtik] Evponn. Amd tov €Adidon GmoOpo TOv
eutov efdyetar €hono TO omoio ypNoomolEiTal Yoo TV mopaywyn Provtilel,
KOTAAANAO Y10 KAOOT| G€ TETPEAUOKIVITIPES. [0 TIg EAANVIKES KMUOTIKES GUVONKEG,
ATOTEITOL TPOCAPLOYN TNG KAAMEPYELOG, EPEVLVA Kol YEVETIKY| Pedtion yio gbpeon
TOIKIAMOV KOTAAANA®V Yo TO KApa g voTiog Evpdnng.

To ocoOpyo elvar yvowory woaAMépyelr otovg EAAnves mapoaymyovg, amdivto
TPOCUPUOCHEV] OTLS E0QPOKAUOTIKEG CUVONKES TNG XDPOG Olvovtag TOAD KOAEC
amodocels. Méypt oTIYUNG M TapOy@yn TS KAAMEPYELNS TOV GOPYOV, XPTOLULOTTOLEITOL
®¢ Cmotpopn. AmO €VEPYEIOKNG TAELPAS, TO TPOIOV EMETOL OO  KOTAAANAN
eneéepyacia, mapdyel froaBavorn, alkodAn n oroio amoTeAel TOAD KOANG TOLOTNTOG
KoOoo Yo BeviivokivnTipec.

Téhog 0 MAavBog amotelel pi TOAD YVOOT KOl TPOGOPUOGUEVT] KOAMEPYELD LE
KOAEG amod0oels. Méypt onuepa, KaAMepyeitot yio TV mopayyn nAtelaiov 1o onoio
e€dyetal amd Tov €hoicddn omdpo ToL ELTOV. To NMAEANMO £meElTo amd KATAAANAN
eneepyacio, pmopel vo  ypnowwomombel ®¢ Prokowolpo  ywo  Kowon g
vrileAoKIVN T PEC.

Yxomdg g €pevvag eivor va PBpebel 1 katadAnAdtepn koAMEpyswa, M PEATIO
TOIKIALOL KOl 0 KAAVTEPOG TPOTOG dlayeiplong TG KOAAEPYELNS, MOTE Vo EmTeLYHoHV
VYNAEG AmOdOGELS e OGO TO SLVOTO AYOTEPES EICPOEG.

Mo tig avhykeg g £€peuvag YPNOOTOMONKOV TEPAUATIKE O YPOTEUAYIO. OF
dlapopeg meployég g Oeoocaliog, Beleotivo, T'dvvovdn, Pilopviog, Kaivpakia,
Ytepavofiketo, [Tatovid, Makpuydpt kKot Poyuko.

Opyavodnkoav técoepa €idn mepapdtov. ooy, dpdevong, emoyng omopas Kot
TUKVOTNTOG OTOPAS, EVA TELOG £YKATOCTAOMKAY TAOTIKEG KOAALEPYELES. XKOTOG TMV
TMEPOUATOV TOIKIM®VY, givar va gheyyBoldv o1 KoALTEPES TOKIAMES amd v kdbe
KaAMEPYELD, Yoo vo Bpebel moleg amd avtég elval KOAVTEPA TPOCUPUOGUEVES OTIG
ouvOnKeg ™G TEPOYNG g Oeocariog. To evdlapépov eoTidleTOL GTNV ATOSOCN Kot

TIG amOLTNOELS NG KAOe mowiMog o€ vepd Kot QUTOTPOSTAUTELTIKA TTpoidvta. Ta



mePAapato dpdevone mpaypatoromonkoy yoo vo ereyyfel mog avtidpd n kabe pia
amd TG KAAMEPYELEG OTO VEPO. XKOTOG ivar 1 HEl®OT TOV apdEVCEDY GTO EAAYLOTO,
YOPIG OUMOC VO UELOVETAL TO OLKOVOMIKO OQEAOG Yo TOV TOPAY®YO TOV
EKUETOAAEVETOL TNV KAAMEPYELD. ZTO TEWPAUATO ETOYNG CTOPAS, TPOYLOTOTOONKE
omopdl 0€ TPELG OLOPOPETIKEG TEPLOOOVE. ATTO TNV AVAALGY| TOV OTOTEAEGUATOV T®V
TEPOUATOV ETOYNGS OTOPAs, Oa eEayBovv YPNOLE CLUTEPAGUATO OC TPOS TO TTOLN
etval M KotoAANAGTEPT TEPIODOG YO TNV E€YKOTACTOON TNG KoAAEpyelng. Me ta
TEWPAPATO TUKVOTNTOG GTOPAS, EAEYXETOL TTOLOG €ival 0 1OAVIKOS TANOLGLOG PLTAOV,
®oTE Vo emTEVYHOVV HEYIOTEG OMOOOGELS.

Téhog, eykataotdOnkav MAOTIKEG KOAAEPYEIEG. XKOTOC NTOV Vo, eAeyyBel mwg
avTIOpoVV Ol TOKIAEG TOL EMAEYTNKOV O TPUYUOTIKEG GLVONKESG aypol, va
emonpavBodv ot dvokoAieg mov avtipetomilel 0 TopaAy®YOS Kol Vo eKTIUNOEl M

amdO00N TOV UTOPEL VoL ODGEL GE TPOYUOTIKES GLVOTKEC 1 KAOE KaAMEPYELQL.

Elooxpdppn.

Mo ™ de€aymyn Tov TEPAUOTOS TOIKIMAOV GTNV KOAAEPYELD TG EAOOKPAUPNG,
ypnooromOnkav ot mowkiaieg: PR46W09, PR46W10, PR45W04, PR45DO01,
RECITAL, EXACT, HERO, ROYALF1, CALIFORNIUM «xat EXECUTIVE.
EykoatactdOnkav og 1pelg melpapatikods aypovs, oto Bedeotivo, otn [Mdvvouin kot
oto. KolvBdxwo. Xto melpopo mokvotrog omopds eyKotaotddnke m mwowkido
PR46W09 oe mepapatikd oypotepdyle oto Beleotivo ot TNdvvouAn kot oto
Pilopvro. Téhog, yio v ehanokpaupn eykatoaotddnke neipapo emoyng omopdc. I'a
T0 GKOTO aVTO ypnotpomomOnke n mokidic PR46W0O9, ctovg mepapatikons aypods
tov Beheotivov kot tov Pilopwlov pe muepounvieg omopdg 7/11/06 - 26/12/06 -
9/2/07 wan 28/11/07 - 3/1/08 avtictouyo.

Xopyo.
10 meipapo TOWKIM®VY ¥pnooromdnkay mévie eumopikég mowkidiec cdpyov: DALE,
M81-E, THEIS, TOPPER76-6 xat SUGARGRAZE. Eykatactéddnkav dvo

TEPOLOTIKOL 0ypOl [LE TEPAUOTO TOWKIAIDV Kol ETOYNG omopds, oto Puykd kol ota



KaAvBdxia. Ot nuepounvieg omopdc yio tig 6vo mepoyés, eivan 4/5/07-30/5/07-
18/6/07 wax 8/5/07-28/5/07-18/6/07 avtictoya. Ot moikihieg mov ypnoiponotonkay
oto meipapa emoyng omopdg eivar or M81-E xar SUGARGRAZE. H milotikn
KOAMEPYEWD, €yKATOOTAONKE ©€ aypd 2 eKTOpi®V OTNV OYPOTIKY TEPLOYN TOV
Pilopviov. Xpnowomombnkoav ov mowkiiieg DALE, M81-E, THEIS, TOPPER76-6
kot SUGARGRAZE.

HA\iav6Ooc.

O1 mowiAieg nMavBov ot omoieg eykotaotdOnkav ota TAAic TNG £PELVOG YOl TO
nelpopo  mowkawv  eivar:  AURASAL, GAMASOL, GLEDESOL, MH5222,
NUTRASOL, NIKSANAY, NX367, OLEKO, SANLUKA, PR63A90, PR63A70 kot
GARYSOL. EykatactdOnkav 6€ V0 TEWPAPATIKOVG 0ypOovS, VOV 0TO LTEQPAVOPIKELD
Kt évav oty IlatovMmd. o to meipapo apdevong eykatactddnkay dvo TOIKIAMES
nAlavBov, GLEDESOL ka1 GARYSOL oto 10100 TEWPOUATIKA oypOTEUNYIO. LE TO
neipapo mowiidv. H mlotikn kaAlépyeia tov nAlavBov, eykotactdOnke ce aypo
éktaong evog extapiov omv aypotikny meployn tov Yuykov. mn mowiAio oL

emAé&ytnke etvou n GLEDESOL.

Xevapro - Hlapadoyég
Mo v avdivon TOV omoTEAEGUATOV ONUOVPYNONKOV CEVAPLYL KOAAEPYNTIKMOV
QPOVTIO®V Kol APOELONG, HE OKOTO v, KOAVEOOUV OAEG Ol dVVATEG TEPIMTAOGELS

EVEPYELNKADV KOl OIKOVOLUK®V 100 0YimV Yo TV Kabe KaAAépyeta.



Elavoxkpapfn

To oevdplo v TV KoAMEPYELW TG EAAOKPAUPNG, TOPOVGIALETOL GUVOTTIKG GTOV

okorovo Tivoka.

[Tivaxkag 1. Xevapto yio v KoAAEPYELD TNG EAAOKPAUPNS LE T POCTKE OIKOVOUIKE

oTol el Kot TNV EVEPYELX Yo TNV KAOE epyacia.

300
dpoTpo 1 120
OloKooBdpva 1 50
EAAQPUG KAAAIEPYNTHG-TTPOETOINOTIAG 1 50
oUvoAo
epyagia oropdg 60
TTO0OTNTA OTTOPOU g/ha 3503
TTO0OTNTA OTTOPOU otr./ha 661000 46,7
€idog AirT@dopaTog 11-15-15
TToooTNTa AIMTACOUATOg kg/ha 250 125
gUvoAo
€i00¢ {ICavIOKTOVOU Trifluralin
TToooTNTA {IAVIOKTOVOU g/ha 2200 14,3
epyacia {IavioKToviag 15
gUvoAo
EPYQOia CUYKOUIBONG 80
emdOTNON KAAAIEpyelag (€/ha) 40

Mo v katepyoacio Tov €3GPOVS, TO GeEVAPLO TePAapPavel éva Bepvd Opywpa,
népacpa pe dokooPfapva, Kot TEAOG v TEPOCUO PE EAOQPL KOAALEPYNTN Yo TN
onuovpyio KATdAANANG omopokAivic. Akolovbel Aimavon pe MTOGUOTOOVOUED, O
omoiog dlavéuet og kKaBe ektaplo tov aypotepayiov 250 kg Mmdouatog 11 — 15 — 15
Kol WYeKaouog e 2200 g/ha amo 1o (illavioktovo trifluralin. Ztdyog eivor 1 omopd va
npaypotonomBel ota  péco tov  OktoPpiov, oAAG AOY® TOV  SVOKOM®OV
TPOETOOGIOG TNG OTOPOKAIvIG €ytve Katd to puva NoéuPpro. I'a ) omopd evog
extapiov, amortovvior 3500 g omdpov. TEAOG, M CLYKOUIN TPOYUOTOMOLEITOL LE
0ep1lOOAMVIOTIKY UNyovn, OTOC Kot 6TV KOAMEPYELX TOV GLTaPLoD.

"o tov vrohoyiopud Tov otkovopkoD olvyiov cuvvmoroyiletal To KOGTOG Yo TNV

KGOe epyacia kol to yempykd epddio Tov ypnoorombnkayv (IMivaxag 1). Emiong,




ocvumeptAappavetor k6otog evoikiaong g yng 300 € / ha, emedn e€etdleton 10
oevlplo gykatdotaong e ehonokpdupng oe Enpika yopaeila. Katd cvvénela, dev
nePLOUPAVETOL GTOVG VTOAOYIGUOVG KOOTOG Kot gvépyela  aposvong. Téhog
ovvumoAoyiletor emdotnomn kaAiépyelag 40 € / ha. H emdotnon avt) avapévetat va
GTOLOTNOEL TO EMOUEVOL £TT).

H dwopopd tv cuvoAikdv ££00mV TG KOAMEPYELNS OO TNV OIKOVOUIKT TPOG0d0,
€0M0E TO OKOVOUIKO 160l0Y10 Yo v kdBe mepintwon. [a tov vroroyiopud g
OLKOVOUIKTG TPOGAS0L YloL TNV KOAAEPYELD TNG EAAOKPAUPNG, VITOAOYIGTNKE TN
nodinong 0,4 €/kg ondpov. 10 6eVaplo mov meptypdenke, eEETACTNKE 1) OIKOVOULIKT
TPOGOS0G TG KaAALEPYELOG Yoo anodocelg 1000, 1500, 2000, 2500 xor 3000 kg / ha.
Téhog efetdotnke 1 OWKOVOUKY TPOGOSOG TNG KOAMEPYEWNS YO T TOPUTOVED
Amod0GELS, G€ 1O1OKTNTY YN. Apaipédnke dnAadr| To KOGTOG evolkioong YNG.

Mo 6lo Tt GeEVAplO TOL TEPLYPAPNKAV VIO TNV KOAAEPYEW TNG EANLOKPAUPNG,
TOPAAANAC HE TO OKOVOUIKO 16000Y10, vmoloyioTnkov To evepyelakd 16olvylo o
OULVTEAEGTIG EVEPYELNKTG ATOSOGNG KOL 1] EVEPYELNKT] OTOJOTIKOTNTAL.

Apyikd vroloyiomnkav ot €10poég evépyelog. o o okomd avtd, vmoroyioTnke 1
EVEPYELD TTOV OOTOVATOL Y10 TNV KATEPYOSIO TOV €APOVE, TN GTOPA, TN AlTavon, 1
(QULTOTPOCTACIO, TN GLYKOWUON, TN UETOPOPH TNG TOPpAy®YNS Kot TV e€aymyn Tov

ghaiov.

Kotepyoaoio £dd@ovg

[Na v xoatepyoasio tov €ddeovg pe Apotpo, Bewpeiton OTL ypnoipomoOnke
YEOPYIKOG eElkvotipog oyvog 82 kKW kot Bapovg 4200 Kkg. T v evépyela tov
oTafEpOV GTOXEIMV TOV EAKVOTIPO VITOAOYIGTNKOV Ol EXUEPOVS EVEPYELES:

Evépyela kataokevng (VAkd ko Brounyovomoinon) 86,77 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 49% emi g apyikng evépyelog Kataokevng (Bowers, 1992).

H dpketo {ong tov ghkvotipa avépyetar oopemva pe ) PBiioypapio oe 16000
dpec (Asae Standards, 2002). 'Etot, n amdoPeon evéPYElNg ava dpa €PYACIOC TOL

elkvotipa vroroyiletan og 36,25 MJ.



Apotpo

‘Eywve n mopadoyr| 0t ypnoyomombnke 4vvo apotpo Papovg 500 kg. H evépyela tov
oTafepdV GTOXEIMV TOV APOTPOL VITOAOYIGTNKE AT TIG EMUEPOVS EVEPYELEG:
Evépyeia kataokevng (VAkd ko Brounyovomoinon) 52,78 MJ/kg (Bowers, 1992).
Evépyeia petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 97% emi g apyikng evépyelog katackevng (Bowers, 1992).

H dudpketa {ong tov apdtpov, avépyetor coppmva pe tn Pploypapio oe 2000 dpeg
(Asae Standards, 2002). 'Etot, | amocfeon evépyelag ava dpa epyaciog vroroyileta
og 28,19 MJ.

H evépyeia tov petafintdv ototyeiov Tov apodTpov vwoAoyiotnke o¢ eENG:
Katavaioon kavoipov 49,2 I/ha.

Evepyeloxo 16odbvapo kavoipov 47,78 MJ/I (Pimentel, 1992).

Evapyeio kovsipov 47,78 M/ x 49,2 I/ha = 2351 MJ/ha.

Evépyela Mmovtikov 4% eni g evEPYELNG KOVGIHLOV.

To dBpowopo ™G evEPYENG KOVGIHOV KOl TNG EVEPYELNG AMTOVTIKAOV, Olvel TNV

EVEPYELD TOV PETAPANTAOV GTOLYEI®V TOL APOTPOVL.

IMa v katepyacio Tov €66Povg pe eEAaPpPL KOAAEPYNTH Kot O1oKosPdpva, Bewpeitor
OtL ypnoponomdnke yewpykdc eakvatipag woyvog 51 KW kot Bapovg 2520 kg. IMa
TNV EVEPYELD TOV OTOOEPDV GTOLYEIMV TOV EAKVGTNPA VITOAOYIGTNKAV Ol EMUEPOVS
EVEPYELEG:

Evépyela kataokevng (VAkd ko Brounyovomoinon) 86,77 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 49% emi g apyikng evépyelog Kataokevng (Bowers, 1992).

H duapketo {ong tov elkvotipa avépyetar o 12000 mpeg (Asae Standards, 2002).
‘Eto1, 1 andcPeon evépyelag avd dpo epyaciag tov eAkvotipa vroloyiletor o 29
MJ.

Elagppic korliepyntig



‘Eywve n mopadoyry 6tt to Papog tov karAepynth sivar 280 kg. H evépyeia tov
oTa0eP®V OTOLYEIWV VTOAOYIGTNKE OO TIC EMUEPOVS EVEPYELEC:

Evépyela katackevng (VAkd kot Brounyovomroinon) 51,38 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyelo emokevmv 61% emti tg apyikng evépyelog Kotookevng (Bowers, 1992).

H didpkero {ong tov apdtpov, avépyetar og 2000 dpeg (Asae Standards, 2002). ‘Etot,
N anocPeon evépyslog ova dpa epyociog vmoroyiletor og 28,19 MJ.

H evépyela tov petafintdv otoryeiov yio Tov eappd KaAMEPYNTH VTOAOYIGTNKE MG
edne:

Katavaioon kavoipov 8,8 I/ha.

Evepyetoxo 1odvvapo kavoipov 47,78 MJ/lI (Pimentel, 1992).

Evapyeio kovcipov 47,78 MJ/l x 8,8 I/ha = 419 MJ/ha.

Evépyela Mmoaviwov 4% eni g evépyelag Kavoipov

To GBpowcpo TG €VEPYEWS KOLGIHOVL Kol TNG EVEPYELNS AUTOVIIK®OV, OiVEL TNV

EVEPYELD TOV HETAPANTAOV OTOLXEI®V Y10 TOV EAAPPD KAAMEPYNTY.

Awoxoaofapva

‘Eywve n mapadoyn 6t 1o Bapoc g diokocsPdpvag eivar 1050 kg. H evépyeio tov
otafepdV oTolXEIMV VITOAOYIOTNKE OO TIG EMUEPOVS EVEPYELEG:

Evépyeia kataokevng (VAkd ko Brounyovomroinon) 49,96 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 61% emi g apyikng evépyelog katackevng (Bowers, 1992).

H dudpkerta {ong tov apdtpov, avépyetor copupmva pe tn Pploypapio oe 2000 dpeg
(Asae Standards, 2002). 'Etot, | amocfeon evépyelag ava dpa epyaciog vroloyiletat
og 46,85 MJ.

H evépyela tov petafintdv otoryeiov yio Tov eappd KaAMEPYNTH VTOAOYIGTNKE MG
edne:

Katavédimon kavoipov 7,2 I/ha.

Evepyeloxo 16odbvapo kavoipov 47,78 MJ/I (Pimentel, 1992).



Evapyeio kovoipov 47,78 M/l x 7,2 I/ha = 342 MJ/ha.
Evépyela Mmoviikov 4% eni g evépyelag Kovoipov.
To dBpowopo ™G evEPYENG KOVGIHOV KOl TNG EVEPYELNG MTOVTIKAOV, Olvel TNV

EVEPYELD TOV HETAPANTAOV OTOXEI®V TG SIGKOGPAPVOC.

Ymopd

Mo v omopd, ypnoonomdnke yempyikog eEAkvotipog 1oyvoc 51 kW kar Bapovg
2520 kg. Ot vmoAoyiopoi ywa v evépyela TV otafep®dv GTOYXEI®V TOVL EAKLGTIHP
elval OO0l e aVTOVE OV TTEPLYPAPNKAY GTNV KOTEPYASIO TOV €0APOVS UE EAAPPV

KAAALEPYNTY] KO SlokocPdpva.

2V KOAAEPYEWD. TNG EANOKPAUPNG, xPNOoTOotlEiTOl KATd KOPLO AOYO GIOPTIKN
ortpov. To Bapog ¢ omaptikng vroroyiletar o€ 900 kg. H evépyeia tov otobepmv
oTo(El®V VITOAOYIGTNKE Al TIG EMUEPOVS EVEPYELEG:

Evépyela kataockevng (vVAka kot Brounyovonoinon) 56,9 MJ/kg (Bowers, 1992).
Evépyeia petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 43% emi g apyikng evépyelog Kataokevng (Bowers, 1992).

H didpketo {ong TG omapTiKng ortnpav, ovépyeTotl cOLPva Le TN BiAoypagia oe
1500 dpec (Asae Standards, 2002). ‘Etot, n andoPeon evépyelag avd mpo epyaciog
vroAoyileton og 54,1 MJ.

H evépysio tov peTofANT®OV GTOLEIOV Y10 TN CTOPTIKN GLTNPOV VIOAOYIGTNKE ©C
edne:

Katavaimon kavoipov 3,1 I/ha.

Evepyeloxo 16odbvapo kavoipov 47,78 MJ/I (Pimentel, 1992).

Evapyeio kovsipov 47,78 M/l x 3,1 I/ha = 148 MJ/ha.

Evépyeta Mmovtikov 4% eni g evEPYELNG KOVGILOV.

To GBpocpa TG €VEPYEWNS KOLGIHOL Kol TNG EVEPYELNS AUTOVTIK®OV, OiVEL TNV

EVEPYELD TOV PETAPANTAOV GTOEIMV TNG GTOPTIKNG GLTNPOV.



INa ™ omopd, mpémer va ocovumepneBel wor m  evépysla TOL  OTOPOVL.
Xpnoworombnkov 3503 g ondpov yio T omopd evog extapiov. H evépyela tov

OTOPOL TNG EAOKPAUPNG avd KILO, avépyetan o€ 48,256 MJ.

Almavon

[Ma v mpaypatomoinon g MITAVeE®S, YPNOILOTONONKE GOUPMVO. L€ TO CEVAPLO
Mracpotodavopéog o omoiog tomobetinke oe eikvotipo woyvog S5S1 KW. kot
Bapovg 2520 Kkg. Ot vmoloyiopol yioo TV gvépyeln TV oTabepdv GTOLKEI®Y TOV
eAkvoTtipa givol OPO10L PE AVTOVE TOL TEPLYPAPNKAY CTNV KOTEPYASIO TOV £06.POVG

pe eha@pd KaAlepynty kot dStokocBdapva.

Awroouorodiavouéog

‘Eywve n mapadoyn 61t 1o Bapog tov Mmacpatodiavopéa sivar 150 kg. H evépyeia tov
oTa0ep®V OTOLYEIWV VTOAOYIGTNKE OO TIC EMUEPOVS EVEPYELEC:

Evépyela katackevng (VAkd kot Brounyovomoinon) 52,78 MJ/kg (Bowers, 1992).
Evépyela petagopdg 8,8 MJ/kg (Bowers, 1992).

Evépyelo emokevmv 49% emi tg apyikng evépyelog Kotookevng (Bowers, 1992).

H owbpxeta {onmg tov apdtpov, avépyetar copupmva e 1 PpAtoypaeio oe 1200 dpeg
(Asae Standards, 2002). 'Etot, | amocfeon evépyelag ava dpa epyaciog vroroyiletot
og 10,93 MJ.

H evépyela tov petafAntov ototyelov yio Tov MTOGHATOSIOVOUEN VTOAOYIGTNKE MG
edne:

Katavaioon kavoipov 2,5 I/ha.

Evepyeloxo 1odvvapo kavoipov 47,78 MJ/I (Pimentel, 1992).

Evapyeio kovoipov 47,78 MJ/l x 2,5 I/ha = 119 MJ/ha.

Evépyela Mmoviikov 4% eni g evépyelag Kowoipov.

To dBpowopo ™G evEPYENG KOVGIHOV KOl TNG EVEPYELNG MTOVTIKAOV, Olvel TNV
EVEPYELD TOV LETAPANTAOV GTOLYEIOV TOV MTOUCUATOOAVOUED.

Téhog, ot Amavon Tpémel va, GLUTEPIANEOEL KOt 1] EVEPYELD TOV GKEVAGUATMOV TOV

ypnoporomOnkayv. Xpnowomomnkav 25 povadeg Mmacpatog 11 — 15 — 15, H



OUVOAIKY] &vépyeld AMmacpotog, vmoloyiletor omd t0 GBpoloua NG evEPYELNG
TOPOYOYNGS, TNG EVEPYELNS CLOKELOGIOG KO TNG EVEPYELNG LETOPOPAGS, OVOAOYO LLE TNV

ToGOTNTA TOV £PapUOleTaL amd To kB cToryeio EeymploTd.

[Tivaxag 2. Evépyewn mopoymyns, CLOKELOGIOG KOl UETOPOPAS TOV KLPLOTEP®V

oTtoyEimV Yo Mroavon.

Evépyeia
TAPAYWYNS Evépyeia Evépyeia
AITTdopaTog OUOCKEUOOIiag HETAPOPAG
MJ/kg MJ/kg MJ/kg

AlwTo 69,50 2,6 4,5
dwogpopog 7,70 2,6 5,7
KaAio 6,40 1,8 4,6
Ocio 3,00 1,8 4,6
AcBéoTio 0,80 1,8 4,6

ITnyn: Mudahar et al., (1987).
To obvolo TV EVEPYEIDV TOV EAKLOTNPO, TOV AUTOGUATOOIVOUED KOl TMV

MITOGULATOV TOL Y pMoLpoToOnkay, divel TNV oAk evépyela AMmavongc.

®vuronpootacia

[Ipwv ™ omopd gpappoletor CllavioktOvo Yo va PmOpESEL 1 KOAAEPYELDL v
aviayoviotet ta Qlavia péyxpt va avamtvoybel apketd. o ™ CGlovioktovia,
YPNOUOTONONKE COUP®VO LLE TO GEVAPLO YEKAOTIKO G& eAKvoThpo oybog 51 KW.
kot Bapovg 2520 kg. Ot vroroyiopol yuo TNV evépyela TV 6Tabep®Y GTOLEIDY TOV

eAKvoTNpa ivat OLO0L LE QVTOVG TTOL TEPTYPAPNKALY TOPUTAV®.

Yexaotixo

‘Eywve n mapadoyn 6t 10 Pdpog Ttov yekaotikov eivar 130 Kg. H evépyeio tov
otafepdV oTolXElMV VTOAOYICTNKE OO TIG EMUEPOVS EVEPYELEG:

Evépyeia katackevng (VAka ko Brounyovonoinomn) 56,9 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 37% emi g apyikng evépyelog kataokevng (Bowers, 1992).

H dpketo {ong tov yekaotikov, avépyetar oe 1500 opeg. H andofeon evépystog
ava dpa epyaciog vroroyiletan og 7,52 MJ (Asae Standards, 2002).

H evépyelo tov petafAntodv ototyelov yio 10 YeKaoTiKO VTOAOYIoTNKE MG EENG:
Katavaioon kavoipov 1,2 I/ha.

Evepyeloxo todvvapo kavoipov 47,78 MJI/lI (Pimentel, 1992).



Evapyeio kovsipov 47,78 MJ/l x 1,2 I/ha = 58 MJ/ha.
Evépyela Mmoviikov 4% eni g evépyelag Kovoipov.
To dBpowopo ™G evEPYENG KOVGIHOV KOl TNG EVEPYELNG MTOVTIKAOV, Olvel TNV
EVEPYELD TOV LETAPANTAOV GTOLYEIMV TOV YEKOGTLKOD.
Télog, cvpmeptAapPavetol Kot 1 EVEPYELD TOV GKEVOGUATMV TOV YPNCLUOTOONKAVY.
Xpnowonomdnkov 2200 g/ha trifluralin. Ztov mivaka 3, mapovoidletar n evépysia

TOPACKELNG TOV SPACTIKMOV OVGLOV TOV KUPLOTEP®OV (ILAVIOKTOV®V.

[Tivaxog 3. Evépyela mapaymyng t@v kupldtepmv okevaoudtov (IlovioKToviog.

Ovopa Evépyeia Ovopa Evépyeia
OKEUAOMATOG mapaywyng (MJ/kg) OKEUAOMATOG mapaywyng (MJ/kg)
MCPA 130 Fluometuron 355
24D 85 Atrazine 190
245-T 135 Dinoseb 80
Dicamba 295 Trifluralin 150
Chloramben 170 Diguat 400
Fluazifop-butyl 518 Paraquat 460
Propanil 220 Glyphosate 454
Alachlor 278 Linuron 290
Propachlor 290 Cyanazine 201
Chlosulfuron 365 Bentazon 434
Butylate 141 EPTC 160
Diuron 270 Metolachlor 276

IInyn: Helsel, (1992).

H ovvolikn evépyela Qillavioktoviag, vmoloyiletor amd 10 dBpoicua ¢ evépyelag

TOV GKEVAGHOTOG KO TNG EVEPYELNG TOV YEKOGTIKOV.

YvyKopon

H ovykoudn mcg elookpaupng, yivetar pe 0eptloaA®vioTikn punyovn. 1o cevdplo
avdAvong tov gvepyelakol 1ooluyiov, yio Tov VTOAOYICUO NG EVEPYELNG oTAdEP®V
otoyeiov, vroloyiletar Pdapog pnyovhig 7700 kg. H evépyswo tov otobepmv
otovyEimv ¢ 0eploaA®VICTIKNG UNYOVIG OTOTEAEITAL OO TIG EMUEPOVS EVEPYELES:
Evépyeia kataokevng (VAkd ko Brounyovoroinon) 86,77 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 20% emi g apyikng evépyelog kataokevng (Bowers, 1992).



H dudpkeia Cong, avépyetar oe 2000 dpec (Asae Standards, 2002). H omdoPeon
eVépYELOG ava dpa epyaciog vmoroyiletal oe 448,12 MJ.

H evépyeln tov petafintov otoyyeiov yio tn 0eptloah®VicTIK VTOAOYIGTNKE ®C
edne:

Katavédimon kavoipov 14,67 I/ha.

Evepyeloxo 16odbvapo kavoipov 46,02 MJ/I (Pimentel, 1992).

Evapyewo kavsipov 46,02 MJ/l x 14,67 I/ha = 675,2 MJ/ha.

Evépyeta Mmovtikov 4% eni g evEPYELNG KOVGTLLOV.

To GBpocpa TG €VEPYEWNS KOLGIHOL Kol TNG EVEPYELNS AUTOVIIK®OV, OiVEL TNV

evépyeln TV PHETOPANTOV oToryeimv ¢ 0eptloaA®VIGTIKNG HUNYOVIG.

Metogopa mapoayoyns

A6 T GLYKOUIN GTO YOPAPL, LEXPL TNV ATOONKELGT TOL TPOTOVTOS KATAVAADVETOL
EVEPYELD Y10 TN LETOPOPE TNG TAPAYMYNG. XTO CEVAPLO TOL UEAETATOL, M LETAPOPE
TPOYUATOTOONKE LE TAATPOPLLOL LETAPOPAS YOPNTIKOTNTOS 5 TOVOV, GE ATOGTACN 5

km xou pe tayvtnto 20 km/h.

E&ayoyn ehaiov

Mo mv ggaywyn 0L €haiov, TO0 GEVAPLO TPOPAETEL TN YPNCYLOTOINCT KOYALOTOV
ovumieotn oyvog 0,87 KW.

AxolovBel 0 TivaKog VTOAOYIGHOD TOV EIGPODV EVEPYELNG Y10 TNV KOAMEPYELDL TNG

elatokpappng.



[Tivaxoc 4. Ewopoég evépyelag vy v KOAMEPYEIWL NG €AdOKPAuUPNG Ommg
TEPLYPAPNKE GTO GEVAPLO.
EVépVEI(’] . ’ SUVOA
€10POEG EVEPYEING otaBepwy  Evépyeia  Evépyeia o
\ HETABANTW  YEWPYIKW
OTOIXEIW v v
\ OTOIXEIWV £QOdIWV
MJ/ha MJ/ha MJ/ha MJ/ha
Kartepyaoia eddagpoug Mepdopata
Apotpo 1 152,2 2445,5 2598
EAa@pug KaAAIEpYNTHG 1 31,4 435,7 467
AiokooBdpva 2 44,3 356 400
>UvoAo KaTepyaaiag 227,8 3237,1 3465
Zmopd Moo. omépou (kg/ha)
>UVOAO OTTOPdg 3,5 67,5 153,5 168,9 390
Movadeg
Aitravon Nirdoparog
AlwTo 6,7 5132,2
Pwaopopog 9,15 1464
KaAio 9,15 1171,2
TOvoho Airaveng 6.3 124,2 77674 7898
WYekaopoi -
DuToPApHAKA Mogdtnta d.0. (kg/ha)
trifluralin 0,1 18,5
FUVOAO QUTOTIPOCTATIOG 13 181,9 18,5 213
Tuykopidn
$OVOAO GUYKOUIBIS 378,8 702,2 1081
MeTagpopd Tapaywyng Méon amméoTaon petagopdg (km)
TUVOAO PETAPOPAS 5 22,1 75,2 97
>0voho
Egaywyn gAaiou eTTegepyaaiag 116,7 31518 3269

Expoéc evépyerag

Onwg avagépbnke mopamdve, eSetdotnkov 5 OlPOPETIKE GEVAPLOL TOPAYDYNG.

Yroloylotnke m €kpon evépyelag Yoo mapaymyn o€ omopo 1000, 1500, 2000, 2500,

kot 3000 kg/ha. Eniong, cuvumoloyiotnke kot 1) evépyela omd To AGdt, TV Tita Kot Ta.

oTEAEY).




[Tivaxog 5. Xtoygela yioo 10 mMOGOGTO GE TitA, MEPLEKTIKOTNTO GE VYPOUGIO Kol

TEPLEKTIKOTNTO G EVEPYELD TV LEPDY TOV PVTOV TNG EANOKPAUPNC.

TMO000TO TiTaG % 65,0
uypacia ava@opdg || ZTTopou 10
% STEAEXWV 20
amdédoon >1TOpOoU 2730
&npd Bapog EAaiou 960
kg/ha Mitag 1780
>tehexwv || 4250

EVEPYEIAKA EAaiou 39,4
TTEPIEKTIKOTNTA Mitag 19,6
MJ/kg >tehexwv || 14,3

IInyn: Rossell et al., (1991)

Oewpndnke 611 1 péon vypacio Tov oropov givar 10 % kot tov otedeymv 20 %. And
0 Bapog vypne naloc, aearpeitor n vypacio. Me Tov TpOTO AWTO LVIOAOYileTOL M
anddoon oe Enpo Papog. H evepyelakn mepiektikdTTo TOV €A0IOV, TNG TTTAG KO TWV
oteleymv, eivar 39,4, 19,6 ko 14,3 MJI/Kg avtictorya.

Ytov mivaxa 6, Tapatifevtal ot Ekpoég EVEPYELNS YO TIG ATOOOGELS TOV GEVOPIOV.

[Tivaxog 6. Expoég evépyetog yio amddoon oe omodpo 1000, 1500, 2000, 2500 ko 3000
kg/ha.

Zmwopog | Addi Mita Z1eAéxn | Zuvolo
Amré6o0n (kg/ha) 1012,6 319 592,3 1771,2 2783,7
Ekpoég evépyelag (MJ/ha) 24176,8 | 12566,8 11610 25328 | 49504,8
Amédoon (kg/ha) 1518,8 478,4 888,5 2656,8 4175,6
Ekpoég evépyelag (MJ/ha) 36265,2 | 18850,2 | 17414,9 37992 | 74257,2
Amédoor (kg/ha) 2025,1 637,9 1184,7 3542,4 5567,5
Ekpoég evépyeiag (MJ/ha) 48353,6 | 25133,7 | 23219,9 50656 | 99009,5
Amdéoon (kg/ha) 2531,4 797,4 | 1480,9 4428 6959,4
Ekpoég evépyelag (MJ/ha) 60442 | 31417,1 | 29024,9 63320 | 123761,9
Amdéoon (kg/ha) 3037,7 956,9 1777 | 5313,6 8351,2
Ekpoég evépyelag (MJ/ha) 72530,4 | 37700,5 | 34829,9 | 75983,9 | 148514,3

H S109opd tov gkpodv amd Tig €10p0Es, divel TV Kabapn evépyela TOV TAPAYETOL
amod v KoAlMépyela. O CUVTEAESTNG EVEPYELOKNG OMOJOTIKOTNTOC, diveTarl amd To
TMAMKO TV €KPODV TPOG TIG €16poec. TEAOG, 1 evepyelokn mapay®ytkoTnTa,

vroAoYileTon amd TO TNAMKO TNG TOPAYWYNG TPOG TIG EKPOEG.



Xopyo.

To oevdplo yio v KaAAEPYELD TOV COPYOL, TOPOVCIALETAL CLVOTTIKA GTOV TIVOKQL
7.

[Tivokag 7. Zevdplo yio tnv KoOAMEPYEWM TOL GOPYOL HE TO. POCIKO OUKOVOUKE

otoyyeio Kot TNV evépyetla Yia TV Kabe epyacia.

dpoTpo

Bapug kaAAigpynTAg 50
OlIo0KOGRapva 50
gUvoAo

epyagia oropdg 60
TTO0OTNTA OTTOPOU 2,4
€idog AirT@dopaTog 15-15-15

TToodTNTA AIMTACOUATOg kg/ha | 300 | 174
€i00¢ AITT@oaTog Qupia

TTooo0TNTA AIMTACATOG 57,5
epyaaia Aitravon 10
€idog CICavIoKTéVoU Ramrod

moooTnTa {iIfavioktévou | I/ha 10 150
epyacia {IavIoKToViag 15
oUvoAo

TTOAUMTTEK (pAPTTA) TTO0OTNTA VEPOU m®ha 200

oTaydnv Too6TNTA VEpou m/ha

yewTtpnon 150 m 712
yewtpnon 10 m 472
TOEB pe aUAaka 483
TOEB pe aywyo 826
£PYATia CUYKOMIONG 220
emdOTNON KAAAIEpyEIag (€/ha) 40

O ondpog tov cOpYoL Exel HETPLo PEYEBOG Kal Katd cLVETELD, TO £00(pog Ba TpEmeL va
elval KoAd KATEPYOGUEVO KOl WYIAOY®OUATIGUEVO MOTE Vo givar duvatd T LOPLe TOL

€04POVC VO EPYOVTAL GE EMAPT LE TO GTOPO. ZOUQOVA LLE TO GEVAPLO, 1] KOTEPYOTIN



TOL €3GQOVE YL TNV KOAAEPYEWD TOV cOpyov TepAapPdver €vo Bepivd dpywpa,
mépacpo pe Papd koAAepyntn kol ovo OolokooPapves. Axolovbel Amavon pe 30
povadeg Mmdopatog 15 — 15 — 15 péow Mmacpatodiovopéa Kot yekacpuog pe 10 lha
amo 1o Qillavioktdévo ramrod. Katd to piva Mduwo, mpaypotonoteitor n oropd. o
onopd €vog extapiov, amoutovvtor 1217 g omdpov. Metd 1 omopd, omorteiton
apoegvon pe okomd vo tpafnéel vypacio 0 GTOPOg Kot Vo dS1ELKOAVVOEL TO EOTPOULO.
INo to oxomd avtd epappdlovrar 200 m?® vepoy avd ektdplo, pEcm Gpdevong Le
KOPOVAL kot ToAVUTEK (paura). ‘Eva pqva petd ) omopd, £og évo uivo mpv
OLYKOUON, M KOAMEPYEIWL apOEvETOl OVA  TOKTG YPOVIKG OlOGTHUOTO  UE
OTOAAKTNQOPOVS ay®yols, ol omoiotl TomobeTovvtol avd devtepn ypouun. Enedn to
oopyo elvar kaAMEPYEln OV OvVATTOGGEL peydlo mocd @utopdlog, amorteiton
npocHNKn aldTov Katd 10 6TAd10 NG AVATTLENG TOL PLTOV Yo Vo dtevKOALVOEL 1)
avénon ko vo peytotoromdei n mapaywyr. ‘Etol, xotd T mpdTeG apdedcElS Ue
OTOAAKTNQOPOVS aywyoLs, Tpayuatomoleitar voporimavon pe 10 povadeg ovpiag H
OUVOMKN TOGOTNTO vePoV mov Olatifetor otnv KoAMépyela pe ovtd tov TPOMO
apdevone, eivar 3000 m* vepod avé extdpro. TELOG, Yoo T GLYKOWSH 1 omoia

nmpaypatonoleiton TéAN OktmPpiov, ypNOILOTOIEITOL EVOIPOTIKO PNy vi L.

Yevaplo 4poevoG.
‘Eva amd to peyoldtepa TpofANUOTO TOV YEOPYIKOV EKUETOAALEDGEDV TNG YDPIS,
amotelel TO VEPD KOl O TPOTOC UE TOV OMOT0 UTOPEL O TOPAYWYOS VO TO EEACPAAICEL.
O 1poTOC e TOV omoio mpounBevovtal To vepd ApdeLoNG Ol Topaywyol, TOlKiAAEL
avdioyo pe v Tomobecio T KAOE aypOTIKNG TEPLOYNG KOL TNV VITOOOUN TNV Omoin
dwbétel. Tty mopovca  Epevva, pHeleTHOnKovV TEGGEPA  OlOPOPETIKE  GEVAPLOL
GpdELONG Y10 TIG KAAALEPYEIEG TOV GOPYOL Kot NAiavOov.

1. Apdevon amd 1010kt YeOTpnon pe fabog dvtinong 150 m.

2. Apdevon amd 1010kt Ye®Tpnon pe Pdbog dvtinong 10 m.

3. Apdevon and 1o diktvo T.0.E.B. pe avAdxio.

4. Apdevon anod to diktvo T.O.E.B. pe aymyo.
SOUPOVO HE TO TPAOTO GEVAPLO APOEVONG, O TOPUYWYOS EMPapPOVETAL TN SLAVOLEN
YEDTPNONG KOL TNV EYKATACTOGCT GLUGTILOTOS OVTAOG — YEVVIATPLOG YO VO, UTOPEGEL
va apdevoel évav aypd éktaong 8 extapiov. O vopoedpoc opilovtag Ppicketol
YOUNAG Yoo TO AOY0 avTd 1 TPOTOL TNG YEMTPNONG ovoiyetol o peydio Bdbog kat to

BaBog avtinong eivor 150 m amd v emedaveln Tov €ddpove. To yeyovog avto,



emPopdvel Tov Tapaymyd pe emmALOV ££000 APOV TO KOGTOS YEDMTPNONG CLEAVEL LE
to BaBog. H éxtaon g KaAMépyelag Tov 8 extapiov OewpnOnke 0Tt amoteieital and
tpion aypotepdyle. H eykotdotaon g yedtpnong mpaypotomomnke oto peydio
aypotepdylo to omoio €xel éktaom 4 ektdplo, evd ta dAlo dvo éktaomg 2 kot 2
extapiov, anéyovv 200 m kot 300 M and TN ye®TPNOT. ZVVETNDS GUUTEPIAAUPAVETOL
emmALOV KOGTOG Yoo TNV eyKatdotacn 500 m arcdiivov coinve ¢90, yio
LETAPOPE TOL VEPOD OO TN YEDTPTN OGN GTO dELTEPELOV diKTLO dpdevong. [Tépa and T0
KOGTOG TNG YEDTPNOMNG, £YEL VTOAOYIOTEL KOl TO KOGTOG Y0 £YKATACTOGCT TANPOLS
CLOTNHOTOG GPOEVONG Y1 3 EMUEPOVS GEVAPILAL.

1. Apdevon pe KapoOAL Kot TOAVUTEK (PAUTOL).

2. Apdevon e oTaydves.

3. Apdevon e KpE 0KPOPVOLN GE LETAKIVOVEVOVS GMOANVEG.
2TIG MEPIGGOTEPEG TMEPIMTMOELS, YPNOULOTOOVVTOL TEPIGGOTEPOL AMO EVAG TPOTOL
apdevong. Xvvnwg TpaypaToTolEiTat GPOELON UIKPNG TOGHTNTOS VEPOD LE KAPOLAL,
He HEYAAO akpo@VOG1o (Kovovt) 1| pauma Alyo HETA TN 6mopd, yio va dtevkolvvOel to
eUTpOMO. Metd to TpdTO 0TAdL ovATTLENG NG KOAAEPYELnS, eykabioTatol To
OlkTLO  EQOPUOYNC YL  GOPOELON UE  OTAYOVEC. X&  UEPIKEG TMEPUTTAOCELS
TPAYLLATOTOLEITOL APOEVOT LE UTEK EMELON EXEL YOUNAOTEPO KOGTOG,.
210 3€0TEPO GEVAPLO APAELONG, 1GYXVOLV Ta 1d10 LLE TO TPMTO GEVAPLO, UE TN Sopopd
OTL 1 YEOTPMNON KOl 1) AVTANGT TOL VEPOV TTPOYUATOTOLEITAL GE TTOAD LuKpOTEPO PAOOG
(10 m). Xvvendc, 10 KOGTOG YEMTPNONG KOl GVIANONG TOL VEPOV Gpdsvong, eivat
younAotepo. To Gevaplo avTO 1oYVEL YIOL OYPOTIKEG TEPLOYEG OMOV OEV VTAPYEL
opyavopévo dikTvo dpdevomng Kot 0 vdpoPdpog opilovtag Ppicketol ynAd.
ZOpQmva e TO TPiTo GEVAPLO, VTTAPYEL HIKTVO APOEVONG GTNV OYPOTIKH TEPLOYY| KoL
T0 vepod davéuetor otovg aypovg amd tov TOEB pe apdevtikd kavaiio. Zovemmg
otV TEPIMTOON avT VToAoYifovTol Ta APIELTIKA TEAN Kot TO KOGTOG GVTANONG TOV
vepoy amd TO KOVAAL KOl Ol0YETEVONG TOVL pe avénuévn mieon oto KHpo dikTvo
dpdevons. o To oKOTd aVTO YPNGLOTOIEITOL OVTAID ETLPAVELNKNG OTOPPOPNONG LIE
opillovtio a&ova. Ta €E£oda Yo TNV €YKATAGTAOT TOL OIKTVOV £Qappoyns (tpia
EMUEPOVS GEVAPLN), EIVOL OLOLA LLE TNV TEPIMTOGN TOV TPMTOL GEVAPIOV.
Kotd 10 tétapto cevdpro, vmapyet diktvo Gpdevuomng Kot To VEPO JVEUETOL GTOVG
aypobg and tov TOEB pe aywyod. Xuvenmg, dev amatteitor aviAio yio TV GviAnon Kot

dwavoun. Opmg, otV TEPInT®ON aVT To APOEVTIKA TEAN ivar TOAD VYNAL oe oyéon



pe to mpornyovuevo cevdpro. Ta vwoéOrowma ££000 Yoo TOL EMUEPOVS GEVAPLOL UE T
dikTLO EQOPLOYNG Elvar 10100 PLE TIC TPONYOVUEVES TTEPITTMOGELS.

Ot Tipég TV e£0pTNUATOV KOl TOV £YKOTACTAGEMY Y10 TOV VTOAOYIGHO TOV KOGTOVG
dpdevong, elvar TIHES MaVIKAG TOANCONG kol cvurepiiapfavovuv tov O.ILA. yu to
2007 - 08.

IMa Tov vroAoyiopd tov okovopkod 1oolvyiov GuvuToAoyileTol TO KOGTOG Yo TNV
KGOe epyacia, TO HNYOVIUOTO KOU TO YEOPYIKO €QOSL0. TOVL YPNOLULOTOMONKAVY.
Ynohoyiletar kdotog evowkiaomng g yng 500 € / ha. emedn| e€etdleton o cevdplo
gyKatdotaong NG KoAMEPYElwng o€ mOToTIKG  yopdaele. Kotd ouvvémela,
TEPILOUPAVETOL GTOVE LTOAOYICUOVE KOGTOG Kol €VEPYELX GPOEVONG Yo TECTEPQ
dtpopeTikd oevdplo dpocvong. Télog cuvumoroyiletar emdotnon kaAlépyetog 40 €
/ ha. n omoio avopévetal vo oTapatioel to. endpeva £tn. Amd to dOpooua TtV
eEO0MV Yo TIG €PYOCIES, TN YPNOWOTOINGN TOV YEOPYIKAOV HNYOVIUATOV Kot
aypoEPOdimV, LTOAOYILeTAL TO GLVOMKO KOGTOG TNG KOAMEPYELL.

Ta éc0d0 ™G KOAMEPYELOG, TPOEPYOVTOL OO TV TAOANON TS Topaywyns. H tyun
TOANGNG Y. T0 6Opyo vroroyiotnke oto 0,02 €/kg vypnc paloc. Apapmdvtag ta,
¢€€00a amd T0 oGO TV £660MV, e&dyetan To KaBapd 10O Yia KAOE eKTAPLO TNG
OLYKEKPILEVNG YEMPYIKNG EKUETAAALEVONG. XTO GEVAPLO TTOV TTEPLYPAPNKE, EEETAOTNKE
N OWOVOUIKY TPOG0d0G TG KOAAEPYELag Yo  amoddoelg 90000, 105000, 120000,
135000, 150000 kot 165000 kg yAowpng pnalag / ha. Téhog eEeTdoTNKE 1) OIKOVOLIKN
TPpdG0d0¢ TG KaAMEPYELWNS Yoo amodocelg 90000, 105000, 120000, 135000, 150000
kot 165000 kg yAopic pnalac / ha, og 1810k Y. AQaupébnke dnrodn 10 KOGTOG
gvowkioong yng.

Mo 6la ta oevapla Tov TEPLYPAPNKAV Y10 TNV KOAALEPYELD TOV GOPYOL, TAPOAAANAL
HE TO OWKOVOUIKO 160L0Y10, VITOAOYIoTNKOV TO €VEPYEWNKO 160L0YI0 O GUVTIEAEGTIG
EVEPYELNKNG ATTOO0CNC KOIL 1] EVEPYELNKT OTOOOTIKOTNTA.

ApyiKd vTOAOYIGTNKOV Ol EIGPOEC EVEPYELNG, YO TNV KATEPYOSIO TOL €JAPOLS, TN
OTopad, TN Mmovor, T LUTOTPOCTAGIA, TNV APOEVST), TN CLYKOMUON KOl TN LETOPOPA

™G TOPAYOYNG.

Kotepyaoia €dd@ovg
O VOAOYIOUOG TNG EVEPYELNG YO TO OPYMUA Kol TN SIGKOGRAPVa TEPLYPAPNKE GTNV

KOAMEPYELD TNG EAALOKPAUPNG.



Bopv¢ karliepyntig

IMa tov Bapd kaAlepynty, Bewpeitar 0Tl ypnoLOTOMONKE YEWPYIKOS EAKLGTHPOG
oyvog 82 KW kot Bapovg 4200 kg.

To PBapoc tov kodhepynt) vmoroyiletor oe 370 kg. H evépyeia tov otobepmv
OTOLEI®V VTOAOYIOTNKE OO TIG EMUEPOVS EVEPYELES:

Evépyela kataokevng (VAkd ko Brounyovomoinon) 52,78 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 51% emi g apyikng evépyelog kataokevng (Bowers, 1992).

H didpkea (ong tov kaliepynty, vroroyiletor oe 2000 mpeg (ASAE Standards,
2002). Etot, n andoPeon evépyelog ava dpa epyaciog sivarl 28,19 MJ.

H evépyela tov petafintdv otoyeiov yio tov fopld KaAAEPYNTH VTOAOYIOTNKE MG
edne:

Katavaioon kavoipov 26,7 I/ha.

Evepyeoxo 16odbvapo kavoipov 47,78 MJ/I (Pimentel, 1992).

Evapyeo kavsipov 47,78 M/l x 26,7 I/ha = 1276 MJ/ha.

Evépyeta Mmovtikov 4% eni g evEPYELNG KOVGTHOV.

To GBpocpo TG €VEPYEWS KOLGIHOL Kol TNG EVEPYELNS AUTOVIIK®OV, OiVeEL TNV

EVEPYELD TOV HETAPANTAOV GTOLYEI®V TOL APOTPOVL.

Ymopd

"o v omopd, ypnoonomdnke yempyikog eAkvotipog woyvoc 51 KW kat Bapoug
2520 kg. T'w ™ omopd o©dpyov, ypNOLOTOLEITAL KOTA KOPLO AOYO GROPTIKN
oKoMoTIKOV Kahdepyeudv. To PBapog ¢ omaptikhg vroroyileton oe 350 kg. H
EVEPYELD TOV 0TOOEPDOV GTOYEIV VTTOAOYIGTNKE OO TIG EMUEPOVS EVEPYELES:
Evépyeia kataockevng (vVAka kot Brounyovonoinon) 56,9 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 43% emi g apyikng evépyelog Kataokevng (Bowers, 1992).



H dudpketa {ong ™ omapTikng ortnpov, avépyetal cOuemvo pe ™ PipAoypaeia o
1500 mpeg (ASAE Standards, 2002). ‘Etot, 1 amocBeon evépyelag ovh dpa Epyaciog
vroroyileton o 21,04 MJ.

H evépysio tov peTofANT®OV GTOLEIOV Y10 TN CTOPTIKN GLTNPOV VITOAOYIGTNKE ©C
edne:

Katavédimon kavoipov 2,8 I/ha

Evepyetoxo 1odvvapo kavoipov 47,78 MJ/I (Pimentel, 1992).

Evdapyela kavoipov 47,78 MJ/l x 2,8 I/ha = 134 MJ/ha

Evépyela Mmoaviov 4% eni g evépyelag Kavoipov

To aBpocpo TG €VEPYEWNS KOLGIHOL Kol TNG EVEPYELNS AUTOVIIK®OV, OiVEL TNV
EVEPYELD TOV HETAPANTAOV OTOLYEI®MV TNG CTOPTIKNG CKOAIGTIKOV KOAMEPYELDV.

Mo ™ omopd, cvumeprhapPdvetar Kot 1 evEPYELR TOL GTOPOV. XPNGLULOTOWONKAVY
1217 g ondpov ywn 11 omopd evoc ektapiov. H evépysia avd kild omndpov yio to

oopyo, avépyetar o€ 103,86 MJ (Kalivrousis et al., 2002).

Aimavon

IMa v mpaypatonoinon g MIAvoe®s, YPNOILOTOMONKE MTACUATOOOVOUENS GE
elxvotipa 1oyvog 51 KW. ko Bapovg 2520 kg. Ot vmoAoyiopol yio. tnv evEPYELD. TV
oTofepdV Kol PETARANTOV GTOWXEI®V TOL EAKLOTIPO KOL TOV AUTAGUOTOOOVOUED,
TEPLYPAPNKOAY TNV KOAAEPYELD TNG EAALOKPAUPNG.

Exto¢ and ™ Pacikn Almavorn 1 omoio mpaypatomomOnke pe AMmocUoToO0VOuEa,
epopuooTnKe Ko vopoMmavon pe 10 povadeg ovpiog. Emedn n vdpoAimavon
epappoletor PECSHO TOL OIKTLOV APOELONG HE OTAAUKTNPOPOVLS OywyovS, oTNV
vopoMmavon Aappdveror povo m evépyeln Tov okevdopatog. H evépysio tov
otafep®V oTolyElWV VITOAOYILETON BTNV GPOELON.

Xpnoworombnkov 30 povadeg Mmdopatog 15 — 15 — 15 ko 10 povadeg ovpiag. H
OUVOMKT &vépyelo,. AMmAouatog, vmoAoyiletor amd T0 GOpolcpo NG EVEPYELOG
TOPAYOYNG, TNG EVEPYELNG CLGKELOGIOG KO TNG EVEPYELNS LETAPOPES, AVAAOYO LE TNV
mocOTNTO TOV £Qapprdletal amd to Kabe otoryeio Eexmplotd dnwg TEPLYPAPNKE GTNV
KOAMEPYELD TNG EAALOKPAUPNG.

To ocOvolo TV evePYEIDY TOL EAKLOTNPO, TOV AUTAGUOTOOIOVOUED KOl TOV

Mmacudtov mov ypnotpomomonkay, divel Ty oAk evépyetla Almoavong.

®vronpootacia



INa ™m GQloavioktovia, ypnowwomomdnke GOUE®OVO UE TO GCEVAPLO YEKAOTIKO G©E
ehxvotipa 1oyvog 51 KW ko Bapovg 2520 kg. Ot vroroyiopoi yio thv evépyELd TV
otofepdv oTOEI®V TOV EAKLGTIPO KOL TOL WYEKAGTIKOD, TEPLYPAPNKOV OTNV
KOAMEPYELD TNG EALOKPALPNC.

Téhog, cvumeptAapPavetal Kot 1 EVEPYELN TOV CKEVOGUATOV TOV YPNGLLOTO|ONKAV.
Xpnowonomdnkov 10 I/ha ramrod pe dvopo dpactikng ovoiag propachlor. And tov
TVOKO TOV OKEVOGUATOV 7OV TopaTifetol otnv KoAMEPYEWD NG EAVLOKPAUPTG,
vroAoyileTaon 1 EVEPYELD TOPACKEVLNC.

H ovvolikn evépyela (illavioktoviag, vmoloyiletor amd 10 dBpoicua ¢ evépyelag

TOV GKEVAGLOTOC KOL TNG EVEPYELOS TOV YEKAGTIKOV.

Apogvon

[Ma Tov VTOAOYIGUO TV EIGPODV EVEPYELNS, VTTOAOYIGTNKE 1| EVEPYELX TOV GTAOEPDV
OTOYEI®V TOL OIKTOOL HETOPOPAG KOl EQPAPUOYNG KOl M EVEPYELN OTOOEPDV KoL
LETAPANTAOV CTOLXEI®V Y10 TO TEGGEPQ SLOPOPETIKA GEVAPLL £EUCPAMONG TOL VEPOD
apoevone. o v evépyela T@V 6TafepdV GTOLXEIMV TOL OIKTVOV HETAPOPAS Kol

EQOPUOYNG LITOAOYIGTNKAV O EMUEPOVS EVEPYELES:

Zwives odovpaviov ue Papog 0,89 kg/m (Batty et al., 1974).

Evépyela kataockevng (vAkd kot Brounyovonoinon) 86,77 MJ/kg (Batty et al., 1974).
Evépyeia petagopag 8,8 MJ/kg (Bowers, 1992).

H didpreta {ong avépyetar coppova pe ™ Piproypagia oe 20 ypovio (Batty et al.,

1974). Etot, 1 amocPeon evépyelag ava £tog vroloyiletar og 94 MJ.

Kapovdi( wicon Aertovpyiac 8 atm)



at6dlvog okeletog fapovg 700 kg
Evépyela katackevng (VAka kot Brounyovonoinomn) 56,9 MJ/kg (Bowers, 1992).

Evépyeia petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyela emokevdv 55% emi g apyikng evépyelog kataokevng (Bowers, 1992).
ocOMVAG £Qappoyi|s 0mwd TolvarBuvrévio Bapovg 339 kg/m

Evépyela katackevng (vAkd ko Brounyovoroinon) 160 MJ/kg (Batty et al., 1974).
Evépyewn petagopdg 8,8 MJ/kg (Bowers, 1992).

Evépyelo emokevmv 55% emi tg apyikng evépyelog Kotookevng (Bowers, 1992).

H &odpkelo (Mg v 1OV OKEAETO KOl TOV GOANVE, OVEPYETOL GUUEOVO HE TN
Biproypagio oe 20 ypovio (Batty et al., 1974). 'Etor, n andoPeon evépyelag tov

OLGTNHOTOG avA £T0G VoAoyiletat og 3275 MJ.

2rodaxtneopor aywyol molvarbvleviov (Bapoc 1,1458 kglm, micon Acitovpyioc 2,5
atm)

Evépyela katackevng (vAkd ko Brounyovoroinon) 160 MJ/kg (Batty et al., 1974).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

H dudpkero Lone vroloyiletar og 10 ypovia (Batty et al., 1974). ‘Etot, 1 andoPeon
evépyelog ava £tog voAoyiletar o 1641 MJ.

Avthia

"o v avtiia vroloyiletar Bapoc 150 Kg. Osmpeitar 6t1 ypnoiponodnke aviiio pe
nAektpokivnpa moapoyns 30 m3/h. T Vv evépyela TV otafep®dv oTotyeimv g
avTAMOG VTOAOYICTNKAY Ol EMUEPOVS EVEPYELEG:

Evépyela katackevng (VAkd kot Brounyovomoinon) 84 MJ/kg (Batty et al., 1974).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyelo emokevmv 55% emi tg apyikng evépyelog Kotookevng (Bowers, 1992).

H dugpxeta {ong g aviAiag, avépyetor coppwvo pe ™ Pploypaeia oe 12 ypdvia
(Batty et al., 1974). Eziong Oempeitar 6Tt | GUYKEKPIUEVT OVTALO UTOpel v KOADYEL
TIC avdykec og vepo apogvong aypd Emg 10 extdpia. 'Etotl, n andcPeon evépyetlag ava
étoc vmoroyileton og 1738 MJ kou ava extdpio givon 173,8 MJ.

["o Tov vToAoyIopd TNG EVEPYELNG TV UETARANTOV oTotKElOV AapPdavovtol v’ oy
N W©6YVG NG AVTAOG, 1 AOO0GT, 1| TOGOTNTO TOV VEPOL TOL OVIANONKE, 1 TAPOYN TNG
avtAiog, To BdBog avtinong (150, 10 kot 2 M) Kot To HOVOUETPIKO VYOG,

Amo 10 dBpolcpa TG evépyelng TV oTOOEP®V OTOEIMV HE TNV EVEPYELD TMOV

petafintav ototyeiov, vroloyiletat 1 OAIKN EVEPYELD APOEVOTG.



YvyKopon

H ovykomdn tov cdpyov, mTpoayloTomolEitol pe pnyavy evoipoong. XTo GevAplo
avdAvong tov gvepyelakol 1ooluyiov, yio Tov VTOAOYICUO NG eVEPYELNG oTabdEp®V
otoyeiov, vroloyiletar Pdpog pnyovrg 7000 kg. H evépyswo tov otobepmdv
oTolEl®V amoTedeital amd TIg EMUEPOVS EVEPYELES:

Evépyela katackevng (vAkd kot Bropunyavoroinomn) 607,9 MJI/Kg.

Evépyelo petapopag 8,8 MJ/kg.

Evépyeln emoxevav 20% emt tng apyikng evEPYELOG KATAGKELTC.

H &idpkeia (ong, avépyetor o 2000 mpeg (ASAE Standards, 2002). H andécPeon

evépyelog ava apa epyasiog vroloyileton og 407,28 MJ.

H evépyeia tov petafAntdv ototyeimv vroloyiomke g e&ng:

Katavaioon kavoipov 14,6 I/ha.

Evepyeloxo 16od0vapo kavoipov 46,02 MJ/I (Pimentel, 1992).

Evapyeio kovsipov 46,02 M/l x 14,6 I/ha = 672 MJ/ha.

Evépyeta Mmovtikov 4% eni g evEPYELNG KOVGILOV.

To aBpocpa TG €VEPYEWC KOLGIHOL Kol TNG EVEPYELNS AUTOVIIK®OV, OiVeEL TNV

EVEPYELD TOV PETOPANTAOV GTOLXEI®V TNG UNYOVIS EVOIPOOTC.

Metogopa mapoayoyns

Mo ™ petagopd G mopaymyne to oevdplo mpoPAémer T ypnopomoinomn
TAATQOPLOG LETOPOPAS YOPNTIKOTNTOS 5 TOV®V, 68 amodctacn 5 Km kat pe taydtnto
20 km/h.

Y10 mivako mov akoAovdel TaPoVCIALETOL O VTOAOYIGHOS TMV EICPODYV EVEPYELOS Y10l

TV KOAMEPYELD TOL GOPYOU.



[Tivaxog 8. Eiopoéc evépyetag yio TNV KOAAMEPYELR TOV COPYOL OTWG TEPTYPAPNKE GTO

oevaplo.
e10pots evépyeiag Evpro | Buipite | Bpiee  sivolo
oToIXEIWV OTOIXEIWV £QOdiwV
MJ/ha MJ/ha MJ/ha MJ/ha
Kartepyaoia eddagpoug Mepdopata
ApoTpo 1 152,2 24455 2598
EAa@pUg kaAAiEpyNTAG 1 52,9 882,5 935
AlokooBapva 2 88,6 712 801
>UVOAO KaTepyaaoiag 293,7 4040 4334
Zmopd Moo. omrépou (kg/ha)
>0voAo oTTopdg 1,2 36,1 139,6 124,6 300
Movadeg
Airavon AiTTdopartog
AlwTo 15 1.1490
dwopopog 10 1600
KdaAio 10 1280
TOvoAo AiTraveng 6.3 124,2 1.4370 14501
Wekaopoi - Putopdppoka || Mogdtnta 5.0. (kg/ha)
propachlor 5 1675,5
TUVOAO QUTOTIPOCTAGIOG 13,0 181,9 1675,5 1870
ZUVOAIKA
mToooTNTA
Bd&Bog avtAnong vepou
Apdeuon (m) (m3)
Apdeuan e PTTEK/KAPOUAI 150 200 426 3499 3925
Apdeuon Pe OTAYOVEG 3000 231 41410 41642
$0voAo GPBEUTNC 3200 657 44909,5 45567
Apdeuan e PTTEK/KAPOUAI 10 200 426 1394 1819
Apdeuon Pe OTAYOVEG 3000 231 8439 8670
3200 657 9832,1 10489

>Uvolo apdeuong




Apdeuan e PTTEK/KAPOUAI 2 200 426 1273 1699
Apdeuon pe oTaydveg 3000 231 6554 6786
>0voAo dpdeuong 3200 657 7827,6 8485
ZuyKoMIdn
>0UVOAO OUYKOMIONG 48,39 526,5 1010
MeTagopd Tapaywyng Méon améoTtaon petagopdg (km)
S UVOAO PETAPOPAG 5 20,23 688,5 891

Expoéc evépyerag

210 60pY0, EEETAGTNKAV 6 GEVAPLO TAPAYMYNG. Y TOAOYIOTNKE VYPUGio GTEAEY®V ioM

pe 15% tng ocvvolkng mapaywyns. H evepyslokn| meplekTikoOTTa TV GTEAEYDV TOV

copyov €xel ovpupwva pe ™ Piproypagio, tun ion pe 18,5. Ztov mivaxo 9

TOPOVGLALOVTOL Ol EKPOEG EVEPYELOS OVAAOYOL LLE TOL GEVAPL TTOPUYMDYNG.

[Tivaxoc 9. Expoéc evépyelag v amodocels oe yhopn pala 90000, 10500, 120000,

13500, 150000 kar 165000 kg/ha.

Atmré6doon uypo Bapog (kg/ha)

Amrédoon §npod Bapog (kg/ha)

Ekpoég evépyelag (MJ/ha)

90000
105000
120000
135000
150000
165000

76500
89250
102000
114750
127500
140250

1415250
1651130
1887000
2122880
2358750
2594630




HAiav@og

To cevapio yia v KaAMEpyelo ToL NAlavOov, TapoVcldleETOL GLVOTTIKA GTOV TIVOK

OV OKOAOVOEL.

[Tivaxkag 10. Zevapo yuoo v kaAlépyslo. Tov NAlavBov pe to PaciKd OlKOVOpKd

otolyelo Kot TV evépyela ylo TNV KaOe epyacia.

500
dpoTpo 1 120
OloKooBdpva 2 50
eAAQPUG KAAAIEPYNTHG-TTPOETOINOTIOG 1 100
oUvoAo
epyagia oropdg 60
TTO00TNTA OTTOPOU g/ha 5000
'ITOO'O'TETG cno'ﬁou oti./ha 82800 69
€idog AirT@dopaTog 11-15-15
TT000TNTA AITTAOUATOG 290 145
oUvoAo
€i00¢ {ICavIOKTOVOU Treflan
TToooTNTA {ICAVIOKTOVOU g/ha 2500 16,25
epyacia {IavIoKTOoViag 15
€idog {ICavIoKTOVOU Gesagart
TToodTnTa {IlaVIOKTOVOU 2500 16,25
epyaacia {IavIoKTOViag 15
TTOAUMTTEK (pAPTTA) TTO0OTNTA VEPOU m%ha
oTaydnv Too6TNTA VEPOU m/ha
yewTtpnon 150 m 690
yewtpnon 10 m 474




TOEB pe aUAaka 9308 475
TOEB pe aywyo 10935 825,6
guyKouIdn Hovadeg evépyela

EPYQOia OUYKOUIONG MJ / ha 1081 100
emdOTNON KAAAEpyelag (€/ha) 40

YOuQmve e TO GEVAPLO, 1 KATEPYOSio. TOL €04QOVE Yoo TNV KOAAEPYELDL TOV
nAdvBov meptiapPdvel 0pyouo, TEpacua pe doKooPapva, Katepyacio pe eAa@pv
KOAMEPYNTY] KO £Vl TEAEVTOLO TEPAGLA [LE O1IGKOGPAPVA Y10 TO GTAGIHO TV GROA®V
TOV €3APOLG Kol Tn dnuovpyio KatdAAning omopokiivng. AkoAovBel Almavon pe 29
povadeg Mmdopatog 11 — 15 — 15 péow Mmacpatodiavopéa kot yekacpodg pe 2500
g/ha a6 to {illavioktovo treflan kot idio mocoTa amd o (ilavioktovo gesagart. H
onopd mpoypotomoleital Katd to unve Ampido. e ™ omopd evog extapiov,
arortovvrol 5000 g ondpov. Metd ™ omopd, anarteiton dpdevon. [a to okond avtd
gpappotovrar 700 m* vepobh avd eKTAPIo, HEC® GPSEVONC HE KOPOOAL KOl TOAVUTEK
(pauma). Tlepimov Svo pnveg petd T omopd, £€mg Aiyo mpwv TN GLYKOWSN, M
KOAMEPYELD OPOEVETAL OVA TAKTA YPOVIKO OIUCTNLOTO L€ CTAAUKTNPOPOVS Oy YoLG,
ot omoiot tomoBetovvton avd devtepn ypouun. H cvvolkn mocdtnta vepold mov
Sratifetar oV KaAMEPYELD e ovTO TOV TPOTO Gpdevone, eivar 1920 m® vepod avé
extépro. H ovykoudn n mpaypotomoteiton péco ZenteuPpiov, pe 0ept{oahAmvioTiKn
punyovn opon TPONYOLUEVAGS EXEL VTOCTEL TPOTOTTOING).

"o tov vroAoyiopd Tov otkovopkoy olvyiov cuvvmoroyiletal To KOGTOG Yo TNV
KGOe epyacio, To UNYOVALOTO KOL TO YEOPYIKA €£pOdIO TOL Ypnoipomombnkay. O
NAlavBog elval ToTIoTIKY KaAMEPYELD. ZVven®g e£eTAlETON TO GEVAPLO EYKATAGTAONG
NG KAAAEPYEWNG GE TOTIGTIKA YOPAPLO, Yo TO, OTOi0, 0TS Kot e TNV KOAAEPYELN
T0V cOpyov, vmoroyiletar kOGTOG evolkioong ¢ yng S00 € / ha. Emiong,
nePLOUPAVETOL GTOVG VTOAOYIGHOVG KOGTOG KOl EVEPYELD GPOELONG Yo TEGGEPQ
SLUPOPETIKA GEVAPLA APOELONG. XTO OIKOVOUIKO 160LVY10 cuvvTToAoYileTon mddTON
KaAAépyetog 40 € / ha. 1 omolo avapévetal vo GTAUOTAOEL TO ETOUEVO, £TT).

210 6eVApLo OV TEPLYPAPNKE, EEETACTNKE 1] OUKOVOLUIKT TPAGOO0G TNG KOAMEPYELNG
ywo. amoddoelg 2000, 2500, 3000, 3500 wor 4000 kg / ha. Téhog e&etdotnke
OIKOVOUIKY] TPOC000G TNG KaAMEPYElag Yoo amoddcels 2000, 2500, 3000, 3500 kot
4000 kg / ha., o€ 1616kt VM.




IMa 6Aa o cevapla Tov TEPLYPAPNKAY Y10 TV KOAMEPYELQ TOL NALGVOOL, TOpdAAN AL
HE TO OWKOVOUIKO 160L0Y10, VITOAOYIoTNKOV TO €vEPYEWNKO 160L0Y1I0 O GUVTIEAEGTIG

EVEPYELOKNG ATOO0GNG KO 1] EVEPYELOKT] OTOOOTIKOTNTAL.

Kotepyoaoio £dd@ovg
O vmoAoyopOg TNG EVEPYELNG YO TO OPY®UO TOV AP KOAAMEPYNTH Kol TN
doKoGBhpva TEPLYPAPNKE OTNV KAAMEPYELD TNG EAOKPAUPNC.

Ymopd

Mo v omopd, ypnoonomdnke yempyikog eEAkvotipog woyvoc 51 kW kat Bapovg
2520 Kkg. Tw 1t omopd ©OpPyov, YPNOUOTOIEITAL GRAPTIKY] OCKOMOTIKMOV
KaAAepyewwv. To Bapog g omaptikng vmoroyiletanw oe 400 kg. H evépyela tov
oTa0ep®V OTOLYEIWV VTOAOYIGTNKE OO TIC EMUEPOVS EVEPYELEC:

Evépyela katackevng (vAkd ko Bropunyovoroinon) 56,9 MJ/kg (Bowers, 1992).
Evépyela petagopag 8,8 MJ/kg (Bowers, 1992).

Evépyelo emokevmv 43% emi tg apyikng evépyelog Kotookevng (Bowers, 1992).

H dudpkela {ong g omaptikng, avépyetor couemvo pe ™ PBiproypaeio oe 1500
odpec (ASAE Standards, 2002). 'Etol,  amocPeon evépyslog ovd dpo epyaciog
vroAoyileton og 24,04 MJ.

H evépyeio tov petafAntdv otoreiov yuo T OTOPTIKY GLITNPOV LIOAOYIGTNKE G
edne:

Katavaimon kavoipov 2,8 I/ha.

Evepyeoxo 1odvvapo kavoipov 47,78 MJ/lI (Pimentel, 1992).

Evapyeio kovoipov 47,78 M/l x 2,8 I/ha = 134 MJ/ha.

Evépyela Mmoviikov 4% eni g evépyelag Kowoipov.

To dBpowopo ™G evEPYENG KOVGIHOV KOl TNG EVEPYELNG AMTOVTIKAOV, Olvel TNV
EVEPYELD TOV UETAPANTAOV OTOLYEIMV TNG CTOPTIKNG CKOAIGTIKOV KOAMEPYELDV.

Ymv  evépysw omopdg ovumepAauPdvetor Kot 1 €vEPYEl  TOL  GTOPOV.
XpnoworomOnkov 5000 g owdpov yia T omopd evog ektapiov. H evépyeta avd Kido

omopov Yo Tov nAiovBo, avépyetan og 26,3 MJ (Kalivrousis et al., 2002).

Almavon



IMa v mpaypatonoinon g MIAvVeE®S, YPNOILOTOMONKE MTACUATOOOVOUENS GE
ehxvotipa 1oyvog 51 KW ko Bépovg 2520 kg. Ot vroroyiopoi yio Thv evépyELd TV
oTofepdV Kol PETARANTOV GTOWXEI®V TOL EAKVLOTIPO KOL TOV AUTAGUOTOIOVOUED,
TEPLYPAPNKOAY TNV KOAAEPYELD TNG EALOKPAUPNG.

Xpnowonomdnkov 290 kg Mmdouatog 11 — 15 — 15 g ywo ™ AMmaven evog ektapiov.
H ovvolum evépyela Mmacpoatog, vmoAoyiletor amd to dBpoicua TG evEPYELNg
TOPAYOYNG, TNG EVEPYELNG CLGKELOGIOG KO TNG EVEPYELNS LETAPOPES, AVAAOYO LE TNV
TOGOTNTO TTOL €PAPUOleTaL amd T0 KABe oToLyEio EEXMPLOTE OTMG TEPLYPAPNKE GTNV
KOAMEPYELD TNG EAALOKPAUPNG.

To oVUvoAOo TV &eVEPYEIDV TOL EAKLOTNPO, TOV AITOGUATOOIOVOUEN KOl TV

Mmacudtov mov ypnotpomomonkay, divel Ty oAk evépyeila Almoavong.

®vtonpootacia

INa ™ GQlovioktovia, ypnowwomomdnke GOUEOVO UE TO GCEVAPLO YEKOOTIKO GF
emvatipa 1oyvog 51 KW kot Bapovg 2520 kg. Ot vtoroyiopol yio Ty evEpPYELL TV
otofepdv oTOEI®V TOV EAKLOTIPO KOL TOL WYEKAGTIKOD, TEPLYPAPNKOV OTNV
KOAMEPYELD TNG EAALOKPAUPNG.

Téhog, cvumeptAapPavetal Kot 1 EVEPYELN TOV CKEVOGUATOV TOV YPNGLLOTO|ONKAV.
XpnowomomOnkav 2500 g/ha treflan pe dvopa dpactikig ovsiog trifluralin kot 2500
g/ha gesagart pe ovopo OpactTikng ovoiag prometryne. Amd tov TivoKo T®V
OKEVOOUATOV OV TOPATIOETOL OTNV KAAMEPYELD TNG EAOKPAUPNG, VIToAoYileTon T
EVEPYELN TTOPOUGKELTC.

H ovvolwkn evépyeia Qilavioktoviag, vroloyiletar omd 10 dOpoioua TG evEPYELNS

TOV GKEVAGHOTOG KO TNG EVEPYELAG TOV YEKOGTIKOV.

Apogvon

Ta cevapla apdevong yro v KaAMEpyeo Tov NAdvOov, eivar idla e To cevapla Tov
VTOAOYIOTNKOV OTNV KOAMEPYEWL TOV GOPYOVL. ZUVERMS, YO TOV LTOAOYIGUO TV
EIOPOMV EVEPYELONS amd TNV Apdevomn tov NAdvOov, akolovbeitar 1 1010 dradtKacio

OV TEPLYPAPNKE GTO GOPYO.

YvyKopon
H ovykopuidn tov nAiavBov, mpayuotomoteitonr pe OeprlooA®VIGTIK)  UNYovY).

XPNOWOTO0vVTOL poryaiplo. KOAQUTOKIOD TO OTOi0. TPOTOTMOOVVIOL e KAmolo



TPOGONKN Yoo TNV TPOGOPUOYN OTN cLYKOUN Tov MAiovBov. H avdivon twv
EIOPOMV eVEPYELNG, tvar 101 pe avt ™G Bep1loaAOVIGTIKNG TOV TEPLYPAPT|KE CTNV

KOAMEPYELD TNG EAOLOKPALPNC.

Meto@opa mapoyoyns

Mo ™ petagopd G mopaymyne to oevdplo mpoPAémer TN ypnopomoinomn
TAATQOPUOG LETOPOPAG YOPNTIKOTNTOG 5 TOVOV, o€ amdotacn 5 Km kot pe toyvtnta
20 km/h.

210 mivako 1oL akoAoVOEl TaPOVCIALETAL O VTOAOYICUOG TOV EIGPODV EVEPYELNS Y10

™V KoAMEpYELa Tov nAiavOov.



[Tivaxog 11. Eiwopoég evépyetag yia v kaAAiépyelo Tov nAiovOov Onwg meptypaenke

GTO GEVAPL0.

e10pots evépyeiag Evipvoa | Bvipra BN zivono
OTOIXEIWV OTOIXEIWV £QOdIWV
MJ/ha MJ/ha MJ/ha MJ/ha
Karepyaoia eddagpoug Mepdopata
Apotpo 1 152,2 244,55 2598
EAa@pUg kaAAiEpyNTAG 1 31,4 43,57 467
AlokooBapva 2 88,6 71,20 801
>UVOAO KaTePyaaiag 272,1 359,31 3865
Zmopd Moo. omépou (kg/ha)
>0voAo oTTopdg 5 38,3 13,96 131,5 309
Movadeg
Airavon AiTTdoparog
AlwTo 77,8 5959,5
dwaopopog 106 1696
KdaAio 106 1356,8
TOvoAo AiTraveng 6.3 12,42 9012,3 9143
Wekaopoi - Putopdppoka || Mogdtnra 5.0. (kg/ha)
trifluralin 1,2 2215
prometryne 1,25 384,5
TUVOAO (QUTOTIPOCTAGIOG 13 18,19 606 801
ZuvoAIKi
Bd&Bog avrAnang TogdTNTA VEPOU
Apdeuon (m) (m3)
Apdeuan Pe UTTEK/KAPOUAI 150 700 426 1224,7 12672
Apdeuon PE OTAYOVEG 1920 231 2650,3 26734
$UVOAO GPBEUCNS 2620 657 3874,96 39407
Apdeuan Ue PTTEK/KAPOUAI 10 700 426 487,7 5303
Apdeuon PE OTAYOVEG 1920 231 540,1 5632
SOVOAO GPBEUONC 2620 657 1027,80 10935
Apdeuan e PTTEK/KAPOUAI 2 700 426 445,6 4882
Apdeuon Pe OTAYOVEG 1920 231 419,5 4426
SOVOAO GPBEUONC 2620 657 865,11 9308
ZuyKoMIdn
$OVOAO GUYKOUISIS 37,88 70,22 108,1
MeTagpopd TTapaywyng Méon amméoTaon petagopdg (km)
TOVOAO PETAPOPES 5 2,94 10,02 13,0
Egaywyn gAaiou améapzyl::xvooigz 15,57 420,24 4358

Expoéc evépyerag




[Ma v keAAépyeto Tov nAavBov egtdotnkay S cevdplo Tapay®yns. Y moloyiotnke
N ekpon evépyelag yia Tapaymyn o€ owdpo 2000, 2500, 3000, 3500, kou 4000 kg/ha.

Emiong, cuvumoAoyiotnke kot 1 evépyela amd To AAdL, TNV TiTo KOt T0 GTEAEYN.

[Tivaxag 12. Xtoyeion yuo 10 TOCOGTO GE TiTO, MEPIEKTIKOTNTO GE VYPAGIO KO

TMEPLEKTIKOTNTO, GE EVEPYELN TOV LEPDV TOV GVTOV TOL NAlavOov.

TMOC00TO TiTAG % 65,0
uypaoia ava@opdg || ZTTOpou 10
% 2TEAEXWV 20
amédoon 2TTOPOU 2730
&npo Bapog EAaiou 960
kg/ha Mitag 1780
>tehexwv || 4250

EVEPYEIAKA EAaiou 39,4
TTEPIEKTIKOTNTA Mitag 19,6
MJ/kg >tehexwv || 14,3

IInyn: Rossell et al., (1991)

OeopnOnke 611 M péon vypacio Tov orodpov givor 10 % kot tov otedeymv 20 %. And
10 Papog vypng palag, agapeitor n vypacioa. Me tov TpoTO awTO vIoAoYileTON M
amodoon og Enpod Papog. H evepyelakn meplekTikdOTnTo TOL A0V, TNG TG KO TMV
oteleymv, eivon 39,4, 19,6 ko 14,3 MJI/Kg avtictorya (ITivaxag 12).

Ytov mivaxa 13, Tapovctdlovtal o1 EKPOEG EVEPYELNS Y1 TIG OTOOOGELS TOL GEVOPIOV.

[Tivaxkag 13. Expoég evépyetag yia amodocelg o yAopn paia 2000, 2500, 3000, 3500
ko 4000 kg/ha.

Lmopog | AGdI Nita IteAéxn | ZUvoAo

Améoon (kg/ha) 2025,1 637,9 | 1184,7 35424 5567,5
Ekpoéc evépyeiag (MJ/ha) | 48353,6 | 25133,7 | 23219,9 50656 | 99009,5




Amédoon (kg/ha) 2531,4 797,4 | 1480,9 4428 6959,4
Ekpoég evépyelag (MJ/ha) 60442 | 31417,1 | 29024,9 63320 | 123761,9
Amé5oan (kg/ha) 3037,7 956,9 1777 5312,5 8350,2
Ekpoég evépyelag (MJ/ha) 72530,4 | 37700,5 | 34829,9 | 75968,8 | 148499,1
Amrédoon (kg/ha) 3543,9 | 1116,3 | 2073,2 6199,2 9743,1
Ekpoég evépyelag (MJ/ha) | 84618,8 | 43983,9 | 40634,9 | 88647,9 | 173266,7
Amé5oan (kg/ha) 4050,2 | 1275,8 | 2369,4 7084,8 11135
Ekpoég evépyelag (MJ/ha) | 96707,2 | 50267,3 | 46439,8 | 101311,9 | 198019,1

Amoteréopato.










KaBapn mpoéoodog armro Tnv KaAAiépyeia copyou yia 4 oevdpia
apdeuong oe oxéon e TNV Tapaywyn o€ kg/ha.

O 90000
05000

KaBapn mpdoodog atro Tnv KaAAiépyeia cOpyou yia 4 oevdapia
apdeuong o€ oxéon pe TRV mapaywyn o€ kg/ha.







KaBapn mmpdoodog armro Tnv kaAAiépyeia nAidvOou yia 4
oevapia dpdsuong o€ oxéon Pe TNV TTapaywyn o€ kg/ha.

KaBapn mmpdocodog atmro Tnv KaAAiépyeia nAidavoou yia 4
ogvdpla dpdsuong o€ oxéon pE TRV Trapaywyn o€ kg/ha.
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Hapaptnpa
[Tivaxkag 14. Evepyelakd 1oldya yio o 5 oevapla Tapoay®yng e KAAMEPYELNS TNG
elatokpappng.

mapaywyn Kg Kafapn OUVTEAEOTAG EVEPYEIAKA

omopou/ha evépyeia amédoong TAPAYWYIKOTNTA




(GJd/ha) EVEpPYEIQG (kg/MJ)
1000 35,06 3,43 0,19
1500 59,25 4,95 0,28
2000 83,45 6,36 0,36
2500 107,64 7,68 0,43
3000 131,83 8,90 0,50

[Tivaxkag 15. Evepyslokd 1coloyia yio to 6 ceviplo mopaymyns e KaAMEPYELNS TOV

cOpYoV, GE GLVOLOGUO LE TO 4 GEVAPLA APOEVLONC.

kaBapn evépyeia (GJ/ha)

mapaywyn Kg/ha

yewTtpnon 150 m

vyewTtpnon 10 m

TOEB pe auAaka

TOEB pe aywyo

90000 1346,4 1381,5 1383,5 1381,5
105000 1582,1 1617,2 1619,2 1617,2
120000 1817,8 1852,9 1854,9 1852,9
135000 2053,6 2088,6 2090,6 2088,6
150000 2289,3 2324,4 2326,4 2324,4
165000 2525,0 2560,1 2562,1 2560,1

ouvTeAeoTAG amddoong evépyEiag

mapaywyn Kg/ha

vyewTtpnon 150 m

vyewTtpnon 10 m

TOEB pe aUAaka

TOEB pe aywyo

90000 20,55 41,88 44,52 41,88
105000 23,92 48,65 51,70 48,65
120000 27,28 55,36 58,82 55,36
135000 30,63 62,01 65,86 62,01
150000 33,96 68,60 72,85 68,60
165000 37,27 75,14 79,77 75,14

gvepyelakn mapaywyikotnta (kg/MJ)

mapaywyn Kg/ha

YyewTtpnon 150 m

yewTtpnon 10 m

TOEB pe auAaka

TOEB pe aywyo

90000 1,11 2,26 241 2,26
105000 1,29 2,63 2,79 2,63
120000 1,47 2,99 3,18 2,99
135000 1,66 3,35 3,56 3,35
150000 1,84 3,71 3,94 3,71
165000 2,01 4,06 4,31 4,06

[Tivaxkag 16. Evepyslokd 1coloyia yio ta 5 cevdplo mopaymyns e KaAMEPYELNS TOV

nAlavBov, 6e cuvovacuod e Ta 4 cevdplo dpdevong.

kaBapn evépyeia (GJ/ha)

mapaywyn Kg/ha | yewtpnon 150 m | yewtpnon 10 m | TOEB pe atAaka | TOEB pe aywyé
2000 42,2 70,7 72,3 70,7
2500 66,4 94,9 96,5 94,9
3000 90,6 119,0 120,7 119,0
3500 114,8 143,2 144,9 143,2
4000 139,0 167,4 169,1 167,4

OUVTEAEOTAG aTTOB00NG EVEPYEIAG

mapaywyn Kg/ha | yewTtpnon 150 m | vyewTtpnon 10 m

| TOEB pe ahaka | TOEB pe aywyéd




2000 1,74 3,49 3,71 3,49
2500 2,16 4,28 4,54 4,28
3000 2,56 5,04 5,33 5,04
3500 2,96 5,77 6,1 577
4000 3,35 6,47 6,84 6,47

evepyelakn TTapaywyikétnta (kg/MJ)

mapaywyn Kg/ha | yewtpnon 150 m | yewtpnon 10 m | TOEB pe atAaka | TOEB pe aywyo

2000 0,1 0,2 0,21 0,2
2500 0,12 0,24 0,26 0,24
3000 0,14 0,28 0,3 0,28
3500 0,17 0,32 0,34 0,32
4000 0,19 0,36 0,38 0,36

Sunflower oil energy budget for in-farm oil production
under four tillage systems
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Abstract

Sunflower is an energy crop, which can provide fuel for the transportation sector. Any
saving of production inputs is crucial for an efficient biomass energy production. For
two sunflower varieties, conservation tillage was compared with conventional to
investigate the potential for energy reduction. Tillage energy was estimated by field
measurements of the consumed power. After harvesting, seed were processed by
cold pressing for raw oil extraction. The energy consumed for oil extraction was
measured and recorded. An energy budget of the whole crop was performed. All the
cultivation inputs sequestered and consumed energy was estimated. When only oll
was considered as output, only conventional tillage presented positive net energy
and energy ratio above 1. When the cake and crop residue was taken into account,
all tillage methods gave positive net energies and energy ratio above 3. Conventional
tillage was the best due to the higher yield, with an energy ratio of 3.81 followed by
HC with 3.19, DH with 3.21 and RC with 3.03. Irrigation consumed the largest part of
the total energy inputs (71%), with oil extraction second (10%) followed by soil tillage
and fertilization (7% each). Irrigation had extremely high-energy demand because in
the case studied the water was pumped from a 150 m depth. This percent would
have been reduced by a factor 3 (24% ) if surface water (pumping depth less than 5
m) could be used for irrigation. In that case the energy ratio for conventional tillage
would have been doubled (8.97).




Introduction

Materials and methods
The experiment was established in an experimental field where five methods of

tillage were evaluated for nine continuous years. The methods tested were:

1) Conventional tillage (CO). Autumn ploughing for primary tillage and seedbed
preparation with two or more passes with a disk harrow or a field cultivator according
to the soil conditions. The last year ploughing at a depth of 0.27 m was applied late in
autumn and in spring, few days before planting, two passes with a disk harrow and

two passes with a field cultivator prepared the seedbed.

2) Reduced tillage with a heavy cultivator (HC). A C type heavy cultivator was
used for primary tillage while seedbed preparation was carried out as above. The last
year primary tillage at a 0.18 m depth was applied late in autumn and seedbed
preparation was done with two passes of a disk harrow and two passes of a field

cultivator before planting.

3) Reduced tillage with a rotary cultivator (RC). The tillage depth was about 0.12 m
(0.13 m in the last year) and the operation was usually carried out a few days before
planting. Secondary tillage with one pass of a disk harrow was sometimes necessary,
like the last year, when the period from tillage to planting was long enough to allow

weeds to grow.

4) Reduced tillage with a disk harrow (DH). Two or more passes were applied
according to each year conditions and the tillage depth was about 0.08 m. Due to
poor soil conditions in the last year four passes were made with the disk harrow and

one pass with a field cultivator.

Two sunflower varieties were tested with each of the four tillage methods. A split plot
experimental design with four replications was applied. Tillage treatments were
allocated on the main plots that were 6x50 m and varieties in the sub-plots of 3x50 m
dimensions. Besides tillage, all the plots received the same cultivation treatments
until harvest. As no differences were found between the two crop varieties, results for

only one (Garysol) are shown in the present work.

The soil type was silty-clay (sand 9.7%, silt 41.1%, clay 49.2%) Two tractors were
used in the field operations, a two wheel drive, 55 kW for the light tasks (Secondary
tillage, sowing, spraying, fertilizing) and a four wheel drive, 82 kW for the heavier
ones (primary tiilage). Harvesting was done with a HEGE 125 experimental harvester
with an 1,5 m reel header.



1. Energy inputs
Tillage energy

Fixed and variable energy inputs were estimated. Literature data (Bowers, 1992)
along with the used machinery characteristics were utilized to estimate Lifetime Fixed
Energy inputs (EF.) in MJ that included energy sequestered in the material used and
the manufacturing, energy for transportation and distribution (8,8 MJ/kg) (Bowers
1992) and the energy for repairs and maintenance. Repairs and maintenance energy
is a variable input but as the estimation was based on a percentage of the initial
energy sequestered for the amachine production it is included in this calculation.
EF_ = ME-w;+8.8-w;+Cgry-W;

w; is the machinery weight (kg). ME is the manufacturing energy (in MJ/kg). For the
tractors and the harvester the energy proposed by Bowers for the automobile
industry was taken (Bowers 1992). For the other equipment an average energy input
for steel as raw material of 40 MJ/kg was estimated plus the energy added in
manufacturing the raw material (Bowers 1992). cry is a coefficient (Table 1) used to

estimate the energy sequestered in repairs and maintenance (Bowers 1992).

The Acreage Fixed Energy Inputs (EF ) in MJ/ha were estimated from the formula:

EF,y =1
Lo

Where (Lg) is the machinery Estimated Life (in hours) (ASABE 2007 D497.4) and fp

the Effective Field Performance (in hectares per hour) for each implement calculated

as the product of travel speed (u) in m/s and working width (A;) (in m) and multiplied
by the respective Field Efficiency (fe) (ASABE 2007 D497.4).

Variable Energy inputs (EV) included the fuel energy consumed by the tractor and
the energy used for the engine's lubricants. The fuel energy (was calculated indirectly
from measurements taken with an implemented tractor during the field operations.
The tractor was able to monitor traction draft and travel speed as well as PTO torque
and rotating velocity. This approach provided the benefit that fuel consumption
estimation was independent of the tractor type and condition and can be broadly
used at any tractor of the same category. Data from a six year period (1998-2003) at
the same field were used representing a great variety in soil conditions from year to

year (Table 2). The average values were used for the present energy estimation.



The draft force (frr) in KN and travel speed (u) (in m/s) product was the hitched
implement Power Absorbed for Traction (Patr) (in kW) and this divided by field
capacity gave the hitched implement Energy Absorbed for traction (Eatgr) (in MJ/ha)

PaTR =u- fT/-?
P

Ea,,=36-1%
p

The PTO torque (tpro) (in KN*m) and rotating velocity (wpto) (in rad/s) product was
the Power Absorbed from the PTO (Papto) (in kW) and this divided by field
performance gave the Energy Absorbed from the PTO (Earpto) (in MJ/ha).

Papro = loro * @pro

P
Ea,,, =3.6-%

The sum of these two was the Total Absorbed Power (Pat) and Total Absorbed

Energy (Ear) respectively.
Par = Parr + Papro
Ear = Earr + Eapro

The tractor PTO Equivalent Power (Eeqpro) (in kW) and the tractor PTO Equivalent
Energy (Eegpro) (in MJ/ha) was estimated by applying a PTO power transmission
coefficient of 0.88 [ASABE EP496.2] and a tractive efficiency (ctr) taken from Table
3 according to the used implement. The (ctr) factors on Table 3 were estimated from

measurements of pull draft and fuel consumption for each implement.
Pequo = ‘PaTR/ Cctr *+ -Papto /0.88
Eequo = -Eatr/ c1r +-Eap70 /0.88

Specific Fuel Consumption (SFC) in L/kWh for each operation with each of the two

used tractors were calculated from the formula (ASABE Standards D497.4)

SFC=2.64X+3.91-0.203/738 X+173

where X is the ratio of equivalent PTO power required by an operation to that

maximum available to the PTO.
Consequently, Acreage Fuel Consumption (FC,.) in L/ha for each operation was

estimated as:

FC, - SFC- Peq,,,
P



Variable Energy inputs (Ev) (in MJ/ha) for the machinery operations was the fuel and
lubricant energy used by the tractor. Fuel energy inputs were calculated by
multiplying acreage fuel consumption with an energy equivalent for oil of 47.78 MJ/L
(Pimentel 1992) (value includes a 19% allowance for extraction, transportation and
commodity energy embodied in the fuel). Lubricant energy was estimated as 4% of

fuel energy (Bowers 1992).
EV=46-FC,, +0.04-46- FC,,

Energy use for fertilization, herbicide application and seeding

The energy inputs for these operations include the embodied energy to the
agricultural commodities (fertilizers, herbicides, seeds) and the energy used by the
machinery to apply them in the field. The machinery energy was composed by the
fixed and thevariable energy inputs. Fixed inputs were calculated as for the tillage
implements according to the machinery and operation characteristics (Table 1). For
these implements, fuel consumption were taken from literature data (Bowers 1992)

(Table 3) and used to estimate variable energy (fuel and lubricants) inputs.

The energy consumed in fertilization was the fertilizer energy content (Table 5)
(including the energy for production, packaging and transportation of the three basic
minerals) (Helsel 1992) plus the variable and fixed energy used from the tractor and

the fertilizer spreader to apply the fertilizers in the field.

Similarly, the energy used for herbicide application was the energy for herbicide
production formulation and distribution (Helsel 1992) (Table 5) and the energy used
from the tractor and sprayer (fixed and variable).

Energy for sowing was the seed energy content equal to 26.3 MJ/kg (including the
energy attributed to seed production, processing and distribution) (Heichel 1980)
multiplied with the used quantity of seed plus the fixed and variable energy inputs for

using a four row pneumatic planter.

Energy use in irrigation

Underground water was used to irrigate the crop. It was pumped from a 150 m depth
with a 12 kW electric motor driven submarine pump. Two irrigation systems were
used. The first irrigation was done with a traveller irrigator with a big gun sprinkler for
crop emergence. Four more irrigations were done with a drip irrigation system
constituted of 20 mm polyethylene pipes (4 L/h emitters, 1 m apart) placed every
second crop row. For water in the field distribution, 76.2 mm diamete aluminium

pipes were used.



Fixed and variable energy inputs were estimated for irrigation. Fixed inputs included
the lifetime energy (EF_.) embodied in manufacturing the irrigation equipment
estimated as the product of the weight (weight per ha were estimated for the
pipelines) (Batty and Keller 1980) with a corresponding manufacturing energy
equivalent (ME) (Batty and Keller 1980) (Table 1) plus the energy for transportation
and distribution (8,8 MJ/kg) (Bowers 1992) and the energy for repairs and
maintenance. Lifetime fixed energy divided with the equipment estimated life (Lg) (in
years) (Table 1) gave the annual fixed energy reduction. Assuming that a 12 kW
pump with a discharge 25 m®s™ was capable to irrigate an area of 10 ha per year it
was estimated the acreage fixed energy inputs for irrigation (as the ratio of annual

fixed energy reduction to the area capacity) (Table 1).

Variable energy inputs for irrigation (EV;;) (in MJ/ha) were estimated from the formula
(Sloggett 1992):

ey - EY_ RO

4 x TDH
EF,x EF, EF,

EU is the energy required to lift 1 ha*m of water at a height of 1 m (equal to 98.1 MJ)
[Sloggett 1992]. RQh, is the annual water supplied to the crop (in m® per ha) (2200
m®/ha with drip irrigation and 200 m*ha with traveller sprinkler). EFp is the efficiency
of electric power source considered equal to 0,18 [Sloggett 1992]. The 0.18
coefficient includes a 90% direct efficiency of converting electricity to mechanical
power, a 25% indirect efficiency for the thermal electricity generating plant (mainly
used for electricity production in Greece) and a 85% indirect transmission line
efficiency [Sloggett 1992]. EF, is the efficiency of the 12 kW subwater pump
considered equal to 0,76 [7]. EF. is the efficiency of the water distribution network
(for the drip irrigation system it was considered equal to 0,91 and for the traveller
irrigator equal to 0,95 [Sloggett 1992]. TDH is the total pressure head which was

175,8 m for the drip irrigation system and 232.7 m for the traveller irrigator.
Energy for harvesting and transportation

Harvesting of the experimental plots were done with a HEGE 125c plot combine
harvester. The small reel header of the harvester gave reduced field performance.
For the estimation of harvesting energy inputs, harvesting was assumed to be done
with a five row sunflower header. Fixed energy inputs are shown in Table 1. Variable
harvesting inputs were estimated by multiplying a typical fuel consumption of 14.6
L/ha (Leach 1976) with the oil energy equivalent of 47.78 MJ/kg and adding a 4%

energy to account for the lubricants (Table 4).



After harvesting the product has to be transported to the storage. A five tone capacity
wagon toed by a 82 kW tractor with an average travel speed of 20 km/h was
assumed for product transportation. The average distance from the field to the barn
was assumed to be 5 km. Fuel consumption for transportation was 0,0018 MJ/kg*km
[Fluck 1992]. From the above value the variable energy inputs for transportation were
estimated (Table 4). These inputs, when expressed per ha, varied between the
tillage treatments due to the yield difference. Fixed energy inputs for the tractor and

the wagon were also calculated (Table 1).
Processing

A screw press (Taby Press mod 4) was used for in farm oil extraction. The press was
powered by a 1,5 kW three phase electric motor. A digital wattmeter was connected
to the press, to measure the power requirements for oil extraction. The average
absorbed power was found 0.870 kW. The seed was manually fed in the press and
the press capacity was monitored. An average of 16.77 kg of processed seed per
hour was measured. The above data gave an average absorbed energy for
processing 0.21 MJ/kg of seed. As for irrigation, the efficiency (EFp) of converting
electricity to mechanical power was considered equal to 0,18 [Slogget 1992]. So the
variable energy inputs for oil extraction was estimated to 1,14 MJ/kg of seed product.
By multiplying this value with the acreage yield for each tillage treatment, the variable
energy inputs for oil extraction was found. Fixed energy inputs for the screw press

were also calculated as shown in Table 1.
2. Energy outputs

Main outputs were considered the oil and the cake produced with cold pressing. An
additional output could be the plant stems left in the field. Cold pressing process
gave an average of 33.5% oil and 66.5% cake. The energy content for oil was 39,4
MJ/kg and for cake 19,6 MJ/kg [Kalivrousis et al 2002). Considering the acreage

yield in oil and cake for each tillage method the energy outputs were estimated.

Sunflower plants from 4x1.5 m areas were manually collected in the field before
harvesting. Stems and seeds were separated, oven dried and weighted. The dry
seed to dry stem ratio for Garysol variety was found 0.89. The ratio was used to
estimate the stem dry weight from the dry seed yield. If the stems were utilized then
an additional energy output would be expected. The stem energy was estimated by
multiplying the stem weight (converted to 20% wet base moisture content) with an
energy equivalent for stems equal to 14.3 MJ/kg (Kalivrousis et al). However, in that
case, an additional energy input of 0,0018 MJ/kg*km [Fluck 1992] were accounted for

transportation of the stems to the barn.



Results and discussion

Fixed energy inputs for tractors, tillage and other implements, irrigation equipment,
harvester, wagon and the equipment used for seed processing estimated from the
data are shown in Table 1. The average travel speed from the six year
measurements were used. For hitched implements, about half the energy use for the
operation comes from the implement and half from the tractor. The higher was the
capacity of an implement, the lower was the fixed energy used. Harvester presents
remarkable high fixed energy inputs due to its big mass and relatively small
estimated life. Among the irrigation equipment, the more fixed energy consuming part

was the traveller irrigator.

Table 1. Machinery characteristics and Fixed Energy estimation

Field Fixed Energy Inputs
Travel perfor- (Efacr)
Working  speed mance Estimated Imple-
Weight ~ ME®  width () fe® (fp) LifeLd) car® ment Tractor Total
kg MJI*kg™ m m*s? ha*h™ hours MJ*ha™
Tractor (82 kW) 4200 86,8 16000 0,49
Tractor (55 kW) 2520 86,8 12000 0,49
Tillage implements
Mouldboard plough 500 52,8 1,2 1,15 0,85 0,42 2000 0,97 66,6 85,6 152,2
Heavy cultivator 370 52,8 2 1,18 0,85 0,72 2000 0,51 22,7 50,2 72,9
Rotary cultivator 720 52,8 2,5 1,06 0,85 0,81 1500 0,59 54,7 44,6 99,3
Disk harrow 1050 50,0 3 2,17 0,80 1,88 2000 0,61 25,0 19,3 44,3
Field cultivator 280 51,4 2,3 222 0,85 1,56 2000 0,61 8,2 23,2 31,4
Other implements
Seeder (4 row) 400 56,9 3 1,97 0,65 1,38 1500 0,43 17,4 20,9 38,3
Sprayer 130 56,9 12 3,01 0,65 8,45 1500 0,37 0,9 3,4 4,3
Fertilizer spreader 150 52,8 12 2,08 0,70 6,30 1200 0,49 1,7 4,6 6,3
Harvester® 7000 86,8 3,75 1,1 0,65 1,0 2000 0,24 642,8 642,8
Irrigation equipment years
Pump (12 kW) 150 84,0 12 0,55 173,8
Traveller sprinkier 1039 90,5 20 0,55 3275
Main conveyence pipes ™ 65,27 280,0 20 9.4
Polyethylene drip pipes® 972 160,0 10 164,1
Processing kg/h hours MJ/kg
Transport wagon 900 52,8 10000 3000 0,80 0,0031 0,0022 0,005
Seed press (1,5kW) 45 86,8 16,77 10000 0,55 0,038

@ ME = Manufacturing energy (Bowers 1992, Batty and Keller 1980)

@ fe = field efficiency (ASABE D497.4)
¢ ry = coefficient used to estimate the energy sequestered in repairs and maintenance (Bowers 1992).

@ Chraracteristics of a conventional sunflower harvester was used for harvesting energy estimation
&4 kg per ha was estimated for the pjpelines weight

Traction power for each of the tillage implement used in the experiment is shown in
Table 2. The measurements are the average of a six year period. Average values for
each year are shown. Ploughing was the higher power requirement task followed by
the heavy cultivator. Values varied up to 37% among the years representing the
variations in soil conditions. Rotary cultivator, disk harrow and field cultivator

presented almost four times lower draft. The rotary cultivator however absorbs power



through the PTO. Additionally, tillage implements had different working widths (Table
1) and tillage depths. To compensate for these differences and compare implements
on a common base, specific soil power was estimated as the power applied to an
equal soil volume. In that case the more intensive implement was proved to be the
rotary cultivator due to the power transmitted through the PTO. Even the field
cultivator was proved more intensive from ploughing due to its small tillage depth.

The less intensive tillage per soil volume was the heavy cultivator.

Table 2. Traction draft and specific soil power measurements for different tillage

implements for a six year period.

Draft force (kN) Specific soil power (kW/mz)
Heavy Disk Field Heavy Rotary Disk Field
Plough cult. Rotary cult.)  harrow cult. Plough cult. cult. harrow cult.
1998 27,4 239 51 (077) 6,4 79,5 61,3 193,0 62,1
1999 254 219 4,4 (072) 6,0 7,0 69,6 43,4 184,0 55,6 1234
2000 20,5 16,0 4,3 (0,64) 51 6,0 60,8 36,5 160,5 49,8 1144
2001 27,5 20,8 9,0 (0,96) 4,8 5,7 97,9 47,4  166,6 39,3 102,8
2002 17,2 18,7 7,1 (0,93) 6,4 63,9 50,0 169,5 54,8
2003 18,0 15,9 5,5 (0,75) 6,7 86,2 47,0 159,9 66,0
average 22,7 19,6 5,9 (0,79) 59 6,2 76,3 47,6 1723 54,6 1135
stand dev 4,7 32 18 (012 0,8 0,7 14,2 8,2 13,4 9,4 10,3

(1) Numbers in brackets indicate the PTO torque in N*m

The six year average draft force from Table 2 and the average travel speed from
Table 1 were used in Table 3 to estimate the absorbed traction power for the tillage
implements. Similarly six year average measurements of PTO torque and rotating
velocity were used to estimate the PTO absorbed power for the rotary cultivator. It
was shown that mouldboard plough and heavy cultivator absorbed almost half the
power absorbed from the rotary cultivator as a great amount was lost through
traction. The other two implements were less power demanding. When comparing
the PTO equivalent power the differences were less because the power losses
through traction were included. Tractor load was relatively high for all the implements
and extremely high for the rotary cultivator leading to reasonable specific fuel
consumption. Fuel consumption (in L/ha) were calculated from the existing
measurements for the tillage implements and from literature data for the other
machinery. Ploughing was the most fuel consuming per ha operation while the heavy
cultivator had almost half fuel demands.

In Table 4 the absorbed energy in traction and through the PTO is shown. The most
demanding implement was the mouldboard plough. However, when also taking into

account the absorbed through the PTO energy, the rotary cultivator is proved as the



higher energy absorbing implement. The heavy cultivator used almost half the energy
of the plough. An increase to double to the required energy was found when going
from the absorbed to the PTO equivalent energy (except for the rotary cultivator) and
a five fold increase from the PTO to the fuel energy. The higher energy consuming
per ha tillage operation was ploughing. A great amount of variable energy was
required for seed processing while the most energy demanding operation was

irrigation.

Table 3. Estimation of the absorbed power and specific fuel consumption for the used

implements.
PTO PTO
Draft PTO turning Absorbed power equivalent Specific fuel Fuel
force torque velocity onpull in PTO Total Power consum- consum-
(Fr))  (rrd) (Wpro) (Par)) (Papra) (Par) cre®  (Pegers) X©  ption (SFC) ption (FC)
kN kN*m rad*s™ KW (L/KWh) (L/ha)
Tillage implements®
Mouldboard plough 22,7 26,15 26,15 0,53 49,35 0,73 0,42 4,92
Heavy cultivator 19,6 23,05 23,05 0,53 43,50 0,64 0,44 2,67
Rotary cultivator 59 0,79 58,30 6,26 46,22 52,48 0,49 65,30 0,96 0,42 3,35
Disk harrow 59 12,79 12,79 041 31,20 0,68 0,43 0,72
Field cultivator 6,2 13,83 13,83 0,43 32,16 0,70 0,43 0,88
Other implements
Seeder (4 row) 2,81
Sprayer 1,22
Fertilizer spreader 9,82
Harvester 14,6

(1) Plough, heavy and rotary cultivator were performed with the 82 kW tractor. Disk harrow and field cultivator with the 55 kW tractor
(2) C 15 = tractive efficiency
(3) X = the ratio of equivalent PTO power to that maximum available to the PTO.

Table 5 shows the total energy inputs for fertilization, sowing and weed control. From

the three tasks, fertilization was the most energy demanding.

Table 6 summarizes all the energy inputs for the four tillage treatments. It also
presents the energy outputs as they estimated from the seed and cake yield. From
the above data it is estimated the net energy (as the difference of outputs and inputs)
and the energy ratio of the outputs to the inputs. Different results were obtained when
different outputs were taken into account. When only oil energy was considered only
conventional tillage presented positive energy budget. When the cake and crop
residue energy was also considered all tillage methods had positive energy balances.
Conventional tillage was the best with an energy ratio of 3.81 followed by HC with
3.19, DH with 3.21 and RC with 3.03.

Irrigation consumed the largest part of the total energy inputs (71%) with the oll
extraction (10%) second. Soil tillage and fertilization consumed 7% each. Irrigation

had extremely high-energy demand because the water was pumped from a 150 m



depth. This percent would be 24% if surface water (pumping depth less than 5 m)

could be used for irrigation. In that case the energy ratio in the conventional method

would have been doubled (8.97).

Table 4. Estimation of variable energy inputs

PTO
Absorbed energy equivalent Variable
onpull  inPTO Total energy Fuel Lubricant energy
(Barr)  (Eapro)  (Ear) (Eegpro)  energy energy inputs (Ey)
MJ*ha™
Tillage implements
Mouldboard plough 222,3 222,3 493,5 2351 94 2446
Heavy cultivator 115,0 115,0 217,1 1276 51 1327
Rotary cultivator 27,7 204,6 232,3 289,1 1601 64 1665
Disk harrow 24,5 24,5 59,9 342 14 356
Field cultivator 31,8 31,8 74,0 419 17 436
Other implements
Seeder (4 row) 134 5 140
Sprayer 58 2 61
Fertilizer spreader 469 19 488
Harvester 675 27 702
Irrigation
Traveller sprinkler 3512
Drip 30483
Processing
Transport wagon 78 - 103
Seed press (1,5kW) 3480 - 4060
Table 5. Energy inputs for the rest cultivation tasks
Energy Energy in Energy for Total energy
Quantity content the product application requirements
Inputs (kg/ha) (MJ/kg) (MJ/ha) (MJ/ha) (MJ/ha)
Fertilization
Nitrogen 27,50 76,6 2107 2601
Potasium 37,50 16,0 600 494,3 1094
Phosphate 37,50 12,8 480 974
TOTAL 3187 4669
Sowing
Carysol 7,66 26,3 202 } 1779 379
Frankasol 5,73 26,3 151 ' 329
Weed control
Treflan 3,00 79,7 239 } 640 304
Prometryne 2,50 158,9 397 ' 462
TOTAL 636 766

Conclusions
From the presented data it can be concluded that:

e Sunflower is a crop candidate to produce fuels for the transportation sector.



¢ Sunflower under the Central Greece conditions and irrigation gave a positive
net energy when all products were taken into account

o Energy spent for tillage accounts for only 7% of the total energy consumed.

o Irrigation is the higher energy consumption for the case under study but can
drastically be reduced when water was pumped from a lower depth.

e Conventional tillage gave the best energy balance due to the higher yield

even with higher energy inputs.

Table 6. Energy budgets for the four methods of tillage.

CO HC RC DH
Energy inputs (MJ/ha)
1 Tilage 3.398 2.201 2.165 1.601
2 Weedcontrol T 7 = 7_01 _________
3 sowing T = 379 _________
4 Fetiizaton - - = = 3381 _________
5 igaton - - - = = 3£r784_ ________
6 Harvestng - - = = 1342 _________
7 Transportation ST 1?3 - 85_ - _78 T 8?
8 Processing 4.777 3.931 3.609 3.776
Total 49.166 47.104 46.739 46.346
Crop yield (kg/ha)
ol 1.356 1.085 1.023 1.076
cake 2.691 2.154 2.031 2.136
Crop residue 5.683 4.550 4.289 4511
Energy outputs (MJ/ha)
ol 53.408 42.759 40.306 42.394
Cake 52.741 42.225 39.803 41.864
Crop residue 81.269 65.064 61.332 64.508
Total 187.418 150.048 141.441 148.765
Qil
Net energy (MJ* ha™) 424 -434 -643 -395
Energy ratio 1,09 0,91 0,86 0,91
Qil, Cake & Crop residue
Net energy (MJ* ha'l) 13.825 10.294 9.470 10.242
Energy ratio 381 3,19 3,03 321
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