EPTAXTHPIO OPEYH ®YTQN-
I'ONIMOTHTA EAA®QN

ITPOXAIOPIZMOX AZQTOY XTOYX OYTIKOYX
I2TOYX

Ewonyntéc: Baoileiog TCavakdkng & ®ortntég EAMEITA



H pop@dec touv alwTtou LE TLC
OMoLeC pocAapBavetal ano
T duTd



Anapaitnto Opentikd otoryeio

v Ta amagattnta BQeMTIK& OTOLX el KATIYOQLOTIOLOUVTAL O€ LAKQO-
OpemMTiKA KAl HIKQO-OQETTIKA AVAAOYA UE TNV CUYKEVTQWOT]S TOUG OTOVG
(PLTIKOVG LOTOVG.

MINAKAE 1.1 Zroixela mou givan Amapaitnta ywa tnv Avantuén twv Qutov kai ot Mnyég touc?

O xnuikéc popeéc mov cuvriBwe mpocAauBavovral anad ta putd deixvovtal g mapévBean, UE To xnuiko cupbodo Tou
oToIXEiOU va avaypd@etal Ue Eviovn ypagn.

MarpoBpenmika: Xpnowonoouvoar oe oxening peydAa mood

= 0,1 % Enpov punikou iotou)

Kupieoe amo Tov agpa kat To

VEQO

Kupiwe ano ta otepea Tow edapoug

MupoBpenmirg: Xonowonoiouvtal G CXETIRG LIKEG oo (=

0,1 % Enpou putior iotow)

Amo ta orepea Tou edamoug

AvBpakag (CO,)
Ydpoydvo (H,0)
Otuyove (0,, H,0)

Katiovra:

AcBéotio (Ca?+)

Mayvrioo (Mg2+)

Afwto (NHST)

Kdahio (K¥)

Avidvta:

Afwto (NOy7)

®wopopog (H,P0,~, HPO,?)
eeio (50,7%)

Mupitio (H,5i0,, H,5i0,7)8

Katidvta:

Xahkog (Cu?t)
*KoBaAtio (Co?+)B
Tidnpog (Fe®*)
Mayyavio (MnZ)
Hikého (NiZ+)

*Martpio (Na+) B
Weuddapyupog (In?*)
AvidvTa:

Bopio (H,BO,, H,BO,T)
¥hwpio (CI7)
MoAuBdaivio (Mo0,*)




Mop@ég aloTov Tov Tpocrioupavovtal amxo To.
QpuTd

v'To p1lkd cHotua Tov eLTOV TpoclouPdvel To Glwto amd To 60O VIO TN HOPPN
vitpikov (NOj;) ko appoviakov (NH, ) 10viov.

v Extdg amd To VITpIKE Kot T Opltmdviokd 10vTa, To QUTA UTOPEL Vo amroppoPrcovy Kot
vitpmdn (NO,") 16vta mov givon ToEKd, OGTOGO 1 GLYKEVIPWOGT] TOLG GTO EO0PIKO
OtdAvpa glvor pkpn).

v'To. UTO givol SuVoTOV Vo TPOSAOUBAVOLY UIKPOUOPLOKES VOUTOSIONAVTEC EVAOOELS

alOTOL (KLPIWG TPOTEIVES Kl UIVOEER).
Nitrate
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The nitrate ion with the =~
partial charges shown
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https://en.wikipedia.org/wiki/Nitrate



H onuoaoia tov alwtou



H onpoocio Tov AC@TOL 0TO QUTA

v'To dlwto amotelel Pacikd cLOTATIKO GTOLYEIO TOAMDV ATAPOUITTOV OPYOVIKOV OVGIHOV

TOV QUTOV.

v Amotelel onpovtikd otorygio TV oapvoELmy, To 0moin amroTEAOVV To SOUIKO GUGTUTIKA
TOV TPOTEIVOV, cuurTePAapPavouéveoyv Kot Tov evEOUOV, LECH TMV OTolmV EAEYYOVTOL
o1 BloAoyikég dladikacies.

v' Mo GAAN peyddn kotnyopio ovoidv Tov TepEyovy Almto gival To. VOukAEikd o&éa, ota
omoia. Pacileton M KANPOVOLKOTNTO KOL 1] YA®POQPUAAN, otnv omoion otnpileton o
PMOTOGLVOETIKOC UNYOVIGUOG TV PUTOV.

v Emnpodcbeta, 1o dlwto givar amapaitnto Opentikd otoryeio ya 1o petaforioud tomv

voaTAVOPAIK®Y GTO PUTA.

v Endpketo aldtov £yl ¢ amotélecua TV Tpooy®yn e advénong kot ovamtuéne tov
p1likoy cvoTNUOTOS, KOOMG emiong Kol TNV TPOSANYN and To. PLTA AAA®V OpENTIKOV

oToyElmV.

v'To afmto av&avetl yevika ) Propdlo Kot TV TopoyoyikoTnTo TOV QUTOV.



Eniopacn t™qs epopuoyns almtov ety mopaymyn

Fageria et al., 2008
- 8. Jagadamma er al. /Soil & Tillage Research 98 (2008) 120-129
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Fig. 2. Effect of N fertilization rate (exp. 1): (a) emmer hulled and net grain yield (tha ') and grain protein content (%); (b) on biomass (tha '), plant height (m/10) and
lodging (0-9). Vertical bars represent + standard error.



H onuoocia Tov AloTov Yo 10 TepLfpariov:
Evtpogiopnog

EUTROPHICATION u

PROCESS
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 Fertilizer

Blocked Sunlight

ECOLOGY

Controlling Eutrophication:
Nitrogen and Phosphorus

Daniel J. Conley,"* Hans W. Paerl? Robert W. Howarth,® Donald F. Boesch,* Sybil P. Seitzinger,?
Karl E. Havens,® Christiane Lancelot,” Gene E. Likens®




H kUkAoc tou alwtou
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EIKOMA13.2 O wikAog Tou afmtou, e Eppacn oTo KOpLo PEpoC Tou KUKACU (Xovipd, yEpl BEAN), OToU TO opyavikd afumTou avopyavomol-
giTm, T pUTA TposAauBavouy To avopyavo alwTo, KOl TEMKA T0 0pyavikd dlwTo EMOTPEPE] 0T0 ESQPOC, PECW TWY PUTIKDY UTOASIPPaTWY.,
InuEmoTE TIC Siadikasiec PE TIC omoiEg AlwTo Twy Edop@YV XAVETOL Kal avamAnpEveTal. Ta KouTd avTimposwnelouy Sidpopes popEEeg Tou
afwTtou, Ta BEn avnimposwmedouy Siadikaciec PE TIC OMOLEC N PLO PO@@r] PETATPEMETOL GE AAAn. O opyaviopol Tou e5dPouc, T EvIupa Twv
omoiwy KaraAdowy To PEYTAUTERD PEPOC TwV avTGpasewy Tou KUKAOU, TapousalovTd oTa KouTid JE oTPOYYURENEVEC AKPEC KAl PpEpoUY TNV
gvBEIEn "MD" [DwToypapia, PE TNV EUYEVIKR Tapaxwpnon B, Weil]



O kVkAog Tov alMTOV
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H vitpomoinon-amovitponoinon
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EIKOMNA 12.16 Avndpdoew vitpomoinong Ko
amovVITPOTOINGNC Kal 1 TOPEId TV CUVIELY
dodikaouny mou EAEYKOUY TIC OMWASIES alETou
ano ta aepobla Km avaepoBua oTpoparta EVog
KOTOKAUGUEVOL amd vepd eddpouc. Ta viTpikd
Mo TXNUaTI{ovTOl OT0 AEMTO aEpdBlo oTpWpa
efdpoc akpiBwe KATW amd To VEPO, KivolWTal
MpoC Ta KOTW PEcsw Siaxucnc otny avaepobia
MEQIOXEN (DVOVWYIKT) KOl OToviTpoTololvTal OF
aepio N, kat N0 kal o omoieg duagedyouy ooy
arpocpapd. H evowpdraoson TN ouplag M Twy
QU HOVIOKDY Amaspdrwy Badid oto avaepoBikd
TuRpa tow e6A@OoUC amo@EEdYETOL i oEElGaEn
TWY OUUWVIOKDY 1IOVTEY OF VITDIKG KOl W EK
TOUTOU PEWDVETOL CNUOVTIKT n amwiswa M [Omug
TpomomonBnke and Patrick (1982)].



Agplomroinon N wg NH_, % tng

Z.. H s€ayvoon (agpromoincn) tov al®dTov

H aépra appovia (NH;) mapdyetor amd tn 0106Ta.0T OPYOVIKOV DAMKOV KOt TNG
Cotkng Komplag, Kabmg Kot and Mmdcuota Omme 1 ovpia Kot 1 dvoudpn apuovio. H
aéplo oppmvia BpioKeTal 6€ 1G0PPOTIO LE TO OUUMVIOKO 10V, GOUPOVA LE TNV

aupiopoun avtidpoon:

NH4* + OH-

Aradvpéva dvra

= H,0+NH; |
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EIKONA 13.4 H agplomoinon appwviag eEaptdral amd
petaBoAn tng Beppokpaciac kKal tov pH oto édagocg. Ze
auTr Ty mMepimTwon mpaypatomomBnke empaveLlakn egap-
poyr oupiac os £€va thvomnAwdeg édagoc. H oupia amop-
po@d vypacia amd TRy atpoc@alpa n to édagoc, udpole-
Tal Kal mapdyetal appwvia. H amwAeia appwviag gival
efaipeTka ypriyopn otav to pH tou eddgouc eival peyahu-
TeEpo Tou 7 kal n Beppokpacia Eemepva toug 16°C. H amw-
Aela appwviag pmopei va eivalr akopn mo ypriyopn oTig
KOomplEg Twy {wwv o8 oUyKplon pe Tnv oupia. Etol, vhika
anod ta omoia pmopei va mapdystal appevia dev mpEMEL va
Q@nvovIalr ony emgpavela Beppov Kal adkakwy edaguv
yla meplocotepo ano pa nuépa. [Redrawn from Glibert et
al. (2006) using data in Franzen (2004)]



A. Dissimilatory nitrate reduction to ammonium
(DNRA)

v ' H avopoloyeviic avoyomy virpikdv oe opudvio (DNRA), emiong yvoot) ®¢ opu®VOToinon
VITPIKOV/VITPOO®V,

v Eivor 10 omotéleopo  avoepOPlog  OVOTVONG OO YNUELOOPYOVOETEPOTPOPIKG  HIKPOPLo.  TTov
ypnoporoovy vitpikd (NO57) g 0kt nAekTpoviov yo TNV avamvor]. Xe avaepoPieg cvvOnkeg, o
ukpoPio mov avarapBdvoov to DNRA o&edmvouv v opyavikny VAN Kot YPNOLULOTOIOVV VITPIKA
dhato (Kot Oyt 0EVYOVO) MC OEKTN MAEKTPOVI®V, UELOVOVTAS TO. GE VITPMON KOl OTN CLVEXEWL GE

OUUDVIO (NO3_—>NOZ_—>NH4+)

v Agdopévov 011 1o DNRA maipvel vitpikd Ghog Kal To HETATPENEL OE QUU®OVIO, dev Ttapdysl N, 1 N,O.
Kotd cvvénela, 1o DNRA avakvkidvel o almwto avti va mpokalietl ammAieia, N, 1 omoia 0donyel og o
Biooun TpmToyevn Tapaymyn Kot VITpomoinon

v'"Méoa og évo okooLoTNnuo, 1 omovitponoinon kot o DNRA umopodv va ovufodv towtdypova.
Yvvnbwg 10 DNRA eivan mepimov 10 15% 100 GLVOAMKOL pLOUOL peEl®ONG TOV VITPIK®OV, TOL
neptlapupavel 1660 to DNRA 660 kot v anovitporoinon

v Qo10060, 1| oYeTIK onuacia kaOe dradikoaciog ennpedletar omd TepParloviikéc petafAntéc



E. H Broroyikn 0éopgvon tov al®dTov

v Metd ™ ewtochvieon Tov eutdv, 1 Poloyiky déopcvon tov ald@tov gival TOavOE N onuavtikdtepn Ploynuikn
avtiopaon vy ™ {on ot yn. Avti 1 ddikacio PeToTpEmel T0 adpavég aéplo dlmto g atudoceaipag (N2) oe

evepyég Lopeéc aldtov, mov akoAoVOwG eival dabéoo oe OAeC TIC HopPES LN HEGH TOV KOKAOL avTOD TOL

ctotyeiov.

v H dadikacio Tpaypatonoleital and Evay mepropiopévo aptbpd Boktnpiov, cvumepilappfavoutvav d1opopwy 100V

Rhizobium, aktivoBaktnpiov kot KvavoBaktnplav (YvooTdv TponyovuEVeS g YoAalonpactva UK).

v Xe maykOouo eminedo, tepdotiec mocdtreg aldTov deoucvovial Proloyikd kabe ypovo. Extipdron 611 udvo to

yepooaio otkosvotnuata decpuevovv139 exkatoppvpo Mg.

v AveEdptnta amd Tov HKpoopyavioud mov epmAéketol, 10 KAEWi yio T Prodoyikn déopgvon tov aldTov eivor To

EvQL Lo VITPOYEVAOT), TOV KOTAAVEL TNV AVTIOPACT] Avay®YNS TOV 0EPLOV alMTOV GE AUUMVICL.

(MNITpoyEWIan)
_

M, + BHY + 6e”
(Fe, M)

2ZNH; + H,

Iugtrpara Bodoyikne afwTodéouevang  EpmAekdpevor Mikpoopyaviouol EpmAskdpeva ©utd

Xewpog afwTodéopevanc

Fup BTG
YmoxpewTKd cupBTikn
Wuxaven BakTApia TOU yEVOUC Wyavan
Rhizobia kay Bradyrhizobia
Mn-wuxaven (oyyewoneppa) AxtvoBaktnpua (Frankia) Mn-wuxavan (ayyeioomEpRa)
TUVEDYLOTIKT
MoppodoyIKEr KuavoBaxtripua, Bakthipia Adpopa avwTERT QUTA
TROMOTORGELS KOl pKpoopyavicpoi
Mn poppoloyIKES KuavoBaxtnpa, Bakthpu
TPOTOTMOLRGELL
Mn oupBiaTirn KuavoBaxtipua, Bakthipua AEV CUNPETEXOUY PUTA

dupdna oto piko sloTnpa
dupdna oto piko cloTnua

dupdra ota @OUAAT KOl oTo pLiiko

TUTTNE, AELKVEC

Puloopmpa (pupomepiBaiiov
pilikol SUSTRPATOC)

DUNAOCPOIT (PEPOTEPBAARr URAY)

Edapoc kol vEpd aveEdpTnTa amo

NV Mapousia guTEY




H tpodormnevia (avenapkeLa)
Tou a{wtou ota GuUTA —
2 U UITTWLLOLTOL AVETTAPKELOLC



KATHIOPIEZ ZYMIMNTQMATQN TPO®OMENIQN
«ZUHNTOHATA — ENINTOOEIC TWV TPOPONEVIOV:

1) XAwpwon QUAAwWV
a) kabBoAikn
b) peocovelpia
2) Nékpwon QUAAWYV 1) TUNEATWY TOU EAGOPATOC
a) kopu@aia r} NAEUPIKT] VEKPWOT)
b) pecovelpia
3) Avwpaliec otnv avantuén
a) eniBpaduvon n navton avanTuéng
b) akavoviorn n 1Biaitepn avantuén UAAwV f| BAaoTwv
c) VEkpwon akpaiou r/kar nAdyiwv opBaipwv
d) own polErag
e) vaviopog, HIKkpo@uAlAia, pikpokapnia
4) MeTaxpwpaTiopoi
a) oucowpevon avBokuavivov
b) cuocowpeuon aAAwV XpwoTik@wv (pnpouTdivng n
HEAavNG andxpwaong)




O avendapkela Tov N oto QuTa

‘Nutnent Defrmency I Plants A
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2ountopoto averapkeag N

v Yo éAAendn alwtov Ta PUAAA YivovTal evTedws
KITQLVA KAl OTADLAKA ATOQQLTTOVTAL.

v’ Ta vedtepa UAAa pmoel var unv epgaviCovv
CUUTITWOHATA aQX kX meldN To ALwTo UTToQEL vax
kvnTomomnOet amo maAaldteQa UAAA.

v AdVvapol BAactol N kAadia (TteglogLopévn

avAanTuén Tov PuToL)

ITegrogtopévn avBo@opia KAl 1] KAQTOPOoIA.

Ortav n avendpkela al@tov AVATITUOOETAL AQYR, TK

(PUTA UTIOEEL £XOVV EVTOVA AETTA KAl ELAWON

oTeAéXN. AUTO UTTOQEL VA O@pelAeTAL 08 CLOOWEEVON

voaTavOEAKwWV TIOL dev £XOLV XENOLHOTIOM Ol OTN
ovvOeoT apvoéwv 11 AAAwWV evwoewv alwTov. N, 5 _
itrogen deficiency symptoms in tomato.

v' OrvdatavOpakeg ov dev XONOIHOTTOLOUVTAL OTO (EpSiveand Bloom 200)
HeTaBOALOUO TOL AlWTOL HTTOEOVV VA
xonotuonotnOovv ot cvvBeon avBokvavivrg,
dLadukaoia mTov 0dNyel 0e CVOCWEEVAT AVTIG TNG
XOWOTIKNG (LOP XQWHATIONOG O€ PUAAR, HloXOUG
KoL OTEAEXT OQLOUEVWV PUTWV, OTIWGS 0TI VIOUAXTA
KoL OQLOUEVEG TIOLKIALEG KAAAUTIOKLOD).

AN




https://blog.bluelab. com/how -to- |dent|fy and treat—nltrogen—
deficiency-in-plants

https://plantpro.gr/kaliergies/f1140300/24

https://agriculturistmu
a.com/function-and-
deficiency-symptoms-
of-
nitrogen/?utm_conten
=cmp-true

https://www.afentoulis-
e0.gr/page/6/13/%CE%A3%CF%85%CF%87%CE%BD%C o
EO/oAgDOZC?ZO/Osz_ R https://vyww.nova_gre(_en.gr/0|-ky!'|oteres-
%CE%A4%CF%81%CE%BF%CF%86%CE%BF%CF%80%C trofopenies-esperidoeidon-agravia-2/
E%B5%CE%BDY%CE%AF%CE%B5%CF%82
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EIKONA 12,1 Zupntopata EAAEWYNC Kal Tepicoelag alwtou. (a) ®uto @acoMdg pe EAAewn alwrou (5e€id) mapouctalel TUMKAG cupTTwpara
XAWPWONG OTA KATWTEPA PUAAG Kal CNUAvTIKN avactoAr Tng avantugng Tou QUToU GE OXECT PE TO QYUTO ota Ge€id mou avantUooeTal O
KavoVvIKEC ouvBnKeC. (B) Ta @UAAA Tou QUTOU ayyoupldc KOVTa 6To QUTOSOXEI0 OTOU avantUGCETal TO QUTO, Elval XAWPWTIKA AOY0 ToU OTL TO
M peTa@épbnKe amd Ta MaAaiOTEPA OTa VEOTEpA QUAAA Ta omoia éxouv éva Babu mpacivo xpwyd oTa apicTepd TN ekovacg. (y) Eva tumko
cUpmTwpa and EAAewyn N oTo KaAapumoKt €ival To KITpiviopa Twv @UAAWY otn BAcn tou @UTOU, 0 HETAXPWHATIOHOC NG EEKIVA amd Tnv
KOpU@I Tou @UAAOU Kal EKTEIVETAL KATA PKOC TOU KEVIPIKOU veUpou. (6) KaAhépyela puliol n omoia dexBnke umepBoAikn mocotnta M. H
napadooiakn MOIKIAIG OTIWE @AiVETAl OTO APICTEPO PEPOC TNC EIKOVAC EXEL PEYAAUTEPO UWOC PE ANOTEAECHA Va EXEL MAAQYLAGEL OF avTiBeon pe
pla «véa= molkiAia n mapaywyr TNg ONoiag £ival IKAVOTONTIK O cuvenkKeg auEnuévng moootntag alwrou AGYo Tou PKpoU Uyoug avantuéng
TOU TapouUcIael Kat Tou avBEKTIKOU dxupou Tou mapayel. (Pwroypagia, Pe TNV eUyevikn mapaxwpnon R. Weil)



Tpodonevia alwtou (ApLOTEPQA), EMAPKELA

oe alwrto (6e&la) Ewk.1

. Y
| / |
! Tpoponevia alwtou Seiyves n nepioxr
’ﬂ ' ' ~ HE IO QVOIXTO TIPACIVO P
\~
:’ /'/
- -

\"/’ -

Magydy: hitps//www haila-group com/el %01 %0F 3%CE%RA KT RE 7 %CE MBI %CFRRC RS-
B A R B B D B R B AD R L 3B | N R 2 e B RCENBIRCERBINCEXRS2.

MOERBBUCFHRRINOT HADKLT HUBRGCEIN 7-%CF %R HOF HUBSHOCFNBHKCF%BYMNCT KA %CF%BD



H avemapkero Tov ACOTOV 6TO OUTEAL

Ta naAaioTepa UAAA yivovTal avoixTa npdaciva n
KiTpIVa, n avanTuén sivar capwc kabuoTepnuevn. Me
ouvexn ENAEIYN, O ANOXPWHATIONOC EANAWVETAI OF
0AOKANPO TO PUAAWUA.

O1 veapoi BAacToI, o1 pioxol Kai o1 hioXol TwV CUoTAadwv
yivovTal poC 1} KOKKIVOI, aveEapTnTa ano Tnv noikiAia.
>€ OUVONKeC Enpaociac, Ta NepIBwPIa TWV PUANWV
TEiVOuv EAaPPA Npog Ta Navw, papaivovTal Kal
OTEYVOVOUV.

>€ goPBapn avendapkeld, avanTuooovTal VEKPWTIKEG
NEPIOXEC O0Ta NaAaioTepa pUAAA PMopEi va papadouv
kal va &pabouv.

[~ " ’

https://lodigrowers.com/identification-of-nutrient-deficiencies-from-leaf-symptoms/
https://plantpro.gr/kaliergies/f1140501/26

https://www.yara.co.uk/crop-nutrition/grapes/nutrient-deficiencies-grapevines/nitrogen-
deficiency-grapevines/?activeSlide=8998



H avemapkero Tov ACOTOV TNV €A1

KiTpiviopa kupiwe oTa veapa gUAAG

[EVIKOC anoxpwuaTiopog Tou dEvOpou.
Mepiopiopévo PEYEBOG BAAOTWV Kal PUAAWY
MEePIOPIOPEVN-KAXEKTIKN avanTu&n Tou devopou.
‘EA\eIpn veag BAGoTnong

A ’ ! o L https://www.haifa-group.com/olives-
https://www.cultifort.com fertilizer/crop-guide-olive-trees-nutrition

https://www.yara.co.nz/cr
op-nutrition/olive/nutrient-
deficiencies-
olives/nitrogen-deficiency-
olives/



H avemapkeio Tov ACOTOV 6TO KNNTEVTIKA,

KITpiviopa-xyAwpwon Twv GUAA®V. AuTh n XAwpwon
ouvnOw¢ EekIvagl NpwTa anod Ta wpIPd, KATWTEPA
(PUAAQ.

[eVIKOC anoxpwuaTiopog Tou puTou.

To puUTO £xel akavbwdn eugpavion PE apair avanTugn,
av Kal To GUVOAIKO UYoG Jev HEIWVETAL.

Me Tn ouvexI{opevn aoiTia Ta kKatw (nalid) pUAAa
yivovTai KiTpiva kai noAAa anokTouv JoB Xpwua npiv
neBavouv npowpa.

Tomato Nutrient Deficiency — Haifa Group

https://www.yara.co.uk/crop-nutrition/tomato/nutrient-deficiencies-tomato/nitrogen-deficiency-
tomato/



H avemdapkero Tov ACOTOV 6TO KNTEVTIKA

Figure 2. Cucumber (Cucumis sativus) plants subjected to three levels of nitrogen deficiency (A): minimal (B)
intermediate (C). and stressed (D).

https://www.researchgate.net/publication/252931827_TECHNICAL_FEASIBILITY_OF_COLOR_INFR

ARED_IMAGERY_FOR_MONITORING_PHYSIOLOGICAL_STRESS_IN_GLASSHOUSE_CROPS/fi g_ures7
lo=1&utm_source=google&utm_medium=organic



H avemdapkeio Tov ACOTOV 6T 0YPOOTOON

KiITpiviopa-xAwpwaon Twv UAA®V.

Eneidn To alwTo €ival éva kivnTo BpenTIKO OUCTATIKO OTO PUTO, Td
OUNNTWHATA gU@avidovTal NpwTa oTa ynpaioTepa PpUAAa Kal oTn
OUVEXEIQ avanTUooovTal 0Ta VEOTEPA PUAANG KaBwG Ol GUVONKEG
yivovTai o€giec.

[evIKOC anoXpwuaTiopoc Tou puTou.

Meiwpevn avanTuén.

Ta @uTa pe ENalyn alwTou wpIialouv VwPIG e ONUAvTIKA HEIMPEVN
anodoaon kal noloTnTa.

https://www.powerag.com/deficiencies/nitrogen-deficiency-cereal-grains/



H avemapkero Tov ACOTOV 6TO EOTEPLOOELON

3 st > 40 DAND 50 DAND 60 DAND 80 DAND 100 DAND 120 DAND
o,

Control

https://www.globalnetacademy.edu.au/listen-to-your-lemons-
what-are-your-citrus-trees-trying-to-tell-you/

KITpiviopa-xAwpwon Twv GUAAWV. i

. 40
Ensidn To alwTo €ival &va KivnTo | ettt G o s
BpeNTIKO OUCTATIKO GTO PUTO, TA s =5 ' S 9 < S LB
oudnNTWPATa peavifovral NpwTa S " el 3
oTa ynpaidTepa GUAAG Kal oTN B e I i N 8
ouvéxela avanTlooovTal oTa iz al T e T
VEOTEPA PUAAQ. o o5

' v 0 20 40 60 80 100 120 0 20 40 60 80 100 120 140

rEV|KOC CII'IOXp(1)|JCITIO'|JO(; TOU Days after nitrogen deficiency (DAND) Days after nitrogen deficiency (DAND)

IE\')/Isvépo'u ) \ Figure 1. (A) Leaf symptoms of N deficiency in ‘Shiranuhi’. (B) Changes in SPAD values of the leaves
Ellpevn ava I'ITUEI']. of ‘Shiranuhi’ according to the period of N deficiency and resupply. (C) Changes in leaf N content
g e ) PPY g
in ‘Shiranuhi’.



H avemapkeio Tov ACOTOV 6TO TUPNVOKUPTO,

KiITpiviopa-xAwpwaon Twv UAA®V.
Eneidn To alwTo €ival éva kivnTo BpenTIKO OUCTATIKO OTO PUTO, Td
OUNNTWHATA gU@avidovTal NpwTa oTa ynpaioTepa PpUAAa Kal oTn
OUVEXEIQ avanTUooovTal 0Ta VEOTEPA PUAANG KaBwG Ol GUVONKEG

| yivovTal o€giec.

Fz-:vmoq anoxpoouaﬂopoq Tou OEVOpOU.

https://fruitsandnuts.ucdavis.edu/peach-nectarine-
deficiencies



[Hapdyovteg mov tpokaAovv EAdenyn N 6ta UTQ

H éAAenpn N pmopel va oxetiCetat:

v

v

v

Me tov TUTO TOU EdAPOUG KAL ELVAL XAQAKTNOLOTIKY Yot A H@ON Kol KAAX
oTeayYLLopeva €dA@n e YOI YOQT] EKTTALOT) OQETTTIKWYV OTOLXElwV.

Me tnv veEPoALKT] AROELOT] KAL OL £VTOVEG BEOXOTITWOELS TTEOKAAOVV €AAenPT) al@tov
AOYw vEQPOALKOV TTOTIOHATOG.

H éAdenn vygaoiag tov eddgoug emnoedlel TNV AmoQQOPNOT TWV LOATOIXAVTWV
0QeMTIKWV CLOTATIKWY ATIO TIS PLLES TV PUTWV.

O ag@LopOG6 TOV EdAPOUVG eTtQEALEL TNV HIKQEOPBLAKT] dDQATTNELOTNTA (08 avaeQOLeg
oLvVvOTKEG YIVETAL ATIOVITQOTIOON.

H Oegpokpacia tov eda@ovg emneealel TOTC TOUS UIKQOOQYAVIOHOUS KL TNV
HKQOBLakT) OQAXOTNELOTN T

Ta vnAa emimeda Zn, Mn, K kat tdvtwv xAwplov eivat emiong peta&d twv attwyv
AVETIAQKELAG AlWTOL 0T PUTA.

H av&npévn adatotnta tov eda@oug emnEeedlel AQVNTIKA TNV ATOQQOPNOT] TWV
OpemTIkV OLOLWV AOYW TNG OOUWTIKTG Ttleong Kol pewwvel TNV mEooBaon oe N.

To pH tov edagovg enmnpealet emiong tn dwxOeopotnta N yia Tic kaAALéQyeteg: elte to
LVPNAO elte to XapunAo pH etvat dvopevég. IToAanAn emidoaon, dnAadr) otovg
HIKQOOQYAVIOHOVUG, &lte 0tn daOeouoTn Tt AAAWV OQETTIKWV OTOLXElWV K.AL.

H ntapovoia Cillaviwv mookaAel aottia amo N, a@ov ta Cllavia 0teQoVV TIG KAAALEQYELEG
CWTIKWV OTOLY ELWV.

IToooONKN 0QYAVIKWV VTTOOTQWHATWV: BETIKI] 1] *QVNTIKN £TOQAON OV OXeTICeTAL [LE TNV
TOLOTNTA AVTWV TV VAWV (avOektikotnta otnv Broartodounon, avaAoyia C/N k.a.)



O tpoodLopLoUOC ToU
a{wToU OToUC GUTLKOUC
LOTOUC



IIpocoropionog oAkov N ne ™ nédooo Kjeldhal

Xpnowomoovue puaAeg-owAnveg Kjeldahl (75 ml)

OTIS OTIOLEG:

v' TlpooBétovue 500-1000 mg ENEOL PULTIKOV LOTOV

v TlpooOétovpe 5.0 g of digestion mixture
(100:1:1000 CuSO,-5H,0/Se/K,SO, or 1:60:1670
(CuSO, /TiO, /K,50,).

v' EvaAAaktka xonotuomoovpe dVo TapumAETeg Ue
T TAQATIAVQ.

v' IlpooBétovue 20 mL mukvov H,SO,.

v TortoBetovue tig praAes Kjeldahl oe katdAANAN
ovokevr) Oeopavong

Kot Oeouatvovpe otadlaka £wg tovg 400°C (0QLopog

TIOOYQAUUATOG O EQUOKQATLWV KAL OLXQKELAS

XWVELONG)

v To aprjvovpue va kQuwoet kat uetoape to NH,

v EmtiAéyovpe tn péBodo TitAodotntnong agov
TIQONYOUHEVWS ATIOOTAEOVHE TO AHHUWVIO e
xomnon NaOH (30%) kat to deopevoovpue o€
dtaxAvua Booukov 0&éog (4%). Xt ovvéxelx
trtAodotovpe pe apatd dukAvpa HCl 1) H,SO, (0.1
11 0.05N)




Nitrogen Determination
by Kjeldahl Method

The Kjeldahl method is used to determine the nitrogen content in organic and
inorganic samples.

For longer than 100 years the Kjeldahl method has been used for the determination
of nitrogen in a wide range of samples. The determination of Kjeldahl nitrogen is
made in foods and drinks, meat, feeds, cereals and forages for the calculation of the
protein content. Also the Kjeldahl method is used for the nitrogen determination in ;
wastewaters, soils and other samples. i

It is an official method and it is described in different normatives such as AOAC, USEPA,
ISO, DIN, Pharmacopeias and different European Directives.

The Kjeldahl procedure involves three major steps: l

Digestion Distillation

Organic nitrogen is NH, is distilled and 2 : : #
converted into NH,* retained in a receiver vessel Nitrogen is determined

PanReac'?‘:’ —
AppliChem
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1. Digestion

The aim of the digestion procedure is to break all nitrogen bonds in the sample and
convert all of the organically bonded nitrogen into ammonium ions (NH,*). Organic
carbon and hydrogen form carbon dioxide and water. In this process the organic material
carbonizes which can be visualized by the transformation of the sample into black
foam. During the digestion the foam decomposes and finally a clear liquid indicates the
completion of the chemical reaction. For this purpose, the sample is mixed with sulfuric
acid at temperatures between 350 and 380 °C. The higher the temperature used, the
faster digestion can be obtained. The speed of the digestion can be greatly improved by
the addition of salt and catalysts. Potassium sulfate is added in order to increase the
boiling point of sulfuric acid and catalysts are added in order to increase the speed and
efficiency of the digestion procedure. Oxidizing agents can also be added to improve
the speed even further.

Sample Catalyst
Protein (-N) + H,S0, ——> (NH,),S0, + CO, + H,0

After digestion is completed the sample is allowed to cool to room temperature, then
diluted with water and transferred to the distillation unit.




1. DIGESTION Panficactlh

ITW Reagerits

- Shake the milk sample carefully so that it does not foam.
- Weigh approx. 5 g of the homogeneous sample.

Balance

» Place the sample into a digestion flask.

- Add 2 Kjeldahl tablets of 5 g of the Missouri catalyst.

- Add 20 ml Sulfuric Acid 98%.

- Carefully suspend the sample by gently swirling the tube.

- Bring the digestion tube/flask and mixture into the digestion
unit and into a heating block.

- Heat the mixture (350 - 380 C) until white fumes can be seen.
- Continue the heating for about 180 minutes.

- The vapours of water and sulfuric acid are bubbled through a
solution of sodium hydroxide (scrubber) to neutralize them.

- The digestion is finished when the sample will be totally
transparent with a slightly blue color due to the Cu from the

catalyst.
_ - The sample is allowed to cool to room temperature and
Heating  Scrubber cautiously approx. 100 mi of water is added.
block - Then the content of the glass tube is transferred to the

distillation unit.



2. Distillation

During the distillation step the ammonium ions (NH,*) are converted into ammonia (NH,) by adding
alkali (NaOH). The ammonia (NH,) is transferred into the receiver vessel by means of steam distillation.

(NH,),SO, + 2NaOH =——— 2NH, (gas) + Na,SO, + 2H.0

The receiving vessel for the distillate is filled with an absorbing solution in order to capture the
dissolved ammonia gas.

e Common absorbing solutions involve aqueous boric acid [B(OH)3] of 2-4% concentration. The
ammonia is quantitatively captured by the boric acid solution forming solvated ammonium ions.

B(OH), + NH, + H,0 =——— NH,* + B(OH),”

® Also other acids can be used as precisely dosed volume of sulfuric acid or hydrochloric acid that
captures the ammonia forming solvated ammonium ions.

H,S0, (total) + 2NH, ———> S0, + 2 NH_*

PET‘IREEE@
AppliChem
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2. DISTILLATION

@

50 ml of sodium hydroxide
50% solution is added to
the sample to neutralize
the pH and to convert
NH,* into NH_.

QO

A stream of water vapor
is bubbled into the sample
to entrain the NH_ formed.

®

NHE is condensed.

o -

Sample already digested
with sulfuric acid 98%.

e

Distillation unit

®

- NH, is captured in a 50 ml of boric
acid solution 4% that contains 6 -7
drops of Tashiro's indicator.

- When NH, reacts with boric acid
the solution turns from red violet to
green (pH 4.4-5.8) due to the color
change of the indicator from acid to
basic medium.

- Around 150 ml of condensate is
captured in the boric acid selution.

- It can take approx. 5 minutes.

P.?ﬂflR«e.Enrc'E:".'L
AppliChem

ITW Reagerits







CALCULATIONS

The calculations for % nitrogen or % protein must take into account which type of receiving solution was used and
any dilution factors used during the distillation process. In the equations below, “N" represents normality. “ml blank™
refers to the millilitres of base needed to back titrate a reagent blank if standard acid is the receiving solution, or
refers to millilitres of standard acid needed to titrate a reagent blank if boric acid is the receiving solution.

* When boric acid is used as the receiving solution the equation is:

; (ml standard acid - ml blank) x N of acid x 1.4007
% Nitrogen =

weight of sample in grams

PanReatﬁ
AppliChem

ITW Reagents



[TpoBANUa-Y ToAoyiG Lol

Mpayuatiko Bapoc Enpwv GuTikwy Lotwv:1 g,

12,1 ml katavaAwon dtoAvpoatoc H2SO4 (0.1N) katd tnv
Tithodotnon tou detypatoc Kat 0,1 ml katavaAlwon yla to
TUPAO (amootaén xwplc delypa).

% K.B. N = (ml delypatoc — ml tupAou)*1.4 * Kavovikotnta
oé€oc/Bapoc &npou deiypatoc =(12,1-0,1)*1,4*0,1/1 =
1.68 %

Apa n mepLekTkOTNTA o€ alwTto €lval 1,68% i tou Enpou
delypatoc.



Epunveila aroteréopnotog: Kplowun Xuvykévrpmon-Zmveg

LOTO elval exelvn N OLYKEVTOWOT) KATA
aTtd TNV OTIOLA 1) AVATITUEN TOL (PUTOV-
aTOO00T) TtEQLOQLLETAL ONUAVTIKN.
«AQLoTn ovyKEVTOWON» elval exelvn
OUYKEVTOWON KATA ATtO TNV OTtola
ETUTVYXAVETAL N HEYLOTI ATtOdOOoM.

Katw and v kolowun ovykévtowon
onuovpyettal pia Cwvn avenapkelag
TNV ool 1) ATtOO00T) HELWVETAL
OTHOVTIKA

H Cwvn enapxeiag émetat tng kQIOUNG
OLUYKEVTOWONG KAL OTNV 0ol | avENO
TNG OLYKEVTOWONG VOGS OTOLX €OV
oxetlCetal e TNV HEYLOTN ArddooT).
[Tepautépw av&énon g ovYKEVTOWONG
ToUL 0QeTMTIKOV OTOLXEIOV OTOVG PUTIKOVG
LOTOUG TIROKAAEL EAGTTWOT) TNG ATTODOOTG
TlavotTata A0yo ToEKOTNTAS ATO TO
OpemTikO oTOLXELD YIALTO KAt ovopdleTatl
Cwvn To&koTnTAaG.

EMOPKELOS/ UVEMAPKELUS/TOEIKOTN TS

v «Kpioun ovykéviowaon» 0ToV QUTLKO

. Deficiency Adeguate zone Toxic
E Zone Zone
T 4 RN
- =
S E
-
g~
§ T 5{] —
L
R
(G
0r Critical concentration
w

Concentration of nutrient in tissue
(umol/g dry weight)

FIGURE 5.3 Relationship between yield (or growth) and tl
nutrient content of the plant tissue. The yield parameter
may be expressed in terms of shoot dry weight or height.
Three zones—deficiency, adequate, and toxic—are indi-
cated on the graph. To yield data of this type, plants are
grown under conditions in which the concentration of one
essential nutrient is varied while all others are in adequate
supply. The effect of varying the concentration of this nutri-
ent during plant growth is reflected in the growth or yield.
The critical concentration for that nutrient is the concentra-
tion below which yield or growth is reduced.



[Topdoetypo amoTEAEGULATOC OVOAVGE®V

AtroteAeopdrwy AvdAuvong Aeciyparog PUAwY.

NINAKAZ

EMid (Xeipwvag) 25 eTwv

MakpooToixeia %

OMKS N P K Ca Mg
Tiwéc Emdpkeiag 160 | 200 009 | ot 070 | 100 100 | 250 0.10 0.30
AmoTéAzopa: 1.554 0.41 0.77 2.12 0.24
Xopakmpiopog: MA Y E E E
IxvooToIXEia ppm
B Mn Zn Fe Cu
Tiuéc EmdpKeiac: 20 | 50 50 | 150 R 50 | 150 500 | 2000
AmoTéAcopa: 18.57 46.35 10.87 128.80 6.8
Xopakmpiopog: MA MA ME E E

MNMEPIrPA®H OPENTIKHEZ KATAZTAIHEI: A: Averrdpkeia, MA

: Mepikn Avemrdpkeia, ME: Mepiki) Emdpreia, E: Emdpreia, Y: Ymepemdpreio




H owayeiprion tov al®TOV 6TO OYPO

v H ag1popog diayeipion 1ov aldTov §Yel w¢ 6KOmo TNV EXITEVEN TPIOV GTOY®V:

1)t dwtnpnon e opyovikng ovciac £Tol Mote vo olc@oiiletonr 1 pakpoypdvia. Tpoun el tov
£00povs pe almTo,

2)n pLOon ™G TOcOTNTOS TOV JAVTAOV HOPPOV ald®TOL MOOoTE vo dac@aMieTon 1 KAAvyn TV
OpeNTIKOV AmAIT|GEOV TOV PLTOV GE ALMTO KOt

3)mv mpootacio Tov TEPPAAALOVTOS UEGH TNG EANYIGTOTOINGCNG TOV OTMOAELOV OPOP®V LOPPOV
al®TOV OO TO GVGTNUO PLTO — £0APOG, OTMC Elval 1] EKTAVCT Kol EMPAVELNKT] ATOPPOT) TOV VITPIKDV
OVIOV KOl TOV S10ALTOD opyoviKoy al®dTov, Kafm¢ kot TS appumviog Kot Tov 0EEWinv Tov al®dTov,
KOTO TIC EKTOUTESG aEPimV.



H owayeiprion tov al®TOV 6TO OYPO

v Katd ™ dwyeipion tov aldtov (N) ueydin mpdxinon amotelel  mapoyf ota uTd S100<c1umv Hope®V al®Tov TV KOTAAANAN
YPOVIKY| OTIYUN, OE IKOVOTOMTIKEG AAAG Oyl VITEPPOAIKES TOGOTNTEG KAl LE TNV EAGYIOTY OLVATH am®OAEWD amd TO TEPPAAlov. e

avTO TO oNpEI0 TOPOVGLALOVTOL TEGGEPLS OLUPOPETIKEG TEXVOAOYIEG 1) TPUKTIKEC TOV £PaPUOLoVTaLl OTO AMTACUATA:

1) Epappoyn oe d0celg evog almtodyov MmACUOTOS 0@QOpd TNV €QOPUOYN TNG CLVOAIKNG TOCOTNTAG TOL al®MTOL OE
HaKOAMEPYELD GE TOAAEC KPEG SOCELS avTi va yivel 1 epapuoyn o povo eopd (cuvnbmg mpiv 1 Katd TN 6TopaA oG
ETNGLOG KOAMEPYELOG)

2) Xnuwol avactoAeig tng vitpomoinong givatl ovoieg ot omoieg avaoTEALOVY TN OpaCTNPLOTNTA TOV PaKTNpi®V TOv YEVOLG
Nitrosomonas nov petatpémovv 1o NH,” oe NO; 610 mpdto 010810 TNg Vitpormoinong (povo&uyevdon £viopo) (xpnon

TOPEUTOOGTDV).

3) Ta Mimdopata Bpadeiog amodéopuevong ival £vog TpOToc peimong e am®AES ToL N oo 10 £00(pog. 26TOCO 1| TAELOVOTNTA
TOV Mmacpdtov Ppadsiog amodéopgvong aldtov mapackevdlovion pe v emeEepyacio g ovpioc Hedidpopa VAIKE TOL
eMPpadOvouy TN SAVTOTOINGT TG 1 AVOGTELOLY TNV VOPOALGN NG 6€ appmvia. Tétola Tapadelypoto amotelovV 1 ovpia-
@OpUaAOELOT, 1ooPfovTvdikn dovpia (IBDU), pntivo-emikaivntdpeva Mmdopota (). Osmocote®) kot ovplo. EXIKOAAVUEVN

ue molvpepn M Oeio.

4) EQopproyr| JUKTOV KOAAEPYEI®MV LE YuyavOT| Ta. ooio SECUELOVY ALMTO AT TNV ATUOCEALPO LEG® TG PLOAOYIKNC OEGHEVLONG

oV al®TOV.



2.0C EVYOPIOTO YO TNV
TPOGOYN COC
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